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COMPOUNDS FOR PROTECTION OF NOISE-INDUCED HEARING-LOSS

CROSS-REFERENCE
[0001] This application claims the benefit of U.S. Provisional Application No. 63/157,908, filed

March 8, 2021, which application is incorporated herein by reference.

BACKGROUND
[0002] The present disclosure relates generally to compounds and formulations, and method of
systemic delivery of these compounds/formulations, to prevent hearing loss, including, but not

limited to, noise-induced and/or age-related hearing loss.

SUMMARY
[0003] Recognized herein is an industry need for understanding the cellular and molecular events
underlying susceptibility to noise-induced hearing loss (NIHL), as well as for the prediction of risk,
prevention, and treatment. Recognized herein is an industry need for understanding the basic
mechanisms underlying the noise-induced loss of synaptic ribbons. Recognized herein is a solution
comprising targeted treatments for hearing loss. Solutions to address this problem may be arrived at
through a novel interdisciplinary approach that combines in vivo studies of hearing and hair cell
morphology with biochemical and structural studies of candidate factors isolated from unbiased
genetic studies of noise susceptibility. In some embodiments, the hearing loss may comprise noise-
induced cochlear damage or synaptopathy.
[0004] In some aspects, the present disclosure provides a composition for preventing or treating
hearing loss comprising at least one compound that activates AMPK in at least one hair cell. In
some embodiments, the AMPK is nuclear AMPK. In some embodiments, the AMPK is

cytoplasmic AMPK. In some embodiments, the hair cell is an inner hair cell. In some
1
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embodiments, the hair cell is an outer hair cell. In some embodiments, the at least one compound is
Compound 1: (3R,3aR,6R,6aR)-6-((5-([1,1'-biphenyl]-4-yl)-6-chloro-3H-imidazo[4,5-b]pyridin-2-
yl)oxy)hexahydrofuro[3,2-b]furan-3-ol, or a pharmaceutically acceptable salt, tautomer,
stereoisomer, or a mixture of stereoisomers thereof. In some embodiments, the at least one
compound is Compound 2: (3R,3aR,6R,6aR)-6-((5-chloro-6-(4-(1-
(hydroxymethyl)cyclopropyl)phenyl)-1H-benzo[d]imidazol-2-yl)oxy)hexahydrofuro[3,2-b]furan-3-
ol, or a pharmaceutically acceptable salt, tautomer, stereoisomer, or a mixture of stereoisomers
thereof. In some embodiments, the at least one compound is Compound 3: N-(4'-(6-chloro-2-
(((3R,3aR,6R,6aR )-6-hydroxyhexahydrofuro[3,2-b]furan-3-yl)oxy)-3H-imidazo[4,5-b]pyridin-5-yI)-
[1,1'-biphenyl]-4-yl)methanesulfonamide, or a pharmaceutically acceptable salt, tautomer,
stereoisomer, or a mixture of stereoisomers thereof. In some embodiments, the at least one
compound is Compound 4: (3R,3aR,6R,6aR)-6-((6-fluoro-5-(4'-(pyrrolidin-3-yloxy)-[1,1'-biphenyl]-
4-yl)-1H-pyrrolo[3,2-b]pyridin-2-yl)oxy)hexahydrofuro[3,2-b]furan-3-ol, or a pharmaceutically
acceptable salt, tautomer, stereoisomer, or a mixture of stereoisomers thereof.. In some
embodiments, the at least one compound is Compound 5: (3R,3aR,6R,6aR )-6-((6-fluoro-5-(4'-
(pyrrolidin-3-yloxy)-[1,1'-biphenyl]-4-yl)-1H-pyrrolo[3,2-b]pyridin-2-yl)oxy)hexahydrofuro[3,2-
b]furan-3-ol, or a pharmaceutically acceptable salt, tautomer, stereoisomer, or a mixture of
stereoisomers thereof.. In some embodiments, the at least one compound is Compound 6:
(3R,3aR,6R,6aR)-6-((5-(4'-(1H-pyrazol-1-yl)-[1,1'-biphenyl]-4-yl)-6-chloro-3H-imidazo[4,5-
b]pyridin-2-yl)oxy)hexahydrofuro[3,2-b]furan-3-ol, or a pharmaceutically acceptable salt, tautomer,
stereoisomer, or a mixture of stereoisomers thereof. In some embodiments, the at least one
compound is Compound 7: (3R,3aR,6R,6aR)-6-((5-(4-(6-(1H-pyrazol-1-yl)pyridin-3-yl)phenyl)-6-

chloro-3H-imidazo[4,5-b]pyridin-2-yl)oxy)hexahydrofuro[3,2-b]furan-3-ol, or a pharmaceutically
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acceptable salt, tautomer, stereoisomer, or a mixture of stereoisomers thereof. In some
embodiments, the at least one compound is Compound 8:_(3R,3aR,6R,6aR)-6-((6-chloro-5-(4-(2-(2-
hydroxy-2-methylpropyl)-2,6-dihydropyrrolo[3,4-c]pyrazol-5(4H)-yl)phenyl)-3H-imidazo[4,5-
b]pyridin-2-yl)oxy)hexahydrofuro[3,2-b]furan-3-ol, or a pharmaceutically acceptable salt, tautomer,
stereoisomer, or a mixture of stereoisomers thereof. In some embodiments, the at least one
compound is Compound 9: 4'-(6-fluoro-2-(((3R,3aR,6R ,6aR)-6-hydroxyhexahydrofuro[3,2-b]furan-
3-yl)oxy)-1H-benzo[d]imidazol-5-yl1)-[1,1'-biphenyl]-2,6-diol, or a pharmaceutically acceptable salt,
tautomer, stereoisomer, or a mixture of stereoisomers thereof. In some embodiments, the at least
one compound is Compound 10: (3R,3aR,6R,6aR)-6-((6-chloro-5-(4'-(4-(2-hydroxy-2-
methylpropyl)-1H-pyrazol-1-yl)-[1,1'-biphenyl]-4-yl)-3H-imidazo[4,5-b]pyridin-2-
yl)oxy)hexahydrofuro[3,2-b]furan-3-ol, or a pharmaceutically acceptable salt, tautomer,

stereoisomer, or a mixture of stereoisomers thereof. In some embodiments, the at least one

R2

N
N /Y—
| )—X
” Az

compound is a compound of Formula V: R? ora
pharmaceutically acceptable salt, tautomer, stereoisomer, or a mixture of stereoisomers thereof,
wherein: A'is N or CH; A”is N, CH, or CR®; X is -O-; Y is unsubstituted or substituted
heterocycloalkyl; Z is -(CH2)030H; R?is hydrogen, halogen, or methyl; RCis Ci3 alkyl, -CN, -CF3,
or cyclopropyl; and &% is -{CHz}m-halogen, oxo, -{({CH2).OH, (CH SN Y, (CH) NG, -
(CH23mCN, -Crealleyl, (CH2wCFs, ACH20CF, -O-{CHpur-OC 1eatkyl, (CHzCIONRY,, -
(CH2C=N-OHNED, (CHOC ealky ], -(CH O CHDw-Careyeloalioyl, -(CH b O-(CH Dy
Cryoyeloheteroalkyl, «(CH 2 5 O-{CHb-aryl, (CHmO-{CH)w-heterolaryl, -(UH238Chsalkyd, -
{CH2 3 SO sabkvl, ACH)SOCusalkyl, {CH S G rcycloalkyl, {CH)WS80G:Co.

3
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weyeloheteroaliovh, (CH e SOz-ary], «(CHa bSO~ heteroaryl, -(CHR)SONHC  sallov, -
(CH S CaNHC s sevelpalkyl, CH S NHC seyeloheteroalkyl, «(CH 2w SO NH-arvl, -
{(CHzimSOeNH-heteroarvi, {CHppNHSO0-Cyaalkyl, A CH uNHSO:-Crqoycloalkyd, -
{CH23MNHSO:-Coreyelpheterocaliyl, -(CHNHSCo-aryl, {(CH2uNHSO:NH-hetercaryl, -
CHopeNRN-Crsalkyl, 4CH)LNRN-Caeveloallyl, (CHW MR -Coeyelohetercalkyl, -
(CHMNRD-Cosoycloheteroalienyl, -(CHonNE-aryl, (CHnNE-heteroary], -(CH i CENIRE
ACH) W CON(R ), A(CH2mMNRDCOMN(, (CH2COH, ACHD)WOCOH, (CH2ulORY -
({CH23mOCOR!, (CH2Cspoyeloaliyl, (CH W Caoeyeloatkenyl, (CH s scycicheteroalkyl, -
{CH2 4 Cosoyeloheteroatkenyl, ~(CH waryl, and -(CHzkdbeleroaryl wherein each CHo i
upnsubstituied or substiivied with 1 or 2 substituents selected from: oxo, (U OH, -ON, -NH;, -
NH(C galkyl), -N(Cyealkyl, -Crealkyl (CHs)Y . OO sakkyl, halogen, -CH:F, -CHE,, -Ch;, -COuH, -
00 ealkyl, -Cageycloalkyl, phenyl, CHophenyl, heteroaryl and CHzhetercaryl, and wherein alkyl,
cycloalkyvl, cycloaltkenyl, eycloheteroalkyl, eycloheteroalkenyl, aryl and heteroaryl are unsubstituted
or substituted with |, 2, 3 or 4 substituents selecied from: oxe, {CHDwsGH, -ON, -MNE, -NH(C
satkyll -N(Crsalkyil, -Ciealkyl, OC saliyl, halogen, -CHRF, -CHE:, -CFs, -COH, -COCrsalkyl, -
SOCs g alkyl, -Caseycloalkyl, phenyl, CHophenyl, heteroaryi and CHzhetercaryl. In some

embodiments, the at least one compound is a compound of Formula V-a:

RZ H
I N < /Y -z
/ /
N N
R® or a pharmaceutically acceptable salt, tautomer,

stereoisomer, or a mixture of stereoisomers thereof, wherein: X is -O-; Y is unsubstituted or
substituted heterocycloalkyl; Z is -(CH2)o30H; R? is hydrogen, halogen, or methyl; and &¢is -
(CHabp-halogen, oxo, (CH)OH, (CH: 1N, (CHD)NG:, (CH2ON, -Creatkyl, (CH)WTFs,

4
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S CH2 300, -O-{CH2 - 0C stk y], (CHwCOINR D, ACHDLCEN-OHINR, ACHDL0C0,.
satkyl, -(CH2nO-(CHz - Ohroycloalkyl, -(CHnO-(CH2ip-Choeveloheteroaliov ], «(CHD O CH -
arvi, {CHnC-{CHo u-heterolaryl, -(CH2 35 Crsalkyl, -(CH SO ealkyl, -(CH23nS 020 calkvi,
-{CH2 S0 Caqeycloalivl, -(CHu SO0 sovelcheteroalkyl, (CH2S0-arvh, -{CH2paS00-
heteroaryl, «(CH2 SO MNHC salloyl, (CH2 SO NHC s evcloallyl -(CH SO NHC
weycloheteroatiyl, (CHmSOMH-aryl, -(CH2nSONH-beteroary ], -(CHnNHSO0-Csalloyl, -
{CH2 3 NHSO:-Crgoyelpaliyl, {CHa ) NHSO:-Cogeveloheternalkvl, -{(CH)uNHSOz-arvi, -
({CH 3 NHSONH-heteroarvl, (CHapnNRY-Craatlkoyl, -(CH2N{RDY-Caoeveloatiovt, (CHDNERD-
Coseyeloheteroalkyl, A CH2wNRN-Corcyeloheteroalkenyl, CHWMNR-aryi (CH2 ) MN(R)-
heteroaryl, -(CH2mCOOHRE, ACHmCOMNERY -(CH N BDCONRY, (CHnCOH, -
(CH OO OH, (CHC0RE (CHOCORE (CHnCa gy reveloalkyl, -(CH2 U5 7cveloalkenyl, -
{CH2Crscycioheteroaltkyl, -{CH WO scyeloheteroalkenyi, ~(CHowaryl, and -(CHheteroaryl;
wherein cach CHy i1s unsubstituted or sobstiinted with 1 or 2 substituents selected from: oxo, -(CHa
sOHL -CON, -NHg, -NH(CLsalkyly, -MNC Lealkylyy, -Chsalioyl {CHsy , OC galkyl, halogen, -CHRE, -
CHE,, -CHs, -COHL -CO0Cealkyl, -Caseycloalkyl, phenvl, CHophenyl, heteroary! and
CHzheteroaryl, and wherein alkyl, cyeloalkyl, cycloatkenyl. cyclohetercalkyl, cycloheteroatkenyl,
aryi and beteroaryl are unsubstituted or substituted with 1, 2, 3 or 4 substifueote selected frome oxo, -
(CH 30O, -ON, -NHg, -NH{C Lealky D), -N(C Lealky iz, -Chsalkyl, OC galkyl, halogen, -CHzE, -
CHE,, -{OF, -COH, -COxCrsalkyl, -S0:C g alkyl, -Carcycioalkyl, phenvl, CHophenyl, heternaryl

and CHzhetercaryl, In some embodiments, the at least one compound is a compound of Formula V-

b: R or a pharmaceutically acceptable salt, tautomer,

5
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stereoisomer, or a mixture of stereoisomers thereof, wherein: X is -O-; Y is unsubstituted or
substituted heterocycloalkyl; Z is -(CH2)o30H; R? is hydrogen, halogen, or methyl; and & is -
(CHom-halogen, oxo, {CH)OH, ~(CH2 N, (CH)wNG:, (CH N, -Craalkyl, (CH2)WOFS,
C{CH2mOCF:, -O-{CH - OC 1 salkyl, «(CHmCIONERD, (CHDWCEN-OHNR Y, (CHDL0C
alkyl, ~(CHapnO-(CH2 - T oy cloalkyl, ~(CHpnO-(CH2-Coseyeloheteroaliovl, (CHD OG- H -
aryl, {CH O« CHojw-beterolary ], <(CH2mSCrsalkyl, -(CH2 SO tealky . -(CH 23800 saliov,
ACH B O Careyelpaliyl, {CHo S0 Coroveloheteroalkoyl, -(CHwSCrarvl, {(CHa S
heteroaryl, -{(CH2mSONHC satkyl, (CHDSONHC s seyeloalioyl, -{CH2SONHC
weyclobeteroalioyl, -(CH)SONH-ary], (CHo SO NH-heteroaryl, (CH2 b MNHSO0-Cisalloyl, -
{CH W NHSO-Crrevelpalivl, ACHNHIO-Coroveloheteroallovl, -{(CH ) NHEGp-aryl, -
(CH 3 NHSONH- heterparyi, (CHaumNR-Cheatkyl, -(CHzN{RDY-Careyeloatkyl, -(CH b NG)-
Cogeveloheteroalkyl, (CH wWNEN-Coseyeloheteroalkenyl, (CHDNE-arvi (CH2 MR-
heteroaryl, -(CH2 3 CORE, (CHDCOWNERY, (CH2uNERDCONERY . (CH2 W CORH, -
(CHmOUOH, «(CHnC R, CHLOCORE, (CHmChroveloalkyl, (CHzmCaeveloalkenyl. -
{CH2 o scycioheteroatkyl, -{CHzin o soyclobeteroatkenyl, -{(CHomaryl, and -{CHowheteroaryl:
wherein cach CHp is unsubstituted or substituted with 1 or 2 substituents selected fronu oxo, {CHz
sOH, -ON, -NHy, -NH(C cealky, -MN(C wealkylyz, -Crealiyt {CHsy |, OCsalkyl, halogen, ~-CHZE -
CHEa, -CFa, -CORH, -C0C galkyl, ~Caseycloalkyl, phenvl, CHophenyl, heteroaryl and
CH:heteroaryl, and wherein alkyl, cycloalkyl. cycloalkenyl. cycloheteroalkyl, cycloheternalkenyl,
aryt and heteroaryl are unsubstituted or substituted with 1, 2, 3 ar 4 substituents selected from oxo, -
(CHz 05O H, -ONL =N, -NBE{CsalloyD), -NECealkyl, -Chsalkyvl, OC 1 ealkyd, halogen, -CHF, -
CHb,, -Chy, -COgH, -COCrealbyl, -Sh U g alkyvl, -Cireycioalkyl, phenyvl, CHophenvl, heteroary]

and CH:heteroaryl, In some embodiments, the at least one compound is a compound of Formula V-
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RZ

N
~
N
c: R® or a pharmaceutically acceptable salt, tautomer,
stereoisomer, or a mixture of stereoisomers thereof, wherein: X is -O-; Y is unsubstituted or
substituted heterocycloalkyl; Z is -(CH»)o-3OH; R? is hydrogen, halogen, or methyl; R®is C3 alkyl,
-CN, -CFs3, or cyclopropyl; and &¢is -{{2H)y-halogesn, oxo, -({CHhH, CHDRMNR Y, -
{(CHz3mNO2, (CH2 N, -Crealkyl, -(CHz3mCFa, (CHz 3OO, -O-{CH2 3 -0C qalkyl, -
{CH2mC{OMN(R , {CHppuC{=MN-OFDN(R ), -(CH20C 1salkyl, (CHonG-(CH)w-Cayoyeloalkyl,
~{CH wO-{CH - Cameyeloheteroalkyl, -(CH b O-(CH ypary ] -(CH2)O-(CH ) -heterolaryd, -
{CHSCrealkyl, «(CH2 SO salbvh, (CH 3000 qalkyl, €CH2) W3 CCarcycloaliovl, -
{{"H2380:Carcycloheteroalkyl, {CH2S00-arvl, -(CH23uS0-heteroaryl, -{(CH2 S CNHC Lsalkyl,
S CH eSO NHC seveloatiyl, (CHD SO NHC seyclohetercalkyl, ~(CH2 SO NH-arvl, -
{(CH2 4 SOsMNH-hetercaryl, -(CH Y NHSO-Cygalkyl, ACHDNHSOR-Coeyeloallyl, -
{CH ) NHSO-Corevelpheteroalkyl, ~{CH 1 NHSCo-aryl, «(CH ) NHE G NH-heteroaryl, -
(CH2mNRD-C yealkyvl, -{CH:z N (RO reycloatkyl, -({UH 3N (RN seycloheteroalkyl, -
(CH W NRD-Coreyeloheteroatkenyl, ~(CH)aMNER-ary], (CHzuaNE-heteroaryl, (CH2OOR
ACHD W COMNR Y, (CHD G NERPCOMNR Y, ~(CHDWCOH, - CHu 3 OCOH, ~CHz R, -
(CH2mnOCOR!, <(CHzmCareyeloatkyl, (CHomCareycloatkenyl, (CHonCrscyclobeteroalkyl, -
{CH2 3o ocycloheteroatkenyl, -(CHzimaryl, and {CHawbetercaryl; wherein each CHz is
nnsubstituied or substituted with 1 or 2 substituents selected from: oxo, -{CHansOH, -CN, -NHa, -
NH(C salkyly, -N(Csalkyln, -Crealkyl (CHs) , OC ealkyl, halogen, -CHF, -CHF -CF -CO0H, -
OOy galkvl, -Caseyeloalkyl, phenvl, CHepbenvl, beteroary] and CHabetercaryl, and wherein alkyl,
veloatkyl, cycloatkenyl, cycloheteroaibyl, cvcicheternalkenyl, aryl and heternary! are unsnbstitnted

7
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or substitnted with 1, 2, 3 or 4 substiiuents selecied fromy oxo, (CH o sGH, -CN, -NHp, -NE(C:.
satkyly -N(Crsalkyil, -Crealkyl, OCsatkvl, balogen, -CHRF, -CHEP,, -CF;, -COH, -COCrealkyl, -
S{uC g alkyl, -Cascycloalkyl phenyl, CHophenyl, heteroaryi and CHaheteroaryl, In some
embodiments, the dose of the at least one compound is about 1 mg/kg to about 10 mg/kg. In some
embodiments, the dose of the at least one compound is about 1 milligram per kilogram (mg/kg) to
about 5 mg/kg. In some embodiments, the dose of the at least one compound is about 1 milligram
per kilogram (mg/kg) to about 3 mg/kg. In some embodiments, the concentration of the at least one
compound in the perilymph is about 0.1 nanomolar (nM) to about 300 nM. In some embodiments,
the concentration of the at least one compound in the perilymph is about 0.1 nM to about 200 nM.
In some embodiments, the concentration of the at least one compound in the perilymph is about 0.1
nM to about 100 nM. In some embodiments, the composition further comprises distilled water
buffered to a pH of about 5 to about 8. In some embodiments, the composition further comprises an
auris acceptable carrier. In some embodiments, the auris acceptable carrier comprises at least one
poloxamer. In some embodiments, the at least one poloxamer is chosen from poloxamer 407,
poloxamer 188, poloxamer 237, poloxamer 338, or a combination thereof. In some embodiments,
the composition is administered into the ear of a patient in need thereof. In some embodiments, the
composition is injected into the ear of a patient in need thereof. In some embodiments, at least
about 0.5 milligrams (mg) to at least about 300 mg is administered to a patient in need thereof. In
some embodiments, at least about 0.5 milligrams (mg) to at least about 200 mg is administered to a
patient in need thereof. In some embodiments, at least about 0.5 milligrams (mg) to at least about
100 mg is administered to a patient in need thereof. In some embodiments, the composition is
administered before noise exposure. In some embodiments, the composition is administered about

two hours before noise exposure. In some embodiments, the composition is administered before
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noise exposure to prevent hearing loss. In some embodiments, the composition is administered
about two hours after noise exposure. In some embodiments, after delivery, the at least one
compound achieves greater than about 1 micromolar (uM) of concentration in the perilymph and
less than about 0.1 uM of concentration in the plasma. In some embodiments, the composition is
administered daily. In some embodiments, the composition is administered weekly. In some
embodiments, the composition is administered monthly. In some embodiments, the composition is
administered once every six months. In some embodiments, the hearing loss is age-induced hearing
loss. In some embodiments, the hearing loss is a noise-induced hearing loss. In some embodiments,
the hearing loss is an antibiotic-induced noise-induced hearing loss. In some embodiments, the
antibiotic-induced hearing loss is aminoglycoside-induced hearing loss. In some embodiments, the
hearing loss is a chemotherapy-induced hearing loss. In some embodiments, the chemotherapy-
induced hearing loss is cisplatin-induced hearing loss. In some embodiments, there is sustained
release of the at least one compound into the cochlea after a single administration. In some
embodiments, there is sustained release of the at least one compound into the cochlea after a single
administration for at least about 1 day to at least about 100 days. In some embodiments, there is
sustained release of the at least one compound into the cochlea after a single administration for at
least about 1 day to at least about 50 days. In some embodiments, there is sustained release of the at
least one compound into the cochlea after a single administration for at least about 1 day to at least
about 10 days. In some aspects, the present disclosure provides the use of the composition in treating
or preventing hearing loss. In some embodiments, the composition further comprises a
mucoadhesive.

[0005] In some aspects, the present disclosure provides a method for preventing or treating hearing

loss comprising delivering an effective amount of at least one compound that activates AMPK in at
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least one hair cell. In some embodiments, the AMPK is nuclear AMPK. In some embodiments, the
AMPK is cytoplasmic AMPK. In some embodiments, the at least one hair cell is an inner hair cell.
In some embodiments, the at least one hair cells is an outer hair cell. In some embodiments, the
compound is Compound 1: (3R,3aR,6R,6aR)-6-((5-([1,1'-biphenyl]-4-y1)-6-chloro-3H-imidazo[4,5-
b]pyridin-2-yl)oxy)hexahydrofuro[3,2-b]furan-3-ol, or a pharmaceutically acceptable salt, tautomer,
stereoisomer, or a mixture of stereoisomers thereof. In some embodiments, the at least one
compound is Compound 2: (3R,3aR,6R,6aR)-6-((5-chloro-6-(4-(1-
(hydroxymethyl)cyclopropyl)phenyl)-1H-benzo[d]imidazol-2-yl)oxy)hexahydrofuro[3,2-b]furan-3-
ol, or a pharmaceutically acceptable salt, tautomer, stereoisomer, or a mixture of stereoisomers
thereof. In some embodiments, the at least one compound is Compound 3: N-(4'-(6-chloro-2-
(((3R,3aR,6R,6aR )-6-hydroxyhexahydrofuro[3,2-b]furan-3-yl)oxy)-3H-imidazo[4,5-b]pyridin-5-yI)-
[1,1'-biphenyl]-4-yl)methanesulfonamide, or a pharmaceutically acceptable salt, tautomer,
stereoisomer, or a mixture of stereoisomers thereof. In some embodiments, the at least one
compound is Compound 4: (3R,3aR,6R,6aR)-6-((6-fluoro-5-(4'-(pyrrolidin-3-yloxy)-[1,1'-biphenyl]-
4-yl)-1H-pyrrolo[3,2-b]pyridin-2-yl)oxy)hexahydrofuro[3,2-b]furan-3-ol, or a pharmaceutically
acceptable salt, tautomer, stereoisomer, or a mixture of stereoisomers thereof.. In some
embodiments, the at least one compound is Compound 5: (3R,3aR,6R,6aR )-6-((6-fluoro-5-(4'-
(pyrrolidin-3-yloxy)-[1,1'-biphenyl]-4-yl)-1H-pyrrolo[3,2-b]pyridin-2-yl)oxy)hexahydrofuro[3,2-
b]furan-3-ol, or a pharmaceutically acceptable salt, tautomer, stereoisomer, or a mixture of
stereoisomers thereof.. In some embodiments, the at least one compound is Compound 6:
(3R,3aR,6R,6aR)-6-((5-(4'-(1H-pyrazol-1-yl)-[1,1'-biphenyl]-4-yl)-6-chloro-3H-imidazo[4,5-
b]pyridin-2-yl)oxy)hexahydrofuro[3,2-b]furan-3-ol, or a pharmaceutically acceptable salt, tautomer,

stereoisomer, or a mixture of stereoisomers thereof. In some embodiments, the at least one

10
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compound is Compound 7: (3R,3aR,6R,6aR)-6-((5-(4-(6-(1H-pyrazol-1-yl)pyridin-3-yl)phenyl)-6-
chloro-3H-imidazo[4,5-b]pyridin-2-yl)oxy)hexahydrofuro[3,2-b]furan-3-ol, or a pharmaceutically
acceptable salt, tautomer, stereoisomer, or a mixture of stereoisomers thereof. In some
embodiments, the at least one compound is Compound 8: (3R,3aR,6R,6aR)-6-((6-chloro-5-(4-(2-(2-
hydroxy-2-methylpropyl)-2,6-dihydropyrrolo[3,4-c]pyrazol-5(4H)-yl)phenyl)-3H-imidazo[4,5-
b]pyridin-2-yl)oxy)hexahydrofuro[3,2-b]furan-3-ol, or a pharmaceutically acceptable salt, tautomer,
stereoisomer, or a mixture of stereoisomers thereof. In some embodiments, the at least one
compound is Compound 9: 4'-(6-fluoro-2-(((3R,3aR,6R,6aR)-6-hydroxyhexahydrofuro[3,2-b]furan-
3-yl)oxy)-1H-benzo[d]imidazol-5-yl1)-[1,1'-biphenyl]-2,6-diol, or a pharmaceutically acceptable salt,
tautomer, stereoisomer, or a mixture of stereoisomers thereof. In some embodiments, the at least
one compound is Compound 10: (3R,3aR,6R,6aR)-6-((6-chloro-5-(4'-(4-(2-hydroxy-2-
methylpropyl)-1H-pyrazol-1-yl)-[1,1'-biphenyl]-4-yl)-3H-imidazo[4,5-b]pyridin-2-
yl)oxy)hexahydrofuro[3,2-b]furan-3-ol, or a pharmaceutically acceptable salt, tautomer,
stereoisomer, or a mixture of stereoisomers thereof. In some embodiments, the at least one

R2

N
N /Y—Z
| )X
”
A1 A2

compound is a compound of Formula V: R? ora
pharmaceutically acceptable salt, tautomer, stereoisomer, or a mixture of stereoisomers thereof,
wherein: A'is N or CH; A”is N, CH, or CR®; X is -O-; Y is unsubstituted or substituted
heterocycloalkyl; Z is -(CH2)030H; R?is hydrogen, halogen, or methyl; Réis Ci3 alkyl, -CN, -CF3,
or cyclopropyl; and R*is ~{TCHs he-halogen, oxo, <{(CH20H, SLCH eN{RY, (CHN, -
(CHON, -Crsalkyl, «(CHmC s, (CH2 OO P, -0-{CH - OCcatkv L (CHOOINEY,, -
(CH 3 CEN-OHNR ), (CH2 O Lealkyl, (CH23mC-{CHo - Cageveloallyl, ~(CHinC-{CH -

11



WO 2022/192079 PCT/US2022/018884

Coscyeloheteroalkyl, «(CH wO-(CHohearvl, (CHuO-(CHa hecheterolanyl, {(CHD B salloyl, -
{CHuS O L salkyl, {CHSOCsalbyl «(CHnSM RO roveioalky ]l -(CH iS00
wycloheterpalkyvl, {({CHappSOz-aryl -(CH2 150 -heteroaryl, -(CHmSONHC) salovi, -
{CH2SONHC soycloalkyl, -(CHnSOGNHC seycloheteroalloyl, {(CH2)uSONH-arvi, -

CH S QeNH-beteroaryh, «(CHopaNHSO0-Crealkyl, -{CHo o NHSO0-Caeycloalkyd, -
{(CH2pMNHSO-Chroyelobeterpalbyi, ((CHpNHS G-aryl, (CH2 - NHSOoNH-heteroaryl, -
(CH2puMNR)-Crsatkyl, {CH)mNR-Caroveloaliyl, (CHamN(R-Coseycichetersalioyl, -

(CHo 3 NRN-Coreyeloheternatkenyl, ~(CH2NE-aryl, (CH ) NR Hheteroaryl, (CHDLCORE

{CH 3 CIONR Y, (CHuNRPCONR Y, {CHCOH, «(CH2QCOH, (CHCORRY, -
(CHwDCOR!, O H)wCsaeycloalivi, ACH LCraoycloaibenyl, {CH (o soycloheteroatkyl, -
{(CH:im(C2eovelohetornalkenyl, <{(CHzwarvl, and -{CHobeteroaryl; wherein each CHp is
unsubstituted or substituted with T or 2 substituents selected from: oxo. -{CHOH, -CN, -NHa, -
NHCsalkyly, -N(Cealloyly, -Chsalkyt ({CHzy |, OC salkyl, halogen, -CHGE, -CHY,, -Chy, -COsH, -
COCrgalkyl, -Csocycloalkyl, phenyl, CHaphenyl, heteroaryl and CHoheteroaryl, and wherein allkyl,
cycloalkyl, cyclpalkenyl, cycloheteroatkyl, cyciohetercatkenyl, aryl and hetercaryl are unsubstituied
or substituted with 1, 2, 3 or 4 substituents selected frony oxo, -{CH)0-0H, -CN, -NH,, -NH{C:.
satlovh), -N{Csalloyl, -Chgalkyl, OCealkyl, halogen, -CHoF, -CHE,, -CFa, -COoH, -C0:0 salkyl, -
SO alkyl, -Casovcloalkyl, phenyl, CHaphenyl, hetercaryl and Chizhetercaryl, In some
embodiments, the at least one compound is a compound of Formula V-a:

2 H
R N

R® or a pharmaceutically acceptable salt, tautomer,

stereoisomer, or a mixture of stereoisomers thereof, wherein: X is -O-; Y is unsubstituted or

12
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substituted heterocycloalkyl; Z is -(CH2)o30H; R? is hydrogen, halogen, or methyl; and R?is -
(CHow-balogen, oxo, -{CHmOH, -(CH)NER Y -(CHz N, - CH)ON, -Crealkyl -(CH2mCFs,
ACHmOUEs, -O-{CHDOC calkyl, (CHCOMWR Y, ACHuCEN-GHIN(R Y, ACH)L00)
sabicyl, -{CHOO-(CH - Cseyeloatkyl, {CHO-(CHz n-Cogeveloheteroalkyl, {(CHznO-{(CH2 -
aryl, (CHopnO-(CHacheterolaryl, (CHWSCsalkyl, (CHLSC salkyl, (CH2 )3 0CLsalkyl,
S CH2 RS0 reyeloalkyl, {UH SO meycloheteroalbyl, -(CHmSOz-arvl, -(CH2800-
heteroaryl, «{(CHmSONBHC Lsatiyvl, (CHopuSONHC s sovcloalkyl, «(CHamSONHC,.
seycloheteroalkyl, (CHopuSCaNH-aryl, {CH2 50 NH-heteroaryl, (CH ) NHSO-Crgalkyl, -
{(CH MNHSO-Caeyeloalkyl, {(CH G NHSO0-Chseyeloheteroalkyl, ~{(CHopaoNHSO-arvd, -
(CHDNHSONH-heteroarsl, -(CHz e N(RY-Crealkyl, «CH)wMNR)- yeloalbyl, {CHa e MNOR)-
Coqoyeloheteroatkyl, (CH ) wNR-Coseyeloheteroaikenyl, ACH b NR-aryi, (CH2mN(R-
heterparyl, ~(CHa (O SRE, A CHDCONR ), —(CH*MN{R;)UO}NRW S CHz 3 COH, -
CHoeDCOH, «(CHOwCORE (CHuOCORE (CHwCareyeloalkyl, «(CHwCsrcveloalkenyl, -
(CHmChsovcloheterpallkoyl, -{(CH ) Crsoyelpheteroalkenyl, -{CUH harvl, and -«(CHzyphetercaryh;
wherein cach CHz is unsubstituted or substituted with 1 or 2 substituents selected from: oxo, ~-{CHzy.
3OH. -ON, -NHz, -NH{Cealkyl), -N{Csalkyly, -Crealkyl (CHs) , OCealkyl, halogen. -CHRF, -
CHE,, -Chy, -COnH, -COCrsalkyl, -Caseyeloalkyl phenyl, CHaphenyl, heteroaryl and
CHohetercaryl, and wherein alkyl, cvcloalkyvi, eycloalkenyvl, cyclohetercalkyl, eycloheteroaikenyl,
aryi and heteroaryl are unsubstituied or substituted with 1, 2, 3 or 4 substituents selected from: oxo, -
{CHz23s0OH, -CHN, -NHa, -NH{Cisalkvly, -N{Crealkyliz, -Crealkyl, OCsallyl, halogen, -CHaF, -
CHE, -CFy -CORHL -COnC salkyl, -SCaCie alkyl, -Careycloalkyl, phenyl, CHaphenyl, heteroaryl

and CHzheteroaryl, In some embodiments, the at least one compound is a compound of Formula V-
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e

stereoisomer, or a mixture of stereoisomers thereof, wherein: X is -O-; Y is unsubstituted or

b: or a pharmaceutically acceptable salt, tautomer,
substituted heterocycloalkyl; Z is -(CH2)o30H; R? is hydrogen, halogen, or methyl; and R?is -
(CHow-balogen, oxo, -{CHmOH, -(CH)NER Y -(CHz N, - CH)ON, -Crealkyl -(CH2mCFs,
ACHmOUEs, -O-{CHDOC calkyl, (CHCOMWR Y, ACHuCEN-GHIN(R Y, ACH)L00)
sabicyl, -{CHOO-(CH - Cseyeloatkyl, {CHO-(CHz n-Cogeveloheteroalkyl, {(CHznO-{(CH2 -
aryl, ~{CHnO-{CH-heterolaryl, «(CHD S Usalkyl, -(CHDSENC salkyl, ~(CH DS CaCrgalkyl,
S CH2 RS0 reyeloalkyl, {UH SO meycloheteroalbyl, -(CHmSOz-arvl, -(CH2800-
heteroaryl, «{(CHmSONBHC Lsatiyvl, (CHopuSONHC s sovcloalkyl, «(CHamSONHC,.
seycloheteroalkyl, (CHopuSCaNH-aryl, {CH2 50 NH-heteroaryl, (CH ) NHSO-Crgalkyl, -
{(CH MNHSO-Caeyeloalkyl, {(CH G NHSO0-Chseyeloheteroalkyl, ~{(CHopaoNHSO-arvd, -
(CH2 ) NHS O NH-heteroaryh, -(CHnaNER)-Crealkyl, «(CH)wMNR)- yeloabiv, {CHNR-
Coqoyeloheteroatkyl, (CH ) wNR-Coseyeloheteroaikenyl, ACH b NR-aryi, (CH2mN(R-
heterparyl, ~(CHa (O SRE, S CH TR, -(CH:) mN{R;)UO)NRJy S CHz 3 COH, -
CHoeDCOH, «(CHOwCORE (CHuOCORE (CHwCareyeloalkyl, «(CHwCsrcveloalkenyl, -
(CHmChsovcloheterpallkoyl, -{(CH ) Crsoyelpheteroalkenyl, -{CUH harvl, and -«(CHzyphetercaryh;
wherein cach CHz is unsubstituted or substituted with 1 or 2 substituents selected from: oxo, ~-{CHzy.
sOH, -CN, -NHa, -NH{C salkyly, -N{Crsalkybi, -Creabkyl (CHay , OCcalkyl, halogen, -CHRF, -
CHE,, -Chy, -COnH, -COCrsalkyl, -Caseyeloalkyl phenyl, CHaphenyl, heteroaryl and
CHohetercaryl, and wherein alkyl, cvcloalkyvi, eycloalkenyvl, cyclohetercalkyl, eycloheteroaikenyl,
aryi and heteroaryl are unsubstituied or substituted with 1, 2, 3 or 4 substituents selected from: oxo, -

14
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{(CH2s0H, -ON, -NHa, -NE(Cealkyiy, -N{Cealkylhn, -Crealkyl, OCLsalkyl, balogen, -CHaF, -
CHE2, -CHa, -CORHL -COC galkyl, -5CaC s alkyl, -Chaseyeloalkyl, phenyl, CHzphenyl, heteroaryl
and {Hzheteroarvl, In some embodiments, the at least one compound is a compound of Formula V-

RZ

N
~
N
c: R® or a pharmaceutically acceptable salt, tautomer,
stereoisomer, or a mixture of stereoisomers thereof, wherein: X is -O-; Y is unsubstituted or
substituted heterocycloalkyl; Z is -(CH»)o-3OH; R? is hydrogen, halogen, or methyl; R®is C3 alkyl,
-CN, -CFs3, or cyclopropyl; and R&is ~({2H2)y-halogen, oxo, -(CHohOH, (CHDWMNR Y, -
(CHz MO, ~(CH2CON, -Crgalby ], -(CH23CE;, (CH2m OO, -O-(CH 20 0C galkyl, -
(CH DOy, A CHCER-GHING ), {CH)R0C L salkyl, «(CHmC-{CH)w-Careyeloaliyl,
~{CH 2 mO-{CHz pa-Cogoveloheteroalkyl, «(CHnO-{(CH 2 p-ary], -{(CH2)WO-(CH Y -heterolarv, -
{(CH2 S Crealky ], -(CH2 SO0 saliovt, -(CH 300 calkyl, AUH S0 Csm0ycloalkyl, -
{CH S0 seyeloheteroalkyl, «(UH2SO0-arvl, «(CH2 S 00-heteroaryl, -{CH2 S CaNHC Lealkyl,
S{CH2 SO NHC v eyeloalkyl, -{(CH2 o SCNHC 2 seycioheteroalkyl, -(CH 350 NH-aryl, -

{CH23 SO NH-hetercaryl, -{CH2NHSO2-Crealkyl, «(CHNHSO-Coseyeloalioyl, -

T NHSG-Concyeloheteroalkyl, ~(UH o NHSGo-arvl, (CHL ) NHSONH-heteroaryl, -

(CH2MNRD-Csalivl, (CHnNER)-Crreyeloalkyl, ACHWNERN-Corevcioheteroalkyl, -
(CH e NRD-Coacyelohetercatkenyl, {CH ) mNR -aryl, (CHapmNR-heteraaryl, {(CH)CORS
{CH2uCEOMNRY, -(CHDNERDTONR . (CHDWCOH, (CHo3nOCOH, ~(CHzpCO:RY, -
(CH2OC0R!E, -(CHCareycloalkyl, (CHamCareycloalkenyl, -(CHomCaseyclobeteroalkoyl, -
{(CHwCrscvelioheteroatkenyl, -(CHamaryl, and -{CHogheteroaryl, wherein each CHg is
unsubstituied or substitnted with 1 or 2 substituents selected from: oxeo, (CH2ps0H, -CN, -NH», -
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NH{C: galkyl), -N{Csalkyl), -Creakkyl ¢CHsy , OCrealkyl, halogen, -CH:F, -CHFL -CF -CORH, -
OOy galkvl, -Caseyeloalkyl, phenvl, CHepbenvl, beteroary] and CHabetercaryl, and wherein alkyl,
cveloalkyl, cycloalkenyl, cycloheteroalkyl, cvoicheteroalkenyl, arvl and heteroaryl are unsubstituted
or substituted with 1, 2, 3 or 4 substituents selecied from: oxo, -(CHajosOH, -OM, -NHs, -NH{C:.
satkyly, -MN(Cigalkyip, -Cieallyl, OC sallovl, balogen, <CHRF, -CHEF,, -CFs, -COGH, -COCealkyl, -
SCC g alkyl, -Cayeycloalkyl, phenyl, CHzphenvl, heteroaryt and ChHoheteroaryl. In some
embodiments, the concentration of the at least one compound in the perilymph is about 0.1 nM to
about 300 nM. In some embodiments, the concentration of the at least one compound in the
perilymph is about 0.1 nM to about 200 nM. In some embodiments, the concentration of the at least
one compound in the perilymph is about 0.1 nM to about 100 nM. In some embodiments, the dose
of the at least one compound is about 1 milligram per kilogram (mg/kg) to about 10 mg/kg. In some
embodiments, the dose of the at least one compound is about 1 milligram per kilogram (mg/kg) to
about 5 mg/kg. In some embodiments, the dose of the at least one compound is about 1 milligram
per kilogram (mg/kg) to about 3 mg/kg. In some embodiments, the composition further comprises
an auris acceptable carrier. In some embodiments, the auris acceptable carrier comprises at least one
poloxamer. In some embodiments, the at least one poloxamer is chosen from poloxamer 407,
poloxamer 188, poloxamer 237, poloxamer 338, or a combination thereof. In some embodiments,
the composition is administered into the ear of a patient in need thereof. In some embodiments, the
composition is injected into the ear of a patient in need thereof. In some embodiments, at least
about 0.5 milligrams (mg) to at least about 300 mg is administered to a patient in need thereof. In
some embodiments, at least about 0.5 mg to at least about 200 mg is administered to a patient in
need thereof. In some embodiments, at least about 0.5 mg to at least about 100 mg is administered

to a patient in need thereof. In some embodiments, the composition further comprises distilled water
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buffered to a pH of about 5 to about 8. In some embodiments, the composition is administered
before noise exposure. In some embodiments, the composition is administered about two hours
before noise exposure. In some embodiments, the composition is administered before noise
exposure to prevent hearing loss. In some embodiments, the composition is administered about two
hours after noise exposure. In some embodiments, the composition is administered daily. In some
embodiments, the composition is administered weekly. In some embodiments, the composition is
administered monthly. In some embodiments, the composition is administered once every six
months. In some embodiments, the hearing loss is age-induced hearing loss. In some embodiments,
the hearing loss is a noise-induced hearing loss. In some embodiments, the hearing loss is antibiotic-
induced hearing loss. In some embodiments, the antibiotic-induced hearing loss is aminoglycoside-
induced hearing loss. In some embodiments, the hearing loss is chemotherapy-induced hearing loss.
In some embodiments, the hearing loss is cisplatin-induced hearing loss. In some embodiments, the
hearing loss from traumatic injury. In some embodiments, there is sustained release of the at least
one compound into the cochlea after a single administration. In some embodiments, the sustained
release occurs for a period of at least about 100 days after the single administration. In some
embodiments, the sustained release occurs for a period of at least about 50 days after the single
administration. In some embodiments, the sustained release occurs for a period of at least about 10
days after the single administration. In some embodiments, after delivery, the at least one compound
achieves greater than about 1 micromolar (uM) of concentration in the perilymph and less than about
0.1 uM of concentration in the plasma.

[0006] In some aspects, the present disclosure provides an intratympanic composition comprising (i)
at least one compound that activates AMPK in at least one hair cell and (ii) an auris acceptable

carrier. In some embodiments, the AMPK is nuclear AMPK. In some embodiments, the AMPK is
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cytoplasmic AMPK. In some embodiments, the hair cell is an outer hair cell. In some
embodiments, the hair cell is an inner hair cell. In some embodiments, the at least one compound is
Compound 1: (3R,3aR,6R,6aR)-6-((5-([1,1'-biphenyl]-4-yl)-6-chloro-3H-imidazo[4,5-b]pyridin-2-
yl)oxy)hexahydrofuro[3,2-b]furan-3-ol, or a pharmaceutically acceptable salt, tautomer,
stereoisomer, or a mixture of stereoisomers thereof. In some embodiments, the at least one
compound is Compound 2: (3R,3aR,6R,6aR)-6-((5-chloro-6-(4-(1-
(hydroxymethyl)cyclopropyl)phenyl)-1H-benzo[d]imidazol-2-yl)oxy)hexahydrofuro[3,2-b]furan-3-
ol, or a pharmaceutically acceptable salt, tautomer, stereoisomer, or a mixture of stereoisomers
thereof. In some embodiments, the at least one compound is Compound 3: N-(4'-(6-chloro-2-
(((3R,3aR,6R,6aR )-6-hydroxyhexahydrofuro[3,2-b]furan-3-yl)oxy)-3H-imidazo[4,5-b]pyridin-5-yI)-
[1,1'-biphenyl]-4-yl)methanesulfonamide, or a pharmaceutically acceptable salt, tautomer,
stereoisomer, or a mixture of stereoisomers thereof. In some embodiments, the at least one
compound is Compound 4: (3R,3aR,6R,6aR)-6-((6-fluoro-5-(4'-(pyrrolidin-3-yloxy)-[1,1'-biphenyl]-
4-yl)-1H-pyrrolo[3,2-b]pyridin-2-yl)oxy)hexahydrofuro[3,2-b]furan-3-ol, or a pharmaceutically
acceptable salt, tautomer, stereoisomer, or a mixture of stereoisomers thereof.. In some
embodiments, the at least one compound is Compound 5: (3R,3aR,6R,6aR )-6-((6-fluoro-5-(4'-
(pyrrolidin-3-yloxy)-[1,1'-biphenyl]-4-yl)-1H-pyrrolo[3,2-b]pyridin-2-yl)oxy)hexahydrofuro[3,2-
b]furan-3-ol, or a pharmaceutically acceptable salt, tautomer, stereoisomer, or a mixture of
stereoisomers thereof.. In some embodiments, the at least one compound is Compound 6:
(3R,3aR,6R,6aR)-6-((5-(4'-(1H-pyrazol-1-yl)-[1,1'-biphenyl]-4-yl)-6-chloro-3H-imidazo[4,5-
b]pyridin-2-yl)oxy)hexahydrofuro[3,2-b]furan-3-ol, or a pharmaceutically acceptable salt, tautomer,
stereoisomer, or a mixture of stereoisomers thereof. In some embodiments, the at least one

compound is Compound 7: (3R,3aR,6R,6aR)-6-((5-(4-(6-(1H-pyrazol-1-yl)pyridin-3-yl)phenyl)-6-
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chloro-3H-imidazo[4,5-b]pyridin-2-yl)oxy)hexahydrofuro[3,2-b]furan-3-ol, or a pharmaceutically
acceptable salt, tautomer, stereoisomer, or a mixture of stereoisomers thereof. In some
embodiments, the at least one compound is Compound 8:_(3R,3aR,6R,6aR)-6-((6-chloro-5-(4-(2-(2-
hydroxy-2-methylpropyl)-2,6-dihydropyrrolo[3,4-c]pyrazol-5(4H)-yl)phenyl)-3H-imidazo[4,5-
b]pyridin-2-yl)oxy)hexahydrofuro[3,2-b]furan-3-ol, or a pharmaceutically acceptable salt, tautomer,
stereoisomer, or a mixture of stereoisomers thereof. In some embodiments, the at least one
compound is Compound 9: 4'-(6-fluoro-2-(((3R,3aR,6R ,6aR)-6-hydroxyhexahydrofuro[3,2-b]furan-
3-yl)oxy)-1H-benzo[d]imidazol-5-yl1)-[1,1'-biphenyl]-2,6-diol, or a pharmaceutically acceptable salt,
tautomer, stereoisomer, or a mixture of stereoisomers thereof. In some embodiments, the at least
one compound is Compound 10: (3R,3aR,6R,6aR)-6-((6-chloro-5-(4'-(4-(2-hydroxy-2-
methylpropyl)-1H-pyrazol-1-yl)-[1,1'-biphenyl]-4-yl)-3H-imidazo[4,5-b]pyridin-2-
yl)oxy)hexahydrofuro[3,2-b]furan-3-ol, or a pharmaceutically acceptable salt, tautomer,
stereoisomer, or a mixture of stereoisomers thereof. In some embodiments, the at least one

R2

N
N /Y—Z
| )X
”
A1 A2

compound is a compound of Formula V: R? ora
pharmaceutically acceptable salt, tautomer, stereoisomer, or a mixture of stereoisomers thereof,
wherein: A'is N or CH; A”is N, CH, or CR®; X is -O-; Y is unsubstituted or substituted
heterocycloalkyl; Z is -(CH2)030H; R?is hydrogen, halogen, or methyl; RCis Ci3 alkyl, -CN, -CF3,
or cyclopropyl; and R?is -{CHzh-halogen, oxo, (CHDWOH, (CH2mNR 2, (CHDNO:. -
(CH23:CN.L -Crealkyl, «CH WP, «CHDwOCEFs, -O-(CHDW-OC ealkyl (CHOCIOMR Y, -
(CHDOEN-CHINR Y, (CHOuOCsalkyl, CH O CHa - Crreyeloalkvl, «(CHwD-{CHane
Coroyveloheteroatkyl, {(CH2O-(CHohearvl, {CH2O-{CH-beternlaryi, {(CHapnSCLsalkyl, -
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(CHR SO salioyl, ACH) S0l ealkvl, (CH2 S Gl reyeloalkyl, «CH 3 0: 00
eycloheteroalkyl, -{UH S Craryl, (CH2)wSC-heteroarvl, ~(CUH 23S CNHT Lealkyl, -
{CHz3mSONHCs soyeloalkyl, -(CHz b SOaNHC seycioheteroalkyl, (CHz bS5 OoNH-arvl, -
{CH2 SO NH-hetercaryl, -(CH2NHSO0-Crsatkyl, (CHDNHSO-Coscycloaikyl, -

T NHSG-Concyeloheteroalkyl, ~(UH o NHSGo-arvl, (CHL ) NHSONH-heteroaryl, -
(CH2 M RN-Crsaliovl, -(CHORNEN-Careoycioalkyl, «(CHnNER)-Coscycloheteroalkyl, -
(CH e NRD-Coacyelohetercatkenyl, {CH ) mNR -aryl, (CHapmNR-heteraaryl, {(CH)CORS
A CHmCOMN R, -(CHDWNERHCONER . (CH)WCOH, ~(CHpmOCOH, -(CHzpmCORRY, -
(CH2OC0R!E, -(CHCareycloalkyl, (CHamCareycloalkenyl, -(CHomCaseyclobeteroalkoyl, -
(CH U ocycloheteroatkenyl, -(CHamaryl, and <{CHo)ohetercaryl;, wherein each CH; is
unsubstituied or substitnted with 1 or 2 substituents selected from: oxeo, (CH2ps0H, -CN, -NH», -
NH{Csalkyly, -N{Csalkyly, -Crealkyl (CHs) , OCealkyl, halogen, -CHRF, -CHE,, -CFs, -CORH, -
COCsalkyl, ~Csmeycloalkyl, phenyl, CHophenyl, beteroary] and CHzbeteroaryl, and wheretn alkyl,
cycloalkyl, cyeloalkenyl, cyclobeteroalbyl, cycloheteroalkenyl, arvl and heteroaryl are unsubstituted
or substituted with 1, 2, 3 or 4 substituents selecied from: oxa, -(CHalosOH, O, -INHa, -NH{C:.
sabkyhy, -N{Ceatkyipz, -Craalloyl, OCisatkyl, halogen, -CH:F, -CHE;, -CFs, -COzH, -C0:C 6alkyl, -
ST g alkyl, -Cageycloalkyl, phenyl, CHaphenyl, heterocary! and CHobeteroaryl, In some

embodiments, the at least one compound is a compound of Formula V-a:

RZ H
I N < /Y -z
/ /
N N
R® or a pharmaceutically acceptable salt, tautomer,

stereoisomer, or a mixture of stereoisomers thereof, wherein: X is -O-; Y is unsubstituted or
substituted heterocycloalkyl; Z is -(CH2)o30H; R? is hydrogen, halogen, or methyl; and R? is -
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(CHw-halogen, oxo, -(CHDGOH, -(CHuN(R Y, (CH)WNO, -(CH2mCN, -Clrealkyl, -(CH)WOF,
AUH 3 WDCF, -G H) - O salky ], (CHanCNIR S, ~(CH U {E=N-OFNR Y, ~({CH0C
sativl, (CHonO-{CH2)w-Carcycloaliyl, {CHpnO-{CH W Crreyclsheteroalkyl, -{CH W O-(CHz -
aryl {CHO-(CH wrbeternlaryl, -{(CH23uSCrealkyl, {CHupnS{O3Cealkyl, -(CH2S0:Csalkyl,

“CH S OaCsocyeloalivl, (CHD S0 Coreveloheteroalkyl, (CH DS Or-aryl, -{(CHD S 00-
heteroaryl, -{{CH2 3G NHO Lalkyl, -({TH SONHC wroycloalkyl, ~(CH2 SO NHO
seyeloheteroalkyl -{CHz2 S ColNH-arvi, -{(CH2)WSO:NH-hetercaryl, {CH2)NHEO-Crgalkyl, -
(CHznNHSGo-Caacyeloatkyl, -{CHDNHRO-Coreycloheteroatkyl, -{(CH2 NHSOg-arvi, -
(CH2 ) MHS O NH-heteroaryl, (CH)MNRI-Crsalkyl, -(CH2 MR -Careyeloalkyl, -(CHopN(R)-
Careycioheteroalkyl, (CHpMNERN-Coroyclobeteroalienyl, (CHnNE-arvh (O huNRD-
heteroaryl, -(CHCOR, (CHORCIOIN{RY, CCHDNRDOCIONERY,, (CHDWCOH, -
{CH2wQCOH, (CH2CORE. (CHDLOCOR!, (CHDwCarcyeloalkyl, (CH2)wCorrcyeloatkenyl, -
CHowrsoyeloheteroalkyl, -(CHaposeyclobeteroatkenyl, (CHoparyl and -(CHowheteroaryl
wherein each CHo is unsebstituied or substined with 1 or 2 substifuents selected frony: oxo, -{(CHn
SOH, -ON, -NHz, -NE(C galkyl), -N(Cysallovh, -Crgalkyl {CHs) L OCsalkyl, halogen, -CH:F, -
CHF,, -CF;, -COH, -CO:Cealkyl, ~Caroveloalkyl, phenyl, CHzphenyl, hetercaryl and
CHrhoteroaryl, and wherein alkyl, oyeloalkyl, eycloalkenyl, oyclobeterealkyl, cycloheteroalienyt,
aryl and hetercarvt are unsubstituted or substituied with 1, 2, 3 or 4 sobstitoents selected from: oxo, -
{CHzyosOH, -CN, -NHy, -NH{Cealkyl), -N(Cyealkylh, -Crsalkyl, OCLsalkyl, halogen, -CHoF, -
CHE,, -CFHy, -COH, -CO2Ccalkyl, -502C1 6 alkyl, -Csroycloalkyl, phenyl, CHaphenyl, hetercaryl

and CHizhetercaryl, In some embodiments, the at least one compound is a compound of Formula V-
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e

stereoisomer, or a mixture of stereoisomers thereof, wherein: X is -O-; Y is unsubstituted or

b: or a pharmaceutically acceptable salt, tautomer,
substituted heterocycloalkyl; Z is -(CH2)o30H; R? is hydrogen, halogen, or methyl; and R?is -
(CHow-balogen, oxo, -{CHmOH, -(CH)NER Y -(CHz N, - CH)ON, -Crealkyl -(CH2mCFs,
ACHmOUEs, -O-{CHDOC calkyl, (CHCOMWR Y, ACHuCEN-GHIN(R Y, ACH)L00)
sabicyl, -{CHOO-(CH - Cseyeloatkyl, {CHO-(CHz n-Cogeveloheteroalkyl, {(CHznO-{(CH2 -
aryl, ~{CHnO-{CH-heterolaryl, «(CHD S Usalkyl, -(CHDSENC salkyl, ~(CH DS CaCrgalkyl,
S CH2 RS0 reyeloalkyl, {UH SO meycloheteroalbyl, -(CHmSOz-arvl, -(CH2800-
heteroaryl, «{(CHmSONBHC Lsatiyvl, (CHopuSONHC s sovcloalkyl, «(CHamSONHC,.
seycloheteroalkyl, (CHopuSCaNH-aryl, {CH2 50 NH-heteroaryl, (CH ) NHSO-Crgalkyl, -
{(CH MNHSO-Caeyeloalkyl, {(CH G NHSO0-Chseyeloheteroalkyl, ~{(CHopaoNHSO-arvd, -
(CH2 ) NHS O NH-heteroaryh, -(CHnaNER)-Crealkyl, «(CH)wMNR)- yeloabiv, {CHNR-
Coqoyeloheteroatkyl, (CH ) wNR-Coseyeloheteroaikenyl, ACH b NR-aryi, (CH2mN(R-
heterparyl, ~(CHa (O SRE, S CH TR, -(CH:) mN{R;)UO)NRJy S CHz 3 COH, -
CHoeDCOH, «(CHOwCORE (CHuOCORE (CHwCareyeloalkyl, «(CHwCsrcveloalkenyl, -
(CHmChsovcloheterpallkoyl, -{(CH ) Crsoyelpheteroalkenyl, -{CUH harvl, and -«(CHzyphetercaryh;
wherein cach CHz is unsubstituted or substituted with 1 or 2 substituents selected from: oxo, ~-{CHzy.
sOH, -CN, -NHa, -NH{C salkyly, -N{Crsalkybi, -Creabkyl (CHay , OCcalkyl, halogen, -CHRF, -
CHE,, -Chy, -COnH, -COCrsalkyl, -Caseyeloalkyl phenyl, CHaphenyl, heteroaryl and
CHohetercaryl, and wherein alkyl, cvcloalkyvi, eycloalkenyvl, cyclohetercalkyl, eycloheteroaikenyl,
aryi and heteroaryl are unsubstituied or substituted with 1, 2, 3 or 4 substituents selected from: oxo, -
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{(CH2s0H, -ON, -NHa, -NE(Cealkyiy, -N{Cealkylhn, -Crealkyl, OCLsalkyl, balogen, -CHaF, -
CHE2, -CHa, -CORHL -COC galkyl, -5CaC s alkyl, -Chaseyeloalkyl, phenyl, CHzphenyl, heteroaryl
and {Hzheteroarvl, In some embodiments, the at least one compound is a compound of Formula V-

RZ

N
~
N
c: R® or a pharmaceutically acceptable salt, tautomer,
stereoisomer, or a mixture of stereoisomers thereof, wherein: X is -O-; Y is unsubstituted or
substituted heterocycloalkyl; Z is -(CH»)o-3OH; R? is hydrogen, halogen, or methyl; R®is C3 alkyl,
-CN, -CFs3, or cyclopropyl; and R&is ~({2H2)y-halogen, oxo, -(CHohOH, (CHDWMNR Y, -
(CHz MO, ~(CH2CON, -Crgalby ], -(CH23CE;, (CH2m OO, -O-(CH 20 0C galkyl, -
(CH DOy, A CHCER-GHING ), {CH)R0C L salkyl, «(CHmC-{CH)w-Careyeloaliyl,
~{CH 2 mO-{CHz pa-Cogoveloheteroalkyl, «(CHnO-{(CH 2 p-ary], -{(CH2)WO-(CH Y -heterolarv, -
{(CH2 S Crealky ], -(CH2 SO0 saliovt, -(CH 300 calkyl, AUH S0 Csm0ycloalkyl, -
{CH S0 seyeloheteroalkyl, «(UH2SO0-arvl, «(CH2 S 00-heteroaryl, -{CH2 S CaNHC Lealkyl,
S{CH2 SO NHC v eyeloalkyl, -{(CH2 o SCNHC 2 seycioheteroalkyl, -(CH 350 NH-aryl, -

{CH23 SO NH-hetercaryl, -{CH2NHSO2-Crealkyl, «(CHNHSO-Coseyeloalioyl, -

T NHSG-Concyeloheteroalkyl, ~(UH o NHSGo-arvl, (CHL ) NHSONH-heteroaryl, -

(CH2MNRD-Csalivl, (CHnNER)-Crreyeloalkyl, ACHWNERN-Corevcioheteroalkyl, -
(CH e NRD-Coacyelohetercatkenyl, {CH ) mNR -aryl, (CHapmNR-heteraaryl, {(CH)CORS
{CH2uCEOMNRY, -(CHDNERDTONR . (CHDWCOH, (CHo3nOCOH, ~(CHzpCO:RY, -
(CH2OC0R!E, -(CHCareycloalkyl, (CHamCareycloalkenyl, -(CHomCaseyclobeteroalkoyl, -
{(CHwCrscvelioheteroatkenyl, -(CHamaryl, and -{CHogheteroaryl, wherein each CHg is
unsubstituied or substitnted with 1 or 2 substituents selected from: oxeo, (CH2ps0H, -CN, -NH», -
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NH{C: galkyl), -N{Csalkyl), -Creakkyl ¢CHsy , OCrealkyl, halogen, -CH:F, -CHFL -CF -CORH, -
OOy galkvl, -Caseyeloalkyl, phenvl, CHepbenvl, beteroary] and CHabetercaryl, and wherein alkyl,
cveloalkyl, cycloalkenyl, cycloheteroalkyl, cvoicheteroalkenyl, arvl and heteroaryl are unsubstituted
or substituted with 1, 2, 3 or 4 substituents selecied from: oxo, -(CHajosOH, -OM, -NHs, -NH{C:.
satkyly, -MN(Cigalkyip, -Cieallyl, OC sallovl, balogen, <CHRF, -CHEF,, -CFs, -COGH, -COCealkyl, -
S0C g alkyl, -Cayeycloalkyl, phenyl, CHzphenyl, heteroaryt and ChHboheteroaryl. In some
embodiments, there is sustained release of the at least one compound into the cochlea after a single
administration. In some embodiments, the sustained release occurs for a period of at least about 100
day after the single administration. In some embodiments, the sustained release occurs for a period
of at least about 50 days after the single administration. In some embodiments, the sustained release
occurs for a period of at least about 10 days after the single administration. In some embodiments,
after administration, the at least one compound achieves greater than about 1 micromolar (uM) of
concentration in the perilymph and less than about 0.1 uM of concentration in the plasma. In some
embodiments, the composition has a gelation temperature from about 19° C to about 37° C. In some
embodiments, the auris acceptable carrier has a pH of about 5.5 to about 9.0. In some
embodiments, the intratympanic composition further comprises a permeability enhancer. In some
embodiments, the permeability enhancer is a carboxylic acid. In some embodiments, the
permeability enhancer is a fatty acid. In some embodiments, the permeability enhancer is a
proxicam. In some embodiments, the permeability enhancer is a non-ionic surfactant. In some
embodiments, the permeability enhancer is valproic acid. In some embodiments, the composition
has a viscosity of about 100 centipoise (cP) to about 1,000,000 cP. In some embodiments, the
composition is capable of being injected. In some embodiments, the composition is capable of being

injected to an area on or near the round window membrane. In some aspects, the present disclosure
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provides use of the intratympanic composition in treating or preventing hearing loss. In some
embodiments, the hearing loss is age-induced hearing loss. In some embodiments, the hearing loss is
trauma-induced hearing loss. In some embodiments, the hearing loss is antibiotic-based hearing loss.
In some embodiments, the antibiotic-based hearing loss is aminoglycoside-based hearing loss. In
some embodiments, the hearing loss is chemotherapy-based hearing loss. In some embodiments, the
hearing loss is cisplatin-based hearing loss.

[0007] In some aspects, the present disclosure provides a composition for intratympanic
administration comprising at least one compound that activates AMPK and from about 10% to about
40% by weight of a polyoxylethylene-polyoxypropylene block copolymer. In some embodiments,
the composition comprises about 10% to about 30% by weight of a polyoxylethylene-
polyoxypropylene block copolymer. In some embodiments, the composition comprises about 10% to
about 20% by weight of a polyoxylethylene-polyoxypropylene block copolymer. In some
embodiments, the dose of the at least one compound is about 0.5% to about 15% by weight. In some
embodiments, the polyoxylethylene-polyoxypropylene block copolymer comprises poloxamer 407,
poloxamer 188, poloxamer 237, poloxamer 338, or a combination thereof. In some embodiments,
the at least one compound is Compound 1: (3R,3aR,6R,6aR)-6-((5-([1,1'-biphenyl]-4-y1)-6-chloro-
3H-imidazo[4,5-b]pyridin-2-yl)oxy)hexahydrofuro[3,2-b]furan-3-ol, or a pharmaceutically
acceptable salt, tautomer, stereoisomer, or a mixture of stereoisomers thereof. In some
embodiments, the at least one compound is Compound 2: (3R,3aR,6R,6aR)-6-((5-chloro-6-(4-(1-
(hydroxymethyl)cyclopropyl)phenyl)-1H-benzo[d]imidazol-2-yl)oxy)hexahydrofuro[3,2-b]furan-3-
ol, or a pharmaceutically acceptable salt, tautomer, stereoisomer, or a mixture of stereoisomers
thereof. In some embodiments, the at least one compound is Compound 3: N-(4'-(6-chloro-2-

(((3R,3aR,6R,6aR )-6-hydroxyhexahydrofuro[3,2-b]furan-3-yl)oxy)-3H-imidazo[4,5-b]pyridin-5-yI)-
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[1,1'-biphenyl]-4-yl)methanesulfonamide, or a pharmaceutically acceptable salt, tautomer,
stereoisomer, or a mixture of stereoisomers thereof. In some embodiments, the at least one
compound is Compound 4: (3R,3aR,6R,6aR)-6-((6-fluoro-5-(4'-(pyrrolidin-3-yloxy)-[1,1'-biphenyl]-
4-yl)-1H-pyrrolo[3,2-b]pyridin-2-yl)oxy)hexahydrofuro[3,2-b]furan-3-ol, or a pharmaceutically
acceptable salt, tautomer, stereoisomer, or a mixture of stereoisomers thereof.. In some
embodiments, the at least one compound is Compound 5: (3R,3aR,6R,6aR)-6-((6-fluoro-5-(4'-
(pyrrolidin-3-yloxy)-[1,1'-biphenyl]-4-yl)-1H-pyrrolo[3,2-b]pyridin-2-yl)oxy)hexahydrofuro[3,2-
b]furan-3-ol, or a pharmaceutically acceptable salt, tautomer, stereoisomer, or a mixture of
stereoisomers thereof.. In some embodiments, the at least one compound is Compound 6:
(3R,3aR,6R,6aR)-6-((5-(4'-(1H-pyrazol-1-yl)-[1,1'-biphenyl]-4-yl)-6-chloro-3H-imidazo[4,5-
b]pyridin-2-yl)oxy)hexahydrofuro[3,2-b]furan-3-ol, or a pharmaceutically acceptable salt, tautomer,
stereoisomer, or a mixture of stereoisomers thereof. In some embodiments, the at least one
compound is Compound 7: (3R,3aR,6R,6aR)-6-((5-(4-(6-(1H-pyrazol-1-yl)pyridin-3-yl)phenyl)-6-
chloro-3H-imidazo[4,5-b]pyridin-2-yl)oxy)hexahydrofuro[3,2-b]furan-3-ol, or a pharmaceutically
acceptable salt, tautomer, stereoisomer, or a mixture of stereoisomers thereof. In some
embodiments, the at least one compound is Compound 8:_(3R,3aR,6R,6aR)-6-((6-chloro-5-(4-(2-(2-
hydroxy-2-methylpropyl)-2,6-dihydropyrrolo[3,4-c]pyrazol-5(4H)-yl)phenyl)-3H-imidazo[4,5-
b]pyridin-2-yl)oxy)hexahydrofuro[3,2-b]furan-3-ol, or a pharmaceutically acceptable salt, tautomer,
stereoisomer, or a mixture of stereoisomers thereof. In some embodiments, the at least one
compound is Compound 9: 4'-(6-fluoro-2-(((3R,3aR,6R ,6aR)-6-hydroxyhexahydrofuro[3,2-b]furan-
3-yl)oxy)-1H-benzo[d]imidazol-5-yl1)-[1,1'-biphenyl]-2,6-diol, or a pharmaceutically acceptable salt,
tautomer, stereoisomer, or a mixture of stereoisomers thereof. In some embodiments, the at least

one compound is Compound 10: (3R,3aR,6R,6aR)-6-((6-chloro-5-(4'-(4-(2-hydroxy-2-
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methylpropyl)-1H-pyrazol-1-yl)-[1,1'-biphenyl]-4-yl)-3H-imidazo[4,5-b]pyridin-2-
yl)oxy)hexahydrofuro[3,2-b]furan-3-ol, or a pharmaceutically acceptable salt, tautomer,
stereoisomer, or a mixture of stereoisomers thereof. In some embodiments, the at least one

R2

N
N /Y—
| )—X
” Az

A1
compound is a compound of Formula V: R? Formula V or a
pharmaceutically acceptable salt, tautomer, stereoisomer, or a mixture of stereoisomers thereof,
wherein: A'is N or CH; A”is N, CH, or CR®; X is -O-; Y is unsubstituted or substituted
heterocycloalkyl; Z is -(CH2)030H; R?is hydrogen, halogen, or methyl; RCis Ci3 alkyl, -CN, -CF3,
or cyclopropyl; and ®%is -{{Hs h-bialogen, oxo, -({CH230H, SO HDwMNRY:, -(CH N, -
(CH2 N, -Crsalkyl, (CHmCFs, (CH 00RO CH -0 satkyl, (CHOOMNR),, -
CH O EN-OHINGR )y, (CH2 O ealkyl, (CH O CHapn-Caaeyeloalkyl, «(CHzinO-(CHojur

Coscyeloheteroalkyl, «(CH wO-(CHohearvl, (CHuO-(CHa hecheterolanyl, {(CHD B salloyl, -
{CH SO Lsalkyl, {CH SO salbyl {CH SO ovaloalkyl, -(CH S0,
wycloheterpatiyl, (CHonS0O0-arvl, -(CH2m500-betersaryl, -(CHznSONHC) salkyl, -
{CH2SONHC soycloalkyl, -(CHnSOGNHC seycloheteroalloyl, {(CH2)uSONH-arvi, -

CH S QeNH-beteroaryh, «(CHopaNHSO0-Crealkyl, -{CHo o NHSO0-Caeycloalkyd, -
{(CH2pMNHSO-Chroyelobeterpalbyi, ((CHpNHS G-aryl, (CH2 - NHSOoNH-heteroaryl, -
(CH uNORD-Crsatkyl, {(CH)mNRS-Caseveloaikyl, (CHzimNRNY-Coroycioheternalloyl, -
(CHo 3 NRN-Coreyeloheternatkenyl, ~(CH2NE-aryl, (CH ) NR Hheteroaryl, (CHDLCORE
S{CHCNR - CHNRDCIONR Y, {CH OO, «(CH 00O, -(CHCORY, -
(CHwDCOR!, O H)wCsaeycloalivi, ACH LCraoycloaibenyl, {CH (o soycloheteroatkyl, -
{(CH:im(C2eovelohetornalkenyl, <{(CHzwarvl, and -{CHobeteroaryl; wherein each CHp is
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unsubstituied or substituted with T or 2 substituents selected from: oxo. -{CH s OH, -CN, -NH., -
NH(C salkyhy, -MeCrgalkylyz, -Cyeallovl (CHay , OC salkyvl, balogen, -CHRE, -CHE,, -CF;, -COH, -
CO-Crealkyl, -Cspoyeloalkyl, phenyl, CHzphenyl, hetercary! and CHoheteroarvl, and wherein alloyl,
cycloalkyl, cycloalkenyl, eycloheteroalioyl, cyciohetercalkenyl, arvl and heteroaryl are unsubstituted
or substituted with 1. 2, 3 or 4 substituents selected fromy oxo, (CHaesOH, -ON, -NH, -NH(C,
satkyh), -N{{U i salkyllz, -Crealkyl, OC salkyl, halogen, -CH:F, -CHE:, -CHa, -CO:H, -C000 qaliovl, -
SO0 s alkyl, -Cazeycloalkyl, phenyl, CHaxphenyl, hetercaryl and CHzhetercaryl, In some
embodiments, the at least one compound is a compound of Formula V-a:

R2 H

R® Formula V-a or a pharmaceutically acceptable salt, tautomer,
stereoisomer, or a mixture of stereoisomers thereof, wherein: X is -O-; Y is unsubstituted or
substituted heterocycloalkyl; Z is -(CH2)o30H; R? is hydrogen, halogen, or methyl; and R?is -
{CHzwebalogen, oxo, -{CHOH, -(CH2)eNERY:, -(CHNO, «CH)UN, O isalkyl, -(CH2UE;,
ACHmOUEs, -O-{CHDOC calkyl, (CHCOMWR Y, ACHuCEN-GHIN(R Y, ACH)L00)
sabicyl, -{CHOO-(CH - Cseyeloatkyl, {CHO-(CHz n-Cogeveloheteroalkyl, {(CHznO-{(CH2 -
aryl, (CHopnO-(CHacheterolaryl, (CHWSCsalkyl, (CHLSC salkyl, (CH2 )3 0CLsalkyl,
S CH2 RS0 reyeloalkyl, {UH SO meycloheteroalbyl, -(CHmSOz-arvl, -(CH2800-
heteroaryl, «{(CHmSONBHC Lsatiyvl, (CHopuSONHC s sovcloalkyl, «(CHamSONHC,.
seycloheteroalkyl, (CHopuSCaNH-aryl, {CH2 50 NH-heteroaryl, (CH ) NHSO-Crgalkyl, -
{(CH MNHSO-Caeyeloalkyl, {(CH G NHSO0-Chseyeloheteroalkyl, ~{(CHopaoNHSO-arvd, -
(CHDNHSONH-heteroarsl, -(CHz e N(RY-Crealkyl, «CH)wMNR)- yeloalboyl, {CHy N(RY)-
Coqoyeloheteroatkyl, (CH ) wNR-Coseyeloheteroaikenyl, ACH b NR-aryi, (CH2mN(R-
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heteroaryl, «(CHwCORE (CHunC IR, -(CHD W NRDTNR ), «(CHwCO0H, -
(CHwDCOH, (CH)WCORE (CHnOCOR!, {CH W eyeloalkvl, «(CH) W reveloalkenyl, -
{CHz3mCoecveloheterpalkyl, {CHyuCosoycloheteroatkenyl, -{CHokwarvl, and <(CHzinheteroarvl;
wherein each CHz is unsabstituted or substituted with 1 or 2 substituents selected frorm: oxo, -{CHaj
3O H, -ON, -NHa, -NHC calkyly, -N{Csalkybn, -Crsalkyl (CH:) , OCealkyll halogen, -CHaF, -
CHE, -Chy, -COgH, -COCrsalkyl, -Cageveioalkyl phenyl, CHzphenyl, heteroaryl and
CHohetercarvt, and wherein alkyl, cveloaliovl, cycloalkenyl, cyclohetercalkyl, cyclohetercalkenyl
aryt and heteroaryl are unsubstituted or substituted with 1, 2. 3 or 4 substitnents selecied frorm: oxo. -
{CH2os0OH, -ON, -NH, -NH(C galkyd)y, -N(Cealkyl, -Crealkyl, OCealloyl, halogen, -CHaE, -
CHE2, -CHa, -CORHL -COC galkyl, -5CaC s alkyl, -Chaseyeloalkyl, phenyl, CHzphenyl, heteroaryl

and {Hzheteroarvl, In some embodiments, the at least one compound is a compound of Formula
R2

G~
®

V-b: R? Formula V-b or a pharmaceutically acceptable salt,
tautomer, stereoisomer, or a mixture of stereoisomers thereof, wherein: X is -O-; Y is unsubstituted
or substituted heterocycloalkyl; Z is -(CH2)o30H; R? is hydrogen, halogen, or methyl; and &*is -
(CHw-balogen, oxo, -(CHonOH, (CHwN{RY, (CH2NG:, -(CHDWON, -Crsatkyl, (CH23CFs,
S{CH23m00F;, -O-(CHn-0C salkyl, (CH)ROOINER), (CHDRCEN-CHING ), (CH)-00)
salkyh -(CH - (CH b Cseyeloalkyl, -(CHW{(CHz - Cogeyelobeteroalivl, (CH G- CH ) we
aryh, {CHznO-{CHzw-heterolaryl, <{(CH2 S Crsatkyl, {CHSO  salkyl, (CH 2S00 salkyl,
SCH2 SO eycloalkyl, (UHu SO reyeloheteroalkyl, -(CH2SO0-arvl, {CH S O00-
heteroaryl, «(CHzinSONHC salivl, {CH2 ) SONHC hovcloalbyl <(CHu i SONHC,.
wycloheterpalivl, {({CHapp SO NH-aryl, <(CHz SO NH-heterparyl, -(CH2 3 NHSO2-C1salkyl, -

29



WO 2022/192079 PCT/US2022/018884

{(CH2 MNHSO-Caeyeloalkyl, {(CH 2 JNHSO0-Chseyeloheteroalkyl, ~{(CHopaNHSO-arvd, -
(CH2 ) NHS O NH-heteroaryh, -(CHnaNER)-Crealkyl, «(CH)wMNR)- yeloabiv, {CHNR-
Coqoyeloheteroatkyl, (CH ) wNR-Coseyeloheteroaikenyl, ACH b NR-aryi, (CH2mN(R-
heterparyl, ~(CHa (O SRE, S CH TR, -(CH:) NG HCCONG BRIy, ~(CHa3nCORH, -
CHoeDCOH, «(CHOwCORE (CHuOCORE (CHwCareyeloalkyl, «(CHwCsrcveloalkenyl, -
(CHmChsovcloheterpallkoyl, -{(CH ) Crsoyelpheteroalkenyl, -{CUH harvl, and -«(CHzyphetercaryh;
wherein cach CHz is unsubstituted or substituted with 1 or 2 substituents selected from: oxo, ~-{CHzy.
SOH, -ON, -NHa, -NHC ealkyly, -N{Csalkyb, -Crsalkyl (CH:y , OC 1 calkoyl halogen, -CHRF, -
CHE,, -CHy, -CO0H, -COCisalkyl, -Caseveloalkyl phenyl, CHaphenyl, heteroaryl and
CHohetercaryl, and wherein alkyl, cvcloalkyvi, eycloalkenyvl, cyclohetercalkyl, eycloheteroaikenyl,
aryi and heteroaryl are unsubstituied or substituted with 1, 2, 3 or 4 substituents selected from: oxo, -
{CHz23s0OH, -CHN, -NHa, -NH{Cisalkvly, -N{Crealkyliz, -Crealkyl, OCsallyl, halogen, -CHaF, -
CHE, -CFy -CORHL -COnC salkyl, -SCaCie alkyl, -Careycloalkyl, phenyl, CHaphenyl, heteroaryl
and CHzheteroaryl, In some embodiments, the at least one compound is a compound of Formula V-
RZ
N
I ”

N

c: R® Formula V-c or a pharmaceutically acceptable salt,
tautomer, stereoisomer, or a mixture of stereoisomers thereof, wherein: X is -O-; Y is unsubstituted
or substituted heterocycloalkyl; Z is -(CH2)o30H; R? is hydrogen, halogen, or methyl; R®is Ci.
alkyl, -CN, -CFs, or cyclopropyl; and R*is ~(CHzpu-halogen, oxo. (CHwOH, -(CHzmNER),, -
{CH2 N, «(CHON, ~Cosalloy], -(CHLOFs, (CH 3 OOFs, -O-(CHo 1o UC  galkyd, -

(CH D OMNRD, ACH G CEN-GHINR ), A CH)O0C Lsalkyl, (CHnO-CH)w-Crocycloalioyd,
ACH 2 mO-{CHo - Cogeyeloheteroatkyl, (CH2)wO-{CH e aryl, -(CH)WO-{CH M- heternlaryi, -
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{(CH2 4 SCrealby], -{CH2 SO0 salkyl, (CHD SO Chgalkyl, (CH S0 Csmevcloatkyl, -
{CH S0 seyeloheteroalkyl, «(UH2SO0-arvl, «(CH2 S 00-heteroaryl, -{CH2 S CaNHC Lealkyl,
S{CH2 SO NHC v eyeloalkyl, -{(CH2 o SCNHC 2 seycioheteroalkyl, -(CH 350 NH-aryl, -
{CH2 SO NH-hetercaryl, -(CH2NHSO0-Crsatkyl, (CHDNHSO-Coscycloaikyl, -

T NHSG-Concyeloheteroalkyl, ~(UH o NHSGo-arvl, (CHL ) NHSONH-heteroaryl, -
(CH2 M RN-Crsaliovl, -(CHORNEN-Careoycioalkyl, «(CHnNER)-Coscycloheteroalkyl, -
(CH e NRD-Coacyelohetercatkenyl, {CH ) mNR -aryl, (CHapmNR-heteraaryl, {(CH)CORS
A CH 2 CIOON R 2, (CHDNERPCOMNR ), (CHDWCOH, (CHepOCOH, (CHzpuCORY, -
(CH2OC0R!E, -(CHCareycloalkyl, (CHamCareycloalkenyl, -(CHomCaseyclobeteroalkoyl, -
(CH U ocycloheteroatkenyl, -(CHamaryl, and <{CHo)ohetercaryl;, wherein each CH; is
unsubstituied or substitnted with 1 or 2 substituents selected from: oxeo, (CH2ps0H, -CN, -NH», -
NH{Csalkyly, -N{Csalkyly, -Crealkyl (CHs) , OCealkyl, halogen, -CHRF, -CHE,, -CFs, -CORH, -
COCsalkyl, ~Csmeycloalkyl, phenyl, CHophenyl, beteroary] and CHzbeteroaryl, and wheretn alkyl,
cycloalkyl, cyeloalkenyl, cyclobeteroalbyl, cycloheteroalkenyl, arvl and heteroaryl are unsubstituted
or substituted with 1, 2, 3 or 4 substituents selecied from: oxa, -(CHalosOH, O, -INHa, -NH{C:.
sabkyhy, -N{Ceatkyipz, -Craalloyl, OCisatkyl, halogen, -CH:F, -CHE;, -CFs, -COzH, -C0:C 6alkyl, -
ST g alkyl, -Cageycloalkyl, phenyl, CHaphenyl, heterocary! and CHobeteroaryl, In some
embodiments, the at least one compound is encapsulated in nanoparticles, microparticles or
microspheres.
[0008] In some aspects, the present disclosure provides a pharmaceutical composition comprising at
least one gelling agent and at least one compound that activates AMPK 1in at least one hair cell. In
some embodiments, the AMPK is cytoplasmic AMPK. In some embodiments, the AMPK is nuclear

AMPK. In some embodiments, the hair cell is an inner hair cell. In some embodiments, the hair cell

31



WO 2022/192079 PCT/US2022/018884

is an outer hair cell. In some embodiments, the at least one gelling agent is selected from hyaluronan,
a polyoxyethylene-polyoxypropylene block copolymer, poly(lactic-co-glycolic) acid, polylactic acid,
polycaprolactone, fibroin, alginic acid or a salt thereof, polyethylene glycol, a cellulose, a cellulose
ether, a carbomer, agar-agar, gelatin, glucomannan, galactomannan, xanthan gum, chitosan, pectin,
starch, tragacanth, carrageenan, polyvinylpyrrolidone, polyvinyl alcohol, paraffin, petrolatum,
silicates, fibroin, or a combination thereof. In some embodiments, the at least one gelling agent is
hyaluronan. In some embodiments, the at least one gelling agent is a combination of hyaluronan and
methylcellulose. In some embodiments, the cellulose ether is methylcellulose,
carboxymethylcellulose, ethylcellulose, hydroxyethylcellulose, methyl hydroxyethylcellulose,
hydroxypropyl methylcellulose, or hydroxypropylcellulose. In some embodiments, the at least one
gelling agent is a polyoxyethylene-polyoxypropylene block copolymer. In some embodiments, the
polyoxyethylene- polyoxypropylene block copolymer is poloxamer 407, poloxamer 188, poloxamer
237, poloxamer 338, or a combination thereof. In some embodiments, the at least one gelling agent
is fibroin. In some embodiments, the at least one gelling agent is cross-linked. In some
embodiments, the at least one gelling agent is ionically cross-linked. In some embodiments, the at
least one gelling agent is covalently cross-linked. In some embodiments, the at least one gelling
agent is not cross-linked. In some embodiments, the pharmaceutical composition comprises a
pharmaceutically acceptable liquid solvent. In some embodiments, the pharmaceutically acceptable
liquid solvent is water. In some aspects, the present disclosure provides the use of the
pharmaceutical composition in treating or preventing hearing loss. In some embodiments, the
hearing loss is age-induced hearing loss. In some embodiments, the hearing loss is trauma-induced
hearing loss. In some embodiments, the hearing loss is antibiotic-based hearing loss. In some

embodiments, the antibiotic-based hearing loss is aminoglycoside-based hearing loss. In some
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embodiments, the hearing loss is chemotherapy-based hearing loss. In some embodiments, the
hearing loss is cisplatin-based hearing loss. In some embodiments, the pharmaceutical composition
can be delivered into the ear of a subject in need thereof. In some embodiments, after delivery, the at
least one compound achieves greater than about 1 micromolar (uM) of concentration in the
perilymph and less than about 0.1 uM of concentration in the plasma.

[0009] Additional aspects and advantages of the present disclosure will become readily apparent to
those skilled in this art from the following detailed description, wherein only illustrative
embodiments of the present disclosure are shown and described. As will be realized, the present
disclosure is capable of other and different embodiments, and its several details are capable of
modifications in various obvious respects, all without departing from the disclosure. Accordingly,

the drawings and description are to be regarded as illustrative in nature, and not as restrictive.

INCORPORATION BY REFERENCE
[0010] All publications, patents, and patent applications mentioned in this specification are herein
incorporated by reference to the same extent as if each individual publication, patent, or patent
application was specifically and individually indicated to be incorporated by reference. To the
extent publications and patents or patent applications incorporated by reference contradict the
disclosure contained in the specification, the specification is intended to supersede and/or take

precedence over any such contradictory material.

BRIEF DESCRIPTION OF THE DRAWINGS
[0011] The novel features of the invention are set forth with particularity in the appended claims. A
better understanding of the features and advantages of the present invention will be obtained by

reference to the following detailed description that sets forth illustrative embodiments, in which the
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principles of the invention are utilized, and the accompanying drawings (also “Figure” and “FIG.”
herein), of which:

[0012] FIGs. 1A-1E depict schematics of the inner ear anatomy. (A) The human hearing auditory
system. (B) Cross-section of the cochlear duct. (C) The organ of Corti contains a single row of inner
hair cells (IHCs) and three rows of outer hair cells (OHCs). (D) The innervation of a IHC by afferent
and efferents. (E) Sound excitation of the cochlea displaces hair bundles, thereby opening the
transduction channels.

[0013] FIGs. 2A-2B depict genome-wide significant locus identified at Chromosome 5. High-
resolution map showing the location of peak SNP rs33550599 on chr5 within Prkag2 (AMPK-v»).
(B) The relative expression level of subunits ¢ and 7y in the cells of organ of Corti.

[0014] FIGs. 3A-3D depict AMPK-y>-deficiency is associated with a greater susceptibility to high-
frequency (32 kHz) noise-induced hearing loss two weeks after moderate noise exposure (6 week-
old mice). (A) Greater elevation of high- frequency ABR thresholds in AMPK-v,-deficient mice 2
weeks after noise exposure (n=11). (B) Maximal projections of whole mount IHC (32 kHz region)
demonstrating greater reduction of synaptic ribbons in AMPK-y,-deficient mice after noise exposure
(n=3; scale bar: 5 -vm). (C) Pre-synaptic ribbon volumes are greater in AMPK-y>-deficient mice
after noise exposure (signal intensities were normalized to Myo7a and DAPI). (D) Quantification of
presynaptic (Ctbp2) and postsynaptic (mGluR2) markers, and paired synapses 2 weeks post
moderate noise exposure demonstrating reduced total and paired ribbon synapses in AMPK-+»-
deficient mice.

[0015] FIGs. 4A-4E depict AMPK-y» expression is required for nuclear activation of the
heterotrimeric AMPK complex in the inner hair cell 2 hours after noise exposure (6-week-old mice).

(A) Schematic representation indicating the imagine plane and location of the 32 kHz region and
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inner and outer hair cells (IHC, OHC). (B) Confocal images demonstrating the IHC-specific
pAMPK nuclear accumulation in WT mice and absent in AMPK-y>-deficient mice in response to
noise exposure. (C) Confocal z-stack of IHC whole mounts (32 kHz region) show pAMPK levels in
WT and AMPK-y»-deficient mice prior and 2 hours after moderate noise exposure (n=3; 4
cells/sample; scale bar: 5 itm). (D) Normalized fluorescence intensity of subcellular pAMPK levels
(nuclear, cytosolic) in WT and AMPK-v- deficient mice 2 hours after noise exposure. (E) Nuclear to
cytoplasmic fluorescence ratios in WT and AMPK-y> KO mice prior and after 2 hours of noise
exposure.

[0016] FIGs. 5A-5B depict crystal structure of the AMPK ou -B2- y1 heterotrimer. {A) Domain
organization of the human AMPK w2, Biz. and Y123 subunits. {B) Crystal structureof the AMPK o1
B2 11 heterotrimer in ribbon representation. The AMPK-«, {}, and v subunits are colored in green,
brown, and cyan, respectively.

[0017] FIG. 6 depicts purified recombinant proteins. Coomassie-stained SOS-PAGE gels of the
indicated purified human proteins. The unphosphorylated and Thr172 activation loop
phosphorylated human AMPK complexes are composed of ¢:{D139N). {}2, and vy subunits.
[0018] ¥IGs. 7TA-7TB depict unphosphorylated AMPK o1 -Bo- 71 binding to Importin-8 (IMO-8) in a
Ran-dependent manner. Streptavidin pulldown assays with (A) unphosphorylated and (B) CaMKKf
Thr172 activation loop phosphorylated AMPK o1 -B2- 71 heterotrimer. Coomassie-stained SDS-
PAGE gels showing load and pull-down f{ractions.

[0019] KiGs. 8A-BC depict that pACC levels are elevated after mioderate notse exposure andare
dependent on Prkag? (6-week-old muce). {A} Confocal z-stack maximal projections of inner hair cell
whole mounts {32 kHz region} demonstrating pACC levels in WT and AMPK-v-deficient mice 2

hours after moderate noise exposure {n=2; scale bar: § um). (B) Subcellular fluorescence levels
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dernousirating reducedlevels alter noise exposure 1n WT mice and reduced baseline and posi-
exposure revels in AMPK-vyi-deficient mice {(signal intensities were normalized to Myo7a andDAPT).
{C} Model for ierarchical activation of different subeeliular pools of AMPKL

[0020] Fi{s. 9A-8C depict that Compound 1 administration is protective against mid- {o high-
frequency hearing loss and synaptic ribbon loss. {A) Threshold elevation two-weeks after moderate
noise exposure is reduced in six-week-old B6 mice treatedwith orally administered Compound 1
either prior or after noise exposure. { B} Maximal projections of whole mount IHC (32kHe region)
synaptic ribbon counts revealing preservation with Compound 1. {C} {Qunantification of paired
synaptic ribbons in mice two weeks after exposure to moderate noise given vehicle {fop row) and
Compound 1 {&aiiom: row). (n=4; scale bar = § rallimeters (rom)).

[0021] FIGs, BEA-T8C depict the imipact of inner ear specific deletion of Calchwn/Calmodulin Dependent
Protein Kinase Kinase 2 (CaMKK?2) on noise sensitivity {32 kHz region) after moderate noise exposure in
6-weck-old mice. (A CaMKEZ mutants sutfer greater noise induced threshold shifts than littermate
countrols. (B) Maximal projections of whole mount THC 1mages demonstrating loss of pared ribbon
synapses after noise exposure in mice {ested in {A). () Paired ribbon counts demonstrating the
impact of CaMKKZ2 deletion two weeks post noise exposure {n=21; scale bar = Smimn).

[0022] FI{, 1 depicts an overview of the pharmacokinetics study of Example 3.

[0023] FIG. 12 depicts an overview of the tympanic membrane and ruiddie ear assessment of
Example 3.

[0024] FI{. 13 depicts an overview of the noise-induced hearing loss study of Example 3.

[0025] FIG. 14 depicts concentration of Compound 1 in the perilyruph and plasma following

intratympanic dosing in two mouse strains. While one data pownt 1s depicted {or Compound 1
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concentration in plasma, other data poinds for Compound 1 concentration in plasma were below the
level of detection.
(08261 FiGs, 15A-15H depict immunofloorescent images of inner hair cells (IHCs) and outer hair
cells {OHCs) in the basal and apical cochlea. Nuclear oz expression is clear in both the IHCs and
OHCs of the apical cochlea (FIGS. 134, €, E, and G). However, nuclear 02 expression iu the basal
region is only seen in IHCs (FIGS. 158, D, F, and H). This is consistent with hair cell sensitivity to
noise, age, and ototoxins.

DETAILED DESCRIPTION
[0027] While various embodiments of the invention have been shown and described herein, it will
be obvious to those skilled in the art that such embodiments are provided by way of example only.
Numerous variations, changes, and substitutions may occur to those skilled in the art without
departing from the invention. It should be understood that various alternatives to the embodiments
of the invention described herein may be employed.
[0028] Definitions
[0029] Throughout this disclosure, various embodiments are presented in a range format. It should
be understood that the description in range format is merely for convenience and brevity and should
not be construed as an inflexible limitation on the scope of any embodiments. Accordingly, the
description of a range should be considered to have specifically disclosed all the possible subranges
as well as individual numerical values within that range to the tenth of the unit of the lower limit
unless the context clearly dictates otherwise. For example, description of a range such as from 1 to 6
should be considered to have specifically disclosed subranges such as from 1 to 3, from 1 to 4, from
1to 5, from 2 to 4, from 2 to 6, from 3 to 6 etc., as well as individual values within that range, for

example, 1.1, 2, 2.3, 5, and 5.9. This applies regardless of the breadth of the range. The upper and
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lower limits of these intervening ranges may independently be included in the smaller ranges, and
are also encompassed within the disclosure, subject to any specifically excluded limit in the stated
range. Where the stated range includes one or both of the limits, ranges excluding either or both of
those included limits are also included in the disclosure, unless the context clearly dictates otherwise.
[0030] The terminology used herein is for the purpose of describing particular embodiments only
and is not intended to be limiting of any embodiment. As used herein, the singular forms “a,” “an”
and “the” are intended to include the plural forms as well, unless the context clearly indicates
otherwise. It will be further understood that the terms “comprises” and/or “comprising,” when used
in this specification, specify the presence of stated features, integers, steps, operations, elements,
and/or components, but do not preclude the presence or addition of one or more other features,
integers, steps, operations, elements, components, and/or groups thereof. As used herein, the term
“and/or” includes any and all combinations of one or more of the associated listed items.

[0031] Unless specifically stated or obvious from context, as used herein, the term “about” in
reference to a number or range of numbers is understood to mean the stated number and numbers +/-
10% thereof, or 10% below the lower listed limit and 10% above the higher listed limit for the
values listed for a range.

[0032] Anatomy of the ear

[0033] The mammalian ear is composed of outer, middle, and inner components. Sound energy
collected in the outer ear is transmitted to the inner ear via the middle ear (FIGS. 1A-1E). The
cochlea is a hollow tube with three chambers, the scala vestibuli, the scala media, and the scala
tympani. The organ of Corti, the sensory epithelium, lies on the basilar membrane within the scala
media. The organ of Corti has several cell types, most importantly, a single row of inner hair cells

(IHCs), which are primarily responsible for sound transmission, and three rows of outer hair cells
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(OHCs), which play a role in amplification. Sound energy within the cochlea creates a traveling
wave such that the hair cells at the base transduce high frequency sounds and those at the apex, low
frequency sound. The IHCs execute the fundamental process by which acoustic waves are converted
to neural signals. Deflection of the hair bundles by the traveling wave initiates the rapid opening of
transduction channels leading to a depolarizing current that modulates neurotransmitter release onto
the afferent fibers of the 8th cranial nerve. These fibers encode acoustic information to the brain. A
host of extracellular linkages connect adjacent stereocilia (tip links) mechanically opening the
transduction channels that are permeable to small cations up to about 1.2 nanometers (nm) in
diameter. In vivo, these channels are bathed in a high-K+ low-Ca2+ endolymph within the scala
media and the bulk of the depolarizing current is carried by K+ (0.2% by Ca2+).

[0034] Each IHC has several synapses. In an example, an IHC may have a synapse with a type I
auditory nerve fiber (ANF). In another example, each type I fiber may synapse with a single IHC.
The synaptic regions of the IHC/ANF may be further characterized by ribbon synapses, or structures
located between the IHCs and spiral ganglion neurons. Ribbon synapses are implicated in various
functions for hearing, such as sound localization. Ribbon synapses may deploy neurotransmitters to
carry out certain functions. For example, glutamate may be released upon sound stimulation. The
ribbon synapses may compose a number of proteins. The proteins of the ribbon synapse may be in
the presynaptic core. Examples of proteins in the presynaptic core include Ribeye and Ctbp2. The
proteins of the ribbon synapse may be in the postsynaptic receptor. Examples of proteins in the
postsynaptic receptor include mGlur2.

[0035] Compositions as described herein may be administered to treat the ear. In some
embodiments, the compositions described herein are administered into the ear. In some

embodiments, the compositions described herein are administered into at least one inner hair cell. In
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some embodiments, the compositions described herein are administered into at least one outer hair
cell. In some embodiments, the compositions described herein are administered into the ear via an
injection. In some embodiments, the compositions described herein are administered into the ear via
an intratympanic injection. In some embodiments, the compositions described herein may be
administered locally to an individual afflicted with an otic disease or condition.

[0036] AMPK

[0037] Mitochondria serve an essential purpose in cells by providing energy via adenosine
triphosphate (ATP) synthesis. When ATP is metabolized, its breakdown products include an
adenosine monophosphate (AMP) and a phosphate. In some disease models, the patients’ cells be
characterized by having a low amount of ATP and a higher amount of AMP, thereby displaying a
higher AMP:ATP ratio. In such disease models, it may be essential to deliver a molecule that may
phosphorylate AMP to yield ATP.

[0038] Protein kinases are a broad class of enzymes that may modify other proteins via
phosphorylation. Examples of protein kinases include AMP kinases (AMPK). AMPK is a master
regulator of cellular energy status in eukaryotic cells such as IHCs, and a serine/threonine protein
kinase. AMPK is activated in response to energy stress by sensing increases in the AMP:ATP ratio
and restores energy balance by inhibiting anabolic processes and promoting catabolism either

directly or indirectly through transcriptional regulation.

[0039] AMPK is a heterotrimeric complex composed of a catalytic @—subunit, and regulatory - and
¥subunits, which encode carbohydrate and AMP-binding domains, respectively. For each AMPK

subunit, the mammalian genome may encode multiple different isoforms. Each subunit exists in

multiple isoforms encoded by separate genes (al, 02, B1, B2, v1, y2, and y3). The subunits can form

12 distinct kinds of o ¥ complexes. These include AMPK o2y, ctioBioy2, ciieBieys, ooy,

40



WO 2022/192079 PCT/US2022/018884

ouePaeys, creBaeyt, caeBreyi, aeBreya, 02oPieys, 0aePayi, 02eP2%ya, and o2eB2eys. Individual complexes
and subunits may differ with regards to the cell types in which they are expressed, their response to
stimuli and their subcellular localization. For example, &4, B, Yinss % is not expressed in the ear.

[0040] AMPK may become activated and trapped in the nucleus of inner hair cells after noise
exposure, where it may regulate the expression of downstream targets that control the number and
volume of presynaptic ribbons in inner hair cells. AMPK may thereby contribute to noise protection.
[0041] The AMPK pathway is implicated in different forms of hearing loss. For example, the
AMPK pathway may be implicated in chemotherapy-based ototoxicity. An example of
chemotherapy-based ototoxicity may include ototoxicity caused by cisplatin. The AMPK pathway
may be implicated in antibiotic-based ototoxicity. An example of antibiotic-based ototoxicity may
include hearing loss caused by an aminoglycoside.

[0042] In its role in noise protection, the various subunits of AMPK complexes may be essential.

For example, the ysubunit of AMPK may be essential for the activation of AMPK. Various genes
may modulate the presence of the ysubunit of AMPK. Various genes may modulate the expression

of the ysubunit of AMPK. The Prkag? gene may encode the ¥2 subunit of the AMPK complex. The
absence of Prkag2 may enhance susceptibility to NIHL due to greater instability of the inner hair cell
presynaptic ribbon. Prkag?2 expression may be enriched in hair cells. Prkag?2 expression may be
required for the activation of AMPK in inner hair cells. Prkag2 expression may be required for the
activation of AMPK in the nucleus of inner hair cells.

[0043] Specifically, the 75 subunit of AMPK may be essential for the activation of AMPK. ¥
deficiency may confer more sensitivity to moderate noise exposure. }deficiency may be
accompanied by reduced activation of AMPK in the nuclei of IHCs (FIGS. 3A-3D & FIGS. 4A-

4D). Noise-induced activation of an AMPK heterotrimer, containing the specific subunits ¢1 and 2,
41



WO 2022/192079 PCT/US2022/018884

in the nuclei of IHCs may attenuate noise-induced pathological changes in IHCs and pre-synaptic

ribbons, thereby protecting from NIHL.
[0044] Various genes may modulate the presence of the % subunit of AMPK. Various genes may
modulate the expression of the 7 subunit of AMPK. The Prkag2 gene may encode the 75 subunit of

the AMPK complex. The absence of Prkag2 may enhance susceptibility to NIHL due to greater
instability of the inner hair cell presynaptic ribbon. Prkag?2 expression may be enriched in hair cells.
Prkag?2 expression may be required for the activation of AMPK in inner hair cells. Prkag2 expression

may be required for the activation of AMPK in the nucleus of inner hair cells.

[0045] The ¢ subunit of AMPK may be essential for the activation of AMPK. Various genes may
modulate the presence of the & subunit of AMPK.

[0046] Both the ¢4 and )5 AMPK subunits may be required for noise-induced nuclear AMPK
activity in inner hair cells and protection from synaptopathy and hearing loss after exposure. The &
and ysubunit composition of the heterotrimeric activated AMPK complex within the IHCs of the
cochlea may be essential in mechanisms related to hearing. The & and }subunit composition of the
heterotrimeric activated AMPK complex within the IHCs of the cochlea may be implicated in the
mechanisms related to hearing loss. The & and ysubunit composition of the heterotrimeric activated

AMPK complex within the IHCs of the cochlea may have an impact on hearing and synaptic ribbon
maintenance, the mechanisms of nuclear import and export of AMPK in the IHCs, and the

mechanisms of activation of AMPK and its downstream substrates.
[0047] Methods and compositions as disclosed herein may increase the presence of & and/or ¥
AMPK subunits in inner hair cells. Methods and compositions as disclosed herein may increase the

presence of ¢ and/or Y AMPK subunits in outer hair cells. Methods and compositions as disclosed
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herein may increase the expression of & and/or Yy AMPK subunits in inner hair cells. Methods and
compositions as disclosed herein may increase the expression of & and/or Y AMPK subunits in outer
hair cells. Methods and compositions as disclosed herein may increase the presence of &1 and/or }
AMPK subunits in inner hair cells. Methods and compositions as disclosed herein may increase the

presence of &1 and/or )5 AMPK subunits in outer hair cells. Methods and compositions as disclosed
herein may increase the expression of &; and/or )5 AMPK subunits in inner hair cells. Methods and

compositions as disclosed herein may increase the expression of ¢; and/or )5 AMPK subunits in

outer hair cells.

[0048] Nucleoplasmic shuttling

[0049] The AMPK may shuttle between the nucleus and cytoplasm. Other proteins may be involved
in the transport of AMPK between the nucleus and cytoplasm. For example, Karyopherin is a family
of proteins involved in transportation of molecules between the cytoplasm and nucleus of cells. The
cell may be a eukaryotic cell. Karyopherin-mediated transport may occur through the nuclear pores
of the nucleus. Karyopherins can act as importins and/or exportins. In some embodiments,
Karyopherin may transport AMPK from the cytoplasm to the nucleus. In some embodiments,
Karyopherin may transport AMPK from the nucleus to the cytoplasm. In some embodiments,
compositions and methods as disclosed herein may upregulate the karyopherin-mediated transport of
AMPK from the cytoplasm to the nucleus. In some embodiments, compositions and methods as
disclosed herein may upregulate the karyopherin-mediated transport of AMPK from the nucleus t the
cytoplasm.

[0050] Signaling pathways of AMPK

[0051] AMPK may be activated by various upstream signaling pathways. AMPK activity is

regulated both by posttranslational and allosteric mechanisms. For example, phosphorylation of the
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oa—subunit at the activation loop residue Thr172 by liver kinase B1 (LKB1) or Ca2+/calmodulin-
dependent kinase kinase 2 (CaMKK?2) may stimulate AMPK activity. Furthermore, binding of
carbohydrates or AMP to the fand ysubunits, respectively, may stimulate AMPK activity.

[0052] Ca”* influx may activate AMPK. Ca** influx into the inner hair cell after noise exposure may
influence the expression of downstream target genes that control synaptic ribbon integrity. Ca**
influx into the inner hair cell after noise exposure may result in AMPK activation in the inner hair
cell nucleus. Ca?* influx into the inner hair cell after noise exposure may result in AMPK activation
via CAMKK?2. For example, CAMKK2 may phosphorylate AMPK.

[0053] Methods and compositions as disclosed herein may upregulate Ca>* influx into the inner hair
cell. In some embodiments, Ca>* influx into the inner hair cell maybe upregulated following noise
exposure. In some embodiments, CAMKK?2 may upregulate AMPK activation. In some
embodiments, CAMKK?2 may phosphorylate AMPK.

[0054] AMPK activators

[0055] The present disclosure provides compositions comprising at least one compound in an
amount sufficient to activate AMPK. In some embodiments, the at least one compound activates
nuclear AMPK. In some embodiments, the at least one compound activates cytoplasmic AMPK. In
some embodiments, the AMPK is activated in at least one hair cell. The hair cell may be an inner
hair cell. The hair cell may be an outer hair cell.

[0056] As aforementioned, AMPK can be activated by upstream kinases LKB1 and CAMKK?2.
AMPK can also be activated by a small molecule. In some embodiments, the small molecule is
Compound 1. Compound 1 can bind at the allosteric drug and metabolite (ADaM). This can lead to

allosteric activation of the AMPK. In some embodiments, the small molecule is Compound 2.
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Compound 2 may bind at the ADaM site, thereby leading to allosteric activation of the AMPK and
protection against dephosphorylation.

[0057] The AMPK activator may be a pan-activator for all AMPK isoforms. In some embodiments,
the pan-activator is Compound 1, Compound 2, or Compound 3. In some embodiments, the AMPK
activator may be a specific activator of AMPK. For example, A-769662, 911, salicylate, and MT 68—
78 may specifically activate AMPKpi-containing complexes.

[0058] AMPK activators for hearing loss

[0059] The present disclosure provides methods and compositions of preventing or treating hearing
loss. In some embodiments, the composition comprises at least one compound in an amount
sufficient to activate AMPK in at least one hair cell. In some embodiments, the hair cell is an inner
hair cell. In some embodiments, the hair cell is an outer hair cell. In some embodiments, the AMPK
is nuclear AMPK. In some embodiments, the AMPK is cytoplasmic AMPK. In some embodiments,
the composition activates AMPK in response to noise exposure. In some embodiments, the hearing
loss is age-induced hearing loss. In some embodiments, the hearing loss is noise-induced hearing
loss. In some embodiments, the hearing loss is induced in response to trauma. In some embodiments,
the hearing loss is caused by antibiotics. In some embodiments, the antibiotic is aminoglycoside. In
some embodiments, the hearing loss is caused by chemotherapy. In some embodiments, the
chemotherapy-induced hearing loss is caused by cisplatin. In some embodiments, the composition
may cause synaptic ribbons of the inner hair cells and auditory neurons/synapses to be preserved and
protected from trauma or other disruptions. In some embodiments, the composition may protect the
synaptic ribbon complexes of the hair cells and auditory nerve fibers of the ear. In some
embodiments, administration of the composition protects the number and paired morphology of

synaptic ribbons.
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[0060] The present disclosure provides a composition for preventing or treating hearing loss
comprising an effective amount of at least one compound that activates AMPK in at least one hair
cell. In some embodiments, the at least one compound is Compound 1, Compound 2, Compound 3,
Compound 4, Compound 5, Compound 6, Compound 7, Compound 8, Compound 9, Compound 10,
or a pharmaceutically acceptable salt, tautomer, stereoisomer, or a mixture of stereoisomers thereof.
[0061] Compounds for activating AMPK

[0062] Disclosed herein, in certain embodiments, are compounds that are useful in the activation or
modulation of AMPK. In one example, AMPK activators disclosed herein may be used in a method
of treating diseases associated with the ear. Additionally, AMPK activators disclosed herein may be
useful in the manufacture of a medicament for treating diseases (e.g., those associated with the ear
(e.g., hearing loss)).

[0063] “Activators” as used herein refers to any compound capable of enhancing the strength or
amount of AMPK signaling. In some embodiments, the AMPK activator is an agonist. In some
embodiments, the AMPK activator is a super agonist, full agonist, partial agonist, or a weak agonist.
In some embodiments, the AMPK activator is an allosteric modulator. In some embodiments, the
AMPK activator is a positive allosteric modulator.

[0064] Disclosed herein, in certain embodiments, is a compound of Formula I or Formula II:

T — T —
7 Y—2 7 N Y=—2Z
ur N / ul N /
Il I\>—x I I H—x
\W N\ \W N\
R5 or R5
Formula I Formula II

or a pharmaceutically acceptable salt thereof, wherein:
each of T, U, V, and W is independently C or N, each of which may be substituted or

unsubstituted, provided that one of T, U, V, and W is N (or N-oxide);
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X is selected from -CHa-, -CHF-, -CFa-, -S-, -O-, -O-CHa-, -O-CH2CHb»-, -NH-, -C(O)-, -
NHC(O)-, -C(O)NH-, -NHSO2-, -SO2NH-, and -C(0)O-;

Y is selected from alkyl, heteroalkyl, cycloalkyl, heterocycloalkyl, aryl, or heteroaryl, each of
which is unsubstituted or is substituted by 1, 2, 3, or 4 substituents RY;
wherein each RY is independently selected from alkyl, alkoxy, hydroxyalkyl, haloalkyl, -NOa, -NH>,
-NH(alkyl), -N(alkyl)2, -CN, -SOalkyl, -CONH>, -CONHalkyl, -CON(alkyl)2, cycloalkyl,
heterocycloalkyl, aryl, and heteroaryl; each of which is optionally further substituted;

Z is selected from -N(R%),, -SR%, -OR?, and -C(R?)3, alkyl, heteroalkyl, carbocycle, or
heterocycle, each of which is optionally substituted by 1, 2, 3, or 4 substituents R%;
wherein each R” is independently selected from hydrogen, halogen, alkyl, heteroalkyl, -OH, -OCH3,
-COOH, -NH3, -SOsalkyl, -NHSO»-alkyl, cycloalkyl, heterocycloalkyl, aryl, or heteroaryl; and

R’ is hydrogen, halogen, -CN, -CFs, Ci.ealkyl, or Ciscycloalkyl.
[0065] AMPK activators for use according to the present disclosure can be any small molecule
activator of AMPK. Examples of AMPK to be used in the claimed method of treatment include, but
are not limited to, compounds described in WO 2010/036613, WO 2011/106273, WO 2012/116145,
WO 2012/033149, WO 2013/153479, WO 2013/011932, WO 2014/031441, WO 2014/031515, WO
2014/139388, WO 2015/007669, WO 2016/001224, WO 2017/188288, WO 2017/146186, WO
2017/200068, each of which is incorporated by reference in its entirety. Also considered within the
scope of the present invention are the pharmaceutically acceptable salts or solvates, isotopic variants,
stereoisomers, or mixtures of stereoisomers of any one of the compounds described herein or
incorporated by reference.

[0066] Also disclosed herein, in certain embodiments, is a compound of Formula III or Formula I'V:
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T —_— T _—
/7 Y—2Z 7 N Y—2Z
us N / us N /
I I\>—x I I H—x
V\W/ N\ V\W/ N\
R5 or R5
Formula III Formula IV
or a pharmaceutically acceptable salt thereof, wherein:

T is N, N-oxide, or CRY:

U is N, N-oxide, or CR™

YV is N, N-oxide, or TR

Wois N, N-oxide, or {R™

X is -3 or -O-CHa

Y is selected from Caecycloalkyl, Capcyeloalkenyl, Cogocycloheteroalkyl, O
jocycloheteroalkenyl, aryl, and heteroaryl, wherein each evcloalkyl, cyvcloalkenyl, cyeloheieroalkyl
cyelohetercalbenyl, aryl and hetercary! is mdependently unsubstituted or substituted with 1,2, 3 or 4
substitnents selocted from RY;

£s oxo, -CFs, -Crsalkyl, {(CHap-halogen, -(CHonCOH, {(CH2WOH, or -(CHL),80:C
satkvh, wherein each Uz is unsubstituted or substifuted with 1 or 2 substituents selecied trovmn O
satkyl, -OH and -NHp,and wherein ecach alkyl is unsubstituted or substitoted with 1,2, 3 or 4
substituents selected from B

R'is selected from hydrogen. halogen. -Cig alkyl, -Cay alkenyl, -Cog alkynyl, -CN, -CFs, -
OH, -OC galkyl, -NHz, -NHCgalkyl, -N{Crealkyiy, -SCisalkyl, SO0 eallyl, -500C galkyl, -
NHS OOy galkyl, -NHOOM salkyl, -BCaNHC qalkyl, and -CONHC Lealkyl;

each R¥and R is independently selected from:
hydrogen, halogen, TN, CF, -Crealkyl, -Cosatkenyl, -Coealkynyl, -{CH2 L Caseycloalkyl, -

{(CHpCamovcloalloyl-aryl, {CH)Cimeyeloalkyl-heteroaryl, <(CHapCogeyeloatkenyl, -{(CHz3pCu
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weycloalkenyl-aryl (CHpCumoveloalkenyi-boteroaryl, -(CHanCooycloheteroalioyl, ((CHCo
socyelohetercalkenyl, -(CHzparyl, -(CH pary]-Cygalkyl, «CHoparyi-Chsalienyl, «CHoparyl-Ca
gatkbynyl-Crsalkyl -{CHobaryl-Cosalkynyvb-Caseycloatkyl, (CHoparyl-Cogaliivayl-Cs.
seycloalkenvl, {CHojpary - palkynyl-Coneveloheteroalkyl, -«(CHoyparyi-Crealkynyl-Col
socyeloheteroalkenyl, ~(CHoparyb-Cosalkyoyi-aryl, «CHojpary-Cosalloynyl-heteroaryl, ~(CHoparvl-
Cageyeloalbyl, -«(CHayparvi-Coancycloheteroalkyl, -<{CHphpary-Cooeyeloheteroatienyl, {CHoyaryi-
arvl. -{CHabarvl-hetercarvl, {CHakbeteroaryl, -Cogalkenyl-atkyl, -Cogatkenyl-aryl, -Cosalkenyl-
heteroaryl, -Czealkenvi-Caroycloalkyl, -Cagalkenyl-Caseycloalkenyl, -Casalkenyl-Co
weyeloheieroaliovl, -Cralkenyl-Cosoveloheteroalkenyl, ~Crealloynyl-(CHo pa-O-aryl, -Cosalkyoyi-
atkyl, -Cosalkyvoylarvl, -Caealkynyi-heteroarvl, -Cosalkynyl-Caeycloalkyl, -Cogalbvoyl-Ca.
wycloalkenyl, -Cogablovayb-Coreycloheteroatkyl, -Cosalbynyl-Cosevelphetercatkenyl, and -
C{OMNH-{(CH2oaphenyl, wherein cach CHy is unsubstituted or substituted with 1 or 2 substituents
selected fromye halogen, OF:, -OH, -WNH: ~Crsalkyl, 200 salkyl, -NHC galkyl, and -WN{Cisalkylh,
wherein each alkyl, alkenyl, alkyovl, cyeloalkyl, cveloalkenyl, cyeloheteroativi, eyclohetercalkenyl,
phenyi, aryl and heteroaryl is unsubstituted or substituted with |, 2, 3 or 4 substituents independently
selected from R

R*is selected from hydrogen. halogen, -Crsalkyl, -Cos alkenyl, -Coe alkynyl, -CN, -CFs, -
OH, -OC gallovl, -NHa, -NHC galkvl, -N(Cgalkyih, -S5Cealkyl, -SOC L ealkyl -5 galkyl, -
NHSO:Cgalkyl, -NHOOW ealkyl, -S5O:NHC salkyl and -C(ONHC 1 salkyvl
R is selected from hydrogen, -Cirsalkyl, -CH:CO:H, and -CHCOCrealkyl;

cach R® 15 independently selected from the group consisting of ~(CHzhw-halogen, oxo, -
(CH2 O, -(CH N, (CHm NG, (CH N, -Crsalivl, {CH O, (CH2 00, -0-

(CH - OC aaliovl, ACH)COMNERY, (CHnCEN-OHINER ), (CH2mOC ealkyl, (CHz (-
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{(CHY-Chooyeloaltkyl, (CHon-(CH-Coreyeloheteroalkyl, -(CH2)O-(CH w-aryl, {CH)LO-
{CHzbwebeterolaryl, -(CHzmSCrsalkyl, (CH2 RSO salbyl -(CH SO0 calkvl, «CH w805
wyeloaltkyl, -{(CHz2 SO0 reyciohetercalkyl, -(CH2 S Oz-arvh -{CH2 SO0 -heteroaryl, -
{CH23 SO NHC  salkyl, -(CH2 SO NHC s reyeloaliopl, -(CH2 S G NHC : seyelpheteroaltkyl, -

CHo b3 OaNH-aryl, ~(CH) W30 NH-heteroaryl, -(CH ) NHBO:-Cralkvl, {CH 3 NHSG- s

weyeloalkyl, {UH R NHSO-Crrcvcisheteroalkyl, -({CH2 b NHSO-arvE, {CH ) NHE O NH-
heterparyi, ~(CHapMNRY-Cyealioy], (CHDNED-Careyeloatkyl, (CH NN
eyeloheteroalkyi, —(CHz)mN(Rj)~Cz~7g‘,ydohetcmaikenyl, A CH2N{R-aryl, -( CHD MR-
heteroaryl, «(CHwCORE (CHunC IR, -(CHD W NRDTNR ), «(CHwCO0H, -
(CHwDCOH, (CH)WCORE (CHnOCOR!, {CH W eyeloalkvl, «(CH) W reveloalkenyl, -
(CHzim(Creovelohetoroallkyl, -{(CH2)wCrsoyelpheteroalkenyl, -{CHzaryl, and -(CH:hetercarvh;
wherein each CHo- is unsabstitnted or substituted with 1 or 2 substitnents selected from: oxo, -(CHzne
3O H, -ON, -NHa, -NHC calkyly, -N{Csalkybn, -Crsalkyl (CH:) , OCealkyll halogen, -CHaF, -
CHE, -Chy, -COgH, -COCrsalkyl, -Cageveioalkyl phenyl, CHzphenyl, heteroaryl and
CHohetercarvt, and wherein alkyl, cveloaliovl, cycloalkenyl, cyclohetercalkyl, cyclohetercalkenyl
aryt and heteroaryl are unsubstituted or substituted with 1, 2. 3 or 4 substitnents selecied frorm: oxo. -
{CH:¥s0H, -CN, -NHa, -NH(Cgalkyly, -N(Crealkylh, -Crealkyl, OC salkyl, halogen, -CHF, -
CHE2, -CHa, -CORHL -COC galkyl, -5CaC s alkyl, -Chaseyeloalkyl, phenyl, CHzphenyl, heteroaryl
and {CHzheteroarv

cach R”is independently selected from hydrogen. -Crealkyl, -Cascyeloaikyl, -Co

scycloatkenyl, -Uhecyeloheteroalkyl, -Cosoveloheteroatienyl, aryl, heteroaryl, -(CHit-halogen, -
(CH -0 H, -NGy, N, -NH(Cgalkyl), -N{CysallovD), -OC Lgalboyl, (CH R COH, {TH 00y

salkyl -CFs, -ON, -80:C salkovl, and -({CH2SCON{R")2. wherein each CHo is unsubstituted or
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substitpied with 1 or 2 halogens, and wherein each alkovl, cycloalkyl cyelealkenyl, cycloheteroalkyl,
cycloheteroalkenyl, aryl and heteroaryl ts unsabstituted or substituted with 1, 2 or 3 halogens;
cach K°is independently selected from halogen, oxo, -(CH)OH, ~(CHN(RY o, (CHLON, O
satkyl, -CFa, ~Crealkyl-OH, -OCH0C  salkyl, «(CHzO0C Lsalkyl, -OCHyaryl -(CH2SCrealkyl, -
(CHWCORE, «(CHuCIOMN(R s, (CH OO, {CHCO0RE, -(CHapnCaeycloalkyl, (CH o

scyclobeterpathyl, «(CHoyaryl, and -«(CHo)heteroaryl; wherein each UHg is unsubstituled or
substituted with 1 or 2 substituents selected frony oxo, -OH, -CN, -N{Rlijz, -C realkyl, -OC1salkyl,
halogen, -CHIF, -CHEF,, -CF;, -COoH, -CO:C: ealkyl, -Corcycloalloy! and heteroary, and wherein
alkvl, cycloalivl, cycloheterocalkyl, arvl and heteroaryl are nosubstituted or substitated with 1, 2, 3 or
4 substituents selected from: oxo, -OH, -CN, -MN(R" ), -C vsalkyl, -CGC psalhvi, halogen, -<CHRE, -
CHEF, -CFs, -COuH, -COC g galkvl, -Caseycioalkyl and beterparyls
each RE, R¥ andt R"is independently selected from hydrogen, -Cisalkyl, and -O-Crealkyl, wherein
each alkyl is unsubstituted or sobetituted with 1, 2, 3 or 4 sobstitnends selected from -OH, oxo,
halogen, Crealkyl, -OC L galkyl, -MNHo, -NH(C 1gsalkyly, and -N{Cygallyvha:

each R is independently selected from hyvdrogen, (peaikyl, Crscvelnaliovl, -C(OIRY, and -

S0:R, wherein each alkyi or cyeloalkyl are unsubstituted or substituted with 1, 2. 3 or 4 substituents
selecied frorn: -OH, oxo, halogen, Crealkyl, -OC ealkyl, -NH, -NHCealkyl), and -N{Cigalkyla
each Riand ®'is independently selected from Creadkyl, Covoycioaikyl, Cascycloatkenyl, Cs.
wycloheterpatkyl, Oz scyclohetercalkenyl. aryl, and heteroarvl, wherein each alkyl, cycloalkyl,
cycloalkenyl, cyclohetercalkyl, cycloheteroalkenyl, arvl and heteroaryt are ansubstituted or
substituted with 1, 2, 3 or 4 substitucote selected from: oxo, -OH, -ON, -NH, -Crealkyl, -OC ealkyl,
halogen, -CHoF, -CHP, -CFs, -CO0H, -COC galkyl, -Casoycloalkyl, and heteroarvi;

is 3, 1,2, 3ord;
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wis 6, 1,2, 3 ord;
pis 12, o %
qis{, 1,2, 3 ord;
ris, or?;
sis @, 1,2, 3or4; and
t15{3,1.2,30r 4,
[0067] In some embodiments, the compound is of Formula III-a or Formula I'V-a:
R _N Y—2Z RZ _N N Y—2Z
N N
| ] )X | ] )X
RN N RN N
\ \
R4 R5 or R4 R5
Formula IlI-a Formula IV-a

or a pharmaceutically acceptable salt thereof.

[0068] In some embodiments, the compound is of Formula III-b or Formula IV-b:

R2 _N Y—2Z R2Z _N N Y—2Z
N / N /
10— 10—
y/, y/,
3 3
R N o K N

Formula III-b Formula IV-b

or a pharmaceutically acceptable salt thereof.
[0069] In some embodiments, X is -O-. In some embodiments, Y is heterocycloalkyl. In some
embodiments, Y is {ziocycioheteroatkyl. In some embodiments, Y is cycloalkyl In some
embodimenis. Y 18 Csaecvoloalkyl, In some emabodiaents, 215 —(CH2pOH, whereinnis G, 1L 2, 3, or
4. In some ermnbodiments, 7015 -CHGH or -G 1o some embodiments, 2 15 -CH2OH. In some
embodiments, 2 is -OH.
[0070] In some embodiments, the compound is of Formula III-c or Formula IV-c:
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RZ _N RZ _N N
TN TN
| o0 o | >—0 o
R3 o N 21-2 R3 o N 21-2
H
(0] (0]
OH or OH

Formula III-c Formula IV-c
or a pharmaceutically acceptable salt thereof.

[0071] In some embodiments, the compound is of Formula III-c1 or Formula IV-c1:

mm ]:I\»m

or H OH

Formula IlI-c1 Formula IV-cl
[0072] or a pharmaceutically acceptable salt thereof.

[0073] In some embodiments, the compound is of Formula III-d or Formula IV-d:

R’ R’
R2 /Y—Z R? N /Y—
N)—x \>—x
R3 N\ R3 N\
R4 R5 R4 R5
or

Formula III-d Formula IV-d
or a pharmaceutically acceptable salt thereof.

[0074] In some embodiments, the compound is of Formula III-e or Formula I'V-e:

A R? N /Y —_
N
T~ -
H or H

Formula III-e Formula IV-e
or a pharmaceutically acceptable salt thereof.

[0075] In some embodiments, X is -O-. In some embodiments, Y is heterocycloalkyl. In some
embodiments, Y is Coigeveioheteroalkyl, In some eroboditoents, Y 18 cyeloalkyl In some
smbodiments, Y s Csaocycloalkyl By some embodiments, Zis -{CHz20H, whereinnis G, 1, 2, 3, or
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4. In some embodiments, 7 1e -CHOH or -0 In some embodiments, 7 s -CHROH. In some
embodiments, 7 is -OH.

[0076] In some embodiments, the compound is of Formula III-f or Formula IV-f:

L Ry

Formula III-f Formula IV-f

or a pharmaceutically acceptable salt thereof.

[0077] In some embodiments, the compound is of Formula III-f1 or Formula IV-f1:

mm Oy,

Formula ITI-f1 Formula IV-f1

or a pharmaceutically acceptable salt thereof.
[0078] In some embodiments, R? is halogen. In some embodiments, R?is -F, -Cl, or -Br. In some
embodiments, R? is -F. In some embodiments, R” is -Cl. In some embodiments, R? is -Br. In some
embodiments, R? is -F or -Cl.
[0079] In some embodiments, R? is -(CH2),Cs-10cycloalkyl, -(CH2),Catocycloalkenyl, -(CHa)paryl, or
-(CHa)pheteroaryl. In some embodiments, R? is -(CHa)paryl-Cs-scycloalkyl, -(CHa)paryl-Co-
1ocycloheteroalkyl, -(CHaz)paryl-aryl, or -(CHz)paryl-heteroaryl. In some embodiments, p is 0. In
some embodiments, R is aryl, cycloalkyl, aryl-Ca-1ocycloheteroalkyl, aryl-aryl, or aryl-heteroaryl.
[0080] In some embodiments, R? is unsubstituted or substituted aryl. In some embodiments, R3is

unsubstituted or substituted phenyl, or unsubstituted or substituted naphthyl,
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[0081] In some embodiments, R? is unsubstituted or substituted heteroaryl. In some embodiments,
R? is unsubstituted or substituted pyridinyl, unsubstituted or substituted pyrimidinyl, unsubstituted or
substituted pyridazinyl, unsubstituted or substituted indolyl, unsubstituted or substituted quinolinyl,
or unsubstituted or substituted isoquinolinyl.

(66821 In some embodiments, R? is unsubstituted or substituted cycloalkyl or unsubstituted or
substituted cycloalkenyl. In some embodiments, R? is unsubstituted or substituted cyclopentenyl,
unsubstituted or substituted cyclohexenyl, unsubstituted or substituted cyclopropyl, unsubstituted or
substituted cyclobutyl, unsubstituted or substituted cyclopentyl, or unsubstituted or substituted
cyclohexyl. In some embodiments, R? is unsubstituted or substituted cyclohexenyl, unsubstituted or
substituted cyclopropyl, or unsubstituted or substituted cyclobutyl.

[6383] In some embodiments, R? is unsubstituted or substituted heterocycloalkyl. In some
embodiments, R3 is unsubstituted or substituted morpholinyl, unsubstituted or substituted
piperazinyl, unsubstituted or substituted piperidinyl, unsubstituted or substituted dioxanyl,
unsubstituted or substituted pyrrolidinyl, unsubstituted or substituted tetrahydrofuranyl,

unsubstituted or substituted azetidinyl, or unsubstituted or substituted oxetanyl.

A N/%R\ .
I 5 R U(Ram = (R%0.4
[0084] In some embodiments, R is , , ,
N B\
N 72 N >R N
| —rRY) I /—(Ra)o-4 (\ h/ ;“’ 57— (R%g.4
y/ N HN 7%/

N—N , Or
[0085] In some embodiments, each R* is independently selected from hydrogen, halogen, Ci.6 alkyl,
C16 hydroxyalkyl, -C(O)NHz, -C(O)NHCH3, -C(O)N(CH3)(CH2)2OCH3, -C(O)-heterocyclyl, -OH, -

OCHj3, -O-heterocyclyl, -NHz, -NHCH3, -N(CH3)2, -NHC(O)CH3s, -NHS(0O)2CH3s, -N=S(O)(CH3)a, -
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N=S(O)(CH2CH3)2, -N=S(O)CH3sNHCH3, -NH-heterocyclyl, -S(O)CHs, -S(0)2CH3, P(O)(CH3)2. In
some embodiments, each R* is independently selected from unsubstituted or substituted C3.s
cycloalkyl, unsubstituted or substituted 3- to 6-membered heterocycloalkyl, or unsubstituted or
substituted 5- to 6-membered heteroaryl. In some embodiments, R* is para to the bicyclic core (e.g.,
of Formulae I-V).

[0086] In some embodiments, provided herein is a compound of Formula V:

R2 H
N /Y -_—Z
| )X
A1 A2
Ra
Formula V

or a pharmaceutically acceptable salt thereof, wherein:

A'is N or CH;

A?is N, CH, or CRS;

X is -O-;

Y is unsubstituted or substituted cycloalkyl, or unsubstituted or substituted heterocycloalkyl;

Z is hydrogen, hydroxyl, oxo, C1.3 hydroxyalkyl, -C(O)OH, -C(O)O-C13 alkyl;

R? is hydrogen, halogen, or methyl;

RS is Ci3 alkyl, -CN, -CF3, or cyclopropyl; and

R%*is -(CH2)m-halogen, oxo, -(CH2)mOH, -(CH2)uN(RY)2, -(CH2)mNO2, -(CH2)mCN, -C1.
salkyl, -(CH2)mCF3, -(CH2)mOCF3, -O-(CH2)m-OC1-salkyl, (CH2)mC(O)N(R)2, -(CH2)mC(=N-
OH)N(R/)2, -(CH2)mOC 1-6alkyl, -(CH2)mO-(CH2)m-Cs-7cycloalkyl, -(CH2)mO-(CH2)m-Co-
scycloheteroalkyl, -(CH2)mO-(CH2)m-aryl, -(CH2)mO-(CH2)w-heterolaryl, -(CH2)mSC1-salkyl, -
(CH2)mS(O)C1ealkyl, -(CH2)mSO2C16alkyl, -(CH2)mSO2C37¢cycloalkyl, -(CH2)mS 0202
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7cycloheteroalkyl, -(CH2)mSOz-aryl, -(CH2)mSOz-heteroaryl, -(CH2)mSO2NHCsalkyl, -
(CH2)mSO2NHC3.7¢cycloalkyl, -(CH2)mSO2NHC27cycloheteroalkyl, -(CH2)mSO2NH-aryl, -
(CH2)mSO2NH-heteroaryl, -(CH2)mNHS O2-Cisalkyl, -(CH2)mNHSO2-Cs7cycloalkyl, -
(CH2)mNHSO2-Ca.7cycloheteroalkyl, -(CH2)mNHSOz-aryl, -(CH2)mNHSO2NH-heteroaryl, -
(CH2)mN(R)-Cialkyl, -(CH2)mN(RY)-Cs.7cycloalkyl, -(CH2)mN(R))-Ca.7cycloheteroalkyl, -
(CH2)mN(R))-Ca.7cycloheteroalkenyl, -(CH2)mN(RY)-aryl, -(CH2)mN(RY)-heteroaryl, -(CH2)mC(O)RY,
~(CH2)mC(O)N(RY)2, -(CH2)mN(Rj)C(O)N(RY)2, -(CH2)mCO2H, -(CH2)nOCOH, -(CH2)mCO:RY, -
(CH2)mOCORY, -(CH2)mCs-7cycloalkyl, -(CH2)mCs-7cycloalkenyl, -(CH2)mCa-6cycloheteroalkyl, -
(CH2)mCa6cycloheteroalkenyl, -(CH2)maryl, and -(CH2)mheteroaryl; wherein each CHz is
unsubstituted or substituted with 1 or 2 substituents selected from: oxo, -(CH2)-30H, -CN, -NHoa, -
NH(C16alkyl), -N(Ci.salkyl)2, -Ci1ealkyl (CH3) , OC16alkyl, halogen, -CH2F, -CHF2, -CF3, -CO2H, -
CO2Crealkyl, -Cs.7cycloalkyl, phenyl, CHzphenyl, heteroaryl and CHzheteroaryl, and wherein alkyl,
cycloalkyl, cycloalkenyl, cycloheteroalkyl, cycloheteroalkenyl, aryl and heteroaryl are unsubstituted
or substituted with 1, 2, 3 or 4 substituents selected from: oxo, -(CH2)o-sOH, -CN, -NHa, -NH(C;-
salkyl), -N(Ci-salkyl)2, -Ciealkyl, OCisalkyl, halogen, -CH2F, -CHF, -CF3, -COzH, -CO2C¢alkyl, -
SO2C16alkyl, -Cszcycloalkyl, phenyl, CHaphenyl, heteroaryl and CHzheteroaryl.

[0087] In some embodiments, each R* is independently selected from hydrogen, halogen, Ci.6 alkyl,
C16 hydroxyalkyl, -C(O)NHz, -C(O)NHCH3, -C(O)N(CH3)(CH2)2OCH3, -C(O)-heterocyclyl, -OH, -
OCHj3, -O-heterocyclyl, -NHz, -NHCH3, -N(CH3)2, -NHC(O)CH3s, -NHS(0O)2CH3s, -N=S(O)(CH3)a, -
N=S(O)(CH2CH3)2, -N=S(O)CH3sNHCH3, -NH-heterocyclyl, -S(O)CHs, -S(0)2CH3, P(O)(CH3)2. In
some embodiments, each R* is independently selected from unsubstituted or substituted C3.s
cycloalkyl, unsubstituted or substituted 3- to 6-membered heterocycloalkyl, or unsubstituted or

substituted 5- to 6-membered heteroaryl.
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[0088] In some embodiments, provided herein is a compound of Formula V-a, Formula V-b, or

Formula V-c:

R2 R2

Formula V-a Formula V-b

Formula V-c

or a pharmaceutically acceptable salt thereof, wherein:

X is -O-;

Y is unsubstituted or substituted cycloalkyl, or unsubstituted or substituted heterocycloalkyl;

Z 1s -(CHz2)o-30H;

R? is hydrogen, halogen, or methyl;

RS is Ci3 alkyl, -CN, -CF3, or cyclopropyl; and

R is -(CHzim-halogen, oxo, (CHmOH, -(CHmaN ), ACH NG, (CHuON, -C)
sabloyl, ACH2 U, (CH2mOOFs, -O-{CH - OC Lealkyl, (CH ECIOINE, ACH) N
OHIN(R Y, «CHopuOC ealkyl, (CH2 O~ CHapu-Cageyeloalkyl, (CHmO-(CHo)w-Co
seycloheteroalkyl, ~(UHupnO-(CHahnraryl, ~{(CHnO-{CH-heterolaryl, «(CH S Usalkyl, -
{CHmSONC salloyl, A0H)RSCLgalkvl, {(CH2SC D reycioalkyl, «€CH2)w3 G0
reyelohetercalkyl, -({CHz S Coarvl, (CH2)wS0z-hetercaryl, {CH2)uSCNHC 1 salkyl, -

(CHzmSOaNHCs reveloalkyl, -(CH2 SO NHO s seycloheteoroalkyl, -(CH2 SO NH-aryl, -
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{(CH2 4 SOsMNH-hetercaryl, -(CH Y NHSO-Cygalkyl, ACHDNHSOR-Coeyeloallyl, -

(CH D uNHSO-Coneyeloheteroalkyl, -{CH b NHSGo-arvl, (CH2)wNHEG:NH-heteroaryl, -

(CH 3 NRD-Csalioyl, -(CH2NE)-Careyveloatkyl, (CH W NERN-Corcvcioheteroalkyl, -

(CH W NRD-Coreyeloheteroatkenyl, ~(CH)aMNER-ary], (CHzuaNE-heteroaryl, (CH2OOR
ACHDCONERN L, ACHDNERDCOMNR , (CHDWCOH, «CHuDCOH, (CHCORY -
(CH2mnOCOR!, <(CHzmCareyeloatkyl, (CHomCareycloatkenyl, (CHonCrscyclobeteroalkyl, -
{CH2 3o ocycloheteroatkenyl, -(CHzimaryl, and {CHawbetercaryl; wherein each CHz is
nnsubstituied or substituted with 1 or 2 substituents selected from: oxo, -{CHansOH, -CN, -NHa, -
NH{C: galkyl), -N{Csalkyl), -Creakkyl ¢CHsy , OCrealkyl, halogen, -CH:F, -CHFL -CF -CORH, -
OOy galkvl, -Caseyeloalkyl, phenvl, CHepbenvl, beteroary] and CHabetercaryl, and wherein alkyl,
cveloalkyl, cycloalkenyl, cycloheteroalkyl, cvoicheteroalkenyl, arvl and heteroaryl are unsubstituted
or substituted with 1, 2, 3 or 4 substituents selecied from: oxo, -(CHajosOH, -OM, -NHs, -NH{C:.
sabkyhy, -M{Chgalkyiy, ~Ciealkyl, OC saliovl, balogen, -CHRE, -CHE,, -OFs, -COH, -COaCealkyl, -
S galkyl, -Cascycloalkyl, phenyl, CHephenyl, hetercaryl and Chhhetercaryl.

[0089] In some embodiments, Y is unsubstituted or substituted cycloalkyl. In some embodiments, Y
is unsubstituted or substituted cyclopropyl, unsubstituted or substituted cyclobutyl, unsubstituted or
substituted cyclopentyl, unsubstituted or substituted cyclohexyl, or unsubstituted or substituted

cycloheptyl. In some embodiments, Y is unsubstituted or substituted cyclobutyl, unsubstituted or

substituted cyclopentyl, or unsubstituted or substituted cyclohexyl. In some embodiments, Y is

*

, , **_ wherein * denotes a bond to X and ** denotes a bond to Z. In
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*% *% *

some embodiments, Y is , , *, wherein * denotes a bond to X and **
denotes a bond to Z.
[0090] In some embodiments, Y is unsubstituted or substituted heterocycloalkyl. In some

embodiments, Y is a substituted or unsubstituted tetrahydrofuran, or a substituted or unsubstituted

*e ”

isomannide. In some embodiments, Yis ©O , O , or *, wherein *

denotes a bond to X and ** denotes a bond to Z. In some embodiments, Yis O ,

(o)

*, wherein * denotes a bond to X and ** denotes a bond to Z.

[0091] In some embodiments, Z is -C(O)OCH;3, -C(O)OH, -C(CH3),OH, -CH(CH3)OH, -CH>OH, -
OH, or oxo. In some embodiments, Z is -C(O)OCHs3. In some embodiments, Z is -C(O)OH. In some
embodiments, Z is -C(CH3)2OH. In some embodiments, Z is -CH(CH3)OH. In some embodiments, Z
is -CH20OH. In some embodiments, Z is -OH. In some embodiments, Z is 0xo. In some embodiments,
Z.is -OH or -CH>OH.

[0092] In some embodiments, -X-Y-Z is selected from:

& ,.§~$‘\_
N N,

T Iy
N £y £y
s & F
Yoo d
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[0093] In some embodiments, -X-Y-Z is selected from:

[0094] In some embodiments, -X-Y-Z is selected from:

St M e A Sa s

& fe Y s {\}.“\ {
[0095] In some embodiments, the compound described herein has a structure provided in Table 1, or
a pharmaceutically acceptable salt, tautomer, stereoisomer, or a mixture of stereoisomers thereof.

Table 1.

Compound

4 Structure Name

(3R,3aR,6R,6aR)-6-((5-([1,1'-biphenyl]-4-yl)-

1 6-chloro-3H-imidazo[4,5-b]pyridin-2-

yl)oxy)hexahydrofuro[3,2-b]furan-3-ol
(“MK-8722")

(3R,3aR,6R,6aR)-6-((5-chloro-6-(4-(1-
(hydroxymethyl)cyclopropyl)phenyl)- 1H-
benzo[d]imidazol-2-
yl)oxy)hexahydrofuro[3,2-b]furan-3-ol
(“PF-7397)
N-(4'-(6-chloro-2-(((3R,3aR,6R ,6aR)-6-
hydroxyhexahydrofuro[3,2-b]furan-3-yl)oxy)-
3H-imidazo[4,5-b]pyridin-5-yl)-[1,1'-
biphenyl]-4-yl)methanesulfonamide
(“BI-9774”)

(3R,3aR,6R,6aR)-6-((6-fluoro-5-(4'-

4 (pyrrolidin-3-yloxy)-[1,1'-biphenyl]-4-yl)-1H-
pyrrolo[3,2-b]pyridin-2-

yl)oxy)hexahydrofuro[3,2-b]furan-3-ol
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Compound
#

Structure

Name

(3R,3aR,6R,6aR)-6-((5-(4'-(1H-1,2,4-triazol-
1-yl)-[1,1'-biphenyl]-4-yl)-6-chloro-3H-
imidazo[4,5-b]pyridin-2-
yl)oxy)hexahydrofuro[3,2-b]furan-3-ol

(3R,3aR,6R,6aR)-6-((5-(4'-(1H-pyrazol-1-yl)-
[1,1'-biphenyl]-4-y1)-6-chloro-3H-
imidazo[4,5-b]pyridin-2-
yl)oxy)hexahydrofuro[3,2-b]furan-3-ol

(3R,3aR,6R,6aR)-6-((5-(4-(6-(1H-pyrazol-1-
yl)pyridin-3-yl)phenyl)-6-chloro-3H-
imidazo[4,5-b]pyridin-2-
yl)oxy)hexahydrofuro[3,2-b]furan-3-ol

(3R,3aR,6R,6aR)-6-((6-chloro-5-(4-(2-(2-
hydroxy-2-methylpropyl)-2,6-
dihydropyrrolo[3,4-c]pyrazol-5(4H)-
yDphenyl)-3H-imidazo[4,5-b]pyridin-2-
yl)oxy)hexahydrofuro[3,2-b]furan-3-ol

4'-(6-fluoro-2-(((3R,3aR,6R,6aR )-6-
hydroxyhexahydrofuro[3,2-b]furan-3-yl)oxy)-
1H-benzo[d]imidazol-5-yl)-[1,1'-biphenyl]-
2,6-diol

10

(3R,3aR,6R,6aR)-6-((6-chloro-5-(4'-(4-(2-
hydroxy-2-methylpropyl)-1H-pyrazol-1-yl)-
[1,1-biphenyl]-4-yl)-3H-imidazo[4,5-
b]pyridin-2-yl)oxy)hexahydrofuro[3,2-
b]furan-3-ol

11

N-(4'-(6-chloro-2-(((3R,3aR,6R ,6aR)-6-
hydroxyhexahydrofuro[3,2-b]furan-3-yl)oxy)-
1H-pyrrolo[3,2-b]pyridin-5-y1)-2,3,4,5-
tetrahydro-[1,1'-biphenyl]-4-yl)acetamide
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Coml;ound Structure Name
N-(4'-(6-chloro-2-(((3R,3aR,6R ,6aR)-6-
hydroxyhexahydrofuro[3,2-b]furan-3-yl)oxy)-
1H-pyrrolo[3,2-b]pyridin-5-y1)-2,3,4,5-
tetrahydro-[1,1'-biphenyl]-4-

yl)methanesulfonamide

12

4'-(6-fluoro-2-(((3R,3aR,6R,6aR )-6-
hydroxyhexahydrofuro[3,2-b]furan-3-yl)oxy)-
1H-pyrrolo[3,2-b]pyridin-5-yl)-N-methyl-
[1,1'-biphenyl]-4-carboxamide

13

4'-(6-fluoro-2-(((35,5S)-5-
(hydroxymethyltetrahydrofuran-3-yl)oxy)-
1H-pyrrolo[3,2-b]pyridin-5-yl)-N-methyl-
[1,1'-biphenyl]-4-carboxamide

14

[0096] In some embodiments, the AMPK activator is Compound 1: (3aR,6R,6aR)-6-((5-([1,1'-
biphenyl]-4-yl)-6-chloro-1H-imidazo[4,5-b]pyridin-2-yl)oxy)hexahydrofuro[ 3,2-b]furan-3-ol (“MK-
8722”), or an analog or derivative thereof, or a pharmaceutically acceptable salt or solvate thereof, or

an isotopic variant thereof, or a stereoisomer or a mixture of stereoisomers thereof. In some

embodiments, the AMPK activator is: , or a pharmaceutically acceptable
salt or solvate thereof, or an isotopic variant thereof, or a stereoisomer or a mixture of stereoisomers
thereof.

[0097] In some embodiments, the AMPK activator is Compound 2: (3R,3aR,6R,6aR)-6-((5-chloro-
6-(4-(1-(hydroxymethyl)cyclopropyl)phenyl)-1H-benzo[d]imidazol-2-yl)oxy)hexahydrofuro[3,2-

b]furan-3-ol (“PF-739”), or an analog or derivative thereof, or a pharmaceutically acceptable salt or

solvate thereof, or an isotopic variant thereof, or a stereoisomer or a mixture of stereoisomers
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OH
thereof. In some embodiments, the AMPK activator is: OH ,ora

pharmaceutically acceptable salt or solvate thereof, or an isotopic variant thereof, or a stereoisomer
or a mixture of stereoisomers thereof.

[0098] In some embodiments, the AMPK activator is Compound 3: N-(4'-(6-chloro-2-
(((3R,3aR,6R,6aR )-6-hydroxyhexahydrofuro[3,2-b]furan-3-yl)oxy)-3H-imidazo[4,5-b]pyridin-5-yI)-
[1,1'-biphenyl]-4-yl)methanesulfonamide (“BI-9774”), or an analog or derivative thereof, or a
pharmaceutically acceptable salt or solvate thereof, or an isotopic variant thereof, or a stereoisomer

or a mixture of stereoisomers thereof. In some embodiments, the AMPK activator is:

, or a pharmaceutically acceptable salt or solvate thereof, or an
isotopic variant thereof, or a stereoisomer or a mixture of stereoisomers thereof.

Further Forms of Compounds

[0099] In some situations, compounds exist as tautomers. A “tautomer” refers to a molecule wherein
a proton shift from one atom of a molecule to another atom of the same molecule is possible. In
certain embodiments, the compounds presented herein exist as tautomers. In circumstances where
tautomerization is possible, a chemical equilibrium of the tautomers will exist. The exact ratio of the
tautomers depends on several factors, including physical state, temperature, solvent, and pH. Some

examples of tautomeric equilibrium include:
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[00100] In some situations, the compounds described herein possess one or more chiral

centers and each center exists in the (R)- configuration or (S)- configuration. The compounds
described herein include all diastereomeric, enantiomeric, and epimeric forms as well as the
corresponding mixtures thereof. In additional embodiments of the compounds and methods provided
herein, mixtures of enantiomers and/or diastereoisomers. In some embodiments, the compounds
described herein are prepared as optically pure enantiomers by chiral chromatographic resolution of
the racemic mixture.

[00101] The methods and formulations described herein include the use of N-oxides (if
appropriate), crystalline forms (also known as polymorphs), or pharmaceutically acceptable salts of
compounds described herein, as well as active metabolites of these compounds having the same type
of activity.

[00102] “Pharmaceutically acceptable salt” includes both acid and base addition salts. A
pharmaceutically acceptable salt of any one of the compounds described herein is intended to
encompass any and all pharmaceutically suitable salt forms. Preferred pharmaceutically acceptable
salts of the compounds described herein are pharmaceutically acceptable acid addition salts and
pharmaceutically acceptable base addition salts.

Definitions

REHITIRY “Alkyl”, as well as other groups having the prefix “alk”, such as alkoxy, alkanoyl,
means carbon chains of up to 16 carbons which may be lingar or branched or combinations thereof
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Examples of alkyl groups inchude methyl, ethyl, s-propyl, 1sopropyl, butyl isobutyl, sec- and tert-
butyl, pentyl, hexyl, heptyl octyl, nonyl, and the like.

RERUEY “Alkenyl” means carbon chains up to 10 carbons which contain at least one carbon-
carbon double bond, and which may be Hnear or branched or combinations thereol, Exampies of
alkenyl include vinyl, allyvl, sopropenyl, pendenyl, bexenyl, beptenyl, T-propenyl, 2-butenyl, 2-
methyi-2-butenyl, and the hibe. In one embodiment of the present invention, albenyl is vinyl.
(601951 “Alkynyl” means carbon chains up to 10 carbons which contain at least one carbon-
carbon triple bond, and which may be lincar or branched or combinations thereof. In one
embodiment, Urgalkyny] meaos a carbon chainowith 2 to 8 carbons that condains oue carbon-carbon
iriple bond. Exampies of alkyoyl inclode ethyvoyl, propargyl, 3-methyl-t-pentynyl, 2-heptynyl and
the like. In one embodiment of the present invention, alkynyl is ethynyl. In another embodiment,
abtkynyl is propargylh

[00106] “Alkoxy” or “alkaxyl” refers to a radical bonded through an oxygen atom of the
formula —O-alkyl, where alkyl is an alkyl chain as defined above. Examples of alkoxy includes
methoxy, ethoxy, propoxy, trifluoromethoxy, and the like.

(601971 “Aryl” means a monocychic, bicyehic or tricyelic ring systern containing 5-14 carbon
atoms, wherein at least one of the rings 15 avoroatic. Aryl thus jnclodes ring systems in which an
aromatic ving is fused {0 a non-aromatic ring, such as a cycloalkyl or eycloalbenyt ring. Examples of
aryt include phenyl. naphthalene, biphenvl, indane and 5,67 &-tetrahydronaphthalene, and the like.
I one erobodirnent of the present invention, arvi is phenyl, naphthalene, biphenyl, indane, and
3,6,7 S-tetrabydronaphthalene. o another embodiment of the present mvention, arvl is phenyl

naphthalene, indane and 5,67 3-tetrahydronaphthalene. In one class of this embodiment, aryl is
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pheny! and naphthalene. In another class of this embodument, aryl s phenyl. In another class of this
embodiment, aryl is naphthalene.

[G6108] “Cycloalkyl” means mone- or bicyelic or bridged saturated carbocyelic rings, each
having from 3 to 14 carbon atoms, Examples of cycloalkyl include cyclopropyl, cyclobutyl,
cyelopentyl, eyclohexyl, eyclobeptyl, cvelooctyvl, and decabydronaphihyi, and the hike. In one
embodiment of the present invention, cycloalkyl is selected from cyclopentyl and cyclobexvl In
another embodiment of the present invention, cycloalkyl is selected from cyclopropyl, cyclopentyi,
and cyelohexyl

{00109} “Cycloalkenyl” means nonaroroatic, mono- or bicyehic or bridged carbooyclic rings, each
having from 3 to 14 carbon atoms and containing at least one double bond. Examples of cycloalkyl
inclede cyclopropenyl, cyclobutenyl. cyclopentenyl, cyclohexenyl, cycloheptenyl, cyclooxienyl,
decahydronaphthyl, bicyciof2 2. Lhept-S-en-2-vi, and the like.

1601 i8] “Cyclobeteroalloy!” or aliernately, “heterocyeloalloy!” or “heterooyelyt” means
nonaromatic, monoe- or bicyelic or bridged saturated carbocyclic rings, each having from 210 14
carbon atoms and containing |, 2, 3, 4 or 5 heteroatoms selected from N, NH. G and 5. Inone
embodiment, Czecycioheteroalkyl means non-aromatic, mono- or bicyciic or bridged saturated
carbocychc rings. baving from 2 to 10 carbon atoms and contaimang, 1, 2, 3, 4 or 5 heteroatoms
selected from N, NH, 3 and S, Examples of cycloheterpalkyl inclode tetrahydrofuranyl, azetidinyt,
perhydroazepinyl, diivdrofuranyl, dioxanyl oxanvl, morpholinyl, 1,4-dithianyl, piperazinyl,
piperidinyl, 1.3-dioxolanyi, irodazohdiny, imidarolinyl, pyrrolinyl. pyrrolidinyl, pyranyl
tetrahvdropyranyl, dihvdropyranyl, oxathiolanyl, dithiclanvl, 1 3-dihianyl oxathianyl,
thiomorphohnyvl, diondoisothiazelidioyl, azacyclobeptyl, diazobicyelol3.2 1}-octane, and

hexahydroindazolyl The cyclohetercalkyl ring may be substituted on the ring carbons andfor the
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ring nirogens. In one erobodiment of the present invention, cycloheteroalkyl is selected from
piperidine, pyrrolidine, oxazolidine, 1,3-oxazolidine-2, 4-dione, thiazelidine, 1. 3-thiazolidine-2,4-
dione, imudazolidine, and hydantoin, and the fike. In another embodiment of the present tnvention
cyeloheteroaltkyl is selected from: morpholine, pyrrolidine, piperazine, and piperidine. In another
embaodiment of the present invention, eycloheteroaikyl is pyrrolidine.

LEHARE in another embodiment, Coaecyelohetercalkyl is a non-aromatic, bicyclic saturaled
carbocyclic ring having from 2 to 10 carbon atoms, and containing 1 or 2 heteroatoms selected from
0. It another erabodinent of the present invention, cycloheternalkyl is dianhydro-mannitol. In
another erobodiroent of the present invention, cycloheteroalkyl s 1,4:3,6-dianhydro-manuitol. In
another embodiment of the present invention, cyclohetercalkyl is 1.4:3,6-diavhydro-D-mannitol. In
another embodiment of the present invention, cycloheteroalkyl is hexahydrofuroi3,2-bifuran. In a
class of this cmbodiment, oyveicheterpalkyl is 2,3,3a.5,6,6a-hexahvydroture[3,2-bluran,

[G0112] “Cyclobeteroatkenyl” rocans nonaroratic mono- or bicychic or bridged nings cach
having from 2 to 14 carbon atoms containing at least one double bond and containing 1, 2, 3, 4 or 5
heterpatoms selected from N, NH, O and 5. Examples of cycloheterpatkenyt include 1.2.4-
oxadiaroi-3-one, 1,2,4-thiadiazol-5-one. 1,2.4-tr1az0l-3-0nc, and 1,2,3.6-tetrabhydropyridineg,
dibydro-1,3d-oxadiazole, and [1,6]-dibydropyridine and the like. In some embodiments,
cycloheteroalkenyl is dihvdro-1.3,4-oxadiazole. Iy some embodiments, cyclobeteroalkenyl 18 {1.6}-
dibydropyridine. In some embodiments, Coaecvcloheteroatkenyl is a non-aromatic, bicyelic
carbocyclic ring having from 2 to 10 carbon atoms, and containing 1, 2 or 3 hetercatoras selocted
from N, and NH. In a class of this embodiment, cycloheteroalkenyl 1s dibydropyrrolo]3.4-
clpyrazole. In another class of this embodiment, cycloheteroalienvl s 4 6-dibvdropyirolof3.4-

clipyrarole. In some embodiments, (rscyelobeteroalkenyt is a non-aromatic, bicyclic carbooyelic
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ring having from 2 0 6 carbon atorms, and containing 1 or 2 heteroatorss selected frovn N, and NH.
i a class of this embodiment, cycloheteroalienyl 15 dibydroimidazole or tetrahydropyrinndine. In
another class of this embodiment, cyclohetercalkenyl 1s 2,5 dibydro-1H-inudarole or 1.4,5,6-
tetrahydropyrimidine. In another class of this embodiment, cycloheteroalkenyl is dihydroimidazole,
In another class of this embodiment, ovclohetoroalienyl 18 2,5 dihydro- 1 H-imidazole. In another
class of this embodiment, cyclohetercalkenyl is tetrahydropyrimidine. In another class of this
embodiment, cyclohetercalkenyl 1s 1,4,5.6-tetrabydropyrimidine.

REHERY “Heteroaryl” means & monocyclic, bicychc or fricychic ring system containing 5-14
carbon atoms and contaiving 1. 2, 3, 4 or 5 heteroatoms selected from N, NH, O and S wherein at
icast one of the heteroatom containing rings is aromatic. Heteroaryl thus includes ring systens in
which an aromatic heteroatom confaining ring is fused to a non-aromatic ring, such as a cycloalkyl,
cycloalkenyl, cyclohetercalkyl or cyclohetercatkenyl ring, and also includes ring systerns in which
an aryl ring s fused to a non-aromatic heteroatom containing ring, such as acycloheteroalkyl or
cyelohetercalbenyl ving. Hxanmples of hetercarvis include: pyrazole, pyridine, pyrazine, pyrimidine,
thiazole, thinophene, benzotmidarole, guinoline, isoguinoline, indole, indazole, carbazale,
benzotriazoie, benzofuran, benzothiazole, benzothiophene, benroisooxazole, oxazole, furan,
benzoxazole, isoxazoele, indoline, isoindohine, tetrazole, irmdarzole, oxadiazole, thiadiarole, triazole,
benzothiazole, benzopyrazole, imidaropyridineg, benzodioxole, dibvdropyridine,
dihydropyrrolopyriding, diivdrobenzooxazine, benzodioxole, benzodioxine, pyrrolopyriding,
triazolopyriding, dihydropynidooxazine, dihivdrobenzoxazine, dihvdroindole, dihvdroisoindole,
dihydrobeozoimidazole, dibhyvdroguinolive, tetrabydroisoquinoline, tetrabydrocyclopentaindole,
tetrahydroguinoxaline, and tetrahydropyridine. In one embodiment of the present invention,

heterparyl is selected from: inudarole, pyrazole, pyridine, pyrazine. pyrimidine, thiazole, thiophene,
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benzowmidarole, quinoline, isoquinohne, indole, indazole, carbazole, benzotriazole, henwofuran,
benzothiazole, benzolblthiophene, benzo{d]isooxazsle, 3,4-dihydro-2H-benzoll,4loxazrine,

benzof 1.3 jdioxole, benzo{i 4ldioxine, 1H-pyrrolo{2,3-bipynidine, 1,0-dihydro-pyridine,

P12 4 trazolo{d 3-alpyridine, 3.4 dihydropyrido[3.2-bil Ldjoxazine, 3 4-dihvdro-2H-1.4-
benzoxazine, 2.3-dihydro-1H-ndole, 2.3-dithydro-1Hasoindole, 2, 3-dihydrobernoimidazole, 1,2-
dibydroguinoline, 1,23 d-tetrabydrotsoguinoline, 1,23 d-tetrabydrocyclopentalblindole, 1,2,3,4-
tetrabvdroguinoxaline, and 1,2.3,0-tetrabydropynidine. In another embodiment of the present
invention, heteroaryl 18 tetrazole. In another embodiment, heternaryl is selected fromue pyrazole,
pyridine, pyrivoidine, isoxazole, wmdazole, oxarole, triazole, tetrazole, oxadiazole, thiazole,
thiadiazole, and benzoxazole. In another embodiment of this invention, heteroaryl is lefrazole.
[00114] “Haloalky!” refers to an alkyl radical, as defined above, that is substituted by one or
more halogen radicals, e.g., trifluoromethyl, difluoromethyl, fluoromethyl, trichloromethyl,

2,2, 2-trifluoroethyl, 1,2-difluoroethyl, 3-bromo-2-fluoropropyl, 1,2-dibromoethyl, and the like.
LEHARY “Halogen™ inciudes fluorine, chionpe, bromine and iodine.

[00116] “Hydroxvalky!” refers to an alkyl radical, as defined above, that is substituted by one
or more hydroxy radicals, as defined above, e.g., hydroxymethyl, 1-hydroxyethyl, 2-hydroxyethyl,
2-hydroxypropyl, 3-hydroxypropyl, 1,2-dihydroxyethyl, 2,3-dihydroxypropyl, 2,3,4,5,6-
pentahydroxyhexyl, and the like.

Compositions

[00117] A composition for preventing or treating hearing loss may comprise various doses of
at least one compound. In some embodiments, the dose of the at least one compound in the
composition for preventing or treating hearing loss is at least about 50 milligrams per kilogram

(mg/kg). In some embodiments, the dose of the at least one compound in the composition for
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preventing or treating hearing loss is at least about 1, at least about 2, at least about 3, at least about
4, at least about 5, at least about 10, at least about 20, at least about 30, at least about 40, at least
about 50, or more mg/kg.

[00118] A composition for preventing or treating hearing loss may comprise various doses. In
some embodiments, the dose of the composition is at least about 1 milligram (mg) to at least about
80 mg. In some embodiments, the dose of the composition is at least about 1, at least about 2, at least
about 3, at least about 4, at least about 5, at least about 10, at least about 20, at least about 30, at least
about 40, at least about 50, at least about 60, at least about 70, at least about 80, or more mg. In some
embodiments, the dose of the composition is at least about 1 mg to at least about 30 mg. In some
embodiments, the dose of the composition is at least about 1 mg to at least about 20 mg. In some
embodiments, the dose of the composition is at least about 10 mg to at least about 20 mg.

[00119] In some embodiments, at least about 0.5 milligrams per milliliter (mg/mL) to at least
about 25 mg/mL of the at least one compound may be present in a composition. In some
embodiments at least about 0.5 mg/mL, at least about 0.6 mg/mL, at least about 0.7 mg/mL, at least
about 0.8 mg/mL, at least about 0.9 mg/mL, at least about 1 mg/mL, at least about 2 mg/mL, at least
about 3 mg/mL, at least about 4 mg/mL, at least about 5 mg/mL, at least about 10 mg/mL, at least
about 15 mg/mL, at least about 20 mg/mL, at least about 25 mg/mL, or more of the at least one
compound may be present in a composition. In some embodiments, the dose of the at least one
compound in a composition as disclosed herein is about 5 mg/mL.

[00120] The at least one compound may be prepared in any manner. The at least one
compound may be prepared in a 5% DMSO-95% blank formulation. The at least one compound may
be prepared with 20% poloxamer in PBS. The at least one compound may be prepared by vortexing

the at least one compound with at least one solution.
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[00121] In some embodiments, the concentration of the at least one compound in the
perilymph is at least about 0.1 nanomolar (nM) to at least about 300 nM. In some embodiments, the
concentration of the at least one compound in the perilymph is about 0.1 nM to at least about 200
nM. In some embodiments, the concentration of the at least one compound in the perilymph is about
0.1 nanomolar (nM) to at least about 100 nM. In some embodiments, the concentration of the at least
one compound in the perilymph is at least about 0.1 nM, at least about 0.2 nM, at least about 0.3 nM,
at least about 0.4 nM, at least about 0.5 nM, at least about 0.6 nM, at least about 0.7 nM, at least
about 0.8 nM, at least about 0.9 nM, at least about 1 nM, at least about 2 nM, at least about 3 nM, at
least about 4 nM, at Ieast about 5 nM, at Ieast about 6 nM, at least about 7 nM, at least about 8 nM at
lIeast about about 9 nM, or at least about 10 nM, at least about 20 nM, at least about 30 nM, at least
about 40 nM, at least about 50 nM, at least about 60 nM, at least about 70 nM, at least about 80 nM,
at least about 90 nM, at least about 100 nM, at least about 150 nM, at least about 200 nM, at least
about 250 nM, at least about 300 nM, or more.

Compound 1

[00122] The present disclosure provides a composition for preventing or treating hearing loss
comprising an effective amount of at least one compound that activates AMPK in at least one hair
cell. The hair cell may be an inner hair cell or an outer hair cell. The AMPK may be nuclear AMPK
or cytoplasmic AMPK. In some embodiments, the at least one compound is Compound 1. In some
embodiments, Compound 1 is delivered into at least one hair cell. In some embodiments, Compound
1 activates phopho-AMPK (pAMKP) complexes.

[00123] Various doses of Compound 1 may be present in a composition. In some
embodiments, at least about 0.5 milligrams per milliliter (mg/mL) to at least about 25 mg/mL of

Compound 1 may be present in a composition. In some embodiments at least about 0.5 mg/mL, at
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least about 0.6 mg/mL, at least about 0.7 mg/mL, at least about 0.8 mg/mL, at least about 0.9
mg/mL, at least about 1 mg/mL, at least about 2 mg/mL, at least about 3 mg/mL, at least about 4
mg/mL, at least about 5 mg/mL, at least about 10 mg/mL, at least about 15 mg/mL, at least about 20
mg/mL, at least about 25 mg/mL, or more of Compound 1 may be present in a composition. In some
embodiments, the dose of Compound 1 in a composition is about 5 mg/mL.

[00124] The Compound 1 may be prepared in any formulation. The Compound 1 may be
prepared in a 5% DMSO-95% blank formulation. The Compound 1 may be prepared with 20%
poloxamer in PBS. The Compound 1 may be prepared by vortexing the at least one compound with
at least one solution.

Compound 2

[00125] The present disclosure provides a composition for preventing or treating hearing loss
comprising an effective amount of at least one compound that activates AMPK in at least one hair
cell. The hair cell may be an inner hair cell or an outer hair cell. The AMPK may be nuclear AMPK
or cytoplasmic AMPK. In some embodiments, the at least one compound is Compound 2.

[00126] Various doses of Compound 2 may be present in a composition. In some
embodiments, at least about 0.5 milligrams per milliliter (mg/mL) to at least about 25 mg/mL of
Compound 2 may be present in a composition. In some embodiments at least about 0.5 mg/mL, at
least about 0.6 mg/mL, at least about 0.7 mg/mL, at least about 0.8 mg/mL, at least about 0.9
mg/mL, at least about 1 mg/mL, at least about 2 mg/mL, at least about 3 mg/mL, at least about 4
mg/mL, at least about 5 mg/mL, at least about 10 mg/mL, at least about 15 mg/mL, at least about 20
mg/mL, at least about 25 mg/mL, or more of Compound 2 may be present in a composition. In some

embodiments, the dose of Compound 2 in a composition is about 5 mg/mL.
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[00127] The Compound 2 may be prepared in any formulation. The Compound 2 may be
prepared in a 5% DMSO-95% blank formulation. The Compound 2 may be prepared with 20%
poloxamer in PBS. The Compound 2 may be prepared by vortexing the at least one compound with
at least one solution.

Compound 3

[00128] The present disclosure provides a composition for preventing or treating hearing loss
comprising an effective amount of at least one compound that activates AMPK in at least one hair
cell. In some embodiments, the at least one compound is Compound 3. In some embodiments, the
Compound 3 is delivered into at least one hair cell.

[00129] Various doses of Compound 3 may be present in a composition. In some
embodiments, at least about 0.5 milligrams per milliliter (mg/mL) to at least about 25 mg/mL of
Compound 3 may be present in a composition. In some embodiments at least about 0.5 mg/mL, at
least about 0.6 mg/mL, at least about 0.7 mg/mL, at least about 0.8 mg/mL, at least about 0.9
mg/mL, at least about 1 mg/mL, at least about 2 mg/mL, at least about 3 mg/mL, at least about 4
mg/mL, at least about 5 mg/mL, at least about 10 mg/mL, at least about 15 mg/mL, at least about 20
mg/mL, at least about 25 mg/mL, or more of Compound 3 may be present in a composition. In some
embodiments, the dose of Compound 3 in a composition is about 5 mg/mL.

[00130] The Compound 3 may be prepared in any formulation. The Compound 3 may be
prepared in a 5% DMSO-95% blank formulation. The Compound 3 may be prepared with 20%
poloxamer in PBS. The Compound 3 may be prepared by vortexing the at least one compound with
at least one solution.

Compound 4
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[00131] The present disclosure provides a composition for preventing or treating hearing loss
comprising an effective amount of at least one compound that activates AMPK in at least one hair
cell. In some embodiments, the at least one compound is Compound 4. In some embodiments, the
Compound 4 is delivered into at least one hair cell.

[00132] Various doses of Compound 4 may be present in a composition. In some
embodiments, at least about 0.5 milligrams per milliliter (mg/mL) to at least about 25 mg/mL of
Compound 4 may be present in a composition. In some embodiments at least about 0.5 mg/mL, at
least about 0.6 mg/mL, at least about 0.7 mg/mL, at least about 0.8 mg/mL, at least about 0.9
mg/mL, at least about 1 mg/mL, at least about 2 mg/mL, at least about 3 mg/mL, at least about 4
mg/mL, at least about 5 mg/mL, at least about 10 mg/mL, at least about 15 mg/mL, at least about 20
mg/mL, at least about 25 mg/mL, or more of Compound 4 may be present in a composition. In some
embodiments, the dose of Compound 4 in a composition is about 5 mg/mL.

[00133] The Compound 4 may be prepared in any formulation. The Compound 4 may be
prepared in a 5% DMSO-95% blank formulation. The Compound 4 may be prepared with 20%
poloxamer in PBS. The Compound 4 may be prepared by vortexing the at least one compound with
at least one solution.

Compound 5

[00134] The present disclosure provides a composition for preventing or treating hearing loss
comprising an effective amount of at least one compound that activates AMPK in at least one hair
cell. In some embodiments, the at least one compound is Compound 5. In some embodiments, the
Compound 5 is delivered into at least one hair cell.

[00135] Various doses of Compound 5 may be present in a composition. In some

embodiments, at least about 0.5 milligrams per milliliter (mg/mL) to at least about 25 mg/mL of
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Compound 5 may be present in a composition. In some embodiments at least about 0.5 mg/mL, at
least about 0.6 mg/mL, at least about 0.7 mg/mL, at least about 0.8 mg/mL, at least about 0.9
mg/mL, at least about 1 mg/mL, at least about 2 mg/mL, at least about 3 mg/mL, at least about 4
mg/mL, at least about 5 mg/mL, at least about 10 mg/mL, at least about 15 mg/mL, at least about 20
mg/mL, at least about 25 mg/mL, or more of Compound 5 may be present in a composition. In some
embodiments, the dose of Compound 5 in a composition is about 5 mg/mL.

[00136] The Compound 5 may be prepared in any formulation. The Compound 5 may be
prepared in a 5% DMSO-95% blank formulation. The Compound 5 may be prepared with 20%
poloxamer in PBS. The Compound 5 may be prepared by vortexing the at least one compound with
at least one solution.

Compound 6

[00137] The present disclosure provides a composition for preventing or treating hearing loss
comprising an effective amount of at least one compound that activates AMPK in at least one hair
cell. In some embodiments, the at least one compound is Compound 6. In some embodiments, the
Compound 6 is delivered into at least one hair cell.

[00138] Various doses of Compound 6 may be present in a composition. In some
embodiments, at least about 0.5 milligrams per milliliter (mg/mL) to at least about 25 mg/mL of
Compound 6 may be present in a composition. In some embodiments at least about 0.5 mg/mL, at
least about 0.6 mg/mL, at least about 0.7 mg/mL, at least about 0.8 mg/mL, at least about 0.9
mg/mL, at least about 1 mg/mL, at least about 2 mg/mL, at least about 3 mg/mL, at least about 4
mg/mL, at least about 5 mg/mL, at least about 10 mg/mL, at least about 15 mg/mL, at least about 20
mg/mL, at least about 25 mg/mL, or more of Compound 6 may be present in a composition. In some

embodiments, the dose of Compound 6 in a composition is about 5 mg/mL.
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[00139] The Compound 6 may be prepared in any formulation. The Compound 6 may be
prepared in a 5% DMSO-95% blank formulation. The Compound 6 may be prepared with 20%
poloxamer in PBS. The Compound 6 may be prepared by vortexing the at least one compound with
at least one solution.

Compound 7

[00140] The present disclosure provides a composition for preventing or treating hearing loss
comprising an effective amount of at least one compound that activates AMPK in at least one hair
cell. In some embodiments, the at least one compound is Compound 7. In some embodiments, the
Compound 7 is delivered into at least one hair cell.

[00141] Various doses of Compound 7 may be present in a composition. In some
embodiments, at least about 0.5 milligrams per milliliter (mg/mL) to at least about 25 mg/mL of
Compound 7 may be present in a composition. In some embodiments at least about 0.5 mg/mL, at
least about 0.6 mg/mL, at least about 0.7 mg/mL, at least about 0.8 mg/mL, at least about 0.9
mg/mL, at least about 1 mg/mL, at least about 2 mg/mL, at least about 3 mg/mL, at least about 4
mg/mL, at least about 5 mg/mL, at least about 10 mg/mL, at least about 15 mg/mL, at least about 20
mg/mL, at least about 25 mg/mL, or more of Compound 7 may be present in a composition. In some
embodiments, the dose of Compound 7 in a composition is about 5 mg/mL.

[00142] The Compound 7 may be prepared in any formulation. The Compound 7 may be
prepared in a 5% DMSO-95% blank formulation. The Compound 7 may be prepared with 20%
poloxamer in PBS. The Compound 7 may be prepared by vortexing the at least one compound with
at least one solution.

Compound 8
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[00143] The present disclosure provides a composition for preventing or treating hearing loss
comprising an effective amount of at least one compound that activates AMPK in at least one hair
cell. In some embodiments, the at least one compound is Compound 8. In some embodiments, the
Compound 8 is delivered into at least one hair cell.

[00144] Various doses of Compound 8 may be present in a composition. In some
embodiments, at least about 0.5 milligrams per milliliter (mg/mL) to at least about 25 mg/mL of
Compound 8 may be present in a composition. In some embodiments at least about 0.5 mg/mL, at
least about 0.6 mg/mL, at least about 0.7 mg/mL, at least about 0.8 mg/mL, at least about 0.9
mg/mL, at least about 1 mg/mL, at least about 2 mg/mL, at least about 3 mg/mL, at least about 4
mg/mL, at least about 5 mg/mL, at least about 10 mg/mL, at least about 15 mg/mL, at least about 20
mg/mL, at least about 25 mg/mL, or more of Compound 8 may be present in a composition. In some
embodiments, the dose of Compound 8 in a composition is about 5 mg/mL.

[00145] The Compound 8 may be prepared in any formulation. The Compound 8 may be
prepared in a 5% DMSO-95% blank formulation. The Compound 8 may be prepared with 20%
poloxamer in PBS. The Compound 8 may be prepared by vortexing the at least one compound with
at least one solution.

Compound 9

[00146] The present disclosure provides a composition for preventing or treating hearing loss
comprising an effective amount of at least one compound that activates AMPK in at least one hair
cell. In some embodiments, the at least one compound is Compound 9. In some embodiments, the
Compound 9 is delivered into at least one hair cell.

[00147] Various doses of Compound 9 may be present in a composition. In some

embodiments, at least about 0.5 milligrams per milliliter (mg/mL) to at least about 25 mg/mL of
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Compound 9 may be present in a composition. In some embodiments at least about 0.5 mg/mL, at
least about 0.6 mg/mL, at least about 0.7 mg/mL, at least about 0.8 mg/mL, at least about 0.9
mg/mL, at least about 1 mg/mL, at least about 2 mg/mL, at least about 3 mg/mL, at least about 4
mg/mL, at least about 5 mg/mL, at least about 10 mg/mL, at least about 15 mg/mL, at least about 20
mg/mL, at least about 25 mg/mL, or more of Compound 9 may be present in a composition. In some
embodiments, the dose of Compound 9 in a composition is about 5 mg/mL.

[00148] The Compound 9 may be prepared in any formulation. The Compound 9 may be
prepared in a 5% DMSO-95% blank formulation. The Compound 9 may be prepared with 20%
poloxamer in PBS. The Compound 9 may be prepared by vortexing the at least one compound with
at least one solution.

Compound 10

[00149] The present disclosure provides a composition for preventing or treating hearing loss
comprising an effective amount of at least one compound that activates AMPK in at least one hair
cell. In some embodiments, the at least one compound is Compound 10. In some embodiments, the
Compound 10 is delivered into at least one hair cell.

[00150] Various doses of Compound 10 may be present in a composition. In some
embodiments, at least about 0.5 milligrams per milliliter (mg/mL) to at least about 25 mg/mL of
Compound 10 may be present in a composition. In some embodiments at least about 0.5 mg/mL, at
least about 0.6 mg/mL, at least about 0.7 mg/mL, at least about 0.8 mg/mL, at least about 0.9
mg/mL, at least about 1 mg/mL, at least about 2 mg/mL, at least about 3 mg/mL, at least about 4
mg/mL, at least about 5 mg/mL, at least about 10 mg/mL, at least about 15 mg/mL, at least about 20
mg/mL, at least about 25 mg/mL, or more of Compound 10 may be present in a composition. In

some embodiments, the dose of Compound 10 in a composition is about 5 mg/mL.
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[00151] The Compound 10 may be prepared in any formulation. The Compound 10 may be
prepared in a 5% DMSO-95% blank formulation. The Compound 10 may be prepared with 20%
poloxamer in PBS. The Compound 10 may be prepared by vortexing the at least one compound with
at least one solution.

[00152] Therapeutic Uses

[00153] The present disclosure provides methods and compositions for preventing or treating
hearing loss. In some embodiments, the method comprises delivering an effective amount of at least
one compound that activates AMPK in at least one hair cell. In some embodiments, the hair cell is an
inner hair cell. In some embodiments, the hair cell is an outer hair cell. In some embodiments, the
AMPK is a nuclear AMPK. In some embodiments, the AMPK is a cytoplasmic AMPK. In some
embodiments, the composition is delivered into the ear of the patient in need thereof.

[00154] NIHL

[00155] Noise-induced hearing loss (NIHL) is the second leading cause of hearing loss in
humans. The WHO estimates that over 900 million people have disabling hearing loss by 2050,
equivalent to approximately 1-in-10 people. At present, more than 1 billion young people are at risk
of hearing loss from recreational noise exposure. NIHL and its associated tinnitus are very common
in Service Members and are the top two diagnoses among Service Members of Operation Enduring
Freedom and Iraqi Freedom. They are also the most prevalent disabilities recorded for Service
Members who served during World War 11, the Korean Conflict, the Vietnam Era, and during
peacetime periods. Service-connected disability for hearing loss and tinnitus continue to rise
annually, as does the amount spent on these disabilities. Estimates approaching $1.2 billion of
entitlement for compensation and care of hearing loss and auditory system injuries in over 1.8

million Veterans were seen in 2012. The Centers for Disease Control (CDC) estimates that
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approximately 25% of Americans currently suffer from NIHL and that disability from occupational
hearing loss creates costs of $242.4 million per year. In the U.S., 81.8% of adults reported never
using hearing protection devices when attending a loud event. Noise attenuation represents the only
currently available protective measure and hearing aids are the only existing treatment, although
estimates suggest an 83% gap in hearing aid need and use (only 17% of those who could benefit
actually use one). Cochlear synaptic loss may precede the loss of hair cells at low-moderate noise
exposures, and it may effectively silence impacted neurons.

[00156] According to the current standard (ISO1999: 2013(E)), NIHL is defined by sustaining
a permanent threshold shift (PTS), or a permanent reduction of the sensitivity of the human ear, on
auditory testing. Traumatic events may result in the death of OHCs, whereas the IHCs are quite
resistant. In an example, a traumatic event can be a blast injury. Hearing loss may also be age-related
hearing loss.

[00157] Moderate noise exposure may cause massive damage to the IHC/ANF synapses in the
cochleae of humans and laboratory animals without a significant PTS or loss of hair cells. In mice,
moderate noise exposure may be in the 100-112 octave band, centered around 10 kilohertz (kHz). In
mice, moderate noise exposure may be in the 100-112 octave band, centered around 10 kHz for two
hours. In humans moderate noise exposure may be chronic exposure to noise at greater than 90
decibels (dB). The synaptic damage and the associated functional deficits in signal coding by ANFs
have been labelled as noise-induced cochlear synaptopathy, or so-called “hidden hearing loss”,
which is characterized by the loss of ribbon synapses. The assembly and function of synaptic ribbons
of the IHC may be modulated by cellular energy levels such as levels of NAD+ and NADH.

Oxidative stress may be implicated in NIHL. Single nucleotide polymorphisms (SNPs) in relevant
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genes SOD2, CAT, GSTM1, PON2, and NOX3 may be associated with NIHL susceptibility in
humans and/or mice.

[00158] The present disclosure may provide, in some embodiments, compounds and
formulations, and methods of systemic delivery of compounds or formulations, to prevent hearing
loss. In some embodiments, the hearing loss is caused by aging. In some embodiments, the hearing
loss is noise-induced. In some embodiments, the hearing loss is trauma-induced. In some
embodiments, the hearing loss results from chemotherapy-based ototoxicity. An example of
chemotherapy-based ototoxicity may include ototoxicity caused by cisplatin. In some embodiments,
the hearing loss results from antibiotic-based ototoxicity. An example of antibiotic-based ototoxicity
may include ototoxicity caused by aminoglycoside.

[00159] In some embodiments, the compositions described herein are administered into the
ear. In some embodiments, the compositions described herein are administered into at least one hair
cell. In some embodiments, the hair cell is an inner hair cell. In some embodiments, the hair cell is
an outer hair cell. In some embodiments, the compositions described herein are administered into the
ear via an injection. In some embodiments, the compositions described herein are administered into
the ear via an intratympanic injection. In some embodiments, the compositions described herein may
be administered locally to an individual afflicted with an otic disease or condition.

[00160] Preparation of compositions

[00161] In some embodiments, disclosed herein is a pharmaceutical composition comprising
an AMPK activator described herein, or a pharmaceutically acceptable salt, solvate, stereoisomer, or
prodrug thereof, and a pharmaceutically acceptable excipient. In some embodiments, the AMPK
activator is combined with a pharmaceutically suitable (or acceptable) carrier (also referred to herein

as a pharmaceutically suitable (or acceptable) excipient, physiologically suitable (or acceptable)
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excipient, or physiologically suitable (or acceptable) carrier) selected on the basis of a chosen route
of administration, e.g., oral administration, and standard pharmaceutical practice as described, for
example, in Remington: The Science and Practice of Pharmacy (Gennaro, 21% Ed. Mack Pub. Co.,
Easton, PA (2005)).

[00162] Accordingly, provided herein is a pharmaceutical composition comprising a
compound described herein, or a pharmaceutically acceptable salt or solvate thereof, together with a
pharmaceutically acceptable excipient.

[00163] Carrier

[00164] Compositions as disclosed herein may comprise at least one compound that activates
AMPK in at least one hair cell and a carrier. In some embodiments, the AMPK is a nuclear AMPK.
In some embodiments, the AMPK is a cytoplasmic AMPK. In some embodiments, the hair cell is an
inner hair cell. In some embodiments, the hair cell is an outer hair cell. The composition may form a
gel or gel-like texture. The composition may be capable of being injected. The composition may be
capable of being injected by a 18-30 gauge needle or canula. The composition may be capable of
being injected to an area on or near the round window membrane. The compositions may comprise
polymers that form a gel texture at body temperature.

[00165] Examples of suitable aqueous and non-aqueous carriers which are employed in the
pharmaceutical compositions include water, ethanol, polyols (such as glycerol, propylene glycol,
polyethylene glycol, and the like), and suitable mixtures thereof, vegetable oils, such as olive oil, and
injectable organic esters, such as ethyl oleate and cyclodextrins. Proper fluidity is maintained, for
example, by the use of coating materials, such as lecithin, by the maintenance of the required particle

size in the case of dispersions, and by the use of surfactants.
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[00166] In some embodiments, the composition may comprise an auris acceptable carrier.
Examples of suitable auris acceptable carriers include an auris sensory cell modulating agent, a
controlled release auris-acceptable excipient, or an auris-acceptable vehicle. For example, the auris-
acceptable excipient is an auris-acceptable polymer, an auris-acceptable viscosity enhancing agent,
an auris-acceptable gel, an auris-acceptable paint, an auris-acceptable foam, an auris-acceptable
microsphere or microparticle, an auris-acceptable hydrogel, an auris-acceptable in situ forming
spongy material, an auris-acceptable actinic radiation curable gel, an auris-acceptable liposome, an
auris-acceptable nanocapsule or nanosphere, an auris-acceptable thermoreversible gel, or
combinations thereof. In some embodiments, the auris-acceptable viscosity enhancing agent is a
cellulose, a cellulose ether, alginate, polyvinylpyrrolidone, a gum, a cellulosic polymer or
combinations thereof. An auris acceptable carrier may be a gelling agent. A gelling agent may be,
for example, a hyaluronan, a polyoxyethylene-polyoxypropylene block copolymer, poly(lactic-co-
glycolic) acid, polylactic acid, polycaprolactone, fibroin, alginic acid or a salt thereof, polyethylene
glycol, a cellulose, a cellulose ether, a carbomer, agar-agar, gelatin, glucomannan, galactomannan,
xanthan gum, chitosan, pectin, starch, tragacanth, carrageenan, polyvinylpyrrolidone, polyvinyl
alcohol, paraffin, petrolatum, silicates, fibroin, or a combination thereof. The cellulose ether may be
methylcellulose, carboxymethylcellulose, ethylcellulose, hydroxyethylcellulose, methyl
hydroxyethylcellulose, hydroxypropyl methylcellulose, or hydroxypropylcellulose. The
polyoxyethylene- polyoxypropylene block copolymer may be poloxamer 407, poloxamer 188,
poloxamer 237, poloxamer 338, or a combination thereof. The polyoxyethylene- polyoxypropylene
block copolymer may be a combination of poloxamer 407 and poloxamer 188. In some
embodiments, the auris acceptable carrier may be a pharmaceutically acceptable liquid solvent. In an

example, the pharmaceutically acceptable liquid solvent may be water. The gelling agent may be
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cross-linked. The gelling agent may be ionically cross-linked. The gelling agent may be covalently
cross-linked. The gelling agent may be not cross-linked.

[00167] The auris acceptable carrier may be biodegradable. In some embodiments, the auris
acceptable carrier may be bioeliminated (e.g., degraded and/or eliminated through urine, feces or
other routes of elimination).

[00168] The auris acceptable carrier may be present at various viscosities. In some
embodiments, the auris acceptable carrier has a viscosity of about 100 centipoise (cP) to about
1,000,000 cP. In some embodiments, the auris acceptable carrier has a viscosity of about 100
centipoise, about 200 centipoise, about 300 centipoise, about 400 centipoise, about 500 centipoise,
about 1,000 centipoise, about 2,000 centipoise, about 3,000 centipoise, about 4,000 centipoise, about
5,000 centipoise, about 10,000 centipoise, about 20,000 centipoise, about 30,000 centipoise, about
40,000 centipoise, about 50,000 centipoise, about 100,000 cP, about 200,000 cP, about 300,000 cP,
about 400,000 cP, about 500,000 cP, about 1,000,000 cP, or more.

[00169] In some embodiments, the compositions are formulated for pH, and a practical
osmolality or osmolarity to ensure that homeostasis of the target auris structure is maintained. For
example, the auris acceptable carrier may be present at various pH levels. In some embodiments, the
auris acceptable carrier may be present at a pH of about 5.5 to about 9.0. In some embodiments, the
auris acceptable carrier may be present at a pH of about 4, about 4.1, about 4.2, about 4.3, about 4.4,
about 4.5, about 4.6, about 4.7, about 4.8, or about 4.9, about 5.0, about 5.1, about 5.2, about 5.3,
about 5.4, about 5.5, about 5.6, about 5.7, about 5.8, or about 5.9, about 6.0, about 6.1, about 6.2,
about 6.3, about 6.4, about 6.5, about 6.6, about 6.7, about 6.8, about 6.9, about 7.0, about 7.1, about

7.2, about 7.3, about 7.4, about 7.5, about 7.6, about 7.7, about 7.8, about 7.9, about 8.0, about 8.1,
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about 8.2, about 8.3, about 8.4, about 8.5, about 8.6, about 8.7, about 8.8, about 8.9, about 9, about
9.1, about 9.2, about 9.3, about 9.4, about 9.5, about 9.6, about 9.7, about 9.8, about 9.9, or about 10.
[00170] In some embodiments, the compositions are formulated with certain gelation
temperatures. For example, an intratympanic composition comprising at least one compound that
activates AMPK and an auris acceptable carrier may have a gelation temperature of about 19° C to
about 37° C. An intratympanic composition comprising at least one compound that activates AMPK
and an auris acceptable carrier may have a gelation an intratympanic composition comprising at least
one compound that activates AMPK and an auris acceptable carrier may have a gelation temperature
of about 10 ° C, about 11 ° C, about 12 ° C, about 13 ° C, about 14 ° C, about 15 ° C, about 16 ° C,
about 17 ° C, about 18 ° C, about 19 ° C, about 20 ° C, about 21 ° C, about 22 ° C, about 23 ° C, about
24 ° C, about 25 ° C, about 26 ° C, about 27 ° C, about 28 ° C, about 29 ° C, about 30 ° C, about 31 °
C, about 32 ° C, about 33 ° C, about 34 ° C, about 35 ° C, about 36 ° C, about 37 ° C, about 38 ° C,
about 39 ° C, about 40 ° C, or more.

[00171] Compositions as disclosed herein may comprise at least one compound that activates
AMPK in at least one hair cell and at least one poloxamer. The hair cell may be an inner hair cell or
an outer hair cell. The AMPK may be nuclear AMPK or cytoplasmic AMPK. The poloxamer may
be, for example, poloxamer 407, poloxamer 188, poloxamer 237, poloxamer 338, or some
combination thereof. In some embodiments, the composition may comprise a solution with about 1
to about 99% poloxamer. In some embodiments, the composition may comprise a solution with
about 1%, about 2%, about 3%, about 4%, about 5%, about 6%, about 7%, about 8%, about 9%,
about 10%, about 15%, about 20%, about 25%, about 30%, about 35%, about 40%, about 45%,
about 50%, about 55%, about 60%, about 65%, about 70%, about 75%, about 80%, about 85%,

about 90%, about 95%, about 99% or more of poloxamer. In some embodiments, the composition
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may comprise about 0.5% to about 20% of at least one compound that activates AMPK in at least
one hair cell. In some embodiments, the composition may comprise a solution that comprises about
0.5% to about 10% of at least one compound that activates AMPK in at least one hair cell. In some
embodiments, the composition may comprise a solution that comprises about 0.5% to about 5% of at
least one compound that activates AMPK 1in at least one hair cell. In some embodiments, the
composition may comprise a solution that comprises about 0.5%, about 0.6%, about 0.7%, about
0.8%, about 0.9%, about 1%, about 2%, about 3%, about 4%, about 5%, about 6%, about 7% about
8%, about 9%, about 10%, about 11%, about 12%, about 13%, about 14%, about 15%, about 16%,
about 17%, about 18%, about 19%, about 20%, or more of at least one compound that activates
AMPK in at least one hair cell. In some embodiments, the composition may comprise a solution that
comprises about 2% to about 5% of at least one compound that activates AMPK in at least one hair
cell. In some embodiments, the composition may comprise a solution that comprises about 2% to
about 5% of at least one compound that activates AMPK in at least one hair cell and about 12% to
about 13% of a poloxamer.

[00172] Permeability enhancer

[00173] Compositions as disclosed herein may comprise a permeability enhancer. The
permeability enhancer may be a carboxylic acid, a fatty acid, a proxicam, a non-ionic surfactant, or a
valproic acid, cyclopentadecalactone, sodium N-[8-(2-hydroxylbenzoyl)amino] caprylate (SNAC),
8-(N-2-hydroxy-5-chloro-benzoyl)-amino-caprylic acid (5-CNAC), sodium caprylate suspension in
hydrophobic medium with matrix forming polymer, omega 3 fatty acid , lipid polymer micelle,
alkylglycosides, chitosan, dodecyl-2-N,N-dimethylamino propionate (DDAIP), propylene glycol,
short chain glycerides (e.g tricaprylin or glyceryl mono-caprylate), cyclic ureas (e.g. , N,N-

disubstituted 4-imidazolin-2-ones), dimethyl acetamide, dimethyl formamide, cyclodextrins (e.g.,
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methyl-beta-cyclodextrin or O-carboxymethyl-O-ethyl-B-cyclodextrin), fatty acids ( palmitoeic
acid), N-methylpyrrilidone, N-methyl pyrrolidone, 1-propyl-docecyl-2-pyrrolidone, 1-butyl-docecyl-
2-pyrrolidone, Azone, DMSO, cationic surfactants, anionic surfactants, non-ionic surfactants, and
terpenes.

[00174] Additional examples of permeability enhancers are included from Dragicevice, Nina,
and Howard 1. Maibach, eds. Percutaneous penetration enhancers physical methods in penetration
enhancement, New York, NY, USA:: Springer, 2017, which is incorporated herein by reference in

its entirety.

Chemical class Enhancer

Short-chain alcohols

Ethanol

Alcohols Isopropyl alcohol Long-chain alcohols Decanol
Octanol

Glycols

Propylene glycol (PG)

Cyclic amides
Amides
Azone®(1-dodecylazacycloheptan- 2-one or laurocapram)
Fatty acids Lauric acid Oleic acid Linoleic acid

Alkyl esters

Esters Ethyl acetate
Butyl acetate Methyl acetate Fatty acid esters Isopropyl myristate Isopropyl
palmitate

Ether alcohols Transcutol®(diethylene glycol monoethyl ether)

\Anionic surfactants
Sodium lauryl sulphate (SLS)
Surfactants Cationic surfactants

Benzalkonium chloride Cetylpyridinium chloride Cetyltrimethylammonium
bromide; Nonionic surfactants
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Polysorbates (Tween® 20, Tween® 80, etc.)
Zwitterionic surfactants
Dodecyl betaine

Sulphoxides and Dimethy! sulphoxide (DMSO) Decylmethy! sulphoxide (DCMS)

analogues

Essential oils Eucalyptus Ylang ylang Chenopodium

Te@engs and its d-Limonene 1-Menthol 1,8-Cineole

derivatives

Pyrrolidones N-methyl-1-2-pyrrolidone (NMP) 2-pyrrolidone (2P)

Oxazolidines 4-decyloxazolidin-2-one

Phospholipids Phosphatidylcholine (PC)

Enzymes Acid phosphatase, papain, phospholipase C

[00175] Soft drugs

[00176] In some embodiments, a compound disclosed herein is rapidly metabolized to a

significantly less active or substantially inactive metabolite. In some embodiments, disclosed herein
is a soft drug.

[00177] The term “soft drug” as used herein refers to a compound that is biologically active
but is rapidly metabolized to metabolites that are significantly less active than the compound itself
toward the target receptor. In some embodiments, the AMPK activator is a soft drug that is rapidly
metabolized in the blood to significantly less active metabolites. In some embodiments, the AMPK
activator is a soft drug that is rapidly metabolized in the liver to significantly less active metabolites.
In some embodiments, the AMPK activator is a soft drug that has low systemic exposure. In some
embodiments, the biological activity of the metabolite(s) is/are 10-fold, 20-fold, 50-fold, 100-fold,
500-fold, or 1000-fold lower than the biological activity of the soft drug AMPK activator.

[00178] Mucoadhesive

[00179] Compositions as provided herein may further comprise an auris-acceptable
mucoadhesive. In some embodiments, the mucoadhesive binds to a round window membrane

mucoadhesive. Examples of mucoadhesives include, but are not limited to, soluble
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polyvinylpyrrolidone polymer (PVP); a water-swellable, but water-insoluble, fibrous, cross-linked
carboxy-functional polymer; a crosslinked poly(acrylic acid); a carbomer homopolymer; a carbomer
copolymer; a hydrophilic polysaccharide gum, maltodextrin, a cross-linked alignate gum gel, a
water-dispersible polycarboxylated vinyl polymer, at least two particulate components selected from
the group consisting of titanium dioxide, silicon dioxide, and clay, or a mixture thereof.

[00180] lonic balance

[00181] Compositions as described herein may have an ionic balance that is compatible with
the perilymph and/or the endolymph of the ear. In some embodiments, the composition does not
cause any change in cochlear potential. In some embodiments, osmolarity/osmolality of the present
compositions may be adjusted, for example, by the use of appropriate salt doses (e.g., dose of
sodium salts) or the use of tonicity agents which renders the formulations endolymph-compatible
and/or perilymph-compatible (i.e., isotonic with the endolymph and/or perilymph). In some
instances, the compositions described herein cause minimal disturbance to the environment of the
inner ear and cause minimum discomfort to a mammal upon administration. In an example, the
mammal is a human. In an example, the composition causes minimal vertigo to a mammal upon
administration. In some embodiments, the compositions described herein comprise polymers that are
biodegradable and/or dispersable, and/or otherwise non-toxic to the inner ear environment. In some
embodiments, the compositions described herein are {ree of preservatives and cause minimal
disturbance (e.g., change in pH or osmolarity, irritation) in auditory structures. In some
embodiments, the formulations described herein comprise antioxidants that are non-irritating and/or
non-toxic to otic structures.

[00182] Administration into the ear
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[00183] Compositions as described herein may be administered into the ear. Compositions as
disclosed herein may be used for preventing or treating hearing loss. In some embodiments, the
hearing loss is age-induced. In some embodiments, the hearing loss is trauma-induced. In some
embodiments, the hearing loss results from chemotherapy-based ototoxicity. An example of
chemotherapy-based ototoxicity may include ototoxicity caused by cisplatin. In some embodiments,
the hearing loss results from antibiotic-based ototoxicity. An example of antibiotic-based ototoxicity
may include ototoxicity caused by aminoglycoside. In some embodiments, the compositions may be
administered into the ear canal, or in the vestibule of the ear. Access to, for example, the vestibular
and cochlear apparatus may occur through the auris media including the round window membrane,
the oval window/stapes footplate, the annular ligament and through the otic capsule/temporal bone.
[00184] Compositions as described herein may be administered at varying frequencies. In
some embodiments, compositions as described herein may be administered once per day, twice per
day, three times per day or more. The compositions described herein, in some embodiments, are
administered daily, every day, every alternate day, five days a week, once a week, every other week,
two weeks per month, three weeks per month, once a month, twice a month, three times per month,
or more. In some embodiments, the compositions described herein are administered twice daily
administration, e.g., morning and evening. In some embodiments, the compositions described herein
are administered for at least 1 day, 2 days, 3 days, 4 days, 5 days, 6 days, 1 week, 2 weeks, 3 weeks,
1 month, 2 months, 3 months, 4 months, 5 months, 6 months, 7 months, 8 months, 9 months, 10
months, 11 months, 12 months, 18 months, 2 years, 3 years, 4 years, 5 years, 10 years, or more.
[00185] Compositions as provided herein may be administered before or after noise exposure.
In some embodiments, the composition is administered before noise exposure. In some

embodiments, the composition is administered at least about two hours prior to noise exposure. In
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some embodiments, the composition is administered at least about one hour prior to noise exposure.
In some embodiments, the composition is administered at least about 1 minute, at least about 5
minutes, at least about 10 minutes, at Ieast about 15 minutes, at least about 20 minutes, at least about
25 minutes, at least about 30 minutes, at least about 35 minutes, at least about 40 minutes, at least
about 45 minutes, at least about 50 minutes, at least about 55 minutes, at least about 60 minutes, at
lIeast about 80 minutes, at least about 90 minutes, at least about 100 minutes, at least about 110
minutes, at least about 120 minutes, at Ieast about 130 minutes, at least about 140 minutes, at least
about 150 minutes, at least about 200 minutes, at least about 250 minutes, at least about 300 minutes,
or more prior to noise exposure. In some embodiments, the composition is administered after noise
exposure. In some embodiments, the composition is administered at least about two hours after noise
exposure. In some embodiments, the composition is administered at least about one hour after noise
exposure. In some embodiments, the composition is administered at least about 1 minute, at least
about 5 minutes, at least about 10 minutes, at least about 15 minutes, at least about 20 minutes, at
least about 25 minutes, at least about 30 minutes, at least about 35 minutes, at least about 40
minutes, at least about 45 minutes, at Ieast about 50 minutes, at least about 55 minutes, at least about
60 minutes, at least about 80 minutes, at least about 90 minutes, at least about 100 minutes, at least
about 110 minutes, at least about 120 minutes, at least about 130 minutes, at least about 140 minutes,
at least about 150 minutes, at least about 200 minutes, at Ieast about 250 minutes, at least about 300
minutes, or more after noise exposure.

[00186] Compositions as described herein may be administered at varying frequencies before
or after noise exposure. In some instances, compositions as described herein may be administered
singly, or over a time course, such as daily, multiple times weekly, weekly, biweekly, monthly, once

every six months, or less frequently before noise exposure. In some instances, the compositions
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described herein are administered singly, or over a time course, such as daily, multiple times weekly,
weekly, biweekly, monthly or more frequently after noise exposure. In some instances, the
compositions described herein are administered up to 1 day, up to 2 days, up to 3 days, up to 5 days,
or more than 5 days prior to noise exposure. Sometimes the compositions described herein are
administered singly, or over a time course, such as daily, multiple times weekly, weekly, biweekly,
monthly or less frequently after noise exposure. In some instances, the compositions described
herein are administered up to 1 day, up to 2 days, up to 3 days, up to 5 days, or more than 5 days
prior to noise exposure. Sometimes the compositions described herein are administered singly, or
over a time course, such as daily, multiple times weekly, weekly, biweekly, monthly or less
frequently after noise exposure.

[00187] A composition for preventing or treating hearing loss may comprise various doses of
at least one compound. In some embodiments, the dose of the at least one compound in the
composition for preventing or treating hearing loss is at least about 50 milligrams per kilogram
(mg/kg). In some embodiments, the dose of the at least one compound in the composition for
preventing or treating hearing loss is at least about 1, at least about 2, at least about 3, at least about
4, at least about 5, at least about 10, at least about 20, at least about 30, at least about 40, at least
about 50, or more mg/kg. In some embodiments, the dose of the at least one compound in the
composition for preventing or treating hearing loss is at least about 0.5, at least about 0.6, at least
about 0.7, at Ieast about 0.8, at least about 0.9, at least about 1, at least about 2, at least about 3, at
least about 4, at least about 5, at least about 10, at Ieast about 20, at least about 30, at least about 40,
at least about 50, or more mg/kg.

[00188] Various doses of the at least one compound may be administered. In some

embodiments, the dose of the at least one compound in the composition for preventing or treating
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hearing loss is at least about 0.1 nanomolar (nM) to at least about 300 nM. In some embodiments,
the dose of the at least one compound in the composition for preventing or treating hearing loss is at
lIeast about 0.1 nM to at least about 200 nM. In some embodiments, the dose of the at least one
compound in the composition for preventing or treating hearing loss is at least about 0.1 nM to at
least about 100 nM. In some embodiments, the dose of the at least one compound in the composition
for preventing or treating hearing loss is at least about 0.1 nM, at least about 0.2 nM, at least about
0.3 nM, at least about 0.4 nM, at least about 0.5 nM, at least about 0.6 nM, at least about 0.7 nM, at
least about 0.8 nM, at least about 0.9 nM, at least about 1 nM, at least about 2 nM, at least about 3
nM, at least about 4 nM, at least about 5 nM, at least about 6 nM, at least about 7 nM, at least about
8 nM at least about about 9 nM, or at least about 10 nM, at least about 20 nM, at least about 30 nM,
at least about 40 nM, at least about 50 nM, at least about 60 nM, at least about 70 nM, at least about
80 nM, at least about 90 nM, at least about 100 nM, at least about 150 nM, at least about 200 nM, at
least about 250 nM, at least about 300 nM, or more.

[0001] Various doses of compositions as disclosed herein may be administered to a patient in need
thereof. In some embodiments, a dose of about 0.5 microliters (uL) to about 200 uL. may be
administered. In some embodiments, a dose of about 0.5 pL to about 100 uLL may be administered.
In some embodiments, a dose of about 0.5 puL to about 50 uLL may be administered. In some
embodiments, a dose of about 0.5 puL to about 10 pLL may be administered. In some embodiments, a
dose of at least about 0.5 pL, at least about 0.6 uL, at least about 0.7 puL, at least about 0.8 pL, at
least about 0.9 uL, at least about 1 pL, at least about 2 pL, at least about 3 puL, at least about 4 pL, at
least about 5 puL, at least about 6 pL, at least about 7 uL, at least about 8 pL, at least about 9 uL, at
least about 10 pL, at least about 20 pL, at least about 30 pL, at least about 40 pL, at least about 50

uL, at least about 60 pL, at least about 70 uL, at least about 80 pL, at least about 90 pL, at least
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about 100 pL, at least about 110 pL, at least about 120 pL, at least about 130 pL, at least about 140
uL, at least about 150 pL, at least about 160 puL, at least about 170 pL, at least about 180 pL, at least
about 190 pL, at least about 200 pL, or more may be administered.

[0002] In some embodiments, at least about 0.5 milligrams (mg) to at least about 300 mg of a
composition as disclosed herein may be administered to a patient in need thereof. In some
embodiments, at least about 0.5 milligrams (mg) to at least about 200 mg of a composition as
disclosed herein may be administered to a patient in need thereof. In some embodiments, at least
about 0.5 milligrams (mg) to at least about 100 mg of a composition as disclosed herein may be
administered to a patient in need thereof. In some embodiments, at least about 0.5 mg to at least
about 40 mg of a composition as disclosed herein may be administered. In some embodiments, at
least about 0.5 mg to at least about 30 mg of a composition as disclosed herein may be administered.
In some embodiments, at least about 0.5 mg to at least about 20 mg of a composition as disclosed
herein may be administered. In some embodiments, at least about 0.5 mg to at least about 10 mg of a
composition as disclosed herein may be administered. In some embodiments, at least about 10 mg to
at least about 20 mg of a composition as disclosed herein may be administered. In some
embodiments, at least about 0.5 mg, at least about 0.6 mg, at least about 0.7 mg, at least about 0.8
mg, at least about 0.9 mg, at least about 1 mg, at least about 2 mg, at least about 3 mg, at least about
4 mg, at least about 5 mg, at least about 6 mg, at least about 7 mg, at least about 8 mg, at least about
9 mg, at least about 10 mg, at least about 20 mg, at least about 30 mg, at least about 40 mg, at least
about 50 mg, at least about 100 mg, at least about 150 mg, at least about 200 mg, at least about 250
mg, at least about 300 mg, or more may be administered to a patient in need thereof. In some

embodiments, about 5 mg of a composition as disclosed herein may be administered. In some
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embodiments, about 10 mg of a composition as disclosed herein may be administered. In some
embodiments, about 20 mg of a composition as disclosed herein may be administered.

[00189] Compositions as disclosed herein may be controlled release compositions. The
composition may comprise at least one compound that activates AMPK. In some embodiments,
there is sustained release of the at least one compound that activates AMPK. In some embodiments
the sustained release occurs for a period of at least about 1 day to at least about 100 days. In some
embodiments, the sustained release occurs for a period of at least about 1 to at least about 90 days. In
some embodiments, the sustained release occurs for a period of at least about 1 to at least about 80
days. In some embodiments, the sustained release occurs for a period of at least about 1 to at least
about 70 days. In some embodiments, the sustained release occurs for a period of at least about 1 to
at least about 60 days. In some embodiments, the sustained release occurs for a period of at least
about 1 day to at least about 50 days. In some embodiments, the sustained release occurs for a period
of at least about 1 day to at least about 40 days. In some embodiments, the sustained release occurs
for a period of at least about 1 to at least about 30 days. In some embodiments, the sustained release
occurs for a period of at least about 1 to at least about 20 days. In some embodiments, the sustained
release occurs for a period of at least about 1 to at least about 10 days. In some embodiments, the
sustained release occurs for a period of at least about 1 to at least about 5 days. In some
embodiments, the sustained release occurs for a period of at least about 1, at least about 2, at least
about 3, at least about 4, at least about 5, at least about 6, at least about 7, at least about 8, at least
about 9, at least about 10, at least about 15, at least about 20, at least about 25, at least about 30, at
lIeast about 35, at least about 40, at least about 45, at least about 50, at Ieast about 55, at least about
60, at least about 65, at least about 70, at Ieast about 75, at least about 80, at least about 85, at least

about 90, at least about 95, at least about 100, or more days. In some embodiments, the composition
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is an intratympanic compositions. In some embodiments, the intratympanic composition may treat an
otic disorder.

[00190] Compositions as disclosed herein may maximally activate AMPK to certain levels. In
some embodiments, compositions as disclosed herein may cause a maximum activation of AMPK
that is about 1-fold to about 100-fold. In some embodiments, compositions as disclosed herein may
cause a maximum activation of AMPK that is about 1-fold to about 90-fold. In some embodiments,
compositions as disclosed herein may cause a maximum activation of AMPK that is about 1-fold to
80-fold. In some embodiments, compositions as disclosed herein may cause a maximum activation
of AMPK that is about 1-fold to about 70-fold. In some embodiments, compositions as disclosed
herein may cause a maximum activation of AMPXK that is about 1-fold to about 60-fold. In some
embodiments, compositions as disclosed herein may cause a maximum activation of AMPK that is
about 1-fold to about 50-fold. In some embodiments, compositions as disclosed herein may cause a
maximum activation of AMPK that is about 1-fold to about 40-fold. In some embodiments,
compositions as disclosed herein may cause a maximum activation of AMPK that is about 1-fold to
about 30-fold. In some embodiments, compositions as disclosed herein may cause a maximum
activation of AMPK that is about 1-fold to about 20-fold. In some embodiments, compositions as
disclosed herein may cause a maximum activation of AMPK that is about 1-fold to about 10-fold. In
some embodiments, compositions as disclosed herein may cause a maximum activation of AMPK
that is about 1-fold, about 2-fold, about 3-fold, about 4-fold, about 5-fold, about 6-fold, about 7-fold,
about 8-fold, about 9-fold, about 10-fold, about 20-fold, about 30-fold, about 40-fold, about 50-fold,
about 60-fold, about 70-fold, about 80-fold, about 90-fold, about 100-fold, or more.

[0003] In some embodiments, a 5 mg dose of a composition as disclosed herein may be administered

about 1 times per month to about 31 times per month. In some embodiments, a 5 mg dose of a
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composition as disclosed herein may be administered about 1 times per month to about 20 times per
month. In some embodiments, a 5 mg dose of a composition as disclosed herein may be
administered about 1 times per month to about 10 times per month. In some embodiments, a 5 mg
dose of a composition as disclosed herein may be administered about 1 times per month to about 5
times per month. In some embodiments, a 5 mg dose of a composition as disclosed herein may be
administered about 1, about 2, about 3, about 4, about 5, about 6, about 7, about 8, about 19 about
10, about 11, about 12, about 13, about 14, about 15, about 16, about 17, about 18, about 19, about
20, about 21, about 22, about 23, about 24, about 25, about 26, about 27, about 28, about 29, about
30, or more times per month.

[0004] In some embodiments, a 10 mg dose of a composition as disclosed herein may be
administered about 1 times per month to about 31 times per month. In some embodiments, a 10 mg
dose of a composition as disclosed herein may be administered about 1 times per month to about 20
times per month. In some embodiments, a 10 mg dose of a composition as disclosed herein may be
administered about 1 times per month to about 10 times per month. In some embodiments, a 10 mg
dose of a composition as disclosed herein may be administered about 1 times per month to about 5
times per month. In some embodiments, a 10 mg dose of a composition as disclosed herein may be
administered about 1, about 2, about 3, about 4, about 5, about 6, about 7, about 8, about 19 about
10, about 11, about 12, about 13, about 14, about 15, about 16, about 17, about 18, about 19, about
20, about 21, about 22, about 23, about 24, about 25, about 26, about 27, about 28, about 29, about
30, or more times per month.

[0005] In some embodiments, a 20 mg dose of a composition as disclosed herein may be
administered about 1 times per month to about 31 times per month. In some embodiments, a 20 mg

dose of a composition as disclosed herein may be administered about 1 times per month to about 20
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times per month. In some embodiments, a 20 mg dose of a composition as disclosed herein may be
administered about 1 times per month to about 10 times per month. In some embodiments, a 20 mg
dose of a composition as disclosed herein may be administered about 1 times per month to about 5
times per month. In some embodiments, a 20 mg dose of a composition as disclosed herein may be
administered about 1, about 2, about 3, about 4, about 5, about 6, about 7, about 8, about 19 about
10, about 11, about 12, about 13, about 14, about 15, about 16, about 17, about 18, about 19, about
20, about 21, about 22, about 23, about 24, about 25, about 26, about 27, about 28, about 29, about
30, or more times per month.

[00191] Administration of compositions described herein may present low systemic exposure.
In some embodiments, administration of compositions described herein may avoid toxicity
associated with systemic administration. Examples of toxicity associated with systemic
administration may include, for example, hepatotoxicity, cardiotoxicity, gastrointestinal side effects,
and renal toxicity. In some embodiments, localized administration in the ear may allow an active
agent to reach a target organ in the absence of systemic accumulation of the active agent. In an
example, the target organ is the inner ear. In some embodiments, local administration to the ear may
provide a higher therapeutic index for an active agent that would otherwise have dose-limiting
systemic toxicity.

[00192] Compositions as described herein may be rapidly metabolized. In some embodiments,
compositions may comprise at least one compound that activates AMPK. In some embodiments,
compositions may comprise at least one compound that activates AMPK in at least one hair cell. The
hair cell may be an inner hair cell or an outer hair cell. The AMPK may be nuclear AMPK or
cytoplasmic AMPK. In some embodiments, after administration, the at least one compound achieves

a concentration of about 0.1 micromolar (uM) of concentration in the perilymph to about 2 uM. In
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some embodiments, the at least one compound achieves a concentration of about 0.1 micromolar
(uM) of concentration in the perilymph to about 1 uM. In some embodiments, the at least one
compound achieves a concentration of at least about 0.1 uM, 0.2 uM, 0.3 uM, 0.4 uM, 0.5 uM, 0.6
uM, 0.7 uM, 0.8 uM, 0.9 uM, 1 uM, 1.1 uM, 1.2 uM, 1.3 uM, 1.4 uM, 1.5 uM, 1.6 uM, 1.7 uM,
1.8 uM, 1.9 uM, 2 uM, or more of concentration in the perilymph. In some embodiments, after
administration, the at least one compound achieves a concentration of about 0.1 micromolar (uM) of
concentration in the plasma to about 2 uM. In some embodiments, the at least one compound
achieves a concentration of about 0.1 micromolar (uM) of concentration in the plasma to about 1
uM. In some embodiments, the at least one compound achieves a concentration of at least about 0.1
uM, 0.2 uM, 0.3 uM, 0.4 uM, 0.5 uM, 0.6 uM, 0.7 uM, 0.8 uM, 0.9 uM, 1 uM, 1.1 uM, 1.2 uM,
1.3 uM, 1.4 uM, 1.5 uM, 1.6 uM, 1.7 uM, 1.8 uM, 1.9 uM, 2 uM, or more of concentration in the
plasma. In some embodiments, the at least one compound achieves greater than about 1 uM of
concentration in the perilymph and less than about 0.1 uM of concentration in the plasma.

[00193] In some embodiments, the maximum dose of compositions as disclosed herein in the
perilymph of a subject after administration of the composition is at most about 1 micromolar (uM) to
at most about 100 uM. In some embodiments, the maximum dose of compositions as disclosed
herein in the perilymph of a subject is at most 1 uM to at least most 90 uM. In some embodiments,
the maximum dose of compositions as disclosed herein in the perilymph of a subject is at most about
1 uM to at most about 80 uM. In some embodiments, the maximum dose of compositions as
disclosed herein in the perilymph of a subject is at most about 1 uM to at most about 70 uM. In
some embodiments, the maximum dose of compositions as disclosed herein in the perilymph of a
subject is at most about 1 uM to at most about 60 uM. In some embodiments, the maximum dose of

compositions as disclosed herein in the perilymph of a subject is at most about 1 uM to at most
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about 50 uM. In some embodiments, the maximum dose of compositions as disclosed herein in the
perilymph of a subject is at most about 1 uM to at most about 40 uM. In some embodiments, the
maximum dose of compositions as disclosed herein in the perilymph of a subject is at most about 1
UM to at most about 30 uM. In some embodiments, the maximum dose of compositions as disclosed
herein in the perilymph of a subject is at most about 1 uM to at most about 20 uM. In some
embodiments, the maximum dose of compositions as disclosed herein in the perilymph of a subject
is at most about 1 uM to at most about 10 pM.

[00194] Provided herein are compositions comprising a sufficient amount of Compound 1 to
activate at least one AMPK in a hair cell. The hair cell may be an inner hair cell or an outer hair cell.
The AMPK may be nuclear AMPK or cytoplasmic AMPK. In some embodiments, about 0.5 mg to
about 50 mg of a composition comprising Compound 1 may be administered to a patient in need
thereof. In some embodiments, about 0.5 mg to about 40 mg of a composition comprising
Compound 1 may be administered to a patient in need thereof. In some embodiments, about 0.5 mg
to about 30 mg of a composition comprising Compound 1 may be administered to a patient in need
thereof. In some embodiments, about 0.5 mg to about 20 mg of a composition comprising
Compound 1 may be administered to a patient in need thereof. In some embodiments, about 0.5 mg
to about 10 mg of a composition comprising Compound 1 may be administered to a patient in need
thereof. In some embodiments, about 10 mg to about 20 mg of a composition comprising Compound
1 may be administered to a patient in need thereof. In some embodiments, about 0.5 mg, about 0.6
mg, about 0.7 mg, about 0.8 mg, about 0.9 mg, about 1 mg, about 2 mg, about 3 mg, about 4 mg,
about 5 mg, about 6 mg, about 7 mg, about 8§ mg, about 9 mg, about mg uL, about 20 mg, about 30
mg, about 40 mg, about 50 mg, or more of a composition comprising Compound 1 may be

administered to a patient in need thereof. In some embodiments, about 5 mg of a composition
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comprising Compound 1 may be administered to a patient in need thereof. In some embodiments,
about 10 mg of a composition comprising Compound 1 may be administration to a patient in need
thereof. In some embodiments, about 20 mg of a composition comprising Compound 1 may be
administration to a patient in need thereof.

[00195] In some embodiments, a 5 mg dose of a composition comprising Compound 1 may be
administered about 1 times per month to about 31 times per month. In some embodiments, a 5 mg
dose of a composition comprising Compound 1 may be administered about 1 times per month to
about 20 times per month. In some embodiments, a 5 mg dose of a composition comprising
Compound 1 may be administered about 1 times per month to about 10 times per month. In some
embodiments, a 5 mg dose of a composition comprising Compound 1 may be administered about 1
times per month to about 5 times per month. In some embodiments, a 5 mg dose of a composition
comprising Compound 1 may be administered about 1, about 2, about 3, about 4, about 5, about 6,
about 7, about 8, about 19 about 10, about 11, about 12, about 13, about 14, about 15, about 16,
about 17, about 18, about 19, about 20, about 21, about 22, about 23, about 24, about 25, about 26,
about 27, about 28, about 29, about 30, or more times per month.

[00196] In some embodiments, a 10 mg dose of a composition comprising Compound 1 may
be administered about 1 times per month to about 31 times per month. In some embodiments, a 10
mg dose of a composition comprising Compound 1 may be administered about 1 times per month to
about 20 times per month. In some embodiments, a 10 mg dose of a composition comprising
Compound 1 may be administered about 1 times per month to about 10 times per month. In some
embodiments, a 10 mg dose of a composition comprising Compound 1 may be administered about 1
times per month to about 5 times per month. In some embodiments, a 10 mg dose of a composition

comprising Compound 1 may be administered about 1, about 2, about 3, about 4, about 5, about 6,
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about 7, about 8, about 19 about 10, about 11, about 12, about 13, about 14, about 15, about 16,
about 17, about 18, about 19, about 20, about 21, about 22, about 23, about 24, about 25, about 26,
about 27, about 28, about 29, about 30, or more times per month.

[00197] In some embodiments, a 20 mg dose of a composition comprising Compound 1 may
be administered about 1 times per month to about 31 times per month. In some embodiments, a 20
mg dose of a composition comprising Compound 1 may be administered about 1 times per month to
about 20 times per month. In some embodiments, a 20 mg dose of a composition comprising
Compound 1 may be administered about 1 times per month to about 10 times per month. In some
embodiments, a 20 mg dose of a composition comprising Compound 1 may be administered about 1
times per month to about 5 times per month. In some embodiments, a 20 mg dose of a composition
comprising Compound 1 may be administered about 1, about 2, about 3, about 4, about 5, about 6,
about 7, about 8, about 19 about 10, about 11, about 12, about 13, about 14, about 15, about 16,
about 17, about 18, about 19, about 20, about 21, about 22, about 23, about 24, about 25, about 26,
about 27, about 28, about 29, about 30, or more times per month.

[00198] While preferred embodiments of the present invention have been shown and
described herein, it will be obvious to those skilled in the art that such embodiments are provided by
way of example only. It is not intended that the invention be limited by the specific examples
provided within the specification. While the invention has been described with reference to the
aforementioned specification, the descriptions and illustrations of the embodiments herein are not
meant to be construed in a limiting sense. Numerous variations, changes, and substitutions will now
occur to those skilled in the art without departing from the invention. Furthermore, it shall be
understood that all aspects of the invention are not limited to the specific depictions, configurations

or relative proportions set forth herein which depend upon a variety of conditions and variables. It
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should be understood that various alternatives to the embodiments of the invention described herein
may be employed in practicing the invention. It is therefore contemplated that the invention shall
also cover any such alternatives, modifications, variations or equivalents. It is intended that the
following claims define the scope of the invention and that methods and structures within the scope
of these claims and their equivalents be covered thereby.

Embodiments

[00199] Embodiment 1. A composition for preventing or treating hearing loss comprising at

least one compound that activates AMPK 1in at least one hair cell.

[00200] Embodiment 2. The composition of Embodiment 1, wherein the AMPK is nuclear
AMPK.

[00201] Embodiment 3. The composition of Embodiment 1, wherein the AMPK is
cytoplasmic AMPK.

[00202] Embodiment 4. The composition of Embodiment 1, wherein the hair cell is an inner
hair cell.

[00203] Embodiment 5. The composition of Embodiment 1, wherein the hair cell is an outer
hair cell.

[00204] Embodiment 6. The composition of Embodiment 1, wherein the at least one

compound is Compound 1: (3R,3aR,6R,6aR)-6-((5-([1,1'-biphenyl]-4-y1)-6-chloro-3H-
imidazo[4,5-b]pyridin-2-yl)oxy)hexahydrofuro[3,2-b]furan-3-ol, or a pharmaceutically
acceptable salt, tautomer, stereoisomer, or a mixture of stereoisomers thereof.

[00205] Embodiment 7. The composition of Embodiment 1, wherein the at least one
compound is Compound 2: (3R,3aR,6R,6aR)-6-((5-chloro-6-(4-(1-

(hydroxymethyl)cyclopropyl)phenyl)-1H-benzo[d]imidazol-2-yl)oxy)hexahydrofuro[3,2-
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b]furan-3-ol, or a pharmaceutically acceptable salt, tautomer, stereoisomer, or a mixture of
stereoisomers thereof.

[00206] Embodiment 8. The composition of Embodiment 1, wherein the at least one
compound is Compound 3: N-(4'-(6-chloro-2-(((3R,3aR,6R,6aR)-6-
hydroxyhexahydrofuro[3,2-b]furan-3-yl)oxy)-3H-imidazo[4,5-b]pyridin-5-yI)-[1,1'-
biphenyl]-4-yl)methanesulfonamide, or a pharmaceutically acceptable salt, tautomer,
stereoisomer, or a mixture of stereoisomers thereof.

[00207] Embodiment 9. The composition of Embodiment 1, wherein the at least one
compound is Compound 4: (3R,3aR,6R,6aR)-6-((6-fluoro-5-(4'-(pyrrolidin-3-yloxy)-[1,1'-
biphenyl]-4-yl)-1H-pyrrolo[3,2-b]pyridin-2-yl)oxy)hexahydrofuro[3,2-b]furan-3-ol, or a
pharmaceutically acceptable salt, tautomer, stereoisomer, or a mixture of stereoisomers
thereof..

[00208] Embodiment 10. The composition of Embodiment 1, wherein the at least one
compound is Compound 5: (3R,3aR,6R,6aR)-6-((6-fluoro-5-(4'-(pyrrolidin-3-yloxy)-[1,1'-
biphenyl]-4-yl)-1H-pyrrolo[3,2-b]pyridin-2-yl)oxy)hexahydrofuro[3,2-b]furan-3-ol, or a
pharmaceutically acceptable salt, tautomer, stereoisomer, or a mixture of stereoisomers
thereof..

[00209] Embodiment 11. The composition of Embodiment 1, wherein the at least one
compound is Compound 6: (3R,3aR,6R,6aR)-6-((5-(4'-(1H-pyrazol-1-yl)-[1,1'-biphenyl]-4-
yl)-6-chloro-3H-imidazo[4,5-b]pyridin-2-yl)oxy)hexahydrofuro[3,2-b]furan-3-ol, or a
pharmaceutically acceptable salt, tautomer, stereoisomer, or a mixture of stereoisomers

thereof.
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[00210] Embodiment 12. The composition of Embodiment 1, wherein the at least one
compound is Compound 7: (3R,3aR,6R,6aR)-6-((5-(4-(6-(1H-pyrazol-1-yl)pyridin-3-
yl)phenyl)-6-chloro-3H-imidazo[4,5-b]pyridin-2-yl)oxy)hexahydrofuro[3,2-b]furan-3-ol, or a
pharmaceutically acceptable salt, tautomer, stereoisomer, or a mixture of stereoisomers
thereof.

[00211] Embodiment 13. The composition of Embodiment 1, wherein the at least one
compound is Compound 8: (3R,3aR,6R,6aR)-6-((6-chloro-5-(4-(2-(2-hydroxy-2-
methylpropyl)-2,6-dihydropyrrolo[3.,4-c]pyrazol-5(4H)-yl)phenyl)-3H-imidazo[4,5-
b]pyridin-2-yl)oxy)hexahydrofuro[3,2-b]furan-3-ol, or a pharmaceutically acceptable salt,
tautomer, stereoisomer, or a mixture of stereoisomers thereof.

[00212] Embodiment 14. The composition of Embodiment 1, wherein the at least one
compound is Compound 9: 4'-(6-fluoro-2-(((3R,3aR,6R,6aR)-6-hydroxyhexahydrofuro[3,2-
b]furan-3-yl)oxy)-1H-benzo[d]imidazol-5-yl)-[1,1'-biphenyl]-2,6-diol, or a pharmaceutically
acceptable salt, tautomer, stereoisomer, or a mixture of stereoisomers thereof.

[00213] Embodiment 15. The composition of Embodiment 1, wherein the at least one
compound is Compound 10: (3R,3aR,6R,6aR)-6-((6-chloro-5-(4'-(4-(2-hydroxy-2-
methylpropyl)-1H-pyrazol-1-yl)-[1,1'-biphenyl]-4-yl)-3H-imidazo[4,5-b]pyridin-2-
yl)oxy)hexahydrofuro[3,2-b]furan-3-ol, or a pharmaceutically acceptable salt, tautomer,
stereoisomer, or a mixture of stereoisomers thereof.

[00214] Embodiment 16. The composition of Embodiment 1, wherein the at least one

compound is a compound of Formula V:
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[00215]
[00216]

[00217]

R2 H
N /Y -_—Z
| )X
A1 A2
Ra
Formula V

or a pharmaceutically acceptable salt, tautomer, stereoisomer, or a mixture of

stereoisomers thereof, wherein:

[00218]
[00219]
[00220]
[00221]
[00222]
[00223]
[00224]

[00225]

Alis N or CH;

A2 i1s N, CH, or CR6;

X is -O-;

Y is unsubstituted or substituted heterocycloalkyl;
Z is -(CH2)0-30H;

R2 is hydrogen, halogen, or methyl;

R6 is C1-3 alkyl, -CN, -CF3, or cyclopropyl; and

Ra is -(CH2)m-halogen, oxo, -(CH2)mOH, -(CH2)mN(Rj)2, -(CH2)mNO?2, -

(CH2)mCN, -Cl1-6alkyl, -(CH2)mCF3, -(CH2)mOCF3, -O-(CH2)m-OC1-6alkyl, -

(CH2)mC(O)N(Rj)2, -(CH2)mC(=N-OH)N(Rj)2, -(CH2)mOC 1-6alkyl, -(CH2)mO-(CH2)m-

C3-7cycloalkyl, -(CH2)mO-(CH2)m-C2-7cycloheteroalkyl, -(CH2)mO-(CH2)m-aryl, -

(CH2)mO-(CH2)m-heterolaryl, -(CH2)mSC1-6alkyl, -(CH2)mS(O)C1-6alkyl, -

(CH2)mSO2C1-6alkyl, -(CH2)mSO2C3-7cycloalkyl, -(CH2)mSO2C2-7cycloheteroalkyl, -

(CH2)mSO2-aryl, -(CH2)mSO2-heteroaryl, -(CH2)mSO2NHC1-6alkyl, -

(CH2)mSO2NHC3-7cycloalkyl, -(CH2)mSO2NHC2-7cycloheteroalkyl, -(CH2)mSO2NH-

aryl, -(CH2)mSO2NH-heteroaryl, -(CH2)mNHSO2-C1-6alkyl, -(CH2)mNHSO2-C3-

Tcycloalkyl, -(CH2)mNHSO2-C2-7cycloheteroalkyl, -(CH2)mNHSO2-aryl, -
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(CH2)mNHSO2NH-heteroaryl, -(CH2)mN(Rj)-C1-6alkyl, -(CH2)mN(Rj)-C3-7cycloalkyl, -
(CH2)mN(Rj)-C2-7cycloheteroalkyl, -(CH2)mN(R}))-C2-7cycloheteroalkenyl, -
(CH2)mN(Rj)-aryl, -(CH2)mN(R})-heteroaryl, -(CH2)mC(O)RI, -(CH2)mC(O)N(R})2, -
(CH2)mN(Rj))C(O)N(Rj)2, -(CH2)mCO2H, -(CH2)mOCOH, -(CH2)mCO2RYf, -
(CH2)mOCORT, -(CH2)mC3-7cycloalkyl, -(CH2)mC3-7cycloalkenyl, -(CH2)mC2-
6¢cycloheteroalkyl, -(CH2)mC2-6cycloheteroalkenyl, -(CH2)maryl, and -(CH2)mheteroaryl;
wherein each CH2 is unsubstituted or substituted with 1 or 2 substituents selected from: oxo,
-(CH2)I-30H, -CN, -NH2, -NH(C1-6alkyl), -N(C1-6alkyl)2, -C1-6alkyl (CH3) , OC1-6alkyl,
halogen, -CH2F, -CHF2, -CF3, -CO2H, -CO2C1-6alkyl, -C3-7cycloalkyl, phenyl,
CH2phenyl, heteroaryl and CH2heteroaryl, and wherein alkyl, cycloalkyl, cycloalkenyl,
cycloheteroalkyl, cycloheteroalkenyl, aryl and heteroaryl are unsubstituted or substituted
with 1, 2, 3 or 4 substituents selected from: oxo, -(CH2)0-50H, -CN, -NH2, -NH(C1-6alkyl),
-N(C1-6alkyl)2, -C1-6alkyl, OC1-6alkyl, halogen, -CH2F, -CHF2, -CF3, -CO2H, -CO2C1-
6alkyl, -SO2C1-6 alkyl, -C3-7cycloalkyl, phenyl, CH2phenyl, heteroaryl and CH2heteroaryl.
[00226] Embodiment 17. The composition of Embodiment 1, wherein the at least one

compound is a compound of Formula V-a:

R’ N n /Y bl 4
| =z N/>—X
[00227] R®
[00228] Formula V-a
[00229] or a pharmaceutically acceptable salt, tautomer, stereoisomer, or a mixture of

stereoisomers thereof, wherein:
[00230] X is -O-;
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[00231] Y is unsubstituted or substituted heterocycloalkyl;

[00232] Z is -(CH2)0-30H;

[00233] R2 is hydrogen, halogen, or methyl; and

[00234] Ra is -(CH2)m-halogen, oxo, -(CH2)mOH, -(CH2)mN(Rj)2, -(CH2)mNO?2, -

(CH2)mCN, -Cl1-6alkyl, -(CH2)mCF3, -(CH2)mOCF3, -O-(CH2)m-OC1-6alkyl, -
(CH2)mC(O)N(Rj)2, -(CH2)mC(=N-OH)N(R})2, -(CH2)mOC1-6alkyl, -(CH2)mO-(CH2)m-
C3-7cycloalkyl, -(CH2)mO-(CH2)m-C2-7cycloheteroalkyl, -(CH2)mO-(CH2)m-aryl, -
(CH2)mO-(CH2)m-heterolaryl, -(CH2)mSC1-6alkyl, -(CH2)mS(O)C1-6alkyl, -
(CH2)mSO2C1-6alkyl, -(CH2)mSO2C3-7cycloalkyl, -(CH2)mSO2C2-7cycloheteroalkyl, -
(CH2)mSO2-aryl, -(CH2)mSO2-heteroaryl, -(CH2)mSO2NHC1-6alkyl, -
(CH2)mSO2NHC3-7cycloalkyl, -(CH2)mSO2NHC2-7cycloheteroalkyl, -(CH2)mSO2NH-
aryl, -(CH2)mSO2NH-heteroaryl, -(CH2)mNHSO2-C1-6alkyl, -(CH2)mNHSO2-C3-
Tcycloalkyl, -(CH2)mNHSO2-C2-7cycloheteroalkyl, -(CH2)mNHSO2-aryl, -
(CH2)mNHSO2NH-heteroaryl, -(CH2)mN(Rj)-C1-6alkyl, -(CH2)mN(Rj)-C3-7cycloalkyl, -
(CH2)mN(Rj)-C2-7cycloheteroalkyl, -(CH2)mN(R}))-C2-7cycloheteroalkenyl, -
(CH2)mN(Rj)-aryl, -(CH2)mN(R})-heteroaryl, -(CH2)mC(O)RI, -(CH2)mC(O)N(R})2, -
(CH2)mN(Rj))C(O)N(Rj)2, -(CH2)mCO2H, -(CH2)mOCOH, -(CH2)mCO2RYf, -
(CH2)mOCORY(, -(CH2)m(C3-7cycloalkyl, -(CH2)m(C3-7cycloalkenyl, -(CH2)mC2-
6¢cycloheteroalkyl, -(CH2)mC2-6cycloheteroalkenyl, -(CH2)maryl, and -(CH2)mheteroaryl;
wherein each CH2 is unsubstituted or substituted with 1 or 2 substituents selected from: oxo,
-(CH2)I-30H, -CN, -NH2, -NH(C1-6alkyl), -N(C1-6alkyl)2, -C1-6alkyl (CH3) , OC1-6alkyl,
halogen, -CH2F, -CHF2, -CF3, -CO2H, -CO2C1-6alkyl, -C3-7cycloalkyl, phenyl,

CH2phenyl, heteroaryl and CH2heteroaryl, and wherein alkyl, cycloalkyl, cycloalkenyl,
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cycloheteroalkyl, cycloheteroalkenyl, aryl and heteroaryl are unsubstituted or substituted

with 1, 2, 3 or 4 substituents selected from: oxo, -(CH2)0-50H, -CN, -NH2, -NH(C1-6alkyl),

-N(C1-6alkyl)2, -C1-6alkyl, OC1-6alkyl, halogen, -CH2F, -CHF2, -CF3, -CO2H, -CO2C1-

6alkyl, -SO2C1-6 alkyl, -C3-7cycloalkyl, phenyl, CH2phenyl, heteroaryl and CH2heteroaryl.
[00235] Embodiment 18. The composition of Embodiment 1, wherein the at least one

compound is a compound of Formula V-b:

@

[00236] R?
[00237] Formula V-b
[00238] or a pharmaceutically acceptable salt, tautomer, stereoisomer, or a mixture of

stereoisomers thereof, wherein:

[00239] X is -O-;

[00240] Y is unsubstituted or substituted heterocycloalkyl;

[00241] Z is -(CH2)0-30H;

[00242] R2 is hydrogen, halogen, or methyl; and

[00243] Ra is -(CH2)m-halogen, oxo, -(CH2)mOH, -(CH2)mN(Rj)2, -(CH2)mNO?2, -

(CH2)mCN, -Cl1-6alkyl, -(CH2)mCF3, -(CH2)mOCF3, -O-(CH2)m-OC1-6alkyl, -
(CH2)mC(O)N(Rj)2, -(CH2)mC(=N-OH)N(R})2, -(CH2)mOC1-6alkyl, -(CH2)mO-(CH2)m-
C3-7cycloalkyl, -(CH2)mO-(CH2)m-C2-7cycloheteroalkyl, -(CH2)mO-(CH2)m-aryl, -
(CH2)mO-(CH2)m-heterolaryl, -(CH2)mSC1-6alkyl, -(CH2)mS(O)C1-6alkyl, -
(CH2)mSO2C1-6alkyl, -(CH2)mSO2C3-7cycloalkyl, -(CH2)mSO2C2-7cycloheteroalkyl, -

(CH2)mSO2-aryl, -(CH2)mSO2-heteroaryl, -(CH2)mSO2NHC1-6alkyl, -
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(CH2)mSO2NHC3-7cycloalkyl, -(CH2)mSO2NHC2-7cycloheteroalkyl, -(CH2)mSO2NH-
aryl, -(CH2)mSO2NH-heteroaryl, -(CH2)mNHSO2-C1-6alkyl, -(CH2)mNHSO2-C3-
Tcycloalkyl, -(CH2)mNHSO2-C2-7cycloheteroalkyl, -(CH2)mNHSO2-aryl, -
(CH2)mNHSO2NH-heteroaryl, -(CH2)mN(Rj)-C1-6alkyl, -(CH2)mN(Rj)-C3-7cycloalkyl, -
(CH2)mN(Rj)-C2-7cycloheteroalkyl, -(CH2)mN(R}))-C2-7cycloheteroalkenyl, -
(CH2)mN(Rj)-aryl, -(CH2)mN(R})-heteroaryl, -(CH2)mC(O)RI, -(CH2)mC(O)N(R})2, -
(CH2)mN(Rj))C(O)N(Rj)2, -(CH2)mCO2H, -(CH2)mOCOH, -(CH2)mCO2RYf, -
(CH2)mOCORT, -(CH2)mC3-7cycloalkyl, -(CH2)mC3-7cycloalkenyl, -(CH2)mC2-
6¢cycloheteroalkyl, -(CH2)mC2-6cycloheteroalkenyl, -(CH2)maryl, and -(CH2)mheteroaryl;
wherein each CH2 is unsubstituted or substituted with 1 or 2 substituents selected from: oxo,
-(CH2)I-30H, -CN, -NH2, -NH(C1-6alkyl), -N(C1-6alkyl)2, -C1-6alkyl (CH3) , OC1-6alkyl,
halogen, -CH2F, -CHF2, -CF3, -CO2H, -CO2C1-6alkyl, -C3-7cycloalkyl, phenyl,
CH2phenyl, heteroaryl and CH2heteroaryl, and wherein alkyl, cycloalkyl, cycloalkenyl,
cycloheteroalkyl, cycloheteroalkenyl, aryl and heteroaryl are unsubstituted or substituted
with 1, 2, 3 or 4 substituents selected from: oxo, -(CH2)0-50H, -CN, -NH2, -NH(C1-6alkyl),
-N(C1-6alkyl)2, -C1-6alkyl, OC1-6alkyl, halogen, -CH2F, -CHF2, -CF3, -CO2H, -CO2C1-
6alkyl, -SO2C1-6 alkyl, -C3-7cycloalkyl, phenyl, CH2phenyl, heteroaryl and CH2heteroaryl.
[00244] Embodiment 19. The composition of Embodiment 1, wherein the at least one
compound is a compound of Formula V-c:
R2
N
I ~

N

[00245] R®

[00246] Formula V-c
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[00247]

or a pharmaceutically acceptable salt, tautomer, stereoisomer, or a mixture of

stereoisomers thereof, wherein:

[00248]
[00249]
[00250]
[00251]
[00252]

[00253]

X is -O-;

Y is unsubstituted or substituted heterocycloalkyl;
Z is -(CH2)0-30H;

R2 is hydrogen, halogen, or methyl;

R6 is C1-3 alkyl, -CN, -CF3, or cyclopropyl; and

Ra is -(CH2)m-halogen, oxo, -(CH2)mOH, -(CH2)mN(Rj)2, -(CH2)mNO?2, -

(CH2)mCN, -Cl1-6alkyl, -(CH2)mCF3, -(CH2)mOCF3, -O-(CH2)m-OC1-6alkyl, -
(CH2)mC(O)N(Rj)2, -(CH2)mC(=N-OH)N(R})2, -(CH2)mOC1-6alkyl, -(CH2)mO-(CH2)m-
C3-7cycloalkyl, -(CH2)mO-(CH2)m-C2-7cycloheteroalkyl, -(CH2)mO-(CH2)m-aryl, -
(CH2)mO-(CH2)m-heterolaryl, -(CH2)mSC1-6alkyl, -(CH2)mS(O)C1-6alkyl, -
(CH2)mSO2C1-6alkyl, -(CH2)mSO2C3-7cycloalkyl, -(CH2)mSO2C2-7cycloheteroalkyl, -
(CH2)mSO2-aryl, -(CH2)mSO2-heteroaryl, -(CH2)mSO2NHC1-6alkyl, -
(CH2)mSO2NHC3-7cycloalkyl, -(CH2)mSO2NHC2-7cycloheteroalkyl, -(CH2)mSO2NH-
aryl, -(CH2)mSO2NH-heteroaryl, -(CH2)mNHSO2-C1-6alkyl, -(CH2)mNHSO2-C3-
Tcycloalkyl, -(CH2)mNHSO2-C2-7cycloheteroalkyl, -(CH2)mNHSO2-aryl, -
(CH2)mNHSO2NH-heteroaryl, -(CH2)mN(Rj)-C1-6alkyl, -(CH2)mN(Rj)-C3-7cycloalkyl, -
(CH2)mN(Rj)-C2-7cycloheteroalkyl, -(CH2)mN(R}))-C2-7cycloheteroalkenyl, -
(CH2)mN(Rj)-aryl, -(CH2)mN(R})-heteroaryl, -(CH2)mC(O)RI, -(CH2)mC(O)N(R})2, -
(CH2)mN(Rj))C(O)N(Rj)2, -(CH2)mCO2H, -(CH2)mOCOH, -(CH2)mCO2RYf, -
(CH2)mOCORT, -(CH2)mC3-7cycloalkyl, -(CH2)mC3-7cycloalkenyl, -(CH2)mC2-

6¢cycloheteroalkyl, -(CH2)mC2-6cycloheteroalkenyl, -(CH2)maryl, and -(CH2)mheteroaryl;
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wherein each CH2 is unsubstituted or substituted with 1 or 2 substituents selected from: oxo,
-(CH2)I-30H, -CN, -NH2, -NH(C1-6alkyl), -N(C1-6alkyl)2, -C1-6alkyl (CH3) , OC1-6alkyl,
halogen, -CH2F, -CHF2, -CF3, -CO2H, -CO2C1-6alkyl, -C3-7cycloalkyl, phenyl,
CH2phenyl, heteroaryl and CH2heteroaryl, and wherein alkyl, cycloalkyl, cycloalkenyl,
cycloheteroalkyl, cycloheteroalkenyl, aryl and heteroaryl are unsubstituted or substituted
with 1, 2, 3 or 4 substituents selected from: oxo, -(CH2)0-50H, -CN, -NH2, -NH(C1-6alkyl),
-N(C1-6alkyl)2, -C1-6alkyl, OC1-6alkyl, halogen, -CH2F, -CHF2, -CF3, -CO2H, -CO2C1-
6alkyl, -SO2C1-6 alkyl, -C3-7cycloalkyl, phenyl, CH2phenyl, heteroaryl and CH2heteroaryl.

[00254] Embodiment 20. The composition of Embodiment 1, wherein the dose of the at least
one compound is about 1 mg/kg to about 10 mg/kg.

[00255] Embodiment 21. The composition of Embodiment 1, wherein the dose of the at least
one compound is about 1 milligram per kilogram (mg/kg) to about 5 mg/kg.

[00256] Embodiment 22. The composition of Embodiment 1, wherein the dose of the at least
one compound is about 1 milligram per kilogram (mg/kg) to about 3 mg/kg.

[00257] Embodiment 23. The composition of Embodiment 1, wherein the concentration of the
at least one compound in the perilymph is about 0.1 nanomolar (nM) to about 300 nM.

[00258] Embodiment 24. The composition of Embodiment 23, wherein the concentration of
the at least one compound in the perilymph is about 0.1 nM to about 200 nM.

[00259] Embodiment 25. The composition of Embodiment 24, wherein the concentration of
the at least one compound in the perilymph is about 0.1 nM to about 100 nM.

[00260] Embodiment 26. The composition of Embodiment 1, wherein the composition further

comprises distilled water buffered to a pH of about 5 to about 8.
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[00261] Embodiment 27. The composition of Embodiment 1, wherein the composition further
comprises an auris acceptable carrier.

[00262] Embodiment 28. The composition of Embodiment 27, wherein the auris acceptable
carrier comprises at least one poloxamer.

[00263] Embodiment 29. The composition of Embodiment 28, wherein the at least one
poloxamer is chosen from poloxamer 407, poloxamer 188, poloxamer 237, poloxamer 338,
or a combination thereof.

[00264] Embodiment 30. The composition of Embodiment 1, wherein the composition is
administered into the ear of a patient in need thereof.

[00265] Embodiment 31. The composition of Embodiment 30, wherein the composition is
injected into the ear of a patient in need thereof.

[00266] Embodiment 32. The composition of Embodiment 31, wherein at least about 0.5
milligrams (mg) to at least about 300 mg is administered to a patient in need thereof.

[00267] Embodiment 33. The composition of Embodiment 32, wherein at least about 0.5
milligrams (mg) to at least about 200 mg is administered to a patient in need thereof.

[00268] Embodiment 34. The composition of Embodiment 33, wherein at least about 0.5
milligrams (mg) to at least about 100 mg is administered to a patient in need thereof.

[00269] Embodiment 35. The composition of Embodiment 1, wherein the composition is
administered before noise exposure.

[00270] Embodiment 36. The composition of Embodiment 35, wherein the composition is
administered about two hours before noise exposure.

[00271] Embodiment 37. The composition of Embodiment 35, wherein the composition is

administered before noise exposure to prevent hearing loss.
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[00272] Embodiment 38. The composition of Embodiment 1, wherein the composition is
administered about two hours after noise exposure.

[00273] Embodiment 39. The composition of Embodiment 1, wherein after delivery, the at
least one compound achieves greater than about 1 micromolar (uM) of concentration in the
perilymph and less than about 0.1 uM of concentration in the plasma.

[00274] Embodiment 40. The composition of Embodiment 1, wherein the composition is
administered daily.

[00275] Embodiment 41. The composition of Embodiment 1, wherein the composition is
administered weekly.

[00276] Embodiment 42. The composition of Embodiment 1, wherein the composition is
administered monthly.

[00277] Embodiment 43. The composition of Embodiment 1, wherein the composition is
administered once every six months.

[00278] Embodiment 44. The composition of Embodiment 1, wherein the hearing loss is age-
induced hearing loss.

[00279] Embodiment 45. The composition of Embodiment 1, wherein the hearing loss is a
noise-induced hearing loss.

[00280] Embodiment 46. The composition of Embodiment 1, wherein the hearing loss is an
antibiotic-induced noise-induced hearing loss.

[00281] Embodiment 47. The composition of Embodiment 46, wherein the antibiotic-induced
hearing loss is aminoglycoside-induced hearing loss.

[00282] Embodiment 48. The composition of Embodiment 1, wherein the hearing loss is a

chemotherapy-induced hearing loss.
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[00283] Embodiment 49. The composition of Embodiment 48, wherein the chemotherapy-
induced hearing loss is cisplatin-induced hearing loss.

[00284] Embodiment 50. The composition of Embodiment 1, wherein there is sustained
release of the at least one compound into the cochlea after a single administration.

[00285] Embodiment 51. The composition of Embodiment 50, wherein there is sustained
release of the at least one compound into the cochlea after a single administration for at least
about 1 day to at least about 100 days.

[00286] Embodiment 52. The composition of Embodiment 51, wherein there is sustained
release of the at least one compound into the cochlea after a single administration for at least
about 1 day to at least about 50 days.

[00287] Embodiment 53. The composition of Embodiment 52, wherein there is sustained
release of the at least one compound into the cochlea after a single administration for at least
about 1 day to at least about 10 days.

[00288] Embodiment 54. Use of the composition of Embodiment 1 in treating or preventing
hearing loss.

[00289] Embodiment 55. The composition of Embodiment 1, further comprising a
mucoadhesive.

[00290] Embodiment 56. A method for preventing or treating hearing loss comprising
delivering an effective amount of at least one compound that activates AMPK in at least one
hair cell.

[00291] Embodiment 57. The method of Embodiment 56, wherein the AMPK is nuclear

AMPK.
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[00292] Embodiment 58. The method of Embodiment 56, wherein the AMPK is cytoplasmic
AMPK.
[00293] Embodiment 59. The method of Embodiment 56, wherein the at least one hair cell is

an inner hair cell.

[00294] Embodiment 60. The method of Embodiment 56, wherein the at least one hair cells is
an outer hair cell.

[00295] Embodiment 61. The method of Embodiment 56, wherein the compound is
Compound 1: (3R,3aR,6R,6aR)-6-((5-([1,1'-biphenyl]-4-yl)-6-chloro-3H-imidazo[4,5-
b]pyridin-2-yl)oxy)hexahydrofuro[3,2-b]furan-3-ol, or a pharmaceutically acceptable salt,
tautomer, stereoisomer, or a mixture of stereoisomers thereof.

[00296] Embodiment 62. The method of Embodiment 56, wherein the at least one compound
is Compound 2: (3R,3aR,6R,6aR)-6-((5-chloro-6-(4-(1-
(hydroxymethyl)cyclopropyl)phenyl)-1H-benzo[d]imidazol-2-yl)oxy)hexahydrofuro[3,2-
b]furan-3-ol, or a pharmaceutically acceptable salt, tautomer, stereoisomer, or a mixture of
stereoisomers thereof.

[00297] Embodiment 63. The method of Embodiment 56, wherein the at least one compound
is Compound 3: N-(4'-(6-chloro-2-(((3R,3aR,6R,6aR)-6-hydroxyhexahydrofuro[3,2-b]furan-
3-yloxy)-3H-imidazo[4,5-b]pyridin-5-y1)-[1,1'-biphenyl]-4-yl)methanesulfonamide, or a
pharmaceutically acceptable salt, tautomer, stereoisomer, or a mixture of stereoisomers
thereof.

[00298] Embodiment 64. The method of Embodiment 56, wherein the at least one compound
is Compound 4: (3R,3aR,6R,6aR)-6-((6-fluoro-5-(4'-(pyrrolidin-3-yloxy)-[1,1'-biphenyl]-4-

yl)-1H-pyrrolo[3,2-b]pyridin-2-yl)oxy)hexahydrofuro[3,2-b]furan-3-ol, or a

117



WO 2022/192079 PCT/US2022/018884

pharmaceutically acceptable salt, tautomer, stereoisomer, or a mixture of stereoisomers
thereof..

[00299] Embodiment 65. The method of Embodiment 56, wherein the at least one compound
is Compound 5: (3R,3aR,6R,6aR)-6-((6-fluoro-5-(4'-(pyrrolidin-3-yloxy)-[1,1'-biphenyl]-4-
yl)-1H-pyrrolo[3,2-b]pyridin-2-yl)oxy)hexahydrofuro[3,2-b]furan-3-ol, or a
pharmaceutically acceptable salt, tautomer, stereoisomer, or a mixture of stereoisomers
thereof..

[00300] Embodiment 66. The method of Embodiment 56, wherein the at least one compound
is Compound 6: (3R,3aR,6R,6aR)-6-((5-(4"-(1H-pyrazol-1-yl)-[1,1'-biphenyl]-4-y1)-6-chloro-
3H-imidazo[4,5-b]pyridin-2-yl)oxy)hexahydrofuro[3,2-b]furan-3-ol, or a pharmaceutically
acceptable salt, tautomer, stereoisomer, or a mixture of stereoisomers thereof.

[00301] Embodiment 67. The method of Embodiment 56, wherein the at least one compound
is Compound 7: (3R,3aR,6R,6aR)-6-((5-(4-(6-(1H-pyrazol-1-yl)pyridin-3-yl)phenyl)-6-
chloro-3H-imidazo[4,5-b]pyridin-2-yl)oxy)hexahydrofuro[3,2-b]furan-3-ol, or a
pharmaceutically acceptable salt, tautomer, stereoisomer, or a mixture of stereoisomers
thereof.

[00302] Embodiment 68. The method of Embodiment 56, wherein the at least one compound
is Compound 8: (3R,3aR,6R,6aR)-6-((6-chloro-5-(4-(2-(2-hydroxy-2-methylpropyl)-2,6-
dihydropyrrolo[3,4-c]pyrazol-5(4H)-yl)phenyl)-3H-imidazo[4,5-b]pyridin-2-
yl)oxy)hexahydrofuro[3,2-b]furan-3-ol, or a pharmaceutically acceptable salt, tautomer,
stereoisomer, or a mixture of stereoisomers thereof.

[00303] Embodiment 69. The method of Embodiment 56, wherein the at least one compound

is Compound 9: 4'-(6-fluoro-2-(((3R,3aR,6R,6aR)-6-hydroxyhexahydrofuro[3,2-b]furan-3-
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yloxy)-1H-benzo[d]imidazol-5-yl)-[1,1'-biphenyl]-2,6-diol, or a pharmaceutically
acceptable salt, tautomer, stereoisomer, or a mixture of stereoisomers thereof.

[00304] Embodiment 70. The method of Embodiment 56, wherein the at least one compound
is Compound 10: (3R,3aR,6R,6aR)-6-((6-chloro-5-(4'-(4-(2-hydroxy-2-methylpropyl)- 1H-
pyrazol-1-yl)-[1,1'-biphenyl]-4-yl)-3H-imidazo[4,5-b]pyridin-2-yl)oxy)hexahydrofuro[3,2-
b]furan-3-ol, or a pharmaceutically acceptable salt, tautomer, stereoisomer, or a mixture of
stereoisomers thereof.

[00305] Embodiment 71. The method of Embodiment 56, wherein the at least one compound

is a compound of Formula V:

R’ NS N Y=2Z
| ] >
at” A
[00306] R®
[00307] Formula V
[00308] or a pharmaceutically acceptable salt, tautomer, stereoisomer, or a mixture of
stereoisomers thereof, wherein:
[00309] Alis N or CH;
[00310] A2 i1s N, CH, or CR6;
[00311] X is -O-;
[00312] Y is unsubstituted or substituted heterocycloalkyl;
[00313] Z is -(CH2)0-30H;
[00314] R2 is hydrogen, halogen, or methyl;
[00315] R6 is C1-3 alkyl, -CN, -CF3, or cyclopropyl; and
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[00316] Ra is -(CH2)m-halogen, oxo, -(CH2)mOH, -(CH2)mN(Rj)2, -(CH2)mNO?2, -
(CH2)mCN, -C1-6alkyl, -(CH2)mCF3, -(CH2)mOCF3, -O-(CH2)m-OC1-6alkyl, -
(CH2)mC(O)N(Rj)2, -(CH2)mC(=N-OH)N(R})2, -(CH2)mOC1-6alkyl, -(CH2)mO-(CH2)m-
C3-7cycloalkyl, -(CH2)mO-(CH2)m-C2-7cycloheteroalkyl, -(CH2)mO-(CH2)m-aryl, -
(CH2)mO-(CH2)m-heterolaryl, -(CH2)mSC1-6alkyl, -(CH2)mS(O)C1-6alkyl, -
(CH2)mSO2C1-6alkyl, -(CH2)mSO2C3-7cycloalkyl, -(CH2)mSO2C2-7cycloheteroalkyl, -
(CH2)mSO2-aryl, -(CH2)mSO2-heteroaryl, -(CH2)mSO2NHC1-6alkyl, -
(CH2)mSO2NHC3-7cycloalkyl, -(CH2)mSO2NHC2-7cycloheteroalkyl, -(CH2)mSO2NH-
aryl, -(CH2)mSO2NH-heteroaryl, -(CH2)mNHSO2-C1-6alkyl, -(CH2)mNHSO2-C3-
Tcycloalkyl, -(CH2)mNHSO2-C2-7cycloheteroalkyl, -(CH2)mNHSO2-aryl, -
(CH2)mNHSO2NH-heteroaryl, -(CH2)mN(Rj)-C1-6alkyl, -(CH2)mN(Rj)-C3-7cycloalkyl, -
(CH2)mN(Rj)-C2-7cycloheteroalkyl, -(CH2)mN(R}))-C2-7cycloheteroalkenyl, -
(CH2)mN(Rj)-aryl, -(CH2)mN(R})-heteroaryl, -(CH2)mC(O)RI, -(CH2)mC(O)N(R})2, -
(CH2)mN(Rj))C(O)N(Rj)2, -(CH2)mCO2H, -(CH2)mOCOH, -(CH2)mCO2RYf, -
(CH2)mOCORY(, -(CH2)m(C3-7cycloalkyl, -(CH2)m(C3-7cycloalkenyl, -(CH2)mC2-
6¢cycloheteroalkyl, -(CH2)mC2-6cycloheteroalkenyl, -(CH2)maryl, and -(CH2)mheteroaryl;
wherein each CH2 is unsubstituted or substituted with 1 or 2 substituents selected from: oxo,
-(CH2)I-30H, -CN, -NH2, -NH(C1-6alkyl), -N(C1-6alkyl)2, -C1-6alkyl (CH3) , OC1-6alkyl,
halogen, -CH2F, -CHF2, -CF3, -CO2H, -CO2C1-6alkyl, -C3-7cycloalkyl, phenyl,
CH2phenyl, heteroaryl and CH2heteroaryl, and wherein alkyl, cycloalkyl, cycloalkenyl,
cycloheteroalkyl, cycloheteroalkenyl, aryl and heteroaryl are unsubstituted or substituted

with 1, 2, 3 or 4 substituents selected from: oxo, -(CH2)0-50H, -CN, -NH2, -NH(C1-6alkyl),
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-N(C1-6alkyl)2, -C1-6alkyl, OC1-6alkyl, halogen, -CH2F, -CHF2, -CF3, -CO2H, -CO2C1-
6alkyl, -SO2C1-6 alkyl, -C3-7cycloalkyl, phenyl, CH2phenyl, heteroaryl and CH2heteroaryl.

[00317] Embodiment 72. The method of Embodiment 56, wherein the at least one compound
is a compound of Formula V-a:

2 H
R N

N /Y bl 4
| =z N/>—X
[00318] R®
[00319] Formula V-a
[00320] or a pharmaceutically acceptable salt, tautomer, stereoisomer, or a mixture of
stereoisomers thereof, wherein:
[00321] X is -O-;
[00322] Y is unsubstituted or substituted heterocycloalkyl;
[00323] Z is -(CH2)0-30H;
[00324] R2 is hydrogen, halogen, or methyl; and
[00325] Ra is -(CH2)m-halogen, oxo, -(CH2)mOH, -(CH2)mN(Rj)2, -(CH2)mNO?2, -

(CH2)mCN, -Cl1-6alkyl, -(CH2)mCF3, -(CH2)mOCF3, -O-(CH2)m-OC1-6alkyl, -
(CH2)mC(O)N(Rj)2, -(CH2)mC(=N-OH)N(R})2, -(CH2)mOC1-6alkyl, -(CH2)mO-(CH2)m-
C3-7cycloalkyl, -(CH2)mO-(CH2)m-C2-7cycloheteroalkyl, -(CH2)mO-(CH2)m-aryl, -
(CH2)mO-(CH2)m-heterolaryl, -(CH2)mSC1-6alkyl, -(CH2)mS(O)C1-6alkyl, -
(CH2)mSO2C1-6alkyl, -(CH2)mSO2C3-7cycloalkyl, -(CH2)mSO2C2-7cycloheteroalkyl, -
(CH2)mSO2-aryl, -(CH2)mSO2-heteroaryl, -(CH2)mSO2NHC1-6alkyl, -
(CH2)mSO2NHC3-7cycloalkyl, -(CH2)mSO2NHC2-7cycloheteroalkyl, -(CH2)mSO2NH-
aryl, -(CH2)mSO2NH-heteroaryl, -(CH2)mNHSO2-C1-6alkyl, -(CH2)mNHSO2-C3-
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Tcycloalkyl, -(CH2)mNHSO2-C2-7cycloheteroalkyl, -(CH2)mNHSO2-aryl, -
(CH2)mNHSO2NH-heteroaryl, -(CH2)mN(Rj)-C1-6alkyl, -(CH2)mN(Rj)-C3-7cycloalkyl, -
(CH2)mN(Rj)-C2-7cycloheteroalkyl, -(CH2)mN(R}))-C2-7cycloheteroalkenyl, -
(CH2)mN(Rj)-aryl, -(CH2)mN(R})-heteroaryl, -(CH2)mC(O)RI, -(CH2)mC(O)N(R})2, -
(CH2)mN(Rj))C(O)N(Rj)2, -(CH2)mCO2H, -(CH2)mOCOH, -(CH2)mCO2RYf, -
(CH2)mOCORT, -(CH2)mC3-7cycloalkyl, -(CH2)mC3-7cycloalkenyl, -(CH2)mC2-
6¢cycloheteroalkyl, -(CH2)mC2-6cycloheteroalkenyl, -(CH2)maryl, and -(CH2)mheteroaryl;
wherein each CH2 is unsubstituted or substituted with 1 or 2 substituents selected from: oxo,
-(CH2)I-30H, -CN, -NH2, -NH(C1-6alkyl), -N(C1-6alkyl)2, -C1-6alkyl (CH3) , OC1-6alkyl,
halogen, -CH2F, -CHF2, -CF3, -CO2H, -CO2C1-6alkyl, -C3-7cycloalkyl, phenyl,
CH2phenyl, heteroaryl and CH2heteroaryl, and wherein alkyl, cycloalkyl, cycloalkenyl,
cycloheteroalkyl, cycloheteroalkenyl, aryl and heteroaryl are unsubstituted or substituted
with 1, 2, 3 or 4 substituents selected from: oxo, -(CH2)0-50H, -CN, -NH2, -NH(C1-6alkyl),
-N(C1-6alkyl)2, -C1-6alkyl, OC1-6alkyl, halogen, -CH2F, -CHF2, -CF3, -CO2H, -CO2C1-
6alkyl, -SO2C1-6 alkyl, -C3-7cycloalkyl, phenyl, CH2phenyl, heteroaryl and CH2heteroaryl.
[00326] Embodiment 73. The method of Embodiment 56, wherein the at least one compound

is a compound of Formula V-b:

@

[00327] R®
[00328] Formula V-b
[00329] or a pharmaceutically acceptable salt, tautomer, stereoisomer, or a mixture of

stereoisomers thereof, wherein:
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[00330] X is -O-;

[00331] Y is unsubstituted or substituted heterocycloalkyl;

[00332] Z is -(CH2)0-30H;

[00333] R2 is hydrogen, halogen, or methyl; and

[00334] Ra is -(CH2)m-halogen, oxo, -(CH2)mOH, -(CH2)mN(Rj)2, -(CH2)mNO?2, -

(CH2)mCN, -Cl1-6alkyl, -(CH2)mCF3, -(CH2)mOCF3, -O-(CH2)m-OC1-6alkyl, -
(CH2)mC(O)N(Rj)2, -(CH2)mC(=N-OH)N(R})2, -(CH2)mOC1-6alkyl, -(CH2)mO-(CH2)m-
C3-7cycloalkyl, -(CH2)mO-(CH2)m-C2-7cycloheteroalkyl, -(CH2)mO-(CH2)m-aryl, -
(CH2)mO-(CH2)m-heterolaryl, -(CH2)mSC1-6alkyl, -(CH2)mS(O)C1-6alkyl, -
(CH2)mSO2C1-6alkyl, -(CH2)mSO2C3-7cycloalkyl, -(CH2)mSO2C2-7cycloheteroalkyl, -
(CH2)mSO2-aryl, -(CH2)mSO2-heteroaryl, -(CH2)mSO2NHC1-6alkyl, -
(CH2)mSO2NHC3-7cycloalkyl, -(CH2)mSO2NHC2-7cycloheteroalkyl, -(CH2)mSO2NH-
aryl, -(CH2)mSO2NH-heteroaryl, -(CH2)mNHSO2-C1-6alkyl, -(CH2)mNHSO2-C3-
Tcycloalkyl, -(CH2)mNHSO2-C2-7cycloheteroalkyl, -(CH2)mNHSO2-aryl, -
(CH2)mNHSO2NH-heteroaryl, -(CH2)mN(Rj)-C1-6alkyl, -(CH2)mN(Rj)-C3-7cycloalkyl, -
(CH2)mN(Rj)-C2-7cycloheteroalkyl, -(CH2)mN(R}))-C2-7cycloheteroalkenyl, -
(CH2)mN(Rj)-aryl, -(CH2)mN(R})-heteroaryl, -(CH2)mC(O)RI, -(CH2)mC(O)N(R})2, -
(CH2)mN(Rj))C(O)N(Rj)2, -(CH2)mCO2H, -(CH2)mOCOH, -(CH2)mCO2RYf, -
(CH2)mOCORT, -(CH2)mC3-7cycloalkyl, -(CH2)mC3-7cycloalkenyl, -(CH2)mC2-
6¢cycloheteroalkyl, -(CH2)mC2-6cycloheteroalkenyl, -(CH2)maryl, and -(CH2)mheteroaryl;
wherein each CH2 is unsubstituted or substituted with 1 or 2 substituents selected from: oxo,
-(CH2)I-30H, -CN, -NH2, -NH(C1-6alkyl), -N(C1-6alkyl)2, -C1-6alkyl (CH3) , OC1-6alkyl,

halogen, -CH2F, -CHF2, -CF3, -CO2H, -CO2C1-6alkyl, -C3-7cycloalkyl, phenyl,
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CH2phenyl, heteroaryl and CH2heteroaryl, and wherein alkyl, cycloalkyl, cycloalkenyl,
cycloheteroalkyl, cycloheteroalkenyl, aryl and heteroaryl are unsubstituted or substituted
with 1, 2, 3 or 4 substituents selected from: oxo, -(CH2)0-50H, -CN, -NH2, -NH(C1-6alkyl),
-N(C1-6alkyl)2, -C1-6alkyl, OC1-6alkyl, halogen, -CH2F, -CHF2, -CF3, -CO2H, -CO2C1-
6alkyl, -SO2C1-6 alkyl, -C3-7cycloalkyl, phenyl, CH2phenyl, heteroaryl and CH2heteroaryl.

[00335] Embodiment 74. The method of Embodiment 56, wherein the at least one compound
is a compound of Formula V-c:

RZ

H
>~ N PGt
| X
~
N
RG
[00336] R®
[00337] Formula V-c
[00338] or a pharmaceutically acceptable salt, tautomer, stereoisomer, or a mixture of
stereoisomers thereof, wherein:

[00339] X is -O-;
[00340] Y is unsubstituted or substituted heterocycloalkyl;
[00341] Z is -(CH2)0-30H;
[00342] R2 is hydrogen, halogen, or methyl;
[00343] R6 is C1-3 alkyl, -CN, -CF3, or cyclopropyl; and
[00344] Ra is -(CH2)m-halogen, oxo, -(CH2)mOH, -(CH2)mN(Rj)2, -(CH2)mNO?2, -

(CH2)mCN, -Cl1-6alkyl, -(CH2)mCF3, -(CH2)mOCF3, -O-(CH2)m-OC1-6alkyl, -
(CH2)mC(O)N(Rj)2, -(CH2)mC(=N-OH)N(R})2, -(CH2)mOC1-6alkyl, -(CH2)mO-(CH2)m-
C3-7cycloalkyl, -(CH2)mO-(CH2)m-C2-7cycloheteroalkyl, -(CH2)mO-(CH2)m-aryl, -
(CH2)mO-(CH2)m-heterolaryl, -(CH2)mSC1-6alkyl, -(CH2)mS(O)C1-6alkyl, -
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(CH2)mSO2C1-6alkyl, -(CH2)mSO2C3-7cycloalkyl, -(CH2)mSO2C2-7cycloheteroalkyl, -
(CH2)mSO2-aryl, -(CH2)mSO2-heteroaryl, -(CH2)mSO2NHC1-6alkyl, -
(CH2)mSO2NHC3-7cycloalkyl, -(CH2)mSO2NHC2-7cycloheteroalkyl, -(CH2)mSO2NH-
aryl, -(CH2)mSO2NH-heteroaryl, -(CH2)mNHSO2-C1-6alkyl, -(CH2)mNHSO2-C3-
Tcycloalkyl, -(CH2)mNHSO2-C2-7cycloheteroalkyl, -(CH2)mNHSO2-aryl, -
(CH2)mNHSO2NH-heteroaryl, -(CH2)mN(Rj)-C1-6alkyl, -(CH2)mN(Rj)-C3-7cycloalkyl, -
(CH2)mN(Rj)-C2-7cycloheteroalkyl, -(CH2)mN(R}))-C2-7cycloheteroalkenyl, -
(CH2)mN(Rj)-aryl, -(CH2)mN(R})-heteroaryl, -(CH2)mC(O)RI, -(CH2)mC(O)N(R})2, -
(CH2)mN(Rj))C(O)N(Rj)2, -(CH2)mCO2H, -(CH2)mOCOH, -(CH2)mCO2RYf, -
(CH2)mOCORT, -(CH2)mC3-7cycloalkyl, -(CH2)mC3-7cycloalkenyl, -(CH2)mC2-
6¢cycloheteroalkyl, -(CH2)mC2-6cycloheteroalkenyl, -(CH2)maryl, and -(CH2)mheteroaryl;
wherein each CH2 is unsubstituted or substituted with 1 or 2 substituents selected from: oxo,
-(CH2)I-30H, -CN, -NH2, -NH(C1-6alkyl), -N(C1-6alkyl)2, -C1-6alkyl (CH3) , OC1-6alkyl,
halogen, -CH2F, -CHF2, -CF3, -CO2H, -CO2C1-6alkyl, -C3-7cycloalkyl, phenyl,
CH2phenyl, heteroaryl and CH2heteroaryl, and wherein alkyl, cycloalkyl, cycloalkenyl,
cycloheteroalkyl, cycloheteroalkenyl, aryl and heteroaryl are unsubstituted or substituted
with 1, 2, 3 or 4 substituents selected from: oxo, -(CH2)0-50H, -CN, -NH2, -NH(C1-6alkyl),
-N(C1-6alkyl)2, -C1-6alkyl, OC1-6alkyl, halogen, -CH2F, -CHF2, -CF3, -CO2H, -CO2C1-
6alkyl, -SO2C1-6 alkyl, -C3-7cycloalkyl, phenyl, CH2phenyl, heteroaryl and CH2heteroaryl.

[00345] Embodiment 75. The method of Embodiment 56, wherein the concentration of the at
least one compound in the perilymph is about 0.1 nM to about 300 nM.

[00346] Embodiment 76. The method of Embodiment 75, wherein the concentration of the at

least one compound in the perilymph is about 0.1 nM to about 200 nM.
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[00347] Embodiment 77. The method of Embodiment 76, wherein the concentration of the at
least one compound in the perilymph is about 0.1 nM to about 100 nM.

[00348] Embodiment 78. The method of Embodiment 77, wherein the dose of the at least one
compound is about 1 milligram per kilogram (mg/kg) to about 10 mg/kg.

[00349] Embodiment 79. The method of Embodiment 78, wherein the dose of the at least one
compound is about 1 milligram per kilogram (mg/kg) to about 5 mg/kg.

[00350] Embodiment 80. The method of Embodiment 79, wherein the dose of the at least one
compound is about 1 milligram per kilogram (mg/kg) to about 3 mg/kg.

[00351] Embodiment 81. The method of Embodiment 56, wherein the composition further
comprises an auris acceptable carrier.

[00352] Embodiment 82. The method of Embodiment 81, wherein the auris acceptable carrier
comprises at least one poloxamer.

[00353] Embodiment 83. The method of Embodiment 82, wherein the at least one poloxamer
is chosen from poloxamer 407, poloxamer 188, poloxamer 237, poloxamer 338, or a
combination thereof.

[00354] Embodiment 84. The method of Embodiment 56, wherein the composition is
administered into the ear of a patient in need thereof.

[00355] Embodiment 85. The method of Embodiment 84, wherein the composition is injected
into the ear of a patient in need thereof.

[00356] Embodiment 86. The method of Embodiment 56, wherein at least about 0.5
milligrams (mg) to at least about 300 mg is administered to a patient in need thereof.

[00357] Embodiment 87. The method of Embodiment 86, wherein at least about 0.5 mg to at

least about 200 mg is administered to a patient in need thereof.
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[00358] Embodiment 88. The method of Embodiment 87, wherein at least about 0.5 mg to at
least about 100 mg is administered to a patient in need thereof.

[00359] Embodiment 89. The method of Embodiment 56, wherein the composition further
comprises distilled water buffered to a pH of about 5 to about 8.

[00360] Embodiment 90. The method of Embodiment 56, wherein the composition is
administered before noise exposure.

[00361] Embodiment 91. The method of Embodiment 90, wherein the composition is
administered about two hours before noise exposure.

[00362] Embodiment 92. The method of Embodiment 90, wherein the composition is
administered before noise exposure to prevent hearing loss.

[00363] Embodiment 93. The method of Embodiment 56, wherein the composition is
administered about two hours after noise exposure.

[00364] Embodiment 94. The method of Embodiment 56, wherein the composition is
administered daily.

[00365] Embodiment 95. The method of Embodiment 56, wherein the composition is
administered weekly.

[00366] Embodiment 96. The method of Embodiment 56, wherein the composition is
administered monthly.

[00367] Embodiment 97. The method of Embodiment 56, wherein the composition is
administered once every six months.

[00368] Embodiment 98. The method of Embodiment 56, wherein the hearing loss is age-

induced hearing loss.
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[00369] Embodiment 99. The method of Embodiment 56, wherein the hearing loss is a noise-
induced hearing loss.

[00370] Embodiment 100. The method of Embodiment 56, wherein the hearing loss is
antibiotic-induced hearing loss.

[00371] Embodiment 101. The method of Embodiment 100, wherein the antibiotic-induced
hearing loss is aminoglycoside-induced hearing loss.

[00372] Embodiment 102. The method of Embodiment 56, wherein the hearing loss is
chemotherapy-induced hearing loss.

[00373] Embodiment 103. The method of Embodiment 102, wherein the hearing loss is
cisplatin-induced hearing loss.

[00374] Embodiment 104. The method of Embodiment 56, wherein the hearing loss from
traumatic injury.

[00375] Embodiment 105. The method of Embodiment 56, wherein there is sustained release
of the at least one compound into the cochlea after a single administration.

[00376] Embodiment 106. The method of Embodiment 105, wherein the sustained release
occurs for a period of at least about 100 days after the single administration.

[00377] Embodiment 107. The method of Embodiment 105, wherein the sustained release
occurs for a period of at least about 50 days after the single administration.

[00378] Embodiment 108. The method of Embodiment 105, wherein the sustained release
occurs for a period of at least about 10 days after the single administration.

[00379] Embodiment 109. The method of Embodiment 105, wherein after delivery, the at
least one compound achieves greater than about 1 micromolar (uM) of concentration in the

perilymph and less than about 0.1 uM of concentration in the plasma.
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[00380] Embodiment 110. An intratympanic composition comprising (i) at least one

compound that activates AMPK in at least one hair cell and (ii) an auris acceptable carrier.

[00381] Embodiment 111. The intratympanic composition of Embodiment 110, wherein the
AMPK is nuclear AMPK.
[00382] Embodiment 112. The intratympanic composition of Embodiment 110, wherein the

AMPK is cytoplasmic AMPK.

[00383] Embodiment 113. The intratympanic composition of Embodiment 110, wherein the
hair cell is an outer hair cell.

[00384] Embodiment 114. The intratympanic composition of Embodiment 110, wherein the
hair cell is an inner hair cell.

[00385] Embodiment 115. The intratympanic composition of Embodiment 110, wherein the at
least one compound is Compound 1: (3R,3aR,6R,6aR)-6-((5-([1,1'-biphenyl]-4-yl)-6-chloro-
3H-imidazo[4,5-b]pyridin-2-yl)oxy)hexahydrofuro[3,2-b]furan-3-ol, or a pharmaceutically
acceptable salt, tautomer, stereoisomer, or a mixture of stereoisomers thereof.

[00386] Embodiment 116. The intratympanic composition of Embodiment 110, wherein the at
least one compound is Compound 2: (3R,3aR,6R,6aR)-6-((5-chloro-6-(4-(1-
(hydroxymethyl)cyclopropyl)phenyl)-1H-benzo[d]imidazol-2-yl)oxy)hexahydrofuro[3,2-
b]furan-3-ol, or a pharmaceutically acceptable salt, tautomer, stereoisomer, or a mixture of
stereoisomers thereof.

[00387] Embodiment 117. The intratympanic composition of Embodiment 110, wherein the at
least one compound is Compound 3: N-(4'-(6-chloro-2-(((3R,3aR,6R ,6aR )-6-

hydroxyhexahydrofuro[3,2-b]furan-3-yl)oxy)-3H-imidazo[4,5-b]pyridin-5-yI)-[1,1'-
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biphenyl]-4-yl)methanesulfonamide, or a pharmaceutically acceptable salt, tautomer,
stereoisomer, or a mixture of stereoisomers thereof.

[00388] Embodiment 118. The intratympanic composition of Embodiment 110, wherein the at
least one compound is Compound 4: (3R,3aR,6R,6aR)-6-((6-fluoro-5-(4'-(pyrrolidin-3-
yloxy)-[1,1'-biphenyl]-4-yl)-1H-pyrrolo[3,2-b]pyridin-2-yl)oxy)hexahydrofuro[3,2-b]furan-
3-ol, or a pharmaceutically acceptable salt, tautomer, stereoisomer, or a mixture of
stereoisomers thereof..

[00389] Embodiment 119. The intratympanic composition of Embodiment 110, wherein the at
least one compound is Compound 5: (3R,3aR,6R,6aR)-6-((6-fluoro-5-(4'-(pyrrolidin-3-
yloxy)-[1,1'-biphenyl]-4-yl)-1H-pyrrolo[3,2-b]pyridin-2-yl)oxy)hexahydrofuro[3,2-b]furan-
3-ol, or a pharmaceutically acceptable salt, tautomer, stereoisomer, or a mixture of
stereoisomers thereof..

[00390] Embodiment 120. The intratympanic composition of Embodiment 110, wherein the at
least one compound is Compound 6: (3R,3aR,6R,6aR)-6-((5-(4'-(1H-pyrazol-1-yD)-[1,1'-
biphenyl]-4-yl)-6-chloro-3H-imidazo[4,5-b]pyridin-2-yl)oxy)hexahydrofuro[3,2-b]furan-3-
ol, or a pharmaceutically acceptable salt, tautomer, stereoisomer, or a mixture of
stereoisomers thereof.

[00391] Embodiment 121. The intratympanic composition of Embodiment 110, wherein the at
least one compound is Compound 7: (3R,3aR,6R,6aR)-6-((5-(4-(6-(1H-pyrazol-1-yl)pyridin-
3-yl)phenyl)-6-chloro-3H-imidazo[4,5-b]pyridin-2-yl)oxy)hexahydrofuro[3,2-b]furan-3-ol,
or a pharmaceutically acceptable salt, tautomer, stereoisomer, or a mixture of stereoisomers

thereof.

130



WO 2022/192079 PCT/US2022/018884

[00392] Embodiment 122. The intratympanic composition of Embodiment 110, wherein the at
least one compound is Compound 8: (3R,3aR,6R,6aR)-6-((6-chloro-5-(4-(2-(2-hydroxy-2-
methylpropyl)-2,6-dihydropyrrolo[3.,4-c]pyrazol-5(4H)-yl)phenyl)-3H-imidazo[4,5-
b]pyridin-2-yl)oxy)hexahydrofuro[3,2-b]furan-3-ol, or a pharmaceutically acceptable salt,
tautomer, stereoisomer, or a mixture of stereoisomers thereof.

[00393] Embodiment 123. The intratympanic composition of Embodiment 110, wherein the at
least one compound is Compound 9: 4'-(6-fluoro-2-(((3R,3aR,6R,6aR)-6-
hydroxyhexahydrofuro[3,2-b]furan-3-yl)oxy)-1H-benzo[d]imidazol-5-yl)-[1,1'-biphenyl]-
2,6-diol, or a pharmaceutically acceptable salt, tautomer, stereoisomer, or a mixture of
stereoisomers thereof.

[00394] Embodiment 124. The intratympanic composition of Embodiment 110, wherein the at
least one compound is Compound 10: (3R,3aR,6R,6aR)-6-((6-chloro-5-(4'-(4-(2-hydroxy-2-
methylpropyl)-1H-pyrazol-1-yl)-[1,1'-biphenyl]-4-yl)-3H-imidazo[4,5-b]pyridin-2-
yl)oxy)hexahydrofuro[3,2-b]furan-3-ol, or a pharmaceutically acceptable salt, tautomer,
stereoisomer, or a mixture of stereoisomers thereof.

[00395] Embodiment 125. The intratympanic composition of Embodiment 110, wherein the at

least one compound is a compound of Formula V:

R: N H /Y bl 4
| A,}—x
[00396] R®
[00397] Formula V
[00398] or a pharmaceutically acceptable salt, tautomer, stereoisomer, or a mixture of

stereoisomers thereof, wherein:
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[00399]
[00400]
[00401]
[00402]
[00403]
[00404]
[00405]

[00406]

Alis N or CH;

A2 i1s N, CH, or CR6;

X is -O-;

Y is unsubstituted or substituted heterocycloalkyl;
Z is -(CH2)0-30H;

R2 is hydrogen, halogen, or methyl;

R6 is C1-3 alkyl, -CN, -CF3, or cyclopropyl; and

Ra is -(CH2)m-halogen, oxo, -(CH2)mOH, -(CH2)mN(Rj)2, -(CH2)mNO?2, -

(CH2)mCN, -Cl1-6alkyl, -(CH2)mCF3, -(CH2)mOCF3, -O-(CH2)m-OC1-6alkyl, -

(CH2)mC(O)N(Rj)2, -(CH2)mC(=N-OH)N(R})2, -(CH2)mOC1-6alkyl, -(CH2)mO-(CH2)m-
C3-7cycloalkyl, -(CH2)mO-(CH2)m-C2-7cycloheteroalkyl, -(CH2)mO-(CH2)m-aryl, -
(CH2)mO-(CH2)m-heterolaryl, -(CH2)mSC1-6alkyl, -(CH2)mS(O)C1-6alkyl, -
(CH2)mSO2C1-6alkyl, -(CH2)mSO2C3-7cycloalkyl, -(CH2)mSO2C2-7cycloheteroalkyl, -
(CH2)mSO2-aryl, -(CH2)mSO2-heteroaryl, -(CH2)mSO2NHC1-6alkyl, -
(CH2)mSO2NHC3-7cycloalkyl, -(CH2)mSO2NHC2-7cycloheteroalkyl, -(CH2)mSO2NH-
aryl, -(CH2)mSO2NH-heteroaryl, -(CH2)mNHSO2-C1-6alkyl, -(CH2)mNHSO2-C3-
Tcycloalkyl, -(CH2)mNHSO2-C2-7cycloheteroalkyl, -(CH2)mNHSO2-aryl, -
(CH2)mNHSO2NH-heteroaryl, -(CH2)mN(Rj)-C1-6alkyl, -(CH2)mN(Rj)-C3-7cycloalkyl, -
(CH2)mN(Rj)-C2-7cycloheteroalkyl, -(CH2)mN(R}))-C2-7cycloheteroalkenyl, -
(CH2)mN(Rj)-aryl, -(CH2)mN(R})-heteroaryl, -(CH2)mC(O)RI, -(CH2)mC(O)N(R})2, -
(CH2)mN(Rj))C(O)N(Rj)2, -(CH2)mCO2H, -(CH2)mOCOH, -(CH2)mCO2RYf, -
(CH2)mOCORT, -(CH2)mC3-7cycloalkyl, -(CH2)mC3-7cycloalkenyl, -(CH2)mC2-

6¢cycloheteroalkyl, -(CH2)mC2-6cycloheteroalkenyl, -(CH2)maryl, and -(CH2)mheteroaryl;
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wherein each CH2 is unsubstituted or substituted with 1 or 2 substituents selected from: oxo,
-(CH2)I-30H, -CN, -NH2, -NH(C1-6alkyl), -N(C1-6alkyl)2, -C1-6alkyl (CH3) , OC1-6alkyl,
halogen, -CH2F, -CHF2, -CF3, -CO2H, -CO2C1-6alkyl, -C3-7cycloalkyl, phenyl,
CH2phenyl, heteroaryl and CH2heteroaryl, and wherein alkyl, cycloalkyl, cycloalkenyl,
cycloheteroalkyl, cycloheteroalkenyl, aryl and heteroaryl are unsubstituted or substituted
with 1, 2, 3 or 4 substituents selected from: oxo, -(CH2)0-50H, -CN, -NH2, -NH(C1-6alkyl),
-N(C1-6alkyl)2, -C1-6alkyl, OC1-6alkyl, halogen, -CH2F, -CHF2, -CF3, -CO2H, -CO2C1-
6alkyl, -SO2C1-6 alkyl, -C3-7cycloalkyl, phenyl, CH2phenyl, heteroaryl and CH2heteroaryl.
[00407] Embodiment 126. The intratympanic composition of Embodiment 110, wherein the at

least one compound is a compound of Formula V-a:

RZ

A N AL
| =z N/>—X
[00408] R®
[00409] Formula V-a
[00410] or a pharmaceutically acceptable salt, tautomer, stereoisomer, or a mixture of
stereoisomers thereof, wherein:

[00411] X is -O-;
[00412] Y is unsubstituted or substituted heterocycloalkyl;
[00413] Z is -(CH2)0-30H;
[00414] R2 is hydrogen, halogen, or methyl; and
[00415] Ra is -(CH2)m-halogen, oxo, -(CH2)mOH, -(CH2)mN(Rj)2, -(CH2)mNO?2, -

(CH2)mCN, -C1-6alkyl, -(CH2)mCF3, -(CH2)mOCF3, -O-(CH2)m-OC1-6alkyl, -
(CH2)mC(O)N(Rj)2, -(CH2)mC(=N-OH)N(Rj)2, -(CH2)mOC 1-6alkyl, -(CH2)mO-(CH2)m-
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C3-7cycloalkyl, -(CH2)mO-(CH2)m-C2-7cycloheteroalkyl, -(CH2)mO-(CH2)m-aryl, -
(CH2)mO-(CH2)m-heterolaryl, -(CH2)mSC1-6alkyl, -(CH2)mS(O)C1-6alkyl, -
(CH2)mSO2C1-6alkyl, -(CH2)mSO2C3-7cycloalkyl, -(CH2)mSO2C2-7cycloheteroalkyl, -
(CH2)mSO2-aryl, -(CH2)mSO2-heteroaryl, -(CH2)mSO2NHC1-6alkyl, -
(CH2)mSO2NHC3-7cycloalkyl, -(CH2)mSO2NHC2-7cycloheteroalkyl, -(CH2)mSO2NH-
aryl, -(CH2)mSO2NH-heteroaryl, -(CH2)mNHSO2-C1-6alkyl, -(CH2)mNHSO2-C3-
Tcycloalkyl, -(CH2)mNHSO2-C2-7cycloheteroalkyl, -(CH2)mNHSO2-aryl, -
(CH2)mNHSO2NH-heteroaryl, -(CH2)mN(Rj)-C1-6alkyl, -(CH2)mN(Rj)-C3-7cycloalkyl, -
(CH2)mN(Rj)-C2-7cycloheteroalkyl, -(CH2)mN(R}))-C2-7cycloheteroalkenyl, -
(CH2)mN(Rj)-aryl, -(CH2)mN(R})-heteroaryl, -(CH2)mC(O)RI, -(CH2)mC(O)N(R})2, -
(CH2)mN(Rj))C(O)N(Rj)2, -(CH2)mCO2H, -(CH2)mOCOH, -(CH2)mCO2RYf, -
(CH2)mOCORT, -(CH2)mC3-7cycloalkyl, -(CH2)mC3-7cycloalkenyl, -(CH2)mC2-
6¢cycloheteroalkyl, -(CH2)mC2-6cycloheteroalkenyl, -(CH2)maryl, and -(CH2)mheteroaryl;
wherein each CH2 is unsubstituted or substituted with 1 or 2 substituents selected from: oxo,
-(CH2)I-30H, -CN, -NH2, -NH(C1-6alkyl), -N(C1-6alkyl)2, -C1-6alkyl (CH3) , OC1-6alkyl,
halogen, -CH2F, -CHF2, -CF3, -CO2H, -CO2C1-6alkyl, -C3-7cycloalkyl, phenyl,
CH2phenyl, heteroaryl and CH2heteroaryl, and wherein alkyl, cycloalkyl, cycloalkenyl,
cycloheteroalkyl, cycloheteroalkenyl, aryl and heteroaryl are unsubstituted or substituted
with 1, 2, 3 or 4 substituents selected from: oxo, -(CH2)0-50H, -CN, -NH2, -NH(C1-6alkyl),
-N(C1-6alkyl)2, -C1-6alkyl, OC1-6alkyl, halogen, -CH2F, -CHF2, -CF3, -CO2H, -CO2C1-
6alkyl, -SO2C1-6 alkyl, -C3-7cycloalkyl, phenyl, CH2phenyl, heteroaryl and CH2heteroaryl.
[00416] Embodiment 127. The intratympanic composition of Embodiment 110, wherein the at

least one compound is a compound of Formula V-b:
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[00417]
[00418]

[00419]

®

Formula V-b

Ra

or a pharmaceutically acceptable salt, tautomer, stereoisomer, or a mixture of

stereoisomers thereof, wherein:

[00420]
[00421]
[00422]
[00423]

[00424]

X is -O-;

Y is unsubstituted or substituted heterocycloalkyl;
Z is -(CH2)0-30H;

R2 is hydrogen, halogen, or methyl; and

Ra is -(CH2)m-halogen, oxo, -(CH2)mOH, -(CH2)mN(Rj)2, -(CH2)mNO?2, -

(CH2)mCN, -Cl1-6alkyl, -(CH2)mCF3, -(CH2)mOCF3, -O-(CH2)m-OC1-6alkyl, -

(CH2)mC(O)N(Rj)2, -(CH2)mC(=N-OH)N(Rj)2, -(CH2)mOC 1-6alkyl, -(CH2)mO-(CH2)m-

C3-7cycloalkyl, -(CH2)mO-(CH2)m-C2-7cycloheteroalkyl, -(CH2)mO-(CH2)m-aryl, -

(CH2)mO-(CH2)m-heterolaryl, -(CH2)mSC1-6alkyl, -(CH2)mS(O)C1-6alkyl, -

(CH2)mSO2C1-6alkyl, -(CH2)mSO2C3-7cycloalkyl, -(CH2)mSO2C2-7cycloheteroalkyl, -

(CH2)mSO2-aryl, -(CH2)mSO2-heteroaryl, -(CH2)mSO2NHC1-6alkyl, -

(CH2)mSO2NHC3-7cycloalkyl, -(CH2)mSO2NHC2-7cycloheteroalkyl, -(CH2)mSO2NH-

aryl, -(CH2)mSO2NH-heteroaryl, -(CH2)mNHSO2-C1-6alkyl, -(CH2)mNHSO2-C3-

Tcycloalkyl, -(CH2)mNHSO2-C2-7cycloheteroalkyl, -(CH2)mNHSO2-aryl, -

(CH2)mNHSO2NH-heteroaryl, -(CH2)mN(Rj)-C1-6alkyl, -(CH2)mN(Rj)-C3-7cycloalkyl, -

(CH2)mN(Rj)-C2-7cycloheteroalkyl, -(CH2)mN(R}))-C2-7cycloheteroalkenyl, -

(CH2)mN(Rj)-aryl, -(CH2)mN(Rj)-heteroaryl, -(CH2)mC(O)R{, -(CH2)mC(O)N(Rj)2, -
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(CH2)mN(Rj))C(O)N(Rj)2, -(CH2)mCO2H, -(CH2)mOCOH, -(CH2)mCO2RYf, -
(CH2)mOCORT, -(CH2)mC3-7cycloalkyl, -(CH2)mC3-7cycloalkenyl, -(CH2)mC2-
6¢cycloheteroalkyl, -(CH2)mC2-6cycloheteroalkenyl, -(CH2)maryl, and -(CH2)mheteroaryl;
wherein each CH2 is unsubstituted or substituted with 1 or 2 substituents selected from: oxo,
-(CH2)I-30H, -CN, -NH2, -NH(C1-6alkyl), -N(C1-6alkyl)2, -C1-6alkyl (CH3) , OC1-6alkyl,
halogen, -CH2F, -CHF2, -CF3, -CO2H, -CO2C1-6alkyl, -C3-7cycloalkyl, phenyl,
CH2phenyl, heteroaryl and CH2heteroaryl, and wherein alkyl, cycloalkyl, cycloalkenyl,
cycloheteroalkyl, cycloheteroalkenyl, aryl and heteroaryl are unsubstituted or substituted
with 1, 2, 3 or 4 substituents selected from: oxo, -(CH2)0-50H, -CN, -NH2, -NH(C1-6alkyl),
-N(C1-6alkyl)2, -C1-6alkyl, OC1-6alkyl, halogen, -CH2F, -CHF2, -CF3, -CO2H, -CO2C1-
6alkyl, -SO2C1-6 alkyl, -C3-7cycloalkyl, phenyl, CH2phenyl, heteroaryl and CH2heteroaryl.
[00425] Embodiment 128. The intratympanic composition of Embodiment 110, wherein the at

least one compound is a compound of Formula V-c:

H
RS —N A gt
| A /7%
N
RB
[00426] R®
[00427] Formula V-c
[00428] or a pharmaceutically acceptable salt, tautomer, stereoisomer, or a mixture of
stereoisomers thereof, wherein:

[00429] X is -O-;
[00430] Y is unsubstituted or substituted heterocycloalkyl;
[00431] Z is -(CH2)0-30H;
[00432] R2 is hydrogen, halogen, or methyl;
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[00433] R6 is C1-3 alkyl, -CN, -CF3, or cyclopropyl; and

[00434] Ra is -(CH2)m-halogen, oxo, -(CH2)mOH, -(CH2)mN(Rj)2, -(CH2)mNO?2, -
(CH2)mCN, -C1-6alkyl, -(CH2)mCF3, -(CH2)mOCF3, -O-(CH2)m-OC1-6alkyl, -
(CH2)mC(O)N(Rj)2, -(CH2)mC(=N-OH)N(R})2, -(CH2)mOC1-6alkyl, -(CH2)mO-(CH2)m-
C3-7cycloalkyl, -(CH2)mO-(CH2)m-C2-7cycloheteroalkyl, -(CH2)mO-(CH2)m-aryl, -
(CH2)mO-(CH2)m-heterolaryl, -(CH2)mSC1-6alkyl, -(CH2)mS(O)C1-6alkyl, -
(CH2)mSO2C1-6alkyl, -(CH2)mSO2C3-7cycloalkyl, -(CH2)mSO2C2-7cycloheteroalkyl, -
(CH2)mSO2-aryl, -(CH2)mSO2-heteroaryl, -(CH2)mSO2NHC1-6alkyl, -
(CH2)mSO2NHC3-7cycloalkyl, -(CH2)mSO2NHC2-7cycloheteroalkyl, -(CH2)mSO2NH-
aryl, -(CH2)mSO2NH-heteroaryl, -(CH2)mNHSO2-C1-6alkyl, -(CH2)mNHSO2-C3-
Tcycloalkyl, -(CH2)mNHSO2-C2-7cycloheteroalkyl, -(CH2)mNHSO2-aryl, -
(CH2)mNHSO2NH-heteroaryl, -(CH2)mN(Rj)-C1-6alkyl, -(CH2)mN(Rj)-C3-7cycloalkyl, -
(CH2)mN(Rj)-C2-7cycloheteroalkyl, -(CH2)mN(R}))-C2-7cycloheteroalkenyl, -
(CH2)mN(Rj)-aryl, -(CH2)mN(R})-heteroaryl, -(CH2)mC(O)RI, -(CH2)mC(O)N(R})2, -
(CH2)mN(Rj))C(O)N(Rj)2, -(CH2)mCO2H, -(CH2)mOCOH, -(CH2)mCO2RYf, -
(CH2)mOCORY(, -(CH2)m(C3-7cycloalkyl, -(CH2)m(C3-7cycloalkenyl, -(CH2)mC2-
6¢cycloheteroalkyl, -(CH2)mC2-6cycloheteroalkenyl, -(CH2)maryl, and -(CH2)mheteroaryl;
wherein each CH2 is unsubstituted or substituted with 1 or 2 substituents selected from: oxo,
-(CH2)I-30H, -CN, -NH2, -NH(C1-6alkyl), -N(C1-6alkyl)2, -C1-6alkyl (CH3) , OC1-6alkyl,
halogen, -CH2F, -CHF2, -CF3, -CO2H, -CO2C1-6alkyl, -C3-7cycloalkyl, phenyl,
CH2phenyl, heteroaryl and CH2heteroaryl, and wherein alkyl, cycloalkyl, cycloalkenyl,
cycloheteroalkyl, cycloheteroalkenyl, aryl and heteroaryl are unsubstituted or substituted

with 1, 2, 3 or 4 substituents selected from: oxo, -(CH2)0-50H, -CN, -NH2, -NH(C1-6alkyl),
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-N(C1-6alkyl)2, -C1-6alkyl, OC1-6alkyl, halogen, -CH2F, -CHF2, -CF3, -CO2H, -CO2C1-
6alkyl, -SO2C1-6 alkyl, -C3-7cycloalkyl, phenyl, CH2phenyl, heteroaryl and CH2heteroaryl.

[00435] Embodiment 129. The intratympanic composition of Embodiment 110, wherein there
is sustained release of the at least one compound into the cochlea after a single
administration.

[00436] Embodiment 130. The intratympanic composition of Embodiment 129, wherein the
sustained release occurs for a period of at least about 100 day after the single administration.

[00437] Embodiment 131. The intratympanic composition of Embodiment 129, wherein the
sustained release occurs for a period of at least about 50 days after the single administration.

[00438] Embodiment 132. The intratympanic composition of Embodiment 129, wherein the
sustained release occurs for a period of at least about 10 days after the single administration.

[00439] Embodiment 133. The intratympanic composition of Embodiment 110, wherein after
administration, the at least one compound achieves greater than about 1 micromolar (uM) of
concentration in the perilymph and less than about 0.1 uM of concentration in the plasma.

[00440] Embodiment 134. The intratympanic composition of Embodiment 110, wherein the
composition has a gelation temperature from about 19° C to about 37° C.

[00441] Embodiment 135. The intratympanic composition of Embodiment 110, wherein the
auris acceptable carrier has a pH of about 5.5 to about 9.0.

[00442] Embodiment 136. The intratympanic composition of Embodiment 110, further
comprising a permeability enhancer.

[00443] Embodiment 137. The intratympanic composition of Embodiment 136, wherein the

permeability enhancer is a carboxylic acid.
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[00444] Embodiment 138. The intratympanic composition of Embodiment 136, wherein the
permeability enhancer is a fatty acid.

[00445] Embodiment 139. The intratympanic composition of Embodiment 136, wherein the
permeability enhancer is a proxicam.

[00446] Embodiment 140. The intratympanic composition of Embodiment 136, wherein the
permeability enhancer is a non-ionic surfactant.

[00447] Embodiment 141. The intratympanic composition of Embodiment 136, wherein the
permeability enhancer is valproic acid.

[00448] Embodiment 142. The intratympanic composition of Embodiment 110, wherein the
composition has a viscosity of about 100 centipoise (cP) to about 1,000,000 cP.

[00449] Embodiment 143. The intratympanic composition of Embodiment 110, wherein the
composition is capable of being injected.

[00450] Embodiment 144. The intratympanic composition of Embodiment 143, wherein the
composition is capable of being injected to an area on or near the round window membrane.

[00451] Embodiment 145. Use of the intratympanic composition of Embodiment 110 in
treating or preventing hearing loss.

[00452] Embodiment 146. The use of Embodiment 145, wherein the hearing loss is age-
induced hearing loss.

[00453] Embodiment 147. The use of Embodiment 145, wherein the hearing loss is trauma-
induced hearing loss.

[00454] Embodiment 148. The use of Embodiment 145, wherein the hearing loss is antibiotic-

based hearing loss.
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[00455] Embodiment 149. The use of Embodiment 148, wherein the antibiotic-based hearing
loss is aminoglycoside-based hearing loss.

[00456] Embodiment 150. The use of Embodiment 145, wherein the hearing loss is
chemotherapy-based hearing loss.

[00457] Embodiment 151. The use of Embodiment 150, wherein the hearing loss is cisplatin-
based hearing loss.

[00458] Embodiment 152. A composition for intratympanic administration comprising at least
one compound that activates AMPK and from about 10% to about 40% by weight of a
polyoxylethylene-polyoxypropylene block copolymer.

[00459] Embodiment 153. The composition of Embodiment 152, comprising about 10% to
about 30% by weight of a polyoxylethylene-polyoxypropylene block copolymer.

[00460] Embodiment 154. The composition of Embodiment 153, comprising about 10% to
about 20% by weight of a polyoxylethylene-polyoxypropylene block copolymer.

[00461] Embodiment 155. The composition of Embodiment 152, wherein the dose of the at
least one compound is about 0.5% to about 15% by weight.

[00462] Embodiment 156. The composition of Embodiment 152, wherein the
polyoxylethylene-polyoxypropylene block copolymer comprises poloxamer 407, poloxamer
188, poloxamer 237, poloxamer 338, or a combination thereof.

[00463] Embodiment 157. The composition of Embodiment 152, wherein the at least one
compound is Compound 1: (3R,3aR,6R,6aR)-6-((5-([1,1'-biphenyl]-4-y1)-6-chloro-3H-
imidazo[4,5-b]pyridin-2-yl)oxy)hexahydrofuro[3,2-b]furan-3-ol, or a pharmaceutically

acceptable salt, tautomer, stereoisomer, or a mixture of stereoisomers thereof.
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[00464] Embodiment 158. The composition of Embodiment 152, wherein the at least one
compound is Compound 2: (3R,3aR,6R,6aR)-6-((5-chloro-6-(4-(1-
(hydroxymethyl)cyclopropyl)phenyl)-1H-benzo[d]imidazol-2-yl)oxy)hexahydrofuro[3,2-
b]furan-3-ol, or a pharmaceutically acceptable salt, tautomer, stereoisomer, or a mixture of
stereoisomers thereof.

[00465] Embodiment 159. The composition of Embodiment 152, wherein the at least one
compound is Compound 3: N-(4'-(6-chloro-2-(((3R,3aR,6R,6aR)-6-
hydroxyhexahydrofuro[3,2-b]furan-3-yl)oxy)-3H-imidazo[4,5-b]pyridin-5-yI)-[1,1'-
biphenyl]-4-yl)methanesulfonamide, or a pharmaceutically acceptable salt, tautomer,
stereoisomer, or a mixture of stereoisomers thereof.

[00466] Embodiment 160. The composition of Embodiment 152, wherein the at least one
compound is Compound 4: (3R,3aR,6R,6aR)-6-((6-fluoro-5-(4'-(pyrrolidin-3-yloxy)-[1,1'-
biphenyl]-4-yl)-1H-pyrrolo[3,2-b]pyridin-2-yl)oxy)hexahydrofuro[3,2-b]furan-3-ol, or a
pharmaceutically acceptable salt, tautomer, stereoisomer, or a mixture of stereoisomers
thereof..

[00467] Embodiment 161. The composition of Embodiment 152, wherein the at least one
compound is Compound 5: (3R,3aR,6R,6aR)-6-((6-fluoro-5-(4'-(pyrrolidin-3-yloxy)-[1,1'-
biphenyl]-4-yl)-1H-pyrrolo[3,2-b]pyridin-2-yl)oxy)hexahydrofuro[3,2-b]furan-3-ol, or a
pharmaceutically acceptable salt, tautomer, stereoisomer, or a mixture of stereoisomers
thereof..

[00468] Embodiment 162. The composition of Embodiment 152, wherein the at least one
compound is Compound 6: (3R,3aR,6R,6aR)-6-((5-(4'-(1H-pyrazol-1-yl)-[1,1'-biphenyl]-4-

yl)-6-chloro-3H-imidazo[4,5-b]pyridin-2-yl)oxy)hexahydrofuro[3,2-b]furan-3-ol, or a
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pharmaceutically acceptable salt, tautomer, stereoisomer, or a mixture of stereoisomers
thereof.

[00469] Embodiment 163. The composition of Embodiment 152, wherein the at least one
compound is Compound 7: (3R,3aR,6R,6aR)-6-((5-(4-(6-(1H-pyrazol-1-yl)pyridin-3-
yl)phenyl)-6-chloro-3H-imidazo[4,5-b]pyridin-2-yl)oxy)hexahydrofuro[3,2-b]furan-3-ol, or a
pharmaceutically acceptable salt, tautomer, stereoisomer, or a mixture of stereoisomers
thereof.

[00470] Embodiment 164. The composition of Embodiment 152, wherein the at least one
compound is Compound 8: (3R,3aR,6R,6aR)-6-((6-chloro-5-(4-(2-(2-hydroxy-2-
methylpropyl)-2,6-dihydropyrrolo[3.,4-c]pyrazol-5(4H)-yl)phenyl)-3H-imidazo[4,5-
b]pyridin-2-yl)oxy)hexahydrofuro[3,2-b]furan-3-ol, or a pharmaceutically acceptable salt,
tautomer, stereoisomer, or a mixture of stereoisomers thereof.

[00471] Embodiment 165. The composition of Embodiment 152, wherein the at least one
compound is Compound 9: 4'-(6-fluoro-2-(((3R,3aR,6R,6aR)-6-hydroxyhexahydrofuro[3,2-
b]furan-3-yl)oxy)-1H-benzo[d]imidazol-5-yl)-[1,1'-biphenyl]-2,6-diol, or a pharmaceutically
acceptable salt, tautomer, stereoisomer, or a mixture of stereoisomers thereof.

[00472] Embodiment 166. The composition of Embodiment 152, wherein the at least one
compound is Compound 10: (3R,3aR,6R,6aR)-6-((6-chloro-5-(4'-(4-(2-hydroxy-2-
methylpropyl)-1H-pyrazol-1-yl)-[1,1'-biphenyl]-4-yl)-3H-imidazo[4,5-b]pyridin-2-
yl)oxy)hexahydrofuro[3,2-b]furan-3-ol, or a pharmaceutically acceptable salt, tautomer,
stereoisomer, or a mixture of stereoisomers thereof.

[00473] Embodiment 167. The composition of Embodiment 152, wherein the at least one

compound is a compound of Formula V:
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[00474]
[00475]

[00476]

R2 H
N /Y -_—Z
| . )X
A1 A2
Ra
Formula V

or a pharmaceutically acceptable salt, tautomer, stereoisomer, or a mixture of

stereoisomers thereof, wherein:

[00477]
[00478]
[00479]
[00480]
[00481]
[00482]
[00483]

[00484]

Alis N or CH;

A2 i1s N, CH, or CR6;

X is -O-;

Y is unsubstituted or substituted heterocycloalkyl;
Z is -(CH2)0-30H;

R2 is hydrogen, halogen, or methyl;

R6 is C1-3 alkyl, -CN, -CF3, or cyclopropyl; and

Ra is -(CH2)m-halogen, oxo, -(CH2)mOH, -(CH2)mN(Rj)2, -(CH2)mNO?2, -

(CH2)mCN, -Cl1-6alkyl, -(CH2)mCF3, -(CH2)mOCF3, -O-(CH2)m-OC1-6alkyl, -

(CH2)mC(O)N(Rj)2, -(CH2)mC(=N-OH)N(Rj)2, -(CH2)mOC 1-6alkyl, -(CH2)mO-(CH2)m-

C3-7cycloalkyl, -(CH2)mO-(CH2)m-C2-7cycloheteroalkyl, -(CH2)mO-(CH2)m-aryl, -

(CH2)mO-(CH2)m-heterolaryl, -(CH2)mSC1-6alkyl, -(CH2)mS(O)C1-6alkyl, -

(CH2)mSO2C1-6alkyl, -(CH2)mSO2C3-7cycloalkyl, -(CH2)mSO2C2-7cycloheteroalkyl, -

(CH2)mSO2-aryl, -(CH2)mSO2-heteroaryl, -(CH2)mSO2NHC1-6alkyl, -

(CH2)mSO2NHC3-7cycloalkyl, -(CH2)mSO2NHC2-7cycloheteroalkyl, -(CH2)mSO2NH-

aryl, -(CH2)mSO2NH-heteroaryl, -(CH2)mNHSO2-C1-6alkyl, -(CH2)mNHSO2-C3-

Tcycloalkyl, -(CH2)mNHSO2-C2-7cycloheteroalkyl, -(CH2)mNHSO2-aryl, -
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(CH2)mNHSO2NH-heteroaryl, -(CH2)mN(Rj)-C1-6alkyl, -(CH2)mN(Rj)-C3-7cycloalkyl, -
(CH2)mN(Rj)-C2-7cycloheteroalkyl, -(CH2)mN(R}))-C2-7cycloheteroalkenyl, -
(CH2)mN(Rj)-aryl, -(CH2)mN(R})-heteroaryl, -(CH2)mC(O)RI, -(CH2)mC(O)N(R})2, -
(CH2)mN(Rj))C(O)N(Rj)2, -(CH2)mCO2H, -(CH2)mOCOH, -(CH2)mCO2RYf, -
(CH2)mOCORT, -(CH2)mC3-7cycloalkyl, -(CH2)mC3-7cycloalkenyl, -(CH2)mC2-
6¢cycloheteroalkyl, -(CH2)mC2-6cycloheteroalkenyl, -(CH2)maryl, and -(CH2)mheteroaryl;
wherein each CH2 is unsubstituted or substituted with 1 or 2 substituents selected from: oxo,
-(CH2)I-30H, -CN, -NH2, -NH(C1-6alkyl), -N(C1-6alkyl)2, -C1-6alkyl (CH3) , OC1-6alkyl,
halogen, -CH2F, -CHF2, -CF3, -CO2H, -CO2C1-6alkyl, -C3-7cycloalkyl, phenyl,
CH2phenyl, heteroaryl and CH2heteroaryl, and wherein alkyl, cycloalkyl, cycloalkenyl,
cycloheteroalkyl, cycloheteroalkenyl, aryl and heteroaryl are unsubstituted or substituted
with 1, 2, 3 or 4 substituents selected from: oxo, -(CH2)0-50H, -CN, -NH2, -NH(C1-6alkyl),
-N(C1-6alkyl)2, -C1-6alkyl, OC1-6alkyl, halogen, -CH2F, -CHF2, -CF3, -CO2H, -CO2C1-
6alkyl, -SO2C1-6 alkyl, -C3-7cycloalkyl, phenyl, CH2phenyl, heteroaryl and CH2heteroaryl.
[00485] Embodiment 168. The composition of Embodiment 152, wherein the at least one

compound is a compound of Formula V-a:

R: A N AL
| =z N/>—X
[00486] R®
[00487] Formula V-a
[00488] or a pharmaceutically acceptable salt, tautomer, stereoisomer, or a mixture of

stereoisomers thereof, wherein:
[00489] X is -O-;
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[00490] Y is unsubstituted or substituted heterocycloalkyl;

[00491] Z is -(CH2)0-30H;

[00492] R2 is hydrogen, halogen, or methyl; and

[00493] Ra is -(CH2)m-halogen, oxo, -(CH2)mOH, -(CH2)mN(Rj)2, -(CH2)mNO?2, -

(CH2)mCN, -Cl1-6alkyl, -(CH2)mCF3, -(CH2)mOCF3, -O-(CH2)m-OC1-6alkyl, -
(CH2)mC(O)N(Rj)2, -(CH2)mC(=N-OH)N(R})2, -(CH2)mOC1-6alkyl, -(CH2)mO-(CH2)m-
C3-7cycloalkyl, -(CH2)mO-(CH2)m-C2-7cycloheteroalkyl, -(CH2)mO-(CH2)m-aryl, -
(CH2)mO-(CH2)m-heterolaryl, -(CH2)mSC1-6alkyl, -(CH2)mS(O)C1-6alkyl, -
(CH2)mSO2C1-6alkyl, -(CH2)mSO2C3-7cycloalkyl, -(CH2)mSO2C2-7cycloheteroalkyl, -
(CH2)mSO2-aryl, -(CH2)mSO2-heteroaryl, -(CH2)mSO2NHC1-6alkyl, -
(CH2)mSO2NHC3-7cycloalkyl, -(CH2)mSO2NHC2-7cycloheteroalkyl, -(CH2)mSO2NH-
aryl, -(CH2)mSO2NH-heteroaryl, -(CH2)mNHSO2-C1-6alkyl, -(CH2)mNHSO2-C3-
Tcycloalkyl, -(CH2)mNHSO2-C2-7cycloheteroalkyl, -(CH2)mNHSO2-aryl, -
(CH2)mNHSO2NH-heteroaryl, -(CH2)mN(Rj)-C1-6alkyl, -(CH2)mN(Rj)-C3-7cycloalkyl, -
(CH2)mN(Rj)-C2-7cycloheteroalkyl, -(CH2)mN(R}))-C2-7cycloheteroalkenyl, -
(CH2)mN(Rj)-aryl, -(CH2)mN(R})-heteroaryl, -(CH2)mC(O)RI, -(CH2)mC(O)N(R})2, -
(CH2)mN(Rj))C(O)N(Rj)2, -(CH2)mCO2H, -(CH2)mOCOH, -(CH2)mCO2RYf, -
(CH2)mOCORY(, -(CH2)m(C3-7cycloalkyl, -(CH2)m(C3-7cycloalkenyl, -(CH2)mC2-
6¢cycloheteroalkyl, -(CH2)mC2-6cycloheteroalkenyl, -(CH2)maryl, and -(CH2)mheteroaryl;
wherein each CH2 is unsubstituted or substituted with 1 or 2 substituents selected from: oxo,
-(CH2)I-30H, -CN, -NH2, -NH(C1-6alkyl), -N(C1-6alkyl)2, -C1-6alkyl (CH3) , OC1-6alkyl,
halogen, -CH2F, -CHF2, -CF3, -CO2H, -CO2C1-6alkyl, -C3-7cycloalkyl, phenyl,

CH2phenyl, heteroaryl and CH2heteroaryl, and wherein alkyl, cycloalkyl, cycloalkenyl,
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cycloheteroalkyl, cycloheteroalkenyl, aryl and heteroaryl are unsubstituted or substituted
with 1, 2, 3 or 4 substituents selected from: oxo, -(CH2)0-50H, -CN, -NH2, -NH(C1-6alkyl),
-N(C1-6alkyl)2, -C1-6alkyl, OC1-6alkyl, halogen, -CH2F, -CHF2, -CF3, -CO2H, -CO2C1-
6alkyl, -SO2C1-6 alkyl, -C3-7cycloalkyl, phenyl, CH2phenyl, heteroaryl and CH2heteroaryl.
[00494] Embodiment 169. The composition of Embodiment 152, wherein the at least one

compound is a compound of Formula V-b:

R2 H
Lo
/, X
J
[00495] R®
[00496] Formula V-b
[00497] or a pharmaceutically acceptable salt, tautomer, stereoisomer, or a mixture of

stereoisomers thereof, wherein:

[00498] X is -O-;

[00499] Y is unsubstituted or substituted heterocycloalkyl;

[00500] Z is -(CH2)0-30H;

[00501] R2 is hydrogen, halogen, or methyl; and

[00502] Ra is -(CH2)m-halogen, oxo, -(CH2)mOH, -(CH2)mN(Rj)2, -(CH2)mNO?2, -

(CH2)mCN, -Cl1-6alkyl, -(CH2)mCF3, -(CH2)mOCF3, -O-(CH2)m-OC1-6alkyl, -
(CH2)mC(O)N(Rj)2, -(CH2)mC(=N-OH)N(R})2, -(CH2)mOC1-6alkyl, -(CH2)mO-(CH2)m-
C3-7cycloalkyl, -(CH2)mO-(CH2)m-C2-7cycloheteroalkyl, -(CH2)mO-(CH2)m-aryl, -
(CH2)mO-(CH2)m-heterolaryl, -(CH2)mSC1-6alkyl, -(CH2)mS(O)C1-6alkyl, -
(CH2)mSO2C1-6alkyl, -(CH2)mSO2C3-7cycloalkyl, -(CH2)mSO2C2-7cycloheteroalkyl, -

(CH2)mSO2-aryl, -(CH2)mSO2-heteroaryl, -(CH2)mSO2NHC1-6alkyl, -
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(CH2)mSO2NHC3-7cycloalkyl, -(CH2)mSO2NHC2-7cycloheteroalkyl, -(CH2)mSO2NH-
aryl, -(CH2)mSO2NH-heteroaryl, -(CH2)mNHSO2-C1-6alkyl, -(CH2)mNHSO2-C3-
Tcycloalkyl, -(CH2)mNHSO2-C2-7cycloheteroalkyl, -(CH2)mNHSO2-aryl, -
(CH2)mNHSO2NH-heteroaryl, -(CH2)mN(Rj)-C1-6alkyl, -(CH2)mN(Rj)-C3-7cycloalkyl, -
(CH2)mN(Rj)-C2-7cycloheteroalkyl, -(CH2)mN(R}))-C2-7cycloheteroalkenyl, -
(CH2)mN(Rj)-aryl, -(CH2)mN(R})-heteroaryl, -(CH2)mC(O)RI, -(CH2)mC(O)N(R})2, -
(CH2)mN(Rj))C(O)N(Rj)2, -(CH2)mCO2H, -(CH2)mOCOH, -(CH2)mCO2RYf, -
(CH2)mOCORT, -(CH2)mC3-7cycloalkyl, -(CH2)mC3-7cycloalkenyl, -(CH2)mC2-
6¢cycloheteroalkyl, -(CH2)mC2-6cycloheteroalkenyl, -(CH2)maryl, and -(CH2)mheteroaryl;
wherein each CH2 is unsubstituted or substituted with 1 or 2 substituents selected from: oxo,
-(CH2)I-30H, -CN, -NH2, -NH(C1-6alkyl), -N(C1-6alkyl)2, -C1-6alkyl (CH3) , OC1-6alkyl,
halogen, -CH2F, -CHF2, -CF3, -CO2H, -CO2C1-6alkyl, -C3-7cycloalkyl, phenyl,
CH2phenyl, heteroaryl and CH2heteroaryl, and wherein alkyl, cycloalkyl, cycloalkenyl,
cycloheteroalkyl, cycloheteroalkenyl, aryl and heteroaryl are unsubstituted or substituted
with 1, 2, 3 or 4 substituents selected from: oxo, -(CH2)0-50H, -CN, -NH2, -NH(C1-6alkyl),
-N(C1-6alkyl)2, -C1-6alkyl, OC1-6alkyl, halogen, -CH2F, -CHF2, -CF3, -CO2H, -CO2C1-
6alkyl, -SO2C1-6 alkyl, -C3-7cycloalkyl, phenyl, CH2phenyl, heteroaryl and CH2heteroaryl.
[00503] Embodiment 170. The composition of Embodiment 152, wherein the at least one
compound is a compound of Formula V-c:
RZ
N
I ~

N

[00504] R®

[00505] Formula V-c
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[00506]

or a pharmaceutically acceptable salt, tautomer, stereoisomer, or a mixture of

stereoisomers thereof, wherein:

[00507]
[00508]
[00509]
[00510]
[00511]

[00512]

X is -O-;

Y is unsubstituted or substituted heterocycloalkyl;
Z is -(CH2)0-30H;

R2 is hydrogen, halogen, or methyl;

R6 is C1-3 alkyl, -CN, -CF3, or cyclopropyl; and

Ra is -(CH2)m-halogen, oxo, -(CH2)mOH, -(CH2)mN(Rj)2, -(CH2)mNO?2, -

(CH2)mCN, -Cl1-6alkyl, -(CH2)mCF3, -(CH2)mOCF3, -O-(CH2)m-OC1-6alkyl, -
(CH2)mC(O)N(Rj)2, -(CH2)mC(=N-OH)N(R})2, -(CH2)mOC1-6alkyl, -(CH2)mO-(CH2)m-
C3-7cycloalkyl, -(CH2)mO-(CH2)m-C2-7cycloheteroalkyl, -(CH2)mO-(CH2)m-aryl, -
(CH2)mO-(CH2)m-heterolaryl, -(CH2)mSC1-6alkyl, -(CH2)mS(O)C1-6alkyl, -
(CH2)mSO2C1-6alkyl, -(CH2)mSO2C3-7cycloalkyl, -(CH2)mSO2C2-7cycloheteroalkyl, -
(CH2)mSO2-aryl, -(CH2)mSO2-heteroaryl, -(CH2)mSO2NHC1-6alkyl, -
(CH2)mSO2NHC3-7cycloalkyl, -(CH2)mSO2NHC2-7cycloheteroalkyl, -(CH2)mSO2NH-
aryl, -(CH2)mSO2NH-heteroaryl, -(CH2)mNHSO2-C1-6alkyl, -(CH2)mNHSO2-C3-
Tcycloalkyl, -(CH2)mNHSO2-C2-7cycloheteroalkyl, -(CH2)mNHSO2-aryl, -
(CH2)mNHSO2NH-heteroaryl, -(CH2)mN(Rj)-C1-6alkyl, -(CH2)mN(Rj)-C3-7cycloalkyl, -
(CH2)mN(Rj)-C2-7cycloheteroalkyl, -(CH2)mN(R}))-C2-7cycloheteroalkenyl, -
(CH2)mN(Rj)-aryl, -(CH2)mN(R})-heteroaryl, -(CH2)mC(O)RI, -(CH2)mC(O)N(R})2, -
(CH2)mN(Rj))C(O)N(Rj)2, -(CH2)mCO2H, -(CH2)mOCOH, -(CH2)mCO2RYf, -
(CH2)mOCORT, -(CH2)mC3-7cycloalkyl, -(CH2)mC3-7cycloalkenyl, -(CH2)mC2-

6¢cycloheteroalkyl, -(CH2)mC2-6cycloheteroalkenyl, -(CH2)maryl, and -(CH2)mheteroaryl;
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wherein each CH2 is unsubstituted or substituted with 1 or 2 substituents selected from: oxo,
-(CH2)I-30H, -CN, -NH2, -NH(C1-6alkyl), -N(C1-6alkyl)2, -C1-6alkyl (CH3) , OC1-6alkyl,
halogen, -CH2F, -CHF2, -CF3, -CO2H, -CO2C1-6alkyl, -C3-7cycloalkyl, phenyl,
CH2phenyl, heteroaryl and CH2heteroaryl, and wherein alkyl, cycloalkyl, cycloalkenyl,
cycloheteroalkyl, cycloheteroalkenyl, aryl and heteroaryl are unsubstituted or substituted
with 1, 2, 3 or 4 substituents selected from: oxo, -(CH2)0-50H, -CN, -NH2, -NH(C1-6alkyl),
-N(C1-6alkyl)2, -C1-6alkyl, OC1-6alkyl, halogen, -CH2F, -CHF2, -CF3, -CO2H, -CO2C1-
6alkyl, -SO2C1-6 alkyl, -C3-7cycloalkyl, phenyl, CH2phenyl, heteroaryl and CH2heteroaryl.

[00513] Embodiment 171. The composition of Embodiment 152, wherein the at least one
compound is encapsulated in nanoparticles, microparticles or microspheres.

[00514] Embodiment 172. A pharmaceutical composition comprising at least one gelling
agent and at least one compound that activates AMPK in at least one hair cell.

[00515] Embodiment 173. The pharmaceutical composition of Embodiment 172, wherein the

AMPK is cytoplasmic AMPK.

[00516] Embodiment 174. The pharmaceutical composition of Embodiment 172, wherein the
AMPK is nuclear AMPK.
[00517] Embodiment 175. The pharmaceutical composition of Embodiment 172, wherein the

hair cell is an inner hair cell.

[00518] Embodiment 176. The pharmaceutical composition of Embodiment 172, wherein the
hair cell is an outer hair cell.

[00519] Embodiment 177. The pharmaceutical composition of Embodiment 172, wherein the
at least one gelling agent is selected from hyaluronan, a polyoxyethylene-polyoxypropylene

block copolymer, poly(lactic-co-glycolic) acid, polylactic acid, polycaprolactone, fibroin,
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alginic acid or a salt thereof, polyethylene glycol, a cellulose, a cellulose ether, a carbomer,
agar-agar, gelatin, glucomannan, galactomannan, xanthan gum, chitosan, pectin, starch,
tragacanth, carrageenan, polyvinylpyrrolidone, polyvinyl alcohol, paraffin, petrolatum,
silicates, fibroin, or a combination thereof.

[00520] Embodiment 178. The pharmaceutical composition of Embodiment 172, wherein the
at least one gelling agent is hyaluronan.

[00521] Embodiment 179. The pharmaceutical composition of Embodiment 172, wherein the
at least one gelling agent is a combination of hyaluronan and methylcellulose.

[00522] Embodiment 180. The pharmaceutical composition of Embodiment 172, wherein the
cellulose ether is methylcellulose, carboxymethylcellulose, ethylcellulose,
hydroxyethylcellulose, methyl hydroxyethylcellulose, hydroxypropyl methylcellulose, or
hydroxypropylcellulose.

[00523] Embodiment 181. The pharmaceutical composition of Embodiment 172, wherein the
at least one gelling agent is a polyoxyethylene-polyoxypropylene block copolymer.

[00524] Embodiment 182. The pharmaceutical composition of Embodiment 172, wherein the
polyoxyethylene- polyoxypropylene block copolymer is poloxamer 407, poloxamer 188,
poloxamer 237, poloxamer 338, or a combination thereof.

[00525] Embodiment 183. The pharmaceutical composition of Embodiment 172, wherein the
at least one gelling agent is fibroin.

[00526] Embodiment 184. The pharmaceutical composition of Embodiment 172, wherein the
at least one gelling agent is cross-linked.

[00527] Embodiment 185. The pharmaceutical composition of Embodiment 172, wherein the

at least one gelling agent is ionically cross-linked.
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[00528] Embodiment 186. The pharmaceutical composition of Embodiment 172, wherein the
at least one gelling agent is covalently cross-linked.

[00529] Embodiment 187. The pharmaceutical composition of Embodiment 172, wherein the
at least one gelling agent is not cross-linked.

[00530] Embodiment 188. The pharmaceutical composition of Embodiment 172, further
comprising a pharmaceutically acceptable liquid solvent.

[00531] Embodiment 189. The pharmaceutical composition of Embodiment 188, wherein the
pharmaceutically acceptable liquid solvent is water.

[00532] Embodiment 190. Use of the pharmaceutical composition of Embodiment 172 in
treating or preventing hearing loss.

[00533] Embodiment 191. The use of Embodiment 190, wherein the hearing loss is age-
induced hearing loss.

[00534] Embodiment 192. The use of Embodiment 190, wherein the hearing loss is trauma-
induced hearing loss.

[00535] Embodiment 193. The use of Embodiment 190, wherein the hearing loss is antibiotic-
based hearing loss.

[00536] Embodiment 194. The use of Embodiment 193, wherein the antibiotic-based hearing
loss is aminoglycoside-based hearing loss.

[00537] Embodiment 195. The use of Embodiment 190, wherein the hearing loss is
chemotherapy-based hearing loss.

[00538] Embodiment 196. The use of Embodiment 195, wherein the hearing loss is cisplatin-

based hearing loss.
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[00539] Embodiment 197. The pharmaceutical composition of Embodiment 172, wherein the
pharmaceutical composition can be delivered into the ear of a subject in need thereof.

[00540] Embodiment 198. The pharmaceutical composition of Embodiment 197, wherein
after delivery, the at least one compound achieves greater than about 1 micromolar (uM) of

concentration in the perilymph and less than about 0.1 uM of concentration in the plasma.

EXAMPLES
[00541] Example 1: The identification of cellular factors associated with susceptibility to
NIHL
[00542] In a genome-wide association study for sensitivity to noise exposure in mice, a peak

SNP is identified in the gene encoding the 7 subunit of AMPK (FIGS. 2A-2B). In order to
investigate whether AMPK- % is involved in noise protection, auditory brainstem response (ABR)
thresholds are measured in §5- deficient mice following moderate noise exposure. Compared to
wildtype controls, »- deficient mice have significantly elevated hearing thresholds demonstrating

heightened susceptibility to NIHL in the absence of % (Fig. 3A). Furthermore, microscopic
examination of IHCs in the 32 kHz region of the cochlea following immunofluorescent staining of
hair cell stereocilia (Myo7a) and pre- and postsynaptic markers Ctbp2 and GIuR2, respectively,
reveal that this increased noise sensitivity is accompanied by changes in the number and morphology
of ribbon synapses: lack of AMPK » exacerbates the noise-induced reduction of ribbon synapses,
leads to the appearance of orphan post-synaptic receptors and increases presynaptic ribbon volume,
suggesting a presynaptic aberration in IHCs (FIGS. 3C & 3D).

[00543] The effect of moderate noise exposure on AMPK in the inner ear is directly
examined. A phospho-Thr172 specific AMPK antibody is used as a measure of active AMPK.

Noise-induced activation of AMPK in the nucleus and cytosol of IHCs is observed, while AMPK-
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activation in OHCs is restricted to only the cytoplasm (FIGS. 4A-4E). Moreover, it is found that the
7% subunit is required for nuclear AMPK activation in IHCs (FIGS. 4A-4E).
[00544] The objective of this example is to ascertain the role of the ¢; and % subunits of the

heterotrimeric AMPK complex in the IHC, their necessity for nuclear activation of AMPK, and their
role in protection from noise damage, in the adult mouse. These two specific subunits of the
heterotrimeric AMPK complex may be necessary for the IHC nuclear accumulation of active AMPK

in response to moderate noise. To that end, the objective is: (1) to confirm noise sensitivity and
aberrant IHC nuclear AMPK activation and synaptic ribbon maintenance in 6-week- old 75 mutant
mice using an inducible adult hair cell specific targeting strategy for 75 inactivation; (2) to confirm
noise sensitivity of 6-week-old o1 mutant mice using the same inducible adult hair cell specific
strategy and assess @1’s role in nuclear AMPK activation and synaptic ribbon maintenance in IHCs,
and (3) to determine the subcellular localization of the ¢4 and )5 subunits in the IHC before and after
noise exposure.

[00545] Probing the necessity of AMPK % for noise protection and proper IHC ribbon
synapse architecture in the adult mouse cochlea. In this experiment, the potential confounders of
constitutive and embryonic knock out of 75 on noise sensitivity are excluded using an inducible and
cell-type specific knock out strategy. To accomplish this, hearing, AMPK Thr172 phosphorylation,
and synaptic ribbon density and morphology are analyzed after moderate noise exposure in 6-week
old Gfil-2A-GFP-CreERT2/Prkag2fl/fl mice, which lack % only in inner ear hair cells only after
tamoxifen treatment.

[00546] Inducing deletion of AMPK % subunit. To induce deletion of floxed alleles, mice are

intraperitoneally injected with tamoxifen (75 mg/kg body weight) at 5.5 weeks- of-age for five days,
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a protocol which has previously yielded successful recombination in over 99% of adult mouse hair
cells. Mutant mice without tamoxifen treatment serve as normal controls. The mouse lines required
for this experiment are already available and only require breeding. Hearing is tested one day post-
exposure (temporary threshold shift; TTS) and two weeks post-exposure (PTS).

[00547] Inducing NIHL in mice. To induce NIHL, mice are exposed to octave band noise
(OBN) with a center frequency of 10 kHz for 2 hours using a method adapted from Kujawa, Sharon
G., and M. Charles Liberman. "Adding insult to injury: cochlear nerve degeneration after
“temporary” noise-induced hearing loss." Journal of Neuroscience 29.45 (2009): 14077-14085.,
which is incorporated herein by reference in its entirety.

[00548] Assessments. Morphological examination of IHCs and synaptic ribbons by
fluorescence imaging of whole mount cochlear epithelia are done in cohorts of 24 hours, 48 hours,
and two weeks post-exposure to elucidate the activation time course and include staining for active
AMPK (phospho-Thr172), pre- (Ctbp2) and postsynaptic (mGluR2) markers and hair cell stereocilia

(Myo7a). This is also performed on midmodialor sections stained with TuJ1 for neuron counts.
(FIGS. 3A-3D & 4A-4E). Thus, hair cell-specific loss of AMPK- in adult mice lead to phenotypes
similar to the ones observed in the constitutive AMPK-» knock out in these studies.

[00549] Assessing involvement of the % subunit in the nuclear AMPK complex in IHCs
at baseline and after noise exposure.

[00550] Creating a mouse model containing an N-terminal GFP-tagged 1> AMPK subunit and
assess association pre- and post-noise exposure. A knock-in mouse model is created using
CRISPR/Cas9 in which the endogenous 7 gene contains an in frame 5° GFP construct with deletion

of the initiation codon of Prkag2. Once available, these mice are subjected to the noise exposure

protocol described above.
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[00551] Assess IHC & synaptic ribbon morphology. Fluorescence imaging of whole mount
cochlear epithelia is performed on a cohort of mice (6 per condition) pre- and 24 hours post-noise

exposure and include co-staining for hair cell stereocilia (Myo7a). Based on the data and the
expression patterns, the % subunit is observed to be part of the AMPK heterotrimer necessary for
nuclear activation and localize to the nucleus both pre- and post-noise exposure.

[00552] Probing the necessity of AMPK- a1 for noise protection and proper IHC ribbon
synapse architecture in the adult mouse cochlea. The data demonstrate a requirement for AMPK-
% for noise protection and nuclear AMPK activation in IHCs. Because noise sensitivity is also
demonstrated in AMPK- ;-deficient mice, the ¢4 subunit likely constitutes another part of the
heterotrimeric AMPK complex, which is necessary for its noise-induced nuclear activation in IHCs.
To explore this, hearing, AMPK Thr172 phosphorylation, and synaptic ribbon density and
morphology in Gfil- 2A-GFP- CreERT2/Prkaal™® mice is analyzed as described above. These &1-

deficient mice are likely sensitive to moderate noise exposure with reduced or absent IHC nuclear

pAMPK and disrupted synaptic ribbon morphology.

[00553] Assessing involvement of the o subunit in the nuclear AMPK complex in IHCs at
baseline and after noise exposure. Although the data might imply a role for the ¢; subunit in IHC
nuclear AMPK activation, a direct role can only be determined by tracking the ¢4 subunit in a whole

animal pre- and post- noise exposure. A knock-in mouse model is created using CRISPR/Cas9 in
which the endogenous Prkaal gene contains an in frame 5° GFP with a deletion of the endogenous
Prkaal initiation codon, similar to the tagging procedure described above. Once available, these

mice are subjected to noise exposure and whole mount cochlear epithelia is analyzed as described
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above. The ¢4 subunit is part of the AMPK heterotrimer necessary for nuclear activation and

localized to the nucleus both pre- and post-noise exposure.

[00554] The above studies identify specific AMPK subunits required for protection from
NIHL, proper ribbon synapse architecture and nuclear AMPK activation in IHCs in vivo. Because a
cell culture system that adequately represents the biochemistry of the IHC of the organ of Corti does
not exist, all experiments are performed in mice in vivo.

[00555] There is a potential for off-target mutations when utilizing the CRISPR/Cas9 system
albeit at low incidence. To address this concern, two independent lines for experiments are
generated, each backcrossed to the parental B6 background for several generations. All potential off-
target sites of sgRNAs are also sequenced as predicted by appropriate software. If necessary,
unbiased whole-genome deep sequencing is performed. B6 mice contain a mutation in Cdh23
leading to adult onset hearing loss. However, at 6-weeks of age, the timing of the experiments, this
mutation is not an issue.

[00556] Example 2: Evaluation of small molecule AMPK activators in ameliorating
NIHL and characterization of the AMPK-dependent pathway leading to NTHL susceptibility
[00557] There has been increasing interest in AMPK activation in human disease. Recently, a
pan-AMPK activator, Compound 1, has been shown in preclinical data to improve glucose
homeostasis. Data using Compound 1 shows nuclear and cytoplasmic activation of AMPK in both
inner and outer hair cells and protection of synaptic ribbons and auditory thresholds in treated mice
(FIGS. 9A-9B). The activation pathways and downstream targets of AMPK differ depending on its
subcellular localization (FIG. 8C). In response to energy stress, LKB1 activates cytoplasmic and
lysosomal AMPK in an axin-dependent manner as exemplified by phosphorylation of the AMPK

target ACC1, whereas it activates mitochondrial AMPK in an axin-independent manner as
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exemplified by phosphorylation of the AMPK target ACC2. By contrast, activation of nuclear
AMPK in response to elevated intracellular Ca** levels are mediated by CaMKK2. For the observed
noise-induced activation of nuclear AMPK in IHCs, in the absence of which (s deficiency) mice
suffer greater synaptic ribbon morphometric changes and NIHL (FIGS. 3A-3D & 4A-4E), AMPK
may be activated by CaMKK?2, especially given that physiological sound relay to the auditory nerve
in IHCs involves transient Ca2+ elevation. In fact, the data demonstrate baseline hearing loss and
more severe noise damage in CaMKK?2-deficient mice (FIGS. 10A-10C). Alternatively, noise-
induced AMPK activation in IHCs could depend on LKB1, which has recently been shown to be
required for postnatal stereocilia organization and OHC maintenance in the inner ear.

[00558] In these studies, reduced basal phosphorylation levels of the LKB1-mediated AMPK
target ACC in the absence of 5 has also been observed (FIG. 8A). The critical AMPK activation
pathway for IHC protection from NIHL thus remains unclear. The pharmacokinetics, dosing, route
of administration and efficacy of small molecules AMPK activators Compound 1 and Compound 2
are explored in the treatment/prevention of noise damage in mice in collaboration with our
colleagues at the SBP. Furthermore, noise sensitivity, subcellular AMPK activation, and synaptic
ribbon integrity in the absence of LKB1 and CaMKK?2 were examined to clarify the activation
pathways for nuclear AMPK in IHCs after noise exposure.

[00559] Complete ADME and PK assessment of Compound 1 and Compound 2 at several
doses by oral and intratympanic (IT) dosing in wild-type mice and in transgenic efflux-pump knock-
out mice to benchmark compound exposure. Analysis of known AMPK activators identify two
compounds, Compound 1 and Compound 2 with potent in vitro and in vivo activity and high passive

permeability. Drug distribution of Compound 1 in a mouse was determined after dosing at 300
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mg/kg. Although Compound 1 has high permeability (24 10 cm/sec, PAMPA) brain and perilymph
doses were significantly lower than plasma doses (Table 2).

Table 2. Doses of Compound 1 in mouse plasma, brain and perilymph at 2h after a 300 mg/kg
p.o. dose

Plasma Brain Perilymph
443 + 64 uM 45+5 uM 0.87 £0.04 uM
[00560] These results are consistent with molecules that are substrates for ABC transporter

proteins such as P-glycoprotein (P-gp) or the breast cancer resistance protein (BCRP) that are highly
expressed at both the blood-brain and blood- labyrinth barriers. Described in this example is a
determination of the specific mechanism for the low brain and perilymph doses, investigation of the
potential for IT dosing, and preparation for pharmacodynamic (PD) studies described elsewhere
herein.

[00561] Compounds 1 and 2 are purchased from commercial suppliers. Structure and purity
are confirmed using mass spectrometry, liquid chromatography, and NMR. Compounds 1 and 2 are
evaluated in a battery of in vitro ADME assays to quantitatively evaluate their transporter-mediated
efflux and gauge their potential for IT delivery. These assays included brain and plasma free fraction
which allows one to calculate the unbound partition coefficient between plasma and brain, and
MDCK permeability assays with and without P-gp, BCRP and MRP1/2 inhibitors. Comparing the
efflux ratios reveals which transporter proteins are responsible for efflux and informed the design of
the in vivo pharmacodynamic (PD) experiments highlighted above.

[00562] Developing poloxamer 407 formulation for IT dosing of Compound 1 and Compound
2. Compounds as described herein re formulated in a sustained release formulation using poloxamer
407 hydrogel, a triblock copolymer that is mucoadhesive and transforms from a liquid at room

temperature to a gel at 37 °C. These properties allow poloxamer 407 to deliver drug via the ear over
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extended time periods. It is possible that local delivery could overcome the dose limitations observed
with peripheral delivery.

[00563] Complete baseline pharmacokinetics (PK) of Compound 1 and Compound 2 at
several doses by oral gavage and IT dosing in wild type and efflux-pump knockout mice. Building
upon the Compound 1 PK experiment (Table 2), pharmacokinetic experiments at moderate dose (20
mg/kg) are conducted for Compound 1 and Compound 2, and at high dose for Compound 2,
measuring plasma, brain, and perilymph drug levels at multiple time points. Additionally, using the
poloxamer 407 formulations developed, both compounds are dosed intratympanically and drug
levels measured in the perilymph, brain, CSF, and plasma levels at multiple time points to evaluate
sustained release. Finally, based upon the results of the in vitro transporter efflux studies, PK studies
in transporter knockout mice are conducted at 20 mg/kg. Since MDR1 (P-gp), BCRP, MRP and
MDR 1a/b-BCRP knockout mice are commercially available, efflux transport are eliminated and
achieve brain:plasma and perilymph:plasma unbound partition ratios close to 1. Since perilymph
exposure is dose limited in wt mice, the transporter KO mice enable PK/PD studies with these
compounds by achieving higher perilymph exposure at significantly lower doses.

[00564] Evaluate the ability of these AMPK activators to protect mice from NIHL at PK
guided doses in both oral and IT dosing and determine the PK/PD relationship to strengthen the
therapeutic theory.

[00565] Dosing AMPK activators in mouse NIHL model. Based upon the results/data, the
transporter knockout mouse model (Tg) identified above are used, which provides the unbound
partition ratio closest to 1. Mice are dosed with either Compound 1, Compound 2, or control by
gavage and IT administration, with cohorts consisting of 2 hours pre-, 2 hours post-, and 2 hours pre-

and post- noise exposure based on the protocol as described. The Tg or wt mouse that provides the
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unbound partition ratio closest to 1 is chosen, and three doses are selected to achieve 1-, 3- and 10-
fold margins over the unbound IC50 based upon the potency and PK data.

[00566] Assessing morphological changes. Two weeks post noise exposure, hearing tests are
performed, followed by morphological assessments of noise damage/protection as described above.
Synaptic ribbons and IHCs are evaluated by fluorescence imaging, and active AMPK, pre- and post-
synaptic markers, and hair cell stereocilia are stained and measured. Drug levels in perilymph, blood,
brain and CSF are determined for each experiment.

[00567] Establishing the PK/PD relationship for Compound 1 and Compound 2. Unbound
drug levels are compared to drug effect for each of the three doses to estimate the unbound in vivo
EC50 for both compounds. Comparison to the respective in vitro IC50s provide an estimate of the
target coverage required for both median and maximum efficacy. Taken as a whole the data provide
evidence that the drug effects are on target. They also provide support for the therapeutic use and
outline a path for drug discovery efforts. More specifically, these numbers may allow estimating the
necessary potency and PK of an orally administered drug for it to advance into late preclinical
studies. Similarly, the IT dosing studies may allow assessing the potential for Compound 1 or
Compound 2 to advance as locally administered drugs and highlight which properties are most
important for efficacy.

[00568] Evaluate known regulatory pathways (LKB1 and CaMKK2) leading to nuclear
AMPK activity in IHCs after noise exposure. The main upstream kinase responsible for Thr172
phosphorylation in response to energy stress is the serine/threonine kinase LKB1. Binding of AMP,
or to a less potent degree ADP, to the ¥ subunit induces a conformational change protecting the
activation site from dephosphorylation. In addition to changes in adenine nucleotide levels, there

may be other important non-canonical modes of AMPK regulation. The best characterized
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nucleotide-independent regulation of AMPK is active site phosphorylation by CaMKK2. CAMKK?2
is activated by increases in intracellular Ca2+, as occurs in IHCs with sound stimulation, and has
been shown to increase the amount of nuclear Thr172- phosphorylated AMPK, in contrast to LKB1.
[00569] To clarify the upstream mediators of AMPK activation in IHCs after noise, ABR
thresholds, active AMPK subcellular localization, and synaptic ribbons pre- and post-moderate noise
exposure are analyzed in Lkb1f{l/fl and Camkk2{1/fl mice, individually or in combination, using the
inducible hair cell specific strategy (Gfil- 2A-GFP-CreERT2) and experimental methods described
elsewhere herein. Mice of the same genotype without tamoxifen treatment are used as normal
controls. These studies clarify the mechanisms upstream of nuclear AMPK activation in IHCs after
noise exposure.

[00570] The data represent a substantive departure from the status quo by (1) identifying the
AMPK- 7 subunit as a factor genetically associated with sensitivity to NIHL and essential for
optimal noise protection and IHC synaptic ribbon architecture in mice, (2) demonstrating that noise
leads to nuclear AMPK activity only in IHCs, and (3) biochemically demonstrating that AMPK is
shuttled into and out of the nucleus in its inactive state and therefore becomes “trapped” in the
respective subcellular compartment upon activation. Genetic, physiological, cell biological,
biochemical and structural, and pharmacological methods re used to establish the molecular
mechanistic basis for AMPK-dependent protection from NIHL, laying the groundwork for targeted
prevention and/or treatment of NIHL.

[00571] Example 3. Assessment of test article pharmacokinetics, gel retention
characteristic, and efficacy for prevention of noise-induced hearing loss in mice

[00572] Dose Information and Preparation

[00573] Test Article, Positive and Negative Control
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Table 3. Test Article Information

Test Article Name

Compound 1

Storage Conditions

The test article will be stored at O °C to 4 °C upon receipt

Handling and Administration | Compound 1stable at room temp

Characterization

N/A

Reserve Sample

No retention sample is needed

Test Article dispositon

All remaining unused test article material will be discarded

Table 4. Vehicle Information

Vehicle Name

Phosphate-Buffered Saline (PBS), Poloxamer 407, DMSO

Storage Conditions

Vehicle will be stored at 0-4°C.

Characterization

Turner Scientific will be responsible for providing the Safety
Data Sheet for the vehicle prior to the initial dose
administration. SDS will be obtained from supplier.

Reserve Sample

No retention sample is needed

Test Article disposition

All remaining unused vehicle will be discared by Turner
Scientific

Table 5. Test Article Preparation

Preparation and handling

Upon arrival, the test article packaging will be inspected to
ensure that the syringes/vials have not been damaged. Before
aliquoting, the formulations will be inspected for
homogeneity.

Contents will not be opened until time of solubilization, to
maintain sterility.

Treatment solutions of 5 mg/ml of Compound 1 test article

will be prepared in 5% DMSO-95% blank formulation (20%
poloxamer in FBS) by vortexing, as needed.
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To prepare 10 ml blank formulation, 2g Poloxamer 407 will
be added into 10 mL PBS. During the mixing process, cool-
vortex-cool-vortex is needed until clear formulation is
acquired, as Poloxamer

solution is liquid at 4°C, but becomes viscous as temperature
rises.

To prepare 500 vl of the drug formulation at S mg/mb Weigh
2.5 mg of drug powder, add 25 ul DMSQO, vortex to dissolve,
add 4735 ul blank formulation to above DMSO selution,
pipctte up and down several times to nux, vortex undil most
solid dissolved.

Before injection, mix the drug formulation, as it tends to
precipitate after short period.

Applications to animals should be performed according to
internal SOPs

Frequency

Test article treatment solution will be prepared the day before
treatment, for each treatment cohort, and stored overnight at
4-8°C for the air bubbles to be released.

Storage Conditions

The test article will be stored at -20 °C until singular
treatment dose preparations and will be kept dry prior to use.

Once product package is opened, contents may be subject to
contamination.

Discard any unused product after opening.

Table 6. Vehicle Preparation

Preparation and handling

Sterile phosphate-buffered saline (PBS) from vials will be
used in preparing the vehicle treatment solution.

Upon arrival of the PBS, it will be inspected that the container
has not been damaged. Applications to animals should be
performed according to internal SOPs.

Sterile Poloxamer 407 from vials will be used in preparing the
vehicle treatment solution.

Upon arrival of the Poloxamer 407, it will be inspected that
the container has not been damaged. Applications to animals
should be performed according to internal SOPs.
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DMSO from bottle will be used in preparing the vehicle
treatment solution.

Upon arrival of the DMSO, it will be inspected that the
container has not been damaged. Applications to animals
should be performed according to internal SOP.

Frequency Sterile PBS, Poloxamer 407, and DMSO will be used in the
single preparation of the injection-ready test article and
vehicle solutions.

Storage Conditions The sterile PBS,Poloxamer 407, and DMSO vials will be
stored at 4-8 °C until preparation of the injection-ready
vehicle solutions.

[00574] Test System

Table 7. Animal Identification, Housing, and Environmental Conditions

Species Mus musculus

Strain C57Bl/6

Source In house breeding or Charles River order
Number/sex reserved 46/male & female

Number/sex placed 42/male & female

Target age Great than 3 weeks of age

Target weight N/A

Randomization Animals will be randomly assigned to

treatment groups. However, given the small
sample sizes per group, animals

may then also be matched to different
treatment groups based upon baseline ABR
tests if they are not similar enough using
random assignment.

Identification Per Turner Scientific’s SOPs

Acclimation At least 5-7 days if ordered from Charles
River

Housing Animals group housed 2-5 mice where

groups allow
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Number per cage 2-5. single housing will only be used for
animals that have visible wounds and require
careful monitoring, or where there is
aggression/fighting between animals
Environmental conditions Per Turner Scientific’s SOPs: light/dark
cycle, temperature, relative humidity, and
light (lux levels) within the normal Guide
limits.

Enrichment Animals will be provided
psychological/environmental enrichment
which will be documented in facility records
Photoperiod 12 hours light / 12 hours dark

Environmental monitoring Environmental parameters (noise, vibration,
light, temperature, and humidity) will be
recorded 24 (hours/day)/7 (days/week) with
Turner Scientific’s proprietary Sensory
Sentinel animal environmental room
monitor, with baseline noise levels below 50
dB, in the mouse hearing range, and
vibration below 0.002 g, both well below
levels known to activate stress pathways
and/or cause confounding changes in the
peripheral and central auditory system.

Table 8. Diet and Water

Diet Type/Name | Appropriate commercial: TEKLAD Global 14% rodent
maintenance from Envigo
Availability | Ad libitum

Water Sources Brita-filtered water

Availability | Ad libitum

[00575] The feed and water are not expected to contain any contaminants that may interfere
with the study.
[00576] Veterinary care and Medication. Animals will be bred and placed in the study

directly from the colony. Any data generated on animals required to be replaced after dose
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administration will be retained, along with records regarding reasons for the replacement. If an
animal is excluded, any data already collected on that animal will be retained. Relevant information
will be included in the study report. Animals will be replaced at the time of injection if the injections
are determined at the time to be poor. Animals will also be replaced if they die at any point after
injection but before collecting the final ABR records. If animals display strong vestibular side effects
of the treatment, and it is the advice of the veterinarian that the animal should be sacrificed for
welfare reasons, we will replace the animals but may still collect ABR and histological data for
informational, exploratory purposes.

[00577] Animals will be examined by the veterinary staff as warranted by clinical signs or
other changes. No medication will be used on this study unless recommended by the Turner
Scientific veterinarian. Attempts will be made to consult with the Study Director and Sponsor for
medication use or euthanasia when doing so would not cause undue pain and suffering to the animal.
In case of emergency and the Study Director and Sponsor cannot be contacted, the Turner Scientific
veterinarian will determine and provide the course of appropriate treatment for the animal and the
Study Director will be informed as soon as possible. The Study Director will communicate medical

interventions to the Sponsor in a timely manner and these interventions will be included in the final

report.
[00578] In-Life Procedures
[00579] Summary of Study Designs

Table 9. Pharmacokinetic (PK) Study

Group | Number of Unilateral Unilateral Perilymph Dose
Animals Intratympanic Injection | Sampling (timing after IT | volume
(Day 0) injection)
1 N =5 (male or | Test Article with 1 hour SuL
female) Poloxamer gel
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2 N =5 (male or | Test Article with 3 hours SuL
female) Poloxamer gel

3 N =5 (male or | Test Article with 24 hours SuL
female) Poloxamer gel

4 N =5 (male or | Test Article with 48 hours SuL
female) Poloxamer gel

[00580] Assessment of pharmacokinetics of AMPlify test article in mice. Animals:

C57BI/6 adult mice, bred in-house or secured from an approved vendor if stock is not available.
N=20 animals will receive a single middle ear delivery of test article via intratympanic injection.
Study animals will be divided into four groups of n=5 per timepoint, with all animals undergoing
unilateral perilymph sampling at each of four timepoints after test article delivery: 1 hour, 3 hours,
24 hours, and 48 hours. Middle ear sample at 1 and 3 hrs if sufficient volume (0.5ul) is observed in
the middle ear during perilymph sampling. Each perilymph sample will be 1ul in volume, collected
from the posterior semi-circular canal. Samples from all 5 animals in each timepoint will be pooled
into a single 5 plL sample containing 25 puL of deionized water and frozen at —80 °C. A graphical
summary of this study design is depicted in FIG. 11.

Table 10. Tympanic Membrane (TM) and Middle Ear (ME) Assessment Study

Group | Number of Bilateral Intratympanic | Bilateral TM and ME Dose
Animals Injection (Day 0) Assessment (timing after | volume
IT injection)
1 N =1 (male or | Test Article with 24 hours SuL
female) Poloxamer gel
2 N =1 (male or | Test Article with 48 hours SuL
female) Poloxamer gel

[00581] Assessment of TM perforation and presence of gel in mice. Animals: C57B1/6 adult mice,
bred in-house or secured from an approved vendor if stock is not available. N=2 animals will receive
bilateral middle ear delivery of test article via intratympanic injection. One study animal will be

sacrificed at 24 hours post-injection, and one animal will be sacrificed at 48 hours post injections.
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Both animals will bilateral TM and middle ear exploration to assess the presence and size of any TM

perforation, and presence of any test article with gel in the middle ear. A graphical summary of this

study design is depicted in FIG. 12.

Table 11. Noise-induced Hearing Loss (NIHL) Pilot Study

Group | Number of | ABR Noise Unilateral | IT Dosing Dose
Animals Baseline and | Exposure | Left IT Details volume
Day 14 Injection
(Day 0)
1 N =5 (male | Left only 110-112 Test Article | Unilateral left S5uL
or female) db with side IT injection
8-16 kHZ | poloxamer
2 hours gel Prior to noise
exposure
2 N =5 (male | Left only 110-112 Poloxamer | Unilateral left S5uL
or female) db gel without | side IT injection
8-16 kHZ | test article
Prior to noise
exposure
Poloxamer to
include all
components
(DMSO, etc.)
except test article
3 N =5 (male | Left only 2 hours Test Article | Unilateral left SuL
or female) with side IT injection
poloxamer
gel Immediately after
noise exposure
4 N =5 (male | Left only 110-112 Poloxomer | Unilateral left S5uL
or female) db gel without | side IT injection
8-16 kHZ | test article
Immediately after
noise exposure
Poloxamer to
include all
components
(DMSO, etc.)
except test article
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[00582] Assessment of test article in prevention of noise-induced hearing loss using mice.
Animals: C57B1/6 adult mice, aged 4 to 16 weeks, bred in-house or secured from an approved
vendor if stock is not available. N=20 mice will be used as study animals. Study animals will
undergo baseline unilateral left-side auditory brainstem response (ABR) testing at 8, 16, and 32 kHz.
Following ABR testing, at least 24-hrs later, study animals will undergo noise exposure while awake
at 110-112 dB SPL, 8-16 kHz band, 2-hr duration, with the goal of producing moderate chronic
hearing loss in all animals. In addition, study animals will be divided into four groups of n=5
animals and receive intratympanic injection procedures as follows: (1) Group 1 will receive
unilateral left side injection of AMPIlify test article prior to noise exposure, at a time to be
determined; (2) Group 2 will receive unilateral left side injection of poloxamer gel without drug (to
include all components (DMSO, etc) except drug) prior to noise exposure, at a time to be
determined; (3) Group 3 will receive unilateral left side injection of test article immediately after
noise exposure; (4) Group 4 will receive unilateral left side injection of poloxamer gel without drug
(to include all components (DMSO, etc) after noise exposure. All injections will be an appropriate
volume (e.g., 5 uL). Unilateral left-side ABR testing will be repeated at day 14 following IT
injections. Study animals will be sacrificed on Day 14 post IT injections. Left-side temporal bones
will be harvested from all study animals for analysis. A graphical summary of this slide is depicted
in FIG. 13.

[00583] Study Rational and Justification. The present study may determine how the test
article affects living tissues such as active mucous membranes and vasculature or how the test article
might induce malaise, morbidity, or mortality; all of which is essential for safety studies.

[00584] A sample size of 5 ears (5 animals per group, collapsing across both sexes) may be

sufficient to detect a macromolecular effect (in response to an intratympanic injection) and sufficient
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to inform subsequent dosing studies. The present study may allow accurately pharmacokinetic
analysis, TM & ME assessment, and ABR data and provide evidence regarding the potential
transportation, metabolic modification, or elimination, as well as the potentially hearing-protective
effects, of intratympanic injection of compositions as described herein in a mouse model.

[00585] Dose Administration. Frequency: Once, unilaterally (PK and NIHL Studies) or
bilaterally (TM and ME Exploration Study), intratympanic, 5 pL/ear at a 5 uL/second rate. Process:
Each ear will receive one IT placement of a test articles as described herein.

[00586] Mortality/Moribundity Observations. Frequency: Daily. Process: Moribund mice
may be euthanized under a lethal dose of the anesthetic ketamine/xylazine, and tissues may be
collected for study inclusion and/or pathological analysis. Discussion with the veterinarian and
Sponsor will determine whether data from the animal can be obtained.

[00587] Physical Examinations. Frequency: Once prior to IT injection. Process: Animals

maybe examined by trained veterinary staff at a frequency (e.g., once prior to IT injection). Physical
examinations may include, but are not limited to, general physical condition, skin, mucus
membranes, eyes, ears, nose, and respiration. Findings outside of normal limits may be documented.
[00588] Body Weights. Body weights may be obtained: once, upon placement in study and
weekly thereafter; prior to each ABR; on day of IT injection (Day 0). Process: Body weight
measurements may be performed according to SOPs. Additional body weights may be obtained to
monitor animal health.

[00589] Detailed Clinical Observations. Frequency: Daily. Process: Clinical observations
maybe performed according to SOPs. Animals may be observed for any clinical signs of illness or

reaction to treatment including dose site reactions.
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[00590] Intra-tympanic Injection of test article. Intra-tympanic injection may be performed
at a frequency (e.g., once) unilaterally (PK and NIHL Studies) or bilaterally (TM and ME
Exploration Study) at, e.g., 5 pL/ear at a 5 pL/second rate.

[00591] Process: For IT injections, after anesthesia with ketamine/xylazine, the head will be
positioned on the side and angled to allow otoscopic viewing of the ear canal and tympanic
membrane (TM). The nose will be elevated toward the ceiling creating a head angle with the floor of
approximately 30 degrees. Injections will be conducted with the assistance of a surgical microscope.
5 puL of cold test article will be delivered at a rate of 5 pL/second, through a 27 g needle fitted to a
Hamilton microsyringe and delivered automatically with the assistance of a World Precision
Instruments microinjection pump assembly.

[00592] Any cerumen or other debris will be removed manually without the use of alcohol,
saline, sterile water, carbamide peroxide, or any other chemical agents that might irritate the skin
surface or interfere/interact with AMPIlify’s test article. Injections will be made in an appropriate,
visible location through the TM. A small perforation at the injection site will first be made with a
clean 27 g needle tip. The injection needle will be bent 90° to allow for a clear view of the TM and
filed/shaped under a microscope so as not to damage underlying structures. Before use, the blunted
needle will first be hot bead-sterilized for at least 30 seconds, and then cooled to room temperature
before use. After injection, the animal’s head will then be held in place for 15 minutes in the same
30-degree orientation as used in the injection before repeating the same procedure on the
contralateral ear in bilateral injection animals. In situations where the IT injection was considered
poor, defined as a Grade 4 perforation (Table 1), or where there is excessive bleeding or other
damage that would interfere with assessment of the ear canal or TM, that ear will be excluded from

the study and it will be replaced with a new one.
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[00593] Tympanic Membrane (TM) and Middle Ear (ME) Assessment. At a frequency
(e.g., once) otoscopic inspection of the TM site for wound healing and middle ear test article/gel
features will be performed after euthanasia at, e.g., 24 or 48 hours post-injection. Video/photography
documentation of each TM and middle ear space may be provided. The TM will also be scored for
erythema, edema and healing according to grading scales listed in Table 12. Middle ear will be
checked for any presence of gel. An overview of this study is provided in FIG. 12.

Table 12. Tympanic Membrane Perforation Healing Scale

Erythema Edema Wound Canal
Grade 0: No erythema | Grade 0: No edema Grade 0: No Notes on excessive
perforation / cerumen, bleeding,
completely healed infection, presence of
Grade 1: Slight Grade 1: Slight edema | Grade 1: Pinhole formulation
erythema perforation
Grade 2: Erythema Grade 2: Moderate Grade 2: <25%
clearly visible edema surface area
perforation
Grade 3: Moderate Grade 3: Intense Grade 3: 25-50%
Erythema edema surface area
perforation
Grade 4: Intense Grade 4: Intense Grade 4: >50%
erythema edema with bulging surface area
perforation
[00594] Perilymph Sampling from Mouse. Frequency: Once, unilaterally. Process: At the

specified time points, mice will be anesthetized with about 3-5% isoflurane gas for induction and
maintained via nose cone under a surgical plane of anesthesia with about 1-3% isoflurane (0.5-1
L/min in oxygen) for the duration of the surgical procedure. Body temperature will be maintained
with a heating pad. The left post-auricular region will be cleared of hair and cleaned with Betadine.
With the aid of an operating microscope, using aseptic technique, a post-auricular incision will be
made. The bulla and posterior semi-circular canal are exposed, muscle and connective tissue is blunt

dissected away. This overlying bone will be thinned with a drill burr or surgical instruments/pick,
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and a layer of cyanoacrylate glue will be placed, followed by the formation of a hydrophobic cup
with silicone adhesive. The bone will be fenestrated using a stapes pick and leaking perilymph will
be allowed to pool in the silicone cup, collected in a calibrated pulled glass capillary tube and
transferred to a low binding microtube and placed in -80°C storage until shipment. Approximately 1
ul of perilymph will be removed from each cochlea and samples from the animals of each timepoint
will be pooled to result in 5 samples with the addition of 25 ul of deionized water as a diluant. After
perilymph sampling, the bulla will be opened to inspect and collect fluid from the middle ear, if
present. The animal will be euthanized after procedure is complete.

[00595] Noise-based Induction of Moderate Chronic Hearing Loss. Male and female
57Bl/6 mice (n=20) will be given the following noise exposure: 8-16 kHz, octave band-pass signal,
110-112 dB SPL, 120-minute duration, in a free field, while awake.

[00596] Unilateral Auditory Brainstem Responses (ABR’s). ABR data collection will be
performed using a compact auditory electro-diagnostic system. The acoustic stimulus presentation,
ABR acquisition, equipment control, and data management are coordinated using Tucker Davis
Technologies (TDT) System III Hardware consisting of RA4PA 4-Channel Medusa Preamplifier and
RAA4LI Headstage, and BioSigRP and SigGen Software (versions 4.4.1 and 4.4, respectively).
Calibration of the acoustic signals will be conducted at the beginning of each day of testing with
Turner Scientific’s Sensory Sentinel mobile acoustic measurement system
(https://www.turnerscientific.com/sensorysentinel), consisting of a 1/4" microphone (PCB
Piezotronics 377601 Microphone with 426A11 Microphone Preamplifier), acoustic calibrator
(Larson Davis CAL200 Sound Level Calibrator), Precision Data Acquisition Unit (192 kHz
sampling rate, 24 bit, IEPE power), and custom Sensory Sentinel acoustics processing software

(version 1.0.0.14). Acoustic calibration measurements will be collected 1 cm from the tip of the
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speaker funnel output, using a closed coupler, to simulate the pressure present at the animal’s
tympanic membrane. Sound stimuli will be calibrated in dB SPL (unweighted peak sound pressure
level, re: 20 puPa).

[00597] Acoustic stimuli will be generated by the TDT system and presented to the ear canal
to be assessed via a high-frequency transducer (TDT MFI, closed field) directed into the canal as
close to the canal tissue as possible without sealing against tissue or blocking the canal. The sound
stimuli will consist of tone bursts with rise-fall times of 0.1 ms and plateaus of 1.5 ms at frequencies
of 8, 16, & 32 kHz. The biological signals will be amplified, averaged, and displayed on the
computer screen. Sound intensities will be presented at ascending intensity steps from 5 dB to 80 dB
in 5 dB steps. Animals will be anesthetized with an intraperitoneal injection of 87.5 mg/kg ketamine
& 12.5 mg/kg xylazine. ABRs will be recorded using three stainless steel needle electrodes placed
sub-dermally over the vertex (non-inverting electrode), the ipsilateral (speaker on driver side), and
contralateral mastoids (inverting and ground electrodes) of the animal.

[00598] Animals will be anesthetized with an intraperitoneal injection of 87.5 mg/kg ketamine
& 12.5 mg/kg xylazine. ABRs will be recorded using three stainless steel needle electrodes placed
sub-dermally over the vertex (non-inverting electrode), the ipsilateral (speaker on driver side), and

contralateral mastoids (inverting and ground electrodes) of the animal.

[00599] Terminal Procedures
[00600] Necropsy
[00601] Euthanasia: At assigned terminal timepoints or if considered moribund, animals will

be euthanized in accordance with SOPs and AMA Panel on Euthanasia.
[00602] Unscheduled Sacrifices and Death: For any animal found dead or moribund, then

euthanized, a gross macroscopic post-mortem experiment examination will be conducted as soon as
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possible. If the post-mortem examination cannot be performed within two hours, the study animal
may be stored refrigerated (2 °C to 8 °C) until an examination can be performed.

[00603] The following will be collected from animals in PK study:

[00604] 1 uL perilymph will be collected unilaterally from the posterior semi-circular canal.
Samples from all 5 animals in each timepoint will be pooled into a single 5 uL. sample containing 25
uL of deionized water and stored at -80 °C until shipment. A total of 4 perilymph samples will be
collected.

[00605] For 1 h and 3 h groups, if sufficient volume (e.g., 0.5 pL) is observed in the middle
ear during perilymph sampling, 0.5 pL. middle ear samples will be collected unilaterally from
animals in the 1 and 3 hrs groups. Samples from all 5 animals in each timepoint will be pooled into
a single 2.5 pLL sample containing 25 pL of deionized water and stored at -80 °C until shipment. A
total of 2 middle ear samples will be collected if possible.

[00606] For animals in the NIHL study, left temporal bones containing the cochlea will be
fixed in 4% paraformaldehyde (PFA) in PBS for, e.g., at least 2 hours at room temperature and sored
in 10 mM PBS at 4 °C.

[00607] Example 4. Assessment of tympanic membrane (TM) perforation and presence
of gel in mice

[00608] A total of N =2 animals (e.g., C57BI/6]J adult mice) will be reserved for this study,
both of which will undergo baseline bilateral auditory brainstem response (ABR) testing at 8, 16,
and 32 kHz. Both study animals will then receive bilateral middle ear delivery of test article
comprising a composition as described herein via transtympanic injection through the pars flaccida.
One study animal will be sacrificed at 24 hours post-injection, and the other animal will be sacrificed

at 48 hours post injection. Immediately prior to sacrifice, both animals will undergo repeat ABR

175



WO 2022/192079 PCT/US2022/018884

testing at 8, 16, and 32 kHz. After sacrifice, both animals will undergo bilateral TM endoscopy and

middle ear exploration to assess the presence and size of any TM perforation, and presence of gel in

the middle ear.

[00609] Example 5. Assessment of test article in prevention of cisplatin and

aminoglycoside hearing loss using mice

[00610] A total of N = 10 animals (e.g., C57BI/6J adult mice) will be used as study animals.

Study animals will undergo baseline unilateral left-side auditory brainstem response (ABR) testing at

8, 16, and 32 kHz. Following ABR testing, each study animal will receive a unilateral transtympanic

injection of test article comprising a composition as described herein. All injections will be a suitable

volume (e.g., 5 uL). Following IT injection, study animals will be divided into two groups of N =5

animals; one group will receive a single administration of IP or subcutaneous cisplatin and the other

group will receive a single administration of IP or subcutaneous kanamycin and furosemide.

Unilateral left-side ABR testing will be repeated at day 14 following IT injections. Study animals

will be sacrificed on day 14 post-injections. Left-side temporal bones will be harvested from all

study animals.

[00611] Example 6. Ascertaining concentration of Compound 1 in the perilymph

following intratympanic dosing in two mouse strains.

[00612] Materials and methods

[00613] Compound 1 was dissolved DMSO and added to a cold solution of 20% Poloxamer
407 in PBS. The mixture was vortexed to give a solution of final solution of 5 mg/mL
Compound 1 in 5% DMSO - 95% Poloxamer 407 solution.

[00614] In fully anesthetized mice, the mouse bulla was reached through the digastric and

sternocleidomastoid muscles and a 27-gauge needle was used to drill an opening adjacent to
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the round window niche. 5 pL of Compound 1 in the cold 5%/95% DMSO/Poloxamer 407
hydrogel vehicle was introduced by intratympanic injection in both C57BL/6J and FVB
mice. Upon reaching the desired time point, mice were euthanized under deep anesthesia.
Blood from the heart was collected to determine drug plasma levels. The mouse bulla was re-
exposed to verify the injection site and all possible drug remaining were removed from inner
ear before collecting the perilymph from the apical side of the cochlea.

[00615] Drug levels were measured using LC-MS/MS (Q-trap) with 500 nM indomethacin as
the internal standard. Perilymph samples were diluted 10x in plasma. An aliquot of 1 pL.
sample was protein precipitated with 50 pL IS, the mixture was vortex-mixed well and
centrifuged at 3600 rpm for 10 min, Room Temp. 10 pL supernatant was injected for LC-
MS/MS analysis. For plasma samples, an aliquot of 2 uLL sample was protein precipitated
with 100 pL IS, the mixture was vortex-mixed well and centrifuged at 3600 rpm for 10 min,
Room Temp. 2 pL supernatant was injected for LC-MS/MS analysis.

[00616] Results

[00617] Results depicting the concentration of Compound 1 in the perilymph and plasma
following intratympanic dosing in both mouse strains are depicted in FIG. 14. While one
data point is depicted for Compound 1 concentration in plasma, other data points for

Compound 1 concentration in plasma were below the level of detection.

[00618] Example 7. Activation of inner and outer hair cells in apical and basal cochlea
[00619] Materials and methods
[00620] Morphological examination of inner hair cells (IHCs) and outer hair cells (OHCs) are

done pre-noise exposure and two hours post-noise exposure (noise exposure of 100 dB for

two hours) in apical cochlea and basal cochlea tissue. AMPK a2, hair cell stereocilia
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(Myo7a), and DAPI stainings are carried out in 6-week old Gfil-2A-GFP-
CreERT2/Prkag2fl/fl mice (FIG 15).
[00621] Results
[00622] Nuclear o2 expression is clear in both the IHCs and OHCs of the apical cochlea
(FIGS. 15A, C, E, and G). However, nuclear az expression in the basal region is only seen
in IHCs (FIGS. 15B, D, F, and H). This is consistent with hair cell sensitivity to noise, age,
and ototoxins.
[00623] While preferred embodiments of the present invention have been shown and
described herein, it will be obvious to those skilled in the art that such embodiments are provided by
way of example only. It is not intended that the invention be limited by the specific examples
provided within the specification. While the invention has been described with reference to the
aforementioned specification, the descriptions and illustrations of the embodiments herein are not
meant to be construed in a limiting sense. Numerous variations, changes, and substitutions will now
occur to those skilled in the art without departing from the invention. Furthermore, it shall be
understood that all aspects of the invention are not limited to the specific depictions, configurations
or relative proportions set forth herein which depend upon a variety of conditions and variables. It
should be understood that various alternatives to the embodiments of the invention described herein
may be employed in practicing the invention. It is therefore contemplated that the invention shall
also cover any such alternatives, modifications, variations or equivalents. It is intended that the
following claims define the scope of the invention and that methods and structures within the scope

of these claims and their equivalents be covered thereby.
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CLAIMS

WHAT IS CLAIMED IS:

1.

A composition for preventing or treating hearing loss comprising at least one compound that
activates AMPK in at least one hair cell.

The composition of claim 1, wherein the AMPXK is nuclear AMPK.

The composition of claim 1, wherein the AMPK is cytoplasmic AMPK.

The composition of claim 1, wherein the hair cell is an inner hair cell.

The composition of claim 1, wherein the hair cell is an outer hair cell.

The composition of claim 1, wherein the at least one compound is Compound 1:
(3R,3aR,6R,6aR)-6-((5-([1,1'-biphenyl]-4-yl)-6-chloro-3H-imidazo[4,5-b]pyridin-2-
yl)oxy)hexahydrofuro[3,2-b]furan-3-ol, or a pharmaceutically acceptable salt, tautomer,
stereoisomer, or a mixture of stereoisomers thereof.

The composition of claim 1, wherein the at least one compound is Compound 2:
(3R,3aR,6R,6aR)-6-((5-chloro-6-(4-(1-(hydroxymethyl)cyclopropyl)phenyl)-1H-
benzo[d]imidazol-2-yl)oxy)hexahydrofuro[3,2-b]furan-3-ol, or a pharmaceutically acceptable
salt, tautomer, stereoisomer, or a mixture of stereoisomers thereof.

The composition of claim 1, wherein the at least one compound is Compound 3: N-(4'-(6-
chloro-2-(((3R,3aR,6R ,6aR)-6-hydroxyhexahydrofuro[3,2-b]furan-3-yl)oxy)-3H-
imidazo[4,5-b]pyridin-5-yl)-[1,1'-biphenyl]-4-yl)methanesulfonamide, or a pharmaceutically
acceptable salt, tautomer, stereoisomer, or a mixture of stereoisomers thereof.

The composition of claim 1, wherein the at least one compound is Compound 4:

(3R,3aR,6R,6aR)-6-((6-fluoro-5-(4'-(pyrrolidin-3-yloxy)-[1,1'-biphenyl]-4-y1)-1H-
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10.

11.

12.

13.

14.

pyrrolo[3,2-b]pyridin-2-yl)oxy)hexahydrofuro[3,2-b]furan-3-ol, or a pharmaceutically
acceptable salt, tautomer, stereoisomer, or a mixture of stereoisomers thereof..

The composition of claim 1, wherein the at least one compound is Compound 5:
(3R,3aR,6R,6aR)-6-((6-fluoro-5-(4'-(pyrrolidin-3-yloxy)-[1,1'-biphenyl]-4-y1)-1H-
pyrrolo[3,2-b]pyridin-2-yl)oxy)hexahydrofuro[3,2-b]furan-3-ol, or a pharmaceutically
acceptable salt, tautomer, stereoisomer, or a mixture of stereoisomers thereof..

The composition of claim 1, wherein the at least one compound is Compound 6:
(3R,3aR,6R,6aR)-6-((5-(4'-(1H-pyrazol-1-yl)-[1,1'-biphenyl]-4-yl)-6-chloro-3H-imidazo[4,5-
b]pyridin-2-yl)oxy)hexahydrofuro[3,2-b]furan-3-ol, or a pharmaceutically acceptable salt,
tautomer, stereoisomer, or a mixture of stereoisomers thereof.

The composition of claim 1, wherein the at least one compound is Compound 7:
(3R,3aR,6R,6aR)-6-((5-(4-(6-(1H-pyrazol-1-yl)pyridin-3-yl)phenyl)-6-chloro-3H-
imidazo[4,5-b]pyridin-2-yl)oxy)hexahydrofuro[3,2-b]furan-3-ol, or a pharmaceutically
acceptable salt, tautomer, stereoisomer, or a mixture of stereoisomers thereof.

The composition of claim 1, wherein the at least one compound is Compound 8:
(3R,3aR,6R,6aR)-6-((6-chloro-5-(4-(2-(2-hydroxy-2-methylpropyl)-2,6-dihydropyrrolo[3,4-
c]pyrazol-5(4H)-yl)phenyl)-3H-imidazo[4,5-b]pyridin-2-yl)oxy)hexahydrofuro[3,2-b]furan-
3-ol, or a pharmaceutically acceptable salt, tautomer, stereoisomer, or a mixture of
stereoisomers thereof.

The composition of claim 1, wherein the at least one compound is Compound 9: 4'-(6-fluoro-
2-(((3R,3aR,6R,6aR)-6-hydroxyhexahydrofuro[3,2-b]furan-3-yl)oxy)-1H-benzo[d]imidazol-
5-yD)-[1,1'-biphenyl]-2,6-diol, or a pharmaceutically acceptable salt, tautomer, stereoisomer,

or a mixture of stereoisomers thereof.
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15. The composition of claim 1, wherein the at least one compound is Compound 10:
(3R,3aR,6R,6aR)-6-((6-chloro-5-(4'-(4-(2-hydroxy-2-methylpropyl)-1H-pyrazol-1-y1)-[1,1'-
biphenyl]-4-yl)-3H-imidazo[4,5-b]pyridin-2-yl)oxy)hexahydrofuro[3,2-b]furan-3-ol, or a
pharmaceutically acceptable salt, tautomer, stereoisomer, or a mixture of stereoisomers
thereof.

16. The composition of claim 1, wherein the at least one compound is a compound of Formula

V:
RZ H
N —
N /Y Z
| . )X
A1 A2
Ra
Formula V

or a pharmaceutically acceptable salt, tautomer, stereoisomer, or a mixture of
stereoisomers thereof, wherein:

A'is N or CH;

A?is N, CH, or CRS;

X is -O-;

Y is unsubstituted or substituted heterocycloalkyl;

Z 1s -(CHz2)o-30H;

R? is hydrogen, halogen, or methyl;

RS is Ci3 alkyl, -CN, -CF3, or cyclopropyl; and

R%is {CHw-halogen, oxo, -{CHOH, -{(CH2DWMN( By, ~(CHuNOs, -(CH2 O, -
Creatkyl, (CHpCFs, {CHun OO, -0-(CH w00 Lealkyl, -(CHDWCONERD:. -
{CH b =N-OFNR 2, (CH2 300 Lealkyd, S{OH O CH - Choeycloalkyl, -(CHg bl
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17.

{CHo ) -Crorevclohetercalkyl, (CHwO-(CHabemaryl, «(CH e O-(CHo-heterolaryd, -
{CHzmSCrealkyl, (COH SO  realky ], -(CHz 38020 galioyl, ACH S0 eyeloalbyl, -
{(CH2)wSCorcycloheteroalkyl, {(CH2wSCrary, {CHopnSz-hetercaryd, -

{CH23 SO NHC calkyl, (CHzunSCaNHCs soyeloalkyl, -(CH2 ST NHC s eycioheteroatkyl,
S CHopaSONH-aryl, (CH2 w30 NH-heteroaryl, «(CH 3 NHSO»-Chealkyl, -(CHapNHSO0-
Cyaeyeloaliovl, (CH)mNHSO:-Crsevelohetercalkyl, «CH)NHEO-arvi, -

{CHz 3 NHSOoNH -beteroaryl, -(CH SN iealkyl, - (CHZ}mN(Rj)--Qg.7cyciﬂalkyl, -
({CHpuNRS-C zoeycioheteroalkoyl, {CH2MN( RS- 2reveloheteraaiicenyl, ~(CHapmN( RHy-
aryl, (CH2wNR Y heteroaryl, (CHowCORE (CHWCHONR ), -
(CHNRDOONERY 2, (CHmCOH, ACHDOC0H, (CHRCOR!, 4CH)-OCOR, -
{(CH2)wCaqeycloalyl, (CHunCsreycloalkenyl, {(CHynCreoyclioheteroalkyl, -(CH2)uCa.
scycioheterocalkenyl, «(CHanaryl, and -({CHawheteroaryl wherein each CHz is unsubstitnted
or substitnted with 1 or 2 substituents selected from: oxo, -(CHopaOH, -CN, -NH, -NE(C,.
salkyly, -N{CysabioyDn, -Craalkyl (CHs) , OCealkyl, halogen, -CHF, -CHP, -CFy, -CO0H, -
C{CLeatkyl, -Crrcycloalkyl, phenyl, CHophenyl, heteroaryt and CHoheteroaryl, and
wherein alkyl, cyeloalkyl, cycloalkenyl., cyclohetercalkyl, cveloheteroalkenyl, aryl and
heteroaryl are unsobstitnted or subsiituted with 1, 2, 3 or 4 substituents selected frome oxo, -
{CHzosOHL -ON, -NHz, -NECy callkovl), -N{Ugalbyba, -Chgalkyl, OC galkyl, halogen, -
CHoF, -CHE,, -CFs, -COH, -COCrsalkyl, -500 g alkyl, -Cagevelpabivl, phenyl,
CHaphenyl, heteroaryl and CHoheternaryh

The composition of claim 1, wherein the at least one compound is a compound of Formula

V-a:
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RZ H
< N /Y -2
| _ />—X
N N

Ra
Formula V-a

or a pharmaceutically acceptable salt, tautomer, stereoisomer, or a mixture of
stereoisomers thereof, wherein:

X is -O-;

Y is unsubstituted or substituted heterocycloalkyl;

Z 1s -(CHz2)o-30H;

R? is hydrogen, halogen, or methyl; and

R¥is -{CHwe-balogen, ono, -({CHonOH, (CHDwNERY . (CH2 NGz, CH)WON, -
Craabiovl, ACHD)UFs, ACH W00, -O-(CH - OC Lealkyl, -(CH2 1 CONR N, -
{CHpuC=N-CHINGR Y, -(CH23m0C 1sabkyl, -(CH O CH - Comeveloalkyl, {CHapO-
{CH ) -Crorevclohetercalkyl, (CHwO-(CHabemary, «(CH e O-{(CHo-heterolaryd, -
{CHzmSCrealkyl, (COH SO  realky ], -(CHz 38020 galioyl, ACH S0 eyeloalbyl, -
{(CH2)wSCorcycloheteroalkyl, {(CH2wSCrary, {CHopnSz-hetercaryd, -
{CH23 SO NHC calkyl, (CHzunSCaNHCs soyeloalkyl, -(CH2 ST NHC s eycioheteroatkyl,
S{CH RS ONH-aryl, (CH 3O NH-heteroaryl, (CHojuNHSO-Crugalkyl, (CHu b NHSO)-
Cyaeyeloalloyl, {(OH)RNHEG:-Cronoyelohetercalkyl, (U H) W NHEGr-arvi, -
{CHz 3 NHSOoNH -beteroaryl, -(CH SN iealkyl, - (CHZ}mN(Rj)--Qg.7cyciﬂalkyl, -
({CHpuNRS-C zoeycioheteroalkoyl, {CH2MN( RS- 2reveloheteraaiicenyl, ~(CHapmN( RHy-
aryl, ~(CHDWNER ) heteroaryl, «(CHwCORE (CHaCHMNER Y, -
{CH2aNRDBCOINERY:, -(CH 0 H, CHDOCOH, (CHpCOR, -CH)wOCOR, -
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18.

{(CHWCageycloatiyt, (CHNWConeycloalbenyl, (CHCogeyelohetercalkyl, -(CH T
scycioheteroalkenyl, «(CHaiparyl, and «(CHo)wbeteroaryl; wherein each CHz is onsubstitsted
or substituted with 1 or 2 substituents selected frome: oxo, ~(CHapsOH, -CN, -NH,, -NH(C.
salkyly, -N{Csalkyli, -Crealkyl ({CH:) , OCealkyl, halogen, -CHRF, -CHE,, -CFs, -COoH, -
COnChealkyl, -Caneycloalkyl, phenyl, CHaphenyl, hetercaryt and CHoheteromyl, and
wherein alkyl, cycloalkyl, eycloalkenyl, cyclohetleroalkyl, cveloheterpalkenyt, aryl and
heteroaryl are unsubstituted or sebstitoted with 1, 2, 3 or 4 substituents selected frony oxo, -
{(CHaosOH, -ON, -NHz, -NH{Cealkyl), -N{Crsalkylh, -Ciealkyl, OC 1 salkyl, halogen, -
CHoF, -CHE,, O, OO, -COCrealkyl, -50:0 s alkyl, -CUsgeveloalkyl, pheay,
{CHzphenyl, hetercaryl and CHobeteroaryt,

The composition of claim 1, wherein the at least one compound is a compound of Formula
V-b:
RZ

o
®

Formula V-b

Ra

or a pharmaceutically acceptable salt, tautomer, stereoisomer, or a mixture of
stereoisomers thereof, wherein:

X is -O-;

Y is unsubstituted or substituted heterocycloalkyl;

Z is -(CH2)o30H;

R? is hydrogen, halogen, or methyl; and
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RYis {CHow-balogen, oxo, -{CH2mOH, ~(CHwNRY . (CH2mMN O, CH2wON, -
Crsalkvl, 40H)CRs, ACH OO ,, -O-(CH -0 Lealkyl, -(CH 0N R, -
(CH)CEN-CGHIN(R 0, ACH )00 Lealioy], «(CH2wO-(CH - Cracyeloalloy], {(CH2)mO-

{CH2 ) -Crreycloheteroalkyl, (CHnO-(CHajw-aryl, «(CHzmO-{CHop-heterolaryl, -
{CHSCrealkyl, {OH SO salkyl, -(CH2 38000 saliovl, (CHL30Caoycloalbyl, -
{CH S 0:Coneyeloheteroalkyl, ACHDwS Comaryl, (CH)pSOx-heteroaryl, -
{CHz23SOoNHC  galkyl, (CHohnSOONHEC soveloalkyl, -(CH2 bSO NHC eyclicheteroalbyl,
~{CHz SO NH-aryl, (CH S OoNH-heterparyi, <(CHz i NHSO2-Chealkyl, {{CH ) NHSO:-
Chqeyeloatkyl, ~(CH ) NHSO-Comeyelohetercalkyl, ~CHNHSOz-aryl, -
({CHORNHSONH-heteroary ], -(CHz M R-Crsaliovl, (CH2NERNY-Carcycioatkyl, -
{CH2 ) N(R-Coroycloheteroalkyl, (CH)wN{R)-Cooveloheteroatkenyl, ~{(CHa)mN(RI)-
aryl, -(CHDNE) heteroary, (CHzmCORE, (CH2pCONR ), -

(CHL b N(RDCOINRY,, -(CHCOH, (CHDWOCOH, -(CHDCORE, -(CHDWDCOR', -
{CHCageyeloaliyl, (CHnpCharoycloalkenvl, (CHnCrsovelohetercalkyl, (0 H)Co
scycloheteroalkenyl, -«(CHzhnaryl, and -<{CHowbheteroaryh; wherein each CH:z is unsubstituted
or substituted with 1 or 2 substituents selected frome oxo, {CHapaOH, -ON, -NH,, -NH{C.
salkyly, -N{Cysalkyln, -Crealkyl ¢CHs) , OCLealkyl, halogen, -CHRF, -CHF -CHF -CORH, -
CChgalkyl, -Cryeycloalkyl, phenyl, CHaphenyl, hetercaryt and CHobeteroaryl, and
wherein alkyl, cveleoatkyl, cycloatkenyl. cyclohetercalkyl, cvelobeteroattenyt, aryl and
hetercaryl are unsabstitnted or substituted with 1, 2, 3 or 4 substituents selected frome oxo, -
{CHaosOHL -ON, -NHz, -NEC salkyl), -WN{Usatkyba, -Chrealkyl, OCqalkyl, halogeo, -
CHoE, -CHE,, -CFs, -COH, -COCrgalkyl, -5O:0 g alkvl, -Cageveloalkvt, phenyl,

CHazphenyl, hetercaryl and CHoheteroaryl.
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19. The composition of claim 1, wherein the at least one compound is a compound of Formula

V-c:

Ra
Formula V-c

or a pharmaceutically acceptable salt, tautomer, stereoisomer, or a mixture of
stereoisomers thereof, wherein:

X is -O-;

Y is unsubstituted or substituted heterocycloalkyl;

Z 1s -(CHz2)o-30H;

R? is hydrogen, halogen, or methyl;

RS is Ci3 alkyl, -CN, -CF3, or cyclopropyl; and

RYis {CHow-balogen, oxo, -{CH2mOH, ~(CHwNRY . (CH2mMN O, CH2wON, -
Crsalkvl, 40H)CRs, ACH OO ,, -O-(CH -0 Lealkyl, -(CH 0N R, -
(CH)CEN-CGHIN(R 0, ACH )00 Lealioy], «(CH2wO-(CH - Cracyeloalloy], {(CH2)mO-
{CH2 ) -Crreycloheteroalkyl, (CHnO-(CHajw-aryl, «(CHzmO-{CHop-heterolaryl, -
{CHSCrealkyl, {OH SO salkyl, -(CH2 38000 saliovl, (CHL30Caoycloalbyl, -

HodaS O Choreyeloheteroalkyl, «(CHwSC-arvi, (CHa2 ) S0z-heteroaryd, -

{CHz23SOoNHC  galkyl, (CHohnSOONHEC soveloalkyl, -(CH2 bSO NHC eyclicheteroalbyl,
~{CHz SO NH-aryl, (CH S OoNH-heterparyi, <(CHz i NHSO2-Chealkyl, {{CH ) NHSO:-
Chgeveloalkyl, ACH2)NHSO-Coscyeloheteroalkyl, ~(CHuNHSOg-aryl, -
({CHORNHSONH-heteroary ], -(CHz M R-Crsaliovl, (CH2NERNY-Carcycioatkyl, -

186



WO 2022/192079 PCT/US2022/018884

20.

21.

22.

23.

24.

(CH) W MNRN-Coseyelohetercalkyl, (CHwNRN-Crocyeloheteroalkenyl, -(CH MR-
aryl, -(CHonMN R -heteroaryl, (CHpCHEMRY, (CHDLCOINR ), -
(CH)aNERDCIOWN(R Y, ACH)COH, (CHOCOH, (OHDCORE (CHOC0RE -
{CH2 s eycloalkyl, -(CHCareycloalkenyl, -{CHN W Crseycloheteroalkyl, ~(CH2Ca
scycioheteroalkenyl, -(CHaparyl, and (CHowbeteroarvl; wherein cach CHz is ansubstifuted
or substituted with 1 or 2 sebstituenis selecied from: oxo, -{CHa a0, -ON, SN, -NEHC L
oalkyly, ~-N{Csalkyliz, -Cyealkyv {CH:) , OCgalkyl, halogen, -CHRF, -CHE;, -(CF3, -CO0H, -
COnCialkyl, -Careycloatkyl, phenyi, CHaphenyl, hetercaryl and CHaheteroaryl, and
wheretn alloyl, ovcloalkyl, eycloalkenyl, eycloheteroalkyl, cveloheteroalienyt, aryl and
heteroaryl are unsubstituted or sebstitoted with 1, 2, 3 or 4 substituents selected frony: oxo, -
{(CHoposOH, -ON, -NHz, -NH{Crsalkyly, -N{Crealkyllz, -Crealkyl, OO salioyvl, halogen, -
CH:F, -CHF:, -CFs, -COzH, OO0 calkyl, -80:0C 15 atkyl, -Csaeyeloalkyl, phenyl,
CHophenyl, heteroaryl and CHoheteroaryl,

The composition of claim 1, wherein the dose of the at least one compound is about 1 mg/kg
to about 10 mg/kg.

The composition of claim 1, wherein the dose of the at least one compound is about 1
milligram per kilogram (mg/kg) to about 5 mg/kg.

The composition of claim 1, wherein the dose of the at least one compound is about 1
milligram per kilogram (mg/kg) to about 3 mg/kg.

The composition of claim 1, wherein the concentration of the at least one compound in the
perilymph is about 0.1 nanomolar (nM) to about 300 nM.

The composition of claim 23, wherein the concentration of the at least one compound in the

perilymph is about 0.1 nM to about 200 nM.
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25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

The composition of claim 24, wherein the concentration of the at least one compound in the
perilymph is about 0.1 nM to about 100 nM.

The composition of claim 1, wherein the composition further comprises distilled water
buffered to a pH of about 5 to about 8.

The composition of claim 1, wherein the composition further comprises an auris acceptable
carrier.

The composition of claim 27, wherein the auris acceptable carrier comprises at least one
poloxamer.

The composition of claim 28, wherein the at least one poloxamer is chosen from poloxamer
407, poloxamer 188, poloxamer 237, poloxamer 338, or a combination thereof.

The composition of claim 1, wherein the composition is administered into the ear of a patient
in need thereof.

The composition of claim 30, wherein the composition is injected into the ear of a patient in
need thereof.

The composition of claim 31, wherein at least about 0.5 milligrams (mg) to at least about 300
mg is administered to a patient in need thereof.

The composition of claim 32, wherein at least about 0.5 milligrams (mg) to at least about 200
mg is administered to a patient in need thereof.

The composition of claim 33, wherein at least about 0.5 milligrams (mg) to at least about 100
mg is administered to a patient in need thereof.

The composition of claim 1, wherein the composition is administered before noise exposure.
The composition of claim 35, wherein the composition is administered about two hours

before noise exposure.
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37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

The composition of claim 35, wherein the composition is administered before noise exposure
to prevent hearing loss.

The composition of claim 1, wherein the composition is administered about two hours after
noise exposure.

The composition of claim 1, wherein after delivery, the at least one compound achieves
greater than about 1 micromolar (uM) of concentration in the perilymph and less than about
0.1 uM of concentration in the plasma.

The composition of claim 1, wherein the composition is administered daily.

The composition of claim 1, wherein the composition is administered weekly.

The composition of claim 1, wherein the composition is administered monthly.

The composition of claim 1, wherein the composition is administered once every six months.
The composition of claim 1, wherein the hearing loss is age-induced hearing loss.

The composition of claim 1, wherein the hearing loss is a noise-induced hearing loss.

The composition of claim 1, wherein the hearing loss is an antibiotic-induced noise-induced
hearing loss.

The composition of claim 46, wherein the antibiotic-induced hearing loss is aminoglycoside-
induced hearing loss.

The composition of claim 1, wherein the hearing loss is a chemotherapy-induced hearing
loss.

The composition of claim 48, wherein the chemotherapy-induced hearing loss is cisplatin-
induced hearing loss.

The composition of claim 1, wherein there is sustained release of the at least one compound

into the cochlea after a single administration.

189



WO 2022/192079 PCT/US2022/018884

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

The composition of claim 50, wherein there is sustained release of the at least one compound
into the cochlea after a single administration for at least about 1 day to at least about 100
days.

The composition of claim 51, wherein there is sustained release of the at least one compound
into the cochlea after a single administration for at least about 1 day to at least about 50 days.
The composition of claim 52, wherein there is sustained release of the at least one compound
into the cochlea after a single administration for at least about 1 day to at least about 10 days.
Use of the composition of claim 1 in treating or preventing hearing loss.

The composition of claim 1, further comprising a mucoadhesive.

A method for preventing or treating hearing loss comprising delivering an effective amount
of at least one compound that activates AMPK in at least one hair cell.

The method of claim 56, wherein the AMPK is nuclear AMPK.

The method of claim 56, wherein the AMPK is cytoplasmic AMPK.

The method of claim 56, wherein the at least one hair cell is an inner hair cell.

The method of claim 56, wherein the at least one hair cells is an outer hair cell.

The method of claim 56, wherein the compound is Compound 1: (3R,3aR,6R,6aR)-6-((5-
([1,1'-biphenyl]-4-yl)-6-chloro-3H-imidazo[4,5-b]pyridin-2-yl)oxy)hexahydrofuro[3,2-
b]furan-3-ol, or a pharmaceutically acceptable salt, tautomer, stereoisomer, or a mixture of
stereoisomers thereof.

The method of claim 56, wherein the at least one compound is Compound 2:
(3R,3aR,6R,6aR)-6-((5-chloro-6-(4-(1-(hydroxymethyl)cyclopropyl)phenyl)-1H-
benzo[d]imidazol-2-yl)oxy)hexahydrofuro[3,2-b]furan-3-ol, or a pharmaceutically acceptable

salt, tautomer, stereoisomer, or a mixture of stereoisomers thereof.
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63.

64.

65.

66.

67.

68.

The method of claim 56, wherein the at least one compound is Compound 3: N-(4'-(6-chloro-
2-(((3R,3aR,6R,6aR)-6-hydroxyhexahydrofuro[3,2-b]furan-3-yl)oxy)-3H-imidazo[4,5-
b]pyridin-5-yl)-[1,1'-biphenyl]-4-yl)methanesulfonamide, or a pharmaceutically acceptable
salt, tautomer, stereoisomer, or a mixture of stereoisomers thereof.

The method of claim 56, wherein the at least one compound is Compound 4:
(3R,3aR,6R,6aR)-6-((6-fluoro-5-(4'-(pyrrolidin-3-yloxy)-[1,1'-biphenyl]-4-y1)-1H-
pyrrolo[3,2-b]pyridin-2-yl)oxy)hexahydrofuro[3,2-b]furan-3-ol, or a pharmaceutically
acceptable salt, tautomer, stereoisomer, or a mixture of stereoisomers thereof..

The method of claim 56, wherein the at least one compound is Compound 5:
(3R,3aR,6R,6aR)-6-((6-fluoro-5-(4'-(pyrrolidin-3-yloxy)-[1,1'-biphenyl]-4-y1)-1H-
pyrrolo[3,2-b]pyridin-2-yl)oxy)hexahydrofuro[3,2-b]furan-3-ol, or a pharmaceutically
acceptable salt, tautomer, stereoisomer, or a mixture of stereoisomers thereof..

The method of claim 56, wherein the at least one compound is Compound 6:
(3R,3aR,6R,6aR)-6-((5-(4'-(1H-pyrazol-1-yl)-[1,1'-biphenyl]-4-yl)-6-chloro-3H-imidazo[4,5-
b]pyridin-2-yl)oxy)hexahydrofuro[3,2-b]furan-3-ol, or a pharmaceutically acceptable salt,
tautomer, stereoisomer, or a mixture of stereoisomers thereof.

The method of claim 56, wherein the at least one compound is Compound 7:
(3R,3aR,6R,6aR)-6-((5-(4-(6-(1H-pyrazol-1-yl)pyridin-3-yl)phenyl)-6-chloro-3H-
imidazo[4,5-b]pyridin-2-yl)oxy)hexahydrofuro[3,2-b]furan-3-ol, or a pharmaceutically
acceptable salt, tautomer, stereoisomer, or a mixture of stereoisomers thereof.

The method of claim 56, wherein the at least one compound is Compound 8:
(3R,3aR,6R,6aR)-6-((6-chloro-5-(4-(2-(2-hydroxy-2-methylpropyl)-2,6-dihydropyrrolo[3,4-

c]pyrazol-5(4H)-yl)phenyl)-3H-imidazo[4,5-b]pyridin-2-yl)oxy)hexahydrofuro[3,2-b]furan-

191



WO 2022/192079 PCT/US2022/018884

69.

70.

71.

3-ol, or a pharmaceutically acceptable salt, tautomer, stereoisomer, or a mixture of
stereoisomers thereof.

The method of claim 56, wherein the at least one compound is Compound 9: 4'-(6-fluoro-2-
(((3R,3aR,6R ,6aR)-6-hydroxyhexahydrofuro[3,2-b]furan-3-yl)oxy)- 1H-benzo[d]imidazol-5-
yD)-[1,1'-biphenyl]-2,6-diol, or a pharmaceutically acceptable salt, tautomer, stereoisomer, or
a mixture of stereoisomers thereof.

The method of claim 56, wherein the at least one compound is Compound 10:
(3R,3aR,6R,6aR)-6-((6-chloro-5-(4'-(4-(2-hydroxy-2-methylpropyl)-1H-pyrazol-1-y1)-[1,1'-
biphenyl]-4-yl)-3H-imidazo[4,5-b]pyridin-2-yl)oxy)hexahydrofuro[3,2-b]furan-3-ol, or a

pharmaceutically acceptable salt, tautomer, stereoisomer, or a mixture of stereoisomers

thereof.
The method of claim 56, wherein the at least one compound is a compound of Formula V:
R? N -
I \’ ’>_X /Y 4
a1” A
Ra
Formula V

or a pharmaceutically acceptable salt, tautomer, stereoisomer, or a mixture of
stereoisomers thereof, wherein:

A'is N or CH;

A?is N, CH, or CRS;

X is -O-;

Y is unsubstituted or substituted heterocycloalkyl;

Z is -(CH2)o30H;
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R? is hydrogen, halogen, or methyl;

RS is Ci3 alkyl, -CN, -CF3, or cyclopropyl; and

R%is {{Hoy-halogen, oxo, -{CH2nOH, ({CH2 N Riya, (CH2mNOz, (CHWON, -
Crealioyl, {(CHuCFs, {(CH2pmOCFs, -O-{CH - OC 1satkyl, (CHDCOMNER,, -
{CHpn(=N-OHN{R Y, (CHOC etk vl ~(CHa G- CH - Caeycloalkyl, -(CHapml-
{CH)-Corevelohetercalkyl, (CH)wD-(CHb-arv], «(CH2O-{CHz-heterolaryd, -
{CHz S Crsalkyl, -(CH SO  ealkyl, -(CHz 35020 calkvi, {CHopS0:Cs 7oycloalkyl, -
(CHuSOCrreycloheteroalloyl, {CHDwS Oz-aryl, ~(CHSO-heteroaryd, -
{CHD SO NHC salkyl, (UHuSGaNHC s oycloalkyl, ~(CH SO NHC seycloheteroalkyl,
S{OH SO NH-aryl, ~(CH S O:NH-heteroaryl, ~({CHNHSO-Crgalkyl, -«(CHz b NHSO0-
{Capcevelpalkovl, {(CHuNHSO-Coreyalohetercalkyl, -{(CH2)uNHEGz-arvi, -
{CH)NHSONH-heteroaryl, -(CHzmNEN-Crealkyl, (CHDLNR-Coocyeloalkyl, -
(CHDNERH-C; eycloheteroatkyl, (CH; D MRN-C seyeloheteroaikenyl, ~{Ch o haN(RD-
aryl, (CHR)wNR-heteroaryl, (CH i DORY -(CHRCHMNR Y, -
(CH2NRBCOONR 2, (CH O 00H, (CHnO00H, (CHwCOR,, (CH)0C0R
{(CHapuCaqeycloalkyl, -(CHzjnCaroycloatkenyl, (CHynCrroycloheteroalloyl, -{(CH2)Cae
soyeiohetercalkenyl, «(CHowarvl, and ~(CHzmheteroaryl wherein each CHo 18 ursubstitnied
or substitnied with 1 or 2 substituents selected from: oxo, ~-{CHo 2O, -ON, -NH,, -NE{C|.
satkyly, -N{Cyealkybh, -Crealkyl (CHs) . OCsalkyl, halogen, -CHRF, -CHE,, -CFs, -COH. -
COCpalloyl, -Craeycloalkyl, phenyl CHophenyl, beteroaryl and CHoheteroaryl, and
wherein alkyl, eyvcloalkyvl, cycloalkenyl, eycloheteroalkyl, cyeloheteroalkenyl, aryl and
heteroaryl are unsehstituted or substituted with 1, 2, 3 or 4 substituents selected from: oxo, -

{CHzlosOH, -CN, -NH:z, -NE(Cy calkoyl), -N{Cyealkyi)s, -Crealkyl, OCsalkyl, halog
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CHoE, -CHE,, O, OO, -COCrealkyl, -50:0 s alkyl, -CUsgeveloalkyl, pheayi,
{CHzphenyl, hetercaryl and CHobeteroaryt,
72. The method of claim 56, wherein the at least one compound is a compound of Formula V-a:

H
—
/, X
N

2
R -z

Ra
Formula V-a

or a pharmaceutically acceptable salt, tautomer, stereoisomer, or a mixture of
stereoisomers thereof, wherein:

X is -O-;

Y is unsubstituted or substituted heterocycloalkyl;

Z 1s -(CHz2)o-30H;

R? is hydrogen, halogen, or methyl; and

RYis {CHow-balogen, oxo, -{CH2mOH, ~(CHwNRY . (CH2mMN O, CH2wON, -
Crsalkvl, 40H)CRs, ACH OO ,, -O-(CH -0 Lealkyl, -(CH 0N R, -
(CH)CEN-CGHIN(R 0, ACH )00 Lealioy], «(CH2wO-(CH - Cracyeloalloy], {(CH2)mO-
{CH2 ) -Crreycloheteroalkyl, (CHnO-(CHajw-aryl, «(CHzmO-{CHop-heterolaryl, -
{CHSCrealkyl, {OH SO salkyl, -(CH2 38000 saliovl, (CHL30Caoycloalbyl, -

HodaS O Choreyeloheteroalkyl, «(CHwSC-arvi, (CHa2 ) S0z-heteroaryd, -

{CHz23SOoNHC  galkyl, (CHohnSOONHEC soveloalkyl, -(CH2 bSO NHC eyclicheteroalbyl,
~{CHz SO NH-aryl, (CH S OoNH-heterparyi, <(CHz i NHSO2-Chealkyl, {{CH ) NHSO:-
Chgeveloalkyl, ACH2)NHSO-Coscyeloheteroalkyl, ~(CHuNHSOg-aryl, -
({CHORNHSONH-heteroary ], -(CHz M R-Crsaliovl, (CH2NERNY-Carcycioatkyl, -
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(CH) W MNRN-Coseyelohetercalkyl, (CHwNRN-Crocyeloheteroalkenyl, -(CH MR-
aryl, -(CHonMN R -heteroaryl, (CHpCHEMRY, (CHDLCOINR ), -
(CH)aNERDCIOWN(R Y, ACH)COH, (CHOCOH, (OHDCORE (CHOC0RE -
{CH2 s eycloalkyl, -(CHCareycloalkenyl, -{CHN W Crseycloheteroalkyl, ~(CH2Ca
scycioheteroalkenyl, -(CHaparyl, and (CHowbeteroarvl; wherein cach CHz is ansubstifuted
or substituted with 1 or 2 sebstituenis selecied from: oxo, -{CHa a0, -ON, SN, -NEHC L
oalkyly, ~-N{Csalkyliz, -Cyealkyv {CH:) , OCgalkyl, halogen, -CHRF, -CHE;, -(CF3, -CO0H, -
COnCialkyl, -Careycloatkyl, phenyi, CHaphenyl, hetercaryl and CHaheteroaryl, and
wheretn alloyl, ovcloalkyl, eycloalkenyl, eycloheteroalkyl, cveloheteroalienyt, aryl and
heteroaryl are unsubstituted or sebstitoted with 1, 2, 3 or 4 substituents selected frony: oxo, -
{(CHoposOH, -ON, -NHz, -NH{Crsalkyly, -N{Crealkyllz, -Crealkyl, OO salioyvl, halogen, -
CH:F, -CHF:, -CFs, -COzH, OO0 calkyl, -80:0C 15 atkyl, -Csaeyeloalkyl, phenyl,
CHophenyl, heteroaryl and CHoheteroaryl,

73. The method of claim 56, wherein the at least one compound is a compound of Formula V-b:
N

STt
/, X
N

Formula V-b

®

or a pharmaceutically acceptable salt, tautomer, stereoisomer, or a mixture of

Ra

stereoisomers thereof, wherein:
X is -O-;
Y is unsubstituted or substituted heterocycloalkyl;
Z 1s -(CHz2)o-30H;
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R? is hydrogen, halogen, or methyl; and
K7 is -(CHzim-halogen. oxo, (CH)wOH, (CH N, (CH)mNC, (CH2inCN, -

Croatkyl, {CH O, (CHOCF, -0-{CH)w-OC Lealloy ], (CH2)wCOINER ), -
{CHDCEN-OHNR 2, (CHOwOC sty (CHDO-(CH - Caeyeloalkyl, (CH2)wO-
{CHa b Creyclobeteroalkyl, «(CHnO{CHmaryl -(CH2 3 O-(CH Y -heterolaryl, -

oSO salbvl, (CH SO galkyl, (CHDeS Gl galkyl, -({CH2 SO scycloalkyl, -
{CH23S 00z seycloheteroalkyl, -(CHz SOz arvl, -{CH2 kS O0-heteroaryl, -
{(CH2uSONHC aallyl, (CHDuSONHCareycloalkyl, -{(CH2paSO:NHC seycloheteroalioyl,
S CHD O NH-ary], (CH2 SO0 NH-heterocaryl, -(CH2 MHSO-Csalkoyt, ~(CH ) NHSOn-
Cageycloalkyl, -(CHzNHSO0-Coveyelobeteroalkyl, -(CHzNHSOg-arvl, -
(CH ) NHSCaNH-heteroaryl, (CH)eNR-Crsalkyl, -(CHamNRN-Cspoyeloalkyl, -
{CHDN{RN-Coreyeloheteroalkyl, (CHDwNERN-Coreyeloheteroalkenyl, -(CH2NER)-
aryl, -(CHuMR -heteroaryl, (CHDCIOMRE, -(CHDCIOINR Y, -
(CHD) R NIRDOEOINR Y, 40 H) OO, (CHnOCOH, (CH R, (CHOUOR,
{CHz i reyeloalkyl, -{CH W Careycloatkenyl, -{CHz iz scycloheteroalkyl, -{CHn.
seycioheteroalkenyl, -(CHowaryl, and -(CH:wbeternaryvl; wherein each CHa is ansubstituted
or substituted wuh 1 or 2 substitoends selected from oxo, {CH o OH, -CON, SN, -NE(C L
salkyly, =M Lealkylys, -Cysaloy (CHy , OC) galkyl, halogen, -CHoF, -CHY,, -CHs, -C{nH, -
Ot ealkyl, -Careycloatkyl, phenyl, CHophenyl, heteroarvl and CHzhetercaryl, and
wherein alloyl, cycloalkyl, eycloaikenyl, eycloheternalkyl, cycloheieroatkenyl, aryl and
heteroaryl are nnsubstituted or substitnted with 1, 2, 3 or 4 sabetituents selected frorm oxo, -

{CHodosOH, -CN, -NHo, -NHRCrealkyly, -M{Crgalkylle, -Cisalbyl OC salkvl, balogen, -
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CHoE, -CHE,, O, OO, -COCrealkyl, -50:0 s alkyl, -CUsgeveloalkyl, pheayi,
{CHzphenyl, hetercaryl and CHobeteroaryt,
74. The method of claim 56, wherein the at least one compound is a compound of Formula V-c:
RZ
N
I Y’
N
Ra
Formula V-c
or a pharmaceutically acceptable salt, tautomer, stereoisomer, or a mixture of
stereoisomers thereof, wherein:
X is -O-;
Y is unsubstituted or substituted heterocycloalkyl;
Z 1s -(CHz2)o-30H;
R? is hydrogen, halogen, or methyl;
RS is Ci3 alkyl, -CN, -CF3, or cyclopropyl; and
K7 is -(CHzim-halogen. oxo, (CH)wOH, (CH N, (CH)mNC, (CH2inCN, -
Croatkyl, {CH O, (CHOCF, -0-{CH)w-OC Lealloy ], (CH2)wCOINER ), -
{CHDCEN-OHNR 2, (CHOwOC sty (CHDO-(CH - Caeyeloalkyl, (CH2)wO-
{CHa b Creyclobeteroalkyl, «(CHnO{CHmaryl -(CH2 3 O-(CH Y -heterolaryl, -
oSO salbvl, (CH SO galkyl, (CHDeS Gl galkyl, -({CH2 SO scycloalkyl, -
{CH23S 00z seycloheteroalkyl, -(CHz SOz arvl, -{CH2 kS O0-heteroaryl, -
{(CH2uSONHC aallyl, (CHDuSONHCareycloalkyl, -{(CH2paSO:NHC seycloheteroalioyl,
S CHD O NH-ary], (CH2 SO0 NH-heterocaryl, -(CH2 MHSO-Csalkoyt, ~(CH ) NHSOn-

Cageycloalkyl, -({CH b INHSO-Coveyeloheteroalkyl, -(CH-NHSO2-arvl, -
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75.

76.

77.

78.

(CHDNHBONH-heteroaryl, -(CHD)wNRN-Craalkyl, «(CHDMNRD-Careveloalkyl, -
{CH2haN(RD-Creycloheteroalkyl, -(CH2mMN{RD-Chsoycloheteroaibenyi, -(CHzmN(RY)-
arvl, {CH)sMN(R -heteroaryl, (CHDCORE A(CHOCIOINR,, -

(CHDNRDOONR 2, (CHDCOH, {CH2OCOH, -(CHuwCORY, (CH2)LO0CO0RY, -
{CHa ot aeycloalkyl, -(CHopaCaoycloalkenyl, «(CHynCeoyclobeteroalloyl, -(CHRCoe
seveioheteroalkenyl, «(CHwarvl, and -({CHzwheteroarvl; wherein each CHo 15 unsubstioied
or substituted with 1 or 2 substitzents selected from: oxo, -{CHohaOH, -ON, -NHa, -NE{C).
catkoyly, -N{Cealkylhy, -Crsatkyl {CHs) . OCsalkyl, halogen, -CHGF, -CHE,, -CFs, -CO:H. -
COC s salkyl, -Comeycloatkyl, pheoyl CHopheoyl heteroaryl and CHaheteroaryl, and
wherein alkyl, cycloalkyl, cyeloalkenyi, cycloheteroalkyl, cycloheteroalkenyl, aryl and
heteroaryl are unsubstituted or substituted with 1, 2. 3 or 4 substituents selected from: oxo, -
{CH23os0OH, -ON, -NH:, -NE(Crealkyl), -MN{Ciealkylys, -Cisalloyl, OC i salkyl, halogen, -
CHoF, ~CHE,, -CHs, -CORH, -COC salkyl, -50aCrgalkyl, -Caseyeloalkyl, phenyl,
{Hophenvl, heteroary] and CHzheteroaryl.

The method of claim 56, wherein the concentration of the at least one compound in the
perilymph is about 0.1 nM to about 300 nM.

The method of claim 75, wherein the concentration of the at least one compound in the
perilymph is about 0.1 nM to about 200 nM.

The method of claim 76, wherein the concentration of the at least one compound in the
perilymph is about 0.1 nM to about 100 nM.

The method of claim 77, wherein the dose of the at least one compound is about 1 milligram

per kilogram (mg/kg) to about 10 mg/kg.
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79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

The method of claim 78, wherein the dose of the at least one compound is about 1 milligram
per kilogram (mg/kg) to about 5 mg/kg.

The method of claim 79, wherein the dose of the at least one compound is about 1 milligram
per kilogram (mg/kg) to about 3 mg/kg.

The method of claim 56, wherein the composition further comprises an auris acceptable
carrier.

The method of claim 81, wherein the auris acceptable carrier comprises at least one
poloxamer.

The method of claim 82, wherein the at least one poloxamer is chosen from poloxamer 407,
poloxamer 188, poloxamer 237, poloxamer 338, or a combination thereof.

The method of claim 56, wherein the composition is administered into the ear of a patient in
need thereof.

The method of claim 84, wherein the composition is injected into the ear of a patient in need
thereof.

The method of claim 56, wherein at least about 0.5 milligrams (mg) to at least about 300 mg
is administered to a patient in need thereof.

The method of claim 86, wherein at least about 0.5 mg to at least about 200 mg is
administered to a patient in need thereof.

The method of claim 87, wherein at least about 0.5 mg to at least about 100 mg is
administered to a patient in need thereof.

The method of claim 56, wherein the composition further comprises distilled water buffered
to a pH of about 5 to about 8.

The method of claim 56, wherein the composition is administered before noise exposure.
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91. The method of claim 90, wherein the composition is administered about two hours before
noise exposure.

92. The method of claim 90, wherein the composition is administered before noise exposure to
prevent hearing loss.

93. The method of claim 56, wherein the composition is administered about two hours after noise
exposure.

94. The method of claim 56, wherein the composition is administered daily.

95. The method of claim 56, wherein the composition is administered weekly.

96. The method of claim 56, wherein the composition is administered monthly.

97. The method of claim 56, wherein the composition is administered once every six months.

98. The method of claim 56, wherein the hearing loss is age-induced hearing loss.

99. The method of claim 56, wherein the hearing loss is a noise-induced hearing loss.

100. The method of claim 56, wherein the hearing loss is antibiotic-induced hearing loss.

101. The method of claim 100, wherein the antibiotic-induced hearing loss is aminoglycoside-

induced hearing loss.

102. The method of claim 56, wherein the hearing loss is chemotherapy-induced hearing loss.

103. The method of claim 102, wherein the hearing loss is cisplatin-induced hearing loss.

104. The method of claim 56, wherein the hearing loss from traumatic injury.

105. The method of claim 56, wherein there is sustained release of the at least one compound into

the cochlea after a single administration.
106. The method of claim 105, wherein the sustained release occurs for a period of at least about

100 days after the single administration.
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107. The method of claim 105, wherein the sustained release occurs for a period of at least about
50 days after the single administration.

108. The method of claim 105, wherein the sustained release occurs for a period of at least about
10 days after the single administration.

109. The method of claim 105, wherein after delivery, the at least one compound achieves greater
than about 1 micromolar (uM) of concentration in the perilymph and less than about 0.1 uM
of concentration in the plasma.

110. An intratympanic composition comprising (i) at least one compound that activates AMPK in
at least one hair cell and (ii) an auris acceptable carrier.

111.The intratympanic composition of claim 110, wherein the AMPK is nuclear AMPK.

112.The intratympanic composition of claim 110, wherein the AMPK is cytoplasmic AMPK.

113.The intratympanic composition of claim 110, wherein the hair cell is an outer hair cell.
114.The intratympanic composition of claim 110, wherein the hair cell is an inner hair cell.

115. The intratympanic composition of claim 110, wherein the at least one compound is
Compound 1: (3R,3aR,6R,6aR)-6-((5-([1,1'-biphenyl]-4-yl)-6-chloro-3H-imidazo[4,5-
b]pyridin-2-yl)oxy)hexahydrofuro[3,2-b]furan-3-ol, or a pharmaceutically acceptable salt,
tautomer, stereoisomer, or a mixture of stereoisomers thereof.

116. The intratympanic composition of claim 110, wherein the at least one compound is
Compound 2: (3R,3aR,6R,6aR)-6-((5-chloro-6-(4-(1-(hydroxymethyl)cyclopropyl)phenyl)-
1H-benzo[d]imidazol-2-yl)oxy)hexahydrofuro[3,2-b]furan-3-ol, or a pharmaceutically
acceptable salt, tautomer, stereoisomer, or a mixture of stereoisomers thereof.

117. The intratympanic composition of claim 110, wherein the at least one compound is

Compound 3: N-(4'-(6-chloro-2-(((3R,3aR,6R,6aR)-6-hydroxyhexahydrofuro[3,2-b]furan-3-
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yloxy)-3H-imidazo[4,5-b]pyridin-5-y1)-[1,1'-biphenyl]-4-yl)methanesulfonamide, or a
pharmaceutically acceptable salt, tautomer, stereoisomer, or a mixture of stereoisomers
thereof.

118. The intratympanic composition of claim 110, wherein the at least one compound is
Compound 4: (3R,3aR,6R,6aR)-6-((6-fluoro-5-(4'-(pyrrolidin-3-yloxy)-[1,1'-biphenyl]-4-yl)-
1H-pyrrolo[3,2-b]pyridin-2-yl)oxy)hexahydrofuro[3,2-b]furan-3-ol, or a pharmaceutically
acceptable salt, tautomer, stereoisomer, or a mixture of stereoisomers thereof..

119. The intratympanic composition of claim 110, wherein the at least one compound is
Compound 5: (3R,3aR,6R ,6aR)-6-((6-fluoro-5-(4'-(pyrrolidin-3-yloxy)-[1,1'-biphenyl]-4-yl)-
1H-pyrrolo[3,2-b]pyridin-2-yl)oxy)hexahydrofuro[3,2-b]furan-3-ol, or a pharmaceutically
acceptable salt, tautomer, stereoisomer, or a mixture of stereoisomers thereof..

120. The intratympanic composition of claim 110, wherein the at least one compound is
Compound 6: (3R,3aR,6R,6aR)-6-((5-(4'-(1H-pyrazol-1-yl)-[1,1'-biphenyl]-4-yl)-6-chloro-
3H-imidazo[4,5-b]pyridin-2-yl)oxy)hexahydrofuro[3,2-b]furan-3-ol, or a pharmaceutically
acceptable salt, tautomer, stereoisomer, or a mixture of stereoisomers thereof.

121. The intratympanic composition of claim 110, wherein the at least one compound is
Compound 7: (3R,3aR,6R,6aR)-6-((5-(4-(6-(1H-pyrazol-1-yl)pyridin-3-yl)phenyl)-6-chloro-
3H-imidazo[4,5-b]pyridin-2-yl)oxy)hexahydrofuro[3,2-b]furan-3-ol, or a pharmaceutically
acceptable salt, tautomer, stereoisomer, or a mixture of stereoisomers thereof.

122. The intratympanic composition of claim 110, wherein the at least one compound is
Compound 8:(3R,3aR,6R ,6aR)-6-((6-chloro-5-(4-(2-(2-hydroxy-2-methylpropyl)-2,6-

dihydropyrrolo[3,4-c]pyrazol-5(4H)-yl)phenyl)-3H-imidazo[4,5-b]pyridin-2-
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yl)oxy)hexahydrofuro[3,2-b]furan-3-ol, or a pharmaceutically acceptable salt, tautomer,
stereoisomer, or a mixture of stereoisomers thereof.

123. The intratympanic composition of claim 110, wherein the at least one compound is
Compound 9: 4'-(6-fluoro-2-(((3R,3aR,6R ,6aR)-6-hydroxyhexahydrofuro[3,2-b]furan-3-
yloxy)-1H-benzo[d]imidazol-5-yl)-[1,1'-biphenyl]-2,6-diol, or a pharmaceutically
acceptable salt, tautomer, stereoisomer, or a mixture of stereoisomers thereof.

124. The intratympanic composition of claim 110, wherein the at least one compound is
Compound 10:_(3R,3aR,6R,6aR )-6-((6-chloro-5-(4'-(4-(2-hydroxy-2-methylpropyl)- 1H-
pyrazol-1-yl)-[1,1'-biphenyl]-4-yl)-3H-imidazo[4,5-b]pyridin-2-yl)oxy)hexahydrofuro[3,2-
b]furan-3-ol, or a pharmaceutically acceptable salt, tautomer, stereoisomer, or a mixture of
stereoisomers thereof.

125. The intratympanic composition of claim 110, wherein the at least one compound is a

compound of Formula V:

N —
N /Y Z
| . )X
A1 A2
Ra
Formula V

or a pharmaceutically acceptable salt, tautomer, stereoisomer, or a mixture of
stereoisomers thereof, wherein:

A'is N or CH;

A?is N, CH, or CRS;

X is -O-;

Y is unsubstituted or substituted heterocycloalkyl;
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Z 1s -(CHz2)o-30H;

R? is hydrogen, halogen, or methyl;

RS is Ci3 alkyl, -CN, -CF3, or cyclopropyl; and

R¥is {{CHyjw-halogen, oxo, -{(CH2)0H, SCH N (R, «(CHD NG, (CHnCN, -
Crsalkyl, ACHDCFa, ACHDLO0FS, -0-(CH-0C Lealkyl, -(CH b CIOMNER Y,

O HDCEN-OHINGE Y, 4 CH w0 salkyvl, {CHDO-(CH ) w-Cracycloalkvl, 40H)u0-
{CHz - reycloheteroalkyl, (CHmO-(CHojw-aryl, «(CH2mnG-{CHopw-heterolaryl, -
{(CHopuSCrealkyl, -(CHu SO Crealloy], -(CHSO2C salkyl, {CHDS 00 reycloallovl, -
{(CHD S UnChreycloheteroalkyl, ~(CHo S Co-aryt, {(CH S On-heteroaryl, -

{CH SO NHC Lsalbyl, (CH ) SONHC s oycloalkyl, <(CH SO NHC  seycloheteroalboyl,
ACH SO NH-aryl, (CHnSOoNH -beteroary, «(CHzNHSO2-Cgalkyh, «(CH ) NHSO:-
Csreyeloalkyl, -(CH23uNHSO-Crreyeloheteroalkyl, ~(CH2 b NHSOz-aryl, -
{CHpmNHSONH-heteroaryl, -(CH2MNR-Crsaliyl, {CHuNRN-Crreycioalkyl, -
{CH) N{RS-Chomeveloheteroalkyl, ~{(3E-{z)mN(Rj)—Cz.:,vcyc},{;hretemalkeﬂ_s,f}, S{CH ) NR -
aryl, --(CH:)mN(Pﬁ}-hetemm‘yi ACH CIOR, (CH W COMNR 2, -
{CHyaMNEDCOWN(R Y, (CH)WCOH, (CHDLOCOH. (CHDWCOR!, «(CHD0COR! -
{(CHWCageycloatiyt, (CHNWConeycloalbenyl, (CHCogeyelohetercalkyl, -(CH T
scycioheteroalkenyl, «(CHaiparyl, and «(CHo)wbeteroaryl; wherein each CHz is onsubstitsted
or substituted with 1 or 2 substituents selected frome: oxo, ~(CHapsOH, -CN, -NH,, -NH(C.
salkyly, ~-N{Csalkyli, -Creatkyl {CHz) , OCrealkyl, halogen, -CHRF, -CHF., -CFy, -CORH, -
COnChealkyl, -Caneycloalkyl, phenyl, CHaphenyl, hetercaryt and CHoheteromyl, and
wherein alkyl, cycloalkyl, eycloalkenyl, cyclohetleroalkyl, cveloheterpalkenyt, aryl and

heteroaryl are unsubstituted or sebstitoted with 1, 2, 3 or 4 substituents selected frony oxo, -

204



WO 2022/192079 PCT/US2022/018884

{CHyosOH, -ON, -NHo, -NH(C 1ealkyly, -MN{Cealkyly, ~Cisalloyl, OC salkyvl, halogen, -
CHF, -CHE, -CFa, -COaH, -O00U saliivl, -8GhCrgalkyl, -Chaeycloalkyl, phenyl,
{CHophenvl, heteroaryl and CHzheteroaryl

126. The intratympanic composition of claim 110, wherein the at least one compound is a

compound of Formula V-a:

RZ H
< N /Y -2
| _ />—X
N N

Ra
Formula V-a

or a pharmaceutically acceptable salt, tautomer, stereoisomer, or a mixture of
stereoisomers thereof, wherein:

X is -O-;

Y is unsubstituted or substituted heterocycloalkyl;

Z 1s -(CHz2)o-30H;

R? is hydrogen, halogen, or methyl; and

R%is {{Hoy-halogen, oxo, -{CH2nOH, ({CH2 N Riya, (CH2mNOz, (CHWON, -
Crealioyl, {(CHuCFs, {(CH2pmOCFs, -O-{CH - OC 1satkyl, (CHDCOMNER,, -
{CHpn(=N-OHN{R Y, (CHOC etk vl ~(CHa G- CH - Caeycloalkyl, -(CHapml-
{CH)-Corevelohetercalkyl, (CH)wD-(CHb-arv], «(CH2O-{CHz-heterolaryd, -
{CH2 S Crealkyl, -{OH SO  Loalkyl, -{CH2 38020 aalkiyvl, {CH S Careycloalkyl, -
(CHuSOCrreycloheteroalloyl, {CHDwS Oz-aryl, ~(CHSO-heteroaryd, -
{CH ) SO NHC Lealkyvl, (UHSGoNHCeycloalkyl, (CHR 3T NHC e vcloheteroalkyl,
S{OH SO NH-aryl, ~(CH S O:NH-heteroaryl, ~({CHNHSO-Crgalkyl, -«(CHz b NHSO0-
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Cyqeyveloalkyl, ~(CH)NHEO-Coooyelohetercalkyl, ~(CH ) NHSQg-arvl, -
({CHORNHSONH-heteroary ], -(CHz M R-Crsaliovl, (CH2NERNY-Carcycioatkyl, -
{CH2 ) N(R-Coroycloheteroalkyl, (CH)wN{R)-Cooveloheteroatkenyl, ~{(CHa)mN(RI)-
aryl, -(CHDNE) heteroary, (CHzmCORE, (CH2pCONR ), -

(CHL b N(RDCOINRY,, -(CHCOH, (CHDWOCOH, -(CHDCORE, -(CHDWDCOR', -
{CHCageyeloaliyl, (CHnpCharoycloalkenvl, (CHnCrsovelohetercalkyl, (0 H)Co
scycloheteroalkenyl, -«(CHzhnaryl, and -<{CHowbheteroaryh; wherein each CH:z is unsubstituted
or substituted with 1 or 2 substituents selected frome oxo, {CHapaOH, -ON, -NH,, -NH{C.
salkyly, -N{Cysalkyln, -Crealkyl ¢CHs) , OCLealkyl, halogen, -CHRF, -CHF -CHF -CORH, -
CChgalkyl, -Cryeycloalkyl, phenyl, CHaphenyl, hetercaryt and CHobeteroaryl, and
wherein alkyl, cveleoatkyl, cycloatkenyl. cyclohetercalkyl, cvelobeteroattenyt, aryl and
hetercaryl are unsabstitnted or substituted with 1, 2, 3 or 4 substituents selected frome oxo, -
{CHaosOHL -ON, -NHz, -NEC salkyl), -WN{Usatkyba, -Chrealkyl, OCqalkyl, halogeo, -
CHoE, -CHE,, -CFs, -COH, -COCrgalkyl, -5O:0 g alkvl, -Cageveloalkvt, phenyl,
CHzphenyl, hetercary! and CHoheteroarvi.

127. The intratympanic composition of claim 110, wherein the at least one compound is a

H
N A gt
>

Formula V-b

compound of Formula V-b:

®

or a pharmaceutically acceptable salt, tautomer, stereoisomer, or a mixture of

Ra

stereoisomers thereof, wherein:
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X is -O-;

Y is unsubstituted or substituted heterocycloalkyl;

Z 1s -(CHz2)o-30H;

R? is hydrogen, halogen, or methyl; and

R¥is -(CHayg-halogen, oxo, ~(CHa ) OH, -(CHR N By, ~(CH N, (CH O, -
Creatkyl, -(CHznO s, {(CHOOCR, -O-(CH w00 salkvl, (CHD)COMNRD, -
(CH S (=N-OHNR 3, -(CH 2O Lsatikyl, (CH - CH - Careyeloalkyl, -(CH2 -
{(CHa - Crroycloheteraalkyl, {(CH2)mO-{CH-aryh {CH20-{CH -heterolaryl, -
{CHD WS Csaliov], (CHDS O Cealkyl, (CHDuSOaCiealkyl, {{CH SO Csreycloalkyl, -
{CHz 800 reoycloheteroalkyl, -(CH 2 380 -ary], -(TH21.500-heteroaryl, -
{(CH mSONHC Lealkyl, {(CH2WSCNHC reyeloallovl, (CH2 S O:NRHC soyclioheteroalkyl,
A{CHD RO NH-arv], -{(CH23nS0:NH-heteroaryl, -(CH2NHSO2-Crsalkyl, -(CH2 3 NHSOn-
Cazeyeloalkyl, {(CHopNHSO-Comeyclobetereatkyl, -(CH NHSO-arvd, -
(CH)NHSCoMNH-heteroaryl, (CH)wNRD-Crealkyl, -(CHuMNRN-Comoyaioalkyl, -
{CHN(RD-Creveiohateroalkyl, (CHzimN{RNY-Chseyeloheteroaikenyl, -(CH2 I N(R)-
arvl, (CH2MN(R -heteroaryl, (CHDCIORS, (CHOLCOINER Y, -
(CHDNRDCENNR Y, -(CHDWCOH, (CHpnOCOH, -(CHwCORE, -(CHOOC0R ], -
{UCHzmCureycloalkyl, -({CUH i voycloalkenyl, -{CHp il seycloheteroatkyl, -(CHCh

sevcioheteroalkenyl, (CHowarvl, and -(CHzthetersarvl; wherein each CHo is unsubstituted

or substituted with | or 2 sebstiteents selected from: oxo, -{CH2u:0H, -CN, -NH:. -NHE{Cy.
salkyly, -MEC ealkylyy, -Crsaliyt {CH3Y , OC salkyl, halogen, ~CHRF, -CHE,, ~CH;, -COgH, -
00 salbyl, -Coneveloatbvl, pheoyl, CHapheoyl beteroaryl and CHzheteroaryl, and

wherein atkyl, cycloalkyl, cycloalkenyl, cycioheternalkyl, cyclohetercalkenyl. aryl and
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heteroaryl are unsobstitnted or subsiituted with 1, 2, 3 or 4 substituents selected frome oxo, -
{CHzosOHL -ON, -NHz, -NECy callkovl), -N{Ugalbyba, -Chgalkyl, OC galkyl, halogen, -
CHoF, -CHE,, -CFs, -COH, -COCrsalkyl, -500 g alkyl, -Cagevelpabivl, phenyl,
CHaphenyl, heteroaryl and CHoheternaryh

128. The intratympanic composition of claim 110, wherein the at least one compound is a

compound of Formula V-c:

Ra
Formula V-c

or a pharmaceutically acceptable salt, tautomer, stereoisomer, or a mixture of
stereoisomers thereof, wherein:

X is -O-;

Y is unsubstituted or substituted heterocycloalkyl;

Z 1s -(CHz2)o-30H;

R? is hydrogen, halogen, or methyl;

RS is Ci3 alkyl, -CN, -CF3, or cyclopropyl; and

R¥is -(CHayg-halogen, oxo, ~(CHa ) OH, -(CHR N By, ~(CH N, (CH O, -
Orsatkyl, (CHzmCFs, -(CH2pnOCPF, -O-(CH w00 salloyl, A0HD) L CIONR), -
(CH S (=N-OHNR 3, -(CH 2O Lsatikyl, (CH - CH - Careyeloalkyl, -(CH2 -
{(CHa - Crroycloheteraalkyl, {(CH2)mO-{CH-aryh {CH20-{CH -heterolaryl, -
{CH2 2 saliovh, (CH MO alkyl, ~0CH S0 Chsalkvl, ~{({CH 58S 0oy cloalkyd, -

{CHzS O cyclobeteroalkyl, -(CHzmSOr-aryl, {CHz S O0-beteroaryl, -
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{CH ) SO NHC Lealkyvl, (UHSGoNHCeycloalkyl, (CHR 3T NHC e vcloheteroalkyl,
S{OH SO NH-aryl, ~(CH S O:NH-heteroaryl, ~({CHNHSO-Crgalkyl, -«(CHz b NHSO0-
{Caaeycloalkyl, (CHmNHSO:-Corovelohetercalkyl, «(CH2NHSCz-arvi, -
{CH)NHSONH-heteroaryl, -(CHzmNEN-Crealkyl, (CHDLNR-Coocyeloalkyl, -
{CHo haN(RD-Crreyclobeteroalkyl, (CH2 1 MNRD-Coreycloheternalkenyl, ~(CHzaN(RY)-
aryl, (CHR)wNR-heteroaryl, (CH i DORY -(CHRCHMNR Y, -
(CHDmNRDOONERz, ACH OO H, ACH)OC0H, (CHnCOR, (CH)OCORE, -
{(CHapuCaqeycloalkyl, -(CHzjnCaroycloatkenyl, (CHynCrroycloheteroalloyl, -{(CH2)Cae
soyeiohetercalkenyl, «(CHowarvl, and ~(CHzmheteroaryl wherein each CHo 18 ursubstitnied
or substitnied with 1 or 2 substituents selected from: oxo, ~-{CHo 2O, -ON, -NH,, -NE{C|.
satkyly, -N{Cyealkybh, -Crealkyl (CHs) . OCsalkyl, halogen, -CHRF, -CHE,, -CFs, -COH. -
COCpalloyl, -Craeycloalkyl, phenyl CHophenyl, beteroaryl and CHoheteroaryl, and
wherein alkyl, eyvcloalkyvl, cycloalkenyl, eycloheteroalkyl, cyeloheteroalkenyl, aryl and
heteroaryl are unsehstituted or substituted with 1, 2, 3 or 4 substituents selected from: oxo, -
{CH23osOH, -CN, -NHz, -NE{Cyeallovl), -N{Cealkvi)s, -Crealkyl, OCrsalkyl, halogen, -
CHoF, -CHF?, -CFs, -COzH, -COCsalkyl, -S0:C s alkyl, -Cazeyelnalkyl, phenyl,
CHophenvl, heteroary] and CHaheteroaryl

129. The intratympanic composition of claim 110, wherein there is sustained release of the
at least one compound into the cochlea after a single administration.

130. The intratympanic composition of claim 129, wherein the sustained release occurs for
a period of at least about 100 day after the single administration.

131. The intratympanic composition of claim 129, wherein the sustained release occurs for

a period of at least about 50 days after the single administration.
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132. The intratympanic composition of claim 129, wherein the sustained release occurs for
a period of at least about 10 days after the single administration.

133. The intratympanic composition of claim 110, wherein after administration, the at least
one compound achieves greater than about 1 micromolar (uM) of concentration in the
perilymph and less than about 0.1 uM of concentration in the plasma.

134. The intratympanic composition of claim 110, wherein the composition has a gelation
temperature from about 19° C to about 37° C.

135. The intratympanic composition of claim 110, wherein the auris acceptable carrier has

a pH of about 5.5 to about 9.0.

136. The intratympanic composition of claim 110, further comprising a permeability
enhancer.
137. The intratympanic composition of claim 136, wherein the permeability enhancer is a

carboxylic acid.

138. The intratympanic composition of claim 136, wherein the permeability enhancer is a
fatty acid.

139. The intratympanic composition of claim 136, wherein the permeability enhancer is a
proxicam.

140. The intratympanic composition of claim 136, wherein the permeability enhancer is a
non-ionic surfactant.

141. The intratympanic composition of claim 136, wherein the permeability enhancer is
valproic acid.

142. The intratympanic composition of claim 110, wherein the composition has a viscosity

of about 100 centipoise (cP) to about 1,000,000 cP.
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143. The intratympanic composition of claim 110, wherein the composition is capable of
being injected.
144. The intratympanic composition of claim 143, wherein the composition is capable of

being injected to an area on or near the round window membrane.

145. Use of the intratympanic composition of claim 110 in treating or preventing hearing
loss.

146. The use of claim 145, wherein the hearing loss is age-induced hearing loss.

147. The use of claim 145, wherein the hearing loss is trauma-induced hearing loss.

148. The use of claim 145, wherein the hearing loss is antibiotic-based hearing loss.

149. The use of claim 148, wherein the antibiotic-based hearing loss is aminoglycoside-

based hearing loss.

150. The use of claim 145, wherein the hearing loss is chemotherapy-based hearing loss.
151. The use of claim 150, wherein the hearing loss is cisplatin-based hearing loss.
152. A composition for intratympanic administration comprising at least one compound

that activates AMPK and from about 10% to about 40% by weight of a polyoxylethylene-
polyoxypropylene block copolymer.

153. The composition of claim 152, comprising about 10% to about 30% by weight of a
polyoxylethylene-polyoxypropylene block copolymer.

154. The composition of claim 153, comprising about 10% to about 20% by weight of a
polyoxylethylene-polyoxypropylene block copolymer.

155. The composition of claim 152, wherein the dose of the at least one compound is about

0.5% to about 15% by weight.
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156. The composition of claim 152, wherein the polyoxylethylene-polyoxypropylene
block copolymer comprises poloxamer 407, poloxamer 188, poloxamer 237, poloxamer 338,
or a combination thereof.

157. The composition of claim 152, wherein the at least one compound is Compound 1:
(3R,3aR,6R,6aR)-6-((5-([1,1'-biphenyl]-4-yl)-6-chloro-3H-imidazo[4,5-b]pyridin-2-
yl)oxy)hexahydrofuro[3,2-b]furan-3-ol, or a pharmaceutically acceptable salt, tautomer,
stereoisomer, or a mixture of stereoisomers thereof.

158. The composition of claim 152, wherein the at least one compound is Compound 2:
(3R,3aR,6R,6aR)-6-((5-chloro-6-(4-(1-(hydroxymethyl)cyclopropyl)phenyl)-1H-
benzo[d]imidazol-2-yl)oxy)hexahydrofuro[3,2-b]furan-3-ol, or a pharmaceutically acceptable
salt, tautomer, stereoisomer, or a mixture of stereoisomers thereof.

159. The composition of claim 152, wherein the at least one compound is Compound 3: N-
(4'-(6-chloro-2-(((3R,3aR,6R ,6aR)-6-hydroxyhexahydrofuro[3,2-b]furan-3-yl)oxy)-3H-
imidazo[4,5-b]pyridin-5-yl)-[1,1'-biphenyl]-4-yl)methanesulfonamide, or a pharmaceutically
acceptable salt, tautomer, stereoisomer, or a mixture of stereoisomers thereof.

160. The composition of claim 152, wherein the at least one compound is Compound 4:
(3R,3aR,6R,6aR)-6-((6-fluoro-5-(4'-(pyrrolidin-3-yloxy)-[1,1'-biphenyl]-4-y1)-1H-
pyrrolo[3,2-b]pyridin-2-yl)oxy)hexahydrofuro[3,2-b]furan-3-ol, or a pharmaceutically
acceptable salt, tautomer, stereoisomer, or a mixture of stereoisomers thereof..

161. The composition of claim 152, wherein the at least one compound is Compound 5:
(3R,3aR,6R,6aR)-6-((6-fluoro-5-(4'-(pyrrolidin-3-yloxy)-[1,1'-biphenyl]-4-y1)-1H-
pyrrolo[3,2-b]pyridin-2-yl)oxy)hexahydrofuro[3,2-b]furan-3-ol, or a pharmaceutically

acceptable salt, tautomer, stereoisomer, or a mixture of stereoisomers thereof..
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162. The composition of claim 152, wherein the at least one compound is Compound 6:
(3R,3aR,6R,6aR)-6-((5-(4'-(1H-pyrazol-1-yl)-[1,1'-biphenyl]-4-yl)-6-chloro-3H-imidazo[4,5-
b]pyridin-2-yl)oxy)hexahydrofuro[3,2-b]furan-3-ol, or a pharmaceutically acceptable salt,
tautomer, stereoisomer, or a mixture of stereoisomers thereof.

163. The composition of claim 152, wherein the at least one compound is Compound 7:
(3R,3aR,6R,6aR)-6-((5-(4-(6-(1H-pyrazol-1-yl)pyridin-3-yl)phenyl)-6-chloro-3H-
imidazo[4,5-b]pyridin-2-yl)oxy)hexahydrofuro[3,2-b]furan-3-ol, or a pharmaceutically
acceptable salt, tautomer, stereoisomer, or a mixture of stereoisomers thereof.

164. The composition of claim 152, wherein the at least one compound is Compound 8:
(3R,3aR,6R,6aR)-6-((6-chloro-5-(4-(2-(2-hydroxy-2-methylpropyl)-2,6-dihydropyrrolo[3,4-
c]pyrazol-5(4H)-yl)phenyl)-3H-imidazo[4,5-b]pyridin-2-yl)oxy)hexahydrofuro[3,2-b]furan-
3-ol, or a pharmaceutically acceptable salt, tautomer, stereoisomer, or a mixture of
stereoisomers thereof.

165. The composition of claim 152, wherein the at least one compound is Compound 9: 4'-
(6-fluoro-2-(((3R,3aR,6R ,6aR)-6-hydroxyhexahydrofuro[3,2-b]furan-3-yl)oxy)-1H-
benzo[d]imidazol-5-yl)-[1,1'-biphenyl]-2,6-diol, or a pharmaceutically acceptable salt,
tautomer, stereoisomer, or a mixture of stereoisomers thereof.

166. The composition of claim 152, wherein the at least one compound is Compound 10:
(3R,3aR,6R,6aR)-6-((6-chloro-5-(4'-(4-(2-hydroxy-2-methylpropyl)-1H-pyrazol-1-y1)-[1,1'-
biphenyl]-4-yl)-3H-imidazo[4,5-b]pyridin-2-yl)oxy)hexahydrofuro[3,2-b]furan-3-ol, or a
pharmaceutically acceptable salt, tautomer, stereoisomer, or a mixture of stereoisomers

thereof.
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167. The composition of claim 152, wherein the at least one compound is a compound of

Formula V:

R2 H
N /Y -_—Z
| . )X
A1 A2
Ra
Formula V

or a pharmaceutically acceptable salt, tautomer, stereoisomer, or a mixture of
stereoisomers thereof, wherein:

A'is N or CH;

A?is N, CH, or CRS;

X is -O-;

Y is unsubstituted or substituted heterocycloalkyl;

Z 1s -(CHz2)o-30H;

R? is hydrogen, halogen, or methyl;

RS is Ci3 alkyl, -CN, -CF3, or cyclopropyl; and

R%is {{Hoy-halogen, oxo, -{CH2nOH, ({CH2 N Riya, (CH2mNOz, (CHWON, -
Crealioyl, {(CHuCFs, {(CH2pmOCFs, -O-{CH - OC 1satkyl, (CHDCOMNER,, -
{CHpn(=N-OHN{R Y, (CHOC etk vl ~(CHa G- CH - Caeycloalkyl, -(CHapml-
{CH)-Corevelohetercalkyl, (CH)wD-(CHb-arv], «(CH2O-{CHz-heterolaryd, -
{CH2 S Crealkyl, -{OH SO  Loalkyl, -{CH2 38020 aalkiyvl, {CH S Careycloalkyl, -
(CHuSOCrreycloheteroalloyl, {CHDwS Oz-aryl, ~(CHSO-heteroaryd, -
{CH ) SO NHC Lealkyvl, (UHSGoNHCeycloalkyl, (CHR 3T NHC e vcloheteroalkyl,
S{OH SO NH-aryl, ~(CH S O:NH-heteroaryl, ~({CHNHSO-Crgalkyl, -«(CHz b NHSO0-
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Cyqeyveloalkyl, ~(CH)NHEO-Coooyelohetercalkyl, ~(CH ) NHSQg-arvl, -
({CHORNHSONH-heteroary ], -(CHz M R-Crsaliovl, (CH2NERNY-Carcycioatkyl, -
{CH2 ) N(R-Coroycloheteroalkyl, (CH)wN{R)-Cooveloheteroatkenyl, ~{(CHa)mN(RI)-
aryl, -(CHDNE) heteroary, (CHzmCORE, (CH2pCONR ), -
(CHL b N(RDCOINRY,, -(CHCOH, (CHDWOCOH, -(CHDCORE, -(CHDWDCOR', -
{CHCageyeloaliyl, (CHnpCharoycloalkenvl, (CHnCrsovelohetercalkyl, (0 H)Co
scycloheteroalkenyl, -«(CHzhnaryl, and -<{CHowbheteroaryh; wherein each CH:z is unsubstituted
or substituted with 1 or 2 substituents selected frome oxo, {CHapaOH, -ON, -NH,, -NH{C.
salkyly, -N{Cysalkyln, -Crealkyl ¢CHs) , OCLealkyl, halogen, -CHRF, -CHF -CHF -CORH, -
CChgalkyl, -Cryeycloalkyl, phenyl, CHaphenyl, hetercaryt and CHobeteroaryl, and
wherein alkyl, cveleoatkyl, cycloatkenyl. cyclohetercalkyl, cvelobeteroattenyt, aryl and
hetercaryl are unsabstitnted or substituted with 1, 2, 3 or 4 substituents selected frome oxo, -
{CHaosOHL -ON, -NHz, -NEC salkyl), -WN{Usatkyba, -Chrealkyl, OCqalkyl, halogeo, -
CHoE, -CHE,, -CFs, -COH, -COCrgalkyl, -5O:0 g alkvl, -Cageveloalkvt, phenyl,
CHzphenyl, hetercary! and CHoheteroarvi.

168. The composition of claim 152, wherein the at least one compound is a compound of

Formula V-a:

R2 H
I\ X/Y 4

/ /

N N

Ra
Formula V-a
or a pharmaceutically acceptable salt, tautomer, stereoisomer, or a mixture of

stereoisomers thereof, wherein:
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X is -O-;

Y is unsubstituted or substituted heterocycloalkyl;

Z 1s -(CHz2)o-30H;

R? is hydrogen, halogen, or methyl; and

R¥is -(CHayg-halogen, oxo, ~(CHa ) OH, -(CHR N By, ~(CH N, (CH O, -
Creatkyl, -(CHznO s, {(CHOOCR, -O-(CH w00 salkvl, (CHD)COMNRD, -
(CH S (=N-OHNR 3, -(CH 2O Lsatikyl, (CH - CH - Careyeloalkyl, -(CH2 -
{(CHa - Crroycloheteraalkyl, {(CH2)mO-{CH-aryh {CH20-{CH -heterolaryl, -
{CHD WS Csaliov], (CHDS O Cealkyl, (CHDuSOaCiealkyl, {{CH SO Csreycloalkyl, -
{CHz 800 reoycloheteroalkyl, -(CH 2 380 -ary], -(TH21.500-heteroaryl, -
{(CH mSONHC Lealkyl, {(CH2WSCNHC reyeloallovl, (CH2 S O:NRHC soyclioheteroalkyl,
A{CHD RO NH-arv], -{(CH23nS0:NH-heteroaryl, -(CH2NHSO2-Crsalkyl, -(CH2 3 NHSOn-
Cazeyeloalkyl, {(CHopNHSO-Comeyclobetereatkyl, -(CH NHSO-arvd, -
(CH)NHSCoMNH-heteroaryl, (CH)wNRD-Crealkyl, -(CHuMNRN-Comoyaioalkyl, -
{CHN(RD-Creveiohateroalkyl, (CHzimN{RNY-Chseyeloheteroaikenyl, -(CH2 I N(R)-
arvl, (CH2MN(R -heteroaryl, (CHDCIORS, (CHOLCOINER Y, -
(CHDNRDCENNR Y, -(CHDWCOH, (CHpnOCOH, -(CHwCORE, -(CHOOC0R ], -
{UCHzmCureycloalkyl, -({CUH i voycloalkenyl, -{CHp il seycloheteroatkyl, -(CHCh

sevcioheteroalkenyl, (CHowarvl, and -(CHzthetersarvl; wherein each CHo is unsubstituted

or substituted with | or 2 sebstiteents selected from: oxo, -{CH2u:0H, -CN, -NH:. -NHE{Cy.
salkyly, -MEC ealkylyy, -Crsaliyt {CH3Y , OC salkyl, halogen, ~CHRF, -CHE,, ~CH;, -COgH, -
00 salbyl, -Coneveloatbvl, pheoyl, CHapheoyl beteroaryl and CHzheteroaryl, and

wherein atkyl, cycloalkyl, cycloalkenyl, cycioheternalkyl, cyclohetercalkenyl. aryl and
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heteroaryl are unsobstitnted or subsiituted with 1, 2, 3 or 4 substituents selected frome oxo, -
{CUHz0sOH, -ON, -NHz, -NEO sallovl), -N{Cgalovhs, -Chgalkyl, OC 1 salkyl, halogen, -
CHoF, -CHE,, -CFs, -COH, -COCrsalkyl, -500 g alkyl, -Cagevelpabivl, phenyl,

CHaphenyl, heteroaryl and CHoheternaryh

169. The composition of claim 152, wherein the at least one compound is a compound of

H
N A gt
>

Formula V-b

Formula V-b:

®

or a pharmaceutically acceptable salt, tautomer, stereoisomer, or a mixture of

Ra

stereoisomers thereof, wherein:

X is -O-;

Y is unsubstituted or substituted heterocycloalkyl;

Z 1s -(CHz2)o-30H;

R? is hydrogen, halogen, or methyl; and

R¥is -(CHayg-halogen, oxo, ~(CHa ) OH, -(CHR N By, ~(CH N, (CH O, -
Orsatkyl, (CHzmCFs, -(CH2pnOCPF, -O-(CH w00 salloyl, A0HD) L CIONR), -
(CH S (=N-OHNR 3, -(CH 2O Lsatikyl, (CH - CH - Careyeloalkyl, -(CH2 -
{(CHa - Crroycloheteraalkyl, {(CH2)mO-{CH-aryh {CH20-{CH -heterolaryl, -
{CH2 2 saliovh, (CH MO alkyl, ~0CH S0 Chsalkvl, ~{({CH 58S 0oy cloalkyd, -

{CHzmS O eyclobeleroalkyl, «(CHz iSOz aryl, -(CH S O-heteroaryl, -
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{CH ) SO NHC Lealkyvl, (UHSGoNHCeycloalkyl, (CHR 3T NHC e vcloheteroalkyl,
S{OH SO NH-aryl, ~(CH S O:NH-heteroaryl, ~({CHNHSO-Crgalkyl, -«(CHz b NHSO0-
{Caaeycloalkyl, (CHmNHSO:-Corovelohetercalkyl, «(CH2NHSCz-arvi, -
{CH)NHSONH-heteroaryl, -(CHzmNEN-Crealkyl, (CHDLNR-Coocyeloalkyl, -
{CHo haN(RD-Crreyclobeteroalkyl, (CH2 1 MNRD-Coreycloheternalkenyl, ~(CHzaN(RY)-
aryl, (CHR)wNR-heteroaryl, (CH i DORY -(CHRCHMNR Y, -
(CHDmNRDOONERz, ACH OO H, ACH)OC0H, (CHnCOR, (CH)OCORE, -
{(CHapuCaqeycloalkyl, -(CHzjnCaroycloatkenyl, (CHynCrroycloheteroalloyl, -{(CH2)Cae
soyeiohetercalkenyl, «(CHowarvl, and ~(CHzmheteroaryl wherein each CHo 18 ursubstitnied
or substitnied with 1 or 2 substituents selected from: oxo, ~-{CHo 2O, -ON, -NH,, -NE{C|.
satkyly, -N{Cyealkybh, -Crealkyl (CHs) . OCsalkyl, halogen, -CHRF, -CHE,, -CFs, -COH. -
COCpalloyl, -Craeycloalkyl, phenyl CHophenyl, beteroaryl and CHoheteroaryl, and
wherein alkyl, eyvcloalkyvl, cycloalkenyl, eycloheteroalkyl, cyeloheteroalkenyl, aryl and
heteroaryl are unsehstituted or substituted with 1, 2, 3 or 4 substituents selected from: oxo, -
{CH23osOH, -CN, -NHz, -NE{Cyeallovl), -N{Cealkvi)s, -Crealkyl, OCrsalkyl, halogen, -
CHoF, -CHF?, -CFs, -COzH, -COCsalkyl, -S0:C s alkyl, -Cazeyelnalkyl, phenyl,
CHophenvl, heteroary] and CHaheteroaryl

170. The composition of claim 152, wherein the at least one compound is a compound of

Formula V-c:

Ra
Formula V-c
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or a pharmaceutically acceptable salt, tautomer, stereoisomer, or a mixture of
stereoisomers thereof, wherein:

X is -O-;

Y is unsubstituted or substituted heterocycloalkyl;

Z 1s -(CHz2)o-30H;

R? is hydrogen, halogen, or methyl;

RS is Ci3 alkyl, -CN, -CF3, or cyclopropyl; and

R%is {CHw-halogen, oxo, -{CHOH, -{(CH2DWMN( By, ~(CHuNOs, -(CH2 O, -
Creatkyl, -(CHaCFs, {(CHumOCF, -O-(CH w00 salkyl, -(CHDLCONERD:,
{CHz =0 NER 2, (CH2 0 galk v, -{COH2 O (CHz - Csoycloalkyl, -(CHz -
{(CH - Coqoveloheteroatkyl, -(CHD)WO-(CHadneraryl, ({(CH WO (CH-heternlarvd, -
{CH S Crsalkyl, -(CH SO salkyl, ~(CH S G Crealkyi, {CHzphaS0:20s 70y cloalkyl, -
{CHa S OnCmeycloheteroalloy]l, (CHo S Os-aryl, ~(CHu S O0-heteroaryl, -

{CH ) SONHC  calkyl, (UH2RSCaNHC s seycloalkvl, «(CH)eSCNHC soycloheteroaikyl,
ACH SO NH-aryl, -{({CH2)u50:NH-heteroaryi, -{CHNHSG-Crealkyl, -({CH2 b NHSO0-
Caqeycloalkyl, -(CHpuNHSO:-Coyoveloheteroalkyl, -(CH L NHSOz-arvi, -

(CH) W NHSOoNH-heteroaryl, (CH2wNERM-Crealkyl, (CHDWMER-Cacveloalkyl, -
(CHNRN-Cs reveloheteroall oyl (CHz M RO weyclobeteroatbenyt, O H haNRD-
arvl, {CH)sMN(R -heteroaryl, (CHDCORE A(CHOCIOINR,, -

(CHDNRDOONR 2, (CHDCOH, {CH2OCOH, -(CHuwCORY, (CH2)LO0CO0RY, -
{CHa ot aeycloalkyl, -(CHopaCaoycloalkenyl, «(CHynCeoyclobeteroalloyl, -(CHRCoe
seyeloheteroalkenyl, -(CH waryl, and -{CHzhaheteroaryl wherein each CHb is unsubstituted

or substituted with 1 or 2 substitzents selected from: oxo, -{CHohaOH, -ON, -NHa, -NE{C).
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salkyly, -N{Cysalkyln, -Crealkyl ¢CHs) , OCLealkyl, halogen, -CHRF, -CHF -CHF -CORH, -
CChgalkyl, -Cryeycloalkyl, phenyl, CHaphenyl, hetercaryt and CHobeteroaryl, and
wherein alkyl, cveleoatkyl, cycloatkenyl. cyclohetercalkyl, cvelobeteroattenyt, aryl and
hetercaryl are unsabstitnted or substituted with 1, 2, 3 or 4 substituents selected frome oxo, -
{CHaosOHL -ON, -NHz, -NEC salkyl), -WN{Usatkyba, -Chrealkyl, OCqalkyl, halogeo, -
CHoE, -CHE,, -CFs, -COH, -COCrgalkyl, -5O:0 g alkvl, -Cageveloalkvt, phenyl,
CHzphenyl, hetercary! and CHoheteroarvi.

171. The composition of claim 152, wherein the at least one compound is encapsulated in
nanoparticles, microparticles or microspheres.

172. A pharmaceutical composition comprising at least one gelling agent and at least one

compound that activates AMPK 1in at least one hair cell.

173. The pharmaceutical composition of claim 172, wherein the AMPK is cytoplasmic
AMPK.

174. The pharmaceutical composition of claim 172, wherein the AMPK is nuclear AMPK.

175. The pharmaceutical composition of claim 172, wherein the hair cell is an inner hair
cell.

176. The pharmaceutical composition of claim 172, wherein the hair cell is an outer hair
cell.

177. The pharmaceutical composition of claim 172, wherein the at least one gelling agent

is selected from hyaluronan, a polyoxyethylene-polyoxypropylene block copolymer,
poly(lactic-co-glycolic) acid, polylactic acid, polycaprolactone, fibroin, alginic acid or a salt
thereof, polyethylene glycol, a cellulose, a cellulose ether, a carbomer, agar-agar, gelatin,

glucomannan, galactomannan, xanthan gum, chitosan, pectin, starch, tragacanth,
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carrageenan, polyvinylpyrrolidone, polyvinyl alcohol, paraffin, petrolatum, silicates, fibroin,
or a combination thereof.

178. The pharmaceutical composition of claim 172, wherein the at least one gelling agent
is hyaluronan.

179. The pharmaceutical composition of claim 172, wherein the at least one gelling agent
is a combination of hyaluronan and methylcellulose.

180. The pharmaceutical composition of claim 172, wherein the cellulose ether is
methylcellulose, carboxymethylcellulose, ethylcellulose, hydroxyethylcellulose, methyl
hydroxyethylcellulose, hydroxypropyl methylcellulose, or hydroxypropylcellulose.

181. The pharmaceutical composition of claim 172, wherein the at least one gelling agent
is a polyoxyethylene-polyoxypropylene block copolymer.

182. The pharmaceutical composition of claim 172, wherein the polyoxyethylene-
polyoxypropylene block copolymer is poloxamer 407, poloxamer 188, poloxamer 237,

poloxamer 338, or a combination thereof.

183. The pharmaceutical composition of claim 172, wherein the at least one gelling agent
is fibroin.
184. The pharmaceutical composition of claim 172, wherein the at least one gelling agent

is cross-linked.

185. The pharmaceutical composition of claim 172, wherein the at least one gelling agent
is ionically cross-linked.

186. The pharmaceutical composition of claim 172, wherein the at least one gelling agent

is covalently cross-linked.
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187. The pharmaceutical composition of claim 172, wherein the at least one gelling agent
is not cross-linked.

188. The pharmaceutical composition of claim 172, further comprising a pharmaceutically
acceptable liquid solvent.

189. The pharmaceutical composition of claim 188, wherein the pharmaceutically

acceptable liquid solvent is water.

190. Use of the pharmaceutical composition of claim 172 in treating or preventing hearing
loss.

191. The use of claim 190, wherein the hearing loss is age-induced hearing loss.

192. The use of claim 190, wherein the hearing loss is trauma-induced hearing loss.

193. The use of claim 190, wherein the hearing loss is antibiotic-based hearing loss.

194. The use of claim 193, wherein the antibiotic-based hearing loss is aminoglycoside-

based hearing loss.

195. The use of claim 190, wherein the hearing loss is chemotherapy-based hearing loss.
196. The use of claim 195, wherein the hearing loss is cisplatin-based hearing loss.
197. The pharmaceutical composition of claim 172, wherein the pharmaceutical

composition can be delivered into the ear of a subject in need thereof.
198. The pharmaceutical composition of claim 197, wherein after delivery, the at least one
compound achieves greater than about 1 micromolar (uM) of concentration in the perilymph

and less than about 0.1 uM of concentration in the plasma.
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3. El Claims Nos.:
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--continued from Box No. ll]--

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

Group [+: Claims 1-109, directed to a composition of claim 1, for preventing or treating hearing loss comprising at least one compound
that activates AMPK in at least one hair cell and methods comprising the same. The composition of claim 1 will be searched to the
extent that it encompasses the first species of claim 1, represented by a compound of claim 6, compound 1: (3R,3aR,6R,6aR)-6-((5-
([1,1"-biphenyl}-4-yl)-6-chloro-3H-imidazo[4,5-b]pyridin-2-yl)oxy)hexahydrofuro[3,2-b]furan-3-ol). It is believed that claims 1-6, 16-17, 20-
61, 71-72 and 75-109 read on this first named invention, and thus these claims will be searched without fee. This first named invention
has been selected based on the guidance set forth in section 10.54 of the PCT International Search and Preliminary Examination
Guidelines. Applicant is invited to elect additional compounds of claim 1, wherein each additional compound elected will require one
additional invention fee. Applicants must specify the claims that encompass any additionally elected compound. Applicants must further
indicate, if applicable, the claims which encompass the first named invention, if different than what was indicated above for this group.
Failure to clearly identify how any paid additional invention fees are to be applied to the "+ group(s) will result in only the first claimed
invention to be searched. Additionally, an exemplary election wherein different actual variables are selected is suggested. An exemplary
election would be a compound of claim 11, compound 6: (3R,3aR,6R,6aR)-6-((5-(4'-(1H-pyrazol-1-yl)-[1,1-biphenyl]-4-y1)-6-chloro-3H-
imidazo[4,5-b]pyridin-2-yl)oxy)hexahydrofuro[3,2-b]furan-3-ol) (i.e., ctaims 1-5, 11, 16-17, 20-60, 66, 71-72 and 75-109).

Group [I+: Claims 110-198, directed to a compasition of claim 110, an intratympanic composition comprising (i) at least one compound
that activates AMPK. The composition of claim 110 may be searched, for example, to the extent that it encompasses the first species of
claim 110, represented by a compound of claim 115, compound 1: (3R,3aR,6R,6aR)-6-((5-([1,1'-biphenyl}-4-y!)-6-chloro-3H-imidazo[4,5-
b]pyridin-2-yl)oxy)hexahydrofuro[3,2-b]furan-3-ol); for payment of additional fee and election as such. It is believed that claims 110-115,
125-126, 129-157, 167-168 and 171-198 read on this first named invention of Group 1l+. This first named invention has been selected
based on the guidance set forth in section 10.54 of the PCT International Search and Preliminary Examination Guidelines. Applicant is
invited to elect additional compounds of claim 110, wherein each additional compound elected will require one additional invention fee.
Applicants must specify the claims that encompass any additionally elected compound. Applicants must further indicate, if applicable,
the claims which encompass the first named invention, if different than what was indicated above for this group. Failure to clearly
identify how any paid additional invention fees are to be applied to the '+' group(s) will result in only the first claimed invention to be
searched. Another exemplary election would be a compound of claim 120, compound 6: (3R,3aR,6R,6aR)-6-((5-(4'-(1H-pyrazol-1-yl)-
[1,1"-biphenyl]-4-y1)-6-chloro-3H-imidazo[4,5-b]pyridin-2-y!)oxy)hexahydrofuro[3,2-bifuran-3-ol) (i.e., claims 110-114, 120, 125-126, 129-
156, 162, 167-168 and 171-198).

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

Special Technical Features:

Group I+ includes the technical feature of a composition for preventing or treating hearing loss comprising at least one unique compound
that activates AMPK in at least one hair cell, which is not required by any other invention of Group I+ or |1+,

Group I+ includes the technical feature of an intratympanic composition comprising (i) at least one unique compound that activates
AMPK, which is not required by any other invention of Group I+ or li+.

Common technical features:
The inventions of Groups 1+ and i+ share the technical feature of a composition comprising a compound that activates AMPK.

These shared technical features, however, do not provide a contribution over the prior art, as being obvious over US 2013/0123237 A1
to Anand et al. (hereinafter Anand). Anand discloses a composition (para [0015]) comprising a compound that activates AMPK
(abstract).

The inventions of Groups I+ share the technical feature of a composition for preventing or treating hearing loss comprising at least one
compound listed that activates AMPK in at least one hair cell.

These shared technical features, however, do not provide a contribution over the prior art, as being obvious over US 2019/0382436 A1
to Cornell University (hereinafter Cornell) in view of Anand. Cornell discloses a composition for preventing or treating hearing loss (para
[0102]) comprising at least one compound listed that activates AMPK (para [0097]: increase in the NAD+ level as compared to the
reduced level (NADH), results in activation of AMPK) in at least one hair cell (para [0102]), but does not disclose a compound listed.
However, Anand discloses compounds which activate AMPK (abstract) which are compound 1: (3R,3aR,6R,6aR)-6-((5-([1,1"-biphenyl}-4
-yl)-6-chloro-3H-imidazo[4,5-b]pyridin-2-yl)oxy)hexahydrofuro[3,2-b]furan-3-ol) (para [0595]). It would have been obvious to one with
skill in the art to utilize the composition disclosed by Cornell comprising various AMPK activators, such as the compound disclosed by
Anand; in order to develop improved methods of treatment.

--continued on following page--
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--continued from previous page--

The inventions of Groups |1+ share the technical feature of intratympanic composition comprising (i) at least one compound listed that
activates AMPK.

These shared technical features, however, do not provide a contribution over the prior art, as being obvious over WO 2020/215034 A1 to
THE REGENTS OF THE UNIVERSITY OF CALIFORNIA (hereinafter California) in view of Anand. California discloses an intratympanic
(para [0048]: intratympanic) composition (para [0049]) comprising (i) at least one compound that activates AMPK (abstract), but does not
disclose a compound listed. However; Anand discloses compounds which activate AMPK (abstract) which are compound 1:
(3R,3aR,6R,6aR)-6-((5-([1,1'-biphenyl]-4-yl}-6-chloro-3H-imidazo[4,5-b]pyridin-2-yi)oxy)hexahydrofuro[3,2-b]furan-3-ol) (para [0595]). It
would have been obvious to one with skill in the art to utilize the composition disclosed by California comprising various AMPK
activators, such as the compound disclosed by Anand; in order to develop improved methods of treatment.

As said compound was known in the art at the time of the invention, these cannot be considered special technical features that would
otherwise unify the inventions of Groups I+ or II+. The inventions of Group I+ and [I+ thus lack unity under PCT Rule 13.

Note: Claims 16-19, 71-74, 125-128 and 167-170 lack clarity as variable m is not defined; for the purpose of this ISR, m is assumed to
be 0 (see instant specification, para [0095])

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




	Page 1 - front-page
	Page 2 - front-page
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - description
	Page 23 - description
	Page 24 - description
	Page 25 - description
	Page 26 - description
	Page 27 - description
	Page 28 - description
	Page 29 - description
	Page 30 - description
	Page 31 - description
	Page 32 - description
	Page 33 - description
	Page 34 - description
	Page 35 - description
	Page 36 - description
	Page 37 - description
	Page 38 - description
	Page 39 - description
	Page 40 - description
	Page 41 - description
	Page 42 - description
	Page 43 - description
	Page 44 - description
	Page 45 - description
	Page 46 - description
	Page 47 - description
	Page 48 - description
	Page 49 - description
	Page 50 - description
	Page 51 - description
	Page 52 - description
	Page 53 - description
	Page 54 - description
	Page 55 - description
	Page 56 - description
	Page 57 - description
	Page 58 - description
	Page 59 - description
	Page 60 - description
	Page 61 - description
	Page 62 - description
	Page 63 - description
	Page 64 - description
	Page 65 - description
	Page 66 - description
	Page 67 - description
	Page 68 - description
	Page 69 - description
	Page 70 - description
	Page 71 - description
	Page 72 - description
	Page 73 - description
	Page 74 - description
	Page 75 - description
	Page 76 - description
	Page 77 - description
	Page 78 - description
	Page 79 - description
	Page 80 - description
	Page 81 - description
	Page 82 - description
	Page 83 - description
	Page 84 - description
	Page 85 - description
	Page 86 - description
	Page 87 - description
	Page 88 - description
	Page 89 - description
	Page 90 - description
	Page 91 - description
	Page 92 - description
	Page 93 - description
	Page 94 - description
	Page 95 - description
	Page 96 - description
	Page 97 - description
	Page 98 - description
	Page 99 - description
	Page 100 - description
	Page 101 - description
	Page 102 - description
	Page 103 - description
	Page 104 - description
	Page 105 - description
	Page 106 - description
	Page 107 - description
	Page 108 - description
	Page 109 - description
	Page 110 - description
	Page 111 - description
	Page 112 - description
	Page 113 - description
	Page 114 - description
	Page 115 - description
	Page 116 - description
	Page 117 - description
	Page 118 - description
	Page 119 - description
	Page 120 - description
	Page 121 - description
	Page 122 - description
	Page 123 - description
	Page 124 - description
	Page 125 - description
	Page 126 - description
	Page 127 - description
	Page 128 - description
	Page 129 - description
	Page 130 - description
	Page 131 - description
	Page 132 - description
	Page 133 - description
	Page 134 - description
	Page 135 - description
	Page 136 - description
	Page 137 - description
	Page 138 - description
	Page 139 - description
	Page 140 - description
	Page 141 - description
	Page 142 - description
	Page 143 - description
	Page 144 - description
	Page 145 - description
	Page 146 - description
	Page 147 - description
	Page 148 - description
	Page 149 - description
	Page 150 - description
	Page 151 - description
	Page 152 - description
	Page 153 - description
	Page 154 - description
	Page 155 - description
	Page 156 - description
	Page 157 - description
	Page 158 - description
	Page 159 - description
	Page 160 - description
	Page 161 - description
	Page 162 - description
	Page 163 - description
	Page 164 - description
	Page 165 - description
	Page 166 - description
	Page 167 - description
	Page 168 - description
	Page 169 - description
	Page 170 - description
	Page 171 - description
	Page 172 - description
	Page 173 - description
	Page 174 - description
	Page 175 - description
	Page 176 - description
	Page 177 - description
	Page 178 - description
	Page 179 - description
	Page 180 - description
	Page 181 - claims
	Page 182 - claims
	Page 183 - claims
	Page 184 - claims
	Page 185 - claims
	Page 186 - claims
	Page 187 - claims
	Page 188 - claims
	Page 189 - claims
	Page 190 - claims
	Page 191 - claims
	Page 192 - claims
	Page 193 - claims
	Page 194 - claims
	Page 195 - claims
	Page 196 - claims
	Page 197 - claims
	Page 198 - claims
	Page 199 - claims
	Page 200 - claims
	Page 201 - claims
	Page 202 - claims
	Page 203 - claims
	Page 204 - claims
	Page 205 - claims
	Page 206 - claims
	Page 207 - claims
	Page 208 - claims
	Page 209 - claims
	Page 210 - claims
	Page 211 - claims
	Page 212 - claims
	Page 213 - claims
	Page 214 - claims
	Page 215 - claims
	Page 216 - claims
	Page 217 - claims
	Page 218 - claims
	Page 219 - claims
	Page 220 - claims
	Page 221 - claims
	Page 222 - claims
	Page 223 - claims
	Page 224 - claims
	Page 225 - drawings
	Page 226 - drawings
	Page 227 - drawings
	Page 228 - drawings
	Page 229 - drawings
	Page 230 - drawings
	Page 231 - drawings
	Page 232 - drawings
	Page 233 - drawings
	Page 234 - drawings
	Page 235 - drawings
	Page 236 - drawings
	Page 237 - drawings
	Page 238 - drawings
	Page 239 - wo-search-report
	Page 240 - wo-search-report
	Page 241 - wo-search-report
	Page 242 - wo-search-report

