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Abstract. We report herein the synthesis, quantum chemical electronic structure, Hirshfeld surface and
molecular docking studies of 3-anisaldehyde thiosemicarbazone (I). The compound has been characterized by
NMR ('H, '*C) and IR spectroscopy. Hirshfeld surface analysis has been performed to understand the
intermolecular interactions. The quantum chemical calculations show good consistency between the predicted
and experimental parameters. Molecular docking studies of I with two different cancer target enzymes exhibit
higher binding energy than its ortho substituted analogue.
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1. Introduction

Thiosemicarbazones are important class of compounds
consisting of N, S, donor atoms and have been
investigated extensively with different metals.'™ They
are prepared by the condensation of primary amines
with carbonyl compounds and have received a thrust
of interest because of their versatile bonding and
biological activities related to the antitumor, antiviral,
antitubercular, antibacterial, antihypertensive and
antimalarial properties.” They also exhibit various
interesting properties which are utilized in many
analytical applications.*’

Thiosemicarbazone metal compounds of iron and
copper are extensively investigated for their antipro-
liferative activity.®” Research in the area of treatment
of cancer has created a considerable interest among
researchers and has rapidly increased in the last few
decades.>® The soft donor atoms (N and S) in
thiosemicarbazone ligand have the ability to form a
chelate compound with suitable metals resulting a
potential anticancer drug. A large number of
thiosemicarbazone derivatives have been studied

*For correspondence

widely for their anticancer activities exhibiting
interesting results.'®'" The design and discovery of
anticancer drugs are associated with huge failure rate
in terms of toxicology and safety issues.'>"'* Theo-
retical methods are developed to identify the lead
compounds having drug like properties. Molecular
docking method is a powerful technique used by the
scientists and researchers worldwide to identify the
molecule in a binding site from energy and stereo
chemical consideration. Identifying novel, selective
anticancer moiety with a computational approach has
gained much popularity in recent years.

In this article, we report the synthesis and structure
of 3-anisaldehyde thiosemicarbazone (I) along with its
spectroscopic characterization using IR and NMR ('H,
13C) analysis. Close intermolecular interactions in this
compound were investigated by Hirshfeld surface
analysis. The electronic structure of I has been
investigated computationally by ab initio and density
functional theory (DFT) calculations. Further, few
QSAR properties are also calculated from DFT cal-
culation. Molecular docking study has been performed
to understand the binding affinity of I with
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topoisomerase III beta domain and Human Thiore-
doxin Reductase (TrxR)-Thioredoxin (Trx) enzymes.
The former enzyme is essential for removal of super
coiling of DNA and is considered as a good option for
anticancer target'> and the latter is an essential com-
ponent of the TrxR—Trx system which plays a pivotal
role in regulating multiple cellular redox signaling
pathways. In recent years TrxR/Trx complex has been
increasingly recognized as an important modulator of
tumor development, and hence targeting this complex
is a promising strategy for cancer treatment.'® This
study may help to understand the inhibitory potential
behavior of I and provide significant implications for
the development of new anticancer drugs.

2. Experimental
2.1 Material and techniques

'H and '>C NMR spectra were recorded on a JEOL-
AL-400 spectrometer operating at 400 MHz. The IR
spectrum was recorded on an Agilent FT-IR
spectrometer.

2.2 Preparation of 3-anisaldehyde
thiosemicarbazone

Thiosemicarbazide and 3-anisaldehyde were procured
from Sigma Aldrich and used without any further
purification. All other reagents and solvents were
purchased from commercial sources and were of
analytical grade. 3-Anisaldehyde thiosemicarbazone,
(I), was prepared by literature method'’ with slight
modification. It was prepared by refluxing a mixture
of 3-anisaldehyde (2.7 mL, 0.01 mM) and thiosemi-
carbazide (2.008 g, 0.01 mM) in a mixture of
methanol (30 mL) and water (10 mL) as the solvent
medium in presence of glacial acetic acid (2-3 mL).
The reaction in absolute methanol as solvent did not
result in desired product. But use of methanol+water
in 3:1 ratio resulted the formation of I. The reaction
mixture was refluxed for about 3—4 h, resulting in a
yellow colored solution, which was kept undisturbed.
The next day, a crystalline yellow product was
obtained (Scheme 1). It was recrystallized using
MeOH-CH;CN and further studied using X-ray
crystallography [The cif file deposited in CCDC is
assigned the number 1553591. Details of crystallo-
graphic data are included in supporting information
(Table S1, Figures S1 and S2)].
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m.p.: 159 °C, Yield 81%; IR (cm_l): L(N-H,) 3394,
3278; v(-N-H) 3153; v(C=N) + v(C=C) + & (NH,)
1591, 1533, 1468; v (C=S) 833, 920 cm ™.

"H (DMSO-dg, ppm): 11.43 (s, H); 8.00, 8.05 (d.
2H); 6.92-7.29 (m, 4H); 3.78 (s, 1H).

13C (DMSO-dg, ppm): 177.95 ppm (s, C=S), 55.30
(s, OCHjy), 110.92-142.18 (m, Ph-C), 159.57 (s, C-N)

'H and "C NMR chemical shifts are in the expected
range and confirms the formation of (I).

2.3 Computational details

Quantum chemical calculations using Hartree-Fock
(HF) and Mgller-Plesset perturbation theory of sec-
ond order (MP2) were implemented using GAUS-
SIAN 16 program package.'® The density functional
theory (DFT) calculations were also performed for
rigorous, comparative analysis of better description
of experimental data for the studied compound. The
DFT methods with hybrid functional are known to
provide excellent compromise between accuracy and
computational efficiency. For DFT calculation, the
geometry optimization was carried out by CAM
(Coulomb attenuated Method)-B3LYP functional, '’
which combines the hybrid qualities of B3LYP and
the long range correction in order to provide high
accuracy results. To compare the results, calculation
using B3LYP functional was also performed. For
both ab initio and DFT calculations, the split
valence basis set 6-3114++4G(d,p) was chosen as the
addition of polarization and diffuse functions
improve the accuracy of the calculated results. The
only exception is MP2 calculation which was per-
formed using 6-3114+G(d) basis set because of our
limited computational resources. The initial geome-
try was taken from a single crystal X-ray data
(CCDC 1553591) and subjected to optimization.
Further, vibrational frequency calculation was per-
formed to get IR frequencies and also to confirm the
structure as true energy minima as revealed by the
absence of imaginary frequencies. Moreover, some
electronic properties such as energy of highest
occupied molecular orbital (Egomo) and lowest
unoccupied molecular orbital (Epymo), energy gap
between HOMO and LUMO (Eg,,), hardness (n),
softness (o) were calculated using Koopman’s the-
orem.”® Partial atomic charges were calculated using
CHELPG scheme by Breneman and Wiberg.?' This
method is known to be more realistic and superior
than Mulliken population analysis in terms of basis
set invariability.
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Scheme 1. Preparation of 3-anisaldehyde thiosemicarbazone (I).

2.4 Hirshfeld surface studies

The program Crystal Explorer 17.5,** was used to
perform Hirshfeld surface analysis to gain additional
insight and to quantify the intermolecular interactions
of the molecular crystal. The calculation was per-
formed using the cif file (CCDC 1553591) of the
crystal synthesized. Hirshfeld surface analysis® is an
effective tool for understanding intermolecular inter-
actions and packing modes in molecular crystals. The
electrostatic potential surfaces are plotted with red
region which is a negative electrostatic potential (hy-
drogen acceptors) and blue region which is a positive
electrostatic potential (hydrogen donor). The normal-
ized contact distance d,,,, Which is related to de
(distance from the point to the nearest nucleus external
to the surface) and di (distance to the nearest nucleus
internal to the surface) and the van der Waals (vdW)
radii of the atom, given by equation (1), enables
identification of the regions of particular importance in
terms of intermolecular interactions:** *

= ) R+ (dy

The d,om Vvalues are mapped onto the Hirshfeld
surface using a red-blue-white colour scheme: red
regions correspond to closer contacts with negative
dnorm Value, the blue regions correspond to longer
contacts with positive d,om, value and the white
regions are those where the distance of contacts is
exactly the van der Waal’s separation and with a d, o,
value of zero. Another two colour coded properties
e.g. shape index and curvedness which are based on
the local curvature were also mapped. The shape index
is extremely sensitive to the change in surface shape.
The curvedness is a measure of the shape of the sur-
face area of the molecule. Further 2D fingerprint (FP)
plot with combination of de and di provides summary
of intermolecular contacts in the crystal. The break-
down of FP into specific atom...atom contacts in a
crystal provides the types of intermolecular contacts
experienced by the molecule quantitatively.

dnorm = (d; - rgdw)/rgdw (1)

2.5 Molecular docking study

Patchdock server-Bioinfo 3D, a molecular docking
algorithm®® was used to carry molecular docking cal-
culations of the synthesized compound, I. The ortho
substituted compound 2-anisaldehyde thiosemicar-
bazone (IT) has also been studied computationally to
understand the effect of position of the methoxy group
on binding energy with the amino acid on the active
site of the enzymes Topoisomerase III beta domain
(PDB id 5GVC) and Human thioredoxin reductase
(PDB id 3QFA). Both the enzymes, SGVC and 3QFA
were downloaded from Protein Data Bank as PDB
files. 5SGVC was chosen with a resolution of 2.44 A,
R-Value free of 0.229 and R-Value work of 0.182
(https://www.rcsb.org/structure/SGVC),  https://doi.
org/10.2210/pdb5gve/pdb. 3QFA was chosen with a
resolution of 2.200 A, R-Value free of 0.283 and
R-Value work of 0.237 (https://www.rcsb.org/struc
ture/3QFA), https://doi.org/10.2210/pdb3qgfa/pdb.
Water molecules attached to these enzymes were
removed so that they do not cause any interference
during the docking study. The structure of the syn-
thesized compound I was drawn and cleaned using
ChemSketch software and a mol file was generated
which was then converted into PDB format using a
smile translator. The PDB file of synthesized com-
pound I was given a default PDB id of tclcactvs000-
RiBvGy. For comparative study, compound (II) was
prepared using the previously stated method and given
a default PDB ligand id: tclcactvs0007SdCY. Both
these compounds were then docked into the active site
of two different enzymes SGVC and 3QFA one by
one. The docking was done at root mean square
deviation (RMSD) of atomic position value of 4 as the
standard value. The result of enzyme-compound
interaction was then viewed using molegro molecular
viewer. The viewing results of the docked molecules
(enzyme—compound) were saved in as MVDML For-
mat. Docking results from Patchdock produce 20 best
enzyme—compound interactions in different positions.


https://www.rcsb.org/structure/5GVC
https://doi.org/10.2210/pdb5gvc/pdb
https://doi.org/10.2210/pdb5gvc/pdb
https://www.rcsb.org/structure/3QFA
https://www.rcsb.org/structure/3QFA
https://doi.org/10.2210/pdb3qfa/pdb
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Table 1.
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Selected bond lengths from calculations using 6-311+4G(d,p) basis set [* for MP2

the basis set is 6-3114-G(d)] and by X-ray crystallography for the compound I.

Bond distances (A)

Atom Atom Exp (X-ray) (MP2)* HF CAM-B3LYP B3LYP
S1 c9 1.690(17) 1.654 1.681 1.667 1.675
02 Cl15 1.371(2) 1.363 1.344 1.357 1.363
02 C22 1.422(2) 1.422 1.401 1.414 1.422
N5 N3 1.375(2) 1.357 1.355 1.353 1.355
N6 C9 1.346(2) 1.354 1.328 1.340 1.346
N5 C10 1.274(2) 1.296 1.254 1.273 1.283
N3 c9 1.314(2) 1.379 1.346 1.365 1.372
C10 C12 1.463(2) 1.462 1.475 1.464 1.462
C12 C13 1.389(2) 1.400 1.379 1.387 1.396
C12 C20 1.401(2) 1.410 1.398 1.400 1.407
C13 Cl15 1.389(2) 1.403 1.395 1.394 1.399
C15 Cl6 1.376(3) 1.402 1.382 1.389 1.396
Cle6 C18 1.400(3) 1.406 1.395 1.395 1.400
C18 C20 1.371(3) 1.391 1.373 1.379 1.384

Fire dock was used to filter and refine the top 10
docking results based on global energy (binding
energy of the solution), attractive and repulsive van
der Waals energy, atomic contact energy, geometric
shape complementarity score and approximate inter-
face area.

3. Results and Discussion

3.1 Spectroscopic studies

1
1

The infrared spectrum was taken in 4000-600 cm™
region [see Figure S3]. Two bands between 3393 cm™
and 3152 cm™' represent stretching frequencies of the
two N-H groups. A band at 1591 (C=N) and
833 ¢cm™'(C=S) indicates the formation of the com-
pound. The bands are similar to the reported values
with minor shifts in wavenumbers.”’*® 'H NMR
spectra were recorded in DMSO-dg [Figure S4].
Prominent peaks were observed at 8.00 ppm and 11.43
ppm which are assigned to NH2 and NH protons
respectively. The higher value of NH signal as com-
pared to reported values® may be attributed to inter-
molecular hydrogen bonding. A signal at 3.78 ppm
(due to —OCHj3) and 6.92-7.29 ppm (C-Ph) was sim-
ilar to reported values in substituted anisaldehyde
thiosemicarbazone.?’ >’

In *C NMR spectrum [Figure S5] the observed
peaks at 178 ppm (C=S), 159.6 ppm (C=N) and 55.29
ppm (OCH;) confirmed the formation of the com-
pound. Signals for aromatic carbon atoms were
observed in the range 111-143 ppm.

3.2 Theoretical calculations

The geometry of the compound Iis optimized using four
different quantum chemical levels (CAM-B3LYP,
B3LYP, HF and MP2) and the optimized coordinates
are listed in Table S2 to Table S5 respectively. The
calculated bond distances and bond angles are presented
in Table 1 and Table 2 respectively with the corre-
sponding crystallographic data (from CCDC 1553591)
for straightforward comparison. It is observed that the
computed results are in agreement with the experi-
mental data (for atomic labeling see Figure 1). Further,
the results also match well with the reported crystallo-
graphic data.'” The calculated geometrical parameters
for both the DFT methods are pretty close. However, a
tight comparison between the results of B3LYP and
CAM-B3LYP indicates the latter to be slightly more
accurate. It is observed that the bond lengths and bond
angles calculated using CAM-B3LYP method are clo-
ser to the experimental value, while HF results are
deviated considerably from it. This is due to the negli-
gence of electron correlation in HF method which
produces inaccurate results. The results clearly suggest
CAM-B3LYP method as adequate method for
describing the structure of I as most of the predicted
parameters match well with experimentally obtained
parameters. Although there are certain discrepancies
which can be understood as the experimental data is for
the compound in solid state whereas the calculated data
corresponds for the gas phase. The optimized geometry
at CAM-B3LYP method is shown in Figure 1 with
atomic labeling. The calculated IR vibrational fre-
quencies are listed in Table S6. The results indicate that
for both DFT methods and MP2 method the frequencies
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Table 2. Selected bond angles from calculations using 6-3114++G(d,p) basis set [* for MP2
the basis set is 6-3114-G(d)] and by X-ray crystallography for the compound I.

Bond angles (%)

Atom Atom Atom Exp MP2 HF CAM-B3LYP B3LYP
CI15 02 C22 117.38(16) 116.97 119.97 118.48 118.60
9 N3 N5 119.36(14) 121.04 121.89 121.78 122.01
C10 N5 N3 116.67(14) 116.58 117.55 117.65 117.68
N3 C9 S1 119.07(12) 120.21 120.08 120.26 120.17
N6 c9 S1 123.66(13) 125.31 123.45 124.59 124.71
N6 C9 N3 117.25(15) 114.48 116.46 115.14 115.11
N5 C10 C12 120.50(15) 121.40 122.67 122.57 122.71
CI13 Cl12 C10 118.69(15) 118.39 117.99 118.26 118.23
CI13 Cl12 C20 119.64(16) 119.72 119.85 119.62 119.38
C20 Cl12 C10 121.66(15) 121.87 122.14 122.12 122.39
Cl12 C13 C15 120.35(16) 120.64 120.74 120.67 120.78
02 C15 CI13 115.13(15) 115.27 115.54 115.62 115.53
02 C15 Cl16 124.42(16) 124.95 124.92 124.61 124.71
Cle CI15 CI13 120.46(16) 119.78 119.53 119.77 119.76
CI15 Cl6 C18 118.75(17) 119.16 119.32 119.22 119.20
C20 C18 Cl16 121.72(17) 121.44 121.47 121.35 121.40
CI8 C20 Cl12 119.07(16) 119.24 119.08 119.37 119.48

Figure 1. CAM-B3LYP optimized geometry of I with
atomic labeling.

are 100-500 cm ™" apart from the experimental result.
This deviation is because of the negligence of anhar-
monic effect as well as the difference in the phase of the
compound [experiment (solid) and computation (gas)].
The calculated wave numbers are multiplied with
appropriate scale factor which is derived empirically for

(a)

better matching with the experimental value. Scaling of
frequencies brings them much closer to the experi-
mentally obtained frequencies. Electron distribution in
the frontier molecular orbital (HOMO and LUMO) is
shown in Figure 2 which indicates that the HOMO is
centered on the sulphur and nitrogen atom and LUMO is
localized over the benzene ring. The calculated HOMO
and LUMO orbital energy, energy gap, hardness, soft-
ness and dipole moment values are presented in
Table 3. The binding ability of a ligand with a metal is

Table 3. HOMO and LUMO energies, HOMO-LUMO
energy gap, hardness () in eV, softness (¢) in eV~ and
dipole moment (i) values in Debye of compound L

HOMO LUMO Egap n c 1l

—5.9326 —1.9891 39435 —-19718 0.5072 6.9354

(b)
Figure 2. Calculated (a) HOMO and (b) LUMO of I at CAM-B3LYP method.
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Table 4. Atomic charges derived from electrostatic
potential (a.u.) calculated by CHELPG scheme at various
computational method using 6-311++G(d,p) basis set of L.
[* for MP2 the basis set is 6-3114+G(d)].

SI. No. Atom CAM/B3LYP MP2 HF
1 S —0.446999  —0.524461 —0.529258
2 (0] —0.420263  —0.448394 —0.441819
3 N 0.051512  —0.256403 0.016352
4 H 0.141562 0.231229 0.154084
5 N —0.272584  —0.230714 —0.301031
6 N —0.545494  —0.724537 —0.571859
7 H 0.299256 0.366565 0.317284
8 H 0.311220 0.340669 0.317871
9 C 0.241996 0.527073 0.320199
10 C —0.003574 0.094801 0.056001
11 H 0.151627 0.153405 0.160823
12 C 0.240241 0.155944 0.244773
13 C —0.415153  —0.414201 —0.456642
14 H 0.134153 0.153699 0.152112
15 C 0.536938 0.549474 0.567139
16 C —0.341990 —0.366801 —0.353781
17 H 0.155319 0.172286 0.161398
18 C —0.018720  —0.022032 —0.018524
19 H 0.100654 0.117540 0.116118
20 C —0.235445  —0.223844 —0.279726
21 H 0.106412 0.105252 0.128134
22 C 0.148045 0.163977 0.164845
23 H 0.011607 0.008537 0.010344
24 H 0.011712 0.013539 0.010382
25 H 0.057966 0.057397 0.054782
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directly proportional to the HOMO energy. Further the
HOMO-LUMO energy gap is a measure of the stability
of a compound. The hardness and softness are important
parameters in understanding chemical reactivity and
stability. Smaller the value of hardness higher is the
reactivity of acompound. The dipole moment is another
parameter which is used as stability index of a ligand. A
ligand with higher dipole moment values produces
more stable compounds. These data will definitely help
in understanding of the reactivity of the compound
I with transition metals. The partial atomic charge
describes the electron charge distribution within mole-
cule and is a useful descriptor in understanding donor
and acceptor ability of an atom in a molecule. The
partial atomic charges calculated by CHELPG
scheme at different computational methods are pre-
sented in Table 4. It can be observed that results
obtained in different computational methods do not
vary significantly and are very close to each other except
few cases indicating the efficiency of CHELPG scheme.
The data shows that all the hydrogen atoms have net
positive charge. The presence of large negative charge
on S and N atom suggests the formation of inter-
molecular interaction with H atoms. This result com-
mensurates with the results obtained from the solid
crystalline structure with the formation of hydrogen
bonds.

(a)

(b)

(0

Figure 3. Hirshfeld surfaces mapped for (a) dyomm surfaces, (b) shape index and (c) curvature of 3-anisaldehyde

thiosemicarbazone.
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Figure 4. Relative contributions to the percentage of Hirshfeld surface area for the various intermolecular contacts in
compound L.
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3.3 Hirshfeld surface studies

Molecular Hirshfield surfaces comprising of dnorm
surface, shape index and curvedness of compound
I were generated using a standard (high) surface res-
olution and is illustrated in Figure 3. The d,, surface
was mapped on over the range of —0.3276 a.u. to
+1.2461a.u, shape index in the range of —0.9976 a.u.
to 0.9988 a.u. and curvature in the range of —3.5221
a.u. to 0.4621 a.u. The d,om, mapping indicates strong
N-H---S hydrogen bonding interaction as primary
interaction seen as bright red spot. The two dimen-
sional (2D) fingerprint plots from Hirshfeld surface
analyses of the title compound are shown in Figure 4
which illustrate the relative contribution (in percent-
age) of the major intermolecular contacts associated
with it. The 2D Finger print plots complement the
Hirshfeld surface by summarizing the nature and type
of intermolecular contacts in a quantitative manner.
The most important interaction is H---H with contri-
bution of 40.1% to the overall crystal packing. Further,
the S---H (18.4%), C---H (20.3%), N---H (7.2%) and
O---H (8.4%) FP plots also reveal the information
regarding the intermolecular hydrogen bonds with
individual contribution towards crystal packing. N-H
interaction (indicated by two large spikes) is one of the
most significant contacts. The FP plot of C-H contacts
shows characteristics “wings” which are identified as
a result of weak C-H---m interactions. The red triangles
on the shape index represented by concave regions
indicate m-stacking interactions whereas the blue tri-
angles represented by convex regions indicate the ring
atoms of the molecule inside the surface. The red tri-
angles on the shape index mapping refer to the C-H---nt
interaction with the contribution of 20.3% which is in
accordance with the 2D FP plot. The curvedness
indicates the electron density of surface curves around
the molecular interactions. The flat areas of the surface
correspond to low value of curvedness, while sharp
curvature area corresponds to high values of curved-
ness and usually tends to divide the surface into pat-
ches, indicating contacts between neighbouring
molecules. The large flat region delineated by a blue
outline refers to m-m stacking interactions. Curvedness
of the present compound indicates absence of m-m
stacking interactions.

3.4 Molecular docking study

The best binding mode of docked compound I with
Human Topoisomerase III beta domain (5GVC) and
Human thioredoxin reductase-thioredoxin complex

J. Chem. Sci.

(2020) 132:81

GIn201 A

}ﬁwa A

Figure 5. Docking Interaction of amino acid residues of
enzyme 5GVC (green and light blue colors) with I (brown
color). One acidic amino acid (aspartic acid) and the other
polar amino acid (glutamine) is involved in hydrogen
bonding with the ligand (black dotted line).

Pro78 A

\6e 223 A

il Val 252 A

Leu168 A

Ser199 A

7

292 A\lle 291 A
Ala299 A

Figure 6. Docking Interaction of an amino acid residues
of enzyme, 3QFA (light blue)with ligand, I (maroon). Only
one basic amino acid (arginine) is involved in hydrogen
bonding.

(3QFA) is shown in Figure 5 and Figure 6 respec-
tively. Further the docking interaction with II has been
depicted in Figure S6 and Figure S7 respectively. The
analysis from the molecular docking study helps to
find out various types of interactions like H-bonding,
hydrophobic and electrostatic interactions. The dock-
ing results are reported in Table 5. The compound
I was extended into the active site of SGVC with
amino acid residues TRP 73, LYS 72, ARG 194, ASP
74, GLN 201, LYS 198, LYS 75, PRO 78 and VAL
76. The binding mode of this enzyme with the com-
pound exhibited two hydrogen bonds with amino acid
residues GLN 201 and VAL 76. This interaction
reveals a favourable binding energy, attractive and
repulsive van der waals energy. The same compound
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Table 5. Molecular docking results of 2-anisaldehyde thiosemicarbazone (II) and 3- anisaldehyde thiosemicarbazone

(I) with SGVC and 3QFA.

Compound Enzyme Amino acid Type of hydrogen bond Binding fee energy
© (E) (A.A) interaction (L---A.A of E) (Kcal/mole) Bond length (AO)
11 5GVC Asp 511 S---H-O —32.81 3.145
Asp 386 N---H-O or 2.883
N-H---O=C
I 5GVC GIn201 S-H---0=C —33.89 3.017
Or S---H-O
Val76 O---H-N 3.493
11 3 QFA Arg 100 S-H---0=C —32.39 3.447
Or S...H-O
Glu 103 S-H---O-H 2.674
Or S---H-O
I 3 QFA Arg221 N-H---N-H —29.93 3.335

was then docked into the active site of 3QFA with
amino acid residues ILE223, SER222, ARG 221, LEU
225, VAL 220, ARG 221, VAL 252, ALAI198,
SER199, GLY 197, GLY 292, ILE 291, ALA 290 and
LEU 168. The results indicated the interaction of the
compound with the enzyme’s active site creating one
hydrogen bond with ARG 221. Table 5 also depicts
the results of the binding interaction of II with SGVC
and 3QFA enzymes. The interaction of IT with 3QFA
results in the formation of two hydrogen bonds with
ARG 100 and GLU 103 and the interaction with
5GVC shows two hydrogen bonds with ASP 511 and
ASP 386. Various types of hydrogen bond interactions
(N-HeeeO, N-H---N, O-H---N, S-H---N, SH---O, S---
H-O, S---H-N) have been exhibited during the inter-
action. Binding energy of I with 5SGVC and 3QFA was
found to be —33.89 Kcal/mole and —29.93 Kcal/mole
respectively whereas in the case of II it was
—32.81 Kcal/mole and —32.39 Kcal/mole respec-
tively. The molecular docking analysis suggests that
I binds stronger than II with 5SGVC with a binding free
energy difference of 1.08 kcal/mol and also with 3
QFA with an attractive van der Waals difference of
1.03 kcal/mol (provided as PDB docking files as
supplement). The better binding ability of I can be
explained from the structural difference between
compound I and II in terms of change in the position
of methoxy group. The methoxy group at ortho posi-
tion provides steric hindrance which is much lesser in
meta position. The evidence of steric effect at ortho
position interrupting the optimum interaction of the
ligand with the enzyme has been reported.** *' On
account of the electron donating nature of methoxy
group in an aromatic ring, the ortho and para positions
get activated. Thus activity at ortho- and para-substi-
tuted compounds are higher compared to meta-

substituted compound. The inhibitory potency of
meta-substituted compounds is generally higher than
their ortho- and para-substituted analogues.

4. Conclusion

The heterocyclic N-S donor ligand, 3-anisaldehyde
thiosemicarbazone, can be modeled theoretically using
DFT methods at CAM-B3LYP level. Molecular Hir-
shfeld surface analysis revealed the primary interac-
tion to be H---H, C---H, and S---H interaction to govern
the solid state packing and the 2D finger print plots
quantitatively map out these interactions. The results
indicate that this compound can be employed for
designing of related supramolecular systems. The
docking studies reveal that the studied compound can
be a suitable and potential drug candidate for the
enzyme Human topoisomerase III beta domain. There
is considerable change in binding affinity with change
in the position of methoxy group from meta to ortho.
By modulating the effect of methoxy substituent on
phenyl ring, the bonding behaviour of thiosemicar-
bazone compounds can be altered. These studies can
also be extended to examine their effect on various
in vitro investigations of microbiological and cyto-
toxic properties.

5. Supplementary material

CCDC 1553591 contains the supplementary crystal-
lographic data for 3-anisaldehyde thiosemicarbazone.
These data can be obtained free of charge from
Cambridge Crystallographic Data Centre viawww.
ccdc.cam.ac.uk/data_request/cif or from the Cam-
bridge Crystallographic Data Centre, 12 Union Road,


http://www.ccdc.cam.ac.uk/data_request/cif
http://www.ccdc.cam.ac.uk/data_request/cif
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Cambridge CB2 1EZ, UK; Fax: (444) 123-336-033 or
E-mail:deposit@ccdc.cam.ac.uk.

Top ten results as PDB docking files mentioning
various energies and other relevant information are
also provided.

Crystallographic information and quantum chemical
calculations (optimized coordinates and IR vibrational
frequencies) are given in supporting information.
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