wo 2023/056447 A1 | NI 0000 AP0 0 0 00 0 0 0

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

J

=

(19) World Intellectual Property
Organization
International Bureau

(43) International Publication Date
06 April 2023 (06.04.2023)

(10) International Publication Number

WO 2023/056447 Al

WIPO I PCT

(51) International Patent Classification:
CO7D 277/68 (2006.01) GOIN 21/64 (2006.01)
C120 1/66 (2006.01)

(21) International Application Number:
PCT/US2022/077390

(22) International Filing Date:
30 September 2022 (30.09.2022)

(25) Filing Language: English

(26) Publication Language: English

(30) Priority Data:
63/251,395 01 October 2021 (01.10.2021)  US

(71) Applicant: PROMEGA CORPORATION [US/US];
2800 Woods Hollow Road, Madison, Wisconsin 53713
Us).

(72) Inventors: LARSEN, Matthew A., c/o Promega Cor-
poration, 2800 Woods Hollow Road, Madison, Wiscon-
sin 53713 (US). WANG, Hui, c/o Promega Corpora-
tion, 2800 Woods Hollow Road, Madison, Wisconsin
53713 (US). ZHOU, Wenhui; c/o Promega Corporation,
2800 Woods Hollow Road, Madison, Wisconsin 53713
(US). HOFSTEEN, Peter; c/o Promega Corporation, 2800
‘Woods Hollow Road, Madison, Wisconsin 53713 (US). VI-
DUGIRIENE, Jolanta, c/o Promega Corporation, 2800
Woods Hollow Road, Madison, Wisconsin 53713 (US).

Agent: REYNOLDS, Anne M.; Casimir Jones, S.C., 2275
Deming Way, Suite 310, Middleton, Wisconsin 53562
(US).

Designated States (unless otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,
AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY, BZ,
CA, CH, CL, CN, CO, CR, CU, CV, CZ, DE, DJ, DK, DM,
DO, DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
HN, HR, HU, ID, IL, IN, IQ, IR, IS, IT, JM, JO, JP, KE,
KG,KH, KN, KP, KR, KW,KZ, LA, LC, LK, LR, LS, LU,
LY,MA, MD, ME, MG, MK, MN, MW, MX, MY, MZ, NA,
NG, NI, NO, NZ, OM, PA, PE, PG, PH, PL, PT, QA, RO,
RS, RU,RW, SA, SC, SD, SE, SG, SK, SL, ST, SV, SY, TH,
TJ, T™M, TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN, WS,
ZA,ZM, ZW.

(74)

@81)

(84) Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE,LR, LS, MW, MZ, NA,RW, SD, SL, ST, SZ, TZ,
UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ,
TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,
MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK, SM,

TR), OAPI (BF, BJ, CF, CG, CL, CM, GA, GN, GQ, GW,
KM, ML, MR, NE, SN, TD, TG).

Published:
with international search report (Art. 21(3))

(54) Title: COMPOUNDS AND METHODS FOR DETECTION OF NITRIC OXIDE

(57) Abstract: Disclosed herein are compounds that can be used to selectively detect nitric oxide in samples. Also disclosed herein are
compositions comprising the compounds and methods of detecting nitric oxide using the compounds.



WO 2023/056447 PCT/US2022/077390

COMPOUNDS AND METHODS FOR DETECTION OF NITRIC OXIDE
CROSS-REFERENCE TO RELATED APPLICATIONS
18001} This application claims priority to and the benefit of U.S. Provisional Patent

Application No. 63/251,395, filed on October 1, 2021, which is incorporated herein by reference

in its entirety.
TECHNICAL FIELD

{0002] Disclosed herein are compounds that can be used to selectively detect nitric oxide in
samples. Also disclosed herein are compositions comprising the compounds and methods of

detecting nitric oxide using the compounds.
BACKGROUND

{3003] Nitric oxide {(NO) 13 a reactive molecule with a half-life of ~2-6 seconds and 13
formed from L-arginine by nitric oxide synthases (eNOS, iNOS, and nNOS). NO 1s an important
signaling molecule that regulates vasoconstriction and immune respounses. NO also plays a
critical role in oxidative stress as it rapidly reacts with superoxide to form cytotoxic
peroxynitrite. Thus, methods for directly detecting cellular nitric oxide are highly sought after.
Current methods for detection of NO include indirect colornimetric measurement through
detection of its ternunal products (nitrite and nitrate} via the Griess reaction and various NO-
reactive fluorophores. However, some commonly used probes, such as those including o-
phenylene diamine based reactive moieties, tend to react with bis electrophules, such as
dehydroascorbic acid, to generate false positives. There 1s accordingly a need for quantitative

and specific assays to detect NO.
SUMMARY

{6004] In one aspect, the disclosure provides a compound of formula (I):

i N7 N
SES R

or & salt thereof, wherein:
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R? is selected from hydrogen and halo;

R is selected from -CN and COOR®,

R’ is selected from hydrogen, C1-Ce alkyl, and hydroxy-C1-Ce-alkyl,

nis @, 1,2, 0r3;

each R* is independently selected from C1-Ce alkyl, Co-Ce alkenyl, Ca-Cealkynyl, C1-Cs
heteroalkyl, Ci-Cs alkoxy, C1-Co haloalkyl, Ci-Ce haloalkoxy, halo, hydroxy, amino, cvang, nitro,
-COOR?, and -CONRPRS

R is selected from hydrogen and Ci-Ca alkyl; and

R* R® and R® are each independently selected from hydrogen, C1-Ce alkyl, C2-Cs alkenyl,

=1

COOR® In

Ca-Co alkynyl, and C1-Ce heteroalkyl.

{6005] In some embodiments, R} is -CN. In some embodiments, R is
some embodiments, R’ is selected from hydrogen and methyl.

{6006] In some embodiments, R? is hydrogen.

[60067] In some embodiments, R® is hydrogen. In some embodiments, R is hydroxy-Ca-Ca-
alkyl. In some embodiments, R’ is -CH;CHCHOH.

{30038] In some embodiments, nis 0. In some embodiments, nis 1. [o some embodiments, R?
is selected from methoxy and nitro.

{6009] In some embodiments, the compound 1s selected from:
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and salts thereof.
[6016] In another aspect, disclosed herein 13 a method of detecting nitric oxide tn a sample,
comprising:

contacting the sample with a compound disclosed heretn (e.g., a compound of formula

(), or a salt thereof,

contacting the sample with a luciferin-utilizing huciferase, it 1t is not already present in
the sample; and

detecting luminescence in the sample.
{8011} v some embodiments, the sample comprises hive cells. In some embodiments, the
cells express the luciferin-utilizing luciferase. In some embodiments, the method comprises
adding the luciferin-utilizing huciferase to the sample. In some embodiments, the luciferin-
utilizing huciferase is a firefly luciferase or a click beetle luciferase.
16012} In another aspect, disclosed herein is a kit comprising a compound disclosed herein
{e.g., a compound of formula (1)), or a salt thereof. In some embodiments, the kit further
comprises a luciferin-utilizing luciferase enzyme or a nucleotide sequence encoding a luciferin-
utiliziog huciferase enzyroe. In some embodiments, the kit further coroprises a buffer reagent.
{6013] Other aspects and embodiments will become apparent in light of the following
description and drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

{6014] FIG. 1 shows a schematic overview of a method of detecting nitric oxide in a cell

using compounds such as those disclosed herein.

-3 .
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{80158 FIG. 2 shows a schematic overview of a luminescence assay to detect nitric oxide tn a
sample of cells or other analyie; the “treatment” step refers to addition of an unknown
experimental component (e.g., a drug candidate), which can be added before, after, or
simultaneously with the nitric oxide probe.

{6016} FIG. 3 shows data from assays to detect nitric oxide in cell-free samples, as described
in Example 2.

{8017} FIG. 4 shows data from assays to detect mitric oxade 1 cells following synergistic NO
stimulation with lipopolysaccharide (LPS) and interferon gamma (INFv), as described in
Example 3.

[6018] FIGS. SA-5B show a schematic of 8IN-1 induction of superoxide (SO} and NO, in
which MitoTEMPO 15 used as a superoxide scavenger to increase NO levels (FIG. SA), and data
from assays to detect NO in five different cell lines treated with SIN-1 and MitoTEMPO, as

described in Example 4.
DETAILED DESCRIPTION

{6019] Disclosed herein are probe compounds, particularly caged aminoluciferio and
aminocyancbenzothiazole compounds and derivatives thereof, that have high specificity for
detection of nitric oxide over other reactive nitrogen and oxygen species. Upon reaction with
nitric oxide, a stable reporter product is formed, allowing assays to be conducted in a

homogeneous “add and read” plate-based format or in kinetic mode by media sampling.

Definitions

{60201 Although any methods and materials similar or equivalent to those described herein
can be used in the practice or testing of embodiments described herein, some preferred methods,
compaositions, devices, and materials are described herein. However, before the present materials
and methods are described, 1t is to be understood that this invention is not limited to the
particular molecules, compositions, methodologies, or protocels as hergin described as these may
vary in accordance with routine experimentation and optimization. It is also to be understood that
the terminology used in the description is for the purpose of describing the particular versions or
embodiments only and 1s not intended to limit the scope of the embodiments described herein.
{6021} Uunless otherwise defined herein, scientific and technical terms used in connection

with the present disclosure shall have the meanings that are commounly understood by those of
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ordinary skill in the art. For example, any nomenclatures used in connection with, and techniques
of, cell and tissue culture, molecular biology, immunology, microbiology, genetics and protein
and nucleic acid chemistry and hybridization described herein are those that are well known and
commonly used in the art. The meaning and scope of the termas should be clear; in the event,
however of any latent ambiguity, definitions provided herein take precedent over any dictionary
or extrinsic definition. Further, unless otherwise required by context, singular terms shall include
pluralities and plural terms shall include the singular.

{6022] As used herein and in the appended claims, the singular forms “a”, “an”, and “the”
include plural reference unless the context clearly dictates otherwise. Thus, for example,
reference to “a peptide” is a reference to one or more peptides and equivalents thereof known to
those skilled in the art, and so forth.

{6023] As used heretn, the term “and/or” includes any and all combinations of listed items,
including any of the listed items individually. For example, “A, B, and/or C” encompasses A, B,
C, AB, AC, BC, and ABC, each of which 1s 1o be considered separately described by the
statement “A, B, and/or C.”

{6024] As used heretn, the term “comprise” and linguistic variations thereof denote the
presence of recited feature(s), element(s), method step(s), etc., without the exclusion of the
presence of additional feature(s), element(s), method step(s), etc. Conversely, the term
“consisting of” and linguistic variations thereof, denotes the presence of recited feature(s),
element(s), method step(s), etc., and excludes any unrecited feature(s), element(s), method
step(s), etc., except for ordinarily-associated impurities. The phrase “consisting essentially of”
denotes the recited feature(s), element(s), method step(s), etc., and any additional feature(s),
element(s), method step(s), eic., that do not materially affect the basic nature of the composttion,
system, or method. Many embodiments herein are described using open “comprising” language.
Such embodiments encompass muliiple closed “consisting of” and/or “consisting essentially of”
embodiments, which may alternatively be claimed or described using such language.

{6025] For the recitation of numeric ranges herein, each intervening number there between
with the same degree of precision s explicitly contemaplated. For example, for the range of 0-9,
the numbers 7 and 8 are contemplated m addition to 6 and 9, and for the range 6.0-7.0, the

number 6.0,6.1,62,63,64,65,6.6, 67,68, 69, and 7.0 are explicitly contemplated.

8
(W41
t
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{8026] “Luminescence” refers to the light output of a luciferase enzyme under appropriate
conditions, €.¢., in the presence of a suitable substrate such as a luciferin (e g., aminoluciferin) or
aminocyanobenzothiazole compound {e.g., one that has been generated following reaction of
nitric oxide with a compound of formula (1)), The light output mav be measured as an
instantaneous or near-instantaneous measure of hight output (which is sometimes referred to as
“T=0" luminescence or “flash”} at the start of the luminescence reaction, which may be initiated
upon addition of the luciferio subsirate. The reaction chamber (e g., a plate such as a 96-well
plate} may be situated in a reading device which can measure the light output, e.g., using a
luminometer or photomuitiplier. The light output or luminescence may also be measured over
time, for example 1n the same reaction chamber for a period of seconds, mimutes, hours, ete. The
light output or luminescence may be reported as the average over time, the half-life of decay of
signal, the sum of the signal over a period of time, or the peak output. Luminescence may be
measured in Relative Light Units (RLUs).

{8027} As used herein, the term “sample” is used in iis broadest sense. In one sense, it is
meant to include a specimen or culture obtained from any source as well as biclogical and
environmental samples. Biological samples may be obtained frore animals {including bumans)
and encompass fluids, solids, tissues, and gases. Biological samples include blood products such
as plasma, serum, and the like. Sample may also refer to cells, cell lysates or purified forms of
the enzymes, peptides, and/or polypeptides described herein (e.g., a purified protein sample}.
Cell lysates may include cells that have been lysed with a lysing agent or lysates such as rabbit
reticulocyie or wheat germ lysates. Sample may also include in vifro samples and celi-free
samples, such as cell-free expression systems. Environmental samples include environmental
material such as surface matter, soil, water, crystals, and industrial samples. Sample may also
include purified samples, such as purified protein samples. Such exampies are not however to be
construed as limiting the sample types applicable to the present invention.

{3028} Definitions of specific functional groups and chemical terms are described in more
detail below. For purposes of this disclosure, the chemical elements are identified in accordance
with the Periodic Table of the Elements, CAS version, Handbook of Chemistry and Physics, 75%
Ed , inside cover, and specific functional groups are generally defined as described therein.
Additionally, general principles of organic chemistry, as well as specific functional moieties and

reactivity, are described in Sorrell, Organic Chemistry, 2™ edition, University Science Books,

-6 -
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Sausalito, 2000; Smith, March’s Advanced Organic Chemistry: Reactions, Mechanism, and
Structure, 7 Edition, John Wiley & Sons, Inc., New York, 2013; Larock, Comprehensive
Organic Transformations, 3" Edition, John Wiley & Sons, Inc., New York, 2018; and
Carruthers, Some Modern Methods of Organic Synthesis, 3™ Edition, Cambridge University
Press, Cambridge, 1987, the entire contents of each of which are incorporated herein by
reference.

{8029] Asused herein, the term “alkyl” refers to a straight or branched saturated
hiydrocarbon chain. The alkyl chain can include, e g, from 1 to 30 carbon atoms {C1-Cie alkyl), 1
to 24 carbon atoms (Ci1-Cas alkyl), for example 1 to 16 carbon atoms (Ci-Cie alkyl), 1 to 14
carbon atoms {(C1~Cs alkyl}, 1 to 12 carbon atoms (Ci-Ciz alkyl}y, 1 to 10 carbon atoms (C1-Cro
alkyl}, 1 to 8 carbon atoms (C1-Cs alkyl), 1 to & carbon atoms {Ci-Co alkyl), or 1 to 4 carbon
atoms (C1~C4 alkyl). Representative examples of alkyl include, but are not imited to, methyl,
ethyl, n-propyl, 1so-propyl, n-butyl, sec-butyl, 1so-butyl, tert-butyl, n-pentyl, isopentyl,
neopentyl, n-hexyl, 3-methythexyl, 2,2-dimethyipentyl, 2,3~dimethylpentyl, n-heptyl, n-octyl, n-
nonyl, n-decyl, n-undecyi, and n-dodecyl.

{8030] As used heretn, the term “alkeny!l” refers to a straight ot branched hydrocarbon chain
containing at least one carbon-carbon double bond. The double bond{s} may be located at any
position within the hydrocarbon chain. Representative examples of alkenyl include, but are not
limited to, ethenyl, 2Z-propenvl, 2-methyl-2-propenyl, 3-butenyl, 4-pentenyl, S-hexenyl, 2-
heptenyl, 2-methyl-1-heptenyl, and 3-decenyl.

{6031} As used heretn, the term “alkyoyl” refers to a straight or branched hydrocarbon chain
cortaining at least one carbon-carbon triple bond. The triple bond(s) may be located at any
position within the hydrocarbon chain. Representative examples of alkyoyl include, but are not
limited to, ethynyl, propynyi, and butynyl.

{8032] As used heretn, the term “alkoxy” refers to an alkyl group, as defined herein,
appended to the parent molecular moiety through an oxygen atom. Representative examples of
alkoxy include, but are not limited to, methoxy, ethoxy, propoxy, 2-propoxy, butoxy, and tert-
butoxy.

{0033} As used herein, the term “amino” refers to a group -NR«Ry, wherein Ry and Ry are

selected from hydrogen and alkyl (e.g., Ci-Cy abloyl).
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10034) As used herein, the term “aryl” refers to an aromatic carbocyclic ring system having a
single ring {monocyclic) or multiple rings (bicychic or tricyclic) including fused ring systems,
and zero heteroatoms. As used herein, aryl containg 6-20 carbon atoms {(Cs-Cao aryl), 6 10 14 ring
carbon atoms {Cs-Cia aryl}, 6 to 12 ring carbon atoms (Ce-Ciz aryl), or 6 to 10 ring carbon atoms
(Cs-Cio aryl). Representative examples of aryl groups wnchade, but are not limited to, phenyl,
naphthyl, anthracenyl, and phenanthrenyl.

{3035] Asused herein, the term “cycloalkyl” refers 1o a saturated carbocyclic ring system
comtaining three to ten carbon atoms and zero heteroatoms. The cycloatkyl may be monocyclic,
bicyclic, bridged, fused, or spirocyclic. Representative examples of cycloalkyl include, but are
not limited to, cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl, cycloheptyl, cyclooctyl,
cyclononyl, cyclodecyl, adamantyl, bicyclo[2 2. 1theptanyl, bicyclof3 .2 Tjoctanyl, and
bicyclofS.2.0lnonanyl.

{6036} As used herein, the term “halogen” or “halo” means F, Cl, Br, or L

{6037} As used herein, the term “haloalkyl” refers to an alkyl group, as defined herein, in
which at feast one hydrogen atom (e.g., one, two, three, four, five, six, seven or eight hydrogen
atoms) 18 replaced with a halogen. In some embodiments, each hydrogen atom of the alkyl group
is replaced with a halogen. Representative examples of haloalkyl inchude, but are not limited to,
fluoromethyl, diftuoromethyl, trifluoromethyl, 2,2 2-triflucroethyl, and 3.3, 3-trifluoropropyl.
{0038] As used herein, the term “haloalkoxy” means a haloalkyl group, as defined herein,
that is appended to the parent molecular moiety through an oxygen atom. Representative
examples of haloalkoxy include, but are not limited to, ditfluoromethoxy, triflucromethoxy, and
2,2, 2-niflucroethoxy.

{6039} As used herein, the term “heteroalkyl” means an alkyl group, as defined herein, in
which one or more of the carbon atoms {and any associated hydrogen atoms) are each
independently replaced with a heteroatom group such as -NH-, -O-, -5~ -5(0)-, ~-S{(0O)2-~, and the
iike. By way of example, 1, 2, or 3 carbon atoms may be independently replaced with the same
or different heteroatom group. Examaples of hetercalkyl groups include, but are not limited to, -
CH2OCHs, ~-CH:SCH, -CHoNHCH:, -CHoN(CHs ), ~CH2S(O)YCHs, and ~-CHaS(OCRpCHs.
Heteroalkyl also includes groups in which a carbon atom of the alkyl 1s oxidized (i.¢, 18 -C{O)-).

{3040] Asused herein, the term “hydroxy” means an ~-OH group.
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[8041] As used herein, the term “hydroxyalky!” means an allyl group, as defined herein, in
which at least one hydrogen atom has been replaced with a hydroxy group.

{6042] When a group or motety can be substituted, the term “substituted” indicates that one
ormore{e.g, 1. 2 3 4 5 or6; insome embodiments 1, 2, or 3; and 1n other embodiments 1 or
2} hydrogens on the group indicated in the expression using “substituted” can be replaced with a
selection of recited indicated groups or with a suitable substituent group known to those of skill
in the art {e.g., oue or more of the groups recited below), provided that the designated atom’s
normal valence is not exceeded. Substituent groups inchude, but are not limited to, alkyl, atkenyl,
alkynyi, alkoxy, acyl, amino, amido, amidino, aryl, azido, carbamoyl, carboxyl, carboxyl ester,
cyano, cycloalkyl, eycloalkenyl, guanidine, halo, haloalkyl, haloalkoxy, heteroalkyl, heteroarvi,
heterocyclyl, hydroxy, hydrazino, imino, oxo, nitro, phosphate, phosphonate, sulfonic acid, thiol,
thione, or combinations thereof.

{8043] As used herein, in chemical structures the indication:

,_%

represents a point of attachment of one moiety to another moiety {e.g., a substituent group to the
rest of the compound}.

[0044] For compounds described herein, groups and substituents thereof may be selected in
accordance with permitted valence of the atoms and the substituents, such that the selections and
substitutions result in a stable compound, e g, which does not spontaneously undergo
trausformation such as by rearrangement, cyclization, eliroination, etc.

{8045] Where substituent groups are specified by their conventional chemical formulae,
written froro left to night, they optionally encompass substituents resulting from wriiing the
structure from right to left, e.g., -CH:20- optionally also recites ~-OCH:z-, and ~-OC{{I)NH- also

optionally recites -NHC(OYO-.

Compounds
{0046} Disclosed herein are compounds of formula (I}
R2
o SN
HoH l SR
) f\VNTN\NJ\N, £ g
R, Hoo
n \\,"?’J S RS (D

or a salt thereof, wherein:
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Sel

R is selected from -CN and COOR®;

R? is selected from hydrogen and halo;

R’ is selected from hydrogen, C1-Ce alkyl, and hydroxy-C1-Ce-alkyl,

nisQ, 1,2, or3;

each R* is independently selected from C1-Ce alkyl, Co-Ce alkenyl, Ca-Cealkynyl, C1-Cs
heteroalkyl, Ci-Cs alkoxy, C1-Co haloalkyl, Ci-Ce haloalkoxy, halo, hydroxy, amino, cvang, nitro,
-COOR?, and -CONRPRS

R is selected from hydrogen and Ci-Ca alkyl; and

R* R® and R® are each independently selected from hydrogen, C1-Ce alkyl, C2-Cs alkenyl,

=1

[0047]  In some embodiments, R* is -CN. In some embodiments, R! is NT Coor®

Ca-Co alkynyl, and C1-Ce heteroalkyl.

some embodiments, R’ is selected from hydrogen and methyl. In some embodiments, R’ is
hydrogen. In some embodiments, R” is methyl.

{6048} In some embodiments, R? is hydrogen,

16049) In some embodiments, R’ is hydrogen. In some embodiments, R’ is hydroxy-Cs-Ca-
alkyl. In some embodiments, R’ is -CH:CHCHOH.

{6050} In some embodiments, nis 0.

{6051} In some embodiments, n is 1. In some embodiments, R is selected from methoxy and
nitre.
[6052] In some embodiments, the compound 1s selected from:
SN N
AN o
S g 3 e
Sy Ny s
| L HH
5 S
e ALK o
7 T | S Mo ooy e
0 £ S o S H  H
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and salts thereof.
{B053] Iu some embodiments, the coropound 18 1o a salt form, 1., a charged form of the
parent compound associated with a counterion. A neutral form of the compound may be
regenerated by contacting the salt with a base or acid and isolating the parent cornpound 1o a
conventional manner. The parent form of the compound differs from the various salt forms in
certain physical properties, such as solubility in polar solvents, but otherwise the salts are
equivalent to the parent form of the compound for the purposes of this disclosure.
{6054] In particular, if a compound is anionic or has a functional group that may be anionic
(e.g., -COOH may be -COO0), then a salt may be formed with one or more suitable cations.
Examples of suitable inorganic cations include, but are not limited to, alkali metal cations such
as Li", Na*, and K, alkaline earth cations such as Ca®" and Mg®", and other cations. Potassium
and sodium salts may be particularly suitable. Examples of suitable organte cations include, but
are not limited to, ammonium ion (i.e., NHs") and substituted ammonium ions (e.g., NHzR:",
NH:zR:™, NHR:T, and NR4™). Examples of some suitable substituted ammonium ions are those
derived from: ethylamine, diethylamine, dicyclohexylamine, triethylamine, butylamine,
ethylenediamine, ethanolamine, diethanolamine, piperazine, benzylamine, phenylbenzylamine,

choline, meglumine, and tromethamine, as well as amino acids such as lysine and arginine. In

- 11 -
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some embodiments, the compound 1s a potassium salt. In some embodiments, the compound isa
sodiurn salt.

{B055] If a compound cationic or has a functional group that may be cationic {e.g, -NH2 may
be -NH3"), then a salt may be formed with a suitable anion. Examples of suitable inorganic
antons tnclude, but are not limited to, those dertved from the following inorganic acids:
hydrochloric, hydrebromie, hydroiodic, sulfuric, suifurcus, nitric, nitrous, phosphoric, and
phosphorous. Examples of suitable organic antons tnclude, but are not lirotted to, those derived
from the following organic acids: 2-acetyoxybenzoic, acetic, ascorbic, aspartic, benzoic,
camphorsulfonic, cinnamic, citric, edetic, ethanedisulfonic, ethanesulfonic, fumaric,
glucoheptonic, gluconic, glutamic, glycolic, hydroxymaleic, hyvdroxynaphthalene carboxylic,
isethionic, lactic, lactobionic, lauric, maleic, malic, methanesulfonic, mucic, oleic, oxalic,
palmitic, pamoic, pantothenic, phenylacetic, phenylsulfonic, propionic, pyruvic, salicylic, stearic,
succinic, sulfanilic, tartaric, tetrafluorcboric, toluenesulfonic, trifluoromethanesulfonic, and
valeric. In some embodiments, the compound 1s a halide salt, such as a chloride, bromide, or
ipdide salt. In some embodiments, the compound is a tetrafluoroborate or
trifluoromethavesulfonate salt.

{B056] The compounds can be prepared by a number of suitable methods, some of which are
shown in the Examples. Compounds and intermediates may be 1solated and purified by methods
well-known to those skifled in the art of organic synthesis. Examples of conventional methods
for 1solating and purifving compounds can include, but are not limited to, chromatography on
solid supports such as silica gel, alumina, or silica derivatized with alkylsilane groups, by
recrystaliization at high or low temperature with an optional pretreatment with activated carbon,
thin-layer chromatography, distilation at various pressures, sublimation under vacuum, and
trifuration, as described for instance in “Vogel’s Textbook of Practical Organic Chemistry,” 5th
edition (1989}, by Furniss, Hannatord, Swith, and Tatchell, pub. Longman Scientific &
Technical, Essex CM20 2JE, Hngland.

{60357} Reaction conditions and reaction times for each individual step can vary depending
on the particular reactants employed and substituents present in the reactants used. Reactions can
be worked up in a conventional manner, ¢ g, by eliminating the solvent from the residue and
further purified according to methodologies generally known 1o the art such as, but not limited

to, crystallization, distiliation, extraction, trituration, and chromatography. Unless otherwise
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described, the starting materials and reagents are either commercially availabie or can be
prepared by one skilled in the ant from commercially available materials using methods
described in the chemical literature.

{6038} Standard expenimentation, inchuding appropriate manipulation of the reaction
conditions, reagents and sequence of the synthetic route, protection of any chemical functionality
that cannot be compatible with the reaction conditions, and deprotection at a suitable point in the
reaction sequence of the method are included in the scope of the disclosure. Suitable protecting
groups and the methods for protecting and deprotecting different substituents using such suitable
protecting groups are well known to those skilled in the art; examples of which can be found in
PGM Wuts and TW Greene, in Greene’s book titled Protective Groups in Organic Synthesis (40
ed .}, John Wiley & Sons, NY (2006).

{3059] When an optically active form of a disclosed compound is required, it can be obtained
by carrying out one of the procedures described herein using an optically active starting material
{prepared, for example, by asymmetric induction of a suitable reaction step), or by resolution of a
mixture of the stereotsomers of the compound or intermediates using a standard procedure (such
as chromatographic separation, recrystallization, or enzymatic resolution).

{3060] Simtlarly, when a pure geometric isomer of a compound is required, it can be
obtained by carrying out one of the procedures described herein using a pure geometric 1somer as
a starting material, or by resolution of a mixture of the geometric isomers of the compound or
intermediates using a standard procedure such as chromatographic separation.

{8061 ] The synthetic schemes and specific examples as described are illustrative and are not
to be read as limiting the scope of the disclosure or the claims. Alternatives, modifications, and
equivalents of the synthetic methods and specific examples are contemplated.

6062] The present disclosure also includes isotopically-labeled compounds, which are
identical to those recited in formula (I), but for the fact that one or more atoms are replaced by an
atom having an atomic mass or mass number different from the atomic mass or mass number
usually found in nature. Examples of isotopes suitable for inclusion in the compounds of the
invention are hydrogen, carbon, nitrogen, oxygen, phosphorus, sulfur, fluorine, and chlorine,
such as, but not limited to, “H, 'H, PC, ¥C, PN, B0, VO, *P, °?p, °°S, ¥F, and °C1,
respectively. Isotopically-labeled corpounds of formula (I} can generally be prepared by

conventional techniques known to those skilled in the art or by processes analogous to those
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described in the accompanying Examples using appropriate isotopically-labeled reagent in place

of non-isotopicaliy-labeled reagent.

Methods of Use. Systems, and Kits

{8063] Dhsclosed herein are methods of detecting nitric oxide using the compounds disclosed
herein {e.g., compounds of formula (I}}). The compounds feature a reactive moiety, in particular:

O

NN
4 o \NJ\E
(R g H
A . Without wishing to be bound by theory, the compounds are

believed to react with nitric oxide as shown in Scheme 1. The product of NO and oxygen
{dinitrogen trioxide) rapidly reacts with the sulfur of the reactive motety, forming av
intermediate diamino oxadiazole with concomitant release of a good leaving group, thic-nitrite.
The oxadiazole readily hydrolyzes to release aminoluciferin or aminocyanobenzothiazole, which
are substrates for a luciferin-utilizing luciferase enzyme, which produces luminescence.
Luciferases that utilize luciferin, aminoluciferin, hydroxycyanobenzothiazole, and
aminocyanobenzothiazole compounds to produce luminescence (“luciferin-utilizing luciferase”
or “luctferin-utilizing luciferase enzyme”} include those found in various organisms such as
beetles (e.g., Photinus pyradis and Photuris pennsylvanica (fivetlies of North America),
Pyrophorus plagiophthalamus (the Jamaican click beetle)), Renilla reniformis (the sea pansy),

and several bacteria (e.g., Xenorhabdus fuminescens and Vibrio spp).

Scheme 1.

N
1w, S O
NO, 0 A NN PN s

y N
N hydrolysis /@\ Ny
\>._R‘: o H\N N S‘>b

S D
I BY pioluminescent
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8064} Prior to uncaging by reaction with nitric oxide, compounds of formula (1} are
unreactive with the luciferase enzyme, such that luminescence 1s only observed in the presence
of nitric oxide. The reactive moiety has been shown to be selective for nitric oxide over other
reactive nitrogen and oxygen species (see, e.g., data in the Examples). Unlike more commonly
used o-phenyiene diamine based reactive moieties, which tend to react with bis electrophiles
such as dehydroascorbic acid to generate false positives, false positives are less likely with the
thiosemicarbazide moiety due to the two steps that must occur to release the reporter molecule
{cyclization to oxadiazole followed by hydrolysis).

{6065] Ancther advantage of compounds of formula (1) 15 that the uncaged products are
detected by bicluminescence, and no external light is needed (as with fluorescent probes).
Furthermore, although nitric oxide species are unstable, upon reaction of the compounds of
formula (I}, with nitric oxide, the uncaged compounds are stable. As NO continues to be
produced by the cells, the stable uncaged compounds will continue to accumulate and can be
detected by measuring the light production (e g., using the luciferase reaction}. Light production
will directly correlate with the production of NO and will offer a convenient and gquantitative
approach for detection of the short-tived NO. The uncaged aminoluciferin or
aminocyanobenzothiazole compounds can be measured by adding the detection reagent directly
to the sample using a homogenous “add and read” format or by measuring release of the luciferin
derivatives into the media at different time points by media sampling and luciferin detection.
{8066] Accordingly, the present disclosure provides a method for detecting nitric oxade tn a
sample, the method comprising: contacting the sample with a compound of formula {1);
contacting the sample with a lucifenin-utilizing huciferase, if it is not already present in the
sample; and detecting luroinescence in the sample.

{8067] The methods comprise a step of contacting the sample with a compound of formula
(). The cormpound of formula (I) can be part of a solution that ¢an include other components,
such as a solvent, a buffer, a salt, a detergent, an additive, or the like. For example, the
compound of formula (I} can be prepared as a solution in a solvent such as dimethylsulfoxide, or
as a solution in a butfer such as phosphate-buffered saline. In some embodiments, the method
comprises first contacting the sample with a comnpound of formula (1} and incubating the sample
for a pertod of time, to allow nitric oxide to react with the compound of formula (I}, In some

embodiments, this incubation step can be conducted for a period of time of about 1 minute to

15



WO 2023/056447 PCT/US2022/077390

about 4 days, about 15 minutes to about 1 day, about 1 hour to about 12 hours, or any range
therebetween. For exarple, in some embodiments, the incubation step can be conducted for
about | hour, about 2 hours, about 3 hours, about 4 hours, about 5 hours, about 6 hours, about 7
hours, about 8 hours, about © hours, about 10 hours, about 11 hours, or about 12 hours.

{0068] In particular embodiments, a lucifenn-utilizing luciferase 18 not already present in the
sample, and accordingly the method comprises a step of contacting the sample with the luciferin-
utilizing luciferase. In some embodiments, the luciferin-utilizing luciferase is a firefly luciferase
or a click beetle luciferase.

{6069] When the luciferin-utilizing huciferase is contacted with the sample, 1t may be
included as part of a luciferase reaction mixture. A “laciferase reaction mixture” contains a
fuciferin-utilizing luciferase enzyme and other materials that will allow the luciterase enzyme to
generate a light signal. The materials needed, and the particular concentrations and/or amounts,
of the materials needed to generate a luminescent signal will vary depending on the luciferase
enzyme being used. In general, for beetle luciferases, the additional materials can include ATP
and a magnesium (Mg”") salt such as magnesium sulfate. In some embodiments, other materials
can be added to the solution 1ncluding: a buffer to maintain the reaction at the proper pH, an
additive such as PRIONEX or Bovine serum albumin (BSA) to help maintain luciferase activity,
reducing agents, detergents, esterases, salts, amino acids (¢.g., D-cysteine), etc. An exemplary
luciferase reaction mixture would contain a beetle luciferase, MgS8Gs, ATP, Tergitol NP-9, and
Tricine.

{3070] in other embodiments, a uciferin-utilizing luciferase is already present in the sample.
For example, in such embodiments, the sample may comprise cells that express a luciferin-
utiliziog huciferase enzyme.

{8071} In some embodiments of the above methods, the method further comprises a step of
contacting the sample with another compound, such as a candidate drug compound or any
compound for which it would be useful to determine the amount of nitric oxide produced when
the compound 1s contacted with a sample. In such embodiments, the compound can be contacted
with the sample at the same time as the compound of formula (1), or can be added to the sample
after the compound of formula (I) has been added.

{8072} In an embodiment of a cell-based assay, the cells may be lysed 1n an appropriate lysis

buffer. For animal cells, a bufter with 0.1-1.0% non-ionic detergents such as Triton X 100 or

- 16 -



WO 2023/056447 PCT/US2022/077390

Tergitol s typically sufficient. Bacteria, plant, fungal or yeast cells are usually more difficult to
iyse. Detergents, freeze/thaw cycles, hypotonic buffers, sonication, cavitation, or combinations
of these methods may be used. The method of lysis that produces a lysate ts compatible with
luciferase or other enzyme activity, or the detection of other molecules or conditions.
[6073] In any of the above embodiments, the sample may be contained within any suitable
vessel. For example, the sample may be in a vial or in a well of a plate (e g, a 96-well plate}.
{8074] In some embodiments, rather than detecting luminescence directly in a well of a plate
{e.g., a 96-well plate} using a plate reader, luciferin released into the media can be monitored by
removing small amounts of media from the sample and detecting luminescence in the removed
media. Such a method can allow for kinetic information on nitric oxide generation.
{8075] The present disclosure further provides a system or kit comprising a compound
described herein {1.e., a compound of formula (1) or a salt thereof). The system or kit includes the
compound, either alone or iy a solvent such as water, DMSO, or a buffer. When the compound is
provided alone, the system ot kit may further include the solvent in which the compound can be
dissolved. The system or kit may further comprise one or more reagents used to carry out an
assay to detect niiric oxide in a sample, e.g., a reagent described above. The system or kit may
further comprise instructions, such as nstructions for carrying out an assay to detect nitric oxide
in a sample.
[8076] The following examples further illustrate aspecis of the disclosure but, of course,
should not be construed as in any way Himiting its scope.
EXAMPLES

{3077]  The following abbreviations are used in the Examples: AcOH is acetic acid; DCE is
dichloroethane; DIPEA is N N-diisopropylethylamine; DMF is N N-dimethyiformamide; DMSO
15 dimethylsuifoxide; ES is electrospray; EtOAc 18 ethyl acetate; h 1s hours; HPLC 1s high
performance liquid chromatography; LCMS is hiquid chromatography mass spectrometry; MeCN
is acetonitrite; TFA 1s trifluorcacetic acid; and THY 1s tetrahydrofuran.

Example §: Compound Syntheses

Intermediate §: 6-{(3-({tert-butyldimethylsilyDoxypropyliamine)}benzodithiazole-2-

carbonitrile
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NaHB(OAS)

H
HoN ~ S N AcCiH T80 _~_-N S
| o T 1BsoT"Xq | —oN
N DCE Z N

[B078] To a 20 mL vial, 6-aminobenzofdithiazole-2-carbonitrile (100 mg, 0.571 mmol}, 3-{{tert-
butyldimethylastlyDoxyipropanal (118 mg, 0.628 mmol}, BCE (1.5 mL)}, and AcOH (0.034 mL, 0.57

mmoi} was added. The mixture wag stirred at 60°C for 15 nun. The mixture was cooled to RT. To
the nuxture, sodium tracetoxyborohydnde (181 mg, 6.836 mmol) was added. After 1 h, the nuxiure
was purified sifica gel chromatography with 0-50% EtOAc i heptane as ehient to afford
Intermediate 1 6-((3-{{tert-butyldimethyisitvhoxyjpropyllaminoibenzo{dithiazole-2-carbonitrile.
LOMS {Ci7HasN:0881) (ES, m/z) 348 [M+H]™

Compound 1: N-(2-cyanobenzo{djthiazol-6-y1)-2-{{d-nitrophenyijcarbamothioyi}hvdrazine-1-

carboxamide
1, ¢ O o
N \ —CN - SN N, Tri;frma_gene H H /B\ j\o
- j\s | 4 DIPEA /\\T/N\r
AN o B et > ¥
o’ 7

{6679} To a 20 mL vial, triphosgene (84.7 mg, 8.285 mmol) and THF (3 mL} was added. The
mixture was stirred. To the mixture, a solution of 6-aminobenzofd|thrazole-2-carbomtnle (100 mg,
0.571 mmol} and DIPEA (0399 mL, 2 28 mmol} in THF {3 mL) was added dropwise. After 3 min,
o the mixture, N-(4-nitrophenyhhvdrazinecarbotiuoamide (242 me, 1.14 mmol) was added. After 30
min, the mixture was concentrated and purified by reversed phase HPLE (MeCN/water w/ 0.1%
TFA) to afford Compound 1 N-(Z-cyanobenzoldithiazol-6-y-2-({4-
nitrophenyviycarbamothioyiihydrazing-1-carboxamide. LCMS (CisHuN-O352) (ES, m/z) 414
[MAH]™ TH NMR (400 MHz, DMSO-de) 8 10.27 (s, 1H}, 9.99 (s, 1H}, 955 (s, {H). 850 (d. /=138
Hz, 2H)L 820 (dd, /=192, 8 5Hz, 3H}, 798 (d, /=& 7 H=, 2H), 7.77 (4, /= 9.1 Hz, 1H).

6088} The compounds in the following Table 1 were prepared in an analogous manner o that of

Compound 1.

Table §
{5,
Compound MName Stracture m/z}

{M+HJ*
N-(2~cyanobenzo{dithiazol-6-v1}-2- g ({-? } \}m\ N
2 {phenylcarbamothioyhydrazine-1~ s ‘/NYN\N \ s 369
3 e vvrs A e f i i *-i
carboxamide i (/,1 &
- 18-
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N-{2-cyanobenzo{d]thiazol-6-y)-2-((4- Won * {f\\i\:\}wcw
3 methoxyphenyljcarbamothioy hvdrazi 't \f/ N‘: \H/\:/ s 399
ne-1-carboxamide o )\/1 s
N-(2~cyanobenzo{djthiazol-6-y1)-2-((3- 0 ffj/\ -GN
4 nittophenyhearbamothiovhhydrazine- | o, S \{ 414
1-carboxamide i \;;1 3 K

Compound 5: N-(2-cyanobenzo{djthiazol-6-y1)-N-(3-hydroxypropyi}-2-{{(4-
nitrophenyhcarbamothioyihydrazine-1-carboxamide
Step 11 N-(3-{tteri-buividimethyisilylioxvipropylj-N- 2-cvanobenzo fd]thiazol-6-vlj-2-({4-

nitrophenyllcarbamothioviiivdrazine- 1 -carboxamide

N
o - 2 ~
HoOH Triphosgens H 3'* i )‘/\I :}» CN

= Oy ?"f <
ADSO\V/\VN\E, peN T @/N\ﬁ’f\‘\,\% SR s )
S THE 3
N o~ THI /i\/) 3 )

TBS‘C‘/

16681} N-3-{(tert-butyldimethyisilyhoxyipropvli-N-{Z-cvanobenzo|d jthiazol-6-v1)-2~{{4-
nitrophenylcarbamothioyhvdrazine- 1 -carboxamide was prepared from Intermediate 1 inan
analogous manner to Compound 1. LOMS (CasH3 i N7048281) (ES, m/z) 586 [MHH]™

Stepr 20 N-(2-cyanobenzofd]thiazol-6-y}-N-{3-hydroxypropyl}-2-{{4-

nitrophenvijcarbamothiovljhvdrazine- 1 -carboxamide

f\\.«-’N
-N O T N
v o 7] \>*C"* ACOH HoOH T i DN
/ll\ ’/\\ N‘\ /N“ '/}j\". /Q\\:" b
ﬁ/\\\i/ - \i-i ] ri/l\\\/ “ H '
{ S THF, water P 3 !)
OZN’}\“ )5/ N P
TBSO HO

[G082] To a 20 mL vial, N-(3-{{tert-butyldimethylsilyDoxyipropyh-N-{2-cyancbenzo|djthiazol-
6-vh-2-{{4-nmitrophenyhicarbamathioyfhydrazine- I -carboxanude (22.7 mg, 0.0388 mmol}, THF (1
mL}, AcOH (1 mL), and water (0.5 mL) was added. The mixture was stirred at room femperature,
After 5 hours, the solvents were evaporated. The residue was purified by reversed phase HPLC
{(MeCN/water w/ 0.1% TFA} to afford Compound 5 N-{Z-cyanobenzo|d jthiazol-6-y1}-N-{3-
hydroxypropyl}-2-{{4-nitrophenvicarbamothioviYhvdrazine- I -carboxamide. LOCMS (CroHi7N+0482)
(ES, m/z} 472 [M+H]". H NMR (400 MHz, DMSO-de) § 10.13 (d, J=245.7 Hz, 1H), 8.58¢(d, J=
258 Hz, 1H), 845 - 827 (m, 2H), 8.22¢d, J=8.7 Hz, 2H), 795 (d, /=84 Hz, 2H), 780 (d, /=93
Hz, 1H}, 4.44 (s, 1H), 383 (d, /=83 Hz 3H), 3.11 (s, 1H), 1.67 {5, ZH}. NMR spectrum ndicates

presence of rotamers.

- 16 -
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Compound 6: {8}-2-{6-(2-({4-nitrophenyllcarbamothioyijhydrazine-1-

carboxamido)benzofdithiazol-2-y1)-4,5-dibydrothineole-d-carboxylic acid

. N Sy
o A Neon o R T g
o )L ]%\/\ >— + HQN\,&"L\ i R ,j')\ ‘ \/H‘\s}w \\N‘j"’rffo
Ne_Nu, S NNy Ay ;
P o i ¢ TOH - Ve e A
PR H e DMF, P HooH HO
anNT T "o eHE  oNT

butter

{3683} To a 20 mL vial containing Compound 1 N-(Z-cvanobenzo|d|thiarol-6-y1}-2-({(4-
nitrophenvijcarbamothioviihydrazine-T-carboxanude (20.0 mg, 0.0484 mmol}, DMF (3 mL} was
added. The mixture was stirred. To the mixture, a solution of [-cysteine (7.0 mg, 0.058 mamol) in pH
& phosphate buffer (1.5 mL) was added. The mixture was purified by reversed phase HPLC
{(MeUN/water w/ 0.1% TFA) to afford Compound 6 (5)-2-(6-(2-{{4-
nitrophenyvijcarbamothioyDhydrazine-1-carboxamidoYbenzold thiazol-2-yH-4 5-dihydrothiazole-4-
carboxylic acid. LCMS (CroHisN-0s8:) (B8, m/z) 318 {M+H]™ 'H NMR (400 MHz, DMSC-ds) &
10.26 (s, 1H), 9.98 (5, 1H), 9.41 (s, 1H), 8.56 (s, 1H), 8.45 (s, 1H), 822 (d, /=87 Hz, 2H), 8.07 (4,
J=89Hz 1H), 799(d,/=87Hz 2H), 764 {d, J=90Hz, 1H),543 (¢, J=91Hz, 1H),379(,J
=106 Hz, 1H), 369 (dd. J=11.2, 84 Hz, 1H).

16084} The compounds in the following Table 2 were prepared in an analogous manner to that of

Compound 6.

Table 2
{E5,
Compound Name Structure §§;§i§
" ‘(-
{(S)-2-(6-(2- PN .
- {phenylcarbamothioy by drazine-1- iR j}j\l}'ﬂw 1 473
’ cathoxarmidolbenzofdithiazol-2-yh-4.5- | ¢ “3/ \E N A Ho
dihvdrothiazele-4-carboxylic acid AT
(8¥-2~(6-(2~{(4- o 4:\1,“\ 5y
methoxyphenvicarbamothiovhhvdrazine LN Ay g0 i
8 -1-carboxamido)benzoidjthiazol-2-v1)- fj TR HO 203
4,5-dihydrothiazole-4-catboxylic acid | "o
| (S04 PN
9 nitrophenyfjcatba moﬂnoyi)hydx‘azme-E,n o A M ,L\ ;\( ki -.SJ "N/‘».,{,o $1g
il carboxaridoYbenzofdithiazel-2-yh-4,5- z ‘f\f :f RO B
dihydrothiazole-4-carboxyhc acid 7
{8)-2~{6~(N-(3-hydroxypropyl)-2-({4- /I
T nitrophenyljcarbamothioyhhydrazine-1- /‘\‘1/? \W'! N fk/ i 576
o carboxamidobenzod ithiazol-2-y1)-4,5~ o k,-(\l\y" ¢ J/ H' 010
dihydrothiszole-4-carboxylic acid ” o
- 20~
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Compound 11: Methvl (83-2-{6-(2-({4-mitrophenviicarbamothiovhihvdrazine-1-

carboxamidolbenzoidithiazel-2-vD-4.5-dihvdrothiazole-4-carboxviate

o N \—- eN i\l N*?—“
J G
P ‘v{r‘w)\ A /L & * b"\r‘ﬂ\o \T/ r\/ P rf
| _ i/ h\( H 5
i 1 g na DMF, S -~
02;\:’\/ - S
buffer -

3685] To a 20 mL vial containing Compound 1 N-(Z-cvanobenzo|d|thiarol-6-y1}-2-({(4-
nitrophenvijcarbamothiovithydrazine-T-carboxanude (7.7 mg, 8.0186 mmeol}, DMF (2 mL) was
added. The mixture was stirred. To the mixture, a solition of D-cysteine methyi ester (3.0 mg, 0.022
mmol) in pH 8 phosphate buffer {1 mL) was added. The mixture was purificd by reversed phase
HPLC {(MeCN/water w/ ¢.1% TFA) to afford Compound 11 {methyl {(5)-2-{(6-(2-({4-
nitrophenyvijcarbamothioyDhydrazine-1-carboxamidoYbenzold thiazol-2-yH-4 5-dihydrothiazole-4-
carboxviate). LCMS (CaoHiNOsS2) (B8, nvz) 5332 iM+H]™. 'H NMR (400 MHz, DMSQO-ds) &
1026 (s, 1H), 1011 - 986 (m, 1H), 942 (5, 1H), 8.56 (s, 1H}, 845 (s, 1H), 822 (dd, J=9.1,26 Hz,
2H), 8.12 - 8.04 (m, 1H), 799{d. /=8 1Hz 2H}, 763 (d, /= 9.1 Hz, 1H), 651 (d, /= 167 Hz,
THY, 354, /=92 Hz, 1HY, 382, J=107Hz IH}, 3.77(s, 3H), 371 {t. /=906 Hz 1H).

Example 2: Cell-free nitric oxide detection

[(886] Celi-free detection and specificity of nitric oxide (NO) using reactive oxvgen specics
(hypoxanthine (HX; 25 uM), xanthine oxadase (X0, 0.2 units/mL), superoxide dismutase (SOD |
unit/mL}, hyvdrogen peroside (Ha(02 0.03%), oxygen singlet (Rose Bengal; 25 pM), and reactive
nitrogen species (sodium nitrite; 100 uM and peroxyattrite; 50 pM) was compared with a known NGO
donor, NONGaie (100 uM}. A NGO probe (Compound 6, 25 uM) was combined with the analytes
described above in wells of a 96-well assay plate with PBS. Each well of the 96-well assay plate
contained 50 ul. of a nitric oxide probe and 50 pub. of an analyte. Following a 30-minute incubation
at room temperature, 160 ub of Juciferin detection reagent (Promega) was added, and laminescence
measured using a GloMax {(Promega) luminometer. Data are presented in FIG. 3 (RLU = relative

tight units}).

-71-
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Example 3: Detection of nitric oxide in cells following synergistic NO stimulation with

lipopolysaccharide (LPS) and Interferon gamma (INFy)

{60871 TIB71 macrophage cells (30,000 cells per well) were seeded into wells of a 96-well
assay plate with 100 pl. DMEM medium containing 10% FBS. The following day, the medium
was removed and replaced with fresh DMEM medium containing 10% FBS and a nitric oxide
probe {Compound 0, 25 uM) coupled medium (blank), LPS (1 ug/mb)}, and/or INFy (1 ng/mL).
Following a 24-hour incubation at 37°C in a tissue culture incubator, one volume of luciferin
detection reagent (Promega) was added, and luminescence measured using a GloMax (Promega)

fuminometer. Data are presented in FIG. 4 (RLU = relative light units),
Example 4: Detection of nitric oxide in SIN-1 treated cells

{B08§] Uunder physiological conditions, SIN-1 generates superoxide (80) and nitric oxide
(NO) (see FIG. 5A). NQ reacts readily reacts with SO to form peroxynitrite. MitoTEMPQO 15 a
SO scavenger that reduces SO levels and subsequently increases NO. Five cell lines (30,000 celis
per well) were seeded into wells of 90-well assay plates and incubated overnight in 8 37°C
tissue culture incubator. The tollowing day, the NO probe {Compound 6, 25 uM) was coupled
with medium (blank), SIN-T (100 pM}, or SIN-1 (100 uM) and MitoTEMPO (200 uM). Aftera
2-hour incubation at 37C, one volume of luciferin detection reagent (Promega} was added, and
luminescence measured using a GloMax (Promega) luminometer. Data are presented in FIG. SB

(RLU = relative light units).

16089} All references, including publications, patent applications, and patents, cited herein
are hereby incorporated by reference to the same extent as if each reference were individually
and specifically indicated to be tncorporated by reference and were set forth in its entirety herein.
{6090] The use of the terms “a” and “an” and “the” and “at least one” and similar referents in
the context of describing the tnvention (especially in the context of the foliowing claims) are to
be construed to cover both the singular and the plural, unless otherwise indicated herein or
clearly contradicted by context. The use of the term “at feast one” followed by a list of one or
more ttems (for example, “at least one of A and B”) is to be construed to mean one item selected
from the listed items (A or B} or any combination of two or more of the listed items (A and B},

unless otherwise indicated herein or clearly contradicted by context. The terms “comprising,”
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“having,” “including,” and “containing” are to be construed as open-ended terms (i.e, meaning
“including, but not limited t0,”) unless otherwise noted. Recitation of ranges of values herein are
merely intended to serve as a shorthand method of referning individually to each separate value
falling within the range, unless otherwise indicated herein, and each separate value is
incorporated 1nto the specification as it it were individually recited herein. All methods described
herein can be performed in any suitable order unless otherwise indicated herein or otherwise
clearly contradicted by context. The use of any and all examples, or exernplary language {e.g.,
“such as”) provided herein, is intended merely to better illuminate the invention and does not
pose a limitation on the scope of the invention unless otherwise claimed. No language in the
specification should be construed as indicating any non-claimed element as essential to the
practice of the invention.

{6091 ] Preferred embodiments of this invention are described herein, including the best
mode known fo the inventors for carrying out the invention. Variations of those preferred
embodiments may become apparent to those of ordinary skall wn the art upon reading the
toregoing description. The inventors expect skilled artisans to employ such variations as
appropriate, and the wventors intend for the 1nvention to be practiced otherwise than as
specifically described herein. Accordingly, this invention includes all modifications and
equivalents of the subject matter recited in the claims appended hereto as permitted by applicable
law. Moreover, any combination of the above-described elements in all possible variations
thereof 1s encompassed by the invention unless otherwise indicated herein or otherwise clearly

contradicted by context.
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CLAIMS:

I. A compound of formula (I):

s RS M
or & salt thereof, wherein:
S
=1,

R! is selected from -CN and N CQOR®
R? is selected from hydrogen and halo;
R’ is selected from hvdrogen, Ci-Cs atkyl, and hydroxy-C1-Ce-alkyl;
nisO, 1,2 or3;

gach R* is independently selected from C1-Ce alkyl, C2-Cs alkenyl, C2-Ce alkynyl, C1-Cs
heteroatkyl, C1-Co alkoxy, Ci-Cs haloalkyl, Ci-Cs haloalkoxy, halo, hydroxy, amino, cyano, nitro,
-COOR?, and -CONRPRS,

R’ is selected from hydrogen and C;-Cs alkyl; and

R2 R® and R are each independently selected from hydrogen, C1-Cs alkyl, C2~Cs alkenyl,

Cr-Coaltkynyl, and Ci-Cs hetercalkyl.

2. The compound of claim 1, or a salt thereof, wherein R' is -CN.
S
=t
3. The compound of claim 1, or a salt thereof, wherein R! is N™ Coor®.
4. The compound of claim 3, or a salt thereof, wherein R is selected from hydrogen and
methyl.
5. The compound of any one of claims 1-4, or a salt thereof, wherein R is hydrogen.
6. The compound of any one of claims 1-5, or a salt thereof, wherein R’ is hydrogen.
p J > 3/ o
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alkyl.

9.

10

It

nitro.

The compound of any one of claims 1-5, or a salt thereof, wherein R” is hydroxy-Cs-Cs-

The compound of claim 7, or a salt thereof, wherein R is -CHRCH2CH2OH.
The compound of any one of claims 1-8, or a salt thereof, wherein nis 0.
The compound of any one of claims 1-8, or a salt thereof, whereinnis 1.

The compound of claim 10, or a salt thereof, wherein R is selected from methoxy and

The corpound of claim 1, selected from:

O - <
s S
O,N

HO 2
O N\ ST H H O N\ s.)j
H H \
o LI i i o
\g/ HooH N L hd
HO o)

S5
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o ,—N\ S
. . g ﬁx /ji\ /©\S \N]'i /O
OaN . ] : s HO
n NT \N N P S N~ “f,?:;,(:) OzN /r
H H {
S HO

HO

N4

N S
a1 LI~

OheE e

H H }

SN & Q
and ON" 7 -

or a salt thereof.

13, A method of detecting nitric oxide in a sample, comprising:

contacting the sample with a compound of any one of claims 1-12, or a salt thereof
contacting the sample with a luciferin-utilizing huciferase, it 1t is not already present in
the sample; and

detecting luminescence in the sample.

14. The method of claim 13, wherein the sample comprises live cells.

15. The method of claim 14, wherein the cells express the luciferin-utilizing luciferase.
16. The method of claim 13, comprising adding the luciferin-utilizing luciferase to the
sample.

17. The method of any one of claims 13-16, wherein the luciferin-utilizing luciferase is a

firetly luciferase or a click beetle luciferase.

£:3 A kit comprising a compound of any one of claims 1-12, or a salt thereof.

19. The kit of claim 18, further comprising a luciferin-utilizing luciterase enzyme or a

nucleotide sequence encoding a huciferin-utilizing luciferase enzyme.

20. The kit of claim 18 or claim 19, further comprising a butfer reagent.

-6 -
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