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Conformational Analysis and DFT Investigations of 1-(4-Fluorophenyl)Piperazine by ELF 

and LOL, Inhibitory Activity Against Alzheimer’s Disease, and ADME Prediction 

Sibel ÇELİK*1 

 

Abstract 

 

This study reports 1-(4-Fluorophenyl)Piperazine molecule structural and electronic properties 

calculated at the DFT/B3LYP level. A potential energy surface scan along the rotational bonds 

discovered the most stable minimum energy conformer of the title compound. Frontier molecular 

orbital (FMO) analyses, density of state (DOS), molecular electrostatic potential (MEP), and global 

and chemical reactivity descriptors were also used to investigate the reactivity of the pFPP 

molecule. In addition, ELF and LOL analysis were performed. In silico biological studies such as 

drug-likeness, ADME, and toxicity properties were also performed. Molecular docking studies are 

performed to predict the anti-Alzheimer agent enzyme (AChE) active site of the pFPP. The docking 

predicts the possibility of a potential drug to improve Alzheimer's disease (AD) treatment. 
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1. INTRODUCTION 

 

The piperazine derivatives are important 

pharmacophores across several different 

therapeutic areas [1] and act as antibacterial [2], 

antifungal, antipsychotic, antimalarial [3], and 

anti-HIV proteases [4]. On the other hand, it is 

frequently employed to generate a variety of 

physiologically active compounds, including 

anticonvulsant, anxiolytic, neuroprotective, 

antioxidant, antidepressant, and anti-

Alzheimer’s [5]. A large number of well-known 

medications with a variety of uses contain  

 

 
* Corresponding author: sibelcelik@ahievran.edu.tr 
1 Kırşehir Ahi Evran University 

ORCID: https://orcid.org/0000-0002-4852-3826 

 

 

 

piperazine, a six-membered heterocyclic 

molecule that contains nitrogen [6]. Due to their 

powerful biological activity and their 

involvement in the creation of promising 

pharmacological candidates, fluorine-

containing heterocyclic compounds have 

attracted considerable attention [7]. Many 

commercially available drugs contain a 

piperazine ring, mainly on the nervous system. 

This pathology is characterized by a decline in 

memory, language, problem solving, and some 

other cognitive skills. This condition affects the 

ability of the person to perform daily duties. 

Alzheimer's disease causes neurons to die, 

which eventually affects parts of the brain that 
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help a person do basic physical tasks like 

walking and swallowing [8]. 

 

1-(4-fluorophenyl)piperazine (pFPP) is a 

neuropharmacologically active compound [9]. 

The actual benefit of this molecular structure 

for pharmaceutical development is the potential 

for straightforward coupling of several 

aldehyde moieties by reductive amination to 

different phenylbenzyl-piperazines. Different 

neuroligands have important structural motives, 

such as ligands for D2-like dopamine receptors, 

serotonin receptors, sigma receptors [10], 

adrenergic receptors [11], and calcium channels 

[12]. Most of the time, adding an aromatic 

fluorine to a ligand increases its affinity and/or 

selectivity, which is important for 

radiodiagnostics [13, 14]. 

 

In this paper, the detailed conformational study 

of the pFPP molecule was performed using 

DFT. The study of the stable conformer has 

been performed by theoretical and in silico 

biological methods. In order to understand the 

structural and electronic properties of the title 

molecule, DFT results were compared. The 

molecular stability, softness, and chemical 

reactivity of the pFPP molecule are determined 

by the FMOs and global reactivity Electrophilic 

and nucleophilic centers were discovered by the 

MEP, which may interact with biological 

targets. Also, ELF and LOL analysis of the 

optimized most stable conformer structure were 

performed. The drug-likeness, pharmacokinetic 

(ADME) characteristics, and toxicity 

investigations were all predicted 

computationally. In relation to Alzheimer's 

disease (AD), an in silico molecular docking 

study was also done on the title compound with 

a protein target. 

 

2. THEORETICAL CALCULATIONS 

 

Density functional theory (DFT) calculations 

were performed with the B3LYP functional and 

the 6-311++G(d) basis sets by using the 

Gaussian 09 software [15]. The most stable 

conformer structure is used for the HOMO-

LUMO orbitals and MEP analysis of the 

investigated chemical. The Gaussview 

molecular visualization program [16] was used 

to visualize the HOMO, LUMO, and MEP 

analyses. The Multiwfn software program [17] 

is used to do the ELF and LOL. The Autodock 

2.2.6 software was used to molecular docking 

the chemical ligand-protein binding site [18]. 

The docked complexes were visualized using 

PYMOL [19] and Discover studio software 

[20]. The RSCB protein data bank provided the 

3D dimensional structure of AChE (PDB ID: 

1EVE) (www.pdb.org). The ADME and Drug-

likeness parameters of the title compound are 

calculated using Pre-ADMET software [21] 

and the SwissADME program [22]. The 

Protox-II website [23] was used to figure out 

the LD50, as well as the organ toxicity and 

toxicological end points of the pFPP 

compound. 

 

3. RESULT AND DISCUSSION 

 

3.1. Conformational studies  

 

The same molecule can be in different positions 

at room temperature [24]. As a result, 

conformation analysis was used in this section 

of our study to determine the lowest energy 

structure of the title structure at room 

temperature using the initial structure 

B3LYP/6-311++G(d, p). To determine the 

more stable conformer of the pFPP molecule, 

the PES was generated by shifting this dihedral 

angle (C10-C8-N2-C4) from 0° to 180° with a 

step of 10°. The potential energy surface (PES) 

curve drawn as a result of the calculations is 

given in Figure 1, according to which there are 

three different conformers of molecular 

geometry. The calculated energy as well as 

relative energies of these conformers are given 

in Table 1. The results of the PES scan show 

that conformer II is most stable with the lowest 

potential energy at an angle of 110° for the 

selected (C10-C8-N2-C4) dihedral angle. 
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Figure 1 Scan of total energy of C10-C8-N2-

C4 dihedral angle calculated by B3LYP/6–

311++G(d,p) method. 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2 Optimized geometric structure 

 

 

 

Table 1 Ground-state optimized energy and 

energy difference of all pFPP conformers 

Conformer Dihedral 

angle 

(°) 

Energy 

(Hartree) 

∗Energy 

differ. 

(Hartree) 

I 0 -598.383215640 0.000157 

II 110 -598.383372769 0.000000 

III 170 -598.383331269 0.000041 

* Other conformers' relative energies in relation to the 

lowest energy of conformer I (Figure 2) 

 

 

 

3.2. Frontier Molecular Orbitals and 

Chemical Reactivity Descriptors 

 

The frontier molecular orbital (FMOs) analysis 

using quantum chemistry techniques is a well-

known tool for explaining molecular transitions 

[25- 28]. The these orbitals control the mode of 

interaction between pharmaceuticals and other 

molecules, including interactions between 

drugs and their receptors [29]. Figure 3 shows 

the isodensity surface plots of HOMO and 

LUMO for the examined compound. Since 

HOMO is mostly delocalized on –phenyl ring 

and partially on the –piperazin ring, charge 

transfer within the system can be seen as 

LUMO is on phenyl ring. In this study, HOMO 

and LUMO are critical quantum chemical 

characteristics that are used to compute several 

significant parameters, such as chemical 

reactivity descriptors, and these are calculated 

and given in Table 2. The HOMO-LUMO 

energy gap is calculated as 4.99 eV. This band 

gap confirms that pFPP has a stable, bioactive 

structure and that charge transfer occurs within 

the molecule [30]. The lower chemical potential 

and higher electrophilicity index values 

calculated for the title molecule are similar to 

those of bioactive molecules.   

 

The DOS spectrum graphically represents the 

occupied and unoccupied molecular orbitals of 

the corresponding molecule [31]. DOS 

contributions reinforced the information 

gathered by FMOs. Figure 4 depicts diagrams 

of DOS computations. 

 

 

Sibel ÇELİK

Conformational Analysis and DFT Investigations of 1-(4-Fluorophenyl)Piperazine by ELF and LOL, Inhibi...

Sakarya University Journal of Science 26(5), 1931-1941, 2022 1933



 
Figure 3 Frontier molecular orbitals of pFPP 

compound. 

 

 

 
Figure 4 Density of states (DOS) diagram for 

pFPP molecule. 

 

3.3. Molecular electrostatic potentials 

(MEP) 

The molecular electrostatic potential (MEP) is 

a well-established computational approach for 

predicting reactive regions in molecules for 

nucleophilic and electrophilic attacks [32, 

33]. As shown in Figure 5, MEP was estimated 

for the most stable conformer geometry. The 

most negative region on the MEP surface is -

5.54e-2, which is depicted in red and is referred 

to as the electrophilic region. The most positive 

area, shown by the blue color and the 

nucleophilic region, is +5.54e-2. The various 

color coding on the MEP surface as displayed 

in Figure 5 reveals the yellow color regions 

around –phenyl and are electrophilic regions, 

whereas the blue color regions around 

hydrogen atoms show low electron density 

(nucleophilic). In the MEP, the most reactive 

location for electrophilic attack is the negative 

electrostatic potential (shown in red) localized 

on the fluorine and -NH group in the piperazin 

ring. 

Table 2 Global reactivity descriptors of the 

pFPP compound 

Parameters    Values  

EHOMO -5.65 eV 

ELUMO -0.66 eV 

Energy band gap 

(ΔE = ELUMO-EHOMO) 

4.99 eV 

Ionization potential  

(I = -EHOMO) 

5.66 eV 

Electron affinity  

(A = -ELUMO) 

0.66 eV 

Chemical hardness 

(η= (I-A)/2) 

2.49 eV 

Chemical softness  

(σ = 1/2η) 

0.40(eV)-1 

Electronegativity 

(χ =(I + A)/2) 

3.16 eV 

Chemical potential  

(μ = − (I + A)/2 

-3.16 eV 

Electrophilicity index  

(ω = μ2 /2η) 

2.00 eV 

Max. charge transfer index  

(ΔNmax = -μ/η) 

1.27 
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Figure 5 Molecular electrostatic potential 

maps of pFPP compound 

 

3.4. ELF and LOL analyses 

 

The electron localization function (ELF) and 

the localized orbital locator (LOL) are often 

used to show the structure of an atomic shell 

structure, chemical bonding classification, and 

charge-shift bond verification on the surface of 

a molecule. These surface analysis show that 

the high likelihood of discovering an electron 

pair on the molecular surface [33-35]. 2D and 

3D depictions of the ELF and LOL isosurface 

for the pFPP compound in Fig. 6. The strong 

localized bonding and nonbonding electrons 

around hydrogen atoms are indicated by high 

ELF regions (red region) in Figure 6(a). The 

delocalized electron cloud around carbon and 

nitrogen atoms is shown by blue regions. The 

electron density is shown by the white color 

present in the central part of the hydrogen atom 

(H22) of the piperazin ring, as seen in Figure 

6(b). The majority of the covalent region 

between carbon-carbon atoms and carbon-

nitrogen atoms, represented by the red color. 

The blue circles around fluorine atom indicate 

the electron depletion. 

 

 
 

Figure 6 Relif map and Color filled map of (a) 

ELF and (b) LOL of pFPP compound 

 

3.5. Molecular docking study 

 

The pFPP molecule is an active substance for 

different neuroligands, and it is also involved in 

the structure of many drugs that act on the 

nervous system because it contains a piperazine 

ring. Since piperazines are under development 

as multifunctional agents for the treatment of 

Alzheimer’s disease (AD) [36], anti-

Alzheimer's receptor has been chosen as a 

biological target in the molecular docking. The 

most common treatment for AD is to improve 

cholinergic neurotransmission by blocking one 

of the major neurotransmitters, ACh, from 

being broken down by AChE, which maintains 

the brain's ACh level to compensate for the loss 

of functional brain cells. Therefore, the AChE 

enzyme was chosen as a biological target for 

our study. In order to study the most stable 

conformer, it was docked to the active sites of 

AChE. The in-silico molecular docking results, 

the binding energy, inhibition constant (Ki), 

and RMSD in the ligand-enzyme complex are -

5.97 kcal/mol, 42.30 µM, and 92.61 Å, 

respectively. In drug design, the binding energy 

of compounds to anti-Alzheimer's receptors is 

crucial, while Ki is a measure of the ligand's 

protein binding affinity. The ligand-enzyme 

complex contains hydrophobic interactions and 
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hydrogen bonds as shown in the Figure 7 given 

in 2D and 3D. The computational analyses of 

the molecular docking research show that the 

hydrogen bond interaction between the nitrogen 

atom N3 of piperazin ring and SER’286 residue 

of oxygen atom (N-H…O). Additionally, 

hydrophobic amino acids that are ordinarily 

incorporated inside the enzyme, such as 

TRY’334, PHE’331 and  ARG’289, in the form 

of pi-pi interactions between title compounds 

(see Table 3). In molecular docking studies, it 

was concluded that the reactive sites obtained 

from MEP calculations are suitable for H-bond 

interaction with the selected enzyme. 

 

 

 

 
 

Figure 7 2D interaction and 3D bonding 

between amino acid residue and pFPP 

molecule with AChE 

Table 3 The enzyme–ligand interaction 

parameters with hydrophobic contacts for 

pFPP compound 

R: Residues, D: Distance 

 

3.6. Toxicity prediction 

 

Piperazines have a reputation for being safe, 

and there are no studies of their toxicity at the 

cellular level that could help to understand their 

harmful effects [37]. Therefore, the aim of this 

work is to predict the organ toxicity, 

toxicological endpoints, and median lethal dose 

(LD50) of the 1-(4-Fluorophenyl)piperazine) 

compound, which were obtained by using the 

Pro-Tox II web server [23]. As shown in Table 

4, ProTox-II toxicity prediction software gave 

the predicted LD50 value of the pFPP molecule. 

The results of acute toxicity prediction, such as 

toxicity class classification [1 (toxic) to 6 (non-

toxic), revealed that the listed chemical was 

classed as acute toxicity class 3 (toxic if 

swallowed). According to the findings, the title 

molecule is non-carcinogenic and has no 

immunotoxicity, cytotoxicity, or mutagenicity. 

 

3.7. Drug-Likeness and ADME Analysis 

 

In the present drug development, the potential 

of a novel chemical is commonly evaluated 

using initially through virtual tools [6]. The 

drug-likeness and ADME parameters of the 

pFPP molecule have been evaluated in order to 

determine its suitability for usage as an active 

substance in a variety of novel pharmaceutical 

products. Table 5 summarizes the calculated 

drug-likeness and ADME parameters, which 

should be interpreted using Lipinski's rule of 

five [38]. The Lipinski's rule of five states that 

the number of HBD (Hydrogen Bond Donor) 

Table 4 Toxicity prediction using the Protox 

II of pFPP 

pFPP Values 

Toxicity Class III 

LD50 (mg/kg) 108 

Organ Toxicity (Probability  

Hepatotoxicity Inactive  

(0.83) 

Carcinogenicity Inactive  

(0.71) 

Immunotoxicity Inactive  

(0.96) 

Mutagenicity 
Inactive  

(0.82)  

Cytotoxicity 
Inactive  

(0.79) 

AChE 

(PDB ID) 

Hydrogen 

bonding 

interaction 

Hydrophobic 

interaction 

 R D 

(Å) 

R D 

(Å) 

 1EVE SER286 2.19 TRY334 3.38 

   PHE331 3.35 

   ARG289 3.53 
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and HBA (Hydrogen bond acceptor) must be 

fewer than 5 and 10, the miLogP value must be 

less than 5, and the molecular weight must be 

less than 500. Furthermore, TPSA (Total polar 

surface area) (≤140) is within acceptable limits. 

According to the analysis, the physicochemical 

properties of the title molecule definitely meet 

Lipinski's rule. 

 

ADME analysis shows that the pFPP molecule 

is predicted by human intestinal absorption 

(HIA), Caco-2 (colorectal carcinoma) cell 

permeability and Blood-brain barrier 

penetration (BBB). The HIA value showed 

good oral absorption and the Caco-2 

permeability values were considered good 

permeability of the compound. However, it was 

concluded that the BBB value of this molecule 

is not in the acceptable range for an ideal drug 

candidate. The bioavailability score was 0.55. 

In terms of bioavailability, drug-like behavior 

is critical to becoming an oral drug. These 

calculations show that the chemical in question 

shows promise as a pharmacological agent. 

 

Table 5 Calculated ADME and Drug-Likeness 

properties of pFPP molecule 

pFPP Values 

HBD ≤5 1 

HBA ≤10 2 

TPSA≤140 Å 15.27 

miLogP 1.50 

GI absorption High 

BBB No 

Caco2 permeability 57.77 

HIA 100 

 

4. CONCLUSION 

 

We explored various properties of pFPP 

compound in this work, including conformation 

analysis, surface properties, pharmacokinetic 

and  toxicity properties. The title molecule 

possesses three stable conformers. The 

intramolecular charge transfer was determined 

from the HOMO-LUMO orbitals, as well as the 

HOMO-LUMO energy values were used to 

compute and analyze various global reactivity 

parameters. The FMO shows the Egap of the 

pFPP molecule 4.99 eV, indicating that title 

compound is more chemically stable. The MEP 

map shows that the fluorine and NH group, 

which is deep red, has the most negative charge. 

ELF and LOL study shows that between C-C 

and C-N atoms, most of the covalent region is 

present. Pharmacological studies gave 

information about ADME, drug likeness, and 

value to identify the toxic activity of the 

molecule. The π–π staking interactions of the 

AChE inhibitors with title ligand molecule 

show the non-covalent binding sites in the 

structures. These sites were also justified by 

MEP surface. Hence, we predict the title 

compound pFPP might be used as a prospective 

drug after clinical and pharmaceutical research 

for Alzheimer’s disease. 
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