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Abstract

The synthesis of some new solvatochromic mono-, bis-, and tetrakistilbazolium dyes, 2-5, is presented. The dyes
were characterized by 'H, '3C NMR and mass spectroscopy. The UV-vis spectroscopic investigation of these com-
pounds shows broad absorption bands [assigned to intramolecular charge transfer (ICT) processes] in different solvents
in the range of 450—520 nm. The electrochemical behavior of the dyes, on the other hand, showed an irreversible reduc-
tion voltammetric wave that was postulated to arise from the formation of a chemically reactive neutral radical species.
From the simulation of cyclic voltammetry measurements at different scan rates, it was possible to compute thermo-
dynamic potentials, electron transfer rate constants, and diffusion coefficients for all the compounds under study.

© 2003 Elsevier Ltd. All rights reserved.
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1. Introduction

Cyanines are a class of dyes whose chemical
structure is characterized by two nitrogen atoms
(one of which is positively charged), which are
separated by a conjugated bridge formed by a
carbon framework. The importance of these dyes
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stems from their wide use in industries for many
years as spectral sensitizers for silver halide pho-
tography, in optical disks as recording media, as
photorefractive materials, in laser devices and
even as anti-tumor reagents [l1]. In order to
understand in detail their photochemical and
photophysical properties, the synthesis, based on a
donor-acceptor design concept, and characteriza-
tion of a large number of new cyanine dyes have
been reported [1,2]. In this way, the systematic,
spectroscopic, and electrochemical study of differ-
ent dye molecules as a function of the variation of
the nature of the donor and/or acceptor moieties,
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as well as the distance between them, has been used
to achieve an improved understanding of charge
transfer and sensitization processes of these mole-
cules [1-3]. Related studies on cyanine dyes include
self-aggregation phenomena [4,5], their use as
fluorescent polarity probes [6—8], non linear optical
[9,10], and electroactive materials [11,12]. Herein,
we report the synthesis of a new series of solvato-
chromic mono-, bis-, and tetrakisstyrylpyridinium
dyes 2-5 (Fig. 1) along with their related spectro-
scopic and electrochemical properties.

2. Results and discussion
2.1. Synthesis

For purposes of comparison, 4'-(N,N’-dimethyl-
aminostyryl)-N-pentyl pyridinium bromide (1)
was prepared following a method reported in the
literature [7,13]. Dye 2, however, was accessed by
coupling bromooctanoic acid with vy-picoline,
which was then condensed with N,N-dimethyl-
aminobenzaldehyde to afford the desired product,
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Fig. 1. Key structure of the dyes used in this study.
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as red solid (Scheme 1). The tosylate derivative (6)
of triethylene glycol was prepared (Scheme 2) by
reaction with p-toluenesulfonyl chloride in pre-
sence of Et;N, which was confirmed ('3C NMR)
by the appearance of new peaks assigned to the
tosylate group at 21.8 and 128-146 ppm region
and the shift of the a-carbon of the hydroxyl
group from 61.1 to 68.9 ppm. The tosylate 6 was
then treated with y-picoline and subsequently with
N,N-dimethylaminobenzaldehyde to obtain dye 3,
as red solid; confirmation was by NMR and mass
spectral analysis (see Section 3). Conversion of
tetramesylate 7 [14] to the corresponding tetra-
bromide 8 (NaBr, DMF) (Scheme 3) was mon-
itored ('3C NMR) by observation of the loss of
peaks at 37.06 and 66.49 ppm (CH; and OCH,,
respectively) and the peak ("H NMR) at 2.94 ppm
(CH3), and the appearance of a new signal (13C
NMR) at 30.86 ppm (CH,Br). The reaction of
aniline with 1-bromohexadacane to then afforded
N,N-dihexadecyl- aniline 9 as a white solid, and
was characterized by the appearance of a peak
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('3C NMR) at 51.28 ppm for the NCH, carbon;
formylation (POCl;, DMF) then afforded 10, as
light brown solid. The successful synthesis of
aldehyde 10 was confirmed ('3C NMR) by the
appearance of a new resonance at 190.03 ppm and
at 9.7 ppm (‘H NMR) assigned to the CHO
group. This tetrabromide core 8 was then treated
with y-picoline, and subsequently condensed with
N,N-dimethyl aminobenzaldehyde and N,N-
dihexadecylaminobenzaldehyde (10) to afford,
respectively, the corresponding dyes 4 and 5, as
red solids (Scheme 3). Based on the large coupling
constants (H NMR) observed for the olefinic
protons (Jyans = 16.0, 13.25, 16.0, and 15.75 Hz for
2, 3, 4 and 5, respectively), all dyes (2-5) were
determined to be trans conformers [15].

2.2. Spectroscopic studies

UV-vis spectroscopic measurements of the
push—pull type dyes (Fig. 2) show broad absorp-
tion bands in the range of 450-520 nm corre-
sponding to the (S1<«-S0 state) n—n* transition
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Fig. 2. Representative absorption spectra of dye 5 in various
solvents. a: CH,Cl,, b: EtOH, c: H,O respectively. [Dye] was
maintained at 5 uM.

[15] attributed to an intramolecular charge trans-
fer (ICT) involving the electron lone pair of the
amino nitrogen and the cationic pyridinium nitro-
gen terminal [8]. Because of their strong charge
transfer character, the absorption spectra are
influenced by the medium polarity, as seen in
solution phase (Fig. 2). In Table 1, for instance,
the absorption spectral data of the five different
dyes under study in various solvents are presented.
A representative absorption spectrum of 1-5 in
methanol is given in Fig. 3. It can be readily
observed, that as the monochromophoric dyes 1
and 2 show A, at 450 nm in water, A, shifts to
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Fig. 3. Absorption spectra of dyes 1-5 in methanol. [Dye] was
maintained at 20 uM for 1, 10 uM for 2 and 3, and 5 pM for 4
and 5, respectively.



230 A. Mishra et al. | Dyes and Pigments 58 (2003) 227-237

Table 1

Absorption spectral data (4.« and log €) of the styrylpyridinium dyes used in this study. The [dye] was maintained at 20 uM for 1, 10
puM for 2 and 3, and 5 pM for 4 and 5, respectively

Solvents a? 2 3 4 5
/]-max (log 8) ;Lmax (10g 8) j-max (log 8) ;Lmax (log 8) Amax (log 8)

Water 1.17 450(4.39) 450(4.33) 464(4.35) 468(4.67) 468(4.62)
MeOH 0.93 479(4.74) 477(4.57) 480(461) 486(4.85) 499(4.69)
EtOH 0.83 484(4.74) 481(4.56) 486(4.64) 484(4.92) 499(4.93)
i-Propanol 0.76 485(4.73) 480(4.58) 481(4.66) 481(4.9) 489(4.99)
CHCl; 0.44 496(4.79) 496(4.54) 485(4.53) 484(4.89) 505(499)
CH,Cl, 0.3 513(479) 501(4.59) 499(4.63) 489(4.83) 511(4.94)

All measured solutions contained 1% MeOH.
4 Acidity of solvent.

larger values as the number of chromophoric unit
in the dye molecule increases.

It was also noted that as the solvent acidity (o)
increases, a hypsochromic shift has been observed
for the absorption spectra (Fig. 4) [16], indicating a
specific hydrogen bonding interaction between dye
and the solvent molecule [17,18]. Thus strong
hydrogen bonding solvent forms hydrogen bond
with the nitrogen lone pair of the dye molecule,
which reduces the magnitude of the ICT interaction
within the dye molecule and shows blue shift in
absorption band [19]. The red shift in the absorp-
tion maxima of 5 in alcoholic solvents as compared
to those for 1-4 (Table 1), on the other hand, may
potentially be due to the presence of long alkyl
chains, which in turn, should decrease the polarity
in the surrounding microenvironment of the dye
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Fig. 4. Representative plot of the longest wavelength absorp-
tion maxima with solvent acidity («) for compounds 1 (O) and

5(@).

moiety and therefore the hydrogen bonding
potential decreases between the dye and the sol-
vent molecule.

2.3. Electrochemistry of dyes 1-5

The electrochemistry of dyes 1-5 was investi-
gated in the cathodic region by carrying out cyclic
voltammetry experiments on 1.0 mM solutions
(except for 1 which was studied at a 0.5 mM con-
centration) of the relevant compound dissolved in
deoxygenated 0.1 M of TBAPF¢ in anhydrous
DMSO at room temperature. As can be readily
seen in Fig. 5, the electrochemical response of the
parent 2 is characterized by an irreversible peak
that, according to published results on similar
compounds, is due to the monoelectronic reduc-
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Fig. 5. Experimental (—) and simulated (O) CV responses of a

1.0 mM solution of 2 in TBAPF4 0.1 M in DMSO at 293 K.
Scan rate 100 mV/s.



A. Mishra et al. | Dyes and Pigments 58 (2003) 227-237 231

tion of the dye moiety [19,20]. As expected from
the chemical structures of 1-5, similar responses
were observed for all the compounds under study,
suggesting that the same type of electrochemical
behavior characterizes the electro activity of the
whole series. According to Lenhard and co-work-
ers, the neutral radical formed upon reduction for
this type of compounds is a very reactive species
that readily undergoes a fast chemical dimeriza-
tion reaction [20]. This chemical step gives rise to a
non-electroactive compound which in turn,
explains the absence of the corresponding anodic
wave during the reverse scan [21].

Consistent with the voltammetric behavior of
electrochemical-chemical mechanisms (EC) [22-
25], CV experiments for 1-5 were conducted at
different scan rates in the 20-800 mV/s range, and
showed cathodic peak current and potential var-
iations that allowed us to simulate the electro-
chemical response of the systems to obtain in this
way the relevant electrochemical parameters
(Redox potentials, E°, electron transfer rate con-
stants, k, and diffusion coefficients, D). Notably,
these simulations employed specific assumptions.

First, the mechanism considered for the single-
dye species 1 and 2 assumed a quasi-reversible
electron transfer rate constant (kj+ _ | or ky+ _ 2),
a very fast dimerization reaction and a large equi-
librium constant (K; or K;) for the formation of
the non-electroactive compounds 11 and 12 [20].
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On the other hand, the mechanism assumed for
the multiple-chromophoric compounds 3, 4 and 5,
also considered quasi-reversible electron transfer
rate constants (ku+ _, j»-n+), and fast dimerization
rates, also characterized by large equilibrium con-
stants (K)) [21]. The structure of these compounds,

however, led us to assume a slightly different
mechanism from that proposed for 1 and 2. In
these cases dimerization was considered to occur
within the electroactive molecule giving rise to the
formation of the partially electroactive species 14? "
and 16>™ and to the non-electroactive species 13. As
can be seen in the following set of equations, com-
pounds 14*>* and 16> keep reacting simultaneously
at the electrode surface to form the completely non-
electroactive compounds 15 and 17 [26].
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The intramolecular dimerization mechanism of
the multiple-redox center compounds 3-5, was
chosen over that of the intermolecular dimeriza-
tion process in view of the increased availability of
neutral radical units within compounds 3, 4 or 5 as
compared to that in the dilute solution.

In addition to the assumptions employed in the
mechanisms just described, there is another
approximation that had to be done in order to
reduce the complexity of the data treatment for
the heterogeneous reactions of the multiple redox-
center species 3-5. Although in these cases each
one of the electron transfer steps must be char-
acterized by a different electron transfer rate con-
stant (ku+ _, ju-n+), it was decided to use a single
average value for compounds 3-5 so that the
number of variables to be fitted could be reduced.
As will be commented on later, this consideration
results in k values for the multi-chromophoric
compounds 3-5 that are not strictly meaningful
when compared to those obtained for the single-
dye species 1 and 2 but that nevertheless, con-
stitute a rough approximation that reflect the
average behavior of the relevant electroactive
molecules.

In terms of the thermodynamic redox potentials
for 3-5 in which multiple equivalent redox active
centers are incorporated within the molecule, the
absence of multiple reduction peaks in the CV
responses suggests that the reduction energies can
in principle be considered to be the same for each
one of the dye moieties, i.e. the cyanine redox
centers can be assumed to be non-interacting elec-
troactive units [27]. As pointed out by Bard and
co-workers however, [24,28,29] statistical criteria
dictates that the difference between the formal
potentials of the mth and the first electron transfer
of m non-interacting electroactive sites in a mol-
ecule, can be formally described by the following
relationship [24]:

EY —E%=— <W>ln(m)
F

where T corresponds to temperature in Kelvin and
R and F are the gas and Faraday constants
respectively. Thus, in the case of the compounds
under study, the consecutive formal potentials are

separated by 34 mV for compound 3 and by 34, 20
and 14 mV for compounds 4 and 5.

The simulations for the voltammograms experi-
mentally obtained were conducted using the
DIGISIM simulation program developed by M.
Rudolph and commercialized by BAS inc. (West
Layafette, Indiana, USA) [30]. As can be seen in
Figs. 5 and 6, the simulated and experimental
values for peak current and potentials are pretty
close for dye 1-4 and relatively bad for the
experiments carried out with 5. Problems arising
with adsorption of this compound on the surface
of the electrode as well as a necessary change in
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Fig. 6. Peak potential (E,) and current density (J;,) dependence
on scan rate for the CV responses of 0.5 mM and 1.0 mM
solutions of dyes 1 and 2-5, respectively. The continuous lines
show the simulated behavior calculated with the values pre-
sented in Table 2 and the markers (@) and (A) correspond to
the experimental values obtained for compounds 1-4 and 5,
respectively.
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the electrolytic medium due to solubility prob-
lems, made its study somewhat problematic.

Thus, as can be seen from the values presented
in Table 2, the formal potential for the 27%/2
couple, —1.645 V vs. Fc* /Fc, is the most negative
of the series, implying that a larger amount of
energy must be rendered to the dye in order to
reduce it and form in this way the neutral radical
species. Comparison of this value with that corre-
sponding to the potential obtained for 1, suggests
that the terminal carboxylic acid group in 2 should
be somehow stabilizing the positive charge of the
dye moiety. Since the alkyl chain that char-
acterizes the structure of compound 2 bears seven
methylene groups, and the concentration of the
electroactive compound in the voltammetric
experiments is relatively low, we speculate that
there must exist a folded form of compound 2
that, by means of a electrostatic interaction,
should be responsible for the more negative
reduction potential computed from our experi-
mental data (see Fig. 7) [31].

The thermodynamic potentials for 3-5 on the
other hand, clearly show more positive values
when compared to those found for compounds 1
and 2. This difference reflects a smaller energy
requirement of 3, 4, and 5 to form the reduced
neutral radical species during the reduction pro-
cess. Since these three compounds bear multiple
cationic redox active units within the electroactive
molecule, it is possible to suggest that the intra-

Table 2
Electrochemical parameters for compounds 1-5 obtained from
the simulation of the CV experimental data at 293 K

Compound E° (V) vs Fc™[Fc ke (cm/s) D (cm?/s)
1 —1.568 8.5x1072 1.3x107°
—1.645 5.3x1072 1.2x107°
3 —1.474 3.3x1073 5.8x1077
—1.508
4 —1.421 2.5x1073 5.5x1077
—1.455
—1.475
—1.489
5 —1.414 3.0x1072 2.8x1077
—1.448
—1.468
—1.482

>N N _ 0
\ /NMOH

Easier to reduce

HO

N\ /
Harder to reduce

Fig. 7. Cartoon showing the proposed intramolecular interac-
tion between the carboxylic and cyanine dye moieties in 2.

molecular repulsive electrostatic interaction
between the cationic dye units should result on a
lack of stability that expresses itself as more posi-
tive reduction potential values. This explanation is
also consistent with the fact that the potentials of
3, which only has two cationic dye units and
therefore experiences less repulsive interactions,
are more negative than those of compounds 4 and
5 which, having four positive moieties, are char-
acterized by stronger intramolecular repulsive
interactions.

In terms of the electron transfer rate constants
obtained from the simulations, the data in Table 2
show that the values corresponding to 1 and 2 are
roughly the same, and approximately 20 times
larger than those corresponding to the average
values obtained for the multiple-dyes 3 and 4. As
pointed out before, the rate constants reported for
compounds 3 and 4 are actually average values
that reflect the combined rates of the complex
electron transfer events of the different electro-
active moieties involved. Although a detailed
interpretation of the nature of these values is not
meaningful, it could be seen that as a rough
approximation these compounds exchange elec-
trons with the electrode surface in a clearly slower
fashion when compared to the parent dyes 1 and
2. With respect to dye 5, and in comparison to the
freely soluble dyes 3 and 4, we speculate that the
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hydrophobic alkyl chains that characterize the
structure of the alkylated species 5 may be
responsible for an adsorption phenomena at the
graphite electrode surface that in turn, could
modify the electron transfer kinetics in such a way
that a relatively high average electron transfer rate
constant is readily observed. This explanation is
reasonable not only because the physical affinity
of the alkyl chains in 5 and the graphite electrode
surface can be easily expected, but also because its
solubility in the modified electrolytic medium
(50% CH,Cl,/DMSO, see section 3) was close to
its limiting value. In any case, this point is very
speculative and should be taken with caution. The
fact that the medium is chemically different and
that the reproducibility of the experiments was
poor (probably also due to adsorption phenomena
at the electrode surface), made the simulation car-
ried out for 5 not a very successful experience and
therefore the interpretation of the data should be
taken just as a reasonable explanation.

The diffusion coefficients, on the other hand,
seem to be in line for what it could be expected for
this series of compounds. Inspection of the values
presented in Table 2 for instance, shows that the
largest diffusion coefficient values were obtained
for compounds 1 and 2. It is interesting to note
however that these values are not only the largest
of the series, but also very similar between each
other, a fact that clearly supports the hypothesis
of a folded stable isomer of 2 which, as has been
previously discussed, must be assumed in order to
explain the large negative redox potential com-
puted for this compound (see Fig. 7). The diffu-
sion coefficients for compounds 3-5 on the other
hand, are substantially smaller than those found
for species 1 and 2, a fact that obviously reflects
the larger size of the relevant compounds.

3. Experimental
3.1. General

All starting reagents and solvents (reagent grade)
were purchased from Aldrich Chemical Co. and
used without further purification. All melting points
were taken in capillary tubes and are uncorrected.

Column chromatography was conducted using
basic alumina and silica gel (60-200 pm) from
Fisher Scientific with the stipulated solvent mixture.

'H and '3C NMR spectra were recorded at 250
and 62 MHz, respectively, on a Bruker AC 250
MHz spectrometer. J values are given in Hz. Mass
spectral data were obtained on an Esquire electro
spray ionization (ESI-MS) and matrix assisted
laser  desorption  ionization  time-of-flight
(MALDI-TOF) mass spectrometer.

Absorption spectra were recorded in a MET-
SON UV-vis spectrophotometer. A concentration
of (ca. 1 mM/L) stock solution was prepared
separately for each dye by dissolving the required
amount of the dye in MeOH. The solutions for
spectral measurements were prepared by adding
the appropriate amount of the dye to maintain its
concentration at 20 uM for 1, 10 uM for 2 and 3,
and 5 uM for 4 and 5, respectively. All measured
dye solutions contained 1% MeOH. Aliquots (3
ml) of these solutions were added to quartz cuv-
ettes thermostated at 25 °C.

Cyclic voltammetry (CV) experiments at 20 °C
were carried out using a BAS 100-W potensiostat
coupled to C-3 cell stand and controlled by means
of the BAS developed software loaded into a PC.
The electrochemical experiments were conducted
using a conventional three electrode standard
setup 2 cm? cell (BAS, West Lyafette, IN) in which
a glassy carbon disk electrode (3.2 mm diameter),
a platinum wire and a Ag wire were properly fitted
as the working, counter, and pseudo-reference
electrodes, respectively. Before each experiment, the
working solution (1.0 mM of the electroactive com-
pound in 0.1 M of tetrabutylammonium hexa-
fluorophosphate (TBAPFy) in anhydrous dimethyl
sulfoxide (DMSO)) was carefully deoxygenated by
bubbling dry argon for at least 10 min. In the case of
compound 5 however, a 50% solution of CH,Cly/
DMSO with the same supporting electrolyte was
used due to solubility problems. In all cases, and
before each potential scan was carried out, the
working electrode was carefully polished in
sequential steps with 0.05 pM alumina—water
mixture and 0.25 pM particle size diamond pol-
ishing compound on a felt surface. Since the
potential was followed through a pseudo-reference
silver electrode, a second set of voltammograms
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was obtained after adding a small amount of fer-
rocene to the solution. The reversible electro-
chemical signal of the ferrocene/ferrocinium couple
did not interfere with the electrochemistry of any of
the compounds under study and therefore allowed
its use as a reference against which, the potentials
reported in this work were measured.

3.2. Synthetic procedure

3.2.1. General Procedure for the synthesis of 4-
( N,N-dimethylaminostyryl) pyridinium octanoic
acid (2)

A mixture of 8-bromooctanoic acid (500 mg,
2.24 mmol) and y-picoline (200 mg, 2.24 mmol) in
EtOH (10 ml) was refluxed for 8§ h. After cooling
to 25 °C, the solvent was removed in vacuo giving
a residue, which was washed with Et,O to afford
the y-picolinium salt as white solid. Then N,N-
dimethylaminobenzaldehyde (332 mg, 2.23 mmol)
in EtOH (10 ml) and 2-3 drops of piperidine, as
catalyst, were added to the salt and then this mix-
ture was refluxed for 5 h. After cooling in an ice
bath, the red solid was filtered and then crystal-
lized from EtOH/hexane (70:30) to afford (70%)
of the desired dye 2, as red solid: 670 mg, mp 183—
185 °C; 8¢ (DMSO-dy) 25.66, 28.54, 29.05, 30.83
(CH»), 39.77 (NCHj;), 59.29 (NCH,), 112.21,
117.45, 122.72, 122.81, 130.51, 142.42, 143.83,
152.15, 153.96 (Ca,), 177.10 (CO,H); 8y (DMSO-
dg) 1.18 (6 H, s, CH,), 1.44, 1.86, 2.03 (6 H, t,
CH,), 3.92 (6 H, s, CH3), 4.45 (2 H, t, CH,) 6.78 (2
H, d, J 8.6, ArH), 6.83 (4 H, d, J 16, ArH), 7.46 (8
H, d, J8.6, ArH), 7.58 (4 H, d, J 16, ArH), 7.83 (8
H, d, J 6.3, ArH), 9.21 (8 H, d, J 6.3, ArH); ESI-
MS m/z 367 (M—Br)* (caled. C,3H3;N,O,Br;
447). Anal. calcd for C,3H3N,O,Br: C, 61.74; H,
6.98; N, 6.26; found: C, 61.82; H, 6.93; N, 6.36.

3.2.2. 1,8-Di(tosyl) triethylene glycol (6)

To a stirred solution of triethylene glycol (1.5 g, 10
mmol) and Et;N (2.12 g, 21 mmol) in dry Et,O (20
ml) added dropwise tosyl chloride (3.99 g, 21 mmol)
in Et;O at 0 °C. After 1 hat 0 °C, then 3 h at 25°C,
the triethylammonium salt was filtered and the sol-
vent was evaporated in vacuo to give the crude resi-
due, which was dissolved in CH,Cl, and then
sequentially washed with NaHCO; (2x10 ml) and

water (2x20 mL). The organic layer was dried
(Na,SO,4) and concentrated in vacuo to afford a
solid, which was column chromatographed eluting
with EtOAc/hexane mixture (2:1) to afford (85%)
the desired 6, as a white solid: 3.89 g; 6c (CDCly)
21.80 (CHj;), 68.90, 69.39, 70.84 (CH,), 128.12,
130.03, 133.13, 145.05 (Ca,); 8y (CDCl3) 2.44 (6 H,
s, CH3), 3.52 (4 H, s, CH,), 3.65 (4 H, t, CH,), 4.14
(4H,t,CHy),7.34(4H,d, J6.75, ArH), 7.78 (4 H,
d, J 6.75, ArH); ESI-MS m/z 481 (M +Na)*, 497
(M + I{)Jr (Calc. C20H260382; 458)

3.2.3. Bis(N,N-dimethylaminostyrylpyridinium
tosylate) possessing a TEG spacer (3)

Prepared (75%) by the above general procedure,
using 6 (200 mg, 0.436 mmol), y-picoline (80 mg,
0.873 mmol), and N,N-dimethylaminobenzalde-
hyde (128 mg, 0.873 mmol): 250 mg; mp 195—
197 °C; 8¢ (DMSO-dg) 20.80 (CHjz), 39.69
(NCH,), 58.65 (NCHj;), 68.83, 69.56 (CH,0),
111.91, 117.02, 122.05, 122.45, 125.53, 128.15,
130.32, 137.78, 142.34, 143.87, 145.62, 151.93,
153.91 (Cay); 5 (DMSO-dg) 1.76 (12 H, s, CH3);
2.99 (6 H, s, CH3); 3.32 (8§ H, t, CH,) 4.07 (4 H, t,
CH,), 6.23 (4 H, d, J 7.25 ArH), 6.6 4 H, d, J
6.75, ArH), 6.62 (2 H, d, J 13.25, ArH), 7.01 (4 H,
d, J6.75, ArH), 7.05 (4 H, d, J 7.25, ArH), 7.37 (2
H, d, J 13.25, ArH), 7.52 (4 H, d, J 5, ArH), 8.16
(4 H,d, J5, ArH); ESI-MS m/z 282 (M—20Ts)>*,
735.4 (M—OTs)™ (calc. CsoHsgN4OgS5; 907.16).
Anal. calc. for CsoHssIN4OgS,: C, 66.2; H, 6.44; N,
6.18; found: C, 66.08; H, 6.48; N, 6.24.

3.2.4. Tetrakis(5-bromo-2-oxapentyl)methane (8)

To a stirred solution of tetrakis(5-mesyloxy-2-
oxabutyl)methane 7, (3 g, 4.84 mmol) in DMF (20
ml), excess sodium bromide (3.99 g, 38 mmol) was
added. The mixture was stirred at 60 °C for 4 h.
After cooling, the mixture was filtered, evaporated
in vacuo to give a solid, which was column chroma-
tographed (SiO,) eluting with an EtOAc:hexane
mixture (1:1) to afford (95%) the desired tetra-
bromide 8, as a colorless liquid: 2.85 g; éc (CDClj)
30.86 (CH,Br), 32.83 (CH,CH,CH,), 4547 (*C),
68.56 (CH,0), 69.46 (‘\CCH,); 8;1 (CDCl3) 2.08 (8 H,
q, CH,); 3.37 (8 H, s, CH»); 3.49 (8 H, t, CH,) 3.50
(8 H, t, CH,); MALDI TOF MS m/z 616.6
(M + I‘I)Jr (calc. C|7H32BI'404; 616)
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3.2.5. N,N-di(hexadecyl)aniline (9)

A mixture of aniline (1.02 g, 11 mmol) and an
excess of 1-bromohexadecane (10.03 g, 33 mmol)
was refluxed for 24 h. After cooling, the resulting
ammonium salt was washed with NaOH solution,
extracted with Et,O, dried (MgSQ,), and evapo-
rated in vacuo to give a crude product, which was
column chromatographed eluting with hexane to
afford (70%) 9, as a white solid: 5.35 g; mp 48—
50 °C. §c (CDCly) 14.36 (CH3), 22.97 (CH;CH,),
27.48, 29.67, 29.85, 29.98, 32.22, (CH,), 51.28
(NCH,), 111.83, 115.29, 129.35, 148.31(Ca.); du
(CDCI3) 1.0 (6 H, t, CH3), 1.2-1.6 (52 H, br, s,
CH,), 1.68 (4 H, t, CH,) 3.34 (4 H, t, CH,), 6.71 (3
H, m, ArH), 7.29 (2 H, t, ArH).

3.2.6. 4-[ N,N-di(hexadecylamino) |benzaldehyde
(10)

To a cooled (5 °C) solution of freshly distilled
anhydrous DMF (15 g), was added POCI; (1.13 g,
7.39 mmol) within 5 min. The mixture was stirred
for 30 min. Then 4-[N,N-di(hexadecyl)]aniline (9; 4
g, 7.39 mmol) was added to the solution and the
resulting mixture was heated for 3 h at 80 °C. The
mixture was hydrolyzed by a slow addition of ice-
cold water and then neutralized with SM NaOH.
The precipitate was collected and recrystallized
(EtOH/hexane) to afford (78%) the desired alde-
hyde 10, as light brown solid: 3.28 g; m.p. 58 °C;
3c (CDCly) 14.34 (CH3), 22.88, 27.23, 27.31,
29.57, 29.65, 29.87, 32.12 (CH,), 51.27 (NCH,),
110.79, 124.64, 132.37, 152.72 (Ca,), 190.03 (CHO);
3y (CDCl3) 0.88 (6 H, t, CH3), 1.2-1.4 (52 H, br, s,
CH,), 1.61 (4 H, m, CH,), 3.34 (4 H, t, CH,), 6.64
(2 H,d, ArH) 7.7 (2H, d, ArH), 9.7 (1H, s, CHO);
MALDI TOF MS m/z 570.5 (M+H)", 542
(M+—CO), (calc. C39H71NO; 5695)

3.2.7. Tetrakis( N,N-dimethylaminostyrylpyridinium
bromide) (4)

Prepared (70%) by the General Procedure,
using 8 (200 mg, 0.322 mmol), y-picoline (120 mg,
1.29 mmol), and N,N-dimethylaminobenzalde-
hyde (192 mg, 1.29 mmol): 342 mg; mp 265-
267 °C; 8¢ (DMSO-dg) 30.41 (CH,CH,), 44.40
(*C), 57.03 (NCH,), 67.87 (CH,0), 69.47 (‘\CCH,),
111.85, 117.09, 112.25, 112.47, 130.23, 142.16,
143.56, 151.76, 153.69 (Ca,); g (DMSO-dg) 1.62

(8 H, t, CH,); 2.02 (8 H, s, CH,); 2.56 (8 H, t,
CH,) 2.95 (24 H, s, CH3) 4.03 (8 H, t, CH,»), 6.22
(8 H,d, J8.5, ArH), 6.73 (4 H, d, J 16, ArH), 7.1
(8H, d, J8.5, ArH), 7.49 (4 H, d, J 16, ArH), 7.62
(8 H, d, J 5, ArH), 8.38 (8 H, d, J 5, ArH); ESI-
MS m/z 299 (M—4Br—)**, 425 (M—=3Br~)**, 678
(M—2Br*)2 + 5 (CalC. C77H96N304Br4; 151 73)
Anal. calc. for C;7,HgsNgO4Br4: C, 60.95; H, 6.38;
N, 7.38; found: C, 61.12; H, 6.41; N, 7.29.

3.2.8. Tetrakis(N,N-dihexadecylaminostyrylpyr-
idinium bromide) (5)

Was prepared (65%) by the General Procedure,
using 8 (200 mg, 0.322 mmol), y-picoline (120 mg,
1.29 mmol), and 10 (734 mg, 1.29 mmol): 670 mg;
mp 265-267 °C; 3¢ (CDCl;3) 14.26 (CHj3), 22.81
(CH3CH,), 27.23, 27.43, 29.48, 29.63, 29.81, 31.8,
32.04 (CH,), 45.38 (*C), 51.22 (CH,NCH,), 57.69
(NCH,), 68.24 (OCH,), 69.80 (‘CCH,), 111.64,
116.18, 121.76, 122.65, 131, 142.74, 144.06, 150.45,
154.11 (Ca,); 8y (CDCly) 0.81 (24 H, t, CH3); 1.2
(aliphatic H, br, s); 1.53 (16 H, m, CH,) 2.25 (8 H,
m, CH>,) 3-3.4 (24 H, br, CH,), 3.56 (8 H, t, CH,),
4.79 (8 H, t, CH»), 6.55 (8 H, d, J 8.5, ArH), 6.83
(4 H, d, J 15.75, ArH), 7.46 (8 H, d, J 8.5, ArH),
7.58 (4 H, d, J 15.75, ArH), 7.83 (8 H, d, J 6.3,
ArH), 9.21 (8 H, d, J 6.3, ArH); ESI-MS m/z
987(M—3Br-)**, 1520 (M—2Br~)**, (calcd.
Ci97H336BrsNgOy4;  3200.5). Anal. caled for
C197H336NgO4Bry: C, 73.93; H, 10.58; N, 3.5;
found: C, 74.17; H, 10.56; N, 3.56.

4. Conclusion

In the context of the potential and practical
applications of the cyanine dyes, we have synthe-
sized a new series of stilbazolium dyes and studied
their physicochemical properties. These novel dyes
show unique solvatochromic behaviour. Interac-
tions with the electrode surface was demonstrated to
depend upon the number of chromophoric units and
the type of substituent present. Quasi-reversible
electron transfer rates and fast dimerization reac-
tions were observed for these dyes during electro-
chemical study. Dye 2 revealed a large cathodic
shift due to the stabilization promoted by back-
folding of terminal COOH group. With respect to
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dyes 3-5, in which multiple redox centers are pre-
sent, only one redox peak was observed because of
weak coupling among the electroactive units. It is
expected that some of these dyes (e.g. 4 and 5),
could constitute the basis of a new group of den-
dritic materials that could find important applica-
tions in the field of non-linear optics, fluorescent
probes, and biological studies.
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