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Four different selendiazole compounds were handled by computational chemistry methods. Compounds 1,2,3-
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selendiazole, 1,2,5-selendiazole, 1,2,4-selendiazole and 1,3,4-selendiazole were optimized at the B3LYP/6-
31G(d) level. Structural parameters were examined. In the structural determination, IR and NMR techniques,
which are spectroscopic methods, were applied. Quantum chemical parameters giving global properties such as

the highest occupied molecular orbital (HOMO) energy, the lowest unoccupied molecular orbital (LUMO)
energy, hardness (n), softness (o), chemical potential (i), electronegativity (x), electrophilicity index (w),
nucleophilicity index (g), the electron accepting power (w*), electron donating power (w) and polarizability were
investigated for biological activities of selendiazoles. Local electrophilic and nucleophilic regions were
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Introduction

Organoselenium compounds, which are found in trace
amounts in nature, contain carbon (C), selenium (Se) and
sulfur (S) in their skeleton structure. The two nitrogenous
atoms of the mentioned skeletal structure are called
selenadiazole. There are basically four known types of
selenadiazole heterocycles, with atoms in different
positions in the ring structure. These are 1,2,3-
selenadiazole with C-Se—-N-N bond order, 1,2,4-
selenadiazole with N—-C-Se-N bond order, 1,2,5-
selenadiazole with N—C-Se—C—N bond order and 1,3,4-
selenadiazole with N-Se—N bond order given in Figure 1.
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Figure 1. Classification of seleniazoles according to the
position of nitrogen and selenium atoms.

determined using Fukui index functionals. Docking studies of the studied selendiazoles were performed with
proteins representing the cervical cancer cell line and the MCF-7 breast cancer cell line.
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1,2,3-Selenadiazoles are a class of selendiazoles whose
pharmacological applications have been widely studied.
Their derivatives have been evaluated in many studies
such as anti-bacterial and anti-cancer [1,2]. The biological
activity of 1,2,3-selenadiazoles depends on the electron-
accepting and electron-donating properties of the
substituents attached to the carbon atoms in the ring
structure. As in the nature of most chemicals, differences
in functional groups have created differences in their
biological potentials. 1,2,3-selenadiazole derivatives act
as microbial agents such as antifungal [3], antibacterial
[4], antitumor [5], cytotoxic [6] and enzyme inhibitors [7],
as well as having important applications in chemotherapy
and pharmacology [3-7]. In particular, the benzopyrano-
1,2,3-selenadiazole derivatives exhibited antitumor
activity against human cell lines such as MCF-7, VERO
(African green monkey kidney cells), WI-38 (fibroblast
cells) and HEPG-2 (hepatoma cells) [5]. Thioacetanilide
derivatives of 1,2,3-selenadiazole showed anti-HIV activity
against HIV-1 [6]. There are fewer chemical studies of
1,2,4-selenadiazoles than other selenadiazoles [8-15].
1,2,5-Selenadiazoles are a type of selenadiazole that
contains more information in the literature, thanks to the
advantage of the synthesis steps. 1,2,5-selenadiazole
compounds exhibit both biological activity and organic
light-emitting diode properties [16]. 1,3,4-selendiazoles
exhibited physical and biological activity properties on
fungi and MAO-B [10]. In addition to these biological
properties, organo selenium compounds also act as
nonlinear optical potential candidates for electro-optical
properties and sensor application [18,19].
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In this study, the differences of the basic seleniazole
compounds in terms of their structural and molecular
properties are discussed. For this purpose, selendiazole
compounds are studied by computational chemistry
methods. The energy stability of 1,2,3-selendiazole, 1,2,5-
selendiazole, 1,2,4-selendiazole and 1,3,4-selendiazole
compounds is investigated. For structural analysis, bond
lengths, bond angles, differences between IR and NMR
data are examined. Quantum chemical parameters are
compared to predict the biological activities of the studied
compounds. Local eclectrotrophic and nucleophilic
regions are determined using the Fukui index functionals.
The biological activities of the studied selendiazoles with
proteins representing the cervical cancer cell line and the
MCF-7 breast cancer cell line are docked with the help of
simulation.

Calculation Method

Selendiazole compounds were plotted in the program
GaussView 6.0.16 [20]. All calculations were made in
Gaussian  09:AS64L-GO9RevD.01 program and an
imaginary frequency could not be obtained [21]. The
B3LYP method was used in the calculations [22-24]. The
basis set selection is 6-31G(d) [25].

With the Density Functional Theory, it allows the
approximation of quantum chemical descriptors such as
hardness (n), softness (o), chemical potential (u), and
electronegativity (x). In order to correlate the ground
state ionization energy (l) and electron affinity (A) values
of chemical compounds, parameters, finite difference
approach was considered and finally, the following
equations were obtained [26-27].
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In docking studies, compounds and proteins examined
in the MMFF94 method were optimized with

DockingSever [28]. Charge calculations were made using
the Gasteiger method. Neutral media (pH = 7.0) was used
in all calculations. The dimensions of the grid maps were
90 x 90 x 90 A (x, y and z) and were calculated by Solis &
Wets local search method and Lamarckian genetic
algorithm [29].

Results and Discussion

Optimized Structures

Derivatives of the selendiazoles in the literature,
consisting of differences in sulfur, nitrogen and carbon
locations, were optimized at the B3LYP/6-31G(d) level.
The optimized structures obtained are given in Figure 2.
Some bond lengths and bond angles obtained from the
optimized structures of seleniazoles are given in Table 1.

1,2,3-selendiazole

1,2,5-selendiazole

1,2,4-selendiazole

1,3,4-selendiazole

S

W Y

Figure 2. Optimized structures of selendiazoles.

When the bond lengths and angles given in Table 1
are examined, it is generally in the range of 1.845-
1.963 A of Se-C and Se-N bonds. Selenium bonds were
found to be the shortest in 1,2,5-selendiazole
compound. In 1,2,5-selendiazole, selenium is bonded
to two more electronegative nitrogen atoms than
carbon. It is expected that nitrogen atoms will attract
bond electrons to themselves and the bond they form
with selenium is shorter than the others. The lengths
of the N-Cbonds in the studied compounds are around
1.3 A. According to the derivatives of the compounds,
there is not much difference between C-C bonds and
C-H bonds. When their geometric structures are
evaluated according to bond angles, there are
deviations from the cyclopentadienyl structure.
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Table 1. Selected bond lengths and bond angles for selene compounds studied at B3LYP/6-31G(d) level in the gas phase

1,2,3-selendiazole 1,2,5-selendiazole

1,2,4-selendiazole 1,3,4-selendiazole

Bonds (A)
Se-N1 1.963 Se-N1 1.807 Se-N1 1.814 Se-C2 1.872
Se-C2 1.845 Se-N2 1.807 Se-C2 1.867 Se-C1 1.872
N1-N2 1.249 N2-C2 1.310 N1-C1 1.308 C2-N2 1.298
N2-C1 1.381 N1-C1 1.310 C1-N2 1.378 C1-N1 1.298
C1-C2 1.377 C1-C2 1.461 N2-C2 1.302 N1-N2 1.370
C2-C4 1.500 C2-C4 1.503 C1-H1 1.086 C1-H1 1.083
C1-C5 1.504 C1-C3 1.503 C2-H2 1.084 C2-H2 1.083
Bond angles (2)
Se-N1-N2 108.7 Se-N1-C1 107.8 Se-N1-C1 107.4 Se-C1-N1 114.8
N1-N2-C1 120.0 N1-C1-C2 115.9 N1-C1-N2 122.5 C1-N1-N2 114.4
N2-C1-C2 115.0 C1-C2-N2 115.9 C1-N2-C2 1103 N1-N2-C2 114.4
C1-C2-Se 110.2 C2-N2-Se 107.8 N2-C2-Se 112.5 N2-C2-Se 114.8
C2-Se-N1 85.84 N2-Se-N1 92.4 C2-Se-N1 87.1 C2-Se-C1 81.4
Stability of Selendiazoles .
By exarrlin{ng the thermodynamic parameters of 1,2,3-sclendiazole
IR Spectrum
compounds with the same number of electrons, their 01 o ! 3 i:o
stability can be predicted. The total energy (E) and Gibbs =0 & 10 [
free energy (G°) taken into account in predicting the =~ 1 7 | 1s0m
stability of the selendizoles were calculated at the 5107 'ZWE'
B3LYP/6-31G(d) level and are given in Table 2. §§:Z 5 iiﬂ;i
12 tasoT
Table 2. Total and Gibbs free energies of Selendizoles z:: ! ::E
(ki'mol?). 0 500 1000 1500 2,000 2,500 3000 3,500
Frequency (cm™)
Compounds E (kJ'molt) G° (kJ'mol-1) lendiazol
1,2,3-selendiazole -6790280.119660 -6790245.113860 1,2,5-165&"‘1320 c
1,2,4-selendiazole -6790355.014670 -6790316.958053 s 3 re
1,2,5-selendiazole -6790337.838650 -6790300.519796 20 6 T s
1,3,4-selendiazole  -6790281.629322 -6790245.830627 % : 10 g
§ 2 7g 1
The stability of the Selendiazoles can be determined £ 50 3 | 4505
by decreasing the Total and Gibbs free energies. 100 1 i
Selendiazole, which has the lowest energy, has the most 1201 e
stability [30]. Thus, the order of stability of the 140 B . . e Laso
selendiazoles should be: 0 " S . S A
1,2,4-selendiazole
1,2,4- elendiazole > 1,2,5-selendiazole > 1,3,4-selendiazole > & IR Spectrum S
1,2,3 -selendiazole 12
50+ L 50
-]
Considering E and G°, the most unstable selendiazole ?E‘m"* liws
is 1,2,3-selendiazole. However, 1,2,3-selendiazole and :;‘1507 71505“
1,3,4-selendiazole E and G° values are close to each other. “ 200 - g
Therefore, 1,2,3-selendiazole compounds appear in the 250 L2~
literature as derivatives too. The 1,2,4-selenadiazoles may | =
have had fewer chemical investigations than other o s 1,000 Fi;itﬁm(zggg) 250 3000 3500
seleniazoles due to their stability. 1.3.4-selendiazole
IR Spectrum
IR Spectrum ° TV 5 I°
Infrared spectra of molecules are one of the most 1 2 5 6 8 [ %
important methods in structural characterization. The IR 2‘1:: 10y
spectra of the four derivatives constituting the basic -,;m_ flsog
structures of selendiazoles were calculated at the o -200%
B3LYP/6-31G(d) level. Obtained spectra are given in Figure | 7 Loso
2. The peaks in the vibrational spectra of the Selendiazole aesi] 3 s
compounds were numbered. The frequencies in the 07 st 100 150 2000 250 3000 350

spectra were examined in detail with the VEDA program
and listed in Table 3 and Table 4.

Frequency (cm™)

Figure 2. IR spectra of selendiazoles.
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Table 3. Calculated frequencies and labeling of 1,2,3 and 1,2,4-selendiazoles

1,2,3 selendiazole

1,2,4 selendiazole

Mod Freq. (cm™) Label Mod Freq. (cm) Label
1 321 BEND (SeCC) 1 430 STRE (SeN)
BEND (NNC) BEND (SeNC)
BEND (NCC)
2 461 TORS (NNCC) 2 616 TORS (CNCN)
TORS (NCCSe)
3 586 STRE (SeC) 3 792 BEND (CNC)
BEND (NNC) BEND (NCN)
BEND (NCC) BEND (SeNC)
4 632 TORS (HCNN) 4 841 TORS (HCNC)
TORS (NNCC) TORS (CNCN)
TORS (NCCSe)
5 771 TORS (HCSeN) 5 878 BEND (CNC)
TORS (HCNN) BEND (NCN)
TORS (NNCC)
6 790 STRE (SeC) 6 937 TORS (CNCN)
BEND (NNC)
BEND (NCC)
7 869 BEND (SeCC) 7 1119 BEND (HCN)
BEND (NNC) BEND (NCN)
BEND (NCC)
8 1040 STRE (NC) 8 1268 BEND (HCN)
BEND (HCSe)
9 1141 STRE (CC) 9 1315 STRE (NC)
STRE (NC) BEND (HCN)
BEND (HCSe) BEND (NCN)
BEND (HCN)
10 1327 STRE (NC) 10 1415 STRE (NC)
BEND (HCSe)
BEND (HCN)
BEND (NCC)
1 1411 STRE (NN) 1 1542 STRE (NC)
STRE (CC)
12 1507 STRE (NN) 12 3224 STRE (CH)
STRE (CC)
BEND (HCN)
13 3254 STRE (CH)

Table 4. Calculated frequencies and labeling of 1,2,5 and 1,3,4-selendiazoles

1,2,5 selendiazole

1,3,4 selendiazole

Mod Freq. (cm-1) Label. Mod Freq. (cm-1) Label
1 480 TORS (SeNCC) 1 460 STRE (SeC)
BEND (SeCN)
2 568 STRE (SeN) 2 590 STRE (SeC)
BEND (SeNC) BEND (SeCN)
3 737 STRE (CC) 3 832 TORS (HCNN)
BEND (NCC)
4 862 TORS (HCNSe) 4 874 BEND (CNN)
5 893 BEND (NCC) 5 990 STRE (NN)
BEND (CCN)
6 1035 STRE (CC) 6 1219 BEND (HCN)
BEND (HCN)
7 1268 BEND (HCN) 7 1451 STRE (NC)
8 1414 STRE (NC) 8 1467 STRE (NC)
STRE (CC)
BEND (HCN)
9 1556 STRE (NC) 9 3258 STRE (CH)
10 3212 STRE (CH)
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In Tables 3 and 4, the bond stresses corresponding to
the peaks given in the IR spectra of the selendiazoles and
their labeling are given. It is seen that the bond stress
modes correspond to one or more vibrational transitions
with the labels made with the VEDA 4 program, which
considers the calculated frequencies potential energy
distribution (PED) contributions. Therefore, the high
oscillatory strength bond strain modes of the related
compounds were investigated. In general, stretching
(STRE), bending (BEND) and torsional (TORS) vibrations
are also present in selendiazole compounds. Bond
stretching frequencies of selenium and selene-bound
atoms are at low frequency values. The bond stretch
frequencies of 1,2,3-, 1,2,4-, 1,2,5- and 1,3,4-selendiazoles
differ slightly from each other. For example, the N-C bond
stretching frequency in 1,2,3-selendazole is not alone in
the range of 1040, 1141 and 1327 cm, but is seen in a
peak that includes more than one bond stretching
vibrations. C-H bond stretching frequency in 1,2,3-

; -1
selendazole is 3254 cm™t. The 1,2,4-selendazole
1,2,3-Selendiazole 1,2 3-Selendiazole
12 TR 0 2.5
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1 2
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0.2 03 ‘
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v 4
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gLs i1s
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0.5 R . 0.5 e
C 0
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2 24C El
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compound has only the N-C bond stretching frequency at
1415 and 1542 cm™. The C-H vibrational frequency for
1,2,4-selendazole is at 3224 cm™. In the vibration
spectrum of 1,2,5-selendazole, the N-C and C-H
vibrational spectra correspond to 1556 and 3212 cm?,
respectively. N-C bond stretching frequencies for 1,3,4-
selendazole are clearly seen at 1467 and 1451 cm™. The C-
H bond stretching frequency for the mentioned
compound is 3258 cm1.

1H and *C-NMR Spectrum

NMR spectra of molecules are one of the most
essential spectroscopic methods for the identification of
skeletal structure. The chemical shifts of the molecules
examined by computational chemistry methods were
calculated at the B3LYP/6-31G(d) level relative to the
reference tetramethylsilane. Atomic labeling and 1H and
13C-NMR spectra of selendiazole compounds are given in
Figure 3.

Figure 3. Atomic labeling and 3C- and *H-NMR spectra of selendiazoles
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The data shown in Figure 3 give 3C chemical shifts for
the 1,2,3-selendazole molecule. For 1,2,3-selendazole
molecule, it is 143.1 and 131.0 ppm at C1 and C5 atoms,
respectively. The *H chemical shifts are 8.2 and 8.1 ppm
for H6 and H7 atoms, respectively. 13C chemical shifts for
1,2,5-selendazole molecule were calculated as 144.7 ppm
at C3 and C5 atoms. The H chemical shifts are 23.5 ppm
for the H6 and H7 atoms. The 13C chemical shifts for the
1,2,4-selendazole molecule are 177.8 and 156.1 ppm at
the C1 and C5 atoms, respectively. The *H chemical shifts
are 9.7 and 8.8 ppm for H6 and H7 atoms, respectively. 3C
chemical shifts for the 1,3,4-selendazole molecule were
determined as 152.6 ppm at C2 and C3 atoms. 'H chemical
shifts were found to be 8.9 ppm for H6 and H7 atoms. The
calculation results meet the theoretical expectations.
Nitrogen is an electronegative atom and attracts more
electrons than neighboring carbon atoms with lower
electronegativity. This results in less shielding of carbon

nuclei. Less shielded nuclei exhibit higher chemical shift
values. For this reason, there are differences in the
chemical shift values of the carbon atoms and
subsequently the hydrogen atoms in the molecules.

Quantum Chemical Parameters

Quantum chemical parameters such as the highest
occupied molecular orbital (HOMO) energy, the lowest
unoccupied molecular orbital (LUMO) energy, hardness
(n), softness (o), chemical potential (i), electronegativity
(x), electrophilicity index (w), nucleophilicity index (g), the
electron accepting power (w+) and electron donating
power (w-) have an important place in biological activity
studies. The quantum chemical parameters calculated at
the B3LYP/6-31G(d) level for the studied selendiazole
molecules are given in Table 5 in detail.

Table 5. Quantum chemical parameters calculated for selendiazole compounds

Parameters 1,2,3-selendiazole 1,2,5-selendiazole 1,2,4-selendiazole 1,3,4-selendiazole
Enomo (eV) -6.5969 -6.8146 -7.6647 -7.6114
Erumo (eV) -2.0760 -1.8901 -1.7059 -1.8640
AE 4.5209 4.9245 5.9588 5.7474
n (V) 2.2605 2.4622 2.9794 2.8737
c (eVh 0.4424 0.4061 0.3356 0.3480
x (eV) 4.3364 4.3524 4.6853 4.7377
u(evV?h -4.3364 -4.3524 -4.6853 -4.7377
® 4.1595 3.8467 3.6840 3.9054
€ 0.2404 0.2600 0.2714 0.2561
o 1.5583 1.4296 1.3323 1.4315

™ 6.610 6.331 6.399 6.633

o 84.1150 82.9273 57.0193 57.8453

The HOMO and LUMO orbital energies can provide a
comparison of the electron-donating and electron-
accepting abilities of molecules, respectively. It has been
noted that the HOMO orbital represents the electron-
donating ability and its high values belong to a good
inhibitor. Low LUMO molecular orbital energy and energy
gap values between HOMO and LUMO orbitals indicate
that the molecule does not want to donate electrons and
that electron exchange is easy, respectively. It is clear
from the data presented for the energies of the leading
molecular orbitals in the table above that the biological
activity trends of the studied molecules follow the
following order:

1,2,3-selendiazole > 1,2,5-selendiazole > 1,3,4-
selendiazole > 1,2,4-selendiazole

Hardness, softness and polarizability, which are among
the quantum chemical parameters, can be illuminated in
the light of numerical values with electronic structure
principles of the molecule's activity behaviors. Chemical
hardness is reported as resistance to electron cloud
polarization or deformation of molecules [31]. According
to Pearson, hard molecules have energy gap values
between the high-energy HOMO and LUMO orbitals and
are visualized in Figure 4 by contour diagrams. The shapes
of the HOMO and LUMO molecular orbitals indicate that

the electron-donating orbitals of the compounds are
different, but the electron acceptor regions can be
generally taken into similar lobes. The global softness of
the molecules is equal to the opposite sign of their
hardness. Soft and polarizable molecules have high
activities. Electronegativity represents the electron-
withdrawing forces of molecules and chemical potential
electron-donating forces. The electrophilicity index
reflects the tendency to accept electrons from electron-
rich chemical species. The nucleophilicity index indicates
the tendency to donate electrons to chemical species. It
can be said that molecules with low electronegativity and
electrophilicity index and high chemical potential and
nucleophilicity index are more advantageous in terms of
biological activities. Moreover, the parameters known as
electron donation strength and electron-accepting
strength provide important clues about the electron-
donating and electron-accepting abilities of molecules. A
molecule with effective biological activity should easily
donate electrons.

In this case, the activity order of the selendiazoles
examined according to the mentioned parameters can be
evaluated as follows.
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1,2,3-selendiazole > 1,2,5-selendiazole > 1,3,4- Table 6 shows that 4(N) is the most suitable site for
selendiazole > 1,2,4-selendiazole electrophilic attack for selendiazole compounds. However,
the nucleophilic attack sites of the selendiazole compounds

vary according to the derivatives of the compounds.
1,2,3-selendiazole 1,2,5-selendiazole

1.2.3-selendiazole

Erumo=- 2.0760eV E; inio™ -1:8901eV
AE=4.52096V AE=49248eV
Enouo=-6.59696V Eponio™ 581806V

?

1,2.4-selendiazole 1,3,4-selendiazole

1,2,5-selendiazole

Evpvuo=-1.705%V Ervaio=-1.8640eV

45-5 95836V ﬂi's TV

Eﬂm.lo— -7.6647eV Elma.ro— -7.6114eV

® &3

Figure 4. Frontier molecular orbital contour diagrams of
selendiazoles

Fukui Indexes

Fukui indices are very important for the analysis of the
local atomic activities of Selendiazoles. The calculated Fukui
indices of the examined molecules are presented visually in
Figure 5. It is important to note that higher f- values
represent sites of electrophilic attack, while a higher f+ value
corresponds to sites suitable for nucleophilic attack. From
the presented image, suitable regions for electrophilic and
nucleophilic attacks of the studied molecules can be seen. In
addition, electrophilic and nucleophilic indices of atomic- As a result, it has been observed that heteroatoms are
sized selendiazoles are given in Table 6. the most active atoms. This highlights the important role

Figure 5. Electrophilic and nucleophilic regions of
investigated selendiazoles.
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of selendiazole molecules in their activity and interaction
ability.
Table 6. Fukui function indices of the selendiazoles

1,2,3-selendiazole

1,2,5-selendiazole

Atoms Electrophilicity Nucleophilicity Atoms Electrophilicity Nucleophilicity
1(C) -0.03340 -0.51984 1(Se) -1.03668 -0.25482
2(Se) -0.67610 -0.32125 2(N) -0.00094 -0.55512
3(N) -0.06783 -0.68865 3(C) -0.03585 -0.21159
4(N) 0.00095 -0.35577 4(N) -0.00094 -0.55512
5(C) -0.31700 -0.00336 5(C) -0.03585 -0.21159
6(H) -0.05410 -0.17575 6(H) -0.06002 -0.11449
7(H) -0.08148 -0.09374 7(H) -0.06002 -0.11449

1,2,4-selendiazole

1,3,4-selendiazole

Atoms Electrophilicity Nucleophilicity Atoms Electrophilicity Nucleophilicity
1(C) -0.02217 -0.57550 1(Se) -0.43817 -0.29090
2(Se) -0.74968 -0.27509 2(C) -0.22625 -0.55817
3(N) -0.02516 -0.18116 3(C) -0.11865 -0.55817
4(N) 0.02114 -0.53582 4(N) 0.07060 -0.07091
5(C) -0.27691 -0.13805 5(N) -0.28278 -0.07091
6(H) -0.07471 -0.09915 6(H) -0.06359 -0.16308
7(H) -0.05237 -0.17724 7(H) -0.05620 -0.16308
Molecular Docking contains multidentate small molecule VHR inhibitors that

In recent years, molecular docking studies have been very
popular in biological activity studies. Thanks to the determined
protein sequences of biological systems, the activity studies of
the drug candidate molecules examined can be predicted. In
this way, information about the interaction energies and
binding modes of the biological system with the chemical
species can be obtained without loss of time and matter. For
this purpose, biological activities of selendiazole derivatives,
which basically contain structural differences, against cervical
cancer cells and human MCF-7 breast cancer cells were
investigated by molecular docking studies. The protein
representing the cervical cancer cell line from the protein data
bank was identified as PDB ID: 3F81 [32]. Loss of VHR
phosphatase induces cell cycle arrest in Hela carcinoma cells,
suggesting that VHR inhibition may be a useful approach to
arrest the growth of cancer cells. The 3F81 target protein

inhibit enzymatic activity at anomolar concentrations and
exert antiproliferative effects on cervical cancer cells. For the
protein representative of the human MCF-7 breast cancer cell
line, the target protein PDB ID: 3HY3 [33] was preferred. 5,10-
Methenyltetrahydrofolate synthetase (MTHFS) regulates
carbon flux through a one-carbon metabolic network that
supplies essential components for cell growth and
proliferation. Inhibition of MTHFS in human MCF-7 breast
cancer cells has been shown to arrest the growth of cells. The
lack of three-dimensional structure of human MTHFS
(hMTHFS) has hindered the rational design and optimization of
drug candidates. The 3HY3 target protein was chosen to
examine this deficiency. The interaction energies between
selendiazoles and selected target proteins and secondary
chemical interactions during binding are given in Tables 7 and
8, respectively. The binding modes obtained from the docking
results are given in Figure 6.

Table 7. Docking energies (kcal/mol) between selendizoles and target proteins

Target proteins 3F81 3HY3

Compounds Eginp Eseconpary EtoraL Eginp Eseconpary EtoraL
1,2,3-selendiazol -4.37 -4.10 -4.37 -4.32 -4.27 -4.32
1,2,5-selendiazol -3.60 -3.49 -3.60 -3.77 -3.71 -3.77
1,2,4-selendiazol -3.38 -3.23 -3.38 -3.75 -3.69 -3.75
1,3,4-selendiazol -4.18 -3.99 -4.18 -4.17 -4.11 -4.17

The energies obtained from the docking results; binding
energy (Eanp), secondary chemical interaction energy
(Eseconpary) and total interaction energy (Etora). According to
these energy values, it is seen that 1,2,3-selendiazole interacts
better with the target protein representing the cervical cancer

cell line and its biological activity is higher than other
selendiazoles. A similar situation shows that the biological
activity of 1,2,3-selendiazole compound against the target
protein representing the MCF-7 breast cancer cell line is high.
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In addition, the results show that there is a general trend in the
biological activity ranking of selendiazole.

1,2,3-selendiazole > 1,3,4-selendiazole > 1,2,5-selendiazole > 1,2,4-selendiazole
Table 8. Binding modes between selendizoles and target proteins

Target Proteins 3F81 3HY3
Compounds H-bond Polar Hydrophobic Pi-Pi H-bond Polar Hydrophobic Pi-Pi
1,2,3-selendiazole = CYS124  ARGI25 - TYR128 - - PROB81 -
ARG130 ILE111
1,2,5-selendiazole - ARGI125 MET69 - GLY136 - ILE62 PHESS
ARG130 LEU173 PRO135
GLN178
1,2,4-selendiazole ASP92 ASP92 CYS124 - PROB81 GLN113 LEUS6 -
CYS124  ARGI130 PRO112 PROB81
ILE111
1,3.4-selendiazole = CYS124  ARGI25 - - LEUS6 -
ARG130 PROB81
ILE111

1,2,3-selendiazole

1,2,5-selendiazole

1,2,4-selendiazole

1,3,4-selendiazole

Figure 6. Binding modes between selendiazoles and target proteins.

Conclusion

1,2,3-selendiazole, 1,2,5-selendiazole, 1,2,4-
selendiazole and 1,3,4-selendiazole compounds, which
are the basic structures of the seleniazole compounds,
were optimized at the B3LYP/6-31G(d) level. The obtained
structural parameters showed differences in the
cyclopentadienyl ring with respect to the selendiazole
derivative. The stability of the derivatives of Selendizole

compounds was investigated. The most stable structure
was determined as 1,2,4-selendiazole and the most
unstable structure was 1,2,3-selendiazole. For structural
characterization, IR and NMR techniques, which are
spectroscopic methods, were applied in detail and the
differences between the obtained spectra were
compared. Activity estimations were made according to

254



Erkan, Dikyol / Cumhuriyet Sci. J., 43(2) (2022) 246-256

quantum chemical parameters such as the highest
occupied molecular orbital (HOMO) energy, the lowest
unoccupied molecular orbital (LUMO) energy, hardness
(n), softness (o), chemical potential (u), electronegativity
(x), electrophilicity index (w), nucleophilicity index (g), the
electron accepting power (w*), electron donating power
(w) and polarizability. It is predicted that the activity will
increase according to the order of indecision. The local
electrophilic and nucleophilic regions were examined
using the Fukui index functionals, and the active regions
of heteroatoms were obtained from calculations.
Selendiazole derivatives were found to exhibit activity
parallel to quantum chemical parameters as a result of
docking studies with proteins representing cervical cancer
cell line and MCF-7 breast cancer cell line.
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