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ABSTRACT: New cyanines were prepared by an efficient and practical route
with satisfactory overall yield from low-cost starting materials. The
photophysical behavior of the cyanines was investigated using UV−vis and
steady-state fluorescence in solution, as well as their association with bovine
serum albumin (BSA) in phosphate buffer solution (PBS). No cyanine
aggregation was observed in organic solvents or in phosphate buffer solution.
The alkyl chain length in the quaternized nitrogen was shown to be
fundamental for BSA detection in PBS in these dyes.

■ INTRODUCTION
Cyanine dyes are photosensitive structures composed of two
quaternized nitrogen-containing heterocyclic ring structures
that are linked through a polymethine bridge.1 In recent years,
cyanine dyes have been used as fluorescent probes in
biomedical screening techniques,2−4 luminescent materials for
labeling,5−8 and analyte responsive fluorescent probes9 in
optoelectronic applications.10−12 Cyanines show large extinc-
tion coefficients and an intense 1ππ* absorption which can be
easily tuned from the visible to the NIR region by structural
modifications in the chromophore moiety.13 This property
allows the cyanines to be designed in order to achieve the
desired functional fluorescent nanomaterials, for instance, in
DNA studies,14−16 as well as in biological applications.17

Furthermore, cyanine dyes have a high binding affinity to
nucleic acids and usually are nonfluorescent in water/buffer;
however, they emit fluorescence only after binding to a
substrate.
Cyanine dyes can also be used in biological applications due

to their absorption and fluorescence features. The large range of
their fluorescence spectra and good fluorescence quantum yield
enable the detection of low concentrations of analytes.18

Moreover, they can be employed as FRET acceptors,19−22

improving energy transfer between donor and acceptor and
reducing the background noise during real time polymerase
chain reaction experiments.
This paper describes the detailed synthesis and the

spectroscopic characterization of the indolium- and benzothia-
zolium-based pentamethine cyanine dyes 1−9 with N-alkyl
(ethyl, butyl, and octyl) and N-(5-carboxypentyl) groups
(Figure 1). In addition, the photophysical study of these

compounds was performed in organic solvents and in buffer
solution. Their potential application as fluorescent probes to
detect protein in phosphate buffer solution (PBS) was also
explored using bovine serum albumin (BSA) as a model, since
the interaction of these dyes with proteins has been studied in
less detail in comparison with that for nucleic acids.23

■ RESULTS AND DISCUSSION
Synthesis of Quaternary Heterocyclic Ammonium

Salt Precursors. The heterocyclic ammonium salts were
synthesized by quaternization of the corresponding hetero-
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Figure 1. Chemical structure of the symmetrical and asymmetrical
cyanine dyes.
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aromatic base 2,3,3-trimethylindolenine (10) or 2-methylben-
zothiazole (14) with suitable alkylating agents such as alkyl
halides or 6-bromohexanoic acid, in the presence or absence of
solvent.24,25

N-Ethyl-2,3,3-trimethylindoleninium bromide (11) was
prepared by the condensation of 2,3,3-trimethylindolenine
(10) with 2.0 equiv of bromoethane, at 120 °C in o-
dichlorobenzene for 24 h (Scheme 1). The resulting

ammonium salt 11 was readily separated in high purity from
the crude reaction mixture by precipitation upon addition of
hexane and diethyl ether and isolated in 70% yield after
filtration. The salts N-butyl-2,3,3-trimethylindoleninium iodide
(12) and N-octyl-2,3,3-trimethylindoleninium iodide (13) were
prepared by heating solutions containing 10 and an excess (5.0
equiv) of 1-iodobutane or 1-iodooctane, respectively, in the
absence of solvent at 145 °C (Scheme 1).26 After purification
by chromatography, the unreacted amount of alkylating agent
was recovered and the precursors 12 and 13 were obtained in
82% and 75% yields, respectively.
Although many reports on the synthesis of heterocyclic

ammonium salts use reflu × with a large excess of organic
solvent (usually acetonitrile) over several days and without
further purification,27,28 it was decided to synthesize these
derivatives using a solvent-free approach. This procedure
allowed us to minimize the reaction time to a few hours.
However, considering that the condensation reaction involves
temperatures above 80 °C, this methodology could not be
applied to prepare the precursor 11 due to the low boiling
point (38 °C) of bromoethane.
1-(5-Carboxypentyl)-2,3,3-trimethyl-indoleninium bromide

(15) was obtained by the coupling of 2,3,3-trimethylindolenine
(10) with 1.2 equiv of 6-bromohexanoic acid at 120 °C in o-
dichlorobenzene for 24 h (Scheme 1).29 According to this
procedure, the precursor 15 was obtained in good yield (65%)
after purification by chromatography. Similarly, 3-(5-carbox-
ypentyl)-2-methylbenzo[d]thiazol-3-ium bromide (16) was
prepared by the condensation of 2-methylbenzothiazole (14)
with 6-bromohexanoic acid (Scheme 1). The resulting
ammonium salt 16 was separated in 40% yield in high purity
from the crude reaction mixture by precipitation upon addition
of hexane and diethyl ether.

Synthesis of the Cyanine Dyes. The synthetic route to
symmetrical and unsymmetrical cyanine dyes involves the
condensation of cationic heterocyclic compounds containing an
activated methyl group with derivatives of malondialdehyde.
For the synthesis of cyanine dyes 1−9, initially the three-carbon
spacer precursor 18 was prepared from the commercially
available 1,1,3,3-tetramethoxypropane (17) (Scheme 2). The
condensation reaction between 17 and aniline, under acidic
conditions, yielded the benzenaminium chloride 18 in 85%
yield after isolation by precipitation.30

The symmetrical cyanines 1−3 were synthesized in two steps
from de alkyl quaternized salts 11−13 through activated
intermediates 19−21, according to the synthetic pathway
described in Scheme 2. The acetylated precursors 19−21 were
prepared by the reaction of equimolar amounts of the
corresponding N-alkylammonium salt 11−13 and the precursor
18 under reflux in Ac2O over 2 h.31 It is worth mentioning that
intermediates 19−21 were obtained in good purity according to
the 1H NMR analysis of each crude product and were used
without further purification in the second step. Next, a
condensation reaction between the crude products containing
mainly the N-acyl precursors 19−21 and 1.0 equiv of
quaternized salts 11−13, in the presence of NaOAc and
under reflux in EtOH over 6 h, afforded the symmetrical
cyanines 1−3 in satisfactory yields after purification by
chromatography.
In a similar way, the asymmetrical cyanines 4−9 containing a

N-carboxypentyl group were synthesized as depicted in Scheme
3. The asymmetrical dyes were prepared by condensation
between the precursors 15 or 16 and the activated
intermediates 19−21, in the presence of NaOAc and under
reflux in EtOH over 3 h. According to this procedure, dyes 4−9
were obtained in good yields after purification by chromatog-
raphy and no esterification products of the carboxyl group were
observed.
It is worth mentioning that asymmetric cyanine dyes have

gained much interest due to their excellent nucleic acid staining
properties.32 Upon binding to nucleic acids, asymmetric

Scheme 1. a

aReagents and conditions: (a) bromoethane, o-dichlorobenzene, 120
°C, 24 h, for 11; (b) 1-iodoalkane, 145 °C, 3 h, for 12 and 13; (c) 6-
bromohexanoic acid, o-dichlorobenzene, 120 °C.

Scheme 2. a

aReagents and conditions: (a) PhNH2, aqueous HCl, 50 °C, 85%; (b)
18, Ac2O, 125 °C, 2 h; (c) 11−13, NaOAc, EtOH, reflux, 6 h.
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cyanine dyes usually exhibit a large enhancement in
fluorescence intensity;33 they are widely used as fluorescent
markers for DNA in various contexts.34−36

Spectroscopic Characterization. Analysis of the FTIR
spectra allowed us to distinguish between the absorption bands
from the chromophore and the aliphatic chains. Figure 2
depicts an expansion of the FTIR spectra for the cyanines 4−9
between 800 and 1800 cm−1. The full FTIR spectra of the
cyanines 1−9 are presented in the Supporting Information. The
two bands located around 2920 and 2860 cm−1 were assigned
to CH2 asymmetric and symmetric stretching modes of the
hydrocarbon chains. Additionally, the band at 2960 cm−1 (data
not shown) was attributed to an asymmetric stretching mode of
CH3 groups. The infrared absorption bands at 1720 cm−1 were
assigned to CO stretching from the 5-carboxy group at the
end of the alkyl chain. Vibrational assignments in the region
between 1600 and 1380 cm−1 were related to the stretching and
deformation modes of the resonant central chain of the cyanine
dyes.37,38 The positions and relative intensities of the bands
related to the central chain are consistent with an all-trans
conformation, which has been well established for a variety of
cyanine dyes.38 In general, the symmetrical as well as the
asymmetrical cyanine dyes do not show considerable differ-
ences in the FTIR spectra. Significant changes were found for
the asymmetric cyanines 5, 7, and 9, which present a sulfur
atom in the backbone, presenting a more intense absorption
band at 1570 cm−1 which can be related to the indolenine C
N stretching in comparison to that in the parent compounds.39

Additionally, these sulfur derivatives presented an absorption
band between 1500 and 1450 cm−1. It is also worth mentioning
that the observed absorption bands at 1330−1070 cm−1 may be
attributed to the stretching modes or to the CH in-plane
deformation modes of the central conjugated systems, since
phenyl rings do not usually have prominent bands at 1400−
1100 cm−1.37

It is worth mentioning that the 1H and 13C NMR spectra of
symmetrical and asymmetrical cyanines are quite different. The
asymmetrical dyes have split signals in the 1H and 13C NMR in
contrast to the symmetrical dyes, mainly the cyanines 5, 7, and

9, which show, for example, two signals to each CH2 attached
to the nitrogen of the indolenine ring (Supporting Information,
Figures S30, S38, and S46).

Photophysical Characterization. The photophysical
study was performed in solutions of chloroform, dimethylfor-
mamide (DMF), ethanol, and dimethyl sulfoxide (DMSO).
The relevant data are summarized in Table 1. Figure 3 depicts
the UV−vis absorption and fluorescence emission spectra from
the symmetrical cyanines 1−3 in chloroform and dimethylfor-
mamide. It can be observed that the maxima locations
(absorption and emission) as well as the curve shapes were
not affected by the alkyl moiety present in these compounds
(ethyl, butyl, and octyl). A very similar behavior was observed
in ethanol and DMSO (Supporting Information). Absorption
band maxima located around 650 nm with high molar
absorption coefficient values (ε ≈ 105 M−1 cm−1) in agreement
with π−π* transitions were observed. The fluorescence
emission spectra for each dye were obtained using the relevant
absorption maximum (λabs) as the excitation wavelength. For all
symmetrical cyanines one main emission band can be observed
at around 667 nm, with a Stokes shift of 17 nm (399 cm−1). For
all of the studied dyes, a small solvatochromic effect could be
observed in the ground and excited states (∼10 nm), which is
probably due to solvent effects. The excitation spectra
(Supporting Information) were also obtained and are quite
similar to the UV−vis absorption spectra, a fact indicating that

Scheme 3. a

aReagents and conditions: (a) 15 or 16, NaOAc, EtOH, reflux, 3 h.

Figure 2. FTIR spectra of the cyanines 4−9: expansion from 800 to
1800 cm−1.
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no significant conformational or electronic changes took place
in the excited state.
In Figure 4 are presented the UV−vis absorption and

fluorescence emission spectra from carboxylated asymmetrical
cyanines 4−9. An absorption band maximum located around
651 nm, with high molar extinction coefficient values (ε ≈ 105

M−1 cm−1) also in agreement with π−π* transitions could be
observed. It can be seen that changes in the electronic structure

of these compounds (symmetrical to asymmetrical) did not
play a fundamental role in the absorption spectra. Additionally,
it can be observed that the cyanines 4−9 present one main
fluorescence emission maximum located around 670 nm. The
excitation spectra were also obtained and are quite similar to
the UV−vis absorption spectra (Supporting Information). It is
well-known that cyanines can present J- or H-type aggregates in
solution.40−45 These aggregates usually will present photo-
physical behavior different from those observed for the
monomeric cyanines. J-type aggregates present red-shifted
absorption, and H-type aggregates present blue-shifted bands.
There are reports in the literature that the absorption bands
shift around 50 nm from the absorption of the monomeric
cyanines.40−43 In this way, any evidence of aggregations in
organic solution in the ground state could not be obtained for
these dyes at the studied concentration. Additionally, the shape
of the absorption UV−vis spectra in organic solvents is typical

Table 1. Relevant Photophysical Data from UV−Vis
Absorption and Fluorescence Emission of the Cyanine Dyes
1−9a

dye solvent λabs ε λem ΔλST Φfl

1 CHCl3 656 0.99 671 15/341 0.28
EtOH 643 1.17 661 18/424 0.28
DMF 644 0.94 662 18/422 0.42
DMSO 647 1.35 665 18/418 0.39
PBS 638 1.36 655 17/407 0.13

2 CHCl3 658 0.93 673 15/339 0.27
EtOH 646 1.18 664 18/420 0.28
DMF 648 1.03 665 17/395 0.39
DMSO 650 1.38 667 17/392 0.43
PBS 638 1.70 658 20/476 0.16

3 CHCl3 659 1.07 675 16/360 0.25
EtOH 646 1.26 665 19/442 0.31
DMF 648 1.36 666 18/417 0.41
DMSO 650 1.18 668 18/415 0.41
PBS 644 0.89 658 14/330 0.13

4 CHCl3 658 0.90 674 16/361 0.17
EtOH 645 1.18 662 17/398 0.15
DMF 646 1.12 664 18/420 0.20
DMSO 648 1.34 666 18/417 0.22
PBS 640 1.34 655 15/358 0.14

5 CHCl3 660 1.02 678 18/102 0.16
EtOH 644 0.99 666 22/513 0.13
DMF 648 1.58 669 21/484 0.14
DMSO 650 0.85 674 24/548 0.15
PBS 639 1.19 659 20/475 0.25

6 CHCl3 658 1.14 674 16/361 0.14
EtOH 646 1.31 664 18/420 0.32
DMF 648 1.30 665 17/395 0.40
DMSO 650 1.31 666 16/370 0.41
PBS 643 1.50 658 15/355 0.23

7 CHCl3 660 1.10 678 18/402 0.20
EtOH 646 0.81 669 23/532 0.29
DMF 650 0.98 670 20/459 0.32
DMSO 654 0.89 675 21/476 0.29
PBS 639 1.60 659 20/475 0.45

8 CHCl3 658 1.22 674 16/361 0.24
EtOH 646 1.95 664 18/420 0.22
DMF 648 1.24 665 17/395 0.38
DMSO 651 1.34 668 17/391 0.45
PBS 640 1.30 655 15/358 0.20

9 CHCl3 659 1.00 677 18/403 0.15
EtOH 646 0.87 668 22/510 0.27
DMF 650 0.99 670 20/459 0.31
DMSO 653 1.45 675 22/499 0.30
PBS 642 0.90 660 18/425 0.24

aλabs and λem are the absorption and emission maxima in nanometers,
respectively, ε (×105 L mol−1 cm−1) is the molar extinction coefficient,
Φfl is the quantum yield of fluorescence, and ΔλST is the Stokes shift
(nm/cm−1).

Figure 3. Absorption (solid line) and fluorescence emission (dashed
line) spectra of the symmetrical cyanines 1−3 in CHCl3 (top) and
DMF (bottom). Conditions: dye concentration, ∼10−6 M; cell path
length, 1 cm.

Figure 4. Absorption and fluorescence emission spectra in solution of
the cyanines 4−9. Conditions: dye concentration, ∼10−5 M; cell path
length, 1 cm.
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of the molecular spectra of cyanine and other polymethine
dyes. The band at longest wavelengths is the most intense band
and represents approximately the 0 → 0 transition in a vibronic
progression. As pointed out by Pearce et al.43 the pattern of
subsidiary shoulders at shorter wavelengths differs from dye to
dye in resolution and intensity and can be related to 0 → 1, 0
→ 2, etc. transitions of a dominant vibrational mode of
frequency approximately 1200 cm−1, which in our study was
around 1215 cm−1.
It is worth mentioning that the cyanines in PBS presented

absorption and fluorescence emission spectra with shapes and
maxima locations similar to those observed in organic solvents
(Figure 5). Additionally, a study of the dependence of UV−vis

absorption in PBS on the dye concentration from 10−3 M up to
10−7 M was also performed (Supporting Information). The
results indicate that any aggregation in the ground state could
not be obtained in the solutions used in the BSA association
study (10−6 M). Only at higher concentrations (10−3−10−4 M)
did dyes 2, 4 and 9 present some evidence of J-type aggregates
due to a red-shifted band around 750 nm.43 Due to the lower
solubility of the cyanines 8 and 9 in PBS, it was not possible to
obtain good UV−vis spectra at concentrations higher than 10−4

M. The fluorescence emission spectra also showed very weak
red-shifted emission curves at higher concentration, which
could also be related to aggregates in solution.
BSA Association. The BSA association study was

performed with different amounts of protein (0−12 μM in
PBS) added to a cyanine dye solution (2 μM in PBS). Figure 6
depicts the UV−vis absorption spectra of cyanine dyes 5, 8, and
9 in the absence and presence of BSA. The additional curves
from dyes 1−4 and 6 are presented in the Supporting
Information and present a similar behavior. Evidences of J-
type aggregates could be observed for cyanine 7 during the
titration only in the presence of BSA due to the small red shift
absorption located around 760 nm (Supporting Information).43

The spectra show two distinct sets of curves, which can be
related to absorption regions from the protein (250−300 nm)
and cyanine dye (500−700 nm). It can be observed that the
increase of BSA raised the absorption intensity between 250

and 300 nm, as expected. However, concerning the region from
the cyanine dye, two distinct behaviors were observed.
Independent of the BSA amount, dyes 5 and 8 showed an
absorption located around 637 nm with nearly constant
intensity. Despite the intense absorption in the absence of
BSA, dye 9 increased in absorbance intensity after BSA
addition, although there are reports in the literature that the
addition of protein leads to an initial drop of the absorption
maxima followed by a gradual increase of its intensity up to
about the initial value.23 Additionally, the BSA in solution red-
shifts the absorption maxima by 25 nm, as already observed for
similar structures.23 The absorption maxima observed for dye 9
in the presence of BSA can probably be related to the conjugate
BSA−cyanine dye in the ground state. The slight changes in the
UV−vis absorption intensity and maxima location for dyes 5
and 8 in the presence of BSA do not discard at all the presence
of conjugates in solution. Since there are no isosbestic points in
the absorption spectra of the dye 9 in the presence of the BSA,
it can be supposed that the equilibrium between the free and
the bound dye is not simple.23

Bovine serum albumin (BSA) is a globular protein composed
of three structurally similar domains, each containing 2
subdomains (A and B) stabilized by 17 disulfide bridges.46−50

It is well-known that aromatic and heterocyclic ligands were
found to bind within two hydrophobic sites in subdomains IIA
and IIIA, namely site I and site II.46−51 In serum albumin, it was
suggested that cyanine dyes exhibit a high specificity for the
subdomain IIIA (site II).52−55 Although it was already
presented in the literature that the binding affinity of some
cyanines of these dyes not only is hydrophobicity dependent
but may be influenced by steric interferences within the binding
sites,55 there is a general outline that increased hydrophobicity
among the dyes increases binding affinity with the protein. In
this way, comparing the UV−vis data on the series of the
studied cyanine dyes, we can suppose that not only do the alkyl
chains drive the affinity of the dye to the protein in the ground
state56,57 but also steric hindrance due to additional moieties
present in the dye can play a important role. In addition, it is

Figure 5. Normalized absorption and fluorescence emission spectra in
PBS solution of the cyanines 1−9. Conditions: dye concentration,
∼10−6 M; cell path length, 1 cm.

Figure 6. UV−vis spectra of the cyanine dyes 5, 8, and 9 at different
BSA concentrations (0−12 μM). Conditions: dye concentration, 2
μM; cell path length, 1 cm.
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worth mentioning that the same behavior was observed for all
synthesized dyes with similar chemical structures.
Characteristics of fluorescence emission spectra of the dyes 5,

8, and 9 in the absence and presence of BSA are given in Figure
7. The additional curves from dyes 1−4, 6, and 7 are presented
in the Supporting Information.

It should be noted that, despite the reported dyes in the
literature, these compounds do not present new fluorescence
emission bands due to aggregates in solution,26,44,45 since
usually optical sensors to detect proteins in solution present
nonfluorescent aggregates, which in the presence of the protein
increase the fluorescence emission of the bound dye due to
disruption of these nonfluorescent aggregates. However, the
cyanine dyes reported in this work behave differently. Dye 5
presented a significative fluorescence emission in PBS located at
the same region observed in organic solvents, as well as linearity
for the Lambert−Beer plot observed in the UV−vis spectra,
indicating that dye 5 does not aggregate in PBS. Additionally,
we could not observe a linear correlation between the
fluorescence intensity and protein concentration. The same
results were observed for dyes 1, 2, 4, and 6 (Figure 8). On the
other hand, dyes 3 and 7−9 presented fluorescence intensity
which increased with the BSA amount in solution. Dyes 3, 7,
and 9 presented fluorescence in the absence of albumin. The
first addition of BSA (1 μM) increased the fluorescence
emission 2−4 times. After the last addition of protein (12 μM)
the fluorescence increased 4−8 times, depending on the
cyanine dye, and the emission maxima red-shifts around 20 nm.
The observed bathochromic shift suggests that the BSA
microenvironments are less polar than that of PBS due to the
hydrophobic groups present in the surface and interiors of the
BSA.58 Moreover, dye 8 was nearly nonfluorescent in the
absence of BSA and the fluorescence intensity increased 50 and

450 times after addition of 1 and 12 μM of BSA, respectively.
This result probably indicates that dye 8 presented a higher
affinity with the protein due to a higher hydrophobic character,
allowed by combination of the long alkyl chain as well as the
methyl groups present in the indoleninium ring. Since the
fluorescence intensity increase with the BSA contend was
nonlinear for some cyanine dyes, it was possible to observe two
set of compounds. The first set was dyes 1, 2, 4, and 6, where
the variation is almost constant. The second set was dyes 3 and
7−9, where a linear increase of the fluorescence intensity could
be obtained, as follows: dye 3 (0−2 μM; Δc = 2 μM; R2 =
0.997); dye 7 (0−2 μM; Δc = 2 μM; R2 = 0.995), dye 8 (0−8
μM; Δc = 8 μM; R2 = 0.990) and dye 9 (0−2 μM; Δc = 2 μM;
R2 = 0.900).
Since it could be observed that these compounds interact

differently with the protein, and the ability to bind dyes
depends on the protein concentration,59 a plot of the relative
fluorescence intensity (F/F0) of the cyanine dyes 1−9 against
the ratio of the dye concentration to the concentration of BSA
(C/P) in PBS was made (Figure 9).

Figure 7. Fluorescence emission spectra of the cyanine dyes 5, 8, and
9 at different BSA concentrations (0−12 μM). The curve from dye 8
in the absence of BSA was magnified 10 times in order to be observed
in this figure. Conditions: dye concentration, 2 μM; cell path length, 1
cm.

Figure 8. Plot of fluorescence intensity maxima of the cyanine dyes 1−
9 as a function of BSA concentration. Conditions: pH 7.0; room
temperature.

Figure 9. Fluorescence intensity of cyanine dyes 1−9 relative to the
concentration of BSA in PBS at room temperature.
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As discussed by Kurtaliev et al.,59 in this plot, the fall of the
fluorescence intensity of the interaction of BSA with dyes
cannot be related only to the formation of nonfluorescent
complexes but is also due to a change in the conformation of
albumin. For the successful application of dyes as a probe, it is
necessary to bind to the protein with no damage to its
structure. At the point where the probe is located, conforma-
tional changes in the protein inevitably occur. The higher the
concentration of the dye, the more damaging its activity.
Therefore, at higher degrees of binding dyes can significantly
change the conformation of albumin. Hence it is important to
select the optimal concentration of dye and protein. Promising
results were obtained for cyanines 2, 3, 5, and 7−9. For these
compounds the binding constants were obtained (Figure 10)
with values similar to those reported in the literature to parent
cyanine dyes ((1.19−9.49) × 105 M−1) (Supporting
Information).59−61

■ CONCLUSION
A series of symmetrical and asymmetrical cyanines was
efficiently obtained from quaternary heterocyclic ammonium
salts containing N-alkyl (ethyl, butyl, and octyl) and N-
carboxypentyl groups. The cyanine dyes were prepared through
activated intermediates by a practical synthetic route in
satisfactory overall yield from commercially available and
relatively inexpensive starting materials. It could be observed
that the fluorescence intensity of the cyanine dyes containing
longer alkyl chains was enhanced noticeably in the presence of
protein. However, the intricate photophysical behavior of these
dyes in the presence of protein indicated that the combination
of the alkyl chain length present in the quaternized nitrogen
and the electronic and steric characteristics of the indoleninium
ring tailored the optical sensing application of the studied
compounds. Additionally, the binding constants could be
obtained and the values are in agreement with previously
reported data for parent cyanines.

■ EXPERIMENTAL SECTION
Materials and Methods. 1H and 13C NMR data were determined

in CDCl3, DMSO-d6, or CD3OD-d4 solutions on an NMR
spectrometer operating at 299.98 MHz for 1H and at 75.42 MHz
for 13C. The chemical shifts are expressed as δ (ppm) relative to

tetramethylsilane as an internal standard. Splitting patterns are
designed as follows; s, singlet; d, doublet; t, triplet; q, quartet; m,
multiplet; br s, broad singlet. All of the detected signals were in
accordance with the proposed structures. FTIR spectra were recorded
on an IR spectrophotometer. High-resolution mass spectra were
recorded with electrospray ionization (HRMS-ESI) data in the positive
mode using a Micromass Q-Tof instrument. Samples were infused by a
100 μL syringe at a flow rate ranging from 5 to 10 μL min−1 depending
on the sample. The following typical operating conditions were used: 3
kV capillary voltage, 33 V sample cone voltage, 2.5 V extraction cone
voltage, and desolvation gas temperature of 100 °C. N2 was used as the
desolvation gas, and methanol was the solvent used with all samples.
Purification by column chromatography was carried out on silica gel 60
(70−230 mesh). Analytical thin-layer chromatography (TLC) was
conducted on aluminum plates with 0.2 mm of silica gel 60F-254.
2,3,3-Trimethylindolenine (10), bromoethane, 1-iodobutane, 1-
iodooctane, 6-bromohexanoic acid, and 1,1,3,3-tetrametoxypropane
(17) were used without purification. 2-Methylbenzothiazole (14) was
prepared according to a methodology previously described.62 The
UV−vis absorption spectra were measured on an UV spectropho-
tometer. The steady-state fluorescence emission spectra were obtained
on a spectrofluorophotometer with subsequent correction for the
instrument spectral sensitivity. Spectroscopic grade solvents were used
in UV−vis absorption and fluorescence emission measurements. The
quantum yields of fluorescence (Φfl) were obtained at 25 °C in
spectroscopic grade solvents using the optical dilute method:
absorbance lower than 0.05. For the calculation of quantum yields
of fluorescence, the refraction indexes of solvents were taken into
account. Zinc phthalocyanine (ZnPc) was synthesized and purified
according to the literature63 and used as a quantum yield standard (Φfl
= 0.20 in DMSO).64 The quantum yields of fluorescence in PBS were
measured using an optimal wavelength for excitation such that the
sample and the standard were excited at an almost plateaulike region
of their absorption spectra.65 Bovine serum albumin (BSA) fraction V
was used in the BSA experiments.

Quaternary Heterocyclic Ammonium Salt Precursors. N-
Ethyl-2,3,3-trimethylindoleninium Bromide (11). A mixture of
bromoethane (0.68 g, 6.28 mmol) and 2,3,3-trimethylindolenine
(10; 0.5 g, 3.14 mmol) in o-dichlorobenzene (3 mL) was heated to
120 °C for 24 h. After it was cooled to room temperature, the resulting
mixture was filtered and the residue was washed successively with
hexane (3 × 5 mL) and Et2O (3 × 5 mL). The solid was dried under
vacuum to give 0.42 g (2.23 mmol, 70% yield) of N-ethyl-2,3,3-
trimethylindoleninium bromide (11) as a red powder. 1H NMR (300
MHz, CDCl3): δ (ppm) 7.69−7.61 (m, 1H), 7.52−7.40 (m, 3H), 4.64
(q, 2H, J = 7.2 Hz), 3.01 (s, 3H), 1.50 (s, 6H), 1.49 (t, 3H, J = 7.2
Hz). 13C NMR (75 MHz, CDCl3): δ (ppm) 195.6, 141.5, 140.4, 129.9,
129.4, 123.3, 115.2, 54.5, 44.7, 22.8, 15.9, 13.3.

N-Butyl-2,3,3-trimethylindoleninium Iodide (12). A mixture of 1-
iodobutane (1.2 g, 6.52 mmol) and 2,3,3-trimethylindolenine (10;
0.21 g, 1.30 mmol) was heated to 145 °C for 3 h. After it was cooled,
the resulting mixture was purified by column chromatography using
silica gel and CH2Cl2/MeOH (90/10) as the eluent mixture to give
0.23 g (1.07 mmol, 82% yield) of 12 as a red powder. 1H NMR (300
MHz, CDCl3): δ (ppm) 7.80−7.69 (m, 1H), 7.68−7.52 (m, 3H), 4.67
(t, 2H, J = 7.2 Hz), 3.13 (s, 3H), 2.04−1.88 (m, 2H), 1.67 (s, 6H),
1.60−1.44 (m, 2H), 1.01 (t, 3H, J = 7.2 Hz). 13C NMR (75 MHz,
CDCl3): δ (ppm) 195.6, 141.5, 140.8, 130.1, 129.4, 123.4, 115.3, 54.6,
49.7, 29.9, 23.1, 20.1, 17.0, 13.6.

N-Octyl-2,3,3-trimethylindoleninium Iodide (13). A mixture of 1-
iodooctane (1.2 g, 5.0 mmol) and 2,3,3-trimethylindolenine (10; 0.16
g, 1.0 mmol) was heated to 145 °C for 3 h. After it was cooled, the
resulting mixture was purified by column chromatography using silica
gel and CH2Cl2/MeOH (80/20) as the eluent mixture to give 0.2 g
(0.75 mmol, 75% yield) of 13. 1H NMR (300 MHz, CDCl3): δ (ppm)
7.69−7.58 (m, 1H), 7.57−7.50 (m, 3H), 4.60 (t, 2H, J = 7.8 Hz), 3.05
(s, 3H), 1.95−1.85 (m, 2H), 1.62 (s, 6H), 1.48−1.32 (m, 2H), 1.32−
1.17 (m, 8H), 0.82 (t, 3H, J = 6.6 Hz). 13C NMR (75 MHz, CDCl3): δ
(ppm) 195.4, 141.5, 140.7, 130.2, 129.5, 123.5, 115.3, 54.7, 49.9, 31.5,
28.9, 28.8, 28.0, 26.7, 23.1, 22.5, 16.8, 14.0.

Figure 10. Plot of (F∞ − F0)/(FX − F0) against [BSA]
−1, where [dye]

= 2.0 × 10−5 M.
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1-(5-Carboxypentyl)-2,3,3-trimethylindoleninium Bromide (15).
A mixture of 6-bromohexanoic acid (2.7 g, 13.5 mmol) and 2,3,3-
trimethylindolenine (10; 1.5 g, 9.37 mmol) in o-dichlorobenzene (10
mL) was heated to 120 °C for 24 h. After it was cooled to room
temperature, the mixture was filtered and the residue was washed
successively with hexane (3 × 5 mL) and Et2O (3 × 5 mL). The
resulting solid was purified by column chromatography using silica gel
and CH2Cl2/MeOH (80/20) as the eluent mixture to give 1.67 g (6.08
mmol, 65% yield) of 15. 1H NMR (300 MHz, DMSO-d6): δ (ppm)
12.05 (br s, 1H), 8.05−7.98 (m, 1H), 7.88−7.85 (m, 1H), 7.64−7.55
(m, 2H), 4.49 (t, 2H, J = 7.2 Hz), 2.89 (s, 3H), 2.22 (t, 2H, J = 7.2
Hz), 1.95−1.75 (m, 2H), 1.57 (m, 2H), 1.55 (s, 6H), 1.54−1.35 (m,
2H). 13C NMR (75 MHz, DMSO-d6): δ (ppm) 196.5, 174.3, 141.9,
141.1, 129.4, 128.9, 123.6, 115.6, 54.2, 47.5, 33.4, 27.0, 25.4, 24.1, 22.0,
14.3.
3-(5-Carboxypentyl)-2-methylbenzo[d]thiazol-3-ium Bromide

(16). A mixture of 6-bromohexanoic acid (1.0 g, 6.71 mmol) and 2-
methylbenzothiazole (14; 1.88 g, 9.67 mmol) in o-dichlorobenzene
(10 mL) was heated to 120 °C for 7 days. After it was cooled to room
temperature, the resulting mixture was filtered and the residue was
washed successively with hexane (3 × 5 mL) and Et2O (3 × 5 mL).
The solid was dried under vacuum to give 0.71 g (2.68 mmol, 40%
yield) of 16 as a gray powder. 1H NMR (300 MHz, DMSO-d6): δ
(ppm) 8.53 (d, 1H, J = 8.1 Hz), 8.37 (d, 1H, J = 8.1 Hz), 7.90 (t, 1H, J
= 8.1 Hz), 7.81 (t, 1H, J = 8.1 Hz), 4.74 (t, 2H, J = 7.5 Hz), 3.25 (s,
3H), 2.24 (t, 2H, J = 6.9 Hz), 1.87 (m, 2H), 1.64−1.40 (m, 4H). 13C
NMR (75 MHz, DMSO-d6): δ (ppm) 177.1, 174.4, 140.8, 129.4,
129.1, 128.1, 124.7, 116.9, 49.1, 33.5, 27.5, 25.4, 24.0, 17.0.
General Procedure for Symmetrical Cyanine Dye Synthesis.

A mixture of malondialdehyde dianil hydrochloride (18; 1.2 equiv)
and the quaternary heterocyclic ammonium salt (1.0 equiv) in acetic
anhydride was refluxed for 2 h. The solution was cooled to room
temperature, and the solvent was removed by distilling. Next, a
mixture of the crude product containing mainly the enamide,
quaternary heterocyclic ammonium salt (1.0 equiv), and anhydrous
sodium acetate (2.1 equiv), in absolute ethanol and under an inert
atmosphere, was refluxed over 6 h. The solution was cooled to room
temperature, and the solvent was removed under reduced pressure.
N-((1E)-3-(Phenylimino)prop-1-enyl)benzenamine Hydrochloride

(18). A solution of distilled water (70 mL), concentrated HCl (5 mL),
and aniline (3.7 mL, 40 mmol) was added dropwise to a solution of
water (85 mL), concentrated HCl (4.3 mL), and 1,1,3,3-tetramethox-
ypropane (17; 5.3 mL, 30 mmol) with stirring at 50 °C. After 2 h, the
precipitate was isolated by filtration to give 6.2 g (85% yield) of 18 as
a, orange solid. 1H NMR (300 MHz, DMSO-d6): δ (ppm) 12.75 (d,
2H, J = 13.5 Hz), 8.97 (t, 2H, J = 12.6 Hz), 7.46 (m, 8H), 7.32−7.18
(m, 2H), 6.55 (t, 1H, J = 11.4 Hz). 13C NMR (75 MHz, DMSO-d6): δ
(ppm) 158.4, 138.7, 129.9, 129.5, 117.4, 98.7.
Cyanine Dye 1. The resulting solid was purified by column

chromatography using silica gel and CH2Cl2/MeOH (90/10) as the
eluent mixture. Yield: 58%. FTIR (KBr, cm−1): ν 2968, 1494, 1454,
1378, 1331, 1169, 1105, 1071. 1H NMR (300 MHz, CDCl3): δ (ppm)
8.25 (t, 2H, J = 12.9 Hz), 7.46−7.32 (m, 4H), 7.22 (t, 2H, J = 7.5 Hz),
7.14 (d, 2H, J = 8.4 Hz), 6.77 (t, 1H, J = 12.3 Hz), 6.32 (d, 2H, J =
13.5 Hz), 4.17 (q, 4H, J = 7.5 Hz), 1.79 (s, 12H), 1.44 (t, 6H, J = 6.9
Hz). 13C NMR (75 MHz, CDCl3): δ (ppm) 172.6, 154.0, 141.6, 141.4,
128.5, 126.1, 125.0, 122.3, 110.3, 103.3, 49.9, 39.4, 28.0, 12.4. HRMS
(ESI-qTOF): m/z [M + H]+ calcd for C29H35N2 412.2878, found
412.2897.
Cyanine Dye 2. The resulting solid was purified by column

chromatography using silica gel and CH2Cl2/MeOH (80/20) as the
eluent mixture. Yield: 55%. FTIR (KBr, cm−1): ν 2956, 1493, 1454,
1384, 1334, 1219, 1167, 1095. 1H NMR (300 MHz, CDCl3): δ (ppm)
8.34 (t, 2H, J = 13.2 Hz), 7.44−7.30 (m, 4H), 7.21 (t, 2H, J = 6.9 Hz),
7.09 (d, 2H, J = 7.8 Hz), 6.74 (t, 1H, J = 12.6 Hz), 6.28 (d, 2H, J =
13.8 Hz), 4.07 (t, 4H, J = 7.5 Hz), 1.86−1.74 (m, 4H), 1.81 (s, 12H),
1.49 (m, 4H), 1.00 (t, 6H, J = 7.2 Hz). 13C NMR (75 MHz, CDCl3): δ
(ppm) 173.3, 154.3, 142.2, 141.6, 128.5, 126.2, 125.1, 122.4, 110.5,
103.6, 49.6, 44.3, 29.6, 28.1, 20.4, 14.0. HRMS (ESI-qTOF): m/z [M
+ H]+ calcd for C33H43N2 468.3504, found 468.3523.

Cyanine Dye 3. The resulting solid was purified by column
chromatography using silica gel and CH2Cl2/MeOH (80/20) as the
eluent mixture. Yield: 50%. FTIR (KBr, cm−1): ν 2924, 1491, 1453,
1383, 1334, 1141, 1099, 1015. 1H NMR (300 MHz, CDCl3): δ (ppm)
8.18 (t, 2H, J = 12.9 Hz), 7.38−7.28 (m, 4H), 7.18 (t, 2H, J = 7.5 Hz),
7.05 (d, 2H, J = 7.8 Hz), 6.70 (t, 1H, J = 12.3 Hz), 6.21 (d, 2H, J =
13.5 Hz), 4.02 (t, 4H, J = 7.5 Hz), 1.85−1.65 (m, 2H), 1.76 (s, 12H),
1.48−1.30 (m, 2H), 1.40−1.21 (m, 20H),0.82 (t, 6H, J = 6.6 Hz). 13C
NMR (75 MHz, CDCl3): δ (ppm) 173.1, 153.8, 142.1, 141.5, 128.6,
126.0, 125.2, 122.4, 110.6, 103.6, 49.6, 44.6, 31.8, 29.4, 29.1, 28.2, 27.5,
27.0, 22.6, 14.2. HRMS (ESI-qTOF): m/z [M + H]+ calcd for
C41H59N2 580.4756, found 580.4758.

General Procedure for Asymmetrical Cyanine Dye Syn-
thesis. A mixture of malondialdehyde dianil hydrochloride (18; 1.2
equiv) and the quaternary heterocyclic ammonium salt (1.0 equiv) in
acetic anhydride was refluxed for 2 h. The solution was cooled to room
temperature, and the solvent was removed by distilling. Next, a
mixture of the crude product containing mainly the enamide,
quaternary heterocyclic ammonium salt (1.0 equiv), and anhydrous
sodium acetate (2.1 equiv), in absolute ethanol and under an inert
atmosphere, was refluxed over 3 h. The solution was cooled to room
temperature, and the solvent was removed under reduced pressure.

Cyanine Dye 4. The resulting solid was purified by column
chromatography using silica gel and CH2Cl2/MeOH (80/20) as the
eluent mixture. Yield: 43%. FTIR (KBr, cm−1): ν 3407, 2925, 1720,
1493, 1454, 1378, 1332, 1149, 1109, 1074. 1H NMR (300 MHz,
CD3OD-d4): δ (ppm) 8.27 (t, 2H, J = 12.6 Hz), 7.58−7.46 (m, 2H),
7.45−7.36 (m, 2H), 7.35−7.18 (m, 4H), 6.66 (t, 1H, J = 12.6 Hz),
6.31 (dd, 2H, J = 13.2 Hz), 4.25−4.05 (m, 4H), 2.32 (t, 2H, J = 7.2
Hz), 1.90−1.75 (m, 2H), 1.72 (s, 12H), 1.74−1.62 (m, 2H), 1.58−
1.42 (m, 2H), 1.39 (t, 3H, J = 7.2 Hz). 13C NMR (75 MHz, CD3OD-
d4): δ (ppm) 177.5, 174,6, 174.3, 155.6, 155.5, 143.5, 143.0, 142.8,
142.6, 129.8, 129.7, 126.7, 126.3, 126.2, 123.5, 123.4, 112.0, 111.8,
104.3, 104.1, 50.6, 50.5, 44.8, 40.0, 34.8, 28.1, 27.9 (2C), 27.8 (2C),
27.3, 25.7, 12.6. HRMS (ESI-qTOF): m/z [M + H]+ calcd for
C33H41N2O2 498.3246, found 498.3225.

Cyanine Dye 5. The resulting solid was purified by column
chromatography using silica gel and CH2Cl2/MeOH (50/50) as the
eluent mixture. Yield: 48%. FTIR (KBr, cm−1): ν 3409, 2923, 1718,
1502, 1456, 1440, 1381, 1151, 1108, 1074. 1H NMR (300 MHz,
CD3OD-d4): δ (ppm) 8.06−7.86 (m, 3H), 7.74 (d, 1H, J = 8.1 Hz),
7.61 (t, 1H, J = 8.1 Hz), 7.52−7.38 (m, 2H), 7.33 (t, 1H, J = 8.1 Hz),
7.22−7.08 (m, 2H), 6.64 (d, 1H, J = 13.2 Hz), 6.58 (t, 1H, J = 12.6
Hz), 6.08 (d, 1H, J = 13.2 Hz), 4.46 (t, 2H, J = 7.8 Hz), 4.03 (q, 2H, J
= 7.5 Hz), 2.32 (t, 2H, J = 7.5 Hz), 1.95−1.80 (m, 2H), 1.78−1.60 (m,
2H), 1.67 (s, 6H), 1.62−1.43 (m, 2H), 1.33 (t, 3H, J = 7.2 Hz). 13C
NMR (75 MHz, CD3OD-d4): δ (ppm) 177.6, 171.0, 168.4, 154.0,
152.3, 143.5, 142.7, 142.0, 129.6, 129.5, 127.6, 127.2, 125.0, 124.4,
124.0, 123.2, 115.1, 110.7, 104.3, 101.5, 49.7, 48.0, 39.3, 34.9, 28.8,
28.1 (2C), 27.1, 25.7, 12.3. HRMS (ESI-qTOF): m/z [M + H]+ calcd
for C30H35N2O2S 488.2498, found 488.2514.

Cyanine Dye 6. The resulting solid was purified by column
chromatography using silica gel and CH2Cl2/MeOH (50/50) as the
eluent mixture. Yield: 45%. FTIR (KBr, cm−1): ν 3420, 1492, 1453,
1383, 1334, 1147, 1093, 1016. 1H NMR (300 MHz, DMSO-d6): δ
(ppm) 8.37 (t, 2H, J = 13.2 Hz), 7.64 (d, 2H, J = 7.2 Hz), 7.46−7.36
(m, 4H), 7.30−7.20 (m, 2H), 6.62 (t, 1H, J = 12.3 Hz), 6.33 (d, 2H, J
= 12.3 Hz), 4.11 (t, 4H, J = 7.5 Hz), 3.45 (br s, 1H), 2.20 (t, 2H, J =
6.6 Hz), 1.69 (s, 14H), 1.65−1.50 (m, 4H), 1.49−1.32 (m, 4H), 0.94
(t, 3H, J = 7.5 Hz). 13C NMR (75 MHz, DMSO-d6): δ (ppm) 174.5,
172.6, 172.5, 154.1, 142.0, 141.1, 128.4, 125.6, 124.7, 122.5, 111.1,
103.2, 48.9, 43.3, 33.6, 29.1, 27.2, 26.7, 25.7, 24.3, 19.5, 13.8. HRMS
(ESI-qTOF): m/z [M + H]+ calcd for C35H45N2O2 526.3559, found
526.3547.

Cyanine Dye 7. The resulting solid was purified by column
chromatography using silica gel and CH2Cl2/MeOH (50/50) as the
eluent mixture. Yield: 40%. FTIR (KBr, cm−1): ν 3432, 2927, 1501,
1478, 1455, 1382, 1322, 1152, 1102. 1H NMR (300 MHz, CD3OD-
d4): δ (ppm) 7.99 (t, 1H, J = 12.9 Hz), 7.97 (t, 1H, J = 12.6 Hz), 7.88
(d, 1H, J = 7.8 Hz), 7.71 (d, 1H, J = 8.4 Hz), 7.55 (t, 1H, J = 7.5 Hz),
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7.39 (t, 2H, J = 7.8 Hz), 7.30 (t, 1H, J = 7.2 Hz), 7.16−7.07 (m, 2H),
6.72−6.58 (m, 2H), 6.06 (d, 1H, J = 13.2 Hz), 4.42 (t, 2H, J = 7.5 Hz),
3.96 (t, 2H, J = 7.5 Hz), 2.31 (t, 2H, J = 7.2 Hz), 1.92−1.78 (m, 2H),
1.76−1.62 (m, 4H), 1.66 (s, 6H), 1.60−1.38 (m, 4H), 0.98 (t, 3H, J =
7.2 Hz). 13C NMR (75 MHz, CD3OD-d4): δ (ppm) 177.5, 171.3,
168.2, 154.0, 152.1, 144.0, 142.6, 141.9, 129.6, 129.5, 127.6, 127.1,
124.9, 124.6, 124.1, 123.2, 115.1, 110.9, 104.4, 102.0, 49.6, 48.1, 44.3,
34.8, 30.3, 28.9, 28.4 (2C), 27.1, 25.7, 21.2, 14.4. HRMS (ESI-qTOF):
m/z [M + H]+ calcd for C32H39N2O2S 516.2811, found 516.2816.
Cyanine Dye 8. The resulting solid was purified by column

chromatography using silica gel and CH2Cl2/MeOH (50/50) as the
eluent mixture. Yield: 46%. FTIR (KBr, cm−1): ν 3439, 1492, 1453,
1382, 1334, 1153, 1102, 1014. 1H NMR (300 MHz, CD3OD-d4): δ
(ppm) 8.28 (t, 2H, J = 12.9 Hz), 7.47 (d, 2H, J = 7.5 Hz), 7.39 (t, 2H,
J = 7.5 Hz), 7.34−7.18 (m, 4H), 6.74 (t, 1H, J = 12.6 Hz), 6.34 (d, 2H,
J = 13.8 Hz), 4.12 (t, 4H, J = 6.9 Hz), 2.31 (t, 2H, J = 6.9 Hz), 1.89−
1.70 (m, 4H), 1.72 (s, 12H), 1.80−1.60 (m, 2H), 1.58−1.40 (m, 4H),
1.45−1.25 (m, 8H), 0.87 (t, 3H, J = 6.9 Hz). 13C NMR (75 MHz,
CD3OD-d4): δ (ppm) 177.2, 174.6, 174.5, 155.3, 143.5, 142.7, 142.6,
129.7, 126.9, 126.2, 162.1, 123.4, 112.1, 112.0, 104.6, 104.4, 50.6, 50.5,
45.0, 44.8, 34.7, 32.8, 30.4, 30.2, 28.5, 28.2, 28.1, 27.8, 27.3, 25.7, 23.7,
14.5. HRMS (ESI-qTOF): m/z [M + H]+ calcd for C39H53N2O2
582.4185, found 582.4188.
Cyanine Dye 9. The resulting solid was purified by column

chromatography using silica gel and CH2Cl2/MeOH (50/50) as the
eluent mixture. Yield: 50%. FTIR (KBr, cm−1): ν 3437, 2924, 1502,
1477, 1455, 1383, 1322, 1148, 1108. 1H NMR (300 MHz, CD3OD-
d4): δ (ppm) 8.00 (t, 1H, J = 12.9 Hz), 7.97 (t, 1H, J = 12.6 Hz), 7.89
(d, 1H, J = 7.8 Hz), 7.71 (d, 1H, J = 8.1 Hz), 7.56 (t, 1H, J = 7.2 Hz),
7.46−7.36 (m, 2H), 7.31 (t, 1H, J = 7.8 Hz), 7.18−7.04 (m, 2H), 6.66
(d, 1H, J = 13.8 Hz), 6.63 (t, 1H, J = 12.6 Hz), 6.06 (d, 1H, J = 13.2
Hz), 4.43 (t, 2H, J = 7.5 Hz), 3.96 (t, 2H, J = 7.5 Hz), 2.31 (t, 2H, J =
6.9 Hz), 1.92−1.70 (m, 2H), 1.80−1.60 (m, 4H), 1.67 (s, 6H), 1.60−
1.45 (m, 2H), 1.48−1.15 (m, 10H), 0.87 (t, 3H, J = 7.2 Hz). 13C NMR
(75 MHz, CD3OD-d4): δ (ppm) 177.2, 171.3, 168.2, 154.0, 152.1,
144.0, 142.6, 141.9, 129.6, 129.5, 127.6, 127.1, 124.9, 124.6, 124.1,
123.2, 115.1, 111.0, 104.4, 102.0, 49.7, 48.1, 44.4, 34.7, 32.9, 30.4, 30.3,
28.9, 28.4 (2C), 28.2, 27.9, 27.1, 25.6, 23.7, 14.5. HRMS (ESI-qTOF):
m/z [M + H]+ calcd for C36H47N2O2S 572.3437, found 572.3457.
BSA Association. A cyanine dye solution in dimethylformamide

(∼10−5 M) was used to prepare a cyanine dye solution in PBS to a
final concentration of 14 μM. To this PBS/cyanine dye solution were
added different amounts of the PBS/BSA solution (14 μM) that were
previously prepared. The final solution (2 μM of cyanine dyes) was
allowed to stand for 2 h. The apparent binding constant (Ka) of the
cyanine dyes with BSA was also obtained from fluorescence titration of
the cyanine dye spectra at 25 °C and at constant dye concentration by
dilution of the initial BSA concentration. Taking the BSA/cyanine dye
association into account as 1:1,58,66 the Ka could be obtained using the
modified equation58,67
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( )X 0 0 a 0 (1)

where F0, FX, and F∞ are the fluorescence intensities of the cyanines in
the absence of BSA, in the presence of a certain amount of BSA, and at
a concentration of complete interaction, respectively, and [BSA] is the
protein concentration. Equation 1 can be rewritten as
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The binding constant values (Ka) between the BSA and the cyanines
were then calculated from the slopes of the corresponding plots (F∞ −
F0)/(FX − F0) vs [BSA]

−1.
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