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Carbohydrates are plentiful naturally occurring macromolecules that are crucial to a range of 
biological activities. Therefore, the focus of our research group has been on computational studies 
of previously synthesized methyl α-D-glucopyranoside (α-MGP) derivatives. To determine the 
chemical descriptors of the synthesized compounds, quantum chemical research was conducted 
using Gaussian09 and the DFT (density functional theory) calculations. Frontier molecular 
orbital features, electrostatics potential, and thermodynamic properties of these optimized 
compounds are investigated. PASS (prediction of activity spectra for substances) showed the 
excellent thermodynamic and antimicrobial properties of the designed α-MGP derivatives. 
The binding energy and binding strategies of certain bacterial proteins from Pseudomonas 
aeruginosa (3PBN, and 3PBS) were investigated using molecular docking simulations, and 
adequate binding affinity was reported. QSAR (quantitative structure-activity correlations) 
analysis found a better drug-likeness profile for all α-MGP derivatives, and pharmacokinetic 
prediction demonstrated an enhanced drug-likeness profile of α-MGP derivatives. Furthermore, 
by side chain alteration in the α-D-glucopyranoside sequence, these compounds can be thought 
of as strong antibacterial agents.
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INTRODUCTION
Carbohydrates (sugars or saccharides) are extremely 
prevalent in nature and have a variety of biological 
purposes. In nature, sugar can be found both alone and 
as a component of glycoconjugates, which are essentially 
glycolipids and glycoproteins (Lysek and Vogel 2006; 
Staron et al. 2018). Carbohydrates have long been a 
popular research topic among scientists due to their role 
in biological systems such as viral and bacterial infections, 
cell growth and proliferation, anticoagulant, antigen, 
cell-cell communication, immunological response, and 

hormones due to their heir highly specific interaction with 
the physiological receptors (Bertozzi and Kiessling 2001). 
In addition to providing metabolic energy, they are crucial 
for sustaining cell-cell interaction and other fundamental 
activities (Carmona et al. 2003). A review of the literature 
revealed that a significant proportion of physiologically 
active compounds have aromatic, heteroaromatic, and 
acyl substituents (Arifuzzaman et al. 2018). It is generally 
known that benzene, substituted benzene, as well as 
substituents comprising nitrogen, sulfur, and halogens 
increase the biological activity of the parent molecule 
(Bulbul et al. 2021a; Kawsar et al. 2015). It is also 
recognized that when two active nuclei are combined, 
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the new molecule may have more potential for biological 
activity (Arifuzzaman et al. 2018). Furthermore, the 
combination of two or more heteroaromatic nuclei and 
acyl groups frequently greatly boosts biological activity 
as compared to the parent nucleus, according to analyses 
of microbiological activity and selective acylation of 
carbohydrates (Kawsar et al. 2009; Misbah et al. 2020). 

Computational drug discovery is a successful technique 
for speeding up and lowering the cost of drug discovery 
and development. The usefulness of computational drug 
development has been expanded due to the enormous rise 
in the availability of biological macromolecule and small 
molecule information. Chemical issues can be solved 
using computer simulations in the field of computational 
chemistry. Through the use of effective computer tools 
and theoretical chemistry techniques, it calculates the 
physiochemical characteristics of the substances (Alam 
et al. 2021; Bulbul et al. 2021b; Chen and Fukuda 
2006; Maowa et al. 2021a). Chemical descriptors such 
as HOMO-LUMO energy gap, ionization potential, 
electronegativity (χ), electron affinity (A), chemical 
potential (µ), electrophilicity (ω), hardness (ղ), softness 
(σ), DOS plot, and molecular electrostatic potential (MESP) 
have been calculated to know their chemical characteristics 
(Islam et al. 2022; Kawsar et al. 2020a; Maowa et 
al. 2021b; Rana et al. 2021). Based on the molecular 
structures of drug-like compounds, the computer software 
ADMET determines the pharmacokinetic parameters 
and/or characteristics of those substances (Amin et al. 
2022; Bhargava et al. 2011; Gao et al. 2010; Hosen et al. 
2022; Kawsar et al. 2021; Shamsuddin et al. 2021; Singh 
et al. 2023). The SwissADME web tool is free software 
that is used to predict the physicochemical properties, 
absorption, distribution, metabolism, elimination, and 
pharmacokinetic aspects of molecules – all of which are 
significant considerations in upcoming clinical research. It 
takes into account six physicochemical properties – which 
are very vital, like lipophilicity, flexibility, saturation, 
polarity, solubility, and size (Dearden 2017; Farhana et 
al. 2021; Hosen et al. 2021; Schultz et al. 2003). This 
research can serve as a springboard for laboratory synthesis 
and facilitate an understanding of experimental results. 
Quantitative structure-activity correlations (QSARs) is a 
model that can be used to predict the physicochemical and 
biological properties of molecules, respectively (Kawsar et 
al. 2008; Luis et al. 2007). The biological activity of a new 
or untested chemical can be inferred from the molecular 
structure or other attributes of related compounds whose 
activities have already been evaluated, which is the basis for 
any QSAR. Changes in a chemical's structure can alter the 
type and potency of its hazardous effect; hence, models such 
as structure-activity relationships are used to depict, explain, 
and, most importantly, forecast phenomena of interest 
(Ahmmed et al. 2023). The QSAR approach provides a 

rapid possibility to fulfilling data gaps for limited or absent 
experimental information. This computational method 
was applied successfully in different areas such as drug 
development, toxicity, and pharmacy (Alam et al. 2022; 
Kawsar et al. 2020b; Lien et al. 1982). In this research, we 
have focused on the computational studies of previously 
synthesized methyl α-D-glucopyranoside (α-MGP) and 
its derivatives. The compounds have been optimized 
and their thermal, electrical stability, and biochemical 
behavior have been assessed based on quantum mechanical 
methods. The thermodynamic and electrical properties are 
predicted using the B3LYP technique using the basis set 
3–21G. Hyperchem software was used to calculate QSAR 
parameters of molecules such as charge density, surface 
area grid, volume, Log P, polarizability, refractivity, and 
molecular mass.

EXPERIMENTAL

Methods
The following software systems were used in the present 
study: [i] Gaussian 09, [ii] Gaussum 3.0, [iii] AutoDock, 
[iv] 4.2.6 Swiss-Pdb 4.1.0, [v] Discovery Studio 3.5, [vi] 
PyMOL 2.3, [vii] LigPlot+ v.1.4.5, [viii] Hyperchem, and 
[ix] Webmo.

Optimization
This study was carried out on a series of molecules 
using the Gaussian 09 program (Frisch et al. 2009). 
The structures were drawn in GaussView 6. The initial 
step in getting the leading characteristic parameters of 
the compounds is to optimize the molecular structure 
to attain a configuration characterized by minimum free 
energy through DFT (density functional theory) along 
with the B3LYP method using a basis set 3–21G. After the 
completion of the optimization, these structures were used 
for the calculation of their chemical reactivity descriptors, 
ADMET, QSAR, and molecular docking.

Calculations of Chemical Reactivity Descriptor
To get the values of chemical reactivity and related 
descriptors, numerous calculation formulae in acceptable 
forms were used (Becke 1988; Lee et al. 1988). The energy 
gap, Δԑ was calculated as ԑLUMO-ԑHOMO. Similarly, 
ionization potential is I = –ԑHOMO, electron affinity 
is A = –ԑLUMO, and electronegativity is χ = (I + A)/ 2. 
Additionally, chemical potential is µ from –(I + A)/ 2, 
hardness is ղ = (I – A)/ 2, and electrophilicity is ω = µ2/2ղ. 
Finally, softness, σ was calculated as 1/ղ. We have used 
GaussSum 3.0 to get the DOS plot. To visualize MEP, the 
WebMO demo server (https://www.webmo.net) was used. 
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PASS Prediction
Web-based PASS (prediction of activity spectra for 
substances; http://www.pharmaexpert.ru/ PASSonline/
index.php) was used for the prediction of a plethora of 
biological activities. This tool was created to predict a 
wide range of biological processes with 90% accuracy 
(Kumaresan et al. 2015). ChemDraw 16.0 was used 
to construct the structures, which were then converted 
into Smiles format and utilized to predict the biological 
spectrum using the PASS online version (Kawsar et 
al. 2022a). The result was presented as Pa (probability 
for active compound) and Pi (probability for inactive 
compound). Here, Pa > Pi is considered on the scale 
of 0.000–1.000, and in general, Pa + Pi ≠ 1. The PASS 
prediction results were interpreted and used in a flexible 
manner – such as [i] when Pa > 0.7, the chance to find 
the activity experimentally is high; [ii] if 0.5 < Pa < 0.7, 
the chance to find the activity experimentally is less, 
but the compound is probably not so similar to known 
pharmaceutical agents; and [iii] if Pa < 0.5, the chance to 
find the activity experimentally is less but not the chance 
to find structurally (Filimonov et al. 2014). Hence, the 
predicted activity of the spectrum is known as the intrinsic 
property of the compound.

Protein Preparation and Visualization
The crystal 3D format of some Pseudomonas aeruginosa 
protein (PDB ID: 3PBN and 3PBS) was recuperated in 
the pdb from the protein data bank (http://www.ecsb.
org). Using PYMOL software (Version: 2.5.3), the water 
molecules and extra ligands that had previously been 
linked to the protein were removed to produce the raw 
protein strain for molecular docking. The proteins were 
then subjected to energy minimization by using Swiss-Pdb 
Viewer (version 4.1.0).

In Silico Pharmacokinetics ADMET and Drug-
likeness Parameters Prediction
Computer simulation is used in computational chemistry 
to aid in the resolution of chemical problems. It computes 
the physicochemical parameters of the generated 
molecules using theoretical chemistry approaches 
embedded in efficient computer algorithms (Islam et 
al. 2019). It can predict many properties of molecules 
and reactions such as molecular energies and structures, 
transition state structures, bond and reaction energies, 
molecular orbitals in different solvent phases, vibrational 
frequencies, thermo-chemical properties, reaction 
pathways, spectroscopic quantities, and many other 
molecular properties for systems in the solid, gas, or 
solution phase (Luis et al. 2007). ADMET is a computer 
tool designed to estimate pharmacokinetic parameters/
properties of drug-like substances based on their molecular 
structures (Sim et al. 1992). SwissADME web tool 

(http://www.swissadme.ch) is freely available software 
utilized to predict the physicochemical properties, 
absorption, distribution, metabolism, elimination, and 
pharmacokinetic properties of molecules, which are 
key determinants for more clinical trials. It considers 
six critical physicochemical properties: lipophilicity, 
flexibility, solubility, and size. This study can be used to 
generate a starting point for a laboratory synthesis and to 
aid in the comprehension of experimental findings. 

QSAR Analysis
QSAR is a quantum chemistry approach for linking a 
compound's biological activity to its molecular structure. 
It has been widely used as a technique in rational drug 
design. One of the most important fields in chemometrics 
is QSARs. QSAR models are mathematical equations 
that relate chemical structure to biological activity 
(Ononamadu and Ibrahim 2021). The purpose of QSAR 
is to connect a molecular structure or molecular structure-
derived properties to a specific chemical or biological 
activity. All the structures were converted into PDB format 
and the QSAR properties were calculated by Hyperchem 
Professional software (Version: 8.0.1). 

Molecular Docking Studies 
In the PyRx the proteins (macromolecules) and ligands 
were opened. The ligands after energy minimization were 
converted into PDBQT format. Both the protein and ligands 
were then forwarded for docking with maximum box size in 
the Vina wizard. The size of the grid box in AutoDockVina 
was kept at 28.7131, 23.1244, 30.9032 Å for 3PBN; 
29.5830, 22.6536, 27.5685 Å along x, y, and z directions, 
respectively. The resulting file was saved and further 
analyzed with the BIOVIA Discovery Studio Visualizer.

RESULTS AND DISCUSSION 
The modified derivatives of α-MGP used in this study 
were designated previously synthesized and represented 
the structure of the compounds in Figure 1.

PASS Prediction 
It seems that a large number of research projects does not 
reach the final stage because severe unfavorable side effect 
and toxicity are unknown, and this unfavorable effect is 
found or arise far too late. But today, in this modern age, 
it is possible to predict more than 3678 pharmacological 
effects, modes of action, carcinogenicity, teratogenicity, 
and other biological properties of compounds using an 
easy online server named PASS Online (Kumaresan et al. 
2015). PASS results in their designated Pa and Pi form are 
presented in Table 1. PASS prediction of Compounds 1–9 
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was found 0.21 < Pa < 0.50 in antiviral, 0.39 < Pa < 0.51 in 
antibacterial and 0.50 < Pa < 0.73 in antifungal (Acharya 
and Rebary 2010; Kabir et al. 2008, 2009; Marinescu et 
al. 2015). This indicated that the compounds were more 
potent against fungi as compared to that bacterial and 
viral pathogens. We have extended our studies for anti-
carcinogenic and antibiotic evaluation.

Thus, PASS prediction indicated 0.69 < Pa < 0.90 for 
anti-carcinogenic and 0.22 < Pa < 0.34 for an antibiotic, 
which refers that the mannopyranoside derivatives were 
more potent as anti-carcinogenic agents than that antibiotic 
properties.

Optimized Structures of the Tested Ligands 
The produced ligands' chemical characteristics were 
further examined using the DFT method for their 

quantum calculation and their geometry optimization. 
The optimized geometrical structure of all synthesized 
compounds is mentioned in Figure S1.

Chemical Descriptors 
Molecular orbitals reveal important details regarding 
electronic structure. The energy values of the most 
occupied and least occupied molecular orbitals were 
computed using the DFT method (Aihara 1999). 
Molecules with a smaller orbital gap appear to be more 
polar and have lower efficacy, whereas molecules with 
the greatest E(gap) indicate the greatest stability (Amin 
2013) and are considered softer molecules (Murray and 
Politzer 2017). The chemical potential (μ), hardness (h), 
softness (σ), and electrophilicity coefficient (ω) help to 
determine the biological activity of the lead compound 
(Amin 2013). Secondly, chemical potential, the positive 

Figure 1. Chemical structure of the methyl α-D-glucopyranoside (α-MGP) (1) and its derivatives (2–9).
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chemical potential mainly related to stability and when 
the softness is lower than hardness, this means the 
compounds are highly stable. The smaller the energy gap 
Δԑ the greater the reactivity of a molecule. Among the 
compounds, Compound 2 showed a maximum HOMO-
LUMO gap (8.745, 7.421 eV). The HOMO-LUMO gaps 

Table 1. Data of pass prediction.

Entry Antiviral Antibacterial Antifungal Antibiotic Anticancer

Pa Pi Pa Pi Pa Pi Pa Pi Pa Pi

1
2
3
4
5
6
7
8
9

0.506
0.644
0.644
0.653
0.736
0.632
0.632
0.632
0.632

0.004
0.010
0.010
0.009
0.004
0.010
0.010
0.010
0.010

0.541
0.494
0.494
0.478
0.481
0.441
0.441
0.441
0.441

0.013
0.017
0.017
0.018
0.018
0.023
0.023
0.023
0.023

0.628
0.646
0.646
0.619
0.636
0.642
0.642
0.642
0.642

0.019
0.017
0.017
0.017
0.015
0.014
0.014
0.014
0.014

0.380
0.254
0.254
0.267
0.290
0.229
0.229
0.229
0.229

0.005
0.019
0.019
0.018
0.015
0.023
0.023
0.023
0.023

0.574
0.575
0.575
0.723
0.653
0.594
0.594
0.594
0.594

0.010
0.051
0.051
0.022
0.034
0.046
0.046
0.046
0.046

of Compounds 4 and 6 are shown in Figure 2 in the form 
of a DOS plot. The overall frontier molecular orbitals 
(HOMO, LUMO) value is given in Table 2.

Frontier Molecular Orbitals 
Figure S2 illustrates the frontier orbital depiction of 

Figure 2. DOS plot representing the HOMO-LUMO gap of Compounds 1 and 4.

Table 2. Data of chemical descriptors.

Entry ԑLUMO ԑHOMO Δԑ A I μ η χ ω σ

1 1.371 –6.050 7.421 –1.371 6.050 –2.339 3.711 2.339 0.737 0.134

2 –2.239 –5.850 3.611 2.239 5.850 –4.044 1.806 4.044 4.527 0.276

3 –2.312 –5.788 3.476 2.312 5.788 –4.054 1.738 4.054 4.728 0.287

4 –1.260 –10.005 8.745 1.260 10.005 –5.632 4.373 5.632 3.626 0.114

5 –1.435 –6.062 4.627 1.435 6.062 –3.748 2.314 3.748 3.035 0.216

6 –1.046 –6.171 5.125 1.046 6.171 –3.608 2.562 3.608 2.540 0.195

7 –1.083 –6.607 5.524 1.083 6.607 –3.845 2.762 3.845 2.676 0.181

8 –0.291 –6.212 5.921 0.291 6.212 –3.252 2.960 3.252 1.786 0.168

9 –1.093 –6.061 4.968 1.093 6.061 –3.577 2.484 3.577 2.575 0.201

*[LUMO] lowest unoccupied molecular orbital; [HOMO] highest occupied molecular orbital; values in eV
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HOMO and LUMO labeling by color. In HOMO, the 
deep green hue indicates the positive node, whereas the 
radish color represents the negative node. In the instance 
of LUMO, the yellow color indicates the negative portion 
of the orbital, whereas the lightest maroon color represents 
the positive portion of the orbital. With a specific-colored 
image in Figure S2, all additional molecules may be found 
and accessed. According to the findings, HOMO appears 
to be positioned at the terminal of the benzene ring, which 
could explain the aromatic ring resonance phenomenon. 
The presence of an oxygen atom is caused by the presence 
of LUMO, whereas the presence of a benzene ring and an 
alkyl group indicates the presence of HOMO. 

Molecular Electrostatic Potential (MEP) Map 
The molecular electrostatic potential (MEP) is extensively 
used as a reactivity map that identifies the best region 
for organic compounds to undertake electrophilic and 
nucleophilic reactions with charged point-like reagents 
(Amin 2013). It aids to explore the biological recognition 
process and hydrogen bonding interaction (Murray and 

Politzer 2017). MEP counter maps are a quick and easy 
approach to estimating how different geometry will 
interact. The MEP of the title compound is obtained based 
on the B3LYP with basis set 3–21G optimized result and 
shown in Figure 3. The primary significance of MEP is 
that it concurrently displays positive, negative, and neutral 
electrostatic potential regions, as well as molecule size 
and shape by color grading, and is extremely valuable in 
the study of molecular structure with physicochemical 
properties related (Matta 2014). The different colors 
of electrostatic potential indicate different values. The 
potentiality of the attacking zone decreases in the sequence 
of blue ˃ green ˃ yellow ˃ orange ˃ red. The maximum 
negative area is indicated by red color, where electrophiles 
can readily attack, whereas the maximum positive area 
is indicated by blue color, where nucleophilic assault is 
possible. Furthermore, the green color indicated that there 
were no potential zones. Webmo, a free internet program, 
was used to visualize the MEP images.

Figure 3. Molecular electrostatic potential (MEP) mappings.
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Pharmacokinetic Prediction
For predicting the pharmacokinetic properties of drug/
drug-like compounds from their structures, ADMET 
Predictor – a designed computer program – can be used. A 
drug/drug-like compound has to satisfy the “Rule of Five” 
(Lipinski et al. 2001), which is a well-known parameter to 
examine whether it can be taken as a drug or not (Pires et 
al. 2015). Hence, ADMET properties of the synthesized 
compounds were evaluated using the SwissADME web 
tool (Tripathi et al. 2019), a freely available software 
utilized to predict the physicochemical properties, 
absorption, distribution, metabolism, elimination, and 
pharmacokinetic properties of molecules (Mahanthesh 
et al. 2020). The physicochemical properties of the 
synthesized ILs can be revealed from ADMET analysis, 
which includes the rules of five (MW, iLOGP, HBAs, 
and HBDs) and several other properties like molecular 
polar surface area (TPSA), number of rotatable bonds 
(ROTBs), number of aromatic heavy atoms, and number 
of alerts for undesirable substructures (PAINS and 
Brenk), among others, as represented in Table 3. All the 
compounds were by rules, which means MW, RB, HBD, 
HBA, TPSA, iLOGP, nAH, and MR of all compounds are 
within the acceptable range. Hence, we can say that all 
the compounds possess a good pharmacokinetic profile.

QSAR Studies
The QSAR analysis of the compounds is given in Table 
S1. Hydrophilicity is indicated by a negative Log P 
value, whereas hydrophobicity is shown by a positive 
Log P value, both of which are crucial in biochemical 
interactions and bioactivity. Because hydrophobic 
medications are maintained for longer, have a wider 
distribution throughout the body, are less selective in their 
molecule binding, and are frequently digested, they are 

more hazardous. PIC50 value (Table 4) was calculated 
from the Hyperchem simulation value using the following 
equation (Bhargava et al. 2011) and listed in Table 4. 

Table 3. Calculated ADMET properties of the compounds (1–9).
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1 194.18 4 6 99.38 2 13 40.47 0 0 Low

2 929.46 0 8 89.52 48 66 281.96 0 0 Low

3 1013.62 0 8 89.52 54 72 310.80 0 0 Low

4 820.98 0 11 140.73 18 60 227.03 0 0 Low

5 354.40 3 7 105.45 6 25 89.37 0 0 High

6 775.21 0 7 72.45 36 55 233.35 0 0 Low

7 859.37 0 7 72.45 42 61 262.20 0 0 Low

8 943.53 0 7 72.45 48 67 291.04 0 0 Low

9 1027.69 0 7 72.45 54 73 319.88 0 0 Low

Table 4. Calculated PIC50 properties of the compounds (1–9).

Entry PIC50 value

1 –5.43

2 –30.66

3 –30.25

4 –89.46

5 –25.83

6 –24.53

7 –25.61

8 –25.56

9 –26.76

PIC50 = 3.028 – 0.542 LogP + 0.352 HE – 1.272 Pol 
+ 0.863 MR – 0.038 MV – 0.024 MW + 19.120q01 + 
0.024SAG

Here, [HE] hydration energy, [Pol] polarizability, [MR] 
molecular refractivity, [Log P] partition coefficient, [MV] 
molar volume, [MW] molar weight, [SAG] surface area 
grid, and [q01] atomic net charges.

Molecular Docking Studies and Ligand-Protein 
Interactions
Molecular docking is an important computational 
technique in structural biology and computer-aided 
drug design. The primary goal of molecular docking is 
to identify potential binding geometries of a putative 
ligand with a known three-dimensional structure with 
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a target protein (Fujii et al. 2011; Kawsar et al. 2022b). 
We have selected Pseudomonas aeruginosa as the target 
protein it is an important opportunistic human pathogen 
that causes severe infections in immunocompromised 
patients and also in cystic fibrosis patients (Harper and 
Enright 2011). Molecular docking of the compounds 
(1–9) was conducted against Pseudomonas aeruginosa 
(PDB ID: 3PBN, 3PBS). The docking scores are shown 
in Table 5. Initially, molecular docking was conducted 
with 3PBN, which is a one-chain structure. It was found 
that Compounds 4 and 5 showed a comparatively binding 
affinity of –5.7 and –5.5 kcal/mol. Then, 3PBS was used 
for molecular docking, which is also a one-chain structure. 
Compound 5 (–5.0 kcal/mol) showed comparatively better 
binding affinities as compared to the other compounds. 
The docking score indicated that these compounds possess 
lower binding affinity as compared to the standard drug 
ampicillin. These compounds can also act as a quite potent 

Table 5. Molecular docking score (binding energy) of Compounds 
1–9.

Entry 3PBN 3PBS

1 –4.4 –3.9

2 –4.2 –3.3

3 –4.4 –3.2

4 –5.7 –4.6

5 –5.5 –5.0

6 –4.2 –3.6

7 –4.3 –3.5

8 –4.1 –4.0

9 –4.0 –4.3

Ampicillin –6.3 –7.6

Figure 4. Docking interactions of Compound 4 with 3PBN (a,b,c) and Compound 5 with 3PBN (e, f, and g) and 3PBS (h, i, and j).
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Figure 5. Hydrogen bond and hydrophobic surface of Compound 4 with 3PBN (a and b) and Compound 5 with 3PBN (c and d) and 3PBS 
(e and f).

drug against P. aeruginosa protein by side chain alteration 
in the α-D-glucopyranoside sequence (Table 5). 

Non-bonding interactions of Compounds 4, and 5 are 
generated by BIOVIA Discovery Studio, and a two-
dimensional image was generated by LigPlot+ v.1.4.5. 
Non-bonding interactions and two-dimensional images 
are shown in Figure 4.

Figure 5 represents the hydrogen bonds and hydrophobic 
surface of Compound 4 with 3PBN (a and b) and Compound 
5 with 3PBN (c and d) and 3PBS (e and f). These pictures 
are generated by BIOVIA Discovery Studio. Hydrogen 
bonds execute a vital function in shaping the specificity of 
ligand binding with the receptor, drug design in chemical 
and biological processes, molecular recognition, and 
biological activity. Figure 5 reveals that all the compounds 
contain hydrogen bonds and hydrophobic bonds. However, 
it has been found that the number of hydrogen bond is 
less than hydrophobic bonds against all proteins, but the 
hydrogen bonds is stronger than hydrophobic bonds to bond 
distance (Kawsar et al. 2023, 2011). Due to hydrogen-bond 
forming characteristics, the compounds may act as anti-P. 
aeruginosa drugs.

CONCLUSIONS
In this study, nine glucopyranoside derivatives were 
studied computationally for their chemical reactivities 
and molecular docking. Different reactivity parameters 

like energy gap (Δԑ), ionization potential (I), electron 
affinity (A), electronegativity (χ), hardness (ղ), chemical 
potential (μ), electrophilicity (ω), and softness (S) indicated 
that these compounds have moderate reactivities. PASS 
prediction indicated that these compounds have antiviral, 
antibacterial, antifungal, antibiotic, and anticarcinogenic 
characteristics. According to ADMET and QSAR results, 
these compounds exhibit features that make them likely 
to be drugs. Molecular docking against P. aeruginosa 
(3PBN and 3PBS) was performed for their antibacterial 
activity. Among all of the compounds, Compounds 4 and 
5 showed comparatively better binding affinities against 
3PBN and 3PBS, respectively. However, based on their 
binding affinities, it is possible that these compounds won't 
have the same therapeutic effect as ampicillin. A powerful 
medication against P. aeruginosa might be produced by 
changing the side chain. A larger HOMO-LUMO gap could 
explain the moderate predicted biological potentiality. As a 
result, the current study may be useful in the development 
of glucopyranoside-based antibacterial drugs. 
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Figure S1. Optimized structures of glucopyranoside derivatives (1–9).
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Table S1. QSAR studies of the compounds (1–9).
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Figure S2. HOMO-LUMO pictures of the compounds.
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