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Figure 1
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Figure 2

f Ex@538 nm, Em@582 nim

= iy
‘535” '! 5; 'v‘:.

> 2004 |}  HKSOX-2 (1 M} only
5 i

® y -
fg e .;‘;; "l:‘)\ Pt HKSQX..Z lﬁ' 1& QQ2 &2
& i %

doad o & ??,‘

£ 1504

i S
ﬁ) u§ ‘:,
o v ;
%

& 1004 |

& %

4 4 %

B
50-
.‘g .h'.:\ .
i

Wavelength {nm)



Patent Application Publication  Aug. 6,2015 Sheet 3 of 13 US 2015/0219676 Al

Figure 3
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Figure 4
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Figure 8
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Figure 6
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Figure 7

yntreated rotenons FCOP antimycin A

a) | | , . .

{b)
BY-2

{c}
RAW264.7




Patent Application Publication  Aug. 6,2015 Sheet 8 of 13 US 2015/0219676 Al

Figure 8
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Figure 9
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Figure 10
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Figure 11
MitoTracker

Hoechst merged bright field

{c}

{d)



Patent Application Publication ~ Aug. 6,2015 Sheet 12 0f 13  US 2015/0219676 Al

Figure 12
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BISTRIFILATE-BASED FLUOROGENIC
PROBES FOR DETECTION OF SUPEROXIDE
ANION RADICAL

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application claims priority from U.S. Provi-
sional Application Ser. No. 61/934,335, filed Jan. 31, 2014.
The entire contents of this prior application are incorporated
herein by reference.

BACKGROUND OF THE INVENTION

[0002] The generation of superoxide (O,”) reactive oxygen
or nitrogen species is implicated in the pathophysiological
process associated with aging, inflammation and even pro-
gression of several diseases, such as cancer and diabetes.

[0003] Inorder to investigate the mechanism of those reac-
tive species involved in the biological reactivities, some ana-
lytical approaches such as chemiluminescence and fluores-
cence have been developed to detect the intracellular
generation of reactive species, especially the generation of
superoxide in mitochondria. These probes work as a tool to
study the oxidative stress in various pathologies. For
example, dihydroethidium (HE) and MitoSOX detect intrac-
ellular and mitochondrial O, to form 2-OH-E* and 2-OH-
Mito-E*, respectively. The oxidized species will intercalate
with nucleic acid and give out red fluorescence. However, HE
and MitoSOX are also oxidized by other reactive oxidants to
give E+ and Mito-E*. 2-OH-E*, E*, 2-OH-Mito-E* and Mito-
E* have similar fluorescent spectral properties. Therefore,
further analytical measurement like HPLC is employed to
distinguish the oxidized species. As such, the currently avail-
able superoxide probes have limited sensitivity and selectiv-

ity.
SUMMARY OF THE INVENTION

[0004] The presentinvention is directed to novel bistriflate-
based compounds and their use as reliable and accurate fluo-
rogenic probes for detection of superoxide anion radicals.
[0005] In one aspect, the present invention provides bistri-
flate-based compounds of Formula (I) and Formula (I):

O
R* g7 ops R

R R?
0
|
A 4 O—ﬁ—CFg,
R® R! 0
an
R? R’ R?
R> 7 R?
0
|
B Z o—ﬁ—CF3
R® R! 0

including tautomers thereof.
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[0006] Each of R' and R? is independently F, Cl or H;
[0007] eachofR?, R? R and R is independently H, E, CI,
Br, I, CN, alkyl, halogenated alkyl, heteroalkyl, alkenyl, alky-
nyl, aralkyl, aryl, alkaryl, heterocyclyl, cycloalkyl, cycloalk-
enyl, cycloalkynyl, hydroxyalkyl, aminoalkyl, amino, alky-
lamino,  arylamino,  dialkylamino, alkylarylamino,
diarylamino, acylamino, hydroxy, thiol, thioalkyl, alkoxy,
alkylthio, alkoxyalkyl, aryloxy, arylalkoxy, acyloxy, nitro,
carbamoyl, trifluoromethyl, phenoxy, benzyloxy, phosphonic
acid, phosphate ester, sulfonic acid (—SO;H), sulfonamide,
—C(=0)—P" or —C(=0)-M-P?*; wherein each of P! and
P? is independently hydrogen, halo, alkoxy, hydroxy, thiol,
alkyl, alkenyl, alkynyl, cycloalkyl, cycloalkenyl, cycloalky-
nyl, aryl, alkaryl, arylalkyl, carbamate, amino, alkylamino,
arylamino, dialkylamino, alkylarylamino, diarylamino, alky-
Ithio, heteroalkyl, alkyltriphenylphosphonium, or heterocy-
clyl having from 3 to 7 ring atoms; M is alkylene, alkenylene,
alkynylene, arylene, aralkylene or alkarylene;

[0008] A is OR® or NR*°R*!; wherein R® is H, alkyl, alk-
enyl, alkynyl, alkoxyalkyl, heteroalkyl, cycloalkyl, cycloalk-
enyl, cycloalkynyl, heterocyclyl, aminoalkyl, aryl, alkaryl,
arylalkyl, carboxyalkyl, alkoxycarbonyl, acyl or aminocarbo-
nyl; wherein each of R'® and R'! is independently H, alkyl,
halogenated alkyl, alkenyl, alkynyl, alkoxyalkyl, heteroalkyl,
cycloalkyl, cycloalkenyl, cycloalkynyl, heterocyclyl, ami-
noalkyl, arylalkyl, alkyloxy, acyl, carboxyalkyl, sulfoalkyl, a
salt of carboxyalkyl, a salt of sulfoalkyl, or an ester or amide
of carboxyalky! or sulfoalkyl; or R'® in combination with R*!
forms a saturated 5- or 6-membered heterocycle that is a
piperidine, a morpholine, a pyrrolidine or a piperazine, each
of which is optionally substituted by alkyl, carboxylic acid, a
salt of carboxylic acid, or a carboxylic acid ester of an alco-
hol; or R'Y in combination with R®, or R!! in combination
with RS, or both, form a 5- or 6-membered ring that is satu-
rated or unsaturated, or further fused with an aryl or het-
eroaryl ring, and is optionally substituted by one or more
alkyls, carboxylic acids, sulfonic acids (—SO;H), or their
salts, ester or amide derivatives;

[0009] BisOor N*R'R";

[0010] Zis O, S, NR'?, CRR*?, SiR'R*3, GeR'*R*3or
SnR'?R*?; wherein each of R*? and R*? is independently H,
alkyl, halogenated alkyl, heteroalkyl, alkenyl, alkynyl,
aralkyl, aryl, alkaryl, heterocyclyl, cycloalkyl, cycloalkenyl,
cycloalkynyl, hydroxyalkyl, aminoalkyl, hydroxy, thiol, thio-
alkyl, alkoxy, alkylthio, alkoxyalkyl, aryloxy, arylalkoxy,
acyloxy, carbamoyl, trifluoromethyl, phenoxy, benzyloxy,
phosphoric acid, phosphate ester, sulfonic acid (—SO,H),
sulfonamide, carboxylic acid, carboxylic ester, or carboxylic
amide; or R'? in combination with R** forms a saturated 5- or
6-membered heterocycle that is optionally substituted by
alkyl, carboxylic acid, a salt of carboxylic acid, or a carboxy-
lic acid ester of an alcohol;

[0011] R” is H, CF;, CN, a carboxylic acid, a salt of car-
boxylic acid, or a carboxylic acid ester of an alcohol; or R” is
a saturated or unsaturated alkyl that is optionally substituted
by one or more F, Cl, Br, 1, a carboxylic acid, a salt of
carboxylic acid, a carboxylic acid ester of an alcohol, amino,
alkylamino, dialkylamino, alkoxy, alkyltriphenylphospho-
nium,  sulfonic  acid  (—SO;H),  sulfonamide
(—SO,NR'R"?), wherein each of R** and R'” represents a
saturated or unsaturated, cyclic or acyclic alkyl that is option-
ally substituted by one or more F, Cl, Br, I, a carboxylic acid,
asalt of carboxylic acid, a carboxylic acid ester of an alcohol,
amino, alkylamino, dialkylamino, alkoxy, or alkyltriph-
enylphosphonium,



US 2015/0219676 Al

[0012] Insome embodiments, R7 is Formula (TIT):

iy}

wherein each of R'®, R'7, R'®, R'® and R*° is independently
H, F, CL, Br, I, CN, nitro, a carboxylic acid, a salt of carboxylic
acid, sulfonic acid (—SO;H), sulfonamide (—SO,NR**R %),
hydroxy. azide, alkyl, alkenyl, alkynyl. heteroalkyl,
cycloalkyl, cycloalkenyl, cycloalkynyl, aryl, alkylaryl, aryla-
lkyl, heterocyclyl, alkoxy, alkoxyalkyl, alkoxyalkoxy, acyl,
alkylcarbonylalkyl, halogenated alkyl, aminoalkyl, carboxy-
alkyl, thiol, alkylthio, amino, alkylamino, dialkylamino,
alkoxycarbonyl, alkoxycarbonylalkyl, aminocarbonyl, alky-
laminocarbonyl, dialkylaminocarbonyl, or arylcarboxamido,
the alkyl or ary] of which is optionally substituted by one or
more F, Cl, Br, [, a carboxylic acid, a salt of carboxylic acid,
a carboxylic acid ester of an alcohol, amino, alkylamino,
dialkylamino, alkoxy, alkyltriphenylphosphonium, sulfonic
acid (—SO,H), or sulfonamide (—SO,NR**R"%); or R'9 and
R, together, R'” and R'® together, R'® and R*? together, or
R' and R*° together form a part of a 5- or 6-membered
cycloalkyl, heterocyclyl, aryl or heteroaryl ring fused with the
phenyl ring of Formula (IIT) that is optionally further substi-
tuted by one or more F, C1, Br, 1, a carboxylic acid, a salt of
carboxylic acid, a carboxylic acid ester of an alcohol, amino,
alkylamino, dialkylamino, alkoxy, thiol, alkylthio, alkyltriph-
enylphosphonium, sulfonic acid (—SO;H), or sulfonamide
(—SO,NR"R"); and

[0013] R®is H, hydroxy, CN or alkoxy; or R” in combina-
tion with R® forms a 5-membered spirolactone or spirolactam
ring or a S-membered spirosultam ring; or R® in combination
with R'S or R* forms a 5- or 6-membered spirolactone or
spirolactam ring or a 5- or 6-membered spirosultone or spiro-
sultam ring that is optionally and independently substituted
by H, F or CH,.

[0014] In method aspects of the present invention, a high-
throughput screening method for detecting the presence of, or
determining the level of, superoxide in a sample is provided.
The method comprises contacting acompound of Formula (T)
or Formula (IT) with the sample to form one or more fluores-
cent compounds; and determining fluorescence properties of
the fluorescent compounds to determine the presence and/or
amount of superoxide in the sample.

[0015] Inanother method aspect of the present invention, a
high-throughput method for screening one or more target
compounds that increase or decrease the level of superoxide
is provided. The method comprises contacting a compound of
Formula (I) or Formula (IT) with the target compounds to form
one or more fluorescent compounds; and measuring fluores-
cence properties of the fluorescent compounds to determine
the presence and/or amount of the target compounds.

[0016] The present invention also provides kits comprising
a compound of Formula (I) and/or Formula (II) as described
herein. The kits may also include at least one reagent and/or
instructions for their use.

Aug. 6,2015

[0017] The methods, compositions and kits herein
described can be used in connection with medical and veteri-
nary applications, as well as fundamental scientific research
and methodologies, as would be identifiable by a skilled
person upon reading the present disclosure. These and other
features and advantages of the present invention will become
clearer when the drawings as well as the detailed description
are taken into consideration.

BRIEF DESCRIPTION OF THE DRAWINGS

[0018] For a fuller understanding of the nature of the
present invention, reference should be had to the following
detailed description taken in connection with the accompa-
nying figures in which:

[0019] FIG. 1 shows fluorescence intensity of HKSOX-1
probe alone or in combination with O,, other oxidants
(H,0,,NO, '0,,R0O0., TBHP, .OH, ONOO™, HOCI), reduc-
tants (Fe**, ascorbic acid, 1,4-hydroquinone), esterase or
GSH;

[0020] FIG. 2 shows fluorescence intensity of HKSOX-2
probe alone and in combination with O,7;

[0021] FIG. 3 shows fluorescence intensity of HKSOX-2
probe alone and in combination with O,~, other oxidants
(H,0,,NO, '0,.ROO., TBHP, .OH, ONOO~, HOCI), reduc-
tants (Fe™, ascorbic acid, 1,4-hydroquinone), esterase or
GSH;

[0022] FIG. 4 shows confocal imaging (single photosec-
tion) of O,~ with HKSOX-1r in RAW264.7 mouse macroph-
ages. The cells were co-stained with mitochondrial dye
MitoTracker Red and nuclear DNA dye Hoechst 33342 and
all fluorescence images merged. Shown are (a) untreated
cells; (b) cells stimulated with LPS and IFN-y for 14 hours,
followed by HKSOX-1r staining (30 minutes); () cells co-
treated with LPS/IFN-y and gp91ds-tat for 14 hours, followed
by HKSOX-1rstaining (30 minutes); (d) cells stimulated with
LPS/IFN-y for 14 hours, followed by co-incubation of
HKSOX-1r and FeTMPyP (30 minutes); and (e) cells stimu-
lated with LPS/IFN-y for 14 hours, followed by co-incubation
of HKSOX-1r and TEMPOL (30 minutes);

[0023] FIG. 5 shows confocal imaging of (a) HKSOX-1r
co-incubated with or without mitochondrial respiratory
inhibitors, antimycin A, rotenone, FCCP or malonic acid, in
HCT116 human colon carcinoma cells for 30 minutes, (b)
HKSOX-Ir co-incubated with or without mitochondrial res-
piratory inhibitors in BV-2 mouse microglial cells for 30
minutes; and (¢) HKSOX-1r co-incubated with or without
mitochondrial respiratory inhibitors in RAW264.7 mouse
macrophages for 30 minutes. In each group, upper panels
show fluorescence images and lower panels show fluores-
cence images merged with bright field images;

[0024] FIG. 6 shows two-photon confocal imaging of O,~
with HKSOX-1r RAW26.7 mouse macrophages. (left)
Untreated cells incubated with probe alone for 30 minutes.
(right) Cells co-incubated with probe and antimycin A for 30
minutes. Upper: fluorescence images; lower: fluorescence
images merged with bright field images;

[0025] FIG. 7(a) shows HKSOX-2 co-incubated with or
without mitochondrial respiratory inhibitors rotenone, FCCP
and antimycin A in Hela cells for 30 minutes; () HKSOX-2
co-incubated with or without mitochondrial respiratory
inhibitors in BV-2 mouse microglial cell for 30 minutes; and
(¢) HKSOX-2 co-incubated with or without mitochondrial
respiratory inhibitors in RAW264.7 mouse macrophages for
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30 minutes. In each group, upper panels show fluorescence
images and lower panels show fluorescence images merged
with bright field images;

[0026] FIG. 8shows the results of organelle dye co-staining
with HKSOX-Lyso to assess its subcellular distribution in
confocal imaging. The established mitochondrial dye,
LysoTracker Green, was used to stain lysosomes in live cells.
Co-staining was done by co-incubating HKSOX-Lyso (2.5
uM) with MitoTracker Green (200 nM) in RAW264.7 mouse
macrophages for 30 min, in the presence or absence of two
superoxide-inducers: PMA (phorbol-12-myristate-13-ac-
etate; 500 ng/mL). The results demonstrated that the location
of O, signal illustrated by HKSOX-Lyso was well merged
with that of LysoTracker Green signal in PMA activated
macrophages. Thus, we believe that our lysosome-targeted
fluorescent probe HKSOX-Lyso can efficiently detect O,~
signal in lysosomes of activated macrophages.

[0027] FIG. 9(a) shows HKSOX-2m co-incubated with or
without PMA, TEMPOL, Mdivi-1 and G66983 in RAW264.7
mouse macrophages for 30 minutes, while FIG. 9(b)
HKSOX-2m co-incubated with or without PMA, TEMPOL,
Mdivi-1 and G66983 in BV-2 mouse microglial cells for 30
minutes;

[0028] FIG. 10(a) shows RAW264.7 mouse macrophages
co-stained with HKSOX-2m, MitoTracker Green and
Hoechst for 30 minutes in the absence of superoxide induc-
ers; FIG. 10 (b) shows RAW264.7 mouse macrophages co-
stained for 30 minutes with HKSOX-2m, MitoTracker Green
and Hoechst in the presence of PMA; and FIG. 10(c) shows
RAW264.7 mouse macrophages co-stained with HKSOX-
2m, MitoTracker Green and Hoechst for 30 minutes in the
presence of yeast zymosan,

[0029] FIG. 11(a) shows BV-2 mouse microglial cells co-
stained with HKSOX-2m, MitoTracker Green and Hoechst
for 40 minutes in the absence of superoxide inducers; FIG.
11(b) shows BV-2 mouse microglial cells co-stained with
HKSOX-2m, MitoTracker Green and Hoechst for 40 minutes
in the presence of PMA; FIG. 11(c) shows BV-2 mouse
microglial cells co-stained with HKSOX-2m, MitoTracker
Green and Hoechst for 40 minutes in the presence of yeast
zymosan; FIG. 11(d) shows BV-2 mouse microglial cells
co-stained with HKSOX-2m, MitoTracker Green and
Hoechst for 40 minutes in the presence of diethyl succinate;
FIG. 11(e) shows BV-2 mouse microglial cells co-stained
with HKSOX-2m, MitoTracker Green and Hoechst for 40
minutes in the presence of diethyl malonate; and (f) BV-2
mouse microglial cells co-stained with HKSOX-2m,
MitoTracker Green and Hoechst for 40 minutes in the pres-
ence of rotenone;

[0030] FIG. 12(a) shows BV-2 mouse microglial cells co-
stained with MitoSOX Red™, MitoTracker Green and
Hoechst for 40 minutes in the absence of superoxide induc-
ers; FIG. 12(b) shows BV-2 mouse microglial cells co-stained
with MitoSOX Red™, MitoTracker Green and Hoechst for
40 minutes in the presence of PMA; FIG. 12(c) shows BV-2
mouse microglial cells co-stained with MitoSOX Red™,
MitoTracker Green and Hoechst for 40 minutes in the pres-
ence of yeast zymosan; FIG. 12(d) shows BV-2 mouse micro-
glial cells co-stained with MitoSOX Red™, MitoTracker
Green and Hoechst for 40 minutes in the presence of diethyl
succinate; FIG. 12(e) shows BV-2 mouse microglial cells
co-stained with MitoSOX Red™, MitoTracker Green and
Hoechst for 40 minutes in the presence of diethyl malonate;
and F1G. 12(f) shows BV-2 mouse microglial cells co-stained
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with MitoSOX Red™, MitoTracker Green and Hoechst for
40 minutes in the presence of rotenone; and

[0031] FIG. 13 shows fluorescence intensity profiles across
nuclear and cytoplasmic regions for MitoSOX Red™ (4 uM)
and HKSOX-2m (2 pM) is zymosan-treated BV-2 mouse
microglial cells, as analyzed by Zeiss LSM 510 Meta soft-
ware.

DETAILED DISCLOSURE OF THE INVENTION

[0032] The present invention is directed to novel bistriflate-
based compounds and their use as fluorogenic probes for
measurement, detection and imaging of superoxide anion
radicals in cellular models, including inflammation and mito-
chondrial inhibition. The fluorogenic probes provided herein
feature a novel mechanism for O, detection, as they contain
triflate groups as reacting sites, thus avoiding interference
from cellular reducing species such as cysteine, glutathione
(GSH) and Fe™*. The fluorogenic probes of the present inven-
tion provide selectivity for superoxide over a wide range of
oxidants and reductants in the mitochondria of living cells.

[0033] Compounds useful in aspects of the present inven-
tion are represented by Formula (I) and (II):

0
R* R? RS R3

R3 R?
A Z O0—S8—CF;,

RS R!

an

R* R’ R?

R? R?
/

B Z 0—S—CF;,

R® R!

including tautomers thereof.

[0034] Insomeembodiments of compounds of Formula (I)
and Formula (IT):

[0035] each of R' and R? is independently F, Cl or H;
[0036] eachofR?,R* R*andR® independently H, F, Cl, Bt,
I, CN, alkyl, halogenated alkyl, heteroalkyl, alkenyl, alkynyl,
aralkyl, aryl, alkaryl, heterocyelyl, cycloalkyl, cycloalkenyl,
cycloalkynyl, hydroxyalkyl, aminoalkyl, amino, alkylamino,
arylamino, dialkylamino, alkylarylamino, diarylamino, acy-
lamino, hydroxy, thiol, thioalkyl, alkoxy, alkylthio, alkoxy-
alkyl, aryloxy, arylalkoxy, acyloxy, nitro, carbamoyl, trifluo-
romethyl, phenoxy, benzyloxy, phosphoric acid, phosphate
ester, sulfonic acid (—SO,H), sulfonamide, —C(=0)—P"
or —C(=0)-M-P?; wherein each of P' and P? is indepen-
dently hydrogen, halo, alkoxy, hydroxy, thiol, alkyl, alkenyl,
alkynyl, cycloalkyl, cycloalkenyl, cycloalkynyl, aryl, alkaryl,
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arylalkyl, carbamate, amino, alkylamino, arylamino, dialky-
lamino, alkylarylamino, diarylamino, alkylthio, heteroalkyl,
alkyltriphenylphosphonium, or heterocyclyl having from 3 to
7 ring atoms; M is alkylene, alkenylene, alkynylene, arylene,
aralkylene or alkarylene;

[0037] A is OR® or NR'°R}; wherein R® is H, allyl, alk-
enyl, alkynyl, alkoxyalkyl, heteroalkyl, cycloalkyl, cycloalk-
enyl, cycloalkynyl, heterocyclyl, aminoalkyl, aryl, alkaryl,
arylalkyl, carboxyalkyl, alkoxycarbonyl, acyl or aminocarbo-
nyl; wherein each of R'® and R'! is independently H, alkyl,
halogenated alkyl, alkenyl, alkynyl, alkoxyalkyl, heteroalkyl,
cycloalkyl, cycloalkenyl, cycloalkynyl, heterocyclyl, ami-
noalkyl, arylalkyl, alkyloxy, acyl, carboxyalkyl, sulfoalkyl, a
salt of carboxyalkyl, a salt of sulfoalkyl, or an ester or amide
of carboxyalkyl or sulfoalkyl; or R'® in combination with R**
forms a saturated 5- or 6-membered heterocycle that is a
piperidine, a morpholine, a pyrrolidine or a piperazine, each
of which is optionally substituted by alkyl, carboxylic acid, a
salt of carboxylic acid, or a carboxylic acid ester of an alco-
hol; or R'® in combination with R>, or R!! in combination
with RS, or both, form a 5- or 6-membered ring that is satu-
rated or unsaturated, or further fused with an aryl or het-
eroaryl ring, and is optionally substituted by one or more
alkyls, carboxylic acids, sulfonic acids (—SO;H), or their
salts, ester or amide derivatives;

[0038] BisOorN*RI°R!;

[0039] ZisO, S, NR'?, CRR"?, SiR'*R'3, GeR'*R'?, or
SnR'*R'?; wherein each of R' and R'* is independently H,
alkyl, halogenated alkyl, heteroalkyl, alkenyl, alkynyl,
aralkyl, aryl, alkaryl, heterocyclyl, cycloalkyl, cycloalkenyl,
cycloalkynyl, hydroxyalkyl, aminoalkyl, hydroxy, thiol, thio-
alkyl, alkoxy, alkylthio, alkoxyalkyl, aryloxy, arylalkoxy,
acyloxy, carbamoyl, trifluoromethyl, phenoxy, benzyloxy,
phosphonic acid, phosphate ester, sulfonic acid (—SO,H),
sulfonamide, carboxylic acid, carboxylic ester, or carboxylic
amide; or R'? in combination with R'? forms a saturated 5- or
6-membered heterocycle that is optionally substituted by
alkyl, carboxylic acid, a salt of carboxylic acid, or a carboxy-
lic acid ester of an alcohol; or R'* and R'? are independently
CH,, or phenyl,

[0040] R’ is H, CF,, CN, a carboxylic acid, a salt of car-
boxylic acid, or a carboxylic acid ester of an alcohol; or R” is
a saturated or unsaturated alkyl that is optionally substituted
by one or more F, Cl, Br, I, a carboxylic acid, a salt of
carboxylic acid, a carboxylic acid ester of an alcohol, amino,
alkylamino, dialkylamino, alkoxy, alkyltriphenylphospho-
nium, sulfonic  acid  (—SO;H), sulfonamide
(—SO,NR"R"), wherein each of R'* and R'” represents a
saturated or unsaturated, cyclic or acyclic alkyl that is option-
ally substituted by one or more F, Cl, Br, I, a carboxylic acid,
asalt of carboxylic acid, a carboxylic acid ester of an alcohol,
amino, alkylamino, dialkylamino, alkoxy, or alkyltriph-
enylphosphonium; or R” has Formula (I11):
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ity
RIS

wherein each of R'¢, R'7, R*®, R'? and R** is independently
H, F, Cl,Br,1, CN, nitro, a carboxylic acid, asalt of carboxylic
add, sulfonic acid (—SO,H), sulfonamide (—SOQ,NR"R %),
hydroxy, azide, alkyl, alkenyl, alkynyl, heteroalkyl,
cycloalkyl, cycloalkenyl, cycloalkynyl, aryl, alkylaryl, aryla-
Ikyl, heterocyclyl, alkoxy, alkoxyalkyl, alkoxyalkoxy, acyl,
alkylcarbonylalkyl, halogenated alkyl, aminoalkyl, carboxy-
alkyl, thiol, alkylthio, amino, alkylamino, dialkylamino,
alkoxycarbonyl, alkoxycarbonylalkyl, aminocarbonyl, alky-
laminocarbonyl, dialkylaminocarbonyl, or arylcarboxamido,
the alkyl or aryl of which is optionally substituted by one or
more F, Cl, Br, I, a carboxylic acid, a salt of carboxylic acid,
a carboxylic acid ester of an alcohol, amino, alkylamino,
dialkylamino, alkoxy, alkyltriphenylphosphonium, sulfonic
acid (—SO,H), or sulfonamide (—SO,NR**R"*); or R* and
R'7 together, R and R*® together, R"® and R*® together, or
R' and R*® together form a part of a 5- or 6-membered
cycloalkyl, heterocyclyl, aryl or heteroarvlring fused with the
phenyl ring of Formula (III) that is optionally further substi-
tuted by one or more F, Cl, Br, I, a carboxylic acid, a salt of
carboxylic acid, a carboxylic acid ester of an alcohol, amino,
alkylamino, dialkylamino, alkoxy, thiol, alkylthio, alkyltriph-
enylphosphonium sulfonic acid (—SO;H), or sulfonamide
(—SO,NR'"R"); and

[0041] R®is H, hydroxy, CN or alkoxy; or R” in combina-
tion with R® forms a 5-membered spirolactone or spirolactam
ring or a 5-membered spirosultam ring; or R® in combination
with R'® or R* forms a 5- or 6-membered spirolactone or
spirolactam ring or a 5- or 6-membered spirosultone or spiro-
sultam ring that is optionally and independently substituted
by H, F or CH,.

[0042] In some embodiments, R® in combination with R”
forms a 5-membered spirolactone or spirolactam ring or a
5-membered spirosultam ring, and R® is oxygen or substi-
tuted nitrogen.

[0043] In a preferred embodiment, compounds of the
present invention have as structure of Formula (II), or a tau-
tomer thereof, Bis O, Z is 0, and R” is Formula (IIT), wherein
at least one of R*%, R'”, R*#, and R* is a carboxyl group and
R* is H, CH3, OCH3, or COOH.

[0044] Insomeembodiments, the R” group of Formula (I11)
comprises one or more carboxyl groups, wherein at least one
carboxyl group is further conjugated with an iminodialkyl-
carboxylate having a structure of (HN((CH,),COOH),,
wherein n is an integer from 1 to 20.

[0045] In some embodiments, compounds of the present
invention have a structure of Formula (IV) or its tautomer,
Formula (V):
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5
tautomerization
0]
O—ﬁ—CF3
0]
)
[0046] In some embodiments, compounds of the present
invention comprise one of formulae 1-20:
1 2
HOOC,
0 HOOC 0
(0] 0]
F F L. F
0 0 OTf TfO 0 OTf
F F

2
N

OTf
OTf

5
COOH HOOC

COOH

COOH F. F

F
z
0] 0] OTf
0 0] OTf F F
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COOH

CH;

OTf

OTf

(COOH
[0) N COOH
\/
COOH
F F
=z
O O OTf
F F
'‘BuOOC
N \ [0}
(o] HNuwe
‘BuOOC (¢}
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7 8
CH,CI
CH,
F. F
(6] (6) OTf
F F

9 10

OTf
11 12
(COOH
o) N COOH
\/
CH;
F F
/
0 0 oTf
F F

13

TfO

OTf
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7
-continued
14
"BuQOC
(6]
H
AN N
N N
H
(6]
(¢]
'"BuOOC
15
HOOC

TiO

\ (0]
’ HN“““<:>7
HOOC ]

OTf

16
HOOC,

'z,
o
/
=}
=z
Zm

OTf

HOOC

17

EpN

OTf

18
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19
MeQOC
N \ 0
MeQOC (6]
OTf
20
MeQOC,
(6]
H
AN N
N N
H
€]
0 oTt
MeOOC

[0047] Inanotherpreferred embodiment, compounds of the
present invention have a structure of Formula (II), or a tau-
tomer thereof, and wherein B is N*R'°R"!, Zis O, and R” is
Formula (III). Such compounds may have a structure of For-
mula (V1) or its tautomer, Formula (VII):

tautomerization

—_—
—_——

) (VID)
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or a structure of Formula (VIII) or Formula (IX):

(VII)
RZ
—S—CF;
(09
R]S
Rl7 R19
AN
Rls IRZO
R* R}
RZ
/ /
0
+ ”
lel 4 O—ﬁ—CF;.
R RS R! 0

[0048] In some embodiments, R'" in Formula (VII) or
Formula (IX) is (CH,), T, where T is H, COOH, COOR*,
CONR*R?*?, or COOAM,; y is an integer from 1 to 20.

[0049] In some embodiments, compounds of the present
invention comprise one of formulae 21-36:

OTf

OTf

-continued

OTf

OTf

OTf

OTf

OTf
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24

25

26

27
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OTf

OTf

OTf

OTf

OTf
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-continued
28 33
F
OTf
29
34
F
OTf
30
35
F
31
OTf
36
32 F
OTf

[0050] Inanother preferred embodiment, compounds of the
present invention have a structure of Formula (II), or a tau-
tomer thereof, and wherein B is O, Z is YR*?R'® wherein Y is
Si, Ge, or Sn, and R” is Formula (IIT). R*? and R"'® may be
independently CH,, or phenyl. Furthermore, R*° may be
COOH, and the compound has a structure of Formula (X) or
its tautomer Formula (X1):
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11
tautomerizarion
|
—ﬁ—CF3.
6]
XD
[0051] In some embodiments, compounds of the present -continued
invention comprise one of formulae 37-48:
COOMe
COOMe

HOOC,

o

F F F
TiO S oTf OTE
F /\ F
38
COOH
HOOC o
0
F F
O COOH
F F
TO /Si o1t 7
F \ F
0 /Si OTf
! \
39
COOMe

COOMe

OTf
OTf

49

41

42
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COOH

-continued

COOH

COOH

OTf

OTf

OTf

12

43

45
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-continued
46

COOH
COOH

OTf

47
COCH

0] N COOH

COOH

F
‘ g
0 Si OTf

48
COOH

o] N COOH

XX
0] Si OTf
/\

F F

[0052] Inanotherpreferred embodiment, compounds of the
present invention have a structure of Formula (II), or a tau-
tomer thereof, wherein B is N*R'°R*!, Z isYR**R*?, wherein
Y is Si, Ge, or Sn, and R” has Formula (IIT). R** may be
COOH, and the compound has a structure of Formula (XIT) or
its tautomer Formula (XIII):
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[0053] Furthermore, R* in combination with R>, or R'* in
combination with R®, or both, may form a 5- or 6-membered
ring that is saturated or unsaturated, or can further be fused
with an aryl or heteroaryl ring, and can optionally be substi-
tuted by one or more alkyls, carboxylic acids, sulfonic acids
(—SO,H), or their salts, ester or amide derivatives.

[0054] In some embodiments, compounds of the present
invention have the structure of Formula (XIV) or Formula
XV):

X1}

XV

tautomerization

J——
—_—
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R2

—S—CFs.

(XII)

[0055] In some embodiments, compounds of the present
invention comprise one of formulae 49-64:

49
@]
‘ (6]
O |
N /Si OTf
K/\ \ F
COOH
50
F
OTf
51

OTf
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CO0AM

OTf

OTf

OTf

OTf

OTf
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52 57
F
OTf
58
53
F
OTf
59
54
F
OTf
55 60
F
OTf
56 61

Si | OTf
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15

-continued

62

OTf

63

OTf

64

OTf

[0056] Insomeembodiments, compounds of Formula (1) or
Formula (IT) of the present invention comprise one or more
free carboxyl groups, wherein at least one of the carboxyl
groups is conjugated with a positively charged triphenylphos-
phonium moiety through an amide bond linkage. The linkage
between the compound and the triphenylphosphonium moi-
ety includes the following Formula (XVT) or (XVII):

(Xvn
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-continued

@mﬁphg

(XVID)

N

[0057] wherein n is an integer from 1 to 10.

[0058] In some embodiments, compounds of the present
invention comprise one of formulae 65-69:

65
H
@M“\f% 201
F
OTf
66
(0]
.
)K/ PPh; CI-
O 4
F
OTf
67

0 0 OTf
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68
6]
Ot
F
(€] N O (6] O OTf
PhyP. F F
(U
(€]
69

OTf

[0059] The compound of claim 35, wherein the linkage
between the compound and the morpholine moiety has the
following formula (XIV):

eﬂ%‘/ﬁx)f”@
(0]

[0060] whereinn=1,2,3,4,5,6,7,8,9, or10.
[0061] The compound of claim 35, wherein the compound
has one of the formulae 70-74:

X1}

OTf
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71
§
H
\/\ N+
Cr
(€] (0]
E F
‘ g
(6] O OTf
F F

72
73
74

OTf

XX
0 /Sl\

F F

[0062] The invention further comprises a fluorogenic probe
composition comprising a fluorogenic compound, and a car-
rier. The fluorogenic probe composition comprises a solvent,
an acid, a base, a buffer solution, or a combination thereof.

[0063] The invention additionally comprises a method for
detecting the presence of, and/or determining the level of
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superoxide in a sample, comprising contacting a compound
of FormulaI with the sample to form a fluorescent compound,
and determining fluorescence property of the fluorescent
compound. The sample may be a chemical sample or biologi-
cal sample. The biological sample may be a microorganism,
or a cell or tissue.

[0064] The invention also provides a method for detecting
the presence of, or determining the level of superoxide in vivo
in an organism, comprising administering a compound of
Formula I to the organism to form a fluorescent compound,
and determining fluorescence property of the fluorescent
compound.

[0065] The invention further provides a high-throughput
screening method for detecting the presence of, or determin-
ing the level of, superoxide in samples, wherein the high-
throughput method comprises the steps of contacting a com-
pound of Formula I with the samples to form one or more
fluorescent compounds; and determining fluorescence prop-
erties of the fluorescent compounds to determine the presence
and/or amount of peroxynitrite in the samples.

[0066] The invention provides yet another embodiment a
high-throughput method for screening one or more target
compounds that increase or decrease the level of superoxide
comprising contacting a compound of Formula [ with target
compounds to form one or more fluorescent compounds; and
measuring fluorescence properties of the fluorescent com-
pounds to determine the presence and/or amount of the target
compounds.

[0067] In method aspects of the present invention, a high-
throughput screening method for detecting the presence of, or
determining the level of, superoxide in a sample, such as cells
and/or tissues, is provided. The method comprises contacting
acompound of Formula (1) or Formula (IT) with the sample to
form one or more fluorescent compounds; and determining
fluorescence properties of the fluorescent compounds to
determine the presence and/or amount of superoxide in the
sample.

[0068] Inanother method aspect of the present invention, a
high-throughput method for screening one or more target
compounds that increase or decrease the level of superoxide
is provided. The method comprises contacting a compound of
Formula (I) or Formula (IT) with the target compounds to form
one or more fluorescent compounds; and measuring fluores-
cence properties of the fluorescent compounds to determine
the presence and/or amount of the target compounds. Fluo-
rescence properties may be determined by fluorescence
microscopy or any other method/instrument that would be
understood by those skilled in the art.

[0069] The present invention also provides kits comprising
a compound of Formula (T) and/or Formula (IT) as described
herein. The kits may also be used in the methods described
herein. The kits may also include at least one reagent and/or
instructions for their use. Also, the kit may include one or
more containers filled with reagents(s) and/or one or more
components of the compositions of the invention. The kits
may also comprise a control composition, such as a positive
and/or negative control fluorescence compounds.

[0070] Without further elaboration, it is believed that one
skilled in the art can, using the preceding description, utilize
the present invention to its fullest extent. The following
examples are offered by way of illustration, not by way of
limitation. While specific examples have been provided, the
abovedescription is illustrative and not restrictive. Any one or
more of the features of the previously described embodiments
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can be combined in any manner with one or more features of
any other embodiments in the present invention. Further-
more, many variations of the invention will become apparent
to those skilled in the art upon review of the specification. All
patents, patent applications, provisional applications, and
publications referred to or cited herein are incorporated by
reference in their entirety, including all figures and tables, to
the extent they are not inconsistent with the explicit teachings
of this specification. By citation of various references in this
document, Applicants do not admit any particular reference is
“prior art” to their invention.

EXAMPLES

[0071] The methods and compositions herein described
and the related kits are further illustrated in the following
examples, which are provided by way of illustration and are
not intended to be limiting. It will be appreciated that varia-
tions in proportions and alternatives in elements of the com-
ponents shown will be apparent to those skilled in the art and
are within the scope of embodiments of the present invention.
Theoretical aspects are presented with the understanding that
Applicants do not seek to be bound by the theory presented.
[0072] Following are examples that illustrate procedures
for practicing the invention. These examples should not be
construed as limiting. All parts, amounts or percentages are
by weight and all solvent mixture proportions are by volume
unless otherwise noted.

Example 1

Synthesis of Green Fluorogenic Compounds
HKSOX-1 and HKSOX-1r

[0073]
HOOC
@)
(¢] Pyridine, THO
_—
F F DCM, -78°C.to 1t
Yield =41%
HO 0] OH
F F
5-Carboxy-2'4',5',7'-
tetrafluorofluorescein
HOOC
0
(0]
F. l I F
TfO (0] OTf
F F
HKSOX-1

[0074] To a solution of 5-carboxy-2'4",5',7'-tetrafluorof-
luorescein (220 mg, 049 mmol) in anhydrous pyridine (5 mL)
and dry DCM (5 mL) at -78° C. was added Tf,0 (246 puL,
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1.47 mmol) dropwise under argon atmosphere. The resulting
mixture was stirred at =78 C. for 10 min and then at room
temperature for another 10 min. Then the reaction was
quenched with saturated NaHCO, aqueous solution at room
temperature. The mixture was diluted with ethyl acetate (50
ml) and washed with IN HCI, water and brine. The organic
layer was dried over anhydrous magnesium sulfate and con-
centrated in vacuo. The target compound HKSOX-1 was
isolated by flash chromatography on silica gel, using MeOH:
DCM (1:9) as the eluent. Yield 143 mg (41%). "H NMR (400
MHz, CDCl,) 6 8.67 (s, 1H), 8.43 (d, J=8.0 Hz, 1H), 7.52 (d,
J=8.0 Hz, 1H), 7.06 (s, 1H), 7.03 (s, 1H); *C NMR (150
MHz, CDCl,) d 168.68, 167.74, 155.80, 152.89, 151.22,
146.50,144.77,138.45,133.23, 138.21, 138.16, 138.15, 135.
96, 128.87, 128.78, 128.75, 128.66, 128.56, 127.22, 125.56,
123.28,121.77,121.72,121.17,119.05,116.93,111.44, 111.
41, 111.29, 111.27, 80.02; *’F NMR (376 MHz, CDCl,) &
-74.80, -129.97, -142.98, -142.99; LRMS (EI) m/z (%)
711.9 (M*; 7.21), 149.0 (100); HRMS (EI): caled for
C,3HsO, F S, 711.9192, Found: 711.9200.

HOOC 0 a
1. SOCly, DMF, reflux 1 h
\ 2. K2CO3, Amine, B0, it
P F overnight /
H
O O 7 Ncoove
AcO 0 0Ac k
F F COOMe
HJ-3-43 Yield =73%

b

NILH,0
_—

THF
Yield =83%

C
THO

—_—
Pyridine/DCM
-78°C.tort

Yield =71%

Aug. 6,2015

-continued
0]

HKSOX-1r

[0075] a) To a solution of HI-3-43 (107 mg, 0.2 mmol) in
anhydrous SOCI, (5 mL) at room temperature was added one
drop of DMF under argon atmosphere. The resulting mixture
was stirred under reflux for 1 h and then allowed to cool down
to room temperature. Then the crude acid chloride was dis-
solved in dry THF (10 mL), and added with K,CO; (69 mg,
0.5 mmol) and amine (48 mg, 0.3 mmol) under argon atmo-
sphere. The resulting mixture was stitred overnight at room
temperature. The mixture was diluted with ethyl acetate (50
ml) and washed with water and brine. The organic layer was
dried over anhydrous magnesium sulfate and concentrated in
vacuo. The target compound HI-3-56 was isolated by flash
chromatography on silica gel, using EtOAc:Hexane (1:4) as
the eluent. Yield 99 mg (73%). "H NMR (400 MHz, CDCl,)
08.14 (s, 1H), 7.85 (d,J=7.9 Hz, 1H), 7.28 (d, =7.8 Hz, 1H),
6.50 (d, I=1.4 Hz, 1H), 6.48 (d, J=1.3 Hz, 1H), 4.35 (s, 2H),
4.17 (s,2H),3.80 (5,3H), 3.78 (s, 3H), 2.41 (s, 6H); >*C NMR
(100 MHz, CDCl5)$ 169.90, 169.10, 168.95,166.96, 166.74,
152.81,152.36, 149.88, 145.65, 143.04, 137.78,136.66, 134.
66, 129.54, 129.36, 125.51, 124.65, 124.40, 116.66, 116.60,
108.41, 108.38, 108.20, 79.58, 52.83, 52.46, 51.63, 47.62,
20.00; ""F NMR (376 MHz, CDCl,) & -128.51, -128.54,
-141.86; LRMS (ED) m/z (%) 675.1 (M*; 3.93), 358.0 (100);
HRMS (EI): caled for C; H,,0,,N F,; 675.1000, Found:
675.0994.

[0076] b) To a solution of HJ-3-56 (58 mg, 0.086 mmol)
THF (5 mL) at room temperature was added NH,.H,O (0.08
mL, 0.515 mmol). The resulting mixture was stirred at room
temperature for 2 h. Then the mixture was diluted with ethyl
acetate (25 ml) and washed with 1N HCI, water and brine.
The organic layer was dried over anhydrous magnesium sul-
fate and concentrated in vacuo. The target compound HI-3-57
was purified by flash chromatography on silica gel, using
MeOH:DCM (1:9) as the eluent. Yield 42 mg (83%). ‘H
NMR (400 MHz, CDCl,) 8 8.13 (s, 1H), 7.86 (d, J=7.8 Hz,
1H),7.32 (d,J=7.8 Hz, 1H), 6.33 (s, L1 H), 6.30 (5, 1H), 4.39 (s,
2H), 4.25 (s, 2H), 3.83 (s, 3H), 3.80 (s, 3H); *’F NMR (376
MHz, CDCl;) 8 -136.95, -154.41.

[0077] c¢) To a solution of HJ-3-57 (42 mg, 0.071 mmol) in
anhydrous pyridine (5 mL) and dry DCM (5 mL) at -78° C.
was added Tf,0 (36 uL, 0.213 mmol) dropwise under argon
atmosphere. The resulting mixture was stirred at =78° C. for
10 minand then at room temperature for another 10 min. Then
the reaction was quenched with saturated NaHCO; aqueous
solution at room temperature. The mixture was diluted with
ethyl acetate (50 mL) and washed with 1N HCI, water and
brine. The organic layer was dried over anhydrous magne-
sium sulfate and concentrated in vacuo. The target compound
HKSOX-1r was isolated by flash chromatography on silica



US 2015/0219676 Al

gel, using EtOAc:Hexane (1:4) as the eluent. Yield 43 mg
(71%). *H NMR (600 MHz, CDCl,) 8 8.18 (s, 1H), 7.90 (dd,
1=7.9,13 Hz, 1H),7.29 (d,I=7.9 Hz, 1H), 6.67 (d,J=1.6 Hz,
1H), 6.66 (d,J=1.6 Hz, 1H), 4.35 (s,2H), 4.17 (s,2H), 3.81 (s,
3H), 3.80 (s, 3H); *C NMR (150 MHz, CDCL,) 8 169.58,
169.04,168.90, 166.42,152.15,151.72,150.03, 145.37, 143.
62, 138.40, 136.44, 136.42, 136.37, 136.36, 135.28, 127.82,
127.73,127.70,127.62,125.07,124.92,124.12,121.69, 119.
58, 119.56, 119.53, 117.43, 115.31, 109.23, 109.20, 109.08,
109.06, 78.42, 52.93, 52.54, 51.64, 47.62; '°F NMR (376
MHz, CDCl;) 8 -72.66 (t, J=5.6 Hz), -126.00 (m), -138.44
(m); LRMS (EI) m/z (%) 855.0 (M*; 1.84), 694.9 (100);
HRMS (EI): caled for C,oH, .0, ,N | F,;S,: 584.9774, Found:
854.9784.

Example 2

Synthesis of Yellow Fluorogenic Compound

HKSOX-2
[0078]
Q,
F
o MeSO;H
2 + —_—
HO on 120°C.
0]
F
COOH
F F
g O
0 0 OH
F F
HI-3-164
[0079] The mixture of2,4-difluororesorcinol (925 mg, 6.33

mmol) and phthalic anhydride (469 mg, 3.17 mmol) was
prepared in MeSO,H (10 mL) at room temperature under
argon atmosphere. The resulting mixture was stirred at 120°
C. for 2 hrs. The reaction mixture was allowed to cool to room
temperature and diluted with water (100 mL). The mixture
was extracted with EtOAc and washed with 1IN HCl water and
brine. The organic layer was dried over anhydrous magne-
sium sulfate and concentrated in vacuo. The target compound
HI-3-164 was isolated by flash chromatography on silica gel
using EtOAc:Hexane (3:7) (with 0.25% AcOH). Yield: 580
mg (45%). "H NMR (400 MHz, CDCl,) § 8.06 (d, I=7.6 Hz,
1H), 7.81 (dt, J=7.5,3.8 Hz, 1H), 7.74 (t, J=7.2 Hz, 1H), 7.28
(d, I=7.6 Hz, 1H), 6.29 (d, I=1.7 Hz, 1H), 6.26 (d, J=1.7 Hz,
1H); ">*CNMR (100 MHz, CDCL,) 8 173.94, 169.07, 149.80,
149.76,147.40,147.37,141.99, 141.93, 139.54, 139.48, 137.
26, 137.17, 135.44, 130.30, 125.92, 125.11, 123.81, 108.64,
107.50, 107.46, 107.28, 107.25; *F NMR (376 MHz,
CDCly) 6 -137.58, -154.60.
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COOH
NaOH (aq. 12.5M)
F. PO
/ reflux, 1 h
0] 0] o
F F
HI-3-164
0] cooH
F.
F
+
HO OH
HO OH
F
F
HJ-3-166¢

[0080] The solution of HJ-3-164 (426 mg, 1.06 mmol) in
NaOH aqueous solution (12.5 M, 12 mL) was stirred under
reflux for 1 hr. The reaction mixture was allowed to cool to
room temperature and carefully acidified with cone. HCl until
large amount of precipitate were formed. The crude target
compound HI-3-166¢ (312 mg, in quantitative yield) was
obtained by vacuum filtration and dried in air for 24 hrs. The
by-product (2,4-difluororesorcinol) can be recovered from
the filtrate. "H NMR (400 MHz, CDOD,) § 8.11 (dd, 1=7.7,
0.9 Hz, 1H), 7.72 (td, J=7.5, 13 Hz, 1H), 7.65 (td, I=7.6, 1.3
Hz, 1H), 7.40 (dd, J=7.5, 0.9 Hz, 1H), 6.56 (dd, I=11.0, 2.1
Hz, 1H); 1*C NMR (100 MHz, CDOD,)  168.53, 147.10,
144.82,144.71,143.29,143.23,141.23,133.68,131.58,131.
16, 130.67, 128.42, 113.46, 113.43, 113.26, 113.23; '°F
NMR (376 MHz, CDOD,) 3 446.12, -146.14, -146.15,
-146.17, -160.33, -160.34; LRMS (EI) m/z (%) 294.0 (M™;
18), 276.0 (100); HRMS (EI): caled for C,,H,OF,: 294.
0340, found: 294.0332.

N OH
K/\COOEt

HI-3-167

0 COOH
F
TFA
—_—
100° C.
HO OH
F
HI-3-166
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-continued

HI-3-168

[0081] The mixture of HI-3-167 (20 mg, 0.0655 mmol)and
HI-3-166 (19 mg, 0.0655 mmol) in TFA (2 mL) was prepared
in a sealed tube at room temperature under argon atmosphere.
The resulting mixture was stirred at 100° C. for 3 hrs. The
reaction mixture was allowed to cool to room temperature and
azeotroped with toluene for 3 times. The target compound
HI-3-168 was isolated by flash chromatography on silica gel
using EtOAc:Hexane (1:1) (with 0.25% AcOH). Yield: 12 mg
(33%). 'H NMR (500 MHz, CDCl,) 8 8.23 (d, I=7.5 Hz, 1H),
7.72 (d,J=7.5 Hz, 1H), 7.68 (t, I=7.4 Hz, 1H), 6.72 (s, 1H),
6.69 (s, 1H), 6.51-6.43 (m, 1H), 4.25 (q, I=7.1 Hz, 2H),
3.59-3.49 (m, 1H), 337-3.28 (m, 1 H), 2.80-2.70 (m, 1H),2.49
(t, I=6.8 Hz, 2H), 2.08-1.93 (m, 2H), 1.79-1.72 (m, 1H),
1.57-1.48 (m, 1H), 1.41 (s, 3H), 1.35 (t, I=7.1 Hz, 3H),
1.11-1.03 (m, 3H); "*C NMR (126 MHz, CDCl,) & 173.14,
167.91,154.34,153.70, 152.46, 150.63, 142.60, 142.11, 140.
71,132.99, 130.34,129.90, 128.74, 128.60, 127.95, 124.94,
124.69, 110.09, 109.68, 107.99, 107.93, 107.82, 107.75,
97.23,61.02,56.42, 53.51,45.67,45.60, 45.06,45.02, 31.60,
29.75,29.41,29.35, 26.85,26.79,25.93, 25.83, 23.22, 23.17,
19.39,19.32, 14.30; "°F NMR (376 MHz, CDCl,) § -130.41,
-160.64, LRMS (EI) m/z (%) 563.2 (M% 2), 71.0 (100);
HRMS (EI): caled for C,,H, O NF, (M*): 563.2119, Found:
563.2104.

0
O 0
F EtN, PhNTE,
—_—
N 0 OH
k/\ F
COOEt
HI-3-168
0
0

F

G
T

k/\ F
COOEt

HKSOX-2

I OTf

20
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[0082] To asolutionof HJ-3-168 (9.9 mg, 0.0176 mmol) in
anhydrous DMF (21 mL) at room temperature was added
Et;N (7 uL, 0.0528 mmol) slowly under argon atmosphere.
After stirring for 15 min, PhANTS, was added and the resulting
mixture was stirred for another 30 min. Then the mixture was
diluted with ethyl acetate (10 mL) and washed with 1N HCI,
water and brine. The organic layer was dried over anhydrous
magnesium sulfate and concentrated in vacuo. The target
compound HI-3-149 was isolated by flash column chroma-
tography on silica gel, using EtOAc:Hexane (1:9) as the elu-
ent. Yield 11 mg (90%). "HNMR (500 MHz, CDCl,) 3 8.05
(d, I=7.7 Hz, 1H), 7.75-7.70 (m, 1H), 7.70-7.65 (m, 1H),
7.25-7.19 (m, 1H), 6.50 (s, 1 H), 6.48-6.43 (m, 1H), 6.40-6.38
(m, 1H), 4.27-4.20 (m, 2H), 3.47-3.38 (m, 1H), 3.22-3.12 (m,
1H), 2.75-2.68 (m, 0.5H), 2.67-2.59 (m, 0.5H), 2.44 (t, J=6.8
Hz, 2H), 2.05-1.88 (m, 2H), 1.71-1.68 (m, 0.5H), 1.68-1.65
(m, 0.5H), 1.50-1.40 (m, 2H), 1.36-1.33 (m, 3H), 1.32-1.31
(m, 3H), 1.18 (s, 3H), 1.06 (d, J=6.6 Hz, 1.5H), 0.96 (d, J=6.6
Hz, 1.5H); "*C NMR (126 MHz, CDCl,) 8 173.07, 173.03,
168.80, 168.77,151.88, 151.69, 150.24, 150.16, 150.14, 148.
17, 147.62, 147.42, 145.01, 142.94, 138.39, 135.38, 13531,
130.34,130.29, 126.91, 126.69, 126.48,125.41,124.48,123.
98, 123.80, 122.40, 121.54, 121.45, 121.40, 119.85, 117.30,
114.75,109.49, 109.46, 109.42, 109.33, 109.29, 109.25, 103.
11, 97.89, 97.85, 82.20, 82.06, 60.71, 55.19, 55.06, 46.32,
46.25, 44.60,44.41,31.93,31.69,31.66,29.70, 29.42,29.37,
29.29,26.91.26.74,25.77,25.33,23.42,23.28, 22.70, 19.61,
19.46, 14.29, 14.12; °F NMR (376 MHz, CDCl,) & -72.85,
-72.87,-72.89,-131.09, -131.11, -141.66. LRMS (ET) m/z
(%) 695.1 (M*; 10), 85.0 (100); HRMS (EI): caled for
C43H;,04NF,S (M*): 695.1612, Found: 695.1605.

Example 3

Synthesis of Mitochondria-Targeted Green
Fluorogenic Compound HKSOX-1m

[0083]
0O
HOOC
0 +
0
OH
F 1 MeSO;H, 120°C., 2 h
2. MOMCI, DIPEA, DCM, 1t, 12 h
2 3. NaOH, THF/H,0 (viv = 3:1),1t, 1 h
OH 34%
F
[0084] 1) To a mixture of trimellitic anhydride (175 mg,

0.912mmol), 2,4-difluororesorcinol (266 mg, 1.824 mmol)
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was added MeSO,H (3 mL) under argon atmosphere. The
resulting mixture was heated to 120° C. for 2 h, then cooled to
room temperature, and quenched with water. The red solid
precipitate was collected by filtration, washed by water, and
dried over air to afford 5(6)-carboxy-2'4',5',7'-tetrafluorof-
luorescein as red solid.

[0085] 2)To a solution of 5(6)-carboxy-2',4',5',7'-tetrafluo-
rofluorescein (198 mg, 0.443 mmol) in dry DCM (2 mL),
DIPEA (0.366 mL, 2.22 mmol) was added under argon atmo-
sphere. Then chloromethyl methyl ether (0.168 ml[, 2.22
mmol) was added dropwise. The resulting mixture was stirred
12 h at room temperature, and then diluted with ethyl acetate,
washed by 1N HCl, water, and brine. The organic layer was
dried over MgSO,, and concentrated in vacuo. The meth-
oxymethyl protected product was isolated by flash chroma-
tography on silica gel, using MeOH:DCM (1:99) as the elu-
ent.

[0086] 3) To a solution of the methoxymethyl protected
product (180 mg, 0.310 mmol) in THF (6 mL), NaOH (124
mg, 3.10 mmol) in water (2.0 mL) was added dropwise at
room temperature. The resulting solution was stirred for 1 h.
And then diluted with ethyl acetate, washed by IN HCI,
water, and brine. The organic layer was dried over MgSQ,,
and concentrated in vacuo. Compound YS-2-72 was isolated
as a white sticky solid by flash chromatography on silica gel,
using MeOH:DCM (1:24) as the eluent (165 mg, 34% yield).
"H NMR (400 MHz, CDCI,) 8 8.76 (s, 0.5H), 8.42 (d, I=8.1
Hz, 0.5H),8.39 (d, I=8.0 Hz, 0.5H), 8.15 (d, J=8.0 Hz, 0.5H),
7.88 (s, 0.5H), 7.29 (d, J=8.1 Hz, 0.5H), 6.35 (t, I=8.6 Hz,
2H), 5.23 (s, 4H), 3.60 (s, 6H); **C NMR (100 MHz, CDCl,)
9 169.1, 167.2, 156.0, 153.5, 151.8, 151.0, 146.7, 144.2,
137.2,136.3,132.4,129.6,128.0, 126.0, 125.6,124.2, 113.6,
113.5, 108.4, 108.2, 99.0, 80.5, 57.4; "°F NMR (376 MHz,
CDCl;) 8 -130.6 (m, 2F), -145.3 (d, I=6.2 Hz, 2F); LRMS
(ED) nv/z (%) 536.4 (M™; 72),337.3 (100); HRMS (EI): caled
for C,sH, (F,0, (M): 536.0730, found: 536.0756.

PPl

Br. ——————————ee
\/\/\Br Toluene, reflux, 12 h

5%
Br \/\/\ +
PPh; Br

YS-2-73

[0087] A solution of 1,4-dibromobutane (1.18 ml[, 10.0
mmol) and triphenylphosphine (2.62 g, 10.0 mmol) in dry
toluene (20.0 mL) was heated to reflux under argon atmo-
sphere for 12 h. Then the reaction was cooled down to room
temperature, and then filter to get the white solid. Washed
with ethyl ether 3 times, and then dried over air to get YS-2-73
as white sticky solid (3.58 g, 75% vield). NMR '"H NMR (400
MHz, CDCl,) 8 7.76-7.56 (m, 15H),3.77-3.61 (m, 2H), 3.38
(t,J=6.1 Hz, 2H), 2.20-2.05 (m, 2H), 1.68 (m, 2H); *C NMR
(100 MHz,CDCl;) 6 134.75, 134.72,133.27,133.18,130.21,
130.08, 117.99. 117.13, 33.23, 31.72. 31.56, 21.49, 20.98,
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20.46; >'P NMR (162 MHz, CDC1,) & 24.3; LRMS (EI) m/z
(%) 399.1 (M*; 100), 397.1 (M*; 98).

Br\/\/\ + piperazine, K;CO3
PPh; By —
CH3CN, reflux, 12 h
YS-2-73 53%

.
(\/\Pm Br

N

()

N
H

YS-2-75

[0088] To a suspension of piperazine (516 mg, 6.00 mmol)
and K,CO; (524 mg, 4.00 mmol) in acetonitrile (50.0 mL),
YS-2-73 (956 mg, 2.00 mmol) is acetonitrile (20.0 mL) was
added slowly at room temperature under argon atmosphere.
Then the system was heated to reflux for 12 h. Concentrated
in vacuo, and then diluted with ethyl acetate, washed by
water, and brine. The organic layer was dried over MgSO,,,
and concentrated to get YS-2-75 as a white sticky solid (510
mg, 53% yield). "HNMR (400 MHz, CDC1,) § 7.5-7.36 (m,
15H),3.38 (m, 2H), 2.49 (m, 3H), 2.34 (s, 1H), 2.21-1.85 (m,
6H), 1.59-1.46 (m, 2H), 1.45-1.31 (m, 2H); "*C NMR (100
MHz, CDCl;) 8 134.33, 13431, 132.81, 132.71, 129.79,
129.67, 117.76, 116.91, 77.26, 56.23, 53.33, 52.26, 45.13,
25.42, 25.26, 21.39, 20.89, 19.34, 19.31; *'P NMR (162
MHz, CDCl,) 6 24.3; LRMS (ESI) m/z (%) 403.3 (M*; 20),
360.5 (100); HRMS (ESI): calcd for C,¢H;,N,P (M*): 403.
2303, found: 403.2302.
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-continued

YS-2-77

[0089] To a solution of YS-2-72 (42 mg, 0.0789 mmol) in
dry DCM (5 mL) was added EEDQ (29 mg, 0.118 mmol)
under argon atmosphere. After 15 minutes, YS-2-75 (46 mg,
0.0953 mmol) in dry DCM (2 mL) was added. The resulting
solution was stirred for 12 h at room temperature, and then
diluted with ethyl acetate, washed by 1N HCI, water, and
brine. The organic layer was dried over MgSO,,, and concen-
trated in vacuo. Compound YS-2-77 was isolated as a white
sticky solid by flash chromatography on silica gel, using
EtOH:DCM (3:7) as the eluent (64 mg, 81% yield). 'HNMR
(400 MHz, CDCl,) 3 8.03 (d, J=7.8 Hz, 0.5H), 7.99 (s. 0.5H),
7.92-7.54 (m, 16H), 7.21 (d, J=7.9 Hz, 0.5H), 7.18 (s, 0.5H),
6.36 (d, J=10.3 Hz, 2H), 5.19 (s, 4H), 4.03-3.81 (m, 2H),
3.78-3.68 (m, 1H), 3.68-3.62 (m, 1H), 3.56 (s, 6H), 3.39 (m,
1H),3.25 (m, 1H),2.74-2.32 (m, 6H), 2.07-1.79 (m, 2H), 1.65
(m, 2H); *C NMR (100 MHz, CDCl,) 8 167.8,167.5,153.4,
152.3,152.2,150.9, 146.5,144.0,143.2,138.7,134.9, 134.7,
133.7,133.6,130.4, 130.3,129.4,125.9, 125.6,124.2, 122.6,
118.9,118.0, 113.8, 108.3, 98.9, 80.1, 57.3, 56.5, 52.8, 26.5,
22.2,21.7,20.2; "°F NMR (376 MHz, CDCl,) 8 -130.5 (m,
2F), -145.6 (d, J=15.4 Hz, 2F); *'PNMR (162 MHz, CDCl,)
0 24.6; LRMS (ESD) m/z (%) 921.3 (M*; 100), 877.3 (39);
HRMS (ESI): caled for C; H,F.N,OP (M*): 921.2922,
found: 921.2953.

1.4M HCl/1,4-dioxane,
1t, 30 min

2. Tf0, DCM, pyridine,
-78° C. to rt, 20 min

3. Amberlite IRA-400
(CD), MeOH, rt, 10 min

8%

YS-2-77

22
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-continued

YS-2-80

[0090] 1)ToYS-2-77 (64 mg, 0.0639 mmol) was added4 M
HClin 1,4-dioxane solution (1 mL) at room temperature, and
concentrated in vacuo after 30 min.

[0091] 2) The product was dissolved in dry DCM (2 mL)
and anhydrous pyridine (2 mL), cooled downto -78° C.in a
dry ice/acetone bath. Tf,0O (54 mg, 0.192 mmol) was then
added dropwise under argon atmosphere. The resulting mix-
ture was stirred at -78° C. for 10 min and then at room
temperature for another 10 min. The reaction mixture was
diluted with ethyl acetate, washed by 1N HCI, water, and
brine. The organic layer was dried over MgSO,, and concen-
trated in vacuo.

[0092] 3)Amberlite IRA-400 (Cl) was stirred in brine for 1
h, washed by 1N HC], brine, and MeOH and then dried over
air. To the crude product in MeOH, was added the pretreated
Amberlite IRA-400 (Cl), followed by filtration to get the
filtrate. The filtrate was concentrated in vacuo. Compound
YS-2-80 was isolated as a white sticky solid by flash chro-
matography silica gel, using EtOH:DCM (3:7) as the eluent
(58 mg, 78% yield). 'H NMR (400 MHz, CDCl,) § 8.11 (d,
J=7.9 Hz, 0.5H), 8.07 (s, 0.5H), 7.85-7.66 (m, 16H), 7.29 (d,
J=7.6Hz, 1H), 6.67 (dd,J=9.0, 1.8 Hz, 2H), 3.75 (s, 1H), 3.68
(s, 1H), 3.50-3.37 (m, 3H), 3.32 (s, 1H), 2.51 (m, 6H), 1.88-
1.77 (m, 2H), 1.73-1.62 (m, 2H); *C NMR (100 MHz,
CDCly) 8 167.48, 167.25, 166.84, 166.73, 152.10, 151.34,
149.57,145.73,143.75,143.14,139.51, 136.47,135.38, 135.
22,135.20, 133.52, 133.41, 130.62, 130.50, 130.24, 126.64,
125.10,124.98, 124.10, 123.29, 122.62,120.10,119.89, 119.
83, 119.75, 119.68, 118.54, 118.50, 117.68, 117.65, 116.91,
109.45, 109.28, 109.08, 78.49, 56.39, 52.68, 52.46, 26.55,
26.38, 21.99, 21.48, 20.14; "°F NMR (376 MHz, CDCl,) &
-73.1,-126.4, -126.6, -138.9,-139.3; *'P NMR (162 MHz,
CDCly) 8 24.1; LRMS (ESD mv/z (%) 1097 (M*; 100), 965
(11); HRMS (ESI): caled for C,oH;4F,(N,O,,PS, (M*):
1097.1389, found: 1097.1401.
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Example 4

Synthesis Of Mitochondria-Targeted Yellow
Fluorogenic Compound HKSOX-2m

[0093]

HBr (48 wt %)

N OMe AcOH, reflux
Yield = 85%
OH

(]
BXY-1-118

z,

OH

OH

HJ-3-216

[0094] To a solution of BXY-1-118 in AcOH at room tem-
perature, was added Her (48 wt %) slowly. The resulting
mixture was stirred under reflux for 12 hrs. The reaction
mixture was allowed to cool to room temperature, diluted
with ethyl acetate, and washed with 1N HCI, water, and brine.
The organic layer was dried over anhydrous magnesium sul-
fate and concentrated in vacuo. The target compound HIJ-3-
216 was isolated by flash column chromatography on silica
gel, using EtOAc:Hexane (1:1) as the eluent. Yield (419 mg)
(85%). 'HNMR (400 MHz, CDCl,) 8 9.48 (br, 2H), 6.99 (d,
J=83 Hz, 1H), 6.41 (s, 1H), 6.34 (d, ]=7.1 Hz, 1H),3.33-3.18
(m, 1H),3.18-3.07 (m, 1H), 2.87-2.76 (m, 1H), 2.55-2.37 (m,
1H), 2.05-1.92 (m, 1H), 1.90-1.78 (m, 1H), 1.73 (dd, I=13.3,
5.1 Hz, 1H), 1.52 (t, I=12.7 Hz, 1H), 1.31 (s, 3H), 1.28 (s,
1.5H). 1.27 (s. 1.5H), 1.15 (s, 3H); *C NMR (100 MHz,
CDCl,) § 179.03, 155.31, 14435, 127.41, 120.74, 105.31,
100.90, 55.73, 46.88, 45.44, 32.52, 28.99, 26.78, 24.69,
23.74, 20.61.

0] COOH
E
Sk
HO OH
F
HI-3-166
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-continued

N OH TFA

100°C.
Yield =76%

OH

0]

HJ-3-216

OH

HI-3-218

[0095] The solution of HI-3-166 (66 mg, 0.238 mmol) and
HI-3-216 (70 mg, 0.238 mmol) in TFA (2.4 mL) in sealed
tube was heated to 100° C. under argon atmosphere. The
resulting mixture was stirred at 100° C. for 3 hrs and allowed
to cool down to room temperature. The reaction mixture was
concentrated in vacuo. The target compound HIJ-3-218 was
isolated by flash column chromatography on silica gel, using
MeOH:DCM: (1:9) (with 0.25% AcOH) as the eluent. Yield
(97 mg) (76%). 'H NMR (400 MHz, CDCI,) 4 8.23 (1, J=7.0
Hz, 1H),7.78-7.64 (m, 2H), 7.43 (d, J=7.0 Hz, 0.5H), 7.36 (d,
J=7.0 Hz, 0.5H), 6.97 (s, 1H), 6.94 (s, 0.5H), 6.93 (s, 0.5H),
6.62 (d, J=6.2 Hz, 0.5H), 6.59 (d, J=6.2 Hz, 0.5H), 3.71-3.57
(m, 1H), 3.51-3.40 (m, 1H), 2.90-2.80 (m, 0.5H), 2.79-2.69
(m. 0.5H), 2.44 (br, 2H), 2.07-1.99 (m, 1H), 1.95-1.89 (m
1H), 1.88-1.78 (m, 1H), 1.58 (t, J=13.3 Hz, 1H), 1.45 (s,
1.5H), 1.44 (s, 1.5H), 1.34 (s, 1.5H), 1.30 (5, 1.5H), 1.09 (t,
J=6.5Hz, 3H); *’F NMR (376 MHz, CDCl,) § -76.97, -131.
55, -131.59, -131.62, -131.66, -131.71, -131.74, -163.52,
-163.57,-163.61, -163.65.

Et;N, PANTE,
oH DMF
Yield =52%

OH

HJ-3-218
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-continued

OTf

OH

[0096] To a solution of HJ-3-218 (81 mg, 0.151 mmol)
Et;N in anhydrous DMF (5 mL) at room temperature, were
added Et;N (63 pL, 0.454 mmol) and PhNTH, (65 mg, 0.182
mmol) successively under argon atmosphere. The resulting
mixture was stirred at room temperature for 1 h. Then the
reaction mixture was diluted with ethyl acetate, and washed
with 1N HCl, water, and brine. The organic layer was dried
over anhydrous magnesium sulfate and concentrated in
vacuo. The target compound HJ-3-220 was isolated by flash
column chromatography on silica gel, using MeOH:DCM
(1:19) as the eluent. Yield (52 mg) (52%). '"H NMR (400
MHz, CDCl,) 8 8.06 (d, J=7.4 Hz, 1H), 7.77-7.70 (m, 1H),
7.68 (t, I=7.1 Hz, 1H), 7.25-7.19 (m, 1H), 6.55 (s, 1H),
6.49-6.43 (m, 1H), 6.39 (s, 1H),3.51-3.43 (m, 1H),3.26-3.14
(m, 1H), 2.77-2.58 (m, 1H), 2.52 (t, ]=6.0 Hz, 2H), 2.04-1.86
(m, 2H), 1.73-1.66 (m, 1H), 1.47 (t, 12.9 Hz, 1H), 1.32 (d,
J=2.5 Hz, 3H), 1.18 (s, 3H), 1.09-0.94 (m, 3H); “*C NMR
(100 MHz,CDCl;) 6179.11,169.01, 151.99, 151.81, 150.49,
150.35,147.99, 147.69, 147.49, 145.41, 142.82, 135.54, 135.
48,130.48, 130.43, 127.18, 126.77, 126.69, 126.57, 125.54,
124.58,124.11,123.88, 121.54,120.27, 117.09, 109.59, 109.
55,109.39,109.36,103.31,98.17,98.09, 82.99,82.94, 70.74,
55.35,55.20,46.46, 46.36,44.58,44.38,31.22, 29.50, 29.35,
27.03,26.86,26.59,25.90,25.43,23.17, 23.00, 19.70, 19.53;
"FNMR (376 MHz, CDCL,) § =72.9 (t, 6.0 Hz, 3F), -131.2
(m, 1F), -141.3 (m, 1F); LRMS (EL, 20eV) m/z (%) 667 (M*;
11), 111 (100); HRMS (ED): caled for C5,H,gOgNFSS (M*):
667.1299, found: 667.1302.

G
XL

OH

/ N\

HN NBoc

EEDQ
DCM
Yield = 91%

(0]
O F
OTf
F

HI-3-220

24
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-continued

NBoc

HI-3-222

[0097] To a solution of HI-3-220 (28 mg, 0.0419 mmol) in
dry DCM at 0° C., was added EEDQ (21 mg, 0.0839 mmol)
and amine (16 mg, 0.0839 mmol) successively under argon
atmosphere. The resulting mixture was stirred at 0° C. to
room temperature for 24 hrs. The reaction mixture was
diluted with DCM, washed with 1N HCI, water, and brine.
The organic layer was dried over anhydrous magnesium sul-
fate and concentrated in vacuo. The target compound HJ-3-
222 was separated by flash column chromatography on silica
gel, using EtOAc:Hexane (1:1) as the eluent. Yield (32 mg)
(91%). "HNMR (400 MHz, CDCl,) 4 8.05 (d, ]=7.5 Hz, 1H),
7.77-7.64 (m, 2H), 7.23 (d, J=7.5 Hz, 0.5H), 7.20 (d, J=7.5
Hz, 0.5H), 6.50 (s, 1H), 6.46 (d, J=2.1 Hz, 0.5H), 6.44 (d,
J=2.1 Hz, 0.5H), 6.38 (s, 1H), 3.70-3.60 (m, 2H), 3.48 (br,
4H), 3.47-3.40 (m, 2H), 3.25-3.12 (m, 1H), 2.75-2.66 (m,
0.5H), 2.66-2.57 (m, 0.5H), 2.45 (t, J=6.6 Hz, 2H), 2.01-1.90
(m, 2H), 1.73-1.61 (m, 3H), 1.48 (s, 9H), 1.34 (s, 1.5H), 1.33
(s, 1.5H), 1.18 (s, 3H), 1.06 (d, ] =6.6 Hz, 1.5H), 0.96 (d,
J=6.5 Hz, 1.5H); *C NMR (75 MHz, CDCly) & 170.90,
168.93,154.72,151.97,151.76, 150.92, 150.35, 147.76, 147.
59, 147.57,145.81, 145.77, 142.34, 135.54, 135.46, 13048,
130.43,126.81, 126.62, 126.58, 125.53, 124.55,124.13,123.
90, 121.58, 120.81, 116.55, 109.71, 109.67, 109.44, 109.40,
109.34, 103.04, 103.02, 97.97, 97.91, 80.54, 55.32, 55.20,
46.44,46.37,45.44,44 .98, 44.76, 43.64,41.62, 30.60,30.51,
29.84,29.57,29.45, 28.50, 27.03, 26.86, 25.96, 25.54,23 .49,
23.40,19.69, 19.57; °F NMR (376 MHz, CDCL,) § -72.85,
-72.86,-72.88, -131.12, -141.67.
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(0]
O 0]
F 1. TFA, DCM
2. EEDQ, DCM, 0° C. to 1t
0]
N (0] OTf
F HO EPh} Br
Yield =93%
N NBoc
0]
HI-3-222
0]
i (0]
F
N OTf
F
O
\—/ ;’Ph;
0]
HKSOX-2m
[0098] To a solution of HI-3-222 (7 mg, 0.00837 mmol) in 94,138.47, 135.62, 135.53, 135.41, 135.40, 135.24, 133.62,

DCM (1 mL) at room temperature, was added TFA (1 mL)
slowly. The resulting mixture was stirred at room teniperature
for 1 h. The reaction mixture was concentrated in vacuo and
azeotroped with toluene for 3 times to obtain the crude resi-
due. To a solution of (4-carboxybutyl)triphenylphosphonium
bromide (11 mg, 0.0251 mmol) and EEDQ (7 mg, 0.0276
mmol) in dry DCM (2 mL) at 0° C., was added the solution of
the crude residue in dry DCM (2 mL) under argon atmo-
sphere. The resulting mixture was stirred at 0° C. to room
temperature for 12 h. The reaction mixture was diluted with
DCM, washed with 1N HCI, water, and brine. The organic
layer was dried over anhydrous magnesium sulfate and con-
centrated in vacuo. Amberlite IRA-400 (Cl) was stirred in
brine for 1 h, washed by 1N HCI, brine, and MeOH, and then
dried over air. To the crude residue in MeOH, was added the
pretreated Amberlite IRA-400 (C1), followed by filtration to
get the filtrate. The filtrate was concentrated in vacuo. The
target compound HKSOX-2m was isolated as a pink sticky
solid by flash column chromatography on silica gel, by using
EtOH:CHCI, (1:4) as an cheat. Yield (9 mg) (93%). "HNMR
(400 MHz, CDCl,) d 8.04 (d, I=7.4 Hz, 1H), 7.91-7.75 (m,
10H), 7.74-7.63 (m, 6H), 7.25-7.18 (m, 1H), 6.56 (s, 1H),
6.46-6.40 (m, 1H), 6.37 (s, 1H),3.91-3.72 (m, 3H), 3.69-3.53
(m, SH), 3.50-3.39 (m, 1H), 3.25-3.10 (m, 1H), 2.80 (brs,
1H), 2.75-2.55 (m, 1H), 2.46 (brs, 2H), 2.08-1.88 (m, 5H),
1.78 (brs, 4H), 1.70-1.53 (m, 3H), 1.49-1.40 (m, 2H), 1.35-
1.31 (m, 3H), 1.17 (s, 1H), 1.07-0.92 (m, 3H); 'C NMR (125
MHz, CDCl;) & 173.31, 171.57, 169.17, 151.72, 151.49,
150.33,150.20, 150.10, 148.10, 147.80, 147.62, 145.00, 142.

133.59,133.51, 133,42, 130.71,130.61, 130.52, 127.00, 126.
67, 126.41, 125.40, 124.40, 124,30, 124.10, 123.84, 123.76,
121.45,119.84,118.55,118.50,118.32, 117.87,117.82,117
63,117.29,109.41,102.85,97.90,97.78, 60.68, 55.23,51.71,
46.28,45.70,45.31,45.11,44.71,44.62,44.54, 41.85,41.62,
41.52,4137,33.13,32.17,30.41, 29.69,29.27, 26.89,26.77,
25.70,25.57,25.43,23.35,22.59,22.14, 21.88, 19.44, 14.09;
°F NMR (376 MHz, CDC1,) 8 -72.9 (m, 3F), -131.4 (m,
1F), -141.1 (m, 1F); LRMS (FAB) m/z: 307 (100), 1080 (M*,
30); HRMS (ESI): caled for CogH,O.NgF.SP (M*): 1080.
3441, found: 1080.3487.

Example 5

Synthesis of Lysosome-Targeted Yellow Fluorogenic
Compound HKSOX-Lyso

[0099]
O
9 'S
(0]
F HZN_/_ \_/
O O EEDQ, DCM
N (0) OTf 0°C.tort,12h

¥ Yield = 48%

HI-3-220
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OTf

HKSOX-Lyso

[0100] To a solution of HI-3-220 (50 mg, 0.0749 mmol) in
dry DCM at 0° C., was added EEDQ (61 mg, 0.16 mmol) and
4-(2-aminoethyl)morpholine (20 mg, 0.15 mmol) succes-
sively under argon atmosphere. The resulting mixture was
stirred at 0° C. to room temperature for 12 h. The reaction
mixture was diluted with DCM, washed with 1N HCl, water,
and brine. The organic layer was dried over anhydrous mag-
nesium sulfate and concentrated in vacuo. The target com-
pound HKSOX-Lyso was separated by flash column chroma-
tography on silica gel, using MeOH:DCM (1:20) as the
eluent. Yield (28 mg) (48%), 'H NMR (400 MHz, CDCl,) &
8.05(d, I=7.5Hz, 1H), 7.73 (td, I=7.4,3.3 Hz, 1H), 7.67 (dd,
1=10.0, 4.8 Hz, 1H), 7.22 (dd, 11.5, 7.6 Hz, 1H), 6.49-6.41
(m, 2H), 6.38 (s, 1H), 6.10 (s, 1H), 3.79-3.67 (m, 4H), 3.53-
3.44 (m, 1H), 3.44-3.38 (m, 2H), 3.18 (td, I=15.0, 6.9 Hz,
1H), 2.77-2.57 (m, 1H), 2.52 (t, J=6.0 Hz, 2H), 2.47 (s, 4H),
232 (t, J=7.0 Hz, 2H), 1.99-1.86 (m, 2H), 1.69-1.46 (m, 8.7
Hz, 2H), 1.32 (s, 3H), 1.17 (s, 3H), 1.07-0.96 (m, 3H); *C
NMR (100 MHz, CDCl,) 8 172.1,168.8, 151.8,151.6, 150.5,
147.9,147.5,145.2,142.6,135.4,130.3,126.7,126.5, 125 .4,
124.4, 123.9, 121.5, 109.5, 109.3, 102.9, 97.7, 66.9, 57.1,
55.1,53.3,46.2,44.5,35.6,33.5,29.4,26.8,25.8,25.4, 24.0,
19.5;F NMR (376 MHz, CDCL,): 8 -72.89 (5, 3F), -131.11
(s, 1F), -141.73 (s, 1F); LRMS (ESD) nv/z: 662 (100), 780
(M*, 30).

Example 6

Synthesis of Fret-Based Green Fluorogenic
Compound HJ-3-241-2

[0101]
NH,
+
LN
0 K,CO0;3,
)I\ dioxane/H,O
B
0 Cl 0°C.tort
Yield =85%
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[0102] To a solution of trans-1,4-diaminocyclohexane
(1.14 g, 10 mmol) and potassium carbonate (2.76 g, 20 mmol)
in 1,4-dioxane (90 mL) and H,O (10 mL) at 0° C. was added
benzyl chloroformate (1.4 mL, 10 mmol) dropwise for 1 h
under argon atmosphere. Then the resulting mixture was
stirred at 0° C. to room temperature for 12 h. The reaction
mixture was diluted with DCM and H,O, and extracted with
DCM for 3 times. The organic layer was dried over anhydrous
sodium sulfate and concentrated in vacuo to obtain crude
product. Yield HJ-3-232¢ (2.1 g) (85%). "HNMR (400 MHz,
CDCl;)d7.41-7.28 (m, 5H), 5.08 (s, 2H), 4.72-4.52 (m, 1H),
3.55-3.35 (m, 1H), 2.33-2.51 (m, 1H), 2.09-1.79 (m, 4H),
1.28-1.07 (m, 4H). "*C NMR (100 MHz, CDCl;) & 155.73,
136.74, 128.65, 128.25, 128.22, 66.67, 49.97, 49.82, 49 46,
35.40, 32.22, 31.99.

COOH
\
.
Et:N 0 0
NHCbz
EDC HCl, HOAt
—_—
DMF
- Yield - 66%
-2

0
AN N““‘.
H
E,N 0 0

HJ-3-234

NHCbz

[0103] To a solution of 7-(diethylamino)coumarin-3-car-
boxylic acid (97 mg, 0.371 mmol) and HJ-3-232¢ (184 mg,
0.742 mmol) in anhydrous DMF at room temperature, was
added HOAt under argon atmosphere. After 30 min of stir-
ring, EDC.HCI was added and the resulting mixture was
stirred at room temperature for another 12 h. Then the reac-
tion mixture was diluted with DCM and washed with 1N HCI,
H,O and brine. The organic layer was dried over anhydrous
magnesium sulfate and concentrated in vacuo. The target
compound HIJ-3-234 was separated by flash column chroma-
tography on silica gel, using EtOAc:DCM (3:17) as the elu-
ent. Yield HJ-3-234 (120 mg) (66%). *H NMR (300 MHz,
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CDCl,) §8.70 (d, J=7.9 Hz, 1H), 8.66 (s, 1H), 7.40-7.28 (m,
5H), 6.61 (dd, 1=9.0, 2.3 H; 1H), 6.48 (d, J=2.2 Hz, 1H), 5.08
(s, 2H), 4.86 (d, 1=7.7 Hz, 1H), 4.00-3.81 (m, 1H), 3.61-3.50
(m, 1H),3.43 (q, =7.1 Hz, 4H), 2.18-1.98 (m, 4H), 1.45-1.27
(m 4H), 1.22 (t, 1=7.1 Hz, 6H), *C NMR (75 MHz, CDC,)
5 162.82, 162.48, 157.69, 155.75, 152.58, 148.14, 136.76,
131.18, 128.61, 128.15, 110.38, 109.99, 108.48, 96.64,
66.60, 49.51, 47.80, 45.15, 32.05, 31.54, 12.52.

NHCbz
o]
PU/C, H,
N N\\" —_—

N MeOH
Yield = 100%
BN 07 o
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TO O OTf
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0
N
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[0104] To a solution of HJ-3-234 (80 mg, 0.163 mmol) in
MeOH at room temperature, was added Pd/C slowly under
argon atmosphere. The resulting mixture was stirred under H,
atmosphere for 8 h. The reaction mixture was filtered over a
pad of celite and concentrated in vacuo to obtain crude prod-
uct HJ-3-236¢ (58 mg, quantitative yield) which was used
directly in next step.

TH0,
K,CO3 pyridine
MeOH DCM, -78° C.
tort
Ac Yield =93%

NH,
AN N\\“"
H

EtN 0 )
HJ-3-236¢

HJ-3-241-1
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[0105] To a solution of HI-3-43 (120 mg, 0.225 mmol) in

MeOH (10 mL) at room temperature, was added K,CO, (312
mg, 2.25 mmol). The resulting mixture was stirred at room
temperature for 2 hrs. The reaction mixture was concentrated
to evaporate the organic solvent, diluted with ethyl acetate
and washed with 1N HCl, water, and brine. The organic layer
was dried over anhydrous magnesium sulfate and concen-
trated in vacuo. The residue was dissolved in dry DCM (2 mL)
and anhydrous pyridine (2 mL) and added with Tf,O drop-
wise at —=78° C. under argon atmosphere. The resulting mix-
ture was stirred at =78° C. to at room temperature for 3 h. The
reaction mixture was quenched with water, diluted with DCM
and washed with 1N HCI, water, and brine. The organic layer
was dried over anhydrous magnesium sulfate and concen-
trated in vacuo to obtain crude product HI-3-240c (150 mg,
yield=93%) which was directly used in next step.

[0106] To asolutionofHJ-3-240c (42 mg, 0.059 mmol)and
EEDQ (16 mg, 0.065 mmol) in dry DCM (5 mL) at 0° C., was
added HI-3-236¢ (23 mg, 0.065 mmol) under argon atmo-
sphere. The resulting mixture was stirred at 0° C. to room
temperature for 12 h. The reaction mixture was diluted with
DCM, washed with 1N HCI, water, and brine. The organic
layer was dried over anhydrous magnesium sulfate and con-
centrated in vacuo. The target compound HJ-3-241-1 (5 iso-
mer) and HJ-3-241-2 (6 isomer: better FRET-based sensor)
was separated by flash column chromatography on silica gel,
using FtOAc:DCM (1:3) as the eluent. Yield HJ-3-241-1 (27
mg) and HJ-3-241-2 (28 mg) (89%). HJ-3-241-2:'"H NMR
(400 MHz, CDCly) 8 8.75 (d, I=7.9 Hz, 1H), 8.63 (s, 1H),
8.14 (d, I=8.0 Hz, 1H), 8.07 (d, J=8.0 Hz, 1H), 7.64 (s, 1H),
7.40(d, I=9.0 Hz, 1H), 6.64 (dd, J]=9.0,2.3 Hz, 1H), 6.59 (dd,
9.0, 1.8 Hz, 2H), 6.49 (d, J=2.0 Hz, 1H), 6.20 (d, ]=7.9 Hz,
1H), 4.02-3.88 (m, 2H), 3.45 (q,J=7.1 Hz, 4H), 2.18-2.10 (m,
4H), 1.50-1.40 (m, 4H), 1.23 (d, J=7.2 Hz, 6H); °F NMR
(376 MHz,CDCl,) 8 -72.62,-72.63, -72.65,-126.11,-138.
42; *CNMR (100 MHz, CDCl,) 8 166.78, 164.35, 162.87,
162.67,157.80,152.77,152.27,151.39,149.73, 148.13, 145.
93, 143.33, 142.83, 138.91, 136.72, 136.69, 136.62, 136.58,
135.36,131.21,129.92, 128.06, 127.94, 12789, 127.76, 126.
83, 126.74, 125.18, 123.45, 122.96, 120.26, 119.57, 119.50,
117.07,113.88,110.26,110.15,109.52, 109.48, 109.30, 109.
27,108.48, 96.74, 78.70, 49.11, 47.87, 45.23, 31.76, 31.54,
29.84, 12.56.

Example 7

Sensitive and Specific Detection of Superoxide with
Green Fluorogenic Compound HKSOX-1

[0107] This Example shows that green fluorogenic Com-
pound HKSOX-1 display high sensitivity and selectivity

28
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toward superoxide (O,7). The stock solution of HKSOX-1
(10mM) is diluted in 0.1 M potassium phosphate buffer at pH
7.4 to obtain a 10 uM solution, with excitation and emission
spectra at 509 nm and 534 nm, respectively. As expected, the
probe HKSOX-1 was non-fluorescent (FIG. 1). Upon treat-
ment of O, generated by enzymatic reaction of xanthine (X)
and xanthine oxidase (XO), a dramatic increase (>500-fold
enhancement) in fluorescence intensity was observed upon
treatment with 10 equiv of O~ generated by X/XO system in
10 min, whereas 10 equiv of other oxidants (H,0,, NO, 'O,
ROO., TBHP, .0H, ONOO~, HOCI), reductants (Fe**, ascor-
bic acid, 1,4-hydroquinone), esterase (10 U/mL) and GSH (5
mM, 500 equiv) caused negligible increase in the fluores-
cence signals. More importantly, the fluorescence intensity of
HKSOX-1 upon treatment with X/XO in the presence of
superoxide dismutase (SOD) decreased dramatically, sug-
gesting that the fluorescent signal was caused by O,~.

Example 8

Sensitive and Specific Detection of Superoxide with
Green Fluorogenic Compound HKSOX-2

[0108] This Example shows that green fluorogenic Com-
pound HKSOX-2 display high sensitivity and selectivity
toward superoxide (O,"). The stock solution of HKSOX-2 (1
mM) is diluted in 0.1 M potassium phosphate buffer at pH 7.4
to obtaina 1uM solution, with excitation and emission spectra
at 535 nm and 562 nm, respectively. As expected, the probe
HKSOX-2 was almost non-fluorescent (FIG. 2). Upon treat-
ment of O,~ generated by enzymatic reaction of xanthine (X)
and xanthine oxidase (XO), a dramatic increase (>23-fold
enhancement) in fluorescence intensity was observed upon
treatment with 10 equiv of O,,~ generated by X/XO system in
15 min, whereas 10 equiv of other oxidants (H,0,, NO, 10,,
ROO., TBHP, .OH, ONOO~, HOCI), reductants (Fe**, ascor-
bic acid, 1,4-hydroquinone), esterase (10 U/mL) and GSH (5
mM, 500 equiv) caused negligible increase in the fluores-
cence signals (FIG. 3).

Example 9

Application of Subject Compounds in Cell Assay

[0109] We assessed the application of HKSOX-1r in con-
focal imaging of O, in different types of cell. For detection
of endogenous O,”, we used mouse macrophages
(RAW264.7 cells) as a cellular model. Bacterial lipopolysac-
charide (LPS from Salmonella typhimurium; 500 ng/mL) and
the proinflammatory cytokine interferon-y (IFN-y from
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mouse; 50 ng/mL) were used to activate macrophages. A
highly selective and established peptide inhibitor (gp91ds-
tat'?; 2 uM) for NADPH oxidase (NOX2), the primary enzy-
matic source for O, during infection-related inflammation,
was employed to validate the probe’s specificity in cells.
Additionally, the O,~ decomposition catalyst FeTMPyP (50
uM) and chemical scavenger TEMPOL, (4-hydroxy-TEMPO;
300 uM) were used to remove O,~ in activated macrophages.
After 14 h, macrophages stimulated with LPS/IFN-y pro-
duced much stronger fluorescence signals relative to
untreated ones (FIG. 4). This surge in O, production was
greatly suppressed by the addition of gp91ds-tat. Similarly, in
the presence of FeTMPyP or TEMPOL, HKSOX-1r fluores-
cence was substantially attenuated. These results suggest that
our fluorescent probe can specifically detect O,~ generated in
activated macrophages.

[0110] FIG. 4 shows confocal imaging (single photosec-
tion) of O,~ with HKSOX-1r (2 uM) in RAW264.7 mouse
macrophages. The cells were co-stained with mitochondrial
dye MitoTracker Red (50 nM) and nuclear DNA dye Hoechst
33342 (150 ng/mL) for 30 min. Merged: all fluorescence
images merged. (a) Untreated cells; (b) cells stimulated with
LPS (500 ng/mL.) and IFN-y (50 ng/mL) for 14 h, followed by
HKSOX-1r staining for 30 min; (c) cells co-treated with
LPS/IFN-y and gp91ds-tat (2 pM) for 14 h, followed by
HKSOX-1r staining (30 min); (d) cells stimulated with LPS/
IFN-y for 14 h, followed by co-incubation of HKSOX-1r and
FeTMPyP (50 uM) for 30 min; (e) cells stimulated with
LPS/IFN-y for 14 h, followed by co-incubation of HKSOX-1r
and TEMPOL (300 uM) for 30 min.

[0111] As mitochondrial ROS has recently emerged as a
key player in innate immune response and multiple patholo-
gies including cancer, we also tested HKSOX-1r (2 uM) in
detection of O, induced by mitochondrial respiratory inhibi-
tors (30 min treatment): antimycin A (complex 11T inhibitor; 5
M), rotenone (complex I inhibitor; 5 pM), FCCP (complex I1
inhibitor; 5 pM) and malonic acid (endogenous complex 11
inhibitor; 500 uM). To validate the inhibitor effects, three
different types of cell were used: HCT116 (human colon
cancer cells), RAW264.7 (mouse macrophages), and BV-2
(mouse microglia). Consistent with literature, all the mito-
chondrial respiratory inhibitors tested could rapidly induce
mitochondrial O, production (FIG. 5), though with varying
degrees of efficacy; antimycin
A>FCCP>>rotenone>>malonic acid. At 2 pM, HKSOX-1r
gave a strong fluorescence response upon induction of mito-
chondrial O,~, within a dynamic range of detection that
allowed for differentiation of potent stimulants from weak
ones. In addition, the probe can also be efficiently excited in
two-photon modality in confocal imaging (FIG. 6).

[0112] FIG. 5(a) shows HKSOX-1r (2 uM) co-incubated
with or without mitochondrial respiratory inhibitors antimy-
cin A (5 uM), rotenone (5 pM), FCCP (5 uM) or malonic acid
(500 uM) in HCT116 human colon carcinoma cells for 30
min. FIG. 5(5) shows HKSOX-1r (2 uM) co-incubated with
or without mitochondrial respiratory inhibitors in BV-2
mouse microglial cells for 30 min. FIG. 5(c) shows HKSOX-
1r (2 uM) co-incubated with or without mitochondrial respi-
ratory inhibitors in RAW264.7 mouse macrophages for 30
min. In each group, upper: fluorescence images; lower: fluo-
rescence images merged with bright field images.

[0113] FIG. 6 shows two-photon confocal imaging of of
0,~ with HKSOX-1r (2 uM) RAW264.7 mouse macroph-
ages, (left) Untreated cells incubated with probe alone for 30
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min. (right) Cells co-incubated with probe and antimycin A (5
pM) for 30 min. Upper: fluorescence images; lower: fluores-
cence images merged with bright field images.

[0114] Wealso tested HKSOX-2 (5 pM) in detection of O,~
induced by mitochondrial respiratory inhibitors (30 min treat-
ment): antimycin A (complex III inhibitor; 10 uM), rotenone
(complex I inhibitor; 10 uM) and FCCP (complex II inhibitor;
10 uM). To validate the inhibitor effects, three different types
of cell were used: Hela (human cervical epithelial cancer
cells), BV-2 (mouse microglia), and RAW264.7 (mouse mac-
rophages). Consistent with literature, all the mitochondrial
respiratory inhibitors tested could rapidly induce mitochon-
drial O,~ production (FIG. 7), though with varying degrees of
efficacy: antimycin A>FCCP>>rotenone. At 5 pM,
HKSOX-2 gave a strong fluorescence response upon induc-
tion of mitochondrial O,~, within a dynamic range of detec-
tion that allowed for differentiation of potent stimulants from
weak ones.

[0115] FIG. 7(a) shows HKSOX-2 (5 uM) co-incubated
with or without mitochondrial respiratory inhibitors rotenone
(10 uM), FCCP (10 uM) and antimycin A (10 uM) in Hela
cells for 30 min. FIG. 7(b) shows HKSOX-2 (5 uM) co-
incubated with or without mitochondrial respiratory inhibi-
tors in BV-2 mouse microglial cells for 30 min. FIG. 7(c)
shows HKSOX-2 (5 uM) co-incubated with or without mito-
chondrial respiratory inhibitors in RAW264.7 mouse mac-
rophages for 30 min. In each group, upper: fluorescence
images; lower: fluorescence images merged with bright field
images.

[0116] We performed organelle dye co-staining with
HKSOX-Lyso to assess its subcellular distribution in confo-
cal imaging (FIG. 8). The established mitochondrial dye,
LysoTracker Green, was used to stain lysosomes in live cells.
Co-staining was done by co-incubating HKSOX-Lyso (2.5
uM) with MitoTracker Green (200 nM) in RAW264.7 mouse
macrophages for 30 min, in the presence or absence of two
superoxide-inducers: PMA  (phorbol-12-myristate-13-ac-
etate; 500 ng/mL). The results demonstrated that the location
of O, signal illustrated by HKSOX-Lyso was well merged
with that of LysoTracker Green signal in PMA activated
macrophages. Thus, we believe that our lysosome targeted
fluorescent probe HKSOX-Lyso can efficiently detect O,
signal in lysosomes of activated macrophages.

[0117] FIG. 8 shows RAW264.7 mouse macrophages co-
stained with HKSOX-Lyso (2.5 pM), LysoTracker Green
(200 nM) for 30 min in the absence or presence of PMA (500
ng/mL).

[0118] We assessed the application of HKSOX-2m (2 uM)
in confocal imaging of O, in different types of cell. For
detection of endogenous O,, two different cell types were
used: mouse macrophages (RAW264.7 cells) and mouse
microglia (BV-2 cells). PMA (phorbol-12-myristate-13-ac-
etate), a PKC activator and acute O, inducer, was used to
activate macrophages. The chemical scavenger TEMPOL
(4-hydroxy-TEMPO; 300 pM) was used to remove O,” in
activated macrophages. Mdivi-1 (100 pM), a Drp-1 (dy-
namin-related protein 1) inhibitor that inhibits mitochondrial
fission and subsequent mitochondrial O, production, was
used to block mitochondrial O,~ formation. Additionally,
G66983 (100 nM), a PKC inhibitor, was used to abolish
PMA-mediated effects in O, induction. After 30 min, mac-
rophages stimulated with PMA produced much stronger fluo-
rescence signals relative to untreated ones (FIG. 9). This
surge in O, production was greatly suppressed by the addi-
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tion of TEMPOL. In the presence of Mdivi-1 and G66983,
HKSOX-2m fluorescence was reduced to near basal level.
Similarly, microglia stimulated with PMA produced much
stronger fluorescence signals relative to untreated ones (FIG.
9). This surge in O, production was greatly suppressed by
the addition of TEMPOL. In the presence of Mdivi-1 and
G66983, the fluorescence of HKSOX-2m was reduced to near
basal level. These results suggest that our fluorescent probe
can specifically detect O, generated in activated macroph-
ages and microglia.

[0119] FIG. 9(a) shows HKSOX-2m (2 uM) co-incubated
with or without PMA (200 ng/mL), TEMPOL, (300 uM),
Mdivi-1 (100 pM) and G66983 (100 nM) in RAW264.7
mouse macrophages for 30 min. FIG. 9(5) shows HKSOX-
2m (2 pM) co-incubated with or without PMA (200 ng/mL),
TEMPOL (300 uM), Mdivi-1 (100 pM) and G66983 (100
nM) in BV-2 mouse microglial cells for 30 min.

[0120] FIG. 10(a) shows RAW264.7 mouse macrophages
co-stained with HKSOX-2m (2 pM), MitoTracker Green (50
nM) and Hoechst (150 ng/mL) for 30 min in the absence of
superoxide inducers; () RAW264.7 mouse macrophages co-
stained for 30 min with HKSOX-2m, MitoTracker Green and
Hoechst in the presence of PMA (200 ng/mL); (¢) RAW264.7
mouse macrophages co-stained with HKSOX-2m,
MitoTracker Green and Hoechst for 30 min in the presence of
yeast zymosan (50 ug/mL).

[0121] We performed organelle dye co-staining with
HKSOX-2m to assess its subcellular distribution in confocal
imaging (FIG. 10). The established mitochondrial dye,
MitoTracker Green (50 nM), and nuclear DNA dye, Hoechst
(150 ng/mL), were used to stain mitochondria and nucleus,
respectively. Co-staining was done by co-incubating
HKSOX-2 (2 uM) with MitoTracker Green and Hoechst in
RAW264.7 mouse macrophages for 30 min, in the presence
or absence of two superoxide-inducers: PMA (phorbol-12-
myristate-13-acetate; 200 ng/mL) and yeast zymosan (50
pg/mL).

[0122] FIG. 11(a) shows BV-2 mouse microglial cells co-
stained with HKSOX-2m (2 pM), MitoTracker Green (10
uM) and Hoechst (1 pg/mL) for 40 min in the absence of
superoxide inducers; FIG. 11(b) shows BV-2 mouse micro-
glial cells co-stained with HKSOX-2m, MitoTracker Green
and Hoechst for 40 min in the presence of PMA (200 ng/mL.);
FIG. 11(c) shows BV-2 mouse microglial cells co-stained
with HKSOX-2m, MitoTracker Green and Hoechst for 40
min in the presence of yeast zymosan (50 ug/ml); (d) BV-2
mouse microglial cells co-stained with HKSOX-2m,
MitoTracker Green and Hoechst for 40 min in the presence of
diethyl succinate (2.5 mM); (¢) BV-2 mouse microglial cells
co-stained with HKSOX-2m, MitoTracker Green and
Hoechst for 40 min in the presence of diethyl malonate (2.5
mM); (f) BV-2 mouse microglial cells co-stained with
HKSOX-2m, MitoTracker Green and Hoechst for 40 min in
the presence of rotenone (500 nM).

[0123] FIG. 12(a) shows BV-2 mouse microglial cells co-
stained with MitoSOX Red™ (4 uM), MitoTracker Green (10
nM) and Hoechst (1 pg/mL) for 40min in the absence of
superoxide inducers; (b) BV-2 mouse microglial cells co-
stained with MitoSOX Red™, MitoTracker Green and
Hoechst for 40 min in the presence of PMA (200 ng/mL); (¢)
BV-2 mouse microglial cells co-stained with MitoSOX
Red™, MitoTracker Green and Hoechst for 40 min in the
presence of yeast zymosan (50 ug/mL); (d) BV-2 mouse
microglial cells co-stained with MitoSOX Red™,
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Mito Tracker Green and Hoechst for 40 min in the presence of
diethyl succinate (15 mM); (¢) BV-2 mouse microglial cells
co-stained with MitoSOX Red™, MitoTracker Green and
Hoechst for 40 min in the presence of diethyl malonate (15
mM); (f) BV-2 mouse microglial cells co-stained with Mito-
SOX Red™, MitoTracker Green and Hoechst for 40 min in
the presence of rotenone (500 nM).

[0124] To further validate the performance of HKSOX-2m
as a mitochondria-targeting superoxide probe, we conducted
confocal imaging of HKSOX-2m with multiple superoxide
inducers in BV-2 mouse microglial cells (FIG. 11), and com-
pared HKSOX-2m’s performance with that of MitoSOX
Red™ (awidely used commercial fluorescent probe for mito-
chondrial superoxide detection; Invitrogen), by using the
same drugs as stimulants (FIG. 12). Briefly, BV-2 cells were
co-incubated for 40 min with probes (HKSOX-2m or Mito-
SOX Red™) and general superoxide inducers (PMA and
zymosan, which elicit superoxide production from multiple
superoxide sources including mitochondria) or specific mito-
chondrial superoxide inducers (diethyl succinate, diethyl
malonate, and rotenone, which target the mitochondrial res-
piratory chain complexes). Consistently, in HKSOX-2m
imaging (FIG. 11), moderate to strong fluorescence was eas-
ily reproduced with various stimulants, and clear mitochon-
drial morphology could be discerned in the drug-treated
groups. At a working dose of 2 pM, the fluorescence turn-on
response of HKSOX-2m was highly efficient (Em 559-623
nm band-pass), with a low laser output (12%) being sufficient
for excitation (Ex 543 nm). Results for co-staining with
MitoTracker Green (10 nM) and Hoechst 33342 (1 ug/ml.)
indicate that HKSOX-2m was cytoplasmically distributed
and well co-localized with mitochondria in cells. Slight spa-
tial shifts in fluorescence signal were occasionally observed
in the HKSOX-2m and MitoTracker Green channels, which
could be accounted for by mitochondrial dynamics and time
lag in confocal laser scanning for each channel. In contrast, in
MitoSOX Red™ imaging (FIG. 12), low to moderate fluo-
rescence was observed when cells were challenged with the
same stimulants. However, no distinct mitochondrial mor-
phology could be observed in the MitoSOX Red™ channel
(Em 565-615 nm band-pass). In fact, fluorescence distribu-
tion of the mitochondrial dye MitoTracker Green (Ex 488;
Em 505 nm long-pass) was grossly distorted in the presence
of MitoSOX Red™ (due to its broad tailing in emission
spectrum), resulting in a loss of mitochondrial morphology.
In addition, as is well known in the fluorescent sensor litera-
ture, MitoSOX Red™ stained nuclear DNA and fluoresced
brightly in the nucleus, which clearly would contribute to
significant artifacts in both imaging and quantitative assays.
Atanear-toxic working dose of 4 M (its maximal dose being
5 uM according to manufacturer’s protocol, which is cyto-
toxic to cells in extended incubation), the fluorescence turn-
on response of MitoSOX Red™ was rather sluggish, requir-
ing high laser output (100%) for excitation (Ex 543 nm).
Taken as a whole, HKSOX-2m evidently out-performed
MitoSOX Red™ in several assessment criteria as a mitochon-
drial superoxide probe in live cell imaging, namely: selectiv-
ity, sensitivity, and cellular distribution (FIG. 13).

[0125] FIG. 13 shows fluorescence intensity profiles across
nuclear and cytoplasmic regions for MitoSOX Red™ (4 uM)
and HKSOX-2m (2 uM) in zymosan-treated BV-2 mouse
microglial cells, as analyzed by Zeiss LSM 510 Meta soft-

ware.
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[0126] All references, including publications, patent appli-
cations and patents, cited herein are hereby incorporated by
reference to the same extent as if each reference was indi-
vidually and specifically indicated to be incorporated by ref-
erence and was set forth in its entirety herein.

[0127] The terms “a” and “an” and “the” and similar refer-
ents as used in the context of describing the invention are to be
construed to cover both the singular and the plural, unless
otherwise indicated herein or clearly contradicted by context.

[0128] Recitation of ranges of values herein are merely
intended to serve as a shorthand method of referring individu-
ally to each separate value falling within the range, unless
otherwise indicated herein, and each separate value is incor-
porated into the specification as if it were individually recited
herein. Unless otherwise stated, all exact values provided
herein are representative of corresponding approximate val-
ues (e.g., all exact exemplary values provided with respect to
a particular factor or measurement can be considered to also
provide a corresponding approximate measurement, modi-
fied by “about,” where appropriate).

[0129] The use of any and all examples, or exemplary lan-
guage (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 indicated. No
language in the specification should be construed as indicat-
ing any element is essential to the practice of the invention
unless as much is explicitly stated.

[0130] The description herein of any aspect or embodiment
of the invention using terms such as “comprising”, “having”,
“including” or “containing” with reference to an element or
elements is intended to provide support for a similar aspect or
embodiment of the invention that “consists of”, “consists
essentially of”, or “substantially comprises” that particular
element or elements, unless otherwise stated or clearly con-
tradicted by context (e.g., a composition described herein as
comprising a particular element should be understood as also
describing a composition consisting of that element, unless
otherwise stated or clearly contradicted by context).

[0131] It should be understood that the examples and
embodiments described herein are for illustrative purposes
only and that various modifications or changes in light thereof
will be suggested to persons skilled in the art and are to be
included within the spirit and purview of this application.

We claim:

1. A compound of formula (I) or (I):

RY g7 ops RS

R3 R?
0
A z 0—S—CF;,
RS R! 0
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-continued

an
R* R’ R?

7

R® R! 0

or a tautomer thereof;

each of R' and R? is independently F, Cl or H;

each of R?, R*, R® and R® is independently H, T, Cl, Br, 1,
CN, alkyl, halogenated alkyl, heteroalkyl, alkenyl, alky-
nyl, aralkyl, aryl, alkaryl, heterocyclyl, cycloalkyl,
cycloalkenyl, cycloalkynyl, hydroxyalkyl, aminoalkyl,
amino, alkylamino, arylamino, dialkylamino, alkylary-
lamino, diarylamino, acylamino, hydroxy, thiol, thio-
alkyl, alkoxy, alkylthio, alkoxyalkyl, aryloxy, aryla-
Ikoxy, acyloxy, nitro, carbamoyl, trifluoromethyl,
phenoxy, benzyloxy, phosphonic acid, phosphate ester,
sulfonic acid (—SO,H), sulfonamide, —C(=0)—P* or
—C(=0)-M-P?;

each of P and P* is independently hydrogen, halo, alkoxy,
hydroxy, thiol, alkyl, alkenyl, alkynyl, cycloalkyl,
cycloalkenyl, cycloalkynyl, aryl, alkaryl, arylalkyl, car-
bamate, amino, alkylamino, arylamino, dialkylamino,
alkylarylamino, diarylamino, alkylthio, heteroalkyl,
alkyltriphenylphosphonium, or heterocyclyl having
from 3 to 7 ring atoms; M is alkylene, alkenylene, alky-
nylene, arylene, aralkylene or alkarylene;

A is OR® or NR°R*Y;

wherein R® is H, alkyl, alkenyl, alkynyl, alkoxyalkyl, het-
eroalkyl, cycloalkyl, cycloalkenyl, cycloalkynyl, het-
erocyclyl, aminoalkyl, aryl, alkaryl, arylalkyl, carboxy-
alkyl, alkoxycarbonyl, acyl or aminocarbonyl;

wherein each of R'® and R'" is independently H, alkyl,
halogenated alkyl, alkenyl, alkynyl, alkoxyalkyl, het-
eroalkyl, cycloalkyl, cycloalkenyl, cycloalkynyl, het-
erocyclyl, aminoalkyl, arylalkyl, alkyloxy, acyl, car-
boxyalkyl, sulfoalkyl, a salt of carboxyalkyl, a salt of
sulfoalkyl, or an ester or amide of carboxyalkyl or sul-
foalkyl; or R' in combination with R'! forms a satu-
rated 5- or 6-membered heterocycle that is a piperidine a
morpholine, a pyrrolidine or a piperazine, each of which
is optionally substituted by alkyl, carboxylic acid, a salt
of carboxylic acid, or a carboxylic acid ester of an alco-
hol; or R* in combination with R®, or R'* in combina-
tion with RS, or both, form a 5- or 6-membered ring that
is saturated or unsaturated, or further fused with an aryl
or heteroaryl ring, and is optionally substituted by one or
more alkyls, carboxylic acids, sulfonic acids (—SO;H),
or their salts, ester or amide derivatives;

BisOorN*R'°R'Y;

Z is O, S, NR", CR"R", SiR"R'®, GeR"“R", or
SHRIZRIS;

wherein each of R'? and R'? is independently H, alkyl,
halogenated alkyl, heteroalkyl, alkenyl, alkynyl, aralkyl,
aryl, alkaryl, heterocyclyl, cycloalkyl, cycloalkenyl,
cycloalkynyl, hydroxyalkyl, aminoalkyl, hydroxy, thiol,
thioalkyl, alkoxy, alkylthio, alkoxyalkyl, aryloxy, aryla-
Ikoxy, acyloxy, carbamoyl, triffuoromethyl, phenoxy
benzyloxy, phosphonic acid, phosphate ester, sulfonic
acid (—SO;H), sulfonamide, carboxylic acid, carboxy-
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lic ester, or carboxylic amide; or R'? in combination
with R'* forms a saturated 5- or 6-membered hetero-
cycle that is optionally substituted by alkyl, carboxylic
acid, a salt of carboxylic acid, or a carboxylic acid ester
of an alcohol;

R’ is H, CF,, CN, a carboxylic acid, a salt of carboxylic
acid, or a carboxylic acid ester of an alcohol; or R is a
saturated or unsaturated alkyl that is optionally substi-
tuted by one or more F, Cl, Br, 1, a carboxylic acid, a salt
of carboxylic acid, a carboxylic acid ester of an alcohol,
amino, alkylamino, dialkylamino, alkoxy, alkyltriph-
enylphosphonium, sulfonic acid (—SO;H), sulfona-
mide (—SO,NR'R'?), wherein each of R'* and R"®
represents a saturated or unsaturated, cyclic or acyclic
alkyl that is optionally substituted by one or more F, Cl,
Br, 1, a carboxylic acid, a salt of carboxylic acid, a
carboxylic acid ester of an alcohol, amino, alkylamino,
dialkylamino, alkoxy, or alkyltriphenylphosphonium; or
R” has the formula

iy}
RIS

Rl9

20
R™,

wherein each of R'®, R'7, R'®, R'® and R*° is indepen-
dently H, F, Cl, Br, I, CN, nitro, a carboxylic acid, a salt
of carboxylic acid, sulfonic acid (—SO;H), sulfona-
mide (—SO,NR*R"?), hydroxy, azide, alkyl, alkenyl,
alkynyl, heteroalkyl, cycloalkyl, cycloalkenyl,
cycloalkynyl, aryl, alkylaryl, arylalkyl. heterocyclyl,
alkoxy, alkoxyalkyl, alkoxyalkoxy, acyl, alkylcarbony-
lalkyl, halogenated alkylcarbonylalkyl such as trifluo-
romethylcarbonylalkyl, aminoalkyl, carboxyalkyl,
thiol, alkylthio, amino, alkylamino, dialkylamino,
alkoxycarbonyl, alkoxycarbonylalkyl, aminocarbonyl,

Vv

32

tautomerization
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alkylaminocarbonyl, dialkylaminocarbonyl, or arylcar-
boxamido, the alkyl or aryl of which is optionally sub-
stituted by one or more F, Cl, Br, I, a carboxylic acid, a
salt of carboxylic acid, a carboxylic acid ester of an
alcohol, amino, alkylamino, dialkylamino, alkoxy, alky-
Itriphenylphosphonium, sulfonic acid (—SO;H), or sul-
fonamide (—SO,NR'*R'%); or R'® and R" together,
R'7 and R*® together, R'® and R*® together, or R*® and
R* together form a part of a 5- or G6-membered
cycloalkyl, heterocyclyl, aryl or heteroaryl ring fused
with the phenyl ring of formula (III) that is optionally
further substituted by one or more F, Cl, Br, I, a carboxy-
lic acid, a salt of carboxylic acid, a carboxylic acid ester
of an alcohol, amino, alkylamino, dialkylamino, alkoxy,
thiol, alkylthio, alkyltriphenylphosphonium, sulfonic
acid (—SO,H), or sulfonamide (—SO,NRR'%);

R®is H, hydroxy, CN or alkoxy; or R” in combination with

R*forms a 5-membered spirolactone or spirclactan ring
or a 5-membered spirosultam ring; or R® in combination
with R'® or R* forms a 5- or 6-membered spirolactone
or spirolactam ring or a 5- or 6-membered spirosultone
or spirosultam ring that is optionally and independently
substituted by H, F or CH;; and

2. The compound of claim 1, wherein R® when taken in
combination with R” forms a 5-membered spirolactone or
spirolactam ring or a 5-membered spirosultam ring, and R® is
oxygen or substituted nitrogen.

3. The compound of claim 1, wherein R” is formula (I11).

4. The compound of claim 1, wherein the compound has a
structure of formula (II), or a tautomer thereof, and wherein B
is O, Zis O, and R” is formula (III).

5. The compound of claim 4, wherein at least one of R'°,
R'7,R'® and R* is a carboxyl group.

6. The compound of claim 4, wherein R* is H, CH,,
OCH,;, or COOH.

7. The compound of claim 4, wherein the R” group of
formula (IIT) comprises one or more carboxyl groups,
wherein at least one carboxyl group is further conjugated with
an iminodialkylcarboxylate having a structure of (HN((CH,)
,COOH), wherein n=1,2,0r3....

8. The compound of claim 4, wherein the compound has a
structure of (V') or its tautomer (VI)

RZ

—S—CF;

(VD
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9. The compound of claim 4, wherein the COOH group is
esterified with a methyl, ethyl, or acetoxymethyl (AM) group.

10. The compound of claim 4, wherein the phenolic group
is acylated with acetyl, propionyl, or butyryl groups, or is
protected with acetoxymethyl (AM) groups.

11. The compound of claim 4, wherein the compound has
one of formulae 1-20:

OTf
OTf

3
F
F
OTf
OTf
5 6
COOH HOOC
l COOH
COOH F F
/
F F
/
0 0 OTf
0 0 OTf F F
F F
7 8
COOH HOOC
l CH;
CH; F F
/
F F

/
0] o) OTf
6] 0) OTf
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COOH CO0H
< COOH < JCOOH

N

OTf
OTf
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(COOH COOH

0 N COOH 0 N COOH
~ ~N7
COOH CH;

F F F F

v 7~
0 o} OTf 0 0 OTf
F F F F

13
‘Bu00C

Z

14
BuOOC

‘BuOOC
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15

16

17

18
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19
MeQOC
TfO
N \ (6]
0] HNe <:>— N
MeQOC 6]
0
OTf
0 F
20

MeOOC

MeOOC

12. The compound of claim 1, wherein the compound has
a structure of formula (I1), or a tautomer thereof, and wherein
BisN"R'“R', Z is O, and R is formula (IIT).

13. The compound of claim 12, wherein the compound has
a structure of (VII') or its tautomer (VIII)

RIS

tautomerization

(VII)

14. The compound of claim 13, wherein the COON group
is esterified with a methyl, ethyl, or acetoxymethyl (AM)
group.

15. The compound of claim 13, wherein at least one of
RYS-R* is an alkylating group.

R® R! 0
(VII)

16. The compound of claim 15, wherein the alkylating
group has a formula of CR*R**X, wherein R** and R** are
independently H and CH,, and X is Cl, Br, or L.

17. The compound of claim 12, wherein the compound has
a structure of formula (IX) or (X):
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)

18. The compound of claim 17, wherein R'* in formula
(IX) or X) is a C,_,, alkyl or alkene,

19. The compound of claim 17, wherein R'* in formula
(IX) or X) is a C,_,, alkyl or alkene substituted with a car-
boxyl group at the terminal position.

20. The compound of claim 17, wherein R** is ethyl, car-
boxylmethyl, carboxylethyl, or carboxylpropyl.

21. The compound of claim 12, wherein the compound has
one of formulae 21-36:

(0]
i 0]
N | 0

K/\ F
COOH

OTf

37

-continued
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OTf

OTf

OTf

OTf

OTf

22

23

24

25

26
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OTf

AM = CH,0COCH;

OTf

OTf

OTf

OTf
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22. The compound of claim 1, wherein the compound has
a structure of formula (II), and wherein B is O, Z is YR'?R*?
wherein Y is Si, Ge, or Sn, and R is formula gIH).

23. The compound of claim 22, wherein R** and R** are
independently CH,, or phenyl.

24. The compound of claim 22, wherein R*® is COOH, and
the compound has a structure of (XI') or its tautomer (XII)

25. The compound of claim 24, wherein the COOH group
is esterified with a methyl, ethyl, acetoxymethyl (AM) group.

26. The compound of claim 24, wherein the phenolic group
is acylated with acetyl, propionyl, or butyryl groups, or is
protected with acetoxymethyl (AM) groups.

27. The compound of claim 22, wherein the compound has
one of formulae 37-48

OTf

38

OTf
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28. The compound of claim 1, wherein the comlpound has
a structure of formula (II), and wherein B is N*R'°R*!, Z is
YR'R" whereinY is Si, Ge, or Sn, and R” is formula (I111).
29. The compound of claim 28, wherein R*® is COOH, and
the compound has a structure of (XIII') or its tautomer (XIV)

I
y 0—S—CF;
| IN |
Rl R¢ REZRE o 0
X1

30. The compound of claim 28, wherein R'° in combina-
tionwithR®, or R'" in combination with R®, orboth, forma 5-
or 6-membered ring that is saturated or unsaturated, or can
further be fused with an aryl or heteroaryl ring, and can
optionally be substituted by one or more alkyls, carboxylic
acids, sulfonic acids (—SO;H), or their salts, ester or amide
derivatives.

31. The compound of claim 28, wherein the COOH group
is esterified with a methyl, ethyl, or acetoxymethyl (AM)
group.

32. The compound of claim 28, wherein the phenolic group
is acylated with acetyl, propionyl, or butyryl groups, or is
protected with acetoxymethyl (AM) groups.

33. The compound of claim 28, wherein the compound has
a formula of (XV) or (XVI)

XV

tautomerization
- .
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34.The compound of claim 28, wherein the compound has
one of the formulae 49-64;

49

N Si OTf



US 2015/0219676 Al

-continued

OTf

OTf

OTf

OTf

OTf

Aug. 6,2015
7))

-continued
50 55

OTf

51 COOAM
AM =CH,0COCH;

56

OTf
52

57

OTf

58

OTf

54 59

CH;

7

N Si OTf

DA



US 2015/0219676 Al

-continued

CH;

OTf

OTf

OTf

OTf

OTt.

60

61

62

63

64

Aug. 6,2015

35. The compound of claim 1, wherein the compound
comprises one or more free carboxyl groups, wherein at least
one of the carboxyl group is conjugated with a positively
charged mitochondria-targeted triphenylphosphonium moi-
ety or lysosome-targeted morpholine moiety through an
amide bond linkage.

36. The compound of claim 35, wherein the linkage
between the compound and the triphenylphosphonium moi-
ety has the following formula (XVII) or (XVIII):

(XVID)
0
A m
(\N ~
gﬂ/ N\)
0
(XVII)
K\+ & /ﬁ\ PPhy
f’ré\rN\)
0

whereinn=1,2, 3,4, 5,6,7, 8.9, or 10.

37. The compound of claim 35, wherein the compound has
one of the formulae 65-69:

65

OTf

66

F

OTf
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4

Ph;P

Cr

38. The compound of claim 35, wherein the linkage
between the compound and the morpholine moiety has the
following formula (XIV):

X1}

whereinn=1, 2,3.4,5,6,7,8, 9, or 10.

44
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39. The compound of claim 35, wherein the compound has
one of the formulae 70-74:

70

71

72

73
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H
AN

0.

=}

OTf

40. A fluorogenic probe composition comprising the com-
pound of claim 1, and, optionally, a carrier.

41. The fluorogenic probe composition of claim 38,
wherein the fluorogenic probe composition further comprises
a solvent, an acid, a base, a buffer solution, or a combination
thereof.

42. A method for detecting the presence of, and/or deter-
mining the level of superoxide in a sample, comprising:

a) contacting a compound of claim 1 with the sample to
form a fluorescent compound; and

b) determining fluorescence property of the fluorescent
compound.

Aug. 6,2015

43.The method of claim 40, wherein the sample is a chemi-
cal sample or biological sample.

44. The method of claim 41, wherein the sample is a bio-
logical sample comprising a microorganism, or a cell or tis-
sue.

45. A method for detecting the presence of, or determining
the level of superoxide in vivo in an organism, comprising:

a) administering a compound of claim 1 to the organism to

form a fluorescent compound; and

b) determining fluorescence property of the fluorescent

compound.

46. A high-throughput screening method for detecting the
presence of, or determining the level of, superoxide in
samples, wherein the high-throughput method comprises the
steps of’

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

form one or more fluorescent compounds; and

b) determining fluorescence properties of the fluorescent

compounds to determine the presence and/or amount of
peroxynitite in the samples.

47. A high-throughput method for screening one or more
target compounds that increase or decrease the level of super-
oxide, wherein the high-throughput method comprises the
steps of:

a) contacting a compound of claim 1 with target com-

pounds to form one or more fluorescent compounds; and

b) measuring fluorescence properties of the fluorescent

compounds to determine the presence and/or amount of
the target compounds.

® 0k % % %
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