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Abstract

A new styryl quinolinium dye (E)-4-(2-(2-hydroxynaphthalene-1-yl)ethe-
nyl-1-octyl quinolinium iodide (3) was obtained by Knoevenagel condensation.
Single crystal X-ray diffraction, spectral methods IR, 'H and '3C-NMR spec-
troscopy and TGA-DTA analysis were used to characterize the compound. The
title compound crystallized in the triclinic space group P-1 and exhibited ther-
mal stability up to 212 °C. The vibrational spectra were completely determined
through the quantum chemical calculations.
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Introduction. The design of nonlinear optical (NLO) materials has been
the focus of modern research due to the possible numerous applications in various
high-tech fields, such as telecommunications, information technology, and optical
data storage [1]. Nonlinear optics considers the interaction of an applied electro-
magnetic field with different materials, generating a new electromagnetic field that
differs in frequency, phase, polarization, or direction from the initial field [2,3].

Molecular compounds with high initial hyperpolarizability () typically have
a conjugated 7r-system with donor and acceptor moieties (D-7t-A) linked [4]. The
linear optical properties of these dipolar molecules are characterized by low-energy
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charge transfer transitions [5|. The optimization of non-linear optical response at
the molecular level has received a lot of attention. In the design of chromophores
with high nonlinear second-order optical values, the following criteria need to
be considered: polarizability of the material; symmetric charge distribution us-
ing suitable strong donor and acceptor groups; length of the m-conjugated bridge;
asymmetric arrangement in the crystal packing to observe high even-order nonlin-
ear susceptibilities [6-9]. The reason for the large nonlinear optical susceptibility
of these materials is due to the possibility of strong polarizability of the 7-electron
cloud in these systems. The large charge displacement when small electric fields
are applied leads to a non-linear response of the medium and therefore to a modu-
lation of its refractive index. The polarization caused in this way has a purely elec-
tronic nature, which is a prerequisite for the occurrence of extremely fast nonlinear
optical processes. Particularly effective in the design of D-7t-A-chromophores is
the introduction of electron-rich and electron-deficient heterocycles, which act as
electron donors and electron acceptors at both ends of a bridge molecular skele-
ton [10,11]. Although most nonlinear optical materials are neutral, salts are
particularly promising due to their high stability and ease of preparation, and are
therefore particularly attractive for application in various devices [12-14].

Experimental section. Synthesis of compound (1). To a solution of
2.15g (15 mmol) of 4-methylquinoline in dry toluene (20 mL) was added dropwise
3.60 g (15 mmol) of n-octyl iodide. The quaternary salt (4-methyl-1-octylquinolin-
1-ium iodide) was obtained after boiling for 13h at 110°C. The reaction mixture
was subjected to vacuum distillation to remove the solvent toluene. A dark green
oil was obtained with yield 80 %.

The progress of the reaction mixture was monitored by thin layer chro-
matography (TLC) under the following conditions: Stationary phase: Silica gel
60 plates (Merck); Mobile phase: benzene:methanol (8:2). Developer: Cerium
sulphate reagent. 4-methyl-1-octylquinolin-1-ium iodide was purified by column
chromatography under the following conditions: Stationary phase: Silica gel 60,
70-230 mesh (Merck); Eluent: 1 to 3% (v/v) methanol in diethyl ether.

The composition of the fractions was monitored by thin layer chromatogra-
phy (TLC) under the following conditions: Stationary phase: Silica gel 60 plates
(Merck); Mobile phase: CgHg:CH30H (9:1) and CgHg:CH30H (7.5:2.5). Devel-
oper: cerium sulphate reagent.

IR [KBr]: 7 [em™!] = 3066, 3019 (vc.g (Ar-H)), 2955 (v (CHs)), 2927
(v* (CH,y)), 2855 (v* (CH,)), 2728, 1617, 1603, 1587, 1531 v(C=C), 1495, 1466
(635(CHg)), 1369 (65(CHj)), 1166, 732 cm™! (p(CHy)).

Synthesis of compound (3). A 100mL round flask was filled with
4-methyl-1-octylquinolin-1-ium iodide (0.73 g; 1.91 mmol) and 0.33 g (1.91 mmol)
of 2-hydroxynaphthaldehyde in 20mL of dry benzene. Additionally, 0.016¢g
(0.19mmol) of piperidine and (0.02 g; 0.39 mmol) of glacial acetic acid were added
to the mixture. Reflux condenser with a calcium chloride drying tube on top of the
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condenser were used to boil the reaction mixture for 21 h. The dark-red crystals
were filtered off, washed with benzene, and allowed to dry at room temperature.
The progress of the reaction was monitored by TLC. The TLC was performed on
plates of silica gel 60 (Merck) with mobile phase: 1-propanol:formic acid (8:2, v/v)
was used to elute the product, and UV light or Jy-vapour was used to visualize it.
Yield: 74.34%. Compound (3) was purified by recrystallization from methanol
solvent.

Chemical structure of compound 3

'H NMR (600 MHz, DMSO-dg) 6 9.4 (d, Jo3 = 6.5Hz, 1H, H2), 8.7 (d,
J2’3 = 6.5 HZ, 1H, HS), 8.7 (dd, J576 = 8.6 HZ, J578 =0.9 HZ, 1H, H5), 8.6 (S, 2H,
vinyl Ho, Hp), 8.6 (d, Jrs = 8.9Hz, 1H, H8), 8.4 (d, Jy g = 8.6Hz, 1H, HY’),
8.2 (ddd, J6’7 — 69, J5’7 =1.6 HZ, 1H, H?), 8.0 (ddd, J576 - 86, J6,8 =1.1 HZ,
1H, H6), 7.9 (d, J3/’4/ =89 I’IZ7 lH, H4’)7 7.9 (dd, J5’,6’ — 8.4HZ, J5’,8’ — 0.7HZ,
1H, H5%), 7.6 (ddd, J7 g = 8.4; Jo v = 6.8; Jy » = 1.3Hz, 1H, H7’), 7.4 (m, 1H,
H6"), 7.3 (d, Jy 4 = 8.9Hz, 1H, H3"), Octyl: 4.98 (t, J = 7.5Hz, 2H, N*CH,,
17), 1.95 (p, 2H, CH,, 2"), 1.40 (p, 2H, CH,, 3"), 1.31 (p, 2H, CH,, 4”), 1.29-1.19
(m, 6H, CH,, 5”; CH,, 6”; CH,, 7"), 0.85 (t, J = 7.0 Hz, 3H, CH3, H8").

13C NMR (151 MHz, DMSO-dg) & 157.7 (C2'), 154.2 (C4), 147.6 (C2),
138.2 (C8a), 137.2 (Cp), 135.4 (CT7), 133.4 (C&a), 133.1 (C4'), 129.8 (C6), 129.3
(C5'), 128.6 (C4a), 128.0 (C4’a), 127.0 (C7’), 126.5 (C5), 123.9 (C6’), 123.9 (Cy),
1234 (C8'), 119.8 (C8), 119.2 (C3'), 116.8 (C3), 114.7 (C1’); Octyl: 56.9 (C1"),
31.6 (C6”), 29.9 (C5"), 29.0 (C4"), 29.0 (C3"), 26.3 (C2"), 22.5 (C7"), 14.44
(C8").

Thermal analysis. The thermal analyses were realized at 25-300°C on a
DTA /TG Setaram with the sample in the 1.5-2.5 mg mass range placed in alumina
crucibles. The experiments were carried out with scanning rate of 10 K min~!
under argon atmosphere.

Computational details. All theoretical calculations were performed using
the Gaussian 03 package of programs [15]. Optimization of the structure of com-
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pound 3 was carried out by DFT calculations, employing the B3LYP (Becke’s
three-parameter non-local exchange) [16] functional correlation, 6-311++G(d,p)
basis set.

Single crystal X-ray diffraction. X-ray diffraction intensities were mea-
sured on a Siemens P4 diffractometer equipped with Mo K« radiation (A =
0.71077 A). Data reduction was performed with program packages R3m/V User’s
Guide and XDISK. The structures were solved with SHELXS97 program [17].

'H and '3C NMR measurements, referenced to TMS, were made with Bruker
BioSpin GmbH (600 MHz) spectrometer. The dye was dissolved in CD30D. The
chemical shifts were referenced internally in d-units. Jygp coupling constants were
measured in Hz.

Results and discussion. Knoevenagel condensation of 2-hydroxynaphtal-
dehyde and 4-methyl-1-octyl quinolinium iodide was used to synthesize styryl
quinolinium dye (3) in solvent benzene by using a catalyst combination of piperi-
dine and acetic acid (Scheme 1).
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Scheme 1. Preparation of (E)-4-(2-(2-hydroxynaphtalene-1-yl)ethenyl-1-octyl quinolinium
iodide (3)

The synthesized compound was obtained with a high chemical yield (74.34 %)
and purity. Its structure was confirmed by spectral methods such as IR, Raman,
NMR, and X-ray. Fine crystals appropriate for single crystal X-ray diffraction
were afforded during the crystallization of (3) from methanol. Analyses of single
crystals reveal that compound (3) crystallized in the triclinic space group P-1
(Fig. 1a). The unit cell contains four molecules of the dye chromophores and two
iodide anions. The head-to-tail principle determines the parallel arrangement of
molecules in the crystal. The fragments of quinoline and naphthalene were twisted
to 45.36° and 25.23°, respectively, to the plane of the double bond (Fig. 1b).

The deviation from planarity could be attributed to the second-place hy-
droxyl group of the naphthalene fragment and its involvement in hydrogen bond
formation with the iodide anion (OH---1~, 3.440 A).

The conjugated system’s m-bridge bond length values in dye 3 are C10-C11
(1.465A), the double bond C11-C12 (1.325A), and C12-C13 (1.456A). The
target compound has a longer single bond and a shorter double bond in comparison
to dyes that are similar to it. Moreover, the 7-bridge of 3 has a double bond length
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Fig. 1. Crystals (a) and Deviation of the two aromatic ring from the double bond’s
plane (b) of compound (3)

that is shorter than the isolated double bond in ethylene (1.34 A), indicating
an increase in the bond order within the molecule. The length changes of the
“double bond” are explained by the relatively large deviation from the molecule’s
planarity. Similar molecules exhibit a higher degree of bond delocalization due
to the planarity. The lengths of the C—C bonds in the alkyl chain are close to
the value of the single carbon-carbon bond 1.54 A, but the valence angles deviate
from the tetrahedral angle by about +15°.

Weak intermolecular interactions between a carbon atom of one molecule and
an oxygen atom of a neighbouring molecule (C18-H18.--O1 2.617 A, C18---01
2.366 A) were detected also in the crystal lattice (Fig. 2).

Fig. 2. Interactions in the crystals of compound (3)

Figure 3 shows the 'H NMR of compound 3 in the & 9.3-7.3 range, in which
the signals of the CH protons from the aromatic systems and the CH-vinyl protons
appear.

In push-pull compounds such as 3, a charge transfer occurs from the electron-
donor phenolic hydroxyl group at the 2-position in the naphthalene nucleus through
the 7-coupled system to the positively charged quinolinium nitrogen atom.

The electron deficiency at quinolinium nitrogen has another effect — the signal
for H-8 appears in a weaker field than H-5, compared to quinoline N-oxide and
quinolinium salts. For the dyes we studied, the opposite is true, e.g., for com-
pound 3 the signal for H-5 appears at 8.67 (dd, Js6 = 8.6 Hz, Js 3 = 0.9Hz, 1H)
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and that for H-8 at 8.55 (d, J7g = 8.9Hz, 1H), similar to other charge-transfer
dyes [18].

The protons from the methyl or methylene groups immediately associated
with the electron-deficient N atom from the quinolinium nucleus also undergo a
shift to a lower field, appearing in the & 4.98-4.57 range.

Proton-proton (COSY) correlation helped to group the fourteen protons ap-
pearing as signals in the 9.4-7.3 ppm interval of the two aromatic nuclei and the
bridging double bond (Fig. 3b).

In compound 3, the signals for the two vinyl protons Hy and Hg appear as a
singlet at 8.63 (s, 2H), similar to the treatment described by GROMOV et al. [18].
This fact could be explained by the significant deviation of the quinolinium and
naphthalene nuclei from the double bond plane leading to a disorder of confine-
ment, resulting in the two vinyl protons behaving as equivalent ones in an isolated
double bond. X-ray structural analysis of compound 3 confirms the absence of
planarity in the chromophore (crystal structure).

The reasons influencing the offset proton signals described above are the same
as those determining the appearance of the carbon atom signals in a weaker or
stronger field in the *C NMR spectrum (Fig. 3c).

Using heteronuclear carbon-proton correlation through a single bond (HSQC),
the bonding between a carbon atom and the corresponding proton was established
(Fig. 3d).

Compound 3 exhibits thermal stability up to 212 °C, according to TGA-DTA
analysis (Fig. 4). There are destruction processes and a 44 % weight reduction at
temperatures higher than this one. The high melting point can be attributed in
part to the intermolecular interactions that stabilized crystal structure.

Quantum chemistry simulations showed that most of the bands in the spectra
are the result of mixed oscillations. The most likely reason for this is that the
degree of charge transfer influences the sensitivity of molecular vibrations [19].
A broadened band at 3435cm™! is observed, which is attributed to the hydroxyl
group’s v(OH) valence vibration at the o-position in the naphthalene core. Cal-
culations predict the band at 3674cm™! for the same vibration. The shift by
about 200 cm ™" is due to the participation of the phenolic hydroxyl group in the
formation of hydrogen bonds with the iodide anion (OH-:--1~, 3.440 A), which
is confirmed by the crystal structure of the dye. The band at 1600cm™! is a
mixed vibration involving 3(C-H)QF + v(C=C) QF + B(C-H) (C=C), and that
at 1590 cm™! refers to the mixed vibration involving the in-plane C-H vibration
of the double bond and the quinolinium fragment and v(C=C)QF. The band at
1590 cm ™! in the IR and Raman spectra belongs to a mixed vibration, including
the in-plane C-H vibrations of the double bond and the quinolinium fragment, as
well as the stretching vibration of the quinolinium fragment v(C=C) QF.

Conclusions. A new styryl quinolinium salt was synthesized by Knoeve-
nagel condensation. The structure of the target compound (3) was established

C. R. Acad. Bulg. Sci., 78, No 8, 2025 1145



e
/ 1% 1V A RV 2 il

=
1 Lt

w WL wB RA RE &) me &% Bd T OAE WL RO ¥E YE. 79 9E e oma pE b
2 tpens i

1146 M. Todorova, R. Bakalska, S. Atanasova et al.



= L ] In R RO gmRInG ZH% ) il
& & 2 RE B RA EERERA BRR e 2 2
| | | Jhl I S (SN Wed Il | |

FAE+OT

—AE+07

—AEFOT

-3E+07

~ZE+17

-2E+07

-1E+07

-5E+06

156 154 152

138

134 132 130
ppm)

T T T T T T T T T T T T T
158 150 148 146 144 142 140 13&( 128 126 124 132 120 118 116

05

i

T
114

T
112

C

FLi4
L&
i
e
Fiza

Al

L {pam)

a4

1A

it

Fiad

T T T T T T T T T T T T T T T T T T
a4, B3 RZ M
7 {ppmy

Fig. 3. NMR spectra of compound 3 in the range 6 9.4—7.3:
a) 'H-NMR; b) COSY; ¢) *C NMR; d) HSQC
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Fig. 4. TGA-DTA analysis of compound 3

through the utilisation of IR, 1D and 2D NMR, XRD and TGA-DTA techniques.
Compound (3) was observed to crystallize in the triclinic space group P-1 and
exhibited thermal stability up to 212°C.
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