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Abstract 

1,3,4-thiadiazole derivatives were prepared by different substituted nitrobenzene and evaluated for 

anticancer activity. Resistance to these anticancer agents has posed a great hindrance in successful 

treatment of cancer. Pondering this ongoing situation, it was speculated to develop novel compounds 

targeting cancer. All the newly synthesized compounds code 3a-d were further evaluated for anticancer 

activity against MCF-7 cell lines using MTT assay. Molecular docking studies were performed using 

VLife MDS 4.3 software. Compound code 3b exhibited good docking scores of -69.14. The findings 

indicated that every by MTT showed substantial behavior, including MCF-7. Compound code 3b finds 

itself more promising anticancer agents by comparing with standard drug as 5-fluorouracil. The 

anticancer and docking results highlight the fact that the synthesized compound code 3b could be 

considered as possible hit as therapeutic agents. A significant correlation was observed between the in-

silico and the in-vitro studies. 
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1. INTRODUCTION

Academic institutes and testing centers are also actively interested in the production and optimisation of 

experimental medicines in biomedical science. New molecule not with standing comprehensive research-

based pharmaceutical sector efforts in this field. Drug creation includes the usage of the current 

commodity to accommodate potential medical needs, in addition to the exploration of novel chemical 

entities1.Cancer is a condition in which one or more cells cause unchecked growth and often metastasis2. 

This refers either to a dense mass of tumor-related cells or to liquid cancer (i.e. cancer of the blood or 

bone marrow). This impacts people of all ages, with the possibility that certain styles may rise with age3. 

Cancer is a global leading cause of death. Lung and liver tumors cause the larger amount of deaths from 

disease. Per year, depending on cancer form4. Treatments include surgery, radiation therapy, 

chemotherapy (chemotherapy includes the usage of low molecular weight drugs to specifically kill tumor 
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cells or at least reduce their proliferation) and specific therapies5-6 . Chemotherapy for cancer has been one 

of the biggest scientific advances in medications used for chemotherapy in recent decades, although they 

have a small clinical spectrum and hence a high incidence of adverse side effects. Due to the general 

toxicity associated with the clinical usage of modern chemotherapeutic agents for cancer, effective cancer 

diagnosis remains a major concern. Important side effects Compared to the general toxicity associated 

with the clinical use of traditional chemotherapeutic agents for cancer, effective cancer detection remains 

a major concern. Significant side effects such as weakness, vomiting, hair loss, diarrhea and severe 

infections often due to leukopenia are often correlated with chemotherapy. The need for faster production 

of new, more efficient and less harmful chemotherapeutic agents is thus unquestioned7. The development 

of novel antitumor agents is one of the most important medicinal chemistry and oncology study fields. In 

recent times, 1,3,4-thiadiazole derivatives have also acquired significant attention in recent years and have 

been quickly researched owing to their wide variety of biological properties such as anti-fungal, 

antibacterial, anti-inflammatory, analgesic, antileishmanic, antibacterial, anticancer, antihepatitis 

anticancer. 1,3,4-thiadiazoles demonstrate a number of biological properties, possibly because of  =N-C-

S. The common process for producing 1,3,4-thiadiazoles includes the standard and microwave conditions 

for the reaction of carboxylic acid, thiosemicarbazide and elemental sulfur5. The chemical structures 

surrounding the nucleus of 1,3,4-Thiadiazole is reported with potential anticancer activity8-9. Throughout 

this work, we concentrated on the synthesis of novel derivatives 1,3,4-thiadiazole and investigated their 

anticancer action against cancerous cell lines MCF-7. Breast cancer is the leading cause of death 

in worldwide, and the most common cancer among women. Cancer is an major prevalence. Cancer is 

considered one of the leading causes of disease-related mortality and the estimated cancer death rate alone 

will hit about 10 million by the end of 2020. There are over 60 different organs in the body that can 

develop cancer from nearly any cell type in the body. Cancer cell are formed when normal cell lose the 

normal regulatory mechanism Controlling development and multiplication. If the cancer is present, it is 

said that it is benign and if the cancer cell invade another section of the body and set up secondary 

tumor’s known as metastasis10-13. Green chemistry is defined as the synthesis, design, development and 

application of chemical products to reduces hazardous substances. The application of green chemistry 

principles and practices renders regulation, control, clean-up, and remediation of the environment14-15. 

The promotion of microwave assisted reactions in organic chemistry has improved the speed, reduced 

cost, reduced energy spent making it a sustainable process and is widely reffered as “Green chemistry” 

measures whose applications are promoted today to minimize the use of non-renewable resources as well 

as polluting solvent, to reduce generation of secondary products which are often toxic and to reduce the 

emission of harmful gases16-24. Microwave assisted reactions in organic chemistry achieve the same by 

ensuring facilitation of faster reactions under bulk conditions as well as promoting reduction of reaction 
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time. Reactions play the most fundamental role in synthesis25-27. The ideology of Green chemistry calls 

for the development of new chemical reactivities and reaction conditions that can potentially provide 

benefits for chemical syntheses in terms of resource and energy efficiency, product selectivity, 

operational simplicity, and health and environmental safety28-34. It can affect physical and chemical 

stability, apparent solubility, dissolution, bioavailability and bioequivalence and drug product 

manufacturability, which require special attention during product development as it affects drug product 

quality, protection and effectiveness. Recrystallization can affect physical and chemical stability, apparent 

solubility, dissolution, bioavailability and bioequivalence and drug product manufacturability, which 

require special attention during product development as it affects drug product quality, protection and 

effectiveness. It Isolation of impurities by recrystallization traditional techniques i.e crystallization of 

drug substance is used. It is one of the effective element in drug development35-38. Microwave irradiation 

provides an alternative to the conventional methods, for heating or introducing energy into the system. It 

utilizes the ability of mobile electric charges present in liquid or conducting ions in solid to transform 

electromagnetic energy into heat. Microwave radiations are electromagnetic waves. In the 

electromagnetic spectrum, the microwave radiation region is located between infrared radiation and radio 

waves39. The need for different organic compound libraries for drug discovery, biomaterial development, 

automated library screening, proteomics etc has supported the emergence of innovative technologies for 

rapid combinatorial organic synthesis using MAOS synthesis40-47. Molecular docking is an attractive 

scaffold to understand drug biomolecular interactions for the rational drug design and discovery, as well 

as in the mechanistic study by placing a molecule (ligand) into the preferred binding site of the target 

specific region of the DNA/protein (receptor) mainly in a non-covalent fashion to form a stable complex 

of potential efficacy and more specificity. The information obtained from the docking technique can be 

used to suggest the binding energy, free energy and stability of complexes. At present, docking technique 

is utilized to predict the tentative binding parameters of ligand-receptor complex. In the current study in-

silico molecular docking was studied docking tools, VLifeMDS software were used to identify which 

docking method works better with the target proteins. Here we present synthesis, characterization and 

anticancer and briefly present results from the docking and screening experiments48. 

 

2. MATERIALS AND METHODS 

Chemistry: 

All chemicals and solvents were procured from commercial sources, purified and dried using standard 

procedures from literature whenever required the reagents were purchased from Research laboratory and 

Merck laboratory Mumbai. The melting points of synthesized compound were determined in open 
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capillary tube method and are uncorrected. Thin layer chromatography was used confirmation of reaction 

and the purity of the intermediate and the final compounds by applying a single spot on TLC plate (silica 

gel G) using various solvents such as toluene, acetone, ethanol system. TLC plates were visualized under 

iodine chamber. IR spectra were recorded on FTIR. Chemical shift are reported in δ unit with respect to 

TMS as internal standard at Diya lab, Airoli, Mumbai. Mass spectra were recorded on Pe sciex (model no. 

API 2000) software analyst 1.4.2 mode: Q1MS Q1/AUTO INJECTION from Diya lab, Airoli, Mumbai. 

The test compounds were synthesized by following procedure. 

 

General Procedure for the Synthesis of Methyl benzoate (1a) 

Methyl benzoate was synthesized by adding 0.1 mol of benzoic acid in 20 ml of methanol. and reaction 

mixture was irradiated in microwave for 15 min at 340 watt. By adding few drops of H2SO4 as catalyst.  

After completion of reaction solid mass was formed and TLC was checked. 

 

General Procedure for Synthesis of 5-phenyl-1,3,4 thiadiazole-2-amine (2b) 

In the mixture of above methyl benzoate, thiosemicarbazide (0.1mol) was added. The reaction mixture 

was irradiated in microwave for 20-30 min at 340 watt.  

 

General Procedure for Synthesis of N-(substituted)-5-phenyl-1,3,4-thiadiazol-2-amine (3a-d) 

In 5-phenyl-1,3,4 thiadiazole-2-amine, add (0.1mol) of substituted nitrobenzene and irradiate this mixture 

in microwave for 30min at 340 watt. After the completion of the reaction solid mass was formed and TLC 

was checked, and the product was recrystallized with methanol. 
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Scheme 1: Synthetic route for the preparation of the title compound (3a-d) 

 

Analytical Data of the N-(substituted)-5-phenyl-1,3,4-thiadiazol-2-amine 

3a. N-(2-nitrophenyl)-5-phenyl-1,3,4-thiadiazol-2-amine 

Yield: 82%; m.p. 122-124
0
C; IR (KBr, cm-

1
): 1456.91(C=N), 1565.56 (NO2), 3156.21 (N-N str), 3412.65 

(C-NH str), 1H NMR (DMSO-d6, 400MHz)  δ: 3.38-3.42  (3H, t, Ar-H), 4.52 (s, 1H, NH), 7.34-7.41 (m, 

5H, Ar-H); mass m/z (M+) 298.5. 

3b. N-(2,4-dinitrophenyl)-5-phenyl-1,3,4-thiadiazol-2-amine 

Yield: 88%, m.p 131-1330C, IR (KBr, cm-1): 1428.99 (C=N), 3224.14 (N-N Str), 1558.82 (NO2), 1H 

NMR (DMSO-d6, 400MHz)  δ: 3.24-3.99  (2H, d, Ar-H), 4.35 (s, 1H, NH), 7.29-7.83 (m, 5H, Ar-H); 

mass m/z (M+) 343.4. 

3c. N-(3-nitrophenyl)-5-phenyl-1,3,4-thiadiazol-2-amine 

 Yield: 74%, m.p 138-1400C,  IR (KBr, cm-1): 1429.42 (C=N), 1584.18 (NO2), 3258.31 (N-N str), 

3604.52 (C-NH str), 1H NMR (DMSO-d6, 400MHz)  δ: 3.57-3.64  (3H, t, Ar-H), 4.21 (s, 1H, NH), 7.75-

7.88 (m, 5H, Ar-H); mass m/z (M+) 298.4. 
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3d. N-(4-nitrophenyl)-5-phenyl-1,3,4-thiadiazol-2-amine 

Yield: 69%, m.p 147-1490C,  IR (KBr, cm-1): 1429.42 (C=N), 1549.23 (NO2), 3243.12 (N-N str), 3615.35 

(C-NH str), 1H NMR (DMSO-d6, 400MHz)  δ: 3.49-3.52  (3H, t, Ar-H), 4.38 (s, 1H, NH), 7.51-7.62 (m, 

5H, Ar-H); mass m/z (M+) 298.3. 

Molecular Docking Studies: 

All Molecular docking were performed using the molecular modeling software (VLifeMDS) version 4.3. 

It provided a facility to dock different ligands in protein binding sites chosen by the user. VLifeMDS has 

provided rigid (no torsional flexibility for a protein as well as a ligand) and flexible (torsional flexibility 

to a ligand with a rigid protein) docking of the molecules. The target or receptor was either 

experimentally known or theoretically generated through homology modelling or knowledge-based 

protein modeling. The molecular docking tool has been developed to obtain a preferred geometry of 

interaction of ligand–receptor complexes having minimum interaction energy based on different scoring 

functions viz. only the dock score, electrostatics and the sum of steric and electrostatic (parameters from 

the force field). This utility allowed us to screen a set of compounds for the purpose of lead optimization. 

VLifeMDS uses the Piecewise Linear Pair Wise Potential (PLP), genetic algorithm and Grid algorithms 

to minimize the interaction energy between the ligand and receptor protein. BioPredicta produces least of 

inaccurate poses and 85% of binding models from native co-crystallized structure. The docking studies 

were carried out using The crystal structure potent inhibitors of NUDT5 silence hormone signaling in 

breast (PDB Code-5NQR). Ligand preparation 2D structure of 1,3,4-thiadiazole derivatives was drawn 

using chemsketch software. All structures were cleaned and 3D optimized. All the 3D structures were 

optimized using Merck molecular force field (MMFF) with distance dependent dielectric function and 

energy gradient of 0.01 kcal/mol A with 10000 numbers of cycles. The conformers for all structures were 

generated and the low energy conformer for each compound was selected and used for further study. The 

VLifeMDS 4.3 BioPredicta tool was used to evaluate the binding free energy of the inhibitors against the 

5NQR receptor to gain insight into the binding modes of 1,3,4-thiadiazole.  

Selection and preparation of ligands and target protein crystal structures 

The ligands (1,3,4-thiadiazole) were studied for their binding activities. The 2D structures of were drawn 

using chemsketch software and converted to 3D conformations. The conformers thus obtained, were 

optimized (MMFF) till they reached a rms gradient energy of 0.001 kcal/mol. A The crystal structure 

potent inhibitors of NUDT5 silence hormone signaling in breast (PDB Code-5NQR) from the RCSB 

Protein Data Bank. All bound water molecules and ligands were removed from the proteins and polar 

hydrogens were added. The protein structure was energy minimized using Merck molecular force field 

Journal of University of Shanghai for Science and Technology ISSN: 1007-6735

Volume 22, Issue 11, November - 2020 Page-525



(MMFF)] with distance dependent dielectric function and energy gradient of 0.01 kcal/mol A with 10000 

numbers of cycles. 

Identification of cavities 

The cavities in the receptor were mapped to assign an appropriate active site. The basic features used to 

map the cavities were the surface mapping of the receptor and identifying the geometric voids as well as 

scaling the void for its hydrophobic characteristics using VLife MDS analyze tool. Hence all the cavities 

that are present in receptor are identified and ranked based on their size and hydrophobic surface area.  

Run of docking study 

The genetic algorithm (GA) docking of the conformers of each was done by positioning with the active 

site of cavity using V Life MDS 4.3 package following the standard operating procedures. The complexes 

were energy minimized using the MMFF method, till they reached an rms gradient of 0.1 kcal/mol. The 

binding energy in kcal/mol or the ligand–receptor interaction energy obtained after docking the ligands 

into the enzyme active site can be defined as: 

E = InterEq + InterEvdW + IntraEq + IntravdW + IntraEtor 

Where, 

InterEq= Intermolecular electrostatic energy of complex; 

InterEvdW= Intermolecular vdW energy of complex; 

IntraEq= Intramolecular electrostatic energy of ligand; 

IntraEvdW= Intramolecular vdW energy of ligand and 

IntraEtor= Intramolecular torsion energy of ligand 

The conformers for all structures were generated and the low energy conformer for each compound was 

selected and used for further study49-50. 

 

Anticancer Evaluation: 

MTT assay and Anti proliferative activity 

The in-vitro anti-proliferative activity was carried out on three human carcinoma cell lines namely MCF-

7. All the cell lines were grown in DMEM-HG supplemented with 10% heat-inactivated FBS, 2% 

Penicillin-Streptomycin and 2.5 μg/mL Amphotericin-B solutions. Cell lines were incubated at 37°C in a 
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humidified atmosphere of 95% air, 5% CO2. Following 24-48 hrs. of incubation period, the adherent cells 

were detached using Trypsin-EDTA solution. Cell count was determined using the Luna automated cell 

counter based on trypan blue dye exclusion method. Cytotoxicity of the novel N-(substituted)-5-phenyl-

1,3,4-thiadiazol-2-amine derivatives have been determined using MTT 3-(4,5-Dimethylthiazol-2-yl)-2,5-

diphenyltetrazolium bromide) assay.  

Cell Viability Assay (MTT Assay)  

200μL cell suspension was seeded in 96-well microplates at a density of 25,000 cells/well and incubated 

for 24hrs, all cells were seeded in duplicates with novel compounds 3a-3f having range of concentrations 

from 50μM-500μM, incubated in a CO2 incubator at 37°C. Treated cells were thereafter incubated with 

10% MTT (5mg/ml) for 3 hrs. The culture medium was then aspirated and 200μL dimethyl sulfoxide 

(DMSO; Sigma-Aldrich, India) was added. 5-Fluorouracil (5-FU) was used as standard. Cell viability was 

determined by measuring the absorbance on a microplate reader at 570nm. Cell viability was calculated as 

a percentage of viable cells at different test concentrations relative to the control (5-FU) cells [% cell 

viability = (A570 of treated cells /A570 of control cells) ×100%]51-52. 

3. RESULTS AND DISCUSSION 

 

Chemistry 

Methyl benzoate was synthesized by adding of benzoic acid in methanol and reaction mixture was 

irradiated in microwave for 15 min at 340 watts. By adding few drops of H2SO4 as catalyst.  After 

completion of reaction solid mass was formed and TLC was checked. In next step mixture of methyl 

benzoate, thiosemicarbazide was added. The reaction mixture was irradiated in microwave for 20-30 min. 

at 340 watt. In 5-phenyl-1,3,4 thiadiazole-2-amine, add substituted nitrobenzene and irradiate this mixture 

in microwave for 30min at 340 watt. After the completion of the reaction solid mass was formed and 

further checked by TLC, and the product was recrystallized with methanol. The reaction sequence is 

shown in Scheme 1. Microwave assisted synthesis is faster, better and safer green chemistry approach for 

the traditional reactions. The time taken for the synthesis of 1,3,4-thiadiazole is drastically reduced by the 

microwave assisted synthesis. This technique offers clean, simple, efficient, fast and economic for the 

synthesis of a number of organic molecules such reaction has new tool in the organic synthesis and highly 

accelerated rate of the reaction time with an improvement in yield and quality of product. The IR, NMR 

and mass spectra are fully consistent with the structure. 
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Molecular docking study 

The synthesized derivatives (3a-d) were evaluated for their anticancer activity. The dock score of 

compounds (3a-d) are shown in table and in that compound code 3b dock score is found to be -69.14 

shown minimum dock score than other compounds. As we compared result of compound 3b to the 

literature this docking score indicated that designed compounds have good binding affinity for binding to 

receptor (PDB Code-5NQR). The best pose obtained by docking results is reported (fig 2) where main 

interaction between ligand and receptor can be observed. All designed compound adopt a very similar 

conformation at binding pocket, showing Hydrogenated bond interaction with amino acid of ARG76B, 

Hydrophobic interaction with amino acid of GLN77, GLN80B, Vander Waals binding with amino acid of 

GLN81B, GLY14B, GLN81B, GLY143D Which shown by 2D representation diagram (fig 1). 

Superimpose image of 3b compound with receptor show in diagram (fig 3). 

 

Figure 1: 2D Representation of Docking Poses of Compound 3b 

 

Figure 2: 3D Representation of Docking Poses of Compound 3b 
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Figure 3: Superimpose Image Representation of Docking Poses of Compound 3b 

Table 1: Anticancer activity result of molecular docking studies by using GRIP Batch docking 

Sr. no Compound code Docking score 

(Kcal/mol) 

1 3a -28.81 

2 3b -69.14 

3 3c -37.16 

4 3d -48.29 

5 5-Fluorouracil -74.12 

 

Anticancer activity 

The synthesized 4-amino-5-(substituted phenyl)-4H-1,2,4-triazole-3-thiol (2a-f) were evaluated their 

anticancer activity on MCF-7 cell lines (50μM-500μM) in order to obtain the effective concentration at 

50% of the inhibited cells. The results are expressed as 50% of the total available cells inhibited after 

72hr. of incubation. The compound 2b showed good cytotoxicity having IC50 of 3.8 μM on MCF-7 cell 

lines respectively. The results of the MTT assay of these compounds were compared with the results of 

the standard 5-fluorouracil.  
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Table 2: IC50 values of the novel of N-(substituted)-5-phenyl-1,3,4-thiadiazol-2-amine derivatives for 

anticancer activity. 

Sr. 

no 

Compound 

code 

IC50  values of  1,3,4-

thiadiazole in µM 

MCF-7 

1 3a 45.8 

2 3b 8.2 

3 3c 110.3 

4 3d 68.1 

5 5-fluorouracil 10.5 

 

4. CONCLUSION 

The properties of 1,3,4-thiadiazole for anticancer have been tested by percent viability estimation. 

Through this analysis, it can be inferred that thiadiazole compounds may theoretically be transformed into 

effective anticancer agents that can enable future researchers to synthesize a collection of thiadiazole 

derivatives comprising a broad range of substituents in order to obtain new heterocyclic systems with 

enhanced anticancer action. More studies to develop and check related substances for wide variety of 

biological behavior. All the synthesized derivatives of novel series were synthesized by microwave 

method. Synthesis of compounds by the microwave method gives more yield and requires less time to 

complete the reaction. So, the microwave synthesis better method.  The brine shrimp lethality bioassay is 

considered as a useful tool for the preliminary assessment of toxicity. All the synthesized subjected for 

anticancer activity among all, the compound code 3b had significant anticancer activity. Electron with 

drawing groups seemed to be necessary factors in providing higher anticancer activity. 
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