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Abstract. A chronic metabolic disease characterized by persistently elevated blood sugar levels, diabetes mellitus is 

typically caused by inadequate insulin synthesis or function. Because natural monosaccharides and carbohydrates such as 

D-glucofuranose share structural similarities, they present a promising foundation for the development of antidiabetic 

drugs. 3-O-Acyl derivatives were produced by the unimolar one-step acylation of D-glucopyranose. Computational 

methods were used to investigate the potential antidiabetic effects of D-glucofuranose (1) and its derivatives (2-9). The 

frontier molecular orbital (FMO) characterizes reactivity by analyzing the energy difference between the HOMO (highest 

occupied molecular orbital) and LUMO (lowest unoccupied molecular orbital) orbitals, whereas the electrostatic potential 

map (MEP) shows the charge distribution of a molecule, highlighting regions prone to electrophilic and nucleophilic 

interactions, and global reactivity indicators such as hardness, softness, and electrophilicity characterize a molecule’s 

overall reactivity, which is the outcome of density functional theory (DFT) calculations to optimize the molecule's stable 

geometric configuration. To estimate the binding affinities and interaction patterns, molecular docking experiments were 

conducted with human glucokinase (PDB IDs: 3IMX and 1V4S). Compound 7 exhibited the highest binding affinities (-

9.0 and -8.2 kcal/mol) and formed persistent interactions with the TRP99, HIS218, VAL62 and IEL211 residues in the 

glucokinase active site. ADMET estimates were used to evaluate drug similarity, pharmacokinetics and toxicity profiles. 

In silico tests via PASS prediction against bacteria and fungi revealed that the compounds containing D-glucofuranose 

derivatives had outstanding antibacterial and antifungal effectiveness. Overall, these results show that D-glucofuranose 

derivatives have the potential to be lead molecules for glucokinase regulation and offer a logical framework for further 

validation in vitro and in vivo. 
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1. Introduction 

Carbohydrates are a class of chemically defined 

compounds that have various physical and physiological 

properties as well as health advantages [1]. They are 

composed of carbon, hydrogen and oxygen generally 

following a 1:2:1 ratio among the most essential 

biomolecules in nature. They are the most stereo 

chemically diverse macromolecules. This intricacy 

results in highly specialized and selective interactions 

that can play important roles in protein folding [2]. They 

are glycans derived from glycoproteins, glycolipids and 

proteoglycans that bind to proteins or other 

carbohydrates, facilitating cell-cell and cell-matrix 

interactions [3]. Carbohydrate metabolism begins with 

meal digestion in the gastrointestinal system and 

continues with enterocytes absorbing the carbohydrate 

components as monosaccharides [4]. They fall into three 

main categories: polysaccharides, disaccharides and 

monosaccharides. Glycans (monosaccharide unit linked 

through glycosidic bond), a distinct class of 

carbohydrates, are implicated in a wide range of 

disorders, including cancer, inflammation, and 

microbial infections. Specific glycan–lectin interactions 

have been exploited for the development of vaccines, 
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antiviral agents, and immunotherapies [5]. Recently, 

advanced and sophisticated techniques have facilitated 

the isolation of diverse natural products from plants [6] 

and other natural sources, with carbohydrates serving as 

key constituents [7]. 

Many physiological processes, such as energy 

production, metabolism, and the preservation of healthy 

cellular function, depend on carbohydrates. The body 

prefers to use carbohydrates as an energy source, 

especially for muscles, red blood cells, and the brain, 

when exercising. Upon consumption, glucose is 

produced by the breakdown of carbohydrates and is 

subsequently taken up by the bloodstream. The glucose 

can either be used right away for energy or stored in the 

muscles and liver as glycogen for later use. Four calories 

are produced from 1 g of carbohydrates. The body 

quickly uses glycogen stores to drive muscular 

contraction and movement during periods of high 

physical activity [8]. Since glucose serves as the brain's 

primary fuel, carbohydrates play a critical role in the 

metabolic synthesis of energy. Glucose reliance stems 

from the high metabolic demands of brain processes 

such as synaptic transmission, ion mobility, and 

neurotransmitter cycling. Carbohydrates therefore 

significantly affect brain energy metabolism, emotional 
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stability, and cognitive function [9]. In addition to 

improving pharmacokinetic properties and promoting 

intermolecular interactions, carbohydrates are adaptable 

building blocks that enable a variety of derivatization 

processes [10]. In light of these findings, the current 

study investigated a number of D-glucofuranose 

derivatives that have demonstrated anticancer, 

antibacterial, and antidiabetic properties in both 

computational and experimental investigations. Nearly 

all of these substances have very low levels of toxicity, 

and several have demonstrated potent antipyretic and 

anti-inflammatory properties [11]. Using a variety of 

acylating agents, we were able to acylate 1,2:5,6-di-O-

isopropylidene-α-D-glucofuranose selectively and 

produce the corresponding 3-O-acyl derivatives in 

respectable yields [12]. D-glucofuranose derivatives are 

strongly support the logical development of new 

antidiabetic drugs against human glucokinase [13].  

The modified derivatives were designed by 

computational methods to explore their biological 

potential. Molecular docking was used to examine the 

binding affinities, hydrogen bonds and structural 

properties against the receptor human glucokinase (PDB 

IDs: 3IMX, 1V4S) [14]. Frontier molecular orbital 

(FMO) computations and density functional theory 

(DFT) provide information about compounds stability, 

reactivity and electronic structure. Additionally, the 

distribution of electron density on the surface of D-

glucofuranose derivatives is revealed by molecular 

electrostatic potential (MEP) calculations, which is 

connected to how these compounds interact with 

biological targets and affect their pharmacological 

activity [15]. To assess the drug-likeness and 

pharmacokinetic features of protected carbohydrate 

scaffolds, which are frequently favorable, according to 

these predictive models ADMET predictions are 

frequently included into computational workflows [16]. 

To evaluate the potential antibacterial, antiviral, anti-

inflammatory and anti-carcinogenic activities of the 

derivatives PASS is used [17]. Natural Bond Orbital 

(NBO) analysis is used in studies to clarify the 

fundamental chemical and physical properties of these 

compounds [18]. The purpose of this work is to use 

computational methods to integrate D-glucofuranose 

derivatives as potential inhibitors and modulators of 

human glucokinase and its isoforms [19]. 

Type 2 diabetes mellitus (T2DM) is a long-term 

metabolic disorder characterized by elevated blood 

glucose levels. To effectively treat diabetes mellitus 

(T2DM), maintaining glycemic control and maintaining 

functional pancreatic β-cell activity [20]. It was 

projected that 463 million people aged 20–79 years, 

representing 9.3% of the world’s adult population had  

diabetes in 2019.  

By 2030, this figure is expected to increase to 578 

million, or 10.2% of the global adult population, and by 

2045, it will have grown to 700 million, or 10.9% of the 

global adult population [21]. In recent years, the 

antidiabetic target glucokinase aids in managing type 2 

diabetes by reducing blood glucose levels and enhancing 

glucose metabolism [22]. To evaluate the binding 

potential of D-glucofuranose derivatives and gain 

insight into their potential antidiabetic activity, 

structural conformations from both the active closed 

(3IMX) and inert super-open (1V4S) states were used. 

The generated activity map contains 97% of all possible 

single amino acid variations, and activity scores are 

linked to fasting glucose levels in people with GCK 

mutations, in vitro catalytic yield, and evolutionary 

conservation [23]. These structures also revealed an 

allosteric region, which allows tiny compounds to 

influence the enzymes kinetic characteristics. This 

discovery established the molecular basis for activating 

human glucokinase (PDB IDs: 3IMX, 1V4S), a potential 

treatment strategy for type 2 diabetes mellitus [24]. 

Using molecular docking and in silico studies, the 

purpose of this study was to examine the binding 

interactions and antidiabetic potential of D-

glucofuranose derivatives (2-9) against human 

glucokinase (3IMX, 1V4S). 

2. Computational details  

2.1. Computational approaches 

The Gaussian 09W program package was used to 

optimize the 3D structure of D-glucofuranose 

derivatives. First, the optimum structure was utilized by 

DFT and the B3LYP theoretical technique using 6-31G 

(d,p) basis set to investigate the electronic and thermal 

properties [25]. Dipole moments, polarizabilities, first-

order hyperpolarizabilities, and optimal molecular 

structures were calculated for each molecule. In 

addition, quantum chemical descriptors such as 

chemical potential (µ), electronegativity (χ), chemical 

hardness (η), softness (S), and electrophilicity (ω) were 

examined. The FMOs were analyzed using HOMO and 

LUMO energies. MEP surfaces and NBO charges were 

also analyzed [26]. Additionally, protein-ligand binding 

energies and identifying ligand binding sites and 

interactions in the target protein, one of the most often 

used molecular modeling techniques is docking. The 

molecules that are highly active for the specified target 

protein are found using this energy which is performed 

by AutoDock Vina [27]. The selected crystal structure 

of proteins (3IMX, 1V4S) provides access to the PDB 

information via its RCSB.org research-focused website 

[28]. The energy of the proteins was minimized by the 

Swiss PDB viewer and the residues. Identification of the 

type of interaction and bond distances between the 

active sites in the target and ligand conformation is aided 

by the Discovery Studio [29]. Docking ligand input files 

are created with AutoDock Tools then saved as pdbqt 

files. The ADMET module allows the retrieval of drug 

discovery and biological information about compounds 

using standard SMILES notation. It is supported by the 

main database of admetSAR3.0 [30]. PASS Online, an 

open-access web resource is intended to predict the 

biological activity profiles of organic compounds using 

their structural formulas, covering more than 4,000 

different types of bioactivities with an average accuracy 

greater then 95% [31].  

The 2D structures of D-glucofuranose (1) and its 

derivatives (2-9) (Figure 1) presented in this work were 

created with ChemDraw 2.0 software. 
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Figure 1. 2D structures of D-glucofuranose (1) and its 

derivatives (2-9) 

3. Results and discussion  

3.1. Optimized geometry 

The newly synthesized derivatives of D-glucofuranose 

applied in the present study were designated according 

to the reaction scheme. In most quantum chemical 

calculations, the first step is geometry optimization [32]. 

The density functional theory (DFT) method with the 

B3LYP/631-G (d,p) basis set was applied to analyze the 

title compound’s optimal molecular structure reported in 

Table 1, vibrational analysis, and electronic 

characteristics [33].  

 

 

 

Table 1. Optimized structure of D-glucofuranose (1) and its derivatives (2-9) 

Compound 

No. 
Optimized structure 

Compound 

No. 
Optimized structure 

1 

 

2 

 

3 

 

4 

 

5 

 

6 

 

7 

 

8 

 

9 
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HOMO and LUMO theoretical computations are 

often performed using an ab initio approach and density 

functional theory (DFT). To determine distinct charge 

distribution zones in each of the five molecules, the 

electrostatic potential maps (EPMs), chemical hardness 

(η), electronegativity (χ), and quantum chemical 

potential (μ) are also computed [34]. A proper design 

phase improves the efficacy of structure-based 

optimization and molecular docking. 

3.2. Thermodynamic analysis 

The thermodynamic properties characterize the energy 

content of a system. The thermodynamic parameters of 

a system in thermal equilibrium can be measured to 

evaluate the ligand-protein complexes strength and 

stability [35]. The enthalpy, entropy, Gibbs free energy, 

internal energy and dipole moment are the most 

common thermodynamic parameters [36].  

Table 2 displays the stoichiometry, electronic 

energy, enthalpy, Gibb’s free energy, dipole moment 

and polarizability of the D-glucofuranose derivatives. 

One can predict the inherent spontaneity of a reaction 

and the stability of the formed product by examining the 

enthalpy and free energy numbers. A higher electrical 

energy value increases the likelihood of achieving 

thermal stability. The dipole moment also impacts 

noncovalent interactions and the formation of hydrogen 

bonds in drug design. A greater dipole moment, in 

contrast can enhance the ligand binding capability. 

Covalent bond formation is more likely when 

polarizability is present [37]. It has been noted that 

compound 6 has a greater dipole moment (3.9801 D) 

than any other derivatives. Out of all derivatives, 

compound 3 (0.652444 Hartree) has the highest 

electronic energy. All the derivatives have larger 

absolute energies than the parent ligand (1). 

Furthermore, all aromatic D-glucofuranose derivatives 

demonstrated significantly increased polarizability. As a 

result, this discussion demonstrated that modifying the 

hydroxyl (-OH) groups of the derivatives considerably 

enhances their thermodynamic characteristics, 

highlighting the inherent stability of the produced 

derivatives. The physicochemical parameters have the 

highest polarizability value (260.63 a.u.) among all the 

derivatives. The presence of bulky acylating groups 

suggested at an enhancement in polarizability.  

However, it can be revealed that all of these produced 

D-glucofuranose derivatives are potentially more stable 

than their parent structure. 

Table 2. The electronic energy, enthalpy, Gibbs free energy, dipole moment and polarizability of D-glucofuranose (1) and its 

derivatives (2-9) 

 

3.3. Frontier molecular orbitals (FMOs) 

Frontier molecular orbitals (FMOs), namely the HOMO 

and LUMO, are crucial for determining chemical 

reactivity and the degree to which a drug binds to a 

specific molecular receptor [38]. Table 3 displays the 

title compound and its derivatives HOMO-LUMO plot. 

Table 3. Molecular orbitals (HOMO-LUMO) of D-glucofuranose (1) and its derivatives (2-9) 

Compound No. HOMO LUMO 

1 

  

2 

  

Compound 

No. 
Stoichiometry 

Electronic 

energy 

(Hartree) 

Enthalpy 

(Hartree) 

Gibbs free 

energy 

(Hartree) 

Dipole 

moment  

(D) 

Polarizability 

(a.u.) 

1 C12H20O6 0.340296 0.341240 0.276792 2.7831 138.54 

2 C14H22O7 0.381508 0.382452 0.307174 1.7292 161.03 

3 C23H40O7 0.652444 0.653388 0.546064 2.0028 260.55 

4 C16H26O7 0.441378 0.442322 0.362295 2.9182 182.22 

5 C13H22O8S 0.380749 0.381703 0.304753 3.9571 182.02 

6 C18H24O8S 0.437479 0.438423 0.352480 3.9801 231.64 

7 C23H32O7 0.557253 0.558197 0.463097 3.2501 260.63 

8 C21H28O8 0.503817 0.504761 0.411999 1.5783 234.16 

9 C14H20O7Cl2 0.364854 0.365798 0.282822 2.6175 179.88 
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Compound No. HOMO LUMO 

3 

  

4 

  

5 

  

6 

  

7 

  

8 

  

9 

  

The kinetic and chemical stability of a molecule are 

predicted by the energy difference between its HOMO 

and LUMO [39]. A molecule with a small gap between 

frontier orbitals is highly polarizable and generally 

associated with low kinetic stability and elevated 

chemical reactivity. Since these electrons tend to be an 

electron donor, the ionization potential is directly 

correlated with the energy of the HOMO, which can be 

thought of as the outermost orbital that holds electrons. 

However, the LUMO energy is directly correlated with 

the electron affinity, thus the LUMO can take up 

electrons [40]. The density of states (DOS) plot was 

generated to analyze the highest and lowest energy gaps 

of the modified derivatives, which are useful for 

understanding electronic structure and determining the 

resultant stability and reactivity. The HOMO–LUMO 

energy gap (ΔE = E_LUMO − E_HOMO) of compound 

6 exhibits a shorter HOMO–LUMO gap (0.1697 eV) 

than compound 2 (0.2436 eV), suggesting higher 

chemical reactivity and the possibility of a stronger 

interaction with the target protein, according to the DOS 

plots of compounds 2 and 6 (Figure 2).  
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a. 

 
b. 

Figure 2. DOS diagrams of compounds 3 (a) and 6 (b) 

3.4. Global reactivity descriptors 

Based on the HOMO-LUMO energy levels, several 

chemical reactivity characteristics were computed. 

Hardness (η), chemical potential (μ), softness (S), 

electronegativity (χ) and the electrophilicity index (ω) 

are examples of global chemical reactivity descriptors 

that have been computed using the HOMO and LUMO 

energy value of the compounds [41]. The electronic 

properties, chemical reactivity, and stability were all 

evaluated based on the energy gap (ΔE) of the Highest 

Occupied Molecular Orbital (HOMO) and Lowest 

Unoccupied Molecular Orbital (LUMO). Hardness (η), 

softness (S), and chemical potential (μ) were determined 

using the following formulas [42]: 

ΔE = (εLUMO −  εHOMO)  (1) 

η =  
(εLUMO − εHOMO)

2
    (2) 

S =  
1

η
    (3) 

μ =
(εLUMO + εHOMO)

2
    (4) 

The energies of the HOMO and LUMO, the 

HOMO–LUMO gap, chemical hardness, and softness of 

all ligands are presented in Table 4.  

Table 4. Energy (eV) of the HOMO, LUMO, energy gap, hardness and softness, chemical potential, electronegativity, and 

electrophilicity of glucofuranose (1) and its derivatives (2-9) 

Compound 

No. 

εHOMO 

(eV) 

εLUMO 

(eV) 

Gap, 

ΔE (eV) 

Hardness, 

η (eV) 

Softness, 

S (eV-1) 

Chemical 

potential,  

µ (eV) 

Electronegativity,

χ (eV) 

Electrophilicity,

ω (eV) 

1 -0.2492 -0.0439 0.2931 0.1466 6.8213 0.1466 0.1027 0.0360 

2 -0.2549 -0.0158 0.2391 0.1196 8.3612 -0.1354 0.1354 0.0766 

3 -0.2729 -0.0293 0.2436 0.1218 8.2102 -0.1511 0.1511 0.0094 

4 -0.2545 -0.0158 0.2386 0.1194 8.3752 -0.1352 0.1352 0.0765 

5 -0.2637 -0.0896 0.1741 0.0871 11.4812 -0.1767 0.1767 0.1792 

6 -0.2615 -0.0918 0.1697 0.0849 11.7786 -0.1767 0.1767 0.1839 

7 -0.2525 -0.0518 0.2007 0.1004 9.9606 -0.1522 0.1522 0.1154 

8 -0.2226 -0.0260 0.1966 0.0983 10.1730 -0.1243 0.1243 0.0786 

9 -0.2625 -0.0809 0.1816 0.0908 11.0132 -0.1717 0.1717 0.1623 

 

Among these compounds, compound 3 (the 

undecanoyl derivative) exhibits the highest HOMO–

LUMO energy gap, indicating the highest stability and, 

consequently, the lowest chemical reactivity. In 

contrast, compound 6 (the benzenesulfonyl derivative) 

shows the lowest energy gap. Compound 2 displays the 

second-highest HOMO–LUMO gap, which gradually 

decreases for compounds 4 and 9. Accordingly, the 

stability of compound 2 is the second highest and 

gradually decreases for compounds 4 and 5, 

respectively. As compound 6 showed lowest HOMO-

LUMO gap it showed lowest stability, i.e. highest 

chemical reactivity. Consequently, this compound 

showed lowest hardness (0.0849) and the highest 

softness (11.7786). Chemical hardness and softness are 

directly related to the energy gap between the HOMO-

LUMO of a molecule. Analysis of the data showed that 

compound 6 has the lowest HOMO-LUMO gap and the 

highest softness, which may be potentially responsible 

for its higher chemical reactivity compared to the others. 

A reduced HOMO-LUMO gap in ligands and 

complexes enhances their softness, which makes them 

relatively more polarizable and chemically reactive 

compared to others [43]. 

3.5. Molecular electrostatic potential (MEP) 

The molecular electrostatic potential (MEP) is 

commonly used as a reactivity map to illustrate the most 

probable region susceptible to electrophilic and 

nucleophilic attacks by charged point like reagents on 

organic molecules. It helps to interpret biological 

recognition mechanisms and hydrogen bonding 

interaction [44]. The MEP counter map gives a simple 

technique to predict how different shapes may interact. 

Different colors are used to represent the various 

electrostatic potential levels at the surface. The negative 

areas (red color) of the MEP were associated with 

electrophilic reactivity, the positive areas (blue color) 

were associated with nucleophilic reactivity, and the 



Islam and Kawsar / Ovidius University Annals of Chemistry 36 (2025) 170-185 

176 

green color represents zero potential areas [45] as 

illustrated in Figure 3. Using the B3LYP/6-31G basis set 

the molecular electrostatic potential (MEP) was 

generated [46]. Compound 6 (-6.370 e-2) has a stronger 

negative potential than compound 9 (-4.799e-2), 

according to MEP analysis, suggesting that a more 

prominent electron-rich site appropriate for electrophilic 

interactions.

 

Figure 3. Molecular electrostatic potential map of 

glucofuranose (1) and its derivatives (2-9) 

3.6. Natural bonding orbitals (NBOs) analysis 

The NBO analysis offers a practical foundation for 

examining charge transfer or conjugative interactions in 

molecular systems, as well as an effective technique for 

examining intra and intermolecular interactions and 

bond connectivity [47]. It is also used to calculate 

changes in charge densities in proton donors and 

acceptors, specifically in bonding and antibonding 

orbitals. The NBO analysis successfully explains the 

rationalization of the H-bond. In general, hydrogen 

bonds are thought to form as a result of a 

hyperconjugative charge transfer interaction between 

the proton acceptor and the proton donor [48]. The 

dipole moment, molecular polarizations, and many other 

quantum characteristics of molecular systems can be 

predicted using the charges. The analysis of charge 

distribution points to donor-acceptor interactions and 

associated charge transfer within the molecule. By 

determining each atoms electron population as specified 

in the fundamental functions, Mulliken charges are 

computed. Figure 4 shows the charge distributions 

determined using the NBO and Mulliken using the 

B3LYP level with 6-31G (d,p) basis sets, which 

provides a more effective graphical representation of D-

glucofuranose derivatives [48]. The NBO and Mulliken 

approaches anticipate that all of the H atoms in these 

derivatives will have positive charges; yet compound 7 

has a higher partial positivity of H atoms. 

 

a. 

 

b. 

Figure 4. Atomic partial charges of compounds 3 (a) and 7 

(b) 

3.7. Molecular docking and calculations of 

interactions  

Molecular docking employs computational tools used to 

predict ligand binding affinity to receptor proteins [49]. 

This approach investigates the spatial and energetic 

compatibility of the ligand with the receptor active site, 

assisting in the identification of new drug candidates, 

refining current molecules and analyzing the complex 

interactions between drugs and receptors [50]. 

Molecular docking simulations were conducted using 

AutoDock Vina, where the drug was regarded as the 

ligand and the protein as the macromolecule. Both the 

macromolecule and ligand structures were prepared and 

saved in pdbqt format once docking was finished. This 

was done so that Discovery Studio (version 4.1) could 

examine and analyze the docking results and identify 

non-bonding interactions among the ligands and 

residues of amino acids [51] as shown in Table 5 and 

Table 6.  

Table 5. Selected binding affinity (kcal/mol) and nonbonding interactions of D-glucofuranose (1) and its derivatives (2-9) with 3IMX 

Human glucokinase (3IMX) 

Compound 

No. 

Binding 

affinity 
Residues contacts Distance Types of bonds 

1 -6.1 

ARG85 2.82484 Conventional Hydrogen Bond 

ASP409 2.70491 Conventional Hydrogen Bond 

SER445 2.60268 Conventional Hydrogen Bond 

ASP78 3.52565 Carbon Hydrogen Bond 
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Human glucokinase (3IMX) 

Compound 

No. 

Binding 

affinity 
Residues contacts Distance Types of bonds 

ILE225 5.40385 Alkyl group  

ARG85 4.84814 Alkyl group 

2 -6.7 

THR82 2.62447 Conventional Hydrogen Bond 

THR228 2.05903 Conventional Hydrogen Bond 

ASN83 3.46523 Carbon Hydrogen Bond 

ASN83 3.75083 Carbon Hydrogen Bond 

ARG85 4.07921 Alkyl group 

MET107 5.04141 Alkyl group 

ILE225 4.78822 Alkyl group 

ILE225 4.07662 Alkyl group 

3 -7.4 

SER69 1.90283 Conventional Hydrogen Bond 

TRP99 3.02808 Carbon Hydrogen Bond 

TYR214 3.63845 π- 

VAL452 5.34025 Alkyl group 

VAL455 5.35775 Alkylgroup 
VAL455 4.7757 Alkyl group 

VAL455 4.44575 Alkyl group 

ILE211 5.01011 Alkyl group 

LEU451 4.94836 Alkyl group 

ILE211 4.22434 Alkyl group 

MET210 4.92831 Alkyl group 

ILE211 4.24529 Alkyl group 

TRP99 4.56134 π-Alkyl 

TYR214 5.25479 π-Alkyl 

TYR214 5.40018 π-Alkyl 

TYR214 3.97999 π-Alkyl 

HIS218 4.57506 π-Alkyl 

HIS218 4.0405 π-Alkyl 

4 -7.5 

TYR215 3.7026 Carbon Hydrogen Bond 

HIS218 3.48047 Carbon Hydrogen Bond 

PRO66 3.53497 Carbon Hydrogen Bond 

ILE211 4.10425 Alkyl group 

VAL62 5.26245 Alkyl group 

ILE211 3.74668 Alkyl group 

VAL452 4.37861 Alkyl group 

LEU451 4.0593 Alkyl group 

VAL455 5.21096 Alkyl group 

TRP99 4.87661 π-Alkyl  

TYR214 4.42174 π-Alkyl  

HIS218 4.8825 π-Alkyl  

5 -7.0 

TRP99 2.2113 Conventional Hydrogen Bond 

TRP99 3.52881 π- 

HIS218 5.0557 π-Sulfur 

ALA454 4.43734 Alkyl group 

VAL91 3.83032 Alkyl group 

VAL91 4.27108 Alkyl group 

VAL101 5.03891 Alkyl group 

ILE211 3.93262 Alkyl group 

VAL455 3.64709 Alkyl group 

TRP99 4.07355 π-Alkyl  

TRP99 4.07454 π-Alkyl  

TRP99 4.75905 π-Alkyl  

TYR214 4.18190 π-Alkyl 

TYR215 4.38929 π-Alkyl 

6 -8.9 

HIS218 3.56891 Conventional Hydrogen Bond 

SER69 2.85366 Carbon Hydrogen Bond 

TYR214 5.82051 π-Donor Hydrogen Bond 

TYR215 5.12177 π-Sulfur 

HIS218 5.71121 π-Sulfur 

TRP99 4.91227 π-Sulfur 

TRP99 5.35615 π-π-T-shaped 

TYR215 5.27668 π-π-T-shaped 

VAL62 5.16822 π-π-T-shaped 
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Human glucokinase (3IMX) 

Compound 

No. 

Binding 

affinity 
Residues contacts Distance Types of bonds 

ILE211 3.84158 Alkyl group 

VAL452 4.8375 Alkyl group 

TYR214 4.38858 Alkyl group 

LEU451 5.07733 π-Alkyl 

ALA454 4.9876 π-Alkyl 

7 -9.0 

TYR214 2.57661 Conventional Hydrogen Bond 

HIS218 2.86079 Carbon Hydrogen Bond 

TRP99 3.60604 π- 

TRP99 5.32348 π-π-T-shaped 

TYR215 4.99453 π-π-T-shaped 

VAL91 3.90399 Alkyl group 

LEU451 5.40505 Alkyl group 

ILE211 3.91869 Alkyl group 

VAL452 4.23039 Alkyl group 

VAL455 4.60257 Alkyl group 

VAL62 5.14337 Alkyl group 

PRO66 4.61049 Alkyl group 

VAL452 5.03625 Alkyl group 

VAL455 3.85625 Alkyl group 

TRP99 4.67359 π-Alkyl 

TRP99 4.77968 π-Alkyl 

HIS218 5.36028 π-Alkyl 

LEU451 5.10105 π-Alkyl 

8 -8.8 

TRP99 2.10101 Conventional Hydrogen Bond 

TYR214 2.29874 Conventional Hydrogen Bond 

SER69 3.49678 Carbon Hydrogen Bond 

MET210 5.87597 π-Sulfur 

TYR214 3.80968 π-π-Stacked 

ILE211 5.05193 Alkyl 

LEU451 4.20286 Alkyl 

TRP99 4.43192 π-Alkyl 

TYR214 5.32301 π-Alkyl 

TYR215 5.47547 π-Alkyl 

HIS218 5.27759 π-Alkyl 

HIS218 4.95104 π-Alkyl 

ILE211 5.38483 π-Alkyl 

MET235 5.26589 π-Alkyl 

9 -6.6 

THR228 2.37149 Conventional Hydrogen Bond 

LYS169 5.46076 Alkyl group 

ILE225 5.25593 Alkyl group 

ARG85 4.5599 Alkyl group 

MET107 5.32325 Alkyl group 

ARG85 4.48993 Alkyl group 

MET107 4.98144 Alkyl group 

Table 6. Selected binding affinity (kcal/mol) and nonbonding interactions of D-glucofuranose (1) and its derivatives (2-9) with 1V4S 

Human glucokinase (1V4S) 

Compound 

No. 

Binding 

affinity 
Residues contacts Distance Types of bonds 

1 -5.9 

ARG63 2.68201 Conventional Hydrogen Bond 

VAL62 4.6504 Alkyl group 

VAL452 4.02816 Alkyl group 

VAL455 3.95159 Alkyl group 

VAL62 4.13925 Alkyl group 

ILE159 3.82814 Alkyl group 

VAL452 4.80364 Alkyl group 

TYR61 4.86249 π-Alkyl 

2 -6.6 

GLY81 2.91789 Conventional Hydrogen Bond 

SER411 1.96854 Conventional Hydrogen Bond 

GLY227 3.65871 Carbon Hydrogen Bond 

3 -6.6 

GLY299 2.72662 Conventional Hydrogen Bond 

GLU300 2.53088 Conventional Hydrogen Bond 

THR332 2.81551 Conventional Hydrogen Bond 

ARG333 3.04765 Conventional Hydrogen Bond 
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Human glucokinase (1V4S) 

Compound 

No. 

Binding 

affinity 
Residues contacts Distance Types of bonds 

GLY295 3.5739 Carbon Hydrogen Bond 

ARG327 4.63925 Alkyl group 

ARG333 4.3716 Alkyl group 

ARG333 4.17778 Alkyl group 

VAL277 4.38549 Alkyl group 

4 -6.6 

ARG85 2.57804 Conventional Hydrogen Bond 

ARG85 2.4134 Conventional Hydrogen Bond 

THR228 2.71183 Conventional Hydrogen Bond 

SER411 1.97503 Conventional Hydrogen Bond 

GLY227 3.7919 Carbon Hydrogen Bond 

ASP78 3.49962 Carbon Hydrogen Bond 

LYS169 5.29962 Alkyl group 

ILE225 4.92491 Alkyl group 

LYS169 4.54746 Alkyl group 

5 -6.6 

ARG85 2.04782 Conventional Hydrogen Bond 

ARG85 2.39423 Conventional Hydrogen Bond 

THR228 2.09516 Conventional Hydrogen Bond 

SER411 2.82668 Conventional Hydrogen Bond 

SER445 2.88387 Conventional Hydrogen Bond 

LYS169 5.40084 Alkyl group 

ILE225 4.7526 Alkyl group 

LYS169 4.82264 Alkyl group 

LYS414 4.50264 Alkyl group 

6 -7.2 

LYS169 2.33636 Conventional Hydrogen Bond 

THR228 2.31582 Conventional Hydrogen Bond 

GLY81 3.5503 Carbon Hydrogen Bond 

ASP205 3.32895 π-Anion 

ILE225 5.05272 π-Alkyl 

7 -8.2 

VAL455 3.55115 π- 

LYS459 4.75827 Alkyl group 

VAL62 5.38854 Alkyl group 

PRO66 5.45842 Alkyl group 

ILE211 5.06509 Alkyl group 

VAL455 4.3068 Alkyl group 

PRO66 4.7743 Alkyl group 

VAL62 4.77884 π-Alkyl 

PRO66 4.82687 π-Alkyl 

VAL452 4.75969 π-Alkyl 

ALA456 5.40973 π-Alkyl 

8 -7.3 

SER64 2.61087 Conventional Hydrogen Bond 

ARG250 2.8894 Conventional Hydrogen Bond 

ARG250 2.58697 Conventional Hydrogen Bond 

ARG250 3.63882 Carbon Hydrogen Bond 

ILE211 3.64251 π- 

TYR214 4.96202 π-π-T-shaped 

9 -6.4 

GLY81 2.88541 Conventional Hydrogen Bond 

ARG85 2.7752 Conventional Hydrogen Bond 

ARG85 2.61418 Conventional Hydrogen Bond 

SER411 1.97848 Conventional Hydrogen Bond 

GLY227 3.52688 Carbon Hydrogen Bond 
 

We have employed two distinct human glucokinase 

receptors (PDB: 3IMX and 1V4S) from the Protein Data 

Bank [52]. According to the results of the docking 

analysis, all compounds including the parent chemical, 

have binding affinities between -6.1 and -9.0 kcal/mol 

and -5.9 and -8.2 kcal/mol. The grid box size for 

receptor 3IMX is (51.611, 55.76, 73.61) with the (x, y, 

z) directions set to these values, while for 1V4S, it is 

(58.76, 71.37, 60.74). As shown below, compounds 7 

and 6, in the case of 3IMX and compounds 7 and 8, in 

the case of 1V4S, showed the highest binding affinities 

compared to the parent D-glucofuranose compound. 

These results indicated that modification of the -OH 

group of D-glucofuranose increased the binding affinity 

[53]. The docked conformation clearly showed how the 

therapeutic molecules bind to the human glucokinase 

receptors (3IMX and 1V4S) macromolecular structure 

(Figure 5 and 6).  
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Figure 5. Docked pose of compound 7 at the inhibition 

binding site of 3IMX 

 

Figure 6. Docked pose of compound (7) at the inhibition 

binding site of 1V4S 

From the post-docking study, it was observed that 

compound 7 showed π-alkyl interactions with TRP99, 

LEU451, HIS218 (higher distance 5.36028 Å) in the 

active site of 3IMX and VAL62, ALA456, VAL452 

(shorter distance 4.75969), PRO66 with 1V4S. 

Compounds 6 and 8 showed conventional hydrogen 

bonds with residues HIS218, SER64, ARG250, besides 

other interactions such as carbon-hydrogen bonds 

SER69, ARG250 and hydrophobic interactions such as 

pi-pi T shaped for TRP99, TYR214. Compounds 6 and 

7 displayed the maximum π-π interactions with the 

TRP99 residue in 3IMX and compound 8 displayed 

maximum interactions with the TYR214 residue in 

1V4S, denoting the tight binding with the active site. 

These results demonstrate that aromatic substituents can 

readily improve the binding and antiviral properties of 

their high electron density. Non-bonding interactions are 

shown in (Figure 7 and 8).  

 

Figure 7. Nonbonding interactions of compounds 7 and 6 

with 3IMX 

Figure 8. Nonbonding interactions of compounds (7 and 8) 

with 1V4S 

All of the analogs showed the highest π-π 

interactions with the TRP99 indicating a tight binding 

with the active site, in addition to HIS218. Due to strong 

hydrogen bonding, the binding energy and binding 

mode of those analogs were enhanced [54]. For 

compounds 4, 5, and 8, the highest number of H-bonds 

was achieved when receptor 1V4S formed with 

GLY227, PRO66, and ASP78. (Figure 9 and 10) shows 

the hydrogen bond surface compounds (7, 6) and (7, 8), 

(Figure 9 and 10) show the hydrophobic surface 

compounds (7, 6) and (7, 8) with both glucokinase 

proteins. The analysis revealed that D-glucofuranose 

derivatives interact with the active site of the human 

glucokinase receptors 3IMX and 1V4S. Although blind 

docking studies suggest that all molecules have potential 

antidiabetic activity, compound 7, bearing a 4-t-

butylbenzoyl chloride aromatic substituent , the blind 

docking studies suggest that all the molecules have the 

potential to act as an effective agent substituent in the 

structure , exhibits the highest electron density and the 

most favorable minimum binding energy (−9.0 

kcal/mol), indicating it as the most promising 

therapeutic candidate among the studied derivatives for 

the treatment of diabetes mellitus [55].  

 
Figure 9. Hydrogen bonds (a) and hydrophobicity (b) of 

compounds 7 and 6 with 3IMX 

 

Figure 10. Hydrogen bonds (c) and hydrophobicity (d) of 

compounds (7 and 8) with 1V4S 

3.8. ADMET analysis 

Although carbohydrates are not toxic, D-glucofuranose 

derivatives (modified carbohydrates) contain toxicity. 

To predict an attempt of pharmacokinetic features such 

as the absorption, distribution, metabolism, excretion 

and toxicity (ADMET) of the compounds, the pkCSM 

web server was used [56]. Various pharmacokinetic and 

pharmacodynamic parameters, including human 

intestinal absorption, blood-brain barrier, cytochrome 

P450 inhibition, human ether-a-go-go-related genes 
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inhibition, and acute oral toxicity and rat acute toxicity 

[57] were evaluated and are summarized in Table 7. 

 

 

Table 7. Selected pharmacokinetic properties of D-glucofuranose (1) and its derivatives (2-9) 

Compound 

No. 

 

BBB 

(log BB) 

CYP2C19 

inhibitor 

(Yes/No) 

Intestional 

absorption 

(Human) 

(% 

Absorbed) 

P-glyco 

protein 

inhibitor 

(Yes/No) 

Water 

solubility 

Oral rat 

acute 

toxicity 

LD50 

hERG 

inhibitor 

(Yes/NO) 

1 -0.282 No 100 No -2.282 2.331 No 

2 0.81 No 88.492 No -3.927 2.482 No 

3 -0.977 No 95.168 Yes -4.9 2.118 No 

4 0.775 No 85.875 No -3.456 2.482 No 

5 -1.183 No 98.750 Yes -3.018 2.520 No 

6 0.808 No 82.360 No -3.037 2.482 No 

7 -0.74 Yes 96.072 Yes -5.237 2.537 No 

8 -1.065 No 97.881 Yes -4.339 3.060 No 

9 -1.132 No 96.810 No -3.585 2.871 No 
 

All the compounds exhibited positive values (above 

the prescribed threshold, suggesting good permeability) 

with high probabilities, particularly regarding the blood-

brain barrier and human intestinal absorption. 

Furthermore, modifications of D-glucofuranose yielded 

an inhibitor of P-glycogen. The analysis identified that 

5, 8, 9 and 7 were potential inhibitor compounds that 

have high calculated values of intestinal absorption by 

humans, including over 80%. This suggests that the 

intestines may readily absorb these molecules and allow 

them to circulate in the bloodstream [58]. All tested 

compounds displayed an oral toxicity profile. 

Compound 8 showed the maximum LD50 value in rat 

acute toxicity evaluations compared to most of the 

compounds like 8, 7 and 6 which demonstrate more 

toxicity with respect to parent D-glucofuranose. Since 

inhibition of hERG may cause long QT syndrome, 

additional studies are necessary to thoroughly evaluate 

the safety profile. 

3.9. PASS prediction 

The prediction of activity spectra for substances (PASS) 

serves as a software tool for evaluating the overall 

biological potential of organic drug-like molecules. 

PASS provides simultaneous predictions of various 

types of biological activities on the basis of the structure 

of organic compounds [59]. Pass prediction was 

performed via an online server (Way2Drug - main). This 

server presents the user with a list of numbers from zero 

to one, where "Pa" means "to be biologically active" and 

"Pi" means "to be biologically inactive." Thus, PASS 

can be employed to predict the biological activity 

profiles of virtual molecules before their chemical 

synthesis and experimental testing [60]. All of the D-

glucofuranose compounds exhibited a variety of 

metabolic activities during our investigation, as 

expected by PASS, as shown in Table 8.  

Table 8. Prediction of antiviral, antimicrobial and anticarcinogenic activity of D-glucofuranose (1) and its derivatives (2-9) 

Compound 

No. 
Antibacterial Anticarcinogenic Antifungal Anti-inflammatory 

 Pa Pi Pa Pi Pa Pi Pa Pi 

1 0.497 0.017 0.368 0.037 0.552 0.023 0.962 0.003 

2 0.512 0.015 0.388 0.033 0.632 0.015 0.957 0.004 

3 0.497 0.017 0.359 0.039 0.665 0.013 0.943 0.004 

4 0.525 0.014 0.288 0.063 0.660 0.012 0.942 0.004 

5 0.370 0.038 0.298 0.059 0.366 0.058 0.944 0.004 

6 0.318 0.054 0.188 0.134 0.319 0.074 0.923 0.004 

7 0.413 0.027 0.335 0.046 0.598 0.019 0.939 0.004 

8 0.409 0.028 0.298 0.059 0.587 0.020 0.921 0.004 

9 0.476 0.019 0.217 0.104 0.539 0.025 0.984 0.004 
 

All of these derivatives have antifungal properties, 

according to our research. Derivatives 3 and 4 had the 

highest Pa values, at 0.665 and 0.660, respectively. 

These chemicals are all anti-inflammatory and 

anticarcinogenic. The greatest values for both anti-

inflammatory and anticarcinogenic properties were 

found for compounds 9 and 1 (0.984 and 0.962, 

respectively). Compound 2 has an outstanding Pa value 

of 0.388 due to its anticarcinogenic qualities, and 

compound 4 has a Pa value of 0.525 for its antibacterial 

qualities.  

 

4. Conclusions 

In the present study, a set of D-glucofuranose 

derivatives were analyzed through computational 

approaches to investigate their structural, electronic and 

binding properties as potential antidiabetic agents. The 

stability and electronic structure of the investigated 

compounds were determined via DFT calculations. 

Compound 6 has a greater dipole moment (3.9801 D), 

and compound 3 (0.652444 Hartree) has the highest 

electronic energy. The electronic property analysis 

confirmed the stability, charge distribution, and 

reactivity of the compounds by the HOMO–LUMO 
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gaps. Compound 6 presented a shorter HOMO–LUMO 

gap (0.1697 eV) than did compound 3 (0.2436 eV), 

which presented a greater HOMO–LUMO gap, 

suggesting greater chemical reactivity and the 

possibility of a stronger interaction with the target 

protein. These findings emphasize the significance of 

substituent effects on overall molecular behavior, which 

influences both binding efficiency and electrical 

properties properties. These derivatives exhibit 

favorable electronic transitions and strong 

intermolecular interactions, demonstrating both stability 

and biological significance. The docking analysis 

findings showed that each derivative favors favorable 

interactions with the human glucokinase active sites 

3IMX and 1V4S. On the other hand, compound 7 had 

the highest binding affinity because of its aromatic 

group (4-t-butylbenzoyl chloride). The stability and 

reactivity of the compounds under investigation were 

validated with electronic property tests, which suggested 

that they would be good therapeutic candidates. Among 

the derivatives under study, compound 7 presented the 

greatest binding energy (-9.0 kcal/mol), suggesting that 

it has significant potential as a lead chemical. These 

findings highlight the potential of D-glucofuranose 

derivatives in the development of innovative therapeutic 

drugs for the treatment of diabetes. 
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