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PYRAZOLE COMPOUNDS, COMPOSITIONS AND METHODS FOR TREATMENT
OF DEGENERATIVE DISEASES AND DISORDERS

(0001}
186021

FIELD OF THE INVENTION
[6663] The tnvention is directed to compounds of formula (1):

.

and to pharmaceutical compositions comprising the compounds. The compounds and
compositions disclosed herein protect against calcium- and oxidative-stress mediated damage to
mitochondrial function and are useful for the treatment of degenerative diseases and disorders.
{0004]

BACKGROUND OF THE INVENTION

4005 Mitochondria are ceflular organelles present in most eukaryotic cells. One of their
g P ¥

primary functions is oxidative phosphorylation, a process through which energy derived from

i
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metabolism of fuels like glucose or farty acids iy converted to ATP, which is then used to drive
various energy-requiring biosynthetic reactions and other metabolic activities. Mitochoudria
have their own genores, separate from muclear DNA, comprising rings of DNA with about
16,000 base pairs in human cells. Each witochondrion may have multiple copies of its genowe,
and individual cells may have hundreds of mitochondria. In addition to supplying cellular
energy, mitochondria are involved in a range of other processes, such as signaling, cellular
differentiation, ceil death, as well as the control of the cell cycie and cell growth (McBride et al,
Curr. Biol,, 2006, 16 (14): R551).

[ 6096] As mitochoundria produce ATP, they simultancously yield reactive oxygen species
{ROS), which are harmful free radicals that circulate throughout the cell, the mitochondria, and
the body, causing wore damage. The circulation of ROS leads to the activation of reactive
nitrogen compounds, which in turn induce, or activate, genes 1n the DNA that are associated with
many degenerative discases. The DNA for cach nutochondrion (mtDNA) remsaims wnprotecied
within the membrane of the mitochondrion itself. In comparison to the DNA in the nucleus of
the cell (nDNA), mtDNA 15 casily damaged by free radicals and the ROS that it produces.
Freely floating mtDNA lacks protective measures associated with nDNA, and therefore suffers
from multiple mutations. 1t has been cstimated that the lack of protective measures results in
mutations to mtDNA occurring 10 to 20 times more frequently than mutations to nDNA.

[087] Mitochondrial damage and/or dysfunction contribute to various discase states. Some
discases arc due to mutations or deletions in the mitochondnial genome. Mitochoundria divide
and proliferate with a faster turnover rate than their host cells, and their replication is under
control of the nuclear genome. If g threshold proportion of mitochondria in a cell 1s defective,
and if a threshold proportion of such cells within a tissue have defective mitochondria, syrmptoms
of tissue or organ dysfunction can result. Practically any tissue can be affected, and a large
variety of symptoms can be present, depending on the extent to which different tissues are
involved.

16G88] A fertilized ovam might contain both normal and genetically defective mitochondria,
The segregation of defective mitochondria into different tissues during division of this ovum 1s a
stochastic process, as will be the ratio of defective to normal rottochondria within a given tissue
or ceil (aithough there can be positive or negative selection for defective mitochondrial genomes
durtng mitochondrial turnover within cells). Thus, a varicty of different pathologic phenotypes

3
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can emerge out of a particular point mutation in mitochondrial DNA.  Conversely, similar
phenotypes can emerge from mutations or deletions affecting different genes within
mitochondrial DNA. Clinical symptoms in congenital mitochondrial discases often manifest in
postmttotic tissues with high energy demands tike brain, muscle, optic nerve, and myocardiam,
but other tissues including endocrine glands, liver, gastrointestinal tract, kidney, and
hematopoietic tissue arc also involved, again depending i part on the scgregation of
mitochondria during development, and on the dynamics of mitochondrial turnover over time.
16699} In addition to congenital disorders involving inherited defective mitochondria,
acquired mitochondrial damage and/or dysfunction contribute to  diseases, particularly
neurodegencrative disorders associated with aging like Parkinson’s, Alzheimer’s, Huntington’s
Diseases. The incidence of somatic mutations in mitochondrial DNA rises exponentially with
age; and diminished respiratory chain activity is found universally in aging people.
Mitochondrial dystunction is also implicated 10 exeitotoxic ncuronal injury, such as that
associated with seizures or ischemia.

{8010} Other pathologies with ctiology mvolving mitochondrial damage and/or dystunction
include schizophrenia, bipolar disorder, dementia, epilepsy, stroke, cardiovascular disease,
retinal degencrative discase {e.p., age-related macular degeneration, Stargardt’s discase,
glaucoma, retinitis pigmentosa, and optic nerve degeneration), and diabetes mellitus. A comroon
thread thought to link these scemingly-unrelated conditions is cellular damage causing oxidative
stress.  Oxidative stress 18 caused by an imbalance between the production of reactive oxygen
and a biclogical system’s ability to readily detoxify the reactive intermediates or easily repair the
resulting damage. Al forms of life maintain a reducing environment within their cells. This
reducing environment is preserved by enzymes that maintain the reduced state through a constant
input of metabolic energy. Disturbances in this normal redox state can cause toxic cffects
through the production of peroxides and free radicals that damage all coraponents of the cell,
including proteins, lipids, and DNA.

16011} Mitochoundrial damage and/or dysfunction particolarly contribute to degenerative
disesaes. Degenerative discases are discases i which the function or structure of the affected
tissues or organs will progressively deteriorate over time.  Some cxamples of degenerative
discases are retinal degenerative disease, ¢.g., age-related macular degeneration, Stargardt’s
discase, glaucoma, retinitis pigmentosa, and optic nerve degencration; amyvotrophic lateral

3
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sclerosis {ALS), ¢.g., Lou Gehrig’s Disease; Alzheimer’s discase; Parkinson’s Disease; multiple
system atrophy; Niemann Pick disease; atherosclerosis; progressive supranuclear palsy; cancer;
Tay-Sachs disecase; diabetes; heart disease; keratoconus; inflammatory bowel discase (IBD);
prostatitis; osteoarthritis; ostcoporosis; rheurnatoid arthuitis; and Huntington’s disease.

[6012] Treatment of degenerative diseases involving mitochondrial damage and/or
dysfunction has herctofore involved administration of vitarnins and cofactors used by particular
clements of the mitochondrial respiratory chain. Coenzyme ¢ {ubiquinong), nicotinamide,
riboflavin, carnitine, biotin, and lipoic acid are used in patients with occasional benefit,
especially in disorders directly sternming from primary deficiencies of one of these cofactors.
However, while useful in isolated cases, no such metabolic cofactors or vitamins have been
shown to have general utility in clinical practice in treating degenerative discases mvolving
mitochondrial damage and/or dysfimction.

8013} Therefore, a need exists for now drug therapies for the treatment of subjects suffering
from or susceptible to the above disorders or conditions associated with mitochondrial damage
and/or dysfunction. In particular, a need exists for new drugs having one or more mmproved
properties {such as safety profile, efficacy or physical properties) relative to those currently

available.
SUMMARY OF THE INVENTION

18614} The present fnvention is directed to compounds of formula 1

(),
wherein:
Ry is lower alkyl, trimethylsiiyl or pyridinyd;
one of Ry or Ry 18 absent and the other is —-CHRR; or ~-CHC(OR,; und
Rs is pyridinyt, 1H-indol-3-vl, unsubstituted phenvl or phenyl mono-, bi- or tri-

substituted independently with alkoxy,



or a pharmaceutically acceptable salt thereof.

[6G15] The present invention is alse directed to pharmaceutical compositions containing the
above compounds, method of using the compounds and to methods of treating degenerative
diseases and disorders.

G016}

[0017]

16618 These and other embodiments are disclosed or are obvious from and encompassed by,

the following Detailed Description.
DETAILED DESCRIPTION OF THE INVENTION

[8619] It is to be understood that the terminology employed berein is for the purpose of
describing particular embodiments, and is not intended to be limiting. Further, although any
methods, devices and materials sivailar or equivalent to those described herein can be used in the
practice or testing of the invention, the preferred methods, devices and materials are now

described.

(9,
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{6020} As used herein, the term “alkyl”, alone or in combination with other groups, refers to
a branched or straight-chain wonovalent saturated ahphatic hydrocarbon radical of one to twenty
carbon atoms, preferably one to sixteen carbon atoms, more preferably one to ten carbon atoms.
160621} As used herein, the term “alkenyl”, alone or in combination with other groups, refers
to a straight-chain or branched hydrocarbon residue having an olefinic bond.

(8622} The terra “cycloalkyl” refers to a monovalent raono- or polycarbocyclic radical of
three to ten, preferably three to six carbon atoms. This term is further exemplified by radicals
such as cyclopropyl, cyclobutyl, evelopentyl, cyclohexyl, cycloheptyl, norbornyl, adamantyl,
indanyl and the like. In a preferred embodiment, the “cycloalkyl” meicties can optionally be
substituted with one, two, three or four substituents. Each substituent can independently be,
alkyl, alkoxy, halogen, amine, hydroxyl or oxygen unless otherwise specifically indicated.
Examples of cycloalkyl moicties include, but arc not limited to, optionally substituted
cyclopropyl, optionaily substituted cyelobutyl, optionally substituted cyclopentyl, optionally
substituted  cyclopentenyl, optionally  substituted  cyclohexyl, optionally  substituted
cyclohexylene, optionally substituted cycloheptyl, and the like or those which are specitically
exemplified herein.

{8023} The term “heterecycloalkyl” denotes a mono- or polyeyclic alkyl ring, wherein one,
two or three of the carbon ring atoms 1s replaced by a heteroatom such as N, O or 8. Examples of
heterpcycloalkyl groups include, but are not lhmited to, morpholinyl, thiomorpholinyl,
piperazinyl, piperidinyl, pyrrolidiny, tetrabydropyranyl, tetrahydrofuranyl, 1,3-dioxanyl and the
like. The heterocycloalkyl groups may be unsubstituted or substituted and attachment may be
through their carbon frarme or through their heteroatom(s) where appropriste.

160624} The term “lower alkyl”, alone or in combination with other groups, refers to a
branched or straight-chain slkyl radical of one to nine carbon atoms, preferably one to six carbon
atoms, more preferably one to four carbon atoms. This term 18 further exemplified by radicals
such as methyl, ¢thyl, n-propyl, isopropyl, n-butyl, s-butyl, isobueyl, t-butyl, n-pentyl, 3-
methylbutyl, n-hexyl, 2-ethylbutyl and the hike.

{8625} The term “aryl” refers o an aromatic mono- or polycarbocyclic radical of 6 to 12
carbon atorns having at least one aromatic ring. Examples of such groups include, but are not
fimited to, phenyl, naphthyl, 1,2.3,4-tetrahvdronaphthalene, 1,2-dibvdronaphthalene, indanvi,

IH-indenyl and the like.
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[6026] The alkyl, lower alkyl and aryl groups may be substituted or unsubstituted. When
substituted, there will generally be, for example, 1 to 4 substituents present. These substituents
may optionally form a ring with the alkyl, lower alkyl or aryl group with which they are
connected. Substituents may inelude, for example: carbon-containing groups such as atkyl, aryi,
arvlalkyl {c.g. substituted and unsubstituted phenyl, substituted and unsubstituted benzyl);
halogen atoms and halogen-containing groups such as haloalkyl (c.g. wriftuororacthyl);, oxygen-
containing groups such as alcohols (e.g. hydroxyl, bhydroxyalkyl, arylthydroxyljalkyl), ethers
{c.¢. alkoxy, aryloxy, alkoxyalkyl, aryloxyalkyl, more preferably, for example, methoxy and
ethoxy), aldebydes {e.g. carboxaldehyde), ketones {e.g. alkylcarbonyl, alkylearbonylalkyi,
aryicarbonyl, arylalkylearbonyl, arvcarbonylalkyl), acids (c.g. carboxy, carboxyalkyl), acid
derivatives such as esters {c.g. alkoxycarbonyl, alkoxycarbonylalkyl, alkylcarbonyloxy,
allkylcarbonyloxyalkyl), amides ({e.p. aminocarbonyl, mono- or di-alkylaminocarbonyl,
aminocarbonylalkyl, mono- or di-aslkylamimocarbonylalkyl, arylaminocarbonyly, carbamates {e.g.
alkoxycarbonylamino,  arviexycarbonylaminoe,  aminocarbonyloxy, mono- or  di-
alkylaminocarbonyloxy,  arylminocarbonloxy) and  wureas  {c.g. mono- or  di-
alkylaminocarbonylamine or arylaminocarbonylamino); nitrogen-containing groups such as
amines {e.g. amino, mono- or di-alkylamine, aminealkyl, mono- or di-alkylaminoalkyl}, azides,
nitrifes {e.g. cyano, cyancalkyl), nitro; sulfur-contaiming groups such as thiols, thiocthers,
sulfoxides  and sulfones  {(c.g.  alkylthio, alkylsulfinyl, alkylsulfonyl, alkylthicalkyl,
allylsulfinylalkyl,  alkyisolfonylatkyl, arvithio, arysulfinyl, arysulfonyl, arythioalkyl,
arylsulfinylalkyl, arvisulfonylalkyly, and heterocyclic groups containing one or more
heteroatoms, (c.g. thienyl, furanyl, pyrrolyl, fmidazolyl, pyrazolyl, thiazolyl, isothiazolyl,
oxazolyl, oxadiazolyl, thiadiazolyl, aziridinyl, azetidinyl, pyrrolidinyl, pyrrolinyl, imidazolidinyl,
imidazolinyl, pyrazolidinyl, tetrahydrofuranyl, pyranyl, pyronyl, pyridyl, pyrazinyl, pynidazinyl,
piperidyl, hexahydroazepinyl, piperazinyl, morpholinyl, thianaphthyl,  benzofuranvl,
isobenzofuranyl, indolyl, oxyindolyl, isoindolyl, indazolyl, indolinyl, 7-azaindolyl,
benzopyranyl, coumarinyl, isocoumarinyl, quinohnyl, isoguinolinyl, naphthridinyl, cionohinyl,
quinazolinyl, pyridopyridyl, benzoxazinyl, quinoxalinyl, chromenyl, chromanyl, isochromanyi,
phthalazinyl and carbolinyl).

{80271 The term “heteroaryl,” refers to an aromatic mone-~ or polyeyelic radical of S to 12
atorns having at least one aromatic ring containing one, two, or three ring heteroatoms selected

wi
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from N, O, and 5, with the remaining ring atoms being C. One or two ring carbon atoms of the
heteroaryl group may be replaced with a carbonyl group.

{0028] The heteroaryl group described above may be substituted independently with one,
two, or three substituents. Sobstituents may include, for exaraple: carbou-containing groups
such as alkyl, aryl, arvlalkyl (e.g. substituted and unsubstituted phenyvl, substituted and
unsubstituted benzyl); halogen atoms and halogen-containing groups such as haloalkyl (c.g
trifluoromethyl);, oxygen-containing groups such as alcobols (e.g hydroxyl, hydroxyalkvl,
arylthydroxvylalkyl), cthers {(e.g. alkoxy, aryloxy, alkoxyalkyl, aryloxvyalkyl), aldchydes {e.g.
carboxaldebyde),  ketones  {e.g.  alkylcarbonyl,  alkvlcarbonylalkyl,  arylcarbonyl,
arylalkylcarbonyl, arycarbonylaikyl}, acids (e.g. carboxy, carboxyalkyl}, acid derivatives such as
esters {e.g. alkoxycarbonyl, alkoxycarbonylalkyl, alkylcarbonvloxy, alkylcarbonyloxyalkyly,
amides {¢.g. aminocarbonyl, mono- or di-alkylaminocarbonyl, aminocarbonylalkyl, mono- or di-
alkylaminocarbonylalkyl, arylaminocarbonyl), carbamates (c.g.  alkoxycarbonylammne,
aryloxycarbonylamine, aminocarbonyloxy, wono- of di-alkylaminocarbonyloxy,
aryiminocarbonloxy) and wreas ({c.g. mono- or di-  alkylaminocarbonylamine or
arylaminocarbonylamino}; nitrogen-containing groups such as amines {e.g. amino, mono~ or di-
alkylaming, aminoalkyl, mono- or di-alkylaminoalkyl), azides, nitriles {e.g. cyano, cyancalkyl},
nitro; sulfur-containing groups such as thiols, thioethers, sulfoxides and sulfones (¢.g. alkylthio,

alkylsulfinyl, alkylsulfonyl, alkylthicalkyl, alkylsulfinylalkyl, alkylsulfonylalkyl, arylthio,

arysulfinyl, arysulfonyl, arythioalkyl, aryisulfinylalioyl, arvisalfonylalkyly; and heterocyclic
groups containing one or more heteroatoms, {e.g. thienyl, furanyl, pyrrolyl, muidazolyl,
pyrazolyl, thiazolyl, isothiazolyl, oxazolyl, oxadiazolyl, thiadiazolyl, aziridinyl, azetidinyl,
pyrrolidinyl, pyrrolingl, imidazolidinyd, imidazolinyl, pyrazolidinyl, tetrabydrofuranyt, pyranyl,
pyronyl, pyridyl, pyrazinyl, pyridazinyl, piperidyl, hexahydroazepinyl, piperazinyl, morpholinyl,
thianaphthyl, benzofuranyl, isobenzoturanyl, indolyl, oxyindolyl, iscindolyl, indazolyl, indolinyt,
7-azaindolyl, benzopyranyl, coumarinyl, isocoumarinyl, quinelinyl, isoquinolinyl, naphthridinyi,
cinnelinyl, quinazolinyl, pyridopyridyl, benzoxazinyl, quinoxalinyl, chrowenyl, chromanyl,
isochromanyl, phthalazinyl, benzothiazoyl and carbolinyl}.

{6629} As used herein, the terrn “alkoxy” means alkyl-O--; and “alkoy!” means alkyl-CO--.
Alkoxy substituent groups or alkoxy-containing substituent groups may be substituted by, for

example, one or more alkyl groups.
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(6630} As used herein, the term “halogen” means a fluorine, chlorine, bromine or iodine
vadical, preferably a fluorine, chlorine or bromine radical, and wore preferably a bromine or
chlorine radical.

160631} Compounds of forraula T can have one or more asymmetric carbon atoms and can
exist in the form of optically pure enantiomers, mixtures of enantiomers such as, for example,
racemates, optically pure diastercoisomers, mixtures of diastercoisomers, digastercoisomeric
racemates or mixtures of diastercoisomeric racemaies. The optically active forms can be
obtained for example by resolution of the racemates, by asymmetric synthesis or asymetric
chromatography {chromatography with a chiral adsorbents or eluant). The invention embraces all
of these forms.

{3632} As used herein, the ters “pharmaceutically acceptable salt” weans any
pharmaceutically acceptable salt of the compound of forrmula (I). Salts may be prepared from
pharmaccutically acceptable non-toxic acids and bases mcluding norganic and organic acids and
bascs. Such acids inchude, for cxampic, acctic, benzencsulfonic, benzoic, camphorsulfonic, citrie,
cthenesultonic, dichloroacetic, formic, fumaric, ghiconic, glutamic, hippuric, hydrobromic,
hydrochloric, isethionic, factic, maleic, malic, mandelic, methanesulfonic, mucic, nitric, oxalic,
pamoic, pantothenic, phosphoric, succinic, sulfuric, tartaric, oxalic, p-toluenesulfonic and the
like. Particularly preferred are fumaric, hydrochloric, hydrobromic, phosphoric, succinice, sulfuric
and methanesulfonic acids. Acceptable base salts include alkali metal {c.g. sodium, potassium)},
alkaline carth metal (c.g. calcinm, magnesium) and aluminurn salts.

16433 In one embodiment of the invention, provided is a compound of formula (I):

wherein:
Ry is lower alkyl, trimethylsilyl or pyridinyi;
onc of Ry or Ry 1s absent and the other is ~CHR5 or -CHLC(O R ;; and
Rs is pyridinyl, 1H-indol-3-vl, unsubstituted phenyl or phenyl mono-, bi- or iri-

substituted independently with alkoxy,
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or a pharmaceutically acceptable salt thereof.

{0034} In another embodiment of the invention, provided is a cornpound
formula (1), wherein R is lower alkyl,

160335] In another embodiruent of the nvention, provided is a compound
formula (1}, wherein Ry is trimethylsilyl.

[6036] In another embodiment of the invention, provided is a corpound
formula {I), wherein Ry is pyridinyl.

{6637} In another embodiment of the invention, provided 18 a compound
formulda (1), wherein one of Ry or Ry 15 absent and the other is —~CHpRa.

{6638} In another embodiment of the invention, provided is a compound
formula (I), wherein one of R, or Ry is absent and the other is ~CH;C{O)R,.
16039] In another embodiment of the invention, provided is & compound

formula (1), wherein Bi s pyridinyl

[ 68340 in another cmbodiment of the invention, provided is & compound
formula (1), wherein Ry is 1 H-indol-3-yL.

18041} In another embodiment of the invention, provided is a compound
formula (1), wherein Rz is phenyl mono-substituted with methoxy.

[6042] In another embodiment of the mvention, provided is a compound
formula (1}, wherein Ry is phenyl bi-substituted with methoxy.

16643} In another embodiment of the invention, provided is a compound
formula (1), wherein Rz is phenyl tri-substituted with methoxy.

16044] In another embodiment of the invention, provided 18 a compound

according to

according to

according to

according to

according to

according to

according 1o

according to

according 1o

according to

according to

formula (I), wherein R; is absent, Ry 18 ~CHC(O)R2 and Ry is phenyl bi-substituted with

mcthoxy.

8045} In another embodiment of the invention, provided is a compound according to

formula (I}, whercin Ry is lower alkyl, Ry is lower alkyl, one of R; or R, is absent and the other

is ~CHaRs, or —CHoC{O3R, and Ry is pyridiny! or 1H-indol-3-yl.

{8046] In another embodiment of the invention, provided is a compound according to

formula (I}, wherein Ry is trimethylsilyl, Ry is lower alkyl, one of Ry or Ry is absent and the

other is ~CHyRs, or ~CHC(OHR5 and R is pyridinyt or TH-indoi-3-y1.

10
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{6047} In another embodiment of the invention, provided is & compound according to
formula (1), wherein Ry is pyridinyl, Ro 18 lower alkyl, one of Rz or Ry is absent and the other &
~CHoRy, or ~CHC(O)R;, and Ry is pyridinyl or 1H-indol-3-y1.
[843438] In another embodiment of the invention, provided is & compound according to
formula (1}, wherein Ry is lower alkyl, R is lower alkyl, one of Ry or R, is absent and the other
1 —CHyRs, or —-CHC{O)R,, and R; is substituted or unsubstituted phenyl.
180491 In another embodiment of the invention, provided is a compound according to
formula (1), wherein Ry is trimethylsilyl, R, 1s lower alkyl, one of Ry or Ry is absent and the
other is ~CHRa, or -CHC(OR,, and R; s subatituted or ungsubstituted phenyl.
{G050] In another embodiment of the invention, provided is a compound according to
formula (1}, wherein R is pyridinyl, R, is lower alkyl, one of R; or R, is absent and the other &5
~CH,Ry, or ~CHC(OR;, and Rj is substituted or unsubstituted phenyl.
18651} In another cmbodiment of the invention, provided 18 & compound according to
formula (1), wherein the compound is:
Ethyl-1-(2-(2,4-dimethoxyphenyl)-2-oxocthyl )-3-(pyridin-2-yi)- 1 H-pyrazole-5-
carboxylate;
Ethyl-1-{2-(2, 4-dimethoxyphenyl}-2-oxoethyl)}-5-(pyridin-2-yi -1 /{-pyrazole-3-
carboxylate;
Ethyl-1-(2-(2,5-dimethoxyphenyl)-2-oxocthyl}-3-(pyridin-3-yl)-1 H-pyrazole-5-
carboxylate;
Ethyl-1-(2-(2,4-dimethoxyphenyl)-2-oxoethyl}-3~{trimethylsilyl)- 1 H-pyrazole-5-
carboxylate;
Ethyl-1-2-(2,5-dimethoxyphenyl)-Z-oxoethyl)-3-(trimethylsilyhy- 1 H-pyrazole-5-
carboxylate;
Ethyl 3-{pyndin-2-yh- 1-{pyridin-3-ylmethyl)- LH-pyrazole-S-carboxvlate;
Ethyl 1-(3.,4,5-trimethoxybenzyl}-3-(trimethvisilyl)-1 H-pyrazole-3-carboxylate;
Ethvi-1-2-(2, 4-dimethoxyphenyl)-2-oxoethy-3-(pyridin-3-yi}- 1 H-pyrazole-5-
carboxylate;
Ethyl 1-(2-ox0-2-(pyndin-3-yhethyl)-S-(trimethylsilyl)-1 H-pyrazole-3-carboxylate;

Ethyl 1-{2-ox0-2-{pyridin-3-yhethyl)}-3-(irimethylsityl)-1 H-pyrazole-S-carboxvylate;

11
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Ethyl-1-(2-(2,5-dimethoxyphenyl)-Z-oxocthyl)-3-(pyridin-2-yi)- 1 H-pyrazole-5-
carboxylate; or
Ethyt 1-({1 H-indol-3-ymethyl}-3-isopropyt-1H-pyrazole-5-carboxylate.
[6032] In a further embodiment of the invention, provided is a pharmaceutical composition,
comprising a therapeutically effective amount of a compound according to formula (0} or a
pharmaceutically acceptable salt thereof and a pharraaceutically acceptable carrier.
{8053} In a further embodiment of the invention, provided is a method for freating a
degenerative disease or disorder, comprising the step of adminisiering a therapeutically effective
amount of a corapound according to forraula (1} or a pharmaceuntically acceptable salt thereof and
a pharmaceutically acceptable carrier to a patient in need thereof. The degencrative diseases and
disorders include, for example, retinitis pigmentosa.
16054 In another embodiment of the invention, provided s a method of treating a retinal
degenerative discase m a subject in noed thercotf, comprising administering to said subject a
therapeutically effective amount of a compound or a pharmaceutically acceptable salt thereof
according to tormula {1},
18055 In & yet further embodiment of the invention, provided is a method for preventing
calcium-induced or oxidant-induced mitochondrial damage preventing or loss of mitochondrial
respiratory capacity in a cell susceptible thereof wherein the calcium-induced or oxidant-induce
mitochondrial damage or loss of mitochondrial respiratory capacity comprises excess of cGMP
that increases the number of ¢GMP-gated cation channels in an open configuration, allowing an
influx of Cal2+ into the cell, said method comprising contacting the cell with an effective amount
of a compound or a pharmaceutically acceptable salt thereof according to formula (I).
[3056] In the practice of the method of the present invention, an effective amount of any one
of the compounds of this invention or 4 cornbination of any of the compounds of this invention
or a pharmaceutically acceptable salt thereof, is admimstered via any of the usual and acceptable
methods known in the art, cither singly or in combination. The compounds or compositions can
thus be admunistered, for example, ocularly, orvally (e.g., buccal cavity), sublingually,
parenterally (c.g., intramuscularly, intravenously, or subcutancousiy), rectally (e.g., by
suppositorics or washings), transdermally {(c.g., skin electroporation} or by inhalation (¢.¢., by
acrosol}, and in the form or solid, liguid or gascous dosages, including tablets and suspensions.
The administration can be conducted in a single unit dosage form with continuous therspy orina
12
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single dose therapy ad Hibitum. The therapeutic composition can alse be in the form of an oil
emulsion or dispersion in conjunction with a hpophilic salt such as pamoic acid, or 1o the form of
a biodegradable sustained-release composition for subcutaneous or intramuscular administration.
[6057] Useful pharmaceutical carriers for the preparation of the compositions hereof, can be
solids, Hauids or gases. Thus, the compositions can take the form of tablets, pills, capsules,
suppositorics, powders, enterically coated or other protected formulations {(e.g. binding on ion-

exchange resins or packaging in Hpid-protein vesicles), sustained release formulations, solutions,

including those of petroleum, animal, vegetable or synthetic origin, ¢.g., peanut oil, soybean oil,
mineral oil, sesame oil, and the like. Water, saline, aguecus dextrose, and glycols are preferred
fiquid carriers, particularly {(when isotonic with the blood) for injectable solutions. For example,
formulations for intravencus administration comprise stertle aqueous sohutions of the active
mgredient(s) which are prepared by disselving solid active ingredicnt(s) m water to produce an
aqueous solution, and rendering the solution sterile. Suitable pharmaceutical excipients inclade
starch, cclulose, tale, glucose, lactose, tale, gelatin, roali, rice, flour, chalk, silica, rmagnesium
stearate, sodium stearate, glycero! monostearate, sodium chloride, dried skim milk, glycerol,
propylene glycol, water, cthanol, and the lke. The compositions may be subjected to
conventional pharmaceutical additives such as preservatives, stabilizing agents, wetting or
emulsifying agents, salts for adjusting osmotic pressure, buffers and the like. Suitable
pharmaceutical carriers and their formulation are described in Remington’s Pharmaceutical
Sciences by E. W. Martin. Such compositions will, in any event, contain an effective amount of
the active compound together with a suitable carrier so as to propare the proper dosage form for
proper administration to the recipient.

[GOS8] The dose of a compound of the present invention depends on a number of factors,
such as, for example, the manner of administration, the age and the body weight of the subject,
and the condition of the subject to be treated, and ultimately will be decided by the attending
physician or veterivarian. Such an ameunt of the active compound as determined by the
attending physician or veterinarian is referred to herein, and in the claims, as a “therapeutically
ctfective amount”. For exarple, the dose of a compound of the present mvention is typically in
the range of about 1 to about 1000 mg per day. Preferably, the therapeutically effective amount is
in an srount of from about | mg to about 500 myg per day,

13
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{6059] It will be appreciated, that the compounds of general formula I in this invention may
be dertvatized at functional groups to provide derivatives which are capable of conversion back
t¢ the parent compound in vive. Physiologically acceptable and metabolically labile derivatives,
which are capable of producing the parent compounds of general formula 1 in vive are also
within the scope of this invention.

{8660} Compounds of the present invention can be prepared beginning with comraercially
available starting materials and utilizing general synthetic techniques and procedures known to
those skilled in the art. Chemicals may be purchased from companics such as for example
Aldrich, Argovaut Technologies, VWR. and Lancaster. Chromatography supplies and equipment
may be purchased from such companies as for example Analogix, Inc, Burlington, Wis,;
Biotage AB, Charlottesville, Va.; Analytical Sales and Services, Inc., Pompton Plains, N1
Teledyne Isce, Lincoln, Nebr, VWR International, Bridgeport, N.J.; Varian Inc., Palo Alto,
Calif,, and Multigram I Mettler Toledo Instrument Newark, Del. Biotage, 1SCO and Analogix

columns are pre-packed silica gel columns used in standard chromatography.

{3061} The compounds of formula | can be prepared according to the following scheme:
Scheme 1
Rng
2a-N O
v«N andfor N
Vs ¢ M D
O / B i j ﬂ““‘/

i ] i

18662} As scen in Scheme 1, compounds of formula | and I {collectively “formula (1)) may

be made using mtermediate 1. Intermediate 1 may be made from reacting an acetylene where R
can be, for example, aryl, phenyl, 2-pyridyl, or 3-pyridyl, methyl, tert-butyl, trimethy! silyl,
trialkyl silyl, dialkylphenylsilyl, diphenylalkylsiiyl, or triphenyisityl with the appropriately
commercially available diazocthyl acetate (purchased from Aldrichy at the appropriate
temnperature {such as 95 °C) for the appropriate time {(such as 24 hours) (Cheung, K.M.J;
Reynisson, J.; McDonald, E. Tetrahedron Lett. 2010, 51 5915 — 5918). Formation of compounds
of formula I may then be made by reacting intermediates of formula 1 with a base such as
LiHMDS, KHMDS, NaHMDS, LDA, Buli, t-BuMgCl, any alkyl lithium, any aryl lithium, any
alkyl Grignard, or any aryl Grigoard, that may or may not be in the presence of 18-crown-6, or

14
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compeunds analogous thereto, in a solvent such as DMFE, THF, or 1,4 dioxane at the appropriate
temperature with any coramercially available Ro-X to afford compounds of forroulation Tor H as
either a mixture, or cxclusive. R, and Ry, independently of cach other, may be, for example,
benzyl, aryl, aryl keto, 24-dimethoxyphenyly-2-oxoethyl, (2.5-dimethoxyphenyl}-2-oxoethyl,
pyridin-3-yimethyl, 34 5-trimethoxybenzyl,  2-oxo-Z-{pyridin-3-vllethyl,  -(1H-indol-3-
vhmethyl. X may be any halogen such as chlorine, broraine, or iodine.

18063} The invention will now be further described in the Examples below, which are

intended as an tllustration only and do not limit the scope of the invention.
Exarmples
£ Preparation of Certain Intermediates of the Invention

Ethvl 3-{irimethvisilvly-1 H-pyrazole-3-carboxylate

H
f'N O
N / W\
P Va
S °

{0064} To a flame dried sealed tube equipped with a stir bar that was cooled under argon was
added trimethylsilylacetylene (1.0mL, 9.56 mmol} and ethyldiazoacetate (1.5 mL, 9.6 mmol}.
The tube was then scaled and heated to 95 °C over night. The next day the reaction was cooled
to room terperature and the resulting mixture diluted with hexanes. It was then filtered. The
precipitate was then washed with hexancs twice. It was then used without any further

purification.

Ethvl 3-(pyridin-2-v}-1 H-pvrazole-S-carbaxvlate

H
N O
N \
Ny / 0

\‘ 7
[6065] Was prepared in a similar way as cthyl 3-(trimethylsilyly-1 H-pyrazole-S-carboxylate
using diazoethyl acetate {(Purchased from Aldrich) and 2-ethyunyl-pyridine (Purchased from

Aldrich).

J—
(V4]
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Ethvl 3-(pyridin-3-vi- 1 -pyrazole-5-carboxviate

H
~N 4
N \
W

[6066] Was prepared wn a simatlar way to ethyl 3-(trimethylsilyl}-1H-pyrazole-S-carboxylate
using diazocthyl acctate (Purchased from Aldrich) and Z-cthynyl-pyridine (Purchased from

Aldrichy

1-Benzovl-15-indol-3-vDimethvl benzeate

;Bz
SN
P
BzO
16067] To an oven dried flask that cooled under argon was added the (IH-indol-3-

yhmethanol (1.0 grams, 6.8 mmel, 0.1M in dry dichloromethane, purchased from Fisher
Scientific, stored over 4 angstrom molecular sieves) and DMAP (0.083 grams, 0.68 mmol).
While stirring at 0°C, tricthyl avaine (2.0 wl, 14.3 mmol, purchased frovo Fisher Scieuntific) was
added followed by benzoyl chloride (8.96 ml., 8.2 mmol, purchased from Fisher Scientific).
Once the reaction was corapicie 1t was diluted with watcer, and the orgame layer removed. The
aqueous layer was then washed with dichloromethane twice and the organic material combined.
The organic material was dried with sodium sulfate, fiHered, and concentrated.  Punification
using a Teledyne ISCO on silica support (hexanes/ethyl acetate gradient) afforded the desired 1-
benzoyl-1#-indol-3-yhimethyl benzoate . 42% yield. 1H-NMR & 842 (d, 1H), 8.02 (dd, 2H),
7.76 (m, 3H). 7.62 (dd, 1H), 7.54 (m, 3H), 7.47 - 737 (m, 5H), 5.50 (5, 2H).

Ethvl 3-isopropvi-1H-pyvrazole-3-carboxvlate

;\_,;-—NH O

.’
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{6068} To a clean round bottom flask equipped with a stir bar, Dean-Stark trap, and reflux

condenser was added 3-isopropyl-1 H-pyrazole-5-carboxylic acid (1 gram, 6.49 mmol, purchased
from Fisher Scientific). 30 mLb of ethanol (95%, purchased from Fisher Scientific) was addad
followed by 30 mL of benzene., 43 upl of acetyl chloride was then added aund the solation
refluxed over the three days. The solvent was then removed using a Buchi roteevaporator. The
residue was then taken up in ethyl acctate and washed with NaHCO3 (saturated). It was then
dried with sodium sulifate, filtered and concentrated. Purification using a Teledyne ISCQO silica
chromatography (hexanes/ cthyl acetate gradient) afforded the desired ester. Yield, 85% IH-
NMR 5 6.7 (s, 1D, 5.1 (bs, NH), 4.41 (¢, 2F), 3.13 (septet, T, 1.38 (1, 3H), 1.33 (d, 6H),
{L. Preparation of Certain Embodiments of the Invention
FExamples I and 2

Ethvl 1-(2-(2.4-dimethoxyphenvl-2-oxocthyi)-3-(pyridin-2-v1}- 1 f-pyrazole-§-

carboxviate and Fthvl 1-(2-(2 4-dimethoxyphenyli-2-oxoethvi-5-{nyridin~2-yi)- 1 H-
pyrazole-3-carboxviaie

s
o 39 )3
{ ?’ 2
0 lN-w\ /\f g\;.,,
N/

N\
—9 L (N

13069 To an oven dried flask equipped with a stir bar cooled under argon was added ethyl 3-
{pyridin-2-yi}-1 H-pyrazole-S-carboxylate (0.03 grams, 0.14 mmol, 0.1M in 1.4 dioxane
{anhydrous Sure Seal, purchased from Aldrich}). While stirring at room temperature, a solution
of KBHMDS (0.17 mbL, 0.15 mmol, 0.87 M in toluene, purchased from Fisher Scientificy was
added slowly. In a separate oven dried flask cooled under argon was added 2-bromeo-1-(2,4-
dimethoxyphenyhethanone (8.04 grams, 8.154 mumol, 8.1M in 1,4 dioxane (anhydrous Sure Seal,
purchased from Aldrich})).

{6078} After stirring  for one hour at room temperature the solution  of
dimcthoxyphenylethanone was added to the cthyl 3-{pyridin-2-y1)-1H-pyrazole-3-carboxylate

and the reaction continued to stir at room teroperature over night. The uvext day, the reaction
17
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was diluted with 0.1 M HCI and ethyl acetate. The organic material was extracted. The aqueous
fayer was salted out with sodium chloride and washed twice with ethyl acetate. The combined
organic material was then dried with sodium sulfate, filtered and concentrated. Purification
using a Teledyne ISCO on a silica support (hexanes, ethyl acetate gradient) affords the two
regioisomers in a i:1 ratio. Further purification can be done using a Teledyne ISCO Ci¥ reverse
phase column using water with 0.1% formic acid, acetonitrile gradient. Combined vield, 60%.
1-(2-(2,4-dimethoxyphenyl}-2-oxoethyl}-3-(pyridin-2-yi}-1 H-pyrazole-S-carboxylate 1TH-NMR &
8.34 {ddd, 1H), 7.81 (d, 1H)}, 7.69 {m, 2H), 7.29 (s, 1H}, 7.14 (m, 1H), 6.54 (dd, 1H), 6.51 {d,
LH), 6.23 (s, 2H), 4.4 {(q, 2H), 3.97 {5, 3H), 3.88 (s, 3H), 1.43 {&, 3H). calculated mass for
C2THZIN30S, 39515, observed, 396.2 (M + 1),
{6071} f-(2-{2,4-dimcthoxyphenyl)-2-oxoethyh-5-(pyridine-2-yl}- 1 H-pyrazole-3-
carboxylate, TH-NMR §  §.33 (dd, 1H), 7.81 (d, 1H), 7.69 (. 2H), 7.28 (s, 1H), 7.14 (1, 1H),
6.54 (dd ,1H), 6.50 {d, 1H), 6.22 {s, 2H), 4.44 (4, 2H), 3.96 (5, 3H), 3.88 (s, 3H), 1.42 (t, 3H).
Calculated mass for C2THZIN3OS, 395,15, observed, 418.1 (M + Na).
Example 3

Ethyl 1-(2-(2 S-dirnethoxyphenvl-2~oxocthvi-3-{pyridin-3-vi- 1 F-pyrazole-5-

carboxviate

o %
: -0
8] /\N—
L0
M
N
P x)\\

(6072} To a flarne dried flask cquipped with a stivbar cooled under argon was added ethyl 3-

{(pyridin-3-yi}-1 H-pyrazole-S-carboxylate (0.02 grams, 0.092 mmol, .1 M in THF). Whie
stirring at room fempcerature NaH (0.0055 grams, 1.8 ramol, 60% in nuneral oi, purchase from
Aldrich} was added. After fifteen nmunutes 2-bromo-1-(2,5~-dimethoxyphenyhethanone (0.047
grams, (.14 mmol, purchased from Aldrich} was added as a solid. The reaction was stirred
overnight.  The next day, the reaction was quenched with G.1M HCL and the organic material
extracted using cthyl acetate. The aqueous layer was salted out using sodium chloride and

washed twice with cthyl acetate. The corabined organic material was then dried with sodium
18



CA 02905957 2015-09-11

WO 2014/160181 PCT/US2014/025985

suifate, filtered, and concentrated.  Purification was done on preparative thin layer
chroruatography using hexanes/ethyl acetate (1:2) to afford the desired compound. Yield, 10%.
IH-NMR & 9.07 (bs, 1H), 8.58 (bs, 1H), 8.13 (d, 1H), 747 {d, 1H), 7.31 (bs, 1H), 7.29 (s, I1H},
7.14 (dd, 1H}, 7.00 {(d, 1H}, 6.03 (5, 2H), 4.32 (g, 2H), 3.99 (s, 3H), 3.79 (5, 3H), 1.35 {1, 3H).
Calculated mass for C2THZIN3(GS, 395,135, observed, 3963 (M + 1)

Example 4

Ethyl 1-(2-(2 4-dimethoxyphenvh-2-oxoethyD-3-(rimethylsilyD-1 H-pyrazole-5-

carboxvlate
N
8] ;
/ “ - -0
O /\N“
Nez= i\
; N\
NS

{88731 This compound was prepared i 3 similar method to ethyl  1-(2-(2,5-
dimethoxyphenyly-2-oxocthyl}-3-(pyridin-3-yh-1f-pyrarole-5-carboxylate  using  eothyl  3-
{trimethylsilyl}- 1A -pyrazole-S-carboxylate  and  2-brome-1+(2,4-dimethoxyphenyliethanone
{purchased from Aldrich). 1H-NMR & 9.92 (d, 1H), 7.02 {s,1H), 6.57 (dd, 1H), 6.51 {d, 1H},
5.67 {s, 2H}, 4.39 {quartet, 2H), 3.98 (s, 3H), 3.89 (s, 3H), 1.38 (¢, 3H), 0.27 ¢s, 9H).

Example 5

Ethvl 1-(2-(2 5-dimethoxyrhenvl)-2-oxocthvi-3-(trimethvisitvDy-1 H-pyrazole-3-

carboxviate
o

; @ d
! ™\
O ;\j-«\
) Ne
N

P A

16074] This compound was prepared m a similar method to ethyl  1-(2~(2,5-

dimethoxyphenyi}-2-oxoethyl)-3-(pyridin-3-vi}-1H-pyrazole-5-carboxylate  using ethyl 3-

(trimethyisilyD-1 H-pyrazole-5-carboxylate  and  2-bromo-1-{2,5-dimethoxyphenyhiethanone
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{Purchased from Aldrich) 1H-NMR § 7.40 (d, tH), 7.12 (dd,1H), 7.02 (dd, 1H), 6.96 (d, 1H),
5.72 (s, 2H), 4.40 {q, 2H), 3.96 {s, 3H), 3.78 (s, 3H), 1.39 (1, 3H), 0.28 (s, OH).

Example 6

Ethvi 3-(pyridin-2-vi)-1-{pvridin-3-vimethyl}-1 H-pyrazole-S-carboxylate

2

i /u\
"y
i
{
—
LE

{8075} To a flame dried flask cquipped with a stir bar cooled under argon was added cthyl 3-
{(pyrdin-3-yh-1H-pyrazole-S-carboxylate  (0.02 grams, 0.092 yawol), 3-bromo-methylene-
pyridine-HBr (0.0466 grams, (.18 mmol, purchased from Aldrichy and Tmb of THF (anhydrous,
Sure Scal purchased from Aldrich). While stirring at room temperature sodiom hydride (0.011
grams, 0.28 mmol, 60% in mincral oil, purchased from Aldrich), was added and the reaction
continued to stir over night at room temperature. The next day, the reaction was guenched with
0.1M HCL and the organic matenal extracted using cthyl acetate. The aqueous layer was then
salted out using sodium chloride, and washed twice with ethyl acetate. The combined organic
material was then dried with sodium sulfate, filtered, and concentrated. Purification was done on
preparative thin layer chromatography using hexanes/ethyl acetate (1:2) to afford the desired
compound. Yield, 9.4%. TH-NMR 3 8.67 {m, 2H), 8.56 (w, 1H), 8.00 (d, 1H), 7.80 - 7.72 (m,
2H), 7.56 (m, 1H), 7.35 - 7.24 {im, ZH), 5.88 (s, ZH}, 4.34 (g, 2H), 1.36 {t, 3H).

Example 7

Ethvl 1-(3.4.5-tnimethoxybenzyl-3-(trimethylsilyl- 1 H-pyrazole-S-carboxylate
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{6076] This compound was made in an analogous fashion to  ethyl 1-(2-(2,5-
dimethoxyphenyl)-2-oxoethyl )-3-(pyridin-3-yi}-1 H-pyrazole-S-carboxylate  using  ethyl  3-
(trimethylsilyl}-1H-pyrazole-5-carboxylate and 3.4,5-trimethoxy benzyl chloride {(purchased
from Aldrich), 1H-NMR 8 6.98 (s, 1H), 6.21 (s, 2H), 5.44 (s, 2H), 441 (g, 2H}, 3.81 (3, 3H),
3.76 {s, 6H), 1.40 (1, 3H), 0.22 (5, 9). Calculated mass for C19H28NZO584, 39218, observed,

393.0 (M + 1), 415.1 (M+Na).
Example &

Ethvl 1-2-(2 4-dimethoxyphenvh-2-oxoethy-3-(pyridin-3-v}-1 H-pyrazole-3-

carboxylate
o )
&}
{ -, %O
) N §
= e
N\
) e
—~0 it
N 27
{6677} This compound was made in an analogous fashion to  ethyl 1-(2-(2,5-

dimethoxyphenyl)-2-oxoethyl}-3-«(pyridin-3-yh-1H-pyrazole-S-carboxylate  using  cthyl  3-
{pyridin-3-yl}- 1A -pyrazole-3-carboxylate  and 2-bromo-1-(2 4-dimethoxyphenvhethanone
{purchased from Aldrich). 1H-NMR 8 9.08 (s, 1H), 8.58 {d, 1H), 8.14 (d, 1H), 8.00 {d, 1H)},
7.33 {m, 1H), 7.27 (s, 1H), 6.58 (dd, 1H), 6.49 (d, 1H}, 5.98 (s, 2H), 4.31 (g, 2H), 400, (8, 3H),
3.88 (s, 3H), 1.34 {1, 3H). Calculated mass for CZ1HZIN303, 395.15, observed, 396.2 (M + 1},

Fxample 9

Ethyl 1-(Z2~oxo-2-{pyridin-3-yDethvD-3-(rimethvisilvD- Li-nvrazole-3-carboxviate

9) \ s
S
N
~ cN
N Ny
\\\\"—J/
(M )
L\
[6078] This compound was made in an analogous fashion to  athyl 1-(2-(2,5-

dimethoxyphenyl}-2-oxoethyl)-3-(pyridin-3-yl}- 1 H-pyrazole-S-carboxylate  using  eothyl  3-

(tnmethylsilyD-1H-pyrazole-S-carboxylate  and 2-bromo-1-(pyridin-3-yijethanone HBr
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{purchased from Aldrich)., 1TH-NMR 3 9217 {d, 1H), 888 (dd, 1H}, 824 {ddd, 1H), 7.50 (td,
TH), 7.03 (s, 1H)Y, 573 (s, 2H), 4.40 {q, 2H), 1.39 (&, 3H), 0.28 (s, 9H). Calculated mass for
CI6H2IN30O35, 331,14, observed, 332.0 (M + 1}

Example 10

Fthyl 1-(2-ox0-2-(pyridin-3-vhethvli-3-(trimethvisilvh-1 H-pyrazole-3-carboxviate

O
N.—-
[f—" N\\
Ny 4 .
i

188749} This compound was made in an analogous fashion to cthyl 1-(2-(2,5-
dimethoxyphenvly-2-oxocthyl-3-(pyridin-3~y- 1 H-pyrazole-3-carboxylate  using  eothyl  3-
{trimethylsilyl}-1/-pyrarole-S-carboxylate  and 2-bromo-1~{pyridin-3-yijethanone HBr
{purchased from Aldrich). 1H-NMR & 920 {d, I1H), §.84 (dd, 1H), 8§25 {dt, 1H), 746 (dd, 1H),
707 (s, 1H), 6.05 (3, 2H), 4.26 (q, 2H), 1.31 {t, 3H), 032 (s, 9H). Calculated mass for
CIOHZ2IN3035;, 331 .14, observed, 332.0 (M + 1),

Example 11

Eihyl 1-(2-(2 S-dimethoxyphenvii-2-oxocthyi-3-(pyridin-2-vi - L FH-pyrazole-5-
carboxvlate

G
V=N )

/
é‘*\\‘:;——-«\ﬁ N/\ T

)
{BORO] This compound was made in an analogous fashion to  ethyl 142-(2,5-
dimethoxyrhenyli-2-oxocthy-3-(pyridin-3-yh-1 F-pyrazole-S-carboxylate  wsing  othyl  3-
(trimethylsilyl}-1/f-pyrazole-5-carboxylate  and  2-bromo-~-1-(2,5-dimethoxyphenylethanone
{purchased from Aldrich}. 1H-NMR 8 8.65 (dt, 1H), 7.94 (d, 1H), 7.72 (dd, 1H), 7.57(s, 1H),
74T {d, TH), 7.22 (dd, 1H), 7.13 (dd, 1H), 6.98 (s, 1H), 6.05 (s, 2H), 4.28 (g, 2H), 3.98 (s, 3H),
3.78 (s, 3H}, 1.33 {t, 3H}). Calculated mass for C21H21IN3035, 39515, observed, 396.2 (M + 1)
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Example 12

Ethyl 1-{(1 H-indol-3-vimethvi)-3-isopropvi- 1H-pyrazole-S-carboxvlate

{6081} To an oven dried flask cooled under argon equipped with a stir bar was added cthyl 3-
isopropyl-1 H-pyrazole-5-carboxylate (0.044 grams, 0.24 mwmol, 0.1 in anhydrous 1,4 dioxane).
While stirring at room temperature KHMDS (6.3 mL, 0.261 mmol, 0.87 M in toluene} was
added. After stirring for 45 minutes, a solution of {I-benzoyl-1H-indol-3-yhHmethyl benzoate
(0.02 grams, 0.056 mmol, in 1.0mL of anhydrous 1.4 dioxanc) was added and the reaction
mixture stirred over night.  The next day, the veaction was quenched with §.1M HCI and the
organic material extracted with ethyl acetate. The agneous solution was then salted out using
sodium chloride and washed twice with cthyl acctate. The combined organic raaterial was then
dricd with sodium sulfate, filicred, and concentrated. Purification using a Teledyne ISCO
chromatography on silica gel (hexanes/ethyl acetate gradient) followed by a Teledyne ISCO
chromatography using C18 reverse phase {water with $.1% formic acid, acctonitrile gradient)
afforded the desired compound. Yield, 63%.1H NMR A 8.29 (hs, 1H), 7.58 (d, TH), 7.36 (d,
TH), 720 {4, tH)y, 7.8 (¢, 1H), 6.96 (s, HH), 6.62 (s, 1H), 558 {5, 2H), 4.41 (g, 2H), 3.03 (m,
TH), 1.39 (, 3H), 1.16 (d, 6H). Calculated wass for C18H2ZIN302Z, 311.16. Observed 334.1
{(M+1).

Lxample 13

Biological Assays of Certain Compounds of the Invention

13082} The compounds of the invention were tested in various biological agsays. The resulis
of these assays indicated that the compounds of the invention ameliorated dysregulated
bioenergetics and are, thus, useful for treatment of degenerative discases and disorders, such ag

retinal damage,

b
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MTT Assay

[6083] The compound 3-(4,5-Dimethylthiazol-2-v13-2,5-diphenyhtetrazolium bromide (MTT)
is a tetrazolium ion that is reduced to a bhue formazan dyve via several families of NADPH-
dependent oxidoreductases.  Formation of the formazan dye from MTT or other related
tetrazohium dyes arc commonly used as & viability assay even though, in fact, the assay is a
metabolic capacity assay. While it 18 truc that dead cells cannot produce NAD(PH, very sick
cells n the throes of death can exhibit extremely high levels of metabolic capacity as they
attempt to overcome stress and it is well known that the MTT and related assays report on the
ability of cclls to producce reducing equivalents, and not hive-dead ratios {Sumantran 2011). As
shown below, it was found that the MTT assay was a useful metabolic assay when linked to
more speeific biocnergetic assays.

[6084] In this assay, 661W or C6 ceils were maintained in DMEM sopplemented with 18%
FBS. 100 pl of 70,000 cells/mb cells were sceded into cach well of 96 well plates using
DMEM supplemented with 5% FBS. Cells were then allowed to grow to confluency for 48
hours. The compounds of the invention were added in 2 gl media and calcium-ionophore
A23187 was then added in 1 pL for a final concentration of 1 uM and after 24 b, 20 ol of 2
pgiml MTT were added to each well and the cells were incubated for another 4 h after which
100 L of 1% SDS in 0.01 M aquecus HC were added to cach well and the plates were
incubated overnight. Absorbance was measured at 640 and 570 oM (background correction}.
The | uM ionophore A23187 caused about 50% loss in MTT signal at 24 h. Protection was
calculated as the increase in absorbance of treatment groups normalized to the vehicle coutrol.
As shown in Table I, the compounds of the invention gave significant protection at low
concentrations:

Tahle §

Example MTT Protection (%, concentration}
i 10.4%, 800pM
2 73.9%, RO0pM
3 43 5%, 1nM
4 87%, 10nM
5 76.6%, 10nM
6 73.5%, 10aM
7 40%, 10nM
¥ 75.6%, InM
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9 39%, InM
10 47 8%, 1nM
i1 28.3%, M
12 59.4%, InM

XF FCCP-Uncoupled Oxveen Consumption Rate Assay

3685} The XF FCCP-uncoupled oxygen consumption rate assay assesses mitochondrial
capacity by measuring cellular respiration. It was shown that the maximuam FCCP-uncoupled
oxygen consumption rate (OCR) was a good estimate of maximal mitochondrial capacity
{Beeson 2010) and that IBMX treatment of 661W or C6 cells for 24 h cansed a loss in maximal
uncoupled OCR (Perron 2013). Thus, cells were pretreated with the exemplified compounds for
I h, added 600 pM IBMX and then measured the uncoupled rate after 24 h. The OCR
measurements  were performed using a Seshorse Bioscience XF  oinstrument  (Seahorse
Bioscience, Billerica, MDD, as previously published (Perron 2013). O; leakage through the
plastic sides and bottom of the plate was accounted for using the AKOS algorithm in the XF
software package. Cells were plated on 96- or 24-well custom plates designed for use in the XF
and grown to confluency in DMEM + 5 9% FBS (48 h). The medium was then replaced with
DMEM + 1% FBS for 24 h, along with any treatments. The IBMX treatment alone typically
caused about a 50% decrease in the uncoupled rate and protection was calculated as the increase
in absorbance of treatment groups normalized to the vehicle control.  As shown in Table 2,
below, the compounds of the invention gave significant protection in the concentration ranges

that gave maximal protection in the MTT assay:

Table 2
Example No. XFFCCP OCR (% Cry,

concentration)

1 58% @ luM

2 62% @ 100nM

3 Not Tested

4 67% (@ 10nM

S 72% @ 10nM

6 75% (@ 10nM

8 64% (@ 100nM

9 67% @ 100nM

B
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Retinal Degeneration Assay

[ 0086} The in vitro data demonstrated that the corapounds of the invention mitigated
oxidative~ and calchum-induced loss of mitochondrial metabolic capacity. It was reasoned that
the compounds’ activities would enable them to protect against loss of photoreceptors in retinal
degenerative animal models. As a translational bridge between the cell ine-based assays and in
vivo animal studies, mouse retina organ cultures were utilized.  These retinal explants were a
powerful ex vive screcuing tool, which allowed the testing of photoreceptor cell survival within
the retinal network, and the effects of a specific compound were tested like 1n an in vitro system,
without systernic interference. ln this assay, the rd/ mouse was utilized. The genotype of the rd/
mouse has a mutation in the B-subunit of the phosphodiesterase gene. This mutation resulted in
high levels of ¢GMP, leaving an increased number of the ¢cGMP-gated channels in the open state,
allowing intracellular calcium to rise to toxic levels and rapid rod degeneration. The genetic
deficit and the retinal pathelogy were very similar to that observed in the patients with BPDE-
dependent RP. In these mice, rod photoreceptor degeneration started after postnatal day 10
(P10}, progressing rapidly, such that at P21, only 1-2 rows of photoreceptor remained, mainky
representing concs. Finally, the rdf mouse retina was armenable to culturing, replicating both
retinal development and degeneration, following the same time course as in vivoe. The retinal
explants were cultured for 11 days ex vivo. Explants were treated with compounds of the
invention. Additives were replaced with fresh medium in every alternate day. At the end of the
experiments, tissucs were fixed, sectioned and stained with 8.1% toluidine and the numbers of
rows of photoreceptors remaining in the outer vuclear layer {ONL) were counted. Rdl explants
treated with vehicle only were found to contain 1.2 +0.19 cells in the ONL. This was in contrast
to cultures treated with the compounds of the invention that showed significant protection {Table

3 belowy:

Table 3
Example No. Rd1 vehicle (# of rows) rdi protection
{concentration, # of rows)
2 1.3 20nM 4.46
4 116 10nM 3.2

]
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Livht Model Assav

00687} The light model assay is generally accepted as a model of age related macular
degeneration {(AMD}.  Light as an enviroumental factor has been shown to be toxic to rod
photoreceptors if the retina was exposed to high light levels over a long period of time ; and
oxidative stress has been implicated as the main trigger for cell death. In particular, oxidative
damage has been detected by imnmunohistochemistry, detecting the presence of oxidized and
tyrosine-phosphorylated proteing as well as the upregalation of endogenous antioxidants such as
thioredoxin and glutathione peroxidase. Likewise, exogenous antioxidants have been found to
protect the rodent retina from light damage. Additional indirect evidence for the involvement of
oxidative stress in photoreceptor degeneration has been provided by treatment of photodamaged
retinas with antioxidants such as dimethylthioures, or the treatment of N-methyl-N-nitrosourea
(MNUj-challenged rats with the antioxidant DHA.

[GO88] The light model assay was used to further test the therapeutic potential of the
cornpouids of the invention. Photoreceptors from albine animals are very sensitive to constant
light, lacking the RPE pigment to protect them. Thus, Balb/c mice were exposed to continuous
light for 7 days, which caused loss of about 50% of the photoreceptor cells a8 measured via
histology. To test the potential therapeutic efficacy, eyedrops were formulated in 0.1% Bij 35 in
9% saline, applied once or twice daily throughout the period of light exposure, and assessed their
effect on the hght-induced degeneration of photoreceptor cells morphologically and
electrophysiologically, 10 days after the onset of the CL exposure. In control BALB/c mice,
constant light resulted in the chimination of ~50% of the photoreceptors {average retina score:
4.3 £ 0.25 rows of photoreceptors), whereas the mice treated with compound eyedrops once per

day retatned significantly more photoreceptors cells (Table 4},

Table 4
Example LB vehicle (# of rows) LD Protection (concentration,
# of rows)
4 4.95 125uM 6,42
16089] As scen above, the compounds of the invention mitigate oxidative- and calcium-

mediated loss of mitochondrial capacity in cell lines and protect photoreceptors from cell death

in several models of retinal degeneration,
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13698] It is to be understood that the invention is not limited to the particular embodiments
of the invention described above, as variations of the particular embodiments may be made and

still fall within the scope of the appended claims.



THE EMBODIMENTS OF THE INVENTION FOR WHICH AN EXCLUSIVE
PROPERTY OR PRIVILEGE IS CLAIMED ARE DEFINED AS FOLLOWS:

1. The compound according to formula (I):

@,
wherein:

R; is pyridinyl,;

one of R and Ry is hydrogen and the other is —CH,R3 or —CH,C(O)R3; and

R3 unsubstituted phenyl or phenyl mono-, bi- or tri-substituted independently with
alkoxy,

or a pharmaceutically acceptable salt thereof.

2. The compound according to claim 1, wherein one of R, and Ry is hydrogen and the

other is —CH5R;.

3. The compound according to claim 1, wherein one of R and Ry is hydrogen and the

other is —CH,C(O)R3.

4. The compound according to claim 1, wherein R3 is phenyl mono-substituted with

methoxy.

5. The compound according to claim 1, wherein Rj is phenyl bi-substituted with

methoxy.

6. The compound according to claim 1, wherein R3 is phenyl tri-substituted with

methoxy.
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7. The compound according to claim 1, wherein R is hydrogen, Ry is —CH>C(O)R3 and
Rj is phenyl bi-substituted with methoxy.

8. The compound according to claim 1, wherein said compound is:

Ethyl 1-(2-(2,4-dimethoxyphenyl)-2-oxoethyl)-3-(pyridin-2-yl)-1H-pyrazole-5-
carboxylate;

Ethyl 1-(2-(2,4-dimethoxyphenyl)-2-oxoethyl)-5-(pyridin-2-yl)-1H-pyrazole-3-
carboxylate;

Ethyl 1-(2-(2,5-dimethoxyphenyl)-2-oxoethyl)-3-(pyridin-3-yl)-1H-pyrazole-5-
carboxylate;

Ethyl 1-(2-(2,4-dimethoxyphenyl)-2-oxoethyl)-3-(pyridin-3-yl)-1H-pyrazole-5-
carboxylate; or

Ethyl 1-(2-(2,5-dimethoxyphenyl)-2-oxoethyl)-3-(pyridin-2-yl)-1H-pyrazole-5-

carboxylate.

9. The compound according to formula (I):

(D,

wherein:

R is trimethylsilyl;

one of R, and Ry is hydrogen and the other is —CH,R3 or —CH>C(O)R3; and

Rj is unsubstituted phenyl or phenyl mono-, bi- or tri-substituted independently with
alkoxy,

or a pharmaceutically acceptable salt thereof.
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10. The compound according to claim 9, wherein one of R, and Ry is hydrogen and the

other is —CH5R;.

11. The compound according to claim 9, wherein one of R, and Ry is hydrogen and the

other is —CH,C(O)Rs.

12. The compound according to claim 9, wherein R3 is phenyl mono-substituted with

methoxy.

13. The compound according to claim 9, wherein Rj is phenyl bi-substituted with

methoxy.

14. The compound according to claim 9, wherein Rj; is phenyl tri-substituted with

methoxy.

15. The compound according to claim 9, wherein R; is hydrogen, Ry is —CH,C(O)R3
and Rj is phenyl bi-substituted with methoxy.

16. A compound, wherein said compound is:

Ethyl 1-(2-(2,4-dimethoxyphenyl)-2-oxoethyl)-3-(trimethylsilyl)-1H-pyrazole-5-
carboxylate;

Ethyl 1-(2-(2,5-dimethoxyphenyl)-2-oxoethyl)-3-(trimethylsilyl)-1H-pyrazole-5-
carboxylate; or

Ethyl 1-(3,4,5-trimethoxybenzyl)-3-(trimethylsilyl)-1H-pyrazole-5-carboxylate.

17. The compound according to formula (I):
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@,

wherein:
R; is C;-Co alkyl or trimethylsilyl;
one of R, and Ry is hydrogen and the other is —CH,R3 or —CH>C(O)R3; and
R3 is 1H-indol-3-yl,

or a pharmaceutically acceptable salt thereof.

18. The compound according to claim 17, wherein R, is C;-Cg alkyl.

19. The compound according to claim 17, wherein R is trimethylsilyl.

20. The compound according to claim 17, wherein one of R, and Ry is hydrogen and the

other is —CH5R;.

21. The compound according to claim 17, wherein one of R, and Ry is hydrogen and the
other is —CH,C(O)R;.

22. The compound according to claim 17, wherein said compound is:
Ethyl 1-((1H-indol-3-yl)methyl)-3-isopropyl-1H-pyrazole-5-carboxylate or a

pharmaceutically acceptable salt thereof.

23. A pharmaceutical composition, comprising a compound as defined in any one of
claims 1 to 22 or a pharmaceutically acceptable salt thereof and a pharmaceutically acceptable

carrier.
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24. Use of a therapeutically effective amount of a compound as defined in any one of

claims 1 to 22 for the treatment of a degenerative disease or disorder in a patient in need thereof.

25. Use of a compound as defined in any one of claims 1 to 22 in the manufacture of a

medicament for the treatment of a degenerative disease or disorder.

26. Use of a therapeutically effective amount of a pharmaceutical composition as defined

in claim 23 for the treatment of a degenerative disease or disorder in a patient in need thereof.
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