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ABSTRACT

4-(tert-Butyl)-4-nitro-1,1-biphenyl has been synthesized, and its structure has been
characterized by using some spectroscopic and single-crystal X-ray diffraction techniques.
It crystallizes in a monoclinic crystal system with space group P2:/n and unit cell
parameters: a= 6.4478(3)A, b= 9.2477(4) A, c= 23.4572(9)A, B= 95.114(4)°, V=
1393.11(10) A3, Z= 4. The molecular structure has been solved by using the intrinsic
phasing method. The crystal structure is stabilized by C-H---O interactions. Computational
studies were performed using density functional theory (DFT) and Hartree-Fock (HF)
methods. The optimized geometry obtained from DFT and HF in the gas phase was
compared with solid-phase experimental data retrieved from single-crystal X-ray diffraction
results. Frontier molecular orbitals, such as the HOMO/LUMO energy gap, the molecular
electrostatic potential, and Mulliken atomic charges, have been investigated. The HOMO
LUMO energy gap of 3.97 eV indicates that the molecule is soft and highly reactive. The
Hirshfeld surface analysis and their associated fingerprint plots have been used to
quantitatively validate the interactions. Further insilico molecular docking studies have
been performed with the molecular target Type-II topoisomerase (PDB ID: 1]I]) and their
results suggest that 4-(tert-butyl)-4-nitro-1,1-biphenyl could be considered an anticancer

X-ray diffraction drug.
Molecular docking
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Single crystal structure

Density functional theory

Hirshfeld surface analysis
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1. Introduction

Biphenyls are an important aromatic hydrocarbon that
serves as an important structural analogue and are widely used
in the synthesis of various compounds [1]. Biphenyls and their
derivatives are well-known and are more widely studied
because of their many chemical and biological properties. In the
UV region, they exhibit strong absorption but only weak
fluorescence [2]. It serves as a central building block for basic
liquid crystal and fluorescent layers in OLEDs [3,4]. The ability
of biphenyls to undergo chemical changes to form substituted
biphenyls has many biological and pharmaceutical applications,
including anti-inflammatory, antimicrobial, antifungal, anti-
diabetic, anti-tumor, and anticancer properties [5-9]. The
search for new and efficient pharmaceuticals is a constant
struggle for medicinal chemists, in view of the fact that the new
compounds synthesized by various standard methods should
be safe, effective, and have fewer side effects. Some functional
groups, viz. -NOz is an efficient scaffold for bioactive molecules
that have a wide spectrum of activities [10-16]. The tert-butyl
group is a common group present in many drugs across
different therapeutic classes. Despite its simple bulky

structure, tert-butyl groups have unique properties and can
serve to change or increase specificity, or act as steric shields to
increase the stability of compounds containing chemically or
enzymatically susceptible groups [17]. Therefore, a biphenyl
having -NOz and tert-butyl group has been undertaken for the
synthesis and structural characterization, so as to know about
their possible biological activities and some other important
findings.

The 4-(tert-butyl)-4-nitro-1,1-biphenyl (4-TBNB) com-
pound has been synthesized and its structure has been
characterized using FT-IR, tH NMR and 13C NMR techniques.
The chemical structure was validated by the single-crystal X-
ray diffraction method, and an optimized structure was
obtained using DFT and Hartree-Fock (HF) approaches. A wide
range of calculations using DFT helps develop a close
relationship between theoretical and experimental data by
giving clues related to molecular geometry, electrical, and
spectroscopic properties [18]. Theoretical computational
techniques have become very reliable in predicting the
properties of molecules with great precision [19-21].
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Table 1. Crystal data and structure refinement for 4TBNB.
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a,(4)

b, ()

o @

a ()
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Y ()
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Z

Pcalc (g/cm3)
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Crystal size (mm3)
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Figure 1. Schematic representation of the synthesis of the compound 4TBNB.

Therefore, DFT and HF calculations have been used to
optimize the given structure, and their optimized parameters
(bond length and angles) were correlated with the experi-
mental X-ray single-crystal data. Furthermore, molecular
docking simulations were used to predict the biological activity
of 4TBNB with Type-II topoisomerase (protein) against the
anticancer drug. Type-II topoisomerases (PDB ID: 1]I]J) are
ubiquitous enzymes that play essential roles in a number of
critical DNA processes [22]. They are the cytotoxic targets for a
number of highly successful anticancer agents and represent
some of the most successful chemotherapeutic drugs currently
used for the treatment of human malignancies. Despite the
significance of topoisomerase Il and IIf to the survival of
human cells and the efficacy of cancer chemotherapy, consi-
derable evidence indicates that these enzymes have significant
genotoxic effects and can trigger specific leukemic chro-
mosomal translocations [23].

2. Experimental
2.1. Instrumentation

The 'H NMR and 13C NMR spectra were obtained using a
Bruker high-resolution NMR spectrometer of frequency 400-
100 MHz with CDCls as a solvent. Fourier transform infrared
(FT-IR) spectra were recorded in the range of 400-4000 cm-!
on a Bruker IR spectrophotometer.

2.2. Synthesis

Fe304/Pd (10 mg) was placed in a 25 mL round bottom
flask. Then 1 mmol of 1-bromonitrobenzene, 1.1 mmol of 4-tert-
butyl phenylboronic acid, and 0.276 mg of K2CO3 (2 mmol) in 3
mL of water: ethanol mixture (1:1) were added to the flask. The

mixture was then stirred at 40 °C. The reaction was monitored
by TLC. After the reaction was completed, 5 mL of ethanol was
added and the catalyst was removed using an external magnet.
In addition, purification was achieved by simple recrystal-
lisation. The 4-(tert-butyl)-4-nitro-1,1-biphenyl product was
dissolved in ethanol and the solution was kept at room
temperature for 3-4 days to obtain single crystals. The
schematic representation of the synthesis of the compound
4TBNB is shown in Figure 1.

4-(tert-Butyl)-4-nitro-1,1-biphenyl: Color: Yellow. Yield:
88%. M.p.: 112-114 °C. FT-IR (KBr, v, cm'1): 2951-2865
(Aromatic C-H), 1592 (C=C), 1506 (-NO3), 1334 (ter. C-H), 833
(C-H bend.). tH NMR (400 MHz, CDCls, §, ppm): 1.34 (s, 9H, -
CHs), 7.71-7.50 (t, 6H, ArH), 8.26 (s, 2H, ArH). 13C NMR (100
MHz, CDCls, §, ppm): 31.25 (3C, CHs), 34.71 (1C, -C-CHs), 124.10
(2C, Ar-C), 126.14 (2C, Ar-C), 127.05 (2C, Ar-C), 127.57 (2C, Ar-
C), 135.79 (1C, Ar-C), 146.84 (1C, C-NO2), 147.47 (1C, C-Ar-
(CH3)3), 152.27 (1C, (C-(CHz3)3).

2.3. Crystal structure determination and refinement

The X-ray intensity data for a well-defined single crystal of
size 0.30x0.10x0.10 mm3 were collected on the Supernova
HyPix3000 X-ray diffractometer. The measurements were
carried out at 293(2) K with monochromatic Mo-Ka radiation
(A = 0.71073 A). The crystal structure has been solved by
intrinsic phasing of SHELXT [24] and refined by full-matrix
least-squares refinement method based on F2 with SHELXL [25]
in the OLEX 2 software [26]. The precise crystallographic data
are summarized in Table 1. All non-hydrogen atoms were
located from E-map and were refined anisotropically. After
several cycles of refinement, the final difference Fourier map
shows the peak of no chemical significance, and the final
residual factor converges to 0.0503.
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Table 2. Bond lengths and angles for 4TBNB.
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Atom Atom X-ray (A) DFT (A) HF (A) Atom Atom X-ray (A) DFT (A) HF (A)
C1 Cc7 1.486(3) 1.481 1.487 C4 c5 1.381(3) 1.404 1.388
C1 c2 1.383(3) 1.399 1.392 C4 c3 1.381(3) 1.399 1.396
C1 Cé6 1.382(3) 1.403 1.385 C4 C13 1.529(3) 1.538 1.538
N1 C10 1.471(3) 1.474 1.463 C12 C11 1.372(3) 1.388 1.393
N1 01 1.215(2) 1.226 1.188 Cc9 C8 1.373(3) 1.387 1.381
N1 02 1.221(2) 1.226 1.188 c5 Cé6 1.382(3) 1.388 1.385
C10 Cc9 1.368(3) 1.391 1.381 c2 c3 1.379(3) 1.393 1.379
C10 C11 1.368(3) 1.391 1.381 C13 Cl4 1.521(3) 1.539 1.542
c7 C12 1.391(3) 1.405 1.393 C13 Cl6 1.542(3) 1.546 1.536
c7 C8 1.383(3) 1.405 1.393 C13 C15 1.511(3) 1.546 1.542
Atom Atom Atom X-ray (°) DFT (°) HF () Atom Atom Atom X-ray (°) DFT (°) HF ()
C2 C1 c7 121.16(19) 121.23 121.11 C11 C12 c7 121.6(2) 121.27 121.06
Cé C1 c7 121.85(18) 121.31 121.25 C10 (o] C8 119.1(2) 118.84 118.76
Cé C1 c2 116.99(18) 117.45 117.64 (o] C8 c7 121.3(2) 121.27 121.06
01 N1 C10 118.3(2) 117.75 117.67 C10 C11 C12 118.7(2) 118.84 118.77
01 N1 02 123.2(2) 124.50 124.65 C4 c5 Cé6 122.1(2) 121.82 121.64
02 N1 C10 118.4(2) 117.75 117.67 C3 c2 C1 120.9(2) 121.21 120.95
c9 C10 N1 119.1(2) 119.20 119.12 c2 c3 C4 122.8(2) 121.61 121.87
C11 C10 N1 119.4(2) 119.21 119.12 C4 C13 Cl6 112.28(19) 112.33 112.28
C11 C10 Cc9 121.55(19) 121.58 121.76 Cl4 C13 C4 108.92(19) 109.43 109.50
C12 Cc7 C1 120.86(19) 120.90 120.72 Cl4 C13 Cl6 106.4(2) 108.20 108.02
c8 Cc7 C1 121.46(18) 12091 120.69 C15 C13 C4 110.39(19) 109.44 109.47
c8 c7 C12 117.68(18) 118.18 118.58 C15 C13 Cl4 110.7(3) 109.37 109.49
C5 C4 C13 122.89(19) 123.04 123.19 C15 C13 Cl6 108.2(2) 108.17 108.03
C3 C4 c5 115.82(18) 116.84 116.72 c5 Cé6 C1 121.40(19) 121.03 121.16
C3 C4 C13 121.27(19) 120.12 120.08

Table 3. Hydrogen bond geometry of 4TBNB *.

D-H-A d(D-H) (A) d(H--A) (A) d(D--A) (A) ZD-H-A (%)

C14 -H14A---011 0.96 2.58 3.4451 150

* Symmetry code (i) = 1/2+x,1/2-y,1/2+z.

ol

Figure 2. The ORTEP diagram of 4TBNB shows the atomic labelling scheme with 50% ellipsoidal probability.

The geometrical calculations were performed using the
PLATON [27] and PARST [28] software. ORTEP and molecular
packing diagrams were generated using MERCURY [29]
software.

2.4. Computational details

Density functional theory (DFT/B3LYP) [30] and Hartree
Fock (HF) calculations were performed with the 6-311++G(d,p)
basis set in the gas phase using Gaussian 09W software [31].
DFT level calculations were performed with Beck’s three-para-
meter hybrid functional using the Lee-Yang-Parr correlation
functional (B3LYP). For comparison of geometrical parameters,
optimization has been done with HF and DFT methods. The
optimized structure obtained by DFT (B3LYP) has been used to
calculate the highest occupied molecular orbital (HOMO) and
the lowest unoccupied molecular orbital (LUMO), energy gap,
molecular electrostatic potential, and Mulliken charges.
Mulliken charges calculated by the DFT and HF methods were
also compared. The Gaussian 09W programme and the
GaussView 6.0 software [32] have been used to draw the input
molecule. The Hirshfeld surfaces and 2D fingerprint plots were
generated using Crystal Explorer (21.5) [33]. The molecular
docking study has been performed using AutoDock Vina
software [34] and the target protein Type-II topoisomerase
(PDB ID: 1J1]) file was downloaded from the RCB protein data
bank [35]. Discovery Studio 4.1 Visualizer software [36] has

been used to visualize and analyze the predicted docking pose
of ligand-protein interactions.

3. Results and discussion
3.1. Molecular geometry

The computed structure with thermal displacement
ellipsoids drawn at a 50% probability level is depicted in Figure
2 (ORTEP). The structure contains two rings connected through
a bridging bond C1-C7= 1.49 A and this value is similar to some
analogous structures [37,38]. The optimized parameters (bond
lengths and bond angles) obtained from DFT/B3LYP and HF
with 6-311 ++ G(d,p) are compared with the experimental
SCXRD data (Table 2). The optimized structural parameters, by
and large, agree well with the corresponding experimental
values, but with some insignificant variations observed in the
bond length (C13-C15) and bond angle (01-N1-02 and C14-
C13-C16). The magnitude of torsion around C2-C1-C7-C8 is
36.67°, which is comparable with the theoretical value. The
dihedral angle between the two benzene rings is 37.03°, which
is consistent with some similar structures [39,40]. There exists
an intermolecular hydrogen bond of type C14-H14A---01 (Table
3). The molecular structure exhibits two short ring Cg---Cg (-
m) interactions and their details are given in Table 4. The
molecular packing with C-H---O and m-t interactions along the
a-axis is shown in Figure 3.
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Table 4. -1 interactions involved in 4TBNB.

cgl Cgl Cgl--CgJ a () B() Y () Cgl (A) Cgl (A)
Cgl Cg2i 4.6084(12) 36.96(10) 51.6 17.6 4.3934(8) 2.8614(8)
Cgl Cg2ii 4.7740(12) 36.96(10) 45.2 26.4 4.2756(8) 3.3617(8)
* Symmetry codes: (i) -x, -y, -z; (ii) -x, 1-y, -z. Cg1: C1-C2-C3-C4-C5-C6, Cg2: C7-C8-C9-C10-C11-C12.

Table 5. Chemical reactivity parameters and HOMO LUMO energies of 4TBNB.

Parameters Formula Value

HOMO energy En -6.81 eV

LUMO energy EL -2.84 eV

Energy gap AE = |Eu-EL| 3.97 eV

Ionization potential I=-En 6.81 eV

Electron affinity A=-E. 2.84 eV

Chemical hardness n=AE/2 1.98 eV

Chemical potential n=-x -4.82 eV
Electronegativity x=(+A)/2 4.82 eV

Chemical softness o=1/2qn 0.25eV-!

Global electrophilicity W = p2/2n 5.86 eV

Figure 3. Molecular packing showing the intermolecular hydrogen bonding C-H---0 interaction, and m---m interactions in 4TBNB along the a-axis.

3.2. Frontier molecular orbital analysis (FMO)

Frontier molecular orbitals (HOMO and LUMO) are a highly
effective parameter for finding the chemical reactivity of
compounds in quantum chemistry [41]. FMO calculations have
been performed using the DFT (B3LYP/6-311++G(d,p)) basis
set and the energies of the HOMO and LUMO orbitals are -
2.8381 and -6.8060 eV, respectively (Figure 4). The energy gap
between HOMO and LUMO is 3.97 eV and refers to a soft
molecule, less stable and easy transfer of electrons from HOMO
to LUMO (Figure 4). A small value of the orbital energy gap
represents the molecule as soft, unstable, and chemically
reactive, while a large value of the orbital energy gap represents
the molecule as hard, stable, and chemically less reactive [42].
The chemical reactivity parameters of the molecule, such as the
chemical softness (o), chemical potential (i), electrophilicity
index (w), and chemical hardness (n) have been calculated
using the energies of the HOMO and LUMO orbitals using the
Koopman theorem (Table 5) [43]. Ionization potential (I)
represents the electron-donating power of a molecule, whereas
the electron affinity (A) represents the ability of a molecule to
accept the electron. Hardness () is a measure for resistance to
deformation or change, whereas softness (o) is the reciprocal of
hardness. Electronegativity (x) is the tendency of an atom in a
molecule to attract shared electrons. The chemical potential (i)
of the molecule is expressed as p = -x. Electrophilicity (w)
specifies the electrophilic power of a molecule [44].

3.3. Molecular electrostatic potential

The molecular electrostatic map (MEP) is related to the
electronic density and is a useful visual descriptor to determine

the sites of electrophilic and nucleophilic reactions in studies of
biological identification, as well as hydrogen bond interactions
[45,46]. The negative region (red) of MEP refers to electrophilic
reactivity, whereas the positive portion (blue) refers to
nucleophilic reactivity, and the green colour indicates the
neutral potential. The MEP map of 4TBNB is shown in Figure 5,
in which the blue region over the hydrogen atoms indicates an
electron-deficient site (nucleophilic reactivity) while the red
region around the 01 and 02 atoms indicates an electron-rich
site (electrophilic reactivity) that results in the formation of C-
H---O interactions. Molecular electrostatic potential (MEP) map
is useful for molecular docking analysis, as it helps identify
binding sites on the receptor and understand the interactions
that occur between the ligand and the receptor [47]. Since the
electronegativity of oxygen atoms 01 and 02 is quite high, it is
possible that amino acids in proteins may interact with these
electronegative atoms, thus making molecular docking studies
more useful.

3.4. Mulliken charges

Atomic charges have a great impact on the electrical
properties and reactivity of molecules. Therefore, estimating
Mulliken atomic charges is essential in quantum chemical
calculations for molecular systems [48]. The Mulliken atomic
charge distributions of the optimized structure were calculated
using the two methods DFT/B3LYP/6-311++G(d,p) and HF/6-
311++G(d,p) levels in the gas phase (Figure 6). The carbon
atoms (C1, C4, C7, and C13) in the case of both DFT and HF
methods possess a positive charge, while the nitrogen, oxygen,
and the remaining carbon atoms exhibit a negative charge.
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Evumo = -2.84 eV

TAE=3.97 eV

Enomo =-6.81 eV

Figure 5. Molecular electrostatic potential map of 4TBNB.
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Figure 6. Mulliken atomic population of 4TBNB.

The maximum positive charge is on the C7 atom for both the
DFT and HF methods. Moreover, all hydrogen atoms have
positive charges, and the charge value increases as we shift
from DFT to HF.

3.5. Hirshfeld surface analysis

The Hirshfeld surface analysis (HS) is a powerful tool for
calculating and visualizing intermolecular interactions. The HS
mapped over dnorm is depicted in Figure 7. The bright red spots
that appear on the HS indicate the existence of short hydrogen
bond interactions due to C-H:-O contact (C14-H14A---01)
(shorter than the van der Waals radii). The Hirshfeld surface

plotted over the shape index and curvedness gives more details
about the shape and molecular packing in crystals. The shape
index map (Figure 7) of the given compound was generated in
the range of -1 to 1 A. The complementary red and blue
triangles on the benzene ring of the shape index plot represent
the m-m interaction in the crystal structure. The curvedness map
(Figure 7) was generated in the range -4 to 4 A. The flat regions
around the benzene ring show the presence of m-m stacking in
the given compound.

The two-dimensional fingerprint plots [49] showing the
percentage contributions of different intermolecular interac-
tions in the crystal structure are presented in Figure 8.
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Figure 7. (a) Hirshfeld surface mapped over dnorm, (b) Shape index plot, and (c) Curvedness plot of 4TBNB.
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Figure 8. 2D fingerprint plots of 4TBNB.

The O---H/H--:O contacts corresponding to the C-H:--O
interactions have two sharp symmetric spikes on the
fingerprint plot (Figure 8) and contribute 24.8% to the total
Hirshfeld area. However, the H---H contacts contribute 47.9%
(maximum contribution) and the contribution of C---H/H---C
and C---C contacts is 21.4 and 3%, respectively. Crystal Explorer
21.5 software [33] has been used to calculate the voids and their
volume in the crystal. The volume of voids is 152.10 A3 and the
surface area is 565.29 A2 Therefore, the percentage of void
volume calculated in the crystal 4TBNB is 10.91%, Figure 9
indicates the occurrence of a densely packed molecular
structure [50].

3.6. Molecular docking

The molecular docking is a key tool in drug discovery and
molecular modelling applications. The reliability of this

technique depends on the accuracy of the adopted scoring
function, which can be used to determine the binding mode and
site of a ligand to predict the binding affinity and identification
of the potential drug leads for a given protein target. The three-
dimensional binding poses and the two-dimensional binding
interaction of 4TBNB at the binding site of the 1]IJ enzyme are
shown in Figures 10 and 11, respectively. The 4TBNB-1]Ij
complex is stabilized by three conventional hydrogen bonds,
one m-donor hydrogen bond, five electrostatic bonds, and three
hydrophobic bond interactions, respectively (Table 6). The
three conventional hydrogen bonds that exist between the
donor hydrogen atom of the residues ASP80 and ARG88
interact with the oxygen atom of the 4TBNB at a distance of 1.49
and 1.60 A, respectively. Furthermore, the m-donor hydrogen
bond occurs between the donor hydrogen atom of the residue
25P40 and the benzene ring of the ligand at a distance of 2.92

2023 - European Journal of Chemistry - CC BY NC - DOI: 10.5155/eurjchem.14.1.90-98.2386
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Table 6. Binding energy, hydrogen bond, electrostatic and hydrophobic contacts of 4-(tert-butyl)-4-nitro-1,1-biphenyl with 1JIJ.

Inhibitor Binding energy, Kcal/mol Interactions Distance, A Bonding Bonding types

4TBNB -7.2 ASP80 [NH---0] 1.49 Hydrogen Conventional hydrogen bond
ARG88 [H-+-0] 1.60 Hydrogen Conventional hydrogen bond
ARG88 [H-+-0] 2.60 Hydrogen Conventional hydrogen bond
LYS84 [N---0] 5.18 Electrostatic Attractive charge
ARG88 [NH---0] 3.50 Electrostatic Attractive charge
ASP40 [0-+-m] 3.24 Electrostatic Attractive charge
LYS84 [N---m] 4.84 Electrostatic m-Cation
ASP195 [0---m] 4.73 Electrostatic T-Sigma
ASP40 [HN---m] 2.92 Hydrogen bond m-Donor hydrogen bond
HIS50 [m-m] 4.97 Hydrophobic m-1t T-shaped
PRO53 [rt--C] 3.86 Hydrophobic Alkyl
ALA39 [C.-m] 4.30 Hydrophobic m-Alkyl

Interactions
[ Attractive Charge

I conventional Hydrogen Bond
M Unfavorable Positive-Positive
I Unfovorable Negative-Negative

[ Picaton

ForelleABS
— s
\_ 7
— o
< Fasp
X A0
AP
Ty Ad0
A39
[ Pi-Anion
[_] pi-Donor Hydrogen Bond
[ PiPiT-shaped
[ mo
[ ik

Figure 11. 2D binding interaction of 4-(tert-butyl)-4-nitro-1,1-biphenyl with PDB ID: 1]I] binding site.

Three electrostatic interactions (attractive charge) are
exhibited in the docking complex that has bonded with nitrogen
and oxygen atoms of the active amino acids LYS84, ARG88, and
ASP40 at a distance of 5.18, 3.50 and 3.24 A, respectively. The
fourth electrostatic interaction (m-Cation) is exhibited by the
six-membered ring of the ligand and has bonded to the nitrogen
and oxygen atoms of the active amino acid LYS84 at a distance
of 4.84 A. The last electrostatic interaction (m-Sigma) is

observed between the oxygen atom of ASP195 and the benzene
ring atom of the ligand at a distance of 4.73 A. As evident from
Table 6, m-donor hydrogen bond is observed. The hydrophobic
interaction (m-m T-shaped) exists between the compound and
the HIS50 protein of the six-membered ring at a distance of 4.97
A. The alkyl hydrophobic interaction occurs by bonding
between the carbon atoms of the ligand and the benzene ring of
the active enzyme PRO53 at a distance of 3.86 A. The m-alkyl of
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the hydrophobic interaction is bonded between the carbon
atom of the active enzyme ALA39 and the benzene ring of the
ligand at a distance of 4.30 A. The binding energy score (-7.2
kcal/mol) for 4-(tert-butyl)-4-nitro-1,1-biphenyl and Type Il
topoisomerase indicates that the 4TBNB molecule may act as a
potent anticancer drug.

4. Conclusions

In the present work, we have synthesized and grown single
crystals of 4TBNB. The structure has been determined by FT-IR,
NMR, SC-XRD, and DFT/HF techniques. The structure crystal-
lizes in the monoclinic crystal system having the space group
P21/n. The theoretical calculations performed by the DFT and
HF methods show a good correlation between the observed and
calculated values. The crystal structure is stabilized by
intermolecular C-H---O and weak m--1 interactions. The energy
gap between HOMO and LUMO is 3.97 eV, indicating that the
molecule is soft and chemically reactive, allowing easy transfer
of electrons from HOMO to LUMO. Molecular electrostatic
potential and Mulliken charge analysis revealed the
electrophilic and nucleophilic reactivity of the molecule. The
red spots on the dnorm of Hirshfeld surface confirm the existence
of C-H---O interaction, while the curvedness plot indicates the
moderate stacking in the crystal structure, which confirms the
presence of m---m interactions. The results of fingerprint plot
analysis show that the major contribution to the total Hirshfeld
surface area is from H-H contacts (47.9%). The molecular
docking investigation shows a good binding score of 4TBNB
with Type II topoisomerase, and this indicates that 4TBNB may
be regarded as an active and potent anticancer drug.
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