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ABSTRACT

The novel chloride salt of 1-butyl-4-[2-(4-hydroxyphenyl)ethenyl)]pyridine (1), has been synthesized
as the tetrahydrate and its structure and properties elucidated in detail spectroscopically, thermally
and structurally, using single crystal X-ray diffraction, linear-polarized solid-state IR-spectroscopy, UV-
spectroscopy and mass spectrometry. Quantum chemical calculations were performed with a view
to supporting and explaining the experimental structural and spectroscopic data. The compound (1)
crystallizes in triclinic P1 space group and its unit cell contains two independent 1-butyl-4-[2-(3,5-
dimethoxy4-hydroxyphenyl)ethenyl)]pyridinium] cations, differing with respect to the butyl chain
torsion angle for which values of 80.0(9)° and 173.6(3)° are observed. The cations and anions are
joined into infinite layers, formed by two different dimers and including solvent molecules. Hydrogen
bonds OH. --OH; (2.814 A), HOH. - -O(CH3) (2.960 A), OH. - -C1 (2.967 A), HOH. - -Cl- (3.034, 3.188,3.161 and
3.062 A)and HOH. - -OH, (2.772 A) are observed. For first time in the literature, we are reporting the crystal
structure of the dye with the syring-fragment in the molecule. The spectroscopic properties of the novel
compound are compared and with those of the corresponding quinoide form (2). Both the forms (1) and
(2) are characterized by 21 and 140 nm solvatochromic effects depending of the type of the solvent. The
UV-spectroscopic data in solution confirm the formation of classical H-aggregates in polar protic solvent

mixture.

© 2009 Elsevier B.V. All rights reserved.

1. Introduction

Pyridinium salts have received considerable attention during
the past 30 years, due to many of their derivatives possessing large
second order molecular hyperpolarisability. Studies of the second
harmonic generation (SHG) from powders and Langmuir-Blodgett
films of these merocyanine dyes have been performed due to their
application in various areas of non-linear optics. Second order non-
linear optical properties of these materials are very sensitive to the
symmetry of the structure [ 1-4]. It has been found that the variation
of the counterion in organic salts is a simple and highly successful
approach to creating materials with larger x values. This method-
ology has been also supported by the obtained crystal structure and
properties of DAST [1].

As a part of our systematic study of organic dyes [5-9], we now
present a spectroscopic and structural elucidation of the newly syn-
thesized 1-butyl-4-[2-(3,5-dimethoxy4-hydroxyphenyl)ethenyl)]
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pyridinium] chloride tetrahydrate and its quinoide form, obtained
after deprotonation of the 4-OH group (Scheme 1, Table 1). The rela-
tionship between the structure and the spectroscopic properties
has been elucidated using the single crystal X-ray diffrac-
tion, UV-vis and fluorescence methods, polarized linear-dichroic
infrared (IR-LD) spectroscopy of oriented colloid suspensions in
a nematic liquid crystal, mass spectrometry, and TGV and DSC
methods.

2. Experimental
2.1. Materials and methods

X-ray diffraction intensities were measured in the ®w scan mode
on a Siemens P4 diffractometer equipped with MoKa radiation
(A=0.71073 A, Omax=25°). The structure was solved by direct
methods and refined against F2 [30,31]. An ORTEP plot illustrates
the anion and cation structures at the 50% probability level.
Relevant crystallographic structure data and refinement details
are presented in Table 2, selected bond distances and angles in
Table 3. The hydrogen atoms were constrained to calculated posi-
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Scheme 1. Chemical diagram of stubazolium salts.

tions and refined using riding models in all cases. The IR-spectra
were measured on a Thermo Nicolet OMNIC FTIR-spectrometer
(4000-400cm~1, 2cm~! resolution, 200 scans) equipped with a
Specac wire-grid polarizer. Non-polarized solid-state IR-spectra
were recorded using the KBr disk technique. The oriented samples
were obtained as a suspension in a nematic liquid crystal (MLC
6815, Merck) with the presence of an isolated nitrile stretching
IR-band at about 2245 cm~! additionally serving as an orientation
indicator. The theoretical approach as well as the experimental
technique for preparing the samples, and procedures for polar-
ized IR-spectra interpretation and the validation of this new
linear-dichroic infrared (IR-LD) orientation solid-state method

Table 1
Crystal structures of stubazolium salts with formulae, given in Scheme 1.

for accuracy, precision and the influence of the liquid crystal
medium on peak positions and integral absorbances of the guest
molecule bands have been presented [32-35]. The nature and
balance of the forces in the nematic liquid crystal suspension
system, the mathematical model for their clearance, the mor-
phology of the suspended particles and the influence of the
space system types on the degree of orientation (i.e. ordering
parameter) have been demonstrated [35] using five liquid crystals
and fifteen compounds. The applicability of the latter approach
to experimental IR-spectroscopic band assignment as well as in
obtaining stereo-structural information has been demonstrated
for a series of organic systems and coordination complexes of
heterocyclic ligands, Cu(ll) complexes, polymorphs, codeine
derivatives, Au(lll) peptide complexes and their hydrochlorides
and hydrogensquarates [36-39]. The theory of IR-LD spectroscopy
and the employed polarized IR-spectra interpretation difference-
reduction procedure are given in Refs. [40-43]. FAB mass spectra
were recorded on a Fisons VG Autospec instrument employing 3-
nitrobenzylalcohol (Sigma-Aldrich) as the matrix. Ultraviolet (UV-)
spectra were recorded on Tecan Safire Absorbance/Fluorescence
XFluor 4V 4.40 spectrophotometer operating between 190 and

Ry Ry Rs X CCDC code? [ref.]
CH3 H H (+)-Camphor-10-sulfonate BOJWAY [10]
CHs3 OH H Toluene-p-sulfonate JOYBEE [11], JOYBEE10 [12]
CH3 OCH3 H Bromobenzenesulfonate LANLAO [13]
CH3 H H Triiodide iodide LIBZEC [14]
2-Hydroxyethyl H 2,4-dihydroxyacetophenone NUPFUZ" [15]
Butyl OH H cl- OMIXAJ [16]
CHs OCH3 H P-toluenesulfonate OMIXUD [17], VIJPAF [18]
CH3 OCH3 H Chlorobenzenesulfonate WAQNOS [19]
CH3 OCH3 I- QAWMIK [20]
2-Hydroxyethyl H I- QIGHET [21]
CHs H SIFFAOP [22]
2-Hydroxyethy H SUJKUDP [23]
CH3 H Tetraphenylborate dimethylsulfoxide solvat TAQQEI [24]
CH3 H 2-Amino-4-nitrophenol TEBLUH, TEBMAO [25]
2-Hydroxyethy H 2,4-Dihydroxybenzaldehyde TETQAK [26]
CH3 OCH3 I- TOHGIG [27]
CH3 H Bromide iodide YIFPIN [28]
CHs3 H Hydrogensquarate [29]
CH3 H H Hydrogenphosphate [9]
Butyl OCH3 OCH3 cl- 1)
3 CCDC: Cambridge Crystallographic Data Centre (http://www.ccdc.cam.ac.uk/).
b Quinoide form (2) in Scheme 2, of the dyes obtained after deprotonation of the 4-OH group.
Table 2
Crystal and refinement data for (1).

Empirical formula C35H45C12N2 06

Formula weight 699.68

Temperature 294(2)K

Wavelength 0.71073 A

Crystal system, space group Triclinic, P1

Unit cell dimensions a=12.587(8)A «=97.01(2)°

b=12.753(6)A B=115.64(5)°
c=14.269(8) A y=90.61(3)°

Volume

z

Calculated density
Absorption coefficient
F000)

Crystal size

6 Range for data collection
Limiting indices
Reflections collected/unique
Refinement method
Goodness-of-fit on F?
Final R indices [I> 20 (I)]

R indices (all data)

2044(2) A3

2

1.137 mg/m?
0.201 mm-~!
744

0.21 mm x 0.33 mm x 0.12 mm

1.81-25.00°

—1<=h<=14, —15<=k<=15, -16<=[<=15

8131/7086 [R(int)=0.0248]

Full-matrix least-squares on F?

1.509
R1=0.1035, wR2=0.2559
R1=0.1794, wR2=0.2961
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Table 3

Selected bond lengths (A) and angles (°) for (1).
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N1 C11 1.316(7)

N1 C9 1.345(7)

N1 C7 1.476(6)

01 C181.379(7)

01 C51.431(8)

N2 C32 1.324(6)

N2 €29 1.326(7)

N2 €26 1.470(6)

02 C101.382(7)

02 C6 1.415(7)

€2 C31.323(14)

€2 C41.651(12)

C11 N1 C9 118.4(5)
C11N1C7 121.7(5)
C9 N1 C7 119.9(5)
C18 01 C5 118.4(5)
€32 N2 €29 120.3(5)
€32 N2 €26 119.6(5)
€29 N2 €26 120.1(5)
€10 02 C6 116.8(5)
C3C2C4111.7(11)
€39 04 €24 118.0(4)
€7 C4C2107.8(7)
€36 06 €25 117.5(4)
N1C7 €4 110.3(5)
€10 €8 €20 119.1(6)
N1 C9 C14 121.4(5)
€12 C10 02 114.7(5)

03 C12 1.341(6)
04 €39 1.361(6)
04 €24 1.431(7)
C4C7 1.492(9
05 37 1.373(6)
06 C36 1.365(6)
06 €25 1.437(6)
€810 1.391(7)
€8 €20 1.393(8)
€9 €14 1.359(7)
€10 C12 1.372(8)
C11 C13 1.344(7)
€12 €10 C8 120.9(6)
02 C10 C8 124.3(6)
N1 C11C13 122.7(6)
03 C12 €10 119.5(6)
03 C12 C18 121.4(6)
€10 C12 C18 119.1(5)
C11C13 C17 121.4(6)
€9 C14 €17 120.7(5)
C18 C40 C20 119.8(6)
€19 C16 C20 128.6(6)
C13 C17 C14 115.4(5)
€13 C17 €19 121.0(5)
)
)

6
6
6

)
7
8

C14C17 C19 123.6(5
C40C18 C12 121.5(6
C40 C18 01 125.1(6)
C12C18 01 113.4(5)

€12 C18 1.377(8)
€13 C17 1.376(7)
€14 C17 1.397(8)
€40 C18 1.360(7)
€40 €20 1.394(8)
€16 €19 1.309(7)
C16 €20 1.447(7)
C17 C19 1.445(7)
€21 €22 1.647(12)
€22 €23 1.403(11)
€23 €26 1.505(11)
€27 €32 1.375(7)
€16 C19 C17 126.3(6)
€8 €20 €40 119.5(5)
€8 C20 C16 121.2(6)
€40 C20 C16 119.4(6)
€23 €22 C21 109.5(9)
€22 €23 C26 111.2(8)
N2 €26 €23 111.3(5)
€32 €27 €35 120.7(5)
€29 C28 €35 121.0(5)
N2 €29 €28 121.1(5)
€33 C30 C34 128.7(6)
€39 C31 C34 120.8(5)
N2 C32 €27 120.9(5)
€30 €33 €35 124.9(6)
€38 €34 C31 120.2(5)

€27 €35 1.395(7)
€28 €29 1.374(8)
€28 €35 1.380(7)
€30 €33 1.301(7)
€30 €34 1.474(7)
€31C391.383(7)
C31C341.391(8)

€33 €35 1.459(7)

C34C38 1.372(8)

€36 €38 1.392(7)

€36 €37 1.395(7)

€37 €39 1.380(7)

€38 €34 C30 123.8(5)
€31 €34 C30 116.0(5)
€28 €35 C27 116.0(5)
€28 €35 33 120.1(5)
€27 €35 €33 123.9(5)
06 €36 €38 126.3(5)
06 C36 C37 113.6(4)
€38 €36 C37 120.1(5)
05 €37 €39 117.6(5)
05 €37 C36 122.1(5)
€39 C37 €36 120.3(5)
€34 C38 €36 119.5(5)
04 39 C37 115.4(4)
04 €39 C31 125.4(5)
€37 €39 C31 119.2(5)

900 nm, using water, methanol, dichloromethane, tetrahydrofu-
ran, acetonitrile, acetone, 2-propanol and ethyl acetal as solvents
(all Uvasol, Merck products) at concentrations of 2.5 x 107> M,
in 0.921 cm quarz cells. Quantum chemical calculations were per-
formed using the GAUSSIAN 98 and Dalton 2.0 program packages
[44,45] with visualization being done by the ChemCraft program
[46]. The geometries of the cationic and quinoide forms of the
dye were optimized at two different levels of theory: Restricted
Hartree-Fock (RHF) and density functional theory (DFT) using the
6-311++G** basis set. In the second case the B3LYP method, which
combines Becke’s three-parameter non-local exchange functional
with the correlation function of Lee, Yang and Parr was applied.
Molecular geometries of the studied species were fully optimized
by the force gradient method using Bernys’ algorithm. For every
structure the stationary points found on the molecule potential
energy hypersurfaces were characterized using standard analytical
harmonic vibrational analysis. Absence of imaginary frequencies
and negative eigenvalues of the second-derivative matrix con-
firmed that the stationary points correspond to minima of the
potential energy hypersurfaces. The calculations of vibrational fre-
quencies and infrared intensities were checked to establish which
kind of performed calculations agreed best with the experimental
data. A modification of the results using the empirical scaling factor
0.9614 was performed with a scaling factor of 0.8929 being used
in the case of HF calculations. The solvent effects on the absorption
bands were studied at the TD [47] DFT level of theory combined
with the polarized continuum model (PCM) [48-50]. The thermal

analyses were carried out in the 25-300°C range with a Differ-
ential Scanning Calorimeter PerkinElmer DSC-7 and a Differential
Thermal Analyzer DTA/TG (Seiko Instrument, model TG/DTA 300).
The experiments were performed at a scanning rate of 10 K/min
under an argon atmosphere. The elemental analysis was carried out
according to the standard procedures for Cand H (as CO,, and H,0)
and N (by the Dumas method).

2.2. Synthesis

The starting compounds, 1-methyl-4-butylpyridinum
chloride and 4-syringaldehyde, for the synthesis of 1-butyl-
4-[2-(3,5-dimethoxy-4-hydroxyphenyl)ethenyl)]piridinium]
chloride tetrahydrate were Merck (Germany) products. 2.3500 g
(10.0mmol) of the first compound is mixed with 1.2200g
(10.0 mmol) of the aldehyde in 50.0 ml toluene. 5.00 ml acetic acid
and 0.77g (10.00 mmol) ammonium acetate are then added to
the reaction mixture and the resulting suspension is stirring for
24h at room temperature. Then 0.50ml c. HI acid and 10.00 ml
ethanol are added and the reaction mixture is left to stand
for 16 h at room temperature. The resulting orange crystalline
precipitate is filtered off, washed with C;Hs0H and dried on
P,0s5 at 298K. Yields 61%. Found: C, 54.10; H, 7.66; N, 3.31;
[C19H32NO;Cl] caled.: C, 54.09; H, 7.64; N, 3.31%. TGV and DSC
analysis in the range 300-500K showed that (1) contains four
water molecules, on the basis of the observed weight loss of
17.01%. The obtained enthalpy effect of 28.01 kcal/mol, proved

.H®
OH ——m
Y
+H
OCH
OCH, 2CH,
— 9]
HyCCH,CH,CH,—N
= OCH;

Scheme 2. Scheme for obtaining of quinoide form (2), using the novel compounds (1).
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TGA data additionally. The most intensive signal in the mass
spectrum of the title compound is that of the peak at m/z 314.71,
corresponding to the singly charged cation [CigH4NO3]* with
a molecular weight of 314.40. 1-Methyl-4-[2-(3,5-dimethoxy-
4-oxocyclohexadienylidene)ethylidene]-1,4-dihydropyridine (2)
(Scheme 2) can be prepared in the following way: 10.0 mg of the
salt (1) are dissolved in 10.00 mmol ethanol and then 5ml 1.0 M
KOH are added. The resulting violet solution is heated for 2 h at
a temperature of 70°C and then is left to stand at 4°C for 16h.
The resulting violet precipitate is filtered off and dried on P,05 at
298K. Yield 88%. Found: C, 72.80; H, 7.38; N, 4.47; [C;9H;3NO3]
caled.: C, 72.82; H, 7.40; N, 4.47%. TGV and DSC analysis in the
range 300-500 K showed that no solvent molecules were included
in compound 2. The most intensive signal in the mass spectrum of
(2) is that of the peak at m/z 314.27, corresponding to the singly
charged cation [C19H24NO3]* with a molecular weight of 314.40.

3. Results and discussion

1-Butyl-4-[2-(3,5-dimethoxy-4-hydroxyphenyl)ethenyl)|pyri-
dinium] chloride tetrahydrate crystallizes in the tri-
clinic space group P1 (Fig. 1). The unit cell contains two
crystallographically independent 1-butyl-4-[2-(3,5-dimethoxy-

1123

4-hydroxyphenyl)ethenyl)]pyridinium] cations, which exhibit
torsion angles of 80.0(9)° and 173.6(3)°, respectively, in their
butyl chains (H3CCH,CH,CH,) (Fig. 1). The molecules are joined
into infinite layers, formed by two different dimers of the cations,
anions and included solvent molecules (Fig. 2). The observed
hydrogen bonds are OH. - -OH; (2.814 A), HOH. - -O(CH3) (2.960 A),
OH.--Cl (2.967A), HOH.-.Cl- (3.034, 3.188, 3.161 and 3.062A)
and HOH...OH, (2.772A), respectively (Fig. 2). The 4-[2-(3,5-
dimethoxy-4-hydroxyphenyl)ethenyl)]pyridinium] fragment of
the cation is effectively flat with a deviation from total planarity
of only 0.2°. The bond lengths and angles of the benzene ring
and the pyridine fragment are all in accordance with aromatic
character, similar to those of previously reported structures of
this class of compounds (Table 1). The corresponding values of
the geometrical parameters (Table 3) correlate well with those of
other merocyanine dyes given in Table 1. The typically observed
crystallographic disorder of the double bond in these dyes is due
to the presence of tautomers with either a formally single central
bond or a formally double central bond. In our case only disorder
of the anions is observed. Like other dyes [51,52], this disorder led
to the relatively high observed R factor (Table 2).

The theoretical conformational analysis of the cationic form
of compound (1) and its neutral form (2) (Scheme 3) shows that

cl2

Cl1
. &
O -
P o 10 ;)
— L ‘
=g pa =
' 0
d =
Q d
Qo__ .

Fig. 1. The molecular structure of 1-butyl-4-[2-(3,5-dimethoxy4-hydroxyphenyl)ethenyl)]pyridinium] chloride tetrahydrate, showing the atom-labeling scheme. Displace-

ment ellipsoids are drawn at the 50% probability level.
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Fig. 2. Linkage of the molecules of 1-butyl-4-[2-(3,5-dimethoxy-4-hydroxyphenyl)ethenyl)]pyridinium] chloride tetrahydrate.
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Scheme 3. 3D graph of the Phi and Psi values vs energy (kJ/mol) for the cationic (1) and quinoide (2) forms of the dye 1-butyl-4-[2-(3,5-dimethoxy4-

hydroxyphenyl)ethenyl)]pyridine.

in both cases the conformer with torsion angles of 178.9(1)° and
179.9(0)°, respectively (Scheme) in the butyl chain is energeti-
cally favourable. The corresponding energies are 0.1 and 0.0 kJ/mol.
These data suggest that the presence of a conformer in solid state
with a torsion angle for the discussed chain of 80.0(9)° is the result
of the steric effects in the condensed phase.

The observed significant degree of macro-orientation in the
polarized IR-spectrum of the sample facilitates an adequate inter-
pretation of the polarized IR-data and results from the presence
of a pseudo layer structure, which adopts a macro-orientation in
the solid phase toward the orientation director (n) of the liquid
crystal. The detailed IR-LD spectroscopic analysis is supported by
the theoretical vibrational analysis at the B3LYP/6-311++G** level.
The non-polarized IR-spectrum shows a relatively intensive band
at 3383 cm~! corresponding to the stretching voy vibration of the
hydrogen bonded OH-group in the merocyanine dye, thus corre-
lating with the experimental crystallographic data. The band at
3515cm~! is caused by the same vibration but belongs to the water
molecules of crystallisation. In the 1700-1600 cm~! range aromatic
i.p. modes of the benzene and pyridine rings were observed at
1614cm™! (8apy)) and 1584 cm~! (8a(pp)). The absorbtion maxima
belonging to the out-of-plane (o.p.) bending vibrations yc—, and
11-ycy of the benzene ring and the o.p. mode of the pyridine ring
are observed at 996, 849 and 734 cm™!, respectively. Spectroscopic
support of the experimental crystal structure is obtained by appli-
cation of the reducing difference procedure to polarized IR-spectra,
where the elimination of the bands at 1614 and 1584cm™! at the
same dichroic ratio occurs because the corresponding transition
moments are orientated in a co-linear manner. On the other hand,
the disappearance of the maxima at 996, 849 and 734 cm~! at same
dichroic ratio (Fig. 3) indicates a mutually co-planar disposition of
the aromatic rings and the double bond, also in good agreement
with the X-ray crystal structure. This result is in accordance with
other derivatives with small Ry-substituents (Table 1).

In the corresponding Raman spectrum of (1) (supplementary
material Fig. S1), the series of in-plane vibrations of the benzene
and pyridine rings are observed at 1616, 1584, 1561 and 1516 cm~!.
The out-of-plane modes at 996 and 739 cm~! are characterized by
relatively low intensity, while the band at 849 cm~! is absent.

The possible redistribution of the electronic density in
these compounds as typical push-pull systems depends on
the solvent polarity. As far as the electron transition is con-
nected with intramolecular charge transfer (CT) this leads
to a significant difference between the dipole moment in

the ground and exited state, ie. determines their signifi-
cant solvatochromism, or NLO properties in solution. Depend-
ing of the solvent polarity, the CT band in 1-butyl-4-[2-
(3,5-dimethoxy-4-hydroxyphenyl)ethenyl)|pyridinium] chloride
exhibits a bathochromic shift of 21 nm for Anax (Fig. 4) on going
from 1,2-dichloromethane to acetonitrile. The obtained negative
solvatochromic effect in these compounds has been explained by
both intra and intermolecular charge transfer. In contrast to (1), the
quinoide form of the compound (2) is characterized by an observed
solvatochromic effect of 140 nm (Fig. 4). In acetone and acetonitrile
two bands at about 600 and 640 nm as well as a shoulder at about
560 nm are observed. These maxima as well as the spectral changes
and the well-defined isosbestic points provide good evidence for an
equilibrium between monomeric and dimeric species [9,53,54]. It
is noteworthy thatin addition to the very intense hypsochromically
shifted absorption band for the H-dimer, a weak band appears at
longer wavelength, which can be ascribed to the forbidden tran-
sition to the lower energy exciton state. It is interesting to note
that these dimers are strongly affected by solvent mixtures like
acetonitrile/H,0 with a band at 547 nm.

[0}

900 850 800 750 700
Absorbance / Wavenumber (cm-1)
Fig. 3. Non-polarized IR-(1) and reduced IR-LD (2) spectrum of the 1-butyl-4-[2-

(3,5-dimethoxy4-hydroxyphenyl)ethenyl)]pyridinium] chloride tetrahydrate after
the elimination of the band at 849 cm~'.
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HOMO

1125

(1

@) LUMO

Scheme 4. Molecular orbital surface of the HOMO and LUMO for the ground state of cationic (1) and quinoide form (2) of the dye 1-butyl-4-[2-(3,5-dimethoxy-4-

hydroxyphenyl)ethenyl)|pyridine.

The distribution of the highest occupied (HOMO) and lowest
unoccupied (LUMO) molecular orbitals for the ground state is illus-
trated in Scheme 4. Nearly all of the MOs are substantially localized
on the conjugated plane, with only small contributions to the group
out of the plane in the case of (1). In contrast, the underlying CT is
observed in compound (2).

For the precise investigation of the geometry changes associ-
ated with the electronic excitation, to the lowest singlet excited
state, the geometry of the studied compounds was optimized at
the CIS/6-31++G** level of theory for comparison with the data for
the ground state optimized at HF/6-31++G**. The data indicate that
the structural shift is predominantly localized on the conjugated
plane in (1) and that the groups out of the discussed plane are not
changed significantly. The distributions for the HOMO and LUMO
of the lowest single exited state show a strong optical emission in
case of (2).

The proton chemical shifts of both the compounds (1) and (2)
are assigned in the following way (supplementary material Fig.

¢ ||

—(2)-H20
—(1)-H20
—(1)- DHM
——(2) - acetonitrile/H20
——(2) - acetonitrile

2 ~==(1) - acetonitrile

——=(2) - acctone
——(1) - acctone

2.5

230 330 430 530 630
A [nm]

Fig. 4. UV-vis spectra of 1-butyl-4-[2-(3,5-dimethoxy-4-hydroxyphenyl)-
ethenyl)piridinium] chloride tetrahydrate in different media at a concentration of
2.5x107° M.

S2A), using the atom numbering Scheme 2. The OCH3 signals are
observed within the 3.75-3.85 ppm range as singlets with intensity
6H. The signals between 0.90 and 2.00 ppm belong to the aliphatic
CH3CH,CH,CH, protons. The H-2 and H-6 signals are observed at
about 7.00 in (1) and 6.80 ppm in (2), respectively. The AB signals
of H-7 and H-8 are at 7.35 and 7.95 ppm (1). The analogous signals
in (2) are observed at 6.51 and 7.55 ppm. The AA'BB’ chemical shift
signals are within the 8.70-8.00 ppm (1) and 7.55-8.00 ppm (2)
ranges. In the case of (1), the peak at 9.20 ppm can be attributed to
the OH proton (supplementary material Fig. S2B). The correspond-
ing 13C NMR spectra of both the compounds, exhibit OCH3 signals
atabout 5.6 ppm. The peaks at about 106.00, 120.00, 122.25,122.70,
125.60, 138.00, 140.00, 145.00, 149.00 and 152.00 ppm correspond
to C-2'/C-6/, C-7, C3/C5, C1’, C-4/, C-8, C-2/C-6, C-3'/C-5' and C-4
carbon chemical shifts, respectively.

4. Conclusion

We are reported the new chloride salt of 1-butyl-4-[2-
(4-hydroxyphenyl)ethenyl)]pyridine, crystallizing in triclinic P1
space group. Its unit cell contains two independent 1-butyl-4-
[2-(3,5-dimethoxy4-hydroxyphenyl)ethenyl)]pyridinium] cations,
differing with respect to the butyl chain torsion angle for which
values of 80.0(9)° and 173.6(3)°. The cations and anions are
joined into infinite layers, formed by two different dimers and
including solvent molecules. Hydrogen bonds OH. - -OH, (2.814 A),
HOH. - -O(CH3) (2.960A), OH.--Cl (2.967A), HOH.--CI- (3.034,
3.188, 3.161 and 3.062 A) and HOH. - -OH, (2.772 A) are observed.
For first time in the literature, we are reporting the crystal
structure of the dye with the syringaldehyde-fragment in the
molecule.

Supporting information

Crystallographic data for the structural analysis have been
deposited with the Cambridge Crystallographic Data Centre,
CCDC 705628 Copies of this information may be obtained from
the Director, CCDC, 12 Union Road, Cambridge, CB2 1EZ, UK
(Fax: +44 1223 336 033; e-mail: deposit@ccdc.cam.ac.uk or
http://www.ccdc.cam.ac.uk). Raman (supplementary material Fig.
S1) as well as 'H and '3C NMR spectra (supplementary material
Figs. S2A and S2B), respectively.
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