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KEYWORDS Abstract In this work, 4-(((4-ethyl-5-(thiophen-2-yl)-4H-1,2,4-triazole-3-yl)thio)methyl)-7,8-dime

A -CoROSERe thyl-2H-chromen-2-one was synthesized by acetone-mediated condensation of 4-ethyle-5-(thio

DFT; phen-2-yl)-4H-1,2,4-triazole-3-thiol and 4-(chloromethyl)-7,8-dimethyl-2H-chromen-2-one. The
FT-IR; molecule results (3) were experimentally characterized using FT-IR, 'H-, and '>*C NMR spec-
NMR spectroscopy; troscopy. Density Functional Theory (B3LYP/cc-pVDZ) was used to investigate the ideal molecule
Substituted 1,2,4-Triazole structure, vibrational frequencies, and "H with '*C NMR (theoretically) chemical shifts. Theoretical

and experimental spectroscopy results were compared and agreed with each other, which indicated
the validity of the used developed molecular structure. The Dipole moment, hardness, softnes, elec-
tronegativity, electrophilicity index, nucleophilicity index, and chemical potential as electronic
structural parameters linked to corrosion inhibition efficacy were investigated for the prepared com-
pound. Furthermore, the fraction of transferred electrons was calculated to determine the interac-
tion between the iron surface and organic molecules. The results indicated a favorable relationship
between organic-based corrosion inhibitors and quantum chemical parameters processes. The cor-
rosion inhibitors’ behavior can be predicted without the need for experimental investigation.
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article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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1. Introduction

In recent decades, there has been a lot of interest in the synthesis of
1,2,4-triazole compounds having antibacterial (Ikizler et al., 1999;
Yuksek et al., 2013; Zobo Mfomo et al., 2017; Raviprabha and
Bhat, 2021), anti-inflammatory (Tozkoparan et al., 2000), analgesic
(Turan-Zitouni et al., 1999), antitumorial (Demirbas et al., 2002), anti-
hypertensive (Purohit et al., 2011), anticonvulsant, and antiviral
(Kritsanida et al., 2002) properties. For synthesizing 1,2,4-triazole,
cyclization of thiosemicarbazide-structured compounds has proven
to be a good method (Demirbas et al., 2004). The identical thiosemi-
carbazides were cyclized in the presence of NaOH to produce 1,2,4-
triazole derivatives (Varvaresou et al., 1998; Kiigiikgiizel et al., 1999;
Kigiikgiizel et al., 2000; Karakus and Rollas, 2002; Raviprabha and
Bhat, 2019). Various medications for cancer treatment have been
developed in recent years, with certain 1,2,4-triazole derivatives with
shiff base structure being synthesized as anticancer agents (Bayrak
et al., 2009; Omar et al., 2021).

Coumarin compounds having reactive oxygen, heterocycles, and a
benzopyran backbone are important natural compounds (Borges et al.,
2005). benzopyrans have a unique structure, its derivatives can easily
influence a wide range of enzymes and receptors in organisms with
weak binding interactions, illustrating the drug’s broad potential
(Nicolaou et al., 2000; Newman, 2008; Cragg and Newman, 2013;
Jashari et al., 2014; Koparir et al., 2022). Coumarins were discovered
in tonka bean for the first time, and have since been found in over 150
species belonging to more than 30 families. Despite their presence in all
sections of the plant, the fruits have the largest quantities of coumarins
(Venugopala et al., 2013). The coumarin family is one of the most
widely utilized natural chemicals on the planet. Coumarin is a privi-
leged framework for a wide range of medical qualities, and it is fre-
quently used as a scaffold for developing innovative and potent
analogs with physicochemical properties and a diverse, simple syn-
thetic transformation into a variety of activated coumarins (Yang
et al., 2011; Peng et al., 2013). Because of the substituents present in
their parent benzopyran moiety, coumarin-containing compounds
have a wide range of biological and pharmacological activity (Musa
et al., 2011; Borah et al., 2012). As a result, their synthesis has become
a popular issue and focus of interest (El Ansary, 1992). Coumarins are
associated with a wide range of biological processes. Cancer, burns,
brucellosis, and cardiovascular and rheumatic disorders have all been
treated with them (Kontogiorgis and Hadjipavlou-Litina, 2005; Basri
et al., 2020).

Among the modeling methodologies, the functional density theory
(DFT) formalism can be highlighted, as it allows for the calculation of
physicochemical properties of the researched molecules at a micro-
scopic level with great precision and low processing cost
(Raviprabha and Bhat, 2019; Marinho et al., 2021). For example, this
quantum approach can be used to determine the molecule’s frontier
orbitals, nucleophilic and/or electrophilic sites, kinetics, and thermody-
namic characteristics (Braga et al., 2016; Madkour et al., 2018;
Raviprabha and Bhat, 2020; Koparir et al., 2021; Omer et al., 2021).
Thus, DFT is a crucial step in determining the pharmacological poten-
tial and finding the key pharmacophore for drug development. The
Density Functional Theory (DFT) approach can be used to calculate
organic molecule geometric optimization. In addition, infrared (IR)
spectra can be simulated, and Frontier Molecular Orbitals (FMO)
can be generated for electronic characterization and to derive quantum
reactivity descriptors in order to comprehend the global reaction of the
molecule’s behavior as a nucleophile or electrophile (Braga et al.,
2016). Pan et al (Pan et al., 2005) studied the amentoflavone molecule
using the DFT method with B3LYP at 6-31G(d) basis set, structural
optimization was done in the gas phase (vacuum), and the Molecular
Electrostatic Potential, Frontier Molecular Orbitals, and the Mulliken
charge distribution were used to characterize the molecule. However,
in order to generate conformational relevant data for the development
of a pharmacological tool, it is necessary to perform DFT molecular

modeling calculations taking into account the dielectric constants of
the various solvents, because the investigated molecules will have to
be dissolved before being applied to humans (Marinho et al., 2021).

The main objective of this study is to generate new molecular struc-
tures in laboratories that can predict and develop many of the mole-
cules’ actions while also having more active properties. The use of
computers to do various forms of “theoretical molecular modeling”
approaches has increased in popularity, and it has become a significant
tool in determining a wide range of molecule behaviors. The structure
and functional properties of these molecules, as well as theoretical cal-
culations of the 4-(((4-ethyl-5-(thiophen-2-yl)-4H-1,2,4-triazol-3-yl)thi
o)methyl)-7,8-dimethyl-2H-chromen-2-one compound (ETZC), have
yet to be identified. The ETZC molecule has been studied both exper-
imentally and theoretically using quantum chemical simulations and a
variety of spectrum methods. The theoretical calculations were com-
puted using the DFT/cc-pVDZ and the results were compared to
experimental data. The data from the theoretical simulations were used
for the global reactive descriptor and anti-corrosion activity.

2. Material and methods

2.1. Experimental

The melting points of the compound were determined using
the Gallenkamp melting point apparatus. The IR spectra for
the compound were measured using a PerkinElmer Spectrum
One FT-IR Spectrophotometer. The "H and '*C NMR spectra
were recorded on a Bruker AC-400 NMR spectrometer at
400 MHz for 'H and 100 MHz for '*C NMR. Tetramethylsi-
lane (1H and '*C NMR) chemical shifts were evaluated, and
Dimethyl sulfoxide (DMSO) was utilized as an NMR solvent.
Compounds (1) and (2) in Fig. 2 were found during synthesis
at Firat University Organic Lab, while the remaining Chemi-
cals were acquired from Aldrich and used without further
purification.

2.2. Computational analysis

The computational chemistry calculations were carried out
using Density Functional Theory (DFT), which is one of the
most effective methods for analyzing the stability and reactiv-
ity of chemical species. The Gaussian 09 program (Gaussian09
2009) and the Gauss View 5 program (Dennington et al., 2009)
were used to draw the input molecules and perform DFT
quantum calculations for the ground state electrical and reac-
tive characteristics of the compound. This molecule have dif-
ferent orbital energies, a restricted Kohn-Sham functional
was used, along with Becke’s (Lee et al., 1988; Becke, 1993)
three-parameter functional (B3) (Becke, 2003) for the exchange
component and the Lee-Yang-Parr gradient corrected correla-
tion functional (LYP) (Ditchfield et al., 1971) for the geomet-
rical structure. The optimization was also done in the gas
phase using the Gaussian 09 computer package to better
understand the structural properties of the molecule due to
the dimer’s structure that allows for an angle between the
two monomer structures (Cances et al., 1997). A vibrational
frequency calculation was performed to get theoretical infrared
spectra in the gas phase using the same degree of theory to
confirm the validity of the optimization (Grimme, 2012;
Rebaz et al., 2021). To assess the reactivity of the title mole-
cule, the energy values of the highest occupied molecular orbi-
tal (HOMO) and the lowest unoccupied molecular orbital
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Fig. 2 The synthesis of the compound (ETZC).
(LUMO) were used at the B3LYP/cc-pVDZ level of theory. A=—Erymo 3)

(Ahmed and Rebaz, 2021; Ahmed and Rebaz, 2021; Kumar
et al., 2015; Pereira et al., 2016). A larger HOMO orbital
energy value suggests a reasonable probability for the chemical
species to give electronic density, while a lower LUMO orbital
energy value indicates a predisposition to receive electronic
density (Fukui, 1982). As a result, the energy gap (n Egap),
which is defined as the difference between the energies for
the LUMO-HOMO orbitals (Eq. (1)), shows a direct relation-
ship between the frontier orbitals and chemical reactivity: large
values of (n Eg,p) indicate lower reactivity, while short values
of (n Eg,p) indicate higher reactivity (Obot et al., 2015;
Ahmed and Rebaz, 2020; Omer et al., 2020; Rebaz et al.,
2020).

Egﬂ[) = ELUM()_EH()M() (1)

The ionization energy (I) and electron affinity (A) of a
chemical compound are related to the energy of the HOMO
orbital (Eq. (2)) and the energy of the LUMO orbital (Eq.
(3)), respectively, according to the DFT theorem presented
by Koopmans (Koopmans, 1934).

I = _EHOMO (2)

In DFT theory chemical variables like electronegativity (y),
chemical potential (i), and global chemical hardness (1) can be
described as the derivative of the molecule electronic energy
(E) in relation to the number of total electrons (N) at a con-
stant external potential (v) (Parr et al., 1978; Parr and
Pearson, 1983; Chermette, 1999). The following are the math-
ematical expressions:

x:—u:(g—f,)v )
n=3C 5

According to Iczkowski and Margrave’s (Madkour et al.,
2018), electronegativity and chemical potential can be
described as a function of the ionization energy and electron
affinity (Eq. (6)). Janak’s theorem and the valence state para-
bola model can be used to calculate global chemical hardness
(Eq. (7)) (Janak, 1978; Von Szentpaly, 1991).

I+ 4
M .2 (©)
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WZT (7)

The inverse of global chemical hardness is described as glo-
bal softness (S) (Yang and Parr, 1985) (Eq. (8)).

s=1 (8)

The global electrophilicity index (o) was proposed by Parr
et al. (Raissi et al., 2021), which is defined as the susceptibility
of a chemical species (atom, molecule, or ion) to accept elec-
tronic density. The higher the value of ® the better the elec-
trophilicity of the species. As a result, lower values of ®
describe a good nucleophile. Nucleophilicity (¢) is the inverse
of the global electrophilicity index (Toro-Labbé, 2006;
Marinho et al., 2021).

2

| X

2

m:% (10)
1

2.3. Synthesis of ETZC

In 30 ml of dry acetone, the potassium carbonate (K,CO3)
(0.02 mol) was dissolved, added 4-(chloromethyl)-7,8-dime
thyl-2H-chromen-2-one (0.02 mol). At room temperature, 4-
Ethyl-5-(thiophene-2-yl)-4H-1,2,4-triazole-3-thiol (0.02 mol)
was added dropwise to this solution for 6 h. The solid product
was filtrated and dried with recrystallized by ethyl alcohol. FT-
IR, 'H NMR, and '*C NMR techniques were used to illumi-
nate the structure of the product. Fig. 2 depicts the general
reaction of the product.

Yield is 75%; Melting point 175-177 °C; FT-IR (KBr,
em™!, v): 2920-3074 (LAr-H), 1723(bC=0), 1623-1382
(LC=C), 1346-1474 (LC—0), 753 (VC—S); 'H NMR
(400 MHz, DMSO d, 3, ppm): 1.17 (t, J = 7.2 Hz, 3H, N-
CH,- CH3), 2.38 (s, 3H, Ar-CH3), 3.29 (s, 3H, Ar-CH3), 4.08
(q, J/ = 7.1 Hz, 2H, N-CH2-CH3;), 4.61 (s, 2H, S-CH,), 6.35
(s,1H, H-C—C=0), 7.27 (m, 2H, Ar-H), 7.55 (t, 1H, thio-
phene H), 7.68 (d, J = 3.6 Hz, 1H, thiophene-H), 7.81 (d,
J = 5.1 Hz, 1H, thiophene-H); *C NMR (100 MHz,
DMSO dg, 8, ppm): 11.71, 15.31, 20.37, 33.83, 40.23, 114.29,
115.79, 122.51, 124.46, 126.07, 128.07, 128.80, 129.60, 142.15,
149.43, 150.32, 151.75, 151.93, 160.16, 160.16. Molecular
Weight (C20H19N30252)I 397 g/l’l’lOl

3. Results and discussion

3.1. Infrared (IR) spectroscopy

Calculated harmonic frequencies are frequently greater than
experimental values, leading to an overestimation of vibra-
tional frequencies. The expected vibrations roughly reflect
the experimental data after scaling, and the error distributions
closely resemble the experimental frequencies. When a proper
scaling factor is used to correct the calculated frequencies to

compensate for the approximate treatment of electron correla-
tion, anharmonicity effects, and basis set deficiencies, DFT cal-
culations on harmonic frequencies have provided excellent
vibrational frequencies for organic compounds (Omer and
Anwer, 2021; Dennington et al., 2003). To correct the theoret-
ical error, the theoretical harmonic frequencies were computed
with B3LYP/cc-pVDZ and scaled by the classical factor of
0.979 according to the literature (Foresman and Frish, 1996).
As demonstrated in Fig. 1, the computed spectra are more reg-
ular than the real FT-IR, and several bands reported in the
predicted IR spectra were not found in the experimental spec-
tra. This is because several other modes of infrared intensities
are greatly altered as a result of multiple vibrations in the con-
densed phase. The vibrations of the C—C—C, and C—H rings
are extensively utilized to quickly identify the presence of aro-
matic and thiophene rings in a structure. When comparing the
aromatic C—H stretch to the aliphatic C—H stretch, the aro-
matic C—H stretch shows as a spate of weak to mediocre
bands above 3000 cm ™" (Coates, 2000).

In this study using the B3LYP/ccp-VDZ method, the C—H
stretching vibration FTIR spectra for thiophene was measured
at 2974-3423 cm™', which was theoretically in the range of
3030.32-3250.46 cm~'. C—H stretching vibration values for
ethane groups would be lower than aromatic C—H ring
stretching vibration values. According to the literature (Furi¢
et al., 1992; Sajan et al., 2004) the symmetrical and asymmet-
rical CH, stretching vibrations have ranges of 2800-2900 cm ™!
and 2900-3000 cm™', respectively. In the experimental IR
spectra, the Ar-H stretching mode of the title molecule was
found at frequencies between 2920 and 3074 cm™!. Wavenum-
bers in the range of 3026.26 3078.97 cm ™' were assigned to Ar-
H stretching vibrations using the B3LYP/cc-pVDZ method, as
shown in Table 1. The carbonyl characteristic frequency is a
significant in the region of 1650-1850 cm-l that can be
employed in a variety of applications (Omer et al., 2022).
The C=0 stretching vibration was detected at 1695, 1705,
and 1712 cm™! in the previous literature (Cansiz et al., 2012;
Koparir et al., 2022). In this study C=O0 stretching vibration
has a band at 1723 cm ! in the experimental IR spectra. The
band was given a value of 1827.79 cm™' in the computation,
which is 104.79 cm™! higher. Experiments have been per-
formed to determine the C=N stretching modes of triazole
derivatives at 1541 cm™! (Koparir et al., 2013), 1592 cm ™!
(Rebaz et al., 2020), and 1600 cm™" (Panicker et al., 2015).
Using the B3LYP method, the stretching vibrations of C=N
in triazole were measured at 1458.93 cm™!, whereas the exper-
imental value was 1453 cm™!. The stretching modes of C=C
and C—O in the title compound were measured experimentally
to be 1382-1623 and 1133 cm™!, respectively, which agrees
with  the  theoretical value 1604.61-1524.79  and
1150.66 cm ™. In the title compound, the measured value for
C—S-C stretching modes was 753 cm™!, which corresponded
to the theoretical value of 773.57 cm™'. The vibration bands
of the triazole ring of the molecule do not differ significantly
from those of previously identified triazole derivatives
(Cansiz et al., 2012; Cansiz et al., 2012; Koparir et al., 2013;
Orek et al., 2018). With a correlation coefficient of 0.9978,
the correlation graph between experimental and theoretical
IR vibrational frequencies of the molecule is presented in
(S1). The experimental and theoretical frequencies are found
to be very similar.
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Table 1 Theoretical and experimental vibrational for the ETZC.
Assignments FT-IR (cm™}) Unscaled Assignments FT-IR (cm ™) Unscaled
With TED With KBr Frequencies With TED With KBr Frequencies

B3LYP/cc-pVDZ B3LYP/cc-pVDZ

ST-CH in thiophene 3423 3250.46 UNSTV-CH3 in ring 1474 1450.90
STV-C28H31 3235.56 STV-C19-N18 1449 1420.16
STV-C1H7 3217.56 STV-C19=N17, C14-N18 1382 1394.37
UNST-CH in thiophene 3212.91 RO-ethylene group 1374.77
STV-C8H6 3208.86 STV-C=C in ring 1365.36
STV-C37H38 3182.11 STV-C in thiophene 1364.89
STV-C39H48 3165.37 STV-C4-09 1262 1293.64
UNSTV-ethylene group 3131.27 RO-C11HI12H13 1278.11
UNSTV-C43H44H45H46 3123.67 STV-CH in thiophene 1237.26
UNSTV-C23H24H25H26 3121.52 SCI-CH in ring 1216 1200.97
UNSTV-ethylene group 3110.01 STV-C5-09 1180 1180.65
USTV-CH3 in ring 3081.75 RO-C11HI12H13 1173.91
USTV-CH3 in ring 3074 3078.97 STV-ethylene group 1133 1150.66
STV-C11H12H13 3071.04 STV-N16-N17 1111.83
STV-C20H21H22 3062.17 RO-CH3 in ethylene 1099.13
STV-C23H24H25H26 3042.23 SCI-CH in thiophene 1088 1089.56
STV-C39H40H41H42 2974 3030.32 STV-C28-C30 1077.02
STV-C43H44H45H46 2920 3026.26 UNSTV-CH3 in ring group 1060.14, 1027.79,
STV-C5=010 1723 1827.79 STV-C14-N138 1019 1022.03
STVC1=C2 1623 1678.7 STV-C20-C23 960 976.78
STV-C=C in ring 1604 1651.18 STV-C5-09 940 953.41
STV-C=C in thiophene 1611.10 RO-C11HI12H13 927.34
STV- C=C in ring 1604.61, 1524.79 UNSTV-CH in thiophene 900 913.48
STV-C30=C32 in thiophene 1521.68 STV-C32-S29 851 853.11
SCI-C20H21H22 1493.90 STV-C11-S15 816 798.06
SCI-C23H24H25 1478.66 STV-C11-S15 753 773.57
RO-C39H40H41H42 1471.30 STV-N16-C14-N18 712 722.85
STV-C19=N17, C14=N16 1467.90 STV-C11-S15 716.10
RO-CH3 in ring 1465.72 STV-CH in thiophene 710.74
STV-C23H24H25H26 1461.52 STV-N16-N17 693.79
STV-C19=N17 1453 1458.93 STV-C19-N18 685.47

TV: Starching vibration, UN: anti, S: Symmetrical, RO: Rocking, SCI: Scissoring.

3.2. 'H and 3 C nuclear magnetic resonance studies

NMR spectroscopy (nuclear magnetic resonance spec-
troscopy) is a technology that can be used to determine the
structure of organic molecules. Quantum chemical computa-
tions have been proven to be sufficient for predicting NMR
spectra and investigating the link between molecule structure
and chemical shifts (Dennington et al., 2009; Daoud et al.,
2017; Ahmed and Rebaz, 2019; Rebaz et al., 2022). As a result,
using a combination of experimental and theoretical
approaches to understand and predict molecular structure is
tremendously beneficial. The 'H and '*C NMR spectra of
ETZC (Fig. 2) in DMSO dg were determined experimentally.
The B3LYP/cc-pVDZ approach with the Gaussian 09 pro-
gram was used to estimate theoretical 'H- and '*C NMR spec-
tra, and the standard gauge-including atomic orbital (GIAO)
strategy was used to optimize the geometry of the title chemi-
cal. The 'H NMR chemical shifts in gas phase ranged from
0.00 (Reference) to 9.00 ppm, whereas the experimental chem-
ical shifts in DMSO dg ranged from 0.00 to 8.00 ppm (see
Fig. 3).

The experimental "H NMR spectra ascribed the hydrogen
(H34) of the thiophene group to the doublet peak at
7.81 ppm. The theoretical proton resonance signal of this

hydrogen (H34) was obtained at 7.66 ppm in the gas phase
using the B3LYP/cc-pVDZ method. The aromatic proton’s
chemical shift value (H6 and H38) was determined to be
7.27 ppm experimentally and 7.72 and 7.46 ppm theoretically.
The other doublet pack for thiophene hydrogen (H31) was
determined to be 7.68 ppm experimentally, and 7.36 ppm com-
putationally. In the gas phase, the triplet pack proton for
hydrogen (H33) of thiophene was assigned at 7.55 ppm and
computed as 7.35 ppm. In experiments, the single pack for
(s,1H, H—C—C=0) was determined to be 6.35 ppm, but in
computational analysis, it was found to be 6.34 ppm. The
obtained experimentally single peak chemical shift for (s, 2H,
S—CH?2) was 4.61 ppm, but the computed values were 5.14
and 4.83 ppm, respectively. In the experiment, the quartet pack
for (q, 2H, N—CH2—CH3) linked to the triazole ring was mea-
sured at 4.08 ppm, while computed observed at 4.47 and
4.28 ppm. The two single packs for (s, 3H, Ar—CH3) and (s,
3H, Ar—CH3) were assigned experimentally at 3.29 and
2.38 ppm, respectively, while the hydrogen packs were
observed theoretically at a range of 2.30-3.87 ppm, see
Table 2.

The compoundv'>*C NMR resonance signals were detected
in DMSO dg between 11.71 and 160.16 ppm (Fig. 4) and in the
gas phase between 20.55 and 160.78 ppm using the B3LYP/cc-
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Fig. 3 Experimental "H NMR spectrum for the ETZC in DMSO g,

pVDZ method with the Gaussian 09 program. Using '°C
NMR, it was discovered that the chemical shift values of the
C19, C4, and C14 atoms, which are close to the electronegative
oxygen, as well as the sulfur atoms, are greater than those of
the other carbons in the molecule. The '*C NMR resonance
signals in DMSO ds were found to be 160.16 ppm for both
(C19 and C5) and 151.93 ppm for (C4), respectively, whereas
their predicted values in the gas phase were 160.78 and
160.61 ppm for both (C19 and C5) and 160.11 ppm for (C4).

Table 2 Experimental and theoretical chemical shifts (ppm)
of "H NMR of the ETZC.

H number Experimental Results Theoretical Results
H34 7.81 7.66
H31 7.68 7.36
H6 7.27 7.72
H33 7.55 7.35
H38 7.27 7.46
H7 6.35 6.34
H13 4.61 5.14
HI12 4.61 4.83
H22 4.08 4.47
H21 4.08 4.28
H40 3.29 3.87
H45 3.29 2.82
H44 3.29 2.81
H46 2.38 2.55
H41 2.38 2.31
H42 2.38 23
H25 1.17 2.22
H24 1.17 1.95
H26 1.17 1.74

Coumarin carbon shifts (C1, C2, C3, C8, C37, C36, and
C35) were measured experimentally at 114.29, 150.32, 115.79,
124.46, 128.07, 149.43 and 128.80 ppm, while mesitylene car-
bon shifts were discovered at 120.24, 156.30, 125.97, 127.51,
131.73, 150.26 and 134.69 ppm. The carbon signals for thio-
phene (C7, C28, C30, and C32) were observed at 142.15,
122.51, 126.07, and 129.60 ppm, while the theoretical signals
were observed at 147.21, 126.52, 131.19, and 139.71 ppm,
respectively. The carbon chemical shift S-C11 was measured
in the lab at 40.23 ppm and in theory at 49.51 ppm. The carbon
chemical shifts for ethane, which is representative of the C20
and C23, were obtained experimentally at 33.83 and
15.31 ppm, respectively, whereas in the gas phase the carbon
chemical shifts were detected at 49.00 and 24.28 ppm. The
experimentally chemical shifts for H3C-Ar-CH3 Cs, which
are representative for the C43 and C39, are 20.37 and
11.71 ppm, respectively, while theoretically found in the gas
phase at 30.28 and 20.55 ppm. The experimental and theoret-
ical *C NMR chemical shift results are shown in Table 3. The
proposed structure was validated by the experimental and the-
oretical 'H- and '*C NMR chemical shift values for the title
molecule. The correlation between experimental and theoreti-
cal chemical shift values for 'H- and '>*C NMR studies, with
correlation coefficients of 0.9849 and 0.9984, respectively show
in S2 and S3.

3.3. Geometrical analysis

The molecular structure of chemical 3 was optimized using the
DFT/cc-pVDZ method, and the molecule’s structural charac-
teristics in the gaseous phase were found to be optimal. The
computed structural properties linked to the molecule’s stable
state are shown in Table 4, and the molecular structure of
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Fig. 4 The experimental '>*C NMR spectrum for the ETZC in DMSO d,

Table 3 Experimental and theoretical chemical shifts (ppm)
of 3C NMR of the ETZC.

C number Experimental Results Theoretical Results
CI19 160.16 160.78
C5 160.16 160.61
C4 151.93 160.11
Cl4 151.75 157.62
C2 150.32 156.3
C36 149.43 150.26
C27 142.15 147.21
C32 129.60 139.71
C35 128.80 134.69
C37 128.07 131.73
C30 126.07 131.19
C8 124.46 127.51
C28 122.51 126.52
C3 115.79 125.97
Cl 114.29 120.24
Cl1 40.23 49.51
C20 33.83 49
C43 20.37 30.4
C23 15.31 24.28
C39 11.71 20.55

ETZC is shown in Fig. 5. Compound 3 is made up of the rings
Thiophene (Thp: C27—C28— C30—C32—S829), Triazole (Trz:
N18—C14—N16—N17—C19), and  Coumarin  (Com:
C1—C2—C3—C8—C37—C36—C35—C4—09—C5). The C=C
bond lengths of Thp rings range from 1.371-1.382 A°, while
from the Com ring the bond length for C=C is 1.357 A°.
Because the oxygen atom is more electronegative than the car-
bon atom, the electrons in the C—O bond are removed from
oxygen to the carbon atom, as a result of this fact, The
C5=010 bond shortens 1.207 A° while the C5—C1 bond

lengthens 1.456 A°. In the literature (Zhang et al., 2013;
Ezhilarasu and Balasubramanian, 2016; Celik et al., 2021),
the C—O0O and C—C bond lengths were found as single-
crystal structure molecules with similar results. When the liter-
ature’s C—0O and C—C bond length values are compared to
the optimized compound estimated values, they appear to be
in agreement. The bond angles of 09—C4—C3 and
010—C5—C1 are 121.082 and 126.079 A° respectively. The
C—C—O0 bond angles are 126.07 and 125.79 A°, according to
the previous literature (Ezhilarasu and Balasubramanian,
2016). The C—C—O bond angles in the literature are slightly
different from the computed angle values because the calcu-
lated values refer to the gaseous state of the molecule, whilst
the supplied values refer to the solid phase of the molecule,
also the intermolecular interactions in the solid phase calcula-
tion happened. The bond lengths between N18-N19 atoms in
the Trz ring are 1.372 A% In the literature, 1.354 A0
(Gilandoust et al., 2016) and 1.354 A0 (Kumar et al., 2015)
have been reported as experimental values for molecules con-
taining 1,2,3 triazole rings in the solid phase. The dihedral
angles between the Thp, Trz, and Com rings in the molecule
were discovered to be Trz/Com = 4.500, Thp/
Com = 103.324, and Php/Trz = —178.554 in the molecule.
The structural properties of the molecule appear to be in agree-
ment with experimental structure parameters published in the
literature. The phase difference of the molecules accounts for
the small variations between calculated and experimental val-
ues in the literature. Finally, the methodologies and basis set
suitability for optimization are determined by the agreement
of the estimated values with experimental values in the
literature.

3.4. The energy of HOMO and LUMO

The chemical stability of a molecule is determined by the band-
gap between the highest occupied molecular orbital (HOMO)
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Table 4 In the ground state, geometrical optimization for ETZC.
Symbol Bond Length Symbol Bond angle Symbol Dihedral angle
C2-Cl 1.357 C3-C2-Cl1 118.945 C4-C3-C2-C1 —0.070
C3-C2 1.459 C4-C3-C2 118.104 C5-C1-C2-C3 0.016
C4-C3 1.411 C5-C1-C2 122.840 C8-C3-C2-C1 179.900
C5-C1 1.456 C8-C3-C2 124.071 09-C4-C3-C2 0.025
C8-C3 1.408 09-C4-C3 121.082 010-C5-C1-C2 —179.964
09-C4 1.368 010-C5-C1 126.079 C11-C2-C1-C5 —179.836
010-C5 1.207 Cl11-C2-C1 123.678 Cl14-C11-C2-C1 —2.263
Cl1-C2 1.506 Cl14-C11-C2 164.731 S15-C11-C2-C1 —1.336
Cl14-Cl11 4.768 S15-C11-C2 113.702 N16-C14-C11-C2 —173.209
S15-Cl11 1.841 N16-C14-Cl11 58.971 N17-N16-C14-C11 2.191
N16-C14 1.321 N17-N16-C14 108.231 N18-C14-C11-C2 4.500
NI17-N16 1.372 N18-C14-Cl11 50.930 C19-N17-N16-C14 —0.068
N18-C14 1.387 C19-N17-N16 107.013 C20-N18-C14-Cl11 174.510
C19-N17 1.316 C20-N18-C14 129.957 C23-C20-N18-C14 96.000
C20-N18 1.463 C23-C20-N18 113.334 C27-C14-C11-C2 62.642
C23-C20 1.528 C27-C14-Cl11 176.185 C28-C27-C14-Cl11 —78.472
C27-Cl14 1.454 C28-C27-Cl14 131.917 S29-C27-C14-C11 103.324
C28-C27 1.382 S$29-C27-Cl14 117.434 C30-C28-C27-C14 —178.554
S29-C27 1.754 C30-C28-C27 113.200 C32-C30-C28-C27 0.155
C30-C28 1.425 C32-C30-C28 112.645 C35-C4-C3-C2 179.986
C32-C30 1.371 C35-C4-C3 122.521 C36-C35-C4-C3 —0.020
C35-C4 1.407 C36-C35-C4 118.202 C37-C8-C3-C2 —179.970
C36-C35 1.408 C37-C8-C3 120.408 C39-C35-C4-C3 —179.987
C37-C8 1.387 C39-C35-C4 120.622 C43-C36-C35-C4 —179.936
C39-C35 1.508 C43-C36-C35 120.216
C43-C36 1.507
(a) (b)
N~ CH3 9 .
N\ Tj e ’ﬂ
S E S ‘ CH, *r‘ i R j/‘ ‘/J ‘/* )
0 i)‘ 9 3/‘ ‘/‘
CH3 , ‘3
9
@)

Fig. 5 Structure of the ETZC A) Drawing by ChemBioDraw Ultra B) Gaussian Optimized by B3LYP/cc-pVDZ.

and the lowest occupied molecular orbital (LUMO). The
molecular orbitals influence optical and electrical properties,
as well as the electronic absorption spectra (Tari et al.,
2015). The HOMO and LUMO energies of the molecule were
estimated in the gas phase using the B3LYP/cc-pVDZ method,
and 3D plots of the HOMO and LUMO were shown in Fig. 6.
The estimated HOMO and LUMO energies for the title mole-
cule were —0.2155 Hz (-5.866 ¢V) and —0.06817 Hz
(—1.870 eV), respectively. The HOMO of the investigated
molecule is concentrated on the sulfur atom, triazole ring,
and thiophene ring, whereas the LUMO is concentrated on
the coumarin ring. The energy gap (AE) between the HOMO
and the LUMO was calculated to be 0.1468 Hartree
(3.996 eV), as shown in Fig. 6. As a result, the density of states
(DOS) in the gas phase was calculated using the Gauss Sum 3.0

software. Fig. 7 depicts the density of states diagram for the
title compound.

3.5. Mulliken charges distributions

Because atomic charges have such a large impact on the elec-
trical properties and reactivity of molecules, estimating Mul-
liken atomic charges is critical in quantum chemical
calculations for molecular systems (Mathammal et al., 2016).
The B3LYP/cc-pVDZ level was used to compute the Mulliken
atomic charge distributions on the title compound in the gas
phase, as shown in Fig. 8. In most cases, the positive and neg-
ative charges on the atoms of the molecule were roughly equal.
The Mulliken atomic charges distribution on the electronega-
tive atoms N16, N17, and NI18 were calculated to be
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—0.188720, —0.200962, —0.239788. Also, it has been observed
that the C9 and C10 carbon atoms in the coumarin ring have a
negative charge of —0.2322 and —0.206369 a.u., respectively.

3.6. Inhibitor study

The electronic structural properties and total energy of the title
molecule are shown in Table 5. Table 5 and Fig. 6 show that
the energies of HOMO and LUMO for the structures studied
are —5.866 and —1.870 eV, respectively. The ability to donate
electrons is related to HOMO, which is important for corro-
sion study. The mechanism of charge transfers over the metal
surface, which allows for adsorption related to the HOMO
levels rise, the inhibitory effect of inhibitor compounds rises
as well (Chen et al., 2014). The high Eyomo value of our mole-
cule increases its inhibitory activity. The LUMO property
refers to the ability to accept an electron. The low value of
Erumo indicates that the inhibitor (compound) will give the
metal surface a negative charge. The LUMO energy value of
our molecule is lower. Inhibitors with high HOMO energy val-
ues had lower LUMO energy values, indicating that they were
active. The title compound has the highest corrosion inhibition
activity based on HOMO-LUMO capacity.

The difference in energy between Eyomo and Epymo has
important implications for theoretical inhibitory efficiency
and static molecular reactivity. In inhibitor studies, comparing
AE is useful because the shorter the energy distances, the more
effective the inhibition. When compared to the E; ymo used
for corrosion inhibitors research, the Egomo is more related
to the discovered AE value. Because the inhibitor derivatives
have a high HOMO energy and a low AE, they can be used
as anti-corrosion compounds (Chen et al., 2014; Beytur
et al., 2019). The title chemical would have a significant inhibi-
tory effect based on its maximum HOMO energy and lowest
AE value (see Figs. 6 & 7).

The Mulliken atomic charge distribution is a popular tech-
nique for estimating inhibitor adsorption sites. Many scientists
believe that when negatively charged heteroatoms are present,
they have a greater ability to adsorb on metal surfaces via the
donor—acceptor process (El Adnani et al., 2013; Omer and
Anwer, 2020). Fig. 8 depicts the charge distribution on the
atoms of our compound inhibitors. When compared to a pos-

Table 5 Calculation quantum chemical parameters for
(ETZO).

Parameters Equations Results

Total Energy (a.u) —1884.743
u (D) 2.703
ELUMO (eV) —1.870
EHOMO (eV) —5.866
AE (eV) 3.996
I I = -EHOMO 5.866
A A = -ELUMO 1.870
% (eV) x=>0+A)/2 3.868
1, (eV) n=>0-A)/2 1.998
o (eV) c = I/n 2.935
Pi (eV) Pi = -y —3.868
o (eV) o = Pi2/2n, 3.744
€ (eV) e = Pi.n 7.729
AN AN = (ymetal - yinhibitor) / 2. 0.783

(nmetal - ninhibitor)

itive charge, the number of negative charges accounts for one-
quarter of the total atoms in our compound, this is an excellent
example of our title chemical’s anti-corrosion properties.

When evaluating an inhibitor’s stability, reactivity, and
inhibitor efficacy, Hardness (n) and softness (o) are important
parameters to consider. Organic molecules that are Lewis-
based and soft outperform hard molecules in terms of anti-
corrosion activity. Organic molecules that are Lewis-based
and soft have better anti-corrosion activity than hard mole-
cules (Alexander and Moccari, 1993). Our compound inhibi-
tors have a high softness and a low hardness due to their
high Eyomo and low AE. Table 5 demonstrates that the title
chemical has the highest inhibitory activity, with values of 1,
and o. In order to evaluate inhibitor activity, the factors elec-
tronegativity (x) and chemical potential (Pi) are also investi-
gated. The calculated () values indicate that the metal and
the inhibitor have a coordinated covalent bond. This study
looked at the corrosion inhibition behavior of compounds
designed to be iron metal inhibitors. Table 5 demonstrates that
the theoretical (y) value for the title compound is less than the
theoretical (y) value for the iron bulk metal. The iron metal
was able to form bonds by absorbing electrons from the inhi-
bitor molecule. Because of its higher value of (), the title
chemical inhibitor will be the most effective corrosion inhibitor
in comparison to the literature (Martinez, 2003; Issa et al.,
2008). The dipole moment (u) is another property mentioned
in Table 5. No previous research has discovered a direct rela-
tionship between dipole moment and inhibitory action. The
inhibitory activity of the molecules increases as the value of
() increases in the same study, whereas inhibition impact
decreases as the value of (p) decreases in the other literature
(Musa et al., 2012; Chen et al., 2014; Beytur et al., 2019).
Our compound has a dipole moment of 2.703 D.

The electrophilicity index (@) and the nucleophilicity index
(e) are two important parameters to consider when evaluating
corrosion inhibitors. Inhibitor molecules’ ability to absorb
electrons is measured by their (), whereas their ability to
donate electrons is measured by their (€). The inhibition activ-
ity increases as the value of (g) increases, and decreases as the
value of (®) decrease (Erkan et al., 2014; Karakus and Sayin,
2015). The value of (¢) has increased in our molecule study,
while the value of (®) has decreased. According to € and ®
measurements, our molecule has the most potent inhibitory
activity. According to the AN findings (Table 5), the title mole-
cule has a good inhibitor and can transfer more electrons to
iron metal surfaces.

4. Conclusion

The title compound was synthesized and tested using FT-IR, 'H-, and
13C NMR spectroscopic techniques. The Gaussian 09 program was
used at the B3LYP/cc-pVDZ level of the theory to construct the com-
pound optimal shape, IR vibration frequencies, '"H- and '*C NMR
chemical shifts, Mulliken atomic charges and HOMO-LUMO ener-
gies. Theoretical FT-IR, 'H-, and '>*C NMR spectroscopy results were
presented and compared to experimental data. The theoretical and
experimental results were found to be compatible. The proposed mole-
cule structure is supported by both theoretical and experimental evi-
dence. The DFT method was used to calculate the HOMO and
LUMO energies of the molecule, and the energy gap between HOMO
and LUMO was found to be 3.996 eV, indicating that the molecule has
an inhibitory function. The charge transfers from thiophene and tria-
zole to the coumarin ring were viewable in the HOMO and LUMO
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3D graphs. The Mulliken population method was used to compute the
charge distributions of the molecules. The bigger positive charge was
distributed on the atoms of a molecule in dissimilarity to a negative
charge. When considering a compound inhibitor’s atomic charges,
the electronegative atoms are expected to have a significant impact
on inhibitory efficacy. According to the molecular charge distribution
analysis, the most negative potential sites were found on the N16, N17,
N18, 09, and O10, while the most positive potential sites were found
around the hydrogen atoms. The calculated values of n, ®, o, €, Pi
and y confirm that the title chemical is the most effective inhibitor.
The value of AN will increase the effect of corrosion will increase
due to better absorption on the surface of the metal. As a result, this
research should help with the design, synthesis, and corrosive activity
of novel materials like the compound.
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