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Compounds that Enhance Atohl Expression

CLAIM OF PRIORITY
This application claims priority under 35 USC §119(e) to U.S. Provisional Patent
Application Serial No. 61/027,032, filed on February 7, 2008, the entire contents of

which are hereby incorporated by reference.

TECHNICAL FIELD
This invention generally provides compounds, pharmaceutical compositions, and
methods for their use, which include methods that result in increased expression in an Atohl
gene (e.g., Hathl) in a biological cell. More specifically, the invention relates to the

treatment of diseases and/or disorders that would benefit from increased Atohl expression.

BACKGROUND

One of the most common types of hearing loss is sensorineural deafness which is
caused by the loss of hair cells, sensory cells in the cochlea that are responsible for
transduction of sound into an electrical signal. The human inner ear contains only about
15,000 hair cells per cochlea at birth, and, although these cells can be lost as a result of
various genetic or environmental factors, the lost or damaged cells cannot be replaced.
However, overexpression of the transcription factor, Atohl, can induce the differentiation
of hair cells from epithelial cells in the sensory organ of the cochlea, the organ of Corti
((Zheng and Gao, Nat Neurosci 2000;3:580-586 ; Kawamoto et al., ] Neurosci
2003;23:4395-4400; Gubbels et al., Nature 2008;455:537-541). Atoh-1 expression also
plays a role in driving other cells, e.g., intestinal cells, into a differentiated state (Aragaki
et al., Biochem. Biophys. Res. Comm. 2008 Apr;368(4):923-929), and overexpression of
Atoh-1 reduces proliferation of colon cancer cells (Leow et al., Ann N Y Acad Sci. 2005
Nov;1059;174-83).

SUMMARY
The present invention features the compounds described herein, and compositions

containing them. For example, the present invention features a pharmaceutical
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composition including one or more compounds capable of increasing Atohl expression in
a cell, as disclosed herein, or a pharmaceutically acceptable salt thereof, and a
pharmaceutically acceptable carrier. The compositions can be formulated for
administration to a patient. Thus, pharmaceutical compositions are within the present
invention, as are concentrated stocks and compositions suitable for application to cells or
tissues maintained in tissue culture, and methods of use of the compounds and
compositions.

Where the composition is pharmaceutically acceptable (i.e., non-toxic), it can
include a pharmaceutically acceptable carrier such as a buffer (e.g., a phosphate buffer),
an amino acid, urea, an alcohol, ascorbic acid, a phospholipid, a polypeptide, EDTA,
sodium chloride (e.g., normal saline), a liposome, mannitol, sorbitol, water, glycerol, or a
combination thereof, Preservatives and dyes may also be included. In some
embodiments, the composition is sterile.

The compounds described herein can be used to alter the characteristics of a cell
maintained in cell culture (e.g., in vitro), and the compounds and/or the treated cells can
be administered to a patient in need of treatment. For example, a method of treating a
patient can be carried out by a method including the steps of (a) selecting a patient in
need of treatment, and (b) administering to the patient a therapeutically effective amount
of a compound described herein (e.g., a compound formulated for administration). The
pharmaceutical composition can be administered systemically (e.g., orally or
parenterally). More specifically, the composition can be administered intravenously,
intramuscularly, intraperitoneally, sublingually, rectally, vaginally, transdermally,
subcutaneously, or by inhalation. When administered orally, the composition can be
formulated as a tablet (e.g., a compressed tablet), pill, syrup, suspension, emulsion, or
capsule. When administered parenterally, the composition can be formulated as a
lozenge, drop (e.g., ear drops), solution, enema, suppository, or spray. The compositions
can also be administered using a catheter or pump.

The present compositions can also be administered locally (e.g., to the ear or other
site where cellular differentiation and/or Atohl expression is desired). For administration
to the ear, the pharmaceutical composition can be administered by injection into the
luminae of the cochlea, into the auditory nerve trunk in the internal auditory meatus,

2
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and/or into the scala tympani. More specifically, the pharmaceutical composition can be
administered by intratympanic injection, application to (e.g., injection into) the outer,
middle, or inner ear, an injection through the round window of the ear, or an injection
through the cochlear capsule. The pharmaceutical composition can also be administered
to the patient (e.g., locally to the middle and/or inner ear) using a catheter or pump.

The patient in need of treatment can have, or have a risk of developing, a hearing
impairment or imbalance disorder associated with loss of auditory hair cells. While the
invention is not limited to compounds that work by any particular mechanism, the present
compositions may be used where the treatment effectively increases the expression of an
Atohl gene in cells in the patient’s inner ear (or other target tissue (e.g., a tumor)) or
effectively increases the number of cells in the patient’s inner ear that have characteristics
of auditory hair cells. The auditory hair cells can be outer or inner auditory hair cells.

The patient in need of treatment can also have, or be at risk of developing, cancer.
The cancer can be a gastrointestinal cancer (e.g., cancer of the esophagus, gallbladder,
liver, pancreas, stomach, small intestine, large intestine, colon, or rectum).

The patient in need of treatment can also have, or be at risk of developing,
cerebellar granule neuron deficiencies, joint disease, and/or osteoarthritis.

In one embodiment, the method of treating a patient who has a hearing impairment
or imbalance disorder can be carried out by a method that includes the steps of:

(a) optionally selecting a patient in need of treatment, (b) obtaining a population of cells
capable of differentiating into auditory hair cells, (c) contacting the population of cells

in vitro with an effective amount of one or more of the compounds described herein for a
time sufficient to increase the number cells in the population that have characteristics of a
differentiated auditory hair cell, and (d) administering the population of cells, or a subset
thereof (e.g., a subset of more highly differentiated cells), to the patient’s ear. The
population of cells capable of differentiating into auditory hair cells can include stem
cells, induced pluripotent stem (iPS) cells, progenitor cells, support cells, Deiters’ cells,
pillar cells, inner phalangeal cells, tectal cells, Hensen’s cells, and germ cells. The stem
cells can be adult stem cells (e.g., stem cells derived from the inner ear, bone marrow,
mesenchyme, skin, fat, liver, muscle, or blood), embryonic stem cells, or stem cells

obtained from a placenta or umbilical cord. Like the stem cells, the progenitor cells can
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be derived from the inner ear, bone marrow, mesenchyme, skin, fat, liver, muscle, or
blood. Administering the population of cells can be accomplished by (a) injecting the
cells into the luminae of the cochlea, into the auditory nerve trunk in the internal auditory
meatus, or into the scala tympani or (b) implanting the cells within a cochlear implant. In
any method where the patient is treated with cells, they may, in addition, be treated with
one or more of the present compounds, and vice-versa. The pharmaceutical compositions
can be administered systemically or locally, as described above.

Other methods of the invention include methods of increasing the number of cells
with the characteristics of auditory hair cells in a population of cells in vitro. These
methods can be carried out by obtaining a population of cells capable of differentiating
into auditory hair cells, contacting the population of cells in vitro (e.g., in cell culture)
with an effective amount of one or more of the compounds described herein for a time
sufficient to increase the number of cells with the characteristics of auditory hair cells in
the population of cells. The population of cells capable of differentiating into hair cells
includes cells selected from the group consisting of stem cells, iPS cells, inner ear stem
cells, adult stem cells, bone marrow derived stem cells, embryonic stem cells,
mesenchymal stem cells, skin stem cells, fat derived stem cells, progenitor cells, inner ear
progenitor cells, support cells, Deiters’ cells, pillar cells, inner phalangeal cells, tectal
cells, Hensen’s cells, and germ cells.

Also within the invention is the use of the compounds described herein as a
medicament, and in the manufacture of a medicament for the treatment or prevention of a
condition described herein. For example, the medicament can be used in a method for
treating or preventing hearing loss or imbalance associated with hair cell loss, or a
condition associated with unwanted cellular proliferation. Also within the present
invention is the use of the described compounds in the treatment of a condition described
herein, e.g., hearing loss or imbalance associated with hear cell loss, or a condition
associated with unwanted cellular proliferation. The medicament can be in any form
described herein, and can be administered alone or in combination with another treatment
or active agent.

Also provided herein are kits (e.g., a kit comprising the pharmaceutical
compositions described above with informational material or a kit comprising a

4
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compound described herein and informational material). The cells within the kits can be
made by the methods described above, and any of the kits can include additional
materials such as a device suitable for administration of the pharmaceutical composition
or the population of cells, e.g., a sterile flexible cannula that is adapted for insertion into
the inner ear of a subject.

Further, the invention encompasses a cell or a population of cells made by the
methods described herein.

The present disclosure also includes using one or more of the compounds
described herein as a medicament, e.g., that can be used for the treatment of a hearing
impairment or imbalance disorder associated with a loss of auditory hair cells and/or a
condition associated with abnormal cellular proliferation.

The use of one or more of the compounds described herein for the treatment of a
hearing impairment or imbalance disorder associated with a loss of auditory hair cells
and/or a disorder associated with abnormal cellular proliferation is also encompassed by

the present disclosure.

Definitions

The term “abnormal proliferation” as used herein is defined as any unwanted
hyperproliferation of any type of cell, wherein said cell is not under the constraints of
normal cell cycle progression and wherein said proliferation can result in a tumor or any
cancerous development.

As used herein, “treatment” means any manner in which one or more of the
symptoms of a disease or disorder are ameliorated or otherwise beneficially altered. As
used herein, amelioration of the symptoms of a particular disorder refers to any lessening,
whether permanent or temporary, lasting or transient that can be attributed to or
associated with treatment by the compositions and methods of the present invention.

The terms “effective amount” and “effective to treat,” as used herein, refer to an
amount or a concentration of one or more compounds or a pharmaceutical composition
described herein utilized for a period of time (including acute or chronic administration
and periodic or continuous administration) that is effective within the context of its

administration for causing an intended effect or physiological outcome.
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Effective amounts of one or more compounds or a pharmaceutical composition
for use in the present invention include amounts that promote increased Atohl
expression, promote complete or partial differentiation of one or more cells to treat a
disease that would benefit from increased Atohl expression, e.g., prevent or delay the
onset, delay the progression, ameliorate the effects of, or generally improve the prognosis
of a patient diagnosed with one or more diseases that Wéuld benefit from increased Atohl
expression, e.g., one or more of the diseases described herein. For example, in the
treatment of hearing impairment, a compound which improves hearing to any degree or
arrests any symptom of hearing impairment would be therapeutically effective. In the
treatment of abnormal proliferation of cells, a compound which reduces proliferation
would be therapeutically effective. In the treatment of abnormal cell proliferation, a
compound which reduces proliferation of the cells, reduces tumor size, reduces
metastases, reduces proliferation of blood vessels to said cancer would be therapeutically
effective, for example. A therapeutically effective amount of a compound is not required
to cure a disease but will provide a treatment for a disease.

The term “patient” is used throughout the specification to describe an animal,
human or non-human, to whom treatment according to the methods of the present
invention is provided. Veterinary and non-veterinary applications are contemplated. The
term includes, but is not limited to, birds, reptiles, amphibians, and mammals, e.g.,
humans, other primates, pigs, rodents such as mice and rats, rabbits, guinea pigs,
hamsters, cows, horses, cats, dogs, sheep and goats. Typical patients include humans,
farm animals, and domestic pets such as cats and dogs.

The term “halo” or “halogen” refers to any radical of fluorine, chlorine, bromine
or iodine.

In general, and unless otherwise indicated, substituent (radical) prefix names are
derived from the parent hydride by either (1) replacing the “ane” in the parent hydride
with the suffixes “yl,” “diyl,” “triyl,” “tetrayl,” etc.; or (ii) replacing the ‘“‘¢” in the parent
hydride with the suffixes “yl,” “diyl,” “triyl,” “tetrayl,” etc. (here the atom{s) with the
free valence, when specified, is (are) given numbers as low as is consistent with any
established numbering of the parent hydride). Accepted contracted names, e.g.,
adamantyl, naphthyl, anthryl, phenanthryl, furyl, pyridyl, isoquinolyl, quinolyl, and

6
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piperidyl, and trivial names, e.g., vinyl, allyl, phenyl, and thienyl are also used herein
throughout. Conventional numbering/lettering systems are also adhered to for substituent
numbering and the nomenclature of fused, bicyclic, tricyclic, polycyclic rings.

The term “alkyl” refers to a saturated hydrocarbon chain that may be a straight
chain or branched chain, containing the indicated number of carbon atoms. For example,
C,-Ce alkyl indicates that the group may have from 1 to 6 (inclusive) carbon atoms in it.
Any atom can be optionally substituted, €.g., by one or more subsitutents (e.g., such as
those delineated in any definition of R described herein). Examples of alkyl groups
include without limitation methyl, ethyl, n-propyl, isopropyl, and tert-butyl.

The term “haloalkyl” refers to an alkyl group, in which at least one hydrogen
atom is replaced by halo. In some embodiments, more than one hydrogen atom (e.g., 2,
3,4,5,6,7,8,9,10,11, 12, 13, or 14 ) are replaced by halo. In these embodiments, the
hydrogen atoms can each be replaced by the same halogen (e.g., fluoro) or the hydrogen
atoms can be replaced by a combination of different halogens (e.g., fluoro and chloro).
“Haloalkyl” also includes alkyl moieties in which all hydrogens have been replaced by
halo (sometimes referred to herein as perhaloalkyl, e.g., perfluoroalkyl, such as
trifluoromethyl). Any atom can be optionally substituted, e.g., by one or more
substituents (e.g., such as those delineated in any definition of R® described herein).

The term “aralkyl” refers to an alkyl moiety in which an alkyl hydrogen atom is
replaced by an aryl group. One of the carbons of the alkyl moiety serves as the point of
attachment of the aralkyl group to another moiety. Any ring or chain atom can be
optionally substituted e.g., by one or more substituents (e.g., such as those delineated in
any definition of R® described herein). Non-limiting examples of “aralkyl” include
benzyl, 2-phenylethyl, and 3-phenylpropyl groups.

The term “heteroaralkyl” refers to an alkyl moiety in which an alkyl hydrogen
atom is replaced by a heteroaryl group. One of the carbons of the alkyl moiety serves as
the point of attachment of the aralkyl group to another moiety. Heteroaralkyl includes
groups in which more than one hydrogen atom on an alkyl moiety has been replaced by a
heteroaryl group. Any ring or chain atom can be optionally substituted e.g., by one or
more substituents (e.g., such as those delineated in any definition of R® described herein).

Heteroaralkyl can include, for example, 2-pyridylethyl.

7
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The terms “alkoxy” and “haloalkoxy” refer to -O-alkyl and -O-haloalkyl radicals,
respectively. The term “phenoxy” refers to an -O-phenyl radical.

The term “heterocyclyl” refers to a fully saturated monocyclic, bicyclic, tricyclic
or other polycyclic ring system having one or more (e.g., 1-4) heteroatom ring atoms
independently selected from O, N, or S. The heteroatom or ring carbon is the point of
attachment of the heterocyclyl substituent to another moiety. Any atom can be optionally
substituted, e.g., by one or more substituents (e.g., such as those délineated in any
definition of R described herein). Heterocyclyl groups can include, e.g., tetrahydrofuryl,
tetrahydropyranyl, piperidyl (piperidino), piperazinyl, morpholinyl (morpholino),
pyrrolinyl, and pyrrolidinyl.

The term “cycloalkyl” refers to a fully saturated monocyclic, bicyclic, tricyclic, or
other polycyclic hydrocarbon groups. Any atom can be optionally substituted, e.g., by
one or more substituents (e.g., such as those delineated in any definition of R® described
herein). A ring carbon serves as the point of attachment of a cycloalkyl group to another
moiety. Cycloalkyl moieties can include, e.g., cyclopropyl, cyclobutyl, cyclopentyl,
cyclohexyl, cycloheptyl, adamantyl, and norbornyl (bicycle[2.2.1]heptyl).

The term “cycloalkenyl” refers to partially unsaturated monocyclic, bicyclic,
tricyclic, or other polycyclic hydrocarbon groups. A ring carbon (e.g., saturated or
unsaturated) is the point of attachment of the cycloalkenyl substituent. Any atom can be
optionally substituted e.g., by one or more substituents (e.g., such as those delineated in
any definition of R® described herein). Cycloalkenyl moieties can include, e.g.,
cyclohexenyl, cyclohexadienyl, or norbornenyl.

The term “aryl” refers to an aromatic monocyclic or bicyclic hydrocarbon ring
system, wherein any ring atom can be optionally substituted, ¢.g., by one or more
substituents (e.g., such as those delineated in any definition of R described herein). Aryl
moieties can include phenyl and naphthyl.

The term “heteroaryl” refers to an aromatic monocyclic or bicyclic hydrocarbon
groups having one or more (e.g., 1-6) heteroatom ring atoms independently selected from
O, N, or S (and mono and dioxides thereof, e.g., N— O, S(0), SO;). Any atom can be

optionally substituted, e.g., by one or more substituents(e.g., such as those delineated in
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any definition of R described herein). Heteroaryl groups can include pyridyl, thienyl,
furyl (furanyl), imidazolyl, isoquinolyl, quinolyl and pyrrolyl.

The descriptor C(O) refers to a carbon atom that is doubly bonded to an oxygen
atom. The term “oxo” refers to doubly bonded oxygen, i.e., =0.

The term “substituent” refers to a group “substituted” on, e.g., an alkyl, haloalkyl,
cycloalkyl, aralkyl, heteroaralkyl, heterocyclyl, , cycloalkenyl, aryl, or heteroaryl group
at any atom of that group. In general, when a definition for a particular variable includes
both hydrogen and non-hydrogen (halo, alkyl, aryl, etc.) possibilities, the term
“substituent(s) other than hydrogen” refers collectively to the non-hydrogen possibilities
for that particular variable.

Descriptors such as “Cq-Cg aryl which is optionally substituted with from 1-5 R%”
(and the like) is intended to include both an unsubstituted Cs-Cig aryl group and a C-Cyp
aryl group that is substituted with from 1-5 R. The use of a substituent (radical) prefix
names such as alkyl without the modifier “optionally substituted” or “substituted” is
understood to mean that the particular substituent is unsubstituted. However, the use of
“haloalkyl” without the modifier “optionally substituted” or “substituted” is still
understood to mean an alkyl group, in which at least one hydrogen atom is replaced by
halo.

v For ease of exposition, it is also understood that where in this specification
(including the claims), a group is defined by “as defined anywhere herein” (or the like),
the definitions for that particular group include the first occurring and broadest generic
definition as well as any sub-generic and specific definitions delineated anywhere in this
specification.

This application is related to U.S. Provisional Application Serial No. 60/605,746,
filed on August 31, 2004, International Application No. PCT/US2005/030714, filed on
August 30, 2005, U.S. Application Serial No. 10/989,649, filed on November 15, 2004,
U.S. Application Serial No. 11/953,797, filed on December 12, 2007, U.S. Application
Serial No. 12/187,543, filed on August 7, 2008, U.S. Provisional Application Serial No.
60/859,041, filed on November 15, 2006, International Application No.
PCT/US2007/084654, filed on November 14, 2007, U.S. Application Serial No.
12/233.017, filed September 18, 2008, and U.S. Provisional Application Serial No.

9
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60/859,041, filed November 24, 2008, the entire contents of each of which are
incorporated herein by reference.

Unless otherwise defined, all technical and scientific terms used herein have the
same meaning as commonly understood by one of ordinary skill in the art to which this
invention belongs. Methods and materials are described herein for use in the present
invention; other, suitable methods and materials known in the art can also be used. The
materials, methods, and examples are illustfative only and not intended to be limiting.
All publications, patent applications, patents, sequences, database entries, and other
references mentioned herein are incorporated by reference in their entirety. In case of
conflict, the present specification, including definitions, will control.

Other features and advantages of the invention will be apparent from the

following detailed description and figures, and from the claims.

DESCRIPTION OF DRAWINGS

FIGS. 1A-1H are generalized structures of phenolic compounds or derivatives
thereof.

FIGS. 1I-1K are structures of specific phenolic compounds or derivatives thereof.

FIGS. 2A-2F are generalized structures of benzamide compounds or related
compounds.

FIGS. 2G-21 are structures of specific benzamide compounds or related
compounds.

FIGS. 3A-3X are generalized structures of compounds that include one or more
heterocyclic rings.

FIGS. 3Y-3ZZ are structures of specific compounds that include one or more
heterocyclic rings.

FIGS. 4A-4G are generalized structures of compounds that include one or more
phenyl rings.

FIGS. 4H-41 are structures of specific compounds that include one or more phenyl
rings.

FIGS. 5A-5E are generalized structures of compounds that include an amide

group attached to a 5-membered heterocyclic ring system.

10
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FIGS 5F and 5G are structures of specific compounds that include an amide group
attached to a S-membered heterocyclic ring system.

FIGS. 6A-60 are generalized structures of compounds that include a 5-membered
heterocyclic ring system fused to another ring system.

FIGS. 6P-6V are structures of specific compounds that include a 5-membered
heterocyclic ring system fused to another ring system.

FIGS. 7A-7C are generalized structures of pyridine compounds, while FIG. 7D is
a generalized structure of pyrimidine compounds.

FIGS. 7E-7F are structures of specific pyridine or pyrimidine compounds.

FIGS. 8A and 8B are generalized structures of aniline compounds or aniline
derivatives.

FIG, 8C are structures of specific structures of anilines or aniline derivatives.

FIGs. 9-116 are line graphs showing Math1 expression in HEK cells with a stably
expressed Luciferase gene controlled by a Math1 enhancer and minimal promoter (see
Example 1). The compound numbers indicated in the graphs correspond to the
compound structures presented in FIG. 1 to FIG. 8. Math1 activation was measured using
the high throughput screening methods described in Example 1 and Example 2.

FIGs. 117A and 117B are graphs showing the results of experiments performed to
optimize the high throughput screen.

FIGs. 118A and 118B are dot plots showing the a duplicate experiment performed
to optimize the high throughput screen.

FIG. 119 is a bar graph showing Math1 activation, as assessed using the Math1
Luciferase reporter assay described in Example 1 and Example 2, in cells exposed to the
indicated compounds. The structure of these compounds is presented in FIG. 1 to FIG. 8.
Initial Atohl activation results for these compounds can be found in FIGs. 9-114.

FIG. 120A is a bar graph showing Math 1 activation, as assessed using the Math]
Luciferase reporter assay described in Example 1 and Example 2, in cells exposed to the
indicated compounds. The structure of these compounds is presented in FIG. 1 to FIG. 8.
Initial Math 1 activation results for these compounds can be found in FIGs. 9-114.

FIG. 120B shows the structures of the compounds indicated in FIG. 117A.
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FIG. 120C shows Atohl mRNA expression in cells exposed to the indicated
compounds.

FIGs. 121 A and 121B are photographs of untreated cells (A) and cells contacted
with compound (Cp) Cp.-0000540 (B). Cell populations that stained positive for the hair

cell specific markers Math1-GFP and myosin 7a are indicated by arrows.

DETAILED DESCRIPTION

The present invention provides, inter alia, compounds and methods related to
compounds and/or pharmaceutical compositions for treating patients for the conditions
described herein. While the treatment methods are not limited to those in which
particular underlying cellular events occur, the present compounds and compositions may
increase the expression of an Atohl gene in a subject and/or a cell, thereby causing the
cell to differentiate, e.g., into an auditory hair cell.
Atoh-1

Atonal protein homologue 1 (Atohl or atonal) is a proneural gene that encodes a
basic helix-loop-helix (bHLH) domain-containing protein that seems to play an important
role in cell fate determination in the development of the Drosophila nervous system

(Jarman et al., Cell, 73:1307-1321, 1993). Atohl is evolutionarily conserved, with

homologs identified in Tribolium castenium (the red flour beetle), Fugu rubripes (puffer

fish), chicken (Cathl), mouse (Math1), and human (Hath1) (Ben-Arie ef al., Hum. Mol.
Gene., 5:1207-1216, 1996). Each of these homologs contain a bHLH domain that is
identical in length and have high sequence identity to the Atohl bHLH domain. For
example, the Hathl and Math1 genes are almost identical in length. These molecules
also have highly similar nucleotide sequences (86% identity) and highly similar bHLH
amino acid sequences (89%). The bHLH domain of Cathl is 97% and 95% identical to
the bHLH domain of Hath1 and Mathl, respectively. The bHLH of Cathl is 67%
identical to the Atohl bHLH domain. In contrast, the bHLH domains of other
Drosophila encoded proteins share only 40-50% sequence identity.

Each of the mammalian Atohl homologs functions as a transcription factor that
activates E box (CANNTG (SEQ ID NO:1)) dependent transcription (Arie ef al., Hum.
Mol. Genet., 9:1207-1216, 1996; Akazawa et al., J. Biol. Chem., 270:8730-8738, 1995)
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and functions as a critical positive regulator of cell fate determination in neural tissue and
the gastrointestinal (GI) tract (Helms et al., Development, 125:919-928, 1998; Isaka et
al., Bur. J. Neurosci., 11:2582-2588, 1999; Ben-Arie et al., Development, 127:1039-
1048, 2000).

The use of nucleic acids encoding the Atoh1l homologues described above for the
treatment of deafness, osteoarthritis, and abnormal cell proliferation was described by
Zoghbi et al., (U.S. Publication No. 2004/0237127).

As used herein, “Atoh1” refers to any and all Atohl-associated nucleic acid or
protein sequences and includes any sequence that is orthologous or homologous to, or has
significant sequence similarity to, an Atohl nucleic acid or amino acid sequence,
respectively, and thus the term “Atohl” includes other mammalian homologues, e.g.,
human, mouse, rat, etc. The sequence can be present in any animal including mammals
(e.g., humans). Examples of Atohl nucleic acid and amino sequences include, but are
not limited to Atohl (e.g., NM_001012432.1 and NP_001012434.1, respectively)(Pan
troglodytes), Hathl (e.g., NM_005172.1 and NP_005163.1)(Homo sapiens), Mathl (e.g.,
NM_007500.4 and NP_031526.1)(Mus musculus), Atohl (NM_001109238.1 and
NP_001102708.1) (Rattus norvegicus), Atohl (XM 001102247.1 and
XP_001102247.1)(Macaca mulatta); Atohl (NM_001098099.1 and
NP_001091568.1)(Bos taurus); Atohl (XM_544986.2 and XP_544986.2)(Canis lupus
familiaris), and Cathl (e.g., U61149.1 and AF467292.1)(Gallus gallus), as well as all
other synonyms that may be used to refer to this protein, e.g., atonal, atonal homolog 1,
Athl, and helix-loop-helix protein Hathl. Furthermore, multiple homologous or similar
sequences can exist in an animal. See, e.g., GenelD: 474 (Homo sapiens); GenelD;
11921 (mus musculus); GenelD: 461380 (Pan troglodytes); GenelD: 500156 (Rattus
norvegicus); GenelD: 704893 (Macaca mulatta); GenelD: 539158 (Bos taurus); and
GenelD: 487864 (Canis lupus familiaris).

Any sequence with significant sequence similarity (i.e., similarity greater than
80%, e.g., is at least 85%, 90%, 95%, 99%, or more, across the entire sequence) to the
human Atohl sequence (found at Genbank Acc. Nos. NM_005172.1 and NP_005163.1)
can be used in the present methods. To determine the percent identity of two nucleic acid

sequences, the sequences are aligned for optimal comparison purposes (gaps are
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introduced in one or both of a first and a second amino acid or nucleic acid sequence as
required for optimal alignment, and non-homologous sequences can be disregarded for
comparison purposes). The length of a reference sequence aligned for comparison
purposes is at least 80% (in some embodiments, about 85%, 90%, 95%, or 100% of the
length of the reference sequence) is aligned. The nucleotides at corresponding nucleotide
positions are then compared. When a position in the first sequence is occupied by the
same nucleotide as the corresponding position in the second sequence, then the molecules
are identical at that position. The percent identity between the two sequences is a
function of the number of identical positions shared by the sequences, taking into account
the number of gaps, and the length of each gap, which need to be introduced for optimal
alignment of the two sequences.

The comparison of sequences and determination of percent identity between two
sequences can be accomplished using a mathematical algorithm. For example, the
percent identity between two amino acid sequences can be determined using the
Needleman and Wunsch ((1970) J. Mol. Biol. 48:444-453 ) algorithm which has been
incorporated into the GAP program in the GCG software package, using a Blossum 62
scoring matrix with a gap penalty of 12, a gap extend penalty of 4, and a frameshift gap
penalty of 5.

Compounds

The present invention provides compounds that are capable of increasing Atohl
expression in a cell. In some embodiments, the increase in Atohl expression is a
significant increase. In some embodiments, the increase in Atohl expression can be, e.g.,
between about 1-10% above baseline, 11-20%, 21-30%, 31-40%, 41-50%, 51-60%, 61-
70%, 71-80%, 81-90%, 91-100%, 101-200%, 201-300%, 301-400%, 401-500%, 501-
1000%, 1001-10000%, 10001-100000% or more . Increases in Atohl can also be
expressed as a fold increase, e.g., wherein a increase of 100% is a 1-fold increase, an
increase of 1000% is a 10-fold increase and so forth. Alternatively or in addition, the
increase in Atohl expression is sufficient to promote the differentiation of a cell, e.g., of
a non-auditory hair cell (i.e., a cell other than an auditory hair cell, e.g., a progenitor or

stem cell) to or towards an auditory hair cell.

14



10

15

20

25

30

WO 2009/100438 PCT/US2009/033569

The compounds that can be utilized in any of the methods described herein are
phenolic compounds (or their sulfur analogs, e.g., phenyl thiols), or compounds that are
derived from such compounds, such as phenyl ethers (or thioethers), e.g., straight chain
or cyclic phenyl ethers. For example, such compounds can be generally represented by
those structures shown in FIGS. 1A-1H, and specifically exemplified in those structures
shown in FIGS. 1I-1K. Any phenolic compound (or sulfur analog) can be in neutral or
salt form, e.g., a lithium, sodium, potassium or calcium salt thereof.

Such phenolic compounds and derivatives (or their sulfur analogs) are described
by the structures of FIG. 1A, in which R,, R3, R4, Rs and Ry are each independently H, F,
Cl, Br, I, OH, CN, NO,, or a moiety that includes up to 16 carbon atoms and, optionally,
one or more N, O, S or F atoms; X is O (see FIG. 1B) or S (see FIG. 1C); and Ry isHora
moiety that includes up to 16 carbon atoms and, optionally, one or more N, O, S or F
atoms. For example, the moiety that includes up to 16 carbon atoms and, optionally, one
ormore N, O, S or F atoms can be an alkoxy group or a trifluoromethyl group.

Referring to FIG. 1D, in particular embodiments, R; and R; together define one or
more ring systems that each include up to 16 carbon atoms and, optionally, one or more
N, O, S or F atoms. A

Referring to FIG. 1E, in particular embodiments, R, is H; that is, the compounds
are phenols.

Referring to FIGS. 1F-1H, in certain embodiments, the phenolic derivatives are
cyclic ether derivatives. For example, the cyclic ether portion of the molecules can be
made rigid by incorporating a carbonyl group (see FIG. 1F) and/or a carbon-carbon
double bond (see FIG. 1G, which contains both). In other embodiments, such cyclic
ether derivatives can be made rigid by incorporating a second ring system about the
cyclic ether system. In particular embodiments, the cyclic ether derivatives are
represented by the structure of FIG. 1F in which Rg, Ry, Ry and R, are each
independently H, F, Cl, Br, I, OH, CN, NO,, or a moiety that includes up to 16 carbon
atoms and, optionally, one or more N, O, S or F atoms. In other particular embodiments,
the cyclic ether derivatives are represented by the structure of FIG. 1G, in which R; and
R3 are each independently H, F, Cl, Br, I, OII, or a moiety that includes up to 16 carbon
atoms and, optionally, one or more N, O, S or F atom. In other particular embodiments,
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the cyclic ether derivatives are represented by the structure of FIG. 1H, in which R4 and
R s together define one or more ring systems that each include up to 16 carbon atoms
and, optionally, one or more N, O, S or F atoms, Ris, R17 and R each are each
independently H, F, Cl, Br, I, OH, or a moiety that includes up to 16 carbon atoms and,
optionally, one or more N, O, S or F atoms.

The present compounds are benzamide compounds and/or related compounds.
Such compounds can be generally represented by those structures shown in FIGS. 2A-2F,
and specifically exemplified in those structures shown in FIGS. 2G-21. Any of the
present benzamide or related compounds can be in neutral or salt form.

The present benzamide compounds and/or derivatives can be described by the
structure of FIG. 2A, in which Ry, Ry, Ra2, Ry3 and Ryy are each independently H, F, Cl,
Br, I, OH, CN, NO,, or a moiety that includes up to 16 carbon atoms and, optionally, one
or more N, O, S or F atoms; and R4 and Ry are each independently H or a moiety that
includes up to 16 carbon atoms and, optionally, one or more N, O, S or F atoms.

In the compounds of FIG. 24, Ry4 and R,s can together define one or more ring
systems that each include up to 16 carbon atoms and, optionally, one or more N, O, S or
F atoms. Such compounds can be represented by the structures of FIG. 2B. For example,
such compounds can have the structures shown in FIGS. 2C and 2D in which Ry7, Ry,
Rz9, R31 and Rj; are each independently H, F, Cl, Br, I, OH, CN, NO,, or a moiety that
includes up to 16 carbon atoms and, optionally, one or more N, O, S or F atoms; and Ry
is H or a moiety that includes up to 16 carbon atoms and, optionally, one or more N, O, S
or F atoms.

Other benzamide-related compounds and derivatives are described by the
structures of FIGS. 2E and 2F, in which Ri3, R34, R3s, R3¢ and R3; are each independently
H, F, Cl, Br, I, OH, CN, NO,, or a moiety that includes up to 16 carbon atoms and,
optionally, one or more N, O, S or F atoms; R39, R4, R41 and Ry, are each independently
H or a moiety that includes up to 16 carbon atoms and, optionally, one or more N, O, S or
F atoms.

The present compounds are, or can include, one or more heterocyclic ring
systems, such as a 3, 4, 5, 6, or 7-membered ring system that includes one more '

heteroatoms, such as O, S or N. For example, the one or more ring systems can include
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1,2, 3,4 or even 5 heteroatoms, such as O, S or N. In many embodiments, the rings
systems are aromatic. For example, such compounds can be generally represented by
those structures shown in FIGS. 3A-3X, and specifically exemplified in those structures
shown in FIGS. 3Y-3ZZ. Any described compound that is or that includes the one or
more ring system can be in neutral or salt form.

The compounds that are, or that include, one or more heterocyclic ring systems
are described by the structures of FIG. 3A, in which R43 and Ry4 are each independently
H, F, Cl, Br, I, OH, CN, NO,, or a moiety that includes up to 16 carbon atoms and,
optionally, one or more N, O, S or F atoms; and X is O (FIG. 3B) or S (FIG. 3C).

Compounds that are or include one or more heterocyclic ring systems are
described by the structures of FIG. 3D, in which Rys, R4s and Ryg are each independently
H, F, Cl, Br, I, OH, CN, NO,, or a moiety that includes up to 16 carbon atoms and,
optionally, one or more N, O, S or F atoms; and Ry; and Ry are each independently H, or
a moiety that includes up to 16 carbon atoms and, optionally, one or more N, O, S or F
atoms.

Compounds that are or include one or more heterocyclic ring systems are
described by the structures of FIG. 3E, in which Rsg, Rs;, Rs; and Rs; are each
independently H, F, Cl, Br, I, OH, CN, NO», or a moiety that includes up to 16 carbon
atoms and, optionally, one or more N, O, S or F atoms; and X is O (FIG. 3F) or S
(FIG. 3G).

Compounds that are or include one or more heterocyclic ring systems are
described by the structures of FIG. 3H, in which Rss, Rsg and Rs; are each independently
H, F, Cl, Br, I, OH, CN, NO,, or a moiety that includes up to 16 carbon atoms and,
optionally, one or more N, O, S or F atoms; and Rs4 is H or a moiety that includes up to
16 carbon atoms and, optionally, one or more N, O, S or F atoms. For example, in
specific embodiments, Rs4 and Rss can together define one or more ring systems that each
includes up to 16 carbon atoms and, optionally, one or more N, O, S or F atoms, as
shown in FIG. 31.

Compounds that are or include one or more heterocyclic ring systems are
described by the structures of FIG. 3J, in which Rs7, Rsy and Rgg are each independently
H, F, Cl, Br, I, OH, CN, NO; or a moiety that includes up to 16 carbon atoms and,
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optionally, one or more N, O, S or F atoms; and Rsg is H or a moiety that includes up to
16 carbon atoms and, optionally, one or more N, O, S or F atoms. For example, in
specific embodiments, Rsg and Rso can together define one or more ring systems that each
includes up to 16 carbon atoms and, optionally, one or more N, O, S or F atoms, as
shown in FIG. 3K. For example, in specific embodiments, Rs7 and Rey can together
define one or more ring systems that each includes up to 16 carbon atoms and, optionally,
one or more N, O, S or F atoms, as shown in FIG. 3L. For example, in specific
embodiments, Rs; and Rgp and Rsg and Rsg can together each define one or more ring
systems that each includes up to 16 carbon atoms and, optionally, one or more N, O, S or
F atoms, as shown in FIG. 3M.

Compounds that are or include one or more heterocyclic ring systems are
described by the structures of FIG. 3N, in which R, Rez, and R4 are each independently
H, F, Cl, Br, I, OH, CN, NO,, or a moiety that includes up to 16 carbon atoms and,
optionally, one or more N, O, S or F atoms; and Re3 is H or a moiety that includes up to
16 carbon atoms and, optionally, one or more N, O, S or F atoms. For example, in
specific embodiments, Rg; and R, can together define one or more ring systems that each
includes up to 16 carbon atoms and, optionally, one or more N, O, S or F atoms, as
shown in FIG. 30.

Compounds that are or include one or more heterocyclic ring systems are
described by the structures of FIG. 3P, in which Rgs and R are each independently H, F,
Cl, Br, I, OH, CN, NO,, or a moiety that includes up to 16 carbon atoms and, optionally,
one or more N, O, S or F atoms; and X is O (FIG. 3Q) or S (FIG. 3R).

Compounds that are or include one or more heterocyclic ring systems are
described by the structures of FIG. 38, in which Re7, Res , and Rgg are each independently
H, F, Cl, Br, I, OH, CN, NO, or a moiety that includes up to 16 carbon atoms and,
optionally, one or more N, O, S or F atoms; and X is O (FIG. 3T) or S (FIG. 3U).

Compounds that are or include one or more heterocyclic ring systems are
described by the structures of FIG. 3V, in which Ry, R71 , and Ry; are each independently
H, F, Cl, Br, [, OH, CN, NO; or a moiety that includes up to 16 carbon atoms and,
optionally, one or more N, O, S or F atoms; and X is O (FIG. 3W) or S (FIG. 3X).
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The present compounds, which can be utilized in any method described herein,
are or include one or more phenyl rings, such as a fused phenyl ring system, e.g., one that
is part of a flavonoid, coumarin or other similar system. For example, such compounds
can be generally represented by those structures shown in FIGS. 4A-4G, and specifically
exemplified in those structures shown in FIGS. 4H and 41. Any described compound that
is or that includes the one or more ring system can be in neutral or salt form.

Compounds that are or include one or more phenyl rings are described by the
structures of FIG. 4A, in which Ry, Rys, R76, R77, R7g and Ry are each independently H,
F, Cl, Br, I, OH, CN, NO; or a moiety that includes up to 16 carbon atoms and,
optionally, one or more N, O, S or F atoms. For example, in specific embodiments, Ry
and Ry7 can together define one or more ring systems that each includes up to 16 carbon
atoms and, optionally, one or more N, O, S or F atoms, as shown in FIG. 4B. For
example, the compounds of FIG. 4B, can be described by the compounds of FIGS. 4C
and 4D in which Rg), Rsz, Rs3 and Rgg are each independently H, F, Cl, Br, I, OH, CN,
NO; or a moiety that includes up to 16 carbon atoms and, optionally, one or more N, O, S
or F atoms. For example, in other specific embodiments in which R7s and Ry, together
define one or more ring systems, the compounds can be represented by those structures of
FIGS. 4E-4G, in which Rgs, R, Rg7 and Rgg are each independently H, F, Cl, Br, I, OH,
CN, NO; or a moiety that includes up to 16 carbon atoms and, optionally, one or more N,
O, S or F atoms; and Rgy is H or a moiety that includes up to 16 carbon atoms and,
optionally, one or more N, O, S or F atoms.

In some embodiments, the compounds that can be utilized in any method
described herein include an amide group bonded to a 5-membered heterocyclic ring
system, such as one that that includes one more heteroatoms, such as O, S or N. For
ekample, the one or more ring systems can include 1, 2, 3, 4 or even 5 heteroatoms, such
as O, S or N. In many embodiments, the rings systems are aromatic. For example, such
compounds can be generally represented by those structures shown in FIGS. SA-5E, and
specifically exemplified in those structures shown in FIGS. SF-5G. Any described
compound that is or that includes the one or more ring system can be in neutral or salt

form.
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In certain embodiments, such compounds that include an amide group bonded to a
5-membered heterocyclic ring systemn are described by the structure of FIG. 5A, in which
Ry, Ros and Ry4 are each independently H, F, Cl, Br, I, OH, CN, NO; or a moiety that
includes up to 16 carbon atoms and, optionally, one or more N, O, S or F atoms; and Rgp
and Rg; are each independently H or a moiety that includes up to 16 carbon atoms and,
optionally, one or more N, O, S or F atoms; and X is O (FIG. 5B) or S (FIG. 5C). For
example, in some specific embodiments, Rgg and Ro; can together define one or more ring
systems that includes up to 16 carbon atoms, optionally, substituted with one or more N,
0, S or F atoms (see FIG. 5D).

In other certain embodiments, such compounds that include an amide group
bonded to a 5-membered heterocyclic ring system are described by the structure of FIG.
5E, in which Rg7 and Rgg are each independently H, F, CI, Br, I, OH, CN, NO, or a
moiety that includes up to 16 carbon atoms and, optionally, one or more N, O, S or F
atoms; and Rgs, Rge and Ry are each independently H or a moiety that includes up to 16
carbon atoms and, optionally, one or more N, O, S or F atoms.

In some embodiments, the compounds that can be utilized in any method
described herein include a 5-membered heterocyclic ring system fused to one or more
other ring systems, e.g., that defines one or more 4-, 5-, 6-, 7- or 8-membered ring
system. For example, such compounds can be generally represented by those structures
shown in FIGS. 6A-60, and specifically exemplified in those structures shown in FIGS.
6P-6V. Any described compound that is or that includes the one or more ring system can
be in neutral or salt form.

In some embodiments, the compounds that include a 5-membered heterocyclic
ring system fused to one or more othér ring systems are described by FIG. 6A, in which
Ri00, Rio1, Rio2, Rioz, Rios and Rygs are each independently H, F, Cl, Br, I, OH, CN, NO,
or a moiety that includes up to 16 carbon atoms and, optionally, one or more N, O, S or F
atoms; and X is S (see FIG. 6B)or O (see FIG. 6C).

In other embodiments, the compounds that include a 5-membered heterocyclic
ring system fused to one or more other ring systems are described by FIG. 6D, in which

Rio0s, R107, Ri08, Riog, Ri10, Ri11, Ri12, Ri13, R114 and Ryy5 are each independently H, F, Cl,
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Br, I, OH, CN, NO, or a moiety that includes up to 16 carbon atoms and, optionally, one
ormore N, O, S or F atoms; and X is S (see FIG. 6E) or O (see FIG. 6F).

In certain embodiments, the compounds that include a 5-membered heterocyclic
ring system fused to one or more other ring systems are described by FIG. 6G, in which
Ri1g, Ri1g, Ri20, Ri21, Ri23 are each independently H, F, Cl, Br, I, OH, CN, NO, or a
moiety that includes up to 16 carbon atoms and, optionally, one or more N, O, Sor F
atoms; and Ri»3 is H or a moiety that includes up to 16 carbon atoms and, optionally, one
or more N, O, S or F atoms.

In certain embodiments, the compounds that include a 5-membered heterocyclic
ring system fused to one or more other ring systems are described by FIG. 6H, in which
Ri24, Ryzs, Rizs and Ryy; are each independently H, F, Cl, Br, I, OH, CN, NO, or a moiety
that includes up to 16 carbon atoms and, optionally, one or more N, O, S or F atoms; and
R2s and R 9 together define one or more rings that each include up to 16 carbon atoms
and, optionally, one or more N, O, S or F atoms. For example, the compounds of FIG.
6H can be described by FIG. 61, in which Ry3q, Ri31, Rj32 and R 4 are each
independently H, F, Cl, Br, I, OH, CN, NO, or a moiety that includes up to 16 carbon
atoms and, optionally, one or more N, O, S or F atoms; and Rz is H, or a moiety that
includes up to 16 carbon atoms and, optionally, one or more N, O, S or F atoms.

In other certain embodiments, the compounds that include a 5-membered
heterocyclic ring system fused to one or more other ring systems are described by FIG.
6J, in which R34, Ri3s, Rise, R137, Riao and Ry are each independently H, F, CI, Br, I,
OH, CN, NO; or a moiety that includes up to 16 carbon atoms and, optionally, one or
more N, O, S or F atoms; and R3¢ is H or a moiety that includes up to 16 carbon atoms
and, optionally, one or more N, O, S or F atoms. For example and by reference to FIG.
6K, in specific embodiments, R;49 and R4 together define a one or more rings that each
include up to 16 carbon atoms and, optionally, one or more N, O, S or F atoms.

In some embodiments, the compounds that include a 5-membered heterocyclic
ring system fused to one or more other ring systems are described by FIG. 6L, in which
Ri43, Ri4a4, Riss, Riss and R4y are each independently H, F, Cl, Br, I, OH, CN, NO, or a
moiety that includes up to 16 carbon atoms and, optionally, one or more N, O, S or F

atoms; and X is O (see FIG. 6M) or S (see FIG. 6N).
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In still other embodiments, the compounds that include a 5-membered
heterocyclic ring system fused to one or more other ring systems are described by FIG.
60, in which Riag, Ris0, Ris1 and Rys; are each independently H, F, Cl, Br, I, OH, CN,
NO; or a moiety that includes up to 16 carbon atoms and, optionally, one or more N, O, S
or F atoms; and R,53 is H or a moiety that includes up to 16 carbon atoms and, optionally,
one or more N, O, S or F atoms.

In some embodiments, the compounds that can be utilized in any method
described herein are pyridines or pyrimidines. For example, such compounds can be
generally represented by those structures shown in FIGS. 7A-7D, and specifically
exemplified in those structures shown in FIGS. 7E and 7F. Any described compound that
is a pyridine or a pyrimidine can be in neutral or salt form, e.g., a hydrochloride salt
thereof.

In some embodiments, the pyridine compounds are described by FIG. 7A, in
which Ryss, Ris¢, Ris7, Riso and R160 are each independently H, F, Cl, Br, I, OH, CN,
NO; or a moiety that includes up to 16 carbon atoms and, optionally, one or more N, O, S
or F atoms. In some specific embodiments, R;s¢ and R;s7 (see FIG. 7B), or Rys6 and Rys7
and Riso and Rj¢o (see FIG. 7C) together define a one or more rings that each include up
to 16 carbon atoms and, optionally, one or more N, O, S or F atoms.

In some embodiments, the pyrimidine compounds are described by FIG. 7D, in
which R, Rye2, Ri63 and Rye4 are each independently H, F, Cl, Br, I, OH, CN, NO, or a
moiety that includes up to 16 carbon atoms and, optionally, one or more N, O, S or F
atoms.

In some embodiments, the compounds that can be utilized in any method
described herein are anilines or aniline derivatives. For example, such compounds can be
generally represented by those structures shown in FIGS. 8A and 8B, and specifically
exemplified in those structures shown in FIGS. 8C. Any described compound that is a
pyridine or a pyrimidine can be in neutral or salt form.

In some embodiments, the aniline compounds are described by FIG. 8A, in which
Ri7o, Ri71, Ri72, Ri73 and Ry74 are each independently H, F, Cl, Br, I, OH, CN, NO, or a

moiety that includes up to 16 carbon atoms and, optionally, one or more N, O, S or F
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atoms; and R7s and R, are each independently H or a moiety that includes up to 16
carbon atoms and, optionally, one or more N, O, S or F atoms.

In some embodiments, the aniline derivative compounds are described by FIG.
8B, in which Ry73, Ry79, Rigo and Ryg; are each independently H, F, Cl, Br, [, OH, CN,
NO,, or a moiety that includes up to 16 carbon atoms and, optionally, one or more N, O,
S or F atoms; and R,7; is H or a moiety that includes up to 16 carbon atoms and,
optionally, one or more N, O, S or F atoms.

In some embodiments, the compounds can have the formula delineated in FIG.

6G:
R11s
Rite N
\>—R123
R120 N\
Riz Ri2z

In some embodiments:

each of Ryis, Ri1g, Ri20, and Ryoy is, independently selected from H, halo, OH,

CN, NO,, C;-C; alkyl, C;-C; haloalkyl, C,-C; alkoxy, and C;-Cs haloalkoxy;

Ri2, is hydrogen or -Z-R* wherein:

Z is O or a bond; and

R*is:
(1) C;-Cs alkyl or C;-Cg haloalkyl, each of which is optionally substituted
with from 1-3 R%, or
(i1) C5-Cyy cycloalkyl, C3-Cyg cycloalkenyl, each of which is optionally
substituted with from 1-5 R®; or
(iii)C7-C1 aralkyl, or heteroaralkyl including 6-11 atoms, each of which is
optionally substituted with from 1-5 R,
(iv) C¢-Cyg aryl or heteroaryl including 5-10 atoms, each of which is
optionally substituted with from 1-5 R,
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R123 is:

(i) hydrogen; or 7

(ii) C,-Cs alkyl or C;-C¢ haloalkyl, each of which is optionally substituted
with from 1-3 R® or

(ii1) Cs-Cyg aryl or heteroaryl including 5-10 atoms, each of which is
optionally substituted with from 1-5 RY; or

(iv) C4-Cy; aralkyl, or heteroaralkyl including 6-11 atoms, each of which
is optionally substituted with from 1-5 R®; or

(v) «(C1-Cs alkyl)-Z'-(Cs-Cig aryl), wherein Z' is O, S, NH, or N(CH;); the
alkyl portion is optionally substituted with from 1-3 R®; and the aryl
portion is optionally substituted with from 1-5 RY; or

(vi) «(C,-Cs alkyl)-Z>-(heteroaryl including 5-10 atoms), wherein Z* is O,
S, NH, or N(CHa3); the alkyl portion is optionally substituted with from 1-3
R®; and the heteroaryl portion is optionally substituted with from 1-5 Rd;
or ’

(vii) -(Ci-Ce alkyl)-Z>-(C3-Cq cycloalkyl), wherein Z° is O, S, NH, or
N(CH3;); the alkyl portion is optionally substituted with from 1-3 R®; and
the cycloalkyl portion is optionally substituted with from 1-5 R

R at each occurrence is, independently:

(i) NH;; NH(C;-C5 alkyl); N(Cy-C; alkyl),; hydroxy; C;-C¢ alkoxy or C;-
C; haloalkoxy; or

(i1) C5-C7 cycloalkyl optionally substituted with from 1-3 substituents
independently selected from C;-Cs alkyl, NH;; NH(C;-C5 alkyl); N(C;-Cs
alkyl),; hydroxy; C,-Cs alkoxy or C;-Cg haloalkoxy;

R® at each occurrence is, independently:

(i) halo; NHj; NH(C,-C; alkyl); N(C;-Cs alkyl),; hydroxy; C;-Cs alkoxy;
C;-C¢ haloalkoxy; or oxo; or
(i1) C1-Cq alkyl or C1-Cq haloalkyl; and

R at each occurrence is, independently:

(i) halo; NH,; NH(C;-C; alkyl); N(C;-C;3 alkyl),; hydroxy; C;-Cs alkoxy
or C-Cg haloalkoxy; nitro; -NHC(O)(C1-C; alkyl); or cyano; or
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(i1) C,;-Cs alkyl or C;-C, haloalkyl.

Embodiments can include one or more of the following features.

Variables R118 R119 R120 and R121

In certain embodiments, each of Ry;s, Ri19, Ri29, and Ryz; is hydrogen. In other
embodiments, each of Ry;s, Ri19, Ri20, and Ryy; is independently selected from H, halo
and NO,. In still other embodiments, one of Ri;s, Ri19, R120, and Ry2; (e.g., Ri20) i8 halo,
OH, CN, NO,, C;-C; alkyl, C;-C; haloalkyl, C;-C; alkoxy, or C;-C; haloalkoxy (e.g.,
halo, e.g., chloro; or NO;); and the others are hydrogen (e.g., one of Ryig, Ri15, Ri2g, and
Riz1 (e.g., Riz) is halo and NO,, and the others are hydrogen).

Variable Ry,;

In certain embodiments, R, can be -Z-R*. Embodiments can include one or
more of the following features.

Z can be O.

Z can be a bond.

R* can be:

(i) C,-Cg alkyl or C;-Cg haloalkyl, each of which is optionally substituted
with from 1-3 R® or

(111)C4-Cy, aralkyl, or heteroaralkyl including 6-11 atoms, each of which is
optionally substituted with from 1-5 R

For example, R* can be:

(i) C,-Cq alkyl, each of which is optionally substituted with from 1-3 R®;
or
(iii) C4-Cy, aralkyl, which is optionally substituted with from 1-5 R®.

R? can be C;-Cy; aralkyl, or heteroaralkyl including 6-11 atoms, each of which is
optionally substituted with from 1-5 R° (e.g., C;-Cy; aralkyl, which is optionally
substituted with from 1-5 R°). For example, R? can be benzyl or phenethyl, in Which the
phenyl portion is optionally substituted with from 1-5 (e.g., 1-4, 1-3, 1-2,0r 1, e.g., -2 or
1) R® (e.g., halo (e.g., chloro); C,-Cg alkoxy (e.g., OCH3); or C,-Cg alkyl (e.g., CH3). In

certain embodiments, Z can be O.
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R? can be C;-Cs alkyl or C;-Cg haloalkyl, each of which is optionally substituted
with from 1-3 R® (e.g., C1-Cs alkyl, each of which is optionally substituted with from 1-3
R®). For example, R* can be CH;. In certain embodiments, Z can be a bond.

In certain embodiments, R, can be hydrogen.

Variable Ry3

In certain embodiments, Rp3 can be: ,

(iii)' Cs-Cio aryl or heteroaryl including 5-10 atoms, each of which is
optionally substituted with from 1-5 R%; or

(iv) C;-Cy; aralkyl, or heteroaralkyl including 6-11 atoms, each of which
is optionally substituted with from 1-5 R®; or

(v) «(C1-Ce alkyl)-Z'-(C¢-C1g aryl), wherein Z' is O, S, NH, or N(CH;); the
alkyl portion is optionally substituted with from 1-3 R®; and the aryl
portion is optionally substituted with from 1-5 RY

For example, Rj»3 can be;

(iii) C¢-Cjp aryl, which is optionally substituted with from 1-5 RY, or

(iv) C-Cy, aralkyl, which is optionally substituted with from 1-5 R; or
(v) -(C,-Cg alkyl)-Z'-(C4-Cq aryl), wherein Z' is O, S, NH, or N(CHs); the
alkyl portion is optionally substituted with from 1-3 R* and the aryl
portion is optionally substituted with from 1-5 R

In embodiments, R 23 can be Cs-C)p aryl or heteroaryl including 5-10 atoms, each
of which is optionally substituted with from 1-5 RY (e.g., Cs-C)o aryl, which is optionally
substituted with from 1-5 R%). For example, R23 can be phenyl, is optionally substituted
with from 1-5 (e.g., 1-4, 1-3, 1-2, or 1) R (e.g., C1-Cs alkoxy, ¢.g., OCHs).

In embodiments, Rjz3 can be C;-Cy; aralkyl, or heteroaralkyl including 6-11
atoms, each of which is optionally substituted with from 1-5 R® (e.g., C;-Cy; aralkyl,
which is optionally substituted with from 1-5 R®). For example, R»3 can be benzyl or
phenethyl, in which the phenyl portion is optionally substituted with from 1-5 (e.g., 1-4,
1-3,1-2, or 1) R® (e.g., halo (e.g., chloro); C;-C¢ alkoxy (e.g., OCH3); C,-Cg alkyl (e.g.,
CHs3); NHa; or hydroxyl).
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In embodiments, Rj;3 can be -(C;-Cg alkyl)-Zl-(Cs-Cm aryl), wherein Zl is O, S,
NH, or N(CH,); the alkyl portion is optionally substituted with from 1-3 R® and the aryl
portion is optionally substituted with from 1-5 R%. For example, Ryz3 can be -(CH,)-Z'-
(phenyl), in which the phenyl portion is optionally substituted with from 1-5 (e.g., 1-4, 1-
3,1-2,0or 1) R? (e.g., halo (e.g., chloro); C;-Cs alkoxy (e.g., OCH3); C,-Cg alkyl (e.g.,
CH3); NHa; or hydroxyl).

A subset of compounds includes those in which:

Ri22 is -Z-R?, in which R® can be C;-Cy; aralkyl, or heteroaralkyl including 6-11
atoms, each of which is optionally substituted with from 1-5 R® (e.g., C7-C; aralkyl, e.g.,
benzyl or phenethyl, which is optionally substituted with from 1-5 R®); and

Ri23 can be C¢-Cg aryl or heteroaryl including 5-10 atoms, each of which is
optionally substituted with from 1-5 R® (e.g., C6-C1o aryl, e. g., phenyl, which is
optionally substituted with from 1-5 R%).

Embodiments can include one or more of the following features:

R® and R¢ can be as defined anywhere herein.

Z can be O,

Each of Ryys, Ri19, Ri20, and Ryy; is hydrogen. In other embodiments, each of
Riis, Rii9, Ri20, and Ry7; is independently selected from H, halo and NO,. In still other
embodiments, one of Ry, Ri19, Ri20, and Ry2y (e.g., Ri20) is halo, OH, CN, NO,, C;-C;
alkyl, C,-Cs haloalkyl, C,-C; alkoxy, or C,-C; haloalkoxy (e.g., halo, €.g., chloro; or
NO,); and the others are hydrogen (e.g., one of Ry;s, Ri1g, Ri20, and Ryp; (€.2., Ri20) is
halo and NO,, and the others are hydrogen); e.g., one of is halo (e.g., chloro) or nitro,
e.g., halo (e.g., chloro), and the others are hydrogen.

For example:

Riz is -Z-R?, wherein Z is O, and R® is C;-Cy; aralkyl, which is optionally
substituted with from 1-5 R®; and

Ria3 is C¢-Cyp aryl, which is optionally substituted with from 1-5 Rd; and

each of Ryjs, Ri19, Ri2g, and Ry2; can be hydrogen; or each of Ryjg, Ryj9, Rizo, and
Ri21 can be, independently halo (e.g., chloro) or nitro, e.g., halo (e.g., chloro); or one of

Ri1s, Ri19, Riz0, and Ryy; can be halo (e.g., chloro) or NO,, e.g., halo (e.g., chloro); and

* the others are hydrogen.
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As another example, Z is a bond, and the definitions in the above example apply.

Examples of compounds having thevformula delineated in FIG. 6G include: CP-
0000489, CP-0000540, CP-0000550, CP-0000553, CP-0000554, CP-0000557, CP-
5 0000571, CP-0047659, CP-0064483, CP-0066829, CP-0069961, CP-0074806, CP-
0080773, CP-0091818, CP-0109953, CP-0105772, and CP-0193184.

Other examples of compounds having the formula delineated in FIG. 6G include:

4Ry = CHyPh, R, = Ph
5R, = Ph, Ry = Ph
6 Ry = CHy-2-CIPh, R, = Ph
Ra . 7 Ry = CHyPh, R, = 4-OMePh
/ Ri R g 8 Ry = CH,CHy-c-hex, R, = 4-OMePh
9 Ry = H, Ry = 4-OMePh
@[,f { § Rs ©:,(>sz 10 R, = Me, R, = 4-OMePh

1 R1 = CH2CH2Ph, Rz =H

1 R1=H, R2=H, R3=H, R4=H 12 R1 =CH2CH2Ph, R2=Me
2R;=H, R, = OMe, R3 = OMe, R4=H 13 Ry = CH,CH,Ph, R, = 2-thienyl
3 R1 = H, R2 = H, R3 = H, R4 = 0OH 14 R1 = CHZCHQPh, Rz = CHzph

In some embodiments, the compounds can have the formula delineated in FIG.

10 6L:
Rigs
R144 N
\\>;R1 47
Riss X
Ri4s

In some embodiments:
XisOorS;
each of Ry43, Ria4, Rigs, and Ry is, independently selected from H, halo, OH,
15 CN, NO3, C;-Cs alkyl, Ci-Cs haloalkyl, Cy-Cs alkoxy, C;-C; haloalkoxy; and
-NHC(O)(C;-C; alkyl);
Ri47is NReRf, wherein one of R® and R' is hydrogen or C;-C;j alkyl; and the other
of R®and R'is:
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(i) ~-C(O)R®; wherein R is C4-Cyg aryl or heteroaryl including 5-10 atoms,
each of which is optionally substituted with from 1-5 R%; or
(i1) C,-C;s alkyl,

or

Ri471s Cs-C)p aryl or heteroaryl including 5-10 atoms, each of which is optionally

substituted with from 1-5 R™

or

Ri4718-S CHzRi, wherein Rl is:
(1) C6-Cyp aryl or heteroaryl including 5-10 atoms, each of which is
optionally substituted with from 1-5 R"; or
(ii) -C(O)NRR, wherein one of R® and R' is hydrogen or C;-C; alkyl; and
the other of R® and R is ~C(O)R®; wherein R® is C¢-C o aryl or heteroaryl
including 5-10 atoms, each of which is optionally substituted with from 1-
5R™ and

R" at each occurrence is, independently:
(1) halo; NH»; NH(C;-C;5 alkyl); N(C,-Cs alkyl),; hydroxy; C;-Cs alkoxy
or C;-Cg haloalkoxy; nitro; or cyano; or
(ii) C;-Cy alkyl or C;-C¢ haloalkyl.

Embodiments can include one or more of the following features.

Variable X
X can be S.
X can be O.

Variables R]43, R144, R145, and R146

In certain embodiments, each of Rj43, R4, R14s, and R4 is hydrogen. In other
embodiments, one of Ry43, Ri44, R145, and Rys6 is halo, OH, CN, NO,, C;-Cs alkyl, C;-C;
haloalkyl, C,-Cs alkoxy, C;-Cs haloalkoxy; or -NHC(O)(C;-C; alkyl); and the others are
hydrogen.
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Variable R 47

In certain embodiments, R47 can be NR°R!, wherein one of R® and R is hydrogen
or C;1-C;s alkyl (e.g., hydrogen); and the other of R® and R is:

(i) -C(O)R®; wherein R® is C¢-Cg aryl or heteroaryl including 5-10 atoms,
each of which is optionally substituted with from 1-5 R"; or
(ii) C,-C; alkyl.

In embodiments, Ry47 can be NR°R', wherein one of R® and R is hydrogen or C;-
Cs alkyl (e.g., hydrogen); and the other of R® and R is -C(O)RE; wherein R® is C4-Cjo aryl
or heteroaryl including 5-10 atoms, each of which is optionally substituted with from 1-5
R"

By way of example, R® can be phenyl, which is optionally substituted with from
1-5(e.g., 1-4,1-3, 1-2, 0r 1) R" (e.g., halo (e.g., chloro); Ci-Cs alkoxy (e.g., OCH;); or
C,-Cg alkyl (e.g., CH3)).

As another example, R® can be heteroaryl including 5-6 (e.g., 5) atoms, which is
optionally substituted with from 1-2 (e.g., 1) R" (e.g., Ci-Cs alkyl (e.g., CH3)).

In certain embodiments:

X can be S; and

R 47 can be NR°R', wherein one of R® and R' is hydrogen or C;-C; alkyl (e.g.,
hydrogen); and the other of R® and R’ is:

(i) -C(O)RE; wherein R is Cs-Cyg aryl or heteroaryl including 5-10 atoms,
each of which is optionally substituted with from 1-5 R or
(i) C;-C;s alkyl;

(e.g., one of R® and R'is hydrogen or C,-C; alkyl (e.g., hydrogen); and the other
of R® and R'is -C(O)R®; wherein R® is C¢-C)g aryl or heteroaryl including 5-10 atoms,
each of which is optionally substituted with from 1-5 RY.

R® and R" can be as defined anywhere herein.

In certain embodiments, each of Ry43, Ryas, Ri4s, and R4e is hydrogen. In other
embodiments, one of Rys3, Ria4, Rigs, and R 46 is halo, OH, CN, NO,, C,-C; alkyl, C-C;
haloalkyl, C;-C; alkoxy, Ci-Cs haloalkoxy; or -NHC(O)(C;-C; alkyl); and the others are
hydrogen.
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Examples of compounds having the formula delineated in FIG. 6L include: CP-
0064917, CP-0067233, CP-0068578, CP-0103014, CP-0105777, CP-0107060, CP-
0029300, CP-0079983, and CP-0103978.

In some embodiments, the compounds can have the formula delineated in FIG,
6A:

Rioo Rios

A\

X

R1o4
R102

Rios

In some embodiments:
XisOorS;
each of Rygo, Ri01, Ri0z, and Ryos, 1s, independently selected from H, halo, OH,
CN, NO,, C,-C;5 alkyl, Cy-Cs haloalkyl, C,-Cs alkoxy, C,-C; haloalkoxy; or
any two adjacent pairs of Rigo, Ri01, R0z, and Rjg3, together with the carbon
atoms to which they are attached form a fused heterocyclic ring including 5 or 6 total ring
atoms; wherein the heterocyclic ring is optionally substituted with from 1-3 substituents
independently selected from C;-Cs alkyl and oxo;
R4 is -C(O)NR'R¥, wherein one of R/ and R* is hydrogen or C,-C; alkyl; and the
other of R and R* is:
(1) C;-Cy alkyl, optionally substituted with a 5-6 heterocyclyl; or
(ii) heteroaryl including 5-6 atoms, which is optionally substituted with
from 1-5 substituents independently selected from halo, OH, CN, NO,, C;-
C; alkyl, C;-Cs haloalkyl, C;-Cs alkoxy, C;-C; haloalkoxy; -C(O)NH,; -
NHC(O)(C;-C; alkyl); and a fused Cs-C¢ cycloalkyl ring;
or
Rio4 is heteroaryl including 5-6 atoms, which is optionally substituted with from
1-5 substituents independently selected from halo, OH, CN, NO,, C;-C; alkyl, C;-C;
haloalkyl, Ci-C; alkoxy, C;-C; haloalkoxy; -C(O)NH,; -NHC(O)(C,;-C; alkyl); and
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Ro0s is halo or C;-Cs alkyl.

Embodiments can include one or more of the following features.

Variable X
X canbe S.
X can be O.

Variables Rwo, R101, R]()z, and R103

In certain embodiments, each of Rygq, Rio1, Rig2, and Rz is hydrogen. In other
embodiments, one of Rjog, Rio1, Rio2, and Rz 1s halo, OH, CN, NO,, C;-C; alkyl, C;-Cs
haloalkyl, C;-C; alkoxy, C;-C; haloalkoxy; or -NHC(Q)(C;-C; alkyl); and the others are
hydrogen.

Variable Rjg4

In certain embodiments, R4 1s -C(O)NRij, wherein one of R} and R¥ is
hydrogen or C;-Cs alkyl (e.g., hydrogen); and the other of R’ and R is:

(i) C,-Cs alkyl, optionally substituted with a 5-6 heterocyclyl; or

(ii) heteroaryl including 5-6 atoms, which is optionally substituted with
from 1-5 substituents independently selected from halo, OH, CN, NO,, C;-
C; alkyl, C;-C; haloalkyl, C;-C; alkoxy, C;-Cs haloalkoxy; cyano; -
C(O)NH,; -NHC(O)(C,-C;5 alkyl); C;-C5 alkyl; C;-Cs alkyl; and a fused
Cs-Cg cycloalkyl ring.

By way of example, one of R’ and R is hydrogen or C-C; alkyl (e.g., hydrogen);
and the other of RI and R is heteroaryl including 5-6 atoms, which is optionally
substituted with from 1-5 substituents independently selected from halo, OH, CN, NO,,
C,-C; alkyl, C;-Cs haloalkyl, C;-C; alkoxy, C,-C; haloalkoxy; -C(O)NH;; -NHC(O)(C;-
C; alkyl); and a fused Cs-Cg cycloalkyl ring.

Variable R105

Rig5 can be chloro or CHs.

Examples of compounds having the formula delineated in FIG. 6A include: CP-
0079175, CP-0087336, CP-0064314, CP-0068577, and CP-0102404.
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In some embodiments, the compounds can have the formula delineated in FIG.
3A:

N

Ra3 AN Ra44

\

N—O
In some embodiments:
Ry43 is C¢-Cyg aryl or heteroaryl including 5-10 atoms, each of which is optionally
substituted with from 1-5 R™;
Rys is:
(1) Cs-Cyp aryl or heteroaryl including 5-10 atoms, each of which is
optionally substituted with from 1-5 R™; or
(ii) -Z*-(C,-C¢ alkyl), wherein:
Z"is abond or NH; and
the C;-Cs alkyl is substituted with one of the following:
(@) heterocyclyl including 5-6 atoms, which is optionally
substituted with from 1-3 substituents independently selected from
oxo and C;-Cg alkyl; or
(b) phenoxy, which is optionally substituted with from 1-5 R™; and
R™ at each occurrence is, independently:
(1) halo; NH;; NH(C,-C; alkyl); N(C;-Cs alkyl),; hydroxy; C;-Cs alkoxy
or C,-Cg haloalkoxy; nitro; or cyano; or
(ii) C,-Cq alkyl or C1-Cg haloalkyl,

Embodiments can include one or more of the following features.

Variable Ry

In certain embodiments, R43 can be Cs-C)g aryl, which is optionally substituted
with from 1-5 R™. For example, R4;3 can be phenyl, which is optionally substituted with
from 1-5 (e.g., 1-4, 1-3, 1-2, or 1) R™ (e.g., C;-Cs alkyl (e.g., CH3)).

In certain embodiments, R4; can be heteroaryl including 5-6 atoms, each of which

is optionally substituted with from 1-5 R™.
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Variable Ry ‘

In certain embodiments, Ry éan be Cs-Cyp aryl, which is optionally substituted
with from 1-5 R™. For example, R4s can be phenyl, which is optionally substituted with
from 1-5 (e.g., 1-4, 1-3, 1-2, or 1) R™ (e.g., halo (e.g., chloro); C;-Cg alkoxy (e.g., OCHj);
or C;-Cy alkyl (e.g., CH3)).

~ Examples of compounds having the formula delineated in FIG. 3A include: CP-
0067108, CP-00672406, CP-0068395, CP-0068929, CP-0068961, CP-0070164, CP-
0070367, CP-0079642, CP-0104904, and CP-0130665.

In some embodiments, the compounds can have the formula delineated in FIG.
3U:

Res s R69.

In some embodiments:
Each of R¢7 and Reg is, independently:
(1) hydrogen; or
(i1) C6-Cyg aryl or heteroaryl including 5-10 atoms, each of which is
optionally substituted with from 1-5 R"; or
(iii) NHj; or
(iv) -C(0)( Cy-C alkyl);
Rgo is NR°RP, wherein one of R® and R® is hydrogen or C,-C; alkyl; and the other
of R°and RP is:
(1) hydrogen; or
(i1) Cs-Cyp aryl or heteroaryl including 5-6 atoms, which is optionally
substituted with from 1-5 R"; or
(iii) -C(O)(C;-Cs alkyl), wherein the C;-Cg alkyl is substituted with
phenoxy that is optionally substituted with from 1-5 R";
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R" at each occurrence is, independently:
(1) halo; NH,; NH(C;-C; alkyl); N(C,-C; alkyl),; hydroxy; C;-C¢ alkoxy
or C;-Cs haloalkoxy; nitro; or cyano; or
(i) C;-Cs alkyl or C;-Cg haloalkyl; or
5 (iii) phenyl.

Embodiments can include one or more of the following features.

Variables Rg7 and Rgg
v In certain embodiments, one of Rg7 and Reg is Cg-Cyp aryl or heteroaryl including
5-10 atoms, each of which is optionally substituted with from 1-5 R"; and the other is
10 hydrogen.

Variable Rgo

In certain embodiments, one of R® and R” is hydrogen or C;-Cs alkyl (e.g.,
hydrogen); and the other of R® and RP is C¢-Cyg aryl or heteroaryl including 5-6 atoms,
which is optionally substituted with from 1-5 R".

15 Examples of compounds having the formula delineated in FIG. 3U include: CP-
0063182, CP-0071862, CP-0072036, CP-0105343, CP-0122949, and CP-0134381.

In some embodiments, the compounds can have the formula delineated in FIG.
3E:

X
RSO R53

\ /

Rsq Rs2

20 In some embodiments:
XisOQorS;
Rsp and Rss are each, independently:

(i) hydrogen; or
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(i) -C(O)RY; or
(1i1) C¢-Cyp aryl or heteroaryl including 5-10 atoms, each of which is
optionally substituted with from 1-5 R;
provided that at least one of Rso and Rs; is other than hydrogen;
Rs; and Rs; are each, independently, hydrogen or halo;
R%is:
(1) C;-Cs alkyl; or
(ii) -NR*R', wherein:
(a) one of R® and R' is hydrogen, and the other is Cs-C)o aryl or
heteroaryl including 5-10 atoms, each of which is optionally
substituted with from 1-5 R; C|-Cs alkyl, which is substituted with
phenoxy that is optionally substituted with from 1-5 R’; or -O-
N=C(NH;)(Cs-C)g aryl), wherein the aryl portion is optionally
substituted with from 1-5 R"; or
(b) R® and R', together with the nitrogen atom to which each is
attached forms a heterocyclyl including 5-6 atoms; or
(i) -NH-C(O)(Cs-C, aryl), wherein the aryl portion is optionally
substituted with from 1-5 R"; and
R’ at each occurrence is, independently:
(i) halo; NH,; NH(C;-C; alkyl); N(C;-Cs alkyl),; hydroxy; C,-Cs alkoxy
or C;-Cs haloalkoxy; nitro; or cyano; or
(i1) C,-Cg alkyl or C;-Cg haloalkyl.
In certain embodiments, one of Rso and Rs; is -C(O)RY; and the other of Rsy and
Rs3 is hydrogen or Cg-Cyp aryl or heteroaryl including 5-10 atoms, each of which is

optionally substituted with from 1-5 R”. In embodiments, R? can be -NR*R".

Examples of compounds having the formula delineated in FIG. 3E include: CP-
0061777, CP-0066008, CP-0072253, CP-0099289, CP-0008545, CP-0060852, CP-
0072156, CP-0072271, CP-0104766, and CP-0110352.
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In some embodiments, the compounds can have the formula delineated in FIG.
3N:

Rez N

Res

In some embodiments:
5 each of R, Rez, and Rey is, independently:

(i) hydrogen; or
(i1) C¢-Cyg aryl or heteroaryl! including 5-10 atoms, each of which is
optionally substituted with from 1-5 R"; or
(iii) ~-NH-C(O)(C4-Cyp aryl), wherein the aryl portion is optionally

10 substituted with from 1-3 RY; or
(iv) -C(O)NR'RY, wherein one of R” and R" is hydrogen; and the other of
R and RY is C4-Cyp aryl, which is optionally substituted with from 1-5 R
or C;-Cy; aralkyl, which is optionally substituted with oxo; or
(v) NH; or hydroxymethyl;

15 Reg3 1s:
(i) hydrogen; or
(i1) C¢-Cyp aryl or heteroaryl including 5-10 atoms, each of which is
optionally substituted with from 1-5 R"; or
(iii) Ci-Cs alkyl; and

20 R" at each occurrence is, independently:
(1) halo; NHy; NH(C,-C5 alkyl); N(C;-Cs alkyl),; hydroxy, C;-C¢ alkoxy
or C;-C¢ haloalkoxy; nitro; or cyano; or
(i1) C,-Cs alkyl or C-Cg¢ haloalkyl.

In certain embodiments, two of Rg1, Rez, and Rey are other than hydrogen.
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Examples of compounds having the formula delineated in FIG. 3N include: CP-
0000477, CP-0063375, CP-0064231, CP-0065105, CP-0070844, CP-0070886, and CP-
0104765.

In some embodiments, the compounds can have the formula delineated in FIG.
3v.

In certain embodiments, Ry can be an amide (i.e., having the general formula -
C(O)NRR") or reverse amide (i.e., having the general formula -NR"C(O)R™) as described
anywhere herein.

In certain embodiments, Ry, can be hydrogen.

In certain embodiments, Ry, can be:

(i) C-Cg alkyl; or

(11) C¢-Cyo aryl or heteroaryl including 5-10 atoms, each of which is
optionally substituted with from 1-5 substituents independently selected
from halo; NH,; NH(C,-Cs alkyl); N(C,-Cs alkyl),; hydroxy; Ci-Cs alkoxy
or C,-C¢ haloalkoxy; nitro; cyano; C;-Cs alkyl; and C,-Cg haloalkyl.

Examples of compounds having the formula delineated in FIG. 3V include: CP-
0065665, CP-0075627, and CP-0075656.

In some embodiments, the compounds can have the formula delineated in FIG.
7D.
In certain embodiments, the pyrimidine ring can be substituted with 1-2
substituents independently selected from:
(i) heterocyclyl including 5-6 atoms; or
(i1) Cs-Cyg aryl or heteroaryl including 5-10 atoms, each of which is
optionally substituted with from 1-5 substituents independently selected
from halo; NHj; NH(C,-Cs alkyl); N(C-Cs alkyl);; hydroxy; Ci-Cs alkoxy
or C;-Cs haloalkoxy; nitro; cyano; C;-Cg alkyl; and C;-Cg haloalkyl.
In other embodiments, the pyrimidine ring can be substituted with a fused ring.
Examples of compounds having the formula delineated in FIG. 7D include: CP-
0059547, CP-0059563, CP-0059642, CP-0064382, CP-0067053, CP-0072720, and CP-

0079810.
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In some embodiments, the compounds can have the formula delineated in FIG.
7A.

In certain embodiments, the pyridine ring can be substituted with an amide or
reverse amide as described anywhere herein.

In other embodiments, the pyrimidine ring can be substituted with one or more
fused ring.

Examples of compounds having the formula delineated in FIG. 7A include: CP-
0060729, CP-0066751, CP-0069934, CP-0076627, CP-0080276, CP-0089966, CP-
0029278, and CP-0130586.

Mixtures of any of the compounds described herein can also be utilized in any

method described herein.

Methods of Synthesis

The compounds of the present invention can be obtained commercially from
suppliers such as Bionet, Maybridge, Chemdiv, ChemBridge, Peakdale, IFLAB/Life
Chemicals, Enamine, Microsource, or Timtec. Alternatively or in addition, the
compounds described herein can be synthesized according to methods described herein
(or variations thereof) and/or conventional, organic chemical synthesis methods from
commercially available starting materials and reagents or from starting materials and
reagents that can be prepared according to conventional organic chemical synthesis
methods. The compounds described herein can be separated from a reaction mixture and
further purified by a method such as column chromatography, high-performance liquid
chromatography (HPLC), or recrystallization. As can be appreciated by the skilled&
artisan, further methods of synthesizing the compounds of the formulae herein will be
evident to those skilled in the art. Additionally, the various synthetic steps may be
performed in an alternate sequence or order to give the desired compounds. Synthetic
chemistry transformations and protecting group methodologies (protection and
deprotection) useful in synthesizing the compounds described herein are known in the art
and include, for example, those such as described in Larock, Comprehensive Organic

Transformations, 2d.ed., Wiley-VCH Publishers (1999); Wuts and Greene, Protective
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Groups in Organic Synthesis, 4th Ed., John Wiley and Sons (2007); Fieser and Fieser,

Fieser and Fieser’s Reagents for Organic Synthesis, John Wiley and Sons (1994); and

Paquette, ed., Encyclopedia of Reagents for Organic Synthesis, John Wiley and Sons

(1995), and subsequent editions thereof,

Benzimidazole-containing compounds

Compounds having the formula delineated in FIG. 6G can be obtained
commercially or synthesized using conventional synthetic methods. For example,
compounds CP-0000489, CP-0000540, CP-0000550, CP-0000553, CP-0000554, CP-
0000557, CP-0000571, CP-0047659, CP-0064483, CP-0066829, CP-0069961, CP-
0074806, CP-0080773, CP-0091818, CP-0105772, and CP-0109953 were obtained
commercially from the suppliers provided in Table 1 (Entries 1-17). Other
benzimidazoles 1-14 (Scheme 1) described in the present disclosure can be obtained

commercially.

4Ry = CHoPh, Ry = Ph
5R, = Ph, Ry = Ph
6 Ry = CH,-2-CIPh, R, = Ph
Re . 7 Ry = CHPh, R, = 4-OMePh
R R 5 8 Ry = CH,CH,-c-hex, Ry = 4-OMePh
@EN o @ />__R2 9 R; = H, R, = 4-OMePh
N/> < 5 * N 10 R, = Me, R, = 4-OMePh

11 R1 = CHchQPh, R2 =H

1 R1 =H, Rz = H, R3 =H, R4 =H 12 R1 = CHchzph, R2= Me
2R;=H,Ry;=0Me, R3=0OMe, R4 =H 13 R4 = CH,CH,Ph, Ry = 2-thienyl
3R, =H, Ry =H, Rg = H, R, = OH 14 R, = CH,CH,Ph, R, = CH,Ph
Scheme 1

Other compounds having the formula delineated in FIG. 6G can be obtained, e.g.,
using the chemistries described in Kokare et al., Protein & Peptide Letters, 14:259-263,
2007 which describes the synthesis of CP-0000540. Benzimidazole analogs
incorporating changes to the specific portions of the molecule can be prepared according
to Scheme 2 utilizing well established chemistry. In cases where a 1H-benzimidazole
intermediate is commercially available, alkylation reactions can be carried out to
introduce the R substituent (Route A). Other elaborations of the commercial
benzimidazoles can be utilized to install various substituents at different positions of the
molecule. However, for unsymmetrically substituted 1H-benzimidazoles two other

routes can be used. In cases of where R; is an electron-withdrawing group, nucleophilic
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aromatic substitution of 2-fluoronitrobenzenes can be utilized (Route B) to give 2-
aminonitrobenzene intermediates. For other analogs, alkylation of 2-aminonitrobenzenes
(Route C) to introduce the R; group can be pursued to give the same intermediate. The
reduction of the nitro group to the amino group can be carried out with established
reduction protocols. Oxidative cyclization of such 1,2-diamines with aldehydes or
condensations with carboxylic acids will give the desired benzimidazole analogs.

Error! Objects cannot be created from editing field codes.
Scheme 2: Synthesis of benzimidazole analogs

Benzothiazole-containing compounds

Compounds having the formula delineated in FIG. 61 (X = S) can be obtained
commercially or synthesized using conventional synthetic methods. For example,
compounds CP-0064917, CP-0067233, CP-0068578, CP-0103014, CP-0105777, and CP-
0107060 were obtained commercially from the suppliers provided in Table 1 (Entries 18-
23). Compounds having the formula delineated in FIG. 6L (X = S) can be obtained, e.g.,
by the cyclization of ortho-halo benzamides using Lawesson’s reagent or via the
oxidation of thioanilides. Other compounds having the formula delineated in FIG. 6L (X
= 8S) can also be obtained, e.g., using the chemistries described in Song et al., Eur. J.
Med. Chem. 43(7):1519-1524, 2008.

Benzoxazole-containing compounds

Compounds having the formula delineated in FIG. 6L (X = O) can be obtained
commercially or synthesized using conventional synthetic methods. For example,
compounds CP-0029300, CP-0079983, and CP-0103978 were obtained commercially
from the suppliers provided in Table 1 (Entries 24-27). Other compounds having the
formula delineated in FIG. 6L (X = O) can be obtained, e.g., using the chemistries
described in Boyd, Sci. Synth. 11:481-492, 2002.

Quinazolinone-containing compounds

Quinazolinone derivatives included in the FIG. 2G, can be obtained commercially
or synthesized using conventional synthetic methods. For example, compounds CP-
0034360 and CP-0036187 were obtained commercially from the suppliers provided in
Table 1 (Entries 27-28). Other compounds having the formula delineated in FIG. 2C can
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be obtained, e.g., using the chemistries described in Connolly et al., Tetrahedron
61(43):10153-10202, 2005.

Benzimidazopyrimidine-containing compounds

Benzimidazopyrimidine compounds having the formula delineated in FIG. 61 can
be obtained commercially or synthesized using conventional synthetic methods. For
example, compounds CP-0050095 and CP-0131763 were obtained commercially from
the suppliers provided in Table 1 (Entries 29-30).

Benzofuran-containing compounds

Compounds having the formula delineated in FIG. 6A (X = O) can be obtained
commercially or synthesized using conventional synthetic methods. For example,
compounds CP-0079175 and CP-0087336 were obtained commercially from the
suppliers provided in Table 1 (Entries 31-32). Other compounds having the formula
delineated in FIG. 6A (X = O) can be obtained, e.g., using the chemistries described in
Hou, et al., Progress in Heterocyclic Chemistry 17: 142-171 , 2005.

Benzothiophene-containing compounds

Compounds having the formula delineated in FIG. 6A (X =S) can be obtained
commercially or synthesized using conventional synthetic methods. For example,
compounds CP-0064314, CP-0068577, and CP-0102404 were obtained commercially
from the suppliers provided in Table 1 (Entries 33-35). Other compounds having the
formula delineated in FIG. 6A (X = S) can be obtained, e.g., using the chemistries
described in either Bravo et al., J. Heterocyclic Chem., 7(4):967-8, 1970, or Rayner ef al.,
Sci. Synth. 10:155-181, 2005.

Indole-containing compounds

Compounds having the formula delineated in FIG. 6] can be obtained
commercially or synthesized using conventional synthetic methods. For example,
compounds CP-0010539, CP-0072096, CP-0078448, and CP-0103978 were obtained
commercially from the suppliers provided in Table 1 (Entries 36-38). Other compounds
having the formula delineated in FIG. 6J can be obtained, e.g., using the chemistries

described in Humphrey ef al., Chem. Rev., 106(7):2875-2911, 2006.
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Quinoline-containing compounds

Quinolines derivatives included in the FIG. 7E and 7F, can be obtained
commercially or synthesized using conventional synthetic methods. For example,
compounds CP-0072092 and CP-0087799 were obtained commercially from the
suppliers provided in Table 1 (Entries 39-40). Other quinoline compounds can be
obtained, e.g., using the chemistries described in Larsen ef al., Sci. Synth. 15:389-549,
2005.

Benzotriazole-containing compounds

Compounds having the formula delineated in FIG. 60 can be obtained
commercially or synthesized using conventional synthetic methods. For example,
compounds CP-0009883 and CP-0070871 were obtained commercially from the
suppliers provided in Table 1 (Entries 41-42). Other compounds having the formula
delineated in FIG. 60 can be obtained, e.g., using the chemistries described in Katritzky
et al., Chem. Rev. 98(2):409-548, 1998.

The coumarin-, benzopyran-, tetrahydroquinoline-, benzopyranone-, and
benzopyrazine-containing compounds of the invention can be obtained commercially or
synthesized using conventional synthetic methods. For example, compounds CP-
0063508, CP-0000928, CP-0005069, CP-0096433, and CP-0045061 included in the FIG.
1, were obtained from the suppliers provided in Table 1 (Entries 43-47). Other coumarin-
, benzopyran-, tetrahydroquinoline-, benzopyranone-, and benzopyrazine-containing
compounds can be obtained, e.g., using the chemistries described in Borges et al., Curr.
Med. Chem. 12(8):887-916, 2005; Schweizer et al., Chemistry of Heterocyclic
Compounds 31:11-139, 1977, Katritzky et al., Tetrahedron 52(48):15031-15070, 1996;
Williams et al., Sci. Synth. 14:347-638, 2003, Kress ef al., Progress in Heterocyclic
Chemistry 4:186-203, 1992,

Pyridine-containing compounds

Compounds having the formula delineated in FIG. 7A can be obtained
commercially or synthesized using conventional synthetic methods. For example,
compounds CP-0060729, CP-0066751, CP-0069934, CP-0076627, CP-0080276, CP-
0089966, CP-0029278, and CP-0130586 were obtained commercially from the suppliers
provided in Table 1 (Entries 48-55). Other compounds having the formula delineated in
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FIG. 7A can be obtained, e.g., using the chemistries described in either Li et a/., Bioorg.
& Med. Chem. Lett. 17(8):2347-2350, 2007, or in Spitzner et al., Sci. Synth. 15:11-255,
2005.

Pyrimidine-containing compounds

Compounds having the formula delineated in FIG. 7D can be obtained
commercially or synthesized using conventional synthetic methods. For example,
compounds CP-0059547, CP-0059563, CP-0059642, CP-0064382, CP-0067053, CP-
0072720, and CP-0079810 were obtained commercially from the suppliers provided in
Table 1 (Entries 56-62). Other compounds having the formula delineated in FIG. 7D can
be obtained, e.g., using the chemistries described in either Luo ef al., Tetrahedron Lett.
43(33), 5739-5742, 2002, or von Angerer et al., Sci. Synth. 16:379-572, 2004.

Furan-containing compounds

Compounds having the formula delineated in FIG. 3E (X = O) can be obtained
commercially or synthesized using conventional synthetic methods. For example,
compounds CP-0061777, CP-0066008, CP-0072253, and CP-0099289 were obtained
commercially from the suppliers provided in Table 1 (Entries 63-66). Other compounds
having the formula delineated in FIG. 3E (X = O) can be obtained, ¢.g., using the
chemistries described in either Kort et al., J. Med. Chem. 51(3):407-416, 2008, or Konig
et al., Sci. Synth. 9:183-286, 2001.

Thiophene-containing compounds

Compounds having the formula delineated in FIG. 3E (X = S) can be obtained
commercially or synthesized using conventional synthetic methods. For example,
compounds CP-0008545, CP-0060852, CP-0072156, CP-0072271, CP-0104766, and CP-
0110352 were obtained commercially from the suppliers provided in Table 1 (Entries 67-
72). Other compounds having the formula delineated in FIG. 3E (X = S) can be obtained,
e.g., using the chemistries described in either Kaizerman e al., J. Med. Chem.
46(18):3914-3929, 2003, or Schatz et al., Sci. Synth. 10:287-392, 2001.

Thiazole-containing compounds

Compounds having the formula delineated in FIG. 3U can be obtained
comimercially or synthesized using conventional synthetic methods. For example,

compounds CP-0063182, CP-0071862, CP-0072036, CP-0105343, CP-0122949, and CP-
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0134381 were obtained commercially from the suppliers provided in Table 1 (Entries 73-
78). Other compounds having the formula delineated in FIG. 3U can be obtained, e.g.,
using the chemistries described in either Narayana ef al., Phosphorus, Sulfur and Silicon
and the Related Elements 181(6):1381-1389, 2006, or Kikelj ef al., Sci. Synth. 11:627-
806, 2002.

Pyrazole-containing compounds

Compounds having the formula delineated in FIG. 3N can be obtained
commercially or synthesized using conventional synthetic methods. For example,
compounds CP-0000477, CP-0063375, CP-0064231, CP-0065105, CP-0070844, CP-
0070886, and CP-0104765 were obtained commercially from the suppliers provided in
Table 1 (Entries 79-85). Other compounds having the formula delineated in FIG. 3N can
be obtained, e.g., using the chemistries described in either McKeown et al., Bioorg. &
Med. Chem. Lett., 16(18):4767-4771, 2006, or Stanovnik, et al., Sci. Synth, 12:15-226,
2003.

Isoxazole-containing compounds

Compounds having the formula delineated in FIG. 3V can be obtained
commercially or synthesized using conventional synthetic methods. For example,
compounds CP-0065665, CP-0075627, and CP-0075656 were obtained commercially
from the suppliers provided in Table 1 (Entries 86-88). Other compounds having the
formula delineated in FIG. 3V can be obtained, ¢.g., using the chemistries described in
Wakefield, Sci. Synth. 11:229-288, 2002.

Oxadiazole-containing compounds

Compounds having the formula delineated in FIG. 3A can be obtained
commercially or synthesized using conventional synthetic methods. For example,
compounds CP-0067108, CP-0067246, CP-0068395, CP-0068929, CP-0068961, CP-
0070164, CP-0070367, CP-0079642, CP-0104904, and CP-0130665 were obtained
commercially from the suppliers provided in Table 1 (Entries 89-98). Other compounds
having the formula delineated in FIG. 3A can be obtained, e.g., using the chemistries
described in either Grant et al., J. Org. Chem. 73(18):7219-7223, 2008, or Hemming, et
al., Sci. Synth. 13:127-184, 2004.
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Compounds having the formula delineated in FIG. 2A can be obtained

commercially or synthesized using conventional synthetic methods. For example,

compounds CP-0005186, CP-0007991, and CP-0061566 were obtained commercially

from the suppliers provided in Table 1 (Entries 99-101). Other compounds having the

formula delineated in FIG. 2A can be obtained using the methods known to one skilled in

the art e.g., by a condensation of the corresponding benzoic acid and an amine.

The 1,3,4-oxadiazole-, triazoline-, pyrazoline-, dihydropyridone-, triazole-,

indoline-, and imidazotriazine-containing compounds can be obtained commercially or

synthesized using conventional synthetic methods. For example, compounds CP-
0062030, CP-0007994, CP-0039073, CP-0004116, CP-0061401, CP-0064286, CP-
0110644, and CP-0051092 were obtained commercially from the suppliers provided in

Table 1 (Entries 102-109).

TABLE 1
Com- Structure Entry NumbAer and (Sél:ll;ll;llliz
pound Name ID)
CL—O-
\
N 1.
CP- 0 Cl 4-(4—chlor'op'henyl)—1 - BIONET
0000489 _ (SH-pyrimido[5,4- (bionet-7F-
blindol-4-y1)-1H-pyrazol- 307S)
3-amine
Cl
2.
CP- o Cl 6-chloro-1-(2- BfIONET
0000540 | ] chlorobenzyloxy)-2- (bionet-9F-
N phenyl-1H- 3275)
\©[ N/>_@ benzo[d]imidazole
Cl
op. | @ n-© 6-chloro-1-(2- BIONET
0000550 = chlorobenzyloxy)-2-(4- | (bionet-10F-
N methoxyphenyl)-1H- 3108)
o

benzo[d]imidazole
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4.
6-chloro-2-(4-

BIONET

Cl
CP- \©\7 ;
0000553 N methoxyphenyl)-1-(4- | (bionet-10F-
methylbenzyloxy)-1H- 3248)
o~ benzo[d]imidazole
5.
CP- Cl N,O 6-chloro-1-(3,5- BIONET
0000554 \©\7 dimethylbenzyloxy)-2-(4- | (bionet-10F-
N methoxyphenyl)-1H- 3258)
_ benzo[d]imidazole
0]
o<
6.
Cp. cl N’O\/©/ 6-chloro-1-(4- BIONET
0000557 _ methoxybenzyloxy)-2-(4- | (bionet-10F-
N methoxyphenyl)-1H- 350S)
g benzo[d]imidazole
PN
N 0 7.
CP- © \©:' ! 1-(4-methylbenzyloxy)- (bBIOIt\{]IETF-
0000571 N 6-nitro-2-phenyl-1H- I%DIZS)
benzo[d]imidazole
4y :
Cp- : CHEMDIV
N 4-(1H-benzo[d]
0047659 H imidazol-2-yl)phenol (4385-2057)
OH
N Cl
| H 9.
cp. ©:N/K/N 2,5-dichloro-N-((1- CHEMDIV
0064483 | methyl-1H-benzo[d] = | 3546 56o 1y
imidazol-2-
Cl yDmethyl)aniline
N 10.
CP- > 4-(2-(1-methyl-1H- CHEMDIV
0066829 N NH, benzo[d]imidazol-2- | (4432-2284)
yDethyl)aniline
N - 11.
. N 2-((2-methoxyphenoxy) | CHEMDIV
P @i PO methyl)-1H- (G856-
0069961 N Y
H benzo[d]imidazole 0617)
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O [0
CP- N 2-((4- CHEMDIV
0074806 N fluorophenoxy)methyl)- (C147-
\ 1-methyl-1H- 0180)
benzo[d]imidazole
N
\>_ 13, BIONET
cb- @EN 2-(phenylthiomethyl)- | (bionet 8J-
0080773 S -
H 1H-benzo[d]imidazole 3118)
HN 14,
CP- - 3-(6-methyl-1H- CHEMDIV
0091818 X N benzo[d]imidazol-2-yl)- | (4285-2380)
2H-chromen-2-imine
O" "NH
NH
@: ) 15. IFLAB/
CP- N N-(2-(1H- LIFECHEM
0105772 HN benzo[d]imidazol-2- ICALS
}——< yl)phenyl)isobutyramide (F0015-
o 0753)
N\
CP- @E N>\/o 2-(o—tolyllo6>'(ymethyl)— 1H- CHEMDIV
0109953 H benzo[dimidazole (6286-0428)
17.
CP- 2-(4-methoxyphenyl)-1-
0193184 phenethyl-1H- LDDN
©: N: : : : benzo[d]imidazole
/ OMe
N
N
2 18.
/@ N NA(6-
CP- Br s © bromobenzo[d]thiazol-2- CHEMDIV
0064917 S yDthiophene-2- (3769-2060)
= carboxamide
H .
N\7/N o 19.
CP- g N-(benzo[d]thiazol-2-y1)- | CHEMDIV
0067233 Z N 1-methyl-1H-pyrazole-5- | (4487-0569)
=N carboxamide
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N
CP- @S\%S\_Q, 24 ﬂuzoor-obenzylthio) CHEMDIV
F N\ -
0068578 benzo[d]thiazole (5222-1038)
Cl 21
N ; MAY-
CP- (:T| 5-chloro-N-
0103014 S/kN/ methylbenzo[d]thiazol-2- (%Rgg%)
H amine
YH s 22 IFLAB
y /LIFE-
CP- 0 @ PN N-(6- CHEMICA
N O acetamidobenzo[d]thiazol
0105777 LS
0 -2-yD)furan-2-
\ ", q (F0018-
=~ carooxamidae 0056)
\ IFLAB/LIF
F S 0 23.
ECHEMIC
CP- \©i N N-(6- ALS
0107060 N fluorobenzo[d]thiazol-2- (FO412-
e} y1)-3-methoxybenzamide 0020)
N
@E s 0 24.
CP- o 2-(benzo[djoxazol-2- | CHEMDIV
0029300 HN ylthio)-N-(2- (3627-0019)
ol chlorophenyl)acetamide
cp Q 25. CHEMDIV
00799_83 N/ 5-chloro-2- (K780-
Cl phenylbenzo[d]oxazole 0060)
N
op \©\—l 26, MAY-
01 03578 0 5-methyl-2-m- BRIDGE
tolylbenzo[d]oxazole (S 15553)
0]
N 27.
CP- 2-((4_1?[511{0)(}:21)}1‘13;%1%-3- CHEMDIV
0034360 napata ehe Y e | (8008-6354)

dihydroquinazolin-4(1H)-
one .
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N°
P O 28,
CP- N-(2-(2-(4-fluorophenyl)- | CHEMDIV
0036187 0 2-oxoethylthio)-4- (K284-
oxoquinazolin-3(4H)- 2447)
yl)benzamide
F
—Q
&
CP- 2-(4-chlorophenyl)-4-(4- | CHEMDIV
- methoxyphenyl)-1,4- (K832-
0050095 N O cl dihydrobenzo[4,5Jimidaz |  2696)
@[ ,—NH o[1,2-a]pyrimidine
N
Br
30.
CP 2-(3-pyridyl)-4-(4- CHEMDIV
i} N bromopheny!)-1,4- (K832-
0131763 = dihydrobenzo[4,Slimidaz |  2426)
@[ >—NH o[1,2-a]pyrimidine
N
H\; 31.
N-sec-butyl-1,7,7-
CP- O trimethyl-9-o0x0-8,9- CP(I(]?%]SD-IV
0079175 Q dihydro-7H-furo[3,2- 0478)
© flchromene-2-
carboxamide
O
H.N P 32.
2 N-(3-carbamoyl-5,6-
O ’
CP- l dihydro-4H- oste.
0087336 == N~ 'S cyclopenta[b]thiophen-2- 0815)
O H yl)benzofuran-2-
carboxamide
Cl 33
= .
Cl Q | 3-chloro-N-(5-
CP- NN chloropyridin-2- CHEMDIV
0064314 S H yl)benzo[b]thiophene-2- | (3616-0520)
carboxamide
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Cl 34,
o) 3-chloro-N-
ot | D 3 (erivintonno- | I
S HN ylmethyl)benzo[b]thioph
ene-2-carboxamide
35.
N-(3-(3-chloro-3- MAY-
CP- . BRIDGE
methylbenzo[b]thiophen-
0102404 (MWP
2-yD)-1H-pyrazol-5-
; 00596)
yl)acetamide
36 MAY-
Cp- . BRIDGE
0010539 2-(naphtha1c;>(§11—2-yl)-1H- (RDR
fmaote 01160)
N — 37.
Cp- \ 1 CHEMDIV
0072096 N N7 2-(pyridin-2-yD)-TH- | 955 4g53)
H indole
G
Q  NH 38. CHEMDIV
CP- N-(2-chlorophenyl)-2- (CT30-
0078448 (1H-indol-3-y1)-2-
0 4 0133)
\ oxoacetamide
N
H
CP- O Ny, 39. CHEMDIV
0072092 | P O 2-m-tolylquinoline (8005-4434)
4
CP. N N/\ o~ 40. ENAMINE
0087799 |\/ N 2-(4-(2-methoxyphenyl) (T0503-
piperazin-1-yl)quinoline 7528)
22
2-(1H- MAY-
- N
0055883 m’k/ benzo[d][1,2,3]triazol-1- | BRIDGE
y1)-N-(2,3-dihydro-1H- | (KM 10562)
inden-2-yl)acetamide
N~ l/\l
CP- ©/ N 42, Chem-
0070871 1-phenethyl-1H- Bridge
benzo[d][1,2,3]triazole (7653692)
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F
CP- \©\/O 0.0 43. CHEMDIV
0063508 7-(4-fluorobenzyloxy)- | 3330 4g5)
P 2H-chromen-2-one
o
0 44,
CP- H % N-(2,4-dichlorophenyl)- (lﬁ(l)(r?etN-]gg-
0000928 = N 8-methoxy-2H-
. 3315)
o) chromene-3-carboxamide
Cl
45,
MAY-
CP- N /@\ N-G3 'Iclgtohr;’llfgzn_yl)‘g' BRIDGE
0005069 S)\N Cl dihydroquinoline-1(2H)- 0(1%)’2]2)
H carbothioamide
0 0 O 46. MICRO-
CP- | 7-methoxy-5-methyl-2-
0096433 henyl-4H-chromen-4- SOURCE
pheny (01400666)
one
@]
N
~
CP- ©[ z 23,4 Simethslohen p | CHEMDIV
0045061 N A-GIMEINYIDRCNYL) 1 (3957.1451)
quinoxaline
Y
| = 48,
CP- HN™ °N 4-bromo-N-(5- CHEMDIV
0060729 o chloropyridin-2- (0868-0014)
yl)benzamide
Br
NH, 49,
% 0 3-amino-6,7,8,9-
CP- o | tetrahydro-5H- CHEMDIV
0066751 N S NH, cycloheptale]thieno[2,3- | (4365-0051)
blpyridine-2-
carboxamide
= | NH, 50.
CP- N 0N N (Z)-3-methyl-N'- CHEMDIV
0069934 (nicotinoyloxy) (5906-1071)
© benzimidamide
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o) S A 0O 51.
CP- A N,N-diethyl-6- CHEMDIV
N N methoxythieno (C303-
0076627 Q A\ [2,3-b]quinoline-2- 0565)
carboxamide
H Reference
AN for
I \ _ 59 Synthesis:
CP- 6-(4-methoxyphenyl)- Ltahl“‘;’ ](B)'R'
0080276 o~ 1,2,3,4-tetrahydro-1,5- | © %'he'm e
' naphthyridine 2004, 69,
7171 -
7182,
9 53,
cp- | B~ NS 5-bromo-N-(2- CHEMDIV
0089966 ~ | H (phenylthio)ethyl) (8011-8572)
N nicotinamide
0 ‘ AN 54.
N-(6-methylpyridin-2-
CP- O % ; CHEMDIV
N™ 'N 1)-2,3-dihydrobenzo
yD-2,3-dihy, .
0020278 [ :©)kH (o] 1 Aldioxine 6. | 3617-0256)
0 .
carboxamide
cp. X0 /—@ 55. | CHEMDIV
0130586 ’ _ />—S 2-(4-methylbenzylthio) (G293-
N~ ~N oxazolo[4,5-b]pyridine 0009)
~N
cp. | J_ 56. PEAK-
0059547 N” "NH N-(2-me§hqucthyl)-§-p- DALE
H tolylpyrimidin-2-amine (1000119)
0
\ 57. PEAK-
CP- S =N 4-(5-(benzo[blthiophen-
0059563 L 2-yD)pyrimidin-2- DALE
N N/\| (1000166)

yl)morpholine
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F
>8, PEAKDAL
CP- , \/Nk 4-(5-(4- -
0059642 -~ fluorophenyl)pyrimidin-
N r\ll\/jo 2-ylymorpholine (1000143)
Br
59.
CP- HN N-(4-bromo-3- CHEMDIV
0064382 N methylphenyl) (3651-6031)
N quinazolin-4-amine
P
N
r
op. HN 60. CHEMDIV
N-(4-methoxyphenyl) (4491-0691)
0067053 X . . .
)N quinazolin-4-amine
N/
\
o) N N 61
CP- — N-(3 -met};oxyphenyl)— CHEMDIV
0072720 HN }\1 __//N OH-purin-6-amine (8009-2985)
L o~ CHEMDIV
N (K402-
N7 62. 0503) or
cp- || M N N,N-diethyl-1-m-tolyl- | IFLAB/
0079810 N~ "N 1H-pyrazolo[3,4- LIFE-
dpyrimidin-4-amine | CHEMICA
< LS (FO518-
0004)
Br (] 63.
O O (5 _(4_
CP- N bromophenyl)furan-2- CHEMDIV
0061777 ( J yl}(morpholino)methanon (1975-0198)
o e
a N 64.
CPp- o N (Z)-4-bromo-N'-(furan-2- | CHEMDIV
0066008 o carbonyloxy)benzimidam | (4260-1000)
Br ide
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H
CP- @\(N\Q\ N-(4-iodgsl"16n Dfuran-2- CHEMDIV
0072253 | © ! pheny” (8002-5214)
O carboxamide
>§O 66.
cP. FO=5 5-(5-(2,4- MAY-
0099289 F 0 N—[:l difluorophenyl)furan-2- BRIDGE
. ) X yl)-1-(methylsulfonyl)- | (CD 10941)
1H-pyrazole
NH,
| 67.
CP- s 1-(3-amino-5-(4-tert- B%EE
0008545 o) butylphenyl)thiophen-2- (GK 03407)
yl)ethanone
N
N 68.
N-(3-cyano-4,5,6,7~
CP- R R CHEMDIV
0060852 | S\ NH oy o VIOP | (1000-0399)
o fluorobenzamide
aur 69.
cp- | S N = N-(5-chloropyridin-2- | CHEMDIV
0072156 0 N | yl)thiophene-2- (8005-8364)
X Cl carboxamide
/©/ 70.
CP- 7\ H N-(2-(4- CHEMDIV
0072271 s N0 fluorophenoxy)ethyl)thio | (8003-7471)
0 phene-2-carboxamide
O
N 71.
CP- | H 2,5 -c}imethyl-N-phenyl-l - MAY-
0104766 N (thiophen-2-ylmethyl)- BRIDGE
s 1H-pyrrole-3- (SP 00299)
B carboxamide
N
/4 IFLAB/-
72, LIFE-
c- | !\ NH N-(3-cyanothiophen-2- | CHEMICA
0110352 S yl)-4- LS
o )\ isopropoxybenzamide (F1385-
O 0110)
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g
CP- / \_/< N 2-(4-methoxyphenoxy)- | CHEMDIV
0063182 HN— ] N-(thiazol-2- (3297-0008)
S yl)acetamide
—Q
74.
T Hamaltosmhen | ooty
0071862 ) g\ - yD)thiazol-2-amine (7100-0567)
S N
H
CP- 75. CHEMDIV
0072036 N 4-(biphenyl-4-yl) -1 0505 3411y
l \>—NH2 thiazol-2-amine
S
I 76.
CP- dN— N © A-(3-(4- B%EE
methoxyphenyljthiazol-
0105343 / 2-yl)-3-methylisoxazol-5- (SPB
NH, Y o 05463)
amine
\
0
cp B o CHEMDIV
N »—NH N-(2-methoxyphenyl)-4-
0122949 phenylthiazol-2-amine (0896-3691)
H
HoN— Ny N 78,

CP- 1-(4-amino-2-(m- CHEMDIV
0134381 tolylamino)thiazol-5-yl)- | (F091-0329)
e} 2-methylpropan-1-one

N=\
A 79.
CP- 4-(4-chlorophenyl)-1- BIONET
0000477 N N3 (SH-pyrimido[5,4- (bionet-5F-
Ny b]indol-4-yl)-1H-pyrazol- 909)
N cl 3-amine
2
Cl
H 80.
N -(4- -6-
CP- | SN | 2-(4 ch;)ﬁ;%)}slenyl) 6 CLEMDIV
— -~ 270-
0063375 N—N methylpyrazolo[1,5- (3270-0084)
o) a]pyrimidin-7(4H)-one
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1.
CP- CHEMDIV
S-methoxy-2-(5-phenyl-
0064231 1H-pyrazol-3-yl)phenol (3486-0181)
82.
' CHEMDIV
CP- (3-(4-bromophenyl)-1- (3935-0218)
0065105 N—N phenyl-1H-pyrazol-4-
@ yl)methanol
N N-(2,5-dichlorophenyl)-
CP- NH l-c(:thyl-lH— yr:zole}-IS)- CHEMDIV
0070844 | Cl DYTe (6228-1918)
carboxamide
Cl
Cl
/N/\_/S\\//O 84. Chom.
CP- N HN 4-chloro-1-methyl-N-(2- Bridec
0070886 oxo-2-phenylethyl)}-1H- | - 5282395)
5 pyrazole-3-carboxamide
85.
CP- N-G-Gtertbutyl2 | ML
0104765 methylfuran-3-y1)-1H- (SP 00221)
pyrazol-5-yl)benzamide
0
<O N | 86.
CP- o N-(5-methylisoxazol-3- | CHEMDIV
0065665 NH yl)benzo[d][1,3]dioxole- | (4100-3780)
3 S-carboxamide
O
C Y
CP. N N-o (5-(4- CHEMDIV
0075627 P bromophenyl)isoxazol-3- (C226-
o yl)(mmorpholino)methanon 0488)
€
B
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88.
0]
CP- *@__( N-(4-bromophenyl)-5- | CHEMDIV
0075656 O-N HNOBr isopropylisoxazole-3- (C226-292)
carboxamide
Cl 89.
i 5-((4-chloro-2-
0055371)1 03 N/ \ Nx 0O methylphenoxy)methyl)- (S?i%]g(%
= }\1—0 3-(pyridin-4-yl)-1,2,4-
oxadiazole
90
CP- @{NYQ ) CHEMDIV
X 5-(2-methoxyphenyl)-3-
0067246 }\l’o O p-tolyl-1,2,4-oxadiazole (4534-1114)
91.

CP- 74 I\\‘ Ny o 5-(phenoxymethyl)-3- CHEMDIV
0068395 | \___ A (pyridin-2-y1)-1,2,4- (4951-0941)
N-O oxadiazole

92.
5-(2-chloro-4-
- N
o529 | (G metbylpheny)3- | (i)
N= N-O CI (pyridin-3-yl)-1,2,4-
oxadiazole
i j} N 93,
CP- YO/ CHEMDIV
\ 3-(2-chlorophenyl)-5-p-
0068961 c N©O tolyl-1,2,4-oxadiazole (5235-2061)
N-o 94.
CP- ,@4 B 5-(piperidin-1-ylmethyl)- | CHEMDIV
0070164 N 3-p-tolyl-1,2,4- (5927-0188)
oxadiazole
Br 95.
CP- 7\ N 5-(4-bromophenyl)-3- CHEMDIV
0070367 _ L (pyridin-3-yl)-1,2,4- (6018-0130)
N N-O oxadiazole
Y 96.
CP- N o 5-(2-bromophenyl)-3-(4- CH(IE(%G)_W
0079642 bromophenyl)-1,2,4- 0188)

Br

oxadiazole
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) 7.
CP- S | IN 5-(2-bromo-3- MAY-
0104904 N 0 O methoxyphenyl)-3- BRIDGE
(thiophen-2-yl)-1,2 4- (SP 00905)
Br oxadiazole
F 98.
CP- N N 3-(2-fluorophenyt)-N-(3- Cl;[g;\i];_w
0130665 o\ (piperidin-1-yl)propyl)- 0769)
N /\/\O 1,2,4-0xadiazol-5-amine
99.
o F\©\ j\ ‘ 2-(2-chlorobenzoy)N- | Y C
N (4-
0005186 ” H o ¢ fluorophenyl)hydrazineca 0(?22]2)
rbothioamide
H
CP- N 100. MAY-
0007991 2-(methylamino)-N- BRIDGE
O HN N phenethylbenzamide (DP 01029)
0 G 101.
CP- 4-tert-butyl-N- CHEMDIV
0061566 HN ((tetrahydrofuran-2- (1786-0077)
yl)methyl)benzamide
—N
I\ 102.
CP- ©/@ CHEMDIV
0 2-phenyl-5-o-tolyl-1,3,4-
0062030 )@ Y1500l (2089-0007)
cl H / 103.
CP. N N_ 4-(3-(4-chlorophenyl)- MAY-
0007994 \ 4,5-dihydro-1H-1,2,4- BRIDGE
N—-NH triazol-5-y1)-N,N- (DP 01118)
dimethylaniline
104.
7-methoxy-2-(4-
CP- methoxyphenyl)-1,10b- Cl;lI]glg/é];IV
0039073 dihydrospiro[benzo[e]pyr 08 23)_

azolo[1,5-c][1,3]oxazine-
5,1'-cyclohexane]
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)
FF 105.
NH 6-ox0-2-(4-(3-
CP- (trifluoromethyl)phenoxy (ﬁiongg;_
0004116 ~ )phenyl)-1,4,5,6- 057)
Il tetrahydropyridine-3-
O -
N carbonitrile
N -~ S
e 106.
CP- N 6-(4-methoxyphenyl) CHEMDIV
0061401 imidazo[2,1-b]thiazole | (1487-1206)
0
O 107.
CP- o Aw_H 2ot | CHEMDIV
0064286 A iy (3643-3466)
Br N~ yhacetamide
CP- @ 1 (inégli 1-y1)-2 TIMTEC
N - -1-y1)-2-
0110644 o phenoxyethanone (ST040751)
0
Ny | 109.
CP- \N \N 2—(4~c}611;r§gl_1enyl)— CHEMDIV
0051092 2 (8011-7131)

Cl

tetrahydrobenzo[e]imidaz
o[1,2-b][1,2,4]triazine

A The systematic names provided in Table 1 were generated using ChemDraw Ultra Version 9.0.1
software as follows. The systematic names were generated by inputting each of the chemical
structures shown in Table 1 in the ChemDraw drawing window, selecting the compound, and
selecting the "convert structure to name" tool under the Structure menu.

Methods of Treatment

The present invention provides methods related to the use of the compounds
described herein for treating diseases and/or disorders that would benefit from increased
Atohl expression. In general, the methods of treatment involve the use of one or more of
the compounds described herein to increase Atohl expression levels, and thereby
promote partial or complete differentiation of a target cell. Diseases that can benefit from

such treatment are those in which increased levels of Atohl treat one or more symptoms
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of the disease, e.g., those diseases in which the completely or partially differentiated cells
that result from increased Atohl expression (1) serve to replace lost or damaged cells or
tissue, e.g., functional cells, e.g., auditory hair cells, and/or (2) prevent expansion of a
damaging population of cells, e.g., cancer cells.

In general, the present invention provides steps whereby one or more of the
compounds described herein are administered to a patient. Alternatively or in addition,
the present invention provides steps whereby one or more target cells e.g., stem cells, iPS
cells, progenitor cells, and/or support cells are contacted, e.g., in vitro, with one or more
of the compounds described herein to promote complete or partial differentiation of those
cells to or toward a mature cell type, e.g., a hair cell, steps whereby one or more cells,
e.g., cells, progenitor cells, and/or support cells that have been contacted with one or
more of the compounds described herein, e.g., in vitro, is administered to a patient, and/or
steps whereby one or more cells, e.g., cells, progenitor cells, and/or support cells that
have been contacted with one or more of the compounds described herein, e.g., in vitro

are administered to a patient in combination with one or more of the compounds.

Auditory Hair Cell Loss

It is widely accepted that although cells capable of generating hair cells are
present in the inner ear, natural hair cell regeneration in the inner ear is low (Li et al.,
Trends Mol. Med., 10, 309-315 (2004); Li et al., Nat. Med., 9, 1293-1299 (2003); Rask-
Andersen et al., Hear. Res., 203, 180-191 (2005)). As a result, lost or damaged hair cells
may not be adequately replaced by natural physiological processes (e.g., cell
differentiation) and a loss of hair cells occurs. In many individuals, such hair cell loss
can result in, ¢.g., sensorineural hearing loss, hearing impairment, and imbalance
disorders. Therapeutic strategies that increase the number of hair cells in the inner ear
will benefit a patient with hair cell loss, e.g., with one or more of these conditions.

The importance of Atohl in hair cell genesis is well documented. For example,
Math1 is required for hair cell development and the differentiation of inner ear progenitor
cells to inner car support cells and/or hair cells (Bermingham ef al., Science, 284:1837-
1841, 1999). In addition, adenovirus mediated Mathl overexpression in the endolymph

of the mature guinea pig results in the differentiation of non-sensory cells in the mature
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cochlea into immature hair cells (Kawamoto ef al., J. Neurosci., 23:4395-4400, 2003).
The implications of these studies are twofold. First, they demonstrate that non-sensory
cells of the mature cochlear retain the ability to differentiate into sensory cells, e.g., hair
cells. Second, they demonstrate that Mathl overexpression is necessary and sufficient to
direct hair cell differentiation from non-sensory cells. A later study furthered these
findings by demonstrating that adenovirus mediated Atohl overexpression induces hair
cell regeneration and substantially improves hearing thresholds in an experimentally
deafened animal model (Izumikawa et al., Nat. Med., 11:271-276, 2005).

Provided herein are compounds capable of increasing Atohl levels in a subject
and/or cell or tissue. As described herein, these compounds promote increased Atohl
expression and thereby promote differentiation of a target cell or cells to or toward
sensory cell or cells of the inner ear, e.g., a hair cell. The use of these compounds to
promote hair cell differentiation from cells located in the ear, or from cells capable of
differentiating into a hair cell is well supported at least by the experimental data
described by Bermingham et al., supra, Kawamoto et al., supra, and lzumikawa ef al.,
supra. Consequently, the compounds described herein can be used to treat those diseases
and disorders that result from hair cell loss in a patient.

The present invention provides compounds and methods for treating patients who
have, or who are at risk for developing, an auditory disorder resulting from a loss of hair
cells. In some embodiments, the methods of treatment include steps whereby one or
more of the compounds described herein are administered to a patient to promote the
formation of auditory hair cells, e.g., in the ear of the patient (e.g., the inner ear) and/or
increase the number of auditory hair cells in the ear (e.g., the inner ear) of a patioent by
promoting complete or partial auditory hair cell differentiation from non-hair cell types
naturally present in the inner ear of a patient.

In some embodiments, the methods of treatment include steps whereby one or
more of the compounds described herein are administered to a patient to promote the
formation of auditory hair cells in the patient’s inner ear (e.g., an inner and/or outer
auditory hair cells) and/or increase the number of auditory hair cells (e.g., an inner and/or

outer auditory hair cells) in the inner ear of a patient by promoting complete or partial
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auditory hair cell differentiation from non-hair cell types naturally present in the inner ear
of a patient.

Examples of cells that are capable of differentiating into hair cells (e.g., an inner
and/or outer hair cells) include but are not limited to inner ear stem cells, iP$S cells,
progenitor cells, and/or support cells (e.g., Deiters’ cells, pillar cells, inner phalangeal
cells, tectal cells and Hensen’s cells).

The present invention also include steps whereby one or more cells that are
capable of differentiating completely or partially into a hair cell are contacted, e.g., in
vitro, with one or more of the compounds described herein to promote complete or partial
differentiation of those cells to or toward a mature cell type of the inner ear, e.g., a hair
cell (e.g., an inner and/or outer hair cell). Exemplary cells that are capable of
differentiating into a hair cell include, but are not limited to stem cells (e.g., inner ear
stem cells, adult stem cells, bone marrow derived stem cells, embryonic stem cells,
mesenchymal stem cells, skin stem cells, iPS cells, and fat derived stem cells), progenitor
cells (e.g., inner ear progenitor cells), support cells (e.g., Deiters’ cells, pillar cells, inner
phalangeal cells, tectal cells and Hensen’s cells), and/or germ cells.

Alternatively or in addition, the methods include steps whereby one or more cells
that are capable of differentiating into a hair cell (e.g., an inner and/or outer hair cell) and
that have been contacted with one or more of the compounds described herein, e.g., in
vitro, are administered to the ear (e.g., the inner ear) of the patient (cell therapy). Finally,
the methods include steps whereby one or more cells that are capable of differentiating
into a hair cell (e.g., an inner and/or outer hair cell) and that have been contacted with one
or more of the compounds described herein, e.g., in vitro are administered to the ear (e.g.,
inner ear) of a patient in combination with one or more of the compounds (combination
therapy).

The present invention can be used to treat hair cell loss and any disorder that
arises as a consequence of cell loss in the ear, such as hearing impairments, deafness, and
vestibular disorders, for example, by promoting differentiation (e.g., complete or partial
differentiation) of one or more cells into one or more cells capable of functioning as

sensory cells of the ear, e.g., hair cells.
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In some embodiments, the methods include steps of selecting a patient at risk of
hair cell loss and/or a patient with hair cell loss. Alternatively or in addition, the methods
include steps of selecting a patient at risk of sensorineural hearing loss and/or a patient
with sensorineural hearing loss. For example, any human experiencing or at risk for
developing hearing loss is a candidate for the treatment methods described herein. A
human having or at risk for developing a hearing loss can hear less well than the average
human being, or less well than a human before experiencing the hearing loss. For
example, hearing can be diminished by at least 5, 10, 30, 50% or more.

The subject can a hearing loss associated with hair cell loss for any reason, or as a
result of any type of event. For example, a human can be deaf because of a genetic or
congenital defect; for example, a human can have been deaf since birth, or can be deaf or
hard-of-hearing as a result of a gradual loss of hearing due to a genetic or congenital
defect. In another example, a human can be deaf or hard-of-hearing as a result of a
traumatic event, such as a physical trauma to a structure of the ear, or a sudden loud
noise, or a prolonged exposure to loud noises. For example, prolonged exposures to
concert venues, airport runways, and construction areas can cause inner ear damage and
subsequent hearing loss. A human can experience chemical-induced ototoxicity, wherein
ototoxins include therapeutic drugs including antineoplastic agents, salicylates, quinines,
and aminoglycoside antibiotics, contaminants in foods or medicinals, and environmental
or industrial pollutants. A human can have a hearing disorder that results from aging, or
the human can have tinnitus (characterized by ringing in the ears).

A human suitable for the treatment using the compounds and methods featured in
the invention can include a human having a vestibular dysfunction, including bilateral
and unilateral vestibular dysfunction. Vestibular dysfunction is an inner ear dysfunction
characterized by symptoms that include dizziness, imbalance, vertigo, nausea, and fuzzy
vision and may be accompanied by hearing problems, fatigue and changes in cognitive
functioning. Vestibular dysfunction can be the result of a genetic or congenital defect; an
infection, such as a viral or bacterial infection; or an injury, such as a traumatic or
nontraumatic injury. Vestibular dysfunction is most commonly tested by measuring

individual symptoms of the disorder (e.g., vertigo, nausea, and fuzzy vision).

64



10

15

20

25

30

WO 2009/100438 PCT/US2009/033569

Alternatively or in addition, the compounds and methods featured in the invention
can be used prophylactically, such as to prevent, reduce or delay progression of hearing
loss, deafness, or other auditory disorders associated with loss of inner ear function. For
example, a composition containing one or more compounds can be administered with
(e.g., before, after or concurrently with) a second therapeutic, such as a therapeutic that
may affect a hearing disorder. Such ototoxic drugs include the antibiotics neomycin,
kanamycin, amikacin, viomycin, gentamycin, tobramycin, erythromycin, vancomycin,
and streptomycin; chemotherapeutics such as cisplatin; nonsteroidal anti-inflammatory
drugs (NSAIDs) such as choline magnesium trisalicylate, diclofenac, diflunisal,
fenoprofen, flurbiprofen, ibuprofen, indomethacin, ketoprofen, meclofenamate,
nabumetone, naproxen, oxaprozin, phenylbutazone, piroxicam, salsalate, sulindac, and
tolmetin; diuretics; salicylates such as aspirin; and certain malaria treatments such as
quinine and chloroquine. For example, a human undergoing chemotherapy can be treated
using the compounds and methods described herein. The chemotherapeutic agent
cisplatin, for example, is known to cause hearing loss. Therefore, a composition
containing one or more compounds can be administered with cisplatin therapy (e.g.,
before, after or concurrently with) to prevent or lessen the severity of the cisplatin side
effect. Such a composition can be administered before, after and/or simultaneously with
the second therapeutic agent. The two agents may be administered by different routes of
administration.

The compounds and methods featured in the invention are appropriate for the
treatment of hearing disorders resulting from sensorineural hair cell loss. Patients with
sensorineural hair cell loss experience the degeneration of cochlear hair cells, which
frequently results in the loss of spiral ganglion neurons in regions of hair cell loss. Such
patients may also experience loss of supporting cells in the organ of Corti, and
degeneration of the limbus, spiral ligament, and stria vascularis in the temporal bone
material. These patients can receive treatment with an agent that causes cells to
differentiate into hair cells, or a tissue transplant containing hair cells grafted or injected
into the inner ear.

Methods of generating cells of the inner ear are provided below. Ear cells or ear

cell progenitors can be generated from stem cells isolated from a mammal, such as a
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mouse or human, and the cells can be embryonic stem cells or stem célls derived from
mature (e.g., adult) tissue, such as the inner ear, central nervous system, blood, skin, eye
or bone marrow. Any of the methods described below for culturing stem cells and
inducing differentiation into ear cells (e.g., hair cells) can be used.

In general, the compounds and methods described herein can be used to generate
hair cell growth in the ear and/or to increase the number of hair cells in the ear (e.g., in
the inner, middle, and/or outer ear). For example, the number of hair cells in the ear can
be increased about 2-, 3-, 4-, 6-, 8-, or 10-fold, or more, as compared to the number of
hair cells before treatment. This new hair cell growth can effectively restore or establish
at least a partial improvement in the subject’s ability to hear. For example, administration
of an agent can improve hearing loss by about 3, 10, 15, 20, 40, 60, 80, 100% or more.

Where appropriate, following treatment, the human can be tested for an
improvement in hearing or in other symptoms related to inner ear disorders. Methods for
measuring hearing are well-known and include pure tone audiometry, air conduction, and
bone conduction tests. These exams measure the limits of loudness (intensity) and pitch
(frequency) that a human can hear. Hearing tests in humans include behavioral
observation audiometry (for infants to seven months), visual reinforcement orientation
audiometry (for children 7 months to 3 years) and play audiometry for children older than
3 years. Oto-acoustic emission testing can be used to test the functioning of the cochlear
hair cells, and electro-cochleography provides information about the functioning of the
cochlea and the first part of the nerve pathway to the brain. In some embodiments,

treatment can be continued with or without modification or can be stopped.

Abnormal Cell Proliferation

Cell proliferation is normally a tightly regulated process that is governed by
multiple checkpoints and safeguards. Abnormal cell proliferation occurs when one or
more of these checkpoints or safeguards are bypassed or breakdown, e.g., through genetic
mutation. The result of abnormal cell proliferation is the formation of cancerous growths
or tumors. The most aggressive cancerous growths are typically invasive and metastatic.
Less aggressive benign growths are not invasive or metastatic, although they frequently

retain the potential to become metastatic.

66



10

15

20

25

30

WO 2009/100438 PCT/US2009/033569

In some embodiments, the present invention is directed to methods and
compositions for the treatment of abnormal cell proliferation and/or cancer, which would
benefit from increased Atohl expression. Abnormally proliferating or cancerous cells
that can benefit from increased Atohl expression can be identified by determining Atohl
expression levels within the cells, e.g., using real-time PCR and other techniques that can
be readily performed by one of skill in the art. Such determinations can be performed by
obtaining a sample of abnormally proliferating or cancerous cells from a subject;
isolating the genetic material from the sample (e.g., DNA and RNA); reverse transcribing
the mRNA from the sample; and amplifying a Atohl sequence using oligonucleotides
that have been designed to hybridize to a Atoh1 sequence. Abnormally proliferating cells
or cancer cells that can benefit from increased Atohl expres(sion will have undetectable
Atohl expression in the cell sample. Alternatively or in addition, the above
determination will be repeated using a non-cancerous cell control. Atohl expression in
the control will then be compared to Atohl expression in the cancerous sample.
Abnormally proliferating cells or cancer cells that can benefit from increased Atohl
expression will have less Atohl expression than the non-cancerous control. In general,
abnormally proliferating cells or cancer cells that can benefit from increased Atohl
expression will have low or undetectable Atohl expression levels.

In some embodiments, the present invention is directed to methods and
compositions for the treatment of abnormal cell proliferation and/or cancer in the
gastrointestinal system. Exemplary cancers include but are not limited to cancers of the
esophagus, gallbladder, liver, pancreas, stomach, small intestine, large intestine (colon)
and rectum,

Support for the use of the present invention for the treatment of abnormal cell
proliferation and/or cancer of the gastrointestinal system is provided by the following
studies: Normally, the intestinal epithelium consists of four main cell types that derived
from one multipotent stem cell during embryogenesis. The first cell type is the
absorptive enterocyte or columnar cell; the second cell type is the mucous secreting
goblet cell; the third cell type is the regulatory peptide-secreting enteroendocrine cell; and
the fourth cell type is the antimicrobial peptide-secreting Paneth cell. A healthy animal
will have each of these four cell types. Mathl null transgenic mice, however, have
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depleted goblet, enteroendocrine, and paneth cells. This observation has lead to the
conclusion that Math1 is required for cell fate determination (e.g., differentiation)
towards these three cell types in the developing gut (Yang ef al., Science, 294:2155-2158,
2001). It has also been demonstrated that Hath1 expression is absent in five gastric
cancer cell lines compared with normal gastric mucosae. This supports the fact that the
loss of Hath1 expression may play a role in gastric carcinogenesis (Sekine et al.,
Biochem. Biophys., Res. Comm., 344:1166-1171, 2006). Decreased Hathl and Mathl
expression in colon cancer cell lines is also reported elsewhere (Leow ef al., Cancer Res.,
64:6050-6057, 2004 and Leow et al., Ann. N.Y. Acad. Sci., 1059:174-183, 2005). These
studies, however, also demonstrate that Hath1 overexpression in an aggressive colon
cancer cell line results ih a significant inhibition of cell proliferation, and that this
decreased proliferation occurs because the aggressive colon cancer cells differentiate to
or towards goblet cells, which are not cancerous. These data, therefore, clearly suggest
that gastrointestinal cancer will benefit from increased Atoh1 expression, for example, by
reducing the number of proliferating gastric cancer cells by promoting the differentiation
of such cells to or towards a non-cancerous cell of the intestinal epithelium.
Consequently, a patient with gastrointestinal cancer can be treated with one or more of
the compounds described herein.

In general, the present invention provides compounds and methods for treating
patients who have, or who are at risk for developing gastrointestinal cancer. Methods for
identifying such a patient are described below. The methods of treatment include steps
whereby one or more of the compounds described herein are administered to a patient to
treat gastrointestinal cancer (direct therapy).

In some embodiments, the methods include methods of selecting a patient at risk
of gastrointestinal cancer and/or a patient with gastrointestinal cancer.

Methods for identifying a patient with gastrointestinal cancer are known in the art.
For example, screens can include the use of endoscopy (e.g., oral and/or rectal). Screens
can also include tests to detect various immunchistochemical markers, including but not
limited to, e.g., CK20, MUC2, MUCS5A, MUC6, DAS-1, and CDX2.

The present invention is useful for providing treatment for patients who have or

who are at risk for developing gastrointestinal cancer using one or more of the
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compounds described herein. The methods of treatment include steps whereby one or
more of the compounds described herein are administered to a patient to promote
complete or partial differentiation of gastric cancer cells.

In some embodiments, the present invention is directed to methods and
compositions for the treatment of colorectal cancer. Screens for identifying individuals
with colorectal cancer are known in the art. For example, screens for colorectal cancer
include: fecal occult blood test (FOBT), which checks for blood in the stool, digital
rectal exam (DRE), which checks for tactile abnormalities in the rectum, sigmoidoscopy,
which looks for visual abnormality in the rectum and lower part of the colon,
colonoscopy, which allows visualization of the rectum and entire colon, and double
contrast barium enema ‘(DCBE), which allows radiographic examination of the rectum
and colon. Frequently, a biopsy or polypectomy of abnormal colorectal tissue is
examined to confirm that the tissue is cancerous.

Individuals with colorectal cancer can be classified according to cancer stage
scales, such as the Dukes, Astler-Coller, and AJCC/TNM scales. An individual’s grade
of cancer indicates the degree of de-differentiation the cancer cells have undergone, i.e.,
how much the tumor’s cells still retain the characteristics of a colon or rectal cell. Stage
groupings are indicative of person’s overall disease stage. In some systems, stage
groupings are expressed as Roman numerals from 0 (the earliest stage) to IV (the most
advanced stage). In stage O, the cancer is found only in the inner lining of the colon or
rectum. In stage I, the cancer has spread to more of the inner wall of the colon or rectum.
In stage II, the cancer has spread outside the colon or rectum to nearby tissue, but has not
spread to the lymph nodes. In stage III, the cancer has spread to nearby lymph nodes but
not to other parts of the body. In stage IV, the cancer has spread to other parts of the
body. Colorectal cancer tends to spread to the liver and/or lungs. (Stages 0 and IV, just
described, correspond to stages A and D, respectively, in the Duke scale). Further
information on the screening, diagnosis, and staging of colorectal cancer can be found in

Frei et al., Cancer Medicine, BC Decker Inc., Hamilton, Ontario (2003).

The present invention is useful for providing treatment for patients who have
(e.g., stages O to IV), or who are at risk for developing, colorectal cancer using one or

more of the compounds described herein. The methods of treatment include steps
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whereby one or more of the compounds described herein are administered to a patient to
promote complete or partial differentiation of colorectal cancer cells.

In some embodiments, a patient undergoing treatment or having completed
treatment for colon cancer may be reevaluated, e.g., using the methods described above,
to determine the effectiveness of therapy. In some embodiments, treatment can be

continued with or without modification or can be stopped.

Other Conditions

Atohl expression is also reported in the cerebellum and dorsal spinal cord and has
an important role, e.g., in development (Bermingham et al., supra and Helms et al.,
supra). Atohl clearly has a role in promoting cell differentiation in neural cells and
tissues beyond those found in the inner ear. The compounds and pharmaceutical
compositions described herein, therefore, can also be used for the treatment of diseases
and/or disorders of such tissues that would benefit from increased Atohl expression.

Alternatively or in addition, the present invention can be used to treat cerebellar
granule neuron deficiencies, joint disease, and osteoarthritis.

Conditions that can benefit from increased Atohl expression can be identified by
determining Atohl expression levels within a cell using, e.g., the RT-PCR methods
described above. In general, conditions that can benefit from increased Atohl expression

will have low or undetectable Atoh1 expression levels.

Routes of Administration for the Treatment of Auditory Hair Cell Loss

Direct Therapy

The route of administration will vary depending on the disease being treated.
Hair cell loss and/or sensorineural hearing loss can be treated using direct therapy using
systemic administration and/or local administration. In some embodiments, the route of
administration can be determined by a patient’s health care provider or clinician, for
example following an evaluation of the patient. In some embodiments, a individual
patient’s therapy may be customized, e.g., one or more compounds, the routes of
administration, and the frequency of administration can be personalized. Alternatively,

therapy may be performed using a standard course of treatment, e.g., using one or more
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pre-selected compounds and pre-selected routes of administration and frequency of
administration.

In some embodiments, one or more of the compounds described herein can be
administered to a patient, e.g., a patient identified as being in need of treatment for hair
cell loss, using a systemic route of administration. Systemic routes of administration can
include, but are not limited to, parenteral routes of administration, e.g., intravenous
injection, intramuscular injection, and intraperitoneal injection; enteral routes of
administration e.g., administration by the oral route, lozenges, compressed tablets, pills,
tablets, capsules, drops (e.g., ear drops), syrups, suspensions and emulsions; rectal
administration, e.g., a rectal suppository or enema; a vaginal suppository; a urethral
suppository; transdermal routes of administration; and inhalation (e.g., nasal sprays).

Alternatively or in addition, one or more of the compounds described herein can
be administered to a patient, e.g., a patient identified as being in need of treatment for
hair cell loss, using a local route of administration. Such local routes of administration
include administering one or more of the compounds described herein into the ear of a
patient and/or the inner ear of a patient, for example, by injection and/or using a pump.

In some embodiments, a pharmaceutical composition can be injected into the ear
(e.g., auricular administration), such as into the luminae of the cochlea (e.g., the Scala
media, Sc vestibulae, and Sc tympani), e.g., using a syringe, e.g., a single-dose syringe.
For example, one or more of the compounds described herein can be administered by
intratympanic injection (e.g., into the middle ear), and/or injections into the outer, middle,
and/or inner ear. Such methods are routinely used in the art, for example, for the
administration of steroids and antibiotics into human ears. Injection can be, for example,
through the round window of the ear or through the cochlear capsule. Other inner ear
administration methods are known in the art (see, e.g., Salt and Plontke, Drug Discovery
Today, 10:1299-1306, 2005).

In another mode of administration, the pharmaceutical composition can be
administered in situ, via a catheter or pump. A catheter or pump can, for example, direct
a pharmaceutical composition into the cochlear luminae or the round window of the ear
and/or the lumen of the colon. Exemplary drug delivery apparatus and methods suitable

for administering one or more of the compounds described herein into an ear, e.g., a
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human ear, are described by McKenna et al., (U.S. Publication No. 2006/0030837) and
Jacobsen et al., (U.S. Patent No. 7,206,639). In some embodiments, a catheter or pump
can be positioned, e.g., in the ear (e.g., the outer, middle, and/or inner ear) of a patient
during a surgical procedure. In some embodiments, a catheter or pump can be positioned,
e.g., in the ear (e.g., the outer, middle, and/or inner ear) of a patient without the need for a
surgical procedure.

Alternatively or in addition, one or more of the compounds described herein can
be administered in combination with a mechanical device such as a cochlear implant or a
hearing aid, which is worn in the outer ear. An exemplary cochlear implant that is
suitable for use with the present invention is described by Edge et al.,

(U.S. Publication No. 2007/0093878).

In some embodiments, the modes of administration described above may be
combined in any order and can be simultaneous or interspersed.

Alternatively or in addition, the present invention may be administered according
to any of the Food and Drug Administration approved methods, for example, as described
in CDER Data Standards Manual, version number 004 (which is available at
fda.give/cder/dsm/DRG/drg00301.htm).

Cell Therapy

In general, the cell therapy methods described herein can be used to promote
complete or partial differentiation of a cell to or towards a mature cell type of the inner
ear (e.g., a hair cell) in vitro. Cells resulting from such methods can then be transplanted
or implanted into a patient in need of such treatment. The cell culture methods required
to practice these methods, including methods for identifying and selecting suitable cell
types, methods for promoting complete or partial differentiation of selected cells,
methods for identifying complete or partially differentiated cell types, and methods for

implanting complete or partially differentiated cells are described below.

Cell Selection
Cells suitable for use in the present invention include, but are not limited to, cells
that are capable of differentiating completely or partially into a mature cell of the inner

ear, €.g., a hair cell (e.g., an inner and/or outer hair cell), when contacted, e.g., in vitro,
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with one or more of the compounds described herein. Exemplary cells that are capable of
differentiating into a hair cell include, but are not limited to stem cells (e.g., inner ear
stem cells, adult stem cells, bone marrow derived stem cells, embryonic stem cells,
mesenchymal stem cells, skin stem cells, iPS cells, and fat derived stem cells), progenitor
cells (e.g., inner ear progenitor cells), support cells (e.g., Deiters’ cells, pillar cells, inner
phalangeal cells, tectal cells and Hensen’s cells), and/or germ cells. The use of stem cells
for the replacement of inner ear sensory cells is described in Li ef al.,

(U.S. Publication No. 2005/0287127) and Li et al., (U.S. Patent No. 11/953,797). The
use of bone marrow derived stem cells for the replacement of inner ear sensory cells is
described in Edge er al., PCT/US2007/084654. iPS cells are described, e.g., at Takahashi
ét al., Cell, Volume 131, Issue 5, Pages 861-872 (2007); Takahashi and Yamanaka, Cell
126, 66376 (2000); Okita et al., Nature 448, 260-262 (2007); Yu, J. et al., Science
318(5858):1917-1920 (2007); Nakagawa et al., Nat. Biotechnol. 26:101-106 (2008); and
Zachres and Schéler, Cell 131(5):834-835 (2007).

Such suitable cells can be identified by analyzing (e.g., qualitatively or
quantitatively) the presence of one or more tissue specific genes. For example, gene
expression can be detected by detecting the protein product of one or more tissue-specific
genes. Protein detection techniques involve staining proteins (e.g., using cell extracts or
whole cells) using antibodies against the appropriate antigen. In this case, the appropriate
antigen is the protein product of the tissue-specific gene expression. Although, in
principle, a first antibody (i.e., the antibody that binds the antigen) can be labeled, it is
more common (and improves the visualization) to use a second antibody directed against
the first (e.g., an anti-IgG). This second antibody is conjugated either with
fluorochromes, or appropriate enzymes for colorimetric reactions, or gold beads (for
electron microscopy), or with the biotin-avidin system, so that the location of the primary
antibody, and thus the antigen, can be recognized.

Tissue-specific gene expression can also be assayed by detection of RNA
transcribed from the gene. RNA detection methods include reverse transcription coupled
to polymerase chain reaction (RT-PCR), Northern blot analysis, and RNAse protection

assays.
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Exemplary tissue specific genes that may be used to identify a stem cell (e.g., an

- undifferentiated cell) include, but are not limited to, e.g., nestin, sox1, sox2, or musashi,

NeuroD, Atohl, and neurogeninl. Alternatively or in addition, stem cells can be selected
based on one or more of the unique properties that such cell types present in vitro. For
example, in vitro, stem cells often show a distinct potential for forming spheres by
proliferation of single cells. Thus, the identification and isolation of spheres can aid in
the process of isolating stem cells from mature tissue for use in making differentiated
cells of the inner ear. For example, stem cells can be cultured in serum free DMEM/high-
glucose and F12 media (mixed 1:1), and supplemented with N2 and B27 solutions and
growth factors. Growth factors such as EGF, IGF-1, and bFGF have been demonstrated
to augment sphere formation in culture.

Exemplary tissue specific genes that may be used to identify a progenitor cells
and/or an inner ear progenitor cell (e.g., a less than fully differentiated or partially
differentiated cell) include but are not limited to, e.g., nestin, sox2, and musashi, in
addition to certain inner-ear specific marker genes such as Brn3c, islet] and Pax2

Exemplary tissue specific genes that may be used to identify fully differentiated
cells (e.g., support cells) include, but are not limited to, e.g., p27xip, p75, S100A,
Jagged-1, and Prox1.

Exemplary tissue specific genes that may be used to identify fully differentiated
cells capable of functioning as inner ear sensory cells) include, but are not limited to, e.g.,
myosin VIla, Math1, &9 acetylcholine receptor, espin, parvalbumin 3, and F-actin
(phalloidin).

Altematively or in addition, cells suspected as being fully differentiated (e.g.,
cells capable of functioning as inner ear sensory cells) may be subjected to physiological
testing to determine whether conductance channels that would be present in mature hair
cells are present and active.

Alternatively or in addition, inner ear hair cells may be distinguished from other
fully differentiated cells of the inner ear (e.g., spiral ganglia) by analyzing the expression
of markers that are specific to spiral ganglia, which include but are not limited to

ephrinB2, ephrinB3, trkB, trkC, GATA3, and BF1.
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In some embodiments, suitable cells can be derived from a mammal, such as a
human, mouse, rat, pig, sheep, goat, or non-human primate. For example, stem cells have
been identified and isolated from the mouse utricular macula (Li et al., Nature Medicine
9:1293-1299, 2003). The cells can also be obtained from a patient to whom they will
subsequently be re-administered.

In some embodiments, suitable cells (e.g., a stem cell, progenitor cell, and/or
support cell) may be isolated from the inner ear of an animal. More specifically, a
suitable cells can be obtained from the cochlear organ of Corti, the modiolus (center) of
the cochlea, the spiral ganglion of the cochlea, the vestibular sensory epithelia of the
saccular macula, the utricular macula, or the cristae of the semicircular canals. The stem
cell, progenitor cell, and/or support cells can also be obtained, however, from other
tissues such as bone marrow, blood, skin, or an eye. The cells employed can be obtained
from a single source (e.g., the ear or a structure or tissue within the ear) or a combination
of sources (e.g., the ear and one or more peripheral tissues (e.g., bone marrow, blood,
skin, or an eye)).

Alternatively or in addition, methods include obtaining tissue from the inner ear
of the animal, where the tissue includes at least a portion of the utricular maculae. The
animal can be a mammal, such as a mouse, rat, pig, rabbit, goat, horse, cow, dog, cat,
primate, or human. The isolated tissue can be suspended in a neutral buffer, such as
phosphate buffered saline (PBS), and subsequently exposed to a tissue-digesting enzyme
(e.g., trypsin, leupeptin, chymotrypsin, and the like) or a combination of enzymes, or a
mechanical (e.g., physical) force, such as trituration, to break the tissue into smaller
pieces. Alternatively, or in addition, both mechanisms of tissue disruption can be used.
For example, the tissue can be incubated in about 0.05% enzyme (e.g., about 0.001%,
0.01%, 0.03%, 0.07%, or 1.0% of enzyme) for about 5, 10, 15, 20, or 30 minutes, and
following incubation, the cells can be mechanically disrupted. The disrupted tissue can
be passed through a device, such as a filter or bore pipette, that separates a stem cell or
progenitor cell from a differentiated cell or cellular debris. The separation of the cells
can include the passage of cells through a series of filters having progressively smaller

pdre size. For example, the filter pore size can range from about 80 pm or less, about 70
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pm or less, about 60 um or less, about 50 gm or less, about 40 ym or less, about 30 um or
less, about 35 um or less, or about 20 um or less.

The cells obtained may constitute an enriched population of stem cells and/or
progenitor cells; isolation from all (or essentially all) differentiated cells or other cellular
material within the tissue may be achieved but is not required to meet the definition of
“isolated.” Absolute purity is not required. The invention encompasses cells obtained by
the isolation procedures described herein. The cells may be mixed with a cryoprotectant
and stored or packaged into kits. Once obtained, the stem cells and/or progenitor cells
can be expanded in culture.

Where a mixed population of cells is used, the proportion of stem cells within the
test population can vary. For example, the population can contain few stem cells (e.g.,
about 1-10%) a moderate proportion of stem cells (e.g., about 10-90% (e.g., about 20, 25,
30, 40, 50, 60, 70, 75, 80, or 85% stem cells)) or many stem cells (e.g., at least 90% of
the population (e.g., 92, 94, 96, 97, 98, or 99%) can be stem cells). The cells will have
the potential to differentiate into a completely or partially differentiated cell of the inner
ear (€.g., the cell can be a pluripotent stem cell that differentiates into a cell that expresses
one or more auditory proteins). Partially differentiated cells are useful in the treatment
methods (whether therapeutic or prophylactic) so long as they express a sufficient
number and type of auditory-specific proteins to confer a benefit on the patient (e.g.,

improved hearing).

Differentiation Methods

In general, differentiation can be promoted by contacting a suitable target cell
and/or cell population with one or more of the compounds described herein for a time
sufficient to promote complete or partial differentiation of the cells to or towards a
mature sensory cell of the inner ear, e.g., a hair cell.

Suitable cells, e.g., identified according to the methods described above, can be
cultured in vitro. In general, standard culture methods are used in the methods described
herein. Appropriate culture medium is described in the art, such as in Li et al. Nature

Medicine 9:1293-1299, 2003. The growth medium for cultured stem cells can contain
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one or more or any combination of growth factors. For example, growth media can
contain leukemia inhibitory factor (LIF), which prevents stem cells from differentiating.

Cells can be separated into individual well of a culture dish and cultured.
Formation of spheres (clonal floating colonies) from the isolated cells can be monitored,
and the spheres can be amplified by disrupting them (e.g., by physically means) to
separate the cells, and the cells can be cultured again to form additional spheres. Such
cultured cells can then be contacted with one or more of the compounds described herein.

Alternatively or in addition, cells may be contacted with one or more of the
compounds described herein in combination with an additional induction protocol. There
are a number of induction protocols known in the art for inducing differentiation of stem
cells with neurogenic potential into neural progenitor cells, including growth factor
treatment (e.g., treatment with EGF, FGF, and IGF, as described herein) and neurotrophin
treatment (e.g., treatment with NT3 and BDNF, as described herein). Other
differentiation protocols are known in the art; see, e.g., Corrales ef al., J. Neurobiol.
66(13):1489-500 (2006); Kim et al., Nature 418:50-6 (2002); Lee et al., Nat. Biotechnol.
18:675-9 (2000); and Li et al., Nat. Biotechnol. 23:215-21 (2005).

As one example of an additional induction protocol, suitable cells are grown in
the presence of supplemental growth factors that induce differentiation into progenitor
cells. These supplemental growth factors are added to the culture medium. The type and
concentration of the supplemental growth factors is be adjusted to modulate the growth
characteristics‘of the cells (e.g., to stimulate or sensitize the cells to differentiate) and to
permit the survival of the differentiated cells such as neurons, glial cells, supporting cells
or hair cells.

Exemplary supplementary growth factors include, but are not limited to basic
fibroblast growth factor (bFGF), insulin-like growth factor (IGF), and epidermal growth
factor (EGF). Alternatively, the supplemental growth factors can include the
neurotrophic factors neurotrophin-3 (NT3) and brain derived neurotrophic factor
(BDNF). Exemplary concentrations of growth factors can range, e.g., from about 100
ng/mkL to about 0.5 ng/mL (e.g., from about 80 ng/mL to about 3 ng/mL, such as about 60
ng/mL, about 50 ng/mL, about 40 ng/mL, about 30 ng/mL, about 20 ng/mL, about 10
ng/mL, or about 5 ng/mL).
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Alternatively or in addition, the medium can be exchanged for medium lacking
growth factors. For example, the medium can be serum-free DMEM/high glucose and
F12 media (mixed 1:1),supplcmented with N2 and B27 solutions. Equivalent alternative
media and nutrients can also be used. Culture conditions can be optimized using methods
known in the art.

In some embodiments, a compound can be tested for its ability to promote
differentiation using stem cells that have been engineered to express a reporter gene that
facilitates detection of cells converted into inner ear cells. These engineered stem cells
make up a reporter cell line. A reporter gene is any gene whose expression may be
assayed; such genes include, without limitation, green fluorescent protein (GFP), o~
glucuronidase (GUS), luciferase, chloramphenicol transacetylase (CAT), horseradish
peroxidase (HRP), alkaline phosphatase, acetylcholinesterase and 3-galactosidase. Other
optional fluorescent reporter genes include but are not limited to red fluorescent protein
(RFP), cyan fluorescent protein (CFP) and blue fluorescent protein (BFP), or any paired
combination thereof, provided the paired proteins fluoresce at distinguishable
wavelengths.

A reporter gene can be under control of a promoter that is active in cells of the
inner ear, including progenitor cells and cells at varying degrees of differentiation, but not

in stem cells. Ideally, the promoter is stably upregulated in the differentiated cells or

* progenitors cells to allow assessment of the partially or fully differentiated phenotype

(e.g., expression of the reporter gene and further identification of genes known to be

expressed in the inner ear).

Methods for Analyzing Complete or Partial Differentiation

Cells that have been contacted with one or more of the compounds disclosed
herein may be analyzed to determine if complete of partial differentiation has occurred.
Such a determination can be performed by analyzing the presence or absence of tissue
specific genes, as described above (see Cell Selection). Alternatively or in addition, a
hair cell can be identified by physiological testing to determine if the cells generate
conductance channels characteristic of mature hair or spiral ganglion cells. Such cells

can be distinguished from spiral ganglia cells using the markers described above.
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Secondary assays can be used to confirm, or provide additional evidence, that a
cell has differentiated into a cell of the inner ear. For example, a gene useful as a marker
for identifying a cell of the inner ear can be expressed exclusively in a particular cell type
(e.g., exclusively in a hair cell or exclusively in cells of the spiral ganglion), or the cell
may also be expressed in a few other cell types (preferably not more than one, two, three,
four, or five other cell types). For example, ephrinB1 and ephrinB2 are expressed in
spiral ganglion cells, and also in retinal cells. Thus detection of ephrinB1 or ephrinB2
expression is not definitive proof that a stem cell has differentiated into a cell of the spiral
ganglion. Secondary assays can be used to confirm that a cell has developed into a cell of
the spiral ganglion. Such assays include detection of multiple genes known to be
expressed in the suspected cell type. For example, a cell that expresses ephrinB1 and/or
ephrinB2, can also be assayed for expression of one or more of GATA3, trkB, trkC, BF1,
FGF10, FGF3, CSP, GFAP, and Isletl. A determination that these additional genes are
expressed is additional evidence that a stem cell has differentiated into a spiral ganglion
cell,

Secondary assays also include detection of the absence of gene expression or the
absence of proteins that are not typically expressed in hair cells. Such negative markers
include the pan-cytokeratin gene, which is not expressed in mature hair cells but is
expressed in supporting cells of the inner ear (Li et al., Nat. Med. 9:1293-1299, 2003).

Cells that are confirmed to have undergone complete or partial differentiation
towards a inner ear sensory cell, e.g., a hair cell can be transplanted or implanted into a

patient.

Implantation Methods

Partially and/or fully differentiated cells, e.g., generated by the methods described
above, can be transplanted or implanted, such as in the form of a cell suspension, into the
ear by injection, such as into the luminae of the cochlea. Injection can be, for example,
through the round window of the ear or through the bony capsule surrounding the
cochlea. The cells can be injected through the round window into the auditory nerve

trunk in the internal auditory meatus or into the scala tympani.
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To improve the ability of transplanted or implanted cells to engraft, cells can be
modified prior to differentiation. For example, the cells can be engineered to overexpress
one or more anti-apoptotic genes in the progenitor or differentiated cells. The Fak
tyrosine kinase or Akt genes are candidate anti-apoptotic genes that can be useful for this
purpose; overexpression of FAK or Akt can prevent cell death in spiral ganglion cells and
encourage engraftment when transplanted into another tissue, such as an explanted organ
of Corti (see for example, Mangi et al., Nat. Med. 9:1195-201, 2003). Neural progenitor
cells overexpressing o3 integrin may have an enhanced ability to extend neurites into a
tissue explant, as the integrin has been shown to mediate neurite extension from spiral
ganglion neurons on laminin substrates (Aletsee et al., Audiol. Neurootol. 6:57-65, 2001).
In another example, ephrinB2 and ephrinB3 expression can be altered, such as by
silencing with RNA1 or overexpression with an exogenously expressed cDNA, to modify
EphA4 signaling events. Spiral ganglion neurons have been shown to be guided by
signals from EphA4 that are mediated by cell surface expression of ephrin-B2 and -B3
(Brors et al., J. Comp. Neurol. 462:90-100, 2003). Inactivation of this guidance signal
may enhance the number of neurons that reach their target in an adult inner ear.
Exogenous factors such as the neurotrophins BDNF and NT3, and LIF can be added to
tissue transplants to enhance the extension of neurites and their growth towards a target
tissue in vivo and in ex vivo tissue cultures. Neurite extension of sensory neurons can be
enhanced by the addition of neurotrophins (BDNF, NT3) and LIF (Gillespie et al.,
NeuroReport 12:275-279, 2001).

In some embodiments, the cells described herein can be used in a cochlear
implant, for example, as described in Edge et al., (U.S. Publication No. 2007/0093878).
A cochlear implant is an electronic device that is used to improve hearing in humans who
have experienced hearing loss, particularly severe to profound hearing loss. These
devices typically include an “external” and an “internal” part. The external part includes
a microphone, which can be placed behind the ear, that detects sounds in the
environment. The sounds are then digitized and processed by a small computer called a
speech processor. The external components may be referred to as a processor unit. In
addition to the microphone and speech processor, the external portion of the implant can

include a power source, such as a battery and an external antenna transmitter coil. The
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internal part is an electronic device that is put under the skin in the vicinity of the ear and
is commonly referred to as a stimulator/receiver unit (see FIG. 1). The coded signal
output by the speech processor is transmitted transcutaneously to the implanted
stimulator/receiver unit situated within a recess of the temporal bone of the implantee.
This transcutaneous transmission occurs through use of an inductive coupling provided
between the external antenna transmitter coil which is positioned to communicate with
the implanted antenna receiver coil provided with the stimulator/receiver unit. The
communication is typically provided by a radio frequency (RF) link, but other such links
have been proposed and implemented with varying degrees of success.

The implanted stimulator/receiver unit typically includes the antenna receiver coil
that receives the coded signal and power from the external processor component, and a
stimulator that processes the coded signal and outputs a stimulation signal to an electrode
assembly, which applies the electrical stimulation directly to the auditory nerve producing
a hearing sensation corresponding to the original detected sound.

An electrode connected to the electronic device is inserted into the inner ear. The
electrode can be a bundle of wires that have open contacts spread along the length of the
cochlea and represent different frequencies of sounds. The number of electrodes can vary
from 1 to about 30 electrodes, such as about 5, 10, 15, 18, 20, 22, 24, 26, or 28

electrodes.

Combination Therapies

In some embodiments, the present invention provides methods for treating a
patient with one or more of the compounds described herein using the direct

administration and cell therapy methods described above.

Routes of Administration for the Treatment of Abnormal Cell Proliferation

The route of administration will vary depending on the disease being treated.
Abnormal cell proliferation and/or cancer can be treated using direct therapy, e.g., using
systemic administration and/or local administration according to one or more of the Food
and Drug Administration approved methods, for example, as described in CDER Data
Standards Manual, version number 004 (which is available at
fda.give/cder/dsm/DRG/drg00301.htm).
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In some embodiments, the route of administration can be determined by a
patient’s health care provider or clinician, for example following an evaluation of the
patient. In some embodiments, a individual patient’s therapy may be customized, e.g.,
one or more compounds, the routes of administration, and the frequency of administration
can be personalized. Alternatively, therapy may be performed using a standard course of
treatment, e.g., using one or more pre-selected compounds and pre-selected routes of
administration and frequency of administration. ‘

In some embodiments, one or more of the compounds described herein can be
administered to a patient, e.g., a patient identified as being in need of treatment for hair
cell loss, using a systemic route of administration. Systemic routes of administration can
include, but are not limited to, parenteral routes of administration, e.g., intravenous
injection, intramuscular injection, and intraperitoneal injection; enteral routes of
administration e.g., administration by the oral route, lozenges, compressed tablets, pills,
tablets, capsules, drops, syrups, suspensions and emulsions; rectal administration, e.g., a
rectal suppository or enema, a vaginal suppository; a urethral suppository; transdermal
routes of administration; and inhalation (e.g., nasal sprays).

Alternatively or in addition, one or more of the compounds described herein can
be administered to a patient, €.g., a patient identified as being in need of treatment for
hair cell loss, using a local route of administration. For example, one or more of the
compounds can be administered during a surgical procedure, e.g., to remove a tumor and

can be performed by injection or topically at one or more site in and around the cancerous

site.

Pharmaceutical Formulations

Pharmaceutical compositions containing one or more of the compounds described
herein (i.e., as active ingredients) will be formulated according to the intended method of
administration.

One or more of the compounds described herein can be formulated as
pharmaceutical compositions for direct administration to a subject. Pharmaceutical
compositions containing one or more of the compounds described herein can be

formulated in a conventional manner using one or more physiologically acceptable
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carriers or excipients. For example, a pharmaceutical composition can be formulated for
local or systemic administration, e.g., administration by drops or injection into the ear,
insufflation (such as into the ear), intravenous, topical, or oral administration.

The nature of the pharmaceutical compositions for administration is dependent on
the mode of administration and can readily be determined by one of ordinary skill in the
art. In some embodiments, the pharmaceutical composition is sterile or sterilizable. The
therapeutic compositions featured in the invention can contain carriers or excipients,
many of which are known to skilled artisans. Excipients that can be used include buffers
(for example, citrate bufter, phosphate buffer, acetate buffer, and bicarbonate buffer),
amino acids, urea, alcohols, ascorbic acid, phospholipids, polypeptides (for example,
serum albumin), EDTA, sodium chloride, liposomes, mannitol, sorbitol, water, and
glycerol. The nucleic acids, polypeptides, small molecules, and other modulatory
compounds featured in the invention can be administered by any standard route of
administration. For example, administration can be parenteral, intravenous,
subcutaneous, or oral. A modulatory compound can be formulated in various ways,
according to the corresponding route of administration. For example, liquid solutions can
be made for administration by drops into the ear, for injection, or for ingestion; gels or
powders can be made for ingestion or topical application. Methods for making such
formulations are well known and can be found in, for example, Remington’s
Pharmaceutical Sciences, 18th Ed., Gennaro, ed., Mack Publishing Co., Easton, Pa.,
1990.

One or more of the compounds described herein can be administered, e.g., as a
pharmaceutical composition, directly and/or locally by injection or through surgical
placement, e.g., to the inner ear and/or the colon. The amount of the pharmaceutical
composition may be described as the effective amount or the amount of a cell-based
composition may be described as a therapeutically effective amount. Where application
over a period of time is advisable or desirable, the compositions of the invention can be
placed in sustained released formulations or implantable devices (e.g., a pump).

Alternatively or in addition, the pharmaceutical compositions can be formulated

for systemic parenteral administration by injection, for example, by bolus injection or

continuous infusion. Such formulations can be presented in unit dosage form, for

83



10

15

20

25

30

WO 2009/100438 PCT/US2009/033569

example, in ampoules or in multi-dose containers, with an added preservative. The
compositions may take such forms as suspensions, solutions or emulsions in oily or
aqueous vehicles, and may contain formulatory agents such as suspending, stabilizing
and/or dispersing agents. Alternatively, the active ingredient may be in powder form for
constitution with a suitable vehicle, for example, sterile pyrogen-free water, before use.

In addition to the formulations described previously, the compositions can also be
formulated as a depot preparation. Such long acting formulations can be administered by
implantation (e.g., subcutaneously). Thus, for example, the compositions can be
formulated with suitable polymeric or hydrophobic materials (for example as an emulsion
in an acceptable oil) or ion exchange resins, or as sparingly soluble derivatives, for
example, as a sparingly soluble salt.

Pharmaceutical compositions formulated for systemic oral administration can take
the form of tablets or capsules prepared by conventional means with pharmaceutically
acceptable excipients such as binding agents (for example, pregelatinised maize starch,
polyvinylpyrrolidone or hydroxypropyl methylcellulose); fillers (for example, lactose,
microcrystalline cellulose or calcium hydrogen phosphate); lubricants (for example,
magnesium stearate, talc or silica); disintegrants (for example, potato starch or sodium
starch glycolate); or wetting agents (for example, sodium lauryl sulphate). The tablets
can be coated by methods well known in the art. Liquid preparations for oral
administration may take the form of, for example, solutions, syrups or suspensions, or
they may be presented as a dry product for constitution with water or other suitable
vehicle before use. Such liquid preparations may be prepared by conventional means
with pharmaceutically acceptable additives such as suspending agents (for example,
sorbitol syrup, cellulose derivatives or hydrogenated edible fats); emulsifying agents (for
example, lecithin or acacia); non-aqueous vehicles (for example, almond oil, oily esters,
ethyl alcohol or fractionated vegetable oils); and preservatives (for example, methyl or
propyl-p-hydroxybenzoates or sorbic acid). The preparations may also contain buffer
salts, flavoring, coloring and sweetening agents as appropriate. Preparations for oral
administration may be suitably formulated to give controlled release of the active

compound.
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In some embodiments, the pharmaceutical compositions described herein can
include one or more of the compounds formulated according to any of the methods

described above, and one or more cells obtained to the methods described herein.

Effective/Therapeutic Dose

Toxicity and therapeutic efficacy of the compounds and pharmaceutical
compositions described herein can be determined by standard pharmaceutical procedures,
using either cells in culture or experimental animals to determine the LDs (the dose
lethal to 50% of the population) and the EDs, (the dose therapeutically effective in 50%
of the population). The dose ratio between toxic and therapeutic effects is the therapeutic
index and can be expressed as the ratio LDso/EDs. Polypeptides or other compounds
that exhibit large therapeutic indices are preferred.

Data obtained from cell culture assays and further animal studies can be used in
formulating a range of dosage for use in humans. The dosage of such compounds lies
preferably within a range of circulating concentrations that include the EDs with little or
no toxicity, and with little or no adverse effect on a human’s ability to hear. The dosage
may vary within this range depending upon the dosage form employed and the route of
administration utilized. For any compound used in the methods described herein, the
therapeutically effective dose can be estimated initially from cell culture assays. A dose
can be formulated in animal models to achieve a circulating plasma concentration range
that includes the ICs (that is, the concentration of the test compound which achieves a
half-maximal inhibition of symptoms) as determined in cell culture. Such information
can be used to more accurately determine useful doses in humans. Exemplary dosage
amounts of a differentiation agent are at least from about 0.01 to 3000 mg per day, e.g., at
least about 0.00001, 0.0001, 0.001, 0.01, 0.1, 1, 2, 5, 10, 25, 50, 100, 200, 500, 1000,
2000, or 3000 mg per kg per day, or more.

The formulations and routes of administration can be tailored to the disease or
disorder being treated, and for the specific human being treated. A subject can receive a
dose of the agent once or twice or more daily for one week, one month, six months, one
year, or more. The treatment can continue indefinitely, such as throughout the lifetime of

the human. Treatment can be administered at regular or irregular intervals (once every
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other day or twice per week), and the dosage and timing of the administration can be
adjusted throughout the course of the treatment. The dosage can remain constant over the
course of the treatment regimen, or it can be decreased or increased over the course of the
treatment.

Generally the dosage facilitates an intended purpose for both prophylaxis and
treatment without undesirable side effects, such as toxicity, irritation or allergic response.
Although individual needs may vary, the determination of optimal ranges for effective
amounts of formulations is within the skill of the art. Human doses can readily be
extrapolated from animal studies (Katocs et al., Chapter 27 in Remington’s
Pharmaceutical Sciences, 18th Ed., Gennaro, ed., Mack Publishing Co., Easton, Pa.,

1990). Generally, the dosage required to provide an effective amount of a formulation,
which can be adjusted by one skilled in the art, will vary depending on several factors,
including the age, health, physical condition, weight, type and extent of the disease or
disorder of the recipient, frequency of treatment, the nature of concurrent therapy, if
required, and the nature and scope of the desired effect(s) (Nies ef af.,, Chapter 3, In:
Goodman & Gilman’s The Pharmacological Basis of Therapeutics, 9th Ed., Hardman et
al., eds., McGraw-Hill, New York, N.Y., 1996).

Kits

The compounds and pharmaceutical compositions described herein can be
provided in a kit, as can cells that have been induced to differentiate (e.g., stem cells,
progenitor cells, and/or support cells that have differentiated into, for example, hair cells
or hair-like cells) and/or that are capable of differentiating into hair cells. The kit can
also include combinations of the compounds and pharmaceutical compositions described
herein and such cells. The kit can include (a) one or more compounds, such as in a
composition that includes the compound, (b) cells that have been induced to differentiate
(e.g., stem cells, progenitor cells, and/or support cells that have differentiated into, for
example, hair cells or hair-like cells) and/or that are capable of differentiating into hair

cells, (c) informational material, and any combination of (a)-(c). In some embodiments,

" (a) and/or (b) can be provided in a syringe (e.g., a preloaded disposable single dose

syringe) suitable for the direct administration of (a) and/or (b) directly into the ear (e.g.,
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the middle or inner ear) of a patient. In some embodiments, (a) and/or (b) can be
provided in a catheter and pump system, as described above, suitable for the direct
administration of (a) and/or (b) directly into the ear (e.g., the middle or inner ear) of a
patient. The informational material can be descriptive, instructional, marketing or other
material that relates to the methods described herein and/or to the use of the agent for the
methods described herein. For example, the informational material relates to the use of
the compound to treat a subject who has, or who is at risk for developing, a auditory hair
cell loss hearing and/or abnormal cell proliferation. The kits can also include
paraphernalia for administering a differentiation agent to a cell (in culture or in vivo)
and/or for administering a cell to a patient.

In one embodiment, the informational material can include instructions for
administering the pharmaceutical composition and/or cell(s) in a suitable manner to treat
a human, e.g., in a suitable dose, dosage form, or mode of administration (e.g., a dose,
dosage form, or mode of administration described herein). In another embodiment, the
informational material can include instructions to administer the pharmaceutical
composition to a suitable subject, e.g., a human, ¢.g., a human having, or at risk for
developing, auditory hair cell loss and/or abnormal cell proliferation.

The informational material of the kits is not limited in its form. In many cases,
the informational material (e.g., instructions) is provided in printed matter, such as in a
printed text, drawing, and/or photograph, such as a label or printed sheet. However, the
mformational material can also be provided in other formats, such as Braille, computer
readable material, video recording, or audio recording. Of course, the informational
matérial can also be provided in any combination of formats.

In addition to the differentiation agent, the composition of the kit can include
other ingredients, such as a solvent 6r buffer, a stabilizer, a preservative, a fragrance or
other cosmetic ingredient, and/or a second agent for treating a condition or disorder
described herein. Alternatively, the other ingredients can be included in the kit, but in
different compositions or containers than the agent. In such embodiments, the kit can
include instructions for admixing the agent and the other ingredients, or for using one or

more compounds together with the other ingredients.
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The kit can include one or more containers for the pharmaceutical composition.
In some embodiments, the kit contains separate containers, dividers or compartments for
the composition and informational material. For example, the composition can be
contained in a bottle (e.g., a dropper bottle, such as for administering drops into the ear),
vial, or syringe, and the informational material can be contained in a plastic sleeve or
packet. In other embodiments, the separate elements of the kit are contained within a
single, undivided container. For example, the composition is contained in a bottle, vial or
syringe that has attached thereto the informational material in the form of a label. In
some embodiments, the kit includes a plurality (e.g., a pack) of individual containers,
each containing one or more unit dosage forms (e.g., a dosage form described herein) of
the pharmaceutical composition. For example, the kit can include a plurality of syringes,
ampoules, foil packets, or blister packs, each containing a single unit dose of the
pharmaceutical composition. The containers of the kits can be air tight and/or
waterproof, and the containers can be labeled for a particular use. For example, a
container can be labeled for use to treat a hearing disorder.

As noted above, the kits optionally include a device suitable for administration of
the composition (e.g., a syringe, pipette, forceps, dropper (e.g., ear dropper), swab (e.g., a

cotton swab or wooden swab), or any such delivery device).

EXAMPLES
The invention is further described in the following examples, which do not limit

the scope of the invention described in the claims.

Example 1: High throughput Screen Optimization

A human embryonic kidney (HEK) cell line stably expressing a Luciferase gene
controlled by an Math1 enhancer and minimal promoter was used in a high-throughput
screen (HTS) of 144,000 small molecules to identify compounds that increase Math1
expression (i.e., transcription and/or translation). Such compounds can be used to
increase the conversion of stem cells, progenitor cells, and support cells to or towards a
hair cell. Screens to identify such compounds are described by Li et al.,

(U.S. Publication No. 2005/0287127) and Li et al., (U.S. Application No. 11/953,797).
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The HTS was optimized using 1 pM retinoic acid as a positive control for the
activation of the Math1-luciferase reporter construct. Retinoic acid is a well known
general inducer of differentiation to mature cell types.

HEK cells stably expressing the Math1 Luciferase reporter were plated onto 384
well plates and cultured overnight in medium containing 10% fetal calf serum (FCS).
Activation of the Math1 enhancer was measured by the increase in luminescence on a
plate reader following addition of a luciferase detection agent. The assay was optimized
for cell number, time of incubation, volume of medium, cell lysis reagent and luciferase
reagent. Luminescence levels were compared in cells with the Math1-luciferase
construct with and without retinoic acid (1 uM), and/or a luciferase construct with and
without the Math1 enhancer and minimal promoter region.

Data indicated that the Math1 luciferase reporter was sensitive to retinoic acid and
that the assay had a low background. There was consistently a 1.8-fold increase in
luciferase activity in cells treated with 1 pM retinoic acid compared to non-treated cells.
Luminescence levels from the promoter without the enhancer were low.

To improve assay sensitivity, and reduce the coefficient of variation (CV), a more
sensitive luciferase reagent (BriteLite luciferase reporter assay reagent, Perkin Elmer)
was used, and Triton-X-100 was added to the lysis reagent to ensure complete lysis of the
cells. Following these changes a CV of 4.2% was recorded. These conditions were used
for all high-throughput screens. The luminescence threshold for a compound to be
positive was defined as a 2-fold increase above the control (e.g., cells exposed to
DMSO).

Time of exposure to the compounds and cell density was optimized as follows.
The optimal exposure time was determined to provide the time at which Mathl activity
was greatest with minimal cell loss. This was performed using various concentrations of
retinoic acid.

Maximal luminescence was observed following a 60 hour incubation in the
presence of retinoic acid, however, a significant reduction of signal to 50% was observed
at the 72 hour time point. At the 48 hour time point, the luminescence was close to the
plateau and has the highest signal-to-background ratio of the times tested. 48 hours was,
therefore, selected as the endpoint of the assay.
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Optimal cell density was performed by performing a cell titration experiment in
which the activity of the Math1 Luciferase reporter was compared in wells seeded with
2000 to 40000 cells per well in a 384-well plate. Cells exposed to retinoic acid were then
compared to cells not exposed to retinoic acid. A cell viability assay was also performed
to ascertain the viability of the cells expressing the Math1 luciferase reporter.

The cell viability assay showed a linear increase in the number of cells in the
range between 2000 and 10000 cells per well. There was no difference in the signal
produced in the wells with 8000 and 15000 cells per well, which implied that there may
be reduced survival over the course of the experiment at densities greater than 10000
cells per well. The largest difference between untreated and retinoic acid treated cells
was observed at a density of 8000 cells per well. Based on these results, assay
parameters were selected to be 8000 cells per well, with a 48 hour incubation period in

the presence of absence of a test compound or known activator.

Example 2: High Throughput Screening to Identify Activators of Atoh-1 Expression

Cells were seeded on 384 well plates and allowed to attach overnight at 37 °C
with 5% CO2 in the absence of growth factors. Math1 activation was measured by the
increase in luminescence on a plate reader following addition of a luciferase detection
reagent. Luminescence was assessed at 24, 48, and 72 hours. These conditions were
used to screen 144,000 compounds contained in the small molecule libraries at Harvard
University’s Laboratory for Drug Discovery in Neurodegeneration (LDDN).

HTS were performed using HEK-Math1 cells seeded in 384 well plates. One
compound was added per well using pin transfer. The final concentration of each
compound was 100 uM. Cell were incubated in the presence of a compound for 48 hours
at 37 °C with 5% CO2. Cell lysates then were collected and bioluminescence
determined. Luminescence values were compared normalized against DMSO.

About 20000 compounds were screened per week in 50 plates of 384 well with
the aid of robotic systems (Beckman Biomek FX). Compounds were screened at an
average final concentration of 0.7 pM (in 0.04% DMSO) with each plate containing 16
wells of 1 uM retinoic acid, as a positive control, and 16 wells of 0.04% DMSO, as a
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vehicle control. Percent activation of luminescence in the test compounds was
determined for cells treated with the compounds against cells treated with DMSO.

Initial screens were performed using duplicate plates to assay a library of over
10,000 compounds. As shown in FIG. 117B, 40 compounds were observed in to increase
Mathl1 enhancer activity by at least 2-fold, compared to the Math1 expression level
observed for DMSO (i.e., 40 compounds were positive). The Z factor for variation
among wells with positive control are shown in FIG. 117A. The Z factor is a statistical
parameter for HT'S that reflects the quality of the data for each assay plate based on the
magnitude of the signal window between the positive and negative controls. The signal
variability with the controls was then calculated (Zhang et al., J. Biomol. Screen. 4:67-73,
1999). Any plate with a Z factor of less than 0.4 were repeated.

As shown in FIG. 118A and FIG. 118B, similar results were observed in repeat
duplicate experiments. This result the reliability and reproducibility of the HTS methods.

Of the 144,000 compounds screened, 921 were found to promote an increase in
Math1 Luciferase reporter expression of greater than 60%. The hit rate was 0.47%. The
maximum activation observed was 160% (e.g., compared to DMSQO).

Each of these compounds were then retested for dose-dependence of response at
final assay concentrations of 0.1, 1, and 5 pM. Among the 921 positive compounds
identified, 789 compounds evoked a increasing does response at 0.1, 1, and 10 pM
concentrations. This observation supports the specificity of the hits. In total, of the 921
compounds tested, 82% reproducibly activated the Math1 Luciferase reporter and 29%
showed some toxicity.

Following these experiments, the compounds were re-evaluated and those with
good physical chemical properties (i.e., low molecular weight, lack of reactive functional
side groups or other undesirable molecular motifs) that exhibited potent activation of
Math1-luciferase and no toxicity were further investigated.

The total number of compounds selected for further evaluation is 110 compounds.
The structures of these compounds are shown in FIG 1 to FIG. 8. The increase in Mathl

expression promoted by these compounds is shown in FIGs. 9-116.
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Example 3: Evaluation of Positive Compounds by RT-PCR

Ten compounds, randomly selected from the group of 110 compounds identified
in Example 2, were further evaluated, as follows. HEK cells were plated on 96 well
plates at a density of 100000 cells per well. One day after plating, 0.1, 1, and 5 uM of
each positive compound was added per well in a 10% fetal bovine serum (FBS) DMEM
solution. Cells were then lysed 48 hours after addition of the compound and Math]
expression was analyzed using a luciferase reporter assay, as described above, and real-
time PCR.

As shown in FIG. 119, four of the ten randomly selected compounds promoted a
greater than two fold increase in Math1 expression.

As shown in FIG. 1204, in agreement with the HTS, all four randomly selected
compounds promoted a greater than 2 fold increase in Math1 expression as determined
using the luciferase reporter assay.

RNA was also isolated and Math! transcripts were amplified using high-
throughput RT-PCR. As shown in FIG. 120C, all four randomly selected compounds
promoted an increase in Mathl mRNA expression by at least 2-fold compared to the
DMSO control. CP.-0193184 and CP.-0000540 promoted the highest increase in Math1
mRNA expression. FIG. 120B shows the structures of the four randomly selected
samples. ‘

These data confirm the data presented in Example 2.

Example 4. Evaluation of Positive Compounds by Hair Cell Differentiation

Inner ear stem cells were exposed to compound CP.-0000540, which was selected
at random from the group of 110 positive compounds described in Example 2.

As shown in FIG. 121B, CP.-0000540 increased the number of cells that co-
labeled with hair cell specific markers Math1-GFP and myosin 7a when compared to
cells not exposed to compound CP.-0000540, as shown in FIG. 121A. Hair cell

differentiation was increased to 5.1% of total cells compared to 1.6% for control.

Example 35: Stage Two Evaluation of Positive Compounds

All positive compounds were assessed for their ability to upregulate Math1

mRNA to confirm the observations made in Example 2.

92



10

15

20

25

30

WO 2009/100438 PCT/US2009/033569

Mathl mRNA expression levels were analyzed using RT-PCR as described in
Example 3.

Example 6: Stage Three Evaluation of Positive Compounds

Positive compounds were assessed for their ability to increase the yield of hair
cells from mouse inner ear derived stem cells. Positive compounds are also assessed in
vivo in the inner ear of a sensorineural disease mouse model.

Isolated cells were exposed to 0.1, 1, and 5 pM of each positive compound
identified in Examples 3, 4, and 5 in vitro.

Compounds are also added to the inner ear of damaged inner ear mouse models,
€.g., gentamycin treated mouse models and/or flox caspase transgenic mouse models.
These models are used to test the compounds capacity to regenerate hair cells after their
loss by toxin damage, as occurs in human deafness.

In vitro results were evaluated by detecting one or more of the hair cell specific
markers myosin VIla, Mathl, espin, Brn3.1, F-actin (phalloidin), a-9-acetylcholine
receptor, and/or p27kipl. Antibodies were incubate with cultured cells and detected by
binding of secondary antibodies coupled to FITC or rhodamine, The fluorescence in
individual cells was viewed using confocal microscopy and the percentage of positive
cells quantified. The effect of the three different concentrations of each compound was
also determined.

Cells are also subjected to physiological testing to identify channels that would be
present in mature hair cells were (1) present and (2) active.

In vivo results are assessed at 4, 8, and 12 week time points. Hair cell
regeneration is assessed using immunocytochemistry, as described above. Functional
recovery is assessed using methods performed routinely in specialized suites for small

animal physiology.

Example 7: Evaluation of Inner Ear Progenitor Cell Differentiation

A select number of positive compounds are assessed for their ability to promote
differentiation of inner ear progenitor cells derived from bone marrow to hair cells.
Experiments are initially performed using bone marrow derived inner ear progenitor cells

(e.g., mesenchymal stem cells (MSCs)), and a luciferase reporter construct in which
93



10

WO 2009/100438 PCT/US2009/033569

luciferase expression is driven by a myosin VII1 enhancer region and promoter. This is a
strong promoter in hair cells. The myosin VIIa enhancer region and promoter was also
operably linked to GFP. Positive results are confirmed using RT-PCR and

immunocytochemistry using the methods described in Example 3-6, modified for myosin
VIla.

Example §: Pharmacological Characterization of the Compounds

The half maximal inhibitory concentration (ICsy) and median lethal dose or Lethal
Dose, 50% (LD50) were determined for each of the compounds identified in Example 2
using standard laboratory techniques. ICsy is a measure of the effectiveness of a
compound in inhibiting biological or biochemical function. LD50 is the amount of a
compound required to kill half the members of a tested population.

ICsp and LD50 values for each compound are shown in Table 2.

TABLE 2
Compound I1C50 (uM) Maximum LD50
(Fold DMSO) | (uM)

CP-0000477 2 2 >30
CP-0000489 0.1 2.1 >30
CP-0000540 1.3 2 >30
CP-0000550 0.03 2 >30
CP-0000553 0.01 2 >30
CP-0000554 0.4 2 >30
CP-0000557 0.02 2.6 30
CP-0000571 0.3 2 >30
CP-0000928 0.3 2 >10
CP-0005186 1 1.8 >10
CP-0007991 0.6 2 >10
CP-0007994 1 1.9 >10
CP-0008545 0.4 2.5 >10
CP-0009883 2.5 2.3 >10
CP-0010539 0.5 2.1 >10
CP-0029278 0.5 1.9 >10
CP-0029300 1.6 2 >10
CP-0034360 1 2 >10
CP-0036187 1 2.3 >10
CP-0039073 1.5 2.4 >10
CP-0045061 3 1.9 >10
CP-0047659 1.3 2.3 >10
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CP-0050095 1.5 2.6 >10
CP-0059547 1 2 >10
CP-0059563 >10 1.9 >10
CP-0059642 1 2.2 >10
CP-0060729 0.2 1.6 >10
CP-0060852 2.5 1.8 >10
CP-0061401 0.6 1.8 >10
CP-0061566 0.2 2 >10
CP-0061777 >10 2.1 >10
CP-0062030 2 1.6 >10
CP-0063182 0.2 1.7 >10
CP-0063375 2.2 1.9 >10
CP-0063508 >10 1.7 >10
CP-0064231 1 1.5 >10
CP-0064314 >10 1.7 >10
CP-0064917 >10 2 >10
CP-0065665 0.8 1.7 >10
CP-0066751 1 1.9 >10
CP-0066829 1 1.8 >10
CP-0067108 3 1.8 >10
CP-0067233 2 1.8 >10
CP-0067246 1.8 1.5 >10
CP-0068395 3 1.6 >10
CP-0068577 1 1.6 >10
CP-0068929 0.4 2 >10
CP-0069934 2 1.7 >10
CP-0069961 2 1.7 >10
CP-0070164 1.6 1.7 >10
CP-0070367 2 1.7 >10
CP-0070844 2 1.7 >10
CP-0070871 3 2 >10
CP-0070886 1 2.1 >10
CP-0071862 0.7 1.8 >10
CP-0072036 1.5 1.7 >10
CP-0072092 1 1.7 >10
CP-0072096 6 2.2 >10
CP-0072156 2 2 >10
CP-0072253 1.3 2 >10
CP-0072271 1 22 >10
CP-0072720 3 1.8 >10
CP-0074806 0.7 1.8 >10
CP-0075627 8 2 >10
CP-0076627 5 2.2 >10
CP-0078448 >10 1.9 >10
CP-0079810 3 123 >10
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CP-0079983 3 1.8 >10
CP-0080276 0.3 2 >10
CP-0080773 >10 2.2 >10
CP-0087336 0.08 2.2 >10
CP-0087799 1 2.1 >10
CP-0089966 >10 2.2 >10
CP-0091818 0.9 2.1 >10
CP-0096433 3 2 >10
CP-0099289 >10 1.6 >10
CP-0102404 >10 1.6 >10
CP-0103978 1 2 >10
CP-0104765 0.4 2 >10
CP-0104766 3 3 >10
CP-0104904 >10 2.2 >10
CP-0105343 3 2 >10
CP-0105777 0.3 2 >10
CP-0107060 0.1 2.2 >10
CP-0109953 0.1 1.8 >10
CP-0110352 0.05 1.8 >10
CP-0110644 1 1.8 >10
CP-0130586 0.5 2.2 >10
CP-0130665 0.3 2 >10
CP-0131763 2 2.4 >10
CP-0134381 2 2.2 >10
CP-0193184 >10 N/A >30

Example 9. Characterization of Compounds using Inner Ear Progenitor Cells Isolated
from Mouse Cochlea

Compounds identified by the methods described in Example 2 are tested for their
ability to promote the differentiation of mouse inner ear progenitor cells isolated from
mouse cochlea to hair cells.

Cochlear stem cells are isolated from Atoh1-nGFP mice, as previously described
(Oshima et al., supra). As described above, these animals express a nuclear version of
enhanced green fluorescent protein (GFP) when Atohl enhancer elements are activated
(Chen et al. and Lumpkin et al., supra). Thus, cells obtained from these animals can be
used to track the differentiation of inner ear progenitor cells to hair cells using
fluorescence microscopy.

Briefly, inner ear progenitor cells are obtained at 1 to 3 days of age from second

or third generation animals. Cells are then seeded at a density of 300 spheres per well
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(Oshima et al., J Assoc Res Otolaryngol 8:18-31, 2007, and Martinez-Monedero et al., J
Neurobiol 66:319-331, 2008) and allowed to attached the surface of 6-well plates and
cultured in the presence of growth factors. Cells cultured in DMEM medium containing
N2 and B27, but without growth factors, are exposed to the compound and maintained in
culture for 3-10 days. Cell differentiation is monitored by examining nuclear GFP
expression green fluorescence from the Atohl reporter and by staining for the mature hair
cell markers myosin V1la and espin in cultures treated with the compound as compared to
controls at 24, 72m and 108 hour tirﬁe points.

Positive results are confirmed using RT-PCR and immunocytochemistry using the

methods described in Examples 3-6 and 7.

Example 10: Characterization of Compounds using Mouse Organ of Corti Explants

Compounds identified in Example 2 are tested for their ability to promote new
hair cell formation in mouse organ of corti explants.

Briefly, explants are prepared from an Atoh1-GFP mouse by dissection. Organs
of corti are cultured on collagen coated plates, and cultured overnight in serum containing
medium. Compounds are added to the cultures at the time of plating, as previously
described (Shi et al., and Martinez-Monedero et él., supra). Cultures are maintained in
DMEM containing B27 supplement (Invitrogen) for 3-10 days prior to analysis.

Hair cell formation arising from the epithelial cells in the cultures outside of the
hair cells rows is monitored using quantitative immunohistochemistry using an automated

system to detect the appearance of GFP-positive cells.

Example 11: Compound Optimization

Compounds are optimized to provide potency in the nanomolar range and reduced
cytotoxicity.

Compounds are modified using the medicinal chemistry methods described
above. Absorption, Distribution, Metabolism, and Excretion (ADME) studies are
conducted to assess Log P determination, aqueous solubility assessments, mouse liver
microsomal stability determinations, and plasma protein binding analyses, as described

below.
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The following tests are performed using compounds synthesized and purified to at
least 95% as determined by 1H NMR. Additional analytical techniques (i.e. 13C NMR,
IR, melting point, MS and/or elemental analysis) are also used to determine structure and
purity. Optically pure materials are also assessed by chiral stationary-phase HPLC.
Compound structures are assessed using 2-D NMR, and x-ray crystallography.

Compound Log P values are determined by adding 15 mL of compound stock
solution (10 mM in DMSO) to 750 mL 1-octanol buffer (pH 7.4) in test tubes. 3 mL
testosterone (50 mM in DMSO) is used as a control. The samples are rotated at room
temperature for 1 hour before allowing samples to stand for 1 hour to allow separation of
layers. 400 mL of each layer is removed and placed in separate containers. Serial
dilutions of each sample in 50% aqueous methanol are then made. Standard curves of
compound and testosterone were prepared using 50% aqueous methanol and samples are
analyzed using LC/MS monitoring. The ratio of calculated concentration of test
compound in each phase is calculated independently using the least dilute sample from
each phase that falls within the standard curve for each of the two replicate experiments.
Log P is calculated by taking the Logy, of the average of the two calculated ratios.

Aqueous solubility assessments of the compounds is determined by combining a
minimum of 1 mg of each test compound with 1 mL of 0.07 M NaH,PO, buffer solution
adjusted to pH 7.4. Samples are then shaken for 2 hours before being allowed to stand at
room temperature for 12 hours. Samples are then filtered through a 0.45 micron nylon
syringe filter saturated with the sample. The resulting filtrate is assayed (N = 2) by
LC/MS using electrospray ionization.

Compound chemical metabolic stability is determined using pooled mouse liver
microsomes. Compounds combined with 1 mg/mL microsomal protein and 1 mM
NADPH are incubated for 0, 15, 30 and 60 min. Testosterone and propanolol are used as
positive controls. Compound and microsomes in the absence of NADPH are used as
negative controls. Samples are quenched with acetonitrile and centrifuged for 10 min at
10,000 RPM to precipitate proteins. Sample supernatanté are analyzed (N=3) using
LC/MS. Standard curves are generated at four concentrations (100%, 30%, 10% and 3%)

and the remaining test compound remaining is determined at four time points.
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Plasma protein binding studies are performed by preparing solutions containing
compound (5um, 0.5% final DMSO concentration), buffer and 10% plasma (v/v in
buffer). 96-well dialysis plates are assembled in which each well is divided in two by a
semi-permeable cellulose membrane (molecular weight cut off 10,000). Buffer solutions
are added to one side of the membrane and the plasma solution to the other side. The
plates are then sealed and placed on an orbital shaker and incubated at 37°C. Standards
prepared in plasma and buffer are incubated at 37°C with the dialysis plate.
Corresponding solutions for each compound are analyzed in cassettes by tandem mass
spectrometry (LC-MS-MS). Each compound is tested in duplicate.

After equilibration, samples are taken from both sides of the membrane.
Solutions for each batch of compounds are combined into two groups (plasma-free and
plasma-containing) and cassette analyzed by LC-MS-MS using two sets of calibration
standards for plasma-free (6 points) and plasma-containing solutions (7 points). Samples
are quantified to determine the amount of compound bound using standard curves

prepared in the equivalent matrix.

Example 12: In Vivo Pharmacokinetic, Toxicity, and Formulation Studies

Compounds are administered using intracerebroventricular (icv) injection to the
mouse brain and dosing studies are performed to determine the maximal dose of the
compound that can be administered via this route.

Pharmacokinetic studies are performed using intraperitoneal (IP) or intra-cochlear
administration of 3 mg/kg compound to determine dosing and the concentration of the
compound in the cochlea, the relevant tissue. Compound levels are measured in the
plasma and cochlear tissue at nine time points spanning 24 hours.

Orally administered compounds are dissolved in a formulation such as 2%
hydroxypropyl-beta-cyclodextrin at a concentration of 3 mg/kg body weight. Intra-
cochlear administered compounds are administered as previously described (Chen et al.,
J. Neurosci. Methods, 150:67-73, 2006). Briefly, mice are anesthetized and a tube is
inserted into a cochleostomy to provide access to the scala tympani. Compounds in

solution are then delivered by a syringe pump at a flow rate of 1 uL per hour over a 6
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hour time period. Surgical sites are then closed and the animals are tested at various time

points.

Example 13: In Vivo Studies using Animal Deafness Model

A 10-wk old mouse is exposed to octave-band (8-16 kHz) noise at ~116 dB SPL
for 2 hours. In CBA/Cal mice, this noise dose destroys the outer hair cells throughout the
basal half of the cochlea and inner hair cells and supporting cells are destroyed in a more
restricted region in the middle of the cochlea (Wang et al., J. Ass. Res. Otolaryngol.,
3:248-268, 2002). Further, neurons begin to degenerate within 7 days in the regions in
which inner hair cells are destroyed. Such mice are tested for ABRs and DPOAEs after
arecovery period. Cochleas were dissected and subjected to immunostaining after
cutting of frozen sections or whole mounts. Cell division is assessed in the animals by
injecting BrdU and antibody staining frozen sections. Cell death is evaluated by TUNEL.
The number of hair cells, supporting cells and spiral ganglion neurons were counted.

Noise treated mice are injected with compounds (1mg/10g body weight) one
week after noise treatment. Samples are analyzed at 4, 8, 14, and 21 day time points and
hair cell counts are performed for the entire length of the cochlear spiral.

Functional assessment is performed using measurements of amplitude versus
level functions for DPOAE and ABR, as previously described (Kujawa and Liberman, J.
Neurophysiol, 78:3095-3106, 1997; and Maison et al., J. Neurophysiol, 90:2941-2949,
2003).

OTHER EMBODIMENTS
It is to be understood that while the invention has been described in conjunction
with the detailed description thereof, the foregoing description is intended to illustrate
and not limit the scope of the invention, which is defined by the scope of the appended
claims. Other aspects, advantages, and modifications are within the scope of the

following claims.
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WHAT IS CLAIMED IS:

1. A method of treating a hearing impairment or imbalance disorder associated
with loss of auditory hair cells in a patient in need of such treatment, the method comprising
selecting the patient in need of treatment, and administering to the patient a therapeutically
effective amount of a pharmaceutical composition comprising a compound having the

following formula:

Ri1s
Ri19 N
\>;R123
Riz20 N\
Rioy Rioo
wherein:

each of Ryis, Ri19, Ri20, and Ry is, independently selected from H, halo, OH, CN,
NO,, C;-C; alkyl, C;-C;5 haloalkyl, C;-C; alkoxy, and C;-C; haloalkoxy;

Rz, is hydrogen or -Z-R"; wherein:

Z.is O or a bond; and

R® is:

(1) C;-Cg alkyl or C;-Cg haloalkyl, each of which is optionally substituted with from
1-3 Rb; or

(i1) C3-Cyp cycloalkyl, Cs-Cyp cycloalkenyl, each of which is optionally substituted
with from 1-5 R; or

(111)C7-Cy; aralkyl, or heteroaralkyl including 6-11 atoms, each of which is optionally
substituted with from 1-5 R;

(iv) C6-Cip aryl or heteroaryl including 5-10 atoms, each of which is optionally

substituted with from 1-5 R%:

R123 is:

(1) hydrogen; or

101



31 Jul 2014

2009212135

(i1) C;-Cg alkyl or C;-Cg haloalkyl, each of which is optionally substituted with from
1-3 Rb; or

(ii1) Cs-Cyp aryl or heteroaryl including 5-10 atoms, each of which is optionally
substituted with from 1-5 Rd; or

(iv) C7-Cy; aralkyl, or heteroaralkyl including 6-11 atoms, each of which is optionally
substituted with from 1-5 R; or

(v) -(C1-Cs alkyl)-Z'-(C4-C1 aryl), wherein Z' is O, S, NH, or N(CHs); the alkyl
portion is optionally substituted with from 1-3 R" and the aryl portion is optionally
substituted with from 1-5 Rd; or

(vi) (C1-Csg alkyl)—Zz—(heteroaryl including 5-10 atoms), wherein VART O, S, NH, or
N(CHs); the alkyl portion is optionally substituted with from 1-3 R" and the heteroaryl
portion is optionally substituted with from 1-5 RY; or

(vii) -(C1-Cs alkyl)-Z>-(C3-Cyg cycloalkyl), wherein Z° is O, S, NH, or N(CH3); the
alkyl portion is optionally substituted with from 1-3 R®; and the cycloalkyl portion is

optionally substituted with from 1-5 R;

R® at each occurrence is, independently:

(1) NHa; NH(C;-C5 alkyl); N(C;-C; alkyl),; hydroxy; C;-Ce alkoxy or C;-Cs
haloalkoxy; or

(i) C3-C5 cycloalkyl optionally substituted with from 1-3 substituents independently
selected from C;-Cs alkyl, NH»; NH(C;-Cs alkyl); N(C;-Cs alkyl),; hydroxy; C;-Ce alkoxy or
C;-C¢ haloalkoxys;

R® at each occurrence is, independently:
(1) halo; NHy; NH(C;-C5 alkyl); N(C;-Cs alkyl),; hydroxy; Ci-Cs alkoxy; C1-Cs
haloalkoxy; or oxo; or

(i1) C;-Ce alkyl or C;-Cg haloalkyl; and

R at each occurrence is, independently:

(1) halo; NHy; NH(C;-C5 alkyl); N(C;-Cs alkyl),; hydroxy; C;-Cs alkoxy or C;-Ce
haloalkoxy; nitro; -NHC(O)(C;-C;5 alkyl); or cyano; or

(i1) C1-Cs alkyl or C;-Cs haloalkyl; or a pharmaceutically acceptable salt thereof; and

a pharmaceutically acceptable carrier.
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2. The method of claim 1, wherein the pharmaceutical composition is
administered locally to the inner ear of the patient and increases the number of cells in the

patient’s inner ear that have characteristics of auditory hair cells.

3. The method of claim 2, wherein the pharmaceutical composition is
administered by injection into one or more of the luminae of the cochlea, into the auditory

nerve trunk in the internal auditory meatus, or into the scala tympani.

4. The method of claim 2, wherein the auditory hair cells are outer or inner

auditory hair cells.

5. A method of treating a disorder associated with abnormal cellular proliferation
in a patient in need of such treatment, the method comprising selecting the patient in need of
treatment, and administering to the patient a therapeutically effective amount of a

pharmaceutical composition comprising a compound having the following formula:

Ri1s
Ri19 N
\>;R123
Riz20 N\
Rioy Rioo
wherein:

each of Ryis, Ri19, Ri20, and Ry is, independently selected from H, halo, OH, CN,
NO,, C;-C; alkyl, C;-Cs haloalkyl, C;-Cs alkoxy, and C;-Cs haloalkoxy;

Rz, is hydrogen or -Z-R"; wherein:

Z.is O or a bond; and

R® is:
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(1) C;-Cg alkyl or C;-Cg haloalkyl, each of which is optionally substituted with from
1-3 Rb; or

(i1) C3-Cyp cycloalkyl, Cs-Cy cycloalkenyl, each of which is optionally substituted
with from 1-5 R; or

(111)C7-Cy; aralkyl, or heteroaralkyl including 6-11 atoms, each of which is optionally
substituted with from 1-5 R;

(iv) C6-Cip aryl or heteroaryl including 5-10 atoms, each of which is optionally

substituted with from 1-5 R%:

Riz3 is:

(1) hydrogen; or

(i1) C;-Cg alkyl or C;-Cg haloalkyl, each of which is optionally substituted with from
1-3 Rb; or

(ii1) Cs-Cyp aryl or heteroaryl including 5-10 atoms, each of which is optionally
substituted with from 1-5 Rd; or

(iv) C7-Cy; aralkyl, or heteroaralkyl including 6-11 atoms, each of which is optionally
substituted with from 1-5 R; or

(v) -(C1-Cs alkyl)-Z'-(C4-C1 aryl), wherein Z' is O, S, NH, or N(CHs); the alkyl
portion is optionally substituted with from 1-3 R" and the aryl portion is optionally
substituted with from 1-5 Rd; or

(vi) (C1-Csg alkyl)—Zz—(heteroaryl including 5-10 atoms), wherein VART O, S, NH, or
N(CHs); the alkyl portion is optionally substituted with from 1-3 R" and the heteroaryl
portion is optionally substituted with from 1-5 R%; or

(vii) -(C1-Cs alkyl)-Z>-(C3-Cyg cycloalkyl), wherein Z° is O, S, NH, or N(CH3); the
alkyl portion is optionally substituted with from 1-3 R®; and the cycloalkyl portion is

optionally substituted with from 1-5 R;

R® at each occurrence is, independently:

(1) NHa; NH(C;-C5 alkyl); N(C;-C; alkyl),; hydroxy; C;-Ce alkoxy or C;-Cs
haloalkoxy; or

(i) C3-C5 cycloalkyl optionally substituted with from 1-3 substituents independently
selected from C;-Cs alkyl, NH»; NH(C;-Cs alkyl); N(C;-Cs alkyl),; hydroxy; C;-Ce alkoxy or
C;-C¢ haloalkoxys;
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R® at each occurrence is, independently:
(1) halo; NHy; NH(C;-C5 alkyl); N(C;-Cs alkyl),; hydroxy; Ci-Cs alkoxy; C1-Cs
haloalkoxy; or oxo; or

(i1) C;-Ce alkyl or C;-Cg haloalkyl; and

R at each occurrence is, independently:

(1) halo; NHy; NH(C;-C5 alkyl); N(C;-Cs alkyl),; hydroxy; C;-Cs alkoxy or C;-Ce
haloalkoxy; nitro; -NHC(O)(C;-C;5 alkyl); or cyano; or

(i1) C1-Cs alkyl or C;-Cg haloalkyl; or a pharmaceutically acceptable salt thereof; and
a pharmaceutically acceptable carrier;

and wherein the treatment is administered locally to the proliferating cells.

6. The method of claim 5, wherein the disorder is a gastrointestinal cancer.

7. The method of claim 5, wherein the disorder is selected from the group
consisting of cancer of the esophagus, gallbladder, liver, pancreas, stomach, small intestine,

large intestine, colon, and rectum.

8. A method of treating cerebellar granule neuron deficiencies, joint disease, or
osteoarthritis in a patient in need of such treatment, the method comprising selecting the
patient in need of treatment, and administering to the patient a therapeutically effective

amount of a pharmaceutical composition comprising a compound having the following

formula:

Ri1s

Ri19 N
\>;R123
N
Riz20 \
R

Ry 122

wherein:
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each of Ryis, Ri19, Ri20, and Ry is, independently selected from H, halo, OH, CN,
NO,, C;-C; alkyl, C;-Cs haloalkyl, C;-Cs alkoxy, and C;-Cs haloalkoxy;

Rz, is hydrogen or -Z-R"; wherein:

Z.is O or a bond; and

R® is:

(1) C;-Cg alkyl or C;-Cg haloalkyl, each of which is optionally substituted with from
1-3 Rb; or

(i1) C3-Cyp cycloalkyl, Cs-Cyp cycloalkenyl, each of which is optionally substituted
with from 1-5 R; or

(111)C7-Cy; aralkyl, or heteroaralkyl including 6-11 atoms, each of which is optionally
substituted with from 1-5 R;

(iv) C6-Cip aryl or heteroaryl including 5-10 atoms, each of which is optionally

substituted with from 1-5 R%:

Ria3 1s:

(1) hydrogen; or

(i1) C;-Cg alkyl or C;-Cg haloalkyl, each of which is optionally substituted with from
1-3 Rb; or

(ii1) Cs-Cyp aryl or heteroaryl including 5-10 atoms, each of which is optionally
substituted with from 1-5 Rd; or

(iv) C7-Cy; aralkyl, or heteroaralkyl including 6-11 atoms, each of which is optionally
substituted with from 1-5 R; or

(v) -(C1-Cs alkyl)-Z'-(C4-C1 aryl), wherein Z' is O, S, NH, or N(CHs); the alkyl
portion is optionally substituted with from 1-3 R" and the aryl portion is optionally
substituted with from 1-5 Rd; or

(vi) (C1-Csg alkyl)—Zz—(heteroaryl including 5-10 atoms), wherein VART O, S, NH, or
N(CHs); the alkyl portion is optionally substituted with from 1-3 R" and the heteroaryl

portion is optionally substituted with from 1-5 RY; or
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(vii) -(C1-Cs alkyl)-Z>-(C3-Cyg cycloalkyl), wherein Z° is O, S, NH, or N(CH3); the
alkyl portion is optionally substituted with from 1-3 R®; and the cycloalkyl portion is
optionally substituted with from 1-5 R;

R® at each occurrence is, independently:

(1) NHa; NH(C;-C5 alkyl); N(C;-C; alkyl),; hydroxy; C;-Ce alkoxy or C;-Cs
haloalkoxy; or

(i) C3-C5 cycloalkyl optionally substituted with from 1-3 substituents independently
selected from C;-Cs alkyl, NH»; NH(C;-Cs alkyl); N(C;-Cs alkyl),; hydroxy; C;-Ce alkoxy or
C;-C¢ haloalkoxys;

R® at each occurrence is, independently:
(1) halo; NHy; NH(C;-C5 alkyl); N(C;-Cs alkyl),; hydroxy; Ci-Cs alkoxy; C1-Cs
haloalkoxy; or oxo; or

(i1) C;-Ce alkyl or C;-Cg haloalkyl; and

R at each occurrence is, independently:

(1) halo; NHy; NH(C;-C5 alkyl); N(C;-Cs alkyl),; hydroxy; C;-Cs alkoxy or C;-Ce
haloalkoxy; nitro; -NHC(O)(C;-C;5 alkyl); or cyano; or

(i1) C1-Cs alkyl or C;-Cs haloalkyl; or a pharmaceutically acceptable salt thereof; and

a pharmaceutically acceptable carrier

9. A method of treating a hearing impairment or imbalance disorder associated
with a loss of auditory hair cells in a patient in need of such treatment, the method
comprising:

selecting the patient in need of treatment;

obtaining a population of cells capable of differentiating into auditory hair cells;

contacting the population of cells in vitro with an effective amount of at least one

compound having the formula:
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Ri19 N
\>;R123
Riz20 N\
Rioy Rioo
wherein:

each of Ryis, Ri19, Ri20, and Ry is, independently selected from H, halo, OH, CN,
NO,, C;-C; alkyl, C;-Cs haloalkyl, C;-Cs alkoxy, and C;-Cs haloalkoxy;

Rz, is hydrogen or -Z-R"; wherein:

Z.is O or a bond; and

R® is:

(1) C;-Cg alkyl or C;-Cg haloalkyl, each of which is optionally substituted with from
1-3 Rb; or

(i1) C3-Cyp cycloalkyl, Cs-Cy cycloalkenyl, each of which is optionally substituted
with from 1-5 R; or

(111)C7-Cy; aralkyl, or heteroaralkyl including 6-11 atoms, each of which is optionally
substituted with from 1-5 R;

(iv) C6-Cip aryl or heteroaryl including 5-10 atoms, each of which is optionally

substituted with from 1-5 R%:

Riz3 is:

(1) hydrogen; or

(i1) C;-Cg alkyl or C;-Cg haloalkyl, each of which is optionally substituted with from
1-3 Rb; or

(ii1) Cs-Cyp aryl or heteroaryl including 5-10 atoms, each of which is optionally
substituted with from 1-5 Rd; or

(iv) C7-Cy; aralkyl, or heteroaralkyl including 6-11 atoms, each of which is optionally
substituted with from 1-5 R; or
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(v) -(C1-Cs alkyl)-Z'-(C4-C1 aryl), wherein Z' is O, S, NH, or N(CHs); the alkyl
portion is optionally substituted with from 1-3 R" and the aryl portion is optionally
substituted with from 1-5 Rd; or

(vi) (C1-Csg alkyl)—Zz—(heteroaryl including 5-10 atoms), wherein VART O, S, NH, or
N(CHs); the alkyl portion is optionally substituted with from 1-3 R" and the heteroaryl
portion is optionally substituted with from 1-5 RY; or

(vii) -(C1-Cs alkyl)-Z>-(C3-Cyg cycloalkyl), wherein Z° is O, S, NH, or N(CH3); the
alkyl portion is optionally substituted with from 1-3 R®; and the cycloalkyl portion is
optionally substituted with from 1-5 R;

R® at each occurrence is, independently:

(1) NHa; NH(C;-C5 alkyl); N(C;-C; alkyl),; hydroxy; C;-Ce alkoxy or C;-Cs
haloalkoxy; or

(i) C3-C5 cycloalkyl optionally substituted with from 1-3 substituents independently
selected from C;-Cs alkyl, NH»; NH(C;-Cs alkyl); N(C;-Cs alkyl),; hydroxy; C;-Ce alkoxy or
C;-C¢ haloalkoxys;

R® at each occurrence is, independently:
(1) halo; NHy; NH(C;-C5 alkyl); N(C;-Cs alkyl),; hydroxy; Ci-Cs alkoxy; C1-Cs
haloalkoxy; or oxo; or

(i1) C;-Ce alkyl or C;-Cg haloalkyl; and

R at each occurrence is, independently:

(1) halo; NHy; NH(C;-C5 alkyl); N(C;-Cs alkyl),; hydroxy; C;-Cs alkoxy or C;-Ce
haloalkoxy; nitro; -NHC(O)(C;-C;5 alkyl); or cyano; or

(i1) C1-Cs alkyl or C;-Cg haloalkyl; or a pharmaceutically acceptable salt thereof; for a
time sufficient to increase the number cells in the population that have characteristics of a
differentiated auditory hair cell; and

administering the population of cells, or a subset thereof, to the patient’s ear,

thereby treating the patient.

10. The method of claim 9, wherein the population of cells capable of

differentiating into auditory hair cells is selected from the group consisting of stem cells,
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progenitor cells, support cells, Deiters’ cells, pillar cells, inner phalangeal cells, tectal cells,

Hensen’s cells, and germ cells.

11. The method of claim 10, wherein the stem cells are adult stem cells.

12. The method of claim 11, wherein the adult stem cells are derived from inner

ear, bone marrow, mesenchyme, skin, fat, liver, muscle, or blood.

13. The method of claim 10, wherein the stem cells are embryonic stem cells or

stem cells obtained from a placenta or umbilical cord.

14. The method of claim 10, wherein the progenitor cells are derived from the

inner ear, bone marrow, mesenchyme, skin, fat, liver, muscle, or blood.

15. The method of claim 9, wherein administering the population of cells
comprises (a) injecting the cells into the luminae of the cochlea, into the auditory nerve trunk
in the internal auditory meatus, or into the scala tympani; or (b) implanting the cells within a

cochlear implant.

16. The method of claim 9, further comprising administering to the patient a
therapeutically effective amount of a pharmaceutical composition comprising a compound

having the following formula:

Ri1s
Ri19 N
\>;R123
Riz20 N\
Rioy Rioo
wherein:

each of Ryis, Ri19, Ri20, and Ry is, independently selected from H, halo, OH, CN,
NO,, C;-C; alkyl, C;-Cs haloalkyl, C;-Cs alkoxy, and C;-Cs haloalkoxy;

110



31 Jul 2014

2009212135

Rz, is hydrogen or -Z-R"; wherein:

Z.is O or a bond; and

R® is:

(1) C;-Cg alkyl or C;-Cg haloalkyl, each of which is optionally substituted with from
1-3 Rb; or

(i1) C3-Cyp cycloalkyl, Cs-Cyp cycloalkenyl, each of which is optionally substituted
with from 1-5 R; or

(111)C7-Cy; aralkyl, or heteroaralkyl including 6-11 atoms, each of which is optionally
substituted with from 1-5 R;

(iv) C6-Cip aryl or heteroaryl including 5-10 atoms, each of which is optionally

substituted with from 1-5 R%:

Riz3 is:

(1) hydrogen; or

(i1) C;-Cg alkyl or C;-Cg haloalkyl, each of which is optionally substituted with from
1-3 Rb; or

(ii1) Cs-Cyp aryl or heteroaryl including 5-10 atoms, each of which is optionally
substituted with from 1-5 Rd; or

(iv) C7-Cy; aralkyl, or heteroaralkyl including 6-11 atoms, each of which is optionally
substituted with from 1-5 R; or

(v) -(C1-Cs alkyl)-Z'-(C4-C1 aryl), wherein Z' is O, S, NH, or N(CHs); the alkyl
portion is optionally substituted with from 1-3 R" and the aryl portion is optionally
substituted with from 1-5 Rd; or

(vi) (C1-Csg alkyl)—Zz—(heteroaryl including 5-10 atoms), wherein VART O, S, NH, or
N(CHs); the alkyl portion is optionally substituted with from 1-3 R" and the heteroaryl
portion is optionally substituted with from 1-5 RY; or

(vii) -(C1-Cs alkyl)-Z>-(C3-Cyg cycloalkyl), wherein Z° is O, S, NH, or N(CHz); the
alkyl portion is optionally substituted with from 1-3 R®; and the cycloalkyl portion is
optionally substituted with from 1-5 R;

R® at each occurrence is, independently:
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(1) NHa; NH(C;-C5 alkyl); N(C;-C; alkyl),; hydroxy; C;-Ce alkoxy or C;-Cs
haloalkoxy; or

(i) C3-C5 cycloalkyl optionally substituted with from 1-3 substituents independently
selected from C;-Cs alkyl, NH»; NH(C;-Cs alkyl); N(C;-Cs alkyl),; hydroxy; C;-Ce alkoxy or
C;-C¢ haloalkoxys;

R® at each occurrence is, independently:
(1) halo; NHy; NH(C;-C5 alkyl); N(C;-Cs alkyl),; hydroxy; Ci-Cs alkoxy; C1-Cs
haloalkoxy; or oxo; or

(i1) C;-Ce alkyl or C;-Cg haloalkyl; and

R at each occurrence is, independently:

(1) halo; NHy; NH(C;-C5 alkyl); N(C;-Cs alkyl),; hydroxy; C;-Cs alkoxy or C;-Ce
haloalkoxy; nitro; -NHC(O)(C;-C;5 alkyl); or cyano; or

(i1) C1-Cs alkyl or C;-Cs haloalkyl; or a pharmaceutically acceptable salt thereof; and

a pharmaceutically acceptable carrier.

17. The method of claim 16, wherein the pharmaceutical composition is

administered locally to the patient’s ear.

18. The method of claim 17, wherein the pharmaceutical composition is
administered by application to the luminae of the cochlea, to the auditory nerve trunk in the

internal auditory meatus, to the scala tympani or, if present, into a cochlear implant.

19. A method of increasing the number of cells with the characteristics of auditory
hair cells in a population of cells in vitro, the method comprising obtaining a population of
cells capable of differentiating into auditory hair cells, contacting the population of cells in

vitro with an effective amount of at least one compound having the formula:
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Ri19 N
\>;R123
Riz20 N\
Rioy Rioo
wherein:

each of Ryis, Ri19, Ri20, and Ry is, independently selected from H, halo, OH, CN,
NO,, C;-C; alkyl, C;-Cs haloalkyl, C;-Cs alkoxy, and C;-Cs haloalkoxy;

Rz, is hydrogen or -Z-R"; wherein:

Z.is O or a bond; and

R® is:

(1) C;-Cg alkyl or C;-Cg haloalkyl, each of which is optionally substituted with from
1-3 Rb; or

(i1) C3-Cyp cycloalkyl, Cs-Cy cycloalkenyl, each of which is optionally substituted
with from 1-5 R; or

(111)C7-Cy; aralkyl, or heteroaralkyl including 6-11 atoms, each of which is optionally
substituted with from 1-5 R;

(iv) C6-Cip aryl or heteroaryl including 5-10 atoms, each of which is optionally

substituted with from 1-5 R%:

Riz3 is:

(1) hydrogen; or

(i1) C;-Cg alkyl or C;-Cg haloalkyl, each of which is optionally substituted with from
1-3 Rb; or

(ii1) Cs-Cyp aryl or heteroaryl including 5-10 atoms, each of which is optionally
substituted with from 1-5 Rd; or

(iv) C7-Cy; aralkyl, or heteroaralkyl including 6-11 atoms, each of which is optionally
substituted with from 1-5 R; or
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(v) -(C1-Cs alkyl)-Z'-(C4-C1 aryl), wherein Z' is O, S, NH, or N(CHs); the alkyl
portion is optionally substituted with from 1-3 R" and the aryl portion is optionally
substituted with from 1-5 Rd; or

(vi) (C1-Csg alkyl)—Zz—(heteroaryl including 5-10 atoms), wherein VART O, S, NH, or
N(CHs); the alkyl portion is optionally substituted with from 1-3 R"; and the heteroaryl
portion is optionally substituted with from 1-5 RY; or

(vii) -(C1-Cs alkyl)-Z>-(C3-Cyg cycloalkyl), wherein Z° is O, S, NH, or N(CH3); the
alkyl portion is optionally substituted with from 1-3 R®; and the cycloalkyl portion is
optionally substituted with from 1-5 R;

R® at each occurrence is, independently:

(1) NHa; NH(C;-C5 alkyl); N(C;-C; alkyl),; hydroxy; C;-Ce alkoxy or C;-Cs
haloalkoxy; or

(i) C3-C5 cycloalkyl optionally substituted with from 1-3 substituents independently
selected from C;-Cs alkyl, NH»; NH(C;-Cs alkyl); N(C;-Cs alkyl),; hydroxy; C;-Ce alkoxy or
C;-C¢ haloalkoxys;

R® at each occurrence is, independently:
(1) halo; NHy; NH(C;-C5 alkyl); N(C;-Cs alkyl),; hydroxy; Ci-Cs alkoxy; C1-Cs
haloalkoxy; or oxo; or

(i1) C;-Ce alkyl or C;-Cg haloalkyl; and

R at each occurrence is, independently:

(1) halo; NHy; NH(C;-C5 alkyl); N(C;-Cs alkyl),; hydroxy; C;-Cs alkoxy or C;-Ce
haloalkoxy; nitro; -NHC(O)(C;-C;5 alkyl); or cyano; or

(i1) C1-Cs alkyl or C;-Cs haloalkyl; or a pharmaceutically acceptable salt thereof; for a
time sufficient to increase the number of cells with the characteristics of auditory hair cells in

the population of cells.

20. The method of claim 19, wherein the population of cells capable of
differentiating into hair cells comprises cells selected from the group consisting of stem cells,
inner ear stem cells, adult stem cells, bone marrow derived stem cells, embryonic stem cells,

mesenchymal stem cells, skin stem cells, fat derived stem cells, progenitor cells, inner ear
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progenitor cells, support cells, Deiters’ cells, pillar cells, inner phalangeal cells, tectal cells,

Hensen’s cells, and germ cells.

21. The method of claim 1 or 9, wherein Rz, is -Z-R®.

22. The method of claim 21, wherein Z is O.

23. The method of claim 21, wherein R* is C7-Cy; aralkyl, or heteroaralkyl
including 6-11 atoms, which is optionally substituted with from 1-5 R".

24. The method of claim 21, wherein R* is C;-Cy; aralkyl, which is optionally

substituted with from 1-5 R".

25. The method of claim 24, wherein R® is benzyl or phenethyl, wherein the
phenyl portion of each is optionally substituted with from 1-2 R°.

26. The method of claim 1 or 9, wherein R23 is Cs-Cjp aryl or heteroaryl

including 5-10 atoms, each of which is optionally substituted with from 1-5 R%.

27. The method of claim 26, wherein Ri»3 is Cs-C)p aryl, which is optionally
substituted with from 1-5 RY,

28. The method of claim 27, wherein Ri»3 is phenyl, which is optionally

substituted with from 1-2 RY.

29. The method of claim 1 or 9, wherein one of Rys, Ri19, Ri20, and Ry,; is halo or

NO,, and the others are hydrogen.

30. The method of claim 1 or 9, wherein:

Ri2; is -Z-R® wherein R is C;-Cy; aralkyl, or heteroaralkyl including 6-11 atoms,
which is optionally substituted with from 1-5 R and

Ri23 18 C6-Cjp aryl or heteroaryl including 5-10 atoms, each of which is optionally

substituted with from 1-5 RY.
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31. The method of claim 1 or 9, wherein:

Ri2; is -Z-R® wherein Z is O, and R* is C7-Cy; aralkyl, which is optionally substituted
with from 1-5 R and

R123 18 Cs-Cip aryl, which is optionally substituted with from 1-5 Rd; and

each of Ryis, Rii9, Ri20, and Ryy; is independently selected from H, halo and NO».

32. The method of claim 1 or 9, wherein the compound is selected from the group
consisting of:
6-chloro-1-(2-chlorobenzyloxy)-2-phenyl-1H-benzo[d]imidazole;
6-chloro-1-(2-chlorobenzyloxy)-2-(4-methoxyphenyl)-1H-benzo[d]imidazole;
6-chloro-2-(4-methoxyphenyl)-1-(4-methylbenzyloxy)-1H-benzo[d]imidazole;
6-chloro-1-(3,5-dimethylbenzyloxy)-2-(4-methoxyphenyl)- 1H-benzo[d]imidazole;
6-chloro-1-(4-methoxybenzyloxy)-2-(4-methoxyphenyl)-1H-benzo[d]imidazole;
1-(4-methylbenzyloxy)-6-nitro-2-phenyl-1H-benzo[d]imidazole;
2,5-dichloro-N-((1-methyl-1H-benzo[d] imidazol-2-yl)methyl)aniline;
4-(2-(1-methyl-1H-benzo[d]imidazol-2-yl)ethyl)aniline;
2-((4-fluorophenoxy)methyl)-1-methyl-1H-benzo[d]imidazole; and
2-(4-methoxyphenyl)-1-phenethyl-1H-benzo[d]imidazole;

or a pharmaceutically acceptable salt thereof.

33. The method of claim 1 or 9, wherein the compound is 6-chloro-1-(2-

chlorobenzyloxy)-2-phenyl-1H-benzo[d]imidazole; or a pharmaceutically acceptable salt thereof.

34. The method of claim 1, wherein the pharmaceutically acceptable carrier is
selected from the group consisting of a buffer, an amino acid, urea, an alcohol, ascorbic acid,
a phospholipid, a polypeptide, EDTA, sodium chloride, a liposome, mannitol, sorbitol, water,
and glycerol.

116



WO 2009/100438

&
o \

Rs

Re

177

FIG. 1C

FIG. 1B

FIG. 1A

Rz

PCT/US2009/033569
\
@]
il
[Ye]
x
‘
A
Q
e
w0
o

FIG. 1E

FIG. 1D



WO 2009/100438 PCT/US2009/033569

2177
© 'm 's
o 14
=\
v prd
«
1 (@]
| =
& e 9
=
o &
o X
[hd [1'ed
(@] O
(]
.
<
< x e
o o
\9 (=] o0
w o o
4
O Q
g
]
o & 9
>
i &



PCT/US2009/033569

WO 2009/100438

3/77

O pue N ‘O woij pajiwo usaq aney aoueen 939)dwioo o} swoye uebolphy 910N

L Old
1E€CP900-THdN £Er9600-THHN

9966800-THIN

908yLO0-THAN SL16L00-THHN




PCT/US2009/033569

WO 2009/100438

4177

O bue N ‘0 woij pajliwo usaq sAeY S2UE[EA 3)8(dWOoD 0} SWOE uaBoipAy :SjoN

911#000-THHIN ri ol 10+ 1900-THIN

, N
0 _ ~
02LTL00- TN \—/

\“ @l/
1966900-THAN

81900 THANW
P~
) Y

~Z



PCT/US2009/033569

WO 2009/100438

5/77

Q PUe N ‘O Wwoy pajliwo Ueaqg aABY adue(eA 9)a|d oD 0} swoje uabolphy 10N

ePESOT0-THAN AL Ol 66 CCI0-THIN

zlﬂ\ \
\
98C¥900-THIIN

2,2

a
Yr90110-I9dN AZL/Z

id
/u\/ou@ €L06E00-THAN

~



PCT/US2009/033569

WO 2009/100438

6/77

mNN_

mNm

@NN_

ac DIA

Nmm mNN_

0¢
0 |

0T DId 47 ‘OI4
£y £2y,
2y o N 22y ’ ,mmm N
J\ .mNN_
N \
2y ez iy ey N
o ™ o %y
YT DId
MNN_
quQNN_ NNK
mNN_
N
92y ~ l2y



WO 2009/100438

Ra7
FIG. 2E

R33
Rae

R34
Rs

77

Ras

R34

PCT/US2009/033569

Ra7

R3s

R3s

FIG. 2F



PCT/US2009/033569

WO 2009/100438

8/77

O pue N D wol pajjuio useq eaey soueiea sj9|dwod o) swoye usBoliphy BloN

09¢vE00-THHN LBT9E00-THHN

o¢ 9Old
A

M

8LT6TO0-THAN

9815000-THAN
166L000-THHAN

_ Ny o



PCT/US2009/033569

WO 2009/100438

9/77

Q pue N 'Q woly pajiuio ussq sAey aouelen 9)ejdLuod o} swoje uaboipAy 810N

HZ 9l4
SOLVOTO-THHIN 8009900-THHIN
ig
6CL0900-THAIN G99S900-THHAW 99ST1900-THHIIN

7 g oo



PCT/US2009/033569

WO 2009/100438

10/77

QO pbue N 'O Wols pSRIWo used 9ABY SOUBjRA 3191dwos 0} swoje usbBolpAy 810N

¢ Old

S990E10-THANW

CSEO0TIOTHAN

0O

~



WO 2009/100438

Ras AN Ra4

N——X

FIG. 3A

11/77

R4z AN Raa
N——S

Ras AN Ra4
N—O

PCT/US2009/033569

FIG. 3C

FI1G. 3B



WO 2009/100438

Rys

FIG. 3D

1277

PCT/US2009/033569



WO 2009/100438 PCT/US2009/033569

13/77

3
o
N
e}
add
\ g
) O
]
/ P
o
x
5 2
o o
(o]
o
-
\ .
-
= =
/
& 2
o
B N
o v
\ E;;
@) X
)
— fry
o
n'ed

Rsp



WO 2009/100438

Rss

FIG. 3H

14/77

PCT/US2009/033569

FIG. 31



PCT/US2009/033569

WO 2009/100438

15/77

1€ "DId

lllll

IIIII

\.mW_



WO 2009/100438

Re1

Rs2

FIG. 3N

16/77

PCT/US2009/033569

FIG. 30



WO 2009/100438 . PCT/US2009/033569

17/77

&
14
&
z=" e
o 2
Z\
3
o
S
0
z="
< &
o @
0 d
o 8
[n'd
z= o
O o
9
Z\ [y

Res



WO 2009/100438 PCT/US2009/033569

18/77

3
(14

-
Z2= M
9
LB
\
~
8 4
ned
S
0]
ZzZ= @
\
&
o
o
nd
@
e
2=
—~
Om
O
s 2
i d

Res



WO 2009/100438 PCT/US2009/033569

19/77

o
xx
o
— ﬁ
» 9
\ ey
-
P o
=
nad
N
(0l
~
hed
S >
< 9
e
\Z/
~
et
A E
O @
ek
\ — =



PCT/US2009/033569

WO 2009/100438

20/77

O puE N 'J woy pepiwo useq aAeY soueea a3e|dwoo 0 swoje usbolpAy sjoN

A€ Old
0€02900-THHN . SLEEI00THAN

¢601S00-THHIN

¥66L000-THHIN SYS8000-THHN




PCT/US2009/033569

WO 2009/100438

21177

O pue N ‘0 wWolj pepiwo usaq aney soueeA 8)9|dwos 0} suoje usboIpAy 910N

Z¢ Old
9¢0CLO0THAN Y9T0LOO-TAHIN

Z?Q@ OO

6C68900-THIN

1968900-THHN

SOTS900-THAN

o0 e




PCT/US2009/033569

WO 2009/100438

22(77

ZZ¢ Old

OPTLI00-THHIN Y0670 10-TdAN

L0~ Ky

O pue N ‘D Woy peyjiuio ussq aaey aouejea 932idwod o} swole uabolphy 10N

CP96L00-THHN 0186L00-THHN

e

68C6600-THAIN

LTISLOO-THHIN



PCT/US2009/033569

WO 2009/100438

23/77

v DOId

wwﬂ_

m\.m

wNN_

vnmu_

mhﬂ_

Iy Dld gt DI
mhm mNN“_
b9y pi 9l v
N Yy -7y e
28y N BLy ~. iy 61y
8Ly 8Ly
Vv 'DId
mNW_
w\.W_ ﬂKW_

7\

NNE mmm

wN.N_



WO 2009/100438 PCT/US2009/033569

24/77

,
q-
Q
2 e ™ &
o %
/ g
z\ @
R >
Y 2 \\ o
O '
oo [{e]
3 X

Rzg
R74

FIG. 4E

FIG. 4G



PCT/US2009/033569

WO 2009/100438

25/77

O pue N 'O woy pejiwo ussq sAey dsuejen 3)9(dwod o} swoje uaboiphy :sloN

Hv OlId
¢8EV900-THHN 80S£900-THAIN

o 0

[90S700-THAIN 8260000-THHIN

13



PCT/US2009/033569

WO 2009/100438

26/77

O PuB N ‘D WOl PajiWe udag sAeY aouefeh a1e|dwos o} swoje ueboipAy sjoN

v Ol

8I81600-THHN

LC99L00-THHN €S0L900-THHIN

0 /\ N



PCT/US2009/033569

WO 2009/100438

27177

O
06
o
_/ wmm
o) D¢ "DIA
S ,vmW_
06
S| 06y
™\ )
w@m _‘mm
NmW_ mmm
VS DId
0]
X .vmm
omW_
-\
. _‘mﬂ_

Nmm mmN._

ds ‘bid

X
NmN_ mmN_
ds DId
O
N@Mn_ mmN_

.va_

.vmm



PCT/US2009/033569

WO 2009/100438

28/77

O PUB N 'O WoJy peiwo uaaq aney soue|eA 23a]dwod o} swole uaboipAy :sjoN

4G9 9Il4
LLLSOTO-THAN 9CTCLOO-THHN
10
€CTCLOOTHAN 9880L00-THAIN

OO0 S



PCT/US2009/033569

WO 2009/100438

29/77

O pue N 'O Woly pajiiwo usaq aAeY aoueleA 2}s(dWwod 0} swoe usBoIphy SjoN

1LTCLOO-THAN

99LY010-THAN

96 Old

Pr80L00-THAN

L167900-TdHIN

~

\

LLLTO00-THAIN



PCT/US2009/033569

WO 2009/100438

30/77

D9 DId
€0by
0 20by
vo_.N_
\
_.c_.m
mowm oowm

g9 DId
€0y
S0k
S |
vovm /
rovm
mc_,m ocrm

m_.rm movW_
V9 'DIA
nowN_
20}
% !
vo_.m /
Hoby
5oL
o
Do_'W_



PCT/US2009/033569

3177

WO 2009/100438

219 "DI4 19 D14 19 ‘DI
NN—N_
.mN_.m N mNrN_
\, \A\
N
0gly SThy
e nfw_“m bety : / ¥y
Fehy by Sehy
HY "Old 99 "DIA
2hy - iy
N ry /z 02y
82hy lA\ iy “
".. A mN_.m /Z 132
: 62k \ ¥
e \W_ erN_

m_,_.m



PCT/US2009/033569

WO 2009/100438

32/77

N9 "DId

mvrm

oy IIA/

Erly

09 DI4
csiyy Z5ly
/z 1Sty
z\
AN
N 051y
Bky
N9 DI 19 "OId
by Iy
Sthy o Sriy N Sy
oy oty
A/ A/
rrly N iy N Ly

mer_ mvrm



PCT/US2009/033569

WO 2009/100438

33/77

O PUE N 'O Wol) payjiwe ussq arey sdueeA a)ajdwiod 0} swoje usbolpAy :SioN

6S9LY00-THIIN
o]
@éu

00€6700-THAN

0

$600S00-THAW
d9 '9Old

£956500-THdN

/U/ﬂ@ 6£S0100-TAIN
../ﬁZ | SN
P~




PCT/US2009/033569

WO 2009/100438

34/77

O pue N 'O Wolj papiwo uaaq aney 2oueleA slojdwod o} swoje uabolpAy :8JoN

09 Old

P8IE610-THHIN 6C89900-THIN €E€CL900-TIIIN

. | z_k
/
|A. N ' \ .

vLEYI00-THHIN £87P900-THIN 580900 THAN



PCT/US2009/033569

WO 2009/100438

35/77

O PUE N ‘D WOol} paljiuc usaqg dAel aduejeA 8]a|dwiod 0} swioje ueBoipAy :8)oN

897800~ THHIN d9 'Ol 9602L00-TATN

\ /
\I/ <

[L80LOO-THAN

LLSE900-TAHAIN 8LSZ900THHAIN

\ -y

N



PCT/US2009/033569

WO 2009/100438

36/77

A

O pue N ‘O WoJ} pajlio Uaaq Al aouelea a)|dwoo 0} swioje uaBolpAy :9joN

P10€0TO0-THHIN 9 Ol 8LOCOTOTHAN

£LLOBOOTHHN

£866L00-THAN 9c¢L800-TddN

\ Qﬂ«%




PCT/US2009/033569

WO 2009/100438

3777

O pue N 'O WoJ pajjiwo USag aAey aoue|eA sjejdwod 0} swoje ueBoipAy 810N

€566010-TdIN 19 Oi4 98S0€10-TTIN

COLTETO-THAN

7\

CCLSOTOTHAW
YOy CO10-THdN

1©|A|©mw . . |



PCT/US2009/033569

WO 2009/100438

38/77

O PUB N 'D WOI} PSijIWo Uasq aABY SoUBlEA 913(dWoD 0} SWoje usboipAy 810N

0SS0000-THHIN N9 'Ol 07S0000-THHN
N
g O~
9]
. 10
' £550000- TN
\0
6870000-THAN 090L0TO-TEIEIN
tQ
f N

- \ | (]



PCT/US2009/033569

WO 2009/100438

39/77

O pue N ‘O wol paniwo Usay SARY SouEeA S)o|dwoD 0} swoje usboipAy sioN

A9 Oid

vSS0000-THHIN 1LS0000-THAIN
\

LSS0000-THHN LLYO000-THIN

\O 10



PCT/US2009/033569

WO 2009/100438

40/77

dl ‘Dl4
¥8ly N 9Ly
=
N
/ No—.m
rwrW_
d. "DId
mm_‘W_ N \.m—m: .. mmwm

03hy /

Sty .- 09ly

SShy

VL DI

wmvm

GG _.W_



PCT/US2009/033569

WO 2009/100438

41177

0 PUE N 'D WOJ PaNIWO LSS dABY BoUR(EA 8)ajdwiod 0 swoje usboipAy :sloN

7607L00-IHEA EVANSIE R01L900-TAAN

LYS6S00-THIW

L9E0LOO-THHN 1SL9900-THIN




PCT/US2009/033569

WO 2009/100438

42177

O PUE N ‘D WOl PORIWOC UdBQ BARY 8oUE|BA 9]8[dW0d 0} sLoje uabolphy :ajoN

44 "9Old
7£66900-THAN $6¢£8900-THHIN 66LL800-THAN

O

9L20800-THHIN ¥96S00-THAN C981L00-THAN

’ y 0 > J@M.N

/N



PCT/US2009/033569

WO 2009/100438

43/77

08 _‘N_

18 vW_

d8 D14

6L wm

N

8L _‘m

N—"

N

LL vm_

V8 DI4
Siky vlhy
mtm\ _.__ G
0Ly Zehy
iy



PCT/US2009/033569

WO 2009/100438

44/77

O PUB N ‘0 W0} pejio ussq sney asuelen 93sjdwod o} sticje usbolpAy e1oN

18EYELO-IFIIN a8 Old 9595/00-133N

AN

69049000133
£886000-133dIN



WO 2009/100438 PCT/US2009/033569

45/77

MEEI-079175

FIG. 9

MEEI-0074806

FIG. 10

MEE!-0089966

FIG. 11

MEEI-0096433

FIG. 12



WO 2009/100438

48/77

MEEI-0064231

FIG. 13

MEEI-0063182

FIG. 14

MEEI-0069961

FIG. 15

MEEI-0072720

FIG. 16

PCT/US2009/033569



WO 2009/100438

47177

MEEI-0061401

MEEI-0004116

EEEEEE

FIG. 18
MEEI-0039073
160
110
60
10
-400;

MEEI-0110644

FIG. 20

PCT/US2009/033569



WO 2009/100438 PCT/US2009/033569

48/77

MEEI-0064286

FIG. 21

MEEI-012294¢

FIG. 22

MEEI-0105343

FIG. 23

MEEI-0007991

FIG. 24



WO 2009/100438

49/77

MEEI-0005186

FIG. 25

MEEI-0028278

FIG. 26

MEEI-0036187

160

110
60
10

-400:

MEEI-0034360

160
110
60
10
-400:0

FIG. 28

PCT/US2009/033569



WO 2009/100438 PCT/US2009/033569

50/77

MEEI-0061566

FIG. 29

MEEI-0060729

FIG. 30

MEEI-0065665

160
140
120
100

; __x

01 1 5

s8.88
=4

FIG. 31

MEEI-0066008

FIG. 32



WO 2009/100438 PCT/US2009/033569

51/77

MEEI-0104765

FIG. 33

MEEI-0110352

FIG. 34

MEEI-0130665

FIG. 35

MEEI-0008545

FIG. 36



WO 2009/100438

52/77

MEEI-0007994

FIG. 37

MEEI-0051092

FIG. 38

MEEI-0063375

160

120
100

/5

FIG. 39

égoasss

10

MEE!-0062030

FIG. 40

PCT/US2009/033569



WO 2009/100438 PCT/US2009/033569

53/77

MEEI-0065105

FIG. 41

MEEI-0068961

FIG. 42

MEEI-0068929

FiG. 43

MEEI-0070164

FIG. 44



WO 2009/100438 PCT/US2009/033569

54/77

MEEI-0072036

FIG. 45

MEEI-0075627

FIG. 46

MEE!-0079810

FIG. 47

MEEI-0079642

FIG. 48



WO 2009/100438

55/77

MEEI-0099289

FIG. 49

MEEI-0104904

FIG. 50

MEEI-0067246

160

120

FIG. 51

MEEI-0000928

FIG. 52

PCT/US2009/033569



WO 2009/100438

56/77

MEEI-0045061 J

FIG. 53

MEEI-0063508

FIG. 54

MEEI-0064382

FIG. 55

MEEI-0067053

FIG. 56

PCT/US2009/033569



WO 2009/100438 PCT/US2009/033569

57177

MEEI-0076627

FIG. 57

MEEI-0091818

FIG. 58

MEEI-0070886

FIG. 59

MEEI-0072253

FIG. 60



WO 2009/100438 PCT/US2009/033569

58/77

MEEI-0072156

FIG. 61

MEEI-0105777

FIG. 62

MEEI-0061777

FIG. 63

MEEI-0070844

FIG. 64



WO 2009/100438 PCT/US2009/033569

59/77

MEEI-0064917

FIG. 65

MEEI-0072271

FIG. 66

MEEI-0010539

160

110
60
10

-400:

FIG. 67

MEEI-0028300

FIG. 68



WO 2009/100438 PCT/US2009/033569

80/77

MEEI-0059563

FIG. 69

MEEI-0050095

FIG. 70

MEE}-0047659 ‘

160

120
100

é‘guzsgg

FIG. 71

MEEI-0060852

FIG. 72



WO 2009/100438 PCT/US2009/033569

81/77

MEEI-0064483

FIG. 73

MEEI-0064314

155
135

118 |

o5

75

= .
3

15 /‘//

01 0.1 1 0

-26°

FIG. 74

MEEI-0067233

FIG. 75

MEEI-0066829

FIG. 76



WO 2009/100438 PCT/US2009/033569

62/77

MEEI-0068578

FIG. 77

MEE!-0068577

FIG. 78

MEEI-0070871

FIG. 79

MEEI-0072096

FIG. 80



WO 2009/100438

83/77

MEEI-0078448

FIG. 81

MEEI-0087336

FIG. 82

MEEI-0079983

FIG. 83

MEEI-0080773

FIG. 84

PCT/US2009/033569



WO 2009/100438 PCT/US2009/033569

84/77

MEEI-0103978

FIG. 85

MEE!-0103014

FIG. 86

MEEI-0102404

FIG. 87

MEEI-0105722

FIG. 88



WO 2009/100438 PCT/US2009/033569

85/77

MEEI-0131763

FIG. 89

MEE|-0130586

FIG. 90

MEEI-0109953

FIG. 91

MEEI-0107060

160
110
60
10
-400:0

FIG. 92



WO 2009/100438

66/77

MEEI-0000489

60 o

FIG. 93

MEEI-0000553

FIG. 94

MEEI-0000540

FIG. 95

MEEI-0000550

FIG. 96

PCT/US2009/033569



WO 2009/100438

87/77

MEEI-0000477

FIG. 97

MEEI-0000557

FIG. 98

MEEI-0000571

FIG. 99

MEEI-0066751

g 88

o8 8888

I3

.01 01 1

FIG. 100

PCT/US2009/033569



WO 2009/100438 PCT/US2009/033569

88/77

MEEI-0070367

FIG. 101

MEEI-0059547

FIG. 102

MEEI-0067108

FIG. 103

MEEI-0072092

FIG. 104



WO 2009/100438 PCT/US2009/033569

89/77

MEEI-0071862

FIG. 105

MEEI-0059642

FIG. 106

MEEI-0080276

155
135
115

Ll
s
55

15

250901 01 1 0

FIG. 107

MEEI-0087799

FIG. 108



WO 2009/100438

70/77

MEEI-0068395

FIG. 109

MEEI-C069934

FIG. 110

MEEI-0005069

FIG. 111

PCT/US2009/033569



WO 2009/100438

TUTT

MEEI-0000883

FIG. 112

MEEI-0075656

FIG. 113

MEEI-0134381

FIG. 114

PCT/US2009/033569



WO 2009/100438 PCT/US2009/033569

72077

MEEI-0104766

FIG. 115

MEEI-0103014

160 -
140
120 4
100 4

FIG. 116



WO 2009/100438

7377

PCT/US2009/033569

FIGs. 117A-117B



d8L1l-Vv8L1l SOl

PCT/US2009/033569

gsaueg - | 0¢ 0c oL v 0
gsoLeg -
Jseueg +

gsoleg @

gsaleg X
psaueg X
csolag

Zsollog m
| salag &

74777

WO 2009/100438

SUBSTITUTE SHEET (RULE 26)




PCT/US2009/033569

WO 2009/100438

75177

0+$0000-"dD
680000~

1L50000-"dD

do

$$50000-dD

0550000-"dD

6Ll Ol

LL¥0000-"dD

£550000-"dD TL91900 -"dD

LSS0000-"dD

TOUYLNOD
rerce1-dy  OSINA




PCT/US2009/033569

WO 2009/100438

76/77

0021-v0cl sOId

0
— — ——— — ‘9
_0 _ MWDO/ lwumwé
avase
OHINOO
ors0000 ~4d 680000 -4 gsso000] ) xzmano OSKa
I
\.<
[4
3
.v




WO 2009/100438

77177

SUBSTITUTE SHEET (RULE 26)

PCT/US2009/033569

FIG. 121A-121B



	BIBLIOGRAPHY
	DESCRIPTION
	CLAIMS
	DRAWINGS

