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Abstract

Thirty-six trans-1-methyl-2- and -4-(p-aminostyryl)pyridinium perchlorates were obtained by the condensation of
dimethylpyridinium salts with p-aminobenzaldehydes. In all cases, a strong absorption band was present in their UV/

VIS spectra above 400 nm. The spectral parameters were not simply related to the substituent constants of the amino
groups. A comparison with the respective styrylpyridinium iodides showed the anion to have no e�ect on the spectra.
The 1-methyl-(p-aminostyryl)pyridinium salts prepared are expected to be useful materials in non-linear optics and in

biological studies. # 2000 Elsevier Science Ltd. All rights reserved.
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1. Introduction

Aminostyrylpyridinium salts have been thor-
oughly investigated from the point of view of
negative solvatochromism [1] and structure±colour
relationship [2]. Such dyes have gained increasing
interest also because of their potential applic-
ability in non-linear optics, as potential sensors
and in physiology/biochemistry areas. The color-
ants were found useful in studies of the transport
mechanisms through cell membranes [3] and
voltage-sensitive probes in neurones [4]. Depend-
ing on the electrical potential inside and outside
the cell, either the charge of the dye within the cell

membrane or the dye itself, moves between the
aqueous and organic membrane interphase, caus-
ing changes in the colorant's optical properties
[5,6]. It was found that the combined ion exchange
or co-extraction of the analyte ion and the charged
indicator between the aqueous and organic inter-
phase was responsible for the analyte-induced sig-
nal change [7,8]. The compounds have also found
application in the optical sensing of ionic species.
Styrylpyridinium salts with signi®cant charge shift
between the ground and excited state [9,10] have
been shown to exhibit non-linear optical proper-
ties [11]. These e�ects, which can be observed in
both solution and in organized systems such as
Langmuir-Blodgett layers and crystals, render
such dyes promising candidates in the develop-
ment of optical data storage systems or optical
switching devices [12,13].
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Hemicyanine dyes, as exempli®ed by some stil-
bazolepyridinium salts, have been used as laser
dyes [14,15]. 1-Methyl-2-(p-dimethylaminostyryl)
pyridinium iodide is a powerful sensitizer for green
light [16]. The title compounds also show other
very interesting properties, namely they become
¯uorescent upon infrared excitation [14,15]. 1-
Alkyl-2- and -4-(p-aminostyryl)pyridinium salts
have been found to be useful as ¯uorescent probes
in polymerization processes [17,18].
In this work a series of 1-methyl-(p-aminostyryl)

pyridinium salts was prepared to determine how
changes in the electron donor strength of the
amino substituent in the benzene ring a�ect their
spectral properties. Studies on the compounds
obtained were also expected to be helpful in eval-
uating the electron donor power of di�erent
amino groups [19].

2. Experimental

2.1. General

Absorption spectra for solutions of compounds
1 and 2 in 96% ethanol were recorded on a Varian
CARY 3E UV/VIS spectrophotometer. Melting
points were measured on a Boetius table and are
uncorrected. Purity of the products was checked
using thin layer chromatography on silica gel
(eluent chloroform:methanol=5:1). For all com-
pounds prepared, satisfactory elemental analyses
were obtained (�0.30% for C, H and N).

2.2. Reagents

2- and 4-methylpyridines (picolines) as well as
some 4-aminobenzaldehydes were commercially
available. Other aldehydes used were obtained
according to the procedure described in our recent
paper [20].

2.3. Synthetic procedures

2.3.1. 1,2- and 1,4-dimethylpyridinium iodides
These well-known compounds were obtained in

almost quantitative yield by re¯uxing solutions of
equimolar amounts of picoline and methyl iodide

in acetone. The solid products were ®ltered o�,
dried in a vacuum desiccator and used directly in
the following stages.

2.3.2. 1,2- and 1,4-dimethylpyridinium perchlorates
70% perchloric acid (0.175 mol) was added to a

hot solution (50�C) of dimethylpyridinium iodide
(0.17 mol) in methanol (60 cm3). Cooling of the
reaction mixture induced precipitation of the
desired products as white crystals. Drying in the
vacuum desiccator gave 1,2- and 1,4-dimethylpyr-
idinium perchlorates of mp. 154±156�C (yield
84%) and 136±137�C (yield 60%), respectively.

2.3.3. 1-Methyl(p-aminostyryl)pyridinium
perchlorates 1b±1r and 2b±2r
A mixture of 1,2- or 1,4-dimethylpyridinium

perchlorate (0.01 mol), the appropriate 4-amino-
benzaldehyde (0.01 mol) and piperidine (5±10
drops) in methanol (20 cm3) was re¯uxed for 1±2.5
h and then kept in a refrigerator for 1 day. The
solid products were recrystallized from aqueous
ethanol to constant mp (Table 1).

2.3.4. 1-Methyl-(p-acetylaminostyryl)pyridinium
perchlorates
These compounds were obtained by the con-

densation of 1,2- and 1,4-dimethylpyridinium per-
chlorates with p-acetylaminobenzaldehyde. The
synthetic procedure used was the same as that for
the preparation of compounds 1b±1r and 2b±2r. 1-
Methyl-2- and -4-(p-acetylaminostyryl)pyridinium
perchlorates were obtained in 42 and 51% yields,
respectively. Their mps were 290±295�C (recrys-
tallized from 75% aqueous ethanol) and 304±
306�C (recrystallized from 40% aqueous acetone),
respectively.

2.3.5. 1-Methyl-(p-aminostyryl)pyridinium
perchlorates 1a and 2a
A solution of 1-methyl-(p-acetylaminostyryl)

pyridinium perchlorate (5.64 g, 0.016 mol) in 25%
aqueous perchloric acid (32 cm3) was re¯uxed for
1 h. The reaction mixture was then cooled and
treated with a 10% aqueous solution of sodium
hydroxide to raise the pH to 6. The ensuing mix-
ture was heated to dissolve the solid product
formed and the resulting solution was cooled in a
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refrigerator for 1 day. The precipitated com-
pounds 1a and 2a were recrystallized from 75%
aqueous ethanol and from 35% aqueous acetone,
respectively, to constant mp (Table 1).

2.3.6. 1-Methyl-2-(p-aminostyryl)pyridinium
iodides 10

These compounds were obtained starting from
1,2-dimethylpyridinium iodide and respective p-
aminobenzaldehyde using the procedure described
in Section 2.3.3. The products were puri®ed by
their recrystallization from 75% aqueous ethanol.
The yields and mp. of the compounds are shown
in Table 1.

3. Results and discussion

3.1. Synthetic strategy

Due to the presence of active methyl groups in
the 2- and 4-methylpyridines, these compounds
react with benzaldehydes to give the respective

styrylpyridines [21,22]. These can be easily trans-
formed into 1-alkylstyrylpyridinium salts by
treatment with alkyl halides [21]. Alternatively, the
same products are also obtained directly from 1,2-
and 1,4-dimethylpyridinium salts and benzalde-
hydes in the presence of base [1,21,23±27]. In the
latter case the secondary alcohol initially formed
loses a water molecule to give the 1-methylstyr-
ylpyridinium salt [24]. The compounds discussed
in this paper are mainly the products of the reac-
tion between 1,2- and 1,4-dimethylpyridinium
perchlorates with di�erent p-aminobenzaldehydes
(Knoevenagel condensation). Since p-aminobenz-
aldehyde itself is not commercially available and is
known to be rather unstable [28], the parent 1-
methyl-(p-aminostyryl)pyridinium salts 1a and 2a
were obtained by hydrolysis of their acetyl deriva-
tives. The respective iodide has been obtained
earlier [27] by reduction of 1-methyl-(p-nitro-
styryl)-pyridinium iodide with stannous chloride
in hydrochloric acid (Scheme 1)
As a hard base, the perchlorate anion has a high

ionization potential [29]. To avoid the possibility

Table 1

Yields and melting points for compounds 1 and 2

Series 1 Series 10 Series 2

Mp (�C) Yield (%) Mp (�C) Yield (%) Mp (�C) Yield (%)

a 270±273 56 282±286 78

b 227±234.5 67 206.5±207 62

c 253±254.5 67 269.5±270a 62 216±224.5 68

d 228±232.2 54 201.5±209 68

e 249±250.5 73 244.5±245.5b 39 211±214 90

f c 49 229.5±239 53

g 167±176 39 242.5±247 46

h 205±207.5 86 196.5±200 42 211±218.5 83

i 215±225.5 65 267.5±270 65

j 271.5±277.5 48 257±259 20 252.5±262 54

k 228.5±231 65 234.5±237 81

l 164±165 55 205.5±212 83

m 228±235 60 180±204 60

n 223±228 76 261±266 87

o 225±229 73 250.5±252 43 240±252 57

p 175.5±183 42 230±240 62

q 244.5±247 65 239±245.5 53

r 225±227 50 235±242.5 58

a 273±274�C [23,25], 282±283�C [1].
b 246±247�C [23], 246�C [25].
c Melts in the range 229±233.5 �C, then solidi®es and melts again at 239±243�C.
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of charge transfer from anion to cation [30] in the
synthesized compounds, perchlorates were mostly
prepared [31].
While the 1H and 13C NMR spectra of com-

pounds 1 and 2 will not be discussed here [32], it
can be stated that, in general, the anion has no
e�ect on the 1H and 13C chemical shifts. Coupling
between protons in the ±CH�CH± fragment
(3J�16 Hz) indicated that the obtained com-
pounds were the trans (E) isomers. It is known
that the products can be transformed into the cis
isomer by photolysis of their acidic solutions [27].

Neutral solutions of (p-aminostyryl)pyridinium
salts are resistant to light due to the large con-
tribution of the following resonance structure
(lack of the ethylene double bond) [27] (Scheme 2).
It is also known [27] that the cis isomers of such

compounds are not stable: they readily thermally
isomerise to the trans form [27]. Signi®cant di�er-
ences of the UV/VIS spectral characteristics of the
cis and trans isomers are notable [27].
It is evident that the melting points for numer-

ous compounds presented in Table 1 were not
sharp. This can be attributed to the liquid crystal
properties of the styrylpyridinium salts.

3.2. Spectroscopic properties

lmax and log " values for the main band in the
absorption spectra of perchlorates 1 and 2 are
shown in Table 2 from which it is apparent that

Scheme 2.

Scheme 1.

Table 2

Absorption spectra for compounds 1 and 2 (solutions in 95%

ethanol)

Compounds 1 Compounds 2

lmax (nm) log " lmax (nm) log "

a 442 4.38 455 4.39

b 461 4.54 475 4.67

c 464 4.55 477 4.66

d 469 4.59 483 4.65

e 475 4.59 489 4.69

f 468 4.35 486 4.52

g 349 4.05 381 4.36

h 406 4.33 417 4.40

I 397 4.23 402 4.27

j 476 4.56 490 4.70

k 458 4.46 465 4.51

l 477 4.61 491 4.69

m 469 4.44 477 4.46

n 481 3.30 489 3.58

o 483 4.45 498 4.61

p 433 4.35 439 4.42

q 494 4.50 504 4.42

r 505 4.60 518 4.63
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the spectra of the iodides 10 and perchlorates 1
were practically identical (�lmax � 1 nm, �log e=
0.03). Moreover, in their spectra, a weak band at
265±305 nm (log "=3.5±3.9) for compounds 1 and
at 260±310 nm (log "=3.1±4.2) for compounds 2,
can be seen. The presence of an additional band at
ca 370 nm in the spectra of compounds 1n and 2n
is noteworthy {1n: lmax � 363 nm ( log " � 4:06),
2n: lmax � 377 nm ( log " � 3:48)}.
Compounds 1i and 2i seem to be unique. Due to

the steric in¯uence of two ortho methyl groups, the
dimethylamino substituent is a very weak electron
donor [19]. The lmax values cover a range of 108 and
116 nm ranges for compounds 1 and 2, respectively.
Due to the presence of two methyl groups neigh-
bouring the ethylene bond (steric interaction),
compounds 1g and 2g are exceptional and were
excluded. In both series the julolidinyl derivatives 1r
and 2r absorb at higher wavelength than all other
compounds. The lowest lmax and " values were
obtained for compounds 1i and 2i. While the most
intense bands appeared in the spectra of compounds
1l and 2f, the " values were only slightly lower than
those obtained for many other compounds.
Poor correlation was found between the pos-

ition of the band and its intensity (Table 2) and
�o

R substituent constants based on the chemical
shifts of the para carbon atom in the respective p-
aminobenzaldoximes [19]. It is apparent that the
contribution of the inductive e�ect for the di�er-
ent amino groups was almost constant [33] and
thus �o

R substituent constants should be related to
the electronic e�ects of the substituent. However,
the UV/VIS spectral data obtained for compounds
1 and 2 and the �o

R values were not linearly related
to each other. Alternatively, the lmax values in
both series were linearly dependent on each other
(r=0.995, points for g and n excluded). Such
interrelationship for the band intensities is sig-
ni®cantly much worse.
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