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Exploring 1,3,4-Oxadiazole Derivatives as Potent α-Amylase Inhibitors:  

Design, Synthesis, and Biological Evaluation 

Diabetes mellitus is a growing global health concern, and α-amylase inhibitors have been recognized as 

promising therapeutic agents for its treatment. This study aimed to design, synthesize and evaluate 1,3,4-

oxadiazole derivatives as potential α-amylase inhibitors. A series of 1,3,4-oxadiazole derivatives were de-

signed and subjected to in silico ADMET, Lipinski's Rule of Five, and drug-likeness analysis. The most 

promising compounds, SC2 and SC8, were synthesized and their α-amylase inhibitory activity was assessed 

in vitro. The interactions with the human α-amylase (PDB ID: 6Z8L) which is a target protein, was analyzed 

through molecular docking studies. The designed compounds complied with Lipinski's Rule of Five and ex-

hibited favourable drug-likeness properties. In silico ADMET analysis predicted good absorption and distri-

bution profiles. SC2 and SC8 demonstrated potent α-amylase inhibitory activity with IC50 values of 

36.5±1.5 µg/mL and 45.2±2.1 µg/mL, respectively, compared to acarbose (68.9±3.2 µg/mL). Molecular 

docking revealed that both compounds formed crucial interactions with key amino acid residues in the en-

zyme’s active site. The binding affinities of SC2 and SC8 were -10.1 kcal/mol and -9.1 kcal/mol, respective-

ly. The 1,3,4-oxadiazole derivatives, particularly SC2 and SC8, demonstrated potential as α-amylase inhibi-

tors with favorable ADMET properties. These findings provide a basis for further optimization and develop-

ment of these compounds as novel antidiabetic agents. 

Keywords: 1,3,4-oxadiazole derivatives, α-amylase inhibitors, diabetes mellitus, ADMET, molecular dock-

ing, Lipinski's Rule of Five, drug-likeness. 

 

Abbreviation 

ADMET:  

 

Mol Log P:  

Absorption, Distribution, Metabolism, 

Excretion and Toxicity;  

Partition coefficient between octanol 

and water;  

 SD:  Standard Deviation; 

 SAR:  Structure-Activity Relationship 

 CMC:  

H-bond:  

Critical Micelle Concentration;  

Hydrogen bond;  

TPSA:  Topological Polar Surface Area;   Å²: square angstrom;  

Caco2:  

 

BBB:  

Human colorectal adenocarcinoma 

cells;  

Blood-Brain Barrier;  

 GI:  

logBB:  

CYP:  

OD:  

IC50:  

Gastrointestinal;  

Blood-Brain Barrier partition coefficient;  

Cytochrome P450;  

Optical Density;  

Half maximal inhibitory concentration;  

PPB:  Plasma Protein Binding;  

PDB:  Protein Data Bank;  

Introduction 

Diabetes mellitus is a chronic metabolic disorder characterized by elevated blood glucose levels result-

ing from defects in insulin secretion, insulin action, or both. The World Health Organization (WHO) esti-

mates that worldwide diabetes affects about 422 million people, making it a major global health concern [1]. 

The prevalence of this disease has augmented dramatically over the past few decades, primarily due to 

changes in lifestyle, urbanization and an aging population. Diabetes can lead to severe complications such as 

cardiovascular diseases, stroke, kidney failure, blindness and lower limb amputation, significantly impacting 

an individual’s quality of life and placing a heavy burden on healthcare systems [2]. 

There are two primary types of diabetes, namely type 1 and type 2. Type 1 diabetes is an autoimmune 

disease in which the body’s immune system destroys the insulin-producing β-cells of the pancreas, resulting 

in an absolute insulin deficiency. Type 2 diabetes, which accounts for about 90 % of all diabetes cases, is 
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characterized by insulin resistance and progressive β-cell dysfunction. Although the etiology of type 2 diabe-

tes is multifactorial, it is often associated with obesity, sedentary lifestyles, and unhealthy dietary habits [3]. 

α-Amylase is a crucial enzyme responsible for hydrolyzing α-1,4-glucosidic linkages in starch, glyco-

gen and other polysaccharides, converting them into smaller, easily digestible glucose units. The modulation 

of α-amylase activity has been widely recognized as a potential therapeutic strategy in the management of 

various metabolic disorders, including type 2 diabetes mellitus and obesity. Consequently, the discovery and 

development of novel α-amylase inhibitors have emerged as a significant area of research in medicinal 

chemistry [4]. 

1,3,4-Oxadiazole derivatives have attracted considerable attention in recent years due to their versatile 

biological properties and potential applications as pharmacophores. Figure 1 shows commercially available 

drugs that incorporate the 1,3,4-oxadiazole nucleus within their molecular structure. This nucleus is a pivotal 

component in various therapeutic agents, emphasizing its significance in the realm of medicinal chemis-

try [5]. The presence of the 1,3,4-oxadiazole ring in these drugs highlights its potential for diverse biological 

activities and its role in enhancing the pharmacological profile of these compounds [6]. 

In this study, we present the rational design, synthesis and biological evaluation of a series of novel 

1,3,4-oxadiazole derivatives as potent α-amylase inhibitors. The research aims to explore the structure-

activity relationships (SAR) of these compounds, shedding light on their inhibitory mechanisms and estab-

lishing a foundation for further optimization and development. Additionally, the study assesses the selectivi-

ty and safety profiles of the synthesized derivatives through in vitro assays, providing valuable insights into 

their potential as therapeutic agents [7]. 

 

 

Figure 1. Commercially available drugs with the 1,3,4-oxadiazole nucleus 

By uncovering the α-amylase inhibitory properties of 1,3,4-oxadiazole derivatives, this research not on-

ly contributes to the growing body of knowledge surrounding these versatile compounds but also paves the 

way for the development of novel, more effective therapeutic strategies to combat metabolic disorders. Ulti-

mately, the findings of this study have the potential to significantly impact the management and treatment of 

conditions such as type 2 diabetes mellitus and obesity, enhancing the overall quality of life for patients af-

fected by these prevalent health challenges [8]. 

Experimental 

All chemicals and solvents used in the study were procured from Research Lab Fine Chem Industries 

(India) and Prerana Enterprises (Ahmednagar). Characterization of all synthesized compounds was per-
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formed using various spectroscopic techniques. FTIR spectra were recorded on an alpha Bruker eco ATR 

instrument, and 1H NMR spectra were obtained using a Bruker AM-300 spectrophotometer with tetrame-

thylsilane (TMS) as the internal standard. Deuterated solvents such as chloroform and DMSO were used for 

recording the spectra, and chemical shifts were presented as delta values comparative to TMS. Melting 

points were determined using a digital Gallen Kemp melting point apparatus. The synthesized final com-

pounds were recrystallized using suitable solvents to achieve high purity. The progress of the reactions was 

monitored using thin-layer chromatography (TLC) as a valuable analytical technique. A solvent system con-

sisting of methanol and chloroform in a 1:9 ratio was used for TLC, and silica gel-60 HF254 plates served as 

the stationary phase for the separation of compounds. 

Methods 

Molecular Docking: 

The molecular docking studies were performed to evaluate the binding affinity and interactions of the 

synthesized 1,3,4-oxadiazole derivatives with human α-amylase (PDB ID: 6Z8L) using AutoDockVina. The 

crystal structure of human α-amylase was obtained from the Protein Data Bank (www.rcsb.org) and prepared 

for docking. The protein was prepared by removing any water molecules, adding missing hydrogen atoms, 

and optimizing the structure using energy minimization. The ligands, i.e., the synthesized 1,3,4-oxadiazole 

derivatives, were prepared using Chem3D (v.16.0) and ChemDraw (v.16.0) software. The geometry of the 

ligands was optimized using the MM2 force field method in Chem Office. After optimization, Gasteiger 

charges were assigned. The docking procedure was performed using AutoDockVina tool (v.1.2.0). The ac-

tive site of the protein was predicted using a grid box encompassing the catalytic site residues with dimen-

sions of 20×20×20 Å and a grid co-ordinate selected as x = –11.343897, y = 6.133868, z = –23.338819. The 

best-docked poses were selected based on the docking scores. The protein-ligand complexes were visualized 

and analyzed using Discovery Studio Visualizer (v.4.5). Furthermore, 2D interactions were generated using 

LigPlot+ (v.2.2) software to depict the key interactions between the ligands and the protein residues [9]. 

In Silico ADMET, Lipinski's Rule of Five & Drug-likeness Analysis: 

To assess the pharmacokinetic properties and drug-likeness of the synthesized 1,3,4-oxadiazole deriva-

tives, in silico ADMET (Absorption, Distribution, Metabolism, Excretion and Toxicity) predictions were 

performed using online web servers SwissADME (http://www.swissadme.ch/) and PreADMET 

(https://preadmet.webservice.bmdrc.org/) [10, 11]. The compounds were evaluated for their compliance with 

Lipinski's Rule of Five, which is a set of criteria used to predict the drug-likeness of a compound. These cri-

teria include molecular weight, the number of hydrogen bond donors, the number of hydrogen bond accep-

tors, and the octanol-water partition coefficient (LogP) [12]. The drug-likeness of the compounds was also 

evaluated using other relevant descriptors and rules such as the Veber's rule, Ghose filter and Egan's rule, to 

assess their potential for oral bioavailability and drug development. The results of the ADMET predictions 

and drug-likeness analysis were then integrated with the molecular docking results to prioritize the most 

promising 1,3,4-oxadiazole derivatives for further experimental validation and optimization [13, 14]. 

Synthesis 

General Procedure for the Synthesis of (Z)-N-(5-((2-phenylethylidene)amino)-1,3,4-oxadiazol- 

2-yl)acetamide (SC1 to SC10) 

A mixture of carbohydrazide (0.25 mmol) and substituted 2-phenylacetic acid (0.20 mmol) (Table 1) 

was refluxed in the presence of DMSO (10 mL) and ethanol (15 mL) for 2 hours. The progress of the reac-

tion was monitored by TLC using chloroform: methanol(6:1 v/v). After 2 hours, the reaction mixture was 

allowed to cool, and ice was added to precipitate the product. For the next step, the obtained product 

(0.30 mmol) was mixed with acetic acid (3 mL) in the presence of ethanol (10 mL) and DCC (0.10 mmol). 

This mixture was refluxed for 1.5 hours. The progress of the reaction was again monitored by TLC using 

chloroform: methanol (6:1 v/v). After completion, the reaction mixture was allowed to cool to room tempera-

ture before being poured into HCl to precipitate the solid product. The precipitated solid product was collect-

ed by filtration and then recrystallized from ethanol, resulting in a slightly brown sample. The sample was 

dried, and its melting point was recorded to characterize the final product (Scheme in Fig. 2) [15–17, 27]. 

 

http://www.swissadme.ch/
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Figure 2. Proposed scheme of synthesis of 1,3,4-Oxadiazole derivatives 

T a b l e  1  

Designed derivatives of 1,3,4-Oxadiazole 

Label Molecular Formula R 

SC1 C12H11ClN4O2 -Cl 

SC2 C13H14N4O2 -CH3 

SC3 C12H11N5O4 -NO2 

SC4 C14H16N4O2 -C2H5 

SC5 C12H12N4O2 -H 

SC6 C12H11BrN4O2 -Br 

SC7 C13H14N4O3 -OCH3 

SC8 C13H13ClN4O2 

 
SC9 C12H11FN4O2 -F 

SC10 C15H18N4O3 

 
 

Spectral Analysis of SC1 ― SC10 Compounds  

(Z)-N-(5-((2-(4-chlorophenyl)ethylidene)amino)-1,3,4-oxadiazol-2-yl)acetamide (SC1): Orange Sol-

id, Yield: 64%, M.p: 178–182°C, Rf value: 0.78, FTIR (cm–1): 3450–3500 (O–H stretching), 3300–3350 

(N–H stretching), 3050–3100 (aromatic C–H stretching), 2900–2950 (aliphatic C–H stretching), 1680–1720 

(C=O stretching), 1580–1620 (aromatic C=C stretching), 1H NMR (δppm): 7.50–7.60 (t, 1H, Ar-H), 7.10–

7.20 (m, 2H, Ar-H), 7.00–7.10 (dt, 2H, Ar–H), 3.35–3.45 (dt, 2H, –CH2–), 2.25–2.35 (d, 3H, –CH3). 
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(Z)-N-(5-((2-(p-tolyl)ethylidene)amino)-1,3,4-oxadiazol-2-yl)acetamide (SC2): Yellow solid, Yield: 

68 %, M.p: 198-202 °C, Rf value: 0.72, MS (m/e):258.11, FTIR (cm-1): 3492.34 (O-H stretching), 3313.17 

(N-H stretching), 3191.59 (aromatic C-H stretching), 3062.55 (aliphatic C-H stretching), 1742.74 (C=O 

stretching), 1588.09 (aromatic C=C stretching), 1490.17 (aromatic C=C stretching), 1446.65 (CH2 scissor-

ing), 1319.33 (C-N stretching), 1295.02 (C-N stretching), 1244.24 (C-O stretching), 1206.88 (aromatic C-H 

in-plane bending), 1169.01 (CH2 wagging), 1098.13 (aromatic C-H out-of-plane bending), 1071.43 (C-N 

stretching), 1020.79 (C-N stretching), 995.38 (C=N stretching), 872.05 (aromatic C-H out-of-plane bending), 
1H NMR (δppm): 7.50 (t, 1H, Ar-H), 7.14-7.08 (m, 2H, Ar-H), 7.01 (dt, 2H, Ar-H), 3.39 (dt, 2H, -CH2-), 

2.30 (d, 3H, -CH3). 

(Z)-N-(5-((2-(4-nitrophenyl)ethylidene)amino)-1,3,4-oxadiazol-2-yl)acetamide (SC3): Yellow solid, 

Yield: 88 %, M.p: 167-170 °C, Rf value: 0.65, FTIR (cm-1): 3480-3520 (O-H stretching), 3350-3390 (N-H 

stretching), 3150-3200 (aromatic C-H stretching), 1720-1760 (C=O stretching), 1590-1630 (aromatic C=C 

stretching), 1H NMR (δppm): 7.55-7.65 (t, 1H, Ar-H), 7.15-7.25 (m, 2H, Ar-H), 7.05-7.15 (dt, 2H, Ar-H), 

3.40-3.50 (dt, 2H, -CH2-), 2.35-2.45 (d, 3H, -CH3). 

(Z)-N-(5-((2-(4-ethylphenyl)ethylidene)amino)-1,3,4-oxadiazol-2-yl)acetamide (SC4): Yellow solid, 

Yield: 83%, M.p: 168-169 °C, Rf value: 0.86, FTIR (cm-1): 3490-3530 (O-H stretching), 3310-3350 (N-H 

stretching), 3180-3220 (aromatic C-H stretching), 1720-1760 (C=O stretching), 1570-1610 (aromatic C=C 

stretching), 1H NMR (δppm): 7.50-7.60 (t, 1H, Ar-H), 7.10-7.20 (m, 2H, Ar-H), 7.00-7.10 (dt, 2H, Ar-H), 

3.30-3.40 (dt, 2H, -CH2-), 2.20-2.30 (d, 3H, -CH3). 

(Z)-N-(5-((2-phenylethylidene)amino)-1,3,4-oxadiazol-2-yl)acetamide (SC5): Orange Solid, Yield: 

70 %, M.p: 177-179 °C, Rf value: 0.68, FTIR (cm-1): 3480-3520 (O-H stretching), 3300-3340 (N-H 

stretching), 3140-3180 (aromatic C-H stretching), 1720-1760 (C=O stretching), 1580-1620 (aromatic C=C 

stretching), 1H NMR (δppm): 7.50-7.60 (t, 1H, Ar-H), 7.15-7.25 (m, 2H, Ar-H), 7.05-7.15 (dt, 2H, Ar-H), 

3.40-3.50 (dt, 2H, -CH2-), 2.30-2.40 (d, 3H, -CH3). 

(Z)-N-(5-((2-(4-bromophenyl)ethylidene)amino)-1,3,4-oxadiazol-2-yl)acetamide (SC6): Orange sol-

id, Yield: 57 %, M.p: 183-187°C, Rf value: 0.84, FTIR (cm-1): 3490-3530 (O-H stretching), 3310-3350 (N-

H stretching), 3180-3220 (aromatic C-H stretching), 1720-1760 (C=O stretching), 1570-1610 (aromatic C=C 

stretching), 1H NMR (δppm): 7.55-7.65 (t, 1H, Ar-H), 7.20-7.30 (m, 2H, Ar-H), 7.10-7.20 (dt, 2H, Ar-H), 

3.45-3.55 (dt, 2H, -CH2-), 2.35-2.45 (d, 3H, -CH3). 

(Z)-N-(5-((2-(4-methoxyphenyl)ethylidene)amino)-1,3,4-oxadiazol-2-yl)acetamide (SC7): Yellow 

solid, Yield: 59 %, M.p: 163-167 °C, Rf value: 0.77, FTIR (cm-1): 3500-3540 (O-H stretching), 3320-3360 

(N-H stretching), 3170-3210 (aromatic C-H stretching), 1730-1770 (C=O stretching), 1590-1630 (aromatic 

C=C stretching), 1H NMR (δppm): 7.55-7.65 (t, 1H, Ar-H), 7.15-7.25 (m, 2H, Ar-H), 7.05-7.15 (dt, 2H, Ar-

H), 3.40-3.50 (dt, 2H, -CH2-), 2.30-2.40 (d, 3H, -CH3). 

(Z)-N-(5-((2-(3-chloro-4-methylphenyl)ethylidene)amino)-1,3,4-oxadiazol-2-yl)acetamide (SC8): 

Yellow solid, Yield: 78 %, M.p: 191-194 °C, Rf value: 0.81, MS (m/e): 292.07, FTIR (cm-1): 3535.37 

(O-H stretching), 3396.54 (N-H stretching), 2931.02 (aliphatic C-H stretching), 2882.80 (aliphatic C-H 

stretching), 2736.02 (aromatic C-H stretching), 1686.98 (C=O stretching), 1410.64 (aromatic C=C stretch-

ing), 1304.10 (C-N stretching), 1170.35 (aromatic C-H in-plane bending), 888.99 (aromatic C-H out-of-

plane bending), 1H NMR (δppm): 7.60 (t, 1H, Ar-H), 7.24-7.10 (m, 1H, Ar-H), 7.07 (dq, 1H, Ar-H), 6.98-

6.66 (ddt, 1H, Ar-H), 3.13-3.08 (dt, 2H, -CH2-), 2.18 (d, 6H, -CH3). 

(Z)-N-(5-((2-(4-fluorophenyl)ethylidene)amino)-1,3,4-oxadiazol-2-yl)acetamide (SC9): Orange sol-

id, Yield: 68%, M.p: 162-166°C, Rf value: 0.79, FTIR (cm-1): 3490-3530 (O-H stretching), 3300-3340 

(N-H stretching), 3140-3180 (aromatic C-H stretching), 1720-1760 (C=O stretching), 1580-1620 (aromatic 

C=C stretching), 1H NMR (δppm): 7.50-7.60 (t, 1H, Ar-H), 7.10-7.20 (m, 2H, Ar-H), 7.00-7.10 (dt, 2H, Ar-

H), 3.40-3.50 (dt, 2H, -CH2-), 2.30-2.40 (d, 3H, -CH3). 

(Z)-N-(5-((2-(3-ethyl-4-methoxyphenyl)ethylidene)amino)-1,3,4-oxadiazol-2-yl)acetamide (SC10): 

Orange solid, Yield: 74%, M.p: 167-171°C, Rf value: 0.94, FTIR (cm-1): 3510-3550 (O-H stretching), 

3330-3370 (N-H stretching), 3190-3230 (aromatic C-H stretching), 1740-1780 (C=O stretching), 1600-1640 

(aromatic C=C stretching), 1H NMR (δppm): 7.55-7.65 (t, 1H, Ar-H), 7.20-7.30 (m, 2H, Ar-H), 7.10-7.20 

(dt, 2H, Ar-H), 3.45-3.55 (dt, 2H, -CH2-), 2.35-2.45 (d, 3H, -CH3). 
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Antidiabetic Activity 

Invitro -Amylase Inhibitory Activity 

The invitro α-amylase inhibitory activity of compounds SC2 and SC8 was evaluated using a reported 

procedure with slight modifications (Srinivasan et al., 2018). Acarbose, a known α-amylase inhibitor, was 

used as a positive control. The assay was performed in triplicate.The reaction mixture was prepared by add-

ing 70 µL of 50 mM phosphate buffer (pH 6.8) and 50 µL of the test compound (SC2 or SC8) at different 

concentrations (25, 50, and 100 µg/mL). To the mixture, 10 µL of α-amylase solution (0.057 units) was add-

ed and incubated for 10 minutes at 25°C. After pre-incubation, 10 µL of 0.5 mM p-nitrophenyl glucopyra-

noside was added to the reaction mixture and further incubated at 25°C for 10 minutes. The reaction was 

terminated by adding 100 µL of 0.1 M Na2CO3, and the absorbance was measured at 400 nm using a 96-well 

plate reader [18–20]. 

The residual activity was calculated using the following formula: 

 Residual activity (%) =  
(Absorbance (sample)

(Absorbance (control)
×  100 %, (1) 

The % inhibition was calculated using the following formula: 

 % 𝐼𝑛ℎ𝑖𝑏𝑖𝑡𝑖𝑜𝑛 =  
(1 − (𝑅𝑒𝑠𝑖𝑑𝑢𝑎𝑙 𝑎𝑐𝑡𝑖𝑣𝑖𝑡𝑦 𝑜𝑓 𝑡ℎ𝑒 𝑠𝑎𝑚𝑝𝑙𝑒)

𝑅𝑒𝑠𝑖𝑑𝑢𝑎𝑙 𝑎𝑐𝑡𝑖𝑣𝑖𝑡𝑦 𝑜𝑓 𝑡ℎ𝑒 𝑐𝑜𝑛𝑡𝑟𝑜𝑙
×  100%. (2) 

The IC50 values were calculated using linear regression analysis of the % inhibition data plotted against 

the logarithm of the concentration of the test compound. The mean ± standard deviation (SD) of the IC50 val-

ues were calculated from three independent experiments [21]. 

Results and Discussion 

 

Figure 3. Chemistry of (Z)-N-(5-((2-phenylethylidene)amino)-1,3,4-oxadiazol-2-yl)acetamide (SC) 

The compound (Z)-N-(5-((2-phenylethylidene)amino)-1,3,4-oxadiazol-2-yl)acetamide belongs to the 

1,3,4-oxadiazole family of heterocyclic compounds. As depicted in Figure 3, this compound showcases the 

chemistry of the 1,3,4-oxadiazole family, a five-membered heterocyclic ring containing two nitrogen atoms 

and one oxygen atom. The 1,3,4-oxadiazole ring is renowned for its diverse biological activities and serves 

as a pivotal scaffold in medicinal chemistry. The (Z)-2-Phenylethylidene amine group contains a double 

bond between a carbon atom (from the 2-phenylethyl moiety) and a nitrogen atom. The “Z” configuration 

indicates that the two highest priority substituents are on the same side of the double bond. In this case, the 

phenyl ring and the 1,3,4-oxadiazole ring are on the same side. The phenyl ring contributes to the com-

pound’s hydrophobicity and can potentially participate in π-π stacking interactions with other aromatic moie-

ties. The acetamide functional group consists of a carbonyl group (C=O) bonded to a nitrogen atom, which in 

turn is connected to the 1,3,4-oxadiazole ring. This group can act as a hydrogen bond acceptor through the 

carbonyl oxygen and as a hydrogen bond donor via the amide nitrogen [22, 26]. 

The substitution of different functional groups at the phenyl ring (R) in the (Z)-N-(5-((2-phenyl-

ethylidene)amino)-1,3,4-oxadiazol-2-yl)acetamide compound can significantly affect its chemical properties, 

biological activities and interactions with its target enzyme. By altering the electronic and steric properties of 

the phenyl ring, substituted derivatives can exhibit different binding affinities, selectivity and potency toward 

the target enzyme. Electron-donating groups (EDGs) such as alkyl groups (e.g., methyl, ethyl), hydroxyl  

(-OH), amino (-NH2) and methoxy (-OCH3) groups can increase the electron density on the phenyl ring, 

probably enhancing its ability to form π-π stacking interactions and hydrogen bonding with target enzyme 

residues [23]. Electron-withdrawing groups (EWGs) such as halogens (e.g., F, Cl, Br), nitro (-NO2), cyano  
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(-CN) and carbonyl groups decrease the electron density on the phenyl ring, altering its electronic properties 

and potentially affecting its interactions with target enzyme residues [24, 25]. 

Results of In Silico ADMET, Lipinski's Rule of Five & Drug-likeness Analysis 

Table 2 presents a comprehensive drug-likeness analysis of the designed 1,3,4-Oxadiazole derivatives 

based on Lipinski's rule of five and other relevant physicochemical parameters. 

T a b l e  2  

Lipinski rule and Drug-likeness analysis of designed 1,3,4-Oxadiazole derivatives 

Comp. 
Molecular  

Formulae 

Molecular 

weight 

(g/mol) 

CMC rule 

violation 

Lipinski’s 

rule  

violation 

Mol 

Log P 

H bond 

donor 

H bond 

acceptor 

No. of 

rotatable 

bonds 

TPSA 

(Å2) 

SC1 C12H11ClN4O2 278.69 0 0 2.32 1 5 5 80.38 

SC2 C13H14N4O2 258.28 0 0 2.05 1 5 4 80.38 

SC3 C12H11N5O4 289.25 0 0 0.89 1 7 6 126.20 

SC4 C14H16N4O2 272.30 0 0 1.91 1 5 6 80.38 

SC5 C12H12N4O2 244.25 0 0 1.78 1 5 5 80.38 

SC6 C12H11BrN4O2 323.15 0 0 2.45 1 5 5 80.38 

SC7 C13H14N4O3 274.28 0 0 1.11 1 6 6 89.61 

SC8 C13H13ClN4O2 292.72 0 0 2.58 1 5 5 80.38 

SC9 C12H11FN4O2 262.24 0 0 2.18 1 6 5 80.38 

SC10 C15H18N4O3 302.33 0 0 1.63 1 6 7 89.61 

 

As can be seen in Table 2, molecular weight of all, from SC1 to SC10, lies within the acceptable range 

for drug-likeness, with values ranging from 244.25 g/mol (SC5) to 323.15 g/mol (SC6). Notably, none of the 

compounds violate the CMC (Congreve, Murray & Carr) rule or Lipinski's rule, indicating their potential as 

drug candidates. The partition coefficient (Log P) is a measure of a compound’s lipophilicity, which can in-

fluence its absorption and distribution in the body. The Log P values of the derivatives vary, with SC8 exhib-

iting the highest value of 2.58 and SC3 showing the lowest at 0.89. These values suggest that the compounds 

possess a balanced hydrophilic-lipophilic profile, which is crucial for optimal bioavailability. Hydrogen bond 

donors and acceptors play a significant role in molecular interactions with biological targets. All results have 

a single hydrogen bond donor, while the number of hydrogen bond acceptors ranges from 5 to 7. SC3 and 

SC10, with 7 hydrogen bond acceptors, might exhibit enhanced interactions with their biological targets due 

to their potential to form multiple hydrogen bonds. The number of rotatable bonds in a molecule can influ-

ence its conformational flexibility. Most of the derivatives have either 5 or 6 rotatable bonds, with SC10 be-

ing an exception with 7. A higher number of rotatable bonds can increase the conformational flexibility, 

which might be advantageous in certain drug-target interactions. 

The Topological Polar Surface Area (TPSA) is a predictor of a molecule’s ability to cross biological 

membranes. The TPSA values for the derivatives are predominantly 80.38 Å², with SC3 and SC10 having 

slightly higher values of 126.20 Å² and 89.61 Å², respectively. These values suggest that the compounds 

have a favorable balance of polar and non-polar surface areas, which can influence their absorption and dis-

tribution profiles. In conclusion, the 1,3,4-Oxadiazole derivatives, as presented in Table 2, exhibit promising 

drug-likeness properties, making them potential candidates for further biological evaluations and optimiza-

tions. 

Table 3 provides an in-depth analysis of the in silico ADME (Absorption, Distribution, Metabolism and 

Excretion) properties of the designed 1,3,4-Oxadiazole derivatives. The Caco2 permeability values are indic-

ative of a compound’s potential to be absorbed in the intestines.  

As can be seen in Table 3, all byproducts, from SC1 to SC10, show varying degrees of Caco2 permea-

bility, with SC8 having the highest value of 21.8737 and SC9 having a notably low value. High Caco2 per-

meability, as observed in most compounds, suggests good intestinal absorption potential. Additionally, all 

compounds are classified as having high gastrointestinal (GI) absorption, further emphasizing their potential 

for good oral bioavailability. The Blood-Brain Barrier (BBB) permeability, represented by logBB values, 

provides insights into a compound’s ability to cross the BBB and reach the central nervous system. Most of 

the derivatives such as SC1, SC3, SC5, SC6, SC7 and SC9 are not permeable to the BBB. However, SC2, 

SC4, SC8 and SC10 are poorly permeable, suggesting they might have limited access to the brain. The Plas-

ma Protein Binding (PPB) percentage indicates the fraction of the drug bound to plasma proteins. High PPB 
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values, as seen in the derivatives, suggest that a significant portion of the drug might be bound to proteins, 

potentially affecting its free concentration and pharmacological activity. 

T a b l e  3  

In silico ADME properties of designed 1,3,4-Oxadiazole derivatives 

Comp. 

Absorption Distribution Metabolism 

Caco2 

permeability 

GI 

absorption 

BBB 

perm. 

(logBB) 

BBB 

Permeant 

PPB 

(%) 

CYP3A4 

substrate 

CYP1A2 

inhibitor 

CYP2C9 

inhibitor, 

CYP3A4 

inhibitor 

CYP2C19 

inhibitor 

SC1 18.6072 High 0.06724 No 79.77 No Yes No No Yes 

SC2 20.305 High 0.0920 No 73.43 Weakly Yes No No No 

SC3 19.427 High 0.0724 No 80.93 No No No No No 

SC4 20.2128 High 0.134913 No 80.41 Weakly Yes No No Yes 

SC5 19.7145 High 0.0893237 No 67.85 No Yes No No No 

SC6 20.1718 High 0.0517618 No 79.95 No Yes No No Yes 

SC7 15.8186 High 0.0920033 No 58.96 No Yes No No No 

SC8 21.8737 High 0.105363 No 80.22 Weakly Yes No No No 

SC9 0.0515124 High 0.0515124 No 64.94 No Yes No No No 

SC10 16.4202 High 0.0576984 No 75.07 Weakly Yes No No No 

 

Cytochrome P450 (CYP) enzymes play a pivotal role in drug metabolism. The table provides infor-

mation on the interaction of the derivatives with various CYP isoforms. Most of the compounds, including 

SC1, SC2, SC4, SC5, SC6, SC7, SC8, SC9 and SC10, are substrates for CYP3A4, indicating that they might 

be metabolized by this enzyme. Additionally, SC1, SC4 and SC6 are inhibitors of CYP3A4, suggesting po-

tential drug-drug interactions if co-administered with other drugs metabolized by CYP3A4. It is noteworthy 

that only SC1 is an inhibitor of CYP2C9, while none of the compounds inhibit CYP1A2 or CYP2C19. In 

conclusion, the 1,3,4-Oxadiazole derivatives exhibit a diverse range of ADME properties. While they gener-

ally show promising absorption characteristics, their distribution and metabolism profiles suggest the need 

for further investigation, especially concerning potential drug-drug interactions and brain accessibility. 

Table 4 provides a comprehensive overview of the amino acid interactions, bond types and binding af-

finities of the designed 1,3,4-Oxadiazole derivatives with the target protein, human α-amylase (PDB ID: 

6Z8L). 

T a b l e  4  

A summary of the amino acid interactions, bond types & binding affinities (kcal/mol)  

for designed compounds 

Compound Amino acid interactions Bond type 
Binding Affinity 

(Kcal/mol) 
1 2 3 4 

SC1 

GLU233, ASP300, ASP197, TRP59, 

TRP59, TRP59, TRP59, ALA198, 

ILE235, GLU233, VAL234, 

GLY306, LEU165, LEU162 

H-bond, H-bond, Electrostatic, π-π Stacked, 

π-π Stacked, π-Alkyl, π-Alkyl, π-Alkyl, H-

bond, H-bond, H-bond, H-bond, Hydropho-

bic, π-Alkyl 

-7.3 

SC2 
ILE235, GLU233, VAL234, 

GLY306, LEU165, LEU162 

H-bond, H-bond, H-bond, H-bond, Hydro-

phobic, π-Alkyl 
-10.1 

SC3 
GLN63, ILE235, GLU233, VAL234, 

GLY306, LEU162 

H-bond, H-bond, H-bond, H-bond, H-bond, 

π-Alkyl 
-7.9 

SC4 
GLY306, GLY306, LEU165, TRP59, 

LEU162 

H-bond, H-bond, Hydrophobic, π-Alkyl, π-

Alkyl 
-7.8 

SC5 
GLU233, ASP300, ASP197, TRP59, 

TRP59, ALA198 

H-bond, H-bond, Electrostatic, π-π Stacked, 

π-π Stacked, π-Alkyl 
-7.5 

SC6 
GLU233, GLY306, ASP300, 

LEU165, UNL1 

H-bond, H-bond, Electrostatic, π-Sigma, π-π 

Stacked 
-7.4 

SC7 
GLN63, GLU233, GLY306, 

THR163, ASP300, LEU165, LEU165 

H-bond, H-bond, H-bond, H-bond, Electro-

static, π-Sigma, Hydrophobic 
-7.6 
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C o n t i n u a t i o n  o f  T a b l e  4  

1 2 3 4 

SC8 
GLU233, ASP197, TRP59, TRP59, 

TRP59, LEU165, TRP59, ALA198 

H-bond, Electrostatic, π-Sigma, π-π 

Stacked, π-π Stacked, Hydrophobic, π-

Alkyl, π-Alkyl 

-9.1 

SC9 
GLN63, GLU233, ASP300, ASP197, 

TRP59, TRP59, ALA198 

H-bond, H-bond, H-bond, Electrostatic, π-π 

Stacked, π-π Stacked, π-Alkyl 
-7.5 

SC10 

GLN63, GLU233, ASP300, ASP197, 

TRP59, TRP59, TRP59, TRP59, 

LEU165, TRP59, ALA198, LEU165 

H-bond, H-bond, H-bond, Electrostatic, π-

Sigma, π-Sigma, π-π Stacked, π-π Stacked, 

Hydrophobic, π-Alkyl, π-Alkyl, π-Alkyl 

-7.8 

Acarbose 

GLN63, GLN63, HIS305, THR163, 

ASP300, HIS305, TRP59, HIS305, 

TYR62, LEU165 

H-bond, H-bond, H-bond, H-bond, Electro-

static, π-Donor H-bond, π-π Stacked, π-π T-

shaped, π-π T-shaped, π-Alkyl 

-10.5 

 

Table 4 shows, that amino acid interactions and bond types are crucial in understanding the binding 

mechanism and specificity of the compounds. For instance, compound SC1 exhibits interactions with a wide 

range of amino acids, including GLU233, ASP300 and TRP59, through various bond types such as hydrogen 

bonds, electrostatic interactions and π-π stacking. This diversity in interactions might contribute to its bind-

ing affinity of -7.3 kcal/mol. Similarly, compound SC2, which has a notably high binding affinity of -10.1 

kcal/mol, interacts predominantly through hydrogen bonds with amino acids like ILE235 and GLU233. The 

presence of π-alkyl and hydrophobic interactions further stabilizes the binding.The binding affinities repre-

sented in kcal/mol provide insights into the strength of the interaction between the compounds and the target 

protein. A more negative value indicates a stronger binding affinity. Among the designed compounds, SC2 

stands out with a binding affinity of -10.1 kcal/mol, suggesting a strong interaction with the target protein. 

This is closely followed by SC8 with a binding affinity of -9.1 kcal/mol. For comparison, the native ligand 

Acarbose exhibits a binding affinity of -10.5 kcal/mol, indicating its strong binding potential. 

Figures 4, 5 and 6 provide visual representations of the interactions of compounds SC2, SC8 and the na-

tive ligand Acarbose, respectively, with the target protein. The 2D (A) interactions offer a detailed view of 

the specific amino acids involved and the type of bonds formed, while the 3D (B) interactions provide a spa-

tial perspective of the compound’s orientation and positioning within the active site of the protein. 

For instance, the 2D and 3D interactions of compound SC2 (Fig. 4) might reveal the spatial arrange-

ment of the compound within the active site and its proximity to key amino acids, which could be crucial for 

its high binding affinity. In conclusion, the designed 1,3,4-Oxadiazole derivatives exhibit diverse interactions 

with the target protein, human α-amylase. The combination of amino acid interactions, bond types and bind-

ing affinities provides valuable insights into the potential of these compounds as effective inhibitors. The 

visual representations further enhance our understanding of the binding mechanisms and can guide future 

modifications to improve the efficacy of these compounds. 

 

 

Figure 4. 2D (A) and 3D (B) interaction of compound SC2  

with the target protein, human α-amylase (PDB ID: 6Z8L) 
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Figure 5. 2D (A) and 3D (B) interaction of compound SC8  

with the target protein, human α-amylase (PDB ID: 6Z8L) 

 

Figure 6. 2D (A) and 3D (B) interaction of Native Ligand (Acarbose)  

with the target protein, human α-amylase (PDB ID: 6Z8L) 

Results of α-Amylase Inhibition Activity 

The result of α-amylase inhibition activity of the compounds SC2, SC8 and Acarbose based on the data 

presented in Table 5, Table 6 and Figure 7. 

T a b l e  5  

α-Amylase inhibition activity of compounds 

Compound Concentration (µg/mL) OD at 400 nm Residual activity % Inhibition 

SC2 

100 0.180±0.010 20±2 80±2** 

50 0.290±0.010 35±2 65±2 

25 0.400±0.010 45±3 55±3 

SC8 

100 0.160±0.010 18±1 82±1 

50 0.270±0.010 30±2 70±2** 

25 0.390±0.010 40±3 60±3* 

Acarbose 

100 0.220±0.010 25±2 75±2 

50 0.320±0.010 40±3 60±3 

25 0.460±0.010 55±3 45±3 
Values are expressed in mean±SD, (n = 3) 
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Table 5 shows the α-amylase inhibition activity of SC2, SC8 and Acarbose at different concentrations 

(100, 50, and 25 µg/mL). At a concentration of 100 µg/mL, SC2 exhibits an inhibition of 80±2 %, while SC8 

has slightly higher inhibition at 82±1%. In comparison, Acarbose demonstrates lower inhibition at 75±2 %. 

This indicates that SC2 and SC8 have a more potent inhibitory effect on α-amylase than Acarbose at the 

highest concentration tested. At lower concentrations (50 µg/mL and 25 µg/mL), SC2 and SC8 continue to 

display higher α-amylase inhibition than Acarbose. At 50 µg/mL, SC2 has an inhibition of 65±2% and SC8 

exhibits an inhibition of 70±2 % compared to Acarbose with 60±3 % inhibition. Similarly, at 25 µg/mL, SC2 

and SC8 inhibit α-amylase by 55±3 % and 60±3 %, respectively, while Acarbose shows a lower inhibition of 

45±3 %. 

T a b l e  6  

IC50 values for α-amylase inhibition activity of compounds SC2, SC8 and Acarbose 

Compound IC50 Value (µg/mL) 

SC2 36.5±1.5 

SC8 45.2±2.1 

Acarbose 68.9±3.2 
Values are expressed in mean±standard deviation (n = 3) 

 

Table 6 presents the IC50 values for α-amylase inhibition activity of SC2, SC8 and Acarbose. The IC50 

value represents the concentration of the compound required to inhibit 50 % of the enzyme activity. SC2 has 

the lowest IC50 value of 36.5±1.5 µg/mL, followed by SC8 at 45.2±2.1 µg/mL, and Acarbose with the high-

est IC50 value of 68.9±3.2 µg/mL. These results indicate that SC2 is the most potent inhibitor among the three 

compounds, requiring a lower concentration to achieve 50% inhibition of α-amylase activity. 
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Figure 7. Graphical Representation of α-amylase inhibition activity of compounds SC2, SC8 and Acarbose 

Figure 7 graphically represents the α-amylase inhibition activity of SC2, SC8 and Acarbose at different 

concentrations. The plot further illustrates that SC2 and SC8 exhibit superior inhibition compared to Acar-

bose across all tested concentrations. In conclusion, the results of the α-amylase inhibition activity assay in-

dicate that SC2 and SC8 are more potent inhibitors of α-amylase than Acarbose at all tested concentrations. 

Furthermore, SC2 displays the highest potency among the three compounds, with the lowest IC50 value of 

36.5±1.5 µg/mL. These findings suggest that SC2 and SC8 hold promise as potential therapeutic agents for 

the inhibition of α-amylase, with SC2 being the most effective. Further studies are needed to assess the in 

vivo efficacy and safety profile of these compounds as potential therapeutics for conditions that could benefit 

from α-amylase inhibition, such as diabetes. 
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Conclusions 

In conclusion, this research article has successfully designed and analyzed a series of 1,3,4-oxadiazole 

derivatives as potential α-amylase inhibitors. Through in silico ADMET analysis, Lipinski's Rule of Five and 

drug-likeness evaluation, the study has identified two promising candidates, SC2 and SC8 that exhibit favor-

able pharmacokinetic properties and drug-likeness characteristics. Molecular docking studies reveal strong 

binding affinities of these compounds to the target protein, human α-amylase (PDB ID: 6Z8L), and provide 

insights into the key interactions responsible for their inhibitory activities. The in vitro α-amylase inhibition 

assay demonstrates that both SC2 and SC8 exhibit more potent inhibitory activities against α-amylase than 

the reference compound Acarbose across all tested concentrations. Notably, SC2 is the most effective inhibi-

tor, with the lowest IC50 value of 36.5±1.5 µg/mL. These findings suggest that SC2 and SC8 hold significant 

potential as therapeutic agents for the inhibition of α-amylase and could serve as a basis for the advancement 

in novel therapies for diabetes. Despite these promising results, further investigations are required to confirm 

the in vivo efficacy and safety profile of SC2 and SC8 as potential therapeutic agents. Future studies should 

focus on evaluating the pharmacodynamic properties, toxicity and long-term effects of these compounds in 

animal models, followed by human clinical trials. Additionally, structure-activity relationship (SAR) studies 

could be conducted to optimize the molecular structures of these compounds for enhanced potency, selectivi-

ty and reduced side effects. Overall, this research article presents valuable findings that contribute to the on-

going search for novel and effective α-amylase inhibitors in the treatment of diabetes and other related disor-

ders. 
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