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h i g h l i g h t s

�We investigate molecular and crystal structure of the new hydrazone derivative.
� Crystal structure is stabilized by NAH� � �O and CAH� � �p intermolecular hydrogen bonds.
� The title compound is a good candidate as a nonlinear optical material.
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a b s t r a c t

The title molecule, 5-methoxy-2-({4-[3-methyl-3-mesityl-cyclobutyl]-thiazol-2-yl}-hydrazonomethyl)-
phenol (C25 H29 N3 O2 S), was prepared and characterized by elemental analysis, 1H NMR, 13C NMR, IR
and X-ray single-crystal determination. The compound crystallizes in the monoclinic space group P21/c
with a = 18.9647(4) ÅA

0

, b = 11.0203(3) ÅA
0

, c = 10.8562(2) ÅA
0

and b = 91.546(2)�. In addition to the molecular
geometry from X-ray determination, vibrational frequencies and gauge, including atomic orbital (GIAO)
1H and 13C NMR chemical shift values of the title compound in the ground state, were calculated using
the Hartree–Fock and density functional methods with the 6-31G(d, p) basis set. The calculated results
show that the optimized geometries can well reproduce the crystal structure. Besides, the theoretical
vibrational frequencies and chemical shift values show good agreement with experimental values. The
calculated first hyperpolarizability of the title compound are greater than those of urea. DFT calculations
of the molecular electrostatic potentials, frontier molecular orbitals and thermodynamic properties of the
title compound were carried out at the B3LYP/6-31G(d, p) level of theory.

� 2013 Published by Elsevier B.V.

1. Introduction

Schiff bases constitute an interesting class of chelating agents,
capable of coordination with one or more metal ions to form mono-
nuclear as well as polynuclear metal complexes [1,2]. Some of these
applications could be found in analytical chemistry and serve as bio-
chemical models [3,4]. Most Schiff bases have antibacterial, antican-
cer, anti-inflammatory and antitoxic activities and the sulfur-
containing Schiff bases are particularly effective [5]. Various thiazole
derivatives show herbicidal, anti-inflammatory, antimicrobial and
antiparasite activity [6,7] and also liquid crystal properties [8]. The
thiazole ring is known to be a part of vitamin B1, cocarboxylase,
and the cyclic system of penicillin [9]. Thiazole itself and its deriva-

tives are of importance in biological systems as anti-inflammatory,
analgesic agents and inhibitors on lipoxygenase activities [10,11].
Various hydrazone ligands possess strong bactericidal, herbicidal,
insecticidal and fungicidal properties [12]. In addition, hydrazones
have analytical applications [13–15]. Hydrazones have interesting
ligational properties due to the presence of several potential coordi-
nation sites [16], and both transition and non-transition metal com-
plexes of these ligands have been synthesized earlier. Structures of
the most recognized of the starting substances and the title com-
pound are given in Scheme 1.

These ligands containing cyclobutane, thiazole and Schiff base
functions in their molecules seem to be suitable candidates for fur-
ther chemical modifications and may be pharmacologically active
and useful as ligands in coordination chemistry. Taking into
account the above observations this compound has been synthe-
sized in a similar manner of our ongoing biological active
compounds research program [17].

In this study, we present results of a detailed investigation of
the synthesis and structural characterization of 5-methoxy-2-({4-
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[3-methyl-3-mesityl-cyclobutyl]-thiazol-2-yl}-hydrazonomethyl)-
phenol by using single crystal X-ray, 1H NMR, 13C NMR and quan-
tum chemical methods. The vibrational assignments of the title
compound in the ground state have been calculated by using the
Hartree–Fock (HF) and DFT(B3LYP) methods with 6-31G(d, p) basis
set. The structural geometry, molecular electrostatic potential
(MEP) and frontier molecular orbitals (FMO) properties of the title
compound were studied at the B3LYP/6-31G(d, p) level. A compar-
ison of the experimental and theoretical spectra can be very useful
in making correct assignments and understanding the basic chem-
ical shift molecular structure relationship. And so, these calcula-
tions are valuable for providing insight into molecular analysis.

2. Experimental

2.1. Synthesis of the title compound

To a solution of 2-hydroxy-4-methoxy-benzaldehyde (1.5215 g,
10 mmol) in 50 mL of ethanol, thiosemicarbazide (tsc) (0.9113 g,
10 mmol) in 20 mL of absolute ethanol was added and the mixture
was refluxed. End of the reaction was determined by monitoring
the course of the reaction with IR spectroscopy. Subsequently, a
solution of 1-methyl-1-mesityl-3-(2-chloro-1-oxoethyl) cyclobu-
tane (a-haloketone) (2.6479 g, 10 mmol) in 20 mL of absolute eth-
anol was added dropwise. After addition of a-haloketone, the
temperature was raised to 323–328 K and stirred at this tempera-
ture for 2 h. The solution was cooled to room temperature and then
made alkaline with an aqueous solution of NH3 (5%), and white
precipitate separated by suction. washed with aqueous NH3 solu-
tion several times and dried in air. Suitable single crystals for crys-
tal structure determination were obtained by slow evaporation of
its ethanol solution: Brilliant brownish red crystals. Overall yield:
67%. M.p.: 486 K (EtOH).

2.2. Crystallography

The data collection was performed at 296 K on a Stoe-IPDS-2 dif-
fractometer equipped with a graphite monochromated Mo Ka radi-
ation (k = 0.71073 Å). The structure was solved by direct methods
using SHELXS-97 and refined by a full-matrix least-squares proce-
dure using the program SHELXL-97 [18]. All non-hydrogen atoms
were easily found from the different Fourier maps and refined
anisotropically. All hydrogen atoms were included using a riding
model and refined isotropically with CH = 0.93 (for phenyl groups),
CH2 = 0.97, CH3 = 0.96, CH = 0.98, NH = 0.86 and OH = 0.82 Å. Uiso(-
H) = 1.2Ueq (1.5 Ueq for methyl group). Details of the data collection
conditions and the parameters of the refinement process are given
in Supplementary material.

2.3. Computational methods

The molecular structure of the title compound in the ground
state (in vacuo) was optimized by HF and B3LYP methods with

6-31G(d, p) basis set. For the modeling, the initial guess of the title
compound was first obtained from the X-ray coordinates. Then
vibrational frequencies for optimized molecular structure were
calculated and scaled by 0.8929 [19] and 0.9885 [20], respectively.
The geometry of the title compound, together with that of tetra-
methylsilane (TMS), was fully optimized. 1H and 13C NMR chemical
shifts were calculated within GIAO approach [21,22] applying
B3LYP and HF methods [23] with 6-31G(d, p) basis set. All the cal-
culations were performed by using Gauss-View molecular visuali-
zation program [24] and Gaussian 03 program package [25] on
personal computer without specifying any symmetry for the title
molecule.

The molecular electrostatic potential (MEP) was evaluated to
research the reactive sites of the title compound using B3LYP/6-
31G(d, p) method. On the basis of vibrational analysis, the thermo-
dynamic properties of the molecule at different temperatures were
calculated. In addition, frontier molecular orbital (FMO) analysis
was carried out with the same level.

3. Results and discussion

3.1. Description of the crystal structure

The title compound, an ORTEP [26] view of which is shown in
Fig. 1, crystallizes in the monoclinic space group P21/c with four
molecules in the unit cell. The asymmetric unit in the crystal struc-
ture contains only one molecule.

The title compound contains thiazole, hydrazone, mesityl, 5-
methoxy phenol and cylobutane moieties. The thiazole and 5-
methxy phenol rings are planar with maximum deviations of
�0.0039(15) and �0.0053(18) Å, respectively. The dihedral angles
between the mesityl plane A (C1AC6), the cyclobutane plane B
(C10AC14), the thiazole plane C (S1/N1/C15AC17) and the phenol
plane D (C19AC24) are 43.00 (9)� (A/B), 77.86 (6)� (A/C), 83.02 (6)�
(A/D), 36.75 (12)� (B/C), 46.29 (11)� (B/D) and 14.16 (13)� (C/D).

In the thiazole ring, the S1AC16 and S1AC17 bond lengths (Ta-
ble 2) are shorter than the accepted value for an S-Csp2 single bond
with 1.76 Å, resulting from the conjugation of the electrons of the
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Scheme 1. Reaction sequence for synthesis of the title compound.

Fig. 1. Ortep III diagram of the title compound. Displacement ellipsoids are drawn
at the 30% probability level and H atoms are shown as small spheres of arbitrary
radii.
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