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Abstract

This study investigates the structural, vibrational, electronic, and biological properties of 4-Amino-5-chloro-2,6-
dimethylpyrimidine (ACDMP), with a focus on its potential as a lung cancer drug. Using density functional theory
(DFT) with the B3LYP functional and the 6-311G++ (d,p) basis set, the molecular structure of ACDMP was optimized
and calculated its vibrational frequencies. Experimental Fourier Transform Infrared (FT-IR) and Raman spectra were
recorded, and theoretical values were scaled for comparison, showing good agreement. UV-Vis spectral analysis
indicated significant intramolecular charge transfer. Frontier molecular orbitals (FMOs) analysis revealed a HOMO-
LUMO gap of 4.71 eV, suggesting high reactivity and potential bioactivity. Mulliken atomic charge distribution
supports the delocalization of charges, which contributes to the bioactivity of ACDMP. The compound also exhibited
notable antibacterial activity against Staphylococcus aureus. Additionally, in vitro cytotoxicity assays on A549 human
lung cancer cells and HelLa cervical cancer cells showed that ACDMP is more effective against lung cancer cells.
Moreover, the molecular docking studies demonstrated that ACDMP acts as a potent inhibitor of dipeptidyl peptidase-
IV, a key enzyme in lung cancer. These findings highlight ACDMP's potential as an effective agent in lung cancer
treatment.

Keywords: 4-Amino-5-chloro-2,6-dimethylpyrimidine; Density Functional Theory; Antibacterial Activity; In Vitro
Cytotoxicity; Molecular Docking; Lung Cancer Therapeutics

1. Introduction

Pyrimidine derivatives possess significant medicinal properties and are crucial in drug design due to their extensive
pharmacological activity, combined with relatively low side effects and toxicity. They are characterized by high
bioavailability, minimal drug resistance, broad-spectrum efficacy, and enhanced therapeutic effects [1]. Additionally,
their exceptional physical, thermal, optical, and biological properties make them valuable for use as fabric dyes,
fluorophores, and optical brightening agents. Bioactive pyrimidine compounds have proven useful as antioxidants,
anticoagulants, antivirals, antimicrobials, antiparasitics, antifungals, anti-diabetics, anticancer agents, anti-
neurodegenerative agents, analgesics, and anti-inflammatory agents [2-7]. The pyrimidine ring, with its extensive
conjugated system and charge-transport properties, is electron-rich, which facilitates interactions with ions and
molecules. Fluorescent probes, biological stains, and ion receptors based on pyrimidine are increasingly important in
monitoring complex biological processes, enzyme activity, and precise pharmacological and pharmacokinetic
characteristics in living cells [8-13].

Numerous reviews in the literature have highlighted the advanced applications of pyrimidines, particularly
emphasizing their anticancer and antioxidant properties [14-19]. Notably, several pyrimidine-based compounds and
metal complexes exhibit antiviral, antioxidant, antimicrobial, anti-HIV, and anticoagulant properties. Synthetic
aminopyrimidine-based drugs, such as warfarin and acenocoumarol, which are vitamin K antagonists, are commonly
used for treating blood coagulation disorders [20-25]. These wide-ranging applications of aminopyrimidines have
inspired the theoretical and experimental investigations of the molecule 4-Amino-5-chloro-2,6-dimethylpyrimidine
(ACDMP). Such studies could lead to the development of new molecules with diverse bio-medicinal properties.

In this study, the structural, vibrational and electronic excited state characteristics of ACDMP, which relate to
its stability and reactivity, were examined theoretically using the density functional theory (DFT) method. DFT is a
valuable technique for calculating vibrational frequencies, molecular geometries, and molecular orbital energies.
Moreover, the B3LYP functional has been shown to offer an excellent balance between vibrational spectral accuracy
and computational efficiency for medium to large molecules [26-28]. In vitro cytotoxicity analysis is a widely used
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screening test in biological evaluation, helping to assess cell growth, morphological effects, and reproduction influenced
by medical devices [29]. Molecular docking has been extensively used in drug development to explore potential
protein-ligand interactions [30].

A review of the literature revealed that no DFT quantum chemical computational studies on ACDMP have
been conducted to date. In this work, the structure of ACDMP was initially optimized using the Gaussian 09 program
[31]. The vibrational spectra (FT-Raman and FTIR) were recorded and simulated for the molecule. The kinetic stability
and reactivity of ACDMP were determined through frontier molecular orbitals analysis. The electronic absorption data
in aqueous solution were presented and compared experimentally for structural identification. The Mulliken charge
distribution was also calculated. The in vitro antibacterial and anticancer studies of the title compound were also carried
out. Additionally, docking analysis was carried out to assess the inhibitory potential of ACDMP against two different
cancer-related proteins.

2. Materials and Methods

2.1 Experimental characterizations

The ACDMP compound, with 99% purity, was sourced from Sigma-Aldrich, Chemicals Co., St. Louis, MO, USA. The
Fourier transform-infrared (FT-IR) spectrum was recorded using a Perkin Elmer Spectrum 1 FT-IR spectrometer,
employing the KBr pellet method at room temperature with a resolution of 1.0 cm™. The FT-Raman spectrum was
recorded using a BRUKER RFS 27: Stand-alone Raman spectrometer at room temperature with a resolution of
2 cmt, Both the FT-IR and FT-Raman spectra were obtained in the wavenumber range of 3500-400 cm. The UV-Vis
spectrum was measured using a Shimadzu UV-3600 UV Vis-NIR spectrophotometer (Shimadzu Scientific Instruments,
Columbia, MD) over the wavelength range of 200-600 nm, with ethanol as the solvent. Additionally, antibacterial
activity was tested against four different bacterial strains: Staphylococcus aureus, Klebsiella pneumoniae, Escherichia
coli, and Pseudomonas aeruginosa. The MTT assay was performed to evaluate the anticancer efficacy of the ACDMP
molecule against A549 human lung cancer cell lines and HeLa human cervical cancer cell lines.

2.2 Computational details

The molecular structure of the ACDMP molecule was optimized using the DFT/B3LYP method with a 6-311G++ (d,p)
basis set via the Gaussian 09 program [32,33]. The most stable structure of the molecule was identified through this
DFT/B3LYP method, also employing the 6-311G++ (d,p) basis set. Vibrational wavenumbers were then calculated for
this optimized structure. The calculated vibrational wavenumbers were assigned based on potential energy distribution
(PED) analysis, performed using the VEDA 4.0 program [34]. The UV-Vis spectrum was simulated using the time-
dependent (TD)-DFT/B3LYP method, incorporating the polarizable continuum model (PCM) and utilizing the 6-
311G++ (d,p) basis set with ethanol as the solvent. The optimized molecular structure, along with the calculated
vibrational wavenumbers, UV-Vis spectrum, Mulliken atomic charge distribution, molecular electrostatic potential
(MEP) surface, and frontier molecular orbitals (FMOs), were visualized using the GaussView 05 [35] program. All
calculations were performed at the ground state energy level of the ACDMP molecule, without imposing any
constraints on the potential energy surface. Additionally, molecular docking analysis was performed using
AUTODOCK 4.0.1 software to investigate the inhibitory potential of the ACDMP molecule against targeted proteins
associated with lung and cervical cancers.

3 Results and discussion

3.1 Molecular geometry and symmetry

The structure of the ACDMP molecule was optimized by the DFT/B3LYP level of theory using the cc-pVTZ basis set.
The optimized structure of ACDMP is shown in Fig. 1. The least energy value of ACDMP is calculated to be —647.71
a.u., which confirms that the molecule is a true minimum energy on the potential energy surface [36]. Moreover, the
molecular geometry of the ACDMP molecule possesses C; point symmetry. The title molecule has 18 atoms and 48
normal modes of vibration, which all belongs to the similar type of symmetry species (A). All modes are found to be
Raman and infrared active, which confirms the non-centro symmetry structure of ACDMP molecule.

Table 1 provides the optimized structural parameters of the ACDMP molecule, calculated using DFT/B3LYP with the
cc-pVTZ basis set. The table includes bond lengths, bond angles, and dihedral angles, which are crucial for
understanding the geometric configuration and stability of the molecule. The bond lengths of the ACDMP molecule
range from 0.9858 A to 1.5251 A, with significant bond lengths including N1-C2 (1.3294 A), N1-C14 (1.3705 A), C2-
C3 (1.4178 A), C3-C4 (1.3762 A), C4-C13 (1.4262 A), C5-C6 (1.4452 A), and C6-09 (1.3755 A). These values
indicate the strength and type of bonding interactions present in the molecule. The bond angles in the molecule range
from 104.25° to 123.82°, with noteworthy angles including C2-N1-C14 (118.32°), N1-C2-C3 (122.58°), C2-C3-C4
(119.42°), C4-C13-C5 (123.82°), and C6-09-C15 (119.56°). These angles provide insight into the molecular geometry,
suggesting that the molecule adopts a non-linear, complex three-dimensional structure, which can influence its
reactivity and interactions with other molecules. The dihedral angles provide information about the spatial arrangement
of atoms within the molecule. The key dihedral angles include C14-N1-C2-C3 (0.15°), N1-C2-C3-C4 (0.01°), and C2-
C3-C4-H18 (0.16°). These small values indicate minimal torsion in these parts of the molecule, suggesting a relatively

399


http://www.veterinaria.org/
http://www.veterinaria.org/

REDVET - Revista electrénica de Veterinaria - ISSN 1695-7504
Vol 25, No. 2 (2024)

http://www.veterinaria.org

Article Received: Revised: Accepted:

planar configuration in those regions. Thus, the bond lengths and angles suggest a stable configuration of the ACDMP
molecule, while the dihedral angles indicate the specific spatial orientation of atoms, which is essential for
understanding the molecule's physical and chemical properties. The structural analysis evidences the reactivity of the
title molecule.

Fig.1. The optimized molecular structure of ACDMP molecule.

Table 1. The optimized structural parameters of the ACDMP molecule calculated by the DFT/B3LYP method with cc-

pVTZ basis set.
Structural Parameters | cc-pVTZ | Structural Parameters | cc-pVTZ | Structural Parameters | cc-pVTZ
Bond length (A) Bond angle (degree) C2-C3-C4-C13 0.03
N1-C2 1.3294 C2-N1-C14 118.32 H12-C3-C4-C13 0.02
N1-C14 1.3705 N1-C2-C3 122.58 H17-C3-C4-C14 0.05
C2-C3 1.4178 N1-C2-H16 117.28 C2-C3-C4-C14 0.13
C2-H16 1.0852 C3-C2-H16 120.05 C2-C3-C4-H18 0.15
C3-C4 1.3762 C2-C3-C4 119.42 H16-C2-C3-H17 0.12
C3-H17 1.0825 C2-C3-H17 119.39 H16-C2-C3-C4 0.14
C4-H18 1.0835 C4-C3-H17 121.02 C3-C2-C6-C5 0.16
C4-C13 1.4262 C3-C4-H18 120.85 C3-C2-C6-C7 0.05
C5-C1 1.3855 C3-C4-C14 119.14 H16-C2-C6-C7 0.03
C5-H19 1.0822 H12-C4-C13 119.15 H16-C2-C6-09 0.01
C5-C6 1.4452 C6-C5-H19 118.65 N1-C2-C6-C5 0.04
C6-C7 1.4155 C6-C5-C13 120.14 N1-C2-C6-C7 0.02
C6-09 1.3755 H13-C5-C13 121.10 C3-C2-C6-09 0.01
C7-C8 1.3758 C5-C6-C7 120.15 C2-C6-C7-C8 0.01
C7-H20 1.0758 C5-C6-09 116.39 C2-C6-C7-H20 0.04
C8-C14 1.4223 C7-C6-09 123.39 C2-C6-C7-C14 0.12
C8-N12 1.4255 C6-C7-C8 120.05 H19-C6-C7-H20 0.06
09-C15 1.5251 C6-C7-H20 120.16 H19-C6-C7-C14 0.03
C15-H21 1.0823 C8-C7-H20 119.58 H19-C6-C7-C8 0.01
C15-H22 1.0823 C7-C8-C14 120.10 C2-C6-C7-H20 0.02
C15-H23 1.0868 C7-C8-N12 122.49 C6-C7-C8-N12 0.11
N12-010 1.2452 C14-C8-N12 116.89 C6-C7-C8-C14 0.15
N12-011 1.2353 C6-09-C15 119.56 C2-C6-C7-C8 0.03
024-H40 0.9858 C4-C13-C5 123.82 H20-C7-C8-N12 0.01
024-C34 1.4325 C4-C13-C14 116.48 H20-C7-C8-C14 0.02
C34-C36 1.3835 C5-C13-C14 119.85 C2-C6-C7-C8 0.13
C34-C36 1.4428 N1-C14-C8 117.82 C7-C8-N12-C4 0.01
C36-H39 1.0845 N1-C14-C13 123.32 C6-C7-C8-N12 0.03
C36-C35 1.4348 C8-C14-C13 118.85 C6-C7-C8-C14 0.05
C35-H38 1.0835 09-C15-H21 104.25 C8-N12-010-H21 0.02
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C35-C32 1.3858 09-C15-H22 111.57 C8-N12-010-H22 0.14
C32-C33 1.4428 09-C15-H23 111.25 N12-010-H21-H22 0.01
C33-H37 1.0845 C8-N12-010 120.10 N12-010-H21-C14 0.03
C33-C31 1.3747 C8-N12-011 122.01 C6-C7-C8-N12 0.11
C31-N29 1.4245 010-N12-011 118.25 H20-C7-C8-C14 0.02
N29-025 1.2542 Dihedral angle (degree)

N29-026 1.2458 C14-N1-C2-C3 0.15

C32-N30 1.4256 N1-C2-C3-C4 0.01

N30-027 1.2547 C2-C3-C4-H18 0.16

3.2 Vibrational spectral analysis
The experimentally observed and theoretically simulated infrared spectra of the ACDMP molecule are shown in Fig. 2.
Similarly, the observed and simulated Raman spectra of the ACDMP molecule are shown in Fig. 3. In order to account
for the anharmonicity in DFT results, the vibrational calculated frequencies were scaled by scaling factors using the

formula [37],

C = X(vi*oi)/Zo?

where v; and ; are experimental and theoretical frequencies, respectively and C is the scaling factor. The scaling factors
for stretching and bending modes of ACDMP molecule are calculated as 0.9700 and 0.9971, respectively. The
vibrational frequencies, IR intensity, and Raman scattering activity and the corresponding vibrational assignments of
ACDMP molecule were listed in Table 2. The calculated vibrational frequencies values were correlated well with the

experimental values.
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Fig. 2. The infrared spectra of ACDMP molecule.
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Fig. 3. The Raman spectra of the ACDMP molecule.

3.2.1 CHs Vibrations

In the ACDMP molecule, both symmetric stretching (vs C-Hsz) and asymmetric stretching (vas C-Hs) modes are
predicted to be prominent. Specifically, the asymmetric stretching of the CH3 group was calculated to occur at 3080,
3073, 3023, and 3021 cmt, while the symmetric stretching modes are predicted at 2974 and 2971 cm™. The in-plane
bending vibrations of CH3 were computed to fall within the range of 1549 to 1498 cm, with a strong peak observed at
1545 cm in both the FT-IR and FT-Raman spectra. Additionally, the CHj3 torsional vibrations are predicted to appear
in the lower vibrational range. These theoretical predictions align well with the experimental literature, indicating a
strong agreement between the computed and observed values [38-40].

3.2.2 N-H2 Vibrations

The stretching vibrations of N-H; are prominent in the spectrum. Specifically, the N-H, asymmetric stretching vibration
of the molecule was calculated at 3567 cm™. For N-H, symmetric stretching, the calculated frequency is 3080 cm™,
with a weak band observed at 3080 cm™ in the FT-IR spectrum and a very strong peak at 3081 cm™ in the FT-Raman
spectrum. The in-plane bending vibrations of N-H, were calculated at 1652 cm™ and 1243 cm?, with corresponding
medium peaks observed at 1652 cm™ and 1211 cm™ in the FT-IR spectrum, and strong peaks at 1643 cm™ and 1219 cm-
Lin the FT-Raman spectrum. Additionally, the N-H; out-of-plane bending vibration was calculated at 560 cm, with
medium peaks observed at 538 cm! the FT-IR spectrum and 542 cm in the FT-Raman spectrum [40-42].

3.2.3 CCl Vibrations
The C-ClI stretching vibration was calculated at 1029 cm™, with the corresponding peak observed as a strong peak at
996 cm™ in the FT-IR spectrum and a medium peak at 1001 cm™ in the FT-Raman spectrum [42-45].

3.2.4 Pyrimidine Ring Vibrations
The C-C stretching combined with C-N stretching in the pyrimidine ring was calculated at 1598 c¢m, with the
corresponding experimental peak observed as a medium peak at 1593 cm™. Additionally, this vibrational mode was
calculated at 1480 and 1382 cm, while experimental peaks were observed at 1468 and 1302 cm™. The torsional
vibration of the pyrimidine ring (t Ring) was calculated at 639 and 603 cm™ [42-45].

The comparison between experimental and scaled frequencies shows a strong correlation, with discrepancies
generally within a reasonable range. This confirms the reliability of the vibrational assignments and validates the
computational methods used.
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Table 2. The calculated vibrational frequencies (cm™), IR intensities (Km mol ), Raman scattering activity (A% amu®),
reduced mass (amu), force constants (mDyne/A1) and vibrational assignments based on PED calculations for the
ACDMP molecule.

S Observed Wavenumber IR Raman Reduced Force
. -1 -1 :
No Wavenumber (cm) (cm) Intensity sca_t t?”ng Mass Constant Assignment with PED (%)
FT-IR FT- Calculated | Scaled (Km mol?) activity (amu) ( mDyne/
Raman (A* amut) A
1 3675 3567 | 0.5911 9.2260 12265 | 0.0045 vas N-H; (99%)
2 3436w 3547 3441 0.3565 5.8177 1.1791 0.0036 Vs N-Hz (99%)
- 0,
3 | 3080w | 3081vs | 4995 3080 | 6.9738 10.4301 12256 | 0.0048 vas C-Hs (98%)
4 3168 3073 | 25780 11.8722 12279 | 0.0049 Vas C-Hs (98%)
- 0,
5 3116 3023 | 46062 126463 | 12105 | 0.0042 | Ve CHs (99%)
6 3114 3021 1.2547 10.1189 1.2071 0.0039 vas C-Hs (99%)
7 3066 2974 6.9827 20.2549 1.1927 0.0031 vs C-Hs (97%)
- 0,
8 3063 2071 | 18.7869 127874 | 10522 | 00026 | VeCHs(96%)
9 1652m 1643s 1672 1652 163.2347 3.5642 46730 7.8941 B N-H, (50%)
10 | 1593m B N-H, (37%), v¢C-C
1602 1598 211.7616 7.2059 4.2750 6.4647 (45%). vbC-N (10%)
- 0,
11 15455 1 1545vs | 45y 1549 | 96910 129628 | 13884 | 1.9695 | PC-Hs (46%)
12 1550 1545 | 13.2070 278279 | 10431 | 14782 | PC-Hs (45%)
13 1549 1544 4.3259 18.3130 1.0437 1.4764 P C-Hs (48%)
- 0,
14 1542 1538 | 51.8382 255078 | 14321 | 15868 | P CHs (43%)
15 1502 1498 14.3858 1.8936 28951 28402 B C-Hs (43%)
16 1468 57.2853 1.0667 43123 5.5987 B N-H, (12%), v¢C-C
1484 1480 (53%), vC-N (13%)
Table 2 (Continued)
Observed Wavenumber IR Raman Force
S. Wavenumber (cm™) (cm™) Intensity scattering Reduced Constant
No g Mass Assignment with PED (%)
FT-IR FT-Raman | Calculated | Scaled (Km activity (amu) (mDyne/
mol?) (A*amu™) AY
17 | 1439m 1454 1450 16.4219 16.3465 1.2449 1.5510 v, C-Hs (92%)
18 [ 1382w 1448 1443 20.3523 19.0566 1.2145 1.5019 v, C-Hs (91%)
19 1302s B N-H, (15%), v¢C-C (66%),
1410 1382 138.9347 | 6.7634 7.0459 8.2610 ViC-N (12%)
20 | 1295m 1362 1358 43.2939 10.4963 5.6123 6.1348 B C-Hs (24%), v¢C-N (13%)
21 | 1211s 1219vs 1243 1229 33.8939 4.0508 3.4281 3.1253 B C-Hs (13%), v¢C-N (16%)
22 B C-Hs (14%), B N-H, (16%),
1121 1118 5.4633 1.8681 2.4566 1.8197 VC-C (16%)
23 | 1145vs | 1157w 1111 1108 18.6408 0.7137 2.6871 1.9553 B C-Hs (19%), B N-H, (18%),
24 1109 1106 1.0707 0.5444 1.5850 1.1491 B C-Hs (38%),
25 | 1090vs 1096 1093 14.8189 0.3109 1.5727 1.1133 B C-Hs (43%),
26 1071 1068 36.4934 25343 1.8437 1.2462 B C-Hs (45%), B N-H, (12%),
27 | 996s 1001m 1032 1029 65.4020 5.0528 5.7585 3.6170 v C-Cl (56%)
28 963 960 20.1007 2.4322 2.5959 1.4212 B C-Hs (24%), v¢C-N (13%)
29 | 846w 937 934 1.7105 46188 4.2523 2.2031 B N-H, (32%),
30 | 795vs 733w B CCN (23%), p NCN (12%), B
842 840 455087 0.6304 7.6722 3.2073 HCH (10%)
31 | 690w 697s 694 692 12.6219 0.1523 45593 1.2954 B HCH (14%)
32 641 639 0.2581 0.1324 5.0129 1.2152 7 Ring
33 605 603 23.2640 2.2583 3.2037 0.6926 1 N-H, (22%)
34 605 603 4.8827 23.9864 5.6613 1.2228 7 Ring
35 | 538m 542m 562 560 30.6218 2.0023 1.1627 0.2168 1 N-H, (21%)
Table 2 (Continued)
S. Observed Wavenumber IR Raman Reduced | Force . .
No | Wavenumber (cm™) (cm™) Intensity scattering Mass Constant Assignment with PED (%)
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FT-IR E-!a-r-nan Calculated | Scaled r%r’q) ?E“i\;irtnyu'l) (amu) )(gpll)Dyne/
36 553 551 7.8677 5.2449 6.8440 | 1.2349 B CCNH (23%)
¥ 526 524 | 1.9464 | 0.0296 28754 | 04601 | PCICCC(12%), CCON(13%)
% 450m 496 495 | 243.0557 | 0.4614 11071 | 0a74r | NNH:(18%)
39 388 387 3.9075 15.3563 6.2506 | 0.5559 B CNCC (13%), p NCNC (11%)
0 321 320 | 00037 | 0.6494 58172 | 03539 | P CICEN(14%), B CNCN (18%)
“ 304 303 | 113577 | 1.9061 33406 | 0a1szs | PONCN(Q0%)
42 280 279 | 25948 | 1.0901 26791 | 01242 | pCNCC (25%)
43 234 233 | 15156 | 02551 61668 | 01997 | PCECNCU2%)
44 220 219 | 19680 | 11999 66755 | 0ao11 | PCCCCIUS)
- 190 186 | 93887 | 09131 31761 | 00679 | PCCNCUTH)
40 104 103 | 08621 | 0.2042 10759 | 0.006g | T CHs(21%)
N 90 89 05162 | 0.1120 37706 | 00181 | *CH: (26%)
8 38 38 06626 | 0.3380 10399 | 0.0009 | T CHe (B2%)

w-weak, m-medium, s-strong, vs-very strong v -
1 - out of plane bending, t-torsion, ¢ - pyrimidine ring

stretching; vs -

symmetric stretching, vas -

asymmetric stretching B - in-plane bending,

3.3 UV-Visible analysis

UV-Visible spectral examination was carried out, both theoretically and experimentally, to investigate the electronic
behavior of ACDMP [46]. The observed and simulated UV-Visible spectrum of the ACDMP molecule is shown in Fig.
4. The electronic transition parameters such as excitation energy (E), excitation wavelength (A) and oscillator strength
(f) are enumerated in Table 3. The experiential UV-Visible spectrum of ACDMP shows the maximum absorption peaks
at 209 and 307 nm with an excitation energy value of 5.93 and 4.03 eV, respectively. The absorption peaks were
calculated as 208 and 289 nm in the liquid phase with an energy excitation of 5.97 and 4.29 eV, respectively. For the
corresponding absorption peaks, the oscillator strength values were estimated to be 0.212 and 0.384. The observed and
calculated peaks are because of the n—n* electronic transition of ACDMP. This causes the molecule ACDMP to be
unsaturated, which enhances the intramolecular hydrogen bond formation [47].
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Fig. 4. UV-Visible absorbance spectra of ACDMP molecule
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Table 3. The UV-Vis spectral parameters for ACDMP with its assignments.

Calculated Observed

Liquid phase Liquid phase .
(ethanol) (ethanol) Assignments
A (nm) E (eV) f Orbital contributions A (nm) E (eV)

208 5.97 0.212 H-2—L (11%) 209 5.93 nou*

289 4.29 0.384 H—-L (92%) 307 4.03 T—m*

3.4. Mulliken atomic charge distribution analysis

The Mulliken atomic charge distribution in a molecule plays a crucial role in determining its dipole moment,
polarizability, and overall electronic structure [48,49]. In this study, the Mulliken atomic charges for the ACDMP
molecule were calculated using the DFT/B3LYP method with a 6-311G++ (d,p) basis set. The Mulliken atomic charge
distribution of ACDMP molecule is illustrated in Fig. 5. Notably, the carbon atom C4 exhibits a significantly high
positive charge (0.652), attributed to its attachment to the electronegative nitrogen atoms N3 and N8. On the other hand,
the nitrogen atom N8 carries the highest negative charge (—0.798). Within the ACDMP molecule, all hydrogen atoms
possess positive charges, while the electronegative oxygen, nitrogen, and chlorine atoms have negative charges. The
carbon atoms, however, display both positive and negative charges, influenced by the nature of their substituents. When
carbon atoms are bonded to electronegative atoms, their charge tends to shift from negative to positive. This suggests
that charge delocalization primarily occurs through the oxygen atom, which in turn contributes to the molecule's
bioactivity.

Fig. 5. Mulliken atomic charge distribution of ACDMP molecule

3.5. Frontier molecular orbitals (FMOs) analysis

Frontier molecular orbitals (FMOs) [50], comprising the highest occupied molecular orbital (HOMO) and the lowest
unoccupied molecular orbital (LUMO), are critical in understanding a molecule's electronic properties. The HOMO
represents the orbital containing the outermost electrons, which can be donated, while the LUMO corresponds to the
first excited state capable of accepting electrons. The ionization potential of a molecule is directly related to the energy
of the HOMO, and the electron affinity is influenced by the LUMO energy [51]. The HOMO-LUMO energy gap, along
with the eigenvalues of these orbitals, is indicative of the biological activity of ACDMP. Typically, a molecule with a
smaller HOMO-LUMO gap is more polarizable, exhibits lower kinetic stability, and possesses higher chemical
reactivity [52]. The simulated FMOs of the ACDMP molecule are shown in Fig. 6.

The energy gap of ACDMP was determined to be 4.71 eV, with a HOMO energy of —6.40 eV, making it an
efficient electron donor. Conversely, the LUMO energy was found to be —1.69 eV, indicating that ACDMP can also
function as an electron acceptor. The ionization potential (1) of 6.40 eV confirms ACDMP's ability to donate electrons,
while the electron affinity (A) of 1.69 eV supports its role as an electron acceptor. The molecule's softness (S) and
hardness (1) were calculated as 0.42 and 2.36 eV, respectively. The chemical potential (u) was found to be —4.04 eV,
and the higher electronegativity (y) value of 4.04 eV further underscores ACDMP's strong electron-accepting capability.
Additionally, the electrophilicity index (w) was calculated to be 3.44 eV, confirming ACDMP as a strong electrophile.
These chemical reactivity descriptors indicate that ACDMP is highly polarizable and chemically reactive.
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Fig.6. FMOs of ACDMP molecule
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3.6 Antibacterial Analysis

The antibacterial activity of the ACDMP compound was evaluated using the well diffusion method against four
bacterial strains: Staphylococcus aureus, Klebsiella pneumoniae, Escherichia coli, and Pseudomonas aeruginosa [53].
Fig. 7 shows the inhibitory zone diameters for ACDMP against these bacteria, with the results detailed in Table 4. The
test confirms that ACDMP demonstrates a notably stronger inhibitory effect on Staphylococcus aureus compared to the
other bacteria tested.
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Fig. 7. Diameters of inhibitory zones for the ACDMP compound against the four bacterial strains
(a) Staphylococcus aureus, (b) Klebsiella pneumonia, (c) Escherichia coli and (d) Pseudomonas aeruginosa

Table 4. Diameters of inhibitory zones (mm) for ACDMP compound against four bacterial strains

Zone of Inhibition (mm)
Bacterial Strains Control Standard Test
Staphylococcus aureus NIL 15 15
Klebsiella pneumonia NIL 9 13
Escherichia coli NIL 23 10
Pseudomonas aeruginosa NIL 29 11

3.7 MTT In Vitro Cytotoxicity Analysis

The MTT assay was performed to evaluate the cytotoxic effects of the ACDMP compound on A549 (lung) and HelLa
(cervical) cancer cell lines, using concentrations ranging from 0 to 360 pg/ml over a 24-hour period [54,55]. Figs. 8 and
9 illustrate the cell viability of A549 and HelLa cells following treatment with ACDMP at various concentrations. At
225 pg/ml, A549 cell viability was approximately 80%, whereas HelLa cell viability dropped to around 20% under the
same conditions.

Notably, the 1Cs values for the ACDMP compound were found to be 2.00 pg/ml for A549 lung cancer cells and 9.14
pg/ml for HelLa cervical cancer cells. These results demonstrate that ACDMP is more effective at inhibiting the
proliferation of A549 lung cancer cells compared to HeL a cervical cancer cells. Fig.10 shows the control and ACDMP-
treated A549 and HeLa cells, revealing significant morphological changes such as cell swelling and rupture. These
findings suggest that ACDMP has potential as an effective treatment for lung cancer.
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Fig. 8. MTT assay measurement on different % of cell viability in A549 cancer cell lines against varied concentrations
of ACDMP compound.
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Fig. 9. MTT assay measurement on different % of cell viability in HeLa cancer cell lines against varied concentrations
of ACDMP compound.
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Fig. 10. Morphological profile of the A549 cells (a) control and (b) after treated with ACDMP compound for 24 hours
and morphological profile of the HeLa cells (a) control and (b) after treated with ACDMP compound for 24 hours.

3.8. Molecular docking analysis

Molecular docking has emerged as a crucial tool in drug discovery, enabling detailed modeling of interactions between
small molecules and proteins at the atomic level. This approach helps in understanding how small molecules behave
within the binding sites of target proteins and elucidates key biochemical processes [56,57]. In this study, molecular
docking was performed with the flexible ligand ACDMP and two rigid target proteins: DPP-4 (PDB ID: 20NC) and
p38a Mitogen-Activated Protein Kinase 14 (p38a. MAPK) (PDB ID: 3FMK). DPP-4 is implicated in lung cancer, while
p38a MAPK is associated with cervical cancer. The docking analysis showed that ACDMP effectively interacted with
both target proteins. Fig. 11 illustrates the lowest energy docked poses of ACDMP with these proteins, highlighting the
ligand's preferred binding orientations. Hydrogen bond formations are indicated by yellow dotted lines, with bond
lengths and interacting amino acids detailed in Fig. 11. Table 5 lists the docking parameters for the top three poses,
including binding energy, inhibition constant, and intermolecular energy. The results reveal that ACDMP exhibits lower
binding energy and inhibition constants with DPP-4, suggesting a stable complex formation. The increased number of
hydrogen bonds reduces hydrophilicity and enhances hydrophobic interactions, contributing to the stability of the
ACDMP-DPP-4 complex. These findings are promising for the development of effective therapies for lung cancer and
align with the experimental in vitro cytotoxicity results.
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Fig. 11. Lowest energy docked poses of the ACDMP ligand with various targeted proteins such as (a) DPP-4 and (b)
p38a MAPK.

Table 5. The obtained docking parameters of the ACDMP molecule on their rank calculated by Autodock

Docking Parameters based on the rank

Ligand Target protein (receptor) | Binding energy (Kcal/mol) | Inhibition constant (mM) | Intermolecular energy (Kcal/mol)
1 2 3 3

1 2 3 1
ACDMPp |_DPP-4 -4.74 -4.05 -4.01 0.33 1.80 1.15 -5.04 -4.35 -4.31
p38a MAPK -4.25 -3.54 -3.42 0.78 2.55 3.10 -4.54 -3.84 -3.72
4, Conclusion

The comprehensive theoretical and experimental analysis of 4-Amino-5-chloro-2,6-dimethylpyrimidine (ACDMP)
shows its potential as a promising therapeutic agent for lung cancer. The DFT calculations provided detailed insights
into the molecular geometry, vibrational frequencies, and electronic structure, which were validated by experimental
FT-IR and Raman spectroscopy. The UV-Vis spectral analysis confirmed significant electronic transitions, while the
Mulliken charge distribution and frontier molecular orbital analysis revealed key information about the molecule's
reactivity and stability. The antibacterial activity observed against Staphylococcus aureus adds to the compound's
therapeutic potential. The molecular docking studies demonstrated that ACDMP effectively binds to dipeptidyl
peptidase-1V, a crucial enzyme implicated in lung cancer, indicating its potential as an inhibitor. Furthermore, the MTT
assay highlighted ACDMP's strong cytotoxic effects specifically against A549 lung cancer cells, with a significantly
lower ICso value compared to HeLa cervical cancer cells. Overall, the findings suggest that ACDMP could serve as a
valuable candidate for further drug development aimed at treating lung cancer and possibly other related diseases.
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