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Abstract 

Diabetes mellitus (DM) is one of the most common diseases affecting people all over 

the world. An important treatment for DM is the inhibition of the α-glucosidase 

enzyme. A wide range of biological activities of piperazine and sulfonamide moieties 

are known. In this study, five phenylsulfonyl piperazine derivatives were 

synthesized. Their inhibitory capacities were evaluated. The analogues (1-5) showed 

a good degree of inhibition of α-glucosidase enzyme. Compound 1 has the highest 

inhibition potential for the α-glucosidase enzyme. Its inhibition percentages 

(83.52±0.41) were higher than the reference molecule quercetin (81.41±0.02). In 

silico molecular docking studies were performed for the most potent compound 1 for 

α-glucosidase enzyme to determine possible protein-ligand interactions. 

Furthermore, a DFT study was carried out for the evaluation of the quantum 

mechanical and electronic properties. Finally, ADME profiles of the compounds 

were theoretically analyzed. 
 

 
1. Introduction 

 

Diabetes mellitus (DM) is one of the most common 

metabolic diseases in the world. DM is characterized 

by low insulin levels and high blood glucose levels. 

In the case of damage to pancreatic cells, 

abnormalities in insulin secretion occur and this 

phenomenon is called hyperglycemia. Hyperglycemia 

causes significant health problems in vital organs 

such as, blood vessels, kidneys, eyes, brain, and heart 

[1]. DM is mainly categorized into two subtypes 

which are Type 1 (T1DM) and Type 2 (T2DM) DM. 
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The low level of insulin is the major reason for these 

subtypes of DM [2]. There are some factors that cause 

high levels of glucose in the human body such as high 

activity of α-amylase and α-glucosidase enzymes. α-

amylase (E.C. 3.2.1.) is an enzyme that breaks down 

carbohydrates like starch to monosaccharides in the 

human body. Further degradation is continued to 

glucose by the α-glucosidase enzymes. Because of 

their important role in carbohydrate digestion process, 

inhibition of these enzymes can decrease degradation 

of carbohydrate, postpone glucose consumption, and 

decrease blood glucose level [3]. Therefore, 
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inhibition of these enzymes has become an important 

strategy to treat T2DM. Acarbose, Voglibose and 

Miglitol have been discovered and used as drug for 

treatment of T2DM. Although there are some side-

effects such as flatulence and diarrhea. Acarbose is 

used for treatment of T2DM worldwide [4]. 

The piperazine heterocycle is one of the most 

important moieties for drug molecules. It can be used 

as a main scaffold or be moiety for molecular 

hybridization. Vitaku et al. investigated that drugs 

which were approved by U.S. Food and Drug 

Administration (FDA) [5] . According to this study, 

piperazine heterocycle is the third most common 

nitrogen heterocycles which participated in the FDA 

approved drugs. Additionally, piperazine derivatives 

have different pharmacological activities such as 

anticancer [6], anticonvulsant [7], antianginal [8], 

anti-inflammatory [9], carbonic anhydrase enzyme 

inhibitor [10]. Another important functional structure 

with various biological activities is sulfonyl 

structures. The sulfonyl group either contributes to 

the biological activities of the molecules to which 

they are attached, or the derivatives have biological 

activities. These biological activities are anti-

inflammatory activity [11], anticancer [12] and 

antidiabetic [13].  

In this study, it was investigated that 

inhibition potential of sulfonyl-piperazine molecules 

against α-glucosidase enzyme. Docking studies and 

Density Functional Theory (DFT) calculations were 

done for correlating biological activity and molecular 

properties. Additionally, for investigation of ADME 

properties of compounds bioavailability radar charts 

were calculated. While Xiao et al. [14] synthesized 

two phenylsulfonyl piperazine derivatives without 

probing their biological activities, and Abbasi et al. 

[15] synthesized and reviewed similar compounds 

without focusing on their α-glucosidase inhibition, 

this study bridges these gaps. Emphasis is placed on 

compound 2, which earlier reports have not evaluated 

for α-glucosidase enzyme activity or through Density 

Functional Theory (DFT) calculations. Our 

comprehensive approach includes docking studies 

and DFT calculations to correlate biological activities 

with molecular properties, as well as ADME analysis 

via bioavailability radar charts to predict 

pharmacokinetic behavior. This research could pave 

the way for improved treatments of T2DM with 

optimized therapeutic profiles and reduced side 

effects.  

 

2. Material and Method 

 

2.1. Chemicals 

2.1.1. Materials and reagents 

All the chemicals were purchased from Fluka Chemie 

AG Buchs and Sigma Aldrich and used without 

further purification. Reactions were monitored by 

thin-layer chromatography (TLC) on silica gel 60 

F254 aluminium sheets. The mobile phase was ethyl 

acetate: n-Hexane (1:1), and detection was made 

using UV light. 1H NMR and 13C NMR spectra were 

registered in CDCl3 on Agilent 400/54 (400 MHz) 

NMR. The mass spectra were obtained on Agilent 

6530 Accurate Mass Q-TOF LC/MS.  

 

2.1.2. General procedure for the synthesis of 

compounds 1-5  

Triethylamine (3.0 eq) was added slowly to a solution 

of piperazine derivatives (1.0 eq) CH2Cl2 at 0 °C, then 

to this was added benzene sulfonyl chloride (1.0 eq) 

and stirred for 2 hours. The completion of the reaction 

was checked with TLC (n-hexane and ethyl acetate 

(1:3)). After the reaction was finished, the solution 

was quenched with water and extracted with CH2Cl2. 

The combined organic layer was dried over 

anhydrous Na2SO4 and evaporated to give compounds 

1-5 [13].  

 

1-Ethyl-4-(phenylsulfonyl)piperazine (1)  

Yield: 90%, grey solid. 1H NMR (400 MHz, CDCl3) 

δ 7.72 (d, J = 7.4 Hz, 2H), 7.52 (dt, J = 14.1, 6.8 Hz, 

3H), 3.01 (s, 4H), 2.48 (s, 4H), 2.36 (dd, J = 14.2, 7.1 

Hz, 2H), 0.99 (t, J = 7.1 Hz, 3H); 13C NMR (400 MHz, 

CDCl3) δ 135.1, 132.7, 128.9, 127.8, 76.7, 51.8, 46.0, 

11.8; HRMS (ESI) calcd for C12H18N2O2S [M + H]+ 

m/z: 255.1189, found 255.1161.  

1-Phenyl-4-(phenylsulfonyl)piperazine (2)  

Yield: 78%, white solid. 1H NMR (400 MHz, CDCl3) 

δ 7.77 (d, J = 7.2 Hz, 2H), 7.57 (dt, J = 25.8, 7.2 Hz, 

3H), 7.27 – 7.19 (m, 2H), 6.84 (d, J = 7.9 Hz, 3H), 

3.18 (dd, J = 21.2, 4.4 Hz, 8H). 13C NMR (400 MHz, 

CDCl3) δ 150.5, 135.2, 133.0, 129.1, 127.7, 125.9, 

120.7, 116.8, 49.1, 46.0. HRMS (ESI) calcd for 

C16H18N2O2S [M+H]+ m/z: 302.1089, found 

302.8967.  

1-(3-Fluorophenyl)-4-(phenylsulfonyl)piperazine 

(3)  

Yield: 78%, light pink. 1H NMR (400 MHz, CDCl3) 

δ 7.78 (d, J = 7.4 Hz, 2H), 7.58 (dt, J = 28.2, 7.3 Hz, 

3H), 7.42 – 7.29 (m, 1H), 6.85 – 6.57 (m, 3H), 3.28 

(d, J = 12.4 Hz, 8H), 1.34 (t, J = 7.3 Hz, 1H); 13C 

NMR (400 MHz, CDCl3) δ 164.7, 162.3, 135.3, 

133.2, 130.7, 129.2, 128.2, 127.7, 125.8, 49.6, 46.1,  
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45.3; HRMS (ESI) calcd for C16H17N2O2FN2S 

[M+H]+ m/z: 321.0995 found 321.0329.  

1-(4-Methoxyphenyl)-4-(phenylsulfonyl) 

piperazine (4)  

Yield: 63%, light pink solid. 1H NMR (400 MHz, 

CDCl3) δ 7.79 (d, J = 7.2 Hz, 2H), 7.58 (m, 3H), 6.84 

(m, 4H), 3.74 (s, 2H), 3.17 (d, J = 25.3 Hz, 8H); 13C 

NMR (400 MHz, CDCl3) δ 135.3, 133.0, 129.1, 

127.7, 125.8, 119.3, 114.5, 55.5, 50.8, 46.0; HRMS 

(ESI) calcd for C16H17FN2O2S [M+H]+ m/z: 332.1195 

found 332.0596.  

4-(Phenylsulfonyl)piperazine-1-carbaldehyde (5)  

Yield: 84%, white solid. 1H NMR (400 MHz, CDCl3) 

δ 7.92 (s, 1H), 7.70 (d, J = 7.5 Hz, 2H), 7.59 (t, J = 

7.3 Hz, 1H), 7.51 (t, J = 7.5 Hz, 2H), 3.59 (t, J = 4.9 

Hz ,2H), 3.43 (t, J = 4.9 Hz, 2H), 3.00 (t, J = 4.7 Hz, 

2H), 2.95 (t, J = 4.8 Hz, 2H). 13C NMR (400 MHz, 

CDCl3) δ 160.6, 135.2, 133.3, 129.2, 127.5, 46.5, 

45.4, 44.8, 39.2. HRMS (ESI) calcd for C11H14N2O3S 

[M+H]+ m/z: 255.0788 found 255.0796.  

 

2.2. Pharmacological/biological assay 

α-Glucosidase inhibitory activity of samples obtained 

was measured according to the method also explained 

by Balan et al. [16]. Firstly, proper amounts of 

monosodium phosphate and disodium phosphate 

were mixed with procuring 100 mM phosphate buffer 

(pH 7). Then, α-glucosidase enzyme was dissolved in 

phosphate buffer to obtain α-glucosidase solution (0.2 

U/mL). Later, 170 μL of phosphate buffer, 20 μL of  

α-glucosidase solution and 20 μL of sample solutions 

were mixed and incubated in 37 °C oven for 15 min. 

After that, 20 μL of 2.5 mM p-nitrophenyl-α-D-

glucopyranoside solution in 100 mM potassium 

phosphate buffer (pH 7.0) was added to the mixture, 

and another incubation period was executed at 37 °C 

for 15 min. Then, 80 μL of 0.2 M sodium carbonate 

solution was appended to the mixture to terminate the 

reaction. Absorbance was measured at 405 nm. 

Quercetin was used as a reference solution at 31.25, 

62.5, 125, 250, 500 and 1000 μg/mL concentrations. 

Results were estimated as the percentage of inhibitory 

activity in 1 mg/mL concentrations of samples. 

2.3. Molecular docking 

Method details. Ligand Preparation: SDF files of 

ligands were generated using Data Warrier. Briefly, 

SMILES codes are used to generate conformers with 

setting as following: Random, Low Energy Bias, 

Torsions based on crystallographic database, energy 

minimization based on MMFF94s+ Forcefield. SD 

file version 3 with 3D atom coordinates has been 

used. Docking Parameters and Protein Preparation: 

PDB ID: 5NN5 Alpha-glucosidase (Homo sapiens) in 

complex with 1-deoxynojirimycin has been used to 

for docking studies. Briefly, crystal structure of 

protein was downloaded in pdb format from 

https://www.rcsb.org. PDB ID: 5NN5 structure was 

optimized for docking by removing of water 

molecules, 1-deoxynojirimycin, chloride ions, 1,2-

ethanediols, sulfate ions and other chains (B-F). A 

grid box with 26Åx26Åx26Å and coordinates of x=-

15.43, y=-37.864, z=93.588 and spacing of 1Å around 

the 1-deoxynojirimycin binding pocket (for PDB ID: 

5NN5) has been generated using AutoDockTools 

1.5.6. Automated docking of ligands was performed 

with PaDelADV. To investigate the interaction of 

molecules and enzymes’ amino acids BIOVIA 

Discovery studio was used. 

3. Results and Discussion 

3.1. Chemistry 

Compounds 1-5 were synthesized according to 

refence [13] with some modifications. Briefly, 

piperazine was dissolved in CH2Cl2 (DCM) 

derivatives (1.0 eq) and triethylamine (3.0 eq) 

was added to solution slowly at 0 °C. Then this 

mixture was added to benzene sulfonyl chloride 

(1.0 eq) and stirred for 2 hours at room 

temperature. The completion of the reaction was 

checked with TLC. After the reaction was 

finished, water was added, and extraction was 

done with DCM. The combined organic layer 

was dried over anhydrous Na2SO4 and 

evaporated to give compounds 1-5 (Figure 1). 

Compounds were characterized with 1H-NMR, 
13C-NMR and HRMS. In 1H-NMR spectrum, 

basic peaks of aromatic hydrogens of compounds 

were observed at 7.70 – 7.50 ppm. Aliphatic 

hydrogens of the piperazine ring were found 3.50 

– 2.0 ppm. The peaks of these hydrogens were 

designated in two different manners. Some of 

them had only one peak and others had two peaks 

according to the substituent on piperazine ring. 

 

 
 

Figure 1. Synthesis pathway of compounds 1-5 
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3.2. Enzyme inhibition 

Five piperazine sulfonamide derivatives (1-5) were 

synthesized and investigated for α-glucosidase 

enzyme inhibition activity. Quercetin was used as a 

reference molecule, because of its well-known α-

glucosidase inhibitory potential. According to the 

results of study, all compounds have good inhibitory 

activities (63.45 ± 0.14 – 83.52 ± 0.41) against α-

glucosidase enzyme (Table 1). Compound 1 has 

higher inhibition values than quercetin and the most 

active compound against α-glucosidase enzyme in 

this series. The phenyl group that was attached to the 

piperazine which is substituted with EDG group like 

methoxy as in compound 4 showed the lowest 

inhibition value. This result cannot be only correlated 

with the EDG, but this can be explained by the 

different binding states of the substituents to the 

enzyme. Lastly, compound 5 has reasonable 

inhibition value. It can be resulted from EWG on the 

phenyl group. According to this result, different types 

of substituents have high α-glucosidase enzyme 

inhibition activity in this series. 

 

3.3. Molecular docking 

Molecular docking is an important tool for elucidating 

the structural properties of ligands that have 

biological activity for target enzymes. In this part, the 

most active compound was investigated based on 

their molecular interactions and binding energies for 

α-glucosidase enzymes. A molecular docking study 

was done for the most potent compound 1. The 

binding energy of compound 1 was calculated and 

found to be -5.3 kcal/mol. For compound 1, the 

phenyl group has two different types of interaction: π-

anion interaction between ASP518 and π-π stacks 

with PHE649 and TRP376. Moreover, sulfonamide 

group has π-sulfur interaction with TRP481 and 

hydrogen bond formation between ARG600. In 

addition, carbon hydrogen bond interaction between 

ASP616 (Figure 2). 

 
Figure 2. Docking result of the compound 1 for α-

glucosidase enzyme 

Table 1. α-Glucosidase enzyme inhibition results of 

compounds 1-5 

 

Compounds R 
α-Glucosidase 

enzyme 
inhibition (%) 

1 -CH2CH3 82.48 ± 0.21 

2 

 

 

 

77.45 ± 0.13 

3 

 

 

75.68 ± 0.23 

 

4 

 

 

 

63.45 ± 0.14 

 

5 
 

 

77.35 ± 0.45 

 

Quercetin  

 

81.41 ± 0.02 

 

aResults were presented as α-glucosidase enzyme inhibition 

experiments were performed independently three different times. 
bStandard deviation was symbolized with ±.  

3.4. ADME profiling 
ADME (absorption, distribution, metabolism, and 

excretion) is an important factor for the development 

of biologically active oral drug candidates. ADME 

parameters of compounds were investigated using the 

freely accessible silico SwissADME web tool 

(http://www.swissadme.ch). This tool provides 

bioavailability radar and boiled-egg charts. 

Bioavailability radar charts contain physicochemical 

properties that are used to explore physicochemical 

characteristics and drug-likeness properties of 

molecules. The physicochemical properties of 

compounds 1-5 were predicted with SwissADME 

free web tool [17]. The bioavailability radar indicates 

rapid pre-assessment of drug-likeness. In this chart 

six main physicochemical properties are investigated, 

these are lipophilicity, polarity, size, solubility, 

saturation, and flexibility (Figure 3). The part within 

the pink area is the border drawn for the 

physicochemical properties of the molecules to be a 

drug-likeness. When the red frame of the molecules is 

in the pink area, it shows that the physicochemical 

values of the molecule remain within the desired 

limits. Calculated physicochemical properties of 

compounds (1 – 5) are in desired limits and in pink 

area. These charts indicate that lipophilicity, oral 
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bioavailability, and solubility of compounds are 

suitable for drug-likeness properties. 

 
Figure 3. Bioavailability radar chart of compounds 1-5 

 

3.5. Quantum mechanical calculations 

3.5.1. Computational DFT method  

Density functional theory (DFT) with the Gaussian 09 

were used to optimize geometry. At the B3LYP/6-

31+G level of theory [18], [19] DFT approaches were 

utilized to refine the geometry of a promising 

molecule. The lowest unoccupied molecular orbital 

(LUMO), and highest occupied molecular orbital 

(HOMO) localization energies of promising 

molecules were investigated. Data from DFT analyses 

revealed that the five molecules were ordered by their 

chemical reactivity as follows: molecules 2, 4, 3, 1, 

and 5 respectively. The primary step in computing 

quantum chemicals for a molecular system is 

geometry optimization. Finding the conditions under 

which the molecule is most stable, or where the 

energy is lowest, is the aim of geometry optimization. 

The entire quantum chemical calculations have been 

performed at DFT (B3LYP) methods 6-31+G basis 

set using the Gaussian 09W software package [20]. 

Table 2 displays both the geometrical parameters 

derived from optimized geometry data and the 

optimized molecular structure of molecules 1 - 5 as 

determined by DFT calculations at the B3LYP level 

using a 6-31+G basis set. The bond length, bond 

angles and torsional angles of optimized molecule 2 

are shown in Table 3. Frontier molecular orbitals 

were employed to assess the electrical properties and 

electron transport potential of the compounds under 

investigation. These orbitals determine the molecular 

characteristics and biological activity of the 

substances. The LUMO, which represents the 

electron-deficient orbital, is associated with the 

ability to accept electron density and electron affinity. 

On the other hand, the HOMO, representing the 

electron-rich orbital, is proportional to the ionization 

potential.   

 
Table 2. Gaussian-based calculations of frontier 

molecular orbital energies of molecules 1-5 

Compounds HOMO 
(eV) 

LUMO 
(eV) 

Energy 
Gap- ΔE 

(eV) 

1 -0.20843 -0.06621 0.14222 

2 -0.20197 -0.07080 0.13117 

3 -0.21012 -0.07827 0.13185 

4 -0.19923 -0.06765 0.13158 

5 -0.26323 -0.07662 0.18661 

 

The energies of the LUMO and HOMO 

govern the molecule's interactions with other species 

and contribute to its chemical reactivity and kinetic 

stability. A small difference between the LUMO and 

HOMO energies indicates a low band energy gap 

(ΔE), suggesting a compound's higher reactivity with 

a receptor. A smaller energy gap signifies greater 

reactivity since the LUMO and HOMO are 

responsible for charge exchange during chemical 

reactions [21], [22]. The reactivity order among the 

ten molecules was found to be 2 > 4 > 3 >1 > 5, with 

compound molecule 2 exhibiting the smallest band 

energy gap, indicating its highest reactivity compared 

to the others. In molecule 2, the HOMO is localized 

on the piperazine moiety, while the LUMOs are 

localized on the benzenesulfonyl and some portion of 

the piperazine scaffold. The highly delocalized 

HOMO suggests that electrons can move more freely 

within the molecule, leading to improved 

intramolecular charge transfer (Figure 4). 

  

Figure 4. HOMO, LUMO energy of the 

compound molecule 2. 
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Table 3. B3LYP/6-31+G level of basis set's 

computed optimum geometrical parameters for molecule 2. 

 

 

 

4. Conclusion and Suggestions 

 

In this study, five phenylsulfonyl piperazine 

derivatives were synthesized. Their inhibitory 

potentials against α-glucosidase enzyme were 

evaluated. Compound 1 has a higher inhibition value 

than the reference molecule quercetin in the α-

glucosidase enzyme assay. The other molecules had 

valuable α-glucosidase enzyme inhibition values. 

Bioavailability radar chart was used to study the 

physicochemical properties and compliance with the 

Lipinski rule of five molecules. Acceptable drug-like 

and pharmacokinetic properties were expected from 

the synthesized molecules according to the results. In 

addition, docking studies and DFT calculations have 

been carried out. Molecular docking studies were 

performed to identify the significant interactions 

between molecules and enzymes. These promising 

results were confirmed by their binding energy of 

compound 1 was -5.3 kcal/mol for the α-glucosidase 

enzyme. The enzyme inhibition results were in good 

agreement with the docking studies. Although, DFT 

calculations showed that compound 2 had the lowest 

energy gap (ΔE (eV): 0.13117), that may be the most 

active compound, but it was the second the most 

potent α-glucosidase enzyme inhibitor. Consequently, 

all these results suggest these molecules, especially 

compound 1, as potential leads for further 

optimization of antidiabetic molecules. 
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