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Abstract  Keywords 

Tuberculosis caused by Mycobacterium is currently treated with chemotherapeutic 

antibiotics. A new molecule, β-hydroxytriazole, was evaluated as a Mycobacterium 

Tuberculosis inhibitor. Our strategy was to evaluate this compound for its optimized 

properties against Mycobacterium Tuberculosis. In this study, with 6-311++G(d,p) 

base set under the B3LYP/B3PW91 techniques, the target molecule 1-(1-benzyl-1H-

1,2,3-triazol-4-yl)-2-(2,4-dichlorophenyl) ethane-1,2-dione (BTDE) was optimized 

and its energy parameters were analyzed using density functional calculation (DFT). 

In addition to the optimized structure of the molecule, many quantum chemical 

parameters; HOMO-LUMO, MEP, Intramolecular electronic interactions and 

mullikene atomic charges were calculated and the obtained data were visualized. 

HOMO-LUMO analysis revealed that the molecule has NLO properties to a 

significant extent, with energy ranges close to each other in the basis sets used (-

7.304/-7.368 eV) and (-1.349/-1.277 eV). The molecular docking analysis and 

pharmacological potential of BTDE compound were evaluated against the KasA 

enzymes of Mycobacterium tuberculosis. The results indicated that the compound 

exhibited strong binding affinities, with docking scores of -6.798 and -6.788 kcal/mol 

for the respective receptors. These findings suggest that the compound may serve as 

a promising inhibitor of these critical enzymes, highlighting its potential in 

tuberculosis treatment. 
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1. INTRODUCTION 
 

Tuberculosis (TB) is a highly contagious disease caused by the bacterium Mycobacterium tuberculosis  

[1]. It primarily affects the lungs (pulmonary tuberculosis) but can also impact other organs such as the 

kidneys, spine, and brain (extrapulmonary tuberculosis) [2, 3]. The disease is spread through the air 

when an infected individual expels bacteria by coughing, sneezing, or even speaking, making it 

particularly contagious in crowded or poorly ventilated environments. Certain populations, including 

individuals with compromised immune systems—such as those with diabetes, HIV/AIDS, or 

malnutrition —are more susceptible to contracting TB [4]. Multidrug-resistant tuberculosis (MDR-TB) 

has become a public health problem that does not respond to typical first-line treatments [5]. Global 

efforts, including vaccination with Bacillus Calmette-Guérin (BCG) and sustained treatment with 

antibiotics, are essential in combating the spread of this life-threatening disease [6]. However, delayed 
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diagnosis, inadequate healthcare infrastructure, and poor adherence to treatment regimens contribute to 

the persistence of TB in many parts of the world [7]. 

 

The strategy for synthesizing the desired β-hydroxytriazoles, which serve as key precursors for α,β-

ketotriazoles and styryl derivatives, involves a multi-step approach that ensures both selectivity and 

efficiency [8]. For β-hydroxytriazoles, a subsequent nucleophilic addition of an appropriate carbonyl 

compound, such as an aldehyde or ketone, to the triazole core is carried out. This step is often catalyzed 

by a base or an acid, depending on the reaction conditions, to facilitate the formation of the desired β-

hydroxy group. The stereoselectivity of this addition can be controlled by choosing the right catalysts 

and reaction conditions, depending on the desired configuration. The β-hydroxytriazoles obtained 

through this method can then be oxidized to yield α,β-ketotriazoles, an important class of intermediates 

in various chemical transformations [9]. Oxidizing agents such as Dess-Martin periodinane (DMP) or 

PCC (pyridinium chlorochromate) are typically employed to selectively oxidize the hydroxyl group 

without affecting the triazole ring [10]. 

 

For the synthesis of styryl derivatives, further functionalization of the β-hydroxytriazoles or α,β-

ketotriazoles can be achieved by condensation with styryl precursors, such as aldehydes or halides, 

through coupling reactions [10]. These derivatives are significant due to their applications in 

pharmaceuticals and materials science. The choice of reagents and catalysts in these final steps often 

depends on the nature of the desired styryl derivative, as well as the need for controlling the regio- and 

stereochemistry of the final product.Overall, this synthetic strategy provides a flexible and efficient route 

to access β-hydroxytriazoles, which are valuable intermediates for constructing more complex triazole-

based compounds, such as α,β-ketotriazoles and styryl derivatives [11]. 

 

In this study, the specific structural and biological behaviors of the molecule were emphasized 

considering the pharmacological importance of BTDE. Chemical descriptors of the molecule, optimized 

parameters, NLO, MEP were obtained by DFT method with 6–311++G (d,p) basis set using the same 

level technique. In many different studies, the electrical properties of the conjugated π system in BTDE 

compound HOMO and LUMO energies were theoretically calculated to investigate. The inhibitory 

properties of the ligand on the Mycobacterium tuberculosis KasA enzyme were confirmed through 

molecular docking studies. 

 

2. PREPARATION OF MANUSCRIPT 

 

2.1. Theoretical Calculations 

 

Here, the structural, electronic and chemical properties of the molecule were by DFT calculations using 

Gaussian 09 program [12]. HOMO-LUMO, molecular electrostatic potential (MEP), and chemical 

descriptor analyses were conducted using the same theoretical framework. The Gaussian View 06 

software was utilized to visualize the three-dimensional structures and calculate parameters such as 

atomic charge distribution and electronic density, thereby enhancing our understanding of the electronic 

properties of the compounds. Molecular docking was performed to elucidate the binding mechanism of 

the ligand at the active site of the protein. The studies utilized Maestro version 11.8 [13] as the 

computational platform. Molecular docking is a computational technique widely used in drug discovery 

to predict how small molecules, such as drug candidates, bind to a receptor of known 3D structure. The 

main goal of molecular docking is to model the interaction between the ligand (the small molecule) and 

the target protein in order to identify the optimal orientation, conformation, and position of the ligand 

within the binding site of the protein. High-resolution crystal structures of Mycobacterium tuberculosis 

KasA enzymes (PDB ID: 6P9L and PDB ID: 6P9M) were retrieved from the RCSB Protein Data Bank 

(http://www.rcsb.org/pdb). The ligand structure of the synthesized compound was prepared following 

established protocols using the Ligprep module [14]. Docking studies were conducted using the Glide 

docking module, allowing for the calculation of optimal binding energies and poses between the ligand 
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and the protein. The resulting docking interactions were visualized with Discovery Studio version 4.5, 

providing insights into the ligand-protein interactions [15]. 

 

2.2. DFT Studies 

 

2.2.1. Geometry optimization 

 

Geometry optimization is employed to ascertain the most stable conformation of a molecule, specifically 

the configuration corresponding to the minimum energy state [16]. This process involves optimizing a 

multivariable function that incorporates parameters such as bond lengths, bond angles, and dihedral 

angles. By identifying these optimal geometric parameters, researchers can gain insights into the 

molecule's stability and reactivity, which are critical for understanding its chemical behavior and 

potential applications [17]. 

 

 
 

Figure 1. Optimized structure for BTDE using 6-311++G (d, p) basis sets with the DFT - B3LYP / B3PW91 methods. 

 

As a result of the optimization, stable structures are found from the energy function calculated for the 

molecule and the coordinates corresponding to these structures are determined. Thus, to initiate quantum 

calculations, it is essential to determine the initial coordinates of the molecule [18]. This process is 

crucial for identifying the most stable conformation of the BTDE molecule. The optimized geometric 

structure and the corresponding total energy conversion are presented in Figure 1, illustrating the 

findings of the optimization process. 
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Table 1. Theoretically Obtained Geometric Parameters for BTDE 

 

 

The optimized bond length parameters of the BTDE molecule, calculated using the 6-311++G (d, p) 

basis sets with DFT - B3LYP / B3PW91, are presented in Table 1. A comparison of the optimized 

methods indicates that the molecular structure corresponds to the minimum potential energy 

configuration. All bond lengths, bond angles, and dihedral angles within the phenyl rings fall within 

normal ranges. Specifically, the C-C bond distances are observed to be 1.389–1.513 Å for B3LYP and 

1.343–1.539 Å for B3PW91, while the C-O bond distances, associated with the oxygen atom bridging 

the two phenyl rings, are measured at 1.210 Å and 1.258 Å. The C-H and C-Cl bond lengths in the 

aromatic ring range from 1.081 to 1.096 Å and from 1.750 to 1.760 Å, respectively. Additionally, the 

C-C-C angles range from 119° to 121°. Other bond angles in the compound include: C-C-H (118°–

120°), C-C-O (115°–125°), C-C-N (107°–108°), N-N-N (109°), N-C-H (106°–109°), and O-C-H (109°–

111°). The differences between the values obtained from the B3LYP and B3PW91 methods are minimal 

[19]. The theoretically calculated parameters for the BTDE compound provide valuable insights into the 

geometric changes of the molecule. 

 

2.2.2. Molecular orbital theory 

 

DFT calculation methods provide valuable insights into the structural properties of molecules. The 

energy and positioning of the HOMO-LUMO orbitals are particularly crucial for understanding electron 

exchange reactions, as they characterize charge transfer capabilities between electron-donating and 

Bond Lengths (Å) Bond Angles (°) 

Atom Groups B3LYP B3PW91 Atom Groups B3LYP B3PW91 

C1-C2 1.389 1.399 C1-C2-C3 121.31 119.99 

C1-H25 1.081 1.070 C1-C2-Cl23 119.05 120.00 

C2-C3 1.391 1.402 C9-C11-C12 126.34 125.28 

C2-Cl23 1.750 1.760 C1-C6-Cl24 116.18 120.21 

C3-H26 1.081 1.069 C2-C3-C4 118.36 120.43 

C4-C5 1.404 1.403 C2-C3-H26 120.58 119.78 

C4-H27 1.082 1.069 C2-C1-H25 120.61 120.22 

C6-Cl24 1.745 1.760 C3-C4-H27 118.45 119.78 

C7-O8 1.210 1.258 C5-C6-Cl24 122.83 120.22 

C7-C9 1.547 1.540 C5-C7-O8 125.99 120.00 

C9-O10 1.216 1.258 C7-C9-O10 119.18 119.99 

C9-C11 1.471 1.539 C7-C9-C11 117.22 120.00 

C11-C12 1.379 1.343 O8-C7-C9 115.36 120.00 

C11-N15 1.355 1.342 C11-C12-N13 107.43 108.04 

C12-N13 1.376 1.325 C11-C12-H28 130.18 125.96 

C12-H28 1.076 1.069 C11-N15-N14 104.91 107.69 

N13-N14 1.442 1.404 C12-N13-C16 123.60 125.12 

N13-C16 1.467 1.469 N13-N14-N15 109.07 102.60 

N14-N15 1.381 1.414 N13-C16-H31 106.03 109.47 

N14-H29 1.018 0.999 N14-N13-C16 115.69 125.13 

C16-C17 1.514 1.539 C17-C18-C19 120.57 119.99 

C16-H30 1.096 1.069 C19-C18-H32 119.80 120.00 

C18-H32 1.085 1.069 C19-C20-H34 120.15 119.99 

Dihedral Angles (°) 

Atom Groups B3LYP B3PW91 Atom Groups B3LYP B3PW91 

C1-C2-C3-C4 0.07343 -0.00635 C4-C5-C7-O8 -173.89879 179.96609 

C2-C1-C6-C5 0.12515 -0.00422 O8-C7-C9-O10 -101.34075 179.92520 

C1-C2-C3-H26 -179.78643 179.99377 C7-C9-C11-C12 -167.38253 179.70589 

C2-C1-C6-Cl24 179.55045 179.99194 C11-N15-N14-N13 12.44977 -15.21978 

C4-C3-C2-Cl23 179.96872 179.99237 N14-N13-C16-H30 55.71355 89.77162 

Cl24-C6-C1-H25 -0.40001 -0.00939 N13-C16-C17-C18 125.66363 149.97779 

H26-C3-C4-H27 0.33384 -0.00802 C17-C18-C19-C20 0.33196 -0.01208 

O10-C9-C11-N15 -172.71498 -179.67266 H33-C19-C20-H34 0.19079 -0.00446 

C11-C12-N13-N14 10.22500 -9.29979 C11-N15-N14-H29 136.17523 103.06151 
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electron-accepting species [20]. Frontier molecular orbital (FMO) theory is instrumental in calculating 

various parameters, including optical and electronic properties, quantum chemistry, molecular 

reactivity, and both pharmaceutical and biological activities. The energy difference between the HOMO 

and LUMO orbitals indicates the stability and strength of the molecule [21]. FMOs also assist in 

identifying the most reactive regions of the compound. The theoretical energy values for the HOMO 

(EHOMO) and LUMO (ELUMO) orbitals, based on the employed basis sets, were calculated as -7.304 / -

7.368 eV and -1.349 / -1.277 eV, respectively. The energy gap between the FMOs was found to be 6.091 

/ 5.955 eV, suggesting the bioactive potential of the molecule, as illustrated in Figure 2. Figure 2 further 

reveals that the vacant LUMO orbital is primarily situated on the aromatic benzene rings of the triazole 

compound, while the HOMO orbital, exhibiting π-character, is predominantly located on the nitrogen 

group, with minor contributions from the oxygen group [22]. The global chemical reactivity of the 

molecule is summarized in Table 2. 

 

 
 

Figure 2. Energy levels of the BTDE molecule of FMO. 

 
Table 2. Energy parameters* for the BTDE molecule's low energy conformers (in eV). 

 
 EHOMO ELUMO ∆E I A η s µ χ ω 

B3LYP -7.304 -1.349 5.955 7.304 1.349 2.978 1.489 -4.327 4.327 3.144 

B3PW91 -7.368 -1.277 6.091 7.368 1.277 3.046 1.523 -4.323 4.323 3.068 

∆E→Energy Gaps, I→Ionization potential (-EHOMO), A→Electron Affinity (-ELUMO), η→Chemical Hardness, s→Global 

Softness, µ→Chemical Potential, χ→Electronegativity, ω→Global Electrophilicity.  
 

The nonlinear optical (NLO) effect arises from the interactions of electromagnetic fields within various 

media, resulting in fields that are modified in terms of phase, frequency, and amplitude [23]. For the 

BTDE molecule, the calculated parameters are as follows: Dipole moment (μ) = 6.5642-6-5734 D, 

polarizability (α) = -145.5390 and -143.5066 au and first hyperpolarizability (β) = 7.5 × 10⁻³¹ - 1.7 x10-



Ata and Yıldıko / Estuscience  – Theory 13 (2) – 2025 

 

82 

31 esu (Table 3). These parameters highlight the potential of the molecule for applications in NLO 

materials, indicating its responsiveness to external electromagnetic fields [24]. 

 
Table 3. Calculated NLO Parameters for BTDE 

 
Parameter B3LYP B3PW91 Parameter B3LYP B3PW91 

μ x -5.4829 -5.4816 β XXX 107.3729 -103.2597 

μ y -3.6032 -3.6258 β XXY 10.1076 4.1762 

μ z 0.2073 0.1256 β XYY -25.9708 -26.8590 

μ (D) 6.5642 6.5734 β YYY -18.5307 -19.3842 

α xx -126.2737 -124.1181 β XXZ -57.9836 -62.0294 

α  yy -155.5312 -153.1338 β XYZ -13.5850 -11.2818 

α  zz -154.8123 -153.2681 β YYZ 1.2423 1.0846 

α XY -3.7111 -3.2534 β XZZ -19.8141 -20.7903 

α XZ 0.0752 -0.1194 β YZZ -6.9082 -5.9658 

α YZ -3.4089 -4.0210 β ZZZ 16.5550 -15.3797 

α (au) -145.5390 -143.5066 β (esu) 7.5 x 10-31 1.7 x10-31 

 

2.2.3. Mulliken atomic charges 

 

The electronic charge densities play a critical role in the application of quantum chemical calculations 

to molecular systems. These quantities influence various properties, including dipole moment, 

polarizability, and chemical reactivity, all of which depend on charge distribution within the molecular 

framework [25]. The Mulliken atomic charges, calculated using the DFT - B3LYP / B3PW91 methods 

with 6-311++G (d, p) basis sets, are illustrated in Figure 3. This representation provides insights into 

the electronic characteristics of the molecule and aids in understanding its behavior in different chemical 

environments. 

  

 
 

 
Figure 3. Mulliken atomic charges of the molecule 

 

From Table 4, it can be observed that the charges on the carbon atoms (C7, C9, C11, C12) are higher 

than those of the other carbon atoms in the compound. This phenomenon occurs because these carbon 

atoms are bonded to electronegative oxygen atoms (O8, O10) and nitrogen atoms (N13, N14, N15). 

Furthermore, the nitrogen and oxygen atoms (O8, O10, N13, N14, and N15) exhibit the most negative 

charges, indicating that these centers possess the highest electron density [26]. As a result, they are likely 

to engage in favorable interactions with the positively charged regions of potential receptors, enhancing 

the molecule's reactivity and binding capabilities [27]. 
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Table 4. Mulliken atomic charges (in a.u.) at important atomic sites of the molecule. 

 
Atoms  B3LYP 

  

B3PW91 Atoms B3LYP

  

B3PW91 Atoms B3LYP

       

B3PW91 

C1 -0.696 -0.767 N13 0.387 0.549 H25 0.231 0.271 

C2 0.226 0.169 N14 -0.201 -0.300 H26 0.207 0.248 

C3 -0.445 -0.531 N15 -0.037 0.042 H27 0.176 0.212 

C4 -0.456 -0.524 C16 -0.765 -0.999 H28 0.194 0.223 

C5 0.355 0.396 C17 1.053 1.265 H29 0.298 0.318 

C6 0.491 0.497 C18 -0.558 -0.610 H30 0.208 0.245 

C7 -0.612 -0.617 C19 -0.316 -0.403 H31 0.168 0.204 

O8 -0.114 -0.099 C20 -0.264 -0.352 H32 0.152 0.190 

C9 -0.596 -0.715 C21 -0.382 -0.499 H33 0.178 0.220 

O10 -0.193 -0.174 C22 0.045 0.067 H34 0.161 0.198 

C11 0.109 0.064 Cl23 0.488 0.579 H35 0.183 0.227 

C12 -0.353 -0.400 Cl24 0.488 0.573 H36 0.190 0.229 

 

2.2.4. Molecular electrostatic potential surfaces 

 

MEPS provide a three-dimensional representation of the charge distribution within molecules, which is 

crucial for analyzing intramolecular interactions and assessing the reactivity of hydrogen bonds towards 

electrophilic or nucleophilic attacks [25]. The most active sites for such attacks in the BTDE molecule 

were calculated using the DFT method with the 6-311++G (d,p) basis set, and the MEPS surface is 

illustrated in Figure 4. In this representation, red, blue, and green colors denote regions of varying 

electrostatic potential. Specifically, the red region indicates areas around the oxygen atom that are prone 

to electrophilic interactions, while the nitrogen atom also exhibits electrophilic reactivity. Conversely, 

the blue regions, associated with hydrogen atoms, signify sites that are more reactive towards 

nucleophilic attacks. This visualization effectively highlights the potential reactivity of the molecule, 

guiding further exploration of its chemical behavior. 

 

 
 

Figure 4. Molecular electrostatic potential maps of BTDE 

 

 

2.2.5. Molecular docking  

 

Pharmacological data and drug design studies play a crucial role in understanding the biochemical 

performance of potential therapeutic compounds. These investigations focus on analyzing how drugs 

interact with biological targets, primarily proteins, to elucidate their efficacy, mechanism of action, and 
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therapeutic potential [28]. One of the most important aspects of this research is categorizing protein-

ligand interactions, which refers to the binding of a drug (ligand) to its specific protein target, such as 

enzymes or receptors, which is central to the drug's biological activity. To accurately predict and analyze 

these interactions, the molecular docking method is widely employed. Molecular docking is a 

computational technique used to model the interaction between a ligand and its target protein at the 

molecular level. It simulates the potential binding modes of the ligand in the protein's active site, 

estimating both the strength and specificity of the interaction. The goal is to predict the optimal 

conformation of the ligand that leads to the most favorable interaction, which directly correlates with 

the drug’s potential effectiveness. 

 

By integrating pharmacological data, such as binding affinity and inhibitory constants, with molecular 

docking results, researchers can better understand the thermodynamics and kinetics of these interactions. 

This information helps in refining drug design by identifying key molecular features that contribute to 

strong protein-ligand binding. Furthermore, it aids in the identification of potential off-target effects or 

adverse interactions, ultimately supporting the development of more selective and effective therapeutic 

agents. Thus, the combination of pharmacological data, protein-ligand interaction studies, and molecular 

docking methods forms a powerful framework for rational drug design, enabling the development of 

new drugs with improved efficacy and minimized side effects. 

 

In this study, the in silico enzyme inhibition activity of the synthesized ligands was experimentally 

confirmed. The development of inhibitors targeting Mycobacterium tuberculosis KasA, a key enzyme 

in the fatty acid synthesis pathway of Mycobacterium tuberculosis (Mtb), has been an area of significant 

interest for anti-tuberculosis drug discovery [29]. KasA plays a critical role in the elongation of fatty 

acids that are essential for the biosynthesis of mycolic acids, which are crucial components of the Mtb 

cell wall and contribute to its virulence and resistance to host defenses [30]. To confirm the mode of 

inhibition of the synthesized compound at the molecular level, interactions between the enzyme and the 

protein receptor molecules were analyzed through molecular docking, with results presented in Figure 

5. Inhibitors targeting Mycobacterium tuberculosis are frequently employed to alleviate the symptoms 

of tuberculosis. The calculated binding energy of -6.798 kcal/mol indicates a strong affinity of the 

synthesized compound for the Mycobacterium tuberculosis KasA protein structure, suggesting effective 

binding and potential for therapeutic application. This interaction underscores the compound's promise 

in combating tuberculosis [31]. The bonds of van der Waals bond to the Mycobacterium tuberculosis 

KasA active site of the molecule; . LEU 205, GLY 200 HIS 345, SER 346, GLU 120, GLU 203, PHE 

210 can be given. There are also ALA 119 5.43 Å PHE 239 5.25 Å  π-π satcked, PRO 206 5.99 Å LEU 

116 5.53 Å ILE 347 5.48 Å π-alkyl interactions. Because of its capacity to form hydrogen bonds, this 

extremely active substance is also believed to be capable of significant inhibition of enzyme activity. 

[32]. The docking results highlight the specific binding modes, where the compound forms stabilizing 

interactions, such as hydrogen bonds, hydrophobic contacts, or van der Waals forces, with the active 

site of the protein. These interactions help to confirm the compound's potential to inhibit the protein's 

function, thereby suggesting its relevance as a bioactive molecule in therapeutic applications. 

Furthermore, the docking analysis provides insights into the affinity and specificity of the binding, 

which are important parameters for assessing the compound's efficacy as a drug candidate. 
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Figure 5. 3D View of Ligand-Protein Interactions: Hydrogen Bond Donor/Acceptor Surface 

 

The compound binds to the catalytic active site of the enzyme with a total binding energy of -6.788  

kcal/mol, achieved through intermolecular interactions. This docking analysis focused on the most 

favorable binding mode, which is illustrated in Figure 6. The results indicate that the compound exhibits 

a strong binding affinity towards the acetylcholinesterase (AChE) enzyme, suggesting its potential as 

an effective inhibitor. This favorable interaction highlights the compound's suitability for further 

development in therapeutic applications targeting AChE. GLY 240 PHE 210 GLU 203 LEU 205 LEU 

116 SER 346  HIS345 van der Waals,  IPA 507 3.95 Å and 3.28 Å hydrogen bond, PRO 201 4.67 3.37 

conventional hydrogen bonds, ILE 202 4.87  Å alkyl, PHE 239 4.49 PRO 206 5.51 ALA 119 5.71 π-

alkyl GLU 241 3.75 halogen bonds THE 239 4.14 π-π satcked GLY 200 4.15 Amid π satcked. Molecular 

docking studies further substantiated the inhibitory activities of the compounds, providing valuable 

insights into the interactions between the ligands and enzyme active sites [33]. These analyses 

highlighted critical binding interactions, including hydrogen bonds, hydrophobic interactions, and 

electrostatic forces, which collectively contribute to the stabilization of the ligand within the enzyme's 

active site. Understanding these interactions is essential for optimizing ligand design and enhancing the 

efficacy of potential inhibitors in therapeutic applications [34]. The docking analysis also helped to 

elucidate the binding conformation and orientation of the compounds, which are critical for their 

inhibitory efficacy. 
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Figure 6. Mode of interaction with Ligand-Protein enzymes; 3D view of solvent interactions 

 

2.2.7. Pharmacokinetic analysis   

 

These assessments provide essential insights into the compound's behavior within biological systems, 

helping to predict its efficacy, safety, and potential therapeutic application. Understanding ADME 

characteristics is vital for optimizing the compound's design and ensuring that it reaches its target 

effectively while minimizing adverse effects [35]. Proper ADME profiling ensures that the compound 

not only exhibits biological activity but also possesses the necessary characteristics to be effective as a 

drug candidate. In clinical trials, it is essential that the ADME properties of a candidate drug are balanced 

to ensure sufficient bioavailability, optimal distribution to target tissues, efficient metabolism, and 

appropriate excretion rates. 

 

To evaluate the drug-like efficacy of the phthalonitrile compound designed in this study, Lipinski’s Rule 

of Five was applied. This set of guidelines helps predict the oral bioavailability of a compound, stating 

that a potential drug is more likely to be successful if it satisfies the following criteria: (1) no more than 

5 hydrogen bond donors, (2) no more than 10 hydrogen bond acceptors, (3) a molecular weight under 

500 Daltons, and (4) a logP (octanol-water partition coefficient) less than 5, indicating appropriate 

lipophilicity [36]. Bioavailability is the percentage of a state or active device that passes through the 

systemic passage. The permeability of the membrane is the ability of a molecule to cross the cell 

membrane. The LogP value of 3.732 indicates moderate lipophilicity, suggesting the molecule has a 

good balance between hydrophilic and hydrophobic properties. This should allow effective membrane 

permeability and decent bioavailability, as molecules with LogP values between 1 and 4 typically show 

good absorption and distribution. However, further studies are needed to confirm its impact on solubility 

and overall bioavailability in a biological setting. As a result, the LogP value plays an important 

summary role in the healing process of the two interactions. 

 

The application of Lipinski's rules to the phthalonitrile compound confirmed its potential as a viable 

drug candidate, suggesting it is likely to possess favorable pharmacokinetic properties, such as good 
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absorption and membrane permeability. However, further studies, including in vivo ADME testing and 

optimization, are needed to fully assess its clinical potential. Table 5 shows the values obtained. The 

colored zone in Figure 7 indicates the physicochemical area suitable for oral bioavailability, highlighting 

optimal ranges for key properties that enhance absorption and distribution. 

 
Table 5. The ADME 2.0 online analysis parameters in the evaluation of the BTDE compound 

 
Molecular Weight 359.02 f-Char 0 

Density 1.083 n-Rig 19 

n-HA 5 Flexibility 0.263 

n-HD 0 Stereo-Centers 0 

n-Rot 5 TPSA 64.85 

nRing 3 Log-S -5.287 

Max-Ring 6 Log-P 3.732 

n-Het 7 Log-D 3.325 

 

 
 

Figure 7. Color regions and pharmacological parameters of the compound. 

 

3. CONCLUSIONS 

 

The geometric optimization (bond length, bond angle and dihedral angle etc.), HOMO-LUMO analysis 

and spectroscopic structure of BTDE molecule were carried out using with 6-311++G(d,p) base set 

under the B3LYP/B3PW91 methods. The same method was used to calculate the optimized geometric 

parameters. In addition, due to its high hyperpolarizability, BTDE molecule has strong NLO activity 

and the results are in better agreement with each other. The molecule exhibits a binding affinity of -

6.798 and -6.788 kcal/mol, indicating a strong interaction. The molecular electrostatic potential map 

reveals that the hydrogen atoms are surrounded by positive potential regions, while the oxygen atoms 

are located in more electronegative areas. This analysis also highlights the energy gap of the investigated 

molecule and the chemical stability of its reactive regions. Furthermore, the ligand's docking 
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performance and interactions with Mycobacterium tuberculosis KasA enzyme receptors correlate well 

with the inhibition studies. Overall, in silico analyses suggest that this compound is a promising 

candidate for drug design processes. 
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