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COMPOUNDS FOR THE TREATMENT OF
ACUTE ORGAN INJURY

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application claims the benefit of U.S. Provi-

sional App. 62/736,554, filed Sep. 26, 2018, the contents of
which are hereby incorporated 1n 1ts entirety.

STATEMENT OF GOVERNMENT SUPPORT

[0002] This mnvention was made with government support
under NS088145 awarded by the National Institutes of
Health. The government has certain rights in this mvention.

FIELD OF THE INVENTION

[0003] The invention 1s directed to methods of treating
acute organ mjury, mcluding injuries to the central nervous
system, cardiovascular system, and renal system.

SUMMARY

[0004] Dasclosed heremn are neuroprotective compounds
useful for treating organ 1myury relating to 1schemic events.
[0005] The details of one or more embodiments are set
forth 1 the descriptions below. Other features, objects, and
advantages will be apparent from the description and from
the claims.

BRIEF DESCRIPTION OF THE FIGURES

[0006] FIG. 1 depicts an 1n vitro screen of NSCI13378,

NSC74429, and NSC25247 on the staurosporine injury

assay.
[0007] FIG. 2 depicts an 1n vitro screen of NSC74429 and

NSC25247 on glutamate-excitotoxicity and hydrogen per-
oxide (H,O,)-oxidative stress assays.

[0008] FIG. 3 depicts how NSC74429 unexpectedly mha-
bits pAKT473 levels m cultured primary rat cortical
neurons.

[0009] FIG. 4 depicts how NSC74429 1s a potent neuro-

protectant 1 adult rat asphyxia cardiac arrest (ACA).
[0010] FIG. 5 depicts how NSC74429 does not mcrease

pAKT473 levels 1 vivo.

[0011] FIG. 6 depicts how NSC74429 1s a potent neuro-
protectant 1n an adult mouse model of controlled cortical
impact plus hemorrhagic shock (CCI+HS).

DETAILED DESCRIPTION

[0012] DBetfore the present methods and systems are dis-
closed and described, it 1s to be understood that the methods
and systems are not limited to specific synthetic methods,
specific components, or to particular compositions. It 1s
also to be understood that the terminology used heremn 1s
tor the purpose of describing particular embodiments only
and 1s not mtended to be limiting.

[0013] As used mn the specification and the appended
claims, the smgular forms “a,” “an” and “the” include plural
referents unless the context clearly dictates otherwise.
Ranges may be expressed herein as from “about™ one parti-
cular value, and/or to “about” another particular value.
When such a range 1s expressed, another embodiment

includes— from the one particular value and/or to the other
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particular value. Similarly, when values are expressed as
approximations, by use of the antecedent “about,” 1t will
be understood that the particular value forms another embo-
diment. It will be turther understood that the endpoints of
cach of the ranges are significant both 1n relation to the other
endpoint, and independently of the other endpoint.

[0014] “Optional” or “optionally” means that the subse-
quently described event or circumstance may or may not
occur, and that the description includes instances where
said event or circumstance occurs and instances where 1t
does not.

[0015] Throughout the description and claims of this spe-
cification, the word “comprise” and vanations of the word,
such as “comprising” and “comprises,” means “mncluding
but not limited to,” and 1s not intended to exclude, for exam-
ple, other additives, components, mtegers or steps. “Exemp-
lary” means “an example of” and 1s not intended to convey
an mdication of a preferred or 1deal embodiment. “Such as”
1s not used 1n a restrictive sense, but for explanatory
puUrposes.

[0016] Disclosed are components that can be used to per-
form the disclosed methods and systems. These and other
components are disclosed herein, and 1t 1s understood that
when combinations, subsets, iteractions, groups, etc. of
these components are disclosed that while specific reference
of each various mdividual and collective combinations and
permutation of these may not be explicitly disclosed, each 1s
specifically contemplated and described herein, for all meth-
ods and systems. This applies to all aspects of this applica-
tion mcluding, but not limated to, steps 1 disclosed meth-
ods. Thus, 1f there are a variety of additional steps that can
be performed 1t 1s understood that each of these additional
steps can be performed with any specific embodiment or
combination of embodiments of the disclosed methods.
[0017] The term “alkyl” as used herein 1s a branched or
unbranched hydrocarbon group such as methyl, ethyl, n-pro-
pyl, 1sopropyl, n-butyl, isobutyl, t-butyl, pentyl, hexyl, hep-
tyl, octyl, nonyl, decyl, dodecyl, and the like. The alkyl
group can also be substituted or unsubstituted. Unless stated
otherwise, the term “alkyl” contemplates both substituted
and unsubstituted alkyl groups. The alkyl group can be sub-
stituted with one or more groups including, but not limited
to, alkoxy, alkenyl, alkynyl, cycloalkyl, heterocycloalkyl,
aryl, heteroaryl, aldehyde, amino, carboxylic acid, ester,
ether, halide, hydroxy, ketone, mitro, silyl, sulfo-oxo, or
thiol. An alkyl group which contains no double or triple
carbon-carbon bonds 1s designated a saturated alkyl group,
whereas an alkyl group having one or more such bonds 1s
designated an unsaturated alkyl group. Unsaturated alkyl
oroups having a double bond can be designated alkenyl
oroups, and unsaturated alkyl groups having a triple bond
can be designated alkynyl groups. Unless specified to the
contrary, the term alkyl embraces both saturated and unsa-
turated groups.

[0018] The term “cycloalkyl” as used herein 1s a non-aro-
matic carbon-based ring composed of at least three carbon
atoms. Examples of cycloalkyl groups include, but are not
limited to, cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl,
etc. The term “heterocycloalkyl” 1s a cycloalkyl group as
defined above where at least one of the carbon atoms of
the ring 18 replaced with a heteroatom such as, but not lim-
ited to, nitrogen, oxygen, sulfur, selentum or phosphorus.
The cycloalkyl group and heterocycloalkyl group can be
substituted or unsubstituted. Unless stated otherwise, the
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terms “cycloalkyl” and “heterocycloalkyl” contemplate
both substituted and unsubstituted cyloalkyl and heterocy-
cloalkyl groups. The cycloalkyl group and heterocycloalkyl
group can be substituted with one or more groups including,
but not Imted to, alkyl, alkoxy, alkenyl, alkynyl,
cycloalkyl, heterocycloalkyl, aryl, heteroaryl, aldehyde,
amino, carboxylic acid, ester, ether, halide, hydroxy, ketone,
nitro, silyl, sulfo-oxo, or thiol. A cycloalkyl group which
contains no double or triple carbon-carbon bonds 1s desig-
nated a saturated cycloalkyl group, whereas an cycloalkyl
group having one or more such bonds (yet 1s still not aro-
matic) 18 designated an unsaturated cycloalkyl group.
Unless specified to the contrary, the term cycloalkyl
embraces both saturated and unsaturated, non-aromatic,
ring systems.

[0019] The term “aryl” as used herein 15 an aromatic ring
composed of carbon atoms. Examples of aryl groups
include, but are not limited to, phenyl and naphthyl, etc.
The term “heteroaryl” 1s an aryl group as defined above
where at least one of the carbon atoms of the ring 1s replaced
with a heteroatom such as, but not limited to, nitrogen, oxy-
gen, sulfur, selenium or phosphorus. The aryl group and het-
croaryl group can be substituted or unsubstituted. Unless
stated otherwise, the terms “aryl” and “heteroaryl” contem-
plate both substituted and unsubstituted aryl and heteroaryl
oroups. The aryl group and heteroaryl group can be substi-
tuted with one or more groups including, but not limited to,
alkyl, alkoxy, alkenyl, alkynyl, cycloalkyl, heterocy-
cloalkyl, aryl, heteroaryl, aldehyde, amino, carboxylic
acid, ester, ether, halide, hydroxy, ketone, nitro, silyl,
sulfo-0xo, or thiol.

[0020] Exemplary heteroaryl and heterocyclyl rings
include: benzimidazolyl, benzoturanyl, benzothioturanyl,
benzothiophenyl, benzoxazolyl, benzoxazolinyl, benzthia-
zolyl, benztriazolyl, benztetrazolyl, benzisoxazolyl, benzi-
sothiazolyl, benzimidazolinyl, carbazolyl, 4aH carbazolyl,
carbolinyl, chromanyl, chromenyl. cirmolinyl, decahydro-
quinolinyl, 2H,6H~ 1,5,2-dithiazinyl, dihydrofuro[2,3 b]tet-
rahydrofuran, furanyl, furazanyl, imidazohidinyl, imidazoli-
nyl, 1midazolyl, IH-indazolyl, mdolenyl, ndolinyl,
indolizinyl, indolyl, 3H-1ndolyl, 1satinoyl, 1sobenzofuranyl,
1sochromanyl, 1soindazolyl, 1somdolinyl, 1soindolyl, 1soqui-
nolinyl, 1sothiazolyl, 1soxazolyl, methylenedioxyphenyl,
morpholinyl, naphthyridinyl, octahydroisoquinolinyl, oxa-
diazolyl, 1,2,3-oxadiazolyl, 1,2,4-oxadiazolyl, 1,2,5-oxadia-
zolyl, 1,3,4-oxadiazolyl, oxazolidinyl, oxazolyl, oxindolyl,
pyrimidinyl, phenanthridinyl, phenanthrolinyl, phenazinyl,
phenothiazinyl, phenoxathinyl, phenoxazinyl, phthalazinyl,
piperazinyl, piperidinyl, piperidonyl, 4-piperidonyl, pipero-
nyl, pteridinyl, purmyl, pyranyl, pyrazinyl, pyrazolidinyl,
pyrazolinyl, pyrazolyl, pyndazmyl, pyridooxazole, pyridoi-
midazole, pyridothiazole, pyridinyl, pyndyl, pyrimidinyl,
pyrrolidinyl, pyrrolinyl, 2H-pyrrolyl, pyrrolyl, quinazolinyl,
quinohinyl, 4H-quinolizinyl, qunoxalinyl, quinuchdinyl,
tetrahydroturanyl, tetrahydroisoquinolinyl, tetrahydroqui-
nolinyl, tetrazolyl, 6H-1,2,5-thiadiazinyl, 1,2,3-thiadiazolyl,
1,2, 4-thiadiazolyl, 1,2,5-thiadiazolyl, 1,3.4-thhadiazolyl,
thianthrenyl, thiazolyl, thienyl, thienothiazolyl, thienooxa-
zolyl, thienoimidazolyl, thiophenyl, and xanthenyl.

[0021] The terms “alkoxy” and “alkoxyl” as used herein to
refer to an alkyl or cycloalkyl group bonded through an
cther linkage; that 1s, an “alkoxy” group can be defined as
—OA! where Al 15 alkyl as defined above. “Alkoxy” also
includes polymers of alkoxy groups as just described; that
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1s, an alkoxy can be a polyether such as —OA1—OAZ2 or
OAl—(OA?%),—OA?, where “a” 1s an mteger of from 1
to 200 and Al, A2, and A3 are alkyl groups.

[0022] The terms “cycloalkoxy,” “heterocycloalkoxy,”
“cycloalkoxy,” “aryloxy,” and “heteroaryloxy” have the
aforementioned meanings for alkyl, cycloalkyl, heterocy-
cloalkyl, aryl and heteroaryl, further providing said group
1s connected via an oxygen atom.

[0023] As used heren, the term “null,” when referring to a
possible identity of a chemical moiety, indicates that the
oroup 1S absent, and the two adjacent groups are directly
bond to on¢ another. By way of example, for a genus having
the formula CH;—X—CHs, 1f X 15 null, then the resulting

compound has the formula CH;—CHs;.

[0024] As used herein, two atoms connected via the sym-

bol ''may be connected via a single or double bond.
[0025] As used herem, the term “substituted” 1s contem-
plated to include all permissible substituents of organic
compounds. In a broad aspect, the permissible substituents
include acyclic and cyclic, branched and unbranched, carbo-
cyclic and heterocyclic, and aromatic and nonaromatic sub-
stituents of organic compounds. Illustrative substituents
include, for example, those described below. The permaissi-
ble substituents can be one or more and the same or different
for appropriate organic compounds. For purposes of this dis-
closure, the heteroatoms, such as nitrogen, can have hydro-
ogen substituents and/or any permissible substituents of
organic compounds described heremn which satisty the
valencies of the heteroatoms. This disclosure 1s not intended
to be limited m any manner by the permissible substituents
of organic compounds. Also, the terms “substitution™ or
“substituted with” include the mmplicit proviso that such
substitution 1s 1 accordance with permitted valence of the
substituted atom and the substituent, and that the substitu-
tion results 1n a stable compound, ¢.g., a compound that does
not spontaneously undergo transtormation such as by rear-
rangement, cyclization, elimination, etc. Unless specifically
stated, a substituent that 18 said to be “substituted” 1s meant
that the substituent can be substituted with one or more of
the tollowing: alkyl, alkoxy, alkenyl, alkynyl, cycloalkyl,
heterocycloalkyl, aryl, heteroaryl, aldehyde, ammo, car-
boxylic acid, ester, ether, halide, hydroxy, ketone, nitro,
silyl, sulfo-oxo, or thiol. In a specific example, groups that
are said to be substituted are substituted with a protic group.
which 1s a group that can be protonated or deprotonated,
depending on the pH.

[0026] Unless specified otherwise, the term “patient”
refers to any mammalian animal, including but not limited
to, humans.

[0027] Pharmaceutically acceptable salts are salts that
retain the desired biological activity of the parent compound
and do not impart undesirable toxicological effects. Exam-
ples of such salts are acid addition salts formed with 1not-
ganic acids, for example, hydrochloric, hydrobromaic, sulfu-
ric, phosphoric, and nitric acids and the like; salts formed
with organic acids such as acetic, oxalic, tartaric, succinic,
maleic, fumaric, gluconic, citric, malic, methanesulfonic, p-
toluenesulfonic, napthalenesulfonic, and polygalacturonic
acids, and the like; salts formed from elemental anions
such as chloride, bromide, and 10dide; salts formed {from
metal hydroxides, for example, sodium hydroxide, potas-
stum hydroxide, calcium hydroxide, lithium hydroxide,
and magnesium hydroxide; salts formed from metal carbo-
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nates, for example, sodium carbonate, potassium carbonate,
calcium carbonate, and magnesium carbonate; salts formed
from metal bicarbonates, for example, sodium bicarbonate
and potassium bicarbonate; salts formed from metal sul-
tates, for example, sodium sulfate and potassium sulfate;
and salts formed from metal nitrates, for example, sodium
nitrate and potassium nitrate. Pharmaceutically acceptable
and non-pharmaceutically acceptable salts may be prepared
using procedures well known 1n the art, for example, by
reacting a sufficiently basic compound such as an amine
with a suitable acid comprising a physiologically acceptable
anion. Alkali metal (for example, sodium, potassium, or
lithium) or alkaline earth metal (for example, calcium)
salts of carboxylic acids can also be made.

[0028] Disclosed herem are compounds that can be used
to reduce organ mjury resulting from an 1schemic event, the
compounds having the formula:

X
L )k L*
Arl <N T T -~ \Ar2

R¥X | R:J:TE

or a pharmaceutically acceptable salt thereof,

[0029] wherein

[0030] Ar! comprises an aryl or heteroaryl group;

[0031] L1 1s selected from null and C,_salkyl;

[0032] R~x!1s selected from hydrogen, C, _salkyl;

[0033] X 1s O, NR¥ or S; wherein R& 1s selected from
RY OR¥, N(R¥),, SOR¥, SO;,N(R¥Y),, C(O)R¥;
C(O)ORY, OC(O)RY; C(ON(RN),, N(RM)C(O)R¥,
OC(O)N(R¥),, N(RMC(O)N(R¥'),, wheremn RV 1s m
cach case independently selected from hydrogen, C,._
salkyl, C, galkenyl, C,_galkynyl, aryl, C,_gheteroaryl,
C;_gcycloalkyl, or C,_gheterocyclyl;

[0034] Rx2 1s selected from hydrogen, C,_galkyl;

[0035] L= 1s selected from null and C,_salkyl;

[0036] Ar2 1s selected from an aryl and heteroaryl
group;

[0037] wherein any two or more of Arl, L1, Rxl| R¥,
R*2 .2 and Ar? may together form a ring.

[0038] In some 1nstances, Ar! can be an aryl or hetero-
cycle having the formula:

Rld
RIE )\ XIC
™~ / —
N\
| le
Rlﬂ

[0039] wheremn X2 15 selected from—N=CRxlel—;
—CRxlal=N—; O, §, and NRxl¢;

[0040] X!12 15 selected from N, CRx15, —N=CRx1?1_;
and 4CRxlbl=CRxle_;

[0041] Xlc¢ 15 selected from N
_CRx1c1=CRxlc2_;

[0042] wherem Rle 15 selected from L1, F, Cl, Br, I,
NO,, CN, R1e OR!!e N(R),, SO,R1e SO,N(R17)

CRxlr:?

>
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», C(O)R14; C(O)OR1e OC(O)R1e; C(O)N(R!1a),,
N(RZYC(O)R17, OC(ON(R17),, N(R1“YC(O)N(R!1)
», wherein R14' 15 1n each case independently selected
from hydrogen, C,_galkyl, C,_galkenyl, C,galkynyl,
aryl, Cigheteroaryl, Cs.gcycloalkyl, or Ci.
sheterocyclyl;

[0043] wherein R12 1s selected from L1, R1%) OR1Y
N(R15),, SO,R1? SO,N(R1%),, C(O)R1?; C(O)OR!5
, OC(O)R12"; C(O)N(R1%),, N(R12YC(O)R1', OC(O)
N(R1),, N(R¥)C(O)N(R1%),, wherem R1%" 15 1n
cach case mdependently selected trom hydrogen, C;.
galkyl, C,galkenyl, C, galkynyl, aryl, C,_gheteroaryl,
C;_gcycloalkyl, or Cy_gheterocyclyl;

[0044] wherein Rl€ 1s selected from L1, Rl¢, OR!<,
N(R1),, SO,R1¢ SO,N(R1¢),, C(O)R1e; C(O)ORIC,
OC(O)RI1¢; C(O)N(R!1),, N(RIFYC(O)R, OC(O)
N(R1¢), NRIYC(O)N(RI),, wherem Rl 1s 1n each
case mdependently selected from hydrogen, C, _galkyl,
C,.galkenyl, C,_galkynyl, aryl, C,_gheteroaryl, C;.
scycloalkyl, or C, gheterocyclyl;

[0045] wherein R4 1s selected from L1, R4 OR!14,
NR1),, SO,R17 SO,N(R19),, C(O)R14; C(O)OR!
, OC(O)R1; C(O)N(R19),, N(RIFYC(O)R1Z, OC(O)
NR),, NRMC(O)NRI), wherem R4 1s 1
cach case mdependently selected from hydrogen, Ci.
salkyl, C,_galkenyl, C,. salkynyl, aryl, C,_gheteroaryl,
C;_gcycloalkyl, or C_gheterocyclyl;

[0046] wherein R¥1e 15 selected from L1, Rx1e' SO,Rx14a
", SO,N(Rx1a%),  C(O)Rx1a"; C(O)ORx*1a" C(O)N(Rx1a")
», Whereimn Rx14" 15 1n each case independently selected
from hydrogen, C,_galkyl, C,. galkenyl, C,_galkynyl,
aryl, Cigheteroaryl, Cs.cycloalkyl, or C.
sheterocyclyl;

[0047] wheremn Rx15 15 selected from L1, Rx15 QRx15,
N(R*1%2),  SO,Rx15" SO,N(R*1%), C(O)R*1Y; C(O)
ORx1%' OC(O)R*1%"; C(O)N(Rx12),, N(Rx12)C(O)Rx15
, OC(O)N(Rx12),  N(R*12YC(O)N(R*15%),, wherein
Rx15" 15 in each case independently selected from
hydrogen, C,_salkyl, C,galkenyl, C,_galkynyl, aryl,
C,_gheteroaryl, Cs_gcycloalkyl, or C,_gheterocyclyl;

[0048] wherein Rx161 15 selected from L1, Rx121"
ORx161' N(Rx151), SO,Rx161’, SO,N(Rx151"), C(O)
Rx151: C(O)ORx121", OC(O)Rx121"; C(O)N(R*151%),
N(R*161)C(O)R*151", OC(O)N(R*151), N(Rx1561)C(O)
N(Rx121), wherein R¥121" 15 1n each case independently
selected from hydrogen, C,_salkyl, C,salkenyl, C,.
salkynyl, aryl, C,_gheteroaryl, Cs_gcycloalkyl, or Cy.
sheterocyclyl;

[0049] wheremn Rx152 15 selected from L1, Rx162
ORx152" N(Rx152"), SO,Rx1%2' SO,N(R*1%2), C(0O)
Rx162; C(O)OR=x162, OC(O)R*182; C(O)N(Rx152"),,
N(R*162)C(O)R*122" OC(O)N(R*162"),  N(Rx162)C(O)
N(R*122%), wherein R*¥152" 15 1n each case independently
selected tfrom hydrogen, C,_salkyl, C,galkenyl, C,.
salkynyl, aryl, C,_gheteroaryl, Cs_gcycloalkyl, or Cy_
sheterocyclyl;

[0050] wherein Rxle 15 selected from L1, Rxl¢’, ORxl¢,
N(Rx1),  SO,Rxl¢ SO,N(Rxlc¢),, C(O)Rxle; C(O)
OR=le, OC(O)R>1e"; C(O)N(Rx1¢),, N(Rx1¢')C(O)Rx1¢
, OC(O)N(Rxl¢),, N(Rx1HYC(O)N(R*1¢),, wherein
Rx1l¢"15 1 each case independently selected from hydro-
oen, Cgalkyl, C,galkenyl, C, galkynyl, aryl, C,_ghet-
croaryl, C;_gcycloalkyl, or C,_gheterocyclyl;
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[0051] wheremn Rxlel 15 selected from L1, Rxlel’
ORxlcl'? N(Rxlcl’)z? SOZRxlr::l’? SOZN(Rxlcl’)Z? C(O)
Rxlels C(O)ORxlel', OC(O)Rxlel’; C(O)N(Rxlel)),,
N(Rx1e1C(O)R=1el’, OC(O)N(Rx1el),  N(Rx1el)yC(O)
N(Rxlel), wheremn R¥1¢l 15 1 each case independently
selected from hydrogen, C,_galkyl, C,_galkenyl, C5_
salkynyl, aryl, C,_gheteroaryl, Cs_gscycloalkyl, or C,.
sheterocyclyl;

[0052] wheremn Rxle2 15 selected from L1, Rxle2’
ORx12’ N(Rx1e2), SO,Rx1e2’ SO,N(Rxl2), C(O)
Rx1e2;  C(O)ORx12' OC(O)Rx1<2; C(O)N(Rx1¢2"),,
N(R*1e2)C(O)R*1e2’, OC(O)N(Rx1e2), N(Rx1e2)C(O)
N(Rx1e2"), wherein R¥1¢2" 15 1n each case independently
selected trom hydrogen, C,_galkyl, C,galkenyl, C,.
salkynyl, aryl, C,_gheteroaryl, Cs_gcycloalkyl, or C,._
sheterocycelyl;

[0053] wherein any two or more of Rx!, R7, Rla R12,
Rlc? R 14 ] Rxla? Rxlb? Rxlblj Rxle? Rxlc? Rxlc*l? and
Rx1<2 may together form a ring;

[0054] wherein Ar! contains a single LT group.

[0055] In some embodiments, X 1s S, while 1n others X 1s
O.

[0056] Exemplary Ar! heterocycles imclude structures
having the formula:

E L
B h
")\ |
NT T R1% .H‘"’f R
vl K

[0057] In certain embodiments, one of R1a, R14 Rle and
R14 1s L1, and the other three groups are hydrogen. For
instance, R1e can be L1, and R1%2, R1¢ and R 14 are hydrogen;
or R12canbe L1, and R12, R1¢, and R14 are hydrogen; or R1¢
can be L1, and R12, R12 and R4 are hydrogen; or R14 can
be L1, and Rle, R12 and Rle¢ are hydrogen.

[0058] In certain embodiments X1« 1s NH, X12 is N, and
X2e15 CH.

[0059] In some cases, Ar2 can be an aryl or heterocycle
having the formula:
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[0060] wheremn X29 15 selected trom—N=CRx¥2al—;
—CRx2al=N—: O, S, and NRx2e;
[0061] X2 1s selected from N, CR¥?2, —N=CRx?461—;

and _CRxZE,?l:CRxle_;

[0062] Xl¢ 15 selected from N,  CRx?¢
— (CRx2c 1=CR1:2£2_;

[0063] wheremn R2< 15 selected from L2, R24') OR24,
N(R24),, SO,R24 SO,N(R24),, C(O)R2e"; C(O)OR?2a
, OC(O)R24"; C(O)N(R29),, N(R24)YC(O)R2a’, OC(O)
N(R2¢), N(R2)YC(O)N(R27),, wheremn R2¢ 15 m
cach case mdependently selected from hydrogen, Ci.
galkyl, C, galkenyl, C,. salkynyl, aryl, C,_gheteroaryl,
Cs_gcycloalkyl, or C,_gheterocyclyl;

[0064] wheremn R2% 15 selected from L2, R2%', OR2%,
N(R2%2),, SO,R2¥, SO,N(R22),, C(O)R2?"; C(O)OR2?
, OC(O)R25"; C(O)N(R28%),, N(R25)YC(O)R2%', OC(O)
N(R?2%%), N(R22YC(O)N(R??),, wherein R 1s m
cach case mdependently selected from hydrogen, Ci.
salkyl, C, galkenyl, C,_salkynyl, aryl, C,_gheteroaryl,
C;_gcycloalkyl, or Cy_gheterocyclyl;

[0065] wheremn R2¢ 1s selected from L2, R2¢’, OR?2¢,
N(R?2¢),, SO,R2%¢", SO,N(R2¢),, C(O)R?2%¢; C(O)OR?=7,
OC(O)R2%¢; C(O)N(R?¢),, N(R2)C(O)R?¢, OC(O)
N(R2¢), N(R2¢YC(O)N(R2¢),, wherem R2¢ 18 1n each
case mdependently selected from hydrogen, C, galkyl,
C,.galkenyl, C,_salkynyl, aryl, C,_gheteroaryl, Cs.
scycloalkyl, or C, _gheterocyclyl;

[0066] wherein R24 15 selected from L2, R24 OR24
N(R29),, SO,R24 SO,N(R27),, C(O)R24; C(O)OR24
", OC(O)R24; C(O)N(R29),, N(R2)C(O)R2, OC(O)
N(R??), N(R2)YC(O)N(R?),, wherein R?¥ 1is in
cach case mdependently selected from hydrogen, Ci.
galkyl, C,galkenyl, C,_salkynyl, aryl, C,_gheteroaryl,
Cs_geycloalkyl, or C,_gheterocyclyl;

[0067] wheremn Rx2a1 15 selected from L2, Rx2al’
SoszZ::ﬂ'? SozN(RxZHI’)Z? C(O)RxZal’; C(O)ORxZal’j
C(O)N(R*241"), wherem R*241" 15 1n each case indepen-
dently selected from hydrogen, C,_galkyl, C,_galkenyl,
C,_galkynyl, aryl, C,_gheteroaryl, C;_gcycloalkyl, or C,_
sheterocyclyl;

[0068] wherein R*2% 15 selected from L2, Rx25" QRx25,
N(R*22Y),  SO,R*22' SO,N(R*2%),  C(O)Rx20"; C(O)
OR*2%' OC(O)R*22';  C(O)N(R*28%),, N(R*22)C(O)
R¥= OC(O)N(R¥>%),,  N(R¥=PHC(O)N(R¥2H),,
wherem R*2%" 15 in each case independently selected
from hydrogen, C,salkyl, C,_galkenyl, C, galkynyl,
aryl, Ci_gheteroaryl, Cs.gcycloalkyl, or Ci.
sheterocyclyl;

[0069] wherein Rx2%21 15 selected from L2, Rx201
ORx261" N(R*261"),  SO,Rx261" SO,N(R*221"), C(O)
R*251:  C(O)OR*251' OC(O)R*261";  C(O)N(R*251%),.
N(R*261N\C(O)R*261 OC(O)N(R*251), N(R*261)C(O)
N(R*251"), wherein R¥2%1" 15 1n ¢ach case mdependently
selected from hydrogen, C,_salkyl, C,_salkenyl, C,.
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S

salkynyl, aryl, C,_gheteroaryl, Cs_gcycloalkyl, or C,._
sheterocyclyl; Az i . ” S

[0070] wherein R*252 is selected from L2, Rx252 " ) i
ORx*262" N(Rx262"), SO,R*2562" SO,N(R*252"), C(O) ) e “%N ﬁ;[%
Rx262: C(O)OR*262", OC(O)R 262”7 C(O)N(Rx262"),, S \ . S {
N(R*262YC(O)R*262" OC(O)N(R*262), N(Rx2562)C(O) R 5 [ \ R R
N(R~262%), wherein R¥2%2' is in each case independently - o e 0 - i

selected from hydrogen, C,_galkyl, C,galkenyl, C;.
salkynyl, aryl, C,_gheteroaryl, Cs_gcycloalkyl, or C,.
sheterocyclyl;

[0071] wheremn Rx2¢ 15 selected from L2, R¥2¢’, ORx2¢
N(R¥2¢%),, SO,R*2¢ SO,N(R*2¢),, C(O)R*2¢’; C(O)
OR=x2¢, OC(O)R*2¢"; C(O)N(Rx2¢"),, N(R*2¢)C(O)Rx2e R
. OC(O)N(Rx*2¢),, N(R*¥2¢YC(O)N(R*2¢"),, wherein
Rx*2¢" 15 1n each case independently selected from hydro-
ogen, C,. galkyl, C,_galkenyl, C,_galkynyl, aryl, C,_ghet-
croaryl, Cs;_gcycloalkyl, or C,_gheterocyclyl;

[0072] wherem Rx2¢l 15 selected from L2, Rx2el’
OR=x2cl' N(Rx2el'),  SO,R*2el’, SO,N(Rx2el),. C(O)

Rx2¢l’: C(O)ORx2el’, OC(O)Rx2el’; C(O)N(Rx2el"),, AP
N(R*2¢1)C(O)R*2¢1, OC(O)N(R*2¢1"),, N(R*2¢1)C(O) o . R .
N(Rx*2¢l),  wheremn R*2¢l" 15 1 each case independently ) | S \ P
selected from hydrogen, C,.salkyl, C,salkenyl, C,. I
salkynyl, aryl, C,_gheteroaryl, Cs_gcycloalkyl, or C,.
sheterocyclyl;
[0073] wherein Rx2¢2 15 selected from L2, Rx2<2 [0077] In certain embodiments, one of R22, R26, R2¢, and

ORx2¢2" - N(Rx2¢2),, SO,R*?c¢2" SO,N(R*?¢2),, C(O) R24 15 L2, and the other three groups are hydrogen. For
Rx2¢2":  C(O)ORx*2¢2' OC(O)R>2¢2";  C(O)N(Rx*2¢2") instance, R24 can be L2, and R22, R2¢, and R24 are hydrogen;
»,N(R*2e29C(O)R*2¢2’ OC(O)N(Rx2¢2),  N(Rx2¢2') or R2%2 can be 1.2, and R2¢, R2¢, and R2¢ are hydrogen; or R2¢
C(O)N(Rx*2¢2"), wherein R*2¢2" 15 1n each case mdepen- can be L2, and R22, R2?%, and R24 are hydrogen; or R2¢ can
dently selected from hydrogen, C,_galkyl, C,_galkenyl, be L2, and R2?a, R2%, and R2¢ are hydrogen.

C,_galkynyl, aryl, C,_gheteroaryl, C;_gcycloalkyl, or C,. [0078] In certain embodiments X2 1s NH, X2% 1s N, and

sheterocyclyl; X2¢1s CH.

[0074] wherein any two or more of R¥2, RV, R2a, R25, [0079] In some embodiments, Rl 1s L1 and R2%c 1s L2, or
RZe, R2d, Rx2a Rx2b Rx2bl Rx262 Rx2c Rx2¢l and R151s L1 and RZe1s .2, or R 1s L1 and R2%21s L2, 1.e., when
Rx*2¢2 may together form a ring; Arl = B-1 and Ar2 = B2, compounds having the formula:

Rza’
R:{‘Z-:J
| N\
N
/
N
\ 2
R4a R*
Rila R A R RX2¢
\N )\ L’ J‘L L’ )\
Al X Ny N\ F \
A \ l }l{x] }l{nﬂ | /N
h/\ ale RZEJ/\‘/\ N\
pxle R ld R0 R4 , Or

[0075] wheremn Ar? contains a single L2 group.
[0076] In certain embodiments, Ar? can be a group of:
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Rﬁ:lﬂ Rh:z
\ )\
/N\}* X
\ Y
Rxl-:?

~
~

Rza
LIRNJ'LN/ LZ\/l\

RxEs:'

or a pharmaceutically acceptable salt thereof.
[0080] wherein R:x:l? Rn? Rlﬂ? R 15 Rlc? Rld} Rl'lﬂ? Rxlb?

Rx161 Rx152

: Rxlc? Rxlcl? Rxch? Rij
R2d? RxZa? Rbe? Rbel? RbeZ? Rx2c3? Rchl

R¥. R2a,
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R26_ R2e.
, and R*2¢2 are as

defined above. Other embodimments include compounds

wherein:
[0081]
[0082]
[0083]
[0084]
[0085]
[0086]
[0087]
[0088]
[0089]
[0090]
[0091]
[0092]
[0093]
[0094]
[0095]
[0096]

[0097]

[0098] when Arlis A-1 and Ar? 1s A-2; Arl 1s B-1
Ar? 18 A-2; Ar! 15 D-1
Ar? 18 A-2; Arl 1s F-1
Ar? 18 A-2; Ar! 1s H-1

Ar?
Ar?
Ar? 1

R1a1s L1 and R29 15 [.2; or
Rla s L1 and R2?%2 15 [.2; or
Rl 1s L1 and R?%¢1s L2; or
Rla1s L1 and R24 1s L.2; or
R% 15 .1 and R22 15 1.2; or
R% 15 L. and R2% 15 L.2; or
R#% 1s L. and R2¢1s L.2; or
R#% 1s L1 and R24 158 1.2; or
Rle1s L1 and R2« 15 L.2; or
Rle1s L and R22 15 L.2; or
R1le1s L1 and R2¢ 15 L.2; or
Rle1s L1 and R24 15 L2; or
R141s .1 and R29 1s L.2; or
R141s .1 and R2% 1s L.2; or
R141s .1 and R2¢1s L.2; or
R141s L1 and R24 15 1.2

These linkage patterns are equally applicable to
heterocycles A-1-N-1, and A-2-N-2. For mstance:

1s A-2; Ar! 1s C-1 and
1s A-2; Ar! 1s E-1 and

1S A-2; Ar! 18 G-1 and

and
and
and
and

Ar21s A-2; Arl1sI-1 and Ar? 1s A-2; Ar1 1s J-1 and Ar?
1S A-2; Arl 1s K-1, and Ar?1s A-2; Arl1s L-1 and Ar? 1s
A-2; Arl 1s M-1 and Ar2 1s A-2; Ar! 1s N-1 and Ar? 1s
A-2;

[0099] when Arl1s A-1 and Ar?Z1s B-2; Arl 1s B-1
18 B-2: Ar! 1s C-1 and Ar? 18 B-2; Ar! 1s D-1
1s B-2; Ar! 1s E-1 and Ar? 1s B-2; Ar! 1s F-1

Ar?
Ar?
Ar?

B-2; when Ar! 1s A-1 and Ar2 1sC 2: Arl 1s B-1
18 C-2: Ar! 1s C-1 and Ar? 15 C- 2:, Arl 18 D-1
1s C-2; Arl 1s E-1 and Ar2 15 C-2; Ar! 18 F-1

Ar?
Ar?
Ar2

C-2;

[0100] when Ar! 1s A-1 and Ar? 1s D-2; Arl 1s B-1
Ar? 18 D-2; Ar! 1s D-1
Ar? 18 D-2; Ar! 1s F-1
Ar? 18 D-2; Ar! 1s H-1

Ar?
Ar?
Ar?

1S B-2: Ar! 1s GG-1 and Ar? 1s B-2; Ar! 1s H-1
Ar?1s B-2; Arl1sI-1 and Ar2 1s B-2; Arl 1s J-1 and Ar?
1S B-2; Arl 1s K-1, and Ar2 18 B-2; Ar 1s L.-1 and Ar2 1s
B-2; Arl 1s M-1 andAr2 18 B-2; Arl 1S N-1 and Ar?2 1s

18 C-2: Arl 1s G-1 and Ar? 1s C-2; Ar! 1s H-1
Ar?21s C-2; Arl1sI-1 and Ar2 15 C-2; Arl 18 J-1 and Ar?
18 C-2; Ar1 1s K-1, and Ar? 18 C-2; Ar 1s L.-1 and Ar? 1s
C-2; Arl 1s M-1 and Ar? 18 C-2; Ar! 18 N-1 and Ar=? 1s

1s D-2: Arl 1s C-1 and
1s D-2; Ar! 1s E-1 and

1s D-2; Ar! 1s G-1 and

and
and

and
and

and
and
and
and

and
and
and
and

ArZ21s D-2; Arl 1s I-1 and Ar? 1s D-2; Ar1 15 J-1 and Ar?
18 D-2; Arl 1s K-1, and Ar? 1s D-2; Ar 1s L.-1 and Ar? 18
D-2; Arl 1s M-1 and Ar? 18 D-2; Ar! 1s N-1 and Ar?2 1s
D-2;
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[0101] when Arl! 1s A-1 and Ar2 1s E-2; Ar! 1s B-1 and
Ar? 1s E-2; Arl 1s C-1 and Ar? 1s E-2; Ar! 1s D-1 and
Ar? 1s E-2; Arl 1s E-1 and Ar? 1s E-2; Ar! 1s F-1 and
Ar? 1s E-2; Ar! 1s G-1 and Ar2 1s E-2; Ar! 1s H-1 and
Ar? 18 E-2; Arl 1s I-1 and Ar? 1s E-2; Ar! 1s J-1 and Ar?
1s E-2; Arl1s K-1, and Ar? 1s E-2; Arl1s L-] and Ar2 1s
E-2: Arl 1s M-1 and Ar? 1s E-2; Ar! 1s N-1 and Ar? 1s E-
2;

[0102] when Arl!i1s A-1 and Ar? 1s F-2; Ar! 1s B-1 and
Ar2 1s F-2; Arl 1s C-1 and Ar? 1s F-2; Ar! 1s D-1 and
Ar21sF-2; Art 1s E-1 and Ar2 18 F-2; Ar! 1s F-1 and Ar?
1S F-2; Ar! 1s G-1 and Ar2 1s F-2; Ar! 1s H-1 and Ar2 1s
F-2: Arl 15 I-1 and Ar? 1s F-2; Ar! 1s J-1 and Ar? 1s F-2;
Arl 1s K-1, and Ar2 18 F-2; Ar! 1s -1 and Ar? 18 F-2;
Arl 1s M-1 and Ar? 1s F-2; Ar! 1s N-1 and Ar? 18 F-2;

[0103] when Ar!1s A-1 and Ar? 1s G-2; Ar! 1s B-1 and
Ar? 18 G-2; Ar! 1s C-1 and Ar? 18 G-2; Ar! 1s D-1 and
Ar?2 1s G-2; Ar! 1s E-1 and Ar? 1s G-2; Ar! 1s F-1 and
Ar2 18 G-2; Ar! 1s G-1 and Ar2 1s G-2; Ar! 1s H-1 and
Ar21s G-2; Art1s I-1 and Ar? 1s G-2; Ar! 1s J-1 and Ar?
18 G3-2; Arl 1s K-1, and ArZ1s G-2; Ar! 1s L-1 and Ar? 1s
(G-2:; Arl 18 M-1 and Ar? 18 G-2; Ar! 18 N-1 and Ar? 18
(3-2;

[0104] when Ar!i1s A-1 and Ar? 1s H-2; Ar! 1s B-1 and
Ar2 18 H-2; Ar! 1s C-1 and Ar? 18 H-2; Ar! 1s D-1 and
Ar2 1s H-2; Ar! 1s E-1 and Ar? 1s H-2; Ar! 1s F-1 and
Ar?1s H-2; Ar! 1s G-1 and Ar? 1s H-2; Ar! 1s H-1 and
Ar21s H-2; Art1s I-1 and Ar? 1s H-2; Ar! 1s J-1 and Ar?
1s H-2; Arl1s K-1, and Ar21s H-2; Ar! 1s L-1 and Ar? 1s
H-2; Ar! 1s M-1 and Ar? 1s H-2; Ar! 1s N-1 and Ar? 18
H-2;

[0105] when Ar! 1s A-1 and Ar2 1s I-2; Arl 1s B-1 and
Ar2181-2;: Art1s C-1 and Arz1s I-2; Arl 1s D-1 and Ar?
1S [-2; Arl1s E-1 and Ar? 1s [-2; Arl1s F-1 and Ar? 1s I-
2: Arl 18 G-1 and Ar2 1s I-2; Arl 1s H-1 and Ar? 1s [-2;
Arli1sI-1 and Ar21sI-2; Art1s J-l and ArZ 1s I-2; Arl s
K-1, and Ar21s [-2; Arl 1s L-1 and Ar? 1s I-2; Ar! 1s M-
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2: Arl 18 G-1 and Ar2 18 J-2; Arl 1s H-1 and Ar2 1s J-2;
Arl 1s I-1 and Ar2 18 J-2; Arl 1s J-1 and Ar? 1s J-2; Ar!
1s K-1, and Ar2 1s J-2; Ar! 1s L-1 and Ar21s J-2; Arl 1s
M-1 and Ar2 1s J-2; Ar! 1s N-1 and Ar? 1s J-2;

[0107] when Ar! 1s A 1 and Ar? 1s K-2; Arl 1s B-1 and
Ar? 18 K-2; Arl 1s C-1 and Ar? 1s K-2; Arl 1s D-1 and
Ar? 1s K-2; Ar! 1s E-1 and Ar? 1s K-2: Ar! 1s F-1 and
Ar? 18 K-2; Arl 1s G-1 and Ar2 1s K-2: Ar! 1s H-1 and
Ar?21s K-2; Arl 1s I-1 and Ar2 1s K-2:; Arl 18 J-1 and Ar?
18 K-2; Arl 1s K-1, and Ar?1s K-2; Arl 1s L.-1 and Ar? 18
K-2: Arl 1s M-1 and Ar? 18 K-2; Ar! 1s N-1 and Ar2 1s
K-2:

[0108] when Ar! 1s A-1 and Ar? 1s L-2; Ar! 1s B-1 and
Ar? 1s L-2; Arl 1s C-1 and Ar? 1s L-2; Arl 1s D-1 and
Ar?1s L-2; Ar! 18 E-1 and Ar? 1s L-2; Ar! 1s F-1 and
Ar? 1s L-2; Arl 1s G-1 and Ar2 1s L-2; Ar! 1s H-1 and
Ar21s L-2; Arl1s I-1 and Ar21s L.-2; Ar! 1s J-1 and Ar?
18 L-2; Arl 1s K-1, and Ar?2 1s L-2; Arl 1s L-1 and Ar? 1s
[.-2; Arl1s M-1 and Ar? 18 L.-2; Ar! 1s N-1 and Ar21s L-
2;

[0109] when Ar! 1s A-1 and Ar? 1s M-2; Arl 1s B-1 and
Ar?1s M-2; Arl 1s C-1 and Ar? 1s M-2; Arl 1s D-1 and
Ar?1s M-2; Arl 1s E-1 and ArZ 1s M-2; Arl 1s F-1 and
Ar? 1s M-2; Ar! 18 G-1 and Ar2 1s M-2; Ar! 1s H-1 and
Ar? 1s M-2:; Arl 1s I-1 and Ar2 1s M-2; Ar! 1s J-1 and
Ar?z 1s M-2; Arl 1s K-1, and Ar2 1s M-2; Arl 1s L-1 and
Ar? 1s M-2: Arl 18 M- | and Ar2 is M- 2: Arl 1s N-1 and

Ar?21s M-2; or
[0110] When Arl 1s A-1 and Ar? 1s N-2; Arl1s B-1 and

Ar? 18 N-2; Arl 1s C-1 and Ar? 18 N-2; Arl 1s D-1 and
Ar? 18 N-2: Ar! 1s E-1 and Ar? 1s N-2: Ar! 1s F-1 and
Ar? 18 N-2; Arl 1s G-1 and Ar?2 1s N-2; Ar! 1s H-1 and
Ar218 N-2; Arl 1s I-1 and Ar2 1s N-2; Arl 18 J-1 and Ar?
1S N-2: Arl 1s K-1, and Ar21s N-2; Arl1s -1 and Ar? 1s
N-2: Arl 1s M-1 and Ar2 1s N-2; Ar! 1s N-1 and Ar2 1s
N-2:

[0111] In particular embodiments of the above com-
pounds, L1 and L2 are each null; for instance, when Arl =
B-1 and Ar2 = B-2, R12 15 .1 and R2¢ 15 1.2, such a com-
pound would have the formula:

] and Ar2 18 I-2; Ar! 1s N-1 and Ar? 1s [-2;

[0106] when Ar! 1s A-1 and Ar? 1s J-2; Arl 1s B-1 and
Ar218J-2; Arl1s C-1 and Ar2 18 J-2; Arl1s D-1 and Ar?
1S J-2: Arl1s E-1 and Ar?1s J-2; Arl1s F-1 and Ar2 18 J-
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[0112] The skilled person understands the structures of
compounds formed by other embodiments defining alterna-
tive selections for Arl, Ar2, .1 and 1.2 as defined above. In
certain cases, 1t 18 preferred that:
[0113] R!le can be selected from H, C, _galkyl, F, Cl, Br,
I, NO,, CN, OR!“ wheremn Rl 1s hydrogen or C,.
salkyl;
[0114] R!1%2 can be selected from H, C, galkyl, F, Cl, Br,
I, NO,, CN, OR1Y wherein R 1s hydrogen or C;_
salkyl;
[0115] R!e can be selected from H, C,_salkyl, F, Cl, Br,
I, NO,, CN, OR!¢ wheremn R1¢ 15 hydrogen or C,.
salkyl;
[0116] R4 can be selected from H, C,_galkyl, F, Cl, Br,
I, NO,, CN, OR!¢, wheremn R1¢ 1s hydrogen or C,.

salkyl;
[0117] Rx! can be selected from H, C,_galkyl;
[0118] Rxla can be selected from H, C,_galkyl;
[0119] Rxle can be selected from H, C; _galkyl;
[0120] R=*1%2 can be selected from H, C;_galkyl;
[0121] Rx!21 can be selected from H, C,_galkyl, F, Cl,

Br, I, NO,, CN, OH or OC, galkyl;

[0122] Rxlel can be selected from H, C,_galkyl, F, Cl,
Br, I, NO,, CN, OH or OC, galky];

[0123] Rxl<2 can be selected from H, C,_galkyl, F, Cl,
Br, I, NO,, CN, OH or OC, galkyl;

[0124] R-2¢ can be selected from H, C,_galkyl, F, Cl, Br,
I, NO,, CN, OR?“, wherein R?¢" 1s hydrogen or C,._
salkyl;

[0125] R?22 can be selected from H, C,_galkyl, F, Cl, Br,
I, NO,, CN, OR2%', wherein R2%" 1s hydrogen or C,._
salkyl;

[0126] R-Z2c can be selected from H, C,_galkyl, F, Cl, Br,
I, NO,, CN, OR2¢, wheremn R2¢" 15 hydrogen or C,.

salkyl;

[0127] R?24 can be selected from H, C, galkyl, F, Cl, Br,
[, NO,, CN, OR2¢, wherein R2<¢" 1s hydrogen or C,_
salkyl;

[0128] R=*2 can be selected from H, C,_galkyl;

[0129] R=*2¢ can be selected from H, C,_galkyl;

[0130] Rx2¢ can be selected from H, C, _galkyl;

[0131] Rx2%2 can be selected from H, C,_galkyl;

[0132] R*2%21 can be selected from H, C,_galkyl, F, CI,

Br, I, NO,, CN, OH or OC, galkyl;

[0133] RA2%¢l can be selected from H, C,_galkyl, F, Cl,
Br, I, NO,, CN, OH or OC, galkyl;

[0134] Rx2¢2 can be selected from H, C,_galkyl, F, Cl,
Br, I, NO,, CN, OH or OC,_galkyl; wherein any two
or mor¢ of R groups may together form a ring.

[0135] The compounds disclosed herem may be used to
treat a variety of ditferent organ mjuries 1n adults, juveniles,
infants, and/or neonates. For mstance, mm some embodi-
ments, the mjured organ 1s part of the central nervous sys-
tem or cerebrovascular system. In other embodiments, the
injured organ 1s the heart or kidney. The compounds dis-
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closed herem may be used to treat injuries stemming from
1schemic events. In some 1nstances, the compounds dis-
closed heremn may be used to treat injuries resulting from
stroke, cardiac arrest, traumatic brain mjury, hemorrhagic
shock, or subarachnoid hemorrhage.

[0136] In certamn embodiments, the compounds disclosed
herein may be used to treat mjuries mn mfants and/or neo-
nates. For instance, the compounds may be used to treat
perinatal asphyxia and/or viral neonatal encephalitis.
[0137] The compounds disclosed herein may be used to
treat 1mjuries diagnosed by one or more of the following
tests: neurommaging tests (e.g. CI, MRI, PET, DTI, Laser-
Doppler), biomarker tests (e.g. blood or CSF GFAP or NSE
levels), behavioral/cognitive tests (e.g. encephalopathy),
and neurological scores (¢.g. Glasgow outcome score, mod-
ified Rankin Scale, Cerebral Performance Category, and
Mini-Mental State Examination).

[0138] The compounds disclosed herein may be provided
in a wide variety of pharmaceutical compositions. Such
compositions include, but are not limited to, unit dosage
forms mcluding tablets, capsules (filled with powders, pel-
lets, beads, mini-tablets, pills, micro-pellets, small tablet
units, multiple unit pellet systems (MUPS), disintegrating
tablets, dispersible tablets, granules, and microspheres, mul-
tiparticulates), sachets (filled with powders, pellets, beads,
mini-tablets, pills, micro-pellets, small tablet units, MUPS,
disintegrating tablets, dispersible tablets, granules, and
microspheres, multiparticulates), powders for reconstitu-
tion, transdermal patches and sprinkles, however, other
dosage forms such as controlled release formulations, lyo-
philized formulations, modified release formulations,
delayed release formulations, extended release formula-
tions, pulsatile release formulations, dual release formula-
tions and the like. Liquid or semisolid dosage form (liquads,
suspensions, solutions, dispersions, omtments, creams,
emulsions, microemulsions, sprays, patches, spot-on), mnjec-
tion preparations, parenteral, topical, inhalations, buccal,
nasal etc. may also be envisaged under the ambit of the
mvention.

[0139] Suitable excipients may be used for formulating
the dosage forms according to the present mvention such
as, but not limited to, surface stabilizers or surfactants, visc-
osity modifying agents, polymers including extended
release polymers, stabilizers, disintegrants or super disinte-
grants, diluents, plasticizers, binders, glidants, Iubricants,
sweeteners, flavoring agents, anti-caking agents, opacifiers,
anti-microbial agents, antifoaming agents, emulsifiers, bui-
fering agents, coloring agents, carriers, fillers, anti-adher-
ents, solvents, taste-masking agents, preservatives, antioxi-
dants, texture enhancers, channeling agents, coating agents
or combinations thereof.

[0140] The compounds disclosed herein may be adminis-
tered by a number of different routes. For mstance, the com-
pounds may be admimstered orally, transdermally, intrave-
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nously, subcutaneously, by inhalation, or by intracerebro-
ventricular delivery.

EXAMPLES

[0141] 'The following examples are for the purpose of
illustration of the mvention only and are not intended to
lmmit the scope of the present mvention m any manner

whatsoever.
[0142] Example 1: In Vitro Screen of NSCI13378,

NSC74429, and NSC2524°7 on the Staurosporine (STS)
Injury Assay.

NSC 13378 NSC 74429 NSC 25247

[0143] Primary rat cortical neurons were cultured on poly-
D-lysine coated 96-well plates at a density of 1x105/well n
Neurobasal medium + B27 supplement. 2 media swaps
were given every 3 d. ARA-¢ was added to the medium on
day 1n vitro (DIV) 3 to mhibit ghal proliferation. On DIV9,
maintenance media (2/3) was collected from plates and
mixed with fresh media (1/3) to obtain -67% conditioned
medium (CM). Staurosporine (STS) and drugs were pre-
pared 1mn 100% DMSO and diluted in CM. Uninjured con-
trols recerved an equal concentration of DMSO. Primary
cortical neurons were mcubated with + STS + drugs for mn
100 ul/well CM. Cell viability was determined 24 h later
(DIV10) by CellTiter-Blue® (n=10 replicates/group). (A)
NSCI13378 tailed to protect whereas 25-50 uM NSC74429
was potently neuroprotective. (B) 50 uM NSC25247 was
mildly neuroprotective. Data were analyzed by 1-Way-
ANOVA and Newman-Keuls Multiple Comparison Test.
Results are provided 1in FIG. 1. Graphs show Mean +SEM.
Data are significant at p<<0.05. Conclusion: NSC74429 1s a
potent a neuroprotectant as determined by the STS cell death
assay.

Example 2: In Vitro Screen of NSC74429 and
NSC25247 on Glutamate-Excitotoxicity and
Hydrogen Peroxide (H,0O5)-Oxidative Stress Assays

[0144] Primary rat cortical neurons were cultured on poly-
D-lysine coated 96-well plates at a density of 1x105/well n
Neurobasal medium + B27 supplement. 2 media swaps
were given every 3 d. ARA-c was added to the maintenance
medium on day 1n vitro (DIV) 3 to inhibat ghal proliferation.
Results are presented 1in FIG. 2. (A) On DIV9, maintenance
media (2/3) was collected from plates and mixed with fresh
media (1/3) to obtamm -67% conditioned medium (CM).
Cells were washed once with balanced salt solution (BSS
supplemented with 5 mM glucose; 200 uL/well). BSS was
replaced with BSS containing 10 uM glutamic acid, and
incubated on cells 5 min to induce excitotoxicity. Glutamic
ac1d/BSS was replaced with 100 ulL/well CM, containing
DMSO (control) or drugs, and returned to the mcubator for
24 h (n=10 replicates/group). (B) DIV9 cells were washed
once with BSS, mnjured 35 min with 40 uM H,O, dissolved
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in BSS, and replaced with 100 ul/well CM containing
DMSO (control) or drugs. Cell viability was determined
24 h later (DIV10) by addition of 20 uL/well CellTiter-
Blue® (n=10 replicates/group). Data were analyzed by 1-
Way-ANOVA and Newman-Keuls Multiple Comparison
Test. Graphs show Mean +SEM. Data are significant at
p<0.05. Excitotoxicity 18 a major cause of neuronal death
across the spectrum of CNS 1njury. Importantly, Sierecki
and colleagues reported that the ICsy of NSC74429 to
block PHLPP2 1s 5 uM. We observed that 25 uM
NSC74429 (5X higher than the ICsy to block PHLPPs)
was 1nsuflicient to decrease glutamate-induced neuronal
death, wherecas 50 uM NSC74429 reduced excitotoxic
injury. Thus, our findings support the concept that the neu-
roprotective properties of NSC74429 do not mvolve the
inhibition of PHLPPs, based on the effective concentration
required to decrease excitotoxic cell death. Conclusion:
NSC74429 decreases cell death induced by excitotoxity or
oxidative stress 1n neurons.

Example 3: NSC74429 Unexpectedly Inhibits
pAKT473 Levels in Cultured Primary Rat Cortical
Neurons

[0145] We reported that PHLPP inhibitors NSC 117079
and NSC45586 dose-dependently mcrease pAKT473 levels
in primary rat cortical neurons (Jackson et al., 2013). We
tested 1f NSC74429 also increases pAKT473 levels using
our published protocol. In brief, uninjured primary rat cor-
tical neurons were maintained i Neurobasal+B27. Prior to
treatments, neurons were given a supplement starvation per-
10d by exchanging mamtenance media with basic Neuroba-
sal (1.e. minus B27), and returned to a 37° C. incubator for
2 h. Neurons were subsequently treated 35 min with DMSO,
25 uM NSC74429, or 50 uM NSC74429 (diluted 1n basic
Neurobasal). Western blots confirm that PHLPP1 and
PHLPP2 1soforms are detected in rat cortical neurons.
Results are presented 1n FIG. 3. Contrary to expectations,
NSC74429 dose-dependently decreased pAKT473 levels
but did not afttect other phosphorylated protems like
mTOR (pmTOR2448). PHLPP inhibitors 1ncrease
pAKT473 levels but NSC74429 had the opposite etfect.
Moreover, mhibition of pAKT473 1s expected to promote
cell death yet NSC74429 (AK'T inhibitor) was neuroprotec-
tive as shown 1n FIG. 1 and FIG. 2. Our findings suggest that
(1) NSC74429 1s not a PHLPP 1nhibitor 1n living cells, and
(2) the mechamsm(s) of neuroprotection do not mvolve
AKT activation and remain to be elucidated. Data were ana-
lyzed by 1-Way-ANOVA and Newman-Keuls Multiple
Comparison Test. Graphs show Mean +SEM. Data are sig-
nmficant at p<0.05. Conclusion: Together PHLPP1 and
PHLPP2 regulate the dephosphorylation of pAKT473 on
AKTI1, AKT2, and AK'T3 1soforms. Our data show that the
mechanism(s) of neuroprotection by NSC74429 do not
involve PHLPP mhibition-mediated AK'T activation.

Example 4: NSC74429 15 a Potent Neuroprotectant in
Adult Rat Asphyxia Cardiac Arrest (ACA)

[0146] We tested the therapeutic efficacy of NSC74429 1n
a model of bramn mjury (ACA) m which the blood brain
barrier (BBB) remains itact. Male ~300 g Sprague Dawley
rats were anesthetized on 1soflurane (4% 1nduction/2%
maintenance on 50%0,/50%N,) and mechanically venti-
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lated. The left femoral artery and vein were accessed and
cannulated with heparinized-saline filled PE-50 tubing.
EKG, mean arterial pressure (MAP), rectal temperature,
and pectoralis temperature were continuously monitored.
Body temperature was maintained to 37° C. Arterial blood
gas measurements were analyzed and ventilator settings
adjusted as needed to achieve normal PaO, and PaCO,.
2 mg/kg cisatracurtum was administered 5 min prior to CA
to stop spontancous breathing (1.e. neuromuscular block-
age). The ventilator was disconnected. Mean arterial pres-
sure (MAP) decreased over 2-3 min until reaching target no-
flow (< 10 mmHG). Following 5 min of no-flow CA, cardi-
opulmonary resuscitation was mmmediately imtiated by
injection with epmephrine and sodium bicarbonate. The
ventilator was reconnected (100% O,) and chest compres-
stions administered (275 pbm). Rats which failed to achieve
return of spontancous circulation (ROSC) after 2 min of
CPR were out of protocol and excluded trom the study.
5 min after ROSC, rats were randomized to experimental
therapy (1 mg/kg NSC74429, 3 mg/kg NSC74429) or vehi-
cle control (24% DMSO 1 D5W). Results are presented 1n
FIG. 4. (A) Values show hippocampal CAl cell survival
counts 1n sham vs. injured rats. (B) Statistical analysis of
CA1l cell counts. Data were analyzed by 1-Way-ANOVA
and Newman-Keuls Multiple Comparison Test. Graphs
show Mean +SEM. Data are significant at p<0.05. Injured
rats were randomized to treatment group, and drugs pro-
vided to a technician 1n de-identified coded vials. The tech-
nician that admimistered drug injections, and the technician
that analyzed histology, were blinded to treatment group. A
single value 1n the vehicle-injury group (indicated by a * 1n
the table above) was a statistical outlier as determined by the
Dixon’s test and was removed from statistical analysis. Con-
clusion: NSC74429 1s neuroprotective in an in vivo 1sche-
mia model. The itegrity of the BBB 1s preserved in the
ACA model which supports the concept that NSC74429
penetrates ito the CNS.

Example 5: NSC74429 Does Not Increase pAKT473
Levels In Vivo

[0147] A separate cohort of rats was used to generate hip-
pocampal tissue homogenates. Rats were given ACA and
subsequently treated with (a) vehicle, (b) 1 mg/kg
NSC74429, or (¢) 3 mg/kg NSC74429. Treatments were
administered by 1v bolus mjection 5 muin after ROSC, and
a 2nd 1p bolus 1njection 24 h post-injury. Shams were admi-
nistered vehicle mmjections and preparatory surgery but were
not mjured. Rats were euthanmized 1 h following the final
drug imnjection and brain tissue collected for protein analysis.
Results are presented m FIG. 5. NSC74429 did not increase
pAKT473 levels 1n the mjured hippocampus. These finding
are consistent with 1n vitro observations, and suggest that
hippocampal neuroprotection was 1ndependent of the
PHLPP/AKT axis. Data were analyzed by 1-Way-ANOVA
and Newman-Keuls Multiple Comparison Test. Injured rats
were randomized to treatment group, and drugs provided to
a technician 1n de-1dentified coded vials. The technician that
administered drug mjections was blinded to treatment
oroup. Graphs show Mean + SEM. Data are significant at
p<0.05. Conclusion: The mechanmism(s) mediating
NSC74429 1mduced hippocampal neuroprotection after
ACA do not mvolve AKT activation and remain to be
elucidated.
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Example 6: NSC74429 15 a Potent Neuroprotectant in
an Adult Mouse Model of Controlled Cortical Impact
Plus Hemorrhagic Shock (CCI+HS)

[0148] Traumatic bramn myury (TBI) compromises the
BBB, making it easier for drugs to reach mjured tissue,
and TBI 1s also worsened by secondary mjuries such as
hypotension due to profound blood loss (HS). Adult male
~28 g C57BL/6 mice were anesthetized with 1soflurane via
a nose cone (4% induction/2% maintenance on 70% N,O/
30%0,), given preparatory surgery, and sequentially mjured
by (1) a CCI-TBI and (2) HS, as reported by our group
(Jackson et al., 2015). In brief, mice were given a moderate
CCI above the left parietal cortex (impact tip velocity 5 m/s
and cortical depth 1.0 mm). 5 mun later, HS was mitiated by
withdrawing blood until mean arterial pressure (MAP)
decreased from ~90 mmHG (normal) to ~25-27 mmHG
(hypotensive). HS was maintamned for 35 min. Mice were
then volume resuscitated using lactated ringer’s (LR) solu-
tion for 90 min to mimic pre-hospital care (targeted MAP of
~70 mmHG). Finally, shed blood was returned over 15 min
to mmmic defimtive hospital care and MAP returned to nor-
mal. (A-D) In a first study we measured the acute neuropro-
tective effects of NSC74429 on hippocampal mjury 48 h
after CCI+HS. Mice were given an intravenous bolus mjec-
tion of vehicle (5% DMSO 1 DSW) or NSC74429 (1 mg/kg
or 3 mg/kg) mmmediately after the hospital phase (1.e.
110 mins after the mitial CCI-injury). A second intraperito-
neal mjection was administered 24 h later, and brains col-
lected tor CA1/CA3 cell counts 48 h post-injury. One ani-
mal died n the vehicle-mjury group and four animals died 1n
the 3 mg/kg NSC74429 group prior to tissue collection.
Results are presented in FIG. 6. (A and B) Scatter plots
show CA1/CA3 cell counts 1n surviving animals. 1 mg/kg
NSC74429 was neuroprotective. Hippocampal survival
biturcated in the 3 mg/kg high-dose group; some animals
had improved CA1/CA3 survival vs. vehicle-injury whereas
others were clearly made worse. Given that mortality was
also higher with 3 mg/kg NSC74429 (4 vs. 1), we eliminated
the high-dose group tfrom fturther statistical analysis. (C and
D) Statistical analysis of CA1/CA3 cell counts. 1 mg/kg
NSC74429 signmficantly mcreased CA1 and CA3 cell survi-
val 48 h post-injury. (E and F) A second study was done to
test 1f NSC74429 neuroprotection 1s sustained chronically
by 7 d post-injury. Only the low dose (1 mg/kg) was tested.
Mice were mjured as described above, given intravenous
injection of vehicle or 1 mg/kg drug immediately following
the hospital phase of HS, supplemental injections adminis-
tered mtraperitoneally at 24 h, 48 h, and 72 h post-injury,
and brains collected for histology 7 d post-injury. CA1 sur-
vival was equivalent 1n both mjured groups. In contrast, tis-
sue sparing effects of NSC74429 were evident by 7 d post-
injury 1 the CA3 region (-17.5% above vehicle mjury) but
did not reach statistical significance as our study was not
powered to detect small effect sizes (e.g. 27 mice/group
would be needed to detect a 20% 1ncrease 1n survival at
80% power, a = 0.05). Data were analyzed by 1-Way-
ANOVA and Newman-Keuls Multiple Comparison Test.
Graphs show Mean +SEM. Data are significant at p<0.03.
Injured rats were randomized to treatment group, and drugs
provided to a technician m de-identified coded vials. The
technician that admimistered drug mjections, and the techni-
cian that analyzed histology, were blinded to treatment
group. Conclusion: NSC74429 1s neuroprotective 1n the
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acute and chronic phase after injury 1n a severe trauma
model.

[0149] 'The compositions and methods of the appended
claims are not limited 1n scope by the specific compositions
and methods described herein, which are intended as 1llus-
trations of a few aspects of the claims and any compositions
and methods that are functionally equivalent are intended to
fall within the scope of the claims. Various modifications of
the compositions and methods 1n addition to those shown
and described herein are mtended to fall within the scope
of the appended claims. Further, while only certain repre-
sentative compositions and method steps disclosed herein
are specifically described, other combinations of the compo-
sitions and method steps also are intended to fall within the
scope of the appended claims, even 1f not specifically
recited. Thus, a combination of steps, elements, compo-
nents, or constituents may be explicitly mentioned heremn
or less, however, other combinations of steps, elements,
components, and constituents are included, even though
not explicitly stated. The term “comprising” and variations
thereof as used herem 1s used synonymously with the term
“mcluding” and varnations thereof and are open, non-limit-
ing terms. Although the terms “comprising” and “including”
have been used herein to describe various embodiments, the
terms “consisting essentially of” and “consisting of”” can be
used 1n place of “comprising” and “including” to provide for
more speciiic embodiments of the mvention and are also
disclosed. Other than 1n the examples, or where otherwise
noted, all numbers expressing quantities of 1ngredients,
reaction conditions, and so forth used m the specification
and claims are to be understood at the very least, and not
as an attempt to limit the application of the doctrine of
equivalents to the scope of the claims, to be construed mn
light of the number of significant digits and ordinary round-
1ng approaches.

What 1s claimed 1s:

1. A method to reduce organ injury resulting from an
1schemic event, comprising administering to a patient n
need thereof a compound having the formula:

X
g /”\ Le
Ar! d \"r‘q T‘J -~ \Arz

R:rl R:EZ

or a pharmaceutically acceptable salt thereof,

wherein

Arl comprises an aryl or heteroaryl group;

L1 1s selected from null and C,_galkyl;

Rx1 15 selected from hydrogen, C,_salkyl;

X 18 O, NR¥ or S; wherein R# 18 selected from RV, OR¥ |
N(R¥),, SO,RY, SO,N(RY),,

C(O)RY; C(O)ORY, OC(O)R¥; C(O)N(RY),, N(R#)
C(O)RY, OC(O)N(RM),,

NRMYC(O)N(RY),, wherein RV 1s 1n each case indepen-
dently selected from hydrogen, C,_galkyl, C,_galkenyl,
C,_galkynyl, aryl, C,_gheteroaryl, Cs_gcycloalkyl, or C;-
sheterocyclyl;

Rx*2 15 selected from hydrogen, C,_salkyl;

[.2 15 selected from null and C,_salkyl;

Ar2 1s selected from an aryl and heteroaryl group;
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wherein any two or more of Arl, L1, Rx1, RV Rx*2 .2 and
Ar? may together form a ring.
2. The method of claim 1, wherein Ar! 1s aheterocycle hav-
ing the formula:

Rld
RIC )\ P
| \\le}
/
RI&/Y\XM
RI{I
wheren X! 18 selected from—N=CRxlal_:

—CRxlal=N—: O, §, and NR~*1e;

X146 15 selected from N, CRx12, —N=CRx141— gand
__CRx*151=CRx152—

Xlegsselected ifrom N, CRxle, —CRxlel=CRxlcz—;

wherein R1e1s selected from L1, F, Cl, Br, I, NO,, CN, R14’,
OR14 N(R1),, SO,R14" SO,N(R 1), C(O)R1; C(O)
ORI OC(O)RI1e; C(O)NRI17), NR!)C(O)R!“,
OC(O)N(R17),, N(R1“YC(O)N(R19),, wheremn Rl 1s
1n each case mdependently selected from hydrogen, C,._
salkyl, C,galkenyl, C, galkynyl, aryl, C,_gheteroaryl,
C;_gcycloalkyl, or C; _gheterocyclyl;

wherem R1% 15 selected from L1, R15) OR1%’, N(R1%),,
SO,R1%" SO,N(R1%Y),, C(O)R; C(O)ORY, OC(O)
R C(OIN(R?),, N(RI*)C(O)RY, OC(O)N(R?),,
NR1P2YC(O)N(R1%Y),, wheremn R1%"1s m each case inde-
pendently selected from hydrogen, C,_galkyl, C,_galke-
nyl, C,_galkynyl, aryl, C, _gheteroaryl, C;_gcycloalkyl, or
C,_gheterocyclyl;

wherein Rle 15 selected from L1, Rl¢, OR!1l¢ N(R1¢),,
SO,R 1, SO,N(R1),, C(O)Rle; C(O)OR!e, OC(O)
R15 C(ON(R9),, N(RIFHC(O)RIE, OC(O)N(R),,
N(RIHYC(O)N(R1¢),, wherein R1< 1s m each case inde-
pendently selected from hydrogen, C,_galkyl, C,_galke-
nyl, C,_galkynyl, aryl, C, _gheteroaryl, C;_gcycloalkyl, or
C,_gheterocyclyl;

wherein R14 15 selected from L1, R14 OR14 N(R19),,
SO,R14 SO,N(R14),, C(O)R14; C(O)OR14 OC(0O)
R14 C(ON(R),, N(RIF)YCO)RIY, OC(O)N(R1),,
N(RIMC(O)N(R14),, wheremn R 14 1s 1n each case inde-
pendently selected from hydrogen, C,_galkyl, C,_galke-
nyl, C,_galkynyl, aryl, C, gheteroaryl, C;_scycloalkyl, or
C, gheterocyclyl;

wheremm Rxle 15 selected from L1, Rxle" SO,Rxla
SON(R*),, C(O)R~1s C(O)OR~ C(OIN(R*1),,
wherein Rx1¢" 15 1 each case independently selected
from hydrogen, C,_galkyl, C,_ salkenyl, C,_galkynyl,
aryl, Cjgheteroaryl, Cscycloalkyl, or C.
sheterocyclyl;

wherem Rx12 15 selected from L1, Rx15', QORx*15" N(Rx1%"),,
SO,R*15" SO,N(Rx15),  C(O)R*15";  C(O)ORx1%,
OC(O)R*125 C(O)N(R*12),,  N(R*Z)C(O)R~17,
OC(O)N(R*15%),, N(R*x12YC(O)N(R*15%),, wherein Rx12’
1s 1n each case mdependently selected from hydrogen,
C;-salkyl, C,_galkenyl, C,_galkynyl, aryl, C,_ghetero-
aryl, C5_gcycloalkyl, or Ci_gheterocyclyl;

wheremn Rx121 15 selected from L1, Rx12l' QRx151
N(Rx121),  SO,Rx151", SO,N(Rx151), C(O)Rx121";
C(O)ORx181", OC(O)Rx151"; C(O)N(Rx151"), N(Rx151")
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C(O)R*161 OC(O)N(Rx161), N(R*161)C(O)N(Rx151"
», Wherein Rx151" 15 1n each case independently selected
from hydrogen, C,_salkyl, C,_galkenyl, C,_galkynyl,
aryl, C,heteroaryl, Cscycloalkyl, or C,
sheterocyclyl;

wherein R*192 15 selected from L1, Rx162" (QRx1562"
N(Rx122Y),  SO,Rx182  SO,N(Rx122Y),  C(O)Rx152
C(O)OR~*122' OC(O)Rx152"; C(O)N(Rx152"), N(Rx152"
C(O)R*162 OC(O)N(R*162), N(R*162)C(O)N(R*152"
», Wherein R*1%2" 15 in each case independently selected
from hydrogen, C,_galkyl, C,_galkenyl, C,_galkynyl,
aryl, C,gheteroaryl, Cscycloalkyl, or C,
sheterocyclyl;

wherein Rx1¢ 15 selected from L1, R¥l¢, ORxl¢', N(Rx1¢"),,
SO,Rx*1¢’ SO,N(Rx1<),, C(O)Rx1<"; C(O)OR*1¢' OC(O)
Rx1¢"; C(O)N(Rx1¢"),, N(R*1¢)C(O)Rx1¢’, OC(O)N(Rx1¢
)2, N(Rx1YC(O)N(R*1¢),, wherein Rx1¢" 15 1n each case
independently selected from hydrogen, Cq-salkyl, C,_
salkenyl, C, galkynyl, aryl, C,_gheteroaryl, Cs;.
scycloalkyl, or C,_gheterocyclyl;

wheremn Rxlel g selected from L1, Rxlel’, QRxlel’ N(Rxl1el)
,, SO,Rx1el’ SO,N(Rxlel), C(O)Rx1el’; C(O)ORx!el’,
OC(O)R=lel’;  C(O)N(Rxlel’),  N(Rxlel)C(O)Rxlel’
OC(O)N(Rxlel’), = N(Rx1c1)C(O)N(Rx*1e1l"),  wherem
Rxlel"151n each case independently selected from hydro-
ogen, Cogalkyl, C,_galkenyl, C,_galkynyl, aryl, C,_ghet-
croaryl, Cs_gcycloalkyl, or C;_gheterocyclyl;

wherein Rx1¢2 15 selected from L1, R¥1e2’ QRx1¢2" N(Rx1¢2)
>, SO,Rx1e2’ SO,N(Rx1e2), C(O)Rx*1e2’; C(O)ORx12,
OC(O)Rx1e2;  C(O)N(Rx1e2),, N(Rx1e2)C(O)Rxle2’
OC(O)N(Rx1e2Y),  N(R*1<2YC(O)N(Rx1¢2),  wherein
Rx1€2"15 1n each case independently selected from hydro-
ogen, Cogalkyl, C,_galkenyl, C,_galkynyl, aryl, C,_ghet-
croaryl, Cs_gcycloalkyl, or C;_gheterocyclyl;

wherein any two or more of Rx1, R», Rle R16 Rle Rld
Rxla? Rxlb? Rxlblj Rxlej Rxlc? Rxlcl? and Rx1¢2 may
together form a ring;

wherein Ar! contains a single L1 group.

3. The method of claim 2, wherein Ar! 1s selected from het-

erocycle having the structure A-1, B-1, C-1, D-1, E-1, F-1, G-

1,H-1,1-1,J-1,K-1, -1, M-1, or N-1:
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;I. The method of claim 3, wheremn Ar! 1s B-1.
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5. The method of claim 2, one of Rla, R12 Rle and R14 i

L1, and the other three are hydrogen.
6. The method of claim 3, wherein X1«1s NH, X121s N, and

X1e1s CH.
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7. The method of claim 3, wherein Ar2 1s a heterocycle hav-

RE(J.F
RE{: )\ XZ-:J

| N\

\ T 7/

st;/\( X
RZ{I

wherem X% 18 selected
—CR*2al=N—; O, §, and NRx24;
X1 15 selected from N:, CR*26 __N=CR~*221__. and

_CRTZbl—CRxle
Xleigselected from N, CRﬂC — CR*2el=CRx2c2__
whereimn R2a 15 selected from [.2, R24 OR24 N(R2ﬂ ),

SO5R24', SO,N(R27),, C(O)R27; C(O)OREH OC(0O)
R=5 C(O)N(R=),, N(R=)C(O)R=7, OC(O)N(R=7),
N(R24YC(O)N(R?7),, wherem R29 15 1 each case inde-
pendently selected from hydrogen, C,_galkyl, C,_galke-
nyl, C,_salkynyl, aryl, C,_gheteroaryl, Cs_gcycloalkyl, or
C,_gheterocyclyl;

wherein R2% 15 selected from L2, R2%°, OR2%’, N(R?2%"),,
SO,R2%", SO,N(R2%%),, C(O)R2?"; C(O)OR2Y, OC(O)
R=; C(O)N(R#),, N(R22)C(O)R2%, OC(O)N(R=2),,
N(R25YC(O)N(R?2%Y),, wherein R2%"1s 1 each case inde-
pendently selected from hydrogen, C,_galkyl, C,_galke-
nyl, C,_salkynyl, aryl, C,_gheteroaryl, C;_gcycloalkyl, or
C,_gheterocyclyl;

wherein R2c 15 selected from L2, R2¢, OR2¢, N(R2¢),,
SO5R2¢, SO,N(R2%<),, C(O)R2<; C(O)0R2€ OC(0O)
R=¢; C(O)N(R=),, N(R=)C(O)R=¢, OC(O)N(R>¢),,
N(R2)YC(O)N(R=2¢),, wherein R2¢ 1s m each case inde-
pendently selected from hydrogen, C,_galkyl, C,_galke-
nyl, C,_salkynyl, aryl, C,_gheteroaryl, C;_gcycloalkyl, or
C,_gheterocyclyl;

wherein R24 15 selected from L2, R24, OR24 ) N(R29"),,
SO5R24" SO,N(R24),, C(O)R24; C(O)OR24, OC(O)
R4 C(O)N(R2),, N(R2)YC(O)R24, OC(O)N(R27),,
N(R2)YC(O)N(R24),, whereimn R24 1s 1n each case inde-
pendently selected from hydrogen, C,_galkyl, C,_galke-
nyl, C,_salkynyl, aryl, C,_gheteroaryl, C;_gcycloalkyl, or
C,_gheterocyclyl;

wheremn R*>241 15 selected from 1.2, Rx2al" SO,Rx2al”
SO,N(Rx2a1%),  C(O)Rx2al’;  C(O)ORx2al"  (C(O)
N(R*241"), wherein Rx2a1" 15 1n ¢ach case mdependently
selected tfrom hydrogen, C,_salkyl, C,_galkenyl, C,.
salkynyl, aryl, C,_gheteroaryl, Cs_gcycloalkyl, or C,-
sheterocyclyl;

wherem R*22 15 selected from L2, Rx25', QOR*25" N(R*2%"),,
SO,R*25" SO,N(R*20%),,  C(O)R*2%";  C(O)ORx*2%’,
OC(O)R*225 C(O)N(R¥2),,  N(R*22)C(O)R*22,
OC(O)N(R*25%),, N(R*x26)C(O)N(R*26"),, wherein R¥2%’
1s 1n each case mdependently selected trom hydrogen,
C;-salkyl, C,_galkenyl, C,_galkynyl, aryl, C,_ghetero-
aryl, C5_gcycloalkyl, or Ci_gheterocyclyl;

wheremn Rx*221 15 selected from L2, Rx261" QRx*251
N(R*261),. SO,Rx281", SO,N(R*251"), C(0)*251"; C(O)
0x*251" OC(O)Rx261"; C(O)N(Rx261"),. N(Rx261)C(O)
Rx261'  OC(O)N(Rx261), N(R*251'YC(O)N(Rx251"),,
wherein Rx221" 15 1n each case independently selected

ing the formula:
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from hydrogen, C,_salkyl, C,_galkenyl, C,_galkynyl,
aryl, C,gheteroaryl, Cscycloalkyl, or C,
sheterocyclyl;

wherein R*262 15 selected from L2, Rx262" (QRx2562"

N(Rx262Y),.  SO,Rx262' SO,N(Rx262Y),  C(O)Rx252';
C(O)OR*262"  OC(0)R*262"; C(O)N(R*262"), N(Rx252")
C(O)R*262' OC(O)N(Rx252"), N(Rx262")C(O)N(Rx*252"
», Wherein R¥252" 15 1n each case independently selected
from hydrogen, C,_galkyl, C,_galkenyl, C,_galkynyl,
aryl, Cjgheteroaryl, Csgcycloalkyl, or Cy.
sheterocyclyl;

wherein R¥%¢ 15 selected from L2, R¥2¢’, ORx*2¢', N(Rx*2¢"),,
SO,R*2¢" SO,N(Rx*2¢"), C(O)R*2¢"; C(O)ORx*2¢" OC(O)
Rx2¢"; C(O)N(R*2¢"),, N(R*2¢)YC(O)R*2¢", OC(O)N(R*2¢
)2, N(R*¥2¢HC(O)N(R*2¢),, wherein R*2¢" 15 1n each case
independently selected from hydrogen, C;. salkyl, Cs.
salkenyl, C,_galkynyl, aryl, C,_gheteroaryl, Cs;.
scycloalkyl, or C,_gheterocyclyl;

wherein Rx2¢11s selected from L2, Rx2¢l’, QR x2¢l’ N(Rx*2¢1%)
5, SozR:tﬂcl’? SozN(RxZ.cl')z? C(O)Rchl’; C(O)OR}:ZCI'?
OC(O)R=2<l";  C(O)N(Rx2¢1"),,  N(Rx2¢1")C(O)Rx2el’
OC(O)N(Rx2e1),  N(Rx2e1)C(O)N(Rx*2¢1"),  wherein
Rx2c1"151n each case independently selected from hydro-
oen, Cogalkyl, C,_galkenyl, C, galkynyl, aryl, C,_ghet-
croaryl, Cs_gcycloalkyl, or C;_gheterocyclyl;

wherein Rx2¢21s selected from L2, R¥2¢2°, QR *2¢2" N(Rx2¢2)
5, SO,R*2¢2" SO,N(Rx2¢2'), C(O)R x2¢2'; C(O)OR*2¢2',
OC(O)R*2¢2";  C(O)N(R*2¢2),,  N(R*x2e2"\C(O)Rx2¢2’,
OC(O)N(Rx2¢2%),  N(Rx2¢2)C(O)N(Rx2¢2"),  wherein
Rx*2¢2"151n each case independently selected from hydro-
oen, Cq_galkyl, C,_galkenyl, C, galkynyl, aryl, C,_ghet-
croaryl, C;_gcycloalkyl, or C, _gheterocyclyl;

wherein any two or more of R¥2, RV, R2a  R26 RZ2c¢ R24,
RxZa? sz‘b_,, sz‘bl_,, RbeZ? Rch? RIZCI? and R x2¢2 may
together form a ring;

wherein Ar2 contains a single L2 group.
8. The method of claim 7, wherein Ar? 1s selected from het-
crocycle having the structure A-2, B-2, C-2,D-2,E-2, F-2, G-
2. H-2,1-2,J-2, K-2, L.-2, M-2, or N-2:
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9. The method of claim 8, wherein Ar! 1s B-1.
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10. The method of claim 8, wherein one of R2a, R22, R2¢,

and R241s .2, and the other three are hydrogen.
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11. Themethod of claim 7, wherein X221sNH, X218 N, and
X218 CH.

12. The method of claim 8, wherein when Ar! 1s A-1 and
Ar21s A-2;: Arl1sB-1 and Ar21s A-2; Arl1sC-1 and Ar21s A-
2:Arl1sD-1and Ar2 1s A-2; Arl1sE-1 and Ar21s A-2; Arlis
F-1 and Ar21s A-2; Arl1s G-1 and Ar? 1s A-2; Ar!1s H-1 and
Ar21sA-2; ArlisI-1 and Ar21s A-2; Arl1sJ-1 and Ar? 18 A-2;
ArlisK-1,and Ar21sA-2; ArlisL-1 and Ar21s A-2; Arl1s M-
l and Ar21s A-2; Arl1sN-1 and Ar21s A-2; Arl1s A-1 and Ar?
1SB-2; Arl1sB-1and Ar21sB-2; Arl1sC-1 and Ar21s B-2; Arl
1sD-1and Ar21s B-2; Arl1sE-1 and Ar21s B-2; Arli1sF-1 and
Ar21sB-2; Arl1s G-1 and Ar?21s B-2; Arl1s H-1 and Ar? 1s B-
2:ArtisI-1 and Ar21s B-2; ArtisJ-1 and Ar21s B-2; Arli1s K-
l,and Ar21s B-2: ArlisL.-1and Ar21s B-2; Arl1s M-1 and Ar?
1S B-2; Arl 1s N-1 and Ar?21s B-2; Ar! 1s A-1 and Ar? 1s C-2;
ArlisB-land Ar21sC-2; Arl1sC-1 and Ar21sC-2; Arl1s D-1
and Ar218C-2; Arl1sE-1and Ar21sC-2; ArlisF-1 and Ar?1s
C-2; Arl1s G-l and Ar21s C-2; Arl1s H-1 and Ar21s C-2; Ar!
1sI-1 and Ar21sC-2; ArltisJ-1 and Ar21s C-2; Arl1sK-1, and
Ar218C-2; ArlisL-1 and Ar21s C-2; Arl1s M-1 and Ar2 1s C-
2: Arl1sN-1and Ar21sC-2; Art1s A-1 and Ar21s D-2; Arls
B-1 and Ar21s D-2; Arl 1s C-1 and Ar21s D-2; Art1s D-1 and
Ar21sD-2; Art1isE-1and Ar21sD-2; ArtisF-1 and Ar21s D-2;
Arl1sG-land Ar21s D-2; Arl1s H-1 and Ar21s D-2; Arl1s -1
and Ar21sD-2; ArlisJ-1 and Ar21sD-2; Arl1sK-1,and Ar21s
D-2: ArlisL-1and Ar21sD-2; Arl1s M-1 and Ar21s D-2; Ar!
1ISN-1and Ar21sD-2; Arl1s A-1 and Ar21s E-2; Arl1s B-1 and
Ar21sE-2; Art1sC-1 and Ar21sE-2; Arl1sD-1 and Ar21s E-2;
Arl1sE-1 and Ar21s E-2; Arl1sF-1 and Ar21s E-2; Arl1s G-1
and Ar21s E-2; Arl1sH-1 and Ar21s E-2; Arl 1sI-1 and Ar21s
E-2: ArlisJ-land Ar21s E-2; Arl1sK-1, and Ar21s E-2; Arlis
[-1 and Ar?1s E-2; Arl1s M-1 and Ar21s E-2; Ar! 1s N-1 and
Ar21sE-2; Arlis A-1 and Ar21sF-2; Arl1s B-1 and Ar2 1s F-2;
Arl1sC-land Ar21s F-2; Arl1sD-1 and Ar21s F-2; Arl1s E-1
and Ar21sF-2; Arl1sF-1 and Ar21s F-2; Arl1sG-1 and Ar? 1s
F-2: Arl1sH-1 and Ar21s F-2; Art1sI-1 and Ar21s F-2; Arlis
J-1 and Ar21s F-2; Art1s K-1, and Ar21s F-2; Ar! 1s L-1 and
Ar21sF-2; ArlisM-1and Ar21sF-2; Arl1s N-1 and Ar21s F-2;
ArlisA-1and Ar21sG-2; Arli1s B-1 and Ar21s G-2; Arl1s C-1
and Ar21sG-2; Art1sD-1 and Ar21s G-2; Arli1sE-1 and Ar?1s
G-2; ArlisF-1 and Ar21s G-2; Arl1s G-1 and Ar21s G-2; Arl
1s H-1 and Ar21s G-2; Arl1sI-1 and Ar21s G-2; Arl1s J-1 and
Ar215G-2; Arl1sK-1,and Ar?21s G-2; Arl1s L-1 and Ar21s G-
2: Arl1sM-1 and Ar21s G-2; Arl1s N-1 and Ar21s G-2; Arlis
A-1 and Ar21s H-2; Arl1s B-1 and Ar21s H-2; Arl1s C-1 and
Ar21sH-2; Arl1sD-1 and ArZ1s H-2; Arl 1s E-1 and Ar2 1s H-
2: Arl1sF-1 and Ar21s H-2; Arl 1s G-1 and Ar21s H-2; Arlis
H-1 and Ar21s H-2; Arl 1s I-1 and Ar21s H-2; Arl1sJ-1 and
Ar21sH-2; Arl1sK-1,and Ar21s H-2; Arl1s -1 and Ar21s H-
2: Arl1isM-1 and Ar21s H-2; Arl1sN-1 and Ar21s H-2; Arl1s
A-land Ar2181-2; Art1sB-1 and Ar21s1-2; Arl1sC-1 and Ar?
1sI-2; ArlisD-1and Ar21s[-2; ArlisE-1and Ar21s1-2; Arlis
F-land Ar21s1-2; Arl1sG-1 and Ar21s1-2; Art1sH-1 and Ar?
1SI-2; Arli1sI-1 and Ar218I-2; Arli1sJ-1 and Ar21s [-2; Arl1s
K-1,and Ar?21sI-2; Art1s L-1 and Ar21s[-2; Arl1s M-1 and
Ar2181-2; Arl1sN-1 and Ar21s1-2; Arl 1s A-1 and Ar21s J-2;
Arl1sB-1and Ar21sJ-2; Art1sC-1 and Ar21s J-2; Arli1s D-1
and Ar218J-2; ArlisE-1 and Ar21sJ-2;: Arl1sF-1 and Ar21s J-
2: Arl1sG-1and Ar218J-2; Arl1isH-1 and Ar21sJ-2; Arl1s1-1
and Ar21sJ-2; Arli1sJ-1and Ar21sJ-2; Arl1sK-1, and Ar21sJ-
2:ArlisL-1 and Ar21sJ-2; Arl1sM-1 and Ar21sJ-2; Ar!1s N-
l and Ar218J-2; Arl1s A-1 and Ar21s K-2; Ar! 1s B-1 and Ar=
1S K-2: Art1s C-1 and Ar21s K-2; Arl1s D-1 and Ar? 1s K-2;
ArlisE-1and Ar21sK-2; Arl1sF-1 and Ar21s K-2; Arl1sG-1
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and Ar21sK-2: ArlisH-1and Ar21sK-2; Arl1sI-1 and Ar21s
K-2: Arl1sJ-1 and Ar21s K-2; Arl1s K-1,and Ar21s K-2; Arl
1S L-1 and Ar2 1s K-2; Ar! 1s M-1 and Ar21s K-2; Arl 1s N-1
and Ar21s K-2: Art1s A-1 and Ar21sL.-2; Arl1s B-1 and Ar21s
[-2;: Arl1sC-land Ar41s L-2; Art1sD-1 and Ar21sL.-2; Arlis
E-1 and Ar21s L-2; Art1s F-1 and Ar?21s L-2; Arl 1s G-1 and
Ar?21sL-2; Art1sH-1 and Ar21sL.-2; Arti1sI-1 and Ar21s L-2;
ArlisJ-land Ar21sL-2; Arl1sK-1, and Ar21sL.-2; Arlis -1
and Ar21sL.-2; Arl1sM-1 and Ar21sL.-2; Arl1s N-1 and Ar21s
[-2;: Arl1sA-1 and Ar21s M-2; Arl1s B-1 and Ar21s M-2; Ar!
1S C-1 and Ar21s M-2; Arl1s D-1 and Ar21s M-2; Arl1s E-1
and Ar21s M-2; Arl1sF-1 and Ar21s M-2; Arl1s G-1 and Ar?
1S M-2; Arl 1s H-1 and Ar21s M-2; Arl1s I-1 and Ar2 1s M-2;
ArlisJ-land Ar21sM-2; Arl1sK-1, and Ar21s M-2; Arlis -
] and Ar?1s M-2; Ar! 1s M-1 and Ar21s M-2; Arl1s N-1 and
Ar21sM-2: Arlis A-1and Ar21sN-2; Arl1s B-1 and Ar2 1s N-
2: Arl1s C-1 and Ar21sN-2; Arl1s D-1 and Ar21s N-2; Ar!l1s
E-1 and ArZ21s N-2; Arl1s F-1 and Ar21s N-2; Art1s G-1 and
Ar?21sN-2: ArlisH-1 and Ar21sN-2; Arli1sI-1 and Ar21s N-2;
ArlisJ-1and Ar21sN-2: Arl1sK-1,and Ar21s N-2; Arlis -1
and Ar2 18 N-2; Ar! 18 M-1 and Ar?21s N-2; or Arl1s N-1 and
Ar?21s N-2.

13. The method of claim 12, wherem L.! and [.% are each
null.
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14. The method of claim 12, wherein R1e 1s L1 and R2¢ 13
[2:RleisLand R?21s L.2; Rleis L1 and R2¢1s [.2; Rle s .1
and R241s .2; R121s .1 and R?91s L.2; R121s .1 and R2%2 15 L.2;
R121s.tand R?c1s .2; R121s L1 and R291s [.2; Rlc1s L1 and
R2a1s1.2;Rle1sL.land R2?%1s.2; Rlc1s L1 and R?c1s.2; R le1s
Lland R291s1.2; R191s .1 and R291s [.2; R141s .1 and R2% 15
[2;Rl91s .l and R?c1s LL.2; or R191s .1 and R24 15 .2.

15. The method of claim 13, wherem R121s.1and R221s .2,
R11s . and R2¢18 1.2, or Rl¢1s L1 and R2¢1s L.2.

16. The method of claim 12, wherein Ar! 1s B-1 and Ar?2 1s
B-2.

17. The method of claim 14, wherein Rlc1s . and R2¢1s L.2.
And each of Rle, R16 R14 R2¢ R25 and R24 are each
hydrogen.

18. The method of claim 1, wherein the injured organ 1s part
of the central nervous system or cerebrovascular system.

19. The method of claim 1, wherein the injured organ 1s the
brain, heart, or kidney.

20. The method of claim 1, wherein the 1injured organ 1s a
result of stroke, cardiac arrest, traumatic brain 1njury, hemor-
rhagic shock, or subarachnoid hemorrhage.
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