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(57) ABSTRACT 

Compounds and methods are disclosed that are useful for 
noninvasive imaging in the near-infrared (NIR) spectral 
range. The NIR is highly sensitive for tumor detection and 
tracking. The application discloses targeting a tumor-en 
riched cell Surface receptor with a ligand-conjugated fluores 
cent probe, which specifically allows detection of the tumor 
relative to the negligible animal autofluorescence. 
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OPTICAL FLUORESCENT MAGING 

CROSS-REFERENCES TO RELATED 
APPLICATIONS 

0001. The present application is a continuation applica 
tion of U.S. patent application Ser. No. 1 1/419,457, now U.S. 
Pat. No. 7,597.878, which application is a continuation-in 
part of U.S. patent application Ser. No. 1 1/267,643, filed Nov. 
4, 2005, now U.S. Pat. No. 7,504,089, which application is a 
divisional application of U.S. patent application Ser. No. 
10/354,812, filed Jan. 28, 2003, now U.S. Pat No. 6,995,274, 
which application is a continuation of PCT App No. US01/ 
29385 filed on Sep. 18, 2001, which application claims the 
benefit of U.S. Patent Appl No. 60/233,511, filed on Sep. 19, 
2000, all of which are hereby incorporated by reference. 

BACKGROUND OF THE INVENTION 

0002 Cyanine dyes have been widely used for labeling 
ligands or biomolecules for a variety of applications such as 
DNA sequencing. See, for example, U.S. Pat. No. 5,571.388, 
incorporated herein by reference, for exemplary methods of 
identifying strands of DNA using cyanine dyes. Scientists 
favor using cyanine dyes in biological applications because, 
among other reasons, many of these dyes operate in the near 
IR (NIR) region of the spectrum (600-1000 nm). This makes 
these cyanine dyes less Susceptible to interference from 
autofluorescence of biomolecules. 
0003. Other advantages of cyanine dyes include: 1) cya 
nine dyes strongly absorb and fluoresce light; 2) many cya 
nine dyes do not rapidly bleach under the fluorescence micro 
Scope; 3) cyanine dye derivatives can be made that are simple 
and effective coupling reagents; 4) many structures and Syn 
thetic procedures are available and the class of dyes is versa 
tile; and 5) cyanine dyes are relatively small (a typical 
molecular weight is about 1,000 daltons) so they do not cause 

R17 

I6 
R X 

7 
R 15 

R 14 R13 

appreciable steric interference in a way that might reduce the 
ability of a labeled biomolecule to reach its binding sight or 
carry out its function. 
0004. Despite their advantages, many of the known cya 
nine dyes have a number of disadvantages. Some known 
cyanine dyes are not stable in the presence of certain reagents 
that are commonly found in bioassays. Such reagents include 
ammonium hydroxide, dithiothreitol (DTT), primary and 
secondary amines, and ammonium persulfate (APS). Further, 
Some known cyanine dyes lack the thermal and photostability 
that is necessary for biological applications such as DNA 
sequencing and genotyping. 
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0005 For these reasons, improved, stable cyanine dyes are 
needed, especially for use in labeling biomolecules, and in 
Vivo imaging for cancer diagnosis, prognosis as well as other 
diseases. 
0006 Human prostate cancer initially arises as a neoplasia 
within the prostate epithelium. Progression of the tumor to 
invasive, metastatic disease may occur over a period of years, 
and is delayed by androgen ablation therapies in early stages. 
Tumor cells that resume growth independently of androgens 
will frequently metastasize to lymph nodes and bone. Com 
plications from bone metastasis are the most common cause 
of prostate cancer mortality. 
0007 EGF receptor expression is elevated approximately 
100-fold over normal cellular levels in many tumor cell types, 
including prostate, making it a good general biomarker for 
tumor targeting. Its ligand, EGF, has been labeled Success 
fully with FITC to characterize receptor binding and endocy 
tosis (see, Carraway, K. L. 3rd and R. A. Cerione. 1993. 
Biochemistry 32(45): 12039-12045), and with Cy5.5 to moni 
tor molecular targeting therapy in breast cancer Xenografts in 
vivo (see, Shi K., et al. 2003. Cancer Research 63:7870 
7875). However, neither FITC nor Cy5.5 afford the requisite 
sensitivity for optical imaging. 
0008. There exists a need for sensitive compositions and 
methods to detect and measure an internal target non-inva 
sively. Such compositions and methods would facilitate the 
analysis of responses to various therapies. The present inven 
tion satisfies these and other needs. 

BRIEF SUMMARY OF THE INVENTION 

0009. The methods, compounds, dyes, and dye-labeled 
biomolecules of the present invention solve at least some of 
the problems of the above-described art. 
0010. In one aspect of the invention, a compound of the 
formula (I) is provided: 

(I) 
R3 

R R2 

R5 RI R12 

Z Y. RI 

pi 4N4\4 N4 
N R10 

R6 R7 

O011 Z is O, S, or NR wherein R is Horalkyl; R'-R 
are each independently H, alkyl, halo, carboxyl, amino, or 
SO, Cat", wherein Cat" is a cation and at least one of R'-R 
is SOCat"; R and R7 are each H, alkyl, or optionally, 
together with the 

group to which they are bonded, form a ring; mand nare each 
independently integers from 0 to 5: X and Y are each inde 
pendently O, S, Se, or CR'R'', wherein R'' and Rare each 
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independently alkyl, or optionally form a ring together with 
the carbon atom to which they are bonded; R and R' are 
each independently alkyl, (CH),R or (CH),R'; wherein 
at least one of R and R' is (CH),R'' and wherein r is an 
integer from 1 to 50, and R is a non-reactive functional 
group, for example, that does not directly react with a car 
boxyl, hydroxyl, amino, or a thiol group, and R is a func 
tional group that can react with a carboxyl, hydroxyl, amino, 
or thiol group; and R-R'' and R''-R'' are each indepen 
dently H, alkyl, halo, amino, sulfonato, RCOOH, ROR’, 
R's, RCOOR wherein R is a bond or alkylene and 
R’ is alkyl, or optionally R'' and R' together with the atoms 
to which they are bonded forman aromatic ring, or optionally 
RandR'' together with the atoms to which they are bonded 
form an aromatic ring. 
0012. In another aspect of the invention, a compound of 
the formula (V) is provided: 

(V) 

SOCat" 

R17 R12 

RIS X O Y. R11. 

21 2n-4 

kis s 

0013 Cat" is a cation; X and Y are each independently O, 
S, Se, or (CH)2C; and R and R' are each independently 
alkyl, (CH),R or (CH),R'; wherein at least one of Rand 
R" is (CH),R'' and whereinris an integer from 1 to 20, and 
R’ is a non-reactive functional group that does not directly 
react with a carboxyl, hydroxyl, amino, or a thiol group, and 
R" is a functional group that can react with a carboxyl, 
hydroxyl, amino, or thiol group; R'' and R'' are either H, 
sulfonato, or together with the atoms to which they are 
bonded forman aromatic ring; and R'' and R'' are either H, 
sulfonato, or together with the atoms to which they are 
bonded form an aromatic ring. In order to achieve charge 
neutrality, a skilled person will understand that after the first 
additional “sulfonato' group from R'', R', R'' and R7 a 
Cat" is added. The first “sulfonato' group is neutralized from 
the quaternary nitrogen. 
0014. In another aspect of the invention, a method of label 
ing a biomolecule using a dye of the formula (I) comprises 
reacting a dye of the formula (I) with the biomolecule. The 
resulting dye-labeled biomolecule is still another aspect of 
the invention. 

0015. In another aspect of the invention, a method of label 
ing a biomolecule using a dye of the formula (V) comprises 
reacting a dye of the formula (V) with the biomolecule. The 
resulting dye-labeled biomolecule is still another aspect of 
the invention. 

0016. In yet another aspect of the invention, a kit for label 
ing biomolecules comprises a dye of the formula (I) and a 
buffer. Similarly, in another aspect of the invention, a kit for 
labeling biomolecules comprises a dye of the formula (V) and 
a buffer. 
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0017. In yet another aspect, the present invention provides 
a compound of the formula XXI: 

(SO"Cat") 
SA 

R17 21 R12 

RIS X O Y. R11 

e/ 21 2^n-1 N 

k's pi k 

wherein Cat" is a cation; ris an integer equal to 1, 2 or 3: X and 
Y are each independently O, S, Se, or (CH),C; and R and 
R" are each independently alkyl, L-R or L-B; wherein at 
least one of RandR' is L-B; R is a non-reactive functional 
group that does not directly react with a carboxyl, hydroxyl, 
amino, or a thiol group; L is a linker; B is a ligand; n is 0, 1, 
2 or 3: R'' and R'' are each independently F, H, sulfonato, or 
together with the atoms to which they are bonded form an 
aromatic ring; and R'' and R'' are each independently F. H. 
sulfonato, or together with the atoms to which they are 
bonded form an aromatic ring. In order to achieve charge 
neutrality, a skilled person will understand that after the first 
additional “sulfonato' group from R'', R', R'' and R7 a 
Cat" is added. The first “sulfonato' group is neutralized from 
the quaternary nitrogen. Preferably, r is 1. 
0018. The present invention provides the foregoing and 
other features, and the advantages of the invention will 
become further apparent from the following detailed descrip 
tion of the presently preferred embodiments, read in conjunc 
tion with the accompanying examples. The detailed descrip 
tion and examples are merely illustrative of the invention and 
do not limit the scope of the invention, which is defined by the 
appended claims and equivalents thereof. 

BRIEF DESCRIPTION OF THE DRAWINGS 

(0019 FIG. 1 (Panel A-D) illustrates in vitro in-cell west 
ern analysis characterizing the effectiveness of EGF-Dye 8b 
(of Example 8) in PC3M LN4 and 22Rv1 cell lines. In panel 
A, binding of the EGF-Dye 8b probe to PC3M-LN4 and 
22Rv1 cells is plotted. Panel B illustrates the low affinity of 
unconjugated Dye 8b and corresponds to the baseline level 
seen in Panel A. In panels C and D, binding of the labeled Dye 
8b was effectively blocked by pre-treatment of cells with 
unlabeled EGF (C) or C225 (D). 
(0020 FIG. 2 shows a clearance profile of EGF-Dye 8b 
from a tumor-negative mouse over a 24-hour period. 
(0021 FIG. 3 shows a clearance profile of EGF-Dye 8b 
from a subcutaneous side tumor over a 96-hour time period. 
0022 FIG. 4 shows the time course for PC3M-LN4 tumor 
growth over a 6-week period. 
0023 FIG. 5 shows the time course for 22Rv1 tumor 
growth over a 6-week period. 
0024 FIG. 6 (Panel A-C) shows averages for 22Rv1 and 
PC3M-LN4 prostate tumors after excision. Panel A is vol 
ume; Panel B is weight and Panel C is SNR calculated from 
images taken on week 6. 
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0025 FIG. 7 illustrates comparisons of the lymph nodes 
from EGF-Dye 8b and C225+ EGF-Dye 8b treatments. 

DETAILED DESCRIPTION OF THE INVENTION 

I. Definitions 
0026 “Alkanoyl means an alkyl-C(O) group wherein the 
alkyl group is as defined herein. Representative alkanoyl 
groups include methoyl, ethoyl, and the like. 
0027 “Alkoxy' means an alkyl-O group wherein the 
alkyl group is as defined herein. Representative alkoxy 
groups include methoxy, ethoxy, n-propoxy, i-propoxy, n-bu 
toxy, heptoxy, and the like. 
0028 “Alkoxyalkyl means an alkyl-O-alkylene-group 
wherein alkyl and alkylene are as defined herein. Represen 
tative alkoxyalkyl groups include methoxyethyl, ethoxym 
ethyl, n-butoxymethyl and cyclopentylmethyloxyethyl. 
0029 "Alkoxycarbonyl' means an ester group; i.e., an 
alkyl-O CO group wherein alkyl is as defined herein. 
Representative alkoxycarbonyl groups include methoxycar 
bonyl, ethoxycarbonyl, t-butyloxycarbonyl, and the like. 
0030) “Alkylcarbamoyl” means an alkyl-NH CO 
group wherein alkyl group is defined herein. Preferred alky 
lcarbamoyl groups are those wherein the alkyl group is lower 
alkyl. 
0031 “Alkoxycarbonylalkyl means an alkyl-O CO 
alkylene-group wherein alkyl and alkylene are as defined 
herein. Representative alkoxycarbonylalkyl include meth 
oxycarbonylmethyl, and ethoxycarbonylmethyl, methoxy 
carbonyl ethyl, and the like. 
0032 Alkyl means an aliphatic hydrocarbon group, 
which may be straight or branched-chain, having about 1 to 
about 20 carbon atoms in the chain. Preferred alkyl groups 
have 1 to about 12 carbonatoms in the chain. Branched means 
that one or more lower alkyl groups such as methyl, ethyl or 
propyl are attached to a linear alkyl chain. “Lower alkyl 
means 1 to about 6 carbon atoms, preferably about 5 carbon 
atoms in the chain, which may be straight or branched. The 
alkyl is optionally substituted with one or more “alkyl group 
substituents” which may be the same or different, and include 
halo, cycloalkyl, hydroxy, alkoxy, amino, carbamoyl, acy 
lamino, aroylamino, carboxy, alkoxycarbonyl, aralkyloxy 
carbonyl, or heteroaralkyloxycarbonyl. Representative alkyl 
groups include methyl, trifluoromethyl, cyclopropylmethyl, 
cyclopentylmethyl, ethyl, n-propyl, i-propyl. n-butyl, 1-bu 
tyl, n-pentyl, 3-pentyl, methoxyethyl, carboxymethyl, meth 
oxycarbonylethyl, benzyloxycarbonylmethyl, and pyridylm 
ethyloxycarbonylmethyl. 
0033. In certain other aspects, “alkyl is a saturated ali 
phatic group, including Substituted and unsubstituted 
straight-chain alkyl groups, Substituted and unsubstituted 
branched alkyl groups, and Substituted and unsubstituted 
cycloalkyl groups. The term “alkyl includes alkoxy, 
haloalkyl, hydroxyalkyl, and alkyloxyalkyl ether species. In 
preferred embodiments, a straight chain or branched chain 
alkyl has 50 or fewer carbon atoms in its backbone, more 
preferably 30 or fewer, and most preferably 10 or fewer. 
Preferred cycloalkyls have from 3-10 carbon atoms in their 
ring structure, and more preferably have 3-6 carbon atoms. 
“Lower alkyl means an alkyl group having from 1-10 carbon 
atoms in its backbone, more preferably from 1-6 carbon 
atoms. Alkyl cyclic groups can be single or polycyclic, con 
taining between 3 to 12 atoms per ring, but preferably 
between 1 and 9 atoms in the backbone. Preferred substitu 
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ents on an alkyl backbone include substituted or unsubsti 
tuted alkyl radicals, halo, carboxyl, amino, and Sulfanato 
groups. 
0034. In certain other aspects, “alkenyl and “alkynyl are 
unsaturated aliphatic Substituents analogous in length and 
possible substitution to the alkyl radicals described above, but 
which contain at least one double or triple bond, respectively. 
0035 Alkylene' means a straight or branched bivalent 
hydrocarbon chain of 1 to about 6 carbonatoms. The alkylene 
is optionally Substituted with one or more “alkylene group 
substituents” which may be the same or different, and include 
halo, cycloalkyl, hydroxy, alkoxy, carbamoyl, carboxy, 
cyano, aryl, heteroaryl or oxo. The alkylene is optionally 
interrupted by a heteroatom, i.e., a carbon thereof is Substi 
tuted by, —O— —S(=O), (where m is 0-2), or NR' 
(where R' is lower alkyl). Preferred alkylene groups are the 
lower alkylene groups having 1 to about 4 carbon atoms. 
Representative alkylene groups include methylene, ethylene, 
and the like. 
0036 “Alkyleneoxycarbonyl, means an ester group; i.e., 
an alkylene-O-CO— group wherein alkylene is as defined 
herein. 
0037 Alkylenecarbamoyl means an alkylene-NH 
CO group wherein alkylene group is defined herein. Pre 
ferred alkylenecarbamoyl groups are those wherein the alky 
lene group is lower alkylene. 
0038 Alkylenesulfonyl means an alkylene-SO group 
wherein the alkylene group is as defined herein. Preferred 
alkylenesulfonyl groups are those wherein the alkylene group 
is lower alkylene. 
0039 Alkylenesulfonylcarbamoyl means an alkylene 
SO. NH CO group wherein alkylene group is defined 
herein. 
0040 Alkenylene' means a straight or branched bivalent 
hydrocarbon chain containing at least one carbon-carbon 
double bond. The alkenylene is optionally substituted with 
one or more “alkylene group substituents’ as defined herein. 
The alkenylene is optionally interrupted by a heteroatom, i.e., 
a carbon thereof is substituted by, —O —S(O), (where m 
is 0-2), or—NR'— (where R' is lower alkyl). Representative 
alkenylene include —CH=CH , —CH, CH=CH 
—C(CH)—CH , —CH, CH=CHCH , and the like. 
0041 Alkylsulfinyl' means an alkyl-SO group 
wherein the alkyl group is as defined above. Preferred alkyl 
Sulfinyl groups are those wherein the alkyl group is lower 
alkyl. 
0042 Alkylsulfonyl means an alkyl-SO group 
wherein the alkyl group is as defined herein. Preferred alkyl 
Sulfonyl groups are those wherein the alkyl group is lower 
alkyl. 
0043 “Alkylsulfonylcarbamoyl means an alkyl-SO 
NH CO group wherein alkyl group is defined herein. 
Preferred alkylsulfonylcarbamoyl groups are those wherein 
the alkyl group is lower alkyl. 
0044 Alkylthio’ means an alkyl-S group wherein the 
alkyl group is as defined herein. Preferred alkylthio groups 
are those wherein the alkyl group is lower alkyl. Representa 
tive alkylthio groups include methylthio, ethylthio, i-propy 
lthio, heptylthio, and the like. 
0045 “Alkynyl' means a straight or branched aliphatic 
hydrocarbon group of 2 to about 15 carbon atoms which 
contains at least one carbon-carbon triple bond. Preferred 
alkynyl groups have 2 to about 12 carbon atoms. More pre 
ferred alkynyl groups contain 2 to about 4 carbon atoms. 
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“Lower alkynyl' means alkynyl of 2 to about 4 carbon atoms. 
The alkynyl group may be substituted by one or more alkyl 
group Substituents as defined herein. Representative alkynyl 
groups include ethynyl, propynyl. n-butynyl, 2-butynyl, 
3-methylbutynyl. n-pentynyl, heptynyl, octynyl, decynyl, and 
the like. 
0046 “Alkynyloxy' means an alkynyl-O group 
wherein the alkynyl group is as defined herein. Representa 
tive alkynyloxy groups include propynyloxy, 3-butynyloxy, 
and the like. 

0047 Amino” means a group of formula YYN 
wherein Y and Y are independently hydrogen; acyl: oralkyl, 
orY and Y taken together with the N through which Y and 
Y are linked form a 4 to 7 membered azaheterocyclyl. Rep 
resentative amino groups include amino (HN ), methy 
lamino, dimethylamino, diethylamino, and the like. Alterna 
tively, “amino' is an —NRR' group where RandR' can be the 
same or different, and either can be H or alkyl. Preferably, at 
least one of R and R' is H. Optionally, an additional substitu 
ent can be added, making a quaternary ammonium ion. 
0048 “Aminoalkyl means an amino-alkylene- group 
wherein amino and alkylene are defined herein. Representa 
tive aminoalkyl groups include aminomethyl, aminoethyl, 
dimethylaminomethyl, and the like. 
0049 Aralkenyl means an aryl-alkenylene- group 
wherein aryland alkenylene are as defined herein. Preferred 
aralkenyls contain a lower alkenylene moiety. A representa 
tive aralkenyl group is 2-phenethenyl. 
0050 Aralkyloxy” means an aralkyl-O-group wherein 
aralkyl is defined herein. Representative aralkyloxy groups 
include benzyloxy, naphth-1-ylmethoxy, naphth-2-yl 
methoxy, and the like. 
0051 Aralkyloxyalkyl means an aralkyl-O-alkylene 
group wherein aralkyl and alkylene are as defined herein. A 
representative aralkyloxyalkyl group is benzyloxyethyl. 
0052 Aralkyloxycarbonyl' means an aralkyl-O CO 
group wherein aralkyl is as defined herein. A representative 
aralkoxycarbonyl group is benzyloxycarbonyl. 
0053 Aralkyl means an aryl-alkylene-group wherein 
aryl and alkylene are as defined herein. Preferred aralkyls 
contain a lower alkyl moiety. Representative aralkyl groups 
include benzyl, 2-phenethyl, naphthlenemethyl, and the like. 
0054 Aralkylthio’ means an aralkyl-S-group wherein 
aralkyl is as defined herein. A representative aralkylthio 
group is benzylthio. 
0055 Aroyl means an aryl-CO— group wherein aryl is 
defined herein. Representative aroyl include benzoyl, naphth 
1-oyl and naphth-2-oyl. 
0056 "Aryl means an aromatic monocyclic or multicy 
clic ring system of 6 to about 14 carbon atoms, preferably of 
6 to about 10 carbon atoms. The aryl is optionally substituted 
with one or more “ring system substituents’ which may be the 
same or different, and are as defined herein. Representative 
aryl groups include phenyl and naphthyl. 
0057 'Arylene' means a bivalent aromatic monocyclic or 
multicyclic ring system radical of 6 to about 14 carbon atoms, 
preferably of 6 to about 10 carbon atoms. The arylene radical 
is optionally Substituted with one or more “ring system Sub 
stituents’ which may be the same or different, and are as 
defined herein. Representative aryl groups include phenylene 
and naphthylene. 
0058 Arylenensulfonyl' means an arylene-SO group 
wherein the arylene group is as defined herein. 
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0059 "Aryleneoxycarbonyl means an estergroup; i.e., an 
arylene-O-CO— group wherein arylene is as defined 
herein. 
0060 Arylenecarbamoyl means an arylene-NHCO 
group, wherein arylene is defined herein. 
0061 Arylenesulfonylcarbamoyl means an arylene 
SO. NH CO group wherein arylene is defined herein. 
0062 “Arylsulfinyl' means an aryl-SO group wherein 
the aryl group is as defined herein. 
0063 Aralkynyl' means an aryl-alkynylene- group 
wherein aryland alkynylene are defined herein. Representa 
tive aralkynyl groups include phenylacetylenyl and 3-phenyl 
but-2-ynyl. 
0064 "Arylcarbamoyl means an aryl-NHCO group, 
wherein aryl is defined herein. 
0065 'Arylsulfinyl' means an aryl-SO group wherein 
the aryl group is as defined herein. Preferred arylsulfinyl 
groups are those wherein the aryl group is a Substituted phe 
nyl. 
0.066 Arysulfonyl' means an aryl-SO group wherein 
the aryl group is as defined herein. Preferred arylsulfonyl 
groups are those wherein the aryl group is a Substituted phe 
nyl. 
0067. "Arylsulfonylcarbamoyl” means an aryl-SO 
NH CO group wherein aryl group is defined herein. Pre 
ferred arylsulfonylcarbamoyl groups are those wherein the 
aryl group is a Substituted phenyl. 
0068 “Aromatic ring” as used herein includes 5-12 mem 
bered aromatic monocyclic or fused polycyclic moieties that 
may include from Zero to four heteroatoms selected from the 
group consisting of oxygen, Sulfur, selenium, and nitrogen. 
Exemplary aryl groups include benzene, pyrrole, furan, 
thiophene, imidazole, oxazole, thiazole, triazole, pyrazole, 
pyridine, pyrazine, pyridazine, pyrimidine, naphthalene, ben 
Zathiazoline, benzothiophene, benzofurans, indole, benzin 
dole, quinoline, etc. The aryl group can be substituted at one 
or more positions with halo, alkyl, alkoxy, alkoxy carbonyl, 
haloalkyl, cyano, Sulfonato, amino Sulfonyl, aryl, Sulfonyl, 
aminocarbonyl, carboxy, acylamino, alkyl Sulfonyl, amino 
and substituted or unsubstituted substituents. 

0069 “Biomolecule' is a natural or synthetic molecule for 
use in biological systems. Preferred biomolecules include a 
protein, a peptide, an enzyme substrate, a hormone, an anti 
body, an antigen, a hapten, an avidin, a streptavidin, a carbo 
hydrate, an oligosaccharide, a polysaccharide, a nucleic acid, 
a deoxynucleic acid, afragment of DNA, a fragment of RNA, 
nucleotide triphosphates, acyclo terminator triphosphates, 
and PNA. 

0070 “Benzyl means a phenyl-CH group. Substi 
tuted benzyl means a benzyl group in which the phenyl ring is 
Substituted with one or more ring system Substituents. Rep 
resentative benzyl include 4-bromobenzyl, 4-methoxyben 
Zyl. 2,4-dimethoxybenzyl, and the like. 
0071 "Carbamoyl means a group of formula Y.Y. 
NCO whereinY and Y are independently hydrogen; acyl: 
or alkyl, orY and Y taken together with the N through which 
Y and Y are linked form a 4 to 7 memberedazaheterocyclyl. 
Representative carbamoyl groups include carbamyl (H2 
NCO ), dimethylaminocarbamoyl (Me NCO ), and the 
like. 

(0072 “Carboxy” and “carboxyl” mean a HO(O)C 
group (i.e. a carboxylic acid). 
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0073. “Carboxyalkyl means a HO(O)C-alkylene-group 
wherein alkylene is defined herein. Representative carboxy 
alkyls include carboxymethyl and carboxyethyl. 
0074 “Cycloalkyl means a non-aromatic mono- or mul 

ticyclic ring system of about 3 to about 10 carbon atoms, 
preferably of about 5 to about 10 carbon atoms. Preferred 
cycloalkyl rings contain about 5 to about 6 ring atoms. The 
cycloalkyl is optionally substituted with one or more “ring 
system substituents’ which may be the same or different, and 
are as defined herein. Representative monocyclic cycloalkyl 
include cyclopentyl, cyclohexyl, cycloheptyl, and the like. 
Representative multicyclic cycloalkyl include 1-decalin, nor 
bornyl, adamantyl, and the like. The prefix spiro before 
cycloalkyl means that geminal Substituents on a carbonatom 
are replaced to form 1,1-cycloalkyl. “Cycloalkylene' means a 
bivalent cycloalkyl having about 4 to about 8 carbon atoms. 
Preferred cycloalkylenyl groups include 1.2-, 1.3-, or 1.4-cis 
or trans-cyclohexylene. 
0075 "Cycloalkenyl' means a non-aromatic mono- or 
multicyclic ring system of about 3 to about 10 carbon atoms, 
preferably of about 5 to about 10 carbon atoms which con 
tains at least one carbon–carbon double bond. Preferred 
cycloalkylene rings containabout 5 to about 6 ring atoms. The 
cycloalkenyl is optionally substituted with one or more “ring 
system substituents’ which may be the same or different, and 
are as defined herein. Representative monocyclic cycloalk 
enyl include cyclopentenyl, cyclohexenyl, cycloheptenyl, 
and the like. A representative multicyclic cycloalkenyl is 
norbornylenyl. 
0076 “Cyanine dye generically refers to a compound 
having two Substituted or unsubstituted nitrogen-containing 
heterocyclic rings joined by an unsaturated bridge. 
0077. “Halo' or “halogen” mean fluoro, chloro, bromo, or 
iodo. 
0078 “Heteroaralkenyl' means a heteroaryl-alkenylene 
group wherein heteroaryl and alkenylene are as defined 
herein. Preferred heteroaralkenyls contain a lower alkenylene 
moiety. Representative heteroaralkenyl groups include 4-py 
ridylvinyl, thienylethenyl, pyridylethenyl, imidazolylethe 
nyl, pyrazinylethenyl, and the like. 
0079) “Heteroaralkyl means a heteroaryl-alkylene 
group wherein heteroaryland alkylene are as defined herein. 
Preferred heteroaralkyls contain a lower alkylene group. Rep 
resentative heteroaralkyl groups include thienylmethyl, 
pyridylmethyl, imidazolylmethyl, pyrazinylmethyl, and the 
like. 
0080) “Heteroaralkyloxy' means an heteroaralkyl-O 
group wherein heteroaralkyl is as defined herein. A represen 
tative heteroaralkyloxy group is 4-pyridylmethyloxy. 
0081) “Heteroaralkynyl' means an heteroaryl-alky 
nylene- group wherein heteroaryl and alkynylene are as 
defined herein. Preferred heteroaralkynyls contain a lower 
alkynylene moiety. Representative heteroaralkynyl groups 
include pyrid-3-ylacetylenyl, quinolin-3-ylacetylenyl, 4-py 
ridylethynyl, and the like. 
0082 “Heteroaroyl means an means a heteroaryl-CO 
group wherein heteroaryl is as defined herein. Representative 
heteroaroyl groups include thiophenoyl, nicotinoyl pyrrol-2- 
ylcarbonyl, pyridinoyl, and the like. 
0083) “Heterocyclyl means a non-aromatic saturated 
monocyclic or multicyclic ring system of about 3 to about 10 
ring atoms, preferably about 5 to about 10 ring atoms, in 
which one or more of the atoms in the ring system is/are 
element(s) other than carbon, for example nitrogen, oxygen 
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or sulfur. Preferred heterocyclyls contain about 5 to about 6 
ring atoms. The prefix aza, oxa or thia before heterocyclyl 
means that at least a nitrogen, oxygen or Sulfur atom respec 
tively is present as a ring atom. The heterocyclyl is optionally 
substituted by one or more “ring system substituents' which 
may be the same or different, and are as defined herein. The 
nitrogen or Sulphur atom of the heterocyclyl is optionally 
oxidized to the corresponding N-oxide, S-oxide or S.S.-diox 
ide. Representative monocyclic heterocyclyl rings include 
piperidyl, pyrrolidinyl, piperazinyl, morpholinyl, thiomor 
pholinyl, thiazolidinyl, 1.3-dioxolanyl, 1,4-dioxanyl, tetrahy 
drofuranyl, tetrahydrothiophenyl, tetrahydrothiopyranyl, and 
the like. 

I0084) “Heteroaryl' means an aromatic monocyclic or 
multicyclic ring system of about 5 to about 14 ring atoms, 
preferably about 5 to about 10 ring atoms, in which one or 
more of the atoms in the ring system is/are element(s) other 
than carbon, for example nitrogen, oxygen or Sulfur. Pre 
ferred heteroaryls contain about 5 to about 6 ring atoms. The 
"heteroaryl is optionally substituted by one or more “ring 
system substituents’ which may be the same or different, and 
are as defined herein. The prefix aza, oxa or thia before 
heteroaryl means that at least a nitrogen, oxygen or Sulfur 
atom respectively is present as a ring atom. A nitrogenatom of 
a heteroaryl is optionally oxidized to the corresponding N-ox 
ide. Representative heteroaryls include pyrazinyl, furanyl. 
thienyl, pyridyl, pyrimidinyl, isoxazolyl, isothiazolyl, 
oxazolyl, thiazolyl pyrazolyl, furazanyl, pyrrolyl pyrazolyl, 
triazolyl, 1,2,4-thiadiazolyl pyrazinyl, pyridazinyl, quinox 
alinyl, phthalazinyl, imidazol-2-alpyridine, imidazo[2.1-b 
thiazolyl, benzofurazanyl, indolyl azaindolyl, benzimida 
Zolyl, benzothienyl, quinolinyl, imidazolyl, thienopyridyl, 
quinazolinyl, thienopyrimidyl, pyrrolopyridyl, imidazopy 
ridyl, isoquinolinyl, benzoaZaindolyl, 1,2,4-triazinyl, ben 
Zothiazolyl and the like. 
I0085. “Heteroarylene' means an bivalent aromatic mono 
cyclic or multicyclic ring system radical of about 5 to about 14 
ring atoms, preferably about 5 to about 10 ring atoms, in 
which one or more of the atoms in the ring system is/are 
element(s) other than carbon, for example nitrogen, oxygen 
or sulfur. Preferred heteroarylenes contain about 5 to about 6 
ring atoms. The "heteroarylene' is optionally substituted by 
one or more “ring system substituents’ which may be the 
same or different, and are as defined herein. 
I0086) “Heteroaryleneoxycarbonyl means a het 
eroarylene-O-CO— group wherein heteroarylene is as 
defined herein. 
I0087. “Heteroarylenecarbamoyl means a heteroarylene 
NH CO group wherein heteroarylene group is defined 
herein. 
I0088. “Heteroarylenesulfonylcarbamoyl means a het 
eroarylene-SO. NH CO. group wherein heteroarylene 
group is defined herein. 
I0089) “Hydroxyalkyl means an alkyl group as defined 
herein substituted with one or more hydroxy groups. Pre 
ferred hydroxyalkyls contain lower alkyl. Representative 
hydroxyalkyl groups include hydroxymethyl and 2-hydroxy 
ethyl. 
0090 “Linking group' comprises the atoms joining the 
dye with the biomolecule. For example, with reference to 
Table 1, column A is a list of the reactive functionalities, 
which functionalities can be on the dye or the biomolecule. 
Column B is a list of the complementary groups, either on the 
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biomolecule or the dye (preferably, a carboxyl, hydroxyl, 
thiol, or amino functionality), which together with the reac 
tive functionalities form a resulting bond of column C. The 
linking group comprises the resulting bond, and optionally 
additional atoms. See also R. Haugland, Molecular Probes 
Handbook of Fluorescent Probes and Research Chemicals, 
Molecular probes, Inc. (1992). In one embodiment, R' rep 
resents a linking group before the attachment reaction occurs, 
R" represents the resultant attachment between the dye and 
the biomolecule. Preferred linking groups include phos 
phoramidite groups, NHS ester, activated carboxylic acid, 
thiocyanate, isothiocyanate, maleimide and iodoacetamide. 
As used herein, the term “activated carboxylic acid is a 
derivative of a carboxyl group that is more susceptible to 
nucleophilic attack than a free carboxyl group; e.g., acid 
anhydrides, thioesters, acylhalides, NHS ester and sulfo NHS 
esterS. 

0091 “Oxo' means a group of formula-C=O (i.e., a car 
bonyl group). 
0092 “Phosphoramidityl means a trivalent phosphorous 
atom bonded to two —OR groups and a nitrogen atom 
wherein the nitrogen is optionally Substituted. 
0093. “Ring system substituents’ mean substituents 
attached to aromatic or non-aromatic ring systems inclusive 
of hydrogen, alkyl, aryl, heteroaryl, aralkyl, aralkenyl, 
aralkynyl, heteroaralkyl, heteroaralkenyl, heteroaralkynyl, 
hydroxy, hydroxyalkyl, alkoxy, aryloxy, aralkoxy, acyl, aroyl, 
halo, nitro, cyano, carboxy, alkoxycarbonyl, aryloxycarbo 
nyl, aralkoxycarbonyl, alkylsulfonyl, arylsulfonyl, heteroar 
ylsulfonyl, alkylsulfinyl, arylsulfinyl, carboxyalkyl, heteroar 
ylsulfinyl, alkylthio, arylthio, nitrile, NO. heteroarylthio. 
aralkylthio, heteroaralkylthio, cycloalkyl, cycloalkenyl, het 
erocyclyl, heterocyclenyl, aryidiazo, heteroaryldiazo, ami 
dino, and the like. 
0094 “Sulfonato' is an SOT group, preferably to a cation. 
0095 “Sulfo-phenoxy dye” is a cyanine dye wherein the 
unsaturated bridge of the cyanine dye is substituted with an 
ether linkage to a benzene ring that is substituted with a 
Sulfonato group, preferably in the 4 position on the benzene 
r1ng. 
0096 All other acronyms and abbreviations have the cor 
responding meaning as published in journals relative to the art 
of organic chemistry. 

II. Preferred Cyanine Dyes 
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0.098 Preferably, Z is a heteroatom having at least one 
lonepair of electrons. In a particularly preferred embodiment, 
Z is O, S, or NR wherein R is Horalkyl. If R is alkyl, it 
is preferred that R is lower alkyl. Preferably, Z is of such a 
structure that only one atom is in the direct linkage between 
the benzene ring bonded to Z and to the polyene chain of the 
formula 

bonded to Z. Side chains on the linkage between the benzene 
ring and the polyene chain are acceptable. In those embodi 
ments having side chains, lower alkyl side chains are pre 
ferred. 

0099 R'-R are each independently H, alkyl, halo, car 
boxyl, amino, or SOCat", wherein Cat" is a cation and at 
least one of R'-R is SO, Cat". It is preferred that R be 
SOCat". It is particularly preferred that Cat" be H" or an 
alkali metal ion such as Na". 

01.00 
with the 

Rand Rare each H, alkyl, or optionally, together 

group to which they are bonded, form a ring. It is preferred 
that R and R together with the atoms to which they are 
bonded form a ring. It is preferred that the ring have 4 to 10 
member atoms, more preferably 5 or 6 member atoms. In one 
preferred embodiment, it is preferred that the ring including 
Rand R7 be substituted, preferably with a sulfonato radical. 
0101 The integers m and n are each independently inte 
gers from 0 to 5. Preferably, both the sum of m and n is two. 
More preferably, the sum of mand n is one. Most preferably, 
both mand n are Zero. As the Sum of mand nrises, so too does 
the wavelength of the dye. Generally, the addition of each 
double bond in the polyene chain can increase the wavelength 
by about 40 to 120 nm. For the absorption changes accompa 
nied with trimethine to pentamethine orpentamethine to hep 
tamethine, there is a typically a bathochromic shift (red shift) 

0097. A preferred cyanine dye is a compound of the for- of about 100 nm. For example, when m and n are both 0, the 
mula (I): wavelength of the preferred dye is about 770 nm. When mand 

(I) 
R3 

R R2 

R17 R5 RI R12 

R18 X Z Y. R11 

7 2N4\4 iii. 2 
R15 R10. 

6 7 
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in are both 1, the wavelength of the preferred dye is about 950 
nm. The most preferred dyes operate in the NIR spectrum 
(600-1000 nm). 
0102 X and Y are each independently O, S, Se, or 
CR'R'', wherein R'' and Rare each independently alkyl, 
or optionally form a ring together with the carbon atom to 
which they are bonded. It is preferred that X and Y are a 
heteroatom such as O, S, and Se. When X orY is CR'R'', is 
preferred that both R'' and Rare both lower alkyl, more 
preferably, both R'' and Rare both methyl. 
(0103 RandR' are each independently alkyl, (CH),R’ 
or (CH) R'; wherein at least one of R and R' is (CH), B 
and wherein r is an integer from 1 to 50, and R is a non 
reactive functional group that does not directly react with a 
carboxyl, hydroxyl, amino, or a thiol group, and R' is a 
functional group that can react with a carboxyl, hydroxyl, 
amino, or thiol group. In a preferred embodiment, one of R 
and R' is (CH), R and the other is (CH), R. In other 
words, it is preferred that one of R and R' react with the 
biomolecule to form a bond to that biomolecule, and that the 
other does not react. The R' group must be able to covalently 
bond with the biomolecule being labeled. Particularly pre 
ferred R' groups include mercapto, carboxyl, amino, 
haloalkyl, phosphoramidityl, N-hydroxy succinimidyl ester, 
Sulfo N-hydroxy Succinimidyl ester, isothiocyanato, iodoac 
etamidyl, and maleimidyl. Particularly preferred R groups 
include hydroxyl, thioacetyl, and Sulfonato. 
0104 R-R'' and R''-R'' are each independently H, 
alkyl, halo, amino, sulfonato, RCOOH, ROR, RSR’, 
or RCOOR wherein R is a bond or alkylene and R’ is 
alkyl, or optionally R'' and R' together with the atoms to 
which they are bonded form an aromatic ring, or optionally 
RandR'' together with the atoms to which they are bonded 
form an aromatic ring. In one preferred embodiment, one or 
both of R'' and R' is sulfonato. In anotherpreferred embodi 
ment, when R'' and R' together with the atoms to which they 
are bonded form an aromatic ring, the ring is Substituted in at 
least one position with a Sulfonato group. In another preferred 
embodiment, when R'' and R7 together with the atoms to 
which they are bonded form an aromatic ring, the ring is 
Substituted in at least one position with a Sulfonato group, a 
halo group, an alkyl Substituent, or an amino Substituent. 
0105. Another preferred cyanine dye is of the formula (V): 

(V) 

SO"Cat" 

R17 R12 

RIS X O Y. R1 

21 2n-4 / N 
kis k 

0106 Cat" is acation. Preferably, Cat" is H" or a metalion. 
More preferably, Cat" is an alkali metal ion, most preferably 
Na". X and Y are each independently O, S, Se, or (CH)2C. 
0107 RandR' are each independently alkyl, (CH),R’ 
or (CH),R'; wherein at least one of RandR' is (CH), R' 
and whereinrisan integer from 1 to 50, andR is a functional 
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group that does not directly react with a carboxyl, hydroxyl, 
amino, or a thiol group, and R' is a functional group that can 
react with a carboxyl, hydroxyl, amino, or thiol group. In a 
preferred embodiment, one of R and R' is (CH) R' and 
the other is (CH), R. In other words, it is preferred that one 
of RandR' react with the biomolecule to formabond to that 
biomolecule, and that the other does not react. The R' group 
must be able to covalently bond with the biomolecule being 
labeled. Particularly preferred R' groups include mercapto, 
carboxyl, amino, haloalkyl, phosphoramidityl, N-hydroxy 
Succinimidyl ester, Sulfo N-hydroxy Succinimidyl ester, 
isothiocyanato, iodoacetamidyl, and maleimidyl. Particularly 
preferred R groups include hydroxyl, thioacetyl, and sul 
fonato. 
0108) R'' and R'' are either H, sulfonato, or together with 
the atoms to which they are bonded forman aromatic ring. In 
a preferred embodiment, R'' is sulfonato. In another pre 
ferred embodiment, when R'' and R' together with the 
atoms to which they are bonded form an aromatic ring, the 
ring is substituted in at least one position with a Sulfonato 
group. 
0109) R' and R'' are either H, sulfonato, or together with 
the atoms to which they are bonded forman aromatic ring. In 
a preferred embodiment, R' is sulfonato. In another pre 
ferred embodiment, when R'' and R7 together with the 
atoms to which they are bonded form an aromatic ring, the 
ring is substituted in at least one position with a Sulfonato 
group. 
0110. The preferred cyanine dyes can be excited effi 
ciently by commercially available equipment purchasable 
through companies such as LI-COR. Toshiba, Phillips, Blue 
Sky Research, and NEC. 
0111. The preferred cyanine dyes have sulfficient solubil 
ity in aqueous Solutions that once they are attached to a 
soluble biomolecule, the biomolecule retains its solubility. 
The preferred dyes also have good solubility in organic 
media, which provides considerable versatility in synthetic 
approaches to the labeling of desired biomolecules. 
0112 The preferred cyanine dyes have increased chemical 
stability in the presence of ammonium hydroxide and DTT. 
The preferred cyanine dyes have improved photostability and 
thermostability over existing phenoxy cyanine dyes. 

III. Preparing the Cyanine Dyes 
0113. The preferred cyanine dyes are prepared using 
methods that are well known in the art. Generally, cyanine 
dyes are prepared according to the procedures taught in 
Hamer, F.M., Cyanine Dyes and Related Compounds, Weiss 
berger, Mass., ed. Wiley Interscience, N.Y. 1964. Further, 
U.S. Pat. Nos. 4,337,063: 4,404,289 and 4,405,711, incorpo 
rated herein by reference, describe a synthesis for a variety of 
cyanine dyes having N-hydroxysuccinimide active ester 
groups. U.S. Pat. No. 4,981,977, incorporated herein by ref 
erence, describes a synthesis for cyanine dyes having car 
boxylic acid groups. U.S. Pat. No. 5,268,486, incorporated 
herein by reference, discloses a method for making arylsul 
fonate cyanine dyes. U.S. Pat. No. 6,027,709, incorporated 
herein by reference, discloses methods for making cyanine 
dyes having phosphoramidite groups. U.S. Pat. No. 6,048, 
982, incorporated herein by reference, discloses methods for 
making cyanine dyes having a reactive group selected from 
the group consisting of isothiocyanate, isocyanate, phos 
phoramidite, monochlorotriazine, dichlorotriazine, mono- or 
di-halogen Substituted pyridine, mono- or di-halogen Substi 
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tuted diazine, aziridine, sulfonylhalide, acid halide, hydrox 
ySuccinimide ester, hydroxy SulfoSuccinimide ester, imido 
ester, glyoxal and aldehyde. 
0114. One common synthesis route involves preparing 
Substituted or unsubstituted indolesulfonate quaternary salts 
according to procedures that are well known in the art, some 
of which are detailed in the examples of this specification. 
Particularly preferred indole quaternary salts include, among 
others, indolesulfonate quaternary salt and benzindole alco 
hol quaternary salt, which are exemplified in this specifica 
tion. 
0115 The pair of synthesized salts are then reacted with a 
commercially available (through ALDRICH) Schiffs base 
such as N-(3-(Anilinomethylene)-2-chloro-1-cyclohexen-1- 
yl)methylenelaniline monohydrochloride using techniques 
and reaction conditions that are well known in the art, some of 
which are detailed in the examples of this specification. The 
product is then reacted with a hydroxybenzene sulfonic acid 
to give a dye according the present invention. The dye can be 
further modified to give other dyes according to the present 
invention, for example, by reacting the dye with commer 
cially available phosphoramidites such as 2-cyanoethyl tet 
raisopropylphosphorodiamidite using techniques and reac 
tion conditions that are well known in the art, some of which 
are detailed in the examples of this specification. 

IV. Labeling Biomolecules 
0116. The cyanine dyes of the present invention can be 
attached to biomolecules, which are defined above. Through 
linking groups, the cyanine dye can be linked to the biomol 
ecule, for example, by using phosphoramidite chemistry, ulti 
mately forming a phosphate linkage between the dye and the 
biomolecule. For examples of Such labeling methods, see 
U.S. Pat. No. 6,027,709, which discloses many preferred 
linking groups, linking methods, and biomolecules that can 
be readily labeled. It is generally preferred to prepare a phos 
phoramidite of a cyanine dye to label DNA molecules in a 
DNA synthesis machine. It is preferred to attach the dye to the 
5' end of a protected, support-bonded oligonucleotide 
through standard phosphoramidite chemistry. Synthesis at 
the 200 nmole scale produces typical crude yields of dye 
labeled oligonucleotides of 50-60 nmole. 
0117 Many methods of linking dyes to various types of 
biomolecules are well known in the art. For a through review 
of oligonucleotide labeling procedures, see R. Haugland in 
Excited States of Biopolymers, Steiner ed., Plenum Press 
(1983), Fluorogenic Probe Design and Synthesis: A Techni 
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cal Guide, PE Applied Biosystems (1996), and G.T. Herman, 
Bioconjugate Techniques, Academic Press (1996). 
0118. It is preferred that antibody labeling is carried out in 
a buffer optionally including an organic co-solvent, under 
basic pH conditions, and at room temperature. It is also pre 
ferred that the labeled antibody be purified by gel permeation 
chromatography using equipment such as a SEPHADEX 
G-50 column to remove unconjugated dye, or dialysis. Those 
of skill in the art will know of other ways and means for 
purification. 
0119. In a preferred embodiment method of labeling a 
biomolecule, the R'group of either the Rorthe R' group of 
any of the preferred cyanine dyes reacts with a thiol, a 
hydroxyl, a carboxyl, or an amino group on a biomolecule, 
forming an attachment (R') between the dye and the biomol 
ecule. Typically, this reaction is carried out in mixtures of 
aqueous buffer and an organic solvent such as DMF at pH 8 to 
9. In one preferred embodiment, using phosphoramidite 
chemistry, Solid phase synthesis is preferred, as disclosed in 
U.S. Pat. No. 6,027,709. 
I0120 Biomolecules can be labeled according to the 
present invention using a kit. In a preferred embodiment of a 
kit, the kit comprises a dye of either formula (I) or (V), and a 
buffer. Preferably, the kit contains a coupling buffer such as 1 
MKHPO (pH 7.0). Preferably, the buffer has a qualified low 
fluorescence background. 
I0121 Optionally, the kit can contain a purification sub-kit. 
After labeling a biomolecule with one of the preferred dyes, 
the labeled biomolecule may be separated from any side 
reaction products and any free hydrolyzed product resulting 
from normal hydrolysis. For biomolecules containing 13 or 
fewer amino acids, preparative thin layer chromatography 
(TLC) can remove impurities. Invitrogen Supplies a TLC 
Peptide Purification Kit, which is specially designed to purify 
dye-labeled peptides or proteins. 
0.122 For larger biomolecules such as larger peptides or 
proteins, a SEPHADEX G-15 or G-25 resin may remove 
unwanted derivatives. Invitrogen supplies a Gel Filtration of 
Proteins Kit, which is designed to separate dye-labeled pep 
tides and proteins from free dye. The dye-labeled biomol 
ecules that remain after desalting can often be used Success 
fully without further purification. In some cases, it may be 
necessary to resolve and assess the activity of the different 
dye products using HPLC or other chromatographic tech 
niques. 
I0123. Once labeled, one preferred dye-labeled biomol 
ecule is of the formula (XV): 

(XV) 
R3 

R R2 

R5 R1 RI 
2 

Z Y. R11 

N R10. 
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0124 All of the substituents are defined as above. B is a 
biomolecule and R' is (CH),L wherein r is an integer from 
1 to 50, and L is a linking group. Preferably, B is a protein, a 
peptide, an enzyme Substrate, a hormone, an antibody, an 
antigen, a hapten, an avidin, a streptavidin, a carbohydrate, an 
oligosaccharide, a polysaccharide, a nucleic acid, a deoxy 
nucleic acid, a fragment of DNA, a fragment of RNA, nucle 
otide triphosphates, acyclo terminator triphosphates, and 
PNA. For a list of preferred label terminators for use in DNA 
sequencing, see U.S. Pat. No. 5,332,666, herein incorporated 
by reference. 
0125 Preferably, r ranges from 1 to 5. Preferably, L is 
phosphoramidity1 or other linkage group, some of which are 
exemplified in U.S. Pat. No. 6,027,709. In one preferred 
embodiment, L is a diphosphate ester amidite. 
0126. Another preferred dye-labeled biomolecule is of the 
formula (XX): 

(XX) 

SO"Cat" 

R17 R12 

RIS X O Y. R11. 

^ 21 2n-4 N 

R" R8 
B 

0127. All of the substituents are defined as above. B is a 
biomolecule and R' is (CH),L wherein r is an integer from 
1 to 50, and L is a linking group. Preferably, r ranges from 1 
to 5. In one preferred embodiment, when the linkage is 
formed, L is a phosphate diester. Examples of similar pre 
ferred embodiments are disclosed in U.S. Pat. No. 6,027,709. 

DNA Sequencing 
0128. The dye-labeled biomolecules of the present inven 
tion can be used in biological applications such as DNA 
sequencing. The labeled biomolecule such as an oligonucle 
otide can be used, for example, as a primer in the Sanger 
method of DNA sequencing, as a tailed primer for genotyping 
or as a hybridization probe. Certain well-known techniques 
and reaction conditions for DNA sequencing are detailed in 
the examples of this specification. 
0129 Well-known methods of DNA sequencing include 
the Maxam-Gilbert chemical degradation method, described 
in Maxam et al., Meth. in Enzym. 65:499 (1980), and the 
Sanger dideoxy chain termination technique, described in 
Sanger et al., P.N.A.S. USA 74:5463 (1977). In each method 
DNA fragments labeled with 'P are generated which are 
analyzed by gel electrophoresis. Radio-labeled phosphorus is 
not commonly used in these methods anymore; dyes have 
taken its place. 
0130 DNA sequencing is also summarized in review 

articles. See, e.g., Middendorf, L. R. Humphrey, P. G., 
Narayanan, N., and Roemer, R. C. “Sequencing Technology’ 
in: Biotechnology. Rehm, H.-J. and Reed, G. (Editors), 
Wiley-VCH Publishers, Germany—(Chapter—submitted): 
B. Barrell, The FASEB Journal, 5, 40 (1991); and G. L. 
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Trainor, Anal. Chem. 62, 418 (1990), and references cited 
therein. The most widely used DNA sequencing chemistry is 
the enzymatic chain termination method of Sanger, men 
tioned above, which has been adopted for several different 
sequencing strategies. The sequencing reactions are either 
performed in solution with the use of different DNA poly 
merases, such as the thermophilic Taq DNA polymerase M. 
A. Innes, Proc. Natl. Acad. Sci. USA, 85: 9436 (1988) or 
specially modified T7 DNA polymerase (“SEQUENASE) 
S. Tabor and C. C. Richardson, Proc. Natl. Acad. Sci. USA, 
84, 4767 (1987), or in conjunction with the use of polymer 
supports. See for example S. Stahl et al., Nucleic Acids Res., 
16, 3025 (1988); M. Uhlen, PCT Application WO 89/09282: 
Cocuzza et al., PCT Application WO91/11533; and Jones et 
al., PCT Application WO92/03575, incorporated by refer 
ence herein. 
I0131. In certain embodiments, the present invention pro 
vides a compound of the formula XXI: 

(SO3"Cat"), 
SA 

R17 21 R12 

RS X O Y. R11 

e/ 21 2^na N 

s k 

wherein Cat" is a cation; r is an integer equal to 1, 2, or 3: X 
and Y are each independently O, S, Se, or (CH)C; and R' 
and R' are each independently alkyl, L-R or L-R': 
wherein at least one of RandR' is L-B; R is a non-reactive 
functional group that does not directly react with a carboxyl, 
hydroxyl, amino, or a thiol group; L is a linker; B is a ligand; 
n is 0, 1, 2 or 3: R'' and R'' are each independently F. H. 
sulfonato, or together with the atoms to which they are 
bonded form an aromatic ring; and R'' and R7 are each 
independently F, H, sulfonato, or together with the atoms to 
which they are bonded form an aromatic ring. Preferably, X 
and Y are (CH) C. Preferably, r is 1. 
0.132. A wide range of non-reactive functional groups are 
suitable for R. Suitable groups include for example, 
hydroxyl, thioacetyl, Sulfonato, optionally substituted alkyl, 
optionally substituted aryl, optionally substituted heteroaryl, 
optionally substituted unactivated carboxyl, optionally Sub 
stituted cycloalkyl, and optionally substituted heterocyclyl, 
optionally substituted Sulphates, optionally substituted phos 
phates, and optionally Substituted ammonium salts. 
I0133. In certain preferred aspects, R'' and R'' are each 
independently F, H, or sulfonato; Rand R7 are each inde 
pendently F, H, or sulfonato; and n is 1. Preferably, Cat" is H" 
or a metal ion. In certain aspects, at least one of X and Y is 
(CH3)2C. In order to achieve charge neutrality, a skilled per 
son will understand that after the first additional “sulfonato' 
group from R', R', R'' and R7 a Cat" is added. The first 
'Sulfonato' group is neutralized from the quaternary nitro 
gen. r is preferably equal to 1. 
I0134. In certain aspects, L is a member selected from the 
group of a direct link, or a covalent linkage, wherein the 
covalent linkage is linear or branched, cyclic or heterocyclic, 
saturated or unsaturated, having 1-60 atoms selected from the 
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group consisting of C. N. P. O. and S, wherein L can have 
additional hydrogen atoms to fill Valences, wherein the link 
age contains any combination of ether, thioether, amine, ester, 
carbamate, urea, thiourea, oxy or amide bonds; or single, 
double, triple or aromatic carbon-carbon bonds; or phospho 
rus-oxygen, phosphorus-Sulfur, nitrogen-nitrogen, nitrogen 
oxygen, or nitrogen-platinum bonds; or aromatic or het 
eroaromatic bonds. 

0135) In yet other aspects, L is a member selected from the 
group of a PEG, a block copolymer of PEG-polyurethane and 
a PEG-polypropylene. In still yet other aspects, L is a member 
selected from the group of a polysaccharide, a polypeptide, an 
oligosaccharide, a polymer, a co-polymer and an oligonucle 
otide. 

0136 
X, Y X2 
In certain preferred aspects, L is of the formula: 

wherein: X is a member selected from the group of a bivalent 
radical, a direct link, oxygen, an optionally Substituted nitro 
gen and sulfur;Y is a member selected from the group of a 
direct link and C-C alkylene optionally interrupted by a 
heteroatom; and X is a member selected from the group of a 
bivalent radical, a direct link, oxygen, an optionally Substi 
tuted nitrogen and Sulfur. 
0137 Preferably, the bivalent radical of X and X’ are each 
independently selected from the group of a direct link, option 
ally substituted alkylene, optionally substituted alkyleneoxy 
carbonyl, optionally Substituted alkylenecarbamoyl, option 
ally substituted alkylenesulfonyl, optionally substituted 
alkylenesulfonylcarbamoyl, optionally substituted arylene, 
optionally substituted arylenesulfonyl, optionally substituted 
aryleneoxycarbonyl, optionally Substituted arylenecarbam 
oyl, optionally substituted arylenesulfonylcarbamoyl, 
optionally substituted carboxyalkyl, optionally substituted 
carbamoyl, optionally Substituted carbonyl, optionally Sub 
stituted heteroarylene, optionally substituted heteroaryle 
neoxycarbonyl, optionally substituted heteroarylenecarbam 
oyl, optionally substituted heteroarylenesulfonylcarbamoyl, 
optionally Substituted Sulfonylcarbamoyl, optionally Substi 
tuted thiocarbonyl, a optionally substituted sulfonyl, and 
optionally substituted sulfinyl. 
0.138. In certain preferred aspects, L is —(CH), , 
wherein ris an integer from 1 to 50. For example, both R and 
R" are (CH.) B, wherein r is an integer from 1 to 5. Prefer 
ably, R is an optionally substituted alkyl group. 
0.139. In certain preferred aspects, the compound has the 
structure of: 

SOCat" 
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-continued 
Such as 

SO"Cat" 

CHC-NH-B 

I SOCat" 

or the structure of: 

SOCat" 

SOCat" 

Such as 

SOCat" 

SOCat" 
SOCat" 
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-continued -continued 
O O 

SOCat" SO"Cat" 

SO"Cat" 
Such as SOCat" 

Such as 
SOCat" 

SO"Cat" 

CHC-NH-B CHC-NH-B 
-ay y SOCat I SOCat" 

O O 

SOCat" SO"Cat" 

SOCat" SO"Cat" 
Such as Such as 

SOCat" SO"Cat" 

SOCat" SO"Cat" 
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-continued -continued 
O Such as 

SO"Cat" 

SOCat" 

SOCat" 

O 

SO"Cat" 
SO"Cat" 

Such as 

SO"Cat" 

SOCat" 
Such as 

SOCat" 

CHC-NH-B 
SOCat" O 

O 

SOCat" I SO"Cat" 

0140. In certain preferred aspects, B is a ligand that has 
affinity for a receptor selected from the group consisting of 
EGFR, Her2, PDGFR, IGFR, c-Ryk, c-Kit, CD24, integrins, 
FGFR, KFGR, VEGFR, TRAIL decoy receptors, retinoid 
receptor, growth receptor, PPAR, Vitamin receptor, gluco 
cordicosteroid receptor, Retinoid-X receptor, RHAMM, high 
affinity folate receptors, Met receptor, estrogen receptor and 
Ki67. 

0141 Alternatively, B is selected from the group of soma 
SOCat" to statin, endostatin, a carbohydrate, a monosaccaride, a dis 

accharide, a trisaccharide, an oligosaccharide, aptamer, lipo 
some and PEG. 

  

  

  

  



US 2010/0080758 A1 
13 

0142. In certain other embodiments, B is 2-deoxy-D-glu 
cose, 2-deoxy-D-glucosamine, a glucose derivative, glycer 
aldehyde, erythrose, threose, ribose, arabinose, Xylose, lyX 
ose, allose, altrose, glucose, mannose, gulose, idose, 
galactose, talose, erythrulose, ribulose, Xylulose, psicose, 
fructose, Sorbose, and tagatose. 
0143. In still other aspects, B is selected from the group of 
angiopoietins, angiostatin, angiotensin II, C2-antiplasmin, 
annexin V, B-cyclodextrin tetradecasulfate, endoglin, endo 
sialin, endostatin, epidermal growth factor, fibrin, fibrinopep 
tide B, fibroblast growth factor, FGF-3, basic fibronectin, 
fumagillin heparin, hepatocyte growth factor, hyaluronan, 
insulin-like growth factor, interferon-C., B inhibitors, IL 
inhibitor, laminin, leukemia inhibitory factor, linomide, 
matrix metalloproteinase-2, metalloproteinases, metallopro 
teinase inhibitors, antibodies or fragments, monoclonal anti 
bodies or fragments, cyclic RGD, FV, placental growth fac 
tor, placental proliferin-related protein, plasminogen, 
plasminogen activator, plasminogen activator inhibitor-1, 
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platelet activating factor antagonists, platelet-derived growth 
factor, platelet-derived growth factor receptors, platelet-de 
rived endothelial cell growth factor, pleiotropin, proliferin, 
proliferin-related protein, selectins: E-selectin, SPARC, 
Snake Venoms, Substance P. Suramin, tissue inhibitor of met 
alloproteinases, thalidomide, thrombin, thrombin-receptor 
activating tetradecapeptide, transforming growth factor-O, B, 
transforming growth factor receptor, tumor growth factor-C. 
tumor necrosis factor, vitronectin, avidin and Streptavidin. 
0144. In certain preferred aspects, B is epidermal growth 
factor. In other aspects, B is a moiety that has affinity or can 
be incorporated into bone. Such as calcein and calcein deriva 
tives. 
0145 Selected examples of reactive functionalities useful 
for the attaching the dye to the ligand or biomolecule are 
shown in Table 1, wherein the bond results from the reaction 
of a dye with a ligand or biomolecule. Those of skill in the art 
will know of other bonds suitable for use in the present 
invention. 

TABLE 1. 

A. 

Reactive functionality 
(either on the dye or 
the biomolecule). 

activated esters* 
acrylamides 
acyl azides * 
acyl halides 
acyl halides 
acyl nitriles 
acyl nitriles 
aldehydes 
aldehydes or ketones 
aldehydes or ketones 
alkyl halides 
alkyl halides 
alkyl halides 
alkyl halides 
anhydrides 
anhydrides 
aryl halides 
aryl halides 
aziridines 
boronates 

activated carboxylic acids 
activated carboxylic acids 
activated carboxylic acids 
carbodiimides 
diazoalkanes 
epoxides 
epoxides 
haloacetamides 
haloplatinate 
haloplatinate 
halotriazines 
halotriazines 
imido esters 

isocyanates 
isocyanates 
isothiocyanates 
maleimides 
phosphoramidites 

B 

Complementary group C 
(either on the bio- The resulting bond 
molecule or the dye). (e.g., R') 

aminesianilines carboxamides 
thiols thioethers 
aminesianilines carboxamides 
aminesianilines carboxamides 
alcoholsphenols esters 
alcoholsphenols esters 
aminesianilines carboxamides 
aminesianilines imines 
hydrazines hydrazones 
hydroxylamines Oximes 
aminesianilines alkyl amines 
carboxylic acids esters 
hiols hioethers 
alcoholsphenols ethers 
alcoholsphenols esters 
aminesianilines carboxamidestimides 
hiols hiophenols 
amines arylamines 
hiols hioethers 

glycols borolate esters 
aminesianilines carboxamides 
alcohols esters 

hydrazines hydrazides 
carboxylic acids N-acylureas or anhydrides 
carboxylic acids esters 
hiols (amines) hioethers (alkylamines) 
carboxylic acids esters 
hiols hioethers 
amino platinum complex 
heterocycle platinum complex 
aminesianilines aminotriazines 
alcoholsphenols triazinyl ethers 
aminesianilines amidines 

aminesianilines (8S 

alcoholsphenols urethanes 
aminesianilines thioureas 

thiols thioethers 

alcohols phosphite esters 
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TABLE 1-continued 

A. B 
Reactive functionality Complementary group C 
(either on the dye or (either on the bio- The resulting bond 
the biomolecule). molecule or the dye). (e.g., R') 

silyl halides alcohols silyl ethers 
Sulfonate esters amines?anilines alkyl amines 
Sulfonylhalides amines?anilines Sulfonamides 
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* Activated esters, as understood in the art, generally have the formula—COM, where M is 
a good leaving group (e.g. Succinimidyloxy (—OCH4O2) sulfoSuccinimidyloxy 
(—OCHO-SO3H), -1-oxybenzotriazolyl (—OCHN); 4-Sulfo-2,3,5,6-tetrafluorophenyl: 
or an aryloxy group or aryloxy substituted one or more times by electron withdrawing Sub 
stituents such as nitro, fluoro, chloro, cyano, or trifluoromethyl, or combinations thereof, 
used to form activated aryl esters; or a carboxylic acid activated by a carbodiimide to form 
an anhydride or mixed anhydride–OCOR or OCNRNHR, where R and R', which may 
be the same or different, are C1-C alkyl, C-C perfluoroalkyl, or C-C alkoxy; or cyclo 
hexyl, 3-dimethylaminopropyl, or N-morpholinoethyl). 
**Acyl azides can also rearrange to isocyanates. 

0146 When linking a dye having a carboxylic acid, with 
an amine-containing ligand or biomolecule, the dye carboxy 
lic acid can first be converted to a more reactive form using an 
activating reagent, to form for example, a N-hydroxy Succin 
imide (NHS) ester or a mixed anhydride. The amine-contain 
ing ligand or biomolecule is treated with the resulting acti 
vated acid to forman amide linkage. Typically, this reaction is 
carried out in aqueous buffer optional co-solvent with DMSO 
or DMF at pH 8 to 9. 
0147 Similarly, the attachment of an isothiocyanate con 
taining dye is analogous to the procedure for the carboxy dye, 
but no activation step is required. The amine-containing 
ligand or biomolecule is treated directly with the NCS dye to 
form a thiourea linkage. Typically, the reaction is carried out 
in aqueous buffer with an optional co-solvent with DMSO or 
DMF at pH 9 to 10. 
0148 If the dye compound has a reactive hydroxyl group, 

it can be linked to a ligand or biomolecule, such as DNA or 
RNA, through phosphoramidite chemistry. Use of the phos 
phoramidite allows labeling of the DNA or RNA during the 
synthesis process. The protected nucleotide is labeled while 
attached to a solid phase support. The free 5'-OH group is 
reacted with the phosphoramidite and a tetrazole activator to 
form a phosphite linkage which Subsequently is oxidized to 
phosphate. The labeled DNA or RNA then is cleaved from the 
Solid phase using ammonia or other standardized procedure. 
0149. In one aspect, the dyes of this invention have sulfi 
cient solubility in aqueous solutions that once they are 
attached to a soluble ligand or biomolecule, the ligand or 
biomolecule retains its solubility. They also have good solu 
bility in organic media (e.g., DMSO or DMF), which pro 
vides considerable versatility in synthetic approaches to the 
labeling of desired materials. 
0150. In one embodiment, the present invention provides a 
method or process for making a dye-labeled ligand or bio 
molecule, the method comprising: contacting a ligand or bio 
molecule with a compound having Formula Ia to generate the 
compound of Formula If. 
0151. Biomolecules can be labeled according to the 
present invention using a kit. In one embodiment, the kit 
comprises a compound of Formula I and instructions for use. 
In a preferred embodiment, the kit further comprises a buffer. 
Preferably, the kit contains a coupling buffer such as 0.2 M 
NaHCO/Na2CO. Preferably, the buffer has a qualified low 
fluorescence background. 
0152. In certain preferred aspects, the covalent linkage 
between L and B is selected from the group consisting of a 

direct bond, an amide bond, an ester bond, an ether bond, an 
Oxime bond, a phosphate ester bond, a Sulfonamide bond, a 
thioether bond, a thiourea bond, and an urea bond. 

V. Additional Applications 
0153. In certain other aspects, the dye compounds of the 
present invention are used as in vivo optical imaging agents of 
tissues and organs in various biomedical applications includ 
ing, but not limited to, tomographic imaging of organs, moni 
toring of organ functions, coronary angiography, fluores 
cence endoscopy, imaging of tumors, laser guided Surgery, 
photoacoustic and Sonofluorescence methods, and the like. In 
one embodiment, the dye compounds of the invention are 
useful for the detection of the presence of tumors and other 
abnormalities by monitoring the blood clearance profile of 
the dyes. In another embodiment of the invention, the dye 
compounds are useful for laser assisted guided Surgery for the 
detection of micro-metastases of tumors upon laparoscopy. In 
yet another embodiment, the dye compounds are useful in the 
diagnosis of atherosclerotic plaques and blood clots. 
0154) In further embodiments, the dye compounds of the 
present invention are used in the imaging of: (1) ocular dis 
eases in ophthalmology, for example, to enhance visualiza 
tion of chorioretinal diseases, such as vascular disorders, 
retinopathies, neovascularization, and tumors via direct 
microscopic imaging; (2) skin diseases such as skin tumors 
via direct microscopic imaging; (3) gastrointestinal, oral, 
bronchial, cervical, and urinary diseases and tumors via endo 
Scopy; (4) atherosclerotic plaques and other vascular abnor 
malities via flexible endoscopic catheters; (5) breast tumors 
via 2D- or 3D-image reconstruction; and (6) brain tumors, 
perfusion, and stroke via 2D- or 3D-image reconstruction. 
0155 The compounds of the invention that are dye conju 
gates are particularly useful for imaging tumors, tissues, and 
organs in a Subject. For example, the existence of cancer cells 
or cancer tissues can be verified by labeling an anti-tumor 
antibody with a dye compound of the present invention and 
then administering the dye-conjugated antibody to the Subject 
for detection and imaging of the tumor. Conjugates between 
the dye compound and other antibodies, peptides, polypep 
tides, proteins, ligands for cell Surface receptors, Small mol 
ecules, and the like are also useful agents for the in vivo 
imaging of tumors, tissues, and organs in a Subject. 
0156 The compounds of the invention may be adminis 
tered either systemically or locally to the organ or tissue to be 
imaged, prior to the imaging procedure. In one embodiment, 
the compounds are administered intravenously. In another 
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embodiment, the compounds are administered parenterally. 
In yet another embodiment, the compounds are administered 
enterally. The compositions used for administration of the 
compound typically contain an effective amount of the dye 
compound or conjugate along with conventional pharmaceu 
tical carriers and excipients appropriate for the type of admin 
istration contemplated. For example, parenteral formulations 
advantageously contain a sterile aqueous solution or Suspen 
sion of the dye compound or conjugate according to the 
invention. Compositions for enteral administration typically 
contain an effective amount of the dye in aqueous Solution or 
Suspension that may optionally include buffers, Surfactants, 
thixotropic agents, flavoring agents, and the like. 
0157. The compositions are administered in doses effec 

tive to achieve the desired optical image of a tumor, tissue, or 
organ. Such doses may vary widely, depending upon the 
particular dye compound or conjugate employed, the tumor, 
tissue, or organ Subjected to the imaging procedure, the imag 
ing equipment being used, and the like. 
0158. The method of the present invention provides for 
administering to the subject a therapeutically effective 
amount of a dye compound; a targeting agent, such as a dye 
conjugate; or mixtures thereof. In one embodiment, the tar 
geting agent selectively binds to the target tissue. Light at a 
wavelength or waveband corresponding to that which is 
absorbed by the photosensitizing agent is then administered. 
In another embodiment, the compounds of the present inven 
tion act agents capable of binding to one or more types of 
target cells or tissues, when exposed to light of an appropriate 
waveband, absorb the light, causing substances to be pro 
duced that illuminate, impair or destroy the target cells or 
tissues. Preferably, the compound is nontoxic to the subject to 
which it is administered or is capable of being formulated in 
a nontoxic composition that can be administered to the Sub 
ject. In addition, following exposure to light, the compound in 
any resulting photodegraded form is also preferably nontoxic. 
0159. In yet another embodiment, the compounds of the 
present invention are administered by any means known, 
including, but not limited to, ingestion, injection, transcuta 
neous administration, transdermal administration, and tran 
sillumination. Preferably, the compounds are administered 
transcutaneously to a Subject. For example, “transcutaneous' 
as used herein refers to the passage of light through unbroken 
tissue. Where the tissue layer is skin or dermis, transcutane 
ous includes “transdermal” and it will be understood that the 
light source is external to the outer skin layer. However, the 
term “transillumination” as used herein refers to the passage 
of light through a tissue layer. Such as the outer Surface layer 
of an organ, e.g., the liver, and it will be apparent that the light 
Source is external to the organ, but internal or implanted 
within the subject or patient. 
0160. In further embodiments of the invention, the target 
tumor, tissue, or organ for treatment is selected from the 
group consisting of vascular endothelial tissue, an abnormal 
vascular wall of a tumor, a solid tumor, a tumor of the head, a 
tumor of the neck, a tumor of a the gastrointestinal tract, a 
tumor of the liver, a tumor of the breast, a tumor of the 
prostate, a tumor of the ovary, a tumor of the uterus, a tumor 
of the testicle, a tumor of the lung, a nonsolid tumor, malig 
nant cells of one of a hematopoietic tissue and a lymphoid 
tissue, lesions in the vascular system, a diseased bone mar 
row, neuronal tissue or diseased neuronal tissue, and diseased 
cells in which the disease is one of an autoimmune and an 
inflammatory disease. In yet a further embodiment, the target 
tissue is a lesion in the vascular system of a type selected from 
the group consisting of atherosclerotic lesions, arteriovenous 
malformations, aneurysms, and venous lesions. 
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0.161. In still further embodiments, the forms of energy 
include, but are not limited to, light (i.e., radiation), thermal, 
Sonic, ultrasonic, chemical, light, microwave, ionizing (Such 
as X-ray and gamma ray), mechanical, and electrical. The 
term “radiation' as used herein includes all wavelengths and 
wavebands. Preferably, the radiation wavelength or wave 
band is selected to correspond with or at least overlap the 
wavelengths or wavebands that excite the photosensitizing 
agent. Dyes typically have one or more absorption wavebands 
that excite them to produce the substances which illuminate, 
damage or destroy target cells, tissues, organs, or tumors. 
Preferably, the radiation wavelength or waveband matches 
the excitation wavelength or waveband of the photosensitiz 
ing agent and has low absorption by the non-target cells and 
the rest of the subject, including blood proteins. 
0162. In other aspects, the present invention provides a 
method for generating an image of a subject, said method 
comprising: administering a compound of formula XXI: 

(SO3"Cat"), 
SA 

R17 21 R12 

RIS X O Y. R11 

e/ 21 2^4 N 

k's pi k 

to the Subject; and generating an image of said Subject, 
wherein said compound has been distributed. In certain 
aspects, compound has been distributed to a tumor, to bone, to 
a tissue or an organ. The Subject can be a human. 
0163. In certain aspects, the dye compounds of the present 
invention are used to directly stain or labela sample so that the 
sample can be identified or quantitated. For instance, Such 
dyes can be added as part of an assay for a biological target 
analyte, as a detectable tracer element in a biological or 
non-biological fluid, or for Such purposes as photodynamic 
therapy of tumors, in which a dyed sample is irradiated to 
selectively destroy tumor cells and tissues; or to photoablate 
arterial plaque or cells, usually through the photosensitized 
production of singlet oxygen. 
0164. Typically, the sample is obtained directly from a 
liquid source or as a wash from a solid material (organic or 
inorganic) or a growth medium in which cells have been 
introduced for culturing, or a buffer solution in which cells 
have been placed for evaluation. Where the sample comprises 
cells, the cells are optionally single cells, including microor 
ganisms, or multiple cells associated with other cells in two or 
three dimensional layers, including multicellular organisms, 
embryos, tissues, biopsies, filaments, biofilms, and the like. 
0.165 A detectable optical response means a change in, or 
occurrence of an optical signal that is detectable either by 
observation or instrumentally. Typically the detectable 
response is a change in fluorescence. Such as a change in the 
intensity, excitation or emission wavelength distribution of 
fluorescence, fluorescence lifetime, fluorescence polariza 
tion, or a combination thereof. The degree and/or location of 
staining, compared with a standard or expected response, 
indicates whether and to what degree the sample possesses a 
given characteristic. Some dyes of the invention may exhibit 
little fluorescence emission, but are still useful as chro 
mophoric dyes. Such chromophores are useful as energy 
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acceptors in FRET applications, or to simply impart the 
desired color to a sample or portion of a sample. 
0166 For biological applications, the dye compounds of 
the invention are typically used in an aqueous, mostly aque 
ous or aqueous-miscible solution prepared according to 
methods generally known in the art. The exact concentration 
of dye compound is dependent upon the experimental condi 
tions and the desired results, but ranges of 0.00001 mM up to 
0.1 mM, such as about 0.001 to about 0.01 are possible. The 
optimal concentration is determined by Systematic variation 
until satisfactory results with minimal background fluores 
cence is accomplished. 
0167. The dye compounds are most advantageously used 
to stain Samples with biological components. The sample can 
comprise heterogeneous mixtures of components (e.g., 
including intact cells, fixed cells, cell extracts, bacteria, 
viruses, organelles, and mixtures thereof), or a single com 
ponent or homogeneous group of components (e.g. natural or 
synthetic amino acid, nucleic acid or carbohydrate polymers, 
or lipid membrane complexes). These dyes are generally 
non-toxic to living cells and other biological components, 
within the concentrations of use. 
0168 The dye compound is combined with the sample in 
any way that facilitates contact between the dye compound 
and the sample components of interest. Typically, the dye 
compound or a solution containing the dye compound is 
simply added to the sample. Certain dyes of the invention, 
particularly those that are substituted by one or more sulfonic 
acid moieties, tend to be impermanent to membranes of bio 
logical cells, and once inside viable cells are typically well 
retained. Treatments that permeabilize the plasma membrane, 
Such as electroporation, shock treatments or high extracellu 
lar ATP can be used to introduce selected dye compounds into 
cells. Alternatively, selected dye compounds can be physi 
cally inserted into cells, e.g. by pressure microinjection, 
scrape loading, patch clamp methods, or phagocytosis. 
0169. At any time after or during staining, the sample is 
illuminated with a wavelength of light selected to give a 
detectable optical response, and observed with a means for 
detecting the optical response. Equipment that is useful for 
illuminating the dye compounds of the invention includes, but 
is not limited to, hand-held ultraviolet lamps, mercury arc 
lamps, Xenon lamps, lasers and laser diodes. These illumina 
tion sources are optionally integrated into laser scanners, 
fluorescence microplate readers, standard or minifluorom 
eters, or chromatographic detectors. Preferred embodiments 
of the invention are dyes that are excitable at or near the 
wavelengths 633-636 nm, 647 nm, 660 nm, 680 nm and 
beyond 700 nm, such as 780 nm, 810 nm and 850 nm as these 
regions closely match the output of relatively inexpensive 
excitation sources. 
0170 The optical response is optionally detected by visual 
inspection, or by use of any of the following devices: CCD 
cameras, video cameras, photographic film, laser-scanning 
devices, fluorometers, photodiodes, quantum counters, epif 
luorescence microscopes, Scanning microscopes, flow 
cytometers, fluorescence microplate readers, or by means for 
amplifying the signal Such as photomultiplier tubes. Where 
the sample is examined using a flow cytometer, examination 
of the sample optionally includes sorting portions of the 
sample according to their fluorescence response. 

Examples 

0171 The following section shows one of the preferred 
syntheses for making various compounds made according to 
the present invention, as well as experimental data for par 
ticular compounds. This section also provides examples for 
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using the compounds made according to the present inven 
tion. The examples are intended to be illustrative, not limit 
ing. 

Example 1 

Synthesizing an Intermediate Cyanine Dye 

0172 

V / 
no 

C. S. C. N Nt 
V 
(CH2)4SO3 

Nt 
V N 

HO(HC). Br 
C 

PhN 2 2 21 NHPh 

C 

NaAc 
KAc 

Ethanol 

0173 Step A: synthesis of indolesulfonate quaternary salt: 
A mixture of 160 g (1000 mmol) of 1,1,2-trimethyl-1H-in 
dole (ALDRICH) and 340.4 g (256 ml; 2500 mmol: ALD 
RICH) ofbutanesultone was heated at 125°C. in 1 LRB flask 
with 400 ml of dichlorobenzene under the nitrogen atmo 
sphere. After 16 h, the reaction was stopped and cooled to 
room temperature. The solid crystallizing out of the reaction 
mixture was filtered, then washed with ether (150 ml). The 
solid so obtained was dissolved in minimum volume of 
methanol (300 ml) and then precipitated by the addition of 
acetone (1600 ml). The solid was filtered and washed with 
acetone (150 mlx2). It was dried under vacuum to give 261.3 
g (88.5%) of the quaternary salt. It was pure enough to use for 
the next step. 
0.174 Step B: synthesis of benzindole alcohol quaternary 
salt: The quaternary salt was prepared according to the pro 
cedure of U.S. Pat. No. 6,027,709. In this case, 92.0 g of 
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1,1,2-Trimethyl-1H-benzindole (ACROS) was used, giving 
113.0 g (60% yield) of pure benzindole alcohol quaternary 
salt. 
0175 Step C: synthesis of the chloro dye. A mixture con 
taining benzindole alcohol quaternary salt (39 g; 100 mmol), 
indolesulfonate quaternary salt (20.5 g; 100 mmol), in etha 
nol (400 ml) was stirred under nitrogen for 10 to 15 min. to 
obtain the uniform solution. To this solution was then added 
Schiffs base (35.9 g; 100 mmol: ALDRICH) followed by the 
addition of 100 ml of ethanol. The dark red colored solution 
was heated to 60° C. At this temperature, sodium acetate 
(21.32 g; 130 mmol) was added, followed by 12.80 g of 
potassium acetate (130 mmol). Temperature was raised to 
obtain vigorous reflux (110 to 115°C.) and maintained at this 
reflux for 35 to 40 min. Reaction was stopped and cooled to 
room temperature. The reaction mixture was poured into an 
ice bath (1 L) when an oily product formed and settled to the 
bottom. Water was decanted and the procedure was repeated 
until the water washings were clear. The oily product was 
triturated with ether (150 mlx3) and then with ethyl acetate 
(150 mlx3). The partially solidified product was dissolved in 
methanol (350 ml) and methanol was subsequently removed 
by evaporation on rotary evaporator. The solid dye was dried 
under vacuum. It was further purified by column chromatog 
raphy (silica gel 60, 35-75 mm; solvent gradient 10% metha 
nol in acetonitrile to 30% methanol in acetonitrile) to give a 
pure chloro dye (29.0 g; Yield 40%). 

Example 2 
Synthesizing a Cyanine Dye 

(0176) 

OH 

Na"OS1 C 
SONa" 

0177) Synthesis of sulfo-phenoxy dye. In 40 ml of dry 
DMF was dissolved 2.95 g (12.70 mmol) of 4-hydroxyben 
Zenesulfonic acid. After adding 1.08 g (60%; 26.8 mmol) of 
sodium hydride, the mix was stirred at room temperature for 
10 min. under nitrogen. The chloro dye of Example 1 (7.41 g; 
10 mmol), dissolved in 25 ml of dry DMF was added to the 
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reaction mixture and stirred further for 45 to 50 min. Absorp 
tion max of 788 nm at the end of this period indicated an 
hypochromic shift of 13 nm (chloro dye abs. at 801 nm), and 
thus the formation of the sulfo-phenoxy dye. Dry ice was 
added to the reaction mixture and DMF was removed under 
vacuum. The crude dye was purified by column chromatog 
raphy (silica gel 60; solvent gradient: 10% methanol in aceto 
nitrile to 30% methanol in acetonitrile) to obtain 4 g of the 
pure dye. (Yield 45%). 

Example 3 

Synthesizing a Sulfo-Phenoxy Phosphoramidite Cya 
nine Dye 

0178 

SONa" 

surely tetraisopropylphosphorodiamidite 

silk 
0179 Synthesis of a sulfo-phenoxy dye. In 20 ml of dry 
methylene chloride was dissolved 1.4 g (1.59 mmol) of the 
above Sulfo-phenoxy dye and the solution was cooled in an 
ice-acetone bath with stirring under nitrogen. After adding 
0.6 g (1.01 mil: 3.18 mmol) of 2-cyanoethyl tetraisopropy 
lphosphorodiamidite, and 0.045 g (1.3 ml, 0.64 mmol) of 1-H 
tetrazole solution (0.5M) at 0°C., the solution was stirred at 
room temperature for 2 to 2.5 h. Methylene chloride that 
contained 1% triethyl amine was added to the reaction mix 
ture the reaction mixture was then Subjected to washings with 
5% sodium bicarbonate (50 mlx2) and water (50 mlx2). After 
drying over anhydrous sodium sulfate, the Solution was fil 
tered and the filtrate was concentrated to 5 ml. The concen 
trated solution was added at 0°C. to hexane (50 ml) under 
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stirring and under nitrogen. The Viscous residue obtained 
after the decantation of hexane was triturated with ether (50 
ml) to give solid powder. It was dried under vacuum to give 
green powder of Sulfo-phenoxy phosphoramidite (1.0 g; 
Yield 58%). 

Example 4 
Synthesizing an Intermediate Cyanine Dye 

0180 

F 
3-methyl-butan-2-one 
--- 

acetic acid 

NHNHHCI 

OS N 
F 

6-bromohexanoic acid 
He 

/ butyronitrile 
N 

os Br 

HOOC(H2C)s 

F 

A -- 

N Br 
HOOC(H2C)s 

C 

PhEIN 2 2 21 NHPh 

C 

M 
O3S(HC)4 

NaAc 
KAc 

Ethanol 

(CH2)3COOH 

0181 Step A: synthesis of 5-fluoro indole: A mixture con 
taining 4-Fluorophenylhydrazine hydrochloride (5.0 g; 30.75 

Apr. 1, 2010 

mmol: ALDRICH), 3-methyl-2-butanone (3.7 g; 43 mmol; 
ALDRICH) and acetic acid (30 ml) was stirred for 30 min. 
under nitrogen to obtain the clear Solution. The mixture was 
then refluxed at 130° C. The appearance of UV-Vis Abs. Max 
at 255 nm and the disappearance of the peak at 282 nm 
confirmed the formation of the indole. At the end of 40 min. 
the reaction was stopped and the mixture was poured into 
crushed ice (100 g). The residue was extracted into ethyl 
acetate (100 mlx2), washed with water (100 mlx2) and ethyl 
acetate layer was dried over anhydrous sodium sulfate. After 
filtration, ethyl acetate was removed, and the residue was 
dried to give 4.15g of the indole (Yield 76%). 
0182 Step B: synthesis of 5-fluoroindole carboxylate salt: 
A mixture containing 5-Fluoroindole (3.0 g; 16.9 mmol), 
6-bromohexanoic acid (5.38 g; 27.6 mmol: ALDRICH), in 
butyronitrile 90 ml was refluxed under nitrogen at 140-145° 
C. The quaternization was complete after 35 to 40 h. The 
reaction mixture was cooled to room temperature and tritu 
rated with ether and finally dried under vacuum to give the 
solid (6.0 g; Yield 95%). 
0183 Step C: synthesis of benzindolesulfonate quaternary 
salt: This salt was prepared according to the procedure out 
lined for synthesizing indolesulfonate quaternary salt as 
described in Step A of Example 1. 
0.184 Step D: synthesis of chloro dye. The product of step 
C was converted into a chloro dye using the procedure out 
lined in Step C of Example 1. In this case, 0.4 g (1 mmol) of 
5-fluoroindole carboxylate salt and 0.35 g (1 mmol) of ben 
Zindole sulfonato were used to obtain 0.27 g (35% yield) of 
the chloro dye. 

Example 5 

Synthesizing a Cyanine Dye 

0185 

OH 

Na"OS1 

SONa" 

(CH2)3COOH 

0186 Synthesis of unsymmetrical sulfo-phenoxy dye: 
The chloro dye of Example 4 was converted into a sulfo 
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phenoxy dye using the procedure outlined in Example 2. 
Using 0.7 g (0.91 mmol) of the chloro dye, 0.4 g (48% yield) 
of the pure sulfo-phenoxy dye was obtained. 

Example 6 

Synthesizing an NHS Ester Cyanine Dye 

0187. 

SONa" 

Pyria posing carbonate 

SONa" 

0188 Synthesis of NHS esterdye: Carboxyalkyl dye (0.27 
g; 0.3 mmol) that contained 5-fluoroindole and central sulfo 
phenoxy group, was dissolved in a mixture of dry DMF (3.0 
ml) and dry pyridine (0.3 ml). Disuccinimidyl carbonate 
(DSC, ALDRICH, 0.115 g; 0.44 mmol) was added and the 
mixture was stirred at 60° C. for 2 h. under nitrogen. After 
diluting the mixture with ether (15 ml), and decanting the 
supernatant, the product was redissolved in dry DMF (2 ml). 
Ether (15 ml) was added dropwise under stirring to give the 
Solid precipitate. It was filtered, dried under Vacuum to give 
0.25 g of the reactive dye. (Yield 84%). The formation of the 
active ester was confirmed by HPLC. 
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Example 7 

Synthesizing a Cyanine Dye 

(0189 
C 

H 
NEC CH-N 
H 21 H 

-- 

Nt tN 
Br 

0.190 Step A: synthesis of 1-(4-sulfonatobutyl)-2,3,3-tri 
methylindolinine quaternary salt: A mixture of 1,2,3-trimeth 
ylindolenine (15.9 g, 100 mmol) and 1,4-butanesultone (27.2 
g, 200 mmol) were heated to 140° C. in 250 ml of 1.2- 
dichlorobenzene for 16 h. The resulting gummy residue, 
separated by decanting the solvent was dissolved in minimum 
amount of methanol and precipitated with acetone. The pink 
precipitate was filtered and dried under vacuum. Yield: 85% 
0191 Step B: synthesis of 1-(6-carboxypentyl)-2,3,3-tri 
methylindoleninequaternary salt: A mixture of 1,2,3-trimeth 
ylindolenine (8g, 50 mmol) and 6-bromohexanoic acid (19 g, 
100 mmol) were heated to reflux in 250 ml of butyronitrile for 
36 h. The resulting gummy residue, obtained after solvent 
removal by rotovap was dissolved in minimum amount of 
chloroform and precipitated with ether. The precipitate was 
triturated with ether to get a free flowing dry power. Yield: 
70% 
0.192 Step C: synthesis of chloro dye: A mixture of 5 
mmol of each quaternary salts from Step A and Step B along 
with N-(3-anilinoethylene)-2-chloro-1-cyclohexen-1-yl)- 
methylenelaniline monohydrochloride (1.30 g, 5 mmol), 
sodium acetate (1.1 g, 13 mmol) was refluxed in 30 ml of dry 

  

  



US 2010/0080758 A1 

ethanol for 1 h. The reaction mixture was cooled down to 
remove ethanol by rotovap. The residue was chromato 
graphed on a C18 reversed phase silica gel column (metha 
nol-water, 3:2) to obtain 30% of the desired chloro dye. 
0193 Step D: synthesis of sulfo-phenoxy dye. A solution 
of disodium salt of 4-hydroxybenzene sulfonic acid was pre 
pared as follows: To a suspension of 60% sodium hydride 
(120 mg 3 mmol of 100% NaH) in 10 ml of dry DMF, cooled 
to 0°C. under nitrogen was added a DMF solution (10 ml) of 
4-hydroxybenzene sulfonic acid dihydrate, (2 mmol. ALD 
RICH). After 10 min. the reaction contents were warmed to 
room temperature for 20 min. Then, the contents were trans 
ferred to a flask containing 1 mmol of the chloro dye in 30 ml 
of DMF with vigorous stirring at room temperature. The 
reaction was monitored by UV-Vis absorption spectrum that 
showed a hypsochromic shift from 782 nm to 769 nm. After 
30 min., the reaction was quenched with dry ice. DMF was 
evaporated on a rotovap. Precipitation with ether furnished 
the crude product as a dry powder that was further purified by 
reversed phase C18 silica by gel column using 40% aq. 
methanol. Yield 75%. The pure product was characterized by 
proton NMR. 
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(0194 Step E: synthesis of NHS ester of the sulfo-phenoxy 
dye: 2.6 mg of the sulfo-phenoxy dye (0.0031 mmol) was 
dissolved in 250 uL of dry DMF in a 1.5 ml micro centrifuge 
tube, to which was added 4.5 mg of N-hydroxysuccinimide 
(0.039 mmol, ALDRICH) and 10 mg of DCC (0.05 mmol, 
ALDRICH). The mixture was stirred at room temperature for 
16 hand the progress of the reaction was monitored by HPLC. 
The excess reagents were removed by precipitation with ether 
and crude dye-NHSE was collected by centrifuging the pre 
cipitate, which was further purified by HPLC RPC18 prep 
column (INERTSIL, ODS 3.5u, 250x4.6 mm). It was eluted 
with a solvent gradient of buffer AB 90-10% to buffer 100% 
B (A=4% acetonitrile in 0.1M TEEAc and B=80% acetoni 
trile in 0.1MTEEAc). The fractions were pooled together and 
the solvent was removed by speed vac. to furnish 2 mg of pure 
ester. The presence of NHS ester was confirmed by HPLC. 

Example 8 

Synthesizing an NHS Ester Cyanine Dye 

0195 

SONa" 

O 

DCCur MHO N 

O 

SONa" 

8a. 
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-continued 
SONa" 

(0196) Synthesis of NHS ester dye 8a-8i: The carboxyalkyl 
dye of Example 7 (2.6 mg; 0.0031 mmol) was dissolved in dry 
DMF (250 ul). To this solution was added N-hydroxysuccin 
imide (ALDRICH; 4.5 mg; 0.039 mmol) and dicyclohexyl 
carbodiimide (DCC: ALDRICH; 10 mg 0.05 mmol). The 
mixture was stirred at room temperature for 16h. The reaction 
was monitored by HPLC and the NHS ester was purified by 
passing through RP column (INERTSIL, ODS 3.5u, 250x4.6 
mm) and eluting with a solvent gradient ranging from 10% b 
(a=4% acetonitrile in 0.1M triethylammonium acetate; 
b=80% acetonitrile in 0.1M in triethylammonium acetate) to 
100% a. The solvent was removed under vacuum to give 2 mg 
of the pure NHS ester. The presence of reactive NHS ester 
group on dye 8a was confirmed by HPLC. Dyes 8b-8i (below) 
can be synthesized using analogous procedures. 

Dye Rll R 16 

8a. H H 
8b SO, SO, 
8c F F 
8d H SO 
8e SO H 
8f H F 
8g F H 
8h SO F 
8i F SO 

0197) Synthesis of various linkers: The procedure shown 
above can be carried out with a wide variety of linkers (L), for 
the attachment of the Dye to the biomolecule. For example, 
Suitable linkers include a direct link, or a covalent linkage, 
wherein the covalent linkage is linear or branched, cyclic or 
heterocyclic, Saturated or unsaturated, having 1-60 atoms 
selected from the group consisting of C. N. P. O. and S. 
wherein L can have additional hydrogen atoms to fill 
Valences, wherein the linkage contains any combination of 
ether, thioether, amine, ester, carbamate, urea, thiourea, oxy 
or amide bonds; or single, double, triple or aromatic carbon 
carbon bonds; or phosphorus-oxygen, phosphorus-Sulfur, 
nitrogen-nitrogen, nitrogen-oxygen, or nitrogen-platinum 
bonds; or aromatic or heteroaromatic bonds. 
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SONa" 

SONa" 

For example, with reference to Table 1, column A is a list of 
the reactive functionalities, which functionalities can be on 
the dye or the biomolecule. Column B is a list of the comple 
mentary groups, either on the biomolecule or the dye (pref 
erably, a carboxyl, hydroxyl, thiol, or amino functionality), 
which together with the reactive functionalities form a result 
ing bond of column C. The linking group comprises the 
resulting bond, and optionally additional atoms as stated 
above. 
0.198. In certain aspects, the dye biomolecule conjugate 
from Examples 4 and 7 would have the following structures: 

SONa" 
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-continued 
SONa" 

O 

Example 9 
Synthesizing a Dye-Labeled Acyclo-UTP 

0199. 

SONa" 

sette terminator 
SONa" 

0200 The dye of Example 8 was successfully conjugated 
to acyclo-terminators-ATP, GTP, CTP and UTP. These unla 
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beled terminators were obtained from NEN LIFE SCIENCE 
PRODUCTS, INC. Boston, Mass. The dye labeled termina 
tors were purified in >95% purity by HPLC. Their concen 
trations were determined by UV-visible absorption spectra 
obtained in aqueous phosphate buffer. The labeled analogs 
were used in DNA sequencing and a high quality sequence 
ladder was obtained with the dye incorporated analogs. The 
dye labeled-Acyclo-UTP is illustrated above. 

Example 10 

Labeling DNA 

0201 The phosphoramidite of the sulfo-phenoxy dye of 
Example 2 was used to label DNA molecules prepared in a 
DNA synthesis machine. The dye was attached to the 5' end of 
the protected, Support-bonded oligonucleotide via phos 
phoramidite deprotection chemistry. On syntheses at 200 
nmol scale typical crude yields of phenoxy dye labeled oli 
gonucleotides are 65 to 95 nmol. The sulfo-phenoxy dye 
labeled oligonucleotides were obtained in 100 to 125 nmol. 

Example 11 

Stability of Sulfo-Phenoxy Dye in NH-OH & 
Dithiothreitol (DTT) 

0202 The sulfo-phenoxy dye of Example 2 and a coun 
terpart phenoxy dye (200 nmol of ea.) of the same structure 
except with H in place of the sulfonate on the phenoxy dye 
were treated with 400 ul concentrated ammonium hydroxide 
and incubated at room temperature for 1 h. Another lot of 400 
ul of concentrated ammonium hydroxide was added and 
stirred for additional 0.5 h. These are the conditions that are 
used in the deprotection of the dye-labeled primers. The reac 
tion was followed at the interval of 15 min. by TLC. In case of 
phenoxy dye, the formation of the blue colored impurity was 
noticed at the end of 15 min. The intensity of this impurity 
increased as the time progressed. After 1.5 h, almost half of 
the dye was decomposed to give a blue dye. The blue spot was 
isolated and absorption and emission spectra were obtained. 
The blue colored impurity gave absorption maximum at 655 
nm and emission at 747 nm. Under identical conditions, the 
sulfo-phenoxy dye did not form any blue colored spot that 
could be spotted by TLC or absorption. This shows clearly 
that the presence of the Sulfonate group on the phenoxy 
improves the resistance of the dye to degradation by ammo 
nia. 

0203 To study the resistance to attack by DTT, each of 
these two dyes (200 nmol each) was treated with 400 ul of 
DTT in acetonitrile and stirred at room temperature. After 
stirring overnight (16 h), TLC indicated the formation of new 
spots for the dye without the Sulfonate on the phenoxy group. 
These degradation products were isolated and the UV/vis 
absorption spectra obtained. The three spots absorbed maxi 
mally at 786 nm, 738 nm and 392 nm, respectively. The 
absorption at 738 nm indicates the formation of new, 
degraded dye due to the decomposition of phenoxy dye that 
absorbs at 787 nm. The distinct impurity spot made its appear 
ance only after 7 to 8 h. Under identical conditions overnight, 
sulfo-phenoxy dye of the Example 2 did not yield any spot 
that absorbs at 738 nm. Clearly, the presence of the sulfonate 
group on the phenoxy ring improves the resistance of the dye 
to attack by DTT. 
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0204 The two dyes (“phenoxy” and “sulfo-phenoxy”) 
have similar optical properties such as absorption maximum 
and extinction coefficient. These data show the unexpectedly 
improved stability obtained by replacing a hydrogen on the 
phenoxy ring with a Sulfonate group. Since the stability prob 
lems are common to the cyanine dyes of this chemical family, 
similar improvement will also be obtained for the other dyes. 
0205 Dye-8a was used to label streptavidin. An amount of 
streptavidin was removed from the refrigerator and assayed 
by UV/vis to determine the amount. To this streptavidin was 
added 2.5 equivalents of Dye-8a. The labeling reaction (at pH 
7.4) was allowed to proceed for 2 hours at 4°C. and then the 
reaction mixture was transferred into a 10K MWCO dialysis 
cassette. Dialysis was carried out for approximately 64 hours 
with a total of 3 buffer changes of 1 liter of 1x PBS each. 
Analysis by UV/vis of the streptavidin after dialysis revealed 
that streptavidin was labeled with Dye-8a. 

Example 12 

A. Characterization of EGF-Dye 8b Conjugate (In Vitro 
Assays) 
0206 Commercially available EGF was labeled on free 
amine groups using an NHS ester derivative of the Dye 8b of 
Example 8 in similar fashion to the streptavidin labeling of 
Dye-8b described directly above. The dye conjugate was 
purified by procedures well known to those of skill in the art. 
The specificity and activity of the EGF-Dye 8b were evalu 
ated with confluent cultures of PC3M-LN4 and 22Rv1 cells 
using an in vitro microplate assay (In-cell Western; Chen, H., 
et al. 2005. Anal. Biochem. 338:136-142) scanned on 
AeriusTM (LI-CORR. Biosciences, Lincoln, Nebr.). Biologi 
cal activity of the conjugate was verified by its ability to 
stimulate EGF receptor kinase activity. FIG. 1 shows the 
outcome of specificity challenges performed in vitro. In panel 
A, binding of the EGF-Dye 8b probe to PC3M-LN4 and 
22Rv1 cells is plotted. Panel B illustrates the low affinity of 
unconjugated Dye 8b and corresponds to the baseline level 
seen in Panel A. In panels C and D, binding of the labeled Dye 
8b was effectively blocked by pre-treatment of cells with 
unlabeled EGF (C) or C225 (D) at 1.25 or 9.4 g/mL, respec 
tively. 

B. In Vivo Animal Imaging 
0207 PC3M-LN4 or 22Rv1 cells (10) were implanted 
subcutaneously in the flank region of SCID mice (4 animals 
per cell type). Growth of tumors was monitored for 6 weeks 
by palpation, caliper measurement and optical imaging. For 
imaging, sterile-filtered EGF-Dye 8b probe (1-2 nmol per 
animal) was injected via the tail vein in isoflurane anesthe 
tized mice. Images were then collected at the indicated time 
points. NIR fluorescence imaging of live animals was per 
formed with a prototype LI-COR Biosciences small-animal 
imager. The LI-COR(R) instrument is a light-tight box 
equipped with a cooled CCD camera, area illumination via 
laser-diodes, and optical filters tuned for Dye 8b. Images were 
acquired and analyzed with Wasabi software from 
Hamamatsu Photonics (Hamamatsu City, Japan). 

C. Image Analysis 
0208 Images analyzed in a series were normalized to the 
same LUT (Look Up Table) with a common minimum and 
maximum value for visual presentation. Regions of interest 
(ROIs) of equal area were used for both tumor and back 
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ground regions. ROIs were quantified for total pixel and mean 
pixel values. The standard deviation of mean backgrounds 
was calculated using 3-5 ROIs. This calculation yields the 
number of standard deviations over background a suspect 
tumor would represent. 

SNR = (Mean Intensity tumor) - (Mean Intensity background) 
Standard deviation of mean background 

D. Kinetics of Probe Clearance 

0209 Probe clearance from an animal with no tumor 
present was first evaluated. FIG. 2 illustrates clearance of 
EGF-Dye 8b over 24 hours. Two ROIs were analyzed. The 
large ROI covered the whole body core, while the small ROI 
focused on the abdominal region only. 
0210 Results showed the peak signal for EGF-Dye 8b at 
3.75 hours after injection, irrespective of ROI size. Accumu 
lation in the bladder was clearly evident by 1 hour and 95% of 
total signal intensity had diminished by 24 hours. A tumor 
positive animal was then evaluated for probe clearance using 
SNR as a measure. A series of images was taken to determine 
the optimal imaging time post-injection for a longitudinal 
study. After injection via the tail vein, the mouse was imaged 
at 0.3, 24, 48,72, and 96 hours with the largest observed SNR 
achieved on day 4 (FIG. 3). 

E. Early Detection of Tumors 
0211 Imaging began two weeks after SCID mice were 
implanted with tumor cells. Limit of detection was deter 
mined by evaluating an image that contained two small spots 
(<0.5 mm) in the area of interest. SNR were determined to be 
3.20 and 2.43 for the two small spots on week 2. One week 
later, injection and imaging were repeated. The week 3 image 
in showed that the first spot is larger and confirmed as tumor 
signal by palpation, while the second spot was no longer 
visible and determined to be an artifact. 

F. Tissue Section Analysis 
0212. A competitive challenge was conducted during 
week 5 with an animal receiving one of the following treat 
ments: 1) EGF-Dye 8b (2 nmol); 2) Dye 8b only (3 nmol); 3) 
2 mg/mL C225 (a monoclonal antibody for the EGF receptor, 
(Erbitux, ImClone) plus EGF-Dye 8b (2 nmol) 24 hours after 
C225 injection, and 4) 0.9% saline mock injection. After final 
imaging (day 4 post-injection), animals were sacrificed. 
Tumors were weighed, measured, and frozen sections pre 
pared (0.8 um thickness) for analysis on the Odyssey(R) Infra 
red Imaging System (LI-COR). Tissue section comparisons 
between EGF-Dye 8b and C225+EGF-Dye 8b showed a 54% 
decrease in signal when C225 was given 24 hours prior to 
EGF Dye 8b. When only Dye 8b was given, some signal was 
retained in the tumor, as also seen in vitro. 

Int Int Area Int 800 
Treatment ID 700 800 (mm) area (mm) Avg 

A) 0.9% Saline C2PO 4.5 O.89 65.32 O.O1 O.O1 
3.5 O.34 65.33 O.O1 

B) Dye 8b C2P2 1.45 18.7 30.06 O.62 O.S6 
124 13.18. 26.22 OSO 



US 2010/0080758 A1 

-continued 

Int Int Area Int 800 
Treatment ID 700 800 (mm) area (mm) Avg 

C) EGF-Dye 8b C1PO 1.08 14.08 21.73 O.65 O.70 
O.98 15.13 20.49 O.74 

D) C225+ EGF- C1P2 2.27 15:43 3949 O.39 O.38 
Dye 8b 1.99 13.71 37.86 O.36 

Conclusions 

0213. As shown herein, the EGF-Dye 8b probe is specific 
and sensitive with respect to PC3M-LN4 and 22RV1 prostate 
cancer cell lines, both in vitro and in vivo. This probe is also 
useful for other cancers, since the EGF receptor is elevated in 
many tumor models. 

Example 13 

A. Materials and Methods 
0214. Six-week-old male NOD/SCID mice were injected 
orthotopically with 10 tumor cells. Two human prostate 
tumor cell lines were evaluated: PC3M-LN4, a highly tum 
origenic and metastatic cell line, and 22RV1 cells, previously 
uncharacterized in this model system. The biomarker, EGF 
Dye 8b, was used for detection of tumors. On week 1, post 
tumor cell implantation, 1 nmol of dye-conjugate was 
injected via the tail vein. A time course of dye clearance using 
signal to noise ratio (SNR) as a readout established the maxi 
mum specificity at 96 hours. Images were collected weekly 
for five weeks at 96 hours after dye injection. A competition 
challenge was included, in which C225 anti-EGF receptor 
blocking antibody was used to confirm specificity of the 
probe in the prostate tumors and lymph nodes. 
0215 Near-infrared fluorescence imaging of isoflurane 
anesthetized live animals was performed with a prototype 
LI-CORR. Biosciences small-animal imager (Lincoln, 
Nebr.). Images were acquired and analyzed with Wasabi soft 
ware from HamamatZu Photonics (Hamamatsu City, Japan). 
0216. At the termination of the study, tumors were 
imaged, excised, weighed, caliper measurements taken, and 
tissue sections prepared. 

B. Results and Discussion 

0217. When imaging internal tumor growth in a longitu 
dinal study, a major concern is the ability to follow and 
correctly estimate tumor size. FIG. 7 (PC3M-LN4 tumor) and 
FIG. 8 (22RV 1 tumor) show the results for one animal gath 
ered over the experiment's time period. Therefore, only pixels 
that met or exceeded the SNR standard in the region of inter 
est were included in the estimation of tumor size over time. 
Area (mm), tumor signal intensity per mm, and peak SNR 
were determined. These parameters showed similar trends 
over time for both prostate tumor cell lines. Tumor growth 
was effectively monitored with EGF-Dye 8b in the orthotopic 
tumor model with tumor depths of up to 1 cm. 
0218. When tumor volume (mm), weight (mg), and SNR 
were compared, the 22RV1 treatment group maintained a 
higher average in all analysis categories relative to PC3M 
LN4 tumors (FIGS. 9, A, B and C respectively). 
0219. Further confirmation of the specificity of EGF-Dye 
8b for the prostate tumors was achieved by recovering tumors 
and lymph nodes at the termination of the study. 
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0220 Analysis showed that when C225, a monoclonal 
antibody that blocks the EGF receptor, was given 24 hours 
prior to the EGF-Dye 8b, approximately 39% blocking was 
achieved (FIG. 10). Deposition of the EGF-Dye 8b through 
out the tumor was evident in both sections receiving labeled 
biomarker. 
0221 Aprimary objective of this study was to determine 
lymph node involvement with both cell lines and to evaluate 
EGF-Dye 8b as an indicator of metastasis. PC3M-LN4 is 
known to metastasize to the paraaortic lymph nodes, while 
22Rv1 was uncharacterized. At the termination of the study, 
prostate tumors and lymph node regions were imaged in the 
open abdominal cavities. No enlargement or sign of 
metastases were noted for animals with 22RV1 prostate 
tumors, even though those tumors were, on average, 3-fold 
larger by weight and volume compared to the PC3MLN4 
prostate tumors. Lymph nodes for animals with PC3MLN4 
prostate tumors appeared enlarged and opaque, visually 
exhibiting the characteristics of metastases. When imaging 
lymph nodes in an opened abdomen with a large prostate 
tumor, signal from the lymph nodes, though detected, is 
dampened by the high signal in the region. However, if the 
tumor is excised or covered, the signal in the lymph nodes is 
clearly evident. 
0222 Lymph nodes from the challenge animals were 
excised and scanned on Odyssey to confirm the presence of 
EGF-Dye 8b in paraaortic lymph nodes from the PC3M-LN4 
animals. Although large prostate tumors developed in mice 
receiving 22RV1 cells, these animals showed no signs of 
metastasis to the lymph nodes by week 6. The excised PC3M 
LN4 nodes were analyzed in Odyssey and signal per area 
(mm) determined. Comparisons of the lymph nodes from 
EGF-Dye 8b and C225+ EGF-Dye 8b treatments showed 
approximately 34% blockage in the lymph nodes compared 
to the 39% noted in the prostate tumors. These results suggest 
that the effect of C225 is extended to the site of metastasis, 
further confirming the specificity of the biomarker with this 
tumor model system. 

Area, Signal? % 
Channel Intensity mm area, mm Blocked 

NC 700 O.15 10.63 O.O14 
800 O16 10.63 O.O15 

EGF-Dye 8b 700 O.14 6.26 O.O22 
800 7.20 6.26 1.1SO 

C225- 700 O.O7 3.91 O.O18 
800 2.98 3.91 O.762 33.74 

Lymph nodes from positive animals (PC3M-LN4 derived 
tumors) along with a negative control node (left). Green rep 
resents signal from 800 nm channel and red represents signal 
from the 700 nm channel (autofluorescence and background). 

Conclusions 

0223. Unlike PC3M-LN4 tumors, 22Rv1 tumors exhib 
ited no spontaneous metastasis to paraaortic lymph nodes, 
even with large prostate tumors present. Use of the EGF-Dye 
8b biomarker and non-invasive optical fluorescent imaging 
allowed tumor size to be tracked in deep abdominal tumors, as 
well as in lymph nodes, confirming metastases and providing 
the researcher with immediate confirmation without the need 
for histology. In vivo signal antagonism by C225 antibody 
confirms the specificity of the EGF-Dye 8b biomarker. 
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Example 14 

0224. In vivo imaging of targeted molecular probes, or 
molecular imaging, is an emerging field for studying animal 
models of cancer, cardiovascular and neurodegenerative dis 
eases. Optical imaging using fluorescently tagged targeting 
probes or tracers are particularly Suited for molecular imag 
ing, as fluorescent probes are safe, sensitive and can be spe 
cifically conjugated to Small molecules, antibodies, peptides 
and proteins. Optical imaging has the potential to monitor 
growth and regression of tumors in a continuous and non 
invasive fashion. Fluorophores with emissions in the visible 
region of the spectrum Sulffer from severe limitations to sen 
sitivity due to autofluorescent background of tissues and 
blood. The most useful fluorescence agents have proven to be 
those with emissions in the range of 780-850 nm (see, 
Weissleder, Nature Biotechnology, Vol. 19, pp 316-317 
(2001)). Because the absorbance spectra of bodily fluids and 
tissues exhibit local minima in the near-infrared (near-IR) 
region, imaging in the near-IR offers the advantages of rela 
tively deep tissue penetration and low autofluorescence. 
0225. Advantages of having a bone marker or compound 
that can actively be taken into the bone during remodeling and 
resorption would provide landmarks for other imaging agents 
(an optical X-ray, if you will) or for research involving in 
osteoblastic metasteses. The targeting agent might also ben 
efit those evaluating sites of mechanical injury which may 
expose binding sites for the agent. However, bone mineral 
ization provides the most binding sites for the targeting agent. 
Certain stains are capable of binding during bone calcifica 
tion, tetracyclines, green fluorescein derivatives such as cal 
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cein or DCAF among others. We have utilized a known fluo 
rochrome (calcein, excitation 488 and emission 520 nm) and 
tagged it with Dye 8b of Example 8 to achieve two objectives: 
1) to incorporate the compound into actively growing bone 
and move the detection of the compound into the NIR region 
to take advantage of the higher sensitivity of detection and 2) 
to produce a duel labeled compound for more versatility. 

B. Synthesis 
0226 1) The starting material, calcein, was purchased as a 
single pure isomer, and one of its carboxylate groups was 
activated by TSU in the presence of DIPEA in DMSO. 

0227 2) The NHS ester activated carboxylate group was 
then conjugate to Boc-protected ethylene diamine (EDA) 
to generate a potential primary amine carrying calcein 
derivative. 

0228 3) The Boc protecting group was removed with TFA 
to liberate the primary amine on the calcein-EDA. And this 
precursor, calcein-EDA, was purified by HPLC before 
final Dye 8b conjugation. 

0229 4) The final bone marker calcein-Dye 8b was 
obtained by conjugating the above calcein-EDA with Dye 
8b NHS ester with one-to-one mole ratio. This product is 
further purified by HPLC to removed Dye-8b free acid and 
calcein-EDA. After HPLC purification, the product was 
dried on a speed-Vac at room temperature, and then was 
stored in a -20°C. freezer until needed. 

The synthesis was tracked by HPLC and MS all the way 
along. The above procedures can be summarized in the fol 
lowing synthetic scheme (the product below is a mixture of 
isomers). 
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-continued 

SO 

HOS 

Scope 

0230. It is intended that the foregoing detailed description, 
including its examples, be regarded as illustrative rather than 
limiting, and that it be understood that the following claims, 
including all equivalents, are intended to define the scope of 
this invention. 

1-35. (canceled) 
36. A compound of formula (V): 

(V) 

SOCat" 

R17 R12 

R16 X O Y. R11 

© A 21 2n-4- 
N N 
R13 R8 

wherein Cat" is a cation: 
X and Y are each (CH) C; and 
Rs and R are each independently alkyl, (CH),Rs or 
(CH),Rs, wherein at least one of Rs and R is (CH) 
Rs and wherein r is an integer from 1 to 50, and Rs is 
a member selected from the group consisting of 
hydroxyl, thioacetyl, and sulfonato and Rs is carboxyl: 

R and R2 are each independently H. Sulfonato, or 
together with the atoms to which they are bonded form 
an aromatic ring; and 

Re and R7 are each independently H. Sulfonato, or 
together with the atoms to which they are bonded form 
an aromatic ring. 

37. The compound of claim 36, wherein Rs is (CH), Rs. 

26 

SO 
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NH 

No. 

SOH 

38. The compound of claim 37, wherein at least one of Rs 
is Sulfonato. 

39. The compound of claim 37, wherein R is (CH), Rs. 
40. The compound of claim 37, whereinrisan integer from 

1 to 5. 

41. The compound of claim39, whereinrisan integer from 
1 to 5. 

42. The compound of claim 37, wherein R and R are 
each Sulfonato. 

43. The compound of claim 37, wherein R and R, are 
each hydrogen. 

44. The compound of claim 36, wherein Rs is lower alkyl 
and R1 is (CH2), Rs. 

45. The compound of claim 44, wherein Rs is a C-C lower 
alkyl Substituted with a Sulfonato group. 

46. The compound of claim 44, whereinrisan integer from 
1 to 5. 

47. The compound of claim 44, wherein Cat" is a metal 
cation. 

48. A compound of the formula: 

SOCat" 

RS X O Y. RI 

ON----CC N N 
(CH2)4SO3 (CH2)5COOH 
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wherein Cat" is a cation: 50. The compound of claim 48, wherein R'' and R'' are 
each hydrogen. 

X and Y are each (CH) C; and 51. The compound of claim 48, wherein R'' and Rare 
R'' and R'' are each independently a member selected each fluoro. 

from the group consisting of hydrogen, Sulfonato, and 52. The compound of claim 48, wherein R is sulfonato. 
fluoro. 53. The compound of claim 48, wherein R' is sulfonato. 

54. The compound of claim 48, wherein Cat" is sodium. 49. The compound of claim 48, wherein R'' and R' are 
each Sulfonato. ck 


