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Abstract—(E)-4-(((3-Methyl-5-oxo-1,5-dihydro-4H-1,2,4-triazol-4-yl) imino) methyl) phenyl 4-bromo
benzene sulfonate (I) and (E)-4-(((3-benzyl-5-oxo-1,5-dihydro-4H-1,2,4-triazol-4-yl) imino) methyl) phe-
nyl 4-bromo benzene sulfonate(II) were prepared and characterized by FTIR and NMR spectroscopic meth-
ods. Density functional theory (DFT) method with 6-311++G(d,p) basis set was used for the theoretical
study of compounds I and II. Optimized molecular structures and spectral parameters were obtained for
compounds. Theoretical spectral data were compared with experimental ones and the presence of intermo-
lecular hydrogen bonds was evaluated. Results show that in the molecular structure of compounds are avail-
able N–H⋅⋅⋅O type strong intermolucular hydrogen bonds. In this study, the inhibition effects of compounds I,
II on AChE and GST enzymes were investigated. While AChE enzyme inhibitors are used in the treatment
of Alzheimer’s disease, GST enzyme inhibitors can be used as anti-cancer drugs. Tacrine and ethacrynic acid
were studied that widely used in the international arena, as standard inhibitors. As a result, we can say that
the molecules we used in the study for the gst enzyme are good inhibitors. In silico analysis was performed to
investigate the possible interactions between the synthesized compounds I, II and the receptor protein.

Keywords: 1,2,4-triazol, 4-bromobenzenesulfonates, IR and NMR spectroscopy, DFT study, AChE and
GST enzymes activities, docking study
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INTRODUCTION

Sulfonates are the most commonly used leaving
groups because of their ease of preparation, good nuc-
leophilic properties, and favorable reaction rates. They
also played an important role in the development of
many fundamental concepts on which modern chem-
istry is based, such as reactions of sulfonate esters,
neighboring group incorporation, solvent effects on
reactivity, reaction mechanisms, non-classical carbo-
cations, and linear free energy relationships [1]. Sul-
fonation is the addition of sulfonic acid groups to mol-
ecules [2] under appropriate reaction conditions. It
was observed that the water solubility of the molecules
obtained at the end of sulfonation increased. It has
been determined that molecules containing sulfate
groups show higher activities in the cell [3, 4]. These

derivatives have higher antitumor, anticoagulant and
antibacterial activity [5–8].

Heterocyclic compounds has been used to develop
important molecules [9, 10]. The design of nitrogen-
containing heterocyclic compounds is also of great
interest. Most heterocyclic compounds have signifi-
cant biological activities, many practical uses [11],
particularly recently considered for the development
of new corrosion inhibitors [12]. Azoles which are het-
erocyclic compounds are one of the most important
nitrogen-containing structures exhibiting various bio-
logical properties. Various triazole analogs have shown
pharmacological activities such as antimicrobial [13–
15], antimalarial [16], antitumor [17], antifungal, anti-
tubercular [18, 19], anti-inflammatory [20], antihista-
mine [21], analgesic [22], antidepressant [23], antiepi-
leptic [24], antihypertensive [25], and antiviral [26].
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Moreover, triazole derivatives are promising agents for
the treatment of Alzheimer’s disease [27]. Many tri-
azole derivatives are used, such as the antibiotic Cefa-
trizine, the anti-HIV agent TSAO, the anticancer
agent CAI, and the antibacterial agent Tazobactum
[28].

Acetylcholinesterase (AChE) is a nonspecific
enzyme that hydrolyzes acetylcholine, which is free or
in combination with phospholipids, has a lipotrophic
effect in tissues. Acetylcholine is a neurotransmitter in
the central nervous system that provides communica-
tion between the brain and cells. Its deficiency causes
regression in memory and cognitive functions. The
release of acetylcholine from neurons stimulates stri-
ated muscles and causes them to contract [29]. Cho-
line, which stands out in vital functions of the body,
plays an active role from the inside out. In addition, it
is effective in cell formation, the functioning of the
nervous and muscular system, and intercellular com-
munication. It also ensures the correct functioning of
the metabolism and regulates the heartbeat [30].The
brain contains neurons that contain acetylcholine. In
the hippocampus part of the brain, it is responsible for
forming new memories. Lack of acetylcholine in the
brain causes Alzheimer’s disease (AD). For this rea-
son, it is of great importance in the brain in terms of
memory and not forgetting memories. Inhibitors of
cholinesterase enzymes can also be used as drugs in
the treatment of AD disease [31].

Glutathione-S-transferase (GST) is a multifunc-
tional enzyme that provides internal balance by cata-
lyzing the first step of mercapturic acid formation in
detoxification metabolism. GST shows antioxidant
properties in terms of eliminating toxic substances
taken with food [32]. Glutathione S-transferases are a
multifunctional enzyme that has an important role in
xenobiotic metabolism. Therefore, the decrease in
GST enzyme activity causes a decrease in the detoxi-
fication ability of the liver. Inhibitors of this enzyme
can be recommended as drugs in the treatment of
damaged tissues [33, 34].

In this study; (E)-4-(((3-methyl-5-oxo-1,5-dihy-
dro-4H-1,2,4-triazol-4-yl)imino) methyl) phenyl 4-
bromobenzenesulfonate (I) and (E)-4-(((3-benzyl-5-
oxo-1,5-dihydro-4H-1,2,4-triazol-4-yl) imino)
methyl) phenyl 4-bromo benzene sulfonate (II) were
synthesized and characterized by FTIR and NMR
spectroscopic methods. The theoretical study was car-
ried out by density functional theory (DFT) method
with 6-311++G(d,p) basis set. the inhibition effects of
compounds I, II on AChE and GST enzymes were
investigated. While AChE enzyme inhibitors are used
in the treatment of Alzheimer’s disease, GST enzyme
inhibitors can be used as anti-cancer drugs. In silico
analysis was performed to investigate the possible
interactions between the synthesized compounds I, II
and the receptor protein.
RUSSIAN JOURNAL O
RESULTS AND DISCUSSION
Synthesis

When the IR spectra of compounds I, II were
examined, the vibrational bands of the carbonyl
(C=O) and amine (NH2) groups of the starting com-
pounds were not observed in the IR spectra. The 1H-
NMR data of the imine group formed as a result of the
reaction of aldehyde and amine appeared as 9.72 and
9.68 ppm of compounds I, II respectively. 13C NMR
peaks of this group (CH=N) were observed at 152.38
and 152.14 ppm. NH protons of the triazole ring for
compounds I, II appeared at 11.84 and 12.00 ppm as
singlet respectively. Carbon peaks of the C=N group
in the triazole ring were observed at 150.95 ppm for
both compounds. Both proton and carbon peaks of
aromatic rings were seen in the expected regions.

Geometry Optimizations
Compound I has two benzene rings and one tri-

azole ring in its molecular structure. In the molecular
structure of compound II, unlike compound I, CH2–
benzene ring is bonded to the C23 atom in the triazole
ring. The optimization of both structures was com-
pleted using the DFT/B3LYP/6-311G++(d,p)
method. Structural parameters resulting from the
optimization can be found in Table 1 and molecular
images of both molecules can be found in Fig. 1. When
comparing the structural parameters of both opti-
mized structures, the focus was on the inductive effect
of compound II on the structural parameters of the
trizazole ring of the CH2-benzene ring bonded from
the C23 atom.

The bond lengths of C23–N25, N25–C24, C24–
N30, N30–N29, N29=C23 and C23–C31 in the tri-
azole rings of compounds I and II are 1.400/1.402,
1.423/1.420, 1.373/1.373, 1.375/1.374, 1.297/1.296,
and 1.490/1.504 Å, respectively. The bond angles
of C31–C23–N25 and C31–C23–N29 are
126.6°/125.1° and 122.7°/124.2°, respectively. C36–
N22–N25–C23 and N22–N25–C23–C31 torsion
angles of compounds I and II are –37.24°/–44.22°
and 5.39°/7.03°, respectively. The dihedral angles
between two phenyl (Bz1: C1–C6; Bz2: C11–C16)
and triazole rings (Tr: N25, C24, N30, N29, C23) in
the structure of compounds I and II are Bz1/Bz2 =
35.87°/26.81°, Bz1/Tr = 30.90°/52.67°, and Bz2/Tr =
30.47°/39.20°, respectively. When the above men-
tioned results of compounds I and II are analyzed, it is
seen that the greatest inductive effect is in dihedral
angles.

Since the structural parameters of compounds I
and II were calculated in the gas phase, comparison
was made with the structural parameters of similar
structures in the solid phase (X-ray) in the literature.
The bond lengths of C–Br, S=O, C=O and C=N and
N–N in triazole ring in the structures of both mole-
cules are 1.910, 1.453 and 1.455/1.454 and 1.455,
F PHYSICAL CHEMISTRY A  Vol. 98  No. 4  2024
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Table 1. Some optimized parameters obtained by DFT/B3LYP/6-311G++(d,p) method of compounds I and II

Compound I
Bond lengths, Å

C1–C2 1.391 S37–O39 1.455 C13–C36 1.465

C2–C3 1.392 S37–O21 1.679 C36–N22 1.280

C3–C4 1.392 O21–C16 1.399 N22–N25 1.372

C4–C5 1.391 C16–C11 1.391 N25–C24 1.423

C5–C6 1.394 C11–C12 1.391 C24–O28 1.209

C6–C1 1.394 C12–C13 1.401 C24–N30 1.373

C6–Br27 1.910 C13–C14 1.405 N30–N29 1.375

C3–S37 1.784 C14–C15 1.386 N29–C23 1.297

S37–O38 1.453 C15–C16 1.394 C23–C31 1.490

Bond angles, deg

C1–C6–Br27 119.2 S37–O21–C16 118.5 N25–C23–C31 126.6

C5–C6–Br27 119.2 C36–N22–N25 119.3 N29–C23–C31 122.7

C3–S37–O38 110.1 N25–C24–O28 128.6 N30–C24–O28 130.3

C3–S37–O39 109.8 N22–N25–C23 132.5 C13–C36–N22 120.8

Torsion angles, deg

C2–C3–S37–O38 –19.77 O38–S37–O21–C16 –56.87 N22–N25–C23–C31 5.39

C4–C3–S37–O39 24.60 O39–S37–O21–C16 75.68 N22–N25–C24–O28 –7.26

Compound II
Bond lengths, Å

C1–C2 1.391 O21–C16 1.399 C24–O28 1.209

C2–C3 1.392 C16–C11 1.390 C24–N30 1.373

C3–C4 1.392 C11–C12 1.391 N30–N29 1.374

C4–C5 1.391 C12–C13 1.401 N29–C23 1.296

C5–C6 1.394 C13–C14 1.405 C23–C31 1.504

C6–C1 1.394 C14–C15 1.386 C31–C37 1.515

C6–Br27 1.910 C15–C16 1.394 C37–C38 1.397

C3–S47 1.784 C13–C33 1.464 C38–C39 1.393

S47–O48 1.454 C33–N22 1.280 C39–C34 1.394

S47–O49 1.455 N22–N25 1.376 C34–C35 1.393

S47–O21 1.680 N25–C24 1.420 C35–C36 1.394

Bond angles, deg

C1–C6–Br27 119.2 S47–O21–C16 117.9 N25–C23–C31 125.1

C5–C6–Br27 119.2 C33–N22–N25 118.3 N29–C23–C31 124.2

C3–S47–O48 110.1 N25–C24–O28 128.6 N30–C24–O28 130.3

C3–S47–O49 109.9 N22–N25–C23 131.9 C23–C31–C37 113.4

Torsion angles, deg

C2–C3–S47–O48 20.89 O48–S47–O21–C16 64.23 N22–N25–C23–C31 7.03

C4–C3–S47–O49 –23.41 O49–S47–O21–C16 –68.32 N22–N25–C24–O28 –8.23
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Fig. 1. The molecular structures for compounds I and II. 

Compound I

Compound II
1.209, 1.297/1.296 and 1.375/1.374 Å, respectively. In
the literature, it was found as 1.897 (2)/1.905 (7),
1.4277 (17) and 1.4239 (16)/1.427 (4) and 1.430 (4)
[35, 36], 1.224 (2)/1.239 (3), 1.288 (2)/1.290 (3) and
1.372 (2)/1.389 (3) Å [37, 38]. The O–C–N bond
angles of both molecules are 128.6° and 130.3°. These
bond angles are 128.01 (18)°/128.20 (18)° and
128.1 (2)°/129.0 (2)° in [37, 38].

It is seen that the calculated structural parameters
of compounds I and II are compatible with the struc-
tural parameters given in the literature (X-ray). The
method used in the calculation of both structures and
the selection of the base function show that they are
correct.

Vibrational Spectra and NMR Spectra
The IR and NMR spectral data for compounds I

and II were obtained at DFT/B3LYP/6-311++G(d,p)
level and given in Tables 2 and 3 as scaled. It can be
seen from Table 2 that theoretical IR data verify the
molecular structures of compounds I and II very well.
For compounds I and II, the N=C–H stretching
bands at 1602 and 1589 cm–1 in FTIR spectra were
obtained as 1645 and 1644 cm–1, respectively. How-
ever, the N–H stretching bands at 3177 and 3169 cm–1

were calculated as 3529 and 3532 cm–1, respectively.
The difference between experimental data and theo-
retical ones are 352 and 363 cm–1, respectively. These
RUSSIAN JOURNAL O
considerable deviations in IR data can be attributed to
the presence of strong intermolecular hydrogen bonds
in the molecular structures of compounds I and II.
Because, DFT calculations were carried out in gas
state and therefore molecular interactions were not
taken into account.

As compared the theoretical and experimental
NMR data given in Table 3, it can be seen that NMR
spectral data are generally very compatible each other
for compounds I and II. CH=N signals in 13C-NMR
spectra were observed as 152.35 and 152.24 ppm and
obtained as 166.96 and 169.98 ppm, respectively. The
CH=N signals at 9.72 and 9.68 ppm in 1H-NMR
spectra were calculated as 8.63 and 8.81 ppm, respec-
tively.

However, NH signals were observed at 11.84 and
12.00 ppm and calculated as 7.94 and 7.86 ppm,
respectively. The deviations for NH signals are
3.90 ppm for compound I and 4.14 ppm for com-
pound II. Deviations from the experimental values for
N–H stretching bands in theoretical IR data are also
present for NH signal in the NMR data. Therefore, it
can be stated that NMR data support the IR results
and similarly point to strong intermolecular hydrogen
bonds of N–H⋅⋅⋅O type in the molecular structure of
compounds I and II.
F PHYSICAL CHEMISTRY A  Vol. 98  No. 4  2024
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Table 2. Some experimental and scaled theoretical vibration frequencies (cm-1) of compounds I and II, obtained with
DFT/B3LYP/6-311++G(d,p)

* ν; stretching.

Assingments*

Compound I Compound II

exp. IR

(cm–1)

calculated (scaled)
exp. IR

(cm–1)

calculated (scaled)

freq.
IIR

(km/mol)
freq.

IIR

(km/mol)

ν(N–H)triaz. 3177 3529 132.70 3169 3532 119.82

ν(C–H)arom 3048 3078–3034 1.85–10.59 3031 3079–3025 2.12–7.71

ν(CH3)as 2883 3001, 2961 4.89, 6.61 — — —

ν(CH3)s 2908 12.43 — — —

ν(N=C–H) 3048 2972 30.71 3031 2962 31.15

ν(CH2)as — — — 2883 2930 3.75

ν(CH2)s — — — 2897 25.38

ν(C=O)triaz 1698 1749 638.97 1703 1745 730.88

ν(N=C–H) 1602 1645 1.74 1589 1644 2.54

ν(N=C)triaz 1602 1609 45.24 1589 1601, 1599 32.47, 18.03

ν(C=C) 1573 1574

ν(O=S=O) 1288 99.62 1288 120.92
Enzym Activities
The inhibition study was carried out in two steps,

IC50 and Ki for both enzymes. The IC50 values of the

Acetylcholineesterase enzyme were found as 2.44–

1.73 for compounds I, II, respectively. R2 values were
found to be 0.9854–0.9843. Tacrine molecule was
used as the standard inhibitor and the results were
compared with compounds I, II. The IC50 value for

the tacrine molecule was 0.48 and the r2 value was
0.9584. After the determination of the IC50 values, the

Ki study, which is another step, was performed and the
effectiveness of the inhibitor was determined by com-
paring it with the standard molecule. The Ki study was
obtained by plotting the lineweaver burk graph and Ki
values of AChE enzyme were found to be 4.1367 ±
0.597 for compound I 5.2233 ± 0.44 for compound II
at micromolar concentration. The Ki value of tacrin,
which was studied as a standard inhibitor, was found to
be 0.8933 ± 0.0666. The inhibition values of this
enzyme are shown in Table 4 and Fig. 2.

When the research findings made in recent years
are examined, it is seen that molecules such as tacrine
and donepezil are generally used as standard inhibi-
tors. Our study findings seem to be compatible with
[39].

When the GST enzyme innovation results were
evaluated, it was seen that the IC50 values of the com-

pounds I, II molecules were in the range of 2.75–1.69

and the r2 values were in the range of 0.9568–0.9722.
RUSSIAN JOURNAL OF PHYSICAL CHEMISTRY A  Vo
Ethacriynic acid, which is widely used as the standard
inhibitor, was used in the study. The IC50 value was

3.15 and the r2 value was 0.9985. Ki values of com-
pounds I, II were found to be 8.1867 ± 6.5654 and
5.7967 ± 5.4957, respectively. The Ki value of the stan-
dard inhibitor was calculated as 24.257 ± 16.598. All
research findings are shown in Table 4 and Fig. 3.

When the literature studies on the GST enzyme are
examined, it is seen that the inhibition studies are sim-
ilarly performed in the form of IC50 and Ki. It is seen

that ethacrynic acid is similarly used in studies as a
standard inhibitor. Inhibition findings at the micro-
molar level are consistent with [40].

Molecular Docking

Molecular docking is a computational method
used in drug discovery and design to predict the bind-
ing orientation and affinity of a small molecule to a
receptor target of interest. It also has become an
important tool in drug discovery and design as it can
accelerate the screening process and reduce the cost
and time required for experimental validation [41]. In
this study, two newly synthesized compounds with a
wide range of biological activities were investigated by
in silico analysis as a potential drug candidate against
glutathione s-transferase.

Glutathione S-transferase (GST) is an enzyme
that plays an important role in the detoxification of
l. 98  No. 4  2024
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Table 3. Experimental and theoretical 1H- and 13C-NMR spectra data of compounds I and II (in ppm)

Atom

Compound I Compound II

exp. calculated (in DMSO) exp. calculated (in DMSO)

C36(I),33(II)=N 152.35 166.96 152.24 169.98

C23=Ntriaz 150.95 150.42 150.93 153.62

C24=Otriaz 151.55 158.14 151.59 158.14

(C1,2,3,4,5,6)arom 133.53

129.68

133.75

129.68

133.53

133.35

139.97

135.19

145.69

135.46

139.99

157.83

133.53

129.95

133.74

129.95

133.53

133.38

139.74

136.23

144.97

136.04

139.74

157.71

(C11,12,13,14,15,16)arom 123.33

130.80

129.97

130.80

123.23

144.65

131.96

141.87

139.64

133.92

132.77

159.86

123.26

130.67

129.99

130.67

123.26

146.69

132.22

141.89

139.33

133.83

132.67

159.86

(C34,35,36,37,38,39)arom — — 127.20

128.92

129.26

136.21

133.41

135.61

137.28

143.14

137.81

135.14

(C31H3) 10.93 15.85 — —

(C31 H2) — — 31.07 38.15

(CH7,8,9,10)arom 7.81–7.90 7.91

8.22

8.27

8.02

7.80–7.92 8.05

8.26

8.22

8.12

(CH17,18,19,20)arom 7.20

7.81–7.90

7.81–7.90

7.20

7.86

8.00

8.80

7.78

7.18–7.32

7.80–7.92

7.80–7.92

7.18–7.32

7.74

8.01

8.78

7.74

(CH40,41,42,43,44)arom — — 7.18–7.32 7.57

7.64

7.57

7.83

7.78

N=CH35(I),32(II) 9.72 8.63 9.68 8.81

(NH26)triazol 11.84 7.94 12.00 7.86

CH32,33,34 2.27 2.34

2.17

2.59

— —

CH45,46 — — 4.05 4.18

3.80
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Table 4. The effects of compounds I and II on glutathione S-transferase acetylcholinesterase enzymes activity

Compounds

IC50, μM Ki, μM

AChE r2 GST r2 AChE GST

I 2.44 0.9854 2.75 0.9568 4.1367 ± 0.597 8.1867 ± 6.5654

II 1.73 0.9843 1.69 0.9722 5.2233 ± 0.44 5.7967 ± 5.4957

Tacrin 0.48 0.9584 — — 0.8933 ± 0.0666 —

Ethacriynic acid — — 3.15 0.9985 — 24.257 ± 16.598
endogenous and exogenous compounds in human

cells. It catalyzes the conjugation of glutathione

(GSH) with a wide range of electrophilic com-

pounds, including carcinogens, environmental tox-

ins, and reactive oxygen species (ROS), to form less

toxic and more water-soluble metabolites that can be

eliminated from the body [42].
RUSSIAN JOURNAL OF PHYSICAL CHEMISTRY A  Vo

Fig. 2. Compound
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The docking results showed that compounds I, II

had appreciably strong binding affinities against gluta-

thione s-transferase. Results of molecular docking

including binding energies, Ki values and interacted

residues are summarized in Table 5. Compound II

showed a higher docking score (–8.20 kcal/mol) with

receptor protein compared to that of the other ligand
l. 98  No. 4  2024
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Fig. 3. Compounds (I, II) on GST. 
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compound I (–7.86 kcal/mol), indicating that com-
pound II showed a strong affinity to GST. Compared
with the reference co-crystal chlorambucil, the newly
synthesized ligands showed higher binding affinity for
receptor. When the interactions between compound II
and GST are examined, it is seen that the ligand has
formed two carbon hydrogen bonds, two pi-alkyl
bonds, one alkyl bond, one pi-sigma bond and one pi-
pi stacked bond, and two of these bonds have an
atomic distance lower than 4 Å. The bond with the
lowest atomic distance was in position Pro9 with the
length of 3.46 Å. On the other hand, the compound I
compound showed strong affinity for the target pro-
tein, similar to the compound II compound. The
ligand compound I formed two conventional hydro-
gen bonds and two pi-alkyl bonds, and two of them
have an atomic distance lower than 3 Å. The strongest
bond of that interaction formed at position Tyr7 with
a length of 2.72 Å. Additionally, profiling of protein-
ligand interactions showed similar interacting key res-
RUSSIAN JOURNAL O
idues (Val19, Tyr7, and Arg13) at the active site of the
receptor protein. The binding poses and interactions
of ligands against receptor protein are presented in
detail in Figs. 4 and 5.

Pharmacokinetics and ADME Prediction

ADME is an acronym that stands for absorption,
distribution, metabolism, and excretion. These are the
four processes that a drug undergoes in the body after
it is administered. Generally, these parameters are
used to evaluate potential interactions between drug
and other non-drug target molecules [43–46]. In
order for a compound to be used as a potential drug, it
should obey the Lipinski rule of five. These are:
(a) molecular weight <500 Daltons, (b) high lipo-
philicity (expressed as logP 5), (c) H-bond donor <5,
(d) H-bond acceptor <10, (e) molar refractivity
between 40 and 130. The SwissADME server was used
to determine whether the two compounds used in the
F PHYSICAL CHEMISTRY A  Vol. 98  No. 4  2024
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Table 5. Summary of two newly synthesized compounds and reference molecule against glutathione s-transferase enzyme
with the binding energies, numbers of hydrogen bonds, number of closest residues, and the interacting residues

* Reference molecule.

Ligand name
Free binding 

energy, 
kcal/mol

Ki value Number 
of HBs

Number of closest
residues Interacting key residues

II –8.20 979.26 nM 2 Tyr108, Leu52, Gln51, Trp38, 
Asn204, Gly205

Tyr7, Phe8, Pro9, Val10, 
Arg13, Ile104, Pro202

I –7.86 1.73 μM 2 Gly205, Phe8, Tyr108, Gly12, 
Ile104, Gln51, Pro53, Asn66, 
Glu97, Leu52, Ser65, Asn204

Tyr7, Val10, Arg13, Gln64

*Chlorambucil –5.25 142.45 μM 5 Thr34, Ile104, Asn204 Tyr7, Phe8, Pro9, Val10, 
Gly12, Arg13, Val35, 
Trp38, Tyr108, Gly205

Table 6. Pharmacokinetics and ADME properties of ligands docked with GST

Lipinski’s rule of five

ligand name mol. weight logP
H-bond 
donor

H-bond 
acceptor

molar 
refractivity

heavy
atoms

aromatic
heavy atoms

rotatable
bonds TPSA

Compound II 513.36 4.01 1 6 123.73 32 23 7 114.79 Å

Compound I 437.27 2.87 1 6 99.25 26 17 5 114.79 Å

ligand name ESOL class GI
absorption

BBB
permeant

Pgp
substrate

bio
availability

Score

PAINS
alerts

synthetic
accessibility violations drug 

likeliness

Compound II Mod. soluble High No No 0.55 0 3.75 Yes, 1 Yes

Compound I Mod. soluble High No No 0.55 0 3.26 No Yes
present study passed Lipinski’s rule of five. The phar-
macokinetic, physicochemical, and drug-like proper-
ties of the compounds were revealed (Table 6). The
results revealed that the two compounds showed good
drug-like properties based on Lipinski’s rule of five,
with additional parameters of drug likeness. There-
fore, we propose that the two newly synthesized mol-
ecules I–II have the potential to work effectively as
novel drugs.

EXPERIMENTAL

Synthesis of 1,2,4-Triazol 4-Bromobenzenesulfonates (I, II)

4-Formphenyl 4-bromobenzenesulfonate and 4-
amino-5-methyl-2,4-dihydro-3H-1,2,4-triazol-3-one/
4-amino-5-benzyl-2,4-d,hydro-3H-1,2,4-triazol-3-one
were placed in the f lask and mixed by controlled heat-
ing in the oil bath at 160–170°C. The reaction opti-
mum conditions were determined by TLC. After 1 h,
the reaction was closed and the contents of the f lask
RUSSIAN JOURNAL OF PHYSICAL CHEMISTRY A  Vo
were cooled. The precipitates were purified from ethyl
alcohol-diethyl ether (1 : 3) (Scheme 1).

(E)-4-(((3-Methyl-5-oxo-1,5-dihydro-4H-1,2,4-
triazol-4-yl) imino) methyl) Phenyl 4-bromo benzene
sulfonate (I). 81.30%, m.p. 225–228°C. IR (KBr, cm–1):
3177 (NH), 3048 (=CH), 2883 (–CH), 1698 (C=O),
1602 (C=N), 1573 (C=C); 1H NMR (400 MHz,
DMSO-d6) δ: 2.27 (s, CH3, 3H), benzene H [7.20 (d,
2H), 7.81–7.90 (m, 6H)], 9.72 (s, N=CH, 1H), 11.84
(s, NH, 1H); 13C NMR (100 Hz, DMSO-d6) δ: 10.93
(CH3), benzene C [123.23 (2CH), 129.68 (2CH),
129.97 (C), 130.80 (2CH), 133.35 (C), 133.53 (2CH),
133.75 (C), 144.65 (C)], 150.95 (C=N triazol), 151.55
(C=O), 152.38 (N=CH).

(E)-4-(((3-benzyl-5-oxo-1,5-dihydro-4H-1,2,4-
triazol-4-yl) imino) methyl) phenyl 4-bromo benzene
sulfonate (II). 80.50%, m.p. 191–194°C. IR (KBr,
cm–1): 3169 (NH), 3031 (=CH), 2883 (–CH), 1703
(C=O), 1589 (C=N), 1574 (C=C); 1H NMR
l. 98  No. 4  2024
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Fig. 4. Binding pose profile of benzyl at the active site of GST by BIOVIA Discovery Studio Visualizer (a), red shaped molecule
represents the receptor and yellow shaped molecule indicates the ligand. 2D (b) and 3D (c) interaction analysis of GST with com-
pound II.

(a)
(b)

(c)

Interactions
van der Waals
Carbon hydrogen bonds
Pi-Sigma

Pi-Pi
Alkyl
Pi-Alkyl

H-Bonds
Donor

Acceptor
(400 MHz, DMSO-d6) δ: 2.27 (s, CH3, 3H), benzene
H [7.18–7.32 (m, 7H), 7.80–7.92 (m, 6H)], 9.68 (s,
N=CH, 1H), 12.00 (s, NH, 1H); 13C NMR (100 Hz,
DMSO-d6) δ: 31.07 (CH2), benzene C [123.26 (2CH),
129.95 (2CH), 129.99 (C), 130.67 (2CH), 133.38 (C),
133.53 (2CH), 133.74 (C), 144.69 (C)], benzyl C [127.20
(CH), 128.92 (2CH), 129.26 (2CH), 136.21 (C)], 150.95
(C=N triazol), 151.59 (C=O), 152.14 (N=CH).
RUSSIAN JOURNAL O
CONCLUSIONS

Compounds I, II were synthesized and character-
ized by FTIR and NMR spectroscopic methods. Den-
sity Functional Theory (DFT) method with 6-
311++G(d,p) basis set was used for the theoretical
study of compounds I and II. Optimized molecular
structures and spectral parameters were obtained for
compounds. Theoretical spectral data were compared
F PHYSICAL CHEMISTRY A  Vol. 98  No. 4  2024
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Fig. 5. Binding pose profile of metyl at the active site of GST by BIOVIA Discovery Studio Visualizer (a), red shaped molecule
represents the receptor and yellow shaped molecule indicates the ligand. 2D (b) and 3D (c) interaction analysis of GST with com-
pound I. 

(a)

(b)

(c)

H-bonds
Donor

Acceptor Interactions
van der Waals
Carbon hydrogen bonds

Pi-Alkyl
with experimental ones and the presence of intermo-
lecular hydrogen bonds was evaluated. Results show
that in the molecular structure of compounds are
available N–H⋅⋅⋅O type strong intermolucular hydro-
gen bonds. The inhibition effects of compounds I, II
RUSSIAN JOURNAL OF PHYSICAL CHEMISTRY A  Vo
on AChE and GST enzymes were investigated. When
all the results are evaluated, it is seen that organic mol-
ecules have a weaker effect for the AChE enzyme than
the standard. Looking at the results for the GST
enzyme, it is seen that both molecules are more effec-
l. 98  No. 4  2024
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Scheme 1. Synthetic pathway for the preparation of compounds I and II.
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tive than the standard. After examining the effects of
these molecules on various cell lines, we can suggest
that they can be marketed as drugs, supported by in
vivo studies. In addition, The docking results showed
that compounds I, II had appreciably strong binding
affinities against glutathione s-transferase. Results of
molecular docking including binding energies, com-
pound II showed a higher docking score
(‒8.20 kcal/mol) with receptor protein compared to
that of the other ligand compound I (–7.86 kcal/mol),
indicating that compound II showed a strong affinity
to GST. The SwissADME server was used to deter-
mine whether the two compounds used in the present
study passed Lipinski’s rule of five. The pharmacoki-
netic, physicochemical, and drug-like properties of
the compounds were revealed. The results revealed
that the two compounds showed good drug-like prop-
erties based on Lipinski’s rule of five, with additional
parameters of drug likeness. Therefore, we propose
that the two newly synthesized molecules I, II have the
potential to work effectively as novel drugs.
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