
l|||||||||||||ll||l||||||||l|||||||||||||||||||||l||||||||||l||||||||||||||||||||||||||||| 
US 20050214807A1 

(19) United States 
(12) Patent Application Publication (10) Pub. N0.2 US 2005/0214807 A1 

Johnson et al. (43) Pub. Date: Sep. 29, 2005 

(54) ENVIRONMENTAL SENSITIVE Related US. Application Data 
FLUOROGENIC COMPOUNDS AND THEIR 
APPLICATION FOR SINGLET OXYGEN AND (60) Provisional application No. 60/523,749, ?led on Nov. 
PROTEIN DETECTION 19, 2003. 

(76) Inventors: Iain Johnson, Eugene, OR (US); Publication Classi?cation 
Wai-Yee Leung, Eugene, OR (US); 
JiXiaIlg Liu, Eugene, OR (US); Brian (51) Int. Cl.7 ....................... .. C12Q 1/68; C07D 491/02; 
Richard Patch, Eugene, OR (US) C07D 209/54 

(52) us. Cl. ............... .. 435/6; 544/101; 546/16; 546/62; 
Correspondence Address: 548/407; 549/223 
KOREN ANDERSON 
MOLECULAR PROBES, INC. 
29851 WILLOW CREEK ROAD (57) ABSTRACT 
EUGENE, OR 97402-9132 (US) 

(21) Appl, No,: 10/993,908 The present invention provides ?uorogenic probes and cor 
responding ?uorescent compounds, rnethods of using the 

(22) Filed: Nov. 19, 2004 probes, compounds and kits that include the probes. 



Patent Application Publication Sep. 29, 2005 Sheet 1 0f 5 US 2005/0214807 A1 

250 

200 

150 

FIFO 
100 

50 

time (min) 

Figure 1. Fluorescence versus time plots for 1uM Compound 5 (0) or Compound 6 (I) 
in 100 mM 0.1 M phosphate buffer pH 10 containing 1 mM NaMoO4 and 20 mM H202. 

Compound 5 Compound 6 



Patent Application Publication Sep. 29, 2005 Sheet 2 0f 5 US 2005/0214807 A1 

“4- +50% D20 

W‘- pH 7.5 

~r~+- +NaN3 H H H 

2000 - 

UH q 

1000 - 33:25 8530.52“ 
300 200 100 

Time (s) 

Compound 5 

Figure 2 



Patent Application Publication Sep. 29, 2005 Sheet 3 0f 5 US 2005/0214807 A1 

B 3 m u .M. F .m 

t 0 

w .5 m 6 

e @ m n e w 

0 60 6m 
3a +a 6 

+N N In\ 

OM @M h m1 Mm m DO D n 

b w ma 5W O .0 

lll?lalll?ll-lklqs O O 0 

O O O O 
2 1 36:22 0053202" 

Figure 3A. Comparison of Compound 5 fluorescence emission spectra in DMSO, 
methanol and aqueous solutions. 
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Figure 38. Comparison of Compound 5 ?uorescence emission spectra in 
DMSO, methanol and aqueous solutions. 



Patent Application Publication Sep. 29, 2005 Sheet 4 0f 5 

Fluorescence emission 
1000 

900 

800‘ 

700 

600 

500 

400 

300 

200~ 

100~ 

US 2005/0214807 A1 

Compound 5 titration with BSA 

Fluorescence emlssion (488L540 nm) 

550 660 
Wavelength (nm) 

560 

Figure 4 



Patent Application Publication Sep. 29, 2005 Sheet 5 0f 5 US 2005/0214807 A1 

Compound 5 in DMSO with 
fractional additions of H20 
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Figure 5A. Intermediate H2O additions are 0.1, 0.2, 0.3, 0.4, 0.5, 1.0, 1.5, 2.0, 4.0, 6.0, 
8.0% (v/v), reading from top to bottom. 
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Figure 5B. Plot of peak ?uorescence intensities from Figure 5A versus percentage (v/v) 
of water added to DMSO. 
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ENVIRONMENTAL SENSITIVE FLUOROGENIC 
COMPOUNDS AND THEIR APPLICATION FOR 
SINGLET OXYGEN AND PROTEIN DETECTION 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application claims priority of US. Ser. No. 
60/523,749, ?led Nov. 19, 2003, Which disclosure is herein 
incorporated by reference. 

FIELD OF THE INVENTION 

[0002] The present invention relates to ?uorogenic 
reagents that are environmentally sensitive. The invention 
has applications in the ?elds of immunology, diagnostics, 
molecular biology and ?uorescence based assays. 

BACKGROUND OF THE INVENTION 

[0003] It is knoWn that, in living bodies and life phenom 
ena, free radical species such as nitrogen monoxide act as 
second messengers for signal transduction, as Well as control 
blood pressure in the circulatory system. It has also been 
shoWn that superoxides and hydrogen peroxide play impor 
tant roles in the proper functioning of the immune system 
and the like. HoWever, While singlet oxygen (102) has an 
analogous electronic structure to these reactive oxygen 
species, its physiological role is not as Well delineated. 

[0004] Early Work on the physiological role of singlet 
oxygen by HoWes and Steele, Res. Commun. Chem. Pathol. 
Pharmacol. 2:619-626 (1971); Res. Commun. Chem. Pathol. 
Pharmacol. 3:349-357 (1972) suggest its possible involve 
ment in liver microsomal hydroxylation reactions. Today, 
singlet oxygen is recogniZed as the principal bacterial oxi 
diZing agent employed by human neutrophil (macrophage) 
and monocyte phagosome. In addition, singlet oxygen has 
been revealed to be a reactive species of photodynamic 
therapy, a form of cancer treatment. Roles for singlet oxygen 
in signal transduction as Well as in oxidase and peroxidase 
catalyZed reactions have also been theoriZed. Abetter under 
standing of the activity of singlet oxygen in living systems 
is therefore of great importance. 

[0005] Numerous methods are knoWn for the measure 
ment of singlet oxygen in living systems. These methods 
employ chemiluminescence, luminescence, and electron 
spin resonance (ESR), among other tools. Unfortunately, 
current detection techniques are unreliable, as they all pos 
sess loW speci?city and sensitivity for singlet oxygen. In the 
past, ?uorescent materials have provided the speci?city and 
sensitivity needed to image other reactive oxygen species. 
Thus, an oxidatively sensitive ?uorogenic probe that 
becomes stable and intensely ?uorescent upon oxidation, 
emits ?uorescence Within a comparatively narroW Wave 
length range and can be used in conjunction With other dyes 
Without interfering With their signals Would represent a 
signi?cant advance in the art. Furthermore, probes that 
localiZe Within cellular compartments, e.g., cytosol, mito 
chondria, etc., particularly those implicated in the formation 
or reaction of singlet oxygen, Would alloW researchers to 
probe singlet oxygen formation and distribution at the 
subcellular level. The present invention provides such ?uo 
rogenic probes, conjugates including the probes and meth 
ods of using both the probes and the conjugates. 
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SUMMARY OF THE INVENTION 

[0006] Oxidatively sensitive ?uorogenic probes, such as 
those provided by the present invention, offer a number of 
advantages that are not realiZed With non-?uorescent probes 
for singlet oxygen. For example, ?uorescent probes provide 
more sensitive measurement of singlet oxygen, the ability to 
take measurements in live cells over real time and the ability 
to combine the ?uorogenic probes With other ?uorogenic or 
?uorescent probes, in order to simultaneously investigate 
multiple parameters of live cellular function. 

[0007] The present invention provides a novel class of 
anthracene-based ?uorogenic probes that detect the presence 
of singlet oxygen. When the anthracene moiety undergoes 
oxidative conversion by singlet oxygen to the corresponding 
anthracene-endoperoxide, e.g., anthracene-9,10-endoperox 
ide, the ?uorogenic probe is converted into a ?uorescent 
probe. Furthermore, selected probes of the invention ?uo 
resce Without UV excitation, thereby alloWing the detection 
of singlet oxygen While minimiZing interfering signals from 
cell auto?uorescence. 

[0008] The probes of the invention also alloW the collec 
tion of a Wide variety of data, including data other than that 
directly available from interrogating the oxidiZed probe. For 
example, using probes of the current invention, mitochon 
dria can be stained, the cell ?xed and permeabiliZed, and a 
variety of labeling agents can then be utiliZed for simulta 
neous visualiZation of mitochondria and other cellular com 
ponents. Also, because the oxidized probes emit ?uores 
cence over a comparatively narroW Wavelength range, the 
probes are highly useful in multi-color/multi-parametric 
applications, including microscopy and ?oW cytometry. 

[0009] Thus, in a ?rst aspect, the invention provides a 
?uorogenic probe that includes an oxidiZable group such as 
an anthracene moiety bonded to a dye moiety. In an exem 
plary embodiment, the dye is ?uorescein, and the anthracene 
moiety is covalently bonded to the ?uorescein dye moiety at 
the 9-position of the anthracene moiety. In this embodiment, 
the anthracene is substituted With at least one substituted or 
unsubstituted Cl-C6 alkyl moiety. 

[0010] A Wide variety of dye moieties are of use in the 
compounds of the invention. Exemplary dyes include sub 
stituted or unsubstituted coumarin, substituted or unsubsti 
tuted borapolyaZaindacene (BODIPY), substituted or unsub 
stituted cyanine, substituted or unsubstituted styryl, 
substituted or unsubstituted dapoxyl, substituted or unsub 
stituted ?uorescein, substituted or unsubstituted rhodamine, 
substituted or unsubstituted rhodol, substituted or unsubsti 
tuted oxaZine, substituted or unsubstituted acridinone, and 
substituted or unsubstituted naptho?uorescein. Among the 
dye moieties of use in the compounds of the invention are 
those that provide a ?uorophore excitable by visible light 
When the attached anthracene moiety is oxidiZed. 

[0011] In a second aspect, the ?uorogenic probes and their 
oxidiZed ?uorescent counterparts are used as free, unconju 
gated species or, optionally, they are conjugated to a reactive 
group, a carrier molecule, a solid support, or a combination 
thereof. 

[0012] In a third aspect, the invention provides methods in 
Which the ?uorogenic probes are used to detect and/or 
quantify singlet oxygen in a sample by detecting ?uores 
cence in the sample. The change in sample ?uorescence is 
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optionally detected in real time in certain applications. For 
example, the kinetics of singlet oxygen generation can be 
studied by folloWing the time-course of the increase in 
sample ?uorescence. 

[0013] In a fourth aspect, kits are provided that include 
one or more ?uorogenic or ?uorescent probe of the inven 
tion and instructions for use of the probe. 

[0014] Other objects, advantages and aspects of the 
present invention Will be apparent from the detailed descrip 
tion that folloWs. 

BRIEF DESCRIPTION OF THE FIGURES 

[0015] FIG. 1 is a graphical presentation of data compar 
ing the ?uorescence of 1 pM of 5 (0) or 6 (I) in 100 mM 
0.1 M phosphate buffer pH 10 as a function of time. Sodium 
molybdate (1 mM) and hydrogen peroxide (20 mM) Were 
used as the singlet oxygen generation system. 

[0016] FIG. 2 is a graphical presentation of data display 
ing ?uorescence versus time traces for 1 pM of 5 in 50 mM 
phosphate buffer pH 7.5. Black bars above the x-axis indi 
cate 30-second periods of 630-680 nm laser irradiation. 
Methylene blue (10 pM), ground state oxygen, and visible 
light Were used as the singlet oxygen generation system. 

[0017] FIG. 3: is a graphical comparison of the ?uores 
cence intensity and Wavelength ?uorescence emission spec 
tra for 5 in DMSO, methanol and aqueous solutions. FIG. 
3B is a graphical comparison of the ?uorescence intensity 
and Wavelength ?uorescence emission spectra for 5 in 
DMSO, methanol and aqueous solutions. FIG. 3B repre 
sents an approximately 10-fold enlargement of the y-axis 
over FIG. 3A. 

[0018] FIG. 4: is a graphical presentation of data display 
ing ?uorescence enhancement of 5 upon binding to BSA 
(0-5 MM) in PBS. The inset graph shoWs the ?uorescence 
intensity at the emission peak (540 nm) plotted against BSA 
concentration. 

[0019] FIG. 5A: is a graphical representation of data 
displaying ?uorescence emission for 5 in DMSO With 
fractional additions of H20. Intermediate H2O additions are 
0.1, 0.2, 0.3, 0.4, 0.5, 1.0, 1.5, 2.0, 4.0, 6.0, 8.0% (v/v), 
reading from top to bottom. FIG. 5B is a graphical repre 
sentation of data displaying peak ?uorescence intensities 
from FIG. 5A versus percentage (v/v) of Water added to 
DMSO. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0020] Introduction 

[0021] There is a continuous and expanding need for 
rapid, highly speci?c methods of detecting and quantifying 
chemical, biochemical and biological analytes in research 
and diagnostic mixtures. Of particular value are methods for 
measuring small quantities of nucleic acids, peptides (e.g., 
enZymes), pharmaceuticals, metabolites, microorganisms 
and other materials of diagnostic value. Examples of such 
materials include narcotics and poisons, drugs administered 
for therapeutic purposes, hormones, pathogenic microorgan 
isms and viruses, antibodies, and enZymes and nucleic acids, 
particularly those implicated in disease states. 
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[0022] One method of detecting an analyte relies on 
directly or indirectly labeling the analyte or other component 
of the analysis mixture With a ?uorescent species. Fluores 
cent labels have the advantage of requiring feW precautions 
in handling, and being amenable to high-throughput visual 
iZation techniques (optical analysis including digitiZation of 
the image for analysis in an integrated system comprising a 
computer). Preferred labels are typically characteriZed by 
one or more of the folloWing: high sensitivity, high stability, 
loW background, loW environmental sensitivity and high 
speci?city in labeling. 

[0023] As discussed herein, the present invention provides 
a neW class of compounds containing an anthracene moiety 
and a dye moiety that are of use in the detection of singlet 
oxygen in a variety of analytical and diagnostic techniques. 
The present compounds demonstrate key advantages over 
knoWn ?uorogenic singlet oxygen sensors Wherein they are 
stable over long periods of time (US. Pat. No. 5,525,088). 
This Was an unexpected advantage that alloWs the present 
compounds to be marketed as commercial products. 

[0024] De?nitions 

[0025] Before describing the present invention in detail, it 
is to be understood that this invention is not limited to 
speci?c compositions or process steps, as such may vary. It 
must be noted that, as used in this speci?cation and the 
appended claims, the singular form “a”, “an” and “the” 
include plural referents unless the context clearly dictates 
otherWise. Thus, for example, reference to “compound” 
includes a plurality of compounds and reference to “a 
sample” includes a plurality of samples and the like. 

[0026] Unless de?ned otherWise, all technical and scien 
ti?c terms used herein have the same meaning as commonly 
understood by one of ordinary skill in the art to Which this 
invention is related. The folloWing terms are de?ned for 
purposes of the invention as described herein. 

[0027] Certain compounds of the present invention can 
exist in unsolvated forms as Well as solvated forms, includ 
ing hydrated forms. In general, the solvated forms are 
equivalent to unsolvated forms and are encompassed Within 
the scope of the present invention. Certain compounds of the 
present invention may exist in multiple crystalline or amor 
phous forms. In general, all physical forms are equivalent 
for the uses contemplated by the present invention and are 
intended to be Within the scope of the present invention. 

[0028] Certain compounds of the present invention pos 
sess asymmetric carbon atoms (optical centers) or double 
bonds; the racemates, diastereomers, geometric isomers and 
individual isomers are encompassed Within the scope of the 
present invention. 

[0029] The compounds of the invention may be prepared 
as a single isomer (e.g., enantiomer, cis-trans, positional, 
diastereomer) or as a mixture of isomers. In a preferred 
embodiment, the compounds are prepared as substantially a 
single isomer. Methods of preparing substantially isomeri 
cally pure compounds are knoWn in the art. For example, 
enantiomerically enriched mixtures and pure enantiomeric 
compounds can be prepared by using synthetic intermediates 
that are enantiomerically pure in combination With reactions 
that either leave the stereochemistry at a chiral center 
unchanged or result in its complete inversion. Alternatively, 
the ?nal product or intermediates along the synthetic route 
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can be resolved into a single stereoisomer. Techniques for 
inverting or leaving unchanged a particular stereocenter, and 
those for resolving mixtures of stereoisomers are Well 
knoWn in the art and it is Well Within the ability of one of 
skill in the art to choose an appropriate method for a 
particular situation. See, generally, Furniss et al. (eds), 
VOGEL’S ENCYCLOPEDIA OF PRACTICAL 
ORGANIC CHEMISTRY 5TH ED., Longman Scienti?c and 
Technical Ltd., Essex, 1991, pp. 809-816; and Heller, Acc. 
Chem. Res. 23: 128 (1990). 

[0030] The compounds of the present invention may also 
contain unnatural proportions of atomic isotopes at one or 
more of the atoms that constitute such compounds. For 
example, the compounds may be radiolabeled With radio 
active isotopes, such as for example tritium (3H), iodine-125 
(1251) or carbon-14 (14C). All isotopic variations of the 
compounds of the present invention, Whether radioactive or 
not, are intended to be encompassed Within the scope of the 
present invention. 

[0031] Where substituent groups are speci?ed by their 
conventional chemical formulae, Written from left to right, 
they equally encompass the chemically identical substitu 
ents, Which Would result from Writing the structure from 
right to left, e.g., —CH2O— is intended to also recite 
—OCH2—. 
[0032] The term “acyl” or “alkanoyl” by itself or in 
combination With another term, means, unless otherWise 
stated, a stable straight or branched chain, or cyclic hydro 
carbon radical, or combinations thereof, consisting of the 
stated number of carbon atoms and an acyl radical on at least 
one terminus of the alkane radical. The “acyl radical” is the 
group derived from a carboxylic acid by removing the —OH 
moiety therefrom. 
[0033] The term “alkyl,” by itself or as part of another 
substituent means, unless otherWise stated, a straight or 
branched chain, or cyclic hydrocarbon radical, or combina 
tion thereof, Which may be fully saturated, mono- or poly 
unsaturated and can include divalent (“alkylene”) and mul 
tivalent radicals, having the number of carbon atoms 
designated (i.e. Cl-C1O means one to ten carbons). Examples 
of saturated hydrocarbon radicals include, but are not lim 
ited to, groups such as methyl, ethyl, n-propyl, isopropyl, 
n-butyl, t-butyl, isobutyl, sec-butyl, cyclohexyl, (cyclohexy 
l)methyl, cyclopropylmethyl, homologs and isomers of, for 
example, n-pentyl, n-hexyl, n-heptyl, n-octyl, and the like. 
An unsaturated alkyl group is one having one or more 
double bonds or triple bonds. Examples of unsaturated alkyl 
groups include, but are not limited to, vinyl, 2-propenyl, 
crotyl, 2-isopentenyl, 2-(butadienyl), 2,4-pentadienyl, 3-(1, 
4-pentadienyl), ethynyl, 1- and 3-propynyl, 3-butynyl, and 
the higher homologs and isomers. The term “alkyl,” unless 
otherWise noted, is also meant to include those derivatives of 
alkyl de?ned in more detail beloW, such as “heteroalkyl.” 
Alkyl groups that are limited to hydrocarbon groups are 
termed “homoalkyl”. 
[0034] Exemplary alkyl groups of use in the present 
invention contain betWeen about one and about tWenty ?ve 
carbon atoms (e.g. methyl, ethyl and the like). Straight, 
branched or cyclic hydrocarbon chains having eight or feWer 
carbon atoms Will also be referred to herein as “loWer alkyl”. 
In addition, the term “alkyl” as used herein further includes 
one or more substitutions at one or more carbon atoms of the 

hydrocarbon chain fragment. 
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[0035] The terms “alkoxy,”“alkylamino” and “alkylthio” 
(or thioalkoxy) are used in their conventional sense, and 
refer to those alkyl groups attached to the remainder of the 
molecule via an oxygen atom, an amino group, or a sulfur 

atom, respectively. 

[0036] The term “heteroalkyl,” by itself or in combination 
With another term, means, unless otherWise stated, a straight 
or branched chain, or cyclic carbon-containing radical, or 
combinations thereof, consisting of the stated number of 
carbon atoms and at least one heteroatom selected from the 
group consisting of O, N, Si, P and S, and Wherein the 
nitrogen, phosphorous and sulfur atoms are optionally oxi 
diZed, and the nitrogen heteroatom is optionally quaterniZed. 
The heteroatom(s) O, N, P, S and Si may be placed at any 
interior position of the heteroalkyl group or at the position 
at Which the alkyl group is attached to the remainder of the 
molecule. Examples include, but are not limited to, 
—CH2—CH2—O—CH3, —CH2—CH2—NH—CH3, 
—CH2—CH2—N(CH3)—CH3, —CH2—S—CH2—CH3, 
—CH2—CH2, —S(O)—CH3, —CH2—CH2—S(O)2— 
CH3, —CH=CH—O—CH3, —Si(CH3)3, —CH2— 
CH=N—OCH3, and —CH=CH—N(CH3)—CH3. Up to 
tWo heteroatoms may be consecutive, such as, for example, 
—CH2—NH—OCH3 and —CH2—O—Si(CH3)3. Simi 
larly, the term “heteroalkylene” by itself or as part of another 
substituent means a divalent radical derived from het 
eroalkyl, as exempli?ed, but not limited by, —CH2—CH2— 
S—CH2—CH2— and —CH2—S—CH2—CH2—NH— 
CH2—. For heteroalkylene groups, heteroatoms can also 
occupy either or both of the chain termini (e. g., alkyleneoxy, 
alkylenedioxy, alkyleneamino, alkylenediamino, and the 
like). Still further, for alkylene and heteroalkylene linking 
groups, no orientation of the linking group is implied by the 
direction in Which the formula of the linking group is 
Written. For example, the formula —C(O)2R‘— represents 
both —C(O)2R‘— and —R‘C(O)2—. 

[0037] The terms “cycloalkyl” and “heterocycloalkyl”, by 
themselves or in combination With other terms, represent, 
unless otherWise stated, cyclic versions of “alkyl” and 
“heteroalkyl”, respectively. Additionally, for heterocy 
cloalkyl, a heteroatom can occupy the position at Which the 
heterocycle is attached to the remainder of the molecule. 
Examples of cycloalkyl include, but are not limited to, 
cyclopentyl, cyclohexyl, 1-cyclohexenyl, 3-cyclohexenyl, 
cycloheptyl, and the like. Examples of heterocycloalkyl 
include, but are not limited to, 1-(1,2,5,6-tetrahydropyridyl), 
1-piperidinyl, 2-piperidinyl, 3-piperidinyl, 4-morpholinyl, 
3-morpholinyl, tetrahydrofuran-2-yl, tetrahydrofuran-3-yl, 
tetrahydrothien-2-yl, tetrahydrothien-3-yl, 1-piperaZinyl, 
2-piperaZinyl, and the like. 

[0038] The term “aryl” means, unless otherWise stated, a 
polyunsaturated, aromatic moiety that can be a single ring or 
multiple rings (preferably from 1 to 3 rings), Which are fused 
together or linked covalently. The term “heteroaryl” refers to 
aryl groups (or rings) that contain from one to four heteroa 
toms selected from N, O, and S, Wherein the nitrogen and 
sulfur atoms are optionally oxidiZed, and the nitrogen 
atom(s) are optionally quaterniZed. A heteroaryl group can 
be attached to the remainder of the molecule through a 
heteroatom. Non-limiting examples of aryl and heteroaryl 
groups include phenyl, 1-naphthyl, 2-naphthyl, 4-biphenyl, 
1-pyrrolyl, 2-pyrrolyl, 3-pyrrolyl, 3-pyraZolyl, 2-imidaZolyl, 
4-imidaZolyl, pyraZinyl, 2-oxaZolyl, 4-oxaZolyl, 2-phenyl 
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4-oxaZolyl, 5-oxaZolyl, 3-isoxaZolyl, 4-isoxaZolyl, S-isox 
aZolyl, 2-thiaZolyl, 4-thiaZolyl, 5-thiaZolyl, 2-furyl, 3-furyl, 
2-thienyl, 3-thienyl, 2-pyridyl, 3-pyridyl, 4-pyridyl, 2-py 
rimidyl, 4-pyrimidyl, 5-benZothiaZolyl, purinyl, 2-benZimi 
daZolyl, S-indolyl, l-isoquinolyl, S-isoquinolyl, 2-quinox 
alinyl, S-quinoxalinyl, 3-quinolyl, tetraZolyl, benZo[b] 
furanyl, benZo[b]thienyl, 2,3-dihydrobenZo[1,4]dioxin-6-yl, 
benZo[1,3]dioxol-5-yl and 6-quinolyl. Substituents for each 
of the above noted aryl and heteroaryl ring systems are 
selected from the group of acceptable substituents described 
beloW. 

[0039] For brevity, the term “aryl” When used in combi 
nation With other terms (e.g., aryloxy, arylthioxy, arylalkyl) 
includes both aryl and heteroaryl rings as de?ned above. 
Thus, the term “arylalkyl” is meant to include those radicals 
in Which an aryl group is attached to an alkyl group (e.g., 
benZyl, phenethyl, pyridylmethyl and the like) including 
those alkyl groups in Which a carbon atom (e.g., a methylene 
group) has been replaced by, for example, an oxygen atom 
(e.g., phenoxymethyl, 2-pyridyloxymethyl, 3-(1-naphthy 
loxy)propyl, and the like). 

[0040] Each of the above terms (e.g., “alkyl,”“heteroalkyl, 
”“aryl” and “heteroaryl”) includes both substituted and 
unsubstituted forms of the indicated radical. Preferred sub 
stituents for each type of radical are provided beloW. 

[0041] Substituents for the alkyl and heteroalkyl radicals 
(including those groups often referred to as alkylene, alk 
enyl, heteroalkylene, heteroalkenyl, alkynyl, cycloalkyl, 
heterocycloalkyl, cycloalkenyl, and heterocycloalkenyl) are 
generically referred to as “alkyl group substituents,” and 
they can be one or more of a variety of groups selected from, 
but not limited to: —OR‘, :0, =NR‘, =N—OR‘, 
—NR‘R“, —SR‘, —halogen, —SiR‘R“ R‘“, —OC(O)R‘, 
—C(O)R‘, —COZR‘, —CONR‘R“, —OC(O)NR‘R“, 
—NR“C(O)R‘, —NR‘—C(O)NR“R“‘, —NR“C(O)2R‘, 
—NR—C(NR‘R“ R“‘)=NR““, —NR—C(NR‘R“)=NR‘“, 
—S(O)R‘, —S(O)2R‘, —S(O)2NR‘R“, —NRSOZR‘, —CN 
and —NO2 in a number ranging from Zero to (2m‘+1), Where 
m‘ is the total number of carbon atoms in such radical. R‘, 
R“, R‘“ and R““ each preferably independently refer to 
hydrogen, substituted or unsubstituted heteroalkyl, substi 
tuted or unsubstituted aryl, e.g., aryl substituted With 1-3 
halogens, substituted or unsubstituted alkyl, alkoxy or thio 
alkoxy groups, or arylalkyl groups. When a compound of the 
invention includes more than one R group, for example, 
each of the R groups is independently selected as are each 
R‘, R“, R‘“ and R““ groups When more than one of these 
groups is present. When R‘ and R“ are attached to the same 
nitrogen atom, they can be combined With the nitrogen atom 
to form a 5-, 6-, or 7-membered ring. For example, —NR‘R“ 
is meant to include, but not be limited to, l-pyrrolidinyl and 
4-morpholinyl. From the above discussion of substituents, 
one of skill in the art Will understand that the term “alkyl” 
is meant to include groups including carbon atoms bound to 
groups other than hydrogen groups, such as haloalkyl (e.g., 
—CF3 and —CH2CF3) and acyl (e.g., —C(O)CH3, 
—C(O)CF3, —C(O)CH2OCH3, and the like). 

[0042] Similar to the substituents described for the alkyl 
radical, substituents for the aryl and heteroaryl groups are 
generically referred to as “aryl group substituents.” The 
substituents are selected from, for example: halogen, —OR‘, 
=0, =NR‘, =N—OR‘, —NR‘R“, —SR‘, —halogen, 
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—S(O)2R‘, —S(O)2NR‘R“, —NRSOZR‘, —CN and —NO2, 
—R‘, —N3, —CH(Ph)2, ?uoro(C1-C4)alkoxy, and ?uo 
ro(C1-C4)alkyl, in a number ranging from Zero to the total 
number of open valences on the aromatic ring system; and 
Where R‘, R“, R‘“ and R““ are preferably independently 
selected from hydrogen, substituted or unsubstituted alkyl, 
substituted or unsubstituted heteroalkyl, substituted or 
unsubstituted aryl and substituted or unsubstituted het 
eroaryl. When a compound of the invention includes more 
than one R group, for example, each of the R groups is 
independently selected as are each R‘, R“, R‘“ and R““ 
groups When more than one of these groups is present. In the 
schemes that folloW, the symbol X represents “R” as 
described above. 

[0043] TWo of the substituents on adjacent atoms of the 
aryl or heteroaryl ring may optionally be replaced With a 
substituent of the formula -T-C(O)—(CRR‘)q—U—, 
Wherein T and U are independently —NR—, —O—, 
—CRR‘— or a single bond, and q is an integer of from 0 to 
3. Alternatively, tWo of the substituents on adjacent atoms of 
the aryl or heteroaryl ring may optionally be replaced With 
a substituent of the formula -A-(CH2)I—B—, Wherein A and 
B are independently —CRR‘—, —O—, —NR—, —S—, 
—S(O)—, —S(O)2—, —S(O)2NR‘— or a single bond, and 
r is an integer of from 1 to 4. One of the single bonds of the 
neW ring so formed may optionally be replaced With a 
double bond. Alternatively, tWo of the substituents on adja 
cent atoms of the aryl or heteroaryl ring may optionally be 
replaced With a substituent of the formula —(CRR‘)S—X— 
(CR“R“‘)d—, Where s and d are independently integers of 
from 0 to 3, and X is —O—, —NR‘—, —S—, —S(O)—, 
—S(O)2—, or —S(O)2NR‘—. The substituents R, R‘, R“ and 
R‘“ are preferably independently selected from hydrogen or 
substituted or unsubstituted (C1-C6)alkyl. 

[0044] As used herein, the term “heteroatom” includes 
oxygen (O), nitrogen (N), sulfur (S), phosphorus (P) and 
silicon (Si). 
[0045] The term “amino” or “amine group” refers to the 
group —NR‘R“ (or N+RR‘R“) Where R, R‘ and R“ are 
independently selected from the group consisting of hydro 
gen, alkyl, substituted alkyl, aryl, substituted aryl, aryl alkyl, 
substituted aryl alkyl, heteroaryl, and substituted heteroaryl. 
A substituted amine being an amine group Wherein R‘ or R“ 
is other than hydrogen. In a primary amino group, both R‘ 
and R“ are hydrogen, Whereas in a secondary amino group, 
either, but not both, R‘ or R“ is hydrogen. In addition, the 
terms “amine” and “amino” can include protonated and 
quaterniZed versions of nitrogen, comprising the group 
—N+RR‘R“ and its biologically compatible anionic counte 
r1ons. 

[0046] The term “aqueous solution” as used herein refers 
to a solution that is predominantly Water and retains the 
solution characteristics of Water. Where the aqueous solution 
contains solvents in addition to Water, Water is typically the 
predominant solvent. 
[0047] The term “buffer” as used herein refers to a system 
that acts to minimiZe the change in acidity or basicity of the 
solution against addition or depletion of chemical sub 
stances. 
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[0048] The term “carbonyl” as used herein refers to the 
functional group —(C=O)—. However, it Will be appreci 
ated that this group may be replaced With other Well-knoWn 
groups that have similar electronic and/or steric character, 

such as thiocarbonyl (—(C=S)—); sul?nyl sulfonyl (—SO2)—), phosphonyl (—PO2—). 

[0049] The term “CarboXyalkyl” as used herein refers to a 
group having the general formula —(CH2)nCOOH Wherein 
n is 1-18. 

[0050] The term “carrier molecule” as used herein refers 
to a ?uorogenic, ?uorescent or colorimetric compound of 
the present invention that is covalently bonded to a biologi 
cal or a non-biological component. Such components 
include, but are not limited to, an amino acid, a peptide, a 
protein, a polysaccharide, a nucleoside, a nucleotide, an 
oligonucleotide, a nucleic acid, a hapten, a psoralen, a drug, 
a hormone, a lipid, a lipid assembly, a synthetic polymer, a 
polymeric microparticle, a biological cell, a virus and com 
binations thereof. 

[0051] The term “detectable response” as used herein 
refers to an occurrence of or a change in, a signal that is 
directly or indirectly detectable either by observation or by 
instrumentation. Typically, the detectable response is an 
optical response resulting in a change in the Wavelength 
distribution patterns or intensity of absorbance or ?uores 
cence or a change in light scatter, ?uorescence lifetime, 
?uorescence polariZation, or a combination of the above 
parameters. 

[0052] The term “dye” as used herein refers to a com 
pound that emits light to produce an observable detectable 
signal. “Dye” includes ?uorescent and non?uorescent com 
pounds that include Without limitations pigments, ?uoro 
phores, chemiluminescent compounds, luminescent com 
pounds and chromophores. The term “?uorophore” as used 
herein refers to a composition that is inherently ?uorescent 
or demonstrates a change in ?uorescence upon binding to a 
biological compound or metal ion, or metabolism by an 
enZyme, i.e., ?uorogenic. Fluorophores may be substituted 
to alter the solubility, spectral properties or physical prop 
erties of the ?uorophore. Fluorophores of the present inven 
tion are not sulfonated. Numerous ?uorophores are knoWn 
to those skilled in the art and include, but are not limited to 
benZofurans, quinolines, quinaZolinones, indoles, benZa 
Zoles, borapolyaZaindacenes and Xanthenes, With the latter 
including ?uoresceins, rhodamines and rhodols as Well as 
other ?uorophores described in RICHARD P. 
HAUGLAND, MOLECULAR PROBES HANDBOOK OF 
FLUORESCENT PROBES AND RESEARCH CHEMI 
CALS (9th edition, including the CD-ROM, September 
2002). 
[0053] The term “kit” as used refers to a packaged set of 
related components, typically one or more compounds or 
compositions. 

[0054] The term “Linker” or “L”, as used herein, refers to 
a single covalent bond or a series of stable covalent bonds 
incorporating 1-20 nonhydrogen atoms selected from the 
group consisting of C, N, O, S and P that covalently attach 
the ?uorogenic or ?uorescent compounds to another moiety 
such as a chemically reactive group or a biological and 
non-biological component. EXemplary linking members 
include a moiety that includes —C(O)NH—, —C(O)O—, 

Sep. 29, 2005 

—NH—, —S—, —O—, and the like. A “cleavable linker” 
is a linker that has one or more cleavable groups that may be 
broken by the result of a reaction or condition. The term 
“cleavable group” refers to a moiety that alloWs for release 
of a portion, e.g., a ?uorogenic or ?uorescent moiety, of a 
conjugate from the remainder of the conjugate by cleaving 
a bond linking the released moiety to the remainder of the 
conjugate. Such cleavage is either chemical in nature, or 
enZymatically mediated. EXemplary enZymatically cleav 
able groups include natural amino acids or peptide 
sequences that end With a natural amino acid. 

[0055] In addition to enZymatically cleavable groups, it is 
Within the scope of the present invention to include one or 
more sites that are cleaved by the action of an agent other 
than an enZyme. EXemplary non-enZymatic cleavage agents 
include, but are not limited to, acids, bases, light (e.g., 
nitrobenZyl derivatives, phenacyl groups, benZoin esters), 
and heat. Many cleaveable groups are knoWn in the art. See, 
for eXample, Jung et al., Biochem. Biophys. Acta, 761: 
152-162 (1983); Joshi et al., J. Biol. Chem, 265: 14518 
14525 (1990); Zarling et al., J. ImmunoL, 124: 913-920 
(1980); BouiZar et al., Eur. J. Biochem, 155: 141-147 
(1986); Park et al., J. Biol. Chem, 261: 205-210 (1986); 
BroWning et al.,J. ImmunoL, 143: 1859-1867 (1989). More 
over a broad range of cleavable, bifunctional (both homo 
and hetero-bifunctional) spacer arms are commercially 
available. 

[0056] An exemplary cleavable group, an ester, is cleav 
able group that may be cleaved by a reagent, eg sodium 
hydroXide, resulting in a carboXylate-containing fragment 
and a hydroXyl-containing product. 

[0057] The linker can be used to attach the compound to 
another component of a conjugate, such as a targeting 
moiety (e.g., antibody, ligand, non-covalent protein-binding 
group, etc.), an analyte, a biomolecule, a drug and the like. 

[0058] The terms “protein” and “polypeptide” are used 
herein in a generic sense to include polymers of amino acid 
residues of any length. The term “peptide” as used herein 
refers to a polymer in Which the monomers are amino acids 
and are joined together through amide bonds, alternatively 
referred to as a polypeptide. When the amino acids are 
ot-amino acids, either the L-optical isomer or the D-optical 
isomer can be used. Additionally, unnatural amino acids, for 
eXample, [3-alanine, phenylglycine and homoarginine are 
also included. Commonly encountered amino acids that are 
not gene-encoded may also be used in the present invention. 
All of the amino acids used in the present invention may be 
either the D- or L-isomer. The L-isomers are generally 
preferred. In addition, other peptidomimetics are also useful 
in the present invention. For a general revieW, see, Spatola, 
A. E, in Chemistry and Biochemistry of Amino Acids, 
Peptides and Proteins, B. Weinstein, eds., Marcel Dekker, 
NeW York, p. 267 (1983). 

[0059] The term “reactive group” as used herein refers to 
a group that is capable of reacting With another chemical 
group to form a covalent bond, ie is covalently reactive 
under suitable reaction conditions, and generally represents 
a point of attachment for another substance. The reactive 
group is a moiety, such as carboXylic acid or succinimidyl 
ester, on the compounds of the present invention that is 
capable of chemically reacting With a functional group on a 



US 2005/0214807 A1 

different compound to form a covalent linkage. Reactive 
groups generally include nucleophiles, electrophiles and 
photoactivatable groups. 

[0060] Exemplary reactive groups include, but are not 
limited to, ole?ns, acetylenes, alcohols, phenols, ethers, 
oxides, halides, aldehydes, ketones, carboxylic acids, esters, 
amides, cyanates, isocyanates, thiocyanates, isothiocyan 
ates, amines, hydraZines, hydraZones, hydraZides, diaZo, 
diaZonium, nitro, nitriles, mercaptans, sul?des, disul?des, 
sulfoxides, sulfones, sulfonic acids, sul?nic acids, acetals, 
ketals, anhydrides, sulfates, sulfenic acids isonitriles, 
amidines, imides, imidates, nitrones, hydroxylamines, 
oximes, hydroxamic acids thiohydroxamic acids, allenes, 
ortho esters, sul?tes, enamines, ynamines, ureas, 
pseudoureas, semicarbaZides, carbodiimides, carbamates, 
imines, aZides, aZo compounds, aZoxy compounds, and 
nitroso compounds. Reactive functional groups also include 
those used to prepare bioconjugates, e.g., N-hydroxysuccin 
imide esters, maleimides and the like. Methods to prepare 
each of these functional groups are Well knoWn in the art and 
their application to or modi?cation for a particular purpose 
is Within the ability of one of skill in the art (see, for 
example, Sandler and Karo, eds. ORGANIC FUNC 
TIONAL GROUP PREPARATIONS, Academic Press, San 
Diego, 1989). 
[0061] The term “salt thereof,” as used herein includes 
salts of the agents of the invention and their conjugates, 
Which are preferably prepared With relatively nontoxic acids 
or bases, depending on the particular substituents found on 
the compounds described herein. When compounds of the 
present invention contain relatively acidic functionalities, 
base addition salts can be obtained by contacting the neutral 
form of such compounds With a suf?cient amount of the 
desired base, either neat or in a suitable inert solvent. 
Examples of base addition salts include sodium, potassium, 
calcium, ammonium, organic amino, or magnesium, or a 
similar salt. When compounds of the present invention 
contain relatively basic functionalities, acid addition salts 
can be obtained by contacting the neutral form of such 
compounds With a sufficient amount of the desired acid, 
either neat or in a suitable inert solvent. Examples of 
addition salts include those derived from inorganic acids like 
hydrochloric, hydrobromic, nitric, carbonic, monohydro 
gencarbonic, phosphoric, monohydrogenphosphoric, dihy 
drogenphosphoric, sulfuric, monohydrogensulfuric, hydri 
odic, or phosphorous acids and the like, as Well as the salts 
derived from relatively nontoxic organic acids like acetic, 
propionic, isobutyric, maleic, malonic, benZoic, succinic, 
suberic, fumaric, lactic, mandelic, phthalic, benZene 
sulfonic, p-tolylsulfonic, citric, tartaric, methanesulfonic, 
and the like. Also included are salts of amino acids such as 
arginate and the like, and salts of organic acids like glucu 
ronic or galactunoric acids and the like (see, for example, 
Berge et al., “Pharmaceutical Salts”, Journal of Pharma 
ceutical Science, 1977, 66,1-19). Certain speci?c com 
pounds of the present invention contain both basic and 
acidic functionalities that alloW the compounds to be con 
verted into either base or acid addition salts. 

[0062] The term “sample” as used herein refers to any 
material that may contain singlet oxygen. The sample may 
also include diluents, buffers, detergents, and contaminating 
species, debris and the like that are found mixed With the 
target. Illustrative examples include urine, sera, blood 
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plasma, total blood, saliva, tear ?uid, cerebrospinal ?uid, 
secretory ?uids and the like. Also included are solid, gel or 
solid substances such as mucus, body tissues, cells and the 
like suspended or dissolved in liquid materials such as 
buffers, extractants, solvents and the like. Typically, the 
sample is a live cell, a biological ?uid that comprises 
endogenous host cell proteins, nucleic acid polymers, nucle 
otides, oligonucleotides, peptides and buffer solutions. The 
sample may be in an aqueous solution, a viable cell culture 
or immobiliZed on a solid or semi solid surface such as a 

polyacrylamide gel, membrane blot or on a microarray. 

[0063] The term “solid support,” as used herein, refers to 
a material that is substantially insoluble in a selected solvent 
system, or Which can be readily separated (e.g., by precipi 
tation) from a selected solvent system in Which it is soluble. 
Solid supports useful in practicing the present invention can 
include groups that are activated or capable of activation to 
alloW selected species to be bound to the solid support. Solid 
supports may be present in a variety of forms, including a 
chip, Wafer or Well, onto Which an individual, or more than 
one compound, of the invention is bound such as a poly 
meric bead or particle. 

[0064] The term “sulfoalkyl,” as used herein refers to a 
group having the general formula —(CH2)nSO3 Wherein n is 
1-18. 

[0065] The Compounds 

[0066] In general, for ease of understanding the present 
invention, the dye moieties and oxidiZable moieties Will ?rst 
be described in detail, folloWed by the many and varied 
methods in Which the compounds ?nd uses, Which is fol 
loWed by exempli?ed methods of use and synthesis of 
certain novel compounds that are particularly advantageous 
for use With the methods of the present invention. 

[0067] The present invention provides ?uorogenic com 
pounds useful for the detection of singlet oxygen. The 
compounds are generally represented by the general formula 
D-(L)n-M, Wherein D is a dye moiety, L is a linker, M is an 
oxidiZable moiety and n is 0 or 1. Thus, the compounds 
include a dye moiety covalently bonded to an aryl or 
heteroaryl moiety, e.g. anthracene, Wherein after being oxi 
diZed by singlet oxygen becomes ?uorescent. These ?uo 
rescent compounds have applications as dye compounds in 
any application Wherein a ?uorescent dye is useful. The 
components of the compounds of the invention are disclosed 
in greater detail beloW. 

[0068] Dye Moiety of the Compounds 

[0069] Dye moieties include, Without limitation, a chro 
mophore, a ?uorophore, a ?uorescent protein, a phospho 
rescent dye, and a tandem dye (energy transfer pair). Pre 
ferred dye moieties include chromophores or ?uorophores. 

[0070] A dye of the present invention is any chemical 
moiety that exhibits an absorption maximum beyond 280 
nm. Dyes of the present invention include, Without limita 
tion; a pyrene, an anthracene, a naphthalene, an acridine, a 
stilbene, an indole or benZindole, an oxaZole or benZox 
aZole, a thiaZole or benZothiaZole, a 4-amino-7-nitrobenZ 
2-oxa-1,3-diaZole (NBD), a carbocyanine (including any 
corresponding compounds in US. Ser. Nos. 09/557,275; 
09/968,401 and 09/969,853 and US. Pat. Nos. 6,403,807; 
6,348,599; 5,486,616; 5,268,486; 5,569,587; 5,569,766; 
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5,627,027 and 6,048,982), a carbostyryl, a porphyrin, a 
salicylate, an anthranilate, an aZulene, a perylene, a pyridine, 
a quinoline, a borapolyaZaindacene (including any corre 
sponding compounds disclosed in Us. Pat. Nos. 4,774,339; 
5,187,288; 5,248,782; 5,274,113; and 5,433,896), a xan 
thene (including any corresponding compounds disclosed in 
US. Pat. Nos. 6,162,931; 6,130,101; 6,229,055; 6,339,392; 
5,451,343 and US. Ser. No. 09/922,333), an oxaZine or a 
benZoxaZine, a carbaZine (including any corresponding 
compounds disclosed in Us. Pat. No. 4,810,636), a phe 
nalenone, a coumarin (including an corresponding com 
pounds disclosed in US. Pat. Nos. 5,696,157; 5,459,276; 
5,501,980 and 5,830,912), a benZofuran (including an cor 
responding compounds disclosed in US. Pat. Nos. 4,603, 
209 and 4,849,362) and benZphenalenone (including any 
corresponding compounds disclosed in US. Pat. No. 4,812, 
409) and derivatives thereof. As used herein, oxaZines 
include resoru?ns (including any corresponding compounds 
disclosed in 5,242,805), aminooxaZinones, diaminoox 
aZines, and their benZo-substituted analogs. 

[0071] Where the dye is a xanthene, the dye is optionally 
a ?uorescein, a rhodol (including any corresponding com 
pounds disclosed in US. Pat. Nos. 5,227,487 and 5,442, 
045), a rhodamine (including any corresponding compounds 
in Us. Pat. Nos. 5,798,276 and 5,846,737). As used herein, 
rhodamine and rhodol dyes include, among other deriva 
tives, compounds that comprise xanthenes With saturated or 
unsaturated “julolidine” rings. As used herein, ?uorescein 
includes benZo- or dibenZo?uoresceins, seminaphtho?uo 
resceins, or naphtho?uoresceins. Similarly, as used herein 
rhodol includes seminaphthorhoda?uors (including any cor 
responding compounds disclosed in US. Pat. No. 4,945, 
171). 
[0072] Preferred dyes of the present invention include 
xanthene, oxaZine, dapoxyl, 7-nitro-1,2,3-benZoxadiaZole 
(NBD), acridinone, carbocyanine compounds and 
borapolyaZaindacenes. Preferred xanthenes include ?uores 
ceins, rhodols, rhodamines and rosamines. Xanthenes of this 
invention comprise both compounds substituted and unsub 
stituted on the carbon atom of the central ring of the 
xanthene by substituents typically found in the xanthene 
based dyes such as phenyl and substituted-phenyl moieties. 
Most preferred dyes are rhodamine, ?uorescein, 
borapolyaZaindacene, indole and benZofuran. The choice of 
the dye Will determine the ?uorescent compound’s absorp 
tion and ?uorescence emission properties as Well as its live 
cell properties, ie ability to enter live cells. 

[0073] In another exemplary embodiment, the dye con 
tains one or more aryl or heteroaryl rings that are optionally 
substituted one or more times by a variety of substituents. 
The substituents are selected from, for example: alkyl, 
per?uoroalkyl, alkoxy, alkenyl, alkynyl, cycloalkyl, aryla 
lkyl, acyl, aryl, heteroaryl, —OR‘, :0, =NR‘, =N—OR‘, 
—NR‘R“, —SR‘, -halogen, —SiR‘R“ R‘", —OC(O)R‘, 
—C(O)R‘, —COZR‘, —CONR‘R“, —OC(O)NR‘R“, 
—NR“C(O)R‘, —NR‘—C(O)NR“R‘", —NR“C(O)2R‘, 
—NR—C(NR‘R“ R‘")=NR““, —NR—C(NR‘R“)=NR‘", 
—S(O)R‘, —S(O)2R‘, —S(O)2NR‘R“, —NRSOZR‘, —CN 
and —NO2, —R‘, —N3, —CH(Ph)2, ?uoro(C1-C4)alkoxy, 
and ?uoro(C1-C4)alkyl, in a number ranging from Zero to the 
total number of open valences on the aromatic ring system. 
The symbols R‘, R“, R‘" and R““ preferably independently 
represent hydrogen, substituted or unsubstituted alkyl, sub 
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stituted or unsubstituted heteroalkyl, substituted or unsub 
stituted aryl and substituted or unsubstituted heteroaryl. 
When a compound of the invention includes more than one 
R group, for example, each of the R groups is independently 
selected as are each R‘, R“, R‘" and R““ groups When more 
than one of these groups is present. In the schemes that 
folloW, the symbol X represents “R” as described above. 

[0074] In one aspect of the invention, the dye has an 
absorption maximum beyond 480 nm. In a particularly 
useful embodiment, the dye absorbs at or near 488 nm to 514 
nm (particularly suitable for excitation by the output of the 
argon-ion laser excitation source) or near 546 nm (particu 
larly suitable for excitation by a mercury arc lamp). As is the 
case for many dyes, they can also function as both chro 
mophores and ?uorophores, resulting in compounds that 
simultaneously act both as colorimetric and ?uorescent 
probes for singlet oxygen. Thus, the described ?uorescent 
dyes are also the preferred chromophores of the present 
invention. 

[0075] In an exemplary embodiment, the dye moiety has 
a formula Which is a member selected from: 

[0076] In this embodiment, at least one member selected 
from R2, R3, R4, R5, R6, R7, R8 and R9 is a substituted or 
unsubstituted anthracene moiety. If the index m represents 1 
and R8 is substituted or unsubstituted anthracene, then the 
anthracene moiety is not attached through the 3-position, 
and the anthracene moiety does not have a carboxylic acid 
moiety covalently bonded to its 2-position. 

[0077] R2, R3, R4, R5, R6, and R7 are independently 
hydrogen, —OH, —NO2, —NR12R13, —SO2R12, halogen, 
substituted alkyl, unsubstituted alkyl, substituted het 
eroalkyl, unsubstituted heteroalkyl, substituted cycloalkyl, 
unsubstituted cycloalkyl, substituted heterocycloalkyl, 
unsubstituted heterocycloalkyl, substituted aryl, unsubsti 
tuted aryl, substituted heteroaryl, unsubstituted heteroaryl, 
substituted reactive group, unsubstituted reactive group, 
substituted carrier molecule, unsubstituted carrier molecule, 
substituted solid support, unsubstituted solid support, sub 
stituted anthracene moiety or a unsubstituted anthracene 
moiety. Alternatively a member selected from R6 in combi 
nation With R7; R7 in combination With R10; R10 in combi 
nation With R2; R3 in combination With R11; R11 in combi 
nation With R4; or R4 in combination With R5 together With 
the atoms to Which they are joined, form a ring Which is a 
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5-, 6- or 7-membered cycloalkyl, a substituted 5-, 6- or 
7-membered cycloalkyl, a 5-, 6- or 7-membered heterocy 
cloalkyl, a substituted 5-, 6- or 7-membered heterocy 
cloalkyl, a 5-, 6- or 7-membered aryl, a substituted 5-, 6- or 
7-membered aryl, a 5-, 6- or 7-membered heteroaryl, or a 
substituted 5-, 6- or 7-membered heteroaryl. 

[0078] R12 and R13 are independently hydrogen, —OH, 
—NH2, substituted alkyl, unsubstituted alkyl, substituted 
heteroalkyl, unsubstituted heteroalkyl, substituted 
cycloalkyl, unsubstituted cycloalkyl, substituted heterocy 
cloalkyl, unsubstituted heterocycloalkyl, substituted aryl, 
unsubstituted aryl, substituted heteroaryl, or unsubstituted 
heteroaryl. 
[0079] R8 is hydrogen, halogen, cyano, substituted alkyl, 
unsubstituted alkyl, substituted heteroalkyl, unsubstituted 
heteroalkyl, substituted aryl, unsubstituted aryl (e.g. phe 
nyl), substituted reactive group, unsubstituted reactive 
group, substituted carrier molecule, unsubstituted carrier 
molecule, substituted solid support, unsubstituted solid sup 
port. 

[0080] In an exemplary embodiment, R8 is: 

R16 

R15 R17 

R14 R18 

[0081] The symbols R14, R15, R16, R17 and R13 represent 
groups that are independently hydrogen, —OH, —NO2, 
—NR12R13, —SO2R12, CO2R12, halogen, substituted alkyl, 
unsubstituted alkyl, substituted heteroalkyl, unsubstituted 
heteroalkyl, substituted reactive group, unsubstituted reac 
tive group, substituted carrier molecule, unsubstituted car 
rier molecule, substituted solid support, or unsubstituted 
solid support. The symbol X represents C or N. The indeX 
m is 0 and 1. The indeX n is O and 1. 

[0082] R9 is hydrogen, —OH, halogen, —CN, —NO2, 
—NR12R13, —SO2R12, substituted alkyl, unsubstituted 
alkyl, substituted heteroalkyl, unsubstituted heteroalkyl, 
substituted reactive group, unsubstituted reactive group, 
substituted carrier molecule, unsubstituted carrier molecule, 
substituted solid support, or unsubstituted solid support. 
Alternatively, a member selected from R9 in combination 
With R8; or R9 in combination With R14 together With the 
atoms to Which they are joined form a substituted 5- or 
6-membered spirolactone ring, unsubstituted 5- or 6-mem 
bered spirolactone ring, substituted 5- or 6-membered spiro 
sultone ring or unsubstituted 5- or 6-membered spirosultone 
ring. 

[0083] R10 is —OR30 or —NR3OOR12. R11 is hydrogen, 
substituted alkyl, unsubstituted alkyl, substituted het 
eroalkyl, unsubstituted heteroalkyl, substituted acyl, unsub 
stituted acyl, substituted heteroacyl, unsubstituted heteroa 
cyl, substituted cycloalkyl, unsubstituted cycloalkyl, 
substituted heterocycloalkyl, unsubstituted heterocy 
cloalkyl, substituted aryl, unsubstituted aryl, substituted 
heteroaryl, or unsubstituted heteroaryl. 
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[0084] R30 is a member selected from H, substituted or 
unsubstituted C1-C18 alkyl, substituted or unsubstituted 
C1-C18 heteroalkyl, substituted or unsubstituted C1-C18 acyl, 
substituted or unsubstituted CJL-C18 heteroacyl, substituted 
or unsubstituted C1-C18 aryl, and substituted or unsubsti 
tuted CJL-C18 heteroaryl. In this embodiment, a member 
selected from R9 in combination With R8, or R9 in combi 
nation With R14 together With the atoms to Which they are 
joined optionally form a substituted or unsubstituted 5- or 
6-membered spirolactone or spirosultone ring. In this 
embodiment, R30 in combination With R2; or R30 in combi 
nation With R7, together With the atoms to Which they are 
joined form a ring Which is a 5-, 6- or 7-membered 
cycloalkyl, a substituted 5-, 6- or 7-membered cycloalkyl, a 
5-, 6- or 7-membered heterocycloalkyl, a substituted 5-, 6 
or 7-membered heterocycloalkyl, a 5-, 6- or 7-membered 
aryl, a substituted 5-, 6- or 7-membered aryl, a 5-, 6- or 
7-membered heteroaryl, or a substituted 5-, 6- or 7-mem 
bered heteroaryl. 
[0085] In another exemplary embodiment, the compound 
has a structure according to the folloWing formula: 

R37 

R36 o 0 

R35 / R32 

R34 R33 

[0086] in Which at least one member selected from R32, 
R33, R34, R35, R36, and R37 is a substituted or unsubstituted 
anthracene moiety. R32, R33, R34, R35, R36, and R37 are 
independently selected from H, OH, —NO2, —NR12R13, 
—SO2R12, halogen, a reactive group, a carrier molecule, 
substituted or unsubstituted C1-C18 alkyl, substituted or 
unsubstituted C1-C18 heteroalkyl, substituted or unsubsti 
tuted C1-C18 cycloalkyl, substituted or unsubstituted C1-C18 
heterocycloalkyl, substituted or unsubstituted C1-C18 aryl, 
and substituted or unsubstituted CJL-C18 heteroaryl. R12 and 
R13 are independently selected from H, substituted or unsub 
stituted CJL-C18 alkyl, substituted or unsubstituted CJL-C18 
heteroalkyl, substituted or unsubstituted C1-C18 cycloalkyl, 
substituted or unsubstituted C1-C18 heterocycloalkyl, sub 
stituted or unsubstituted C1-C18 aryl, and substituted or 
unsubstituted C1-C18 heteroaryl. 
[0087] In another exemplary embodiment, the compound 
has a structure according to the folloWing formula: 

[0088] in Which at least one member selected from R42, 
R43, R44, R45, R46, R47 and R48 is a substituted or unsub 
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stituted anthracene moiety. R42, R43, R44, R45, R46, R47 and 
R48 are independently selected from H, —OH, —NO2, 
—NR12R13, —SO2R12, halogen, a reactive group, a carrier 
molecule, substituted or unsubstituted CJL-C18 alkyl, substi 
tuted or unsubstituted C1-C18 heteroalkyl, substituted or 
unsubstituted CJL-C18 cycloalkyl, substituted or unsubsti 
tuted C1-C18 heterocycloalkyl, substituted or unsubstituted 
C1-C18 aryl, and substituted or unsubstituted C1-C18 het 
eroaryl. R12 and R13 are independently selected from H, 
—OH, —NH2, substituted or unsubstituted C1-C18 alkyl, 
substituted or unsubstituted CJL-C18 heteroalkyl, substituted 
or unsubstituted C1-C18 cycloalkyl, substituted or unsubsti 
tuted CJL-C18 heterocycloalkyl, substituted or unsubstituted 
C —C18 aryl, and substituted or unsubstituted C1-C18 het 

1 

eroaryl. 
[0089] OxidiZable Moiety 
[0090] The compounds of the invention include an oxi 
diZable aryl or heteroaryl moiety attached to the dye moiety. 
An exemplary oxidiZable moiety is a substituted or unsub 
stituted anthracene. The bond betWeen the dye moiety and 
the oxidiZable moiety can be formed betWeen atoms at any 
acceptable position on these tWo molecules. 

[0091] In an exemplary embodiment, the compounds of 
the invention are ?uorogenic and therefore capable of a 
change in ?uorescence upon the binding of singlet oxygen. 
In a representative embodiment, the oxidiZable moiety is an 
anthracene, Which has the folloWing formula: 

R24 R23 R22 

R25 R21 

R27 R19 

[0092] In this embodiment, R19, R20, R21, R22, R23, R24, 
R25, R26 and R27 are independently hydrogen, halogen, 
SO2R12, CO2R12, substituted alkyl, unsubstituted alkyl, sub 
stituted heteroalkyl, unsubstituted heteroalkyl, substituted 
cycloalkyl, unsubstituted cycloalkyl, substituted heterocy 
cloalkyl, unsubstituted heterocycloalkyl, substituted aryl, 
unsubstituted aryl, substituted heteroaryl, or unsubstituted 
heteroaryl, substituted reactive group, unsubstituted reactive 
group, substituted carrier molecule, unsubstituted carrier 
molecule, substituted solid support, or unsubstituted solid 
support. R12 is hydrogen, —OH, —NH2, substituted alkyl, 
unsubstituted alkyl, substituted heteroalkyl, unsubstituted 
heteroalkyl, substituted cycloalkyl, unsubstituted 
cycloalkyl, substituted heterocycloalkyl, unsubstituted het 
erocycloalkyl, substituted aryl, unsubstituted aryl, substi 
tuted heteroaryl, or unsubstituted heteroaryl. 

Sep. 29, 2005 

[0093] In an exemplary embodiment, When the dye moiety 
is ?uorescein, and the ?uorescein is covalently bonded at its 
9-position to the anthracene moiety at its 3-position, then the 
anthracene does not have a carboxylic acid substituted at its 

2-position. 

[0094] In another exemplary embodiment, the compound 
has a formula Which is a member selected from: 

and 

R7 R2 

[0095] In another exemplary embodiment, R2, R3, R5, and 
R6 are H. 
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[0096] Representative compounds of the invention have a 
formula Which is a member selected from: 

CH3 

OAc 
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-continued 

CH3 

H CCOH COC 
3 2 \l 

OAc 

CH3 

, and 
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-continued 

[0097] In a further exemplary embodiment, the invention 
provides compounds having the formula: 

[0098] In another exemplary embodiment, R32, R34, and 
37 

R are H. In yet another exemplary embodiment, R36 is 
—OH and R33 is —CH3. 
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[0099] In an exemplary embodiment, the compound is: 

[0100] In another exemplary embodiment, R43, R44, R45, 
and R47 are H. In yet another exemplary embodiment, R46 
and R48 are —CH3. 

[0101] In another exemplary embodiment, the compounds 
of the invention are ?uorescent, due to the covalent bonding 
of singlet oxygen to the oxidiZable moiety. In this embodi 
ment, the oxidiZable moiety has been oxidiZed and is 
anthracene endoperoxide, Which has the following formula: 

R24 R23 R22 

R21 

R20. 

R27 R19 

[0102] In this embodiment, R19, R20, R21, R22, R23, R24, 
R25, R26 and R27 are independently selected from H, halo 
gen, —SO2R12, substituted or unsubstituted C1-C18 alkyl, 
substituted or unsubstituted C1-C18 heteroalkyl, substituted 
or unsubstituted C1-C18 cycloalkyl, substituted or unsubsti 
tuted CJL-C18 heterocycloalkyl, substituted or unsubstituted 
C1-C18 aryl, substituted or unsubstituted C1-C18 heteroaryl, a 
reactive group, and a carrier molecule. The symbol R12 
represents H, —OH, —NH2, substituted or unsubstituted 
C1-C18 alkyl, substituted or unsubstituted CJL-C18 het 
eroalkyl, substituted or unsubstituted C1-C18 cycloalkyl, 
substituted or unsubstituted C1-C18 heterocycloalkyl, sub 
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stituted or unsubstituted C1-C18 aryl, and substituted or [0105] In another exemplary embodiment, R2, R3, R5, and 
unsubstituted C1-C18 heteroaryl. R6 are H. In another exemplary embodiment, the compound 
[0103] In an exemplary embodiment, the compound has a has a formula Which is a member Selected frOIIlI 
formula Which is a member selected from: 

[0104] in Which the substituents are identical to those 
described in the generic formulae for the corresponding 
unoxidiZed compounds. 
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-continued 

CH3 

OAc 

CH3 

, and 
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-continued 

[0106] In still another exemplary embodiment, the com 
pound is: 

[0107] In the formula above, the substituents are identical 
to those described in the context of the corresponding 
non-oxidiZed compound. 

[0108] In another exemplary embodiment, R32, R34, and 
37 

R are H. In yet another exemplary embodiment, R36 is 
—OH and R33 is —CH3. 
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[0109] In yet another exemplary embodiment, the com 
pound is: 

[0110] In the formula above, the identity of the substitu 
ents is identical to those disclosed in the context of the 
corresponding un-oxidiZed compound. 

[0111] In another exemplary embodiment, R43, R44, R45, 
and R47 are H. In yet another exemplary embodiment, R46 
and R48 are —CH3. 

[0112] Reactive Groups, Carrier Molecules and Solid Sup 
ports 

[0113] The present compounds, in certain embodiments, 
are chemically reactive Wherein the compounds comprise a 
reactive group. In a further embodiment, the compounds 
comprise a carrier molecule or solid support. These sub 
stituents, reactive groups, carrier molecules, and solid sup 
ports, comprise a linker that is used to covalently attach the 
substituents to any of the moieties of the present compounds. 
The solid support, carrier molecule or reactive group may be 
directly attached (Where linker is a single bond) to the 
moieties or attached through a series of stable bonds. 

[0114] Any combination of linkers may be used to attach 
the carrier molecule, solid support or reactive group and the 
present compounds together. The linker may also be substi 
tuted to alter the physical properties of the ?uorogenic 
compound, such as spectral properties of the dye. 

[0115] The linker typically incorporates 1-30 nonhydro 
gen atoms selected from the group consisting of C, N, O, S 
and P. The linker may be any combination of stable chemical 
bonds, optionally including, single, double, triple or aro 
matic carbon-carbon bonds, as Well as carbon-nitrogen 
bonds, nitrogen-nitrogen bonds, carbon-oxygen bonds, sul 
fur-sulfur bonds, carbon-sulfur bonds, phosphorus-oxygen 
bonds, phosphorus-nitrogen bonds, and nitrogen-platinum 
bonds. Typically the linker incorporates less than 15 non 
hydrogen atoms and are composed of any combination of 
ether, thioether, thiourea, amine, ester, carboxamide, sul 
fonamide, hydraZide bonds and aromatic or heteroaromatic 
bonds. Typically the linker is a combination of single 
carbon-carbon bonds and carboxamide, sulfonamide or thio 
ether bonds. The bonds of the linker typically result in the 
folloWing moieties that can be found in the linker: ether, 
thioether, carboxamide, thiourea, sulfonamide, urea, ure 
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thane, hydraZine, alkyl, aryl, heteroaryl, alkoxy, cycloalkyl 
and amine moieties. Examples of a linker include substituted 
or unsubstituted polymethylene, arylene, alkylarylene, 
arylenealkyl, and arylthio. 
[0116] In one embodiment, the linker contains 1-6 carbon 
atoms; in another, the linker comprises a thioether linkage. 
Exemplary linking members include a moiety that includes 
—C(O)NH—, —C(O)O—, —NH—, —S—, —O—, and 
the like. In another embodiment, the linker is or incorporates 
the formula —(CH2)d(CONH(CH2)e)Z— or Where d is an 
integer from 0-5, e is an integer from 1-5 and Z is 0 or 1. In 
a further embodiment, the linker is or incorporates the 
formula —O—(CH2)—. In yet another embodiment, the 
linker is or incorporates a phenylene or a 2-carboxy-substi 
tuted phenylene. 

[0117] An important feature of the linker is to provide an 
adequate space betWeen the carrier molecule, reactive group 
or solid support and the dye so as to prevent steric hinder 
ance. Therefore, the linker of the present compound is 
important for (1) attaching the carrier molecule, reactive 
group or solid support to the compound, (2) providing an 
adequate space betWeen the carrier molecule, reactive group 
or solid support and the compound so as not to sterically 
hinder the action of the compound and (3) for altering the 
physical properties of the present compounds. 
[0118] In another exemplary embodiment of the invention, 
the present compounds are chemically reactive, and are 
substituted by at least one reactive group. The reactive group 
functions as the site of attachment for another moiety, such 
as a carrier molecule or a solid support, Wherein the reactive 
group chemically reacts With an appropriate reactive or 
functional group on the carrier molecule or solid support. 

[0119] In an exemplary embodiment, the compounds of 
the invention further comprise a reactive group Which is a 
member selected from an acrylamide, an activated ester of 
a carboxylic acid, a carboxylic ester, an acyl aZide, an acyl 
nitrile, an aldehyde, an alkyl halide, an anhydride, an aniline, 
an amine, an aryl halide, an aZide, an aZiridine, a boronate, 
a diaZoalkane, a haloacetamide, a haloalkyl, a halotriaZine, 
a hydraZine, an imido ester, an isocyanate, an isothiocyanate, 
a maleimide, a phosphoramidite, a photoactivatable group, a 
reactive platinum complex, a silyl halide, a sulfonyl halide, 
and a thiol. In a particular embodiment the reactive group is 
selected from the group consisting of carboxylic acid, suc 
cinimidyl ester of a carboxylic acid, hydraZide, amine and a 
maleimide. In exemplary embodiment, at least one member 
selected from R2, R3, R4, R5, R6, R7, R8, and R9 is a reactive 
group. Alternatively, the reactive group is bound to one of 
the aromatic carbons of the heterocycle ring systems formed 
When R9 in combination With R10, or R10 in combination 
With one of R2 or R7; or R11 in combination With one of R4 
or R5 forms a saturated or unsaturated 5- or 6-membered 

heterocycle. In an exemplary embodiment, the reactive 
group is bound to the compound of the invention at R2, R3, 
R4, R5, R6 or R7. In another exemplary embodiment, the 
reactive group is bound to the dye moiety at R2, R3, R4, R5, 
or R7. Alternatively, if the present compound comprises a 
carrier molecule or solid support a reactive group may be 
covalently attached independently to those substituents, 
alloWing for further conjugation to a another dye, carrier 
molecule or solid support. 

[0120] In one aspect, the compound comprises at least one 
reactive group that selectively reacts With an amine group. 




























































