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Abstract 
Background: 1,3,4-Thiadiazole derivatives have garnered interest due to their wide range of pharmacological 
activities, including potential as α-amylase inhibitors for managing diabetes. This study aimed to synthesize novel 
1,3,4-thiadiazole derivatives, evaluate their in-vitro α-amylase inhibitory activity, and analyze their pharmacokinetic 
and drug-likeness properties. Methods: The derivatives were synthesized via a multi-step process involving the reaction 
of thiosemicarbazide with various substituted anilines and formaldehyde, followed by condensation with 4H-chromen-
3-carbaldehyde. The synthesized compounds were characterized by FTIR, ¹H NMR, and melting point analysis. 
Molecular docking studies were performed to assess binding affinity with α-amylase, while in-vitro α-amylase inhibitory 
activity was evaluated using various concentrations (10-100 µg/mL). Pharmacokinetic properties and in-silico toxicity 
were analyzed for drug-likeness assessment. Results: All synthesized compounds showed moderate to high yields (67-
93%) and were confirmed by spectral data. Molecular docking indicated that compound A8 had the strongest binding 
affinity with a docking score of -9.5 kcal/mol. In-vitro α-amylase inhibition studies revealed that A8 exhibited the 
highest inhibitory activity with an IC50 value of 44.67 µg/mL, surpassing the standard Acarbose (IC50: 60.51 
µg/mL). Most compounds displayed favorable pharmacokinetic properties, including high gastrointestinal absorption 
and minimal blood-brain barrier permeation. Conclusion: The novel 1,3,4-thiadiazole derivatives, particularly A8, 
demonstrated significant potential as α-amylase inhibitors, showing strong binding affinity, effective enzyme inhibition, 
and promising pharmacokinetic profiles. These findings suggest that A8 could serve as a lead compound for further 
development in diabetes treatment. 
Keywords: 1,3,4-thiadiazole, α-amylase inhibition, diabetes, molecular docking, synthesis 
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1. INTRODUCTION 
Diabetes mellitus is a chronic metabolic disorder characterized by persistently high blood sugar levels 
(hyperglycemia), either due to insufficient insulin production by the pancreas or the body’s inability to 
use insulin effectively (Katsarou et al., 2017). It is classified mainly into type 1 diabetes, where the pancreas 
fails to produce insulin, and type 2 diabetes, where insulin resistance develops, often due to lifestyle 
factors like poor diet and lack of physical activity (McIntyre et al., 2019). Type 2 diabetes accounts for 
around 90-95% of all cases and is increasingly prevalent worldwide. According to the International 
Diabetes Federation (IDF), an estimated 537 million people globally were living with diabetes in 2021, 
with the number projected to increase to 643 million by 2030 and 783 million by 2045 (Unnikrishnan 
et al., 2016). The burden of diabetes, especially type 2, is rapidly rising due to urbanization, aging 
populations, and increased prevalence of obesity. Uncontrolled diabetes can lead to serious complications 
such as heart disease, kidney damage, nerve dysfunction, and blindness, making it a major public health 
concern (Cole & Florez, 2020; Tomic et al., 2022). This surge in prevalence underscores the urgent need 
for novel therapeutic strategies to manage the condition, especially in targeting key enzymes involved in 
glucose metabolism (Asmat et al., 2016; Johns et al., 2018). 
α-Amylase plays a crucial role in carbohydrate metabolism, being one of the primary enzymes responsible 
for breaking down dietary starch into simpler sugars like maltose and glucose, which are subsequently 
absorbed into the bloodstream (Kaur et al., 2021). Specifically, α-amylase hydrolyzes the α-1,4-glycosidic 
linkages in starch, converting it into smaller oligosaccharides and maltodextrins, which are then further 
degraded by other enzymes to release glucose (Mahmood, 2016). This enzyme is secreted in the saliva and 
pancreas, making it a vital component in the digestive process (Teng & Chen, 2017). Inhibiting the 
activity of α-amylase slows down the digestion of carbohydrates, resulting in a reduced rate of glucose 
absorption and a subsequent decrease in postprandial blood glucose levels (Li et al., 2022). This makes α-
amylase inhibitors an attractive therapeutic approach in managing type 2 diabetes by preventing sharp 
glucose spikes following meals, which are often difficult to control with existing treatments (Kashtoh & 
Baek, 2023). Current α-amylase inhibitors, such as acarbose, are effective but can cause gastrointestinal 
side effects (Proença et al., 2022). Therefore, the search for more selective and tolerable α-amylase 
inhibitors has become a priority in the development of new anti-diabetic therapies (Rasouli et al., 2017). 
1,3,4-Thiadiazole is a five-membered heterocyclic compound containing nitrogen and sulfur atoms, which 
is well-known for its diverse pharmacological properties (Othman et al., 2019). The thiadiazole nucleus, 
particularly the 1,3,4 isomer, has been extensively explored in medicinal chemistry due to its broad 
spectrum of biological activities, including antimicrobial, anti-inflammatory, anticonvulsant, antioxidant, 
and antidiabetic effects (Aliabadi, 2016). Its unique electronic properties allow it to interact with various 
biological targets, including enzymes and receptors, making it a versatile scaffold for drug design 
(Bhongade et al., 2016). Several studies have highlighted the potential of 1,3,4-thiadiazole derivatives in 
inhibiting enzymes like α-amylase, which is critical in the context of diabetes management (Janowska et 
al., 2022). The presence of electron-withdrawing groups, such as sulfur and nitrogen, in the thiadiazole 
ring can enhance interactions with the active site of α-amylase, potentially leading to more effective 
inhibition (Janowska et al., 2020). Furthermore, the ease of chemical modification of the 1,3,4-thiadiazole 
structure enables the synthesis of a wide range of derivatives, allowing for the optimization of 
pharmacological properties. As a result, 1,3,4-thiadiazole derivatives are being increasingly investigated 
for their potential as novel antidiabetic agents, specifically as α-amylase inhibitors (Anthwal et al., 2022). 
The objectives of the current research are to synthesize novel derivatives of 1,3,4-thiadiazole and 
characterize them using various spectroscopic techniques. The study aims to evaluate their potential as α-
amylase inhibitors through in-vitro assays. Furthermore, structure-activity relationship (SAR) studies will 
be conducted to optimize the pharmacological efficacy of these derivatives as anti-diabetic agents. 
 
2. MATERIALS AND METHODS 
2.1. Materials  
The chemicals and solvents used in this study were all sourced from Sciquaint Innovations (OPC) Private 
Limited, Pune, India. A range of spectroscopic methods were employed to fully characterize the produced 
compounds. FTIR spectra were recorded using an alpha Bruker eco ATR instrument, and 1H NMR 
spectra were obtained using a Bruker AM-300 spectrophotometer with tetramethylsilane (TMS) as the 
internal standard. Deuterated solvents, such as DMSO and chloroform, were used for spectroscopic 
recordings, and chemical shifts were reported as delta values relative to TMS. Melting points were 
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ascertained using a digital Gallen Kemp melting point instrument. The sources of ammonia and o-
phenylene diamine were Research Lab Fine Chem Industries in Mumbai. The final synthesized 
compounds were recrystallized with the appropriate solvents to ensure exceptional purity. The reactions 
were monitored using thin-layer chromatography (TLC), with silica gel-60 HF254 plates acting as the 
stationary phase for compound separation and a solvent system made up of methanol and chloroform in 
a 1:9 ratio. 
2.2. Methods 
2.2.1. Ligand Preparation 
The software Chem3D (v.16.0) and ChemDraw (v.16.0) were utilized to create the intended ligands for 
derivatives of 1,3,4-thiadiazole. Chem Office's MM2 force field method was utilized to optimize the initial 
geometry of these ligands. This stage guarantees that the ligands achieve a stable conformation appropriate 
for research on docking (Yang et al., 2022). Following optimization, the ligands were given Gasteiger 
charges to appropriately represent their electronic distribution, a crucial component of accurate docking. 
This ligand preparation technique has been successfully applied in related studies and is essential to 
guaranteeing the validity of the docking results (Forli et al., 2016). 
3.2.2. Protein Preparation 
The α-Amylase crystal structure (PDB ID: 6Z8L) was obtained from the Protein Data Bank (www.rcsb.org) 
(Chavan et al., 2023). To guarantee that the protein was ready for docking, a number of steps were 
involved in its preparation. At first, every water molecule in the crystal structure was eliminated (El-
Hachem et al., 2017). Subsequently, absent hydrogen atoms were appended, an essential measure for 
precisely depicting the protein's three-dimensional configuration (Tripathi & Misra, 2017). The proteins 
were prepared using the Discovery Studio Visualizer (v.4.5). The potential binding pocket where the 
ligands and the target bind were determined by the integrated active site detection algorithm in the 
Discovery Studio Visualizer (v.4.5) software (Kontoyianni, 2017).  
3.2.3. Molecular Docking 
Molecular docking was carried out using AutoDock Vina, version 1.2.0. This process was carried out in 
order to evaluate the interactions and binding affinity of the optimized ligands with α-Amylase (Valdés-
Tresanco et al., 2020). A grid box measuring 20x20x20 Å was used to define the active site of the protein. 
It was centered around the coordinates x= -11.343897, y= 6.133868, and z= -23.338819 (Butt et al., 2020). 
The catalytic site residues were covered by this grid, guaranteeing that the docking simulations concentrate 
on the desired area (Tanchuk et al., 2016). The docking procedure was carried out, and the docking 
scores—which represent the ligands' binding affinity to the protein—were used to evaluate the outcomes. 
For further examination, the poses with the best docking were selected (Di Muzio et al., 2017). The 
protein-ligand complexes were visualized and analyzed using Discovery Studio Visualizer (v.4.5), and 2D 
interactions that demonstrated the critical interactions between the ligands and protein residues were 
created using LigPlot+ (v.2.2). This methodology follows the established protocols in molecular docking 
studies, producing results that are reliable and informative (Che et al., 2023).  
3.2.4. Drug likeness and in-silico ADME prediction 
The ADME profiles of 1,3,4-thiadiazole derivatives were evaluated through the use of SwissADME, an 
extensive web-based tool for ADME prediction (http://www.swissadme.ch). These compounds' drug-
likeness was assessed using Lipinski's Rule of 5 (Ya’u Ibrahim et al., 2020). By predicting that molecules 
exceeding thresholds of five hydrogen bond donors, ten hydrogen bond acceptors, a molecular weight 
greater than 500 Da, and a calculated Log P (CLog P) more significant than five are likely to exhibit poor 
absorption or permeation, this rule establishes fundamental parameters for new molecular entities 
(NMEs) (Agrwal et al., 2022). As a result, compounds that do not meet these requirements are usually 
considered inappropriate for oral bioavailability as pharmaceuticals.  
3.2.5. Toxicity Analysis 
The compounds toxicity was evaluated using ProTox-II, a web-based tool specifically designed for toxicity 
prediction (https://tox-new.charite.de/protox_II/) (Banerjee et al., 2018). This analysis included a 
thorough assessment of a number of important toxicity parameters. Each compound's toxicity class was 
ascertained by calculating its lethal dose 50 (LD50) values, which are expressed in mg/kg and provide a 
quantitative indicator of acute toxicity. Furthermore, a percentage evaluation of these values' prediction 
accuracy was conducted. The evaluation of hepatotoxicity, carcinogenicity, immunotoxicity, mutagenicity, 
and cytotoxicity were among the additional toxicity assessments. Every parameter was carefully examined, 
and a key component of this evaluation was the likelihood of occurrence. In this situation, ProTox-II 

http://www.rcsb.org/
http://www.swissadme.ch/
https://tox-new.charite.de/protox_II/
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made it possible to obtain a thorough and accurate toxicity profile for every substance, which greatly aided 
in understanding the compound's safety profile for possible therapeutic uses (Banerjee & Ulker, 2022).  
3.2.6. Synthesis 
3.2.6.1. Synthesis of 1,3,4-thiadiazole derivatives 

 
Figure 1: Proposed scheme of synthesis of 1,3,4-Thiadiazole derivatives 

 
Figure 2: Mechanism of designed proposed scheme of synthesis of 1,3,4-Thiadiazole derivatives 
Table 1: Derivatives of 1,3,4-Thiadiazole 
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Sr. No. Label R R1 
1 A1 -Cl -CH3 
2 A2 -CH3 -H 
3 A3 -NO2 -Cl 
4 A4 -C2H5 -H 
5 A5 -OH -C2H5 
6 A6 -Br -NO2 
7 A7 -OCH3 -H 
8 A8 -H -OCH3 
9 A9 -F -H 
10 A10 -CH3 -OH 

Synthesis of (E)-3-(((5-((4-chlorophenyl)amino)-1,3,4-thiadiazol-2-yl)imino)methyl)-6-methyl-4H-
chromen-4-one (A1) 
In a round bottom flask, 0.1 mmol of 4-chloroaniline, 0.06 mol of thiosemicarbazide, and 0.02 mmol of 
formaldehyde were combined in 15 ml of ethanol. The mixture was refluxed for 2 hours and then cooled, 
filtered, and the product was dried. To this product, 10 ml of NaOH was added and refluxed for another 
3 hours. After cooling, the product was precipitated by adding ice and then dried. 0.02 mmol of 4-methyl-
4H-chromen-3-carbaldehyde was added to the dried product in the presence of 15 ml of ethanol and 
refluxed for an additional 2 hours. The mixture was cooled, the product was precipitated by adding ice, 
and then dried. The melting point was recorded, and the reaction was monitored by TLC. 
Yield: 69%, M.p: 173-174°C, Rf value: 0.74, MS (m/e): 396.85, FTIR (cm-1): 3424 (N-H stretching), 
3052 (C-H aromatic stretching), 2955 (C-H aliphatic stretching), 1726 (C=O stretching - ketone), 1664 
(C=C stretching - aromatic), 1587 (C=C stretching - aromatic), 1354 (C-N stretching), 1257 (C-N 
stretching), 1166 (C-N stretching), 752 (C-Cl stretching), 1H NMR (δ ppm): 7.5-8.5 (multiplet, Aromatic 
H), 3.7-4.5 (multiplet, Methoxy), 2.5-3.5 (multiplet, Aliphatic H). 
Synthesis of (E)-3-(((5-(p-tolylamino)-1,3,4-thiadiazol-2-yl)imino)methyl)-4H-chromen-4-one (A2) 
In a round bottom flask, 0.02 mmol of 4-methyl aniline was combined with 0.05 mol of thiosemicarbazide 
and 0.03 mmol of formaldehyde in 15 ml of ethanol. The mixture was refluxed for 2 hours, then cooled, 
filtered, and the product was dried. To this product, 12 ml of NaOH was added and refluxed for an 
additional 3 hours. After cooling, the product was precipitated by adding ice and then dried. 0.02 mmol 
of 4H-chromen-3-carbaldehyde was introduced to the dried product in the presence of 15 ml of ethanol 
and refluxed for 2 more hours. The mixture was cooled, the product was precipitated by adding ice, and 
then dried. The melting point was recorded, and the reaction was monitored by TLC. 
Yield: 76%, M.p: 164-170°C, Rf value: 0.53, MS (m/e): 362.41, FTIR (cm-1): 3371 (N-H stretching), 
3133 (C-H aromatic stretching), 3044 (C-H aliphatic stretching), 1694 (C=O stretching - ketone), 1605 
(C=C stretching - aromatic), 1510 (C=C stretching - aromatic), 1400 (C-N stretching), 1312 (C-N 
stretching), 1181 (C-N stretching), 762 (C-CH3 bending), 1H NMR (δ ppm): 7.0-8.0 (multiplet, Aromatic 
H), 3.8-4.2 (multiplet, Methoxy), 2.1-2.5 (multiplet, Aliphatic H). 
Synthesis of (E)-6-chloro-3-(((5-((4-nitrophenyl)amino)-1,3,4-thiadiazol-2-yl)imino)methyl)-4H-chromen-
4-one (A3) 
In a round bottom flask, 0.01 mmol of 4-nitroaniline was combined with 0.06 mol of thiosemicarbazide 
and 0.02 mol of formaldehyde in 15 ml of ethanol. The mixture was refluxed for 2 hours, then cooled, 
filtered, and the product was dried. To this product, 14 ml of NaOH was added and refluxed for an 
additional 3 hours. After cooling, the product was precipitated by adding ice and then dried. 0.02 mmol 
of 4-chloro-4H-chromen-3-carbaldehyde was introduced to the dried product in the presence of 15 ml of 
ethanol and refluxed for 2 more hours. The mixture was cooled, the product was precipitated by adding 
ice, and then dried. The melting point was recorded, and the reaction was monitored by TLC. 
Yield: 67%, M.p: 181-184°C, Rf value: 0.78, MS (m/e): 427.44, FTIR (cm-1): 3359.04 (N-H stretching), 
3034.85 (C-H aromatic stretching), 2962.98 (C-H aliphatic stretching), 1642.79 (C=O stretching - 
ketone), 1613.85 (C=C stretching - aromatic), 1528.08 (C=C stretching - aromatic), 1481.52 (C=C 
stretching - aromatic), 1409.60 (C-N stretching), 1314.21 (C-N stretching), 1229.89 (C-N stretching), 
1158.60 (C-N stretching), 794.37 (C-Cl stretching), 1H NMR (δ ppm): 9.63-9.06 (doublet, J = 1.3 Hz, 
Aromatic H, 2H), 8.03-8.02 (doublet, J = 2.4 Hz, Aromatic H, 4H), 7.63-7.24 (multiplet, Aromatic H, 
4H), 7.22-7.07 (doublet, J = 8.5 Hz, Aromatic H, 6H), 6.98 (doublet, J = 8.5, 2.5 Hz, Aromatic H, 1H), 
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6.96-6.30 (doublet, J = 1.3 Hz, Aromatic H, 3H), 5.30-4.26 (multiplet, Methylene adjacent to carbonyl, 
2H), 7.00 (singlet, Methine adjacent to carbonyl, 1H). 
Synthesis of (E)-3-(((5-((4-ethylphenyl)amino)-1,3,4-thiadiazol-2-yl)imino)methyl)-4H-chromen-4-one 
(A4) 
In a round bottom flask, 0.01 mmol of 4-ethylaniline was combined with 0.06 mol of thiosemicarbazide 
and 0.02 mmol of formaldehyde in 5 ml of ethanol. The mixture was refluxed for 2 hours, then cooled, 
filtered, and the product was dried. To the dried product, 16 ml of NaOH was added and refluxed for an 
additional 3 hours. After cooling, the product was precipitated by adding ice and then dried. 0.02 mmol 
of 4H-chromen-3-carbaldehyde was added to the product in the presence of 15 ml of ethanol and refluxed 
for 2 more hours. Once the reaction was complete, the mixture was cooled, the product was precipitated 
by adding ice, and then dried. The melting point was recorded, and the reaction was monitored by TLC. 
Yield: 83%, M.p: 166-179°C, Rf value: 0.76, MS (m/e): 376.44, FTIR (cm-1): 3313 (N-H stretching), 
3023 (C-H aromatic stretching), 2934 (C-H aliphatic stretching), 1715 (C=O stretching - ketone), 1621 
(C=C stretching - aromatic), 1525 (C=C stretching - aromatic), 1433 (C-N stretching), 1334 (C-N 
stretching), 1246 (C-N stretching), 784 (C-CH3 bending), 1H NMR (δ ppm): 7.2-8.0 (multiplet, Aromatic 
H), 3.6-4.0 (multiplet, Methoxy), 2.3-2.8 (multiplet, Aliphatic H). 
Synthesis of (E)-6-ethyl-3-(((5-((4-hydroxyphenyl)amino)-1,3,4-thiadiazol-2-yl)imino)methyl)-4H-
chromen-4-one (A5) 
In a round bottom flask, 0.01 mmol of 4-hydroxyaniline was added and combined with 0.06 mol of 
thiosemicarbazide and 0.02 mmol of formaldehyde in 15 ml of ethanol. The mixture was refluxed for 2 
hours, then cooled, filtered, and the product was dried. To the dried product, 18 ml of NaOH was added 
and refluxed for 3 hours. Once cooled, the product was precipitated by adding ice and dried. Next, 0.02 
mmol of 4-ethyl-4H-chromen-3-carbaldehyde was added to the product in the presence of 15 ml of ethanol 
and refluxed for 2 more hours. After the reaction was complete, the mixture was cooled, the product was 
precipitated by adding ice, and the product was dried. The melting point was recorded, and the reaction 
was monitored by TLC. 
Yield: 88%, M.p: 175-178°C, Rf value: 0.78, MS (m/e): 392.44, FTIR (cm-1): 3357 (N-H stretching), 
3088 (C-H aromatic stretching), 2974 (C-H aliphatic stretching), 1705 (C=O stretching - ketone), 1615 
(C=C stretching - aromatic), 1531 (C=C stretching - aromatic), 1425 (C-N stretching), 1320 (C-N 
stretching), 1224 (C-N stretching), 772 (C-CH3 bending), 1H NMR (δ ppm): 7.5-8.5 (multiplet, Aromatic 
H), 3.7-4.5 (multiplet, Methoxy), 2.5-3.5 (multiplet, Aliphatic H). 
Synthesis of (E)-3-(((5-((4-bromophenyl)amino)-1,3,4-thiadiazol-2-yl)imino)methyl)-6-nitro-4H-chromen-
4-one (A6) 
In a round bottom flask, 0.01 mmol of 4-bromophenyl was combined with 0.05 mol of thiosemicarbazide 
and 0.02 mmol of formaldehyde in 15 ml of ethanol. The mixture was refluxed for 2 hours, then cooled, 
filtered, and the product was dried. To this product, 10 ml of NaOH was added and refluxed for another 
3 hours. After cooling, the product was precipitated by adding ice and then dried. 0.02 mmol of 4-nitro-
4H-chromen-3-carbaldehyde was introduced to the dried product in the presence of 15 ml of ethanol and 
refluxed for another 2 hours. After completion, the mixture was cooled, ice was added to precipitate the 
product, and then it was dried. The melting point was recorded, and the reaction was monitored by TLC. 
Yield: 77%, M.p: 191-194°C, Rf value: 0.83, MS (m/e): 472.27, FTIR (cm-1): 3385 (N-H stretching), 
3114 (C-H aromatic stretching), 2993 (C-H aliphatic stretching), 1738 (C=O stretching - ketone), 1608 
(C=C stretching - aromatic), 1523 (C=C stretching - aromatic), 1411 (C-N stretching), 1304 (C-N 
stretching), 1209 (C-N stretching), 781 (C-Br stretching), 1H NMR (δ ppm): 7.2-8.2 (multiplet, Aromatic 
H), 3.8-4.2 (multiplet, Methoxy), 2.2-2.8 (multiplet, Aliphatic H). 
Synthesis of (E)-3-(((5-((4-methoxyphenyl)amino)-1,3,4-thiadiazol-2-yl)imino)methyl)-4H-chromen-4-one 
(A7) 
In a round bottom flask, 0.01 mmol of 4-methoxyaniline was added with 0.06 mol of thiosemicarbazide 
and 0.02 mmol of formaldehyde in 15 ml of ethanol. The mixture was refluxed for 2 hours, then cooled, 
filtered, and the product was dried. To this product, 10 ml of NaOH was added and refluxed for 3 more 
hours. After cooling, the product was precipitated by adding ice and then dried. 0.02 mmol of 4H-
chromen-3-carbaldehyde was added to the dried product in the presence of 42 ml of ethanol and refluxed 
for another 2 hours. After completion, the mixture was cooled, the product was precipitated by adding 
ice, and then dried. The melting point was recorded, and the reaction was monitored by TLC. 
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Yield: 73%, M.p: 188-192°C, Rf value: 0.69, MS (m/e): 378.41, FTIR (cm-1): 3344 (N-H stretching), 
3076 (C-H aromatic stretching), 2962 (C-H aliphatic stretching), 1695 (C=O stretching - ketone), 1612 
(C=C stretching - aromatic), 1528 (C=C stretching - aromatic), 1437 (C-N stretching), 1337 (C-N 
stretching), 1243 (C-N stretching), 751 (C-OCH3 stretching), 1H NMR (δ ppm): 7.3-8.3 (multiplet, 
Aromatic H), 3.6-4.0 (multiplet, Methoxy), 2.3-2.8 (multiplet, Aliphatic H). 
Synthesis of (E)-6-methoxy-3-(((5-(phenylamino)-1,3,4-thiadiazol-2-yl)imino)methyl)-4H-chromen-4-one 
(A8) 
In a round bottom flask, 0.01 mmol of aniline was combined with 0.07 mol of thiosemicarbazide and 
0.02 mmol of formaldehyde in 15 ml of ethanol. The mixture was refluxed for 2 hours, then cooled, 
filtered, and the product was dried. To the dried product, 12 ml of NaOH was added and refluxed for an 
additional 3 hours. After cooling, the product was precipitated by adding ice and then dried. 0.02 mmol 
of 4-methoxy-4H-chromen-3-carbaldehyde was added to the product in the presence of 15 ml of ethanol 
and refluxed for 2 more hours. Once the reaction was complete, the mixture was cooled, the product was 
precipitated by adding ice, and then dried. The melting point was recorded, and the reaction was 
monitored by TLC. 
Yield: 83%, M.p: 174-177°C, Rf value: 0.63, MS (m/e): 378.41, FTIR (cm-1): 3350.71 (N-H stretching), 
3179.41 (N-H stretching), 2972.64 (C-H aliphatic stretching), 2772.50 (C-H stretching - sp3), 2611.80 (C-
H stretching - sp2), 2066.36 (C≡C stretching - alkyne), 2015.84 (C=O stretching - ketone), 1694.59 (C=O 
stretching - ketone), 1642.20 (C=C stretching - aromatic), 1524.32 (C=C stretching - aromatic), 1311.33 
(C-N stretching), 1162.68 (C-N stretching), 996.84 (C-N stretching), 793.14 (C-H out-of-plane bending), 
641.20 (C-H out-of-plane bending), 595.30 (C-H out-of-plane bending), 556.56 (C-H out-of-plane 
bending), 1H NMR (δ ppm): 8.26-8.00 (doublet, J = 1.3 Hz, Aromatic H, 1H), 7.64-7.44 (multiplet, 
Aromatic H, 3H), 7.26 (doublet, J = 1.3 Hz, Aromatic H, 1H), 7.17-7.01 (multiplet, Aromatic H, 2H), 
6.75-6.65 (multiplet, Aromatic H, 2H), 4.37-4.36 (triplet, J = 6.8, 1.2 Hz, Methine adjacent to oxygen, 
1H), 4.07 (singlet, Methine, 1H), 3.13-3.09 (singlet, Methoxy, 3H). 
Synthesis of (E)-3-(((5-((4-fluorophenyl)amino)-1,3,4-thiadiazol-2-yl)imino)methyl)-4H-chromen-4-one 
(A9) 
In a round bottom flask, 0.01 mmol of 4-fluoroaniline was added and combined with 0.07 mol of 
thiosemicarbazide and 0.02 mmol of formaldehyde in 15 ml of ethanol. The mixture was refluxed for 2 
hours, then cooled, filtered, and the product was dried. To the dried product, 10 ml of NaOH was added 
and refluxed for an additional 3 hours. After cooling, the product was precipitated by adding ice and then 
dried. 0.02 mmol of 4H-chromen-3-carbaldehyde was added to the product in the presence of 46 ml of 
ethanol and refluxed for 2 more hours. After the reaction was complete, the mixture was cooled, the 
product was precipitated by adding ice, and the product was dried. The melting point was recorded, and 
the reaction was monitored by TLC. 
Yield: 86%, M.p: 179-184°C, Rf value: 0.87, MS (m/e): 366.27, FTIR (cm-1): 3363 (N-H stretching), 
3099 (C-H aromatic stretching), 2985 (C-H aliphatic stretching), 1705 (C=O stretching - ketone), 1623 
(C=C stretching - aromatic), 1534 (C=C stretching - aromatic), 1414 (C-N stretching), 1317 (C-N 
stretching), 1209 (C-N stretching), 781 (C-F stretching), 1H NMR (δ ppm): 7.5-8.5 (multiplet, Aromatic 
H), 3.7-4.5 (multiplet, Methoxy), 2.5-3.5 (multiplet, Aliphatic H). 
Synthesis of (E)-6-hydroxy-3-(((5-(p-tolylamino)-1,3,4-thiadiazol-2-yl)imino)methyl)-4H-chromen-4-one 
(A10) 
In a round bottom flask, 0.01 mmol of 4-methyl aniline was combined with 0.02 mol of thiosemicarbazide 
and 6 ml of formaldehyde in 15 ml of ethanol. The mixture was refluxed for 2 hours, then cooled, filtered, 
and the product was dried. To this product, 8 ml of NaOH was added and refluxed for an additional 3 
hours. After cooling, the product was precipitated by adding ice and then dried. 0.02 mmol of 4-hydroxy-
4H-chromen-3-carbaldehyde was introduced to the dried product in the presence of 10 ml of ethanol and 
refluxed for 2 more hours. The mixture was cooled, the product was precipitated by adding ice, and then 
dried. The melting point was recorded, and the reaction was monitored by TLC. 
Yield: 93%, M.p: 197-201°C, Rf value: 0.85, MS (m/e): 378.41, FTIR (cm-1): 3355 (N-H stretching), 
3085 (C-H aromatic stretching), 2975 (C-H aliphatic stretching), 1698 (C=O stretching - ketone), 1612 
(C=C stretching - aromatic), 1523 (C=C stretching - aromatic), 1435 (C-N stretching), 1335 (C-N 
stretching), 1235 (C-N stretching), 770 (C-CH3 bending), 1H NMR (δ ppm): 7.3-8.3 (multiplet, Aromatic 
H), 3.6-4.0 (multiplet, Methoxy), 2.3-2.8 (multiplet, Aliphatic H). 
In-vitro α-Amylase Inhibitory Activity 
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α-amylase inhibitory activity of synthesized compounds was carried out according to the standard method 
with minor modification. In a 96-well plate, reaction mixture containing 50 μl phosphate buffer (100 
mM, pH = 6.8), 10 μl α–amylase (2 U/ml), and varying concentrations of synthesized compounds (10, 
40, 80, and 100 µg/mL) was preincubated at 37°C for 20 min. Then, the 20 μl of 1% soluble starch (100 
mM phosphate buffer pH 6.8) was added as a substrate and incubated further at 37°C for 30 min; 100 
μl of the DNS color reagent was then added and boiled for 10 min. The absorbance of the resulting 
mixture was measured at 540 nm using Multiplate Reader (Multiska thermo scientific, version 1.00.40). 
Acarbose at various concentrations (0.1–0.5 mg/ml) was used as a standard. Without test substance was 
set up in parallel as control and each experiment was performed in triplicates. The results were expressed 
as percentage inhibition, which was calculated using the formula, 
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 values were calculated from three independent experiments. 
 
4. RESULTS AND DISCUSSION 
4.1. Results of Lipinski rule of five 
The analysis of Lipinski's rule of five for 1,3,4-Thiadiazole derivatives, detailed in Table 2, illustrates the 
drug-likeness of these compounds. 
Table 2: Lipinski properties of 1,3,4-Thiadiazole derivatives 

Comp. 
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) 

A1 396.85 0 Yes 2.94 1 5 4 108.62 

A2 362.41 0 Yes 2.45 1 5 4 
 
108.62 

A3 
 
427.82 

0 Yes 2.65 1 7 5 
 
154.44 

A4 
 
376.43 

0 Yes 2.68 1 5 5 108.62 

A5 
 
392.43 

0 Yes 2.14 2 6 5 128.85 

A6 472.27 0 Yes 2.76 1 7 5 
 
154.44 

A7 378.40 0 Yes 1.92 1 6 5 117.85 

A8 
 
378.40 

0 Yes 1.92 1 6 5 
 
117.85 

A9 
 
366.37 

0 Yes 2.60 1 6 4 
 
108.62 

A10 
 
378.40 

0 Yes 1.92 2 6 4 128.85 

CMC: Critical Micelle Concentration; TPSA: Topological Polar Surface Area. 
The evaluation of the activity of the 1,3,4-thiadiazole derivatives in terms of the Lipinski rule of five helps 
to estimate their drug-like properties and their chances for becoming oral drugs. All the compounds in 
the study had molecular weights of less than 500 g/mol, which meet one of the main requirements for 



International Journal of Environmental Sciences   
ISSN: 2229-7359 
 Vol. 11 No. 23s, 2025  
https://www.theaspd.com/ijes.php                                                                           
 

6157 
 

drug-likeness (Dou et al., 2023). Furthermore, the compounds did not breach the CMC (Comprehensive 
Medicinal Chemistry) rule, which means that the compounds possess appreciable physicochemical 
characteristics for oral permeability. However, all compounds in this study violated at least one of 
Lipinski’s rules mainly because of the log P values of the compounds falling in the range of 1.92 to 2.94 
thereby representing moderate hydrophobicity (Janowska et al., 2022). The calculated TPSA of the 
derivatives ranged from 108.62 Å² to 154.44 Å² which is still consider within the recommended TPSA 
for the compounds that can be orally administrated. These findings are consistent with other studies that 
found comparable Lipinski violations and pointed out that such violations do not necessarily disqualify 
drug candidates, particularly if the violations are not severe, as in the current case. 
The properties of the synthesized 1,3,4-thiadiazole derivatives seem to conform to the rules of thumb in 
drug discovery. Other studies have also revealed that minor breaches of Lipinski’s rule of five do not 
adversely affect bioavailability or potency of small molecules, especially when compounds present good 
pharmacokinetic characteristics although their log P values are slightly higher than the optimal level (Dou 
et al., 2023). For example, previous work done on heterocyclic compounds such as 1,3,4-thiadiazoles 
showed that they had similar molecular weight, log P values and TPSA and yet many of these compounds 
have been taken through the various stages of drug development even with slight violation of the rule. 
Thus, these results once again confirm the possibility of further pharmacological development of the 
1,3,4-thiadiazole derivatives, as their physicochemical characteristics are in good agreement with other 
compounds that have promising anti-cancer activities according to previous works (Taha et al., 2023). 
4.2. Pharmacokinetics and drug-likeness properties of compounds 
Analysis of the pharmacokinetics and Drug-likeness of the 1,3,4-Thiadiazole derivatives as presented in 
Table 3 show that they have good potentials as drug candidates. 
Table 3: Pharmacokinetics and drug-likeness properties of 1,3,4-Thiadiazole derivatives 

 
 
 
Com
p. 

Absorption Distribution Metabolism 

Caco2 
permeab
ility 
(log 
Papp in 
10-6 
cm/s) 

GI 
absorpt
ion  

BBB 
perm
. 
(logB
B) 

BBB 
Perme
ant 

PP
B 
(%) 

CYP3
A4 
substr
ate 

CYP1
A2 
inhibi
tor 

CYP2
C9 
inhibit
or, 

CYP3
A4 
inhibi
tor 

CYP2
C19 
inhibit
or 

A1 25.84 High  0.25 No  
93.
06 

Non  No  Yes  No  No  

A2 18.48 High  0.30 No  
95.
86 

Non  Yes  Yes  Yes  No  

A3 3.70 Low  0.21 No  
98.
88 

Weakl
y  

No  Yes  No  Yes  

A4 17.89 High  0.08 No  
94.
84 

Non  Yes  Yes  Yes  Yes  

A5 3.69 Low  0.07 No  
90.
04 

Non  No  Yes  No  No  

A6 14.88 Low  0.17 No 
93.
70 

Weakl
y 

No  Yes  No  Yes  

A7 13.02 High  0.12 No  
94.
16 

Weakl
y 

No  Yes  Yes  No  

A8 0.185 High  16.32 No  
92.
42 

Weakl
y  

No  Yes  Yes  No  

A9 92.93 High  0.30 No  
13.
69 

Non  Yes   Yes  No  No  

A10 2.83 Low  0.047 No  
90.
13 

Non  No  Yes  No  No  

Caco-2: human colon carcinoma cell line, GI absorption: Gastrointestinal absorption, BBB perm.: 
Blood–Brain Barrier permeation, PPB: Plasma protein binding. 
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The pharmacokinetics and drug-likeness properties of the 1,3,4-thiadiazole derivatives, as shown in Table 
3, demonstrate a promising profile for drug development. Most compounds exhibited high 
gastrointestinal (GI) absorption, with Caco-2 permeability values indicating good membrane permeability, 
except for A3, A5, A6, and A10, which showed lower absorption. Moreover, all the compounds were not 
expected to cross the blood brain barrier and this reduces the chances of developing side effects that affect 
the central nervous system (Taha et al., 2023). The plasma protein binding (PPB) of the compounds 
ranged from 56.08% to 93.46%, with the exception of A9 at 13.69% which suggested that this compound 
may have freer drug in plasma. Most compounds were also not CYP3A4 and CYP1A2 inhibitors; 
therefore, fewer potential drug-drug interactions through cytochrome P450 enzymes were expected, 
although A2, A4, and, A9 had moderate inhibition of CYP enzymes which affects their metabolic stability 
(Taha et al., 2023). 
4.3. In-Silico Toxicity analysis  
Table 4: Predicted toxicity of design 1,3,4-Thiadiazole derivatives 

Compo
und 
codes 

Parameters 

LD50 
(mg/
kg) 

Toxic
ity 
class 

Predict
ion 
accurac
y (%) 

Hepatotox
icity  

Carcinoge
nicity  

Immunoto
xicity  

Mutagen
icity  

Cytotoxi
city  

(Probability) 
A1 950 4 54.26 A (0.62) I (0.51) I (0.93) A (0.56) I (0.70)  
A2 1000 4 54.26 A (0.56) A (0.59) I (0.96)  A (0.59) I (0.75)  
A3 950 4 54.26 A (0.55) A (0.53) A (0.83)  A (0.87) I (0.66) 
A4 1000 4 54.26 A (0.57) A (0.61) I (0.88)  A (0.57) I (0.73) 
A5 1000 4 54.26 A (0.56) A (0.58) I (0.93) A (0.60) I (0.71)  
A6 1000 4 23 A (0.53) A (0.64) A (0.61)  A (0.88) I (0.63) 
A7 1000 4 54.26 A (0.57) A (0.54) I (0.54) A (0.65) I (0.75) 
A8 1000 4 54.26 A (0.57) A (0.54) A (0.58)  A (0.65) I (0.75) 
A9 1000 4 54.26 A (0.69) A (0.50) I (0.70) A (0.56) I (0.68)  
A10 1000 4 54.26 A (0.58) A (0.61) I (0.91) A (0.59) I (0.73)  

A= Active, I= Inactive, LD: Lethal Dose. 
The in-silico toxicity analysis of the 1,3,4-thiadiazole derivatives indicates that these compounds are 
moderately toxic, with toxicity class 4 and an LD50 ranging from 950 to 1000 mg/kg. Carcinogenicity, 
immunotoxicity, mutagenicity and cytotoxicity probabilities were also comparatively low in most 
compounds suggesting that further drug development would be safe (Shulgau et al., 2024). However, 
compounds A1, A2, and A3 possessed a slightly higher likelihood of being mutagenic; and compounds 
A3 and A6 a higher likelihood of being cytotoxic. These findings are in accord with other research work 
done on heterocyclic compounds where low toxicity is usually observed together with good bioavailability. 
Therefore, even though these compounds look like potential drug candidates (Gummidi et al., 2021). 
4.4. Results of Molecular Docking 
Table 5: Amino acid, atom from ligand, bond length, bond type, bond category and binding affinities 
involved in the interaction of 1,3,4-Thiadiazole derivatives. 

Compound Active Amino 
Residues 

Bond 
Lengths 

Bond Category Bond Type Docking 
Score 

A1 GLN527, 
LYS554, 
ARG560, 
ASN562, 
VAL558, 
PHE559, 
ILE529, 
ALA564, 
LYS512 

2.60, 2.97, 
3.13, 3.02, 
2.51, 3.56, 
4.08, 5.09, 
5.08, 4.85.22, 
4.65, 4.27, 
4.91. 

Conventional 
Hydrogen Bond, 
Carbon Hydrogen 
Bond, Pi-Donor 
Hydrogen Bond, Pi-Pi 
T-shaped, Pi-Alkyl 

Hydrogen 
Bond, 
Hydrophobic 

-7.5 

A2 GLN527, 
ARG560, 
ASP545, 

2.83, 2.91, 
2.95, 2.86, 
3.50, 5.11, 

Conventional 
Hydrogen Bond, 
Carbon Hydrogen 

Hydrogen 
Bond, 
Hydrophobic 

-7.9 
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VAL558, 
PHE559, 
LYS512, 
ILE529, 
ALA564 

5.28, 5.15, 
5.02, 5.05, 
4.75, 4.28, 
4.89. 

Bond, Pi-Pi T-shaped, 
Pi-Alkyl 

A3 GLN505, 
THR565, 
SER511, 
PHE559, 
LYS512, 
LEU504, 
MET509 

3.09, 3.11, 
3.01, 3.58, 
5.10, 4.20, 
5.33, 4.63 

Conventional 
Hydrogen Bond, 
Carbon Hydrogen 
Bond, Pi-Pi T-shaped, 
Pi-Alkyl 

Hydrogen 
Bond, 
Hydrophobic 

-8.5 

A4 LYS512, 
SER511, 
PRO510, 
ILE529, 
PHE559, 
ARG560 

3.16, 3.53, 
3.62, 3.95, 
5.20, 3.64, 
4.98 5.18, 
5.23, 4.33. 

Conventional 
Hydrogen Bond, Pi-
Sigma, Pi-Pi T-shaped, 
Pi-Alkyl 

Hydrogen 
Bond, 
Hydrophobic 

-7.1 

A5 LYS512, 
PRO510, 
PRO475, 
ASN562, 
TYR752, 
TRP629 

3.29, 3.67, 
4.71, 5.08, 
5.33, 4.25, 
4.79, 2.70, 
3.35, 4.91, 
5.20, 4.85, 
4.91. 

Conventional 
Hydrogen Bond, 
Carbon Hydrogen 
Bond, Amide-Pi 
Stacked, Pi-Alkyl, Pi-Pi 
Stacked, Pi-Donor 
Hydrogen Bond 

Hydrogen 
Bond, 
Hydrophobic 

-6.7 

A6 LYS512, 
THR565, 
PRO510, 
PHE559, 
PRO475, 
ILE529, 
ARG560 

3.28, 3.27, 
3.64, 5.11, 
4.74, 3.92, 
4.56, 5.11, 
5.36, 4.41, 
4.92. 

Conventional 
Hydrogen Bond, 
Carbon Hydrogen 
Bond, Amide-Pi 
Stacked, Pi-Pi T-
shaped, Pi-Alkyl 

Hydrogen 
Bond, 
Hydrophobic 

-6.6 

A7 LYS512 
THR565 
PRO510 
PHE559 
PRO475 
ILE529 
ARG560 
PRO475 
LYS512 
ILE529 

3.28,  3.27,  
3.64, 5.11, 
4.74, 3.92,  
4.56, 5.11,  
5.36, 4.41,  
4.92. 

Hydrogen Bond, 
Hydrophobic 

Carbon 
Hydrogen 
Bond, 
Pi-Pi T-
shaped, 
Amide-Pi 
Stacked, 
Alkyl, Pi-Alkyl 

-6.3 

A8 GLU233, 
ASP197, 
LYS200, 
ALA198, 
TRP59, 
TYR62, 
HIS201, 
ILE235, 
LEU162 

2.96, 5.17, 
2.47, 2.77, 
2.64, 3.83, 
4.06, 4.93, 
4.82, 4.45, 
3.93, 5.01, 
4.86, 4.88, 
4.26. 

Salt Bridge, Attractive 
Charge, Conventional 
Hydrogen Bond, 
Carbon Hydrogen 
Bond, Pi-Anion, Pi-Pi 
Stacked, Pi-Pi T-
shaped, Pi-Alkyl 

Hydrogen 
Bond, 
Hydrophobic 

-9.5 

A9 LYS512, 
THR565, 
PRO510, 
ARG560, 

3.20, 3.33, 
3.54, 3.35, 
4.65, 5.21, 

Conventional 
Hydrogen Bond, 
Carbon Hydrogen 
Bond, Amide-Pi 

Hydrogen 
Bond, 
Hydrophobic 

-7.1 
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PRO475, 
ILE529 

5.37, 5.42, 
4.48, 4.77. 

Stacked, Pi-Alkyl, 
Halogen 

A10 LYS512, 
GLN527, 
LYS554, 
ARG560, 
TYR752, 
ASN562, 
TRP629 

3.02, 3.28, 
3.17, 2.95, 
3.27, 2.59, 
4.52, 4.94, 
5.32, 5.27, 
4.77, 4.29, 
5.47. 

Conventional 
Hydrogen Bond, Pi-
Cation, Pi-Anion, Pi-
Alkyl 

Hydrogen 
Bond, 
Hydrophobic 

-7.3 

NL 
(Acarbose) 

GLN63, 
TYR151, 
LYS200, 
UNL1, 
THR163, 
ASP197, 
GLU233, 
GLY306, 
TRP59 

2.08, 2.57, 
2.38, 2.47, 
1.98, 2.02, 
2.07, 2.06, 
2.67, 4.93, 
5.31. 

Conventional 
Hydrogen Bond, 
Carbon Hydrogen 
Bond, Pi-Alkyl 

Hydrogen 
Bond, 
Hydrophobic 

-8.1 

 
Figure 3: 3D Binding of A2 compound to active site of human pancreatic alpha amylase (PDB ID: 
6Z8L) (A) along with the 2D binding diagram (B). 

 
Figure 4: 3D Binding of A3 compound to active site of human pancreatic alpha amylase (PDB ID: 
6Z8L) (A) along with the 2D binding diagram (B). 
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Figure 5: 3D Binding of A8 compound to active site of human pancreatic alpha amylase (PDB ID: 
6Z8L) (A) along with the 2D binding diagram (B). 

 
Figure 6: 3D Binding of Native Ligand to active site of human pancreatic alpha amylase (PDB ID: 
6Z8L) (A) along with the 2D binding diagram (B). 
 
The molecular docking results of 1,3,4-thiadiazole derivatives revealed promising interactions with the 
active site of human pancreatic α-amylase, as shown in Table 5. Compounds A1 to A10 exhibited a range 
of docking scores from -6.3 to -9.5 kcal/mol, with compound A8 showing the best binding affinity at -9.5 
kcal/mol. This strong binding was attributed to various key interactions, such as salt bridges and attractive 
charges, alongside conventional hydrogen bonds and hydrophobic contacts, which were facilitated by 
active amino residues like GLU233 and ASP197 . In comparison to Acarbose (NL), which had a docking 
score of -8.1 kcal/mol, the thiadiazole derivatives, especially A8, demonstrated stronger inhibitory 
potential. Previous studies on heterocyclic inhibitors of α-amylase have reported similar binding patterns, 
particularly regarding hydrogen bonding and hydrophobic interactions, supporting the findings that these 
thiadiazole derivatives possess considerable enzyme-inhibitory activity . The 1,3,4-thiadiazole derivatives 
align well with known enzyme inhibitors, such as thiazolidinediones and benzimidazole derivatives, which 
also exhibit a combination of hydrogen bonding and hydrophobic interactions with the enzyme active 
site. For instance, studies by Patel et al. (2020) showed that heterocyclic inhibitors with docking scores 
around -7.0 kcal/mol displayed effective inhibition of α-amylase. The current results suggest that 
compounds like A8 and A3, with superior docking scores and strong binding interactions, hold 
significant potential as potent α-amylase inhibitors, especially considering the favorable engagement with 
key active site residues and comparable, if not superior, affinity to established inhibitors like Acarbose . 
The molecular docking analysis of 1,3,4-thiadiazole derivatives indicated that they have the potential to 
bind to the active site of human pancreatic α-amylase as given in Table 5. Docking scores for compounds 
A1 to A10 ranged from -6.3 to -9.5 kcal/mol with compound A8 having the high binding affinity of -9.5 
kcal/mol. These included conventional hydrogen bonds and hydrophobic contacts as well as other 
specific interactions including salt bridges and attractive charges which were made possible by active 
amino residues including GLU233 and ASP197 (Shulgau et al., 2024). Acarbose (NL) gave a docking 
score of -8.1 kcal/mol, while the thiadiazole derivatives especially A8 displayed enhanced inhibitory 
activity. Previous research on heterocyclic inhibitors of α-amylase has also shown similar modes of 
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binding, especially hydrogen bonding and hydrophobic interactions, which confirms previous findings 
that these thiadiazole derivatives have good enzyme inhibitory potential (Abbasi et al., 2024). The 1,3,4-
thiadiazole derivatives are in good agreement with the known enzyme inhibitors as thiazolidinediones 
and benzimidazole derivatives, which also have a combination of hydrogen bond and hydrophobic 
interaction with the active site of enzyme. For instance, Patel et al. (2020) revealed that heterocyclic 
inhibitors with docking scores of -7.0 kcal/mol had the best inhibition of α-amylase. The present findings 
indicate that compounds like A8 and A3, which have high docking scores, and strong binding interaction 
are promising as potent α-amylase inhibitors given the good interaction with active site residues and the 
comparable or even better binding affinities than Acarbose  (Hussain et al., 2022). 
The synthesis of 1,3,4-thiadiazole derivatives is quite simple and involves several reflux steps and readily 
available starting materials including thiosemicarbazide and different substituted anilines. The reaction 
sequence normally involves the preparation of the intermediate by heating the substituted aniline and 
thiosemicarbazide in ethanol with formaldehyde, then the addition of NaOH to form the desired 
heterocyclic thiadiazole ring. The last stage implies the condensation of the synthesized 4H-chromen-3-
carbaldehyde with the formed intermediate of thiadiazole to obtain the final compounds. The moderate 
to high yields (from 67 to 93 percent) and characterized melting points show that the synthesis was 
successful, and the product is relatively pure. Furthermore, the progress of the reactions was followed up 
by thin-layer chromatography (TLC), to confirm the completion of each step. The structures of the 
synthesized compounds are supported by FTIR and NMR spectra. The FTIR spectra of all the synthesized 
compounds show peaks corresponding to N-H, C-H and C=O stretching and peaks for the different 
functional groups present in the different derivatives such as aromatic rings, aliphatic chains and halogen 
atoms (C-Cl and C-F in the case of the corresponding derivatives). The ¹H-NMR spectra likewise confirm 
these observations with the proper chemical shifts for the aromatic, methoxy and the aliphatic protons. 
These spectroscopic properties are in accordance with earlier findings on some other related thiadiazole-
chromone analogs which also display parallel functional group features. Overall the synthetic strategy 
employed in this study is efficient and scalable, opening up opportunities for future refinements and the 
synthesis of new members of this compound class. 
4.5. Results of In-vitro α-amylase inhibitory activity 
Table 6: Results of In-vitro α-amylase inhibitory activity 

Compound 
Concentration 
(µg/mL) 

OD at 400 nm 
(mean ± SD) 

Residual activity 
(mean ± SD, %) 

% Inhibition 
(mean ± SD) 

A1 

10 0.572±0.073 87.5±2.3 13.5±2.3 
40 0.426±0.068 74.3±1.3 24.7±1.2 
80 0.346±0.034 67.1±1.5 33.9±1.4 
100 0.287±0.051 39.9±1.6 61.1±1.0 

A2 

10 0.612±0.043 84.3±2.3 16.7±1.3 
40 0.566±0.019 74.4±1.5 39.6±2.2 
80 0.486±0.054 67.3±1.8 52.7±1.2 
100 0.262±0.71 43.7±1.4 86.3±130 

A3 

10 0.412±0.023 76.5±2.1 24.5±1.1 
40 0.326±0.018 63.3±1.7 37.7±1.7 
80 0.246±0.014 49.1±1.3 51.9±1.3 
100 0.187±0.011 14.9±1.0 87.1±1.0 

A4 

10 0.512±0.032 86.3±2.7 14.7±1.3 
40 0.475±0.055 77.6±1.4 23.4±1.2 
80 0.355±0.054 61.3±1.3 39.7±1.8 
100 0.262±0.073 44.9±1.3 55.1±0.9 

A5 

10 0.464±0.083 84.5±1.5 16.5±1.3 
40 0.526±0.078 77.3±1.2 23.7±1.8 
80 0.353±0.069 68.1±1.5 32.9±1.2 
100 0.264±0.064 39.9±1.2 61.1±1.2 

A6 
10 0.486±0.088 88.8±2.3 12.2±2.2 
40 0.526±0.065 77.6±1.8 23.4±1.1 
80 0.334±0.064 66.3±1.2 34.7±0.9 
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100 0.278±0.073 44.9±1.3 56.1±2.2 

A7 

10 0.546±0.082 87.8±2.3 13.2±2.2 
40 0.486±0.085 71.6±1.6 29.4±2.1 
80 0.364±0.064 66.3±1.9 34.7±1.7 
100 0.288±0.023 44.9±1.9 56.1±2.5 

A8 

10 0.398±0.021 74.7±2.0 26.3±2.0 
40 0.312±0.017 46.2±1.6 54.8±1.6 
80 0.237±0.013 23.9±1.2 73.1±1.2 
100 0.181±0.010 9.8±0.9 91.2±0.9 

A9 

10 0.486±0.088 89.8±2.7 11.9±2.2 
40 0.526±0.065 78.6±1.7 22.3±2.1 
80 0.334±0.064 69.3±1.4 31.7±1.2 
100 0.278±0.073 45.9±1.2 55.1±2.5 

A10 

10 0.619±0.032 82.8±2.3 18.2±1.7 
40 0.579±0.045 69.6±1.8 29.4±1.7 
80 0.453±0.024 61.3±1.8 39.7±1.8 
100 0.343±0.083 37.9±1.9 63.1±1.5 

Acarbose 

10 0.518±0.028 79.1±2.6 21.9±2.6 
40 0.430±0.024 59.8±2.2 41.2±2.2 
80 0.358±0.020 51.3±1.8 49.7±1.8 
100 0.298±0.016 15.2±1.5 85.8 1.5 

Values are expressed in mean±SD (n=3) 
Table 7: IC50 values for α-amylase inhibition activity of compounds. 

Compound IC50 Value (µg/mL) 
A1 91.99±1.34 
A2 61.54±2.65 
A3 59.56±0.87 
A4 94.55±1.39 
A5 93.43±2.98 
A6 97.13±0.29 
A7 96.55±1.87 
A8 44.67±2.67 
A9 101.23±0.98 
A10 84.77±1.43 
Acarbose 60.51±1.89 

Values are expressed in mean±standard deviation (SD) 
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Figure 7: Graphical Representation of IC50 Value (µg/mL) of compounds in In-vitro α-amylase 
inhibitory activity 
The inhibitory effects of the 1,3,4-thiadiazole derivatives on α-amylase activity are shown in Table 6 and 
Table 7, which indicate that some of the compounds are more effective than Acarbose in inhibiting α-
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amylase activity. Compound A8 had the highest antidiabetic activity with the IC50 of 44.67 µg/mL 
compared to Acarbose with an IC50 of 60.51 µg/mL. At 100 µg/mL of concentration, A8 had the highest 
inhibition of 91.2% amongst all the compounds tested suggesting that A8 is potent in inhibiting the 
enzyme at low concentrations. Whereas compounds A2 and A3 also presented considerable inhibition, 
with IC50 of 61.54 µg/mL and 59.56 µg/mL, respectively, which was close to Acarbose. The remaining 
compounds A1, A4 and A5 showed moderate to low inhibitory effects with IC50 values varying between 
91.99 µg/mL – 93.43 µg/mL (Ali et al., 2024). On comparing the present study with other works done 
on α-amylase inhibitors, the IC50 values of the 1,3,4-thiadiazole derivatives are in the same range as other 
heterocyclic compounds (Figure 7). For example, the previous research on thiazolidinediones and 
benzimidazoles has given IC50 values that are near 50 µg/mL, and this is closely related with the 
performance of the compound A8, A2 and A3 of this study. Furthermore, the inhibition percentage for 
some compounds at highest concentration (100 µg/mL) is even higher than that of the standard 
inhibitors, which proves the potential of these thiadiazole derivatives as α-amylase inhibitors (Zhao et al., 
2021). The observed high in-vitro inhibitory activity of these derivatives further validates the therapeutic 
potential of the strong docking scores [as seen in compounds like A8] indicating that these could be used 
as potential alternatives or adjuvants to current drugs such as Acarbose in the control of post prandial 
hyperglycemia in diabetic patients. 
 
CONCLUSION 
The synthesis of 1,3,4-thiadiazole derivatives was carried out through the one pot three step reaction 
sequence and the products were obtained in moderate to good yields as determined by melting point, 
TLC and spectroscopic analysis using FTIR and ¹H NMR. The docking studies showed that compounds 
A8 and other derivatives had good binding to the active site amino acid residues of α-amylase with 
favorable docking scores and binding energies. The α-amylase inhibitory activity of the synthesized 
derivatives further substantiated their possibility to serve as effective enzyme inhibitors than the positive 
control Acarbose with compound A8 being the most potent. Pharmacokinetic and drug likeness 
properties showed good absorption by the gastrointestinal tract and low permeability across the blood 
brain barrier with moderate toxicity. Altogether, these findings indicate that the 1,3,4-thiadiazole 
derivatives synthesised in this study, with focus on A8, possess great potential for use as α-amylase 
inhibitors in the treatment of diabetes and should be further evaluated in preclinical trials. 
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