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The syntheses of three novel functionalized tricarbocyanine dyes are described. These dyes containing
isothiocyanate and succinimidyl ester functional groups are reactive toward primary amines and can
be used as fluorescent probes for biologically pertinent compounds such as amino acids and
functionalized dideoxynucleotides. The absorption and fluorescence maxima occur in the near-IR region
of the spectrum (770-810 nm). The succinimidyl ester proved to be very sensitive to hydrolysis and
was generated in situ to label amino acids. The isothiocyanates were less susceptible to hydrolysis
and were conjugated using organic modified [40% (v/v) acetonitrile] buffers to amino acids. A dye
with an alkyl isothiocyanate moiety showed conjugation to amino-functionalized dideoxynucleotide
triphosphates.

INTRODUCTION

There is increasing interest in the use of fluorescent
probes as a means of detection of biological and organic
compounds because of the sensitivity and ease of use
compared to radiochemical methods. The dyes that are
most commonly used fluoresce in the visible region of the
spectrum where the background fluorescence of the
matrix can cause considerable interference. In the near-
IR region of the spectrum (750-1000 nm), very few
molecules exhibit intrinsic fluorescence, and since Raman
scattering shows a 1/λ4 dependence, the background can
potentially be much lower in the near-IR than in the
visible region. Thus, near-IR-fluorescence-based tech-
niques have lower limits of detection relative to visible
fluorescent methods, which has the added benefit of
decreasing the quantity of reagents required for analysis
(1). In addition, semiconductor devices such as diode
lasers and avalanche diodes can be used as inexpensive
excitation sources and detectors. The disadvantages are
that there are very few near-IR chromophores with a
functionality that can be used for the covalent labeling
of analytes.
There are several factors which constitute an ideal

fluorescent dye for the labeling of biomolecules. Gener-
ally, the fluorophore must be chemically and photochemi-
cally robust in solution and water-soluble, should have
a large fluorescence quantum yield when bound to the
analyte, must be specific for an analyte, and should
minimize the interference with the analysis being per-
formed (e.g. electrophoretic mobility shifts in capillary
gel electrophoresis in DNA sequencing caused by differ-
ences in chromophore labels). Additionally, dyes that
covalently bind to analytes of interest must possess
reactive functional groups which are stable to long-term
storage but also have high labeling efficiencies with
minimal side reactions and produce a stable covalent

bond (2). Representative labeling functionalities include
isothiocyanates and succinimide esters for coupling with
primary and secondary amines and iodoacetamides for
reacting with thiols. Chromophores that noncovalently
interact with analytes must possess a large fluorescence
quantum yield enhancement upon interaction and a large
binding constant with the analyte of interest.
Recently, there have been several reports on near-IR

fluorophores that covalently and noncovalently label
biological and organic compounds, including amino acids
(3, 4), proteins (5, 6), nucleotides (7), DNA primers (1,
8), double-stranded DNA (9, 10), thiols (11, 12), and
antibodies (13). The near-IR probes for covalent labeling
are tricarbocyanine dyes containing an isothiocyanate or
succinimidyl ester functional group for labeling of amines
or an iodoacetamide group for labeling thiols. While
these chromophores do not possess large fluorescence
quantum yields in H2O, the reduced background in the
near-IR region results in an overall larger signal-to-noise
ratio (1).
We describe the synthesis and properties of three new

labeling tricarbocyanine dyes (1-3; Figure 1) containing
either an isothiocyanate or a succinimidyl ester moiety
attached to the chromophore through a phenyl thio-
ether or phenyl ether linkage. All of these dyes
show absorption and emission maxima in the near-IR
region (770-810 nm), large extinction coefficients
(∼2 × 106 cm-1 M-1), and excellent solubility in aqueous
solution due to the negatively charged sulfopropyl groups
on the nitrogen of the heteroaromatic rings. The poten-
tial of dyes 1-3 for use in bioanalytical applications has
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Figure 1. New water-soluble near-IR fluorescent dyes syn-
thesized for covalent labeling of biomolecules.
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been evaluated by conjugation reactions with amino acids
and propargyl amine-functionalized dideoxynucleotides.

EXPERIMENTAL PROCEDURES

Chemicals. Aniline, cyclohexanone, N,N-dimethyl-
formamide, 1,3-propane sultone, 4-aminothiophenol, thio-
phosgene,N-hydroxysuccinimide, 1,1-thiocarbonyldiimid-
azole, and sodium hydride were purchased from Aldrich
Chemical Co. (Milwaukee, WI). Phosphorus oxychloride
and 2,3,3-trimethylindolenine were purchased from Kodak
Co. (Rochester, NY). Tyramine, glutamic acid, and
tryptophan were purchased from Sigma Chemical Co. (St.
Louis, MO). 3-(p-Hydroxyphenyl)propionic acid was
purchased from Pfaltz and Bauer (Waterbury, CT). All
other solvents were purchased from Fisher Scientific Co.
(Pittsburgh, PA).
Purification and Spectroscopic Analysis. Unless

otherwise specified, purification of the dyes was per-
formed on a Rainin model Rabbit HP preparative HPLC
apparatus using a Waters C18-RP preparative column
(radial compression cartridge, 5 × 10 cm; flow rate ) 5
mL/min) starting at 45:55 H2O/MeOH for 5 min and then
a linear gradient over 20 min to 20:80 H2O/MeOH
followed by washing with pure MeOH. Analytical sepa-
rations were done using a Brownlee Spheri-5 ODS
reversed-phase analytical column (0.46 × 10 cm). The
HPLC detector was a Shimadzu absorbance detector
which was set at 770 or 790 nm. H2O/MeOH gradients
were used in all experiments. Dyes were recovered from
pooled, collected fractions, and the solvent was removed
using a rotary evaporator at 40-45 °C. These dyes were
dried overnight in vacuo (<0.1 Torr), suspended in Et2O,
and collected by filtration. Visible near-IR absorbance
spectra were collected on a Perkin-Elmer Lambda 3
spectrophotometer. Fluorescence spectra were collected
using a Spex fluorimeter. The proton NMR spectra were
recorded in DMSO-d6 or CD3OD on a Bruker FT-NMR
spectrometer. Mass spectral data were acquired using
a Finnigan MAT 900 fast-atom bombardment instrument
with glycerol as the sample matrix.
General Synthesis. The functionalized tricarbo-

cyanine dyes were synthesized using modifications of
previously described procedures (11, 14-21).
2,3,3-Trimethyl-1-(3-sulfopropyl)-3H-indolium,

Inner Salt (4). Toluene (50 mL), 2,3,3-trimethylindol-
enine (10 mL, 0.0623 mol), and 1,3-propane sultone
(8.2 mL, 0.0935 mol) were heated under reflux for 18 h.
The reaction mixture was allowed to cool to room tem-
perature. The resulting pink crystals were filtered and
washed with acetone (3 × 10 mL). The filtered product
was crystalized from a solution of MeOH and Et2O. The
crystals were collected and dried in vacuo to yield 14.88
g (85%): FAB-MS calcd for C14H20NO3S 282.0 (M + H+),
found 282.1; 1H NMR (CD3OD, 250 MHz) δ 8.06
(br dd, 1H), 7.85 (br dd, 1H), 7.62 (m, 2H), 4.75 (t, 2H,
J ) 7.2 Hz), 2.85 (s, 3H), 2.65 (t, 2H, J ) 6.5 Hz), 2.17
(m, 2H), 1.54 (s, 6 H).
N-[5-Anilino-3-chloro-2,4-(propane-1,3-diyl)-2,4-

pentadiene-1-ylidene]anilinium Chloride (5). At
0 °C, phosphorus oxychloride (11 mL, 0.12 mol) was
added dropwise from a pressure-equalizing addition
funnel to anhydrous DMF (13 mL, 0.17 mol). After 30
min, cyclohexanone (5.5 mL, 0.053 mol) was added and
the mixture was refluxed for 1 h. Next, with constant
cooling at 20 °C, an aniline/EtOH [1:1 (v/v), 18 mL]
mixture was added dropwise. Reaction was continued
for an additional 30 min after aniline addition, and then
the deep purple mixture was poured into ice cold H2O/
concentrated HCl (10:1, 110 mL). Crystals were allowed
to form for 2 h in an ice bath, then filtered, washed with

cold H2O and Et2O, and then dried in vacuo: yield 15.41
g (87%): mp 220 °C: FAB-MS calcd for C20H20N2Cl 323.1
(M+), found 323.3; 1H NMR (DMSO-d6, 200 MHz) δ 8.5
(s, 2H), 7.6-7.2 (m, 10H), 2.74 (t, 4H, J ) 5.6 Hz), 1.85
(m, 2H).
Cy.7.Cl (6). A solution of 4 (1.69 g, 6 mmol), 5 (1.079

g, 3 mmol), and anhydrous sodium acetate (600 mg, 7
mmol) in absolute EtOH (60 mL) under a N2 atmosphere
was heated under reflux for 3.5 h. The EtOH was
removed under reduced pressure, and the residue was
purified by preparative RP-HPLC to afford 1.08 g (52%)
of 6: FAB-MS calcd for C36H44O6N2S2Cl 699.2 (protonated
form, M+), found 699.8, 721.8 (M - H + Na), 743.9 (M -
2H + 2Na); 1H NMR (DMSO-d6, 400 MHz) δ 8.26 (d, 4H,
J ) 14.1 Hz, J ) 12.9hz), 7.62 (d, 2H, J ) 7.4 Hz), 7.54
(d, 2H, J ) 8.0 Hz), 7.42 (dd, 2H, J ) 7.6 Hz), 7.27 (dd,
2H, J ) 7.4 Hz), 6.53 (d, 2H, J ) 14.2 Hz), 4.39 (t, 4H, J
) 7.0 Hz), 2.75 (t, 4H, J ) 5.2 Hz), 2.56 (br t, 4H), 2.03
(m, 4H, J ) 7.1 Hz), 1.83 (m, 4H), 1.67 (s, 12H).
Cy.7.SPh.NCS (1). Method A. 4-Aminothiophenol

(348 mg, 2.8 mmol) was dissolved in anhydrous DMF (30
mL) under a N2 atmosphere. Chlorodye 6 (100 mg, 0.14
mmol) was added, and the mixture was stirred for 5 min.
The DMF was removed under reduced pressure, and the
residue was dissolved in 2 mL of DMF and precipitated
with 10 mL of Et2O. The solvents were removed, and
the residue was washed with 20 mL of Et2O and purified
by reversed-phase HPLC. The fractions collected were
concentrated and dried overnight in vacuo which gave
55 mg (50%) of Cy.7.SPh.NH2 (7). This compound was
not stable to storage and was used immediately for the
preparation of the isothiocyanate. The aminothioether
Cy.7.SPh.NH2 (55 mg, 0.07 mmol) and anhydrous sodium
carbonate (12 mg) were dissolved in anhydrous DMF (10
mL) under a N2 atmosphere. At 0 °C, thiophosgene (11
µL, 0.14 mmol) was added with stirring. After 5 min,
the mixture was taken off of the ice bath and allowed to
react at room temperature for 1 h. The solution was
filtered, and the precipitate was washed with DMF. The
combined filtrate and washings were concentrated in
vacuo at 40 °C. The resulting residue was dried in vacuo
overnight to give 23 mg (39%) of 1: FAB-MS calcd for
C43H48N3O6S4 830.2 (protonated form, M+), found 830.3;
1H NMR (CD3OD, 250 MHz) δ 8.73 (d, 2H, J ) 14.1 Hz),
7.1-7.4 (m, 12H), 6.48 (d, 2H, J ) 14.0 Hz), 4.36 (br t,
4H), 2.95 (t, 4H, J ) 6.5 Hz), 2.84 (br t, 4H), 2.23 (m,
4H), 2.02 (m, 4H), 1.50 (s, 12H); IR 2108 cm-1.
Method B (Preferred). 4-Aminothiophenol (54 mg, 0.4

mmol) was dissolved in anhydrous DMF (10 mL) under
a N2 atmosphere. Chlorodye 6 (100 mg, 0.14 mmol) was
added and the mixture stirred for 5 min. The reaction
was quenched with dry ice. After the mixture was
allowed to warm to room temperature (5 min), thiocar-
bonyldiimidazole (22-24) (210 mg, 1.0 mmol) was added
with stirring. After 30 min, Et2O (30 mL) was added to
precipitate the dye. The resulting suspension was placed
into a centrifuge for 30 s, and the supernatant was
discarded. The precipitate was dissolved in H2O/MeOH
(1:1, 1.5 mL) and purified using five C18 Sep-Pak Plus
cartridges in series using a MeOH/H2O gradient (40:60,
3 mL; 60:40, 2 mL; 80:20, 4 mL). The fractions collected
were concentrated and dried overnight under high vacuum
which gave 34 mg (29%) of Cy.7.SPh.NCS.
2-(p-Hydroxyphenyl)ethylisothiocyanate.

Tyramine (400 mg, 2.9 mmol) was dissolved in anhydrous
DMF (10 mL) under a N2 atmosphere. 1,1-Thiocarbonyl-
diimidazole (520 mg, 2.9 mmol) was added, and the pale
yellow color of the solution turned an amber red color.
After 30 min, the solvent was taken off by a rotary
evaporator at 40 °C to afford an orange oil. The oil was
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dissolved in 1 mL of MeOH, and 3 volumes of water were
added to precipitate the isothiocyanate. The product was
filtered and washed with cold water to afford 320 mg
(62%). GC-EIMS calcd for C9H9NOS 180.0 (M+), found
180.0; 1H NMR (DMSO-d6, 250 MHz) δ 7.67 (s, 1H), 7.05
(d, 2H, J ) 8.1 Hz), 6.70 (d, 2H, J ) 8.6 Hz), 3.80 (t, 2H,
J ) 6.6 Hz), 2.81 (t, 2H, J ) 6.6 Hz); IR 2081 cm-1.
Cy.7.OPhEt.NCS (2). A 60% oil dispersion of NaH

(14 mg, 0.3 mmol) was added to anhydrous DMF (4 mL)
under a N2 atmosphere at 0 °C. In a separate flask, 2-(p-
hydroxyphenyl)ethylisothiocyanate (58 mg, 0.3 mmol)
was dissolved in anhydrous DMF (1 mL) under a N2
atmosphere at 0 °C, and the solution was added to the
slurry of NaH. After 30 min, the phenoxide isothio-
cyanate solution was added to chlorodye 6 (100 mg, 0.14
mmol) dissolved in anhydrous DMF (4 mL) under a N2
atmosphere. The reaction was followed by HPLC. After
18 h, the reaction was quenched with dry ice and the
solvent was removed on a rotary evaporator at 40 °C. The
crude material was filtered and purified by preparative
HPLC to afford 37 mg (32%) of 2: FAB-MS calcd for
C45H52N3O7S3 842.3 (protonated form, M+), found 843.3;
1H NMR (CD3OD, 400 MHz) δ 7.99 (d, 2H, J ) 14.2 Hz),
7.04-7.38 (m, 12H), 6.31 (d, 2H, J ) 14.1 Hz), 4.30 (t,
4H, J ) 7.6 Hz), 3.76 (m, 4H), 2.79 (t, 4H, J ) 5.8 Hz),
2.20 (m, 4H, J ) 7.5 Hz), 2.03 (t, 2H, J ) 5.7 Hz), 1.31
(s, 12H).
Cy.7.OPhEt.CO2Su (3). 3-(p-Hydroxyphenyl)propi-

onic acid (224 mg, 1.4 mmol) was dissolved in anhydrous
DMF (10 mL) under a N2 atmosphere. Sodium hydride
(65 mg of a 60% oil dispersion, 2.7 mmol) was added and
allowed to form the phenolate for 30 min under constant
stirring. Chlorodye 6 (100 mg, 0.14 mmol) was added
and allowed to react under N2 with stirring for 30 min.
The reaction was quenched with dry ice, and the DMF
was taken off by a rotary evaporator. The residue was
dissolved in H2O/MeOH (3:2, 3 mL), filtered, and purified
by preparative HPLC. The collected fractions were
concentrated on a rotary evaporator and dried in vacuo
overnight to provide 35 mg (31%) of Cy.7.OPhEt.CO2H
(8): FAB-MS calcd for C45H53N2O9S2 829.3 (protonated
form, M+), found 829.6: 1H NMR (CD3OD, 250 MHz) δ
8.00 (d, 2H, J ) 14.2 Hz), 7.34-7.40 (m, 8H), 7.24 (m,
4H), 7.00 (d, 4H, J ) 8.6 Hz), 6.30 (d, 2H, J ) 14.2 Hz),
4.31 (br t, 4H), 2.95 (t, 2H, J ) 6.6 Hz), 2.80 (br t, 4H),
2.35 (m, 2H), 2.21 (m, 4H), 2.09 (m, 2H), 1.34 (s, 12H).
N-Hydroxysuccinimde (7 mg, 60 µmol) and

Cy.7.OPhEt.CO2H (8) (1 mg, 1.2 µmol) were added
sequentially to anhydrous DMF (100 µL). After the free
acid dye had dissolved, dicyclohexylcarbodiimide (DCC,
12 mg, 60 µmol) was added and stirred overnight in the
dark. The reaction was followed by analytical HPLC. The
dye was then used without further purification. The
synthesis afforded 85% conversion to Cy.7.OPhEt.CO2Su
(3) as determined by HPLC (remaining 15% of near-IR
absorbing material was the starting free acid dye
Cy.7.OPhEt.CO2H). The succinate ester 3 could not be
isolated, but the DMF solution was used directly for all
conjugation reactions to primary amines.
Labeling of Amino Acids with Isothiocyanate

Derivatives 1 and 2. A 10-fold excess of 1 or 2 in DMSO
was dissolved in a 0.1 mM solution of amino acid in
borate buffer [13 mM, pH 9.3, 40% (v/v) acetonitrile; 100
µL of ∼10:40:50 DMSO/acetonitrile/buffer], and the solu-
tion was shaken in the dark at room temperature. The
reaction was analyzed by analytical HPLC after 12 h.
Labeling of Amino Acids with Succinimidyl De-

rivative 3. In the case of tryptophan, dye 3 was
synthesized according to the procedure outlined earlier
and the purity was assayed by HPLC. Aliquots of the

reaction solution were added in a 10-fold excess to 1 µM
solutions of tryptophan in carbonate/bicarbonate buffer
(67 mM, pH 9.4). Reactions were followed by analytical
HPLC. The reactions were determined to be complete
within 20 min.
Labeling of 7-(3-Amino-1-propynyl)-2′,3′-dideoxy-

7-deazaadenosine 5′-Triphosphate (9a). 7-(3-Amino-
1-propynyl)-2′,3′-dideoxy-7-deazaadenosine 5′-triphos-
phate (ddATP) (0.16 µmol) and 2 (1.4 mg, 1.6 µmol) were
dissolved in 67 mM sodium bicarbonate buffer (100 µL,
pH 9.3) and allowed to react in the dark at room
temperature for 48 h. Diisopropylethylamine (100 µL)
was added and allowed to react for 24 h to form the
conjugate. The reaction was followed by reverse-phase
HPLC.
Labeling of 7-(3-Amino-1-propynyl)-2′,3′-dideoxy-

7-deazaguanosine 5′-Triphosphate (9b). 7-(3-Amino-
1-propynyl)-2′,3′-dideoxy-7-deazaguanosine 5′-triphos-
phate (ddGTP) was kindly provided by P. Cotofana of PE
Applied Biosystems and was prepared by methods de-
scribed by Prober et al. (25). The dye-ddGTP conjugate
was prepared by optimization of a method described
previously (25). In general, the purification required two
steps. Anion exchange was used to separate free dye and
the dye-labeled ddGTP. A subsequent, reverse-phase
column was used to separate the ddGTP and the dye-
labeled ddGTP. The final product was dried in vacuo and
diluted with 50 mM CAPSO (750 µL, pH 9.6) to a
concentration of 1.7 µM. The concentration of the
formulated bulk is confirmed by absorbance spectroscopy
at 765 nm.
Anion Exchange HPLC. Column: Aquapore AX-300,

7 µm particle size, 220 × 4.6 mm (PE Applied Bio-
systems). Gradient: 40% acetonitrile/60% triethyl-
ammonium bicarbonate (TEAB, 0.1 M) to 40% aceto-
nitrile/60% TEAB (1.5 M) at 1.5 mL/min over 20 min,
followed by isocratic elution.
Reverse-Phase HPLC. Column: Spheri-5 RP-C18, 5

µm particle size, 220 × 4.6 mm (PE Applied Biosystems).
Gradient: 100% triethylammonium acetate (TEAA, 0.1
M) to 40% acetonitrile/60% TEAA at 1.5 mL/min over 20
min followed by 40 to 100% acetonitrile at 1.5 mL/min
over 5 min.
Detection. UV/vis: 260 nm.

RESULTS AND DISCUSSION

All three labeling dyes 1-3 (Figure 1, Scheme 1) were
prepared from the base chlorocyanine dye 6 by nucleo-
philic substitution (via an SRN1 mechanism) (17) of the
chloride by phenolates or thiols. The heptamethine chain
of chlorodye 6 is assembled from the aldol-like condensa-
tion of indolinium salt 4 and the iminium salt 5. The
inclusion of the sulfopropyl groups on the nitrogen of the
indolenine ring of 4 (and subsequently 6) gives all of the
dyes (1-3, and 6) excellent water solubility. However,
the isothiocyanate dyes, 1 and 2, show appreciable
aggregation in aqueous solution as shown in Figure 2.
The appearance of the absorption band at lower wave-
length (∼675 and ∼650 nm in panels A and B of Figure
2, respectively) is indicative of the formation of higher-
order aggregates (26). The addition of 40% organic
modifier (methanol or acetonitrile) to this solution in-
hibits aggregation resulting in primarily the monomeric
dye. The addition of p-aminothiophenol to chlorodye 6
to generate the aminothioether dye Cy.7.SPh.NH2 (7,
structure not shown) occurred with moderate yields.
However, pure 7was not stable at room temperature over
long periods of time, so it was generally reacted with
thiophosgene (or preferably thiocarbonyldiimidazole) im-
mediately to provide the isothiocyanate. The preferred
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one-pot procedure for preparation of isothiocyanate dye
1 (method B) gave the best overall results in terms of
time required and the resulting purity of 1.
To obtain an isothiocyanate dye with a two-carbon

longer linker arm, the addition of the phenolate of
tyramine to chlorodye 6 was envisioned as a possible
strategy. Attempts to use tyramine directly in this
reaction led to complicated mixtures. Apparently, the
free amine causes side reactions or decomposition of the
dye (as in the case of free amine thioether dye 7 above).
Thus, some sort of protection of the nitrogen is required,
which would have to be removed and the isothiocyanate
formed once the dye is assembled. Patonay and co-
workers (21) have shown that the isothiocyanate group
is stable under the moderately basic and nucleophilic
reaction conditions required for the replacement of the
Cl on dye 6. This strategy is much more convergent and
minimizes handling of dye-containing intermediates as
it avoids the need for deblocking of the amine (usually
protected with a Boc group) and subsequent formation
of the isothiocyanate dye. Thus, the phenolate derivative
of tyramine isothiocyanate (prepared from thiocarbonyl-
diimidazole and tyramine) was directly added to the
chlorodye 6 to provide the alkyl isothiocyanate dye 2 in
moderate yield.
To compare the labeling efficiencies of different func-

tional groups, the succinimide ester 3 was prepared.
Again, the chlorodye reacts efficiently with the salt of
3-(p-hydroxyphenyl)propanoic acid to give the carboxylic
acid dye Cy.7.OPhEt.COOH (8, structure not shown). The
succinimide ester 3 was formed from 8, N-hydroxy-
succinimide, and dicyclohexylcarbodiimide; however, this
compound was difficult to isolate because the ester was
highly sensitive to hydrolysis even under neutral pH
conditions. As a result, for purposes of labeling, active
ester 3 was made just prior to use. All the dyes have a
strong near-IR absorbance and a 20 nm Stokes shift of
the fluorescence emission maxima (Table 1).

Initially, aryl isothiocyanate 1 and alkyl isothiocyanate
2 were conjugated to tryptophan and glutamic acid using
aqueous borate buffers (pH 9.3). Under these conditions,
1 exhibits moderate conjugation to tryptophan and does
not conjugate to glutamic acid. Likewise, 2 shows poor
conjugation to each amino acid (Table 2). However, the
addition of organic modifier [40% (v/v) acetonitrile]
improves the conjugation efficiency of both dyes. The
increase in percent conjugation is most likely due to the
decreased aggregation of the dyes in these buffers
because of the organic modifier (Figure 2). Chromato-
grams of the conjugation of each labeling dye (1 and 2)
to tryptophan under optimum conditions are shown in
Figure 3. Thioether isothiocyanate dye 1 showed quan-
titative reaction with very little concomitant hydrolysis

Scheme 1

Figure 2. Absorbance spectrum of 1 (A) and 2 (B) in 13 mM
borate (pH 9.3) (s) and 13 mM borate (pH 9.3) with 40% (v/v)
methanol (2). Concentration 5 × 10-6 M.

Table 1. Absorbance and Fluorescence Data of Near-IR
Dyes

dye name
absorbance
maximuma

ε (× 105
cm-1 M-1)a

fluorescence
maximuma

6 Cy.7.Cl 778 1.8 802
7 Cy.7.SPh.NH2 791 1.7 810
1 Cy.7.SPh.NCS 791 1.7 810
2 Cy.7.OPhEt.NCS 768 2.0 791
8 Cy.7.OPhEt.COOHb 771 2.0 790
a Measurements collected in methanol solutions. Concentration

of 5 × 10-6 M. b The hydrolytic instability of Cy.7.OPhEt.COOSu
(3) did not allow its full spectroscopic characterization.

Table 2. Conjugation Efficiencies of Dyes 1 and 2 with
Respect to Amino Acids

tryptophana glutamic acida

buffer 1 2 1 2

aqueous 35% 10% nrb 4%
40% (v/v) acetonitrile quantc 20% 80% 10%
a The percent conjugation of reaction was determined from the

following formula: [(10 × the integrated area of the conjugate
peak)/(total integrated area of all peaks in the chromatogram)] ×
100%. b No reaction. c Quantitative reaction.
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of the functionalized chromophore. The phenethylisothio-
cyanate dye 2 showed poor conjugation efficiency toward
tryptophan. This may be attributed to the slower reac-
tion kinetics of alkyl isothiocyanates when compared to
that of aryl isothiocyanates (27). The conjugation of the
succinimidyl ester 3 to tryptophan produced several
products due to the hydrolysis of the ester (data not
shown) that obfuscated the positive identification of the
tryptophan conjugate.
An attempt was made to conjugate each chromophore

to propynyl amino-modified ddATP 9a and ddGTP 9b
analogs. Arylisothiocyanate dye 1 and succinimide ester
dye 3 showed no conjugation to the ddATP. The succin-
imide ester of 3 appears to be hydrolyzed before it can
attach to the amino linker arm of the dideoxynucleotide.
We have also seen this lack of conjugation to negatively
charged amino acids with a closely related arylisothio-
cyanate cyanine dye (4). Successful conjugation to the
ddATP and ddGTP (Scheme 2 and Figure 4) was achieved
with alkylisothiocyanate dye 2. Increasing the length of
the chain which contains the isothiocyanate functional

group (2 vs 1) improved the efficiency of conjugation to
the highly negatively charged nucleotides. This may be
due to the increased distance of the isothiocyanate from
the chromophore in tyramine-derived 2, which decreases
steric or electrostatic interactions that may occur between
the analyte and dye. In addition, the use of an organic
modifier, which inhibits aggregation of the dye, may be
responsible for the more efficient conjugation of 2 with
the nucleotides. The conjugates of dye 2 and ddNTP’s
10a and 10b show no aggregation in aqueous buffer as
demonstrated by absorption spectroscopy (Figure 5).

CONCLUSION

The preparation and application of three new tricar-
bocyanine dyes 1-3, including functionalized groups, for

Figure 3. Reversed-phase HPLC chromatograms of tryptophan
labeled with dye 1 (A) and 2 (B). Labeling and separation
conditions are as stated in the text. Unk. (unknown) and Hyd.
(hydrolysis products).

Scheme 2

Figure 4. Reversed-phase HPLC chromatogram of ddGTP
modified with a propargyl linker arm containing a primary
amine covalently attached to 2.

Figure 5. Absorbance spectrum of the 2-ddGTP conjugate
(10b) in triethylammonium bicarbonate buffer (∼1.0 M, pH 7.0).
Concentration of 1.7 × 10-5 M; path length of 1 mm.
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the derivatization of primary amines is described. The
conjugation of these dyes with amino acids and triphos-
phate dideoxynucleotides is shown. These dyes show
absorbance and fluorescence maxima in the near-IR
region which allows for the use of inexpensive semicon-
ductor devices such as diode lasers as excitation sources
and avalanche diodes as detectors in a fluorescence
detection assay. The conjugation of these dyes to primary
amines allows their use as near-IR fluorescent labels for
compounds such as proteins, amino acids, and antibodies.
Dyes 1 and 2 contain an isothiocyanate functional group
which conjugates specifically with primary amines, in-
cluding amine-modified ddATP and ddGTP, with modest
efficiency and only minor hydrolysis. We are currently
exploring dye-ddNTP conjugates as terminators in a
Sanger dideoxy sequencing protocol with a near-IR
fluorescence detection scheme.
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