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Abstract: In this work, we wanted to define a general and comprehensive stra-
tegy for the synthesis of tetrazolo[1,5-a]pyrimidine derivatives. For this pur-
pose, we obtained new tetrazolo[1,5-a]pyrimidine molecules via the mercury-
promoted desulfurization reaction, including hydrolysis, cyclizations, and eli-
minations. All of the molecules were characterized by FT-IR, TH-NMR, 13C-
-NMR, and elemental analysis. On the other hand, the potentials of compounds
as corrosion inhibitors were calculated at B3LYP/6-31G (d, p) level via density
functional theory (DFT).

Keywords: desulfurization; DFT; characterization; quantum chemical studies;
sodium azide.

INTRODUCTION

Corrosion is the deterioration of metal by reacting with chemicals or the
environment. Corrosive solutions are used in many industrial applications. Acid
solutions widely used in industry, especially in the cleaning process cause a sig-
nificant mass loss on the surface.!-3 Many methods are used to prevent cor-
rosion. One of the methods of preventing corrosion is to use protective materials.
Organic compounds are also one of the important materials used as protective
materials.

The organic compounds containing ©-bonds, phosphorus, sulfur, oxygen,
and nitrogen as well as aromatic rings in their structure interacts with the metal
surface and show high inhibition property.# The compounds containing both nit-
rogen and sulfur can provide excellent inhibition, compared with compounds
containing only nitrogen or sulfur.5 Generally, a strong interaction causes higher
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inhibition efficiency, the inhibition increases in the sequence O < N < S.6 It has
been reported to increase the inhibition efficiency in general that compounds
containing heteroatoms (S, N and O) with free electron pairs, delocalized n-elec-
tron aromatic rings, molecular weight, alkyl chains, and generally as a result of
the existence of substituted groups. Compounds with n-bonds also generally
exhibit good inhibitive properties due to the interaction of m-orbital with the
metal surface.’

It is preferred that the compounds used for corrosion inhibiting purposes are
not harmful to nature. For this reason, pyrimidine derivatives have attracted great
attention due to their less environmentally damaging properties.® However; stu-
dies on pyrimidine are limited despite their ease of availability and corrosion
inhibition properties.

Pyrimidine derivatives are among the important class of organic compounds.
They exhibit broad biochemical effects due to the activity of nitrogen atoms in
the ring and carbon atoms in the C2/C4/C6 position.? Due to these properties,
pyrimidine derivative compounds are used as active ingredients in drugs such as
uramustine, piritrexim, isethionate, tegafur, floxuridine, fluorouracil, cytarabine
and methotrexate.!0 Pyrimidine derivatives are promising concerning corrosion
inhibition.11

Experimental techniques like the weight-loss method, electrochemical impe-
dance spectroscopy (£1S), potentiodynamic polarization, efc., have been used to
understand the corrosion process and its inhibition.!2:13 Although experiments
mostly are time-consuming, costly, and lacking in explaining the mechanism of
inhibition of the corrosion.!4!5 Thus, the quantum chemical calculation method
was endorsed as a potent and easy tool to reduce the cost and time and can help
in the interpretation of the experimental findings.!6:17

Heakal et al.18 used quantum chemical calculations to determine the struc-
tural and electronic properties of imidazole-pyrimidine-based new ionic com-
pounds. They compared the theoretical inhibition yields of the compounds pre-
pared in this way. Molecules chosen as inhibitors must be capable of donating
electrons to the empty d-orbital of the metal and also be suitable for forming anti-
-feedback bonds. Pyrimidine compounds have these properties. Therefore, pyri-
midine derivatives are expected to be excellent corrosion inhibitors at the indus-
trial level.19

Quantum chemical calculations (QCCs) are widely used to find the corrosion
inhibition reactivity of organic molecules. The effectiveness of an inhibitor can
be related not only to its spatial molecular structure but also its molecular
electronic structure. According to frontier orbital theory, the reaction of reactants
mainly occurred on highest occupied molecular orbital (HOMO) and lowest
unoccupied molecular orbital (LUMO), and the formation of a transition state is
due to an interaction between the frontier orbitals of the reactants. So, it was imp-
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ortant to investigate the distribution of HOMO and LUMO for the exploration of
the inhibition mechanism.

The difference between Epymo and Egomo energies is called the energy
gap (AE). It was generally acknowledged that low values of AE will provide
good inhibition efficiency because the energy for removing an electron from the
last occupied orbital will be low. For the theoretical calculation of the inhibitory
effect of a molecule, it is necessary to know the ionization potential (/), the elec-
tron affinity (4), the chemical hardness-softness (S), the global electrophilicity
index (w), the interaction between the transmitted electron fraction index (AN),
the interaction between back donations and non-linear optical (NLO) properties.
All these values were calculated according to Shojaie et al. 20 using DFT-based
QCCs in the Gaussian 09 software.2!

EXPERIMENTAL
Chemicals and instruments

All chemicals and solvents used in the experiments were assured from Turkey represent-
ative of Sigma Aldrich and Fluka (Buchs, Switzerland). All reactions were monitored by thin-
-layer chromatography (TLC). TLC plates were based on silica gel 60 F254 aluminum plates
with a 0.2 mm layer thickness (Merck Co., Darmstadt, Germany). The spots in TLC were det-
ermined by the UV lamp. Stuart (UK) SMP30 melting point apparatus was used to measure
the melting points of the synthesized compounds. FT-IR spectra of compounds were measured
in the range of 4000400 cm™! by using a Perkin Elmer Spectrum 100 FT-IR spectrometer
(universal ATR sampling accessory). H- and !3C-nuclear magnetic resonance (NMR) spectra
of compounds were measured in DMSO-dg by using a Bruker (Billerica, MA) AVANCDPX-
-400 MHz spectrometer at 400 and 100 MHz, respectively. Tetramethylsilane (TMS) was
used as the internal reference. Elemental analyses were determined by using a Thermo Sci-
entific (Pittsburgh, PA) Flash 2000 elemental analyzer. Full geometry optimizations of all
molecules were performed using Gaussian09. The physical, analytical and spectral data for the
compounds are given in the Supplementary material to this paper.

Synthesis

(7-(4-(Methylthio)phenyl)-5-phenyl-4, 7-dihydrotetrazolo[1,5-o]pyrimidin-6-yl) (phenyl)
methanone (6). The mixture of (4-(4-(methylthio)phenyl)-6-phenyl-2-thioxo-1,2,3,4-tetra-
hydropyrimidin-5-y1)(phenyl)methanone (1 mmol),?? sodium azide (2 mmol) and mercuric
acetate (1 mmol) in acetic acid (5 mL) was stirred at 100 °C for 6 h. After completion of the
reaction (monitored by thin-layer chromatography), the black sediment (HgS) was filtrated.
Then water was added to the filtrate to give the crude product. It was recrystallized from ethyl
alcohol.

(7-(4-Hydroxyphenyl)-5-phenyl-4,7-dihydrotetrazolo[ 1,5-o] pyrimidin-6-yl) (phenyl)  meth-
anone (7). 0.386 g (4-(4-hydroxyphenyl)-6-phenyl-2-thioxo-1,2,3,4-tetrahydropyrimidin-
-5-yl)(phenyl) methanone (1 mmol),?? sodium azide (2 mmol) and mercuric acetate (1 mmol)
in acetic acid (5 mL) was stirred at 100 °C for 6 h. After completion of the reaction (moni-
tored by thin-layer chromatography), the black sediment (HgS) was filtrated. Then water was
added to the filtrate to give the crude product. It was recrystallized from methyl alcohol.

(7-(4-Methoxyphenyl)-5-phenyl-4,7-dihydrotetrazolo[1,5-o] pyrimidin-6-yl) (phenyl)  meth-
anone (8).** 1 mmol (4-(4-methoxyphenyl)-6-phenyl-2-thioxo-1,2,3,4-tetrahydropyrimidin-5-
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-yl)(phenyl)methanone,?’ sodium azide (2 mmol) and mercuric acetate (1 mmol) in acetic acid
(5 mL) was stirred at 100 °C for 6 h. After completion of the reaction (monitored by thin-layer
chromatography), the black sediment (HgS) was filtrated. Then water was added to the filtrate
to give the crude product. It was recrystallized from isopropyl alcohol.

(5,7-Diphenyl-4,7-dihydrotetrazolo[1,5-o] pyrimidin-6-yl) (phenyl) methanone (9).2* 1 mmol
(4,6-diphenyl-2-thioxo-1,2,3,4-tetrahydropyrimidin-5-yl)(phenyl)methanone,2¢ sodium azide
(2 mmol) and mercuric acetate (1 mmol) in acetic acid (5 mL) was stirred at 100 °C for 6 h.
After completion of the reaction (monitored by thin-layer chromatography), the black sedi-
ment (HgS) was filtrated. Then water was added to the filtrate to give the crude product. It
was recrystallization from butyl alcohol.

RESULTS AND DISCUSSION
Synthesis

Recently, structures change associated with mercury-promoted desulfuriz-
ation reactions, including hydrolysis, cyclizations, and eliminations, have been
reported.27-28 Because of the strong thiophilic affinity of Hg2*, mercuric acetate
was used in the design of formation for HgS. We devised a strategy in which the
azido group would be formed by desulfurization of 3,4-dihydropyrimidine-2-thi-
ones using HgZ". The addition of the Hg?" ion-induced the N3~ to attack the 2-C
atom of pyrimidine, followed by the removal of HgS and the formation of intra-
molecular guanylation. Finally, a stable cyclic product tetrazolo[1,5-¢]pyrimid-
ines were formed through an irreversible desulfurization reaction, as depicted in
Scheme 1.

¢NH ) .;STL 2
Hg

Scheme 1. Formation of tetrazolo[1,5-a]pyrimidines through an irreversible desulfurization
reaction.

In this paper, we aimed to define a general and comprehensive strategy for
the synthesis of tetrazolo[1,5-a]pyrimidine derivatives (Scheme 2).

We chose the reaction of compound 1 and sodium azide as a model reaction
to optimize the reaction conditions. A series of experiments were performed to
evaluate the feasibility of the formation of tetrazolo[1,5-&]pyrimidines. The
results are shown in Table 1. It can be said that compound 1/NaN3z/mercuric(Il)
acetate (1:2:1) at 100 °C in acetic acid is the best result.

Analysis results of all synthesized compounds support the expected struc-
ture. Details of the analysis results are given in the Supplementary material. In
addition to the structural analysis of the obtained compounds, the electronic pro-
perties were also calculated using computer calculation methods.
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CH;COOH /Hg(CH;C00),
-H,0
o Y
1| 4-SCH; 6 |4-SCH;
2 | 4-OH 7 |4-OH
3 | 4-0CH; 8 | 4-OCH;
4|4-H 9 |4-H

Scheme 2. Desulfurization reaction for pyrimidine compounds.

TABLE I. Optimization of reaction conditions for compound 6

Compound 1:NaN3:deS}11furi- Solvent Desulfurization T/°C t/h Yield, %
zation reagent mole ratio reagent

1:2:1 Acetic acid  Mercuric(Il) acetate 25 10 -
1:2:1 Acetic acid  Mercuric(Il) acetate 75 7 65
1:2:1 Acetic acid Mercuric(Il) acetate 100 6 85
1:2:1 Acetic acid Mercuric(Il) acetate 110 6 85
1:2:1 Methanol =~ Mercuric(Il) acetate 65 6 60
2:4:1 Acetic acid Mercuric(Il) acetate 100 6 85
1:2:1 Acetic acid Mercury(Il) chloride 100 6 75
1:2:1 Acetic acid Mercury(Il) chloride 25 12 —

Computational analysis

Geometry optimizations of molecules were studied using Gaussian09. Cal-
culations made DFT based on B3LYP and the 6-31G (d, p) orbital basis sets (Fig.
2).21,29-31

Quantum chemical parameters of synthesized compounds such as y, I, 4, y,
7, w, S, AN and AEpack donation Were calculated according to Karzazi et al.3?
(Table II) using the Gaussian09 program. With this method, it is possible to
predict the corrosion preventive effects of organic molecules.

The adsorption of the molecule to the metal surface causes the inhibitory
effect. When the attachment occurs chemically, the ligand acts as an electron
donor, and the metal acts as an electron acceptor (Fig. 3).

The inhibition effect of the molecule is related to the ground state geometry
of the HOMO and LUMO structures (Fig. 4). The high HOMO region in the
molecule acts as the favorite adsorption area due to its electron density.

Excellent corrosion inhibitors represented by organic compounds behaving,
at the same time, on the one hand as electron donors to unoccupied d orbital of
the metal surface to form coordinate covalent bonds, and on the other hand as the
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acceptor of free electrons from the metal surface by using their antibonding orb-
itals to form feedback bonds. The LUMO energy level of molecules is the mole-
cule’s ability to accept electrons. When the LUMO energy level of the inhibitor
molecule is lower, it is capable of accepting more electrons. The skill of the inhi-
bitor to bind to the metal surface increases with increasing HOMO energy value
and decreases LUMO energy value. Therefore, inhibitors with a lower £y ymo
value are more likely to be accepted onto the metal surface.

s
ab 3

Fig. 2. Optimizations of all compounds.

TABLE II. The quantum chemical parameters for all compounds

Parameter 6 7 8 9
Enomo / eV —4.9564 -5.5164 -5.5183 -6.1793
Erumo/ eV —3.4349 —3.4445 —3.4450 -1.9146
AE | eV 1.5214 2.0719 2.0733 4.2646
Tonization potential, eV 4.9564 5.5164 5.5183 6.1793
Electron affinity, eV 3.4349 3.4445 3.4450 1.9146
Chemical hardness, eV 0.7607 1.0359 1.0366 4.2647
Chemical softness, eV-! 1.3146 0.9653 0.9646 0.2345
Electronegativity, eV 4.1956 4.4805 4.4815 4.0469
Transferred electrons fraction 1.8433 1.2161 1.2148 0.3463
Electrophilicity index 16.6809 12.9347 12.7732 52.437
Dipole moment, D? 5.0377 5.1767 5.1460 5.2688
AE¢ ek donation ! €V} -0.1902 -0.2589 -0.2591 —-1.0662

1 D=3335%x10Cm
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LUMO
AE
—4& HOMO
~—7 Fig. 3. Interaction of organic molecules with the metal surface.
Compound HOMO LUMO
M '
| é
1
, 118
|
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™ \ >

Fig. 4. HOMO and LUMO molecular orbitals.

The energy gap (AE) value indicates the difference between HOMO and
LUMO energy levels. This value is an important parameter that shows the react-
ivity of the inhibitor molecule against adsorption on the metal surface. Low
values of AE have been shown in previous studies to provide good inhibition.33
A molecule with a low AE becomes more polarized and is generally associated
with high chemical activity and low kinetic stability. These structures are called
soft molecules.34 In this study, AE values are listed as 9 > 8 > 7 > 6. As a result,
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it can be said that molecule 6 can show good corrosion inhibitor performance
(Table II).

The dipole moment () of the molecule is an important parameter in deter-
mining the inhibition property. The increase in the dipole moment value inc-
reases the adsorption resolution.33

Chemical hardness (1) and softness (S) are other important properties used to
measure the stability and reactivity of a molecule.36-37 Molecule 6 with values of
n=0.7607 eV and softness S = 1.3146 eV will show the highest inhibition effect.

The fraction of electrons transferred (AN) values were also calculated (Table
I). If AN < 3.6, inhibition efficiency increases.38-40 The global electrophilicity
index (w) and the AEpack donation vValues for the compounds demonstrate that
compound 6 exhibit a good inhibitory effect (Table II).

Molecular electrostatic potentials (MEPs)

MEP provides information on reactive sites for electrophilic and nucleo-
philic attack and hydrogen bond interactions for compounds. MEPs were
obtained at B3LYP/6-31+G (d,p) level for all compounds and are given in Fig. 5.
The negative (red) regions of the MEP indicate electrophilic reactivity and the
positive (blue) regions show nucleophilic reactivity.

Fig. 5. MEPs of all molecules.

Available on line at www.shd.org.rs/JSCS/

(CC) 2022 SCS.



TETRAZOLOPYRIMIDINE DERIVATIVES AS A POTENTIAL CORROSION INHIBITOR 5 83

Non-linear optical (NLO) properties

NLO properties of compounds 6-9 were computed via the B3LYP/6-31+G
(d,p) in the gas phase. Using the equations given below, the total dipole moment
(t0t) by Eq. (1), mean polarizability (o4ot) by Eq. (2), and the average value of
the first hyperpolarizability (Biot) by Eq. (3) can be computed:

Mtot = ﬂxz + /uyz + ﬂzz ()
Otot = (Oxx ayy + 0z2)/3 (2)
,Btot = [(ﬁxxx + ﬂxyy + ,szz)2 +(ﬂyyy + ,Byxx + ﬂyzz)2 +(ﬂzzz + ﬂzxx + ,Bzyy)z]o’5 (3)

Calculated data and other components for the NLO are given in Table III.
TABLE III. Electric dipole moment , polarizability «,; (1033 esu*), and first hyperpolariz-

ability B (1033 esu) for molecules 6-9 obtained by B3LYP level with the 6-31+g (d,p) basis
set

Parameter 6 7 8 9
/D 1.7712 1.3178 1.8906 -0.4527
u,/D 0.1009 1.5123 0.3440 —1.3742
u, /D -0.8864 -0.2771 -0.6759 -0.1959
Hiot 17.1262 17.4944 17.5985 12.6132
Oy —64.7042 -57.1117 -63.0773 10.0268
ay, -61.7315 -60.0122 -59.3779 -12.1679
O, —85.6467 -76.2526 —81.4938 2.1409
Olgot -610.748 -556.879 -587.326 -0.0017
B -24.2020 15.3040 -19.8924 -8.1824
B 21.5054 -9.2419 15.2620 —18.8274
Dz 28.5848 9.5182 28.2566 12.3043
Bovw 8.9387 16.3674 12.4547 -55.1931
B -2.7867 —4.2552 -8.6951 -6.3579
Ji - 1.9177 22.7144 8.5003 —4.4225
Bozz -41.4856 -11.0272 -31.7697 1.0436
Boxx -7.3189 -28.6762 -29.1246 7.3687
B —1.2435 -13.0927 0.2463 4.2575
Brot 491.7667 562.7537 572.1984 594.120

Based on these data, it can be said that compounds with high dipole moment,
high molecular polarizability, and high hyperpolarizability values will be more
active. Based on the calculation results, it is seen that compounds 8 and 9, which
have the highest hyperpolarizability, will show more active NLO properties
compared to other compounds.

In addition to these calculations, the intermolecular bond lengths, bond
angles, and dihedrals of compound 6 were also calculated to serve as an example
(Fig. 6 and Table 1V).

*1 esu=3.336x10"10C
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Fig. 6. The atom numbering for molecule 6.

TABLE IV. Computed data are of selected bond lengths, angles, and dihedral angles for
compound 6

Bond Bond length, A Bond angle, © Dihedral angle, °
C4)(3.2,1) 1.3899631 121.1386464 0.0026262
C(71(3.,2,1) 1.5400001 119.1112575 —179.998045
0(19)(7.,3,2) 1.4300001 109.4712206 —90.0048931
H(5)(1,4,3) 2.1650737 56.7832079 179.994403
N41)(2,1,4) 1.3803306 30.5550539 179.9931916
N(42)(1,41,2) 1.3802752 120.4036192 —0.0121285
N(43)(41,2,1) 1.4575035 132.5559472 179.9923687
N(44)(43,41,2) 1.4076826 108.1755697 —-179.9890161
N(45)(44,43,41) 1.4071737 109.5727945 —0.0030415
C(46) (38,36,33) 2.3355950 131.6261913 —138.3953821
S(50)(46,38,36) 1.4300001 35.2500004 —84.4007167
CONCLUSION

The new tetrazolo[1,5-a]pyrimidine compounds were obtained by reaction
of pyrimidine compounds with sodium azide. The structures of all molecules
were determined by spectroscopic methods such as FT-IR, !H/!3C-NMR, and
elemental analysis. The theoretical corrosion inhibition potentials of the com-
pounds were investigated at the B3LYP/6-31G (d,p) level using density funct-
ional theory (DFT). In addition, molecular electrostatic potential maps and non-
linear optical (NLO) properties of the compounds were calculated theoretically.
According to calculations, compound 6 is considered to be used as a good poten-
tial inhibitor for corrosion.

SUPPLEMENTARY MATERIAL

Additional data and information are available electronically at the pages of journal
website: https://www.shd-pub.org.rs/index.php/JSCS/article/view/10683, or from the corres-
ponding author on request.

Available on line at www.shd.org.rs/JSCS/

(CC) 2022 SCS.



TETRAZOLOPYRIMIDINE DERIVATIVES AS A POTENTIAL CORROSION INHIBITOR 5 85

Acknowledgement. This work was supported by the VanYYU, Project No: FYL-2018-

-7181.

U3BOL
TEOPHUJCKA U3PAYYHABAILA HOBOCUHTETHCAHUX JEPHBATA
TETPA3OJIOIIMPUMHUIHWHA KAO ITOTEHIHJATHUX HHXUBUTOPA KOPO3UJE

ERDEM ERGAN', NURULLAH SEKER?, BEGUM CAGLA AKBAS® n ESVET AKBAS®

'Department of Property Protection and Security, Van Security Vocational School, Van Yuzuncu Yil
University, 65080, Van- Turkey, “Department of Chemistry, Faculty of Science, Van Yuzuncu Yil
University, 65080 Van-Turkey u *Faculty of Pharmacy, University of Inonu, Malatya, Turkey

Y oBom pany nedvHMIaHa je ommTa M CBeoDyXBaTHA CTpaTervja 3a CHHTE3y TeTpa-

30110[1,5-|NUpPUMHUANHCKUX AepuBaTta. JoOHjeHH Cy HOBH TeTpas3ono[1,5-o]nupUMHIUHCKA
MOJIEKY/IM y peakuuju Jecyndypusaluje NMOTIOMOTHYTe JXKUBOM, YKbydyjyhu XuIposusy,
UUKIU3alujy U enuMuHaudjy. CBU MomeKkynu cy okapakrepucanu ca FT-IR, 'H-NMR, “C-
-NMR u enementanHoM aHanu3om. Ca Opyre cTpaHe, MOTEHIHjaId jelUbemha Ka0 MHXHOU-
TOpa Kopo3uje cy u3payyHatd Ha B3LYP/6-31G (d,p) HuBOy TeopujoM (yHKIHMOHANA IyCTHHE
(DFT).

10.

11.

(ITpumsbeHo 19. anpuna, pepunupaHo 14. jyna, mpuxsaheno 4. asrycra 2021)
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