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Abstract: This work presents the characterization of 4-benzyl-3-(2-
hydroxyphenyl)-1H-1,2,4-triazole-5(4H)-thione ~ (III) by quantum chemical
calculations and spectral techniques. The molecular geometry, vibrational
frequencies and gauge including atomic orbital (GIAO) 'H and *C NMR chemical
shift values of III in the ground state have been calculated using the density
functional method (B3LYP) with the 6-31G(d,p) basis set. To determine
conformational flexibility, the molecular energy profile of the title compound was
obtained by using B3LYP/6-31G(d,p) method with respect to the selected torsion
angle, which was varied from —180° to +180° in steps of 10°. The calculated results
show that the optimized geometry can well reproduce the crystal structure, and
the theoretical vibrational frequencies and chemical shift values show good
agreement with experimental values. In addition, DFT calculations of molecular
electrostatic potentials and frontier molecular orbitals of III were carried out at the
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B3LYP/6-31G(d,p) level of theory. The title compound was screened for
antibacterial, antifungal and antioxidant activities.
AMS subiject classifications: 81-08, 97M60
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1 Introduction

Triazole and its derivatives represent an important class of heterocycles. They are of
biological important and are used in the synthesis of drugs [1,2]. A number of 1,3,4-
thiadizoles showed antibacterial properties similar to those of well-known sulphonamide
drugs [3]. Thus the thiadiazole nucleus, which incorporates an N-C-S linkage, exhibits a
large number of biological activities [4]. Derivatives of 1,2,4-triazole have been reported to
exhibit diverse biological activities [5-11]. Triazole derivatives are also used in the synthesis
of antibiotics, fungicides, herbicides, plant growth hormone insulators [12] and potentially
good corrosion inhibitions [13,14]. In addition there are some studies on electronic structures
and thiol-thione tautomeric equilibrium of heterocyclic thione derivatives [15-16]. 1,2,4-
Triazoles are very useful ligands in coordination chemistry. The utilization of the 1,2,4-
Triazole moiety as a part of ligand system in metal complexes has gained considerable
attention in recent years [17-19]. The application of triazole ligand lies in medical research-
complex with Pt(II) [20] exhibit antitumor activity (human cancer) similar to Cisplatin.

Density functional theory (DFT) has been one of the widely used theories in theoretical
modeling during recent years. By means of the development of better exchange-correlation
functionals, it has become possible to calculate many molecular properties which have
accuracies that can be comparable to traditionally correlated ab initio methods, all these
could be done with more favorable computational costs [21]. It has been figured out during
the literature survey that in reproducing the experimental values in geometry, dipole
moment, vibrational frequency etc. DFT has a precise accuracy [22-26].

The aim of this study is to investigate the energetic and structural properties of the 4-
benzyl-3-(2-hydroxyphenyl)-1H-1,2,4-triazole-5(4H)-thione ~ (Figure 1), wusing density
functional theory calculations. In this study, the optimized geometry, vibrational spectra and
assignments, molecular electrostatic potential (MEP) and the statistical energetic parameters
of III have been studied. These calculations are valuable for providing insight into molecular
properties of 1,2,4-triazole compounds. Besides the characterization of the title compound,
the biological activities of the III, such as antibacterial, antifungal and antioxidant activities
were investigated.
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Figure 1: Chemical diagram of 4-benzyl-3-(2-hydroxyphenyl)-1H-1,2,4-triazole-5(4H)-thione.

2 Experimental

2.1 Synthesis

For the synthesis of (II), a mixture of (I) (0.01 mol) and benzyl isothiocyanate (0.01 mol) in
absolute ethanol (100 ml) was refluxed for 8 h. The solid material obtained on cooling was
filtered off, washed with diethyl ether, dried and crystallized from ethanol-dioxane (yield
84%; m.p. 487 K). IR (v, cm™): 3425, 3300 (N-H, O-H), 1672 (C=0), 1262 (C=S). For the
synthesis of (III), a stirred mixture of (II) (0.01 mol) and sodium hydroxide (0.01 mol, as a 2
N solution) was refluxed for 4h. After cooling, the solution was acidified with hydrochloric
acid and the precipitate was filtered off. The precipitate was then crystallized from a
methanol-dioxane mixture (yield 95%; m.p. 471-473 K). IR (v, cm™): 3298 (O-H), 3216 (N-H),
1628 (C=N). 'H NMR (400MHz, DMSO-ds, 24°C): 5.16 (s, 2H, N-CH2), 6.79-7.34 (m, 9H, Ar-
H), 10.40 (s, 1H, OH), 13.94 (s, 1H, NH). Elemental analysis: C, 63.55; H, 4.60; N, 14.85.

2.2 Physical measurements

Melting points were determined on a Thomas Hoover melting point apparatus and
uncorrected, but checked by differential scanning calorimeter (DSC). KBr pellets on a
Perkin-Elmer Spectrum one FT-IR spectrophotometer was used in order to record FT-IR
spectra of III in 4000-400 cm™ region. Electronic spectral studies were conducted on a
Shimadzu model UV-1700 spectrophotometer in the wavelength 1100-200 nm. The 'H and
13C spectra were taken on Bruker AC-400 NMR spectrometer operating at 400 MHz for 'H-,
100 MHz for 3C-NMR. Elemental analyses were done on a LECO-CHNS-938. Compound
was dissolved in DMSO-ds and chemical shifts were referenced to TMS (*H and 3C NMR).
Starting chemicals were provided by Merck or Aldrich. The synthesis reaction of III is

shown in Figure 2.
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Figure 2: The reaction for the synthesis of title compound.

2.3 Antibacterial activity

The synthesized compound III was screened for their antibacterial activity against
Escherichia coli (ATTC-25922), Staphylococcus aureus (ATTC-25923), Pseudomonas aeruginosa
(ATCC-27853) and Klebsiella pneumoniae (recultured) bacterial strains by serial plate dilution
method [27,28]. Serial dilutions of the drug in Muller-Hinton broth were taken in tubes and
their pH was adjusted to 5.0 using phosphate buffer. Standardized suspension of the test
bacterium was inoculated and incubated for 16-18 h at 37 °C. The minimum inhibitory
concentration (MIC) was noted by observing the lowest concentration of the drug at which
there was no visible growth. A number of antimicrobial discs are placed on the agar for the
sole purpose of producing zones of inhibition in the bacterial lawn. Agar media were
poured into each Petri dish. Excess of suspension was decanted and placing in incubator at
37 °C for 1 h dried the plates. Using an agar punch, wells were made on these seeded agar
plates and minimum inhibitory concentrations of the test compounds in DMSO were added
into each labeled well. A control was also prepared for the plates in the same way using
DMSO as solvent. The Petri dishes were prepared in triplicate and maintained at 37 °C for
3—-4 days. Antibacterial activity was determined by measuring the diameter of inhibition
zone. Activity of each compound was compared with Ciprofloxacin as standard [29,30].
Zone of inhibition was determined for title compound the results are summarized in Table 1.
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Table 1 Minimum inhibitory concentration (MIC, pg/mL) data of the title compound against

a number of bacteria.

MIC in pg/mL and zone of inhibition (mm)

Compound
E.coli K. pneumoniae P. aeruginosa S. aureus
Title Compound 1250 (11-15) 12,50 (11-15) 6.25(16-20)  6.25 (16-20)
Ciprofloxacin 6.25 (16-20) 6.25 (16-20) 6.25(1620)  1.56 (22-30)

Note: the MIC values were evaluated at concentration range, 1.56-25 pug/mL.

2.4 Antifungal activity

Newly prepared compound was screened for their antifungal activity against Aspergillus
flavus [NCIM No.524], Aspergillus fumigatus [NCIM No. 902], Penicillium marneffei [recultured]
and Trichophyton mentagrophytes [recultured] in DMSO by serial plate dilution method [31].
Agar media were prepared by dissolving peptone (1 g), D-glucose (4 g) and agar (2 g) in
distilled water (100 mL) and adjusting the pH to 5.7. Normal saline was used to make a
suspension of spore of fungal strains for lawning. A loopful of particular fungal strain was
transferred to 3 mL saline to get a suspension of corresponding species. Agar media of 20
mL were poured into each Petri dish. Excess of suspension was decanted and plates were
dried by placing in an incubator at 37 °C for 1 h. Using an agar punch each labeled well were
made on these seeded agar plates and MIC of the test compounds in DMSO were added into
each labeled well. A control was also prepared for the plates in the same way using solvent
DMSO. The Petri dish were prepared in triplicate and maintained at 37 °C for 3-4 days.
Antifungal activity was determined by measuring the diameter of the inhibition zone.
Activity of each compound was compared with Ciclopiroxolamine as standard. Zones of
inhibition were determined for title compound the results are summarized Table 2.

Table 2 Antifungal activity of title compound.

MIC in pg/mL and zone of inhibition (mm)

Compound
P. marneffei  T. mentagrophytes A. flavus A. fumigatus

Title Compound 12,50 (11-15)  6.25 (16-20) 12.50 (11-15)  12.50 (11-15)
Ciclopiroxolamine  6.25 (16-20)  3.125(27-33)  3.125(25-30)  6.25 (16-20)

Note: the MIC values were evaluated at concentration range, 1.56-25 ug/mL.
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2.5 DPPH free radical scavenging activity

Free radical scavenging activity of the title compound was determined by measuring the
change in the absorbance of DPPH® (1,1-diphenyl-2-picrylhydrazylradical) at 517 nm
spectrophotometrically. Stock solutions of 500 pM of tested sample and DPPH*® were
prepared in DMSO. 400 uL of DPPH* solution was added to sample solution at different
concentrations (500, 1000, 1500, 2000 and 2500 uL) and appropriately diluted with DMSO to
total volume of 4.0 mL. A 400 pL from DPPH" stock solution was also diluted to 4.0 mL
using DMSO as solvent to make the control. The reaction mixtures were thoroughly mixed
by shaking the test tubes vigorously and incubated at 25 °C for 60 min in a water bath in the
dark. Absorbance at 517 nm was measured and the solvent was corrected throughout.
Ascorbic acid was used as a standard (using the reference antioxidant) for this test. The
DPPH (1,1-diphenyl-2-picrylhydrazyl) radical scavenging method was chosen to determine
the antioxidant potential of the target compounds in comparison with the commercially
available antioxidant Ascorbic acid at the same concentrations. The scavenging effect was
calculated using the following equation [32]:

Ao — 4s

Scavenging activity (%) = X 100

0
where As is the absorbance of the DPPH* in the presence of the tested compound and Ao is
the absorbance of the DPPH" in the absence of the tested compound (control). The data for
antioxidation presented as means + SD of three determinations.

2.6 Computational methods

The molecular geometry was taken directly from the X-ray diffraction result unrestrainedly.
In the following step, the Gaussian 09W software package [33] was used to make the DFT
calculations with a hybrid functional BSLYP (Becke's Three parameter hybrid functional by
means of the LYP correlation functional) with the 6-31G(d,p) basis set using the Berny
method [34-35]. At the same level of the theory, the harmonic vibrational frequencies for the
optimized structure were assessed and the frequencies obtained scaled by 0.9608 [36].
Gauss-View molecular visualization program was used to carry out vibrational band
assignments [37].

To investigate the reactive sites of III the molecular electrostatic potentials were
evaluated using B3LYP/6-31G(d,p) method. A preliminary search of low energy structures
was carried out with B3LYP method using 6-31G(d,p) basis set. In addition, frontier
molecular orbitals (FMO) for the title compound were performed with B3LYP/6-31G(d,p) the
optimized structure.
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3 Results and discussion

3.1 Description of the crystal structure

The crystal structure of III is monoclinic and space group P2i/n, Mw = 283.34, a = 5.7387 A, b
= 23.842 A, ¢ = 10.3045 A, B= 104.655, and V= 1364.0 A3, Dx = 1.380 g/cm?3. Additional
information for the structure determinations are given in Table 3. The molecule of (III) is
non-planar. The triazole ring plane forms dihedral angles of 18.99 (7) and 89.35 (7)° with the
hydroxyphenyl and benzyl substituent ring planes, respectively [C1-C6—-C7-N2 = 17.1 (3)°,
C5-C6-C7-N1=19.8 (3)°, C8-N1-C9-C10 =98.6 (2)° and C7-N1-C9-C10 =-86.2 (3)°].

Table 3: Crystallographic data for title compound [16].

Chemical formula CisH13N3OS
Formula weight 283.34
Temperature (K) 296
Crystal system Monoclinic
Space group P2im

Unit cell parameters

a(A) 5.7387(5)

b (A) 23.842(3)

c (A) 10.3045(9)
B(°) 104.655(6)
Volume (A% 1364.0(2)

Z 4

Dcalc (g/cm?) 1.380
Crystal size (mm) 0.74 x0.43x0.05
Reflections observed [I >20(I)] 1737
Data/parameters 2673/181

R [F>20(F?)] 0.044

wR (F?) 0.109
Goodness-of-fit on Indicator 0.87
Structure determination SHELX97
Refinement Full matrix
Apmax, Apmin (e/ A3) 0.16, -0.26

An intramolecular O-H-N hydrogen bond exists between the hydroxyphenyl group
and the triazole N atom and N-H--S intermolecular hydrogen bonds are observed in the
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crystal structure (Table 4 and Figure. 3). An N3-H3--S1! hydrogen bond links inversion-
related molecules into dimers. The N---S distance [3.287 (2) A] in this interaction is shorter
than the mean value of 3.44 (1) A reported for such hydrogen bonds [38]. Also, the N-H---S
angle (175°) is wider than the mean angle of 158 (1)°.

Table 4: Hydrogen bonding geometry (A,°) for the title compound.

D-H-A D-H H-A D--A D-H--A
N3 — H3---S1 0.86 2.43 3.287 (2) 175
O1 - H1--N2 0.82 1.91 2.631 (3) 146

Symmetry code: (i) 3-x, -y, —z.

Figure 3: A packing diagram for title compound, showing the intermolecular interactions
(dashed lines). Hydrogen atoms omitted for clarity.

3.2 Optimized geometry

The optimized parameters like bond lengths, bond angles, and dihedral angles of III were
taken by using the B3LYP/6-31G(d,p) method. The atomic numbering design of the
theoretical geometric structure is given in Figure 4b. The geometric parameters which
accounted with the experimental data from the study are listed in Table 5. The slight
conformational discrepancies are observed between the X-ray structure of III and its
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optimized counterparts (see Figure 5). It is clear that the experimental results and the
theoretical calculations are for the solid phase and for the gas phase sequentially. The
existence of a crystal field along with the intermolecular interactions connects the molecules
together, which results with some differences in bond parameters between the calculated
and experimental values in solid state. The orientation of the phenyl ring of III proved the
most notable discrepancy, and is defined with torsion angle N1-C9-C10-C11 [-14.2(3)°],
which is calculated at —35.5° for B3LYP/6-31G(d,p) level.

Figure 4: (a) Ortep-3 diagram of the title compound (b) The theoretical geometric structure
of the title compound (with B3LYP/6-31G(d,p) level).

The structures obtained from theoretical calculations is globally compared through a
logical method that superimposes molecular skeleton with what obtained from X-ray
diffraction, which in conclusion gives a RMSE of 0.240 A for B3LYP/6-31G(d,p) (Figure 5).
This magnitude of RMSE can be explained by the fact that the intermolecular Coulombic
interaction with the neighboring molecules are absent in gas phase, whereas the
experimental result corresponds to interacting molecules in the crystal lattice [39].

Table 5: Selected molecular structure parameters.

Parameters Experimental B3LYP/6-31G(d,p)
Bond lengths (A)

S(1)-C(8) 1.673 (2) 1.671
O(1)-C(1) 1.355 (3) 1.348
N(1)-C(8) 1.379 (2) 1.395
N(1)-C(7) 1.385 (2) 1.392
N(1)-C(9) 1.461 (2) 1.467
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N(2)-C(7) 1.308 (2) 1.317
N(2)-N(@3) 1.368 (2) 1.364
N(3)-C(8) 1.334 (2) 1.355
C(6)-C(7) 1.458 (3) 1.465
C(9)-C(10) 1.500 (3) 1.518
RMSE? 0.001
Bond Angles (°)

C(8)-N(1)-C(9) 121.40 (16) 121.62
C(7)-N(1)-C(9) 130.44 (16) 129.43
C(1)-C(6)-C(7) 119.48 (19) 118.90
C(5)-C(6)-C(7) 123.20 (20) 122.68
N(1)-C(9)-C(10) 114.47 (16) 115.55
RMSE? 0.516
Dihedral angles (°)

C(1)-C(6)-C(7)-N(2) 17.1 (3) 221
C(5)-C(6)-C(7)-N(1) 19.8 (3) 259
C(8)-N(1)-C(9)-C(10) 98.6 (2) 99.0
C(7)-N(1)-C(9)-C(10) -86.2(3) -91.5

@ Between the bond lengths and the bond angles computed by the
theoretical method and those obtained from X-ray diffraction.

Figure 5: Atom-by-atom superimposition of the structures calculated (red) over the X-ray

structure (black) for the title compound. Hydrogen atoms omitted for clarity.
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3.3 IR spectroscopy

DFT/B3LYP method with 6-31G(d,p) basis set was used for calculating harmonic vibrational
frequencies of III, and Gauss-View molecular visualization program for the vibrational band
assignments. The vibrational frequencies were analyzed for facilitating the assignment of the
observed peaks and the results of our calculation for III were compared with the
experimental results (Table 6). The consistency of the experimental results with our
calculations gives good conclusions in general.

Figure 6 shows its results. The OH group vibrations are found to be the possibly most
sensitive to environment; therefore they show pronounced shifts in the spectra of the
hydrogen-bonded species. The optimum absorption region of non-hydrogen-bonded or a
free hydroxyl group is 3550-3700 cm™ regions [40]. In case of their presence in molecule,
intra- and intermolecular hydrogen bonding reduces O-H stretching band to 3000-3550 cm™
region [41]. The IR spectra of III with an intense and relatively sharp band at maximum 3298
cm™ was assigned to the stretching vibrations of the sub-group in the intramolecular O
H:N hydrogen bonds formed between N2 atom and O atom of hydroxyl group. This band
has been calculated at 3368 cm™ for B3LYP level.

Table 6: Comparison of the experimental and calculated vibrational frequencies (cm-1).

Assignments ]i’l;pf\;f}i‘igil B3LYP/6-31G(d,p)
v (N-H) 3216 3547
v (O-H) 3298 3368
vs phenol (C-H) 3080 3110
vs phenol (C-H) 3093
vs phenyl (C-H) 3091
vass phenol (C-H) 3083
vass phenyl (C-H) 3071
vass phenyl (C-H) 3061
vas phenyl (C-H) 3035 3049
vas(C-H) 2995 3000
vs (C-H) 2935 2938
v phenol (C=C) 1620 1610
v phenyl (C=C) 1598
v phenyl (C=C) 1578

v phenol (C=C) 1582 1570
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v (C=N) +v (C=C) 1536 1522
y (C-H) of phenyl 1490 1481
Y (C-H) of phenol 1478
y (C-H) + a (C-H) +y (N-H) 1453
y (C-H) + w (C-H) + y (N-H) 1445
« (C-H) 1392 1421
w (C-H) 1375 1370
0 (C-H) + v (N-N) + v (C-N) 1256
y (C-H) of phenol + v (C-O) 1230 1250
v (C-N-C) 1150 1220
a phenyl (C-H) 1140 1166
a phenol (C-H) 1144
v (N-N) + a phenol (C-H) 1092
0 phenol (C-H) 962
v (C-C) of ethyl + 5(C-H) 941
0 (C-H) 740 823
0 (C-C-C) of phenol 726
0 (C-N-C) +d (C-C-Q) 703
O (N-C-5) 657
@ (b)
100 100
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Figure 6: (a) FT-IR spectrum of the title compound. (b) Simulated B3LYP level IR spectra.

255

In the literature, some N-H stretching modes observed for the different substituent-
triazole ring are 3383 cm™ [42] and 3417 cm™ [43] as experimentally. In our study, the N-H
stretching mode was observed at 3216 cm™ which has a red shift and the cause of this shift is
the intermolecular N3-H3---S1 hydrogen bonding. The red shifting is further enhanced by

the reduction in the N-H bond order values, occurring due to donor-acceptor interaction
[44]. These differences of O-H (70 cm™) and N-H stretching vibrations (331 cm™) occurred
between the results of the experimental and calculations are due to the consideration of the

isolated molecules (in gas phase) in the calculation method.
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The aromatic C-H stretching, C-H in-plane bending and C-H out-of-plane bending
vibrations appear in 2900-3150 cm™!, 1100-1500 cm! and 700-1000 cm™ frequency ranges,
respectively. The C-H aromatic stretching mode was observed at 3080 cm! experimentally,
and calculated at 3110-3049 cm™! for B3LYP. The bands at 2995 cm™ correspond to the
asymmetric stretching CH2 modes. The C-H in-plane bending vibrations computed at 1481,
1370 and 1250 cm™ by B3LYP/6-31G(d,p) method shows excellent agreement with FT-IR
bands at 1490, 1375 and 1230 cm™™. The theoretically computed values of the angles bending
vibration modes show good agreement with the experimental values. The other vibrational
frequencies can be seen in Table 6.

3.4 NMR spectra

B3LYP method with 6-31G(d,p) basis set was used in order to calculate GIAO 'H and *C
chemical shift values (with respect to TMS), which then compared with the experimental 'H
and 13C chemical shift values. Table 7 shows the results of the aforementioned calculation.

Table 7: Theoretical and experimental 1H and 13C isotropic chemical shifts (with respect to

TMS, all values in ppm) for the title compound.

Experimental (ppm) Calculated (ppm)

Atom (DMSO-de) B3LYP/6-31G(d,p)
1 153.21 151.88
2 110.87 111.78
C3 123.30 125.54
C4 109.10 111.15
cs5 124.56 121.94
C6 102.14 104.8

C7 145.04 145.99
cs8 166.43 167.89
C9 4527 49.82
C10 131.36 130.54
C11 120.87 121.07
C12 122.05 122.55
C13 124.75 120.89
Cl4 120.05 121.51
C15 117.29 119.79
2H (N-CHb) 5.16 4.74 and 6.41

9H (Ar-CH) 6.79-7.34 7.13-8.11



M. Koparir et al. / Commun. Comput. Chem., 1 (2013), pp. 244-268 257

1H (NH) 13.94 9.13
1H (O-H) 10.40 10.32

We have calculated 'H chemical shift values (with respect to TMS) of 10.32—4.74 ppm at
B3LYP/6-31G(d,p) level, whereas the experimental results are observed to be 10.40-5.16
ppm. The singlet observed at 5.16 ppm is assigned to C(9)H: that has been calculated at 4.74
and 6.41 ppm. The aromatic protons resonate at 6.79-7.34 ppm multiplet experimentally,
that have been calculated at 7.13-8.11 ppm. In different substituent-1,2,4-triazole, the H
chemical shift of N-H were observed to be 11.33-13.56 ppm [45]. The NH hydrogen of the
1,2,4-triazole ring appears at 13.94 ppm, and is determined computationally at 9.13 ppm.
The signal assigned to proton of the OH is observed at 10.40 ppm. This was calculated 10.32
ppm at B3LYP level. Because the intermolecular hydrogen bonds in molecular structure of
III are neglected in the calculations, we can say that this difference between experimental
and calculated chemical shifts is due to N-H--S and O-H--N intermolecular interactions.

We have calculated 3C chemical shift values (with respect to TMS) of 49.82-167.89 ppm
with B3LYP/6-31G(d,p), while, the experimental results were observed to be 45.27-166.43
ppm. As can be seen from Table 7, theoretical '"H and *C chemical shift results of the title
compound are generally closer to the experimental chemical shift data.

3.5 Molecular electrostatic potential

The formulation of molecular electrostatic potential (ESP) around a molecule at a point r in
the space is (in atomic units)

_ Za p(r)dr
VO =2 R T

Za is the charge on nucleus A located at Ra and p(r) is the electron density. The first
term in the expression represents the effect of the nuclei and the second represents that of
electrons. The two terms have opposite signs and therefore opposite effects. V(r) is their
resultant at each point r; it is an indication of the net electrostatic effect produced at the
point r by the total charge distribution (electrons + nuclei) of the molecule. Electrostatic
potential correlates with dipole moment, electronegativity, partial charges and site of
chemical reactivity of the molecule. It provides a visual method to understand the relative
polarity of a molecule. While the negative electrostatic potential corresponds to an attraction
of the proton by the concentrated electron density in the molecule (and is colored in shades
of red on the ESP surface), the positive electrostatic potential corresponds to repulsion of the
proton by atomic nuclei in regions where low electron density exists and the nuclear charge
is incompletely shielded (and is colored in shades of blue). By definition, electron density
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isosurface is a surface on which molecule’s electron density has a particular value and that
encloses a specified fraction of the molecule’s electron probability density. The electrostatic
potential at different points on the electron density isosurface is shown by coloring the
isosurface with contours. The graphical representation of the molecular electrostatic
potential surface (MEP or ESP), as described by Politzer and Truhlar [46] is a series of values
representing the evaluation of the interaction energy between a positively charged (proton)
probe and points on a solvent accessible surface as defined by Connolly [47-49].

The electron density isosurface onto which the electrostatic potential surface has been
mapped is shown in Figure 7a and Figure 7b for III. Such surfaces depict the size, shape,
charge density and site of chemical reactivity of the molecules. The different values of the
electrostatic potential at the surface are represented by different colors; red represents
regions of most negative electrostatic potential, blue represents regions of most positive
electrostatic potential and green represents regions of zero potential. Potential increases in
the order red < orange < yellow < green < blue.

- 0.0356 a.u. \

+0.0617 a.u.

Figure 7a: Molecular electrostatic Figure7b: Molecular electrostatic potential
potential mapped on the p(r) =0.0004 a.u.  mapped on the p(r) = 0.0004 a.u. isodensity
isodensity surface for III. surface for III.

Two projections of the ESP surfaces — one in molecular plane and the other in
perpendicular planes — in the case of III are shown in Figure 7a and Figure 7b. Negative
regions in the studied molecule were found around the O1 atom and S1 atom of triazole ring.
The negative V(r) values are —0.035 a.u. for S1 atom, which is the most negative region,
—0.033 a.u. for Ol atom which is a less negative region. However, a maximum positive
region is localized on the H atom of the triazole ring with a value of +0.061 a.u. indicating a
possible site for nucleophilic attack. According to these calculated results, the MEP map
shows that the negative potential sites are on electronegative atoms as well as the positive
potential sites are around the hydrogen atoms.
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3.6 Frontier molecular orbitals

The energy of the LUMO is directly related to the electron affinity and characterizes the
susceptibility of the molecule towards attack by nucleophiles [50]. An electron affinity (EA)
refers to the capability of a legend to accept precisely one electron from a donor. However,
to influence the interacting systems, covalent or hydrogen bonding may take place which
can result in a partial charge transfer [51]. A current approximation is to use Koopman’s
theorem to express these quantities in terms of the frontier one electron energy levels:
HOMO and LUMO [52-55]. The energy of the HOMO is directly related to the ionization
potential (IP) and characterizes the susceptibility of the molecules towards attack by
electrophiles. Hard nucleophiles have a low HOMO energy while hard electrophiles have a
high LUMO energy [50]. The operational definition of LUMO and HOMO in the context of
DEFT can be written as:

EA =—¢(LUMO
IP = —EHOMO

where EHOMO and ELUMO correspond to the Kohn Sham [56] one electron eigen values
associated to the frontier molecular orbital: HOMO and LUMO, respectively. IP and EA
refer to ionization potential and electron affinity of the system respectively. The HOMO-
LUMO energy values of III are shown in Figure 8. HOMO-LUMO energy gap is used as a
quantum chemical descriptor in establishing correlations for chemical and biochemical
systems [57]. A large HOMO-LUMO gap implies high stability for the molecules in the
sense of its lower charge transfer in complexes. Polarizability is another characteristic
property which is related to HOMO-LUMO energy gap. Soft molecules with small energy
gap will be more polarizable than hard molecules. The comparatively lower value of the
ELUMO-EHOMO (Fig. 8) of III shows that the molecule is polarizable and biologically
active [58]. As seen from Fig. 8, both in the HOMO and HOMO-1, electrons are delocalized
on the S1 atom and triazole ring. For the LUMO electrons are mainly delocalized on the
triazole and phenol rings. The value of the energy separation between the HOMO and
LUMO is -4.404 eV.
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LUMO +1

Eion==-0.442 eV

LUMO
(First excited state)

Eyo =-1.3216V
A

NAE=-4.4044 eV

\
HOMO

(Groundstate)

Eiono=-5.7254 eV

HOMO -1

Ejppue. = - 5.984 eV

Figure 8: Molecular orbital surfaces and energy levels given in parentheses for the LUMO
+1 , LUMO, HOMO and HOMO -1 of the title compound computed at B3LYP/6-31G(d,p)
level.
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3.7 Conformational analysis

To define the preferential positions of phenol and phenyl ring with respect to triazole ring, a
preliminary search of low energy structures was performed using DFT/B3LYP method with
6-31G(d,p) basis set as a function of the selected degrees of torsional freedom, ¢1 (N1-C9-C8-
C11) and ¢2 (N2-C7-C6-C5). ¢1 and ¢2 dihedral angles are coordinates related to
conformational flexibility. The respective values of the selected degrees torsional freedom,
¢1 (N1-C9-C8-C11) and ¢2 (N2-C7-C6-C5), are in optimized geometries -35.538 and -157.400°,
respectively for B3LYP/6-31G(d,p). Energy maps with respect to rotations about (¢1, ¢2)
torsion angles are presented in Figure 9a and 9b.

In these calculations, ¢1 and ¢2 were changed from -180° to +180° at a constant
increment of 10° and all other geometrical parameters were optimized. In consequence a
flexible surface was obtained and shown in Figure 9b. Figure 9b indicates that there are four

energy minima on the rotational potential energy surface of III.

@, (N2-C7-C6-C5)(*)

@, (N1-C9-C10-C11)(*)

Figure 9a: Top view of the heat of formation Figure 9b: The flexible potential energy
surface for 4-benzyl-3-(2-hydroxyphenyl)- surface of 4-benzyl-3-(2-hydroxyphenyl)-1H-
1H-1,2,4-triazole-5(4H)-thione 1,2,4-triazole-5(4H)-thione

The parameters concerning minima have been given in Table 8. The low energy
domains located around ¢1 = 0° are symmetric images, so there are only two independent
minima which are located at ¢1 = — 55°, ¢2 = 68° (a); 1 = — 74°, (2 = — 54° (b). Energy
difference between the most favorable and unfavorable conformers, which arises from
rotational potential barrier calculated with respect to the selected torsion angle, was
calculated as 0.0173 a.u.
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Table 8: The minimums in the maps of the potential energy surfaces.

Minimum  ¢1 (NI-C9-C8-C11) P2 (N2-C7-C6-C5) Total energy (a.u.)

a -55 -68 -1217,11372

a' 127 68 -1217,11376

b -70 -54 -1217,11621

b' 112 53 -1217,11623
3.8 Biological study

3.8.1 Antibacterial and antifungal activity

The investigation of antibacterial and antifungal screening data revealed that the title
compound showed good inhibition at 1.56-25 mg/mL in DMSO. The screening result
indicates that title compound tested exhibited significant antibacterial and antifungal
activities when compared with the reference drug. The title compound was found to be
same potent as the reference drug, ciprofloxacin, in case of P. aeruginosa.

Structure and biological activity relationship of title compound showed that presence of
hydroxy groups attached to phenyl ring to the triazole ring of the title compound is
responsible for good antimicrobial activity [59]. In conclusion the present study showed that
the synthesized compound can be used as template for future development through
modification and derivatization to design more potent and selective antimicrobial agents.

3.8.2 Antioxidant activity

It has been reported that the antioxidant activity of the phenolic compounds depends on
their molecular structure, especially on their hydrogen-donating ability and subsequent
stabilization of the formed phenoxy radical [60]. As shown in Table 9, the title compound
has scavenging activity between 45.5% and 85.3% within the investigated concentration
range. The antioxidant activity of the title compound is obvious that the scavenging activity
increases with increasing sample concentration in the range tested. This activity can be
explained on the basis of their structure as these derivatives posses phenolic hydroxyls
which are available as hydrogen donors to the DPPH radical.
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Table 9: Antioxidant scavenging activity data of the title compound on DPPHe free radical
at different concentrations.

DPPH scavenging activity (%)

Tested Compound
62.5 UM 125uM  1875uM 250 uM 312.5 uM

Title Compound 455 + 0.2 574 + 03 709 £ 03 782 0.1 85.3 + 0.1

Ascorbic acid®? 550 + 0.2 650 + 02  75.0

I+

02 85.0=+02 950 =02

a Ascorbic acid, was used as a standard.

4 Conclusions

The investigation of the present work is illuminate the spectroscopic properties such as
molecular parameters, frequency assignments and magnetic properties of title compound by
using FT-IR, 'H and C NMR techniques and tools derived from the density functional
theory. The synthesis and analysis of such substances both experimental and theoretically
has been important contribution in field of computational materials science and
technology. Due to the lack of experimental information on the structural parameters
available in the literature, the optimized geometric parameters (bond lengths and bond
angles) was theoretically determined at B3LYP/6-31G(d,p) level of theory and compared
with the structurally similar compounds. The X-ray structure is found to be very slightly
different from its optimized counterpart, and the crystal structure is stabilized by N-H--S
and O-H--N hydrogen bonds. It was noted here that the experimental results belong to solid
phase and theoretical calculations belong to gaseous phase. In the solid state, the existence of
the crystal field along with the intermolecular interactions have connected the molecules
together, which result in the differences of bond parameters between the calculated and
experimental values. Despite the differences observed in the geometric parameters, the
general agreement is good and the theoretical calculations support the solid-state structure.
The vibrational FT-IR spectrum of the III was recorded and computed vibrational
wavenumbers. The magnetic properties of the title molecule were observed and calculated
the same method. The chemical shifts were compared with experimental data in DMSO
solution, showing a very good agreement both for C and 'H chemical shifts. When all
theoretical results scanned, they are showing good correlation with experimental data. The
antimicrobial activity study revealed that the title compound showed good antibacterial and
antifungal activities against pathogenic strains. The antioxidant activity of the title
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compound is obvious that the scavenging activity increases with increasing sample
concentration in the range tested.
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