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ABSTRACT. This study focuses on synthesizing and characterizing a new series of organic compounds with a
heterocyclic core based on sulfur (thiazole). These compounds, labeled as N-(4-(4-alkoxyphenyl) thiazol-2-yl)-1-
(naphthalen-2-yl) methanimine (ATNM)n, incorporate alkoxy chains of varying lengths (C,Hx+1O,n=2, 3,4, 5, 6,
7,8, 9, 10, and 12) through a multi-step process. Structural analysis using FT-IR, "H-NMR, and *C-NMR confirmed
the composition of these compounds. Theoretical calculations using density functional theory (DFT) were carried
out with the B3LYP 6-311G (d,p) basis set for the entire set of synthesized compounds (ATNM)n. The (Gaussian
9) software was employed to compute optimized geometrical structures of the proposed compounds in the gas phase.
However, investigations into their phase behavior using polarizing optical microscopy (POM) and differential
scanning calorimetry (DSC) revealed that none of the compounds in this series exhibited the typical mesomorphic
characteristics of liquid crystals. Comparisons were made between theoretical predictions from DFT and observed
data obtained through synthesized compounds study. The results revealed that the presence of terminal alkoxy
significantly influenced the overall energy of potential geometric structures, along with their physical and thermal
characteristics.
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INTRODUCTION

Liquid crystals represent a distinctive state of matter, displaying characteristics of both liquids
and crystals. While their molecular arrangement mirrors the order found in crystals, their fluid-
like molecular structure is close to that of liquids. This distinctive blend of attributes gives rise to
fascinating optical, electrical, and mechanical phenomena [1]. Heterocyclic compounds, on the
other hand, are organic compounds featuring at least one ring structure in which one or more of
the atoms within the ring are elements other than carbon, such as nitrogen, oxygen, or sulfur. The
size and configuration of these heterocyclic moiety vary, playing a crucial role in determining the
properties and behavior of liquid crystal materials [2]. Heterocyclic liquid crystals constitute a
category of liquid crystals constructed from heterocyclic (ring-shaped) molecules as their
fundamental units [3]. Thiazole liquid crystals, on the other hand, represent a subset of liquid
crystalline compounds featuring thiazole rings in their molecular architecture [4]. Thiazole, a five-
membered heterocyclic compound, comprises three carbon atoms, one nitrogen atom, and one
sulfur atom in its ring structure, denoted by the molecular formula (C;H3;NS). Recognized for its
aromatic properties, thiazole is commonly present in diverse natural and synthetic compounds,
including pharmaceuticals and agrochemicals, owing to its distinctive electronic and structural
characteristics [5]. Thiazole-derived compounds are prepared through diverse methodologies,
including the Hantzsch synthesis [6], Gewald reaction [ 7], or Vilsmeier-Haack reaction [8]. In the
Hantzsch synthesis, for instance, thiazoles can be synthesized by combining a-haloketones with
thiourea or thioamides in the presence of a base [6].

When integrated into liquid crystal compounds, the inclusion of thiazole rings can impact the
overall characteristics and performance of the liquid crystal material. This influence extends to
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factors such as polarity and polarizability, the angle of rotations between molecular fragments,
temperatures associated with phase transitions, Involvement in intermolecular interactions,
determination of the mesophase type, modulation of the direction and magnitude of the dipole
moment constant within the molecules, and the potential alteration of the sign and magnitude of
the liquid crystal's dielectric anisotropy [9]. Thiazole rings possess aromatic and planar
characteristics, exhibiting higher aromaticity compared to their oxazole counterparts due to more
extensive pi-electron delocalization. The specific tile geometry of the thiazole ring connected to
the benzene azomethine group plays a crucial role in liquid crystals, contributing to enhanced
mesomorphic properties over a broad temperature range. Numerous research endeavors have
explored the liquid crystalline traits of azomethines featuring thiazole rings. Recent studies have
involved the synthesis of novel azomethines incorporating thiazole rings and liquid crystals with
a bent-rod structure characterized by lengthy alkoxyl chains. Kuvatov and coworkers have
conducted research on a series of liquid crystals, incorporating a thiazole ring with various
terminal substituents [10].

Murza and coworkers successfully created a series of liquid crystals, specifically azomethines,
denoted as 2-(4-alkoxybenzylideneamino)-4-(3-nitrophenylamino) thiazoles. The series
encompasses various alkoxy chain lengths (C,Hzq+10, with n ranging from 1 to 10). Interestingly,
every member within this series exhibits mesomorphism in the temperature range of 42-137 °C
[11]. Moreover, Karam and collaborators have synthesized and investigated the liquid crystalline
characteristics of a compound series featuring thiazole rings with diverse terminal groups,
including amides, alkoxy series, ester, and azo linkage. The majority of compounds in this series
demonstrate nematic (N) and smectic C (SmC) mesomorphism, with only two exceptions that do
not exhibit liquid crystalline properties [12]. Additionally, Karam and coworkers have developed
novel symmetrical and non-symmetrical mesogenic compounds incorporating thiazole rings,
comprising homologous series with terminal alkoxy substituents. All compounds display liquid
crystalline properties characterized by an anisotropic nematic mesophase except for the final
homologue (n=8), which transitions to an isotropic liquid [13]. In this research, we describe the
synthesis, characterization, (DFT), and mesomorphic behavior of newly synthesized compounds
incorporating thiazole rings and possessing different lengths of alkoxy chains as terminal groups.

EXPERIMENTAL
Materials

Bromo alkanes [bromo (ethane, propane, butane, pentane hexane heptane, octane, nonane, decane,
and dodecane)]: Sigma - Aldrich, Germany; iodine: Bio Chemo Pharma, France; thiourea: Bio
Chemo Pharma; 4-hydroxyacetophenone: Sigma - Aldrich, Germany; anhydrous potassium
carbonate: Scahrlau, Belgium; diethyl ether: Scahrlau, Belgium; chloroform: Scahrlau, Belgium;
acetone: Bio Chemo Pharma, France; piperidine: Sigma - Aldrich, Germany; tetrahydrofuran:
Bio Chemo Pharma, France; absolute ethanol (99%): Supelco, Germany; ammonia solution
(25%): Bio Chemo Pharma, France; 2-naphthaldehyde: Sigma - Aldrich, Germanyj; silica gel for
column chromatography: Bio Chemo Pharma, France. All required chemicals (reagents and
solvents) were used directly without further purification.

Techniques

The melting points were measured with a Buchi Germany Model.B-540 electrothermal melting
point apparatus. Infrared spectra were captured using an FT-IR Shimadzu 1S. 'H NMR and *C
NMR spectra were acquired with a Bruker spectrometer (400 MHz) in CDCl; as a solvent, using
tetramethyl silane (TMS) as an internal standard. Chemical shifts were reported in & (ppm) units,
indicating multiplicity with standard expressions (singlet(s), doublet (d), triplet(t), multiplet (m),

Bull. Chem. Soc. Ethiop. 2024, 38(6)



Synthesis and characterization of new thiazole derivatives 1829

coupling constant (J), and Hertz (Hz)). For the investigation of phase transitions and mesomorphic
textures, a polarized optical microscopy (OPtika B-383POL, Italy) was employed. This was
coupled to an MHCS400 hot and cold stage, configured with an MTDC600 temperature controller
(temperature range: 25-400 °C), from Microptika, Netherlands. Additionally, an OPtika C-B18
USB Camera (18Mp, Italy) was used for imaging. Thermal transitions and enthalpies were
determined through DSC measurements using a DSC 204 F1 Phoenix, NETZCH, Germany,
equipped with a cooling system. The measurements were conducted at a heating/cooling rate of
10 °C min™', with a nitrogen flow of 50 mL min™".

All computations for the analyzed derivatives were performed utilizing Gaussian 09 software
[14, 15] on a personal computer with a Core i7, 9™ generation processor. The calculations were
carried out employing DFT/B3LYP methods and a 6-311G (d,p) basis set. Optimization of
geometries involved minimizing energies concerning all geometric parameters, without enforcing
any molecular symmetry constraints. Visualization of the optimized geometries was facilitated
using Gauss view. Additionally, frequency calculations were conducted at the same level of
theory. The results from the frequency calculations indicated that all structures served as
stationary points in the geometry optimization procedures, and none exhibited imaginary
frequencies during the vibrational analyses. Assignments of vibrational modes were made through
visual examination of the animated modes using the Gauss view program [16, 17].

Synthesis
Preparation of 4-(2-aminothiazol-4-yl) phenol (i)

A mixture containing (13.6 g, 0.1 mol of 4-hydroxy acetophenone (1-(4-hydroxyphenyl) ethan-1-
one), (15.22 g, 0.2 mol of thiourea), and (25.31 g, 0.1 mol of iodine) was heated in a (250 mL)
round bottom flask on a steam-bath overnight. After cooling, the crude reaction mixture was
extracted with diethyl ether to eliminate unreacted (1-(4-hydroxyphenyl) ethan-1-one) and iodine.
The resulting residue was dissolved in boiling water, followed by filtration to eliminate sulfur.
The solution was then partially cooled and rendered basic using concentrated ammonium
hydroxide. The (4-(2-aminothiazol-4-yl) phenol) separated out and was subsequently subjected to
recrystallization from a mixture of water and alcohol [18].

Preparation of 4-(4-alkoxyphenyl) thiazol-2-amine (ii)

In a round-bottom flask (50 mL) equipped with a reflux condenser, a mixture comprising (0.28 g,
1.5 mmol) of 4-(2-aminothiazol-4-yl) phenol (i), (0.8 g, 2 mmol) of anhydrous potassium
carbonate, (20 mL) of dry acetone, and (4 mmol) of n-bromoalkane was introduced. The mixture
was then refluxed overnight. Subsequently, the resulting mixture was poured onto ice water, and
the precipitate was filtered, washed with water, dried, and subjected to recrystallization using
ethanol [19].

Synthesis of N-(4-(4-alkoxyphenyl) thiazol-2-yl)- 1-(naphthalen-2-yl) methenamine (ATNM)n (iii)

A quantity of (0.042 mol) of 4-(4-alkoxyphenyl) thiazol-2-amine (ii), along with (0.042 mol, 6.55
g) of 2-naphthaldehyde, and (20 mL) of tetrahydrofuran (THF), containing a catalytic amount of
piperidine (1-4 drops), were combined in a round-bottom flask (50 mL) equipped with a reflux
condenser. The mixture was then refluxed for a duration of 4 hours. Upon completion of the
reflux, the solvent was evaporated, and the resulting residue (ATNM)n (iii) was extracted using
diethyl ether. The extract was subsequently purified through column chromatography using
mixture of ethyl acetate and n-hexane as eluent with the ratio of (3:7) [20].
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A compound N-(4-(4-ethoxyphenyl) thiazol-2-yl)-1-(naphthalen-2-yl) methenamine (ATNM)2
has a yield: (60%). M.P. 139 °C. IR (cm™) aromatic (C-H) str.3105.39, aliphatic (C-H) str.
2956.87 - 2856.58, (C=N thiazole) str. 1646, (C=N Schiff base imine) str. 1606.7, (C=C) str.
1577.77, (C-S) str. 661.58, (C-O-C alkoxy) str. 1251.180 - 1163.08 [21]. The '"H NMR (400 MHz,
CDCls) ppm (8 H): 9.21 (s, 1H, H11), 8.33 (s, 1H, H14,) [22], 8.24 - 8.22 (d, J = 8.0 Hz, 1H,
H7),7.96 - 7.84 (m, 6H, HI, 2, 4, 5,9, 10), 7.61 - 7.53 (m, 2H, H16), 6.97 - 6.95 (d, J = 8.8 Hz,
2H, H17) [23], 4.11 - 3.95 (m, 2H, H21), 1.34 - 1.30 (t, J = 6.8 Hz, 3H, H22). In the *C NMR
(100 MHz, CDCl3) ppm (8 C): 172.30 (C12), 163.34 (C14), 159.33 (C18), 153.77 (C13), 135.64
(C3), 133.30 (C8), 128.89 (C6), 128.29 (C4), 128.04 (C2, 9, 16, 20), 127.20 (C7), 126.85 (1,10),
126.23(C21), 124.15 (C15), 114.66 (C17, 19), 110.02 (C14), 69.59 (C21), 14.8 (C22, CH3). The
color of the product is light yellow.

A compound of 1-(naphthalen-2-yl)-N-(4-(4-propoxyphenyl) thiazol-2-yl) methanimine
(ATNM)3 has a yield: (66%). M.P. 171.9 °C. IR (cm™) aromatic (C-H) str. 3105.39, aliphatic
(C-H) str. 2956.87 - 2856.58, (C=N thiazole) str. 1646, (C=N Schiff base imine) str. 1606.7,
(C=C) str. 1577.77, (C-S) str. 661.58, (C-O-C alkoxy) str. 1251.180 - 1163.08. The 'H NMR (400
MHz, CDCls) ppm (6 H): 9.21 (s, 1H, H11), 8.33 (s, 1H, H14), 8.24 - 8.22 (d, J = 8.0 Hz, 1H,
H7), 7.96-7.84 (m, 6H, H1, 2, 4,5, 9, 10), 7.61 - 7.53 (m, 2H, H16), 6.97 - 6.95 (d, J = 8.8 Hz,
2H, H17),3.98 - 3.95 (t,J= 6.6 Hz, 2H, H21), 1.88 - 1.79 (m, 2H, H22), 1.08 - 1.04 (t,J = 6.8
Hz, 3H, H23). In the *C NMR (100 MHz, CDCl;) ppm (8 C): 172.30 (C12), 163.34 (C14), 159.33
(C18), 153.77 (C13), 135.64 (C3), 133.30 (C8), 128.89 (C6), 128.29 (C4), 128.04 (C2, 9, 16, 20),
127.20 (C7), 126.85 (C1,10), 126.23 (C21), 124.15 (C15), 114.66 (C17, 19), 110.02 (C14), 69.59
(C21), 22.63 (C22), 10.58 (C23). The color of the product is yellow.

A compound of N-(4-(4-butoxyphenyl) thiazol-2-yl)-1-(naphthalen-2-yl) methanimine (ATNM)4
has a yield: (69%). M.P. 91.9 °C. IR (cm!) aromatic (C-H) str. 3103.46, aliphatic (C-H) str.
2956.87 - 2856.58, (C=N thiazole) str. 1646, (C=N Schiff base imine) str. 1608.63, (C=C) str.
1577.62, (C-S) str. 655.680, (C-O-C alkoxy) str. 1253.73 - 1163.16. The 'H NMR (400 MHz,
CDCls) ppm (8 H): 9.16 (s, 1H, H11), 8.27 (s, 1H, H14), 8.22 - 8.20 (d, / = 8.0 Hz, 1H, H7), 7.92
-7.81 (m, 6H, H1, 2,4, 5,9, 10), 7.58 - 7.50 (m, 2H, H16), 6.95 - 6.93 (d, J = 8.4 Hz, 2H, H17),
3.98-3.95 (t,J=6.6 Hz, 2H, H21), 1.82 - 1.75 (m, 2H, H22), 1.46 - 1.42 (m, 2H, H23), 0.95 -
0.92 (t,J= 6.8 Hz, 3H, H24). In the 3C NMR (100 MHz, CDCl;) ppm: (8 C) 172.29 (C12), 163.36
(C11), 159.35 (C18), 153.76 (C13), 135.63 (C3), 133.30 (C8), 128.88 (C6), 128.28 (C4), 128.03
(C2, 9, 16, 20), 127.20 (C7), 126.85 (C1,10), 126.23 (C21), 124.15 (C15), 114.67 (C17, 19),
110.03 (C14), 68.09 (C21), 29.03 (C22), 22.54 (C23), 14.00 (C24). The color of the product is
yellow.

A compound of 1-(naphthalen-2-yl)-N-(4-(4-(pentyloxy) phenyl) thiazol-2-yl) methenamine
(ATNM)5 has a yield: (70%). M.P. 171.8 °C. IR (cm™') aromatic (C-H) str. 3101.54, aliphatic
(C-H) str. 2933.73 - 2854.65, (C=N) str. 1646.63, (C=N Schiff base imine) str. 1608.63, (C=C)
str. 1529.55, (C-S) str. 655.680, (C-O-C alkoxy) str. 1255.66 - 1161.15. The '"H NMR (400 MHz,
CDCls) ppm (6 H): 9.16 (s, 1H, H11), 8.27 (s, 1H, H14), 8.22 - 8.20 (d, J = 8.0 Hz, 1H, H7), 7.92
-7.81 (m, 6H, H1, 2,4, 5, 9, 10), 7.58 - 7.50 (m, 2H, H16), 6.95 - 6.93 (d, J = 8.4 Hz, 2H, H17),
3.98-3.95 (t,J = 6.6 Hz, 2H, H21), 1.82 - 1.75 (m, 2H, H22), 1.46 - 1.44 (m, 4H, H23, 24), 0.95
- 0.92 (t, J= 6.8 Hz, 3H, H25). In the *C NMR (100 MHz, CDCl3) ppm (8 C): 172.29 (C12),
163.36 (C11), 159.35 (C18), 153.76 (C13), 135.63 (C3), 133.30 (C8), 128.88 (C6), 128.28 (C4),
128.03 (C2, 9, 16, 20), 127.20 (C7), 126.85 (C2), 126.23 (C1,10), 124.15 (C15), 114.67 (C17,
19), 110.03 (C14), 68.09 (C21), 29.03 (C22), 28.26(C23), 22.54 (C24), 14.00 (C25). The color of
the product is yellow.

A compound of N-(4-(4-(hexyloxy) phenyl) thiazol-2-yl)-1-(naphthalen-2-yl) methanimine

Bull. Chem. Soc. Ethiop. 2024, 38(6)



Synthesis and characterization of new thiazole derivatives 1831

(ATNM)6 has a yield: (74%). M.P. 166.8 °C. IR (cm™) aromatic (C-H) str. 3103.48, aliphatic (C-
H) str. 2933.73 - 2856.58, (C=N thiazole) str. 1646, (C=N Schiff base imine) str. 1608.63, (C=C)
str. 1529.55, (C-S) str. 661.58, (C-O-C alkoxy) str. 1253.73 - 1161.15. The 'H NMR (400 MHz,
CDCls) ppm (8 H): 9.16 (s, 1H, H11), 8.27 (s, 1H, H14), 8.22 - 8.20 (d, J = 8.0 Hz, 1H, H7),
7.92-7.81(m, 6H, Hl, 2,4, 5,9, 10), 7.58 - 7.50 (m, 2H, H16), 6.95 - 6.93 (d, J = 8.4 Hz, 2H,
H17),3.98 -3.95 (t,J = 6.8 Hz, 2H, H21), 1.82 - 1.75 (m, 2H, H22), 1.46 - 1.29 (m, 6H, H23,
24, 25), 0.91 - 0.88 (t, J = 6.8 Hz, 3H, H26). In the *C NMR (100 MHz, CDCl;) ppm (5 C):
172.28 (C12), 163.28 ( C11), 59.35 (C18), 153.63 (C13), 135.63 (C3), 133.28 (C8), 128.87 (C6),
128.27 (C4), 128.03 (C2, 9, 16, 20 ), 127.21 (C7), 126.84 (C2), 126.23 (C1,10) , 124.16 (C15),
114.68 (C17, 19) , 110.02 (C14), 68.11 (C21), 31.84 (C22), 29.14 (C23), 26.07 (C24), 22.68
(C24), 14.17 (C26). The color of the product is deep - yellow.

A compound of N-(4-(4-(heptyloxy) phenyl) thiazol-2-yl)-1-(naphthalen-2-yl) methanimine
(ATNM)7 has a yield: (79%). M.P. 126.3 °C. IR (cm™) aromatic (C-H) str. 3103.46, aliphatic
(C-H) str. 2953.16 - 2856.58, (C=N thiazole) str. 1646, (C=N Schiff base imine) str. 1608.63,
(C=C) str. 1527.62, (C-S) str. 661.58, (C-O-C alkoxy) str. 1253.73 - 1161.15. The '"H NMR (400
MHz, CDCls) ppm (6 H): 9.16 (s, 1H, H11), 8.28 (s, 1H, H14), 8.22 - 8.20 (d, J = 8.0 Hz, 1H,
H7),7.92 - 7.84 (m, 6H, H1, 2, 4, 5, 9, 10), 7.58 - 7.50 (m, 2H, H16), 6.95 - 6.93 (d, J = 8.4 Hz,
2H, H17), 3.98 - 3.95 (t, J = 6.8 Hz, 2H, H21), 1.82 - 1.75 (m, 2H, H22), 1.49 - 1.29 (m, 8H,
H23, 24, 25,26), 0.91 - 0.88 (t,J = 6.8 Hz, 3H, H27). In the '*C NMR (100 MHz, CDCl;) ppm
(6C):172.28(C12),163.28 (C11), 159.35 (C18), 153.63 (C13), 135.63 (C3), 133.28 (C8), 128.87
(C6), 128.27 (C4), 128.03 (C2, 9, 16, 20 ), 127.21 (C7), 126.84 (C2), 126.23 (C1,10), 124.16
(C15),114.68 (C17,19), 110.02 (C14), 68.11 (C21),31.84 (C22),29.34 (C23),29.14 (C24), 26.07
(C25), 22.68 (C26), 14.11 (C27). The color of the product is deep - yellow.

A compound of 1-(naphthalen-2-yl)-N-(4-(4-(octyloxy) phenyl) thiazol-2-yl) methanimine
(ATNM)8 has a yield: (82%). M.P. 120.6 °C. IR (cm’!) aromatic (C-H) str. 3103.46, aliphatic
(C-H) str. 2933.7 - 2850.72, (C=N thiazole) str. 1646, (C=N Schiff base imine) str. 1608.63,
(C=C) str.1527.62, (C-S) str. 661.58, (C-O-C alkoxy) str. 1253.73 - 1161.15. The '"H NMR (400
MHz, CDCls) ppm (6 H): 9.18 (s, 1H, H11), 8.29 (s, 1H, H14), 8.22-8.20 (d, J = 8.0 Hz, 1H,
H7),7.93-7.85 (m, 6H, Hl, 2,4, 5,9,10), 7.59 - 7.51 (m, 2H, H16), 6.96 - 6.94 (d, J = 8.4 Hz,
2H, H17), 3.99 - 3.96 (t,J = 7.0 Hz, 2H, H21), 1.82 - 1.75 (m, 2H, H22), 1.49 - 1.29 (m, 10H,
H23, 24, 25,26, 27) , 0.91 - 0.88 (t, J = 6.8 Hz, 3H, H28). In the *C NMR (100 MHz, CDCl3)
ppm (8 C): 172.28 (C12), 163.28 ( C11), 159.35 (C18), 153.78 (C13), 135.63 (C3), 133.26 (C8),
128.87 (C6), 128.26 (C4), 128.23 (C2, 9, 16, 20 ), 127.21 (C7), 126.84 (C2), 126.23 (C1,10),
124.16 (C15), 114.68 (C17, 19), 110.02 (C14), 68.11 (C21), 31.87 (C22), 29.43 (C23), 29.33
(C24), 29.14 (C25), 26.07 (C26), 22.68 (C27), 14.11 (C28). The color of the product is deep -
yellow.

A compound of 1-(naphthalen-2-yl)-N-(4-(4-(nonyloxy) phenyl) thiazol-2-yl) methanimine
(ATNM)?9 has a yield: (83%). M.P. 129.9 °C. IR (cm) aromatic (C-H) str. 3103.46, aliphatic
(C-H) str. 2933.7 - 2850.72, (C=N thiazole) str. 1646, (C=N Schiff base imine) str. 1608.63,
(C=C) str. 1527.62, (C-S) str. 663.51, (C-O-C alkoxy) str. 1253.73 - 1161.15. The "H NMR (400
MHz, CDCl:) ppm (8 H): 9.19 (s, 1H, H11), 8.30 (s, 1H, H14), 8.22 - 8.20 (d, J = 8.0 Hz, 1H,
H7),7.94 -7.86 (m, 6H, H1, 2, 4, 5,9, 10), 7.59 - 7.51 (m, 2H, H16), 6.96 - 6.94 (d, J = 8.4 Hz,
2H, H17), 4.00 - 3.96 (t, J = 6.4 Hz, 6.8, 2H, H21), 1.82 - 1.75 (m, 2H, H22), 1.46 - 1.28 (m,
12H, H23, 24, 25,26, 27, 28) , 0.91 - 0.88 (t, J= 6.63 Hz, 1H, H29). In the '*C NMR (100 MHz,
CDCl3) ppm (6 C):172.28 (C12), 163.28 (C11), 159.36 (C18), 153.78 (C13), 135.63 (C3), 133.27
(C8), 128.87 (C6), 128.27 (C4), 128.23 (C2,9, 16, 20), 127.21 (C7), 126.84 (C2), 126.23(C1,10),
124.16 (C15), 114.68 (C17, 19), 110.02 (C14), 68.12 (C21), 31.94 (C22), 29.61 (C23, 24, 25),
29.33 (C26), 26.10 (C27), 22.73 (C28), 14.11 (C29). The color of the product is deep - yellow.
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A compound of N-(4-(4-(decyloxy) phenyl) thiazol-2-yl)-1-(naphthalen-2-yl) methanimine
(ATNM)10 has a yield: (85%). M.P. 161.7 °C. IR (cm™') Aromatic (C-H) str. 3103.46, aliphatic
(C-H) str. 2933.7 - 2848.86, (C=N thiazole) str. 1646, (C=N Schiff base imine) str. 1608.63,
(C=C) str. 1529.55, (C-S) str. 663.51, (C-O-C alkoxy) str. 1253.73 - 1161.15. The '"H NMR (400
MHz, CDCls) ppm (6 H): 9.19 (s, 1H, H11), 8.30 (s, 1H, H14), 8.22 - 8.20 (d, J = 8.0 Hz, 1H,
H7),7.94-7.86 (m, 6H, Hl, 2, 4,5,9, 10), 7.59 - 7.51 (m, 2H, H16), 6.96 - 6.94 (d, J = 8.4 Hz,
2H, H17), 4.00 - 3.96 (t, J = 6.8 Hz, 2H, H21), 1.82 - 1.75 (m, 2H, H22), 1.46 - 1.28 (m, 14H,
H23, 24, 25,26, 27, 28, 29) , 0.91- 0.88 (t, J = 6.6 Hz, 3H, H30). In the '*C NMR (100 MHz,
CDCls) ppm (6 C): 172.28 (C12), 163.29 (C11), 159.36 (C18), 153.78 (C13), 135.63 (C3), 133.27
(C8), 128.87 (C6), 128.27 (C4), 128.23 (C2,9, 16,20), 127.21 (C7), 126.84 (C2), 126.24 (C1,10),
124.16 (C15), 114.68 (C17, 19), 110.01 (C14), 68.12 (C21), 31.94 (C22), 29.61 (C23, 24, 25, 26),
29.34 (C27), 26.05 (C28), 22.68 (C29), 14.12 (C30). The color of the product is yellow-orange.

A compound of N-(4-(4-(dodecyloxy) phenyl) thiazol-2-yl)-1-(naphthalen-2-yl) methanimine
(ATNM)12 has a yield: (87%). M.P. 154.3 °C. IR (cm™) aromatic (C-H) str. 3105.39, aliphatic
(C-H) str. 2918.30 - 2848.86, (C=N thiazole) str. 1646, (C=N Schiff base imine) str. 1608.63,
(C=C) str. 1529.55, (C-S) str. 663.51, (C-O-C alkoxy) str. 1253.73 - 1163.08. The '"H NMR (400
MHz, CDCl;) ppm (8 H): 9.21 (s, 1H, H11), 8.33 (s, 1H, H14), 8.24 - 8.22 (d,J = 8.0 Hz,1H,
H7), 7.96- 7.88 (m, 6H, HI, 2,4, 5,9, 10), 7.61 - 7.54 (m, 2H, H16), 6.97 - 6.95 (d, /=8.4 Hz,
2H, H17),4.01 -3.98 (t,J = 6.8 Hz, 14.0, 7.2, 2H, H21), 1.82-1.76 (m, 2H, H22), 1.49 - 1.25 (m,
18H, H23, 24, 25,26, 27, 28, 29, 30, 31), 0.91 - 0.88 (t, J = 6.6 Hz, 3H, H32). In the ’C NMR
(100 MHz, CDCl3) ppm (8 C): 172.27 (C12), 163.31 ( C11), 159.36 (C18), 153.75 (C13), 135.61
(C3), 133.24 (C8), 128.87 (C6), 128.26 (C4), 128.00 (C2, 9, 16, 20 ), 127.27 (C7), 126.83 (C2),
126.24 (C1,10), 124.12 (C15), 114.66 (C17, 19), 110.01 (C14), 68.10 (C21), 31.94 (C22), 29.60
(C23, 24, 25, 26, 27, 28), 29.34 (C29), 26.05 (C30), 22.68 (C31), 14.12 (C32). The color of the
product is yellow-orange.

RESULTS AND DISCUSSION
Synthesis

The iodination of 4-hydroxy acetophenone (1-(4-hydroxyphenyl) ethan-1-one) in present of
thiourea results in the formation of 1-(4-hydroxyphenyl)-2-iodoethan-1-one. This compound can
react with thiourea to produce 4-(2-aminothiazol-4-yl) phenol hydroiodide [24]. When this
product is treated with anhydrous potassium carbonate (K>COs) and subsequently reacted with an
alkyl bromide (R-Br), it forms 4-(4-alkoxyphenyl) thiazol-2-amine. This amine then reacts with
2-naphthaldehyde to synthesize a series of ten N-(4-(4-alkoxyphenyl) thiazol-2-yl)-1-
(naphthalen-2-yl) methenamines (ATNM)n [25], where n ranges from 2 to 10 and includes 12, as
illustrated in Scheme 1.

Spectroscopic study

A series of (ATNM)n compounds was synthesized by combining equimolar quantities of
compounds (i) and (ii) and subjecting the mixture to reflux in tetrahydrofuran (THF), with
piperidine serving as a catalyst. Subsequently, the resulting mixtures underwent extraction using
diethyl ether and purification via column chromatography. Initial characterization of these
compounds involved FT-IR spectroscopy. The suitability of the proposed compositions for the
investigated compounds was confirmed based on the outcomes obtained from infrared
spectroscopy. The (ATNM)n configured compounds exhibited well-defined absorption bands,
particularly at (1606 - 1608 cm™), corresponding to the stretching vibration of the azomethine
(-C=N-) group (Schiff base imine) [26]. Additionally, distinct bands for ether (-C-O-C-) and (C-
S) were observed in the range of (655.80 - 663.51 cm™) and (1251.18 -1161.15 cm™), respectively
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[27]. The presence of (-C=N-) and (C-S) bands, coupled with the disappearance of amine (-NH>)
and carbonyl (C=0) absorption bands, respectively, indicates the formation of Schiff base
derivatives (ATNM)n. Detailed structural information was elucidated through the analysis of 'H-
NMR and '*C-NMR spectra. In the synthesis of compounds (ATNM)2-10 and 12, various alkoxy
chain lengths were employed, resulting in yields ranging from 60% to 87%. The consistent
alignment of physical properties, IR spectra, and NMR data for each compound with their
respective structures provided valuable insights into their molecular characteristics. Notably, the
diverse colors exhibited by the products, including light yellow, deep yellow, and yellow-orange,
contribute an intriguing visual dimension to the overall study. Together, these results confirm the
correct preparation of the synthesized compounds.

o (8] >
L i s
CH; + NHy NH, —————— CH> + NH~ NH->HI
HO HO l

1-(4-hvdroxyphenylethan-1-one Thiourea 1-(4-hydroxyphenyl)- Thiourea hydroiodide
2-icdoethan-1-one

NH,HT

(o} L =
/@2"\ e oo R =~
HO { HO

4-(2-amnotluazol-4-ylphenol hydroiodide

: NH

N=(, N=

e + KiCO; — g « .S + KI . HyCO3
HO e

potassium 4-(2-aminothiazol-4-v)phenolate
NH> NH.
N=% N=C 2
I@/}%:\ + CyHopiBr ——————————— = + KBr

%8 Alkyl Bromide

CoHap~©
A4-(4-alkoxyphenylithiazol-2-amine

NH,

O M=
N={ THF s D
S Piperidine
o e °
O

CpHopey—

CoHoner~ 2-naphthaldehyde

MN-{4-(4-Alkoxyphenyljthiazol-2-yI)-1-(naphthalen-2-
ylimethanimine

Scheme 1. Synthetic reactions, where (n =2, 3,4, 5, 6,7, 8,9, 10, and 12).
Thermal and microscopic characterization

Transition temperatures and mesophase types of all (ATNM)n series compounds were
investigated using hot-stage polarizing optical microscopy (POM) and differential scanning
calorimetry (DSC). In the DSC analysis, the compounds were subjected to heating and cooling
cycles at a rate of 10 °C/min, ranging from 25 °C to approximately 50 °C above their melting
points. The phase transitions were characterized by changes in enthalpy (AH) at specific transition
temperatures [28]. Microscopy samples in this study were prepared by melting a small amount
(4-5 mg) of the solid onto a clean and dry glass slide on the heating stage. Once the material had
melted, an untreated glass coverslip was placed on top, creating a sandwich configuration with
the sample between the glass surfaces [29]. The mesomorphic behavior of these samples was
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identified, to the extent possible, based on their distinctive optical textures observed through
polarized optical microscopy. This identification was achieved by comparing the observed
textures with those documented in the existing literature [30].

The majority of liquid crystalline materials are widely recognized for their aromatic nature.
Aromatic rings exhibited polarizability, planarity, and rigidity, and their structure can be fine-
tuned by the strategic placement of substituents and linking units [31]. Organic molecules
incorporating a naphthalene moiety, as opposed to a benzene moiety, typically contribute to an
increased molecular breadth [32]. Despite the extensive knowledge about liquid crystals, fewer
mesogenic derivatives of naphthalene have been thoroughly investigated, and only a limited
number feature broad molecules with naphthalene units. The presence of naphthalene increases
the breadth of the molecules, thereby reducing the thermal stabilities of the mesomorphic phase.
[33].

None of the (ATNM)n series compounds examined through DSC and POM displayed any
liquid crystalline behavior, as indicated in Table 1. The DSC thermograms of (ATNM)10 in
Figure 1 reveal the absence of liquid crystalline mesophases, a conclusion supported by POM
analysis (Figure 2). For this compound, the DSC depicts three transitions: the transition from the
(Cr) phase to the (Cr) phase at (54 °C) with a transition enthalpy (AH) of (0.067 kJ/mol), the
transition from (Cr) to (Cr») at (67 °C) with a transition enthalpy (AH) of (0.792 kJ/mol) and the
transition from (Cr,) to (I) at (67161.7 °C) with a transition enthalpy (AH) of (5.662 kJ/mol)
Similarly, the DSC thermograms and POM textures for (ATNM)12 compound in Figure 3 and
Figure 4 exhibit two transitions. The first corresponds to the transition from the (Cr) phase to the
(Cr)) phase at (95.5 °C) with a transition enthalpy (AH) of (1.307 kJ/mol), and the second is the
transition from (Cr;) to (I) at (154.3 °C) with a transition enthalpy (AH) of (5.002 kJ/mol).

Table 1. Transition temperature (°C) and molar enthalpy changes AH (kJ/mol) of (ATNM)n compounds.

Compound Melting point (°C) Transition temperature (°C) and AH (kJ/mol)
(ATNM)2 139 Cr 139 (5.623) I

(ATNM); 171.9 Cr171.9 (5.635)1

(ATNM)4 91.9 Cr91.9 (3.92)1

(ATNM)s 171.8 Cr171.8(10.48) 1

(ATNM)6 166.8 Cr 166.8 (9.565) 1

(ATNM)7 126.3 Cr 126.3 (5.850) 1

(ATNM)s 120.6 Cr 120.6 (9.154) 1

(ATNM)9 129.9 Cr129.9(10.14) 1

(ATNM)10 161.7 Cr 54 (0.144) Cr1 67 (0.792) Cr2161.7 (5.662) 1
(ATNM) 12 154.3 Cr 95.5(1.307) Cr1 154.3 (5.002) 1

Note: Cr = Crystal and I = Isotropic

DFT and molecular geometries studies

Utilizing the DFT method, we estimated chemical quantum parameters and correlated them with
experimental findings for the examined homologues (ATNM)n. In the current series, (ATNM)n
did not exhibit liquid crystal (LC) properties, indicating a lack of a planar conformation. The
stability of the optimized geometry for each member in the system was confirmed, as evidenced
by the absence of imaginary frequencies in Figure 5. Table 2 consolidates all resulting energy and
dipole moment parameters from the computational predictions. The anticipated polarity of the
prepared compounds was observed to decrease with the length of the terminal chain, as indicated
by the lower magnitude of the dipole moment with higher values of (n). This observation
contradicts earlier reports [34] suggesting that the planarity of the mesogenic portion of LC
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compounds is enhanced by the mesomorphic nature of the attached polar group. Consequently,
the conjugated m-cloud interactions resulting from the oxygen atom of terminal alkoxy group
provide high thermal stability with suitable geometrical parameters, deviating from the
experimental findings in the present investigated series.
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Figure 1. DSC thermogram of (ATNM)10 compound.
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Figure 2. Textures of crystals under (POM) for (ATNM)10 compound.
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140
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Compounds T‘(’;‘I‘iri‘:;fy D‘pal)eefy'g‘em LUMO HOMO AE
(ATNM)2 | -1432.372889 2.4026 2.40 5.50 3.10
(ATNM)3 | -1471.697607 2.0099 241 -5.49 3.09
(ATNM)4 | -1511.021557 23303 241 5.50 3.09
(ATNM)5 | -1550.345386 2.2268 2.40 5.49 3.09
(ATNM)6 | -1589.669604 22743 239 5.48 3.09
(ATNM)7 | -1628.9934934 2.0943 239 5.47 3.08
(ATNM)S | -1668.318031 22177 239 5.47 3.08
(ATNM)9 | -1707.642253 2.1895 239 5.47 3.08
(ATNM)10 | -1746.9661470 2.1611 239 5.47 3.08
(ATNM)12 | -1825.607798 2.0699 2.41 -5.48 3.07
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Figure 5. Calculated molecular optimized geometries of the synthesized (ATNM)n compounds.

Frontier molecular orbitals (FMOs)

Figure 6 illustrates the distribution of the highest occupied molecular orbital (HOMO) and lowest
unoccupied molecular orbital (LUMO) for the (ATNM)n compounds synthesized in this study, as
detailed in Table 2, which provides the corresponding energies and energy gaps. The energy gap
(AE) between HOMO and LUMO levels functions as an indicator of the chemical reactivity of
the compounds, with a lower AE value indicating higher reactivity. The predicted energy gap
values in Table 2 confirm that all investigated compounds within the (ATNM)n series share
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similar reactivity. Furthermore, the designed homologues (ATNM)n displays analogous electron
cloud distributions over the carbon atoms, the m-system of the azomethine linkage, and the

thiazole ring.
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Figure 6. The computed diagrams depict the frontier molecular orbitals for the synthesized
compounds (ATNM)n.

Molecular electrostatic potential (MEP)

MEP serves as an indicator, revealing the distribution of electron density within the molecular
structure [35]. Employing the DFT/B3LYP methods and a 6-311G (d,p) basis sets, the charge
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distribution map for the synthesized compounds (ATNM)n was calculated, following the
principles of molecular electrostatic potential (MEP) as depicted in Figure 7.

(ATNM)2 (ATNM)3 (ATNM)4

(ATNM)S (ATNM)6 (ATNM)7

(ATNM)S (ATNM)9 (ATNM)10

'ii'ﬂl!"‘;ﬁ%

(ATNM)12

Figure 7. MEP for the synthesized (ATNM)n compounds.

MEDP stands out as one of the most effective approaches for discerning both intermolecular
and intramolecular interactions within a substance. In the (ATNM)n compounds, the presence of
the polar N atom and the connecting CH=N group influenced the localization of iso-electronic
density in regions with varying electron richness [36]. Specifically, the CH=N group in the Schiff
base segment represents the most electron-deficient site, while the terminal alkoxy chain
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constitutes the most electron-rich region. The areas highlighted in red indicate the most negatively
charged sites, attributed to the presence of highly electronegative oxygen atoms, while the regions
colored in blue represent the most positively charged areas. An observation was made that the
negative charge is localized at a considerable distance from the center of the (ATNM)n
compounds, which might offer an explanation for the absence of the liquid crystalline phase as
mentioned in [37].

CONCLUSIONS

In this study, we synthesized and examined a novel set of compounds incorporating thiazole,
azomethine, and naphthalene components, denoted as N-(4-(4-Alkoxyphenyl) thiazol-2-yl)-1-
(naphthalen-2-yl) methanimine (ATNM)n, where the alkoxy chain varied in length (C,H2+10, n
=2,3,4,5 6,7, 8,9, 10, and 12). The synthesis of these compounds was successfully
accomplished, and the proposed structures were verified through FT-IR, 'H NMR, *C NMR
analyses. Additionally, their optical and thermal characteristics were assessed using optical
polarizing microscopy (POM) and differential scanning calorimetry (DSC). Notably, none of the
members within this series exhibited mesomorphic properties typical of liquid crystals.

The DFT analyses were conducted to illustrate the non-planar geometry in all studied
compounds. The twist angle of CH=N is observed to be influenced by the level of conjugation
and the thiazole component's contribution and the length of the terminal chain enhanced the
geometrical parameters. Furthermore, the predicted charge distribution maps could serve as a tool
to elucidate the reasons for the absence of liquid crystal characteristics in the synthesized
compounds.
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