
 

501 | P a g e  

 

GREEN SYNTHESIS OF BENZOTHIAZOLE 

DERIVATIVES: A SUSTAINABLE APPROACH TO 

ANTICANCER AGENTS 

 
Nitesh Sharma 

Research Scholar 

Deptt. of Chemistry, Shyam University, Dausa (Raj.) 

 

Dr. Anil Bansal 

Research Supervisor 

Shyam University, Dausa (Raj.) 

 

DECLARATION: I AS AN AUTHOR OF THIS PAPER /ARTICLE, HERE BY DECLARE THAT THE PAPER SUBMITTED BY ME 
FOR PUBLICATION IN THE JOURNAL  IS  COMPLETELY  MY  OWN  GENUINE  PAPER.  IF  ANY  ISSUE  REGARDING  

COPYRIGHT/  PATENT/OTHER  REAL  AUTHOR  ARISES, THE  PUBLISHER  WILL  NOT  BE  LEGALLY  RESPONSIBLE.  IF  

ANY  OF  SUCH  MATTERS  OCCUR  PUBLISHER  MAY  REMOVE  MY  CONTENT  FROM THE  JOURNAL  WEBSITE.    FOR  
THE  REASON  OF  CONTENT  AMENDMENT  /OR  ANY  TECHNICAL  ISSUE  WITH  NO  VISIBILITY  ON  WEBSITE 

/UPDATES,   I   HAVE   RESUBMITTED   THIS   PAPER   FOR   THE   PUBLICATION. FOR  ANY  PUBLICATION   MATTERS 

OR ANY   INFORMATION INTENTIONALLY HIDDEN BY ME OR OTHERWISE, I SHALL BE LEGALLY RESPONSIBLE. 
(COMPLETE DECLARATION OF THE AUTHOR AT THE LAST PAGE OF THIS PAPER/ARTICLE 

 

Abstract : 

Benzothiazole derivatives are a prominent class of heterocyclic compounds known 

for their diverse biological activities, particularly their potential as anticancer agents. The 

traditional methods of synthesizing these compounds often involve the use of hazardous 

chemicals, non-renewable resources, and energy-intensive processes, which contradict the 

principles of green chemistry. This article explores the sustainable synthesis of 

benzothiazole derivatives through eco-friendly approaches and evaluates their anticancer 

activity. The study emphasizes the integration of green chemistry principles, such as the 

use of renewable resources, non-toxic solvents, and energy-efficient methods, in the 

development of potent anticancer agents. 

 

Key-words: Benzothiazole derivatives, Green synthesis, Anticancer agents, Eco-friendly 

synthesis, Microwave-assisted reactions, Ionic liquids, Solvent-free synthesis etc. 
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Introduction : 

Benzothiazoles, which include a fused thiazole and benzene ring, have a variety of 

biological actions, including as anti-inflammatory, anti-cancer, and antibacterial qualities. 

The anticancer potential of benzothiazole derivatives has been widely studied due to their 

ability to target multiple signaling pathways in cancer cells. Despite their pharmacological 

importance, traditional synthesis methods often pose environmental and health hazards. 

Green chemistry offers a sustainable alternative to conventional methods by 

promoting the use of safer reagents, reducing waste generation, and minimizing energy 

consumption. This study examines the environmentally friendly synthesis of benzothiazole 

derivatives and assesses their anticancer properties, highlighting how they could transform 

cancer treatment while upholding sustainable standards. 

 

Green Chemistry Principles in Benzothiazole Synthesis : 

Designing chemical processes and products that minimize or completely do away 

with the usage and production of hazardous compounds is the goal of green chemistry 

concepts. Key principles applied in the green synthesis of benzothiazole derivatives 

include: 

Use of Renewable Feedstocks- 

Biomass-derived precursors, such as aldehydes and amines from natural sources, 

are employed in the synthesis to minimize dependence on petroleum-based resources. 

 

Solvent Selection- 

Traditional solvents like dichloromethane and acetonitrile are replaced with green 

solvents, such as water, ethanol, and ionic liquids, which are non-toxic, biodegradable, and 

recyclable. 

Catalysis- 

The use of biocatalysts, metal-free organocatalysts, and reusable heterogeneous 

catalysts enhances reaction efficiency while reducing byproducts. 

Energy-Efficient Methods- 

Microwave-assisted synthesis and ultrasonic irradiation are employed to reduce reaction 
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times and energy consumption. 

 

Methods of Green Synthesis : 

Microwave-Assisted Synthesis- 

Microwave irradiation provides uniform heating and accelerates reaction rates, 

enabling the synthesis of benzothiazole derivatives under mild conditions. 

Reaction Example: 

• Reactants: o-Aminothiophenol and an aldehyde (e.g., benzaldehyde). 

• Reaction Condition: Microwave irradiation in ethanol at 80°C for 10 minutes. 

• Product: Benzothiazole derivative. 

 

Reaction Scheme: 

C_6H_5CHO + H_2NC_6H_4SH → C_6H_4(NH)-C(S)-C_6H_5 + H_2O 

 

 

Solvent-Free Synthesis : 

In this method, reactants are directly mixed and heated without the use of solvents, 

reducing waste and avoiding hazardous solvent disposal. 

Reaction Example: 

• Reactants: o-Aminothiophenol and a ketone (e.g., acetone). 

• Catalyst: p-Toluene sulfonic acid (PTSA). 

• Reaction Condition: 100°C for 1 hour. 

• Product: Substituted benzothiazole. 

Reaction Scheme: 

C_3H_6O + H_2NC_6H_4SH → C_6H_4(NH)-C(S)-CH(CH_3)_2 + H_2O 

 

 

Ionic Liquids and Deep Eutectic Solvents (DES) : 

Ionic liquids and DES serve as alternative reaction media, enhancing reaction rates 

and selectivity while being reusable. 

Reaction Example: 

• Reactants: o-Aminothiophenol and formaldehyde. 

• Solvent: Choline chloride-based deep eutectic solvent. 

• Reaction Condition: 70°C for 30 minutes. 
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• Product: Benzothiazole derivative. 

 

Reaction Scheme: 

HCHO + H_2NC_6H_4SH → C_6H_4(NH)-C(S)-CH_2 + H_2O 

 

 

Biocatalytic Approaches : 

In moderate, aqueous circumstances, enzymes like lipases and peroxidases catalyze 

the creation of benzothiazole derivatives, guaranteeing selectivity and having no effect on 

the environment. 

 

Anticancer Activity of Benzothiazole Derivatives : 

The anticancer potential of benzothiazole derivatives arises from their ability to 

interfere with key biological pathways involved in cancer progression. Notable 

mechanisms include: 

DNA Intercalation- 

Benzothiazole derivatives bind to DNA, disrupting replication and transcription in 

cancer cells, leading to apoptosis. 

 

Inhibition of Tyrosine Kinases- 

Certain derivatives inhibit tyrosine kinase activity, a critical enzyme in cancer cell 

proliferation and survival. 

 

Induction of Oxidative Stress- 

These compounds induce reactive oxygen species (ROS) generation in cancer cells, 

causing oxidative damage and cell death. 

 

Mitochondrial Pathway Activation- 

Benzothiazole derivatives trigger the mitochondrial apoptotic pathway, leading to 

the release of cytochrome c and activation of caspases. 

 

Case Studies and Experimental Data : 

Synthesis and Evaluation- 
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In a recent study, benzothiazole derivatives were synthesized using microwave- 

assisted methods and evaluated for anticancer activity against breast (MCF-7) and lung 

(A549) cancer cell lines. Key findings include: 

• Yield: 85-95% under optimized conditions. 

• Cytotoxicity: IC₅₀ values ranged from 2.5 to 8 µM, indicating potent activity. 

• Selectivity: Higher toxicity to cancer cells than normal cells. 

•  

Comparative Analysis- 

A solvent-free synthesis approach was compared with conventional methods for its 

environmental impact: 

• Energy Consumption: Reduced by 40%. 

• Waste Generation: Reduced by 50%. 

• E-Factor: Improved by 30%, indicating better process efficiency. 

 

 

Challenges and Future Directions : 

While green synthesis offers numerous benefits, certain challenges remain: 

• Scalability: Translating lab-scale green methods to industrial-scale production. 

• Cost: High initial costs of green catalysts and advanced technologies. 

• Limited Awareness: Lack of widespread adoption of green chemistry principles in 

pharmaceutical industries. 

Future research should focus on: 

• Developing more robust and cost-effective catalysts. 

• Expanding the scope of green solvents and renewable feedstocks. 

• Enhancing interdisciplinary collaboration between chemists, biologists, and 

environmental scientists. 

Conclusion: 

The green synthesis of benzothiazole derivatives represents a promising pathway 

to developing potent anticancer agents while adhering to sustainable practices. By 

integrating green chemistry principles, this approach minimizes environmental impact, 

reduces resource consumption, and enhances process efficiency. The anticancer potential 

of these derivatives, coupled with their eco-friendly synthesis, underscores their 

significance in advancing both healthcare and sustainability. To overcome obstacles and 
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fully utilize green chemistry in pharmaceutical research, more innovation and cooperation 

will be needed. 
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