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ABSTRACT 

This paper explains how to create different new compounds that include thiadiazole and imidazole with a cyclopropyl group. 

The diverse biological activities and therapeutic applications of imidazothiadiazoles render them intriguing. We 

predominantly perform docking experiments using the reference structure PDB ID 3KJ7. To focus on the cysteine proteases 

in the caspase family, we have created a new group of diaryl compounds that have imidazothiadiazoles attached. To monitor 

the reaction, we employed thin-layer chromatography with an appropriate mobile phase.  By comparing the Rf values, the 

melting point of the produced compounds was ascertained.  To further characterize and validate these derivatives, we used 

mass spectrometry analyses, one-dimensional nuclear magnetic resonance, carbon-13 nuclear magnetic resonance, and 

infrared spectroscopy.  All cancer cell lines were effectively inhibited by compounds 1 and 3. The manufactured medications 

were assessed using a colorimetric assay using a caspase 3 inhibitor kit. 
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1. INTRODUCTION 

We must continuously seek new treatment medicines for cancer, as it remains one of the world's top causes of death [1]. 

Inducing apoptosis, a method of programmed cell death that destroys malignant or damaged cells, is one of the most 

promising approaches to cancer treatment [2]. A key executioner protease in the apoptotic cascade, caspase-3, is essential 

for breaking down cellular constituents and ultimately causing cell death. As a result, focusing on caspase-3 activation has 

become a useful strategy for creating anticancer medications [3]. 

 Heterocyclic compounds, especially thiadiazoles, have attracted a lot of attention in medicinal chemistry due to their many 

pharmacological characteristics, such as antibacterial, anti-inflammatory, and anticancer effects [4]. Thiadiazoles have 

outstanding bioavailability, metabolic stability, and target selectivity. They are distinguished by a five-membered ring that 

contains nitrogen and sulfur atoms [5]. Because of their structural adaptability, new derivatives that can specifically alter 

biological processes, such as apoptosis, can be created and synthesized [6]. 
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Because of their capacity to alter the pathways leading to cell death, caspase-3 inhibitors have become promising therapeutic 

agents in oncology [7]. Besides potentially making cancer cells more responsive to other forms of cell death, like necroptosis, 

these inhibitors can also help protect healthy cells from harm during chemotherapy and radiation therapy [8]. Also, blocking 

caspase-3 might prevent too much inflammation and immune system weakening caused by apoptosis, which can otherwise 

help cancer spread [9].  

Recent studies have shown that thiadiazole derivatives can block caspase-3, which may lead to cancer cells dying through a 

process called apoptosis [10]. These substances can cause cell death in cancers while reducing toxicity to healthy cells by 

specifically increasing or altering caspase-3 activity [11]. A promising way to find new cancer-fighting drugs is to develop 

new caspase-3 inhibitors that are based on heterocyclic thiadiazole [12]. 

 The goal of this research is to study how thiadiazole derivatives are built and how they work, specifically as blockers of 

caspase-3, and to explore their potential use in treating cancer. We will cover recent developments in their synthesis and 

pharmacological assessment to further emphasize these compounds' effectiveness and potential as anticancer medicines in 

the future [13, 14]. 

 The first cues to encourage tumor repopulation come from dying cells inside the tumor bulk. Dying cells, in particular, 

release growth-promoting signals to stimulate the division of living cells [15]. To facilitate the quick repopulation of tumors 

from a limited number of living tumor cells, caspases are essential for intratumoral death cells. Also, caspase 3, which is a 

type of enzyme involved in the final stage of cell death, is an important controller of the growth signals that come from dying 

cells [16]. In cytotoxic cancer treatment, the caspase-mediated tumor repopulation pathway plays a crucial role [17]. 

 

Figure 1: Mammalian caspases' structural characteristics are shown schematically. 

 

Figure 2: Role of caspase in cancer 
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A series of fused heterocyclic compounds termed imidazo[2,1-b][1,3,4]thiadiazoles has garnered significant interest due to 

its diverse pharmacological and chemical properties.   These compounds are rigid bicyclic complexes with unique electrical 

and structural characteristics, created by the fusion of an imidazo ring to a 1,3,4-thiadiazole core.   Their distinctive reactivity 

and biological activity are ascribed to the heteroatoms of sulfur and nitrogen inside the framework [18-20]. 

 

Figure 3: Basic Nucleus 

Imidazo[2,1-b][1,3,4]thiadiazoles have been used in a variety of sectors, such as pharmaceutical chemistry, materials science, 

and catalysis, because of their distinctive structural characteristics [21]. They are useful scaffolds in drug development 

because of their biological activity, which include antibacterial, anticancer, anti-inflammatory, and antiviral qualities. In 

summary, imidazo [2, 1-b] [1, 3, 4] thiadiazoles are interesting types of compounds that can be used in many scientific areas, 

have special chemical reactions, and can be made in different ways. Further research into changing and improving them 

could lead to new uses in advanced materials and medicines. Additional investigation into their functionalization and 

alterations may open up new possibilities for their application in innovative materials and pharmaceuticals [22]. 

2. MATERIALS AND METHODS 

Molecular Docking: 

Using a computational approach, we discovered strong and specific inhibitors of Caspase-3 in this investigation.  Using the 

well-established set of Caspase-3 inhibitors, three-dimensional (3D) pharmacophore models were created to outline the 

molecular characteristics necessary for its action [23]. The best pharmacophore is verified via docking and structure-based 

pharmacophore studies. By using these models to quickly screen compounds from a database, a number of new and extremely 

powerful Caspase-3 inhibitors were found. Docking scores, expected binding locations, and drug-like characteristics obtained 

from virtual screening with a pharmacophore as a query were used to choose compounds for synthesis and in vitro screening 

[24].  

To determine that each synthesized derivative has a different chemical nature from its original component, the following 

process was used to identify and define the substance [25]. 

 

Figure 4: showing imidazole ring system 
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Figure 5: Caspases 3 inhibitor docking structure (PDB ID: 3KJ7) 

Spectrochem contributed the additional substances, such as cyclopropanecarboxylic acid, bromine, various acetophenones, 

DMF, and POCl₃, while Sigma-Aldrich provided the chemicals required for the synthesis, such as thiosemicarbazide and 

trifluoroaceticanhydride.  All of the solvents were employed after distillation.  Following distillation, every solvent was used.  

LR-grade chemicals and solvents were used most frequently.  Utilizing pre-made TLC plates, benzene and acetone mixes in 

various ratios, T:E:F, and chloroform:methanol combinations, thin layer chromatography was utilized to assess the 

compounds' purity [26-28].  The dots were illuminated with a UV lamp.  Open capillary tubes with one end submerged in a 

liquid paraffin bath were used to measure uncorrected melting points.  A Bruker Model Advance II 400 (400 MHz, 1H NMR) 

device and a Perkin Elmer IR 4000-400 (v max in cm⁻¹) spectrophotometer with KBr pellets were used to measure the 

compounds' infrared (IR) and 1H nuclear magnetic resonance (1H NMR) readings, respectively.  For reporting chemical 

shifts, tetramethylsilane (TMS), expressed in δ parts per million (ppm), is the reference standard [29]. 

Synthesis of 5-cyclopropyl-1, 3, 4-thiadiazol-2-amine 

 

A combination of 13 milliliters of POCl₃, 0.05 moles of cyclopropanecarboxylic acid, and 0.05 moles of thiosemicarbazide 

was subjected to heating at 75 °C for 0.75 hours. Water was introduced once it reached room temperature. The reaction 

mixture was subjected to reflux for four hours. After cooling, we incrementally added a 50% NaOH solution while stirring 

to adjust the mixture's pH to 7. The ethanol precipitate was consolidated after filtration [30]. 

Synthesis of 2-bromo-1, 2-(substituted-aryl)ethanone 

At 25ºC, trifluoroacetic anhydride (29.5 mmol) was quickly added while stirring hard into a mix of phenyl acetic acid/p-

substituted phenyl acetic acid (7.3 mmol), substituted aromatic hydrocarbon (8.8 mmol), and 88–93% orthophosphoric acid 

(8.8 mmol). The mixture experienced a vigorous exothermic reaction, resulting in a dark-hued solution. The reaction mixture 

was introduced into 50 milliliters of ice-cold water while being stirred for one minute at the same temperature. We then used 

10 mL of cold hexane to wash it until it solidified [31]. 
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Synthesis of 2-cyclopropyl-5, 6-diarylsubstituted imidazo- thiadiazole 

Combine a-bromo-1-(4"-substituted) and 2-amino-5-substituted-1,3,4-thiadiazole (10 mmol). 3-(4'-substituted) Phenyl-2-

phenyl-1-ethanone (10 mmol) in 150 mL of anhydrous ethanol was subjected to reflux in a water bath for 6–8 hours. 

Subsequently, phosphorus pentoxide (3 mmol) was introduced, and the refluxing procedure was extended for an additional 

4 to 6 hours. The reaction mixture was permitted to cool to ambient temperatures overnight. After taking out the extra solvent 

using low pressure, the solid hydrobromide was filtered, washed with cold ethanol, and allowed to dry. The free bases were 

made by mixing hydrobromide salts with a cold water solution of Na₂CO₃ to neutralize them, and then they were further 

purified by dissolving and re-crystallizing from dry ethanol. The chemicals were cleaned up using column chromatography 

with fine silica gel, and they were washed out with either a mix of ethyl acetate and hexane or a mix of chloroform and 

hexane [32]. 

Caspase colorimetric kit 

The p-nitroaniline (pNA) molecule is released when acetyl-Asp-Glu-Val-Asp p-nitroanilide is broken down by caspase 3, 

which is the basis for the Caspase 3 Colorimetric Assay Kit. At 405 nm, p-nitroaniline has an extinction coefficient of 10.5 

mM⁻¹cm⁻¹. The absorbance readings at 405 nm or a calibration curve made from pNA standards (provided with the kit) are 

used to determine how much pNA has been released from the substrate. You can use a spectrophotometer to test the sample 

in a 1 mL amount, or an ELISA reader to check the sample in a 100 µL amount in a 96-well plate [33,34]. 

3. RESULT AND DISCUSSION 

We have worked to create different versions of imidazo [2, 1, b] thiadiazole using cyclopropane carboxylic acid as the starting 

point. We monitored the Reaction Scheme to facilitate the synthesis. Reacting 2-amino 5-substituted 1, 3, 4-thiadiazole of 

general formula 3 with substituted a-haloaryl/heteroaryl ketones, as outlined in the scheme, yields compounds 1–9, including 

a substituted aryl group at positions 5 and 6. Thin-layer chromatography was used to check the reaction with different 

mixtures of solvents, such as n-hexane: ethyl acetate: formic acid (5:4:1), benzene: acetone (7:3), and chloroform: methanol 

(9.5:0.5). Comparison revealed that the Rf values differed from each other. The determination of the melting points of the 

derivatives was made. 

Table 1: The molecular docking score with Hydrogen Bond Donor and Hydrogen bond Acceptor 

Sr. 

No. 

Molecule No Docking Score  Hydrogen Bond 

Donor  

Hydrogen bond 

Acceptor 

1 1 -78.3 02 06 

2 2 -22.8 03 07 

3 3 -83.2 03 07 

4 4 -48.7 02 06 

5 5 -14.7 02 06 

6 6 -70.3 03 07 

7 7 -45.2 02 07 

8 8 -20.3 03 06 

9 9 -65.4 02 07 

10 3KJ7 -89.40 03 07 

 

Human Tumor Cell Line (NCI-60 DTP): 

A single administration of 10µM is employed to evaluate all compounds across the 60 cell lines in the initial phase of the 

two-stage screening process.   The comparison program may evaluate the outcomes from the single dose screen, shown as a 

mean graph.   The 60-cell panel is employed to further evaluate substances exhibiting significant growth inhibition across 

five distinct concentration levels.  
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Table 2: List of design molecules  

Molecule No R1 R2 

1 4-(OCH3)C6H4 C6H5 

2 C6H5 C6H5 

3 4-(CH3)C6H4 C6H5 

4 4-(SCH3)C6H4 C6H5 

5 4-ClC6H4 C6H5 

6 4-BrC6H4 4-OCH3C6H4 

7 4-(OCH3)C6H4 4-OCH3C6H4 

8 4-(SCH3)C6H4 4-OCH3C6H4 

9 4-(Cl)C6H4 - 

 

Invitro cancer activity:  

The human cancer cell lines used for cancer screening are grown in a special liquid called RPMI 1640, which has added L-

glutamine and 5% fetal bovine serum. Depending on how quickly the isolated cell lines grow, cells are placed into 96-well 

microtiter plates with 100 µL of liquid, using between 5,000 and 40,000 cells in each well for a typical screening test. Before 

adding the experimental drugs, the microtiter plates are kept at 37°C for 24 hours with 5% CO₂, 95% air, and 100% humidity 

after the cells are added. Two plates of each cell line are fixed in situ with TCA after 24 hours to quantify the cell population 

at the time of drug administration (Tz). Before giving the drugs, the experimental pharmaceuticals are frozen and then mixed 

with dimethyl sulfoxide to make a solution that is 400 times stronger than the highest concentration that will be tested. A 

portion of frozen concentrate is thawed and diluted with complete medium containing 50 µg/ml gentamicin upon medication 

addition. This is executed at twice the desired ultimate maximum test concentration. Five drug concentrations, along with a 

control, are achieved through the preparation of four further ten-fold serial dilutions. The final drug concentration is reached 

by adding 100 µl samples of the different drug dilutions into the right microtiter wells, which already have 100 µl of medium 

in them. Following the administration of the drug, the plates are incubated for a further 48 hours at 37 °C, with 5% CO₂, 95% 

air, and 100% relative humidity. The introduction of cold TCA concludes the experiment for adherent cells. 50 µl of cold 

50% (w/v) TCA (final concentration, 10% TCA) is meticulously applied to the cells for fixation, followed by a 60-minute 

incubation at 4 °C. The plates are rinsed five times with tap water and permitted to air dry, while the supernatant is discarded. 

Each well is allocated 100 µl of a sulforhodamine (SRB) solution at a concentration of 0.4% (w/v) in 1% acetic acid. The 

plates are subsequently permitted to rest at ambient temperatures for 10 minutes. After staining, we allow the plates to air 

dry and then remove the excess dye by washing them five times with 1% acetic acid. After the dye is dissolved using 10 mM 

Trizma base, the amount of light absorbed is measured at 515 nm with an automatic plate reader. The process is the same for 

suspension cells, but 50 µl of 80% TCA is gently added to the wells to fix the cells that have settled at the bottom of the test. 

Upon achieving the activity level, values are calculated for each parameter; if the effect is not achieved or surpassed, the 

value for that parameter is indicated as exceeding or falling short of the tested minimum or maximum concentration. 

Additional structures of the synthesized compounds were elucidated using spectral data. In their spectra, compounds 1–9 

showed absorption bands starting at 1600 cm⁻¹ for the C=N stretch, while compound 3 had peaks at cm⁻¹ for NH₂. The 

creation of bridgehead nitrogen heterocycles 1–9 through cyclodehydration via 3 is shown by the loss of a single peak in the 

1H NMR spectrum between δ-6.0 and 6.5 ppm. The presence of a methoxy group in compounds 1–7 was shown by single 

peaks around 3.8 ppm, while the cyclopropane, methoxy, and methyl groups in their structures were indicated by separate 

peaks at 1.16-2.39, 3.73, and 2.47 ppm. Aromatic protons were distinctly observable in compounds 1–9 at δ 7.09–7.8 ppm. 

The strongest signals in the C-NMR spectra were found at δ 123.961, 159.137, and 162.905 ppm for the imidazole's C-N 

and the thiadiazole carbon's C-S. Carbon signals of the phenyl group were detected at δ values ranging from 128.0 to 132 

ppm. The M+1 peak of Compound 1 was seen at 348.0. The in vitro anticancer effectiveness of synthetic compounds was 

evaluated at NCI, USA. We examined the effects of several substituents at the 4' and 4" positions of the aromatic ring. 

Compounds 1 and 3 exhibited notable anticancer activity. 

4. CONCLUSION 

The synthesis of imidazo-thiadiazole derivatives is covered by the current work.  As part of a new series of derivatives, 

imidazo-thiadiazole with a cyclopropyl moiety was created by refluxing several substituted 2-bromo-1,2-diarylethanones 

with substituted 2-amino-1,3,4-thiadiazole in anhydrous ethanol.  The yield of the produced chemicals ranged from 70 to 80 
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percent.  In contrast to substituted phenyl compounds, we were able to produce a favorable yield of phenyl derivatives.  Each 

of the recently created substances was characterized using physical, spectroscopic, and analytical data.  The usual compounds' 

mass, NMR, and infrared spectra were examined. 
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