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REAGENTS FOR DETECTION OF
HYPOCHLOROUS ACID

PRIOR RELATED APPLICATIONS

[0001] This application claims priority to copending U.S.
Provisional Patent Application Ser. No. 60/906,788, filed
Mar. 12,2007, which is incorporated herein by reference in its
entirety.

FIELD OF THE INVENTION

[0002] Provided herein are hypochlorous acid probes
which can be used as reagents for measuring, detecting or
screening, directly or indirectly, hypochlorous acid or
hypochlorite. Also provided herein are methods of making
the hypochlorous acid probes and methods of using the
hypochlorous acid probes as cell assay agents.

BACKGROUND OF THE INVENTION

[0003] Hypochlorite (OCI™) and its protonated form
hypochlorous acid (HOCI) has been well known and put to
commercial uses (e.g., whitening agent and oxidants) with
great success since it was first discovered in 1787.1n 1823, the
use of calcium hypochlorite for the general sanitation of
sewers, privies, morgues, hospital wards, ships, and prisons
was reported. Further, since sodium hypochlorite was found
to be effective against disease-causing bacteria by the end of
the nineteenth century, hypochlorite has been widely used as
a universal disinfectant for more than 1350 years.

[0004] In living organisms, hypochlorite can be synthe-
sized in vivo from hydrogen peroxide and chlorine ions in a
chemical reaction catalyzed by the enzyme myeloperoxidase
(MPO), which may be secreted by activated phagocytes in
zones of inflammation. As a nucleophilic non-radical oxidant,
hypochlorite can be used as a microbicidal agent (Thomas, E.
L., Infect. Immun., 1979, 23, 522-531). Furthermore, neither
bacteria nor normal healthy cells can neutralize its toxic effect
because they lack the enzymes required for its catalytic
detoxification (Lapenna, D. and Cuccurullo, F., Gen. Phar-
macol., 1996, 27, 1145-1147).

[0005] Generally, hypochlorite can react with some pro-
teins that may play important roles in killing bacterial cells
and/or human diseases (Thomas, E. L., Infect. Ammun., 1979,
23,522-531; McKenna, S. M. and Davies, K. I. A., Biochem.
J., 1988,254, 685-692; Hazell, L. J. and Stocker, R., Biochem.
J., 1993, 290, 165-172; Hazell, L. J., van den Berg, J. J. and
Stocker, R., Biochem. J., 1994,302, 297-304). When contact-
ing with proteins, hypochlorite may cause damages to the
proteins. For example, hypochlorite may alter protein struc-
tures, and/or cause fragmentation and dimerization of pro-
teins. As a strong oxidant, hypochlorite can also oxidize low-
density lipoproteins (LDL) rapidly. Furthermore, the reaction
of hypochlorite with DNA can also result in both chemical
modifications and structural changes in DNA (Hawkins, C. L.
and Davies, M. 1., Chem. Res. Toxicol., 2002, 15, 83-92;
Prutz, W. A., Arch. Biochem. Biophys., 1996, 332, 110-120;
Arch. Biochem. Biophys., 1998, 349, 183-191; Arch. Bio-
chem. Biophys., 1999, 371, 107-114).

[0006] Because of the above-mentioned uses and roles of
hypochlorite and its conjugate acid, i.e., hypochlorous acid,
there is a need for methods that detect and measure, directly
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or indirectly, hypochlorous acid and hypochlorite, including
in vivo detection and measurement.

SUMMARY OF THE INVENTION

[0007] Provided herein are compounds that can be used as
hypochlorous acid probes for measuring, detecting or screen-
ing, directly or indirectly, hypochlorous acid or hypochlorite,
ie., the conjugate base of hypochlorous acid. In some
embodiments, the hypochlorous acid probes disclosed herein
can detect, measure or screen hypochlorous acid selectively
and specifically. In other embodiments, the hypochlorous
acid probes disclosed herein can selectively react with
hypochlorous acid in the presence of other reactive oxygen
and/or nitrogen species such as 102, NO, O, ~, .OH, ONOO~
and alkylperoxyl radical (ROO.). In certain embodiments, the
compounds or hypochlorous acid probes are represented by
Formula (I):

@

[0008] wherein X is halo;

[0009] eachofR', R? R* R* R®and R is independently
hydrogen, halo, alkyl, halogenated alkyl, heteroalkyl, alk-
enyl, alkynyl, aryl, aralkyl, alkaryl, heterocyclyl, cycloalkyl,
cycloalkenyl, cycloalkynyl, amino, alkylamino, arylamino,
dialkylamino, alkylarylamino, diarylamino, hydroxy, thio,
alkoxy, alkylthio, alkoxyalkyl, cvano, nitro, sulfonyl, phos-
phonyl, sulfonate ester, phosphate ester, —C(—O)}»—Y or
—C(=0)-Q-Y, wherein Y is hydrogen, halo, alkoxy,
hydroxy, thio, alkyl, alkenyl, alkynyl, cycloalkyl, cycloalk-
enyl, cycloalkynyl, aryl, alkaryl, arylalkyl, carbamate, amino,
alkylamino, arylamino, dialkylamino, alkylarylamino, diary-
lamino, alkylthio, heteroalkyl, or heterocyclyl having from 3
to 7 ring atoms; and Q is alkylene, alkenylene, alkynylene,
arylene, aralkylene or alkarylene, orR* and R* or R*and R or
R*and R’ or R® and R% together form a 5-, 6-, or 7-membered
cycloalkyl, cycloalkenyl, aryl, heteroalkyl or heteroaryl ring;
[0010] Z is a bond or a divalent linking group;

[0011] R has one of Formulae (ITTA), (IVA) and (VA):

(IIIA)
R8
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-continued
(IVA)
R7
Q 1 RS
Q? R®, and
(VA)
Ql
QZ RS
R® R’

[0012] wherein each of R7, R® and R® is independently
hydrogen, halo, alkyl, halogenated alkyl, alkenyl, alkynyl,
aryl, aralkyl, alkaryl, heterocyclyl, cycloalkyl, cycloalkenyl,
cycloalkynyl, hydroxy, thio, alkoxy, alkylthio, alkoxyalkyl,
cyano, nitro, carboxyl, acyl, carbamate, amido, amino, alky-
lamino, arylamino, dialkylamino, alkylarylamino, diary-
lamino, or heteroalkyl, or R” and R®* of Formula (IIIA), (IVA)
or (VA) or R® and R® of Formula (TVA) together form a 5-, 6-,
or 7-membered cycloalkyl, cycloalkenyl, aryl, heteroalkyl or
heteroaryl ring; and

[0013]
Q°, where Q° is hydrogen, alkyl, alkenyl, alkoxyalkyl,
cycloalkyl, cycloalkenyl, cycloalkynyl, aryl, alkaryl, aryla-
Ikyl, alkylamido, alkoxyamido, alkoxycarbonyl, halogenated
alkyl or heteroalkyl, with the proviso that Q' and Q? are not
both amino.

[0014] Insomeembodiments, R is a monovalent dioxygen-
ated aryl group having one of Formulae (I1IB), (IVB) and
(VB):

(IB)

RS
R OR"®
Rl lo R9
(IVB)

R7

RIOO RS

Rl R® and
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-continued
VB
Rl (VB)

R]lo RS

R? R’

whereineach of R7, R® and R’ is as defined above; and each of
R' and R'" is independently hydrogen, alkyl, alkenyl,
alkoxyalkyl, cycloalkyl, cycloalkenyl, cycloalkynyl, aryl,
alkaryl, arylalkyl, alkylamido, alkoxyamido, alkoxycarbo-
nyl, halogenated alkyl or heteroalkyl.

[0015] In some embodiments, X is F. In other embodi-
ments, 7 is a bond. In further embodiments, Z is alkylene,
alkenylene, alkynylene, heteroalkylene, heteroalkenylene,
heteroalkynylene, arylene, or heteroarylene

[0016] In certain embodiments, R and R* together form a
5-, 6- or 7-membered cycloalkyl, cycloalkenyl, aryl het-
eroalkv] or heteroaryl ring. In other embodiments, R* and R>
together form a 5-, 6- or 7-membered cycloalkyl cycloalk-
enyl, aryl heteroalkyl or heteroaryl ring. In further embodi-
ments, R*> and R® together form a 5-, 6- or 7-membered
cycloalkyl cycloalkenyl, aryl, heteroalkv] or heteroaryl ring.

In still further embodiments, R> and R® together forma 5-, 6-
or 7-membered cycloalkyl, cycloalkenyl aryl, heteroalkyl or
heteroaryl ring. In still further embodiments, R” and R®

together form a 5-; 6- or 7-membered cycloalkyll cycloalk-
enyl, aryl, heteroalkyl or heteroaryl ring.

[0017] In certain embodiments, each of R? and R is inde-
pepdentlv hydrogen or —C(— O)NRIZR13 wherein each of
R andR" 1srr1dependently hydrogen alkyl or aryl. In further
embodiments, each of R* and R® of Formula (T) is —C(=0)
NR'ZR'?, wherein each of R'2 and R is alkyl. In further
embodrments each of R® and R is 4(4))N(CH CH,),.

[0018] Insomeembodiments, each of R'®and R'* ofany of
Formulae (IIIB)-(VB) is independently hydrogen, alkyl, alk-
enyl, alkoxyalkyl, cycloalkyl, cycloalkenyl, cycloalkynyl,
aryl, alkaryl, arylalkyl, alkylamido, alkoxyamido, alkoxycar-
bonyl, halogenated alkyl or heteroalkyl. In further embodi-
ments, R'° is methyl and R** is hydrogen.

[0019] In certain embodiments, the compounds or
hypochlorous acid probes are represented by Formula (VI):

VD)

[0020] wherein X is halo;
[0021] eachof R, R? R? R* R’ and R is independently
hydrogen, halo, alkyl, halogenated alkyl, heteroalkyl, alk-
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enyl, alkynyl, aryl, aralkyl, alkaryl, heterocyclyl, cycloalkyl,
cycloalkenyl, cycloalkynyl, amino, alkylamino, arylamino,
dialkylamino, alkylarylamino, diarylamino, hydroxy, thio,
alkoxy, alkylthio, alkoxyalkyl, cyano, nitro, sulfonyl, phos-
phonyl, sulfonate ester, phosphate ester, —C(—=0)—Y or
—C(=0)-Q-Y, wherein Y is hydrogen, halo, alkoxy,
hydroxy, thio, alkyl, alkenyl, alkynyl, cycloalkyl, cycloalk-
enyl, cycloalkynyl, aryl, alkaryl, arylalkyl, carbamate, amino,
alkylamino, arylamino, dialkylamino, alkylarylamino, diary-
lamino, alkylthio, heteroalkyl, or heterocyclyl having from 3
to 7 ring atoms; and Q is alkylene, alkenylene, alkynylene,
arylene, aralkylene or alkarylene, or R* and R* orR” and R or
R*and R’ or R® and R® together form a 5-, 6-, or 7-membered
cycloalkyl, cycloalkenyl, aryl, heteroalkyl or heteroaryl ring;
[0022] each of R7, R® and R? is independently hydrogen,
halo, alkyl, halogenated alkyl, alkenyl, alkynyl, aryl, aralkyl,
alkaryl, heterocyclyl, cycloalkyl, cycloalkenyl, cycloalkynyl,
hydroxy, thio, alkoxy, alkylthio, alkoxyalkyl, cyano, nitro,
carboxyl, acyl, carbamate, amido, amino, alkylamino, ary-
lamino, dialkylamino, alkylarylamino, diarylamino, or het-
eroalkyl, or R” and R® together form a 5-, 6-, or 7-membered
cycloalkyl, cycloalkenyl, aryl, heteroalkyl or heteroaryl ring;
and

[0023] each of R™ and R is independently hydrogen,
alkyl, alkenyl, alkoxyalkyl, cycloalkyl, cycloalkenyl,
cycloalkynyl, aryl, alkaryl, arylalkyl, alkylamido, alkoxya-
mido, alkoxycarbonyl, halogenated alkyl or heteroalkyl.
[0024]
rous acid probes are represented by Formula (VII) or (VIII):

In other embodiments, the compounds or hypochlo-

(VID)

(VIID)

[0025] wherein R'is alkyl, R is alkyl; and each of R* and
R® is independently hydrogen or C(—0)—Y, wherein Y is
hydrogen, alkoxy, hydroxy, thio, alkyl, alkenyl, alkynyl,
cycloalkyl, cycloalkenyl, cycloalkynyl, aryl, alkaryl, aryla-
Ikyl, amino, alkylamino, arylamino, dialkylamino, alkylary-
lamino, diarylamino, alkylthio, or 3- to 7-membered hetero-
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cyclyl ring. In some embodiments, each of R? and R is
—C(=O0)NR "R'* wherein each of R'? and R'? is alkyl.
[0026] Inother embodiments, the hypochlorous acid probe
is Compound (5) or (6), or an isomer thereof.

5)

or

()

(H;CH,C),NOC F/ \F CON(CH,CHy),.

[0027] Provided also herein are compositions for measur-
ing hypochlorous acid in a sample, wherein the compositions
comprise the hypochlorous acid probe disclosed herein. In
some embodiments, the compositions further comprise a sol-
vent, an acid, a base, a buffer solution or a combination
thereof.

[0028] Provided also herein are methods for measuring
hypochlorous acid in a sample, wherein the methods com-
prise the steps of:

[0029] a) contacting a hypochlorous acid probe disclosed
herein with the sample to form a fluorescent compound; and
[0030] b)measuring fluorescence properties of the fluores-
cent compound to determine the amount of hypochlorous
acid in the sample.

[0031] In some embodiments, the sample is a chemical
sample or biological sample. In other embodiments, the
sample is a biological sample comprising a microorganism,
or a cell or tissue from animals.

[0032] Provided also herein are high-throughput screening
fluorescent methods for detecting hypochlorous acid in
samples, wherein the high-throughput methods comprise the
steps of:

[0033] a) contacting a hypochlorous acid probe disclosed
herein with the samples to form one or more fluorescent
compounds; and

[0034] b)measuring fluorescence properties of the fluores-
cent compounds to determine the amount of hypochlorous
acid in the samples.

[0035] Provided also herein are high-throughput methods
for screening one or more target compounds that can increase
or decrease the level of hypochlorous acid, wherein the high-
throughput methods comprise the steps of:

[0036] a) contacting a hypochlorous acid probe disclosed
herein with the target compounds to form one or more fluo-
rescent compounds; and
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[0037] b) measuring fluorescence properties of the fluores-
cent compounds to determine the target compounds qualita-
tively or quantitatively.

[0038] Provided also herein are methods of preparing the
compounds or hypochlorous acid probes of Formula (I) com-
prising the steps of:

[0039] a) reacting pyrroles of Formula (IXA) and (IXB):
(IXA)
Rl
==
RZ
\ NH, and
R3
(IXB)
R4
==
RS
\_~u
R6

in the presence of an acid catalyst with an aldehyde of For-
mula (X):

&

N—N—&R

HO

[0040] D) adding benzoquinone to the reaction mixture to
form a dipyrrole of Formula (XI):

XD
R
|
R! 1 1y
7N
R? / R’ and
=N HN /
R RS
[0041] c) reacting the dipyrrole of Formula (XI) with a

borontrihalide etherate and triethylamine, wherein each of X,
R, Z, R, R? R? R* R®and R%is as defined above.

BRIEF DESCRIPTION OF FIGURES

[0042] FIG. 1 depicts a UV-visible absorption spectrum of
a 10 mM solution of Compound 5 in dichloromethane mea-
sured at 25° C.

[0043] FIG. 2 depicts a fluorescence spectrum of a 10 uM
solution of Compound 5 in 0.1 M potassium phosphate buffer
(pH 7.4). The fluorescence intensity was determined with an
excitation at 520 nm.

[0044] FIG. 3 depicts fluorescence spectra of a 10 uM solu-
tion of Compound 5 in 0.1 M potassium phosphate buffer (pH
7.4) taken 2 minutes after its reaction with various amounts of
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hypochlorite ranging from 0 to 5 equivalences. The overall
volume change was less than 1% for all solutions. The fluo-
rescence intensity was determined with an excitation at 520
nm.

[0045] FIG. 4 depicts the linear relationship between fluo-
rescence intensity of a 10 uM solution of Compound 5 and the
concentration ofhypochlorite. The fluorescence intensity was
determined at 541 nm with an excitation at 520 nm.

[0046] FIG. 5 depicts fluorescence intensity of a 10 uM
solution of Compound 5 in various reactive oxygen species
(ROS) and reactive nitrogen species (RNS) generating sys-
tem. The overall volume change was less than 1% for all
solutions. The fluorescence intensity was determined at 541
nm with excitation at 520 nm.

[0047] FIG. 6 depicts fluorescence spectra of a 10 uM solu-
tion of Compound 5 in 0.1 M potassium phosphate buffer
taken 2 minutes after its reaction with 10 uM hypochlorite at
different pH value. The overall volume change was less than
1% for all solutions. The fluorescence intensity was deter-
mined with an excitation at 520 nm.

[0048] FIG. 7 depicts fluorescence spectra of a 10 uM solu-
tion of Compound 5 in an MPO/H,0,/CI” system. Com-
pound 5 was added to a sodium phosphate buffer (0.1 M, pH
7.4) containing MPO (1 U/100 mL) and NaCl (150 mM) at
37° C. The lower line represents the background fluorescence
property of the solution in the absence of H,0O, (blank). The
upper line represents the fluorescence property of the solution
in the presence of H,0, at a final concentration of 5 uM.
[0049] FIG. 8 depicts images of stimulated murine J774.1
macrophages that were incubated with Compound 5 at a
concentration of 20 pM. The images in the left are phase
contrast images whereas the images in the right are fluores-
cence images. The macrophages were treated with different
stimulants and then incubated with Compound 5 (20 uM) for
1 hour. 8 A were images of the Control without a stimulant. 8B
were images of cells treated with lipopolysaccharide (LPS) (1
ug/ml) and interferon-y (IFN-y) (50 ng/mL) for 4 hours, then
treated with PMA (10 nM) for 0.5 hours. 8C were images of
cells treated with  2,2,6,6-tetramethylpiperidinooxy
(TEMPO) (100 uM), LPS (1 pg/mL) and IFN-y (50 ng/ml.)
for 4 hours, then treated with PMA (10 nM) for 0.5 hours. The
fluorescence images were acquired 20 minutes after treating
with the stimulants.

[0050] FIG. 9 depicts images of stimulated murine
RAW264.7 macrophages that were incubated with Com-
pound 5 ata concentration of 20 uM. The images in the left are
phase contrast images whereas the images in the right are
fluorescence images. The macrophages were treated with
different stimulants and then incubated with Compound 5 (20
uM) for 1 hour. 9a were images of the Control without a
stimulant. 9b were images of cells treated with lipopolysac-
charide (LPS) (1 pg/ml) and interferon-y (IFN-y) (50 ng/mL.)
for 4 hours, then treated with PMA (10 nM) for 0.5 hours. 9¢
were images of cells treated with 2,2.6,6-tetramethylpiperi-
dinooxy (TEMPQO) (100 uM), LPS (1 pg/mL) and IFN-y (50
ng/mL) for 4 hours, then treated with PMA (10 nM) for 0.5
hours. The fluorescence images were acquired 20 minutes
after treating with the stimulants.

DEFINITIONS

[0051] To facilitate the understanding of the subject matter
disclosed herein, a number of terms, abbreviations or other
shorthand as used herein are defined below. Any term, abbre-
viation or shorthand not defined is understood to have the
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ordinary meaning used by a skilled artisan contemporaneous
with the submission of this application.

[0052] “Amino” refers to a primary, secondary, or tertiary
amine which may be optionally substituted. Specifically
included are secondary or tertiary amine nitrogen atoms
which are members of a heterocyclic ring. Also specifically
included, for example, are secondary or tertiary amino groups
substituted by an acyl moiety. Some non-limiting examples of
amino group include—NR'*R'® whereineach of R'*andR"°
is independently H, alkyl, aryl, aralkyl, alkaryl, cycloalkyl,
acyl, heteroalkyl, heteroary! or heterocycyl.

[0053] “Alkyl” refers to a fully saturated acyclic monova-
lent radical containing carbon and hydrogen, and which may
be branched or a straight chain. In some embodiments, alkyl
contains from about 1 to about 25 carbon atoms. Examples of
alkyl groups are methyl, ethyl, n-propyl, isopropyl, n-butyl,
t-butyl, n-heptyl, n-hexyl, n-octyl, and n-decyl. “Lower
alkyl” refers to an alkyl radical of one to six carbon atoms, as
exemplified by methyl, ethyl, n-butyl, i-butyl, t-butyl,
isoamyl, n-pentyl, and isopentyl.

[0054] “Heteroalkyl” refers to an alkyl group having one or
more of the carbon atoms within the alkyl group substituted
by a heteroatom such as O, S and N. In some embodiments,
the heteroalkyl group comprises one or more O atoms. In
other embodiments, the heteroalkyl group comprises one or
more S atoms. In further embodiments, the heteroalkyl group
comprises one or more aminylene groups. In certain embodi-
ments, the heteroalkyl group comprises two or more O, S,
aminylene or a combination thereof.

[0055] “Alkenyl” or “alkenylene” respectively refers to a
monovalent or divalent hydrocarbyl radical which has at least
one double bond. The alkenyl or alkenylene group may be
cyclic, branched acyclic or straight acyclic. In some embodi-
ments, the alkenyl or alkenylene group contains only one
double bond. In other embodiments, the alkenyl or alkenylene
group contains two or more double bonds. In further embodi-
ments, the alkenyl or alkenylene group can be a lower alkenyl
or alkenylene containing from two to eight carbon atoms in
the principal chain. In further embodiments, the alkenyl or
alkenylene group can have one double bond and up to 25
carbon atoms, as exemplified by ethenyl, propenyl, isoprope-
nyl, butenyl, isobutenyl, hexenyl, and the like.

[0056] “Alkynyl” or “alkynylene” respectively refers to a
monovalent or divalent hydrocarbyl radical which has at least
a triple bond. In some embodiments, the alkynyl or alky-
nylene group contains only one triple bond. In other embodi-
ments, the alkynyl or alkynylene group contains two or more
triple bonds. In further embodiments, the alkynyl or alky-
nylene group can be a lower alkyny! or alkynylene containing
from two to eight carbon atoms in the principal chain. In
further embodiments, the alkynyl or alkynylene group can
have one triple bond and up to 20 carbon atoms, as exempli-
fied by ethynyl, propynyl, isopropynyl, butynyl, isobutynyl,
hexynyl, and the like.

[0057] “Aromatic” or “aromatic group” refers to aryl or
heteroaryl.
[0058] “Aryl” refers to optionally substituted carbocyclic

aromatic groups. In some embodiments, the aryl group
includes a monocyclic or bicyclic group containing from 6 to
12 carbon atoms in the ring portion, such as phenyl, biphenyl,
naphthyl, substituted phenyl, substituted biphenyl or substi-
tuted naphthyl. In other embodiments, the aryl group is phe-
nyl or substituted phenyl.
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[0059] “Aralkyl” refers to an alkyl group which is substi-
tuted with an aryl group. Some non-limiting examples of
aralkyl include benzyl and phenethyl.

[0060] “Alkaryl” refers to an aryl group which is substi-
tuted with an alkyl group. Some non-limiting examples of
alkaryl include methylphenyl and methylnaphthyl.

[0061] “Acyl” refers to a monovalent group of the formula
—C(=0)H, —C(=0)-alkyl, —C(=0)-aryl, —C(=0)-
aralkyl, or —C(=—0)-alkaryl.

[0062] “Halogen” or “halo” refers to fluorine, chlorine,
bromine and iodine.

[0063] “Heteroatom” refers to atoms other than carbon and
hydrogen.
[0064] “Heterocyclo” or “heterocyclyl” refers to optionally

substituted, fully saturated or unsaturated, monocyclic or
bicyclic, aromatic or nonaromatic groups having at least one
heteroatom, such as O, S, N, B and P, in at least one ring. The
aromatic heterocyclyl (i.e., heteroaryl) group can have 1 or 2
oxygen atoms, 1 or 2 sulfur atoms, and/or 1 to 4 nitrogen
atoms in the ring, and may be bonded to the remainder of the
molecule through a carbon or heteroatom. Some non-limiting
examples of heteroaryl include furyl, thienyl, thiazolyl,
pyridyl, oxazolyl, pyrrolyl, indolyl, quinolinyl, or isoquino-
liny! and the like.

[0065] “Hydrocarbon™ or “hydrocarbyl” refers to organic
compounds or radicals consisting exclusively of the elements
carbon and hydrogen. Hydrocarbyl includes alkyl, alkenyl,
alkynyl, and aryl moieties. Hydrocarbyl also includes alkyl,
alkenyl, alkynyl, and aryl moieties substituted with other
aliphatic, cyclic or aryl hydrocarbon groups, such as alkaryl,
alkenaryl and alkynaryl. In some embodiments, “hydrocar-
bon” or “hydrocarbyl” comprises 1 to 30 carbon atoms.
[0066] “Hydrocarbylene” refers to a divalent group formed
by removing two hydrogen atoms from a hydrocarbon, the
free valencies of which are not engaged in adouble bond, e.g.
arylene, alkylene, alkenylene, alkynylene, aralkylene or
alkarylene.

[0067] “Substituted” as used herein to describe a com-
pound or chemical moiety refers to that at least one hydrogen
atom of that compound or chemical moiety is replaced with a
second chemical moiety. Non-limiting examples of substitu-
ents are those found in the exemplary compounds and
embodiments disclosed herein, as well as halogen; alkyl;
heteroalkyl; alkenyl; alkynyl; aryl, heteroaryl, hydroxy;
alkoxyl; aminoj; nitro; thiol; thioether; imine; cyano; amido;
phosphonato; phosphine; carboxyl; thiocarbonyl; sulfonyl;
sulfonamide; ketone; aldehyde; ester; oxo; haloalkyl (e.g.,
trifluoromethyl); carbocyclic cycloalkyl, which can be mono-
cyclic or fused or non-fused polycyclic (e.g., cyclopropyl,
cyclobutyl, cyclopentyl or cyclohexyl) or a heterocycloalkyl,
which can be monocyclic or fused or non-fused polycyclic
(e.g., pyrrolidinyl, piperidinyl, piperazinyl, morpholinyl or
thiazinyl); carbocyclic or heterocyclic, monocyclic or fused
or non-fused polycyclic aryl (e.g.. phenyl, naphthyl, pyrrolyl,
indolyl, furanyl, thiophenyl, imidazolyl, oxazolyl, isox-
azolyl, thiazolyl, triazolyl, tetrazolyl, pyrazolyl, pyridinyl,
quinolinyl, isoquinolinyl, acridinyl, pyrazinyl, pyridazinyl,
pyrimidinyl, benzimidazolyl, benzothiophenyl or benzofura-
nyl); amino (primary, secondary or tertiary); o-lower alkyl;
o-aryl, aryl; aryl-lower alkyl; —CO,CH,; —CONH,;
—OCH,CONH,; —NH,; —SO,NH,; —OCHF,; —CFj;
—OCF;;—NH(alkyl); —N(alkyl),; —NH(aryl); —N(alkyl)
(aryl); —Naryl),; —CHR; —CO(alkyl); —CO(aryl);
—CO,(alkyl); and —CO,(aryl); and such moieties can also



US 2008/0274560 Al

be optionally substituted by a fused-ring structure or bridge,
for example —OCH,0—. These substituents can optionally
be further substituted with a substituent selected from such
groups. All chemical groups disclosed herein can be substi-
tuted, unless it is specified otherwise. For example, “substi-
tuted” alkyl, alkenyl, alkynyl, aryl, hydrocarbyl or heterocy-
clo moieties described herein are moieties which are
substituted with a hydrocarbyl moiety, a substituted hydro-
carbyl moiety, a heteroatom, or a heterocyclo. Further, sub-
stituents may include moieties in which a carbon atom is
substituted with a heteroatom such as nitrogen, oxygen, sili-
con, phosphorus, boron, sulfur, or a halogen atom. These
substituents may include halogen, heterocyclo, alkoxy. alk-
enoxy, alkynoxy, aryloxy, hydroxy, protected hydroxy, keto,
acyl, acyloxy, nitro, amino, amido, cyano, thiol, ketals,
acetals, esters and ethers.

[0068] “Fluorophore” refers to a part of a molecule that
causes a molecule to be fluorescent. In general, it is a func-
tional group that can absorb radiation of a specific wavelength
and re-emit radiation at a different specific wavelength. The
intensity and wavelength of the emitted radiation generally
depend on both the fluorophore and the chemical environ-
ment of the fluorophore.

[0069] “Quinone” refers to an aromatic compound having
two carbonyl groups in the same six-membered ring. Some
non-limiting examples of quinones include 1,4-benzo-
quinone, 1,2-benzoquinone, 1,4-naphthoquinone,
anthraquinone, phenanthraquinone, and the like.

[0070] “Electron acceptor” refers to a compound that
accepts at least an electron transferred to it from another
compound, generally an electron donor.

[0071] “Electron donor” refers to a compound that donates
at least an electron to another compound, generally an elec-
tron acceptor.

[0072] “Hypochlorous acid probes” refers to a compound
that can react with hypochlorous acid to form a fluorescent
compound. In some embodiments, the hypochlorous acid
probes disclosed herein do not react substantially with reac-
tive oxygen species and reactive nitrogen species. In other
embodiments, the hypochlorous acid probes disclosed herein
may react substantially with reactive oxygen species and
reactive nitrogen species.

[0073] “Reactive oxygen species” or ROS refer to oxygen-
containing ions, free radicals as well as non-radical species.
Some non-limiting examples of reactive oxygen species
include '0,, 0,.”, ROO., .OH, OCI” and H,0,.

[0074] “Reactive nitrogen species” or RNS refer to nitro-
gen-containing ions, free radicals as well as non-radical spe-
cies. Some non-limiting examples of reactive nitrogen spe-
cies include nitric oxide (NO.), nitrogen dioxide (NO,.),
nitrite (NO, "), and peroxynitrite (ONOQ™).

[0075] “Reacting”, “adding” or the like refers to contacting
one reactant, reagent, solvent, catalyst, reactive group or the
like with another reactant, reagent, solvent, catalyst, reactive
group or the like. Reactants, reagents, solvents, catalysts,
reactive group or the like can be added individually, simulta-
neously or separately and can be added in any order. They can
beadded in the presence or absence of heat and can optionally
be added under an inert atmosphere. In some embodiments,
“reacting” refers to in situ formation or intra-molecular reac-
tion where the reactive groups are in the same molecule.
[0076] “Substantially react” refers to that at least a reactant
of a reaction is consumed by an amount of more than about
75% by mole, by more than about 80% by mole, by more than
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about 85% by mole, or by more than about 90% by mole. In
some embodiments, “substantially react” refers to that the
reactant is consumed by more than about 95% by mole. In
other embodiments, “substantially react” refers to that the
reactant is consumed by more than about 97% by mole. In
further embodiments, “substantially react” refers to that the
reactant is consumed by more than about 99% by mole.
[0077] “High-throughput method” refers to a method that
can autonomously process or evaluate a large number of
samples. In some embodiments, informatics systems can be
used and implemented in the high-throughput method. The
informatics systems can provide the software control of the
physical devices used in the high-throughput method, as well
as organize and store electronic data generated by the high-
throughput method.

DETAILED DESCRIPTION OF THE INVENTION

[0078] Provided herein are compounds that can used as
hypochlorous acid probes for detecting, measuring and/or
screening hypochlorous acid specifically and/or selectively.
The compounds or hypochlorous acid probes generally can
be represented by the formula:

D-L-A

wherein D is an electron donor; A is an electron acceptor; and
L is a bond or a divalent linking group.

[0079] Insomeembodiments, L is a bond. In other embodi-
ments, L is a divalent linking group such as O, S, an ami-
nylene group (e.g., a —NR— group where R is hydrogen,
alkyl, alkenyl, alkynyl, carboxyl, acyl, aryl, or heterocyclyl),
sulfonyl, an organic linking group, or a combination thereof.
The organic linking group disclosed herein may be a divalent
organic linking group connecting two fragments (e.g., D and
A groups) of a molecule together. Some non-limiting
examples of the divalent organic linking group include car-
bonyl, alkylene, alkenylene, alkynylene, arylene, aralkylene,
alkarylene, heteroalkylene, heteroarylene, and combinations
thereof. Another non-limiting example of the divalent organic
linking group includes a —(CH,),,— group, where m is an
integer between 1 and 20, inclusive, and one or more of the
methylene groups is optionally replaced by O, S, N, C, B, Si,
P, C—=0, 0—S8=—0, heterocyclylene, arylene, an NR  group,
aCR, group,aCR R, group,a SiR R group, a BR,, group, or
a P=O0)R, group, where R, R,, R,, R/, R,, R, R, and R,
are, each independently, a bond, hydrogen, hydroxy, thio,
carboxyl, amino, halo, acyl, alkoxy, alkylsulfanyl, alkenyl,
such as vinyl, allyl, and a 2-phenylethenyl group, alkynyl,
heterocyelyl, aryl, a part of a ring group, such as cycloalkyl,
heterocycelyl, and benzo, or alkyl where one or more of the
hydrogens of the alkyl group is optionally replaced by aryl,
hydroxy, thio, carboxyl, amino or halo.

[0080] In some embodiments, the electron donor D is a
fluorophore group. Some non-limiting examples of suitable
fluorophore groups include boron dipyrrimethene group or
monovalent groups derived by removing one hydrogen from
substituted or unsubstituted fluorescein, porphyrins, sulfor-
hodamines, acridine orange, acridine yellow, auramine 0,
euxanthin, luciferin, benzanthrone, 9,10-bis(phenylethynyl)
anthracene, 5,12-bis(phenylethynyl)naphthacene, calcein,
carboxyfluorescein,  1-chloro-9,10-bis(phenylethynyl)an-
thracene, coumarins such as 7-hydroxycoumarin, cyanine,
4' 6-diamidino-2-phenylindole, ethidium bromide, perylene,
phycobilins, phycocrythrin, phycoerythrobilin, rhodamine,
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rubrene, stilbene, Texas Red, green fluorescent protein, yel-
low fluorescent protein or a derivative thereof.

[0081] In certain embodiments, the fluorescence com-
pounds disclosed herein can be represented by the formula
D-L-A wherein A is an electron acceptor; L is a bond or a
linking group; and D is a boron dipyrrimethene group having
Formula (II):

I

[0082] wherein X is halo; and

[0083] eachof R', R% R? R* R® and R® is independently
hydrogen, halo, alkyl, halogenated alkyl, heteroalkyl, alk-
enyl, alkynyl, aryl, aralkyl, alkaryl, heterocyclyl, cycloalkyl,
cycloalkenyl, cycloalkynyl, amino, alkylamino, arylamino,
dialkylamino, alkylarylamino, diarylamino, hydroxy, thio,
alkoxy, alkylthio, alkoxyalkyl, cyano, nitro, sulfonyl, phos-
phonyl, sulfonate ester, phosphate ester, —C(—0)—Y or
—C(=0)-Q-Y, wherein Y is hydrogen, halo, alkoxy,
hydroxy, thio, alkyl, alkenyl, alkynyl, cycloalkyl, cycloalk-
enyl, cycloalkynyl, aryl, alkaryl, arylalkyl, carbamate, amino,
alkylamino, arylamino, dialkylamino, alkylarylamino, diary-
lamino, alkylthio, heteroalkyl, or heterocyclyl having from 3
to 7 ring atoms; and Q is alkylene, alkenylene, alkynylene,
arylene, aralkylene or alkarylene, or R* and R* or R? and R? or
R*and R® or R” and R® together form a 5-, 6-, or 7-membered
cycloalkyl, cycloalkenyl, aryl, heteroalkyl or heteroaryl ring.
In some embodiments, each of R* and R® of Formula (IT) is
independently hydrogen or —C(=O)NR'?R"? wherein each
of R'? and R*? is independently hydrogen, alkyl or aryl. In
further embodiments, each of R* and R® of Formula (IT) is
—C(=0)NR"R"*, wherein each of R'* and R"* is alkyl. In
further embodiments, each of R® and R® is —C(=O)N
(CILCHL,),

[0084] Inotherembodiments, A is amonovalent dioxygen-
ated aryl group that can react with hypochlorous acid to form
a quinone such as 1,4-benzoquinone, 1,2-benzoquinone, 1,4-
naphthoquinone, anthraquinone, phenanthraquinone, and the
like. In further embodiments, A has one of Formulae (II1A),
(IVA) and (VA):

(IITA)
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(IVA)
R7
Ql RS
Q R, and
(VA)
Ql
Q2 RS
R’ R’

[0085] wherein each of R7, R® and R’ is independently
hydrogen, halo, alkyl, halogenated alkyl, alkenyl, alkynyl,
aryl, aralkyl, alkaryl, heterocyclyl, cycloalkyl, cycloalkenyl,
cycloalkynyl, hydroxy, thio, alkoxy, alkylthio, alkoxyalkyl,
cyano, nitro, carboxyl, acyl, carbamate, amido, amino, alky-
lamino, arylamino, dialkylamino, alkylarylamino, diary-
lamino, or heteroalkyl, or R” and R® of Formula (1I1A), (IVA)
or (VA) or R® and R® of Formula (IVA) together form a 5-, 6-,
or 7-membered cycloalkyl, cycloalkenyl, aryl, heteroalkyl or
heteroaryl ring; and

[0086] each of Q' and Q? is an electron-donating group. In
some embodiments, each of Q' and Q° is independently
amino or —O-Q?, where Q? is hydrogen, alkyl, alkenyl,
alkoxyalkyl, cycloalkyl, cycloalkenyl, cycloalkynyl, aryl,
alkaryl, arylalkyl, alkylamido, alkoxyamido, alkoxycarbo-
nyl, halogenated alkyl or heteroalkyl, with the proviso that Q*
ar}d Q7 are not both amino. In further embodiments, each of
Q and Q% is 0-OQ?. In further embodiments, Q* is—0—Q?
and Q?is amino. In further embodiments, Q" is amino and Q*
is —O-Q°.

[0087] In certain embodiments, R is a monovalent dioxy-
genated aryl group having one of Formulae (I1IB), (IVB) and

(VB):

(IIIB)

RS
R’ OR!Y,
R] lO R9
{IVB)

R7

R]OO RS

R'o R%  and
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VB)
ORIO (

Rllo RS

R? R’

wherein each of R7, R® and R? is as defined herein; and each
of R'® and R'" is independently hydrogen or an electron-
donating group. In some embodiments, each of R'® and R'* is
independently hydrogen, alkyl, alkenyl, alkoxyalkyl,
cycloalkyl, cycloalkenyl, cycloalkynyl, aryl, alkaryl, aryla-
Ikyl, alkylamido, alkoxyamido, alkoxycarbonyl, halogenated
alkyl or heteroalkyl.

[0088] Insomeembodiments, R” and R® of Formula (ITIA),
(IVA), (VA), (1IB), (IVB), or (VB) together form a ring. In
other embodiments, the R” and R® together form a 5-, 6- or
7-membered cycloalkyl, cycloalkenyl, aryl, heteroalkyl or
heteroaryl ring. In further embodiments, the R’ and R®
together form a benzo, naphtha, anthrax, pyrido, pyridazino,
pyrimido, pyrazino, triazino, tetrazino, pyrazolo, triazolo, or
pyrrolo ring. In certain embodiments, the R” and R® together
form a benzo ring.

[0089] In certain embodiments, R® and R® of Formula
(IVA) or (IVB) together form a ring. In some embodiments,
the R® and R® together form a 5-, 6- or 7-membered
cycloalkyl, cycloalkenyl, aryl, heteroalkyl or heteroaryl ring.
In other embodiments, the R® and R® together form a benzo,
naphtha, anthrax, pyrido, pyridazino, pyrimido, pyrazino, tri-
azino, tetrazino, pyrazolo, triazolo, or pyrrolo ring. In further
embodiments, the R® and R” together form a benzo ring.
[0090] The monovalent dioxygenated aryl group of For-
mula (I11B), (IVB) or (VB) can react with hypochlorous acid
to form quinone (IIIC), (IVC) or (VC) respectively as shown
in Scheme (A) below.

Scheme (A)
RS RS
R’ ORP R’ 0
RO R® o) R’
(IIIB) (I1IC)
R’ R’
Rl (IO RS 0. RS
NaOCl
—
phosphate
Rl ]O R9 buffer/DMF fe) R9
(IVB) Ivo
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R* 1y R? 1y
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[0091] In some embodiments, R'° is a protected or unpro-
tected hydroxyl group and R*! is alkoxy such as methoxy. In
other embodiments, R'" is a protected or unprotected
hydroxyl group and R'® is alkoxy such as methoxy. In further
embodiments, the dioxygenated aryl group of Formula (ITIB),
(IVB) or (VB) in Scheme (A) can be oxidized by hypochlo-
rous acid at room temperature in a pH range from about 7.4 to
about 8.2 to form quinone (I1IC), IVC) or (VC) respectively.
[0092] In other embodiments, A is a 1,4- or 1,2-disubsti-
tuted arylene or heteroarylene group, wherein the substitu-
ents are independently an alkoxy group or a protected or
unprotected hydroxyl group. In further embodiments, the
arylene group is phenylene.

[0093] Further, the compounds or hypochlorous acid
probes disclosed herein comprise boron dipyrromethene
(BODIPY)-type fluorophores. In some embodiments, the
compounds or hypochlorous acid probes represented by gen-
eral Formulae (1), (VI), (VII) and (VII) are substantially
non-fluorescent. In other embodiments, the compounds or
hypochlorous acid probes represented by general Formulae
D, (VD, (VII) and (VII) can efficiently reacted with
hypochlorous acid under physiological conditions to give a
strong fluorescent signal. In further embodiments, the amount
ofhypochlorous acid can be determined with very high speci-
ficity and selectivity by measuring the fluorescent signal of
the oxidized hypochlorous acid probes.

[0094] Insomeembodiments, the compounds or hypochlo-
rous acid probes disclosed herein are represented by Formula

(0:

@

[0095] wherein each of X, R!, R%, R, R*, R® and R® is as
defined herein;

[0096] Z is a bond or a divalent linking group such as
alkylene, heteroalkylene, arylene, and heteroarylene;
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[0097] R has one of Formulae (ITTA), (IVA) and (VA):
(II[A)
RS
R7 Ql
QZ R9
(IVA)
R7
Ql R8
Q? R’, and
(VA)
Ql
QZ RS
R R’

[0098] wherein each of R7, R® and R® is independently
hydrogen, halo, alkyl, halogenated alkyl, alkenyl, alkynyl,
aryl, aralkyl, alkaryl, heterocyclyl, cycloalkyl, cycloalkenyl,
cycloalkynyl, hydroxy, thio, alkoxy, alkylthio, alkoxyalkyl,
cyano, nitro, carboxyl, acyl, carbamate, amido, amino, alky-
lamino, arylamino, dialkylamino, alkylarylamino, diary-
lamino, or heteroalkyl, or R” and R® of Formula (ITTA), (IVA)
or (VA) or R® and R® of Formula (TVA) together form a 5-, 6-,
or 7-membered cycloalkyl, cycloalkenyl, aryl, heteroalkyl or
heteroaryl ring; and

[0099] each of Q' and Qis an electron-donating group. In
some embodiments, each of Q' and Q* is independently
amino or —0-Q°, where Q° is hydrogen, alkyl, alkenyl,
alkoxyalkyl, cycloalkyl, cycloalkenyl, cycloalkynyl, aryl,
alkaryl, arylalkyl, alkylamido, alkoxyamido, alkoxycarbo-
nyl, halogenated alkyl or heteroalkyl, with the proviso that Q"
ar}d Q? are not both amino. In further embodiments, each of
Q and Q% is —O-Q°. In further embodiments, Q* is —0-Q*
and Q? is amino. In further embodiments, Q" is amino and Q?
is —0-Q*.

[0100] In certain embodiments, R is a monovalent dioxy-
genated aryl group having one of Formulae (111B), (TVB) and
(VB):

(LIB)
RS

R’ OR'?,

Rllo RQ
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R7
R]OO RS
RO R%  and
(VB)
OR]O
R]lo RS
R’ R’

wherein each of R7, R® and R is as defined herein; and each
of R'® and R"" is independently hydrogen or an electron-
donating group.

[0101] Insome embodiments, each of R'® and R!! is inde-
pendently hydrogen, alkyl, alkenyl, alkoxyalkyl, cycloalkyl,
cycloalkenyl, cycloalkynyl, aryl, alkaryl, arylalkyl, alkyla-
mido, alkoxyamido, alkoxycarbonyl, halogenated alkyl or
heteroalkyl. In other embodiments, R'! is hydrogen. In fur-
ther embodiments, R*° is alkyl such as methyl, ethyl, propyl,
isopropyl, butyl, isobutyl, tert-butyl, and the like. In further
embodiments, R'" is hydrogen and R'® is methyl.

[0102] Inother embodiments, Z is a bond. In other embodi-
ments, Z is arylene. In further embodiments, Z is arylene
having one of Formulae (a)-(p):

~

)]

‘

QO

(d)

BeS
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In further embodiments, one or more of Formulae (a)-(p) is
optionally substituted.
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[0103] In certain embodiments, the compounds or
hypochlorous acid probes disclosed herein are represented by
Formula (VI):

vh

whereineach of X, R', R%, R*, R* R® R% R7,R%,R®,R'and
R is as defined herein. In some embodiments, R'* is hydro-
gen. In other embodiments, R'® is alkyl such as methyl, ethyl,
propyl, isopropyl, butyl, isobutyl, tert-butyl, and the like. In
further embodiments, R'* is hydrogen; and R*° is methyl. In
certain embodiments, the two X groups are different. In other
embodiments) the two X groups are the same. In further
embodiments, each of the two X groups is F. In some embodi-
ments, each of R, R*, R* and R® is hydrogen; and each of R?
and R% is —C(=0)—Y whereinY is diethylamino.

[0104] Insomeembodiments,eachofR? and R of Formula
(1) or (V1) is independently hydrogen or —C(=0)NR?R?,
wherein each of R*?and R'? is independently hydrogen, alkyl
oraryl. In further embodiments, each of R and RS of Formula
(V1) is —C(=O)NR'?R"*, wherein each of R'* and R"* is
alkyl. In further embodiments, each of R* and R®is —C(=0)
N(CH,CH,),.

[0105] Inotherembodiments, R* and R? of Formula (), (IT)
or (V1) together form aring. In other embodiments, the R* and
R? groups together form a 5-, 6- or 7-membered cycloalkyl,
cycloalkenyl, aryl, heteroalkyl or heteroaryl ring. In further
embodiments, the R* and R groups together form a benzo,
naphtha, anthrax, pyrido, pyridazino, pyrimido, pyrazino, tri-
azino, tetrazino, pyrazolo, triazolo, or pyrrolo ring. In some
embodiments, the R? and R?* groups together form a benzo
ring.

[0106] In further embodiments, R® and R of Formula (1),
(1) or (V1) together form aring. In other embodiments, the R®
and R groups together form a 5-, 6- or 7-membered
cycloalkyl, cycloalkenyl, aryl, heteroalkyl or heteroaryl ring.
In further embodiments, the R* and RS groups together form
a benzo, naphtha, anthrax, pyrido, pyridazino, pyrimido,
pyrazino, triazino, tetrazino, pyrazolo, triazolo, ot pytrrolo
ring. In some embodiments, the R” and R° groups together
form a benzo ring.

[0107] In further embodiments, R' and R? of Formula (1),
(1) or (VT) together form a ring. In other embodiments, the R*
and R? groups together form a 5-, 6- or 7-membered
cycloalkyl, cycloalkenyl, aryl, heteroalky] or heteroaryl ring.
In further embodiments, the R and R? groups together form
a benzo, naphtha, anthrax, pyrido, pyridazino, pyrimido,
pyrazino, triazino, tetrazino, pyrazolo, triazolo, or pyrrolo
ring. In some embodiments, the R' and R? groups together
form a benzo ring.
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[0108] In further embodiments, R* and R® of Formula (T),
(1) or (V1) together form a ring. In other embodiments, the R*
and R® groups together form a 5-, 6- or 7-membered
cycloalkyl, cycloalkenyl, aryl, heteroalkyl or heteroaryl ring.
In further embodiments, the R* and R® groups together form
a benzo, naphtha, anthrax, pyrido, pyridazino, pyrimido,
pyrazino, triazino, tetrazino, pyrazolo, triazolo, or pyrrolo
ring. In some embodiments, the R* and R® groups together
form a benzo ring.

[0109] In further embodiments, R7 and R® of Formula (V1)
together form a ring. In other embodiments, the R” and R®
groups together form a 5-, 6- or 7-membered cycloalkyl,
cycloalkenyl, aryl, heteroalkyl or heteroaryl ring. In further
embodiments, the R” and R’ groups together form a benzo,
naphtha, anthrax, pyrido, pyridazino, pyrimido, pyrazino, tri-
azino, tetrazino, pyrazolo, triazolo, or pyrrolo ring. In some
embodiments, the R” and R® groups together form a benzo
ring.

[0110] In certain embodiments, the compounds or
hypochlorous acid probes disclosed herein are represented by
Formula (VII) or (VIII):

(vID)

or

(VIID)

wherein R is alkyl; R'! is alkyl; and each of R® and R9 is
independently hydrogen or —C(—O)—Y. wherein Y is
hydrogen, alkoxy, hydroxy, thio, alkyl, alkenyl, alkynyl,
cycloalkyl, cycloalkenyl, cycloalkynyl, aryl, alkaryl, aryla-
Ikyl, amino, alkylamino, arylamino, dialkylamino, alkylary-
lamino, diarylamino, alkylthio, or 3- to 7-membered hetero-
cyclyl ring. I{} some embodiments, each of R* and R® is
—C(—O)NR "R*? wherein each of R*? and R'? is alkyl. In
further embodiments, each of R® and R® is —C(=O)N
(CH,CH;),.

[0111] Insome embodiments, the hypochlorous acid probe
disclosed herein is Compound (5) or (6), or an isomer thereof:
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(5)
or

(H;CH,C),NOC F/ \F CON(CH,CHj),,

(6)
OH
H;CO
(H3CH,C),NOC F/ \F CON(CH,CHj),.

[0112] Also provided herein are reagent compositions for
measuring directly or indirectly hypochlorous acid or
hypochlorite in chemical or biological samples such as
microorganism, or a cell or tissue from animals. The reagent
composition comprises the hypochlorous acid probe dis-
closed herein. In some embodiments, the reagent composi-
tion further comprises a solvent, an acid, a base, a buffer
solution or a combination thereof a base, a buffer solution or
a combination thereof.

[0113] Also provided herein are methods for measuring
directly or indirectly hypochlorous acid or hypochlorite in a
sample. In some embodiments, the methods comprise the
steps of (a) contacting a hypochlorous acid probe disclosed
herein with the sample to form a fluorescent compound; and
(b) measuring fiuorescence properties of the fluorescent com-
pound. In some embodiments, the fluorescence properties are
measured with methods disclosed herein or any method
known to a person skilled in the art. In other embodiments, the
sample is a chemical sample or biological sample. In further
embodiments, the sample is a biological sample comprising a
microorganism, or a cell or tissue from animals.

[0114] Also provided herein are high-throughput screening
fluorescent methods for detecting directly or indirectly
hypochlorous acid or hypochlorite in samples. In some
embodiments, the high-throughput screening fluorescent
methods comprise the steps of (a) contacting a hypochlorous
acid probe disclosed herein with the samples to form one or
more fluorescent compounds; and (b) measuring fluorescence
properties of the fluorescent compounds. In other embodi-
ments, the fluorescence properties are measured with meth-
ods disclosed herein or any method known to a person skilled
in the art.

[0115] Also provided herein are high-throughput methods
for screening one or more target compounds that can directly
or indirectly increase or decrease the level of hypochlorous
acid or hypochlorite. In some embodiments, the high-
throughput methods comprise the steps of (a) contacting a
hypochlorous acid probe disclosed herein with the target
compounds to form one or more fluorescent compounds; and
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(b) measuring fluorescence properties of the fluorescent com-
pounds to determine the target compounds quantitatively or
qualitatively. In other embodiments, the fluorescence proper-
ties are measured with methods disclosed herein or any
method known to a person skilled in the art.

[0116] In some embodiments, informaties systems can be
used and implemented in the high-throughput methods dis-
closed herein. In other embodiments, the informatics systems
provide the software control of the physical devices used in
the high-throughput method. In other embodiments, the
informatics systems organize electronic data generated by the
high-throughput methods. In further embodiments, the infor-
matics systems store electronic data generated by the high-
throughput methods.

General Synthetic Procedures

[0117] The compounds or hypochlorous acid probes dis-
closed herein may be made by one skilled in the art with
known organic syntheses as well as various general or specific
synthetic procedures disclosed herein. For example, the
hypochlorous acid probes of Formula (T) can be synthesized
by the following general procedure as shown in Scheme (B)
below.

Scheme (B)
R!
NS
RZ
\ NH
R3
(IXA) R
| (1) TFA
+ Z —_—
| @D
R* CHO
=
RS
\ NH
R6
(IXB)

BX3+OEty/EtsN
CH,Cl,

(XD)
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-continued

O

[0118] Eachof R, X, R', R? R* R* R' and R® in Scheme
(B) is as defined above. The pyrroles of Formula (TXA) and
(IXB) can react with the aldehyde of Formula (X) in the
presence of an acid catalyst in an appropriate solvent such as
dichloromethane or 1,2-dichloroethane at temperature rang-
ing from room temperature to 80° C. After a substantial
amount of the aldehyde of Formula (X) reacts with the pyr-
roles of Fornla (IXA) and (IXB), an oxidizing agent, such as
benzoquinones, can be added to the reaction mixture to form
the dipyrrole of Formula (XI). Some non-limiting examples
of suitable benzoquinones include 2,3-dichloro-5,6-dicyano-
1,4-benzoquinone (DDQ) and 2,3,5,6-tetrachloro-paraben-
zoquinone. The dipyrrole of Formula (XI) can be purified by
conventional techniques such as washing, filtration, extrac-
tion, evaporation, distillation, recrystallization, chromatogra-
phy and the like.

[0119] Some non-limiting examples of suitable acid cata-
lyst include trifluoroacetic acid (TFA), 4-(triftuoromethyl)
benzoic acid, p-toluenesulfonic acid, methanesulfonic acid,
acetic anhydride, Lewis acids (e.g., Et,AlCl, EtAICl,, BF;,
SnCl,, AlCL,, Ti (isopropoxide), and TiCl,) and combina-
tions thereof. In some embodiments, the acid catalyst is trif-
luoroacetic acid.

[0120] In some embodiments, the pyrrole of Formula
(IXA) is the same as the pyrrole of Formula (IXB). In other
embodiments, the pyrrole of Formula (IXA) and the pyrrole
of Formula (IXB) are different. The pyrroles of Formula
(IXA) and (IXB) can be purchased from a commercial sup-
plier such as Aldrich Chemical or prepared by known meth-
ods. The chemistry and preparations of pyrroles are disclosed
in Richard Alan Jones et al., “Chemistry of Pyrroles,” Aca-
demic Press (1977), which is incorporated herein by refer-
ence.

[0121] The aldehyde of Formula (X) can be purchased from
a commercial supplier such as Aldrich Chemical or prepared
by methods known to a skilled artisan. For example, the
aldehyde of Formula (X) can be prepared by formylating an
aryl compound having formula R-Z-H where R and Z are as
defined above. In some embodiments, the aldehyde of For-
mula (X) can be prepared by formylating an aryl compound
having one of Formulae (I1ID), (IVD) and (VD):
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(IIID)

(IVD)
Rr7
Ql RS
Q@ RS,  and
H
(VD)
Ql

QZ RS
R R’
H
wherein each of R7, R¥, R®, Q' and Q? is as defined herein.

[0122] In certain embodiments, the aldehyde of Formula
(X) can be prepared by formylating an aryl compound having
one of one of Formulae (11IE), (IVE) and (VE):

(IIE)

OR'®,

~,

Rl lo RQ
(IVE)
R7
RIOO RS
RO R%  and
H
(VE)

ORI
rllo RS

R R’

3%

wherein each of R7, R%, R®, R*® and R*! is as defined herein.
[0123] When R is or comprises a phenolic group, the
formylation can be carried out with paraformaldehyde alone.
Altern atively, when Z is an arylene group, the formylation
can be carried out with a mixture of dimethylformamide and
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phosphorus oxychloride via the Vilsmeier-Haack reaction.
Similarly, when Z is a bond and R is a dioxygenated aryl
group, the aldehyde of Formula (X) can be prepared by
formylating a dioxygenated aryl compound having formula
R—H. Alternatively, Reimer-Tiemann reaction, Duff reac-
tion, Gattermann-Koch reaction, and Gattermann reaction
can be used to prepare the aldehyde of Formula (X) with the
appropriate starting materials.

[0124] Next, the dipyrrole of Formula (XI) can be treated
with boron trihalide etherate and triethylamine in a suitable
solvent, such as dichloromethane, to form the hypochlorous
acid probe of Formula (I). In some embodiments, the boron
trihalide is BF;, BCl;, BBr; or a combination thereof. The
hypochlorous acid probe of Formula (I) can be purified by
conventional techniques such as washing, filtration, extrac-
tion, evaporation, distillation, recrystallization, chromatogra-
phy and the like.

[0125] Similarly, the compounds or hypochlorous acid
probe of Formula (VI) can be synthesized by the following
general procedure as shown in Scheme (C) below.

Scheme (C)
Rl
=
RZ
\ NH
R3 RS
(IXA) R1 OR!0
(1) TFA
+ —_—
(2) DDQ
R* HO R®
S CHO
¥ \ NH X1
RG
(IXB)
BF5*OFnR/E;N
CH,Cl,

X1
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-continued

R7

VD)

[0126] EachofR,X,R',R* R* R%R% R R", R, R and
R in Scheme (C) is as defined herein. The pyrroles of For-
mula (IXA) and (IXB) can react with the aldehyde of Formula
(X1I) in the presence of an acid catalyst, as disclosed in
Scheme (B) above, in an appropriate solvent such as dichlo-
romethane or 1,2-dichloroethane at a temperature ranging
from room temperature to 80° C. In some embodiments, the
pyrrole of Formula (IXA) is the same as the pyrrole of For-
mula (IXB). In other embodiments, the pyrrole of Formula
(IXA) and the pyrrole of Formula (IXB) are different.
[0127] The aldehyde of Formula (XII) can be purchased
from a commercial supplier such as Aldrich Chemical or
prepared by methods known to a skilled artisan. For example,
the aldehyde of Formula (XII) can be prepared by formylating
an aryl compound having formula (XIV):

(XIV)
RS

R’ ORI

HO R?

wherein each of R7, R, R® and R*° is as defined herein. The
formylation of the aryl compound of Formula (XIV) can be
carried out with paraformaldehyde alone. Alternatively the
formylation can be carried out with a mixture of dimethylfor-
mamide and phosphorus oxychloride via the Vilsmeier-
Haack reaction.

[0128] After the aldehyde of Formula (XIV) reacts com-
pletely, an oxidizing agent, such as benzoquinones, can be
added to the reaction mixture to form the dipyrrole of For-
mula (XIII). The dipyrrole of Formula (X1II) can be purified
by conventional techniques such as washing, filtration,
extraction, evaporation, distillation, recrystallization, chro-
matography and the like.

[0129] Next, the dipyrrole of Formula (XIIT) can be treated
with boron trihalide etherate and triethylamine, as disclosed
in Scheme (B) above, in a suitable solvent, such as dichlo-
romethane, to form the hypochlorous acid probe of Formula
(VI). The hypochlorous acid probe of Formula (VI) can be
purified by conventional techniques such as washing, filtra-
tion, extraction, evaporation, distillation, recrystallization,
chromatography and the like.
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[0130] Some functional groups of the formulae in Schemes
B and C can be protected by protecting groups. In some
embodiments, the Schemes B and C may be optimized by
using different protecting groups. The chemistry of protect-
ing groups can be found in the literature such as Greene, T. W.
and Wuts, P. G. M., Protective Groups in Organic Synthesis,
3rd ed, John Wiley & Sons, Inc., 1999, which is incorporated
herein by reference.

EXAMPLES

[0131] The following Examples 1-4 are detailed descrip-
tions of the methods of making and using some hypochlorous
acid probes represented by general Formulae (1), (VI), (VII)
and (VIII). The detailed disclosure falls within the scope of,
and serve to exemplify, the above described General Syn-
thetic Procedures which form part of this disclosure. These
examples are presented for illustrative purposes only and are
not intended to limit the scope of this disclosure.

Example 1
Synthetic Schemes for Compound 5
Synthesis of pyrrole-2-carboxylic Acid
[0132]

el a

N - X
@7 A0 (1.1 equiv) 07
/ CHO | / COOH

NaOH, H,0, 1h

[0133] Pyrrole-2-carboxaldehyde (10.0 g, 105 mmol) was
dissolved in 50 mL of methanol and then diluted by 500 mL
of distilled water. Fresh silver oxide (48.3 g, 210 mmol) and
sodium hydroxide (8.5 g, 212 mmol) were added to the pyr-
role-2-carboxaldehyde solution. After the reaction mixture
was stirred for 1 hour at room temperature, the precipitate was
filtered off and washed with hot water. The combined filtrates
and washings were extracted with diethyl ether (500 mI) and
then acidified at 0° C. with 37% hydrochloric acid. The solu-
tion was extracted with diethyl ether (200 mLx4). The com-
bined organic extract was dried over magnesium sulfate. The
solvent was evaporated under reduced pressure to yield 9.9 g
of pyrrole-2-carboxylic acid (85% yield).

Synthesis of Compound 1
[0134]
H ) H
N DCC(1.1 equiv, N
| DMAP(0.2 equiv) |
——————————
/ COOH TINED, CILCL / CONEty
Compound 1

[0135] Pyrrole-2-carboxylic acid (10.0 g, 90 mmol) was
dissolved in 250 mL of dichloromethane. N,N'-Dicyclohexy-
Icarbodiimide (DCC) (20.4 g, 99 mmol), 4-dimethyl-ami-
nopyridine (DMAP) (2.2 g, 18 mmol) and diethylamine (10.2
mL, 99 mmol) were added subsequently at 0° C. under an
Argon atmosphere. The reaction mixture was stirred at 0° C.
for 30 minutes then stirred at room temperature for 8 hours.
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After the solution was diluted with dichloromethane and the
solid was filtered off, the filtrate was washed by diluted
hydrochloric acid, followed by saturated sodium bicarbonate
solution. The organic layer was dried over Na,SO, and then
the solvent was evaporated under reduced pressure. The resi-
due was purified by column chromatography using 35%
EtOAc in n-hexane as diluent to obtain 10.5 g of Compound
1 as a white solid (70% yield).

Synthesis of 2-hydroxy-5-methoxybenzaldehyde

[0136]
OH OH
i i ,CHO
OMe OMe
[0137] To a mixture of compound p-methoxyphenol (3 g,

24.2 mmol), anhydrous magnesium dichloride (3.48 g, 37.0
mmol) and dry triethylamine (12.8 mL, 92.1 mmol) in 100
mL of acetonitrile was added dry paraformaldehyde (5 g, 167
mmol). The reaction mixture was refluxed for 8 hours and
cooled down to room temperature. Then the reaction mixture
was poured into 5% HC1 (300 mL) and extracted with diethyl
ether (200 mL) for three times. The combined organic layers
were dried over anhydrous Na,SO,, filtered, and evaporated.
The residue was purified by flash column chromatography
(20% EtOAc in n-hexane) to yield 3.35 g of 2-hydroxy-5-
methoxybenzaldehyde (91% yield).

Synthesis of Compound 2
[0138]
OH OAllyl
CHO CHO
OMe OMe
Compound 2
[0139] To a solution of 2-hydroxy-5-methoxybenzalde-

hyde (3.3 g, 21.7 mmol) in 60 mL of THF were added allyl
bromide (3.2 mL, 32.7 mmol) and K,CO, (12 g, 86.2 mmol).
The reaction mixture was refluxed for 10 hours. Then the
mixture was washed with 20 mL of water for two times. The
combined organic extracts were dried over Na,SO,, filtered,
and evaporated. The crude compound was purified by column
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chromatography (20% EtOAc in n-hexane) to yield 3.33 g of
Compound 2 as colorless oil (80% yield). Compound 2 was
characterized by the following physical properties: *H NMR
(400 MHz, CDCl,): § 10.48 (s, 1H), 7.30 (d, J=3.3 Hz, 1H),
7.11(dd,J=9.0,3.3 Hz, 1H), 6.92 (d, ]=9.0 Hz, 1H), 6.08-6.02
(m, 1H), 5.42 (dd, J=17.2, 14 Hz, 1H), 5.31 (dd, ]=10.6, 1.2
Hz, 1H), 4.60-4.59 (m, 2H), 3.79 (s, 3H); *C NMR (100
MHz, CDCL,): § 189.2, 155.5, 153.6, 132.5, 125.2, 1232,
117.8, 114.7, 110.1, 69.7, 55.6; IR (CH,CIl,) 2996, 1704,
1638 em™'; LRMS (ED) m/z (%) 192 (M*; 63), 151 (100);
HRMS (ED): caled for C,,H,,0,: 192.0786, Found: 192.
0781.

Synthesis of Compound 3
[0140]
OAllyl i
CHO E}—CONM2
(2 equiv)
OMe
AllylO
Et;NOC CONEt

Compound 3

[0141] Compound 1 (4.2 g, 25.4 mmol) and Compound 2
(2.44 g, 12.7 mmol) were dissolved in 20 mL of anhydrous
1,2-dichloroethane under Argon atmosphere. One drop of
trifluoroacetic acid (TFA) was added, and the solution was
heated under reflux. After TL.C monitoring (silica; CH,Cl,)
showed complete consumption of Compound 2, a solution of
DDQ (2,3-dichloro-5,6-dicyano-1,4-benzoquinone) (2.89 g,
12.7 mmol) in 40 mL of CH,Cl, was added, and stirring was
continued for 20 minutes. The reaction mixture was washed
with water, dried over MgSO,, filtered, and evaporated. The
crude compound was purified by column chromatography
(40% EtOAc, 20% CH,CI, in n-hexane) to yield Compound
3 as a brown-red oil (1.51 g, 62% yield). Compound 3 was
characterized by the following physical properties: *H NMR
(400 MHz, CDCL,): 9 12.2 (br, 1H), 6.93 (d, J=2.6 Hz, 2H),
6.84 (d, J=2.4 Hz, 1H), 6.64 (d, I=4.3 Hz, 2H), 6.52 (d, J=4.3
Hz, 2H), 5.79-5.72 (m, 1H), 5.14-5.06 (m, 2H), 4.42-4.40 (m,
2H), 3.78 (s, 3H), 3.62 (br, 8H), 1.23 (m, 12H); 1*C NMR
(100 MHz, CDCl;): 8 163.0, 153.0, 150.5, 149.0, 142.0,
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139.0,133.2,128.2,127.1,119.4,117.3,116.9,115.2, 114.6,
70.2,55.7,43.0 (br), 14.0 (br); IR (CH,Cl,) 2944, 1658,1635
cm™'; LRMS (BD) m/z (%) 504 (M*; 19), 447 (100); HRMS
(EI): caled for C,H;(N,O,: 504.2737, Found: 504.2726.

Synthesis of Compound 4
[0142]

ENOC

Compound 3

Compound 4

[0143] Compound 3 (2.2 g, 4.38 mmol) and triethylamine
(12.3 mL, 87.5 mmol) were dissolved in 137 mL of absolute
dichloromethane under an Argon atmosphere, and the solu-
tion was stirred at room temperature for 10 minutes. BF .
OFEt, (123 mL, 96.3 mmol) was added, and stirring was
continued for 4 hours. The reaction mixture was washed with
water and 2N NaOH. The aqueous solution was extracted
with CH,Cl,. The combined organic extracts were dried over
Na,SO,, filtered, and evaporated. The crude compound was
purified by column chromatography (40% EtOAc, 20%
CH Cl, in n-hexane) to yield Compound 4 as a solid (1.47 g,
61% yield). Compound 3 was characterized by the following
physical properties: m.p. 72.0-73.9° C.; *H NMR (300 MHz,
CDCL,): 8 7.01-6.99 (m, 2H), 6.87 (d, ]=2.5 Hz, 1H), 6.84 (d,
J=4.2 Hz, 2H), 6.44 (d, J=4.2 Hz, 2H), 5.84-5.76 (m, 1H),
5.16 (dd, J=17.1, 1.5 Hz, 1H), 5.11 (dd, J=10.3, 1.4 Hz, 1H),
4.45(dd, J=3.4, 1.5 Hz, 2H), 3.79 (s, 3H), 3.57 (q, J=7.1 Hz,
4H), 3.29 (q, J=7.1 Hz, 4H), 1.26 (t, I=7.1 Hz, 6H), 1.09 (t,
J=7.1 Hz, 6H); “CNMR (75 MHz, CDCL,): 4 162.6, 153.0,
151.2,149.8,144.6,135.1,132.5,131.2,123.2,117.0, 116.6,
116.4, 114.4, 69.6, 55.6, 42.8, 38.5, 13.8, 11.9; '°F NMR
(376.5 MHz, CDCl,): 8 -144.1 (m, I=30.1 Hz), -145.5 (m,
1=30.1 Hz); IR (CH,C1,) 2980, 1734, 1640 cm™"; LRMS (EI)
m/z (%) 552 (M*; 16), 495 (100); HRMS (EI): caled for
C,oH;sBF,N,0,; 552.2719, Found: 552.2715.
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Synthesis of Compound 5
[0144]

OMe

/\
F ¥

Et,NOC

Compound 4

Et;NOC F/ \1: CONEt

Compound 5

[0145] Toasolution of Compound 4 (400 mg, 0.725 mmol)
in 50 mL of ethanol was bubbled by Argon gas to remove any
dissolved oxygen for 30 min. Then Pd(PPh,), (83.7 mg,
0.0725 mmol) was added slowly under strong argon stream.
The reaction mixture was refluxed for 6 hours. The solid was
filtered off and the filtrates were dried over MgSO,. The
solvent was evaporated under reduced pressure. The residue
was purified by column chromatography (5% MeOH in
CHCI;) to yield Compound 5 as a solid (258 mg, 70% yield).
Compound 5 was characterized by the following physical
properties: m.p. 89.6-91.2° C.; "H NMR (400 MHz, CDCL,):
08.40 (br, 1H), 7.0 (d, J=8.9 Hz, 1H), 6.90-6.85 (m, 3H), 6.72
(d, J=3.1 Hz, 1H), 6.37 (d, I=4.2 Hz, 2H), 3.71 (s, 3H), 3.54
(br. 4H), 3.24 (q, J=7.3 Hz, 4H). 1.26 (t, I=7.1 Hz, 6H), 1.06
(t,J=7.1Hz, 6H); "*C NMR (100 MHz, CDCL,): 8 163,151.9,
150.3,148.7,146.0, 135.2,131.9,120.3,117.9, 117.4,116.6,
116.3, 55.7, 43.1, 38.7. 13.9, 12.0; "°F NMR (376.5 MHz,
CDCly): -143.4 (m, J=30.1 Hz), -145.3 (m, J=30.1 Hz); IR
(CH,Cl,) 3234, 1654, 1573 cm™'; LRMS (EI) m/z (%) 512
(M*; 18),277 (100); HRMS (EI): caled for C,¢H;,BF,N,O,:
512.2406, Found: 512.2405.

Example 2
Detection of Hypochlorous Acid with Compound 5
UV-Visible Absorption Spectrum of Compound 5

[0146] Compound 5 obtained in Example 1 was dissolved
in dichloromethane to form a 10 mM solution. The absorption
spectrum of the 10 mM solution of Compound 5 was mea-
sured and shown in FIG. 1. The data in FIG. 1 show that
Compound 5 has an absorption maximum at about 520 nm

Emission Spectra of Compound 5

[0147] Compound 5 obtained in Example 1 was dissolved
in DMF to a concentration of 10 mM, and then the solution
was diluted to 10 uM by 0.1 M potassium phosphate buffer
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(pH 7.4). The fluorescence spectrum of the 10 uM solution of
Compound 5 was measured using a Hitachi F2500 fluores-
cence spectrometer and the photomultiplier voltage was 700
V. The slit width was 2.5 nm for both excitation and emission.
The measurement was carried out at an excitation wavelength
0f 520 nm. The results are shown in FIG. 2 which shows that
Compound 5 itself is non-fluorescent.

Detection of Hypochlorous Acid with Compound 5

[0148] Compound 5 obtained in Example 1 was dissolved
in DMF to a concentration of 10 mM, and then the solution
was diluted to 10 uM by 0.1 M potassium phosphate buffer
(pH 7.4). Commercial bleach was the source of NaOCl. The
concentration of NaOCl was determined by titration with
sodium thiosulfate solution which was standardized by the
titration with KIO;. Then NaOCl was added to provide final
concentrations of 0, 3, 4, 5, 6 and 8 uM. Fluorescence spectra
of the solutions were measured after 2 minutes under the same
conditions as mentioned above. The fluorescence spectra are
shown in FIG. 3. As clearly shown in FIG. 3, the fluorescence
intensity of Compound 5 increase significantly after the addi-
tion of hypochlorite. Further, FIG. 4 shows that the fluores-
cence intensity at 541 nm increases linear with increasing
concentration of hypochlorite.

Example 3

Comparison of Specificity of Compound 5 with Dif-
ferent Reactive Oxygen Species and Reactive Nitro-
gen Species

[0149] The reactivity of Compound 5 was compared
toward different reactive oxygen species (ROS) and reactive
nitrogen species (RNS), including OC,~, H,0,, NO, 0,.”,
.OH, ONOO™ and alkylperoxy! radical (ROQO.). Different
reactive oxygen species and reactive nitrogen species were
addedindependently to 5 mL of the corresponding solution of
Compound 5 (10 pM in 0.1 M potassium phosphate buffer).
The changes in fluorescence intensity before and after the
treatment were measured. The results are shown in FIG. 5.
The samples (a)-(h) in FIG. 5 were prepared as follows.

[0150] a.H,O, (final 100 uM) was added and then stirred
for 1 hour at 25° C.

[0151] b.  (3-(1,4-Dihydro-1,4-epidioxy-1-naphthyl)
propionic acid) (final 100 pM) was added and then
stirred at 25° C. for 1 hour.

[0152] c. 2,2'-Azobis(2-amidinopropane)dihydrochlo-
ride (final 100 uM) was added and then stirred at 25° C.
for 1 hour.

[0153] d. SNP (Sodium Nitroferricyanide (11T) Dihy-
drate) (final 100 uM) was added and then stirred for 1
hour at 25° C.

[0154] e. O, was generated by xanthine and xanthine
oxidase. Xanthine oxidase was added firstly. After xan-
thine oxidase was dissolved, xanthine (final 100 pM)
was added and the mixtures were stirred at 25° C. for 1
hour.

[0155] £ Ferrous chloride (final 10 uM) was added in the
presence of 10 equivalences of H,O, (100 pM).

[0156] g. ONOO" (final 10 pM) was added at 25° C.
[0157] h. NaOClI (final 10 pM) was added at 25° C.
[0158] FIG. § shows fluorescence augmentation only upon

reaction with hypochlorite. These results demonstrated that
Compound 5 has a much higher reactivity towards hypochlo-
rite among ROS and RNS in an abiotic system. Further,
similar reactions do not proceed between the phenol deriva-
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tive of Compound 5 and other reactive oxygen species or
reactive nitrogen species present in the biological systems.

Example 4

Detection of Hypochlorous Acid with Compound 5
at Different pH Value

[0159] Compound 5 obtained in Example 1 was dissolved
in DMF to a concentration of 10 mM, and then the solution
was diluted to 10 uM by 0.1 M potassium phosphate buffer
with various pH values (from about 4.0 to about 12.0). Com-
mercial bleach was the source of NaOCI. The concentration
of NaOCl was determined by titration with sodium thiosul-
fate solution which was standardized by the titration with
KIO;. Then NaOCl was added to provide a final concentra-
tion of 10 uM. Fluorescence spectra of the solutions were
measured after 2 minutes under the same conditions as men-
tioned above. The fluorescence spectra are shown in FIG. 6.
As clearly shown in FIG. 6, the fluorescence intensity of
Compound 5 is significantly higher at a pH range from about
5 to about 7.5 than at other pH values. In view of the pK, of
hypochlorous acid being 7.6, it is likely that compound 5
generally detects hypochlorous acid rather than hypochlorite.

Example 5

Detection of Hypochlorous Acid with Compound 5
in MPO/H,0,/CI—System

[0160] Hypochlorous acid in living organisms is synthe-
sized predominantly from hydrogen peroxide and chloride
ions in a reaction catalyzed by the enzyme MPO (Hidalgo, E.;
Bartolome, R.; Dominguez, C., Chem. Biol. Interact. 2002,
139,265-282), we applied Compound 5 to an MPO/H,O,/C1
system (FIG. 7). The fluorescence intensity increased dra-
matically upon the addition of Compound 5 whereas almost
no fluorescence was detected in the control experiment (in the
absence of H,0,). Because Compound 5 does not respond to
1202, the observed fluorescence increase may be attributed to
the formation of hypochlorous acid; i.e., the hypochlorous
acid probes disclosed herein can detect the production of
hypochlorous acid in enzymatic systems,

Example 6
Cell Assay

[0161] Murine J774.1 macrophages (ATCC, USA) were
used to investigate the potential of Compound 5 for the detec-
tion of hypochlorous acid in living cells. First, murine 1774.1
cells were stimulated with lipopolysaccharide (LPS) (1
ug/ml) and interferon-y (IFN-y) (50 ng/mL) for 4 hour. After
incubation with Compound 5 (20 uM) for 1 hour, the cells
were washed three times with PBS buffer, and further stimu-
lated with PMA for 0.5 hours. As shown in FIG. 8A, no
obvious fluorescence was observed in cells before the treat-
ment of stimulants. It is noteworthy that fluorescent cells were
observed after the treatment with LPS/IFN-y followed by
PMA (FIG. 8B). FIG. 5C shows that the fluorescence was
quenched after the treatment of with 2,2,6,6-tetramethylpip-
eridine-1-oxyl (TEMPO). As a free radical itself, TEMPO
can scavenge superoxide radical (Muijsers, R. B. R.; van den
Worm, E.; Folkerts, G.; Beukelman, C. J.; Koster, A. S.;
Postma, D. S.; Nijkamp, F. P., Br. J. Pharmacol., 2000, 130,
932-936.), which is the precursor of hypochlorous acid.
These results suggest that macrophages indeed produced
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OCI™ upon the treatment of stimulants, and the formation of
hypochlorous acid can be visualized by using Compound 5.

Example 7
Cell Assay 2

[0162] The murine macrophage cell line RAW264.7 pro-
duces MPO upon stimulation (Adachi, Y.; Kindzelskii, A. L.;
Petty, A. R.; Huang, J. B.; Maeda, N.; Yotsumoto, S.; Aratani,
Y.; Ohno, N.; Petty, H. R., J. Immunol. 2006, 176, 5033-
5040). In addition, exposure of macrophages to stimuli such
as LPS/IFN-y (interferon-y) and phorbol myristate acetate
(PMA) will also activate the generation of other ROS and
RNS. In this experiment, RAW264.7 was used as a model to
test whether Compound 5 can be used to detect OCI™ gener-
ated by an MPO/H,0,/CI™ system under stimulation. We
observed no obvious fluorescence in the cells prior to treat-
ment with the stimulants (FIG. 9a). 1t is noteworthy that
fluorescent cells appeared after treatment with LPS/IFN-y
followed by PMA (FIG. 956). FIG. 9¢ indicates that the fluo-
rescence was quenched after treatment with 2,2,6,6-tetram-
ethylpiperidine-1-oxyl (TEMPO), a free radical that can
scavenge superoxide radical. These results confirm that mac-
rophages can produce OCI™ upon stimulation and that this
process can be visualized using Compound 5.

[0163] As demonstrated above, embodiments disclosed
herein provide various compounds that can be used as
hypochlorous acid probes for detecting, measuring and/or
screening hypochlorous acid. While this disclosure has been
described with respect to a limited number of embodiments,
the specific features of one embodiment should not be attrib-
uted to other embodiments of the invention. No single
embodiment is representative of all aspects of this disclosure.
In some embodiments, the compositions or methods may
include numerous compounds or steps not mentioned herein.
In other embodiments, the compositions or methods do not
include, or are substantially free of, any compounds or steps
not enumerated herein. Variations and modifications from the
described embodiments exist. For example, the reagent com-
position disclosed herein need not comprising only the
hypochlorous acid probes disclosed herein. It can comprise
any type of compounds generally suitable for hypochlorous
acid probes. It is noted that the methods for making and using
the hypochlorous acid probes disclosed herein are described
with reference to a number of steps. These steps can be
practiced in any sequence. One or more steps may be omitted
or combined but still achieve substantially the same results.
The appended claims intend to cover all such variations and
modifications as falling within the scope of this disclosure.
[0164] All publications and patent applications mentioned
in this specification are herein incorporated by reference to
the same extent as if each individual publication or patent
application was specifically and individually indicated to be
incorporated by reference. It is to be understood that this
disclosure has been described in detailed by way of illustra-
tion and example in order to acquaint others skilled in the art
with the invention, its principles, and its practical application.
Further, the specific embodiments provided herein as set forth
are not intended to be exhaustive or to limit the disclosure,
and that many alternatives, modifications, and variations will
be apparent to those skilled in the art in light of the foregoing
examples and detailed description. Accordingly, this disclo-
sure is intended to embrace all such alternatives, modifica-
tions, and variations that fall within the spirit and scope of the
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following claims. While some of the examples and descrip-
tions above include some conclusions about the way the com-
pounds, compositions and methods may function, the inven-
tors do not intend to be bound by those conclusions and
functions, but put them forth only as possible explanations in
light of current understanding.

What is claimed is:
1. A compound of Formula (I):

@

wherein X is halo;

each of R', R?, R® R*, R® and RS is independently hydro-
gen, halo, alkyl, halogenated alkyl, heteroalkyl, alkenyl,
alkynyl, aryl, aralkyl, alkaryl, heterocyclyl, cycloalkyl,
cycloalkenyl, cycloalkynyl, amino, alkylamino, ary-
lamino, dialkylamino, alkylarylamino, diarylamino,
hydroxy, thio, alkoxy, alkylthio, alkoxyalkyl, cyano,
nitro, sulfonyl, phosphonyl, sulfonate ester, phosphate
ester, —C(—0)—Y or —C(=—0)-Q-Y, wherein Y is
hydrogen, halo, alkoxy, hydroxy, thio, alkyl, alkenyl,
alkynyl, cycloalkyl, cycloalkenyl, cycloalkynyl, aryl,
alkaryl, arylalkyl, carbamate, amino, alkylamino, ary-
lamino, dialkylamino, alkylarylamino, diarylamino,
alkylthio, heteroalkyl, orheterocyclyl having from 3 to 7
ring atoms; and Q is alkylene, alkenylene, alkynylene,
arylene, aralkylene or alkarylene, or R' and R? or R? and
R® or R* and R® or R® and R° together form a 5-, 6-, or
T-membered cycloalkyl, cycloalkenyl, aryl, heteroalkyl
or heteroaryl ring;

7. 1s a bond or a divalent linking group;

R has one of Formulae (IITA), (IVA) and (VA):

(ITIA)
RS

R’ Ql

Q@ R

(IVA)

R7

Ql R8

@ R, and
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-continued
(VA)

RY R’

wherein each of R7, R® and R? is independently hydrogen,
halo, alkyl, halogenated alkyl, alkenyl, alkynyl, aryl,
aralkyl, alkaryl, heterocyclyl, cycloalkyl, cycloalkenyl,
cycloalkynyl, hydroxy, thio, alkoxy, alkylthio, alkoxy-
alkyl, cyano, nitro, carboxyl, acyl, carbamate, amido,
amino, alkylamino, arylamino, dialkylamino, alkylary-
lamino, diarylamino, or heteroalkyl, or R” and R* of
Formula (IITA), (IVA) or (VA) or R® and R? of Formula
(IVA) together form a 5-, 6-, or 7-membered cycloalkyl,
cycloalkenyl, aryl, heteroalkyl or heteroaryl ring; and

each of Q' and Q7 is independently amino or —O-Q°,
where Q° is hydrogen, alkyl, alkenyl, alkoxyalkyl,
cycloalkyl, cycloalkenyl, cycloalkynyl, aryl, alkaryl,
arylalkyl, alkylamido, alkoxyamido, alkoxycarbonyl,
halogenated alkyl or heteroalkyl, with the proviso that

1

Q and Q? are not both amino.

2. The compound of claim 1, wherein R is a monovalent

dioxygenated aryl group having one of Formulae (IIIB),
(IVB) and (VB):

(IIB)
RS
R’ OR"
Rl lo R9
(IVB)
R7
RIOO RS
Rl R®,  and
VB)
ORI (VB)
Rl lo RS
R? R’

wherein each of R”, R® and R? is independently hydrogen,
halo, alkyl, halogenated alkyl, alkenyl, alkynyl, aryl, aralkyl,
alkaryl, heterocyclyl, cycloalkyl, cycloalkenyl, cycloalkynyl,
hydroxy, thio, alkoxy, alkylthio, alkoxyalkyl, cyano, nitro,
carboxyl, acyl, carbamate, amido, amino, alkylamino, ary-
lamino, dialkylamino, alkylarylamino, diarylamino, or het-
eroalkyl, or R” and R® of Formulae (I1IB)-(VB) or R® and R®

Nov. 6, 2008

of Formula (IVB) together form a 5-, 6-, or 7-membered
cycloalkyl, cycloalkenyl, aryl, heteroalkyl or heteroaryl ring;
and

each of R'® and R** is independently hydrogen, alkyl, alk-

enyl, alkoxyalkyl, cycloalkyl, cycloalkenyl, cycloalky-
nyl, aryl, alkaryl, arylalkyl, alkylamido, alkoxyamido,
alkoxycarbonyl, halogenated alkyl or heteroalkyl.

3. The compound of claim 1, wherein X is F.

4. The compound of claim 1, wherein Z is a bond.

5. The compound of claim 1, wherein Z is alkylene, alk-
enylene, alkynylene, heteroalkylene, heteroalkenylene, het-
eroalkynylene, arylene, or heteroarylene.

6. The compound of claim 1, wherein R* and R? together
form a 5-, 6- or 7-membered cycloalkyl, cycloalkenyl, aryl,
heteroalkyl or heteroaryl ring.

7. The compound of claim 1, wherein R* and R® together
form a 5-, 6- or 7-membered cycloalkyl, cycloalkenyl, aryl,
heteroalkyl or heteroaryl ring.

8. The compound of claim 1, wherein R? and R together
form a 5-, 6- or 7-membered cycloalkyl, cycloalkenyl, aryl,
heteroalkyl or heteroaryl ring.

9. The compound of claim 1, wherein R> and R® together
form a 5-, 6- or 7-membered cycloalkyl, cycloalkenyl, aryl,
heteroalkyl or heteroaryl ring.

10. The compound of claim 1, wherein each of R and RS is
independently hydrogen or —C(—Q)NR'?R*? wherein each
of R*? and R*? is independently hydrogen, alkyl or aryl.

11. The compound of claim 10, wherein each of R* and R*®
of Formula (I) is —C(=0)NR'*R" wherein each of R'* and
R" is alkyl.

12. The compound of claim 11, wherein each of R? and R*
is —C(=O)N(CH,CH,),.

13. The compound of claim 1, wherein R” and R® together
form a 5-, 6- or 7-membered cycloalkyl, cycloalkenyl, aryl,
heteroalkyl or heteroaryl ring.

14. The compound of claim 2, wherein each of R" and R"*
is independently hydrogen, alkyl, alkenyl, alkoxyalkyl,
cycloalkyl, cycloalkenyl, cycloalkynyl, aryl, alkaryl, aryla-
Ikyl, alkylamido, alkoxyamido, alkoxycarbonyl, halogenated
alkyl or heteroalkyl.

15. The compound of claim 14, wherein R'® is methyl and
R*! is hydrogen.

16. The compound of claim 1, wherein the compound has
Formula (VI):

VD)

wherein X is halo;

each of R, R?, R*, R* R® and R® is independently hydro-
gen, halo, alkyl, halogenated alkyl, heteroalkyl, alkenyl,
alkynyl, aryl, aralkyl, alkaryl, heterocyclyl, cycloalkyl,
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cycloalkenyl, cycloalkynyl, amino, alkylamino, ary-
lamino, dialkylamino, alkylarylamino, diarylamino,
hydroxy, thio, alkoxy, alkylthio, alkoxyalkyl, cyano,
nitro, sulfonyl, phosphonyl, sulfonate ester, phosphate
ester, —C(=0)—Y or —C(=0)-Q-Y, wherein Y is
hydrogen, halo, alkoxy, hydroxy, thio, alkyl, alkenyl,
alkynyl, cycloalkyl, cycloalkenyl, cycloalkynyl, aryl,
alkaryl, arylalkyl, carbamate, amino, alkylamino, ary-
lamino, dialkylamino, alkylarylamino, diarylamino,
alkylthio, heteroalkyl, or heterocyclyl having from 3 to 7
ring atoms; and Q is alkylene, alkenylene, alkynylene,
arylere, aralkylene or alkarylene, or R* and R? or R and
R* or R* and R® or R® and R together form a 5-, 6-, or
7-membered cycloalkyl, cycloalkenyl, aryl, heteroalkyl
or heteroaryl ring;

each of R7, R® and R? is independently hydrogen, halo,
alkyl, halogenated alkyl, alkenyl, alkynyl, aryl, aralkyl,
alkaryl, heterocyclyl, cycloalkyl, cycloalkenyl,
cycloalkynyl, hydroxy, thio, alkoxy, alkylthio, alkoxy-
alkyl, cyano, nitro, carboxyl, acyl, carbamate, amido,
amino, alkylamino, arylamino, dialkylamino, alkylary-
lamino, diarylamino, or heteroalkyl, or R” and R®
together form a 5-, 6-, or 7-membered cycloalkyl,
cycloalkenyl, aryl, heteroalkyl or heteroaryl ring; and

each of R'® and R'" is independently hydrogen, alkyl, alk-
enyl, alkoxyalkyl, cycloalkyl, cycloalkenyl, cycloalky-
nyl, aryl, alkaryl, arylalkyl, alkylamido, alkoxyamido,
alkoxycarbonyl, halogenated alkyl or heteroalkyl.

17. The compound of claim 16, wherein the compound has

Formula (VII) or (VIII):

(VI

or

(VIID)

wherein R' is alkyl; R is alkyl; and each of R* and R is
independently hydrogen or —C(—0)—Y, whereinY is
hydrogen, alkoxy, hydroxy, thio, alkyl, alkenyl, alkynyl,
cycloalkyl, cycloalkenyl, cycloalkynyl, aryl, alkaryl,
arylalkyl, amino, alkylamino, arylamino, dialkylamino,
alkylarylamino, diarylamino, alkylthio, or 3- to 7-mem-
bered heterocyclyl ring. In some embodiments, each of
R*and R®is —C(=0)NR'?R'® wherein each of R"*and
R*? s alkyl.

20

Nov. 6, 2008

18. The compound of claim 17, wherein the compound is
Compound (5) or (6), or an isomer thereof:

(5)

(6)

(H;CH,C),NOC

19. A composition for measuring hypochlorous acid,
wherein the composition comprises the compound of claim 1.

20. The composition of claim 19, wherein the composition
further comprises a solvent, an acid, a base, a buffer solution
or a combination thereof.

21. A method for measuring directly or indirectly
hypochlorous acid or hypochlorite in a sample, wherein the
method comprises the steps of:

a) contacting the compound of claim 1 with the sample to

form a fluorescent compound; and

b) measuring fluorescence properties of the fluorescent
compound.

22.The method of claim 21, wherein the sample is a chemi-
cal sample or biological sample.

23. The method of claim 22, wherein the sample is a bio-
logical sample comprising a microorganism, oracell or tissue
from animals.

24. A high-throughput screening fluorescent method for
detecting directly or indirectly hypochlorous acid or
hypochlorite in samples, wherein the high-throughput
method comprises the steps of:

a) contacting the compound of claim 1 with the samples to

form one or more fluorescent compounds; and

b) measuring fluorescence properties of the fluorescent
compounds to determine the amount of hypochlorous
acid in the samples.

25. A high-throughput method for screening one or more
target compounds that increase or decrease directly or indi-
rectly the level of hypochlorous acid or hypochlorite, wherein
the high-throughput method comprises the steps of:

a) contacting the compound of claim 1 with the target
compounds to form one or more fluorescent compounds;
and

b) measuring fluorescence properties of the fluorescent
compounds to determine the target compounds qualita-
tively or quantitatively.
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26. A method of preparing the compound of claim 1 com-
prising the steps of:
a) reacting pyrroles of Formula (IXA) and (IXB):

(IXA)
Rl
==
RZ
\ NH, and
R3
(IXB)
R4
=
RS
\
RG

in the presence of an acid catalyst with an aldehyde of For-
mula (X):

&)

O—N—=

HO

b) adding a benzoquinone to the reaction mixture to form a
dipyrrole of Formula (XI):

XD
]
R! « Rt
N
R? / / R’ and
=N HN
R? R®

¢) reacting the dipyrrole of Formula (XI) with a boron
trihalide having formula BX; and triethylamine,
wherein

X is halo;

each of R, R?, R? R* R' and R® is independently hydro-
gen, halo, alkyl, halogenated alkyl, heteroalkyl, alkenyl,
alkynyl, aryl, aralkyl, alkaryl, heterocyclyl, cycloalkyl,
cycloalkenyl, cycloalkynyl, amino, alkylamino, ary-
lamino, dialkylamino, alkylarylamino, diarylamino,
hydroxy, thio, alkoxy, alkylthio, alkoxyalkyl, cyano,
nitro, sulfonyl, phosphonyl, sulfonate ester, phosphate
ester, —C(=0)—Y or —C(=0)-Q-Y, wherein Y is
hydrogen, halo, alkoxy, hydroxy, thio, alkyl, alkenyl,
alkynyl, cycloalkyl, cycloalkenyl, cycloalkynyl, aryl,
alkaryl, arylalkyl, carbamate, amino, alkylamino, ary-
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lamino, dialkylamino, alkylarylamino, diarylamino,
alkylthio, heteroalkyl, orheterocyclyl having from 3 to 7
ring atoms; and Q is alkylene, alkenylene, alkynylene,
arylene, aralkylene or alkarylene;

7. is a bond or a divalent linking group;

R has one of Formulae (IIIA), (IVA) and (VA):

(IIIA)
RS
R’ Ql
QZ R9
(IVA)
R7
Q 1 RS
Q? RS, and
(Va)
Q 1
Ql RS
R? R’

wherein each of R7, R® and R® is independently hydrogen,
halo, alkyl, halogenated alkyl, alkenyl, alkynyl, aryl,
aralkyl, alkaryl, heterocyclyl, cycloalkyl, cycloalkenyl,
cycloalkynyl, hydroxy, thio, alkoxy, alkylthio, alkoxy-
alkyl, cyano, nitro, carboxyl, acyl, carbamate, amido,
amino, alkylamino, arylamino, dialkylamino, alkylary-
lamino, diarylamino, or heteroalkyl, or R” and R> of
Formula (IIIA), (IVA) or (VA) or R® and R® of Formula
(IVA) together form a 5-, 6-, or 7-membered cycloalkyl,
cycloalkenyl, aryl, heteroalkyl or heteroaryl ring; and
each of Q' and Q? is independently amino or —O-Q?,
where Q° is hydrogen, alkyl, alkenyl, alkoxyalkyl,
cycloalkyl, cycloalkenyl, cycloalkynyl, aryl, alkaryl,
arylalkyl, alkylamido, alkoxyamido, alkoxycarbonyl,
halogenated alkyl or heteroalkyl, with the proviso that
Q and Q?are not both amino.
27. The method of claim 26, wherein the reaction occurs in
a solvent.
28. The method of claim 26, wherein the benzoquinone is
2.3-dichloro-5,6-dicyano-1,4-benzoquinone (DDQ).
29. The method of claim 26, wherein the acid catalyst is
trifluoroacetic acid.
30. The method of claim 26, wherein the boron trihalide is
BF;, BCl,, BBr; or a combination thereof.
31. The method of claim 26, wherein the pyrrole of For-
mula (IXA) is the same as the pyrrole of Formula (IXB).
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