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ABSTRACT ARTICLE HISTORY

5-Diethylamino-2-{[4-(3-methyl-3-phenyl-cyclobutyl)-thiazol-2-yl]- Received 15 April 2020

hydrazonomethyl}-phenol single crystal was synthesized and by using FT- Accepted 27 October 2021

IR, NMR and UV-Vis spectral techniques and X-ray diffraction method were

characterized. It has adopted an enol-imine tautomeric form with a strong

intramolecular O-H---N and intermolecular N-H---N hydrogen bond inter- C .
R . . spectral techniques; X-ray;

action. The compound has a photochromic property and is not planar. ICSS; corrosion inhibition;

NMR chemical shift values, FT-IR and UV-Vis spectra of the title compound electrophilic and

were theoretically calculated using density functional theory (DFT) and the nucleophilic attack

spatial magnetic property known as visual ICSS employing the NICS con-

cept was calculated. Using the TD-DFT method, the electronic absorption

spectrum was calculated and determined to be in good agreement with

the experimental UV-Vis values. It has been found that the title compound

may have two tautomer structures (enol-imine and keto-amine).

Tautomeric structures of the title compound were used to investigate cor-

rosion inhibition effect on Cu and Fe metal atoms. Some quantum chem-

ical parameters such as HOMO and LUMO orbital energies, electron affinity

(IE), ionization potential (EA), electronegativity (y), global hardness () and

global softness (S) were calculated. Using these parameters, the fraction of

electrons (o) transfer from inhibitor to metal was calculated to investigate

the corrosion inhibition effects of Cu and Fe metals of the two tautomer

structures. The corrosion inhibition effects of these structures were com-

pared with the help of calculated quantum chemical parameters, and the

relationships between quantum chemical parameters and the corrosion

inhibition mechanism were analyzed. Electrophilic and nucleophilic attack

sites of these tautomers also were examined using Fukui functions. In add-

ition, optimized structure of the title compound in the solid phase was

obtained using Quantum ESPRESSO under periodic boundary condi-

tions (PBC).

KEYWORDS
FT-IR; NMR and UV-Vis

1. Introduction

Schiff bases, especially o-hydroxy derivatives, are donor compounds with unique structural and
electronic properties for the preparation of biofunctional compounds,' molecular switches* and
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optoelectronic materials.” These structures can exist as different tautomers. Tautomeric structures
are very important in an area such as pharmacy, which they can be recognized by biological sys-
tems. The presence of a tautomer in solution has been shown to depend on factors that affect the
equilibrium ratio of various parameters such as temperature, concentration, pH and solvent, while
only one of the tautomers is observed in the solid state.* Schiff bases prepared by the reaction of
salicylaldehydes, this mutual conversion between enol-imine and keto-amine tautomers, formed
by intramolecular hydrogen migration caused by light absorption or temperature change, enables
the molecule to display photochromism (enol-imine) and thermochromism (keto-amine) charac-
teristics. Schiff bases containing substituted salicylaldehydes also have multiple enhanced bio-
logical activity.”® Corrosion is the process of degradation of metallic materials by interacting
with the components of the environment through chemical and/or electrochemical reactions. It
causes great economic and security losses.””'" The economies of both developed and developing
countries are badly affected by the damage caused by corrosion.'? Aluminum and its alloys are of
great interest in engineering applications due to their low cost, light weight, high thermal and
electrical conductivity. In addition, aluminum has found wide use in corrosion environments,
including the oil and gas industries.'® The reliability, performance and safety of a wide variety of
engineering systems depend on corrosion protection. The use of corrosion inhibitors and protect-
ive coatings are among the different corrosion protection approaches."*”'® Aluminum and its
alloys have corrosion resistance to a wide range of corrosive environments due to the develop-
ment of a protective, tightly bonded passive layer on its surface. It is very practical to add corro-
sion inhibitors to reduce the corrosion rate of aluminum. The prevention of corrosion of
aluminum and its alloys by organic inhibitors has been extensively studied in the literature.'” The
corrosion inhibitors used can be organic or inorganic chemicals added in small concentrations to
solutions. Organic inhibitor molecules act by adsorption on the metal surface by forming a pro-
tective layer.'"® Organic compounds containing functional electronegative groups in triple and
conjugated double bonds have been widely accepted as effective corrosion inhibitors. The inhibi-
tory effect of an organic compound is reinforced by the presence of heteroatoms such as sulfur
(S), nitrogen (N) and oxygen (O), which have an adsorption effect in its structure.!*?°
Experimental tools are useful in explaining the corrosion inhibition mechanism, but since they
are expensive and time consuming, corrosion inhibition research have made significant progress
using theoretical computational chemistry methods.*!

In this study, the molecular structure of a new Schiff-based compound was determined by X-
ray diffraction studies and comparisons were made with similar molecules in the literature. At
the same time, FT-IR, NMR and UV-Vis spectroscopic studies of the title molecule were carried
out to support results obtained by X-ray structure analysis. Theoretical calculations of molecular
geometries, FT-IR, NMR and UV-Vis spectra were also performed to support experimental stud-
ies. The dependence of inhibition activity on quantum chemical descriptors such as Epowmos
Erumos global softness (S), Ionization potential (IP), Electron affinity (EA), absolute electronega-
tivity (y), indices for local nucleophilic (f;) and electrophilic attacks (f;) and local softness (S*
and S-) has also been investigated on two tautomer structures.

2. Materials and methods
2.1. Computational details

For Molecular Modeling, the initial structure of the title compound was obtained from X-ray
coordinates. For all theoretical calculations, Becke’s three-parameter hybrid exchange functionals
(B3)** using the Lee-Yang-Parr (LYP)** correlation functionals with the 6-31 G (d, p) basis set**
were used by using Gaussian 09 software package®> and the output files were analyzed by visual
inspection with the GaussView molecular visualization program.*® The vibration frequencies,
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which scaled with 0.9613, and 'H-">C NMR chemical shifts in the GIAO approach were calcu-
lated on the optimized structure of the compound wusing the IEF-PCM
(Integral-Equation-Formalism Polarizable Continuum Model)*” model. In order to define the
proton transfer and its potential barrier height between the O1 and N3 atoms in the molecule, by
changing the O1-H1 bond length from 0.98 to 1.80 A with 18 steps of 0.05A, the Potential
Energy Surface (PES) scan was performed on the optimized geometry of the tautomeric form
with AM1 method.”® Electronic absorption spectra were calculated in chloroform solution using
time dependent density functional theory (TD-DFT) method. The Fukui functions were calculated
using the Multiwfn software* with the use of the energy output file from Gaussian 09. The solid
phase calculations were performed under the generalized gradient approach (GGA) and Perdew-
Burke-Ernzerhof (PBE)* pseudo potentials using the Quantum Espresso®' software which use the
density functional theory (DFT).

2.2. Synthesis

The title compound was synthesized according to the procedure in Scheme 2. 4-Diethylamino-2-
hydroxy-benzaldehyde (10 mmol, 1.9324 g) was added to thiosemicarbazide (10 mmol, 0.9114g) in
50 ml of ethanol and stirred at room temperature. Subsequently, a solvent of 1-methyl-1-phenyl-
3-(2-chloro-1-oxoethyl) cyclobutane (x-haloketone) (2.2271g, 10 mmol) in 20 ml of pure ethanol
was added and the temperature was raised to 323-328 K and allowed to stand for 2 hours. The
solution was then allowed to cool to room temperature. After cooling, it was made basic with an
aqueous solution of NH; (5%), and the single crystals suitable for X-rays were obtained by wash-
ing several more times with an aqueous solution of NHj, followed by drying. Yield: 67%, melting
point: 431 K (Figure 1). Characteristic IR bands: v(-OH) stretching band is invisible in the FT-IR
spectra of the compound, 3120cm ™' v(N-H), 2973-2858 v (aliphatics), 1634cm ™' (C=N car-
bazone), 1596 cm ™! »(C =N thiazole), 1131 v(C-0), 701 cm~' »(C-S-C thiazole). Characteristic
"H NMR shifts (CDCls, 6, ppm): 1.18 (t, j=7.04 Hz, 6H, -CH3s on aniline group), 1.50 (s, 3H,
-CHj; on cyclobutane), 2.49 (d, j=9.88 Hz, 4H, -CH,-, in cyclobutane ring), 3.36 (q, j=7.04 Hz,
4H, -CH,-, on aniline group), 3.56 (quintet, j=7.8 Hz, 1H, >CH- in cyclobutane ring), 6.05 (s,
1H, =CH-S, in thiazole ring), 6.20-6.24 (m, 2H, aromatics), 6.96 (d, j =8.66 Hz, 1H, aromatics),
7.10-7.20 (m, 3H, aromatics plus -NH-), 7.26-7.32 (q, j=7.65Hz, 3H, aromatics), 7.96 (s, 1H,
=CH-S, azomethine), 10.67 (brs, 1H, -OH). Characteristic >*C NMR shifts (CDCls, 9, ppm):
168.62, 159.70, 152.29, 151.94, 150.21, 148.27, 131.66, 128.27, 125.43, 124.67, 106.81, 103.76,
99.32, 98.26, 44.51, 40.05, 38.92, 30.11, 30.00, 12.67.

2.3. X-ray crystallography

At room temperature (296 K), diffraction measurements were performed for a suitable single crys-
tal sample which has dimensions 0.42 X 0.24 x 0.08 mm with graphite monochrome Mo-Ku
(A=0.71073 A) radiation and a STOE IPDS 2 diffractometer. The structure was solved by direct
methods using SHELXT-2015.>> The refinement process was carried out anisotropically in the
next stage of the isotropic positions of atoms other than hydrogen atom. The atomic positions of
the hydrogen atoms belonging to the OH group was found from the difference Fourier map,

%C_O HoN CoHs HsC N CoHs
HoC" &+ C—NH-N=CH N, _EoH T [N Nr-n=cH N,
Cl S CoHs S CsHs

HO HG
Figure 1. Synthetic route for the synthesis of the target compound.



Table 1. Crystallographic data for title compound.
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Empirical formula

CosH3oN40S

Formula weight
Temperature (K)
Crystal system
Space group
a(h)

F(000)

Crystal size (mm3)

Radiation

20 range for data collection (°)
Index ranges

Reflections collected
Independent reflections
Reflections observed [/ > 24(/)]
Data/restraints/parameters
Goodness-of-fit on F2

Final R indexes [/ > 20 (/)]
Final R indexes [all data]
Largest diff. peak/hole (e A=)
ccbC

434.59
293(2)
monoclinic
P2./c
7.3563(5)
28.6840(15)
12.3687(7)

928.0
0.42 x 0.24 x 0.08

Mo-Kat (4= 0.71073)

3.954 to 53.498
—-9<h<9,-36<k<36,-15</<15
18,227

4940 [Ripi= 0.0625, Rejgma= 0.0725]
2193

4940/0/377

0.872

R,= 0.0508, wR,= 0.1096

Ry= 0.1369, wR,= 0.1359

0.30/-0.30

885164

while those of all other hydrogen atoms were determined geometrically. The bond distances were
fixed to 0.930 A [Uiso(H) = 1.2 Ueq(C)], 0.860 A [Uiso(H) = 1.5 Ueq(0)], 0.960 A [Uiso(H) =
1.5 Ueq(C)] and 0.970 A [Uiso(H) = 1.2 Ueq(C)] for the groups CH, NH, CH; and CH,, respect-
ively using a riding model. In structure refinement, 284 parameter differences used to refine by
Fourier method considering 2193 reflections that meet the condition of I > 2¢(I) from 4940 inde-
pendent reflections measured using SHELXL-2015.*> In the end of refinement process, R1, wR2
and S values of the title crystal were found to be 0.0532, 0.1221 and 0.876, respectively. The plots
were generated by using Olex2** software. The conditions and parameters of the data collection
process are listed in Table 1.

3. Results and discussion
3.1. Geometrical structure

An Ortep-3 view shown in Figure 2 crystallizes in the monoclinic space group P21/c, which is
four molecules per unit cell.

The title molecule comprises a cyclobutane A(C8-Cl11), a thiazole B(N1/C14/S1/C13/C12), a
benzene C (C1-C6) and a phenol D (C16-C21/01) rings. The dihedral angles between rings are
54.3(2)° (AIB), 42.8(3)° (AIC), 52.0(2)° (AID), 89.54(18)° (BIC), 8.93(15)° (BID) and
89.27(18)° (CID).

Experimental and calculated bond lengths, bond angles, and torsion angles are also shown in
Table 2. The bond lengths of C8-C9, C10-C11, C1-C6, N2-N3, N2-C14, C15-N3, S1-C13, C14-S1,
C14=N1, and C21-O1 of the title compound were experimentally 1.551(4), 1.547(4), 1.381(5),
1.381(3), 1.310(3), 1.282(3), 1.725(4), 1.745(3), 1.341(4) and 1.355(3) A respectively, which is
lengths are in literature values; 1.550(3), 1.548(3), 1.381(3), 1.379(2), 1.364(3), 1.275(3), 1.734(2),
1.728(2) and 1.364(3)* and 1.351(3) A.*® In the gas phase, these bond lengths have been
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N2 Scis (c17
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Figure 2. The experimental geometric structure of the title compound.

calculated as 11.564, 1.401, 1.401, 1.357, 1.368, 1.296, 1.753, 1.761, 1.303 and 1.350 A and 1.565,
1.559, 1.401, 1.348, 1.372, 1.290, 1.752, 1.758%" and 1.345 A* in the literature.

The C21-01 and C16-Cl15 bonds with single bond character and C21-C16 and C15- N3
bonds with double bond character prove that the title compound adopts the enol-imine tautomer.
Based on these results, we can say that the compound is not planar and exhibits photochromic
properties.”’

A common feature of the enol-imine systems is that there is a strong intramolecular hydrogen
bond between the N and O atoms.”®”’ Similarly, a strong intramolecular hydrogen bond was
formed in the title crystal and the N3 ... O1 distance is 2.650 (3) A and characterized by an S(6)
motif. The title molecule is stabilized by one intramolecular O1-H1A ... N3 and one intermo-
lecular N2-H2A.-- N1 (symmetry code; (i) -X, -y, -z) which characterized an motif (Figure 3).
The atom C25 at (x, y, z) forms C25-H25A.--Cg3 (n-ring) contact, this time via atom H25, with
the centroid of the CI1-C6 ring [fractional centroid coordinates: 0.0439(2), 0.22928(6),
0.35177(14)] of the molecule at (1 - x, -1/2 + y, 1/2 - z) (Figure 4). In addition, within the title
compound, there is a nw interactions occur between the thiazole and phenol rings of neighboring
molecules linked by symmetry. The centroid-centroid distance between Cg2 (B ring) and Cg4 (D
ring) [symmetry code: -1 + x, y, z] is 3.714(18) A (Figure 4) and details are given in Table 3.
The cyclobutane ring is non-planar and is puckered due to its steric effect. This puckering forms
a dihedral angle of 19.48 (14)° between the planes formed by the C9/C8/C11 and C11/C10/C9
atoms. This value is smaller than in the previously published literature; 21.3 (8)°.** There are
three bond lengths that characterize the thiazole ring. These are bond distances of C12-N1 (1.396
(3) A) with single bond character and C12-C13 (1.345 (3) A) and N1-C14 (1.340 (4) A) with
double bond character. The bond lengths S1-C13 and S1-C14 are shorter than the accepted value
for an S-Csp2 single bond (1.76 A*'") because they result from the conjugation of the electrons of
the S1 atom with the C13 and C14 atoms.

3.2. Theoretical structures

PES analysis was performed using the AM1 method to determine all possible conformations of
enol-imine and keto-amine forms in gas phase. As shown in Figure 5, the conformations corre-
sponding to local and global minimum points obtained by PES analysis were optimized using the
B3LYP/6-31G(d, p) level with the Gaussian 09 package program. As a result of these calculations,
the lowest energy stable structures of both structures were obtained (Figure 6). However, as a
result of the calculations, the values of the root mean square error (RMSE) of the bond lengths
were found to be approximately 0.058 A for the B3LYP and 0.022 A for the GGA method and
1.155 and 1.029 A for the bond angles, respectively for enol-imine form. This showed that bond
lengths and angles obtained by GGA method had the strongest correlation with experimental val-
ues. Experimental and calculated other selected geometric parameters are listed in Table 2.
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Table 2. Selected experimental and calculated geometric parameters.

Parameters Experimental B3LYP/6-31G(d,p) gas phase GGA solid phase
Bond lengths (A)
C24-N4 1.466(4) 1.460 1.463
N4-C19 1.366(4) 1.381 1.374
N4-C22 1.531(5) 1.461 1.461
C15-N3 1.282(3) 1.296 1.309
C21-01 1.355(3) 1.350 1.360
N3-N2 1.381(3) 1.357 1.363
N2-C14 1.310(3) 1.368 1.367
C14-N1 1.341(4) 1.303 1.323
C14-51 1.745(3) 1.761 1.749
N1-C12 1.397(3) 1.388 1.393
- 1.377(4) 1.395 1.395
C1-Cé6 1.381(5) 1.401 1.404
S1-C13 1.725(4) 1.753 1.731
C9-C10 1.551(4) 1.559 1.563
C9-C8 1.551(4) 1.564 1.567
c8-C11 1.552(4) 1.564 1.562
c10-C11 1.547(4) 1.401 1.550
C6-C5 1.381(4) 1.549 1.401
C12-C13 1.345(4) 1.363 1.370
C12-C10 1.480(4) 1.497 1.498
C20-C21 1.370(4) 1.392 1.390
C15-C16 1.439(4) 1.442 1.438
RMSE? 0.055 0.022
Bond angles (°)
C6-C1-C2 121.6(4) 121.0 1211
C8-C9-C10 90.3(2) 88.9 89.9
C13-51-C14 89.94(15) 874 88.5
N1-C12-C13 113.2(3) 1155 115.2
C17-C18-C19 120.0(3) 1203 120.4
C19-N4-C24 123.1(3) 121.9 122.8
C19-N4-C22 120.5(3) 121.8 121.6
N4-C19-C20 121.9(3) 121.3 120.9
N3-C15-C16 123.1(2) 1229 122.6
01-C21-C20 118.0(2) 1171 118.6
01-C21-C16 121.2(2) 1221 120.2
C15-N3-N2 112.7(2) 1183 119.2
RMSE? 1.155 1.029
Torsion angles (°)
(C25-C24-N4-C19 -92.3(5) -90.9 -97.3
(C25-C24-N4-C22 85.7(5) 91.6 83.9
C19-C18-C17-C16 0.4(5) -0.2 0.78
C19-C20-C21-01 -179.0(3) -179.5 -178.8
N1-C14-N2-N3 179.6(3) -177.7 1743
C12-C13-S1-C14 -0.2(3) 0.0 -0.23

Since a single isolated molecule that does not interact with neighboring molecules in the gas
phase is used, deviations from the experimental data occurred in the calculations. The GGA
method, on the other hand, is the calculation made in the crystal phase and since the interactions
of molecules in the unit cell with each other are taken into account, it is more compatible with
the experimental results.

In addition, the total lattice energy values per unit cell were obtained by using the scf (self-
consistent field) method and GGA exchange-correlation of both forms. As a result of the calcula-
tion, the lattice energy values of the enol-imine and keto-amine forms (Figure 7) were calculated
as —-1913.48332491 and -1913.37844988 Ry, respectively. This situation showed that the enol-
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Figure 4. Packing of the title crystal with C-H 7 and n—= interactions along the c axis.
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Table 3. Hydrogen bonding geometry (A, °) for the title compound.

D-HA D-H HA DA D-HA
X-ray 01-H1A--N3 0.83(4) 1.93(4) 2.650(3) 146(4)
N2-H2A--N1" 0.86 2.24 3.0343) 153
(C25-H258---Cg3" 0.96 2.94(6) 3.538(6) 119(3)
Ca(l) Cg()) Cg--Cg (A)
Cg2 Cg4" 3.714(18)
Gas phase 01-H1--N3 0.987 1.819 2.683 144
N2-H2--N1 1.050 1.873 2918 173
Solid phase 01-H1...N3 1.005 1.730 2.647 149
N2-H2--N1 1.040 2131 3.160 169

Symmetry codes: (i) -x, -y, -z (i) 1 - x, =1/2 + y, 1/2-z; (iii) -1 + x, y, z Cg2:51/C13/C12/N1-C14 ring center; Cg3:C1-C6 ring
center; Cg4:C16- C21 ring center.

0.175
"5 0.170
s
=
&D o A
Q g o
=]
23]
s
S
& 0.150 -

Keto-amine
0.145 - enol-imine
1 S 1

T S T [ S S PR
-200 -150 -100  -50 0 50 100 150 200
6(C14-N2-N3-C15)(°)

Figure 5. Molecular energy profile versus the selected torsional degree of freedom.
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Figure 6. Optimize structures a) enol-imine b) keto-amine of the title compound.

imine form has a more stable structure than the keto-amine form in the calculations made in the
crystal phase.

For the two tautomers (enol-imine and keto-amine), which the crystal can be present, the
potential barrier to the process of proton transfer in the molecule was calculated by PES analysis
(Figure 8). The AM1 method was used for this calculation and the enol-imine form was found to
be more stable than the keto-amine form. The energy difference between the two tautomeric
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(a) (b)

Figure 7. Representation of crystalline a) enol-imine b) keto-amine forms by atoms in the unit cell.
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Figure 8. The energies of the title compound against the energy minimized conformer versus the O1-H1 bond distance during
proton transfer.

structures was calculated as being 11.29 kcal/mol and the potential barrier was calculated as being
122.36 kcal/mol (Figure 8).

Variations between bond distance and total energy are shown in Figure 9. Referring to Figure
9, it is seen that the bond lengths change to adopt the enol-imine form. However, during stable
enol-imine tautomer formation, the bond lengths of C21-O1 [1.355 (3) A] and C15-Cl6
[1.439(4) A] convert into single bond and C15-N3 [1.282 (3) A] convert into double bond.

3.3. IR spectroscopy

The experimental FT-IR spectra of the compound were measured by Mattson 1000 Fourier trans-
form FT-IR spectrophotometer in the 4000-400 cm™' region. The calculated scaled Harmonic-
vibration frequencies of the compound were performed by the B3LYP/6-31G(d,p) method. The
title compound molecule has 177 normal vibrational modes of 61 atoms and under C1 point
group symmetry. Figure 10 shows the graph of the calculated and experimental fundamental
vibration frequencies versus the % transmittance values of the title compound. The inconsistency
between the experimental and calculated frequencies is that the experimental results are carried
out in the solid phase and the theoretical calculations in the gas phase, which do not take account
the intermolecular interactions.*?
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Figure 10. Simulated experimental and B3LYP levels FT-IR spectra of the title compound.

The O-H group vibrations show significant changes in FT-IR spectra due to intermolecular
interactions. Hydroxyl stretching vibrations are generally observed in the region around
3500 cm™"** Similarly, in our case the stretching vibration of the O-H group was not observed
in the FT-IR spectra because it was used in the intramolecular bond.** However, this band was
calculated at 3356 cm™'. The O-H in-plane and out-of-plane bending vibrations were observed
as a medium-strength band at 1282cm ™" and 638 cm™ ', respectively and theoretically calculated
at 1214 and 687 cm ™' which is in good agreement with the experimental spectrum. The stretching
vibration frequency of the N-H group with intermolecular bonding has been observed between
3200-2400cm '** In our study, the vibration frequency was observed at 2973cm !
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experimentally and theoretically calculated as 3406cm™'. In the literature, this frequency has
been calculated at 3418 cm™".*

In the IR spectrum, characteristic C-H vibrational frequencies in heteroaromatic compounds
are observed in the range of 3100-3000 cm ™ '.***” Aromatic C-H vibration frequencies in benzene
and phenol rings have been experimentally observed at 3118-3040cm ™' and the literature value
are in agreement with 3042 cm~'.*> Theoretical vibration frequency was obtained in the range of
3155-2918 cm™'. The C=N bond vibrations of the carbazone and thiazole groups were experi-
mentally observed at 1634 and 1596cm™ ' while these peaks were calculated at 1608 and
1569cm™"' for B3LYP, respectively. The C-H (aliphatic) bond vibration was experimentally
observed at 2973-2858 cm ™' and 2978-2927 cm ™ in the literature.”® Some other vibration modes
and PED (Potential Energy Distribution) contributions are given in Table 4.

3.4. NMR spectroscopy

Experimental 'H-NMR and ">C-NMR spectra were measured using a Varian Mercury spectrom-
eter (Figure 11) and theorical calculations performed on the optimized structure using the GIAO
(Gauge-Independent Atomic Orbital)*>*° and the B3LYP/6-31G(d, p) method. Due to the elec-
tronegative properties of the N1 and S1 atoms, the C14 atom has a greater chemical shift value
than the others, at 168.6 ppm and the carbon atom peaks of the benzene ring were observed
between 124.7 and 148.3 ppm. In addition, due to the very high shielding effect of methyl groups,
all values are <3 ppm,”" observed and calculated chemical shifts for hydrogen atoms are very low.
In our study, the chemical shift values of the protons attached to the C7, C23 and C25 atoms
were lower than the other peaks. There peaks were observed at 1.5-1.18 ppm and showed a good
agreement with the calculated chemical shift values in the range of 1.92-0.79 ppm. The formation
of intermolecular or intramolecular hydrogen bonds results in lower chemical shift values of pro-
ton signals of the OH group.”>>® In our study, the proton peak of OH group was observed at
10.7 ppm and the chemical shift value observed in the literature was less than 12.0 ppm.>* The
proton peaks of amine NH and CH in the thiazole ring were observed as 6.05 and
7.20-7.10 ppm, respectively. Table 5 shows a good agreement between the experimental and the-
oretical chemical shift results of the compound.

Due to its ability to explain the location and strength of molecular deshielding and shielding
areas in the outer field, the ICSS contour has been used as a powerful method to study the
aromaticity of many compounds.”>® Information about the aromaticity of the molecule can be
provided by inducing a ring current by an external magnetic field in m-electronic conjugation.
Figure 12(a,b) shows the zz component of ICSS (ICSSzz) based on the response behavior of the
molecule to the applied external magnetic field.

As shown in the figure, the orange isosurface (positive Z-component shielding value) shielding
areas and the blue isosurface (negative Z-component shielding value) occurring in the outer
region of the molecule shows the deshielding area. In Figure 12(c), the shielding area completely
covers the area above and below the regions outside the part of the triazole and phenol ring in
the molecule, which is the Z component of the magnetic shielding value since the direction of
the external magnetic field By is parallel with the direction of the induced magnetic field caused
by the spherical delocalized m-electrons. it is great.

Also, the deshielding field occurring in the outer region of the molecule is that the induced
magnetic field in the molecule is parallel to the applied outer magnetic field By, and thus
increases By in this region. It is clearly seen in Figure 12(c) that some of the triazole and phenol
ring are also coated with blue isosurface. This is because the g-electrons included in the bonds in
the rings form a noticeable locally induced ring current.”® The graph in Figure 12(d) shows that
the maximum Z component of the magnetic shielding value occurs about 3.1 Bohr above the
plane of the title compound.
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Table 4. Comparison of the observed and calculated vibrational spectra of title compound.

Ig Intensity  Experimental  Scaled FT-IR B3LYP/6

(kcal/mol)  FT-IR (cm™)  311G(d.p) (cm™) Assignments with PED (%) (>10%)

21.06 3120 3406 vNH (99)

295.89 3356 vOH (99)

1.72 3118 3155 vCH (99)

7.84 3116 vCH (99)

18.31 3111 vCH (97)

25.00 3080 vCH (23) + vCH (48) + vCH (21)

39.39 3069 vCH (34) + vCH (17) + vCH (34) +vCH (13)

11.25 3062 vCH (27) + vCH (37) + vCH (25)

0.32 3052 vCH (22) + vCH (38) + vCH (30)

8.58 3040 3049 vCH (18) 4+ vCH (13) + vCH (14) + vCH (27) + vCH (28)

13.90 3048 vCH (98)

67.48 3014 vCH (16) + vCH (55) + vCH (10)

7.77 3013 vCH (55) + vCH (12) + vCH (18)

32.71 3006 vCH (41) + vCH (55)

49.22 2998 vCH (47) + vCH (43)

26.24 2998 vCH (46) + vCH (42)

30.12 2998 vCH (54) + vCH(37)

14.59 2991 vCH (54) + vCH (42)

49.82 2988 vCH (61) + vCH (12) + vCH (25)

7.68 2974 vCH (13) + vCH (47) + vCH (19)

6.40 2971 vCH (20) + vCH (49) + vCH (18)

7.16 2950 vCH (50) 4+ vCH (38)

34.76 2943 vCH (37) + vCH (50)

36.23 2973 2941 vCH (96)

79.14 2939 vCH (32) + vCH (18) + vCH (14) + vCH (30)

14.78 2858 2938 vCH (95)

51.49 2931 vCH (18) + vCH (12) + vCH (14) +vCH (17) + vCH (12)

21.98 2930 vCH (18) + vCH (10) 4+ vCH (15) + vCH (23 ) + vCH (12)
+ vCH(20)

16.97 2929 vCH (20) + vCH (23)

27.02 2918 vCH (37) + vCH (30) + vCH (25)

700.47 1622 vCC (18) + vCC (22) + vCC (10)

13.60 1634 1608 vNC (57) 4 SHCC (12)

9.07 1597 vCC (21) + vCC (17) + 6CCC (13)

1.61 1573 vCC (29) + vCC (29) + 6CCC (14) +HCC (10)

978.76 1596 1569 vNC (27) 4+ vNC (27) 4+ SHNC (19)

67.68 1532 vCC (22) + vCC (21) + THCCC (16)

63.05 1520 vCC (69) + vCC (13)

44230 1507 vNC (16) + SHCC (12) + SHCC (10) + 6CCC(11)

14.02 1481 OHCC (18) + JHCC (16) + 6HCC (17) + JHCC (15)

6.40 1476 OHCN (10) + tHCNC (10) + tHCNC (16) + tHCNC(12)

56.03 1468 vCC (11) + THCNC (13) + THCNC (10)

48.38 1460 OHCN(15) + tHCCN (14)

6.91 1457 vCH(15) + THCCN (17) 4+ tHCCN (17) + THCCN (14)

5.54 1456 OHCC(12)

2.14 1450 OHCC (12) +0HCH (38)+tHCCC (15)

0.01 1448 OHCH (23) +tHCCN (21)

0.80 1448 OHCC (15) +tHCCC (35)+7HCCC (16)

2.38 1447 OHCH (13) +tHCCN (21)

21.39 1444 THCNC(10) +tHCNC (10)+tHCNC (12)

0.70 1431 OHCC (11) 4+tHCCC (11)+7HCCC (11) +7HCCC (14) +7HCCC (14)

6.37 1429 vCC (13) + vCC (13)+0HCC (10) +JHCC (22) +JHCC (12)

19.21 1411 vNC (23) +JdHNC (20)+0HCC (14)

84.31 1398 vNC (14) 4 tHCCC (16)

26.97 1372 vCH (14) +J0HCC (24)+0HCH (27)

14.10 1369 vCH(34) +0HCC (21)

233 1365 OHCC (45) +0HCH (45)

138.29 1363 TAHCCC(20) +0HCC (12)

168.23 1351 OHCN (21) +JHCN (24)

93.45 1349 vNC (11) + vCC (10)+ vCH(30)

75.23 1334 OHCC (15) +0HCN (15)+JHCN (16)

31.84 1327 vCC (17)

(continued)
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Table 4. Continued.

Ig Intensity  Experimental  Scaled FT-IR B3LYP/6

(kcal/mol)  FT-IR (cm™)  311G(d.p) (cm™) Assignments with PED (%) (>10%)

8.60 1324 OHNC (22) +0HCC (23)

0.14 1310 vCC (10) 4+ JHCC (22) 4+ SHCC(12) + JHCC (23)
63.28 1131 1291 v0OC (14) 4+ SHCN (20) + JHCN (15)

1.32 1286 vCC (15) 4+ vCC (32)

16.01 1279 vCC (19)

78.02 1278 vNC (11) 4+ vNC (17)

146.69 1267 vNC (11) 4+ JSHCC (16)

16.46 1249 vNC (28) + JHCC (11) + JHCC (14)

1.29 1231 J6HCC (16) + JHCC (23)

300.25 1229 OHNC (13)

108.03 1226 vCC (13) 4+ vOC (10) + JHCC (13) + JHCC (26)
33.68 1218 THCCC(42)

15.51 1214 vCC (10) 4+ SHNC (11) + J6HCC (20)

0.41 1193 OHCC (14) + OHCC (11) + JHCC (13)

41.56 1181 vNC (18) 4+ vNC (18)

2.70 1175 OHCC (16) + JHCC (14)

0.81 1162 vCC (11) 4+ SHCC (19) 4+ SHCC (18) 4+ SHCC (19) + SHCC (18)
52.00 1150 vCC (12) + vNN (13) 4+ SHCC(10) +0HCC (21)
0.05 1141 OHCC (18) 4 JHCC (38) + oHCC (18)

12.14 1137 OHCC (19) + tHCCC (14)

26.56 1133 vCC (12) 4+ JHCC (31) + tHCCC (10)

0.99 1129 vNN (22)

341.40 117 vNN (13) + J6HCC (12)

16.56 1077 JHCC (19) + JHCC (10)

5.96 1071 J6HCC (25) + 6CCC (11)

4.10 1065 vCC (18) 4+ vCC (16) + SHCC (12)

27.82 1061 OHCC (25) +HCCN (10)

11.78 1051 vCC (13) 4+ vCC (12) + JHCC (14)

9.86 1014 vCC (22) + vCC (28)

23.77 998 vNC (18) 4+ vCC (25)

38.50 991 vNC (11) 4+ vNC (14)+ vCC (15) + vCC(20)

1.65 983 vCC (12) 4+ vCC (25) + yCCCC (10)

0.85 977 0CCC (27) 4+ 6CCC (20) + ONNC (20)

0.29 956 HCCC(16) + tHCCC (22) 4+ tHCCC (18) + tCCCC) + tCCCC (10)
238 941 vCC (18) +6CCC (20)+CCC(15)

0.01 933 HCCC(27) +7HCCC (26)+7HCCC (21)+ THCCC (18)
3.48 923 JOHCC (12) +0CCC (17)

9.51 917 HCCC(17) +7HCNN (67)

1.93 898 vCC (26) + vCC (32)4+0HCC (12)

0.1 891 vCC (14)

0.82 890 THCCC(20) +7tHCCC (23)+7HCCC (17)

0.63 889 THCCC(17) +7HCCC (52)+tHCNN (20)

7.96 879 vCC (16) + vCC (10)+ vCC (14)

1.86 865 0CCC (12)

2,63 850 vCC (17) +6NNC (10)

0.18 827 THCCC(23) +tHCCC (24)+7tHCCC (22) +7HCCC(24)
11.69 822 vSC (35) +0SCC (11)4+6CCC (10)

1.80 818 THCCC(11) 4+7HCCC (10)+7HCCC (12)

5.03 815 vCC (14)

21.88 802 THCCN(69)

7.23 768 OHCC (13) +HCNC (20)4-tHCNC (20) +tHCCN (17)
10.39 765 OHCC (13) +0HCC (17)4tHCNC (17) +tHCNC (22)
23.76 759 THCCC(40)

15.37 758 vSC (17) +6CCC (14)47HCCC (19)

17.58 750 THCCC(16) +7HCCC (17)47tHCCC (19) +7CCCC(17) +yCCCC (12)
232 700 vCC (10) +0CCC (11)

14.67 701 679 THCSC (42)

v: stretching, o: in-plane bending, y: out-of-plane bending, t: torsion.
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Figure 11. Experimental (a) "H NMR (b) '*C NMR spectrum of target compound.

3.5. Electronic absorption spectra and frontier molecular orbitals

In o-hydroxy Schiff-based compounds, enol-imine structure shows the presence of a peak at
<400nm in the UV-visible spectrum, while the keto-amine structure shows peak at >400 nm®
in polar and nonpolar solvents. Experimentally, the electronic absorption spectra of the title com-
pound in chloroform solvent show two peaks supporting the enol-imine form at 380.8 (log
£=4.79) and 265.3 (log ¢ =4.19) nm. These values are like those in the literature.®*®* Due to the
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Table 5. Theoretical and experimental '>C and "H isotropic chemical shifts.

Atom Experimental (ppm) B3LYP/6-31G(d,p) (ppm)
Chloroform phase Chloroform phase

a 124.7 118.9

Q 1283 1215

a 124.7 1189

c4 1283 121.6

(@) 125.4 118.8

6 148.3 146.7

7 30.0 31.8

c8 24.6 42

9 445 424

C10 16.5 328

1 38.92 37.2

12 159.7 149.5

13 106.8 101.8

14 168.6 160.1

15 150.2 135.9

C16 99.8 101.6

Q7 131.7 126.7

18 103.8 974

c19 151.9 141.7

C20 98.3 92.2

1 152.3 152.6

22 40.05 444

c23 12.67 12.6

C24 30.1 44.2

C25 10.1 13.4

H (OH) 10.67 8.73

H (-NH-) 7.20-7.10 7.01

H (=CH-S) 6.05 5.66

CH (N=CH-) 7.96 7.09

CH (aromatics) 6.96-6.20 7.2-5.8

CHs (cyclobutane) 1.50 1.92-1.27

CH, (cyclobutane) 2.49 2.66-2.18

CH (cyclobutane) 3.56 3.58

CH, (aniline group) 3.36 3.43-3.18

CHs (aniline group) 1.18 1.46-0.79

C=N functional group of Schiff bases, they are expected to make n-n* and 7n-7* transitions.
The peaks of the n-n* transitions are known to shift to the higher energy region with increased
solvent polarity.®* Tt can be said that the higher wavelength value from these transitions belongs
to the n-7* transition and the lower wavelength values belong to the n-n* transition. In the UV
spectra of the title compound, the bands appearing at 265.3 nm represent 7-7* transitions, while
the band at 380.8 nm represents n-7* transitions (Figure 13).

The electronic absorption spectra were calculated in the time-independent TD-DFT method
on the structure optimized with the B3LYP/6-31G(d, p) base set. TD-DFT calculation in chloro-
form solvent was performed using the PCM model. The calculated major two absorption bands
were found to be 369.4 and 229.5nm and the oscillator strengths are 1.2671 and 0.1078, respect-
ively. These transitions of the compound are given in Table 6.

The activity of an inhibitor is closely related to Frontier molecular orbitals (HOMO and
LUMO). Frontier molecular orbitals play an important role in UV-Vis spectra, chemical reac-
tions, electrical and optical properties.®>® Figure 14(a) shows the distribution and energy levels
of LUMO + 4 [C14 (%19), C13 (%17), C12 (%11), C21 (%9), N2 (%8)], LUMO + 3 [C17 (%26),
C20 (%20), C18 (%15), C21 (%15), C14 (%4)], LUMO [C15 (%24), N3 (%19), C19 (%11), C17
(%9), C17 (%6)], HOMO [N4 (%16), N2 (%13), C16 (%13), N3 (%9), C13 (%9)], HOMO-1 [N4
(%18), C13 (%18), C12 (%10), C20 (%9), N2 (%7)] and HOMO-5 [S1 (%17), N1 (%12), C12
(%12), C17 (%9), N4 (%7)] of occupied and unoccupied molecular orbitals. In addition, contribu-
tions from atomic orbitals; for LUMO + 4, LUMO + 3, LUMO, HOMO, HOMO - 1 and
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Figure 13. Experimental and theoretical UV-Vis spectra of the title compound. frag.1:phenol ring; frag.2: N2 and N3 atoms;
frag.3: thiazole ring; frag.4: N4 atom; DOS: density-of-states; TDOS: total density-of-states; PDOS partial density-of-states; OPDOS:
overlap density-of-states.

Table 6. Experimental and calculated absorption wavelength (1,.,), excitation energies (£), oscillator strength (f), assignment
and excited state of the title compound.

Wavelength (nm)

Major excited state and contribs. E (eV) Experimental Calculated Oscillator strength (f) Assignment
Excited state-1

H—L (%98) 3.359 380.8 369.4 1.2671 n—n*
Excited state-2

H-5—L (%53) 5.403 265.3 229.5 0.1078 n—m*

H-1—L+ 3 (%27)
H-1—L+4 (%14)
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Figure 14. Plot TDOS, PDOS and OPDOS for specific fragments.

HOMO - 5 energy levels (Figure 15) are calculated as s (1.7%) + p (95.4) + d (2.9%), s (2.3%)
+ p (95.2) + d (2.5%), s (0.86%) + p (96.7) + d (2.4%), s (2.2%) + p (95.7) + d (2.0%), s
(3.2%) + p (94.9) + d (1.9%) and s (3.4%) + p (95.0) + d (1.6%), respectively (Figure 14(b)).

The energy difference value between HOMO and LUMO orbitals is 1.61eV, and this large
energy gap indicates that the title compound is very stable.

3.6. Reactivity descriptors

Global reactivity descriptors
Enomo is associated with direct ionization potential energy (IP) and Ejymo is associated with
electron affinity (EA) and is given as equation follows.

IP = — Enomo (1]
EA_ — Erumo (2]
Likewise, electronegativity (y), absolute hardness (n), chemical potential (1) and global hard-

ness (S) indexes are given by the following equations.®”
y=1IP+EA/2 (3]
n= IP—EA/2 (4]
p=-x (5]
S=rn/2 (6]

These parameters were used to obtain the electron fraction (J) values of the enol-imine and
keto-amine structures of the title molecule. 0, refers to the number of electrons that transfer
from the inhibitor to the metal surface and the following equation.”

_ xXB—XA
2(ng +ny)

In the equation yy and nj are the electronegativity and absolute hardness of the metal atoms
respectively, while y, and n, are the values of the title compound. If 6 < 3.6, the corrosion
inhibition effect increases with the increase of electrons given on the metal surface.”' In this
study, the corrosion effect on Cu and Fe metal atoms was investigated and calculations were
made by taking y., = 4.48¢V/mol,”* 5, = 0eV/mol,” iz, = 7eV/mol and ny, = 0eV/mol.”*
According to the data in Table 7, both forms of the title compound were found to have higher
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Figure 15. Molecular orbital surfaces given in parentheses for the HOMO, HOMO-1, HOMO-5, LUMO, LUMO + 3 and LUMO + 4
of the title compound.

anticorrosion effect for the Fe metal atom than the Cu metal, while the enol-imine form had
higher value for both Fe and Cu metals. These findings show that enol-imine form will give the
best result as a corrosion inhibitor for Fe and Cu metals than keto-amine form.

Local reactivity descriptors

Fukui functions of the title compound were obtained from Hirshfeld charges by B3LYP/6-31G (d,
p) method. Fukui functions give information about active regions (electrophilic or nucleophilic
reactions) in a molecule. Fukui functions are given below.”

)= Pn41(r) — py(r), for nucleophilic attack (6]
f7(r) = pn(r) — py_1(r), for electrophilic attack (7]

where py(7), pyi(r) and py_;(r) denotes the electronic population on atom k for the
N(Neutral), N+ I(anionic) and N-1(cationic) electron systems, respectively. The f*(r) nucleo-
philic and f~(r) are functions that determine susceptibility to nucleophilic and electrophilic
attack, respectively. Another method used to explain chemical reactivity is to calculate local soft-
ness ( S,:r and S;) indices. These functions are related to condensed Fukui functions and are
given by the following equations.”®

S¢ = Sf (8]
Sc = S [9]

where +and - signs are describe nucleophilic and electrophilic attacks, respectively. Fukui
functions are local reactivity identifiers and are used only to compare reactive atomic centers
within the same molecule, while local softness identifiers (S and S) are used to compare
reactivity between similar atoms of different molecules.”® In addition, relative electrophilicity
(87 (r)/S; (r)) and relative nucleophilicity (S (r)/S; (r)) indices are defined for the two tautomer
structures of the title compound and these were used to predict the reactive sites of the two struc-
tures. The values of the Fukui functions for the nucleophilic and electrophilic attack of the two
inhibitors (enol-imine and keto-amine) are given in Table 8 and the nucleophilic and electrophilic
regions on the molecule are shown in Figure 16. In Figure 16, nucleophilic and electrophilic
attack regions are mostly localized on the Thiazole and phenol rings and N2/N3 atoms. For the
nucleophilic attack, the most reactive region of the enol-imine and keto-amine form is on
the C15 atom, for the electrophilic attack, it is on the N2 atom of the enol-imine form and on
the O1 atom of the keto-amine form. In Table 9, the average values of Fukui functions and local
softness indices of both tautomer structures are given for the Thiazole and phenol rings and N2/
N3/C15 group atoms. According to Fukui functions, the most nucleophilic and electrophilic
regions in the enol-imine form are on the N2/N3/C15 atom group. The most electrophilic region
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Table 7. Inhibition values of two tautomers.

Inhibitor o- Fe o- Cu
Enol-imine 1.0985 0.4252
Keto-amine 0.9944 0.3210

Table 8. Selected reactivity descriptors as Fukui functions, local softnesses using Hirshfeld atomic charges of two tautomers.

Enol-imine Keto-amine
Atom [ f,:r S St St/s S/S*T fre f: S st St/s S/st
01 0.026 0.0299 0.1099 0.1264 1.1504 0.8693 0.1009 0.0633 0.4077 0.2558 0.6275 1.5936
N1 0.0473 0.0418 0.1998 0.1767 0.8844 1.1307 0.0203 0.0226  0.082 0.0911 1.1114 0.8998
N2 0.0625 0.0115 0.264 0.0487 0.1846  5.4157 0.0206 0.0048 0.0834 0.0194 0.2325 4.3007
N3 0.0322 0.0732 0.1357 0.309 22768 0.4392 0.0198 0.0553 0.0799 0.2233 2.7953 0.3577
N4 0.0614 0.0235 0.2592 0.0993 0.383 26111  0.0374 0.0275 0.1509 0.1112 0.7374 1.3561
S1 0.0249 0.0172 0.105 0.0725 0.6903 1.4486 0.0336 0.0147 0.1358 0.0593 0.4364 22913
cl —4E-4 0.0055 —0.0017 0.0233 —13.6997 —0.073 0.0087 0.0052 0.035 0.0209 0.5963 1.677
(@] 0.0055 0.0098 0.0232 0.0416 1.7912  0.5583 0.0107 0.0108 0.0433 0.0437 1.0071 0.9929
a 0.0089 0.0183 0.0375 0.0773 2.0603 0.4854 0.0224 0.0079 0.0904 0.0321 0.3548 2.8182
c4 0.0061 0.0118 0.0256 0.0498 19431 0.5146 0.013 0.0095 0.0523 0.0385 0.737 1.3568
c5 0 0.0047 1E-4 0.02 174.214 0.0057 0.0072 0.0067 0.0293 0.0273 0.9314 1.0736
c6 —0.0047 0.0053 —0.0197 0.0226 —1.1472 —0.8717 0.0103 —9E-4 0.0416 —0.0035 —0.0832 —12.021
c7 0.0031 0.0036 0.0129 0.0154 1.1903 0.8402 0.0046 0.0027 0.0186 0.011 0.59 1.6951
c8 0.0036 0.0033 0.0152 0.014 09192 1.0879 0.0027 0.0016 0.0109 0.0064 0.5895 1.6965
(€] 0.0045 0.0025 0.0188 0.0107 0.5684 1.7592 0.0063 0.002 0.0255 0.0082 0.3212 3.1136
C10 2E-4 6E-4 7E-4 0.0024 33235 0.3009 0.0029 0.001 0.0119  0.0042 0.3535 2.8289
C11  0.0026 0.003 0.0108 0.0125 1.1607  0.8615 0.0045 0.0023 0.0183 0.0092 0.5017 1.9931
C12  0.0332 0.022  0.1402 0.093 0.663 1.5082 0.0249 0.0138 0.1006 0.0559 0.5556 1.8
C13  0.0609 0.0401 0.2573 0.1694 0.6584 1.5188 0.0369 0.0211 0.1492 0.0852 0.5708 1.7518
C14 0.0106 0.0266 0.0447 0.1124 25157 0.3975 0.0077 —0.0011 0.0312 —0.0044 —0.1421 —7.0397
C15  0.0261 0.0919 0.1102 0.3878 35194 0.2841 0.0253 0.1144 0.1024 0.462 45134 0.2216
C16  0.0457 0.0136 0.1928 0.0573 0.2969 3.3678 0.0139 0.0192 0.0559 0.0777 1.3883 0.7203
C17  0.0254 0.044 0.1071 0.1859 1.736 0.5761 0.0345 0.057 0.1394 0.23 1.6502 0.606
C18  0.0475 0.0267 0.2004 0.1129 0.5634 1.7749 0.0359 0.0512 0.1449 0.2069 1.4278 0.7004
Cc19  0.0271 0.0503 0.1145 0.2123 1.8541 0.5393 0.0233 0.0515 0.094 0.2081 2.2142 0.4516
C20 0.0262 0.0236 0.1107 0.0997 0.9004 1.1106  0.093 0.0314 03754 0.1266 0.3374 2.9641
C21  0.0199 0.027 0.084 0.1138 13558 0.7376 0.0272 0.0371 0.1097 0.1496 1.3645 0.7329
C22  0.0097 0.0061 0.0409 0.026 0.634 1.5773 0.0063 0.0076 0.0256 0.0308 1.2028 0.8314
C23  0.0114 0.0067 0.048 0.0284 0.5917 1.6899 0.0086 0.0084 0.0346 0.0337 0.9757 1.025
C24  0.0094 0.0063 0.0395 0.0264 0.6691 1.4945 0.0083 0.0073 0.0334 0.0294 0.8808 1.1353
C25 0.0114 0.0069 0.048 0.029 0.6031 1.658 0.0098 0.0082 0.0395 0.033 0.8369 1.1949
Enol-imine Keto-amine

Figure 16. Map representation of Fukui functions on two tautomers. In the map, green and blue isosurface correspond to posi-

tive and negative region of f; and f;, respectively.
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Table 9. Fukui functions and local softness average values of some atoms in the enol-imine and keto-amine forms.

Enol-imine
Thiazole ring Phenol ring N2/N3/C15 atoms

f,; 0.03538 0.03111 0.0399

P 0.02954 0.03073 0.058867
A\ 0.1494 0.13134 0.16997
S;: 0.1248 0.12976 0.2485
Keto-amine
f l‘: 0.02468 0.04696 0.0219

P 0.01422 0.04439 0.05817
S, 0.09976 0.18957 0.08857
S¢ 0.05742 0.17924 0.2349

in the keto-amine form is on the phenol ring, while the most nucleophilic region is on the N2/
N3/C15 atom group. When local softness indices S (r) and S; (r) values were used to compare
the two tautomer structures, the thiazole ring and N2/N3/C15 atom group are the most nucleo-
philic region in the enol-imine form, while the phenol ring is the most electrophilic region in the
keto-amine form. Therefore, the thiazole ring and the N2/N3/C15 atom group of the enol-imine
form will be more reactive than the keto-amine form in a nucleophilic reaction. Likewise, the
phenol ring of the keto-amine form will be more reactive in the electrophilic reaction than the
enol-imine form.

4. Conclusion

Theoretical studies have been conducted using the B3LYP level with 6-31 G(d, p) to determine
the reactive behavior of the newly synthesized Schiff base-containing 5-diethylamino-2-{[4-(3-
methyl-3-phenyl-cyclobutyl)-thiazol-2-yl]-hydrazonomethyl }-phenol compound, which may be a
corrosion inhibitor. In addition, a study was carried out using quantum chemical calculations to
determine the corrosion inhibition activity behavior on Cu and Fe metals using the global chem-
ical parameters of tautomer structures. With the calculated HOMO and LUMO energies of the
compound, some quantum chemical parameters such as electron affinity (EA), ionization poten-
tial (IP), electronegativity (y), absolute hardness (1), chemical potential (u), absolute softness (S)
were calculated. Using these parameters, the electron transfer fraction () coefficient, which deter-
mines the charge transfer of the whole compound from the inhibitor to the metal, was calculated.
Tautomer’s nucleophilic and electrophilic attack sites were determined by calculating the chemical
constants, quantum chemical parameters and local selectivity indices and Fukui functions of the
two tautomer structures of the title compound.
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