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Abstract

The detailed theoretical and experimental (FT-IR, FT-Raman, UV-visible) spectroscopy analyses of the
4-Chloro-3-nitrocoumarin (CNC) molecule were carried out. The CNC compound's pharmacological
properties were also investigated utilizing antibacterial and anticancer activity investigations.
Initially, the CNC molecule was optimized by the density functional theory B3LYP method with a cc-
pVTZ basis set using the Gaussian 09W program. The optimized molecular structure provides the
harmonic vibrational frequencies of the CNC molecule. The observed and computed vibrational
wavenumbers were assigned and found to be well correlated. UV-Vis absorption spectrum analysis
indicates that the molecule contains m—m* electronic transition. Frontier molecular orbitals (FMOs)
analysis indicates that the LUMO of CNC molecule is mainly located over the nitro group, it indicates
that the nitro group is particularly prone to accepting electrons from other molecules and participate
in chemical reactions where acts as an electrophile. Mulliken atomic charge distribution analysis
further confirms the FMOs results. The antibacterial test results validate that the CNC molecule
exhibits a stronger inhibitory effect on Staphylococcus aureus compared to the other tested bacteria.
In vitro anticancer cytotoxicity analysis clearly evidences that the CNC compound inhibits the
growth of HelLa cervical cancer cell lines more than A549 lung cancer cell lines. In silico molecular
docking study further validates that the CNC molecule inhibits the function of the p38a Mitogen-
activated protein kinase 14, which has been associated with cervical cancer. As a result, the
present study paves the way for the development of new drugs to treat cervical cancer.

Keywords: 4-Chloro-3-nitrocoumarin; DFT; FT-IR; FT-Raman; Anticancer; Molecular docking;
Cervical cancer drug.

1. INTRODUCTION

density functional theory (DFT) calculations and molecular
docking studies are invaluable. DFT simulations enable the

Cancer is a disease characterized by uncontrolled cell
proliferation within the body. It is typically named after the
specific area of the body where it initially develops, even if it
later spreads to other regions. Significantly, the cervical cancer
originates in the cervix, the connecting point between the
vagina (birth canal) and the upper part of the uterus, where a
developing fetus resides during pregnancy. While cervical
cancer can affect anyone, it is more common among
individuals over the age of 30. The primary cause of cervical
cancer is often persistent infection with the human
papillomavirus (HPV), a common virus transmitted through
sexual activity. It's worth noting that at least half of those who
are sexually active will encounter HPV at some point in their
lives, but only a few women will develop cervical cancer.

To efficiently and cost-effectively comprehend the
fundamental characteristics of biological molecules and
medications, computational molecular modeling tools like
ISSN: 2250-1177
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study of a chemical system's reactivity, stable molecular
geometry, vibrational frequencies, charge transfer
stabilization interactions, and potential local reactive sites!-3.
Local reactivity descriptors facilitate the understanding of
how physiologically beneficial molecular systems interact,
which, in turn, aids in the discovery of novel pharmacological
substances and the development of more potent drugs#>.

Molecular docking, a computer-based method, allows for the
evaluation of the compatibility between a ligand and a
receptor-binding site. By predicting the binding mechanism
and affinity of a ligand with proteins, molecular docking has
become a pivotal tool in modern structure-based drug design.
These considerations have led to the integration of DFT
quantum chemical calculations and molecular docking studies
for the molecule 4-Chloro-3-nitrocoumarin (CNC), a crucial
component in subsequent in vivo research on this compound.
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In recent years, well-diffusion antibacterial and in vitro
anticancer investigations have gained prominence in the
development of novel medications.

The Gaussian 09W software package and the B3LYP functional
approaches were used in the current work to carry out the
DFT quantum chemical computations. Experimental Fourier
transform-infrared (FT-IR) and Fourier transform-Raman (FT-
Raman) spectra of the CNC sample were compared with the
computed infrared and Raman spectra of the CNC molecule.
Additionally, a theoretical UV-Vis spectrum was generated and
compared with experimental UV-Vis spectra. DFT
computations were employed to analyze the Mulliken atomic
charge distribution, frontier molecular orbitals (FMOs),
Molecular electrostatic potential surface and Natural bond
orbitals analysis of the CNC molecule®7.

2. MATERIALS AND METHODS
2.1 EXPERIMENTAL CHARACTERIZATIONS

The 99% pure CNC chemical was obtained from Sigma-Aldrich
Chemicals Co. located in St. Louis, Missouri, United States. The
Fourier transform-infrared (FT-IR) spectrum of the CNC
compound was acquired using a KBr pellet technique at room
temperature through a Perkin Elmer Spectrum 1 FT-IR
spectrometer, featuring a resolution of 1.0 cm-l. FT-Raman
spectrum of the sample recorded using a BRUKER RFS 27
Stand-alone Raman spectrometer at room temperature and a
resolution of 2 cm'l. Both the FT-IR and FT-Raman spectra
were recorded within the wavenumber range of 3500-400 cm-
1. For the UV-visible spectrum of the CNC compound, a
Shimadzu UV-3600 ultraviolet (UV) visible Near Infrared
spectrophotometer was utilized. This UV-Vis spectrum was
recorded in the 200-600 nm range, with acetone serving as the
solvent.

2.2 COMPUTATIONAL DETAILS

The molecular structure of the CNC molecule was optimized
by DFT/B3LYP method with the cc-pVTZ basis set using the
Gaussian 09W program8. Furthermore, the optimized
molecular structure provided the vibrational wavenumbers
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for the CNC molecule. The VEDA 4.0 program was utilized to
assign the calculated vibrational wavenumbers?. Subsequently,
the time-dependent (TD)-DFT/B3LYP approach, in
conjunction with the polarizable continuum model (PCM), was
utilized to simulate the ultraviolet (UV) visible spectrum of the
CNC molecule in an ethanol environment. The computed
vibrational wavenumbers, UV-Vis spectra, Mulliken atomic
charge distribution, and Frontier Molecular Orbitals (FMOs)
were all visualized using the GaussView 05 visualization
programi0. It's worth noting that all computations were
conducted at the ground state energy level of the CNC
molecule, with no restrictions imposed on the potential energy
surface except UV-Visible spectral simulation.

3. RESULTS AND DISCUSSION
3.1 MOLECULAR GEOMETRY AND SYMMETRY

The DFT/B3LYP methodology was initially employed for the
optimization of the CNC molecular structure using the cc-pVTZ
basis set. The global minimum energy for the CNC molecule
was determined to be -1203.94 atomic units, and its
optimized molecular structure is illustrated in Figure 1. Table
1 presents the computed values for bond lengths, bond angles,
and dihedral angles in the CNC molecule. The CNC molecule
exhibits C1 point group symmetry, confirming its non-
centrosymmetric molecular structure. Figure 1 also reveals
partial bond formations within the molecule, indicating
electron transfer and an increase in its bioactivity. The CNC
molecule exhibits distinct C-O bond lengths, with
measurements of 1.39 A for 01-C2, 1.35 A for 01-C11, and
1.19 & for €2-09. The estimated C-C bond lengths for the CNC
molecule, which closely correspond to the observed values, fall
within the range of 1.37 A to 1.48 A. Notably, the shortest C-C
bond is found between C3 and C4, while the longest C-C bond,
which exceeds the other C-C bond lengths, exists between C2
and C3. The most electronegative oxygen atoms, 014 and 015
are attached with N13, and their bond lengths are 1.22 & and
1.21 A, respectively.

Figure 1: Optimized molecular structure of CNC molecule.
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Table 1: Optimized structural parameters of the CNC molecule computed using DFT/B3LYP method with the cc-pVTZ basis set.

PS::::rcnt:tr(:ll}s cc-pVTZ Structural Parameters cc-pVTZ Structural Parameters cc-pVTZ
Bond Length (A) Bond Angle (Degree) Dihedral Angle (Degree)
01-C2 1.39 | C10-C5-H16 119.19 | C2-C3-N13-015 -1.04
01-C11 1.35 | C5-C6-C7 120.13 | C4-C3-N13-014 -1.07
C2-C3 1.48 | C5-C6-H18 119.79 | C4-C3-N13-015 178.96
C2-09 1.19 | C7-C6-H18 120.08 | C3-C4-C10-C5 179.99
C3-C4 1.37 | C6-C7-C8 120.44 | C3-C4-C10-C11 0.01
C3-N13 1.49 | C6-C7-H19 119.99 | Cl12-C4-C10-C5 0.11
C4-C10 1.45 | C8-C7-H19 119.57 | Cl12-C4-C10-C11 -179.87
C4-Cl12 1.73 | C7-C8-C11 119.16 | C10-C5-C6-C7 0.01
C5-C6 1.38 | C7-C8-H17 122.13 | C10-C5-C6-H18 -180.00
C5-C10 1.41 | C11-C8-H17 118.71 | H16-C5-C6-C7 -179.99
C5-H16 1.08 | C4-C10-C5 124.61 | H16-C5-C6-H18 0.00
C6-C7 1.40 | C4-C10-C11 117.48 | C6-C5-C10-C4 -179.98
C6-H18 1.08 | C5-C10-C11 117.90 | C6-C5-C10-C11 0.00
C7-C8 1.38 | 01-C11-C8 116.87 | H16-C5-C10-C4 0.02
C7-H19 1.08 | 01-C11-C10 121.51 | H16-C5-C10-C11 180.00
C8-C11 1.39 | C8-C11-C10 121.63 | C5-C6-C7-C8 0.00
C8-H17 1.08 | C3-N13-014 117.83 | C5-C6-C7-H19 180.00
C10-C11 1.40 | C3-N13-015 117.85 | H18-C6-C7-C8 -180.00
N13-014 1.22 | 014-N13-015 124.32 | H18-C6-C7-H19 0.00
N13-015 1.21 Dihedral Angle (Degree) C6-C7-C8-C11 0.00
Bond Angle (Degree) C11-01-C2-C3 0.08 | C6-C7-C8-H17 -180.00
C2-01-C11 124.41 | C11-01-C2-09 -179.89 | H19-C7-C8-C11 180.00
01-C2-C3 115.11 | C2-01-C11-C8 179.98 | H19-C7-C8-H17 0.00
01-C2-09 116.20 | C2-01-C11-C10 -0.01 | C7-C8-C11-01 -179.98
C3-C2-09 128.69 | 01-C2-C3-C4 -0.1 | C7-C8-C11-C10 0.01
C2-C3-C4 120.78 | 01-C2-C3-N13 179.91 | H17-C8-C11-01 0.01
C2-C3-N13 116.12 | 09-C2-C3-C4 179.87 | H17-C8-C11-C10 -180.00
C4-C3-N13 123.10 | 09-C2-C3-N13 -0.13 | C4-C10-C11-01 -0.03
C3-C4-C10 120.71 | C2-C3-C4-C10 0.06 | C4-C10-C11-C8 179.97
C3-C4-Cl12 124.39 | C2-C3-C4-Cl12 179.92 | C5-C10-C11-01 179.99
C10-C4-Cl12 114.90 | N13-C3-C4-C10 -179.95 | €5-C10-C11-C8 0.00
C6-C5-C10 120.74 | N13-C3-C4-Cl12 -0.08
C6-C5-H16 120.08 | C2-C3-N13-014 178.92

3.2 VIBRATIONAL SPECTRAL ANALYSIS

The optimized molecular structure of the CNC molecule
comprises 19 atoms and exhibits 51 normal vibrational modes.
The optimized molecular structure of the CNC molecule
possesses C1 point group symmetry. Table 2 contains a list of
the vibrational frequencies, IR intensity, Raman scattering
activity, and matching vibrational assignments of the CNC
molecule. To accommodate for the anharmonicity inherent in
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the DFT computations, scaling factors were employed to

adjust the calculated vibrational frequencies!®.

The equation used for calculating the scaling factor of CNC
employs 'C' as the scaling factor, where 'vi' and 'w;' represent
the experimentally measured fundamental frequency and the
corresponding theoretical harmonic frequency, respectively.

C =Z(vi*wi)/Zwi?
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In the present case, scaling factors of 0.95 for stretching and
0.965 for bending vibrational modes were used, respectively.
The observed and simulated infrared and Raman spectra of
the CNC molecule were represented in Figs. 2 and 3,
respectively. The deviation in the vibrational wavenumbers
between the simulated and observed spectra is approximately
5%. Additionally, the enhanced stability of the CNC molecule is
indicated by the absence of negative vibrational wavenumbers.

3.2.1 C-H VIBRATIONS
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Figure 2: The infrared spectra of CNC molecule.
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The C-H stretching vibrational modes of the phenyl ring are
commonly identified in the range of 3100 to 3000 cm-.
Notably, the phenyl ring C-H stretching vibrational mode
exhibited medium peak at 3078 cm-! in FT-Raman spectrum
and calculated as 3078 cm! and a weak peak observed at 3050
cm! in FT-IR spectrum and the corresponding peak was
calculated as 3055 cm1. The C-H in plane bending vibrational
mode of the CNC molecule was observed as a medium peak at
1306 cm! in FT-IR spectrum and medium peak at 1325 cm-! in
FT-Raman spectrum. The corresponding peak was calculated
as 1308 cm-112,

— Theoretical
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i
—
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Experimental
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T T T T T T T T T T
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Figure 3: Raman spectra of CNC molecule.

Table 2: The calculated vibrational frequencies (cm-1), IR intensities (Km mol-1), Raman scattering activity (44 amu-1), reduced mass
(amu), force constants (mDyne/A-1) and vibrational assignments based on PED calculations for the CNC molecule.

Observed
Wavenumber Raman
S. Wavenulmber (cm ) Intelr}?si scattering | Reduced Ccl):r?srtc:nt
cm't) ty activity Mass . Assignment with PED (%)
No (Km Ae i ( mDyne/A
FT- mol1) (A*amu (amu) 1)
FT-IR Calculated | Scaled 1)
Raman

1 3078s 3255 3078 4.25 225.39 1.1 6.85 v ¢ CH (72)

2 | 3050w 3251 3055 1.1 30.36 1.09 6.81 v ¢ CH (58)

3 3233 3039 8.74 162.63 1.09 6.73 v ¢ CH (43)

4 3219 3025 2.77 65.34 1.09 6.64 v ¢ CH (19)

5 | 1745vs | 1745vs | 1764 1745 | 46894 | 8487 12.89 23.65 V(=0 (68) + v @ C=C (28)
6 | 1572s 1665 1572 | 131.08 | 217.43 6.25 10.2 vC=0 (10) + v C=C (2)
7 1652 1552 | 61.13 96.72 9.96 16.01 vC=0(32) v C=C(20)+v e

Cc=C (21)

9 1610 1513 | 77.77 | 189.69 5.77 8.81 v C=C (18) +v ¢ CC (19)
8 1531 1439 | 1229 28.85 2.42 334 B & CH (51)

10 1504 1413 | 3123 2171 238 317 B & CH (68)

11 1494 1404 178.59 10.3 14.19 18.66 v NO2 (45)

12 | 1306m | 1325m 1392 1308 0.76 77.75 10.27 11.72 B ¢ CH (94)
ISSN: 2250-1177 [192] CODEN (USA): JDDTAO
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13 1358 1276 65.79 35.84 2.66 2.89 B ¢ CH(45)
14 1328 1248 76.66 59.56 2.37 2.46 B ¢ CH (32)
15 | 1217w 1302 1223 150.72 28.05 9.54 9.53 v@CN (52)+B ¢ CH (14)
16 1263 | 1187 | 14.05 8.83 3.2 3.01 vece (35)&;’&%0 B7N+Be
17 1231 1157 10.5 11 1.2 1.07 v ¢ CC (44) + B ¢ CH (35)
18 1125m 1176 1125 3.38 87.64 492 4 B¢ CH (44) + B ¢ C=C (19)
19 1168 1097 4.49 3.02 1.92 1.54 B ¢ CH (15) + B ¢ C=C (60)
20 1072 1007 6.78 35.84 2.15 1.46 v ¢ CC (16) + B ¢ CH (15)
21 1038 975 0.09 0.05 1.34 0.85 n ¢ CH (24)
Table 2 (Continued)
S. WS\E)ZEEII’ESer Wa‘inml}g ber IR . Sclzet‘irel?irrllg Reduced Force

cmet) Intensity activity Mass Constant ) Assignment with PED (%)
No FT- HE(I)(IT) (A‘* amu- (amu) ( mD%n e/ A

FT-IR Raman Calculated | Scaled 1

22 1001 940 2.83 0.41 1.37 0.81 n ¢ CH (43)
23 | 934s 999 939 70.34 21.8 11.16 6.56 v CCl (53) +v ¢ CO (18)
24 966 908 20.71 1.55 8.33 4.58 v CCl (42) +v ¢ CO (11)
25 910 855 0.93 3.14 1.44 0.7 n ¢ CH (30)
26 903 848 16.57 2.37 9.61 4.62 v CO (16) + B @ CCN (17)
27 847 796 48.61 7.67 8.98 3.8 v @ CCl (56)+ B @ CCN (11)
28 805 756 41.93 0.35 1.6 0.61 1 ¢ CH (46)
29 781 734 44.89 548 3.38 1.22 n & CH (13) + T ¢ CCCN (14)
30 763 717 46.6 5.46 10.71 3.68 Y NO: (18)
31 757 711 1.38 1.13 5.24 1.77 n & CH (34) + T ¢ CCCC (13)
32 705 662 1.43 0.48 10.22 2.99 T @ CCCN (18)
33 659 619 284 6.92 8.04 2.06 B ¢ CCC (30)
34 621 583 1.85 2.8 6.87 1.56 B ¢ CCC (27)
35 608 571 9.67 1.54 8.79 191 B ¢ CCl (40)
36 579 544 5.16 0.92 7.96 1.57 B ¢ CCC(32)
37 541 508 1.04 2.51 5.37 0.93 B ¢ CCC (24)
38 506 475 5.23 3.73 5.13 0.77 T ¢ CCCC (30)
39 455w 473 455 3.36 26.15 10.09 1.33 T ¢ CCCC (33)
40 425 399 1.53 3.68 439 0.47 T ¢ CCCH (13) + T ¢ CCCC (37)
41 390 366 3.31 5.2 10.39 0.93 v ¢ CC (10) + B ¢ CCO (14)
42 328 308 1.62 5.79 11.9 0.75 B ¢ CCO (17) + B ¢ CCC (57)
43 296 278 0.2 3.69 11.53 0.6 B ¢ CCO (16) + B ¢ CCC (43)
Table 2 (Continued)
S, Wg},)sﬁ;v;ger Wa‘EiII:?gl ber R scr,ﬁ::i?ag Reduced Force

cmet) Intensity activity Mass Constant ) Assignment with PED (%)
No FT- rrE(l)(lr-Ill) (A4 amu- (amu) ( mD}ll)n e/A

FT-IR Raman Calculated | Scaled 1)

44 277 260 0.11 2.22 6.44 0.29 B ¢ CCO (22) + B ¢ CCC (43)
45 220 206 1.25 1.53 10.85 0.31 v ¢ CC (16) + B ¢ CCC (29)
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46 207 194 4.98 1.85 10.26 0.26 v $ CC (46) + B ¢ CCC (39)
47 164 154 0.91 0.6 14.58 0.23 T CCCC (11)

48 135 126 0.59 2.26 7.91 0.09 T CCCC (41)

49 91 85 0.01 134 6.36 0.03 T CCCC (35) +1 ¢ CCCC (20)
50 61 57 0.05 3.88 11.44 0.03 T CCCC (78)

51 42 39 0.16 5.71 14.86 0.02 B ¢ CCC (87)

w-weak, m-medium, s-strong, vs-very strong, v - stretching; 3 - in-plane bending, n| - out of plane bending, t-torsion, y-scissoring, ¢ -

benzene ring, ¢ - pyridine ring

3.2.2 C=0 VIBRATION

Characteristic vibrational modes for C=0 stretching are found
in the range of 1750 to 1650 cm-1. The CNC molecule exhibited
a very strong peak for the C=0 stretching mode at 1745 cm-! in
both FT-IR and FT-Raman spectrum. The corresponding
vibrational mode was calculated as 1745 cm-113,

3.2.3 C-C VIBRATIONS

Vibrational modes for the C-C stretching within the phenyl
ring are typically detected in the range of 1600 to 1430 cm-1. A
notable peak observed at 1572 cm-! in the FT-IR spectrum is
attributed to the molecule's C-C stretching vibrational mode of
the CNC molecule and the corresponding peak was calculated
as 1572 cml. Moreover, the corresponding vibrational mode
was calculated as 1552 and 1513 cm-114,

3.2.4 C-CL VIBRATIONS

The usual C-Cl stretching vibrational modes fall within the
range of 950 to 450 cm-L. In the FT-IR spectrum of the CNC
molecule, the C-Cl stretching mode was observed at 934 cm'!
and calculated as 939 cm-L.

3.3 UV-VISIBLE ANALYSIS

In general, UV-visible spectrum analysis has the capability to
forecast the electronic properties of organic compounds?s. It
provides insights into the characteristics of molecules in both
their excited and ground states. In this case, the experimental
UV-visible spectrum of the CNC molecule was recorded in
liquid phase using ethanol solvent. Additionally, the UV-visible
spectrum of the molecule was simulated using the TD-DFT
method with the B3LYP/cc-pVTZ basis set. Fig. 4 depicts the

observed and simulated UV-visible spectrum of the CNC
molecule. Detailed information concerning the excitation
wavelength (A), excitation energy (E), oscillator strength (f),
and corresponding orbital contribution for the CNC molecule
is listed in Table 3. The findings reveal that the transition from
the Highest Occupied Molecular Orbital (HOMO) to the Lowest
Unoccupied Molecular Orbital (LUMO) is responsible for the
most significant absorption peak of the CNC molecule, which
was calculated at 324 nm, with an f-value of 0.0 and an E-value
of 3.88 eV. It's noteworthy that experimentally, a similar peak
was observed at 319 nm.

324

— Theoretical

319

Experimental

Absorbance (arb. units)

T
400
Wavelength (nm)

1
200 300 500 600

Figure 4: UV-Vis spectra of CNC molecule

Table 3: The calculated and observed UV-Vis spectral parameters in acetone solution for CNC molecule with its assignment

Calculated

Observed

A (nm) Orbital contribution

E (eV) F

Assignment

A (nm) E (eV)

324 3.88 0.0

H-25L (27%)

H-6-L (22%), H-5- L (41%),

319 3.83 ot

3.4. MULLIKEN ATOMIC CHARGE DISTRIBUTION ANALYSIS

The Mulliken atomic charge distribution of a molecule greatly
affects dipole moment and polarizabilityl6. In this study, the
DFT/B3LYP method with the cc-pVTZ basis set was used to
simulate the Mulliken atomic charge distribution of the CNC
molecule. Fig. 5 showed the Mulliken atomic charge
distribution of the CNC molecule. The carbon atom C2 has high
positive charge value (0.567) which is due to the C2 atom
bonded with the electronegative oxygen atoms 01 and 09. The
oxygen atom 01 (-0.559) of the CNC molecule has a high
negative charge value. Moreover, the electronegative oxygen
atoms in the CNC molecule have negative charge values except
chlorine atom Cl12 and nitrogen atom N13 while all the
hydrogen atoms in the molecule have positive charge values.
ISSN: 2250-1177
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The carbon atoms have both positive and negative charge
values, which confirm the reactive nature of the molecule.
However, the hydrogen atom H16 (0.178) and H17 (0.177) has
a high charge value, suggesting that the H16 and H17 atoms
contributes electrons to the carbon atom C5 and C8,
respectively. Significantly, the electronegative chlorine atom
Cl12 (0.234) has positive charge value which is due to the
electron delocalization from the chlorine atom to the pyridine
ring where the carbon atom C4 of pyridine ring becomes
negative charge value (-0.258). As a result, the delocalization
of charges within the molecule indicates the bioactive nature
of the CNC molecule.

CODEN (USA): JDDTAO
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Figure 5: Mulliken charge distribution of CNC molecule

Table 4: Mulliken atomic charge values of CNC molecule

Journal of Drug Delivery & Therapeutics. 2023; 13(12):189-200

Py -

| AE = Evumo— Exomo = 3.83 eV |

LUMO
(FIRST EXCITED STATE)
Ervmo=—3.45eV

HOMO
(GROUND STATE)
EHOMO =—-728¢eV

Figure 6: FMOs of CNC molecule

Table 5: The calculated FMOs related molecular properties of
the CNC molecule

Atom Mulliken Atomic Atom Mulliken Atomic
charge charge

01 -0.559 C11 0.263
C2 0.549 Cl12 0.234
C3 0.230 N13 0.095
C4 -0.258 014 -0.250
C5 -0.147 015 -0.241
Cé6 -0.125 H16 0.178
Cc7 -0.116 H17 0.177
C8 -0.108 H18 0.153
09 -0.351 H19 0.157
C10 0.117

3.5. FRONTIER MOLECULAR ORBITALS ANALYSIS

Frontier molecular orbitals (FMOs) are a commonly employed
analysis used to describe a molecule's reactivity and its
interactions with other molecules!’. Typically, Koopmans'
theorem is employed in FMO analysis to determine the
chemical potential, hardness, electrophilicity, and
electronegativity of organic compounds!3. A molecule with a
narrow energy gap is more reactive and susceptible to
polarization. Fig.6 illustrates the simulated FMOs of the CNC
molecule, where the positive and negative phases are
represented by the colors red and green, respectively. Table 5
lists the insights into the HOMO and LUMO energies, the
energy gap, and other FMOs related chemical characteristics of
the CNC molecule.

The energy gap value of the CNC molecule is determined to be
3.83 eV, which confirms structural stability of the molecule.
This information supports the analyses of molecular geometry
and vibrational spectra. Furthermore, the calculated band gap
energy value of the CNC molecule correlated with the reported
bioactive molecules. Additionally, the CNC molecule's high
ionization energy value (-7.28 eV) suggests its nucleophilic
attack nature. The molecule's stability is indicated by the
computed higher hardness value (1.92 eV) and lower softness
value (0.52 eV). Thus, the CNC molecule's calculated
electrophilicity index value (7.51 eV) indicates its improved
electrophilic nature, which results the bioactive nature of the
CNC molecule.
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Molecular properties Energy (eV)

Enomo -7.28
Erumo -345
Energy gap 3.83
Ionization energy (I) 7.28
Electron Affinity (A) 345
Global hardness (1) 1.92
Global Softness (S) 0.52
Chemical potential () -5.37
Electrophilicity index (w) 7.51

3.6 NATURAL BOND ORBITAL ANALYSIS

Natural Bond Orbitals (NBO) analysis can provide valuable
insights into hydrogen bonding and intra- as well as
intermolecular charge transfer interactions of the molecules!8.
In this study, NBO analysis was performed using the
DFT/B3LYP approach with the cc-pVTZ basis set, utilizing the
NBO 3.1 program?? integrated into the Gaussian 09 software.
The stabilization energy E(2) associated with the
delocalization of each donor (i) to an acceptor (j) within the
CNC molecule was determined using second-order Fock
matrix perturbation theory. These values are tabulated in
Table S1. The stabilization interaction energy of the orbitals
plays a crucial role in explaining intramolecular charge
transfer and the formation of hydrogen bonds in the molecule.
It is directly related to the energy difference between the
interacting orbitals of effective donors and acceptors. Table S1
reveals that the CNC molecule's higher stabilization energy
primarily arises from transitions involving the lone pair (LP)
of 014 to m*(N13-015), LP of O1 to m*(C2-09), and n(C7-C8)
to m*(C10-C11). In general, the common molecular
characteristic of bioactive molecules is the stabilization
interactions between LP orbitals and anti-bonding orbitals20.
Consequently, the findings suggest that intramolecular charge
transfer within the CNC molecule is mainly arises from LP to
anti-bonding orbitals which confirm its reactivity and
bioactivity.
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3.7 MOLECULAR ELECTROSTATIC POTENTIAL (MEP)
SURFACE ANALYSIS

A visual representation of a molecule's chemically active sites
is provided by the total electron density mapped with MEP
surface analysis, which also improves understanding of
molecular reactivity, electrophilic reactions, substituent
effects, and intra- and intermolecular interactions?!. The MEP
surface of the CNC molecule is depicted on Fig. 7. The MEP
surface's red, yellow, light blue, and blue colours, respectively,
designate the sections that are electron-rich, slightly electron-
rich, slightly electron-deficient, and electron-deficient. Due to
the oxygen atom's lone pair, it was discovered that the area
surrounding the oxygen atoms was electron-rich (red). The
hydrogen atoms H16, H17, H18, and H19 of the molecule, as
well as H16, H17, and H19 were found in the electron-
deficient (blue) area of the molecule. As a result of the MEP
analysis, the hydrogen atom H19 in the benzene ring acts as
potential electrophilic attack site, while the oxygen atom 09 in
the pyridine ring is identified as potential nucleophilic attack
site.

3.8 ANTIBACTERIAL ANALYSIS

The antibacterial activity of the CNC compound was assessed
using the well diffusion method. In this experimental approach,
the CNC compound was tested against four bacterial strains,
namely, Staphylococcus aureus, Klebsiella pneumoniae,
Escherichia coli, and Pseudomonas aeruginosa??. Fig. 8
illustrates the diameters of inhibitory zones for the CNC

Journal of Drug Delivery & Therapeutics. 2023; 13(12):189-200

compound against these four bacterial strains, and the
corresponding results are presented in Table 6. The
antibacterial test results validate that the CNC molecule
exhibits a stronger inhibitory effect on Staphylococcus aureus
compared to the other tested bacteria

—5.496 a.u. 5.496 a.u.

Figure 7: MEP surface of the CNC molecule

Figure 8: Diameters of inhibitory zones for the CNC compound against the four bacterial strains
(a) Staphylococcus aureus, (b) Klebsiella pneumonia, (c) Escherichia coli and (d) Pseudomonas aeruginosa
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Table 6: Diameters of inhibitory zones (mm) for CNC
compound against four bacterial strains

Journal of Drug Delivery & Therapeutics. 2023; 13(12):189-200

Zone of Inhibition (mm)
Bacterial Strains Control Standard | Test
Staphylococcus aureus NIL 15 50
Klebsiella pneumonia NIL 9 29
Escherichia coli NIL 23 27
Pseudomonas NIL 29 25
aeruginosa

3.9 IN VITRO CYTOTOXICITY ASSAY FOR ANTICANCER
ACTIVITY

3.9.1 MTT ASSAY

The MTT assay analysis was used to analyze the cytotoxicity
effect of HeLa (cervical) and A549 (lung) cancer cell lines
after exposure to the CNC compound at concentrations
ranging from 0-360 pg/ml for 24 hours?3.24. The cell viability
of HeLa and A549 cancer cell lines after incubation with CNC
at various concentrations were shown in Figs. 9 and 10,
respectively. After 24 hours of treatment with CNC at a
concentration of 225 pg/ml, the cell viability of HeLa cells is
about 40%. After 24 hours, the A549 cell viability is about
10% at a concentration of 225 pg/ml of CNC.

Interestingly, the ICso value of the CNC compound were
determined to be 3.34 pg/ml for the HeLa cancer cell line and
13.01 pg/ml for the A549 cancer cell line. These values
indicate that the CNC compound exhibits a more potent
inhibitory effect on the proliferation of HeLa cervical cancer
cell lines compared to A549 lung cancer cell lines. Fig. 11
depicts the control and treated HeLa and A549 cancer cell
lines with the CNC compound. Both treated cell lines display
noticeable morphological changes, including cell swelling and
rupture, as illustrated in Fig. 11. These observations suggest
that the CNC compound may hold promise as an effective
treatment for cervical cancer.
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Figure 9: MTT assay measurement on different % of
cell viability in HeLa cancer cell lines against varied
concentrations of CNC compound.

100 - IC50= 13.01 ung

o B BN BN BN B B

0 75 150 225 300 375

5 CNC Concentration (g)

Figure 10: MTT assay measurement on different % of cell
viability in A549 cancer cell lines against varied
concentrations of CNC compound.

Figure 11: Morphological profile of the HeLa cells (a) control and (b) after treated with CNC compound for 24 hours and
morphological profile of the A549 cells (a) control and (b) after treated with CNC compound for 24 hours.
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3.10 MOLECULAR DOCKING ANALYSIS

Molecular docking is an effective method used to develop new
drugs by using the structure-activity relationship (SAR) of a
molecule?s. Molecular docking analysis can predict important
molecular docking characteristics such as binding energy,
inhibition constant, and intermolecular energy of a ligand
docked with a target protein. In general, different molecular
docking approaches are accessible. The flexible ligand and
rigid targeted protein docking analysis was done in this work.
Furthermore, the title molecule (CNC) was employed as a
ligand, human cervical cancer protein p38a Mitogen-activated
protein kinase 14 (p38a MAPK) [PDB ID: 3FMK] and the
human lung cancer proteins epidermal growth factor receptor
(EGFR) [PDB ID: 2ITO] were used as targeted proteins. The
ligand molecule was docked successfully with the targeted
proteins. The lowest docked energy poses of the ligand (CNC)
molecule with the respective targeted proteins were depicted
in Fig. 12.
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As depicted in Fig.12, the dotted yellow lines confirm the
formation of hydrogen bonds between the ligand (CNC) and
targeted proteins. In addition, hydrogen bond lengths and the
amino acid residues in the targeted proteins were also
depicted in Fig.12. Furthermore, the computed docking
characteristics of the ligand with the targeted proteins, such as
binding energy, inhibition constant and intermolecular energy,
were given in Table 7 for the first three ranks (1, 2 and 3).
These findings clearly suggest that the CNC molecule has a
lower binding energy and inhibition constant values for the
targeted protein, human cervical cancer protein p38a
Mitogen-activated protein kinase 14 (p38a MAPK) [PDB ID:
3FMK]. These findings reveal that the CNC molecule can serve
as an effective inhibitor of p38a Mitogen-activated protein
kinase 14. Further, the molecular docking results support the
experimental in vitro anticancer findings.

Figure12: The 3D representation of docked ligand (CNC) at the binding site of the targeted proteins (a) p38a MAPK and (b) EGFR.

Table 7: The obtained docking parameters of the CNC molecule on their rank were calculated by Autodock.

Docking Parameters based on the rank
Target T
Ligand protein Binding energy Inhibition constant (uM) Intermolecular energy
(receptor) (Kcal/mol) (Kcal/mol)
1 2 3 1 2 3 1 2 3
CNC 3FMK -6.50 -5.90 -5.54 17.23 47.24 86.55 -6.80 -6.20 -5.84
molecule 2ITO -5.48 -4.74 -4.62 96.13 334.31 411.14 -5.78 -5.04 -4.92

4. CONCLUSION

The geometrical analysis of the CNC molecule was performed
clearly. The precise vibrational assignments were carried out
for the CNC molecule. The UV-Visible spectral analysis of the
CNC molecule shows that there is an electronic transition
between the benzene rings to chlorobenzene rings. This is a
good sign for pharmacological applications. FMOs analysis
further validated the bioactivity of the molecule by the
evidence of charge transfer from the benzene rings to
chlorobenzene rings. The MEP surface, Mulliken atomic charge
distribution, and NBO investigations also supported the
charge transfer from the benzene rings to chlorobenzene rings,
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demonstrating the bioactivity of the CNC molecule. The
antibacterial analysis was performed and the obtained results
confirm the CNC molecule exhibits a stronger inhibitory effect
on Staphylococcus aureus compared to the other tested
bacteria. In vitro anticancer cytotoxicity analysis was also
performed and the results show that the CNC
compound inhibits the growth of HelLa cervical cancer cell
lines more than A549 lung cancer cell lines. In silico molecular
docking study further confirm that the CNC molecule inhibits
the function of the p38a Mitogen-activated protein kinase 14,
which is associated with the cervical cancer. Thus, the
present study paves the way for the development of new
drugs to treatment of cervical cancer.
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Table S1: Second order perturbation theory analysis of Fock matrix of CNC molecule by natural bond orbital analysis.

Journal of Drug Delivery & Therapeutics. 2023; 13(12):189-200

Donor (i) ED (i) e Acceptor (j) ED (j) e E(2)2 (Kcal/mol) | E()-E(i)® (a.u) F(i,j)c (a.u)
o(C2-C3) 1.96757 c*(C3-C4) 0.02751 5.18 1.31 0.074
o(C2-C3) 1.96757 o*(C4-Cl12) 0.03768 5.13 0.79 0.057
m(C2-09) 1.97907 *(C3-C4) 0.26502 6.54 0.36 0.046
m(C3-C4) 1.82997 T*(C2-09) 0.29388 21.56 0.30 0.075
m(C3-C4) 1.82997 m*(C10-C11) 0.45451 9.45 0.32 0.053
m(C3-C4) 1.82997 m*(N13-015) 0.59980 5.75 0.20 0.034
0(C4-C10) 1.97280 0*(C3-N13) 0.09592 4.87 0.99 0.063
m(C5-C6) 1.68516 T*(C7-C8) 0.29306 20.93 0.28 0.069
m(C5-C6) 1.68516 m*(C10-C11) 0.45451 18.68 0.25 0.064
m(C7-C8) 1.66468 T*(C5-C6) 0.27635 17.15 0.28 0.063
m(C7-C8) 1.66468 m*(C10-C11) 0.45451 24.81 0.25 0.073
0(C8-C11) 1.97445 0*(C10-C11) 0.03685 4.58 1.25 0.068
0(C8-H17) 1.97753 0*(C10-C11) 0.03685 4.57 1.05 0.062
m(C10-C11) 1.60721 m*(C3-C4) 0.26502 20.39 0.26 0.067
m(C10-C11) 1.60721 m*(C5-C6) 0.27635 18.10 0.30 0.068
m(C10-C11) 1.60721 m*(C7-C8) 0.29306 15.41 0.30 0.062
m(N13-015) 1.98771 m*(N13-015) 0.59980 6.75 0.35 0.051
LP (1) 01 1.96016 o*(C2-C3) 0.07077 4.90 0.96 0.062
LP (1) 01 1.96016 o*(C10-C11) 0.03685 6.54 1.06 0.074
LP (2) 01 1.73570 m*(C2-09) 0.29388 37.46 0.31 0.097
LP (2) 01 1.73570 m*(C10-C11) 0.45451 29.18 0.33 0.092
LP (2) 09 1.81578 0*(01-C2) 0.13198 40.00 0.50 0.128
LP (2) 09 1.81578 o*(C2-C3) 0.07077 18.33 0.68 0.102
LP (3) Cl12 1.91254 T*(C3-C4) 0.26502 14.58 0.31 0.063
LP (2) 014 1.89760 0*(C3-N13) 0.09592 11.82 0.54 0.072
LP (2) 014 1.89760 0*(N13-015) 0.08819 18.03 0.60 0.094
LP (3) 014 1.38939 0*(N13-014) 0.07356 5.58 0.61 0.061
LP (3) 014 1.38939 m*(N13-015) 0.59980 150.01 0.14 0.131
LP (2) 015 1.89348 0*(C3-N13) 0.09592 11.77 0.54 0.071
LP (2) 015 1.89348 0*(N13-014) 0.07356 18.20 0.62 0.096

aStabilization (delocalization) energy. "Energy difference between i (donor) and j (acceptor) NBO orbitals. cFock matrix elementiand j NBO orbitals
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