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From the Desk of the Editor-in-Chief  

It gives me immense pleasure to present this special conference issue of the New Man International 

Journal of Multidisciplinary Studies (NMIJMS), published on the occasion of the One Day National 

Conference on Recent Trends in Heterocyclic Compounds (RTHC-2026), organized by the Department 

of Chemistry, Arts, Commerce and Science College, Gangakhed, on Saturday, 17th January 2026. The 

conference, generously supported by the Pradhan Mantri Uchchatar Shiksha Abhiyan (PM-USHA), 

reflects a significant academic effort to promote research, innovation, and interdisciplinary dialogue 

in the field of chemical sciences. 

Heterocyclic compounds continue to occupy a central position in modern chemistry due to their wide-

ranging applications in pharmaceuticals, agrochemicals, materials science, and biological systems. The 

present volume stands as a testimony to the dynamic and evolving nature of this domain, bringing 

together contributions from researchers, academicians, and scholars across diverse specializations. 

This conference issue includes a rich collection of research papers and review articles that highlight 

emerging trends in heterocyclic chemistry and its allied areas. The contributions reflect a strong 

emphasis on green chemistry approaches, including eco-friendly synthesis, microwave-assisted 

techniques, solvent-free reactions, and the use of sustainable catalysts. Studies such as enzyme-

catalyzed synthesis, green solvent utilization, and biosynthetic nanoparticle development demonstrate 

a growing commitment to environmentally responsible scientific practices. 

A notable feature of this volume is the integration of multidisciplinary perspectives. Alongside core 

heterocyclic chemistry research, the issue includes papers addressing environmental challenges, such 

as water quality assessment, soil pollution, climate change impacts, and phytoremediation strategies. 

These contributions underline the role of chemistry in addressing pressing global concerns and 

promoting sustainable development. 

The issue also reflects advancements in medicinal and biological chemistry, with several studies 

focusing on antimicrobial activities, drug design, bioactive compounds, and therapeutic applications 

of heterocyclic frameworks. Research on benzodiazepines, quinolines, tetrazoles, and sulfur-

containing heterocycles highlights the potential of these compounds in modern medicine. The 

incorporation of artificial intelligence and computational approaches in chemical research marks a 

progressive shift in methodology. Papers exploring AI in drug delivery, water quality analysis, and 

chemical system modeling indicate the transformative impact of digital technologies in scientific 

research. 

The diversity of topics presented in this volumeðfrom synthetic methodologies and catalytic 

transformations to environmental studies and agricultural chemistryðdemonstrates the true spirit of 

multidisciplinary research. The contributions not only enrich the academic discourse but also provide 

valuable insights for future investigations. 

We extend our sincere gratitude to all the authors for their scholarly contributions and to the reviewers 

for their critical evaluation and valuable suggestions. We also acknowledge the dedicated efforts of 

the organizing committee, convenors, and coordinators whose commitment ensured the successful 

conduct of the conference and the timely publication of this issue. 
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In particular, we express our appreciation to Chief Organizer Dr. B. M. Dhoot, Principal of the 

institution, for his visionary leadership, and to Issue Editor Dr. Sachin U. Kalme for his meticulous 

editorial work. We also acknowledge the contributions of the PM-USHA Coordinator Dr. Sanjivkumar 

V. Kshirsagar, Organising Secretary Mr. Ramkishan P. Giram, Convenor Prof. Dr. Suresh D. Dhage, 

and the entire organizing team. 

This conference volume, comprising a wide spectrum of 70 research contributions, stands as a valuable 

academic resource for researchers, students, and practitioners. We hope that the ideas, findings, and 

innovations presented herein will inspire further research and contribute meaningfully to the 

advancement of chemical sciences. We believe that initiatives like RTHC-2026 play a vital role in 

fostering scientific temperament, encouraging collaboration, and addressing contemporary challenges 

through research and innovation. 

 

Dr. Klayan Gangarde 

Editor -in- Chief,  

NMIJMS 
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ƬūĻūŐƈ łŸ. ĥɍūőūŏ ŀƎĸśŶ 
ĤɭǕ- Ƴů śƁŅ Ľŉūōūħ ŬŘǕń śƁ̓ū, 
ĸƁĸūķŶł  ŬĽ. ŋőŎńů 
Mob. 9420429142  

 

=========== === ================================================   

ŘŰŎ śƁŇŶŘ 

 śƁŅ Ľŉūōūħ ŬŘǕń śƁ̓Ŷȇū Ķœū, ŗūŬńș ŗ ŬŗȐūŉ ŏŜūŬŗɦūœŐūŅ ŬŇŉūƁĶ 17 ĽūŉŶŗūőů 2026 őźĽů 

őśūŐŉŘū̑ ŬŗŎūĸūŅŌƏ ĮĶ ŬŇŗśůŐ őū˺ƊůŐ őśūŐŉŘū̑ ŋŭőŚŇŶĻŶ ĥŐźĽŉ ĶőȹūŅ ĥœŶ ŜźŅŶ. Őū 

ŋŭőŚŇŶȇū ŬŉŬŏɃūŉŶ ŅȐ śƁŘźňĶ ƬūɭūŋĶūĶłűŉ śƁŘźňŉ ŋŶŋő ŏūĸűŉ ŋŰ̏Ķ ƬĶūŘŉūĻū ƬūĻūŐƈ 

łŸ.ōů.Įŏ. ňűŅ  śő ĥŬń Őū ŋŭőŚŇŶĻŶ śŏʉŐĶ Ƭū.őūŏŬĶŘŉ Ŭĸőūŏ ĥŬń ɏūƁȇū śŜĶūŐūƈŉŶ Ľź śƁĶ ̠

ĶŶ œū ĥŬń Ņź śƁĶ ̠ŋűńƈ ĶőȹūśūŁů ŅŶ ĽŶ ƬŐɇ ĶőŅ ĥŜŶŅ. ɏūŏŰŕŶ ɏūƁĻŶ ŏů ŏŉūŋūśűŉ ĤŬŎŉƁŇŉ 

ĶőŅź. ƬňūŉŏƁƧů ĨȂŅő ŬŘǕū ĤŬŎŐūŉūƁŅĸƈŅ ŏŜūŬŗɦūœŐūŅ ŗŶĸŗŶĸ˦ū ŬŗŚŐūƁȇū ŋŭőŚŇū ĥŐźŬĽŅ 

ĶőȹūŅ ĥ˜ū ĥŜŶŅ. ɏūĻū ŬŉŬˬŅĻ Ŭŗɦūņƌ ĥŬń ƬūɭūŋĶūƁŉū ŌūŐŇū Ŝźńūő ĥŜŶ. ŏŜūŬŗɦūœŐūŅůœ 

ĥŐ.ǎű.Į.śů. ŬŗŎūĸūĻŶ śŏʉŐĶ Ƭū.łŸ.śƁĽůŗ Ǖůőśūĸő, ŏŜūŬŗɦūœŐūŅůœ őśūŐŉŘū̑ ŬŗŚŐūĻŶ śŗƈ 

śŜĶūőů ƬūɭūŋĶ, ŏŜūŬŗɦūœŐūĻŶ ĨŋƬūĻūŐƈ, ĶŬŉ ˽ŏŜūŬŗɦūœŐūĻŶ ĨŋƬūĻūŐƈ, ĶūŐūƈœŐůŉ ĤňůǕĶ, 

ƬūɭūŋĶ, ĶŏƈĻūőů ĥŬń őśūŐŉŘū̑ ŬŗŚŐūȇū ŬŗɦūɘūƋŉů őū˺ƊůŐ őśūŐŉŘū̑ ŋŭőŚŇ ŐŘ̠ů 

ĶőȹūśūŁů ĽŶ ŋŭőƳŏ ĹŶŅœŶ ɏūƁĻŶ ŏů ŏŉūŋūśűŉ ňʈŗūŇ ˧ ǃ ĶőŅź. ĤŘū ŋŭőŚŇūŏŰŕŶ ŬŗɦūɘūƋȇū 

˧Ůǃŏɓ ŬŗĶūśūŏɭŶ ĥŬń ƬūɭūŋĶūƁȇū ĶŅŰƈɓūŏɭŶ, Ŭŗɦūņƌ ĥŬń ƬūɭūŋĶ ŐūƁȇūŏɭŶ śŏʉŐ Ĺłűŉ 

ŐŶŅ ĤśŅź. ɏūŏŰŕŶ ƬūĻūŐƈ łŸ.ōů.Įŏ. ňűŅ  śőūƁĻŶ ŏŉŋűŗƈĶ ĤŬŎŉƁŇŉ ĶőŅź. 

- ƬūĻūŐƈ łŸ. ĥɍūőūŏ ŀƎĸśŶ 

  
 

 

 

  



New Man International Journal of Multidisciplinary Studies (NMIJMS)            ISSN: 2348-1390 

Vol. 13| Issue 1 |   January 2026  7  www.newmanpublication.com 

ƬūĻūŐƈ łŸ. ōů.Įŏ. ňűŅ  

(M. Sc., B. Ed., CSIR-NET., SET., Ph. D., D. Litt.) 

Ƴů śƁŅ Ľŉūōūħ ŬŘǕń śƁ̓ŶĻŶ, 
Ķœū, ŗūŬńș ŗ ŬŗȐūŉ ŏŜūŬŗɦūœŐ, 
ĸƁĸūķŶł, ŬĽˣū ŋőŎńů 
Mob. 9822937768   
 
 

ƬūĻūŐūƋĻŶ ŏŉźĸŅR. 

ŏœū ŜŶ ŉŏűŇ ĶőŅūŉū ĤɏƁŅ ĥŉƁŇ ŜźŅ ĥŜŶ Ķů, ƬňūŉŏƁƧů ĨȂŅő ŬŘǕū ĤŬŎŐūŉ (PM -
USHA) ȇū ĤŬňŋɏūķūœů, ΧΥΧΪ-ΧΫ Őū ŘŷǕŬńĶ ŗŚūƈŅ śƁŅ Ľŉūōūħ ŏŜūŬŗɦūœŐūŅ ŬŗŬŗň ŬŗŚŐūƁŗő 
őū˺ƊůŐ ŋŭőŚŇūƁĻŶ ŐŘ̠ů ĥŐźĽŉ ĶŶ œŶ ĽūŅ ĥŜŶ. Φά ĽūŉŶŗūőů ΧΥΧΫ őźĽů, őśūŐŉŘū̑ ŬŗŎūĸūŉŶ 
"ŬŗŚŏĻƠůŐ śƁŐŰĸūƁŏňůœ ĤœůĶłůœ ƬŗūŜ" (Recent Trends in Heterocyclic Compounds) Őū 
ŬŗŚŐūŗő ĮĶŬŇŗśůŐ őū˺ƊůŐ ŋŭőŚŇŶĻŶ ĥŐźĽŉ ĶŶ œŶ ŜźŅŶ. Őū ŋŭőŚŇŶŅ ƬūɭūŋĶ, Ŭŗɦūņƌ, śƁŘźňĶ, 
ĨɦźĽĶ ĥŬń ŐŰŗū Řū̑Ȑ ĤŘū ΦάΥ Ɵŉ ĤŬňĶ śŜŎūĸůƁŉů ĥŋœů ŉźƁŇńů ĶŶ œů ŜźŅů. ŋŭőŚŇŶŇő˂ūŉ, 
"Recent Trends in Heterocyclic Compounds" Őū ŏŰǣ ŬŗŚŐūŗő ĮĶ ŬŗĻūőŏƁņŉ śƧ ĥŐźŬĽŅ 
ĶőȹūŅ ĥœŶ ŜźŅŶ. 

Őū őū˺ƊůŐ ŋŭőŚŇŶśūŁů ƬŏŰķ ŏūĸƈŇŘƈĶ (Resource Persons) ˇńűŉ Ƭū. łŸ. ĸĽūŉŉ őūŬŘŉĶő 
(ƬūɭūŋĶ, őśūŐŉŘū̑ ŬŗŎūĸ, ŬŘŗūĽů ŬŗɦūŋůŁ, Ķźˣūŋűő), łŸ. ŇůŋĶ Įś. Ňœūœ (ƬūɭūŋĶ ŗ 
ŬŗŎūĸƬŏŰķ, őśūŐŉŘū̑ ŬŗŎūĸ, ĶŗŬŐƧů ōŬŜńūōūħ ĻŻňőů ĨɃő ŏŜūőū˺Ɗ ŬŗɦūŋůŁ, Ľŕĸūŗ.), łŸ. 
ĤőŬŗŉ Ľūňŗ (Centre for Nano and Material Sciences - CNMS, Ľŷŉ ŐŰŬŉ˪Ŭśƈŀů Ƕźōœ 
ĶŴ ʺś, ōƁĸŕŰƛ) ĥŬń *ĶŲ Śů ŎűŚń* ĶūƁŅőūŗĽů ŇŶŘŏŰķ (ŋőŎńů ŬĽˣū) ŐūƁŉů ĨŋŮ̓Ņ ƬūɭūŋĶ, 
Ŭŗɦūņƌ ĥŬń śƁŘźňĶūƁŉū ŇŷŉƁŬŇŉ ĽůŗŉūŅ őśūŐŉŘū̑ūĻů ĤśœŶœů ŬŉŅūƁŅ ĸőĽ ŐūŬŗŚŐů ŏūĸƈŇŘƈŉ ĶŶ œŶ. 
ŏŜūŬŗɦūœŐūĻū ƬūĻūŐƈ ˇńűŉ, ŏů Őū śʇūŉŉůŐ ŏūĸƈŇŘƈĶūƁĻŶ ŏŉƂŋűŗƈĶ ĥŎūő ŏūŉŅź. ŘŶŅůŏɭŶ ŗūŋő˜ū 
ĽūńūͺŐū ĶůŀĶŉūŘĶŶ, ŅńŉūŘĶŶ ĥŬń ĽƁŅŰŉūŘĶŶ ŐūƁĻŶ ŌūŐŇŶ-ŅźŀŶ ŐūƁśūőǣū őūśūŐŬŉĶ ǕŶƧūŅůœ 
śƁŘźňŉūœū Ļūœŉū ŇŶȹūśūŁů Őū ŋŭőŚŇŶĻŶ ŏŜɅ œǕūŅ ĹŶŅū, ŏœū ķūƧů ĥŜŶ Ķů ŏŜūŬŗɦūœŐūĻŶ ƬūɭūŋĶ 
ĥŬń Ŭŗɦūņƌ ŇŷŉƁŬŇŉ ĽůŗŉūŅ őśūŐŉŘū̑ūȇū ĨŋŐźĸūƁĻū śƁŇŶŘ śŬƠŐŋńŶ ƬśūŭőŅ ĶőȹūśūŁů ĥŬń 
ɏūĻū ƬĻūő ĶőȹūśūŁů ĶźńŅůŜů Ķśő ōūĶů ŁŶŗńūő ŉūŜůŅ. 

ŏŜūŬŗɦūœŐūŉŶ Őū ŘźňŬŉōƁňūƁĻŶ (Research Papers) ĮĶū ŋŰ̏Ķūȇū ̠ƛŋūŅT ISBN 
ƠŏūƁĶūśŜTƬĶūŘŉ ĶőȹūĻū ŬŉńƈŐ ĹŶŅ˜ūŏŰŕŶ, Ŝū ĨŋƠŏ śŜŎūĸů ƬūɭūŋĶūƁśūŁůŜů ŬŉŬˬŅĻ 
ŌūŐŇŶŘůő ŁőŶœ. őśūŐŉŘū̑ ŬŗŎūĸūĻŶ ƬŏŰķ Ƴů. ĥő. ŋů. Ŭĸőūŏ; őśūŐŉŘū̑ ŬŗŎūĸūĻŶ ƬūɭūŋĶ Ƭū. 
łŸ. Įś. łů. ňūĸŶ ĥŬń łŸ. Įś. Őű. ĶœŏŶ; ŅśŶĻ ĦŅő ƬūɭūŋĶ ŗŲƁŇ ŐūƁȇū śūŏűŬŜĶ ƬŐɇūƁŅűŉ Őū 
ŋŭőŚŇŶĻŶ ŐŘ̠ů ĥŐźĽŉ ĶőȹūŅ ĥœŶ; Őū ĨŋƠŏūŅ śŗūƋŉůĻ ŏŜɅŋűńƈ ŐźĸŇūŉ ŬŇœŶ ĥŜŶ. 
Őū˧ŬŅŭőǃ, Ƭū. łŸ. śƁĽůŗ Ǖůőśūĸő (śŏʉŐĶ, IQAC), łŸ. ĻƁƩĶūƁŅ śūŅŋŰŅŶ (ĨŋƬūĻūŐƈ, ŗŭő˽ 
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ŏŜūŬŗɦūœŐ), łŸ. śƁŅźŚ ĸūŐĶŗūł (ĨŋƬūĻūŐƈ, ĶŬŉ˽ ŏŜūŬŗɦūœŐ) ĥŬń Ƴů. ŎūőŅ ŜɃůĤƁŬōőŶ 
(ĶūŐūƈœŐůŉ ĤňůǕĶ) ŐūƁŉůTŏŜūŬŗɦūœŐūŅůœ ĦŅő ƬūɭūŋĶ ŗ ĶŏƈĻūőů ŗĸūƈśŜTŐū ŋŭőŚŇŶĻŶ ŐŘ̠ů 
ĥŐźĽŉ ĶőȹūŅ Ĥŏű˜ śŜĶūŐƈ ŬŇœŶ. 

ŬŗŘŶŚŅƂ, 'śƁŅ Ľŉūōūħ ŬŘǕń śƁ̓Ŷ'ĻŶ ŋŇūŬňĶūőůTșūŏɭŶ ĤɭǕ ƬūĻūŐƈ łŸ. ĥɍūőūŏĽů 
ŅƎĸśŶ, ĨŋūɭǕ ł. őŏŶŘőūŗĽů ŏźŜźŕĶő, śŬĻŗ ł. śƁŅźŚőūŗĽů ŏŰƁłŶ, śŜśŬĻŗ ŏū. ŇŘőņőūŗĽů 
ĻŻňőů ĥŬń ĶźŚūɭǕ ł. śűŐƈĶūƁŅőūŗĽů ĻŻňőů ŐūƁĻū śŏūŗŶŘ ĥŜŶTŐūƁŉů Őū ŋŭőŚŇŶĻŶ ĥŐźĽŉ 
ĶőȹūŅ ĥŬń Ņů ŐŘ̠ů ĶőȹūŅ ĥˇūœū ƬĻƁł ƬźɔūŜŉ ŬŇœŶ. ŉŶŏǎū ŐūĻ ŋūŬŁƁʭūŏŰŕŶ Ŝů ŋŭőŚŇ 
ĤɏƁŅ ŐŘ̠ů Łőœů. ˇńűŉĻ, ŏů śƁ̓Ŷȇū śŗƈ ƬŘūśĶūƁƬŅů ŏūľŶ ŏŉƂŋűŗƈĶ ĥŎūő ˧ǃ  ĶőŅź. ŬŘŗūŐ, 
Őū ŋŭőŚŇŶśūŁů ĥŋœŶ ŘźňŬŉōƁň śūŇő ĶőńūͺŐū śŗƈ śƁŘźňĶ, ƬūɭūŋĶ ĥŬń ŬŗɦūɘūƋĻŶŜů ŏů ĥŎūő 
ŏūŉű ĦŮȃŅź. ŅśŶĻ, Ŝů ŋŭőŚŇ ŬŇŏūķŇūőŋńŶ ŐŘ̠ů ĶőȹūśūŁů őśūŐŉŘū̑ ŬŗŎūĸūŉŶ ĹŶŅœŶœŶ Ķ  ˺
ĥŬń ŇūķŗœŶœů Ŭŉ˽ū Őūōɜœ ŏů ɏū ŬŗŎūĸūŅůœ śƁŋűńƈ ƬūɭūŋĶ ŗĸūƈĻŶ ĤŬŎŉƁŇŉ ĶőŅź. 

 
 
 

ƬūĻūŐƈ łŸ. ōů.Įŏ.ňűŅ  
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łŸ.śŬĻŉ Őű. ĶœŏŶ 
őśūŐŉŘū̑ ŬŗŎūĸ 

Ƴů śƁŅ Ľŉūōūħ ŬŘǕń śƁ̓ŶĻŶ, 
Ķœū, ŗūŬńș ŗ ŬŗȐūŉ ŏŜūŬŗɦūœŐ, 
ĸƁĸūķŶł, ŬĽˣū ŋőŎńů 
Mob. 8329674209   

 

ŏŉźĸŅ 

ŬŇŉūƁĶ Φά ĽūŉŶŗūőů ΧΥΧΫ őźĽů, 'śƁŅ Ľŉūōūħ ŬŘǕń śƁ̓Ŷ'ȇū ĤŬňŋɏūķūœůœ 'Ķœū, ŗūŬńș ĥŬń 

ŬŗȐūŉ ŏŜūŬŗɦūœŐū'ȇū őśūŐŉŘū̑ ŬŗŎūĸūŉŶ ĮĶŬŇŗśůŐ őū˺ƊůŐ ŋŭőŚŇŶĻŶ ĥŐźĽŉ ĶŶ œŶ ŜźŅŶ. Őū 

ŋŭőŚŇŶĻū ŏŰǣ Ŏő ķūœůœ ŬŗŚŐūƁŗő ŜźŅū:  śƁ˴ŶŬŚŅ ĥŬń ŬŗŚŏĻƠůŐ őśūŐŉŘū̑ (Synthetic 

and Heterocyclic Chemistry),  ĳŚňů ĥŬń ŎŷŚŬĽĶ őśūŐŉŘū̑ (Medicinal and 

Pharmaceutical Chemistry),  ĳŚň śƁŘźňŉ ĥŬń ŉŴŉźŅƁƧȐūŉ (Drug Discovery and 

Nanotechnology) ĥŬń  ŋŐūƈŗőń őśūŐŉŘū̑ ŗ Ŝŗūŏūŉ ōŇœ (Environmental Chemistry 

& Climate Change). Őū ŋŭőŚŇŶŇő˂ūŉ, ŅȌ ŏūĸƈŇŘƈĶūƁŉů (Resource Persons) ĮĶ ŬŗĻūőŏƁņŉ 

śƧūĻŶ ĥŐźĽŉ ĶŶ œŶ. Őū śƧūŅ, ŘŶŅůŏɭŶ ŗūŋő˜ū ĽūńūͺŐū ĶůŀĶŉūŘĶŶ, ŅńŉūŘĶŶ ĥŬń ĽƁŅŰŉūŘĶŶ 

ŐūƁĻŶ ŌūŐŇŶ-ŅźŀŶ ŐūƁśūőǣū őūśūŐŬŉĶ ǕŶƧūŅůœ śƁŘźňŉūœū Ļūœŉū ŇŶńūͺŐū ŏŜɅŋűńƈ ŐźĸŇūŉūƁŗő ĻĻūƈ 

ĶőȹūŅ ĥœů. ŬŘŗūŐ, ŬŗŚŏĻƠůŐ śƁŐŰĸūƁĻŶ (Heterocyclic Compounds) ĽŷŬŗĶ ĥŬń ĳŚňů 

ŋŭőńūŏ Ņŋūśńūőů ĮĶ ĥŃūŗū ŋŭőŚŇ ˇńűŉŜů Őū ŋŭőŚŇŶŉŶ ŎűŬŏĶū ōĽūŗœů. Ķūōƈŉ łūŐİǙūĦłĻū 

(CO 2) ŐźǴ ŗūŋő Ķƛŉ ĽūĸŬŅĶ ŅūŋŏūŉŗūŃůŗő ĨŋūŐŐźĽŉū ĶőńŶ, Ŝū Őū ŋŭőŚŇŶĻū ĮĶ ƬŏŰķ ĨɜŶŘ 

ŜźŅū. ŐūŅ 'ŜŭőŅ őśūŐŉŘū̑' (Green Chemistry) Őū ŗŶĸūŉŶ ŬŗĶŬśŅ ŜźŅ ĤśœŶ˜ū ǕŶƧūĻū śŏūŗŶŘ 

ŜźŅū; șūĻŶ ĨŬɜ˺ CO 2 Őū ŀūĶūĩ ŗūŐűĻŶ ƛŋūƁŅő ĨȂ-ŏű ̃ ĤśœŶ˜ū ĥŬń Řū˵Ņ ŬŗŚŏĻƠůŐ 

śƁŐŰĸūƁŏɭŶ ĶőńŶ ŜŶ ĥŜŶ.  

Ŝů őū˺ƊůŐ ŋŭőŚŇ ƬūŏŰǣūŉŶ "ŬŗŚŏĻƠůŐ śƁŐŰĸūƁŏňůœ ĤœůĶłůœ ƬŗūŜ" (Recent Trends in 

Heterocyclic Compounds) Őū ŬŗŚŐūŗő ĥňūŭőŅ ŜźŅů. Őū ĶūŐƈƠŏūĻŶ ĮĶ ŏŜɅŋűńƈ ŗŷŬŘΈȦ ĥŬń 

ŏźŁŶ ŐŘ ˇńĽŶ, ŋŭőŚŇŶœū ĨŋŮ̓Ņ ĤśœŶ˜ū ŬŗɦūɘūƋȇū ŏŉūŅ őśūŐŉŘū̑ūȇū ĨŋŐźĸūƁŬŗŚŐůĻů ĥŗł 

Ŭŉŏūƈń ĶőńŶ ĥŬń ɏūɨūőŶ Ŭŗɦūņƌ śŏŰŇūŐūŏɭŶ ŋŐūƈŗőń śƁŗňƈŉūȇū Ļŕŗŕůœū Ļūœŉū ŇŶńŶ ŜŶ ŜźŐ. śƁŅ 
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Ľŉūōūħ ŬŘǕń śƁ̓ŶĻŶ śŗƈ ŋŇūŬňĶūőů, ŏŜūŬŗɦūœŐūĻŶ ƬūĻūŐƈ łŸ. ōů. Įŏ. ňűŅ, ŅśŶĻ ŏŜūŬŗɦūœŐūŅůœ 

ƬūɭūŋĶ, ƬŘūśĶůŐ ĶŏƈĻūőů ĥŬń ŬŗɦūņƌTșū śŗūƋŉů Őū ŋŭőŚŇŶĻŶ ĥŐźĽŉ ĶőȹūśūŁů ĥŬń Ņů 

ĤŎűŅŋűŗƈ ŐŘ̠ů ĶőȹūśūŁů ĤŜźőūƧ ŋŭőƳŏ ĹŶŅœŶTɏū śŗūƋĻŶ ŏů ŏŉƂŋűŗƈĶ ĥŎūő ŏūŉŅź. 

Őū˧ŬŅŭőǃ, ĥŏȇū Ŏűĸźœ ŬŗŎūĸūŅůœ ƬūɭūŋĶ łŸ. Įś. łů. ňūĸŶ, ŬŗŎūĸƬŏŰķ Ƴů. ĥő. ŋů. Ŭĸőūŏ, 

őśūŐŉŘū̑ūȇū 'Ĥʵūś ŏƁłŕūĻŶ' (Board of Studies) śŗƈ śŇ ,̝ ŅśŶĻ ̠ūŏů őūŏūŉƁŇ Ņůņƈ 

ŏőūŁŗūłū ŬŗɦūŋůŁūŅůœ őśūŐŉŘū̑ ŬŗŎūĸ ĥŬń ĦŅő ŘūķūƁŏňůœ śŗƈ śŜĶūőů ƬūɭūŋĶ ŐūƁĻŶŜů ŏů 

ĥŎūő ŏūŉŅź. Őū őū˺ƊůŐ ŋŭőŚŇŶœū Ŏ  ˧ŐŘ Ŭŏŕŗűŉ ŇŶȹūŅ ɏūƁĻŶ ĶŁźő ŋŭőƳŏ ĥŬń ŅȌ ŏūĸƈŇŘƈŉ 

ĤɏƁŅ ŏźœūĻŶ ŁőœŶ. ŋŰʌū ĮĶŇū, Őū ĶūŐūƈŅ śŜŎūĸů ĤśœŶ˜ū ƬɏŶĶūĻŶ ŏů ŏŉƂŋűŗƈĶ ĥŎūő ˧ǃ  

ĶőŅź. ŅśŶĻ, Őū ŋŭőŚŇŶȇū ŬŉŬŏɃūŉŶ ƬĶūŬŘŅ ŜźńūͺŐū ŋŰ̏Ķūȇū ƬĶūŘŉūĻů ĽōūōŇūőů 

̠ůĶūő˜ūōɜœ, 'ʈű ŏŴŉ ŋŮʮĶŶ Řʊ, ŋőŎńů' ŐŶņůœ Ƭū. Ķ˜ūń ĸƁĸūłƏ ŐūƁĻŶŜů ŏů ŏŉƂŋűŗƈĶ ĥŎūő 

ŏūŉŅź. śŇő ŋŰ̏Ķ 'ISBN' ƠŏūƁĶūśŜ ƬĶūŬŘŅ ŜźŅ Ĥś˜ūŉŶ, ŅŶ ƬūɭūŋĶūƁśūŁůŜů ŬŉŬˬŅĻ ĨŋŐŰǃ 

ŁőŶœ.  

 

 

- łŸ.śŬĻŉ Őű. ĶœŏŶ 
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Abstract:  

An environmentally and efficient biocatalytic method has been developed for the synthesis of imidazole 

derivatives via a one-pot, three component condensation of benzil, aromatic aldehydes, and ammonium acetate. The 

reaction employs ‌-chymotrypisn in water under mild conditions, offering operational simplicity, high selectivity, and 

compatibility with abroad range of aromatic aldehydes. The protocol provides a sustainable alternative to conventional 

methods by avoiding harsh chemicals and organic solvents, while allowing easy recovery of the biocatalyst. The resulting 

imidazole derivatives were confirmed by IR, NMR, and mass spectrometry demonstrating a practical approach for the 

synthesis of structurally diverse heterocycles. 

Keywords: -Imidazole derivatives, Ŭ-Chymotrypsin, Biocatalysis, One-pot synthesis, Multicomponent reaction, Green 

chemistry. 

 

Introduction : 

Imidazole-containing frameworks are widely found in 

natural products and medicinally important molecules [1]. 

In particular, polysubstituted imidazoles have drawn 

significant interest owing to their broad spectrum of 

chemical reactivity and biological relevance. These 

compounds frequently serve as core scaffolds in a variety 

of synthetic molecules [2]. 

Multicomponent reactions (MCRs) are powerful 

strategies in combinatorial chemistry, enabling the efficient 

and atom-economical construction of complex molecular 

frameworks through the one-pot combination of three or 

more reactants. Such reactions allow rapid generation of 

structural diversity while minimizing synthetic steps. 

Furthermore, MCRs are operationally simple and offer 

higher synthetic efficiency when compared to conventional 

multistep reaction protocols [3]. 

Imidazole derivatives constitute an important and 

versatile class of heterocyclic compounds owing to their 

broad spectrum of pharmacological and biological 

activities [4]. A wide range of imidazole-based molecules 

have been reported to exhibit analgesic [5], anti-

inflammatory [6], antibacterial [7], antitumor [8], and anti-

allergic properties [9]. Notably, several 2,4,5-trisubstituted 

imidazoles have found applications as fungicides and 

herbicides, as well as plant growth regulators [10]. In 

addition, the imidazole nucleus represents a key 

pharmacophoric motif in medicinal chemistry, functioning 

as an effective inhibitor of biologically significant targets 

such as p38 MAP kinase [11], B-Raf kinase [12], 

transforming growth factor-ɓ1 (TGF-ɓ1) type I activin 

receptor-like kinase (ALK5) [13], cyclooxygenase-2 

(COX-2) [14], and interleukin-1 (IL-1) biosynthesis [15]. 

As a result of this diverse biological profile, imidazole-

based drugs have gained increasing importance in clinical 

therapeutics. Compounds containing the imidazole scaffold 

have demonstrated notable anticancer [16], anticoagulant 

[17], and antimicrobial activities [18], which has 

stimulated continued interest among medicinal chemists 

toward the design and development of novel 

chemotherapeutic agents. 

A variety of synthetic strategies have been explored for 

the preparation of imidazole derivatives, including solvent-

assisted protocols and transition-metal-catalyzed 

approaches [19]. Despite their utility, many of these 

reported methods are associated with notable drawbacks 

such as prolonged reaction times, the requirement for large 

quantities of organic solvents, low product yields, and 

harsh refluxing conditions. Consequently, the design and 

development of straightforward, efficient, and 

environmentally benign synthetic methodologies for 

imidazole derivatives remain an important objective in 

modern organic synthesis.  

Despite the availability of numerous synthetic 

strategies for imidazole construction, relatively few studies 

have focused on the preparation of 1,2,4,5-tetrasubstituted 

imidazoles. These compounds are generally synthesized 

via a four-component condensation of aldehydes, 1,2-

diketones, amines, and ammonium acetate. Various 

catalytic systems have been employed to facilitate this 

transformation, including HY zeolite [20], silica 

gel/NaHSO4 [21], molecular iodine [22], potassium 

dodecatungstocobaltate trihydrate (K5CoW12O40·3H2O) 

[23], heteropolyacids [24], HClO4-SiO2 [25], InCl3·3H2O 

[26], and Lewis acid systems such as BFïSiO2, AlCl3, and 

MgCl2 [27]. Over the years, additional methods have been 

developed to improve efficiency and yield, including 

FeCl3·6H2O [28], alumina [29], and copper acetate [30]. 
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Despite these advances, most approaches still suffer from 

drawbacks such as laborious purification, significant waste 

generation, strongly acidic conditions, side reactions, and 

moderate yields. 

Herein, we present a sustainable and eco-friendly 

approach for the synthesis of imidazole derivatives through 

a one-pot, three-component condensation of benzil , 

various benzaldehyde derivatives, and ammonium acetate 

in an aqueous medium, utilizing Ŭ-chymotrypsin (0.8 

mg/mL) as a biocatalyst at 60 ÁC, offering mild reaction 

conditions, operational simplicity, and high selectivity. 

Experimental: 

Material and method: 

Benzil, aromatic aldehydes, ammonium acetate, and Ŭ-

chymotrypsin were obtained from commercial sources and 

used as received. All reactions were conducted in distilled 

water. Reaction progress was monitored by TLC on silica 

gel plates under UV light. Melting points were measured 

using a digital melting point apparatus and are uncorrected. 

The synthesized imidazole derivatives were 

characterized by IR (KBr), 1H and 13C NMR spectroscopy 

(using TMS as internal standard), mass spectrometry (ESI) 

to confirm their structures. 

General Procedure for the synthesis of benzimidazole 

derivative: 

A mixture of benzil (1.0 mmol), the appropriate 

aromatic aldehyde (1.0 mmol), and ammonium acetate 

(3.0 mmol) was taken in a reaction vessel containing water 

(10 mL). To this, Ŭ-chymotrypsin (0.8 mg/mL) was 

added, and the reaction mixture was stirred at 60 °C. The 

progress of the reaction was monitored by TLC. Upon 

completion, the reaction mixture was allowed to cool to 

room temperature, and the solid product formed was 

filtered off. The biocatalyst was simultaneously 

separated by simple filtration, washed with water, and 

retained for reuse. The crude product was washed with cold 

water and recrystallized from an appropriate solvent to 

afford the corresponding imidazole derivative in high 

purity . 

 

 

Result and Discussion: 

Using benzaldehyde as the model aromatic aldehyde, 

the synthesis of imidazole via a one-pot three-component 

condensation of benzil, aromatic aldehyde, and ammonium 

acetate was systematically optimized (Table 1). In the 

absence of Ŭ-chymotrypsin, the reaction proceeded 

sluggishly, giving only 8% yield after 12 h, highlighting the 

crucial role of the biocatalyst. A gradual increase in Ŭ-

chymotrypsin loading from 0.2 to 0.8 mg led to a consistent 

enhancement in yield along with a reduction in reaction 

time, while no significant improvement was observed 

beyond 0.8 mg, identifying it as the optimal catalyst 

amount. 

Table 1: Optimization of Reaction Conditions for the 

Ŭ-Chymotrypsin-Catalyzed Synthesis of Imidazole 

Derivatives 

 
Entry  ȷchymotrypsin 

 (mg) 

 

Temp. 

(0C) 

Solvent Time  

(hr.) 

Yield  

(%)X 

1 - RT - 12 8 

2 0.2 RT - 8 22 

3 0.4 RT - 7 34 

4 0.6 RT - 6 55 

5 0.8 RT - 4.5 64 

6 1.0 RT - 4 65 

7 0.8 60 - 3 74 

8 0.8 90 - 3 76 

9 0.8 60 DMSO 2.5 80 

10 0.8 60 DCM 3 78 

11 0.8 60 Water 2 85 

1) X is the isolated yield of the product 

 

Increasing the reaction temperature from room 

temperature to 60 °C significantly improved the reaction 

efficiency, whereas further heating to 90 °C afforded only 

marginal gains. Solvent screening revealed that although 

organic solvents provided moderate yields, water emerged 

as the most effective and sustainable medium, delivering 

the highest isolated yield (85%) in the shortest reaction 

time (2 h). Overall, the optimized conditions, 0.8 mg Ŭ-

chymotrypsin in water at 60 °C, offer an efficient, selective, 

and eco-friendly route for the synthesis of imidazole 

derivatives. 

Table 2: Substituent Effects in the Biocatalytic 

Synthesis of Imidazole Derivatives. 

The substrate scope of the optimized protocol was 

evaluated using various aromatic aldehydes in the one-pot 

condensation of benzil, aldehyde, and ammonium acetate 

(Table 2). The reaction efficiency was found to be strongly 

influenced by the electronic nature and position of 

substituents on the aromatic ring. 

 

 
Entry  R1 Time Yield M.P. (0C) 
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(hr.) (%) x Obs. Rep.[31,32] 

1 C6H4- 2 85 264 >260 

2 4-C6H4- 2.5 80 224-

226 

226-228 

3 4-OH-

C6H4- 

2.5 78 232-

234 

232-234 

4 2-

OCH3C6H4- 

3 74 224-

227 

227-228 

5 4-OCH3-

C6H4- 

3 78 210-

212 

210-211 

6 4-Cl-C6H4- 1.5 87 258-

261 

258-260 

7 2,4-(Cl)2-

C6H4- 

2 88 174-

176 

175-178 

8 2-NO2-

C6H4- 

2 90 228-

230 

230-231 

9 3-NO2-

C6H4- 

1.5 92 312-

314 

>300 

10 4-

NO2C6H4- 

1 95 233-

235 

235-236 

X is the isolated yield of the product 

 

Unsubstituted benzaldehyde afforded the imidazole 

product in good yield (85%) within 2 h, serving as a 

suitable benchmark. Aromatic aldehydes bearing electron-

donating groups such as hydroxyl and methoxy 

substituents exhibited comparatively lower yields and 

longer reaction times (74ï78%, 2.5ï3 h). This reduced 

reactivity can be attributed to the decreased electrophilicity 

of the aldehydic carbonyl carbon caused by electron 

donation, which slows down the initial nucleophilic attack 

during imine formation. 

In contrast, aldehydes containing electron-

withdrawing substituents (Cl and NO ) showed enhanced 

reactivity, leading to shorter reaction times and higher 

yields (87ï95%). These substituents increase the 

electrophilicity of the carbonyl group, facilitating faster 

condensation with ammonia and subsequent cyclization 

steps. Among them, nitro-substituted aldehydes were 

particularly effective, with para-nitrobenzaldehyde 

delivering the highest yield (95%) in the shortest time (1 

h), likely due to strong īI and īM effects that significantly 

activate the aldehyde group. 

Positional effects were also evident: ortho-substituted 

aldehydes generally required slightly longer reaction times 

compared to their para analogues, which can be ascribed to 

steric hindrance that partially impedes substrateïenzyme 

interaction. 

Overall, the observed trends clearly indicate that 

electron-withdrawing substituents favor high yields and 

rapid reactions, while electron-donating groups lead to 

relatively lower yields, underscoring the mechanistic 

influence of electronic and steric effects in the Ŭ-

chymotrypsin-catalyzed synthesis of imidazole derivatives. 

Conclusion: 

In summary, a green and efficient protocol has been 

established for the synthesis of imidazole derivatives 

through a one-pot, three-component condensation of 

benzil, aromatic aldehydes, and ammonium acetate using 

Ŭ-chymotrypsin as a biocatalyst in an aqueous medium. 

The optimized conditions, 0.8 mg of Ŭ-chymotrypsin in 

water at 60 °C enabled smooth reaction progress, affording 

the desired imidazole derivatives in excellent isolated 

yields ranging from 74% to 95% within short reaction 

times. 

The biocatalyst could be readily separated from the 

reaction mixture by simple filtration after completion of the 

reaction, highlighting the operational simplicity of the 

method. The protocol exhibited broad substrate scope, 

tolerating both electron-donating and electron-withdrawing 

aromatic aldehydes, with the latter providing higher yields 

due to enhanced electrophilicity. Overall, this 

environmentally benign and selective biocatalytic strategy 

offers a practical, sustainable, and scalable route for the 

synthesis of structurally diverse imidazole derivatives, 

aligning well with the principles of green chemistry. 
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Abstract: 

Green chemistry is a discipline of great interest in medicinal chemistry. It involves all fields of chemistry and it is 

based on the principle to conduct chemical reactions protecting the environment at the same time, through the use of 

chemical procedures able to avoid pollution. In this context, water as solvent is a good choice because it is abundant, 

nontoxic, non-caustic, and non-combustible. Even if microwave assisted organic reactions in conventional solvents have 

quickly progressed. The exploration of potential utilization of microwaves as an energy source for heterocyclic synthesis 

was herein investigated using  An efficient and environmentally sustainable method has been developed for the synthesis 

of a Microwave assisted ClaisenïSchmidt condensation of 2-Pyridinecarboxaldehyde and 4-Me Acetophenone in the 

presence of potassium carbonate as a mild base catalyst to afford the corresponding aromatic chalcones in good to excellent 

yield within 1ï3 min. The chemical structures were confirmed by analytical and spectral data. 

Keywords - Heteroaryl chalcones; Microwave irradiation; ClaisenïSchmidt condensation 

 

Introduction : 

In recent years, green chemistry has attracted 

considerable attention as an essential approach for the 

development of environmentally benign and sustainable 

chemical processes [1]. The primary objective of green 

chemistry is to minimize or eliminate the use and 

generation of hazardous substances, thereby reducing 

adverse impacts on human health and environmental 

contamination through preventive and sustainable 

strategies [2]. In organic synthesis, one of the major 

challenges remains the extensive use of toxic, volatile, and 

environmentally harmful solvents, creating an urgent need 

for cleaner and safer synthetic methodologies [3]. 

Consequently, numerous green synthetic approaches have 

been explored by researchers for the efficient synthesis of 

diverse organic and heterocyclic compounds. [4] 

Chalcones represent an important and versatile class of 

Ŭ, ɓ-unsaturated aromatic ketones that serve as key 

structural motifs in a wide range of biologically active 

molecules. Structurally, chalcones consist of an enone 

moiety linking two aromatic rings, which contributes to 

their chemical reactivity and biological relevance [5]. They 

are also referred to as benzalacetophenones or phenyl styryl 

ketones and are recognized as crucial intermediates in both 

the Auwerôs synthesis and the biosynthesis of flavonoids 

[6]. Several synthetic strategies have been reported for 

chalcone preparation; however, aldol condensation and 

ClaisenïSchmidt condensation between aromatic 

aldehydes and aryl ketones under acidic or basic conditions 

remain the most widely employed and reliable methods [7]. 

In recent years, microwave irradiation has emerged as 

a powerful and efficient tool in synthetic organic chemistry, 

offering significant advantages over conventional heating 

techniques. Microwave-assisted synthesis enables rapid, 

reproducible, and scalable reactions, often resulting in 

shorter reaction times, improved yields, enhanced 

selectivity, and cleaner reaction profiles [8]. Moreover, this 

technique allows reactions to be conducted under solvent-

free or minimal-solvent conditions and often in open 

vessels, thereby reducing safety hazards associated with 

high pressure and flammable solvents [9]. As a result, 

microwave-assisted methodologies have become an 

integral component of green chemistry-driven organic 

synthesis. 

Chalcones are also well-established intermediates for 

the construction of a variety of heterocyclic compounds, 

making them highly valuable scaffolds in medicinal 

chemistry. Chalcone-based compounds have been reported 

to exhibit a broad spectrum of pharmacological activities, 

including anti-inflammatory [10], antioxidant [11], 

antiviral [12], antibacterial [13], and antileishmanial 

activities [14]. The presence of the conjugated enone 

system plays a crucial role in these biological properties by 

facilitating interactions with biological targets. [15] 

In view of the significant biological importance of 

chalcones and the growing demand for environmentally 

sustainable synthetic protocols, the present study focuses 

on the microwave-assisted synthesis of heteroaryl 

chalcone, offering an efficient, green, and practical 

approach aligned with the principles of green chemistry. 

Experimental Section: 

All reagents were of analytical grade and used without 

further purification. Melting points were measured using 

open capillary tubes and are uncorrected. Thin-layer 

chromatography (TLC) was employed to monitor reaction 

progress and purity. Infrared spectra were recorded using 

KBr pellets, and ¹H-NMR spectra were obtained in CDCl  

with tetramethylsilane (TMS) as an internal standard. 

Microwave-assisted reactions were carried out in a 

domestic microwave oven operating at 2450 MHz with an 

output power of 600 W. 

General Procedure for the Synthesis of Heteroaryl 

Chalcones 3-(Pyridin -2-yl)-1-(4-methylphenyl)prop-2-

en-1-one: 

https://www.sciencedirect.com/topics/chemistry/condensation
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Equimolar quantities (0.01 mol) of 2-

Pyridinecarboxaldehyde and 4-Me Acetophenone were 

mixed with anhydrous potassium carbonate to form a 

homogeneous solid mixture. The mixture was subjected to 

microwave irradiation for 4-6 minutes. Reaction 

completion was confirmed by TLC. After cooling, the 

reaction mass was dissolved in ethanol and filtered to 

remove inorganic residues. The filtrate was concentrated 

and allowed to crystallize.[16] 

Table: Physical Data of Novel Heteroaryl Chalcones 

Compo

und 

Code 

Heteroaryl Aldehyde 

Used 

Substituted 

Acetopheno

ne 

Melti

ng 

Point 

(°C) 

Reacti

on 

Time 

(MWI

, min) 

Yie

ld 

(%) 

1 2-

Pyridinecarboxal

dehyde 

 4-Me 

Acetophen

one 

116 3.6 88 

Table 1 summarizes the physical and synthetic data for 

the synthesized heteroaryl chalcone derived from 2-

pyridinecarboxaldehyde and 4-methylacetophenone under 

microwave irradiation. The reaction proceeded efficiently, 

affording the desired chalcone in a short reaction time of 

3.6 min, demonstrating the effectiveness of microwave-

assisted synthesis. The isolated product exhibited a sharp 

melting point at 116 °C, indicating good purity and 

successful crystallization. Furthermore, an excellent yield 

of 88% was obtained, highlighting the high efficiency of 

the developed green protocol. Overall, the data confirm that 

the microwave-assisted, solvent-free ClaisenïSchmidt 

condensation provides a rapid, high-yielding, and 

reproducible approach for the synthesis of heteroaryl 

chalcones. 

Results and Discussion: 

The structure of 3-(pyridin-2-yl)-1-(4-methylphenyl) 

prop-2-en-1-one was confirmed using IR, UVïVis, and 

NMR spectroscopy. In the IR spectrum, a strong absorption 

band observed at 1662ï1682 cm ĭ corresponds to the 

conjugated Ŭ,ɓ-unsaturated carbonyl (C=O) stretching 

vibration, while bands in the region 1582ï1624 cm ĭ are 

attributed to C=C stretching of the olefinic and aromatic 

systems, consistent with chalcone derivatives [17]. The 

UVïVis spectrum exhibited an intense absorption 

maximum around 338ï352 nm, arising from ˊŸˊ* 

electronic transitions of the extended conjugated enone 

system, a characteristic feature of chalcones containing 

heteroaromatic rings [18]. The ¹H NMR spectrum 

displayed two trans-olefinic protons as doublets at ŭ 7.2ï

7.6 and ŭ 7.6ï8.0 ppm with a large coupling constant (J å 

15ï16 Hz), confirming the E-configuration of the enone 

moiety, while aromatic protons appeared in the expected 

regions, and a singlet at ŭ ~2.32 ppm was assigned to the p-

methyl group [19]. Further confirmation was obtained from 

the ¹³C NMR spectrum, which showed a characteristic 

downfield signal at ŭ ~192 ppm for the conjugated carbonyl 

carbon, olefinic carbons in the range ŭ 142ï151 ppm, 

aromatic carbons between ŭ 122ï140 ppm, and a methyl 

carbon resonance at ŭ ~23 ppm, fully consistent with the 

proposed chalcone structure [20]. 

Conclusion: 

A facile and green microwave-assisted methodology 

was successfully developed for the synthesis of 3-(pyridin-

2-yl)-1-(4-methylphenyl) prop-2-en-1-one. The protocol 

offers notable advantages, including solvent- and catalyst-

free conditions, mild reaction parameters, short reaction 

time, simple work-up, and excellent product yield. The 

enhanced reactivity observed under microwave irradiation 

highlights the efficiency of this approach, making it an 

economical and environmentally friendly alternative for 

the synthesis of heteroaryl chalcones. 
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Abstract:   

Particularly in quickly growing urban regions, plastic garbage has become a major environmental and public 

health hazard. The current study focuses on how plastic garbage affects human health and the environment in Kalamnuri 

City, Taluka Kalamnuri, District Hingoli, Maharashtra (MS). Plastic garbage accumulation has grown to be a major local 

problem as a result of urbanization, population growth, and poor waste management techniques. This study assesses the 

growing problem of managing plastic garbage in Kalamnuri, a major city in the Hingoli district. By 2026 

One significant source of waste is the Kalamnuri Municipal Council (M.C. Kalamnuri), which produces about 0.5 metric 

tons of street sweeping waste per day (MTD), a significant amount of which is made up of non-biodegradable plastics.This 

study examines the origins, kinds, and disposal practices of plastic garbage in the research region as well as its impacts on 

the soil, waterways, livestock, and biodiversity Jayavel, S., et al. (2024). The study also looks at the possible health 

problems that plastic pollution may pose to locals, including drinking water contamination, air pollution from burning 

trash, and exposure to microplastics.. Surveys, secondary sources, and field observations were used to gather data. The 

results show that burning plastic garbage, open dumping, and poor segregation are the main causes of Kalamnuri City's 

environmental deterioration and health risks. The study emphasizes how urgently better waste management systems, public 

awareness. 

Keywords: Plastic waste, Hazaradus substances, Health Problem, Plasti Pollution  

 

Introduction:  

One of the most enduring and widespread types of 

environmental contamination in the world today is plastic 

garbage. Plastic accumulates in natural ecosystems and can 

last for hundreds of years without significantly degrading 

because of its durability, affordability, and widespread use 

in packaging, household goods, and industrial uses. Rapid 

urbanization and rising consumerism in India have 

increased plastic consumption, which has resulted in a 

notable increase in industrial and municipal plastic waste 

with detrimental effects on ecosystems and human health. 

By changing the characteristics of soil, impeding plant 

growth, and contaminating water bodies, plastic waste 

negatively impacts both terrestrial and aquatic ecosystems. 

Animals in various environments may suffer physical 

harm, hunger, and reproductive failure as a result of 

consuming plastic waste. Furthermore, plastics never fully 

biodegrade; instead, they fragment into smaller pieces 

known as microplastics, which contaminate groundwater, 

rivers, and soils and pose long-term ecological risks. The 

integration of these microplastics into food webs 

eventually impacts ecological stability and biological 

diversity. Meshram & Mhatre et.al (2024.)  

Ghosh, S., et.al (2023), Plastic pollution has negative 

effects on human health in addition to natural systems. 

Now that microplastics have been found in food items, 

drinking water, and airborne dust, human populations 

around the world may be exposed. Furthermore, hazardous 

compounds like phthalates and bisphenol A (BPA), which 

can leak into the environment and have been linked to 

developmental problems, endocrine disruption, and other 

negative health effects, are frequently found in plastic 

products. Toxic chemicals are released into the atmosphere 

by improper disposal methods, such as open burning, 

endangering local communities' respiratory health, 

particularly in areas with inadequate waste management 

infrastructure. 

Similar trends of plastic trash generation and 

mismanagement are apparent in Kalamnuri City, Tq. 

Kalamnuri, Dist. Hingoli (MS), which are made worse by 

inadequate recycling, segregation, and official waste 

collection systems. Both environmental quality and public 

health have been impacted by the buildup of plastic garbage 

in urban and peri-urban regions, which has resulted in 

damaged landscapes, clogged drains, poor soil quality, and 

increasing pollution in water bodies. By identifying major 

sources of plastic pollution, evaluating ecological and 

health hazards, and suggesting sustainable mitigation 

techniques particular to Kalamnuri City, this study seeks to 

understand the precise effects of plastic waste on the 

ecosystem and human well-being. Alhazmi, H et.al (2021). 

Materials and Methods: 

Study area: 

In the Hingoli District of Maharashtra State (MS), 

Kalamnuri City is located in Kalamnuri Taluka. Situated in 

the eastern region of Maharashtra, the city experiences hot 

summers, moderate monsoon rainfall, and mild winters due 

to its semi-arid environment. With an increasing urban 

population, the region is primarily dependent on small-

scale business and agriculture. The city's residential areas, 

marketplaces, hospitals, schools, and transit systems all 

contribute to the production of plastic waste. Carry bags, 

food packing materials, bottles, and other plastic debris are 

frequently discovered in the area. 

Throwaway household plastics, sachets, and mugs. 

Plastic garbage is burned and dumped outside in a number 
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of places due to inadequate residential waste segregation 

and a lack of recycling facilities.Inappropriate disposal of 

plastic garbage has a direct impact on natural 

characteristics such adjacent agricultural fields, drainage 

systems, and open land. Because of these factors, 

Kalamnuri City is a good place to research the local effects 

of plastic waste contamination on the environment and 

human health. 

  
Side a Market Chauk 

  
Side B. Bus stand    Side C. Near Govt. Hospital. 

Selection of Study Area Kalamnuri Map and Their 

internal city Site location of Photos 

Materials and Methods:  

In Kalamnuri City, Taluka Kalamnuri, District 

Hingoli, Maharashtra (MS), the current study was carried 

out to evaluate the effects of plastic trash on the 

environment and human health. Systematic field surveys, 

data collection, and qualitative analysis of primary and 

secondary sources comprised the study's approach. 

Materials Used  

Structured questionnaires for surveys of households 

and retailers, Checklist for field observations camera for 

taking pictures, Kalamnuri City tationery and recording 

materials maps Secondary data sources include municipal 

records, government reports, research publications, and 

journals. 

Study Design:  

In order to comprehend the origins, distribution, and 

effects of plastic garbage in the study area, the study used 

a descriptive and observational research approach. 

Residential neighborhoods, marketplaces, roadside areas, 

public areas, and open dumping sites were among the 

chosen spots inside Kalamnuri City. 

Primary Data Collection 

Field Survey and Observation 

To study plastic garbage accumulation, disposal 

methods, and its effects on soil, water bodies, drainage 

systems, livestock, and vegetation, regular field trips were 

carried out across Kalamnuri City's several wards. Carry 

bags, bottles, food packaging, sachets, and disposable 

goods were among the plastic trash types and quantities that 

were noted. 

Questionnaire Survey 

In order to gather data on plastic usage patterns, trash 

disposal techniques, awareness of plastic pollution, and 

perceived health risks associated with plastic waste, a 

questionnaire-based survey was administered to locals, 

merchants, and sanitation personnel. Respondents were 

chosen by random sampling. 

Photographic Documentation 

To visually illustrate the pollution caused by plastic 

trash and its consequences on the ecosystem, photos were 

collected at certain sites. Field observations were supported 

by these photos. 

Secondary Data Collection: 

Secondary data were collected from:  

Records of municipal solid waste 

managementpublications from the government, including 

the Plastic Waste Management Rules, publications, reports, 

and research articles about plastic trash and environmental 

health, reports from environmental organizations both 

domestically and abroad. 

Data Analysis:  

Descriptive statistical techniques were used to analyze 

the gathered data. To find patterns in the production and 

disposal of plastic waste, survey responses were compiled 

into tables and percentages. The effects on the environment 

and human health were evaluated through qualitative 

analysis of observational data. 

Limitations of the Study: The study was limited to 

Kalamnuri City and was based on short-term observation. 

Laboratory analysis of soil, water, or air samples was not 

conducted. The findings are therefore based on field 

observations and respondentsô perceptions. 

Results and Dicussion: 

The field survey and questionnaire-based study 

conducted in Kalamnuri City revealed significant issues 

related to plastic waste generation, disposal, and its impact 

on the environment and human health. 

Plastic Waste Generation and Types 

According to the survey, carry bags, food packaging 

materials, plastic bottles, disposable cups and plates, 

sachets, and household plastic items are the most 

frequently produced plastic waste in Kalamnuri City. The 

main sources of plastic garbage were found to be market 

and commercial zones, then residential regions. 
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Plastic Waste Disposal Practices 

The results of the survey showed that many homes and 

retailers do not properly separate plastic garbage at the 

source. The disposal of mixed debris was widespread, with 

plastic waste being found in drainage channels, along 

roadsides, and in open areas. Open burning of plastic debris 

was seen in a number of places, especially in low-income 

and peripheral communities. 

Impact on Natural Environment 

Field observations showed that Kalamnuri City's 

natural ecosystem has been negatively impacted by the 

accumulation of plastic garbage. Water stagnation, 

particularly during the monsoon season, was caused by 

plastic waste that clogged drainage systems. The open 

disposal of plastic garbage on undeveloped ground has 

decreased the utility of the area and deteriorated the quality 

of the soil. Chae, Y, et.al (2018), Plastic pollution was 

detected in agricultural fields close to cities, endangering 

crop productivity and soil fertility. Cattle and goats, among 

other livestock, have been seen consuming plastic debris, 

which raises the possibility of harm and death. 

Impact on Human Health 

The questionnaire survey revealed that residents living 

near dumping sites reported health issues such as 

respiratory problems, skin irritation, and frequent 

infections. Open burning of plastic waste was identified as 

a major cause of air pollution, resulting in unpleasant odor 

and smoke exposure. Respondents also expressed concern 

about contaminated drinking water and unhygienic 

conditions created by plastic waste accumulation, which 

may increase the risk of vector-borne diseases. 

Discussion 

The results of the present study clearly indicate that 

plastic waste poses a serious threat to both nature and 

human health in Kalamnuri City. The dominance of single-

use plastics reflects changing consumption patterns and 

lack of awareness regarding environmentally friendly 

alternatives. Similar trends have been reported in other 

small and medium-sized cities in India, where rapid 

urbanization is not matched with efficient waste 

management systems.Improper disposal practices, such as 

open dumping and burning, highlight gaps in municipal 

waste management and public participation. The blockage 

of drainage systems by plastic waste not only contributes 

to environmental degradation but also increases the risk of 

flooding and waterborne diseases. The presence of plastic 

waste in soil and agricultural fields may lead to long-term 

ecological impacts, including reduced soil fertility and 

potential entry of microplastics into the food chain.  

The health issues reported by residents are consistent 

with known effects of plastic pollution, particularly 

exposure to toxic fumes released during plastic burning. 

Vulnerable populations, including children, the elderly, 

and sanitation workers, are at greater risk due to prolonged 

exposure. The findings emphasize the need for effective 

waste segregation at source, regular collection services, 

public awareness programs, and strict enforcement of 

plastic waste management rules.Overall, the study 

demonstrates that plastic waste is not merely an 

environmental issue but a combined ecological and public 

health concern in Kalamnuri City. Addressing this problem 

requires coordinated efforts from local authorities, 

community members, and policymakers to promote 

sustainable waste management practices and reduce plastic 

dependency. 

Conclusion:  

The present study concludes that plastic waste has 

become a major environmental and public health concern 

in Kalamnuri City, Taluka Kalamnuri, District Hingoli 

(MS). The findings reveal that increasing use of single-use 

plastics, lack of source segregation, and improper disposal 

practices such as open dumping and burning have 

significantly contributed to environmental degradation and 

health risks in the study area. Plastic waste accumulation 

has adversely affected soil quality, drainage systems, water 

resources, livestock, and overall urban cleanliness. 

The study also highlights the serious implications of 

plastic waste on human health Zhang, X.,. (2025).  

Exposure to polluted air from plastic burning, 

contaminated surroundings, and unhygienic conditions 

increases the risk of respiratory problems, infections, and 

other health issues among local residents. The presence of 

plastic waste in agricultural fields and water bodies 

indicates the possibility of long-term ecological damage 

and entry of microplastics into the food chain. 

Overall, the research emphasizes that plastic waste is 

not only an environmental issue but also a social and 

health-related problem that requires immediate attention. 

Effective implementation of plastic waste management 

rules, public awareness programs, promotion of waste 

segregation at source, reduction of single-use plastics, and 

strengthening of recycling facilities are essential to 

mitigate the impacts of plastic pollution, Uwaegbulam, 

C.et.al (2018). Active participation of local authorities, 

community members, and policymakers is crucial to 

achieve a cleaner, healthier, and sustainable environment 

in Kalamnuri City. 
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Abstract: 

Globalization has accelerated industrialization, international trade, and chemical manufacturing across the world, 

leading to rapid economic growth as well as serious environmental challenges. From a chemistry perspective, globalization 

has intensified energy-intensive chemical processes, increased emissions of greenhouse gases, and generated large volumes 

of hazardous waste (Manahan, 2017; Sharma, 2018). Environmental chemistry plays a crucial role in understanding the 

sources, chemical behaviour, transformation, and fate of pollutants in air, water, and soil (De, 2016). The concept of a 

green economy aims to achieve economic development while minimizing environmental risks through sustainable 

industrial practices and resource efficiency (UNEP, 2011). This research paper examines globalization-driven 

environmental challenges through a chemistry-centric approach and highlights the role of green and sustainable chemistry 

in achieving a green economy. The study discusses chemistry-based solutions such as green synthesis, cleaner production 

technologies, renewable feedstocks, and circular chemical processes. The novelty of this work lies in integrating 

globalization, environmental chemistry, and green economy into a unified framework, demonstrating that chemistry can 

act as a key driver for environmentally responsible and sustainable global development. 

Keywords: Globalization, Green Economy, Environmental Chemistry, Green Chemistry, Sustainable Development 

 

Introduction : 

Globalization has transformed the world by 

connecting economies, industries, and technologies, 

resulting in unprecedented industrial growth and chemical 

production (Manahan, 2017; IPCC, 2021). Chemical 

industries provide essential products such as fertilizers, 

pharmaceuticals, polymers, fuels, dyes, pesticides, and 

specialty chemicals, which support modern lifestyles and 

economic development. However, the rapid expansion of 

chemical manufacturing under globalization has also 

intensified environmental pollution, climate change, and 

resource depletion (Sharma, 2018; De, 2016). 

From an environmental chemistry perspective, 

industrial growth is closely associated with the release of 

chemical pollutants into the environment. Emissions of 

carbon dioxide, sulfur oxides, nitrogen oxides, carbon 

monoxide, and volatile organic compounds alter 

atmospheric chemistry and contribute to global warming, 

smog formation, and acid rain (IPCC, 2021; Manahan, 

2017). Industrial effluents containing heavy metals, acids, 

alkalis, dyes, and persistent organic pollutants contaminate 

water bodies and disturb aquatic chemical equilibrium. Soil 

contamination due to agrochemicals and industrial waste 

affects soil chemistry and reduces agricultural productivity 

(CSIR-NEERI, 2020). 

Environmental chemistry provides scientific tools to 

study the origin, transport, chemical reactions, and fate of 

pollutants in natural systems (Manahan, 2017). At the same 

time, the concept of a green economy has emerged as a 

sustainable development model that promotes economic 

growth while reducing environmental damage (UNEP, 

2011). Green chemistry and sustainable chemistry offer 

innovative approaches to redesign chemical processes and 

products, making globalization more environmentally 

responsible. This paper explores the interrelationship 

between globalization, green economy, and environmental 

challenges from a chemistry-centered perspective. 

Globalization and Chemical Industry Expansion: 

Globalization has significantly expanded the scale and 

intensity of chemical industries worldwide (Varma, 2008; 

Sharma, 2018). Large-scale production, global supply 

chains, and increased demand for chemical products have 

resulted in high consumption of raw materials and energy. 

Most chemical processes rely on fossil fuels, leading to 

high carbon emissions and environmental stress. 

From a chemistry viewpoint, industrial processes 

generate primary pollutants that further undergo secondary 

reactions in the environment. For example, sulfur dioxide 

and nitrogen oxides react with atmospheric moisture to 

form sulfuric and nitric acids, resulting in acid rain (De, 

2016). Carbon dioxide and methane enhance the 

greenhouse effect, leading to climate change. Industrial 

solvents and reagents contribute to toxic waste generation, 

posing risks to ecosystems and human health (IPCC, 2021). 

The globalized ñlinear economyò modelðextract, 

produce, consume, and disposeðis chemically 

unsustainable. It increases chemical waste accumulation 

and resource depletion, emphasizing the need for a 

sustainable chemical framework aligned with green 

economy principles (Varma, 2008). 

Environmental Challenges: A Chemistry Perspective 

Air Pollution : 

Air pollution arises from emissions of gases and 

particulate matter from chemical industries, power plants, 

and transportation. Chemical reactions in the atmosphere 

lead to photochemical smog, ozone formation, and acid 

rain, affecting climate and public health (Manahan, 2017). 
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Water Pollution: 

Water bodies receive untreated or partially treated 

industrial effluents containing heavy metals, dyes, and 

organic pollutants. These substances alter water chemistry, 

reduce dissolved oxygen, and harm aquatic organisms 

(CSIR-NEERI, 2020). 

Soil Contamination: 

Excessive use of fertilizers, pesticides, and improper 

waste disposal leads to soil contamination. Chemical 

residues persist in soil, affecting microbial activity and 

nutrient balance (Sharma, 2018). 

Environmental chemistry helps in identifying these 

pollutants, understanding their transformations, and 

designing remediation strategies (De, 2016). 

Green Economy: Role of Chemistry: 

A green economy aims to improve human well-being 

while significantly reducing environmental risks. 

Chemistry plays a central role in achieving green economy 

objectives by enabling cleaner technologies, safer 

materials, and efficient resource utilization (UNEP, 2011; 

Varma, 2008). 

Green chemistry emphasizes pollution prevention at 

the molecular level by designing environmentally benign 

reactions and products (Anastas & Warner, 1998). 

Sustainable chemistry considers the entire life cycle of 

chemical products, ensuring long-term environmental and 

economic viability. Adoption of these principles allows 

industries to remain globally competitive while minimizing 

environmental impact (Varma, 2008). 

Green and Sustainable Chemistry Principles 

Supporting Green Economy: 

Green and sustainable chemistry is governed by twelve 

fundamental principles proposed by Anastas and Warner 

(Anastas & Warner, 1998). These principles aim to 

minimize waste, reduce toxicity, improve energy 

efficiency, and promote the use of renewable resources. 

Adoption of these principles enables chemical industries to 

reduce environmental pollution, enhance process 

efficiency, and support the transition towards a green 

economy. Table 1 summarizes the key green chemistry 

principles and highlights their role in supporting 

sustainable development. 

Table 1. Relationship between green chemistry principles 

and their contribution towards a green economy 

Green 

Chemistry 

Principle 

Chemistry 

Explanation  

Role in 

Green 

Economy 

Atom 

Economy 

 

Design chemical 

reactions so that 

maximum atoms end 

up in the final product 

Efficient 

resource 

utilization 

Atom 

Economy 

Maximum atoms 

converted into product 

Efficient 

resource 

utilization 

Less 

Hazardous 

Synthesis 

Use of non-toxic 

reagents and reactions 

Improves 

environmenta

l and human 

safety 

Designing 

Safer 

Chemicals 

Functional but 

environmentally 

benign products 

Minimizes 

ecological 

damage 

Safer 

Solvents 

Replacement of toxic 

solvents 

Cleaner 

production 

processes 

Energy 

Efficiency 

Reactions at ambient 

temperature & 

pressure 

Lower energy 

consumption 

Renewable 

Feedstocks 

Long-term 

sustainabilit

y 

Use of biomass and 

renewable raw 

materials 

Long-term 

sustainability 

Reduce 

Derivatives 

Avoid 

protection/deprotectio

n steps 

Less chemical 

waste 

Catalysis Use of catalysts 

instead of 

stoichiometric 

reagents 

Higher 

efficiency, 

lower waste 

Design for 

Degradation 

Products degrade into 

harmless substances 

Prevents 

environmenta

l 

accumulation 

Real-time 

Analysis 

Monitoring during 

process 

Pollution 

prevention 

Inherently 

Safer 

Chemistry 

Safer chemicals and 

conditions 

Reduces 

industrial 

accidents 

Source: Adapted from Anastas & Warner (1998) 

Proposed Chemistry-Based Framework for Green 

Economy: 

Diagram Description (Figure 1) 

Globalization increases chemical production and 

industrial activity, leading to environmental pollution. By 

applying green chemistry principles and sustainable 

chemical processes, pollution can be reduced, enabling the 

transition to a green economy and sustainable 

development. 

Framework Flow: 

Globalization Ÿ Chemical Industries Ÿ 

Environmental Challenges Ÿ Environmental 

Chemistry Ÿ Green & Sustainable Chemistry Ÿ Green 

Economy Ÿ Sustainable Development 

Indian Perspective: 

In India, rapid industrialization and urbanization have 

intensified chemical pollution challenges (CSIR-NEERI, 

2020). Indian researchers and institutions have contributed 

significantly to environmental chemistry and green 

chemistry research (Sharma, 2018; Varma, 2008). 

Adoption of green chemistry in Indian industries can 

reduce pollution, conserve resources, and support 
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sustainable economic growth. Policies promoting green 

technologies and cleaner production are essential for 

Indiaôs transition toward a green economy. 

Conclusion and Future Scope: 

Globalization has accelerated chemical production and 

economic development but has also intensified 

environmental challenges. From a chemistry perspective, 

pollution and climate change are directly linked to 

industrial chemical processes. The green economy offers a 

sustainable pathway when supported by green and 

sustainable chemistry principles (Anastas & Warner, 

1998). Future research should focus on carbon-neutral 

chemical processes, circular economy models, and global 

cooperation in green technology transfer. Chemistry will 

remain a key driver for achieving environmentally 

responsible globalization. 
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Abstract: 

The present study investigates the role of trivalent chromium (Crį ), divalent manganese (MnĮ ), and trivalent iron 

(Feį ) ions, along with the synthesized ligand 2-(cinnamyl)-4-bromo-6-methyl benzothiazolyl hydrazone and its 

corresponding metal chelates, on the process of alcohol fermentation. The ligand was synthesized and characterized using 

standard physicochemical and spectroscopic techniques, followed by the preparation of its Cr(III), Mn(II), and Fe(III) 

complexes. The influence of these metal ions, free ligand, and metal chelates on fermentation efficiency was evaluated 

using a yeast-mediated fermentation system by monitoring parameters such as fermentation rate, alcohol yield, and sugar 

utilization. Results indicate that trace concentrations of metal ions play a significant catalytic and regulatory role in 

fermentation, likely through their involvement in enzyme activation and redox processes. The metal chelates exhibited 

enhanced or inhibitory effects compared to the free metal ions, suggesting that chelation alters metal bioavailability and 

interaction with microbial enzymes. Among the studied complexes, Mn(II) and Fe(III) chelates showed a pronounced effect 

on alcohol production, while Cr(III) complexes demonstrated moderate activity. These findings highlight the importance 

of metalïligand coordination chemistry in modulating biochemical fermentation processes and suggest potential 

applications of benzothiazolyl hydrazone metal chelates in industrial fermentation optimization. 

 

Introduction : 

Alcohol fermentation is a fundamental biochemical 

process widely exploited in brewing, winemaking, 

bioethanol production, and pharmaceutical industries. The 

process is primarily mediated by microorganisms such as 

Saccharomyces cerevisiae, in which carbohydrates are 

converted into ethanol and carbon dioxide through a 

complex network of enzymatic reactions. The efficiency of 

fermentation is strongly influenced by the availability of 

micronutrients, particularly metal ions, which play crucial 

roles as enzyme cofactors, redox mediators, and structural 

stabilizers of metabolic proteins [1, 2]. 

Transition metal ions such as iron (Feį ), manganese 

(MnĮ ), and chromium (Crį ) are known to significantly 

affect microbial metabolism and fermentation kinetics. 

Iron is an essential component of several enzymes involved 

in electron transport, oxidative stress response, and 

carbohydrate metabolism, while manganese acts as an 

activator for key enzymes including decarboxylases and 

kinases and contributes to cellular protection against 

reactive oxygen species [3,4]. Chromium, though required 

in trace amounts, has been reported to influence 

carbohydrate metabolism and enzymatic activity, thereby 

indirectly affecting ethanol yield and fermentation 

efficiency [5]. 

In recent years, increasing attention has been directed 

toward the role of metal chelation in modulating the 

biological activity of metal ions. Chelating ligands can alter 

the solubility, stability, bioavailability, and toxicity of 

metal ions, thereby influencing their interaction with 

microbial systems [6]. Hydrazone-based ligands, 

particularly those containing heterocyclic moieties such as 

benzothiazole, have attracted considerable interest due to 

their strong coordination ability, versatile bonding modes, 

and notable biological properties [7]. Benzothiazolyl 

hydrazones are known to form stable complexes with 

transition metals and have been reported to exhibit 

antimicrobial, enzymatic, and redox-modulating activities 

[8]. 

The ligand 2-(cinnamyl)-4-bromo-6-methyl 

benzothiazolyl hydrazone possesses multiple donor sites, 

enabling effective chelation with metal ions such as Crį , 

MnĮ , and Feį . The formation of such metal chelates may 

significantly influence fermentation behavior by modifying 

metal ion uptake, enzyme activation, and metabolic 

regulation within yeast cells. Compared to free metal ions, 

metalïhydrazone complexes may exhibit enhanced or 

reduced biological activity depending on their stability and 

interaction with cellular components [9]. 

Despite extensive studies on individual metal ions in 

fermentation, limited information is available on the 

combined effect of benzothiazolyl hydrazone ligands and 

their metal chelates on alcohol fermentation. The present 

study aims to investigate the role of Cr(III), Mn(II), and 

Fe(III) ions, the synthesized 2-(cinnamyl)-4-bromo-6-

methyl benzothiazolyl hydrazone ligand, and their 

corresponding metal complexes on alcohol fermentation. 

Understanding these interactions may provide valuable 

insights into the application of coordination compounds for 

improving fermentation efficiency and developing novel 

bioinorganic approaches in industrial fermentation 

processes. 

Meterial and methods: 

Microorganism. 

Yeast used in the study was Saccharomyces 

Cerevisieae collected from local market. The culture was 

mainted on solid yeast medium. 

Molasses.  

The molasses were obtained from Local sugar 

industries, Nanded. 
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Batch process is adopted in fermentation. 

The % of reducing sugar is about 40% the molasses 

were diluted to prepare different concentration of sugars. 

The production medium is supplemented with nitrogen and 

Phosphate. The pH of medium was adjusted to 5. 

Media composition. 

    KH2PO4-             0.1% 

   (NH4)2SO4          0.5% 

   MgSO4 7H2O      0.05% 

   Yeast extract        0.1%  

    pH                       5  

The ph of medium was adjusted by putting drop by 

drop dil sulphuric acid .2-(Cinnamyl)-4-bromo-6-methyl 

benzothiazolyl     hydrazones (It consider CBMBTH) and 

metal chelates and metal salts were added in different 

experimental fermentation containers. 

The fermentation flask were arranged and they were 

labeled along with yeast catalyst. Metal salt and metal 

chelates were added. pH were adjusted. 

Experimental: 

To study the effect of the metal ions and metal chelates 

different experiment were carried out. All the fermentation 

flask were sterilized. All solution which are used for the 

experiment were also sterlised. 8 fermentation flask 

(sterlised) were arranged and they were labeled from 1 to 

8. 

Fermentation flask no.1 is used as control, 

Fermentation flask no. 2 is used to study the  effect of 2-

(Cinnamyl)-4-bromo-6-methyl benzothiazolyl hydrazones 

and flask no.3  were used for CrCl3 salt 0.05 gm were 

added. In flask no. 4, [Cr (CBMBTH)2 Cl2]Cl.H2O. In 

flask no. 5 and 6 added 0.05gm MnCl2   and [Mn 

(CBMBTH)2 (H2O)2] Cl2 respectively and in flask no. 7 

FeCl3  0.05 were added and flask no. 8  

Fe(CBMBTH)2 Cl2.] Cl.H2O  

Estimation of biomass: 

The quantity of biomass depends upon yeast growth 

takes place.  

The dry biomass were measured by transferring the 

content of conical flask through the filter paper. The 

residue of biomass which is collected on the filter paper is 

dried by keeping it in oven at 100°C. The mass of biomass 

were recorded and it is given in the table. 

Estimation of ethyl alcohol: 

Spectroscopic method is used to determine the alcohol 

generated in the fermentation process. Fermented wash 

were taken in distillation flask.  15 ml distillate were 

collected in the conical flask. 5 ml K2Cr2O7 (0.1N) in 0.1N 

H2SO4 solution were added it is warmed at 60°C . The color 

obtained. The optical density of solution were measured 

from standard graph. The ethanol generated during 

fermentation were determined.        

Sr. 

No 

Flas

k No 
Compound 

% wt  of 

biomass 

% 

alcohol 

1 1 Control 1.09 2.05 

2 2 CrCl3 1.21 2.56 

3 3 (CBMBTH) 1.15 2.16 

4 4 [Cr 

(CBMBTH)2 

Cl2]Cl.H2O 

1.92 2.98 

5 5 MnCl2 1.19 2.25 

6 6 [Mn 

(CBMBTH)2 

(H2O)2] Cl2 

1.83 2.75 

7 7 FeCl2 1.15 2.33 

8 8 Fe(CBMBTH)

2 Cl2.]Cl.H2O 

1.58 2.63 

 

Result and discussion: 

The experimental data clearly demonstrate that both 

biomass production and alcohol yield are influenced by the 

type of compound added, and a clear comparative trend can 

be observed among the treatments. 

The control flask showed the lowest performance, with 

1.09% biomass and 2.05% alcohol, providing a baseline for 

comparison. Addition of simple metal salts (CrCl , MnCl , 

and FeCl ) resulted in only slight improvements over the 

control. Among these, CrCl  showed the highest 

stimulation (1.21% biomass and 2.56% alcohol), while 

MnCl  and FeCl  produced moderate increases, indicating 

that free metal ions alone have limited effectiveness. 

The ligand CBMBTH by itself caused only a marginal 

increase compared to the control, suggesting that the ligand 

alone does not significantly enhance metabolic activity. 

However, when CBMBTH was coordinated with metal 

ions, a pronounced synergistic effect was observed. All 

metalïCBMBTH complexes showed substantially higher 

biomass and alcohol percentages than their corresponding 

metal salts. 

The chromium complex [Cr(CBMBTH) Cl ]ClĿH O 

exhibited the best overall performance, giving the highest 

biomass (1.92%) and alcohol production (2.98%). This 

represents approximately a 76% increase in biomass and a 

45% increase in alcohol content compared to the control. 

The manganese complex [Mn(CBMBTH) (H O) ]Cl  

ranked second, followed by the iron complex 

Fe(CBMBTH) Cl ĿClĿH O, both showing notable 

enhancements in both parameters. 

In comparative terms, the effectiveness of the 

treatments follows the order: 

CrïCBMBTH complex > MnïCBMBTH complex > 

0

2

4
Graphical representation ҈ ǿǘ ƻŦΧ
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FeïCBMBTH complex > metal salts > CBMBTH alone 

> control. 

Conclusion: 

Overall, the analysis indicates that complexation of 

metal ions with CBMBTH significantly enhances biomass 

accumulation and alcohol production, likely due to 

improved bioavailability or catalytic effects of the metal 

complexes, whereas individual metal salts or the ligand 

alone are far less effective. 
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Abstract: 

The impact of human-induced climate change and ozone depletion are now observed to compromise the sustainability of 

human development as it threatens the ecological support system on which life depends. Evidences abound to show that 

there is climate change and ozone layer depletion in the last 2-4 decades. The Earth is warming, the warming is accelerating, 

and human actions are responsible. If the current climate change and warming trends remain uncontrolled, humanity will 

face more injury, disease and death related to natural disasters and heat waves; higher rates of food-borne, water-borne and 

vector-borne illnesses; and death that is more premature and disease related to air pollution. Moreover, in many parts of 

the world, large populations will be displaced by rising sea level, and many others will be affected by drought and famine. 

As glaciers melt, the hydrological cycle shifts and the productivity of arable land will change. That is the bad news. 

Nevertheless, the good news is that through increased interdisciplinary and intersectoral collaboration, and rapid 

deployment of mitigation strategies to stabilize climate change as well as development of proactive adaptation programmes 

to minimize health impact of climate change, the global community will be better prepared to cope with the challenges of 

protecting health from the impact of climate change. 

Key Words: Climate Change, Human Health, Adaptive Strategies. 

 

Introduction : 

Climate is the product of interactions between the 

atmosphere, ocean, land surface and ice cover. Shift in 

global climate occurs because of external factors, such as 

changes in the balance at the outer edge of the Earthôs 

atmosphere between incoming short wave solar radiation 

and the outgoing terrestrial long wave radiation. Climatic 

factors vary naturally around the world without obvious 

notice, and at the same time comfortably maintaining the 

various natural and ecological systems. In the last 2-4 

decades, however, this variation has gone beyond natural 

levels that climatologists are now in general agreement that 

the world has begun to experience the process of global 

ñclimate changeò. The assessment report of the 

Intergovernmental Panel on Climate Change (IPCC) 

confirmed that human activities, principally the burning of 

fossil fuel, have increased the atmospheric concentration of 

important greenhouse gases, which may result in a 

warming of the earthôs surface (IPCC, 1996). In his work 

on ñplanetary overloadò, McMichael (1993) stated, 

ñclimate change is now compromising the sustainability of 

human development on the planet because it threatens the 

ecological support systems on which life dependsò. It is 

generally accepted that global socioeconomic development 

and health interventions have improved the general 

standard of living in the recent times but the resulting 

deteriorating global environmental conditions or factors are 

now affecting human health. The major global 

environmental changes significantly affecting health 

according to WHO (1996) and McMichael (1996) include 

climate change and ozone depletion. Ozone in the 

stratosphere is produced by photolytic destruction of 

oxygen. It is a protective shield to life on earth, preventing 

much of the sunôs ultraviolet (UV) radiation; especially UV 

radiation with shorter wavelength from reaching the Earth. 

As a result, any change in atmospheric concentration of 

ozone causes changes in the radioactive levels. Since the 

industrial revolution, human activities have increased the 

atmospheric concentration of what is known today as 

greenhouse gases (GHGs). These are carbon dioxide 

(CO2), methane (CH4), nitrous oxide (N2O) and 

chlorofluorocarbons (CFCs) (WHO, 1996). The 

photochemical reactions of these greenhouse gases with the 

ozone, ñthe greenhouse effectò, have now led to serious 

depletion of the protective or ozone layer. The effects of 

this depletion have far-reaching effect on man and life on 

Earth. 

Health effects of ozone depletion and climate change 

Health impact of Ozone depletion. 

Increased levels of ultra violet (UV) radiation due to 

ozone depletion may have serious consequences for living 

organisms: Adverse impact of ultra violet-Beta (UV-B) 

rays has been reported on terrestrial plant growth and 

photosynthesis. . Increased UV-B has also been shown to 

have a negative influence on aquatic organisms, especially 

small ones such as phytoplanktons, larval crabs, shrimps, 

and juvenile fish.  Since many of these organisms are at the 

base of the marine food chain, increased UV-B may 

seriously affect aquatic ecosystem.  Furthermore, increased 

UV-B radiation affects tropospheric air quality and may 

cause damage to materials such as wood, plastic and 

rubber. 

Health impact of climate change: 
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Climate change is likely to be associated with 

multitude of effects. Climate change has been associated 

with shift in the composition and geographical distribution 

of many ecosystems (e.g. forests, deserts, coastal systems) 

as individual species respond to changed climatic 

conditions, with likely reduction in species diversity and 

agricultural yield. . Climate change will lead to an 

intensification of the global hydrological cycle and may 

affect regional water resources.  Additionally, climate 

change and the resulting sea-level rise can have a number 

of negative effects on energy, industry and transportation 

infrastructure, human settlements and tourism (IPCC, 

1996). Problems associated with climate change and ozone 

depletion are numerous and interrelated. For instance, the 

depletion of ozone layer in the stratosphere because of 

greenhouse effect causes global warming (World 

Metrological Organization (WMO), 1987). Such changes 

in the concentration of greenhouse gases are projected to 

lead to regional and global changes in climate and climate-

related parameters: temperature, humidity precipitation etc. 

This is to the extent that IPCC (1996) has projected an 

increase of global mean surface temperature of more than 

10 C by the year 2100. In man, the health impact of ozone 

depletion and climate change cannot be separated because 

the effects are very likely to be synergistic. For instance, 

with increased UV-B radiation on earth, the human 

immune system is likely to be affected; and this will reduce 

the affected populationôs resistance to infectious and 

parasitic diseases. Broadly speaking, the various potential 

health effects of global climate change upon human health 

can be divided into DIRECT AND INDIRECT 

EFFECTS, according to whether they occur 

predominantly via the impacts of climate variable upon 

human biology, or are mediated by climate-induced 

changes in other biological and biogeochemical systems In 

healthy individuals, an efficient regulatory heat system 

enables the body to cope effectively with thermal stress. 

Temperature exceeding comfortable limits, both in the 

warm and cold range, substantially increases the risk of 

(predominantly cardiopulmonary) illness and death. 

Directly, an increase in mean summer and winter 

temperatures would mean a shift of these thermalrelated 

diseases and deaths. An increased frequency or severity of 

heat waves will also have a strong impact on these diseases. 

If extreme weather events (droughts, flood, storms etc) 

were to occur more frequently, increases in rates of deaths, 

injury, infectious diseases and psychological disorder 

would result. Indirect: One of the major indirect impacts of 

global climate change upon human health could occur via 

effects upon cereal crop production. Cereal grains account 

for around 66% of all foodstuffs consumed by humans 

(McMichael, 1996). These impacts would occur via the 

effects of variations in temperature and moisture upon 

germination, growth, and photosynthesis, as well as via 

indirect effects upon plant diseases, predators-pest 

relationship, and supplies of irrigation water. A further 

important indirect effect on human health may well prove 

to be a change in the transmission of vector-borne diseases. 

Temperature and precipitation changes might influence the 

behaviour and geographical distribution of vectors, and 

thus change the incidence of vectorborne diseases, which 

are major causes of mortality and morbidity in most 

tropical countries. Increase in non-vector-borne infectious 

diseases such as cholera, salmonellosis, and other food- and 

water-related infectious diseases could occur, particularly 

in tropical and sub-tropical regions, due to climatic impact 

on water distribution, temperature and proliferation of 

microorganisms 

Other main categories of health risk associated with 

climate change include:  

Higher temperatures enhance production of various 

secondary air pollutants (e.g. ozone and particulates). 

Consequently, there is increase in the frequency of allergic 

and cardio-respiratory disorders and deaths caused by these 

air pollutants. (b) Increased production of aeroallergens 

(spores, pollens), thus exacerbating asthma and other 

allergic diseases (Bunyavanich et al; 2003). (c) Mental 

health consequences of social, economic and demographic 

dislocations resulting from environmental deterioration 

such as flooding, rising sea levels, shortage of water, forest 

fire- leading to population mobility and settlement. (d) 

Emotional stresses and mental health problems in response 

to perceptions/fear of climate change may also constitute 

health problem to affected communities (Horton and 

McMichael, 2009) 

Health impact of climate change and ozone layer 

depletion (Horton and McMichael, 2009). 

Thermal stress: 

Mortality (especially cardiopulmonary) increases with 

cold and warm temperatures older age group and people 

with underlying organic diseases are particularly 

vulnerable Mortality increases sharply during heat wave 

Water/food-borne diseases: 

Survival of disease organisms (and insects which may 

spread them) is Water-borne diseases most likely to occur 

in communities with poor water                    Climate 

condition affect water availability contamination of 

portable water  

Vector-borne diseases: 

Climate conditions (particularly temperature) 

necessary for some vectors to thrive and for the 

microorganisms to multiply within the vectors are 

relatively well known. 

Food production: 

Temperature, precipitation, solar radiation and carbon 

dioxide are important for crop production the potential 

indirect effect of increased UV-B level reaching the Earth 

lead to impairment of photosynthesis on land (food crops) 

Crop failure may lead to malnutrition.  

Skin cancer: 

Skin cancer is related to UV exposure (both melanoma 

skin cancer and nonmelanoma skin cancer), people with 

lightly pigmented skin being most susceptible Aging 

increases the risk of skin cancer. 

Immune suppression: 
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UV suppresses immune system in animal models, and 

may adversely affect various infections Å In man, serial UV 

radiation may cause proper immunization to fail Å UV-

induced immuno-suppression appear to be a risk factor for 

skin carcinomas 

Protecting Health from Climate Change: 

Scientists agree that more extreme weather patterns are 

on the horizon. A range of forecasts predict increased 

drought in some parts of Africa and flooding in others. 

Rising sea levels and tropical cyclones threaten small 

island States. Nothing can stop the march of climate 

change, but there is still time to temper its effects (Horton. 

and McMichael, 2008).  

Mitigation : 

Global socioeconomic development and health 

interventions have improved the general standard of living 

in recent times but the resulting deteriorating global 

environmental conditions or factors are now affecting 

human health. The major global environmental changes 

significantly affecting health include climate change and 

ozone depletion. Mitigation against socioeconomic and 

technological development efforts that deteriorate the 

global environmental conditions/factors must be the first 

step towards protecting health from climate change. Since 

the industrial revolution, human activities have increased 

the atmospheric concentration of what is known today as 

greenhouse gases (GHGs). These are carbon dioxide 

(CO2), methane (CH4), nitrous oxide (N2O) and 

chlorofluorocarbons (CFCs). Global mitigation of 

stratospheric ozone depletion by the greenhouse gases will 

go a long way towards protecting health from climate 

change. For instance, mitigation to reduce depletion of the 

stratospheric ozone by chlorofluorocarbons (CFCs) can be 

achieved by national and international restrictions on their 

production and use. Since CFCs are the primary 

refrigerants used in air conditioners, the international 

community should spend time and energy to finding 

replacement for them. Mitigation measures should be taken 

to ameliorate human-induced global environmental 

processes that provoke climate change such as 

deforestation, desertification, depletion of freshwater 

resources, and loss of biodiversity as well as use of fossil 

fuel. 

For instance, if our communities depend heavily on 

activities, which require burning of fossil fuel, not only 

would these increase greenhouse gas productions but also 

would increase pollution. Reduction in energy 

consumption must be a key part of the strategy of 

protecting health from climate change. In addition to 

mitigation, another important aspect of the solution is 

increased public awareness. Some of the international 

efforts to address the issue of climate change and human 

health as presented by La Documentation française (CTA 

Spore, 2008) include:  In 1967, the first publication on 

global warming was presented. 1987: adoption of the 

Montreal Protocol relating to substances which reduce the 

ozone layer .1988: Creation of the Intergovernmental Panel 

on Climate Change (IPCC) charged with scientific 

monitoring of climate change. 1992: The Earth Summit in 

Rio (Brazil) adopts a Framework Convention on Climate 

Change, ratified by 50 countries and entering into force in 

1994. (v) 1997: Adoption of the Kyoto (Japan) Protocol 

which commits industrialized countries to cutting 

greenhouse gas emissions by an average of 5.2% by 2012, 

compared to 1990 levels; flexible mechanisms are created 

to enable polluting countries to avoid targets by funding 

reduction in other countries.  2008: The 13th United 

Nations Climate Change Conference in Bali (Indonesia) 

reached an agreement on a ñroad-mapò aimed at producing 

a new treaty in 2009, in Copenhagen (Denmark). This 

treaty will replace the Kyoto Protocol in 2012. (b). Health 

Care in a changing climate to protect health in this 

changing climate, we need a health care system that 

addresses the health impact of climate change. When we 

consider the wide range of the health impact of climate 

change, it becomes very evident that our health care will 

need to be: Responsive to a broad range of emerging threats 

of health. Collaborative with other sectors of the 

community; and Informed by the strategic imperative of 

reducing greenhouse gas emission and limiting the impact 

of climate change Responsive health care: To protect health 

from the impact of climate change in the years ahead, 

patients and doctors as well as other health promotion 

professionals will need to be on the lookout for the early 

signs and symptoms of serious health consequences of 

climate change such as heat related illness. Community and 

family physicians will be particularly well placed to 

counsel those at higher risk such as the elderly who live 

alone, about what to do in the event of extreme 

temperatures. Such recommendations might include 

dressing coolly, drinking enough fluid, limiting physical 

activity during the hottest part of the day and 

working/resting in the cooler part of the house. The 

response of doctors and other health promotion 

professionals will need to be flexible and adaptive in order 

to meet the wide range and evolving nature of health 

impacts of climate change, whether allergies, respiratory 

illness, or the traumatic injuries relating to storms, floods 

and bushfire. Collaborative health care: To protect health 

from the impact of climate change, doctors and other health 

professionals will need to collaborate with communities 

and organizations in areas such as disaster preparedness, 

diseases surveillance and advocacy. On infectious disease 

transmission, it is important to note that community 

collaboration to protect health from climate change is 

needed so that outbreaks of climate-related infectious 

diseases are detected at the earliest possible stage. General 

practitioners will be required to assist with public health 

strategies for monitoring the spread of diseases which are 

transmitted by vectors such as insects. Major Adaptive 

Strategies to Lessen Health Risks associated with Climate 

Change ( Horton and McMichael, 2009) a. Activities in 

which the doctors and other health promotion professionals 

should lead or participate .Public education, including in 

health-care settings such as clinics, hospitals .Preventive 

programmes: E.g. vaccines, mosquito control, food 

hygiene and inspection, and nutritional supplementation 

.Provision of health care (especially mental health 
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promotion and primary care) for communities affected by 

environmental adversity, for example drying conditions in 

rural communities .Surveillance of disease, especially 

infectious disease and its key environmental, social and 

biological risk factors for those diseases .Forecasting future 

health risks from projected climate change .Health sector 

workforce training (primary and incarer) to attune to 

climate-related health risks b. Strategies that extend beyond 

the former health sector . Education and mass media 

campaigns strong enough to spark commitment and action 

among governments, international organizations, donors, 

civil society, business and communities, especially among 

the young people to anchor health at the heart of the climate 

change agenda. Creation of awareness and public 

understanding of the global and locally relevant health 

consequences of climate change.Advocacy for 

interdisciplinary and intersectoral partnerships from the 

local to international level that seek to improve health 

through rapid deployment of mitigation strategies to 

stabilize climate change and development of proactive 

adaptation programmes to minimize health impact. 

Conclusion: 

It is clear from this work that if our generation must 

protect health from climate change, we must begin to 

design and adopt ecologically acceptable strategies in all 

our activities, which ensures sustainability. In other words, 

sustainability of our socioeconomic efforts should ensure 

that the biosphere and its component ecosystems remain 

intact and productive, so that life on earth is able to 

continue drawing sustenance from them. Climate change is 

already a threat to community well-being. It is not only an 

economic issue; it is a threat to our support systems. In the 

coming decades, doctors who are interested in the long-

term health of their patients and communities will have a 

central role in the mitigation of climate change and in 

preparing for and managing its adverse health impacts. 

Interdisciplinary and intersectoral partnerships from the 

local to international level that seek to improve health 

through rapid deployment of mitigation strategies to 

stabilize climate change and 
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Abstract:  

Biodiversity is critical for human well-being and activities because it offers a broad variety of ecosystem services; hence 

its preservation is urgently needed. At the moment, biodiversity is rapidly declining. After climate change, biodiversity 

loss is the second most significant global risk. The chemical industry plays a critical role in the development of 

environmentally friendly solutions such as biobased goods and solutions that need the use of biomass.Chemical industry 

represents a highly successful sector of manufacturing and a vital part of the economy in many industrialized and 

developing countries. The range of chemical industry is vast which makes an invaluable contribution to the quality of our 

lives. However, the manufacture of chemical products also leads to enormous quantities of environmentally harmful waste 

and the health of the environment is declining rapidly. Despite the great success and importance of chemistry to our society 

its public image has deteriorated. A major reason is that the industry is perceived as being polluting and causing significant 

environmental damage. ñGreenò chemistry is an effort of terminating or reducing the use and generation of hazardous 

chemicals in the design, manufacture and applications of chemical products. Green chemistry efficiently utilizes renewable 

raw materials, eliminates waste and avoids the use of toxic and/or hazardous reagents in the manufacture and applications 

of chemical products thereby it plays an important role for pollution control and sustainable development & conservation 

of environment and Biodiversity. 

Keywords: Green Chemistry, Chemical Industry, Sustainable Development and Conservation of Biodiversity. 

 

Introduction : 

Society has been very much benefitted from Chemical 

products synthesized. Chemical industry represents a 

highly successful sector of manufacturing and a vital part 

of the economy in many industrialized and developing 

countries. The range of chemical industry is vast which 

makes an invaluable contribution to the quality of our lives. 

However, the manufacture of chemical products also leads 

to enormous quantities of environmentally harmful waste 

and the health of the environment is declining rapidly [1]. 

Atmospheric air is polluted by exhaust gases from 

chemical industries which seriously affect Biodiversity. 

Lower life forms are more affected e.g. Lichens, 

Bryophytes, Fungi. On land, Plants are more prone than 

animals. It is also observed that due to air pollution some 

species declines but some expand to full fill space of 

declined species. Contamination of soil by anything is 

called Soil Pollution. It occurs when pollutants in the soil 

reduce soil quality and make it inhabitable to organisms 

such as insects. In recent decades, the use of inorganic 

fertilizers has increased dramatically. Chemical runoff 

from pesticides and fertilizers can degrade soil quality. 

Industrial development has been associated with both 

physical degradation and chemical contamination of soils. 

The industry is also responsible for dumping industrial 

chemicals and heavy metals (such as mercury) onto soil and 

thus polluting it. Soil pollution can lead to the lack of 

biodiversity in an ecosystem. The life of bird, insect, 

mammal and reptile species who live in the soil can get 

affected by pollution. The soil is an important habitat. 

When it rains, surface run-off carries contaminated soil into 

water sources causing water pollution. The contaminated 

water is thus unfit for both animal and human consumption. 

It will also affect aquatic life since the organisms that live 

in these water bodies will find their habitats inhabitable [2-

5]. 

From all the described species of biodiversity, 6% 

belongs to fresh water. Effluent from Chemical Industry 

drastically affects the aquatic life and thus affecting the 

biodiversity. 

The pesticides are used to kill fungal or animal pests. 

As they are sprayed across the entire agricultural field 

affects lives of many species. Also, most of the pesticides 

after their use remains in the environment get transferred 

through food chain and causes many serious problems 

related to reproduction rates [6]. 

Major problems in chemical production are handling 

of waste, the search for environmentally tolerable 

procedures, the preservation of resources, and the increase 

in the efficiency. Industry is increasingly realizing that 

environmental standards are a lifeline to profitability in the 

highly competitive global and community markets that 

exist today. The so-called ótriple bottom lineô, which seeks 

simultaneous economic, environmental and societal 

benefits, is seen as a realistic evolutionary goal in chemical 

manufacturing. This has led to the development of eco-

friendly chemical processes to replace the current 

hazardous processes. Hence, the drive is towards so-called 

óGreen Chemistryô or óCleaner Technologyô [7]. 
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Results and Discussion: 

ñGreenò chemistry is an effort of terminating or 

reducing the use and generation of hazardous chemicals in 

the design, manufacture and applications of chemical 

products. The concept of green chemistry was formulated 

by Paul Anastas at the US Environmental Protection 

Agency (EPA) to address the environmental issues of both 

chemical products and the processes by which they are 

produced. The guiding principle is the design of 

environmentally benign products and processes, which is 

embedded in the 12 principles of Green chemistry, which 

in short can be narrowed down as: Green chemistry 

efficiently utilizes renewable raw materials, eliminates 

waste and avoids the use of toxic and/or hazardous reagents 

in the manufacture and applications of chemical products. 

Green chemistry eliminates waste at source, i.e. it is 

primarily pollution prevention than waste remediation [8-

10]. 

Principles of Green Chemistry: 

These principles provides a frame work for learning 

about the green Chemistry and designing or improving 

materials, products, processes and systems. 

Prevention: 

It is better to prevent waste than to treat or clean up 

waste after it has been created. 

Atom Economy:  

Synthetic methods should be designed to maximize the 

incorporation of all materials used in the process into the 

final product. 

Less Hazardous Chemical Synthesis:  

Wherever practicable, synthetic methods should be 

designed to use and generate substances that possess little 

or no toxicity to human health and the environment. 

Designing safer Chemicals:  

Chemical products should be designed to affect their 

desired function while minimizing their toxicity. 

Safer solvents and auxiliaries:  

The use of auxiliary substances (e.g., solvents, 

separation agents, etc.) should be made unnecessary 

wherever possible and innocuous when used. 

Design for Energy Efficiency:  

Energy requirements of chemical processes should be 

recognized for their environmental and economic impacts 

and should be minimized. If possible, synthetic methods 

should be conducted at ambient temperature and pressure. 

Use of renewable feedstock:  

A raw material or feedstock should be renewable 

rather than depleting whenever technically and 

economically practicable. 

Avoid Derivatization:   

Unnecessary derivatization (use of blocking groups, 

protection/ deprotection, temporary modification of 

physical/chemical processes) should be minimized or 

avoided if possible, because such steps require additional 

reagents and can generate waste. 

Catalytic Reagents:  

Catalytic reagents (as selective as possible) are 

superior to stoichiometric reagents. 

Design for degradation:  

Chemical products should be designed so that at the 

end of their function they break down into innocuous 

degradation products and do not persist in the environment. 

Real-time analysis for Pollution Prevention:  

Analytical methodologies need to be further developed 

to allow for real-time, in-process monitoring and control 

prior to the formation of hazardous substances. 

Inherently Safer Chemistry for Accident Prevention:  

Substances and the form of a substance used in a 

chemical process should be chosen to minimize the 

potential for chemical accidents, including releases, 

explosions, and fires. 

It is now generally accepted that the two most useful 

measures or ñGreen Metricsò of the environmental 

acceptability of chemical processes are the óE factorô and 

the óatom efficiencyô. One of the major goals of green 

chemistry is to demonstrate that adoption of the principles, 

by the industry, can create a competitive advantage [11]. 

E Factor:  

E factor is defined as the mass ratio of waste to the 

desired product. It takes the chemical yield into account 

and includes reagents, solvent loss, all process aids and in 

principle even fuel; excluding water. Higher E factor means 

more waste and consequently greater negative 

environmental impact; ideal E factor being zero. So, 

Chemical synthesis should be developed such that there is 

minimum E factor. 

The concept of atom economy - Among the 

progenitors of Green Chemistry is Stanford Chemistry 

Professor Barry Trost, who first proposed the concept of 

óatom economyô in 1973. The atom economy of a process 

is calculated by dividing the molecular mass of the desired 

product by the sum of the molecular masses of all 

substances produced in the stoichiometric equation [12]. 

Environment Laws in India: 

The need for protection and conservation of 

environment and sustainable use of natural resources is 

reflected in the constitutional framework of India and also 

in the international commitments of India. The Constitution 

under Part IVA (Art 51A-Fundamental Duties) casts a duty 

on every citizen of India to protect and improve the natural 

environment including forests, lakes, rivers and wildlife, 

and to have compassion for living creatures. Further, the 

Constitution of India under Part IV (Art 48A-Directive 

Principles of State Policies) stipulates that the State shall 

endeavour to protect and improve the environment and to 

safeguard the forests and wildlife of the country.Several 

environment protection legislations existed even before 

Independence of India. However, the true thrust for putting 
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in force a well-developed framework came only after the 

UN Conference on the Human Environment (Stockholm, 

1972). After the Stockholm Conference, the National 

Council for Environmental Policy and Planning was set up 

in 1972 within the Department of Science and Technology 

to establish a regulatory body to look after the 

environment-related issues.  

This Council later evolved into a full-fledged Ministry 

of Environment and Forests (MoEF).MoEF was 

established in 1985, which today is the apex administrative 

body in the country for regulating and ensuring 

environmental protection and lays down the legal and 

regulatory framework for the same. Since the 1970s, a 

number of environment legislations have been put in place. 

The MoEF and the pollution control boards ("CPCB", ie, 

Central Pollution Control Board and "SPCBs", ie, State 

Pollution Control Boards) together form the regulatory and 

administrative core of the sector. 

Some of the important legislations for environment 

protection are as follows: 

1. The National Green Tribunal Act, 2010 

2. The Air (Prevention and Control of Pollution) 

Act, 1981 

3. The Water (Prevention and Control of Pollution) 

Act, 1974 

4. The Environment Protection Act, 1986 

These important environment legislations have been 

briefly explained in the succeeding paragraphs 

The National Green Tribunal Act, 2010: 

The National Green Tribunal Act, 2010 (No. 19 of 

2010) (NGT Act) has been enacted with the objectives to 

provide for establishment of a National Green Tribunal 

(NGT) for the effective and expeditious disposal of cases 

relating to environment protection and conservation of 

forests and other natural resources including enforcement 

of any legal right relating to environment and giving relief 

and compensation for damages to persons and property and 

for matters connected therewith or incidental thereto. 

The Air (Prevention and Control of Pollution) Act, 

1981: 

The Air (Prevention and Control of Pollution) Act, 

1981 (the "Air Act") is an act to provide for the prevention, 

control and abatement of air pollution and for the 

establishment of Boards at the Central and State levels with 

a view to carrying out the aforesaid purposes. 

The Water (Prevention and Control of Pollution) Act, 

1974: 

The Water Prevention and Control of Pollution Act, 

1974 (the "Water Act") has been enacted to provide for the 

prevention and control of water pollution and to maintain 

or restore wholesomeness of water in the country. It further 

provides for the establishment of Boards for the prevention 

and control of water pollution with a view to carry out the 

aforesaid purposes. The Water Act prohibits the discharge 

of pollutants into water bodies beyond a given standard, 

and lays down penalties for non-compliance. 

The Environment Protection Act, 1986: 

The Environment Protection Act, 1986 (the 

"Environment Act") provides for the protection and 

improvement of environment. The Environment Protection 

Act establishes the framework for studying, planning and 

implementing longterm requirements of environmental 

safety and laying down a system of speedy and adequate 

response to situations threatening the environment. It is an 

umbrella legislation designed to provide a framework for 

the coordination of central and state authorities established 

under the Water Act, 1974 and the Air Act. The term 

"environment" is understood in a very wide term under s 

2(a) of the Environment Act. It includes water, air and land 

as well as the interrelationship which exists between water, 

air and land, and human beings, other living creatures, 

plants, micro-organisms and property. 

Molecular masses of substances produced: 

Simply, when all the raw chemicals/materials are 

completely converted into the desired product, there will be 

no waste generated that is no pollution and there is less 

effect on environment and biodiversity. Hence, chemical 

synthesis should be developed in such way that almost all 

the starting material is converted to product [13]. 

Few Important Examples of Green Chemistry: 

New and green synthesis of ibuprofen by BHC 

Company, green synthesis of Zoloft, integrated circuit 

production. Removing Arsenic and Chromate from 

pressure treated wood. New oxidants for bleaching paper 

and disinfecting water, getting the lead out of automobile 

paints, recyclable carpeting. Replacing VOCôs and 

chlorinated solvents, biodegradable polymers from 

renewable resources (e.g. PLA), use of green solvent like 

supercritical CO2, water, ionic liquids and ethyl lactate etc. 

for designing chemicals and Production of biodiesel by 

green reaction. Extraction of caffeine from coffee, dry 

cleaning of cloths using supercritical CO2 instead of 

perchloroethylene, green synthesis of adipic acid (raw 

material for polymer) from glucose by e coli bacteria. Use 

of TiO2 as a green catalyst in developing photovoltaic cells 

and in synthesis etc., use of biomass as renewable resource 

instead of petrochemicals, uses of catalytic reagents and 

enzymes in synthesis. Replacing conventional toxic 

pigment by synthetic azo pigment, use of biodegradable 

detergent, biopesticides instead of organohalogen 

pesticides in agriculture. Microwave and ultrasound 

assisted synthesis are also important examples of green 

chemistry [14-16].   
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Figure 1: TiO2 as green catalyst 

Global Environmental Issues:  

Climate Change like Global Warming:  

Climate change is a global modification of the climate 

over a long period of time. These changes can occur both 

regionally and globally. The main causes of it are the 

greenhouse gas (GHG) and its effects are global warming 

and air, water, land pollution. The atmospheric temperature 

of the world is going to increase day by day due to different 

human activities and modern civilization, Chemical 

industry and transportation are the largest contributors to 

the greenhouse effect, due to their expulsion of the CO2, 

VOCôs etc. VOCôs are found in a wide variety of common 

products like paints, cleaning products, pesticides, glues, 

adhesive and fuels. Environmentally these are problematic 

because they react with oxides of nitrogen in the 

troposphere to form ozone, which is a large contributor to 

global warming. The first step to solve this issue is to 

educate those who are unaware of this global 

problem.Eliminating environmental effects and toxicity 

before they generate, rather than trying to clean up the 

hazard after they have been created, are the work for the 

future. Recent researches seem to indicate that CO2 can be 

kept out of the atmosphere for many centuries if released 

into the sea, where phytoplankton when sinking in the 

seafloor takes the carbon with it. On the other hand, global 

warming can be addressed through behavioural change, 

emissions reductions and renewable forms of energy, 

community education and a new vision. This is because on 

the most part, CO2 and other GHGôs are humanly induced 

emissions and can be controlled. There are choices 

regarding sustainability open to the world but steps must be 

taken now. Global Warming and Climate Change are 

global challenges and the consequences are indeed dire as 

we have seen and experienced lately, all over the world. It 

behooves us all therefore, especially governments, to 

ensure stringent policies and compliance to well known 

safety principles that will curb these menace, lack of which 

is tantamount to the extinction of not just some species of 

animals and plants but also of the human race [17-20] . 

Industrial collaboration of green chemistry institutes / 

scientists, use of biodiesel to run vehicles and machines can 

reduce the production of GHGôs. We can also reduce the 

GHG by making the products in a green way and using 

chemicals or products (green) which are non ï hazardous 

to our health and environment. These facts can minimize 

the problem of global warming or climate change issues to 

some extent. 

Protecting Our Health by Preventing Pollution:  

Preventing pollution or ósource reductionô is any 

practice that prevents or reduces pollution at the source. 

That means using raw materials, energy, water, land and 

other resources more efficiently thereby reducing or 

eliminating the generation of waste pollutants. Pollution 

prevention process also reduces the quantity and toxicity of 

waste generated. By minimizingthe use and production of 

hazardous materials we can prevent those substances from 

entering the air, water, soil and food chain. This process is 

an essential tool for decreasing public health risks and for 

assuring healthy people and healthy communities (EPA, 

1995). Environmental pollution is a worldwide problem 

and its potential to influence the health of the human 

population is great. Pollution reaches its most serious 

proportions in the densely settled urban-industrial centers 

of the more developed countries. The air we breathe is an 

essential ingredient for our wellbeing and a healthy life. 

Unfortunately polluted air is common throughout the 

world, especially in developed countries. The main 

pollutants found in the air we breathe include, particulate 

matter, PAHôs, heavy metals, ozone and oxides of carbon, 

nitrogen, sulfur etc. The water we drink is essential for our 

healthy life. WHO states that one sixth of the worldôs 

population does not have access to safe water. Polluted 

water consists of industrial discharged effluents sewage 

water, rain water pollution and polluted by agriculture or 

households cause damage to human health or the 

environment. Improper management of solid waste is one 

of the main causes of environmental pollution. Land 

pollution is one of the major forms of environmental 

catastrophe our world is facing today [21-23]. We are 

polluting our nature (water, air, soil) by our different 

activities like industrial and automobile exhaust and by 

using different chemicals like VOCôs, solvents, fertilizers 

and pesticides etc. The contaminated water we are drinking 

and polluted air we are breathing and the polluted land we 

are using for producing crops what we are eating, all these 

facts making our health in problem. Application of green 

chemistry in different fields and industry can reduce all 

kinds of pollution of our nature and a healthy environment 

can give us a healthy life.  

Creating the Clean Energy Future: 

Energy that we are using now is mostly coming from 

power stations that use coal and petroleum oil. The power 

stations burn fossil fuels to make our electricity and in that 

process a LOT of GHGôs are made, including CO2 and 

CH4 etc. The GHGôs overheat the earth and destroy the 

climate conditions. It is understood that this will cause 

more extreme weather, the spread of diseases and threaten 

the habitat of all living things. Diesel or petroleum oil we 

are using to run machines in different industries and to run 

vehicles that also produce a large amount of GHGôs. Coal, 

oil and gases are non-renewable sources of energy because 

we can use the amount that is available in our planet only. 
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We have already found ways to tap into the energy of the 

sun, wind, waves and water, amongst other things. These 

sources of energy produce negligible amounts of GHG 

once operating. They are also renewable which means they 

can be used over and over again (Green Cross, Australia). 

Access to clean, affordable and reliable energy has been a 

cornerstone of the world's increasing prosperity and 

economic growth since the beginning of the industrial 

revolution. Our use of energy in the twenty-first century 

must also be sustainable. Solar and water-based energy 

generation and engineering of microbes to produce biofuels 

are a few examples of the alternatives. These alternative 

opportunities and pathways could lead to a prosperous, 

sustainable and secure energy future for the world. Solar, 

wind and water are examples of clean energy sources we 

have started to use [24]. 

Environmental Issues with Agriculture: 

Agriculture accounts for the major share of human use 

of land. Crop and livestock production have a profound 

effect on the wider environment. They are the main source 

of water pollution by nitrates, phosphates and pesticides. 

They are also the major anthropogenic source of the GHGôs 

methane and nitrous oxide, and contribute on a massive 

scale to other types of air and water pollution. The extent 

and methods of agriculture, forestry and fishing are the 

leading causes of loss of the world's biodiversity. 

Agriculture also affects the basis for its own future through 

land degradation, salinization, the over extraction of water 

and the reduction of genetic diversity in crops and 

livestock. (FAO, UN). Pollution of groundwater by 

agricultural chemicals and wastes is a major issue in almost 

all developed countries and, increasingly, in many 

developing countries. Pollution from fertilizers occurs 

when these are applied more heavily than crops can absorb. 

Excess nitrogen and phosphates can leach into ground-

water or runoff into waterways. Agriculture is also a source 

of air pollution. It is the dominant anthropogenic source of 

ammonia and is a major source of GHG emissions. It 

releases large quantities of carbon dioxide through the 

burning of biomass, mainly in areas of deforestation and 

grassland. There is good evidence that delaying and 

reducing the rates of fertilizer application can reduce 

overall costs and pollution without hurting yield [25]. 

Loss of Biodiversity:  

Biological diversity appears to be in trouble, despite 

numerous initiatives at the global, national, regional and 

local level to halt its loss. The convention on biological 

diversity (CBD) defines biodiversity as ñthe variability 

among living organisms from all sources, including 

terrestrial, marine and other aquatic ecosystems. 

Biodiverse ecosystems provide multiple goods and 

services, such as climate regulation, carbon sequestration, 

pollination, seed dispersal, food control and recreation 

values [26]. Nevertheless, biodiverse ecosystems -

important ñlivelihood assetsò upon which human well-

being is overtly dependent through a range of ecosystem 

services. The main drivers of decline in biodiversity are 

habitat change, invasive alien species, and overexploitation 

of species, pollution and increasingly climate change. The 

impacts of these five key drivers have been increasing over 

the years despite global and national commitments to 

reduce biodiversity loss (Millenium Ecosystem 

Assessment, 2005). Over the last century, humans have 

come to dominate the planet. Ecosystems are being rapidly 

altered and the planet is undergoing a massive loss of 

biodiversity. Biodiversity is the variety of different forms 

of life on earth, including the different plants, animals, 

micro-organisms, the genes they contain and the ecosystem 

they form. It refers to genetic variation, ecosystem 

variation, species variation (number of species) within an 

area, biome or planet. Biodiversity is the life support 

system. 

Natural Resource Depletion:  

As the human population increases and economies 

develop, weôre using more natural resources, materials the 

earth provides that enable economic gain. These substances 

include minerals, forests, water, fertile soil and more. In 

many cases, weôre using these resources faster than nature 

can replenish them [27]. The main causes of natural 

resource depletion are global overpopulation, poor framing 

(excess use of chemicals for cultivation), deforestation and 

human civilization which lead to soil erosion and over 

consumption of natural resources. Effects of the above 

come to our nature like water shortage, fossil fuel 

depletion, extinction of species, loss of forest cover and 

depletion of minerals etc. The above problems can be 

solved by controlling deforestation, reducing natural 

resource (oil, mineral & material) consumption, more 

exploration and use of renewable energy resources, 

protecting wetlands & coastal ecosystems and creating 

awareness amongthe people throughout the world. Our 

main natural resource is fossil fuel which is depleting day 

by day due to the growing need for energy in human 

civilization. The most obvious solution to the issue of 

overconsumption of natural resources is to slow down the 

rate of resource depletion. Less consumption naturally has 

negative effects on our economic growth so instead, we 

must look to curb consumption rates while allowing for 

new industries such as biorefinery, renewable energy and 

other recycling technologies to flourish and deflect some of 

the economic burden [28]. Use of renewable energy 

resources like photovoltaic solar energy cells, hydrogen 

fuel cells, wind energy and hydro energy and use of bio fuel 

in a green way can solve the problem to much extent. 

Conclusion: 

Green chemistry will be one of the most important 

fields in the future. Scientists, Biologist, engineers and 

industrialists should work together to promote the 

development of this field. There is no doubt that the 

development and implementation of green chemistry will 

contribute greatly to pollution prevention and thus will play 

an important role in Conservation of Environment and 

Biodiversity.However from the above discussion it is very 

clear that Green Chemistry alone cannot solve the pressing 

environmental concerns and impacts to our modern era 

because itôs a very small, young and new branch of study 

comparing to our old environment, but doing more 

research, study and collaboration with industry we can 
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minimize the toxic effect of chemicals and industry to our 

environment and aware people around the world about 

using hazardous things and chemicals and how green 

chemistry can give us a safe environment. By 

implementing the twelve principles of green chemistry into 

practice will eventually help to pave the way to a world 

where the grass is greener. 
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Abstract:  

One pot multicomponent synthesis of 2-chloro-3-formyl quinoline and its derivatives (3aïf) (Scheme-1) are 

prepared from heating different anilines (1 aïf) using acetic anhydride, DMF and POCl3 at 85-90 0C for 8-10 hrs. Progress 

of the reaction was monitored on TLC.  

Initially, a model reaction is carried out between aniline (1 mmol), DMF (3 mmol) and POCl3 (7 mmol) for the optimization 

of reaction condition at different temperature (Table 1). In this optimization study, good yield was obtained at 85-90 0C.  

Therefore, a series of reactions was carried out using different aniline (1 mmol), DMF (3 mmol) and POCl3 (7 mmol) at 

85-90 0C for the synthesis of 2-chloro-3-formyl quinoline derivatives as given in Table 2. 

Keywords: Acetic anhydride, DMF, POCl3, 2-chloro-3-formyl quinolone.    

 

Introduction :  

The thesis encompasses not only the exploration of 

quinoline but also delves into its derivatives, reactivity, and 

chemical behaviour. However, the focal point of the thesis 

is primarily our group's concerted efforts towards 

synthesizing quinoline derivatives and conducting a 

comprehensive study on their biological activity. 

Quinoline, characterized by its benzo condensed 

heterocycles containing a nitrogen atom, serves as a 

fundamental component (Fig. 1.3). It acts as a building 

block for naturally occurring alkaloids found in various 

plant species' families. Throughout history, mankind has 

harnessed these alkaloids, formulating drugs that either 

alleviate pain or inflict anguish on the soul when abused. 

Quinoline, identified as a nitrogen-containing heterocyclic 

aromatic compound, goes by various names such as 1-

azanaphthalene, 1-benzazine, or benzo[b] pyridine. Its 

distinctive feature lies in a double-bonded ring structure 

where benzene is fused to pyridine at adjacent carbon 

atoms. With the chemical formula C9H7N, quinoline 

presents two isomers, differing solely in the position of the 

nitrogen atom within the ring. 

Quinoline derivatives stand out as a prominent class of 

heterocycles with a history dating back to the late 1800s, 

featuring numerous known preparations. The quinoline 

moiety serves as the core structure for various natural 

products, particularly in alkaloids. Figure 1.4 illustrates 

some naturally occurring quinoline derivatives. 

The historical journey of quinoline commenced in 

1820 with the isolation of quinine (1) as the active 

component from Cinchona tree bark. Quinine replaced 

crude bark in treating malaria and, despite its moderate 

efficacy and tolerability, continues to play a crucial role in 

treating multi-resistant malaria.1  Beyond its medical 

applications, quinine has held significance in Organic 

Chemistry, serving as a target for structural determination 

and total synthesis,2 including recent endeavors in 

stereoselective3 and enantioselective4  total syntheses. 

Chimanine alkaloids, simple quinolines isolated from 

Galipealongiflora tree bark in the Rutaceae family, 

demonstrate effectiveness against Leishmania species, the 

causative agents of leishmaniasis in tropical South 

American regions, particularly the Amazonian forest.5, 

Cryptolepine,6 an indoloquinoline alkaloid from the West 

African shrub Cryptolepissanguinolenta, finds use in 

traditional medicine for treating malaria and various other 

diseases.7 Numerous quinoline derivatives exhibit diverse 

pharmaceutical activities, including antiplasmodial,8 

intrinsic,9 cytotoxic,10 functional,11 antibacterial,12 

antiproliferative,13 antimalarial,14 and anticancer 

properties.15 Tetrahydroquinoline derivatives have been 

explored as potential drug candidates against type II 

diabetes,16 depression,17 and more. In addition to their roles 

in addressing inflammation18 and heart failure,19quinolines 

play a crucial role as synthetic materials for crafting nano 

and mesostructures.20 Their versatility extends to 

applications as catalysts, corrosion inhibitors, 

preservatives, and solvents for resins and terpenes. Within 

transition-metal complex catalyst chemistry, they 

contribute to uniform polymerization, luminescence 

chemistry, and serve as antifoaming agents in the refinery 

field. The combined industrial, biological, and synthetic 

significance elevates the quinoline scaffold to a 

distinguished position. 

Quinoline, a mild tertiary base, undergoes salt 

formation in acidic conditions and demonstrates reactions 

akin to those of benzene and pyridine. It participates in both 

electrophilic and nucleophilic substitution reactions. 

Scientist Taylor employed the pyrolysis of 1-(x-quinolyl) 

ethyl acetate to directly assess the electrophilic reactivity at 

position x.21 From this method, Taylor derived significant 

conclusions. 
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Experimental Section:  

All melting points were determined in open capillary 

tube and were uncorrected. IR spectra were recorded with 

potassium bromide pellets technique, 1H NMR spectra 

were recorded on AVANCE 300 MHz Spectrometer in 

DMSO using TMS as internal standard.  Mass spectra were 

recorded on a FT VG-7070 H Mass Spectrometer using EI 

technique at 70 eV. All the reactions were monitored by 

Thin layer chromatography. 

Material and Methods: 

Multicomponent synthesis of 2-chloro-3-formyl 

quinoline derivatives. 

One pot multicomponent synthesis of 2-chloro-3-

formyl quinoline and its derivatives (3aïf) (Scheme-1) are 

prepared from heating different anilines (1aïf) using acetic 

anhydride, DMF and POCl3 at 85-90 0C for 8-10 hrs. 

Progress of the reaction was monitored on TLC.  

 

Initially, a model reaction is carried out between 

aniline (1 mmol), DMF (3 mmol) and POCl3 (7 mmol) for 

the optimization of reaction condition at different 

temperature (Table 1). 

Table 1: Optimization of the reaction conditions. 

Entry  Temperature (0C) Time (hr) Yield (%)  

1 70-75 10 40 

2 75-80 10 52 

3 80-85 8 56 

4 85-90 8 69 

5 90-95 7 61 

6 95-100 8 56 

In this optimization study, good yield was obtained at 

85-90 0C.  Therefore, a series of reactions was carried out 

using different aniline (1 mmol), DMF (3 mmol) and POCl3 

(7 mmol) at 85-90 0C for the synthesis of 2-chloro-3-formyl 

quinoline derivatives as given in Table 2. 

Table 2: Synthesis of 2-chloro-3-formyl quinoline 

derivatives 

Entry  Compound R1 R2 R3 

Reaction 

Time 

(hr)  

Yield 

(%)  

Melting 

Point 

(0C) 

1 3a H H H 8 69 145-146 

2 3b H H CH3 8 71 136-138 

3 3c H CH3 H 8 72 146-148 

4 3d CH3 H H 8 70 120-122 

5 3e H OCH3 H 8 72 190-192 

6 3f OCH3 H H 8 70 144-146 

Results and Discussion: 

Multistep synthesis is the process of taking a readily 

available compound (one you can buy) and converting it 

into the compound you need using chemical 

reactions. Multistep syntheses require more than 

one step (reaction), and so one or more intermediate 

compounds are formed along the way. In present work, we 

report novel one pot multicomponent synthesis of 2-chloro-

3-formyl quinoline and its derivatives. 

In this optimization study, good yield was obtained at 

85-90 0C.  Therefore, a series of reactions was carried out 

using different anilines (1 mmol), DMF (3 mmol) and 

POCl3 (7 mmol) at 85-90 0C for the synthesis of 2-chloro-

3-formyl quinoline derivatives as given in Table 2. 

Conclusion: 

In conclusion we have developed a simple 

multicomponent methodology for the preparation of 

substituted quinoline derivatives. The advantage of this 

method are extremely mild reaction conditions, short 

reaction time, high yield, simple experimental technique 

and compliance with green chemistry protocols.  

Since quinoline and its derivatives are known for their 

wide spectrum of pharmacological activities, a number of 

synthetic methods have been developed from time to time 

for their synthesis by conventional, homogeneous, and 

heterogeneous acid-catalyzed methods; rare-earth-

catalyzed, transition metal-catalyzed, radical- catalyzed, 

microwave-assisted, ultrasound-promoted, or solvent-free 

conditions, and many more. This book chapter will be very 

useful to the researcher working in this field, and it would 

help them to develop new synthetic methods for the potent 

quinoline derivatives with good or enhanced biological 

activities for the future. 
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Abstract:  

            An efficient and rapid one-pot synthesis of 3,4-dihydropyrimidin-2(1H)ones is carried out at room temperature in 

the presence of molecular iodine(10mol%) by grinding the mixture of benzaldehyde  , ethyl acetoacetate , Urea  and 

ammonium acetate . Excellent yield in short reaction time is characterized by simple work up procedure and efficient 

recovery. The 3,4-dihydropyrimidin-2(1H)ones were synthesized and tested for antibacterial effects against Bacillus 

Subtilis, Escherichia coli, Staphylococcus aureus and Pseudomonas aeruginosa. The antibacterial screening of the 

synthesized compounds was performed in vitro by the filter paper disc diffusion method and it is found that the 3,4-

dihydropyrimidin-2(1H)ones show good antimicrobial activity. 

Keywords: Benzaldehyde, ethyl acetoacetate, urea, ammonium acetatate, iodine. 

 

Introduction:  

3,4-Dihydropyrimidin-2-(1H)-ones is a significant 

heterocycle due to their interesting biological and 

pharmacological activities such as antibacterial, 

antitumour, antiviral and anti-inflammatory activities1. 

Several alkaloids have been isolated from marine sources 

which contain the dihydropyrimidine core unit. Most 

notable among these are the batzelladine alkaloids which 

were recently found to be potent HIV gp-120-CD4 

inhibitors2.Previously different derivatives of 3, 4-

dihydropyrimidin-2-(1H)-ones have exhibited calcium 

channel modulators, Ŭa-antagonists and neuropeptide 

Y(NPY) antagonist3. The pyrimidine ring is an integral part 

of various natural products4 and serves as a building block 

for various pharmaceuticals and biopolymers. It also has 

very good coordinating ability similar to pyridyl ligands in 

supramolecular metallogrid-like architecture5. 

Pyrimidopyrimidine are also known to be inhibitors of 

tyrosine kinase of the epidermal growth factor receptor 

family6 Numerous reports delineate the antitumor,7 

antiviral,8 and antioxidant9 activity of these compounds. 

Recently, considerable attention has been focused on the 

development of new methodologies to synthesize many 

kinds of pyrazolopyrimidine ring systems10. Indeed, these 

compounds are widely recognized as important organic 

materials with interesting biological activities11. The most 

important biologically active compounds of this class are 

the formycin, allopuriol, and their corresponding 

nucleosides.  

A number of synthetic methods for the preparation of 

pyridones and pyrimidines have been reported in the 

literature due to its broad-spectrum biological activities and 

its skeleton. In this section we have reviewed some of the 

important synthetic methods for the preparation of 3, 4-

dihydro-2-pyridones and 3,4 dihydropyrimidones,3,4-

dihydropyrimidin-2(1H)ones which have appeared in the 

literature recently. Svetlik et al12 reported the synthesis of 

4-substituted aryl-3, 4-dihydropyridones, from 

condensation of aromatic aldehyde, Meldrumôs acid, 

methyl acetoacetate, ammonium acetate and acetic acid in 

refluxing methanol which afforded desired product in very 

poor yield even after long reaction period. Rodriguezôs 13-

14 3, 4-dihydro-2-pyridones was synthesized by solid-phase 

synthesis using Wang resin from the immobilized ɓ-

ketoester.  Using microwave irradiation as alternative to 

conventional heating. Mohan et al15 have discovered a 

simple, one-pot conversion of 4,5-diamino-6-

chloropyrimidine in equimolar amount of sulfur in DMF to 

90ï100 0C for 17 h. Mohammad et al 16 in 2009 reported 

the use of 2-chloropyridine (2-ClPyr) with trifluoro 

methane sulfonic anhydride (Tf2O) as a versatile reagent 

combination for the synthesis of pyrimidine and pyridine 

derivatives. 

Result and Discussion: 

Since 3,4-dihydropyrimidin-2(1H)ones and 3,4-

dihydro-2-pyridones serve as valuable building blocks in 

the construction of piperidines, perhydroquinolones, 

indolizidines, quinolizidines and other alkaloid ring 

systems and have a wide range of biological and 

pharmacological activities.11 .Recently, molecular iodine 

has received considerable attention as an inexpensive, 

nontoxic, readily available catalyst for various organic 

transformations, affording the corresponding products in 

excellent yields with high selectivity. The mild Lewis 

acidity associated with iodine enhanced its usage in organic 

synthesis to realize several organic transformations using 

stoichiometric levels to catalytic amount. In a model study, 

in the presence of molecular iodine(10mol%) the mixture 

of benzaldehyde 1a , ethylacetoacetate 2a-b, Urea  3a and 

ammonium acetate was grind at RT temperature after 20 

min reaction was completed( progress of reaction 

monitored by TLC) a single spot corresponding to3,4-

dihydropyrimidin-2(1H)ones 4a-p. The pure product was 

isolated by column chromatography and fully 

characterized. 
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Scheme1. Green synthesis of 3, 4-dihydropyrimidin -

2(1H)ones in high yield catalyzed by I2 

The IR spectrum of 4a-h showed absorption at 1565, 

1638 and 3438 cm-1 corresponds to C=C, C=N, ïNH 

respectively. The 1H NMR spectrum of 4a-h showed 

singlet of three protons at ŭ 3.85 corresponds to ethoxy 

group, multiplet for ten protons in the region ŭ 7.25-7.59 

for aromatic proton and 12.52 (brs, 1H) corresponds to ï

NH. The 13C NMR spectrum showed peaks at ŭ 54.6 and 

145.7 corresponding to ethoxy carbon and C=N 

respectively, elemental data confirms with the structure of 

4a-h and corresponds to the known data (Scheme 1). 

The variety of aldehydes and ethylacetoacetate, urea 

summarized in Table 1. This protocol is rapid and efficient 

for the preparation of several 3, 4-dihydropyrimidin-

2(1H)ones 4a-h from both electrons efficient as well as 

electron deficient aromatic aldehydes. The aryl groups 

substituted with different groups did not show any effect on 

the formation of 3, 4-dihydropyrimidin-2(1H)ones. A 

nearly stiochiometric amount of ammonium acetate was 

used in the course of the reaction, whereas previously a 

many-fold of ammonium acetate was required. This is an 

additional advantage of the novel methodology. 

Table 2: Synthesis of 3,4-dihydropyrimidin -2(1H)ones 

 

Sr.No Urea (3a) 

Ethylaceto 

Acetate(EAA) 2a 

Aldehydes Pyrimidines(4a-d) Time 

(min) 

aYield 

(%)  

01  

H2N
NH2

O

 
3a 

 H3C

EtO

O

N
H

NH

O
4a 

18 92 

02  

H2N
NH2

O

 
 

 

 
 

H3C

EtO

O

N
H

NH

O

OMe

4b 

16 95 

03 

H2N
NH2

O

 

 
H3C

EtO

O

N
H

NH

O

OH

4c 

15 88 

04 

H2N
NH2

O

 

 
H3C

EtO

O

N
H

NH

O

OH

4d 

24 95 

 Methyl 

Acetoacetatate 

MAA(2b)  

Aldehyde Pyrimidines (4e-h) Time 

(min) 

Yield 

(%)  

CHO

CHO

OMe

CHO

OH

CHO

OH
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05  

H2N
NH2

O

 

 

H3C

MeO

O

N
H

NH

O
4e 

20 92 

06 

H2N
NH2

O

 

 
H3C

MeO

O

N
H

NH

O

NO2

4f 

18 91 

07 

H2N
NH2

O

 

 

H3C

MeO

O

N
H

NH

O

Cl

4g 

18 90 

08 

H2N
NH2

O

 

 
H3C

MeO

O

N
H

NH

O

OMe

4h 

20 90 

Experimental procedure: 

The 1H-NMR spectra were recorded on a Bruker AC-

200 spectrometer with TMS as internal standard with 200 

MHz frequency; chemical shifts (ŭ scale) are reported in 

parts per million (ppm) relative to the central peak of the 

solvent. 1H-NMR Spectra are reported in order: 

multiplicity, approximate coupling constant (J value) in 

hertz (Hz) and number of protons; signals were 

characterized as s (singlet), d (doublet), t (triplet), m 

(multiplet), br s (broad signal). The 13C-NMR spectra were 

recorded at 50 MHz; chemical shifts (ŭ scale) are reported 

in parts per million (ppm).IR spectra were recorded on ATI 

MATTSON RS-1 FTIR spectrometer. Melting points were 

recorded in an open capillary. The crude products were 

purified by column chromatography using silica gel (60ï

120 mesh size). 

General procedure for synthesis of 3,4-dihydropyrimidin-

2(1H)ones in high yield catalyzed by I2: 

A mixture of Urea/thiourea 3a, 3b (4 mmol), 

substituted aldehydes 1a (4 mmol), ammonium acetate (10 

equivalent), ethylacetoacetate (4mmol) and molecular 

iodine (10 mol %) was stir for the appropriate time 

mentioned in Table 2. The completion of reaction was 

monitored by TLC using 25% ethyl acetate in petroleum 

ether. After completion of reaction, the reaction mixture 

was diluted with water (25 ml). The solid 3,4-

dihydropyrimidin-2(1H)ones products, which separated 

out, were filtered, washed with sodium thiosulphate  and 

dried. The crude products, thus isolated, were pure (single 

spot on TLC). They were subjected to further purification 

by chromatography through a column of silica-gel using 

25% EtOAc in petroleum ether as eluent to yield the 

desired substituted 4,4-dimethylcyclohwxane-1,3-dion 

(4a-h) in excellent yields of 84-95% and were fully 

characterized in the form of IR, 1H, 13C-NMR spectral and 

elemental analyses and mass spectroscopy. 

Antimicrobial Activity:   

The antibacterial activities of the synthesized 

compounds (4f) and (4g) were studied against four bacteria, 

viz. Bacillus subtilis (G+), Escherichia coli (Gï), 

Staphylococcus aureus (G+) and Pseudomonas aeruginosa 

(Gï). For the detection of antibacterial activities, the filter 

paper discs diffusion method was used17. Streptomycin 

sulphate was used as positive control. Nutrient agar (NA) 

was used as basal medium for test bacteria. The discs were 

prepared by impregnating them in methanol solution of 

each sample (1 mg/1 mL). Each culture was prepared to a 

turbidity equivalent to McFarland and spread on the test 

tube. The paper disc containing the compound was placed 

on the agar surface previously inoculated with suspension 

of each microbe to be tested. All determinations were made 

in duplicate. Inhibition diameter was determined after 

incubation at 37°C ± 1 for 24 h. The antimicrobial activity 

was indicated by the presence of the clear inhibition zones 

around each disc. Minimum inhibition concentration: The 

determinations of the minimum inhibitory concentration 

(MIC), the serial dilution technique was followed using 

nutrient broth medium. The MIC was defined as the lowest 

concentration of samples that had restricted the growth of 

microbial. The MIC value of compound (g) was 

determined against Escherichia coli (Gï). 

 

CHO

Cl

CHO

CHO

OMe

CHO

NO
2
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Table 03:- Antimicrobial Screening of 4f &4g 

 

Fig: Diameter of the zone of inhibition (mm) 

Antimicrobial Screening:  

The antibacterial activity of compounds (4f) and (4g) 

has been assayed at the concentration 1000 ɛg/mL against 

four human pathogenic bacteria. Among them two were 

gram-positive and the other two were gram negative. The 

inhibitory effect of compounds (4f) and (4g) against these 

organisms are given in Table 3. The screening results 

indicate that  compounds was active against a gram 

negative bacteria, Bacillus subtilis  and Escherichia coli 

with a mean zone of inhibition 13ẗ5 ± 0ẗ3, 12ẗ5 ± 0ẗ3 mm 

(Table 3). Determination of the minimum inhibitory 

concentration (MIC): The active sample in the disc 

diffusion method was then tested for its activity by the 

serial dilution method to determine the minimum inhibition 

concentration (MIC). The MIC value obtained for 3,4-

dihydropyrimidin-2(1H)ones was 1000 ɛg/mL against 

Bacillus subtilis  and Escherichia coli. 

Conclusion: - 

In conclusion, we have developed a mild, simple, 

straight farward, convenient and green protocol for the 

synthesis of a library of Synthesis of bioactive 3,4-

dihydropyrimidin-2(1H)ones with shorter reaction 

time.3,4-dihydropyrimidin-2(1H)ones was 1000 ɛg/mL 

against Bacillus subtilis  and Escherichia coli.  

Acknowledgment:-Author  wants to thanks Dept. of 

Chemistry and Principal B. Raghunath ACS College 

Parbhani. 

Spectral data:- 

Methyl -4-(4-methoxyphenyl)-1,4,5,6-tetrahydro-2-

methyl-6-oxopyridine-3-carboxylate (4h): 

M. P. (0C)  : 188-189 

IR (CHCl3, cm-1) : ɡmax 1038, 1215, 1669, 1705,  

3019, 3218. 

1H NMR   : d 2.40 (s, 3H), 2.66-2.72 (dd,  

  J= 16.5, 1.3 Hz, 1H), 2.91-3.03 

(200 MHz, CDCl3)        (dd, J= 16.8, 7.5 Hz, 1H), 3.66 (s,   

    3H), 3.75 (s, 3H), 4.21-4.26 

(t, 1H), 6.76-6.79 (d, J= 8.0 Hz, 

2H), 7.08-7.09 (d, J= 7.8 Hz, 

1H), 7.90 (brs, 1H) 

13C NMR  : d 18.8, 37.7, 38.4, 51.6, 55 7,    

 106.8, 114.3, 128.8, 133.5, 146.8,  

(50 MHz,CDCl3)          158.0, 167.3, 170.2.  

Elemental Analysis   : C15H17NO4  Calcd. C, 65.44; H, 

6.22; N, 5.09. 

Found C, 65.34; H, 6.09; N, 4.98. 

Methyl -4-(4-nitrophenyl) -1,4,5,6-tetrahydro-2-methyl-

6-oxopyridine-3-carboxylate (4f) 

M. P. (0C)  : 208-209 

IR (CHCl3, cm-1) : ɡmax 1159, 1215, 1352, 1618, 

1673, 1702, 2400, 2953, 3240. 

1H NMR   : d 2.45 (s, 3H), 2.63-2.72 (dd,  

    J= 16.6, 3.0 Hz, 1H), 2.94-3.06 

 (200 MHz, CDCl3)     (dd, J= 15.1, 3.0 Hz, 1H) 3.65 (s,  

    3H), 4.34-4.37 (t, 1H),  

7.37 (d, J= 8.2 Hz, 1H), 8.00  

(brs, 1H), 8.14 (d, J= 8.0 Hz, 

2H).  

 13C NMR             : d 19.3, 37.6, 37.9, 65.1, 105.8,  

   124.1, 127.4, 147.3, 149.5, 166.8,     

(50 MHz,CDCl3)           170.2.  

Elemental Analysis   : C14H14N2O5  Calcd. C, 57.93; H,  

  4.86; N, 9.65. 

                               Found C, 57.82; H, 4.78; N, 9.55.  
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Abstract: 

Heterocyclic compounds constitute the core of modern medicinal chemistry, with more than half of clinically approved 

drugs containing at least one heterocyclic ring. In recent years, significant attention has been directed toward emerging 

heterocyclic frameworks that exhibit multifunctional biological activities such as anticancer, antimicrobial, anti-

inflammatory, antiviral, antidiabetic, and central nervous system effects. These frameworks, often characterized by fused, 

hybrid, or highly substituted ring systems, demonstrate enhanced target specificity, improved pharmacokinetic properties, 

and reduced toxicity. This review provides a comprehensive overview of emerging heterocyclic frameworks, emphasizing 

their structural features, nomenclature, synthetic considerations, biological applications, and representative case studies. 

Recent literature trends highlight the growing importance of heterocycles as privileged scaffolds in multifunctional drug 

design. 

Keywords: Emerging heterocycles, multifunctional drugs, medicinal chemistry, bioactive scaffolds, heterocyclic 

frameworks. 

 

Introduction : 

Heterocyclic chemistry plays a pivotal role in 

pharmaceutical and biological sciences due to the unique 

electronic and structural properties imparted by 

heteroatoms such as nitrogen, oxygen, and sulfur. The 

continuous emergence of drug resistance, complex 

diseases, and multi-target therapeutic requirements has 

driven the search for novel heterocyclic frameworks 

capable of interacting with multiple biological targets. 

Emerging heterocyclic frameworks differ from 

classical heterocycles by their structural novelty, fusion 

patterns, hybridization with other pharmacophores, and 

multifunctional biological profiles. These frameworks 

serve as privileged structures capable of modulating 

diverse biological pathways, making them attractive 

candidates in modern drug discovery. 

Structural Features of Emerging Heterocyclic 

Frameworks. 

General Structural Characteristics. 

Emerging heterocyclic framewor.ks typically possess: 

- Multiple heteroatoms enabling hydrogen bonding and 

ionic interactions - Fused or bridged ring systems 

increasing molecular rigidity - Aromatic or partially 

saturated cores enhancing stability - Substituent diversity 

allowing fine-tuning of biological activity 

Classification Based on Ring Systems: 

Fused Heterocyclic Frameworks. 

Fused heterocycles consist of two or more rings 

sharing common atoms. Examples include 

indoloquinolines, benzimidazoquinazolines, and 

thienopyrimidines. These systems often show improved 

DNA binding and enzyme inhibition. 

Hybrid Heterocyclic Frameworks. 

Hybrid frameworks are formed by linking two 

different heterocyclic moieties, such as triazoleïquinoline 

or indoleïbenzimidazole hybrids. These compounds are 

designed to exhibit dual or synergistic biological activities. 

Spiro and Bridged Heterocycles. 

Spiro heterocycles possess a shared quaternary atom 

between rings, providing three-dimensional architecture 

that enhances receptor selectivity. 

Nomenclature and Representative Emerging 

Heterocyclic Frameworks: 

Nitrogen-Containing Frameworks 

¶ Indole-based fused systems 

¶ Quinazoline derivatives 

¶ Triazolo-fused heterocycles 

Oxygen-Containing Frameworks 

¶ Benzofuran and chromene hybrids 

¶ Xanthene derivatives 

Sulfur -Containing Frameworks 

¶ Thienopyrimidines 

¶ Benzothiazole-based fused systems 

Synthetic Approaches (Overview): 

Emerging heterocyclic frameworks are synthesized 

using advanced methodologies such as: - Multicomponent 

reactions (MCRs) - Metal-catalyzed cross-coupling 

reactions - Cyclization and annulation strategies - green 

chemistry approaches including microwave-assisted 

synthesis These methods allow rapid construction of 

structurally complex and biologically relevant 

heterocycles. 
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Multifunctional Biological Applications  

Anticancer Activity  

Emerging heterocyclic frameworks interact with 

kinases, topoisomerases, and DNA. Quinazoline- and 

indole-based frameworks are prominent in kinase 

inhibition and apoptosis induction. 

Antimicrobial and Antiviral Activity  

Hybrid heterocyclic systems disrupt microbial 

enzymes and viral replication pathways, offering solutions 

against resistant strains. 

Anti -Inflammatory and Analgesic Activity 

Heterocyclic frameworks inhibit cyclooxygenase 

enzymes and inflammatory mediators, providing relief in 

chronic inflammatory disorders. 

Central Nervous System Activity 

Nitrogen-rich fused heterocycles show promising 

results in neurodegenerative and psychiatric disorders due 

to effective bloodïbrain barrier penetration. 

Antidiabetic and Enzyme Inhibition Activity  

Several emerging frameworks act as inhibitors of Ŭ-

glucosidase, DPP-4, and other metabolic enzymes. 

Case Studies 

Case Study 1: Quinazoline-Based Fused Heterocycles as 

Anticancer Agents 

Quinazoline derivatives have emerged as potent 

epidermal growth factor receptor (EGFR) inhibitors. 

Structural modification at the 4-anilino position enhances 

selectivity and reduces toxicity. Several derivatives have 

progressed to clinical evaluation. 

Case Study 2: TriazoleïQuinoline Hybrid Frameworks 

with Antimicrobial Activity 

Triazoleïquinoline hybrids exhibit broad-spectrum 

antimicrobial activity. The triazole ring improves binding 

affinity, while the quinoline moiety enhances membrane 

permeability. 

Case Study 3: IndoleïBenzimidazole Hybrids in 

Multifunctional Therapy 

Indoleïbenzimidazole frameworks demonstrate 

anticancer, antioxidant, and antimicrobial activities. 

Structureïactivity relationship studies reveal that electron-

withdrawing substituents enhance potency. 

StructureïActivity Relationship (SAR) Insights 

¶ Electron-donating and withdrawing groups 

significantly influence biological activity 

¶ Ring fusion enhances rigidity and binding affinity 

¶ Hybridization leads to multifunctional behavior 

Recent Trends and Future Perspectives 

Current research emphasizes: - Target-based 

heterocyclic design - Computational and AI-assisted drug 

discovery - Sustainable and green synthetic methodologies 

Future developments are expected to yield 

heterocyclic drugs with improved efficacy and safety 

profiles. 

Conclusion: 

Emerging heterocyclic frameworks represent a 

powerful platform for multifunctional biological 

applications. Their structural diversity, adaptability, and 

biological relevance make them indispensable in modern 

medicinal chemistry. Continued interdisciplinary research 

will further expand their therapeutic potential. 
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Abstract:  

The 1,5-benzodiazepine are the most studied group of diazepines, which are the  class of drugs prescribed against 

psychotic disorder.  In the present study Chalcones were synthesized by the condensation product of dehydroaceticacid in 

combination with aromatic aldehydes in the presence of strong base. These Chalcones were used for the synthesis of 

derivatives i.e. 1,5-benzodiazepine. The synthesized 1,5-benzodiazepine derivatives were characterized by IR, H1NMR 

and Mass spectral analysis. The derivatives were further used for the estimation of its biological properties.   

Key Words: Dehydroaceticacid, Chalcone, IR, H1NMR, Antibacterial activity, Antifungal activity , 1,5-benzodiazepine. 

 

Introduction:  

Benzodiazepines constitute an important class of 

biologically active compounds and their synthesis has been 

receiving much attention in the field of medicinal and 

pharmaceutical chemistry owing to their application as 

anticonvulsant, anti-inflammatory, analgesic, hypnotic, 

and sedative agents and to their hypnotic activity [1ï6]. 

The derivatives of 1,5-benzodiazepines are also used as 

dyes for acrylic fibers in photography [7]. In addition, 

benzodiazepines are the useful precursors for the synthesis 

of other fused ring compounds such as triazolo-, 

oxadiazolo-, oxazino-, or furano-benzodiazepines [8ï11]. 

Benzodiazepines represent a versatile class of heterocyclic 

compounds that have attracted considerable attention in 

medicinal chemistry due to their broad spectrum of 

biological activities. Among them, 1,5-benzodiazepines 

occupy a unique position, distinguished by their structural 

diversity and potential pharmacological applications. 

These seven-membered nitrogen-containing heterocycles 

are not only important scaffolds in central nervous system 

(CNS) therapeutics but have also demonstrated promising 

activity in areas such as antimicrobial, anticancer, and 

anti-inflammatory research. 

The growing prevalence of antimicrobial resistance 

(AMR)  has intensified the search for new chemotypes 

capable of overcoming resistant pathogens. Traditional 

antibiotics are increasingly compromised by multidrug-

resistant strains, necessitating the exploration of novel 

molecular frameworks. In this context, 1,5-

benzodiazepines have emerged as attractive candidates 

due to their ability to interact with diverse biological targets 

and their amenability to structural modification. 

Synthetic strategies for 1,5-benzodiazepines typically 

involve cyclocondensation reactions of o-

phenylenediamines with Ŭ,ɓ-unsaturated carbonyl 

compounds or ɓ-diketones, enabling the introduction of 

varied substituents that modulate biological activity. 

Advances in green chemistry, including solvent-free and 

microwave-assisted methods, have further enhanced the 

efficiency and sustainability of these syntheses. 

Recent studies highlight that novel derivatives of 1,5-

benzodiazepines exhibit significant antimicrobial 

activity against Gram-positive and Gram-negative 

bacteria, as well as fungal strains, underscoring their 

potential as lead compounds in drug discovery. The dual 

advantage of structural novelty and biological efficacy 

makes them promising scaffolds for the development of 

next-generation antimicrobial agents. 

Thus, the synthesis and evaluation of novel 1,5-

benzodiazepines not only enrich the chemical space of 

heterocyclic compounds but also contribute to addressing 

one of the most pressing global health challengesð

antimicrobial resistance. 

Thus, the synthesis and evaluation of novel 1,5-

benzodiazepines not only enrich the chemical space of 

heterocyclic compounds but also contribute to addressing 

one of the most pressing global health challengesð

antimicrobial resistance. 

Result and discussion: 

The chalcones of DHA were synthesized by claisen-

schmith condensation and characterized as good to 

excellent yield (scheme-I) as shown in Figure-1 . The 

structures of all the compounds were established from IR, 

1HNMR and Mass spectral analysis is mentioned above. 

The IR spectrum of chalcones gives a broad band for OH 

group at (3000 - 3125 cm-1) sharp and strong bands were 

observed at 1712-1728 cm-1 for lactone carbonyl group. 

Another sharp band was observed at 1598-1650 cm-1 due 

to the presence of carbonyl group and carbon-carbon band 

of unsaturated chalcone system.  

The structures of synthesized compounds (MBD-I to 

MBD-V) were confirmed on the basis of spectral analysis. 

The IR spectra of the newly synthesized compounds 

showed the disappearance of C=O band of chalcone strong 

band appears at 1590-1615 cm-1 due to C=N stretching 

because of ring closure. The compound shows additional 

band appearing in the region 3300-3367 cm-1 due to a N-H 

stretching secondary amino group. 

1HNMR of synthesized compounds shows the 

characteristic peak ŭ 3.0-3.8 (dd, 2H, CH2) i.e. HA and HB 

of benzodiazepine ring. ŭ 4.8-5.8 (t, 1H, CH) i.e Hx of 

benzodiazepine ring observed. 
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Antimicrobial Activity:  

 Antimicrobial activities were tested against the 

bacterial and fungal species as mentioned in methodology, 

the effective zone of inhibition were observed at each 

concentration mentioned in Table 2. The results were 

compared with standard chloroamphenicol and the positive 

control was taken as DMSO. There was no zone of 

inhibition in DMSO on microbial growth. Both the 

organism i.e. bacteria and fungi showed maximum zone of 

inhibition i.e. 24 mm and 22 mm, respectively in a relative 

compounds as shown in Table 2.  

Mechanism of 1, 5-benzodiazepines synthesis 

 

Fig. 1 Mechanism of 1, 5-benzodiazepines 

synthesis 

In the above mechanism o-phenylenediamine 

condense with chalcone (a), to gives structure (b) 

intramolecular rearrangement i.e.ring closer to gives 

strcture (c), lastly transfer of proton from positive nitrogen 

to carban ion to gives (d) i.e. 1, 5, benzodiazepines 

derivatives 

Material and Method: 

Synthesis of substituted 3-Cinnamoyl -4-Hydroxy-6-

Methyl -2-pyrones 

10 mmol solutions of dehydroacetic acid and the 10 

mmol of aromatic aldehyde were taken and in that 8-10 

drop of piperidine was added as a catalyst. The solution was 

dissolved in 30 ml of ethanol solvent, the reaction mixture 

was refluxed for a reaction time 10-12 hrs.  After reaction 

time the compounds were by TLC. Then the mixture ware 

filtered, dried and recrystallized with suitable solvent i.e 

chloroform. The characterizations were carried out further 

of synthesized compounds. Melting points were 

determined in open capillary and are uncorrected.  IR 

spectra were recorded on FT-IR spectrometer using 

potassium bromide pellet as standard, 1HNMR were 

determined on a New Avenue-500 MHz spectrometer 

against TMS as an internal standard. The mass analysis was 

also carried out using the Shimazu Machine.  Purity of 

compounds was checked by TLC.  

General procedure for synthesis of 2,4-(Substituted-

aryl) -2,3-dihydro-1H-1,5-benzodiazepines 

A mixture of DHA chalcone (0.001 mol) and  o-

phenylenediamine (0.001 mol) in 10 ml methanol, in 

presence of 2 to 3 drops Piperidine was refluxed for 4 hr, 

then glacial acetic acid (5 ml) was added to the reaction 

mixture and refluxing was continued for 2hr, after 

completion of reaction (checked by TLC). The reaction 

mixture was left overnight at room temperature; solid 

product separated out it was then filtered, washed with cold 

water, dried to recrystallize from proper solvent. These 

synthesized derivatives were used for further analysis.  

Spectroscopic Date: 

1) MBD-I:  4-(4-hydroxy-6-methyl-2-oxa-2H-pyran-3-

yl)-2-(3-Nitrophenyl) -2,3-dihydro-1H-1,5-

benzodiazepines. 

IR (kBr,  cm-1): N3335 (N-H str.), 3150 (OH str.), 2980 

(C-H str. of CH3), 1716 (C=O lactone), 1605 (C=N str. of 

benzodiazepine ring), 1572 (N-H bending).  

H1NMR (CDCl 3 , /ppm): 2.4 (3H , s, CH3) , 3.2 (1HA ,dd 

, CH2 benzodiazepine ring) , 3.8 (1HB , dd ,CH2 

benzodiazepine ring) , 5.6 (1Hx ,t ,CH benzodiazepine 

ring) , 6.0 (1H , s , C5 DHA) , 8.4 (1H , s , NH) , 6.2-8.2 

(8H , m , Ar-H) , 16.2 (1H , s , OH str. ) . 

Mass (m/z): (M+1) 392 

2) MBD-II : 4-(4-hydroxy-6-methyl-2-oxa-2H-pyran-3-

yl)-2-(2, 3, 4-trimethoxyphenyl)-2, 3-dihydro-1H-1, 5-

benzodiazepines. 

IR (kBr,  cm-1): 3306 (N-H str.), 3130 (OH str.), 2962 (C-

H str. of CH3), 1712(C=O lactone), 1620 (C=N str. of 

benzodiazepine ring), 1558 (N-H bending).  

H1NMR (CDCl 3 , /ppm) :2.0 (3H , s, CH3) ,3.8-4.2 (9H , 

s , 3 × OCH3)  2.9  (1HA ,dd , CH2 benzodiazepine ring) , 

3.2 (1HB , dd ,CH2 benzodiazepine ring) , 5.2 (1Hx ,t ,CH 

benzodiazepine ring) , 6.0 (1H , s , C5 DHA) , 8.0 (1H , s , 

NH) , 6.2-8.4 (6H , m , Ar-H) , 16.4 (1H , s , OH str. )  

Mass (m/z): (M+1) 437 

3) MBD-III : 4-(4-hydroxy-6-methyl-2-oxa-2H-pyran-

3-yl)-2-(3, 4-dimethoxyphenyl)-2, 3-dihydro-1H-1,5-

benzodiazepines. 

IR (kBr,  cm-1):3316 (N-H str.), 3170 (OH str.), 2916 (C-

H str. of CH3), 1720 (C=O lactone), 1610 (C=N str. of 

benzodiazepine ring), 1567 (N-H bending).  

H1NMR (CDCl 3 , /ppm) :2.2 (3H , s, CH3) ,3.9-4.0 (6H , 

s , 2 × OCH3)  3.0  (1HA ,dd , CH2 benzodiazepine ring) , 

3.5  (1HB , dd ,CH2 benzodiazepine ring) , 5.8 (1Hx ,t ,CH 

benzodiazepine ring) , 6.0 (1H , s , C5 DHA) , 8.2 (1H , s , 

NH) , 6.2-8.0 (7H , m , Ar-H) , 15.5 (1H , s , OH str. )  

Mass (m/z): (M+1) 407 

4) MBD-IV:4 -(4-hydroxy-6-methyl-2-oxa-2H-pyran-3-

yl)-2-(2-fluorophenyl)-2,3-dihydro-1H-1,5-

benzodiazepines . 
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IR (kBr , cm-1) :3320 (N-H str.) , 3120 (OH str.), 2952 

(C-H str. of CH3) , 1712 (C=O lactone) ,1618 (C=N str. of 

benzodiazepine ring), 1580 (N-H bending).  

H1NMR (CDCl 3 , /ppm) :2.3 (3H , s, CH3) , 3.8 (1HA ,dd 

, CH2 benzodiazepine ring) , 4.2 (1HB , dd ,CH2 

benzodiazepine ring) , 5.9 (1Hx ,t ,CH benzodiazepine 

ring) , 6.0 (1H , s , C5 DHA) , 8.0 (1H , s , NH) , 6.2-8.6 

(8H , m , Ar-H) , 16.8 (1H , s , OH str. ) . 

Mass (m/z) : (M+1) 346 

5) MBD-V:4-(4-hydroxy-6-methyl-2-oxa-2H-pyran-3-

yl)-2-(3-methoxyphenyl)-2,3-dihydro-1H-1,5-

benzodiazepines . 

IR (kBr,cm -1) :3330 (N-H str.) , 3186 (OH str.), 2968 (C-

H str. of CH3) , 1722 (C=O lactone) ,1615 (C=N str. of 

benzodiazepine ring), 1532 (N-H bending).  

H1NMR (CDCl 3 , /ppm) :2.1 (3H , s, CH3) ,3.8 (3H, s  

OCH3) ,   3.5  (1HA ,dd , CH2 benzodiazepine ring) , 3.9 

(1HB , dd ,CH2 benzodiazepine ring) , 5.6 (1Hx ,t ,CH 

benzodiazepine ring) , 6.0 (1H , s , C5 DHA) , 8.0 (1H , s , 

NH) , 6.2-8.2 (8H , m , Ar-H) , 16.8  (1H , s , OH str. )  

Mass (m/z) : (M+1) 365 

Biological Activity:  

Preparation of media plates for maintenance of 

bacteria and fungus Nutrient agar (28gm/1000ml) was 

dissolved in 1 lit. conical flasks and sterilized in autoclave 

at 1210 C (15 lbs/ sq. inches) for 20 minutes. Potato 

dextrose agar (39 gm/lit) was dissolved in 1 lit conical 

flasks and sterilized in autoclave at 1210 C (15 lbs/ sq. 

inches) for 20 minutes. After cooling medium was poured 

in sterilized petri plate about 25 ml. The media plates were 

inoculated aseptically with inoculums. The bacterial 

culture of S. aureus, E. coli, Salmonella typhi were 

inoculated on nutrient agar medium. The bacterial culture 

plates were incubated for 24 hrs in Biological oxygen 

demand (BOD) incubator at 280 C temperature growth of 

organism. The fungus culture plates were inoculated on 

potato dextrose agar medium. The fungal culture of 

Fusarium oxysporum, Candida albilans and Aspergillus 

flavas plates were incubated at 35-370C temperature in 

BOD incubator growth of organism. 

Antimicrobial activity of compounds by agar well 

diffusion method Prepared media plate which was not 

inoculated with pathogen was taken and the wells were 

bored into agar using a sterile 6 mm diameter cork borer, 

six bore was made in each plate. The culture of the test 

organism was spread on petri plate with sterilized spreader 

chalcone derivatives of desired concentration. The test 

compound (250 µg/mL) was dissolved in dimethyl 

sulphoxide and loaded on a sterile filter paper disc of 6 mm 

diameter. The petriplate containing nutrient agar medium 

were spread with 100ɛL of actively growing both culture 

of the test bacteria using sterile cotton swab and allowed to 

dry for 10 min. For fungal species, 100 ɛL of active culture 

was spreader on PDA. Then the impregnated discs were 

placed on the surface of inoculated agar medium. With 

respect to control DMSO is used as a control for testing 

antimicrobial activity 17-18. The positive control was 

taken as Chloramphenicol. The plates were allowed to 

incubate at room temperature for about 2 hr and then plate 

were transferred to incubator at 28° C for bacterial culture 

and 35-37°C for fungal culture. After 3-4 day zone of 

inhibitions were examined and recorded. The experiments 

were performed in replication and average diameters of the 

zones of inhibition were calculated and mentioned in Table 

2. The observation shows that both the substituted chalcone 

derivatives are positively having antimicrobial property in 

action. It seems to be bacterial and fungicidal activity in 

them. So, they can be used against different animal and 

plant pathogens to cure a disease as a protection agent. 

Table 1: Physical data of 1, 5-benzodiazepines 

derivatives (MBDI-MBDV)  

 
S

r. No. 

Reactant Product Yiel

d 

(%) 

M.

P. 

(ǓC

) 

Ti

me 

(hr)  

1 

 
 

70 90 7 

2 

 
 

72 15 6 

3 

 

 

62 00 7 

4 

 
 

60 95 6 

5 

 

 

65 25 6 
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Fig. 2 Synthesis of 4-(4-hydroxy-6-methyl-2-oxa-

2H-pyran-3-yl)-2-(substituted aryl)-2, 3-dihydro-1H-1, 

5-benzodiazepines 

 

Table 2: Antibacterial activity of 1,5-

benzodiazepines 

Compound 

Bacteria 

(Zone of 

Inhibition in 

mm) 

Fungi 

(Zone of 

Inhibition in 

mm) 

 A B C D E F 

MBD-I 20 22 19 19 21 20 

MBD-II  16 15 17 14 13 14 

MBD-III  16 18 15 15 13 15 

MBD-IV  20 21 20 19 18 15 

MBD-V 1

9 

1

9 

1

7 

1

6 

1

3 

1

8 

Chloromph

enicol 

(250 µg/ml) 

24 25 22 20 22 20 

DMSO -ve -ve ve -ve -ve -ve 

*standard, A- S. aureus , B- E. coli , C- S. Typhi , D- 

Fusarium oxysporum, E- Candida albicans, F- 

Aspergillus flavus. 

Conclusion: 

According to the current study, benzodiazepine 

compounds that exhibit significant antimicrobial 

effectiveness against tested bacterial and fungal species in 

comparison to regular cab can be exploited for future 

medication design and chemical formulation development 

to eradicate illness. The pharmacophoric properties of the 

synthesized benzodiazepines will be significant, and they 

may yield beneficial outcomes for biological and 

therapeutic applications. Therefore, these chemicals will be 

important for managing illnesses, insects, and pests in the 

medical and agricultural fields. 
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which showed antimicrobial properties 
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Abstract: 

Heterocyclic compounds consist of a large and diverse collection of organic substances, both natural and synthetic, 

which lack distinct boundaries. Heterocyclic structures are frequently found in commercially available medications. They 

play a crucial role in the development of novel drugs due to their ability to create various forms and compounds with unique 

characteristics. - Employing innovative methods allows us to swiftly and effortlessly generate novel molecules 

characterized by distinct shapes and attributes. These molecules can assist in the discovery of new treatments for various 

illnesses. Heterocyclic compounds offer numerous advantages, including enhanced compatibility with biological systems, 

increased solubility in water, and the formation of robust connections. Such advantages can improve the efficacy of these 

compounds in pharmaceutical development. Extensive research has been conducted to identify effective and safe therapies 

capable of combating pathogens, particularly those that are becoming increasingly resistant and challenging to manage. 

These therapies rely on a specific chemical structure known as heterocyclic compounds, which possess unique qualities 

that render them effective in combating infections. One key aspect of these therapies is their potential to minimize failures 

and complications encountered during the creation of new pharmaceuticals. In this review, the ACS College campus has 

identified several plants exhibiting antimicrobial properties. The photochemistry related to these plants indicated that a 

significant portion of the identified compounds were heterocyclic in nature. Extracts from these plants exhibited potent 

effects against bacteria and various pathogens. Additionally, it will present some of these compounds currently under 

evaluation for medicinal applications. 

 

Introduction : 

Plants contain numerous biologically active 

substances that have potential for development into 

medicinal products. Herbal treatments are already 

foundational in many developing nations, but there has 

recently been an increase in the usage of herbal remedies in 

more developed regions. Plants serve as an alternative 

pathway in the quest for novel therapies. Numerous plant 

species are recognized in traditional medicine for their 

protective and healing properties. It appears that plants will 

keep being a valued source of new compounds that, 

following possible chemical alterations, could lead to the 

creation of new and enhanced medications. The issue of 

bacterial resistance to antibiotics poses a significant 

challenge for healthcare professionals and the medical 

field, prompting substantial efforts to counteract this trend. 

One such effort is the extensive evaluation of medicinal 

plants based on traditional medicinal systems, aiming to 

discover new, safer, and more effective agents for 

combating infectious diseases. 

Various parts of the Neem tree possess diverse 

medicinal characteristics. The non-woody sections of the 

Neem, including leaves, bark, oil, flowers, fruits, and seeds 

exhibit significant effects such as Antiallergic, Antifungal, 

Antibiotic, Antidermatic, Antibacterial, Anti-

inflammatory, Insecticidal, Larvicidal, Antimalarial, 

Antiulcer, and other biological activities. Some water-

soluble extracts from Azadirachta Indica are particularly 

valuable for their effects on hyperglycemia, hypolipidemia, 

and hypotension. 

Antimicrobial Activity Of Neem . 

Neem exhibits remarkable antimicrobial properties 

due to its 35 biologically active compounds. The juice from 

Neem leaves and its twigs is commonly used for dental 

hygiene and serves as a tonic. In India, it is customary for 

people to place Neem leaves among their beds, books, and 

cabinets as a means to deter pests. Several potent 

pharmaceutical compounds, such as limnoods and 

triterpenoids, have been isolated from the bark and fruits of 

the Neem tree. 

Neem extracts and their various components are 

crucial in inhibiting a wide range of microorganisms, 

including viruses, fungi, and bacteria. Methanol and 

hexane-chloroform extracts of Azadirachta Indica were 

tested for their antibacterial effects against Escherichia 

coli, Proteus vulgaris, Klebsiella pneumoniae, Bacillus 

subtilis, Micrococcus luteus, Streptococcus faecalis, and 

Enterococcus faecalis. The findings indicated that the 

methanol extract was the most effective, the chloroform 

extract was moderately effective, while the hexane extract 

showed minimal antibacterial effects. The antibacterial 

properties of Neem are detailed as follows. 

Antibacterial action of Neem. 

Neem is commonly utilized in medicinal and 

pharmaceutical applications. The stem and bark of Neem 

demonstrate strong antibacterial activity against Klebsiella, 

Serratia species, and Streptococcus. The methanolic 

extracts of Neem exhibit antibacterial efficacy against 

Vibrio cholerae, while the chloroform extracts combat E. 

coli, Bacillus subtilis, Enterococcus faecalis, and 

Streptococcus faecalis. 

Antimicrobial Activity Of Peepal Tree . 

It is widely recognized that the peepal tree, 

scientifically known as Ficus religiosa, is indigenous to 

India. This large, perennial tree is prevalent throughout the 
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country. It can frequently be observed growing along 

roadsides, as well as near Buddhist temples and Hindu 

shrines. The tree is commonly utilized for treating a variety 

of ailments, such as skin issues, nausea, burns, heart 

ailments, nervous system disorders, diabetes, constipation, 

dysentery, and snakebites. The extract of this plant 

possesses significant properties, including anti-diarrheal, 

antifungal, antiplasmodial, anti-ulcer, anti-convulsant, 

anti-parasitic, proteolytic, immunomodulatory, 

antioxidant, anti-acetylcholinesterase, wound-repairing, 

and antidiabetic effects. 

Antimicrobial Activity of Justicia Adhatoda : 

In India, Justicia adhatoda is recognized as a 

therapeutic plant that plays a significant role in diverse 

forms of traditional medicine including Siddha, Ayurveda, 

Unani, homeopathy, and other ancient healing practices. 

Various parts of the adhatoda plant, such as its leaves, 

roots, stems, and flowers, are utilized in a wide range of 

medicinal concoctions. The leaves, in particular, are 

incorporated in herbal treatments for ailments like chronic 

bronchitis, whooping cough, fevers, colds, coughs, 

jaundice, and asthma, acting as a sedative expectorant, as 

well as for conditions such as diarrhea, dysentery, and 

painful inflammatory rheumatic swellings. Studies on J. 

adhatoda indicate it possesses notable antibacterial 

properties against human pathogens, including 

Pseudomonas aeruginosa and Staphylococcus aureus. 

Phytochemistry of neem: 

Heterocyclic substances in the neem tree 

The neem tree, known scientifically as Azadirachta 

indica, is rich in heterocyclic substances, especially 

limonoids, which are a type of heavily oxygenated 

terpenoid. Among these, azadirachtin is the most 

researched limonoid, recognized for its strong insect-

killing abilities. Azadirachtin hinders the growth and 

development of insects by disrupting processes like 

molting, metamorphosis, and reproduction. Additionally, 

other limonoids in neem, such as nimbin and salannin, also 

demonstrate important biological functions. These 

compounds play a role in neem's extensive 

pharmacological effects, which include activities against 

microbes, inflammation, diabetes, cancer, liver protection, 

and insecticide actions. The varied phytochemical 

composition of the neem plant makes it a valuable natural 

reservoir of bioactive substances with significant promise 

in contemporary medicine and commercial use. 

Phytochemistry Ficus religiosa,  

Widely referred to as the sacred fig, is an important 

species in traditional healing and contains a range of 

heterocyclic substances. 

It comprises numerous bioactive elements such as 

flavonoids, tannins, alkaloids, and saponins. 

These elements demonstrate pharmacological effects 

including antioxidant, anti-inflammatory, and anti-diabetic 

characteristics. 

The plant is utilized in traditional medical practices, 

particularly Ayurveda, to address health issues like 

diabetes, diarrhea, and respiratory conditions. 

Research on its phytochemicals has revealed that Ficus 

religiosa possesses a diverse array of compounds that 

bolster its medicinal properties. 

In summary, Ficus religiosa is esteemed for its 

heterocyclic substances and the potential health benefits 

they offer in various therapeutic contexts. Ficus religiosa, 

widely referred to as the sacred fig, is an important species 

in traditional healing and contains a range of heterocyclic 

substances. 

It comprises numerous bioactive elements such as 

flavonoids, tannins, alkaloids, and saponins. These 

elements demonstrate pharmacological effects including 

antioxidant, anti-inflammatory, and anti-diabetic 

characteristics. The plant is utilized in traditional medical 

practices, particularly Ayurveda, to address health issues 

like diabetes, diarrhea, and respiratory conditions. 

Research on its phytochemicals has revealed that Ficus 

religiosa possesses a diverse array of compounds that 

bolster its medicinal properties. In summary, Ficus 

religiosa is esteemed for its heterocyclic substances and the 

potential health benefits they offer in various therapeutic 

contexts. 

Phytochemistry of Justica Adhatoda: 

All components of plants, which encompass leaves, 

roots, stems, flowers, fruits, and seeds, produce a variety of 

bioactive substances. Nevertheless, most of these bioactive 

phytochemicals are primarily found in the leaves and roots. 

Over 233 different phytochemical elements have been 

discovered, which include 33 alkaloids, 12 flavonoids, 47 

essential oils, 14 phenolic compounds, 23 terpenes and 

steroids, 47 organic acids, and 59 additional substances. 

Moreover, the plant contains a range of macro- and micro-

minerals such as calcium (Ca), copper (Cu), iron (Fe), 

potassium (K), zinc (Zn), manganese (Mn), vanadium (V), 

and chromium (Cr), with the highest amount being 

calcium. In addition, the plant consists of fatty alcohol, 

alkenes derived from alkylamines, acetylene, naphthalene, 

and hydrocarbons known as naphthoquinones. The plant 

serves as an abundant source of quinazoline alkaloids, 

including vasicine, vasicinone, adhatonine, and anisotine, 

which contribute to its therapeutic effects. Additionally, 

several unique compounds, such as dibutyl phthalate, 

octadecadienoic acid, butylated hydroxytoluene, tannic 

acid, and hydroquinone, have been specifically extracted 

from its blossoms. Some of the primary components of the 

plant are illustrated in Figure 3. These substances are 

promising for pharmaceutical development by targeting 

particular molecular pathways. For example, anisotine and 

vasicinone function as inhibitors for viral proteases, 

making them potential candidates for antiviral treatments. 

Other phytochemicals like phytol and amrinone exhibit 

antioxidant and heart-strengthening properties. This 

underscores the importance of these plants in contemporary 

pharmacology. 
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Abstract: 

Agriculture faces the dual challenge of increasing productivity while minimizing environmental impact. Organometallic 

chemistry, which studies compounds containing direct metalïcarbon bonds, offers unique opportunities to address these 

challenges. By harnessing the reactivity and stability of organometallic complexes, researchers are developing advanced 

fertilizers, pesticides, and nutrient delivery systems that promise greater efficiency and sustainability. Organometallic 

chemistry has emerged as a promising frontier in agricultural science, offering innovative solutions for crop protection, 

nutrient delivery, and sustainable farming practices. Organometallic compounds, characterized by metalïcarbon bonds, 

exhibit unique reactivity that can be harnessed to design advanced agrochemicals. Historically, organotin compounds were 

employed as pesticides and fungicides, though concerns over toxicity have limited their use. Current research emphasizes 

safer alternatives, including transition-metal complexes for controlled nutrient release, organometallic-based fertilizers that 

enhance micronutrient bioavailability, and catalytic systems for efficient synthesis of agrochemicals. Bioorganometallic 

systems, such as cobalt complexes in vitamin B , further illustrate the natural role of metalïcarbon bonds in plant and 

microbial metabolism. Emerging applications include nanostructured organometallics for precision agriculture, 

environmentally benign catalysts for pesticide degradation, and smart delivery systems that minimize environmental 

impact. By integrating organometallic chemistry into agricultural innovation, researchers aim to improve crop yields, 

reduce chemical waste, and promote sustainable food security. 

Key words: organometallics, Bioorganometallic, Agriculture. 

 

Introduction:  

Organometallic compounds are chemical species that 

contain at least one bond between a carbon atom of an 

organic group and a metal (including transition metals, 

main group metals, or metalloids). These compounds 

combine the reactivity of metals with the versatility of 

organic ligands, enabling unique transformations not 

possible in purely organic or inorganic systems 1. 

Organometallics significantly impact agriculture 

by enabling effective pesticides, herbicides, and 

fungicides, boosting crop protection and yields, but they 

pose environmental risks like soil contamination and 

toxicity, requiring careful management to balance 

productivity gains with ecological health, as their 

accumulation can harm ecosystems and food chains, 

despite some historical use like ethylmercury for 

disinfection and ongoing use in developing regions2-3.  

Organometallic compounds are chemicals that contain 

a bond between a metal and a carbon atom. They are unique 

because they combine the properties of both metals and 

organic (carbon-containing) molecules. These compounds 

are useful in a lot of areas, including making plastics, 

medicines, and even as catalysts to speed up chemical 

reactions4. They can do things that neither metals nor 

organic molecules can do alone. An example of an 

organometallic compound is ferrocene, which has an iron 

atom sandwiched between two carbon rings. This structure 

gives ferrocene special properties, like stability to heat and 

oxidation. This makes it useful in fuel additives and 

material science. The present article is designed to study 

the Importance of organometallics in agriculture and allied 

science5. 

 

Properties of organometallic compounds  

¶ Many organometallic compounds are sensitive and can 

degrade when exposed to air or moisture. 

¶ These compounds can be stable under heat, but the 

exact temperature tolerance varies widely. 

¶ Some organometallic compounds can conduct 

electricity, which is useful in electronic applications. 

¶ They often serve as catalysts, speeding up chemical 

reactions without being consumed in the process. 

Applications of Organometallic: 

Organometallics are widely used in all sciences some 

of its applications are listed down under specific headings 

Catalysis:  

Organometallic complexes are central to industrial 

processes such as hydroformylation, polymerization, and 

hydrogenation. For example, ZieglerïNatta catalysts 

enabled the large-scale production of polyethylene and 

polypropylene6. 

Organic synthesis:  

Reagents like Grignard compounds and organolithium 

species are indispensable for forming carbonïcarbon 

bonds7. 

Materials science: 

Organometallics contribute to the development of 

semiconductors, OLEDs, and nanomaterials. 

Environmental impact:  They are used in processes like 

CO  activation and sustainable energy conversion.  

Agrochemicals and Crop Protection 

1. Ferrocene derivatives are used in the design of novel 

agrochemicals due to their stability and redox 
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properties. They act as catalysts in enantioselective 

synthesis of pesticides and herbicides, improving 

efficiency and selectivity. 

2. Organometallic nanoparticles (CuïFe bimetallics) 

have shown dual roles: protecting crops against 

pathogens while stimulating growth. For example, 

in Vigna radiata (mung bean), CuïFe nanoparticles 

enhanced resistance to fungal infections and 

promoted biomass accumulation. 

3. Organotin compounds (though limited due to 

toxicity concerns) historically served as fungicides 

and wood preservatives, highlighting the potential of 

organometallics in pest management8. 

Soil Remediation and Environmental Management 

1. Organometallic complexes can act as surfactants 

and chelating agents, helping immobilize heavy 

metals in contaminated soils. 

2. Ferrocene-based surfactants have been applied in 

soil remediation, reducing pollutant mobility and 

improving soil health. 

3. Organoïmineral complexes are used to prevent 

migration of toxic metals like cadmium (Cd) and 

arsenic (As) into crops, thereby reducing food chain 

contamination. This approach combines chemical 

stabilization with sustainable agricultural practices9. 

Nutrient Delivery and Plant Growth Stimulation  

1. Organometallic compounds can serve as 

micronutrient carriers , ensuring controlled release 

of essential elements such as Fe, Zn, and Cu. 

2. Nano-bimetallic particles (CuïFe) not only 

protect crops but also stimulate metabolic processes, 

enhancing chlorophyll content and photosynthetic 

efficiency. 

3. Organometallic fertilizers are being explored to 

improve nutrient uptake efficiency compared to 

conventional salts10. 

Chemosensors and Precision Agriculture 

1. Ferrocene derivatives are used as colorimetric and 

electrochemical sensors for detecting analytes like 

nitrates, phosphates, and pesticides in soil and water. 

2. These sensors enable real-time monitoring  of 

agricultural environments, supporting precision 

farming and reducing excessive fertilizer use11. 

3. Pharmaceuticals 

4. Organometallic compounds significantly boost the 

efficiency of drug production. They help create 

more effective treatments. 

5. These compounds enable the development of 

precision drugs for targeted therapies, greatly 

reducing potential side effects. 

6. They are instrumental in synthesizing complex 

molecules that are crucial for new drug 

formulations. 

7. Researchers rely on these compounds for 

accelerating the drug discovery process, making it 

faster and less expensive. 

8. Organometallics are particularly valuable in cancer 

research, where they are used to develop 

chemotherapy agents that are less toxic to normal 

cells12. 

Challenges in application of organometallic compounds 

ü Toxicity risks:  Some organometallics (e.g., 

organotin, organomercury) are hazardous to humans 

and ecosystems. 

ü Stability issues: Many organometallics are air- and 

moisture-sensitive, requiring careful handling. 

ü Cost and scalability: Advanced organometallic 

fertilizers and nanoparticles may be expensive 

compared to conventional inputs. 

ü Regulatory hurdles: Strict environmental 

regulations limit the use of certain organometallic 

pesticides13-14. 

Conclusion: 

Organometallic compounds are incredibly useful in a 

wide range of areas. From helping make medicines and 

plastics to improving technology in screens and solar 

panels, they play a vital role. They also contribute to 

better agricultural products and advanced materials. 

Because of their unique properties, organometallic 

compounds are essential tools in both current 

technologies and developing new solutions for the future. 

In summary, organometallics are transforming agriculture 

by offering multifunctional solutionsðfrom crop 

protection to soil remediation and nutrient deliveryð

though their safe and sustainable application remains a 

critical challenge. 
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Abstract:  

Climate change has emerged as a significant driver of human migration in the twenty-first century, intensifying 

existing social, economic, and environmental vulnerabilities. Rising sea levels, extreme weather events, prolonged 

droughts, floods, and changing agricultural patterns are disrupting livelihoods and forcing individuals and communities to 

relocate, both temporarily and permanently. Climate-induced migration often occurs within national borders, particularly 

in developing regions where adaptive capacity is limited. This phenomenon intersects with issues of poverty, food security, 

urbanization, and conflict, making migration a complex adaptive response rather than a single-cause outcome. The absence 

of a clear legal framework for climate migrants further exacerbates their marginalization and limits access to protection 

and support. This study highlights the growing link between climate change and migration, emphasizing the need for 

integrated policies that address climate adaptation, disaster risk reduction, and human rights. Understanding climate-

induced migration is essential for sustainable development planning and for building resilient communities in the face of 

accelerating climate change. 

Keywords: Climate Change, Migration, Environmental Displacement, Climate Refugees, Adaptation, Vulnerability, 

Sustainable Development 

 

Introduction:  

Climate change has become one of the most pressing 

global challenges of the modern era, with far-reaching 

consequences for ecosystems, economies, and human 

societies. Beyond its environmental impacts, climate 

change increasingly influences patterns of human mobility 

across the world. Rising global temperatures, sea-level rise, 

extreme weather events, desertification, and changing 

rainfall patterns are undermining livelihoods and 

habitability in many regions, compelling people to migrate 

in search of safety, stability, and economic opportunities. 

As a result, climate change and migration are now closely 

interconnected phenomena shaping demographic and 

social transformations at local, national, and global levels. 

Migration linked to climate change is rarely caused by 

environmental factors alone. Instead, it interacts with 

existing social, economic, political, and demographic 

conditions. Communities that depend heavily on climate-

sensitive sectors such as agriculture, fisheries, and forestry 

are particularly vulnerable. In developing countries, limited 

adaptive capacity, poverty, and weak infrastructure 

intensify the impacts of climate stress, increasing the 

likelihood of displacement. Most climate-related migration 

occurs within national borders, often from rural to urban 

areas, placing additional pressure on cities and public 

services. 

The concept of climate-induced migration has gained 

increasing attention in academic research and policy 

debates. However, there is still no universally accepted 

definition or legal recognition for individuals displaced due 

to climate change, often referred to as ñclimate migrantsò 

or ñclimate refugees.ò This lack of legal clarity creates 

significant challenges in terms of protection, rights, and 

long-term resettlement. Moreover, migration can function 

both as a survival strategy and as an adaptive response, 

highlighting the need to view mobility not only as a crisis 

but also as a potential tool for resilience. Understanding the 

relationship between climate change and migration is 

essential for effective policy formulation and sustainable 

development planning. Addressing this issue requires 

integrated approaches that combine climate mitigation and 

adaptation strategies with migration governance, disaster 

risk reduction, and social protection mechanisms. As 

climate impacts intensify in the coming decades, 

examining climate-induced migration will be crucial for 

promoting human security, social stability, and equitable 

development. 

Aims and Objectives:  

Aim:  

The primary aim of this study is to examine the 

relationship between climate change and migration, with a 

focus on understanding how climate-induced 

environmental changes influence human mobility patterns 

and socio-economic conditions. 

Objectives: 

1. To analyze the major climate change factors, such as 

extreme weather events, sea-level rise, and drought, 

that contribute to migration. 

2. To examine the socio-economic and environmental 

impacts of climate-induced migration on affected 

communities. 

3. To understand migration as an adaptive strategy 

adopted by individuals and households in response 

to climate stress. 

4. To assess the challenges faced by climate migrants, 

including issues of vulnerability, displacement, and 

lack of legal recognition. 
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5. To study the implications of climate changeïrelated 

migration for urbanization, development, and 

resource management. 

6. To highlight the need for policy frameworks that 

integrate climate adaptation, migration governance, 

and sustainable development. 

Review of Literature: 

The relationship between climate change and 

migration has attracted growing scholarly attention over 

the past two decades, as environmental degradation 

increasingly influences human mobility. Early studies 

conceptualized migration primarily as a response to 

economic and political factors, with environmental causes 

treated as secondary (Lee, 1966). However, with the 

acceleration of climate change impacts, researchers have 

begun to recognize environmental stressors as significant 

drivers that interact with socio-economic vulnerabilities to 

shape migration decisions. Initial research on 

environmental migration focused on sudden-onset disasters 

such as floods, cyclones, and hurricanes. Scholars such as 

Myers (2002) argued that climate change could lead to 

large-scale displacement, coining the term ñenvironmental 

refugeesò to describe populations forced to move due to 

environmental degradation. Although this perspective 

helped draw global attention to the issue, later studies 

criticized the deterministic framing, emphasizing that 

migration decisions are complex and rarely caused by 

environmental factors alone (Black et al., 2011). 

Recent literature highlights the role of slow-onset 

climate processesðsuch as sea-level rise, desertification, 

salinization, and prolonged droughtsðin influencing long-

term migration patterns. Studies conducted in regions like 

South Asia, Sub-Saharan Africa, and small island states 

demonstrate that declining agricultural productivity and 

loss of livelihoods significantly increase rural-to-urban 

migration (Adger et al., 2015). These findings suggest that 

climate change often acts as a threat multiplier, intensifying 

existing social and economic pressures rather than acting 

as an independent cause of migration. A growing body of 

research also views migration as an adaptation strategy 

rather than merely a failure to cope with climate stress. 

Tacoli (2009) and McLeman and Smit (2006) argue that 

planned and voluntary migration can enhance household 

resilience by diversifying income sources and reducing 

exposure to environmental risks. This adaptive perspective 

has shifted policy debates toward supporting safe, orderly, 

and dignified migration as part of climate adaptation 

strategies. Legal and policy-oriented studies emphasize the 

lack of formal recognition for climate migrants under 

international law. Unlike political refugees protected by the 

1951 Refugee Convention, climate-induced migrants fall 

into a legal grey area, limiting access to protection and 

assistance (Biermann & Boas, 2010). Scholars have called 

for new frameworks or the expansion of existing human 

rights instruments to address this protection gap. Overall, 

the literature demonstrates that climate change and 

migration are deeply interconnected through economic, 

social, and political dimensions.  

 

Research Methodology:  

The present study adopts a descriptive and analytical 

research design to examine the relationship between 

climate change and migration. The methodology is 

structured to understand the causes, patterns, and impacts 

of climate-induced migration through a systematic review 

and analysis of existing data and literature. The study is 

based primarily on secondary data sources. Data have been 

collected from published books, peer-reviewed journals, 

research reports of national and international organizations 

such as the United Nations, World Bank, International 

Organization for Migration (IOM), and Intergovernmental 

Panel on Climate Change (IPCC). Government 

publications, census reports, policy documents, and 

reputable online databases have also been consulted to 

obtain relevant and up-to-date information. A qualitative 

approach has been used to analyze the collected data. 

Content analysis and thematic analysis techniques are 

applied to identify key themes related to climate change 

impacts, migration drivers, vulnerability patterns, and 

adaptive responses. Comparative analysis is employed to 

examine regional variations in climate-induced migration, 

with particular reference to developing countries that are 

more vulnerable to climate stress. 

The study also uses an interdisciplinary framework, 

integrating perspectives from environmental studies, 

sociology, economics, and migration studies. This 

approach helps in understanding the multifaceted nature of 

climate change and migration and avoids a single-factor 

explanation of mobility. The scope of the study is limited 

to understanding general trends and patterns of climate-

induced migration rather than primary fieldwork or 

empirical surveys. Despite these limitations, the 

methodology provides a comprehensive understanding of 

the issue by synthesizing existing research and policy 

perspectives. The findings aim to contribute to academic 

discourse and support policy formulation related to climate 

adaptation, migration management, and sustainable 

development. 

Statement of the Problem:  

Climate change has emerged as a critical global 

challenge that increasingly influences human mobility, yet 

its role in shaping migration patterns remains inadequately 

understood and addressed. Rising sea levels, extreme 

weather events, droughts, floods, and environmental 

degradation are disrupting livelihoods, reducing resource 

availability, and threatening the habitability of many 

regions. These climate-related stresses disproportionately 

affect vulnerable populations, particularly in developing 

countries, where limited adaptive capacity and socio-

economic constraints intensify the risk of displacement. 

Despite the growing scale of climate-induced migration, 

there is a lack of clear conceptual frameworks and reliable 

data to accurately assess its magnitude and long-term 

impacts. Migration driven by climate change often occurs 

alongside economic, social, and political factors, making it 

difficult to isolate environmental causes and to design 

targeted policy responses. Furthermore, existing national 

and international migration and refugee frameworks do not 
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adequately recognize or protect people displaced due to 

climate-related factors, leaving many migrants without 

legal status, social security, or access to basic services. The 

increasing movement of people due to climate stress also 

poses significant challenges for both source and destination 

areas. Regions of origin face depopulation, loss of labor, 

and weakened local economies, while host areasðoften 

urban centersðexperience pressure on infrastructure, 

housing, employment, and public services. In the absence 

of integrated policies that link climate adaptation, 

migration governance, and development planning, climate-

induced migration risks exacerbating social inequalities, 

conflicts, and humanitarian crises. Therefore, the problem 

lies in understanding the complex relationship between 

climate change and migration and in addressing the policy 

and protection gaps associated with climate-induced 

displacement. Examining this issue is essential to develop 

effective strategies that ensure human security, promote 

resilience, and support sustainable development in the 

context of accelerating climate change. 

Need of the Study:  

The study of climate change and migration is essential 

due to the increasing frequency and intensity of 

environmental disruptions that are forcing people to move 

from their homes. As climate change accelerates, its 

impactsðsuch as rising sea levels, floods, droughts, and 

extreme weather eventsðthreaten livelihoods, food 

security, and human settlements, particularly in vulnerable 

regions. Understanding how these environmental changes 

influence migration is crucial for anticipating future 

population movements and for designing effective policy 

responses.  Migration triggered by climate stress is not only 

a humanitarian concern but also a development issue. It 

affects economic stability, social cohesion, and urban 

planning in both source and destination areas. Without 

proper knowledge and intervention, climate-induced 

migration can exacerbate poverty, inequality, and social 

conflict. Furthermore, there is a significant gap in legal 

frameworks and policy mechanisms to protect climate 

migrants. They often fall outside the protection offered by 

existing refugee conventions, leaving them vulnerable to 

exploitation, marginalization, and displacement without 

assistance. 

Further Suggestions for Research:  

1. Regional and Local Studies: Conduct detailed case 

studies in regions highly vulnerable to climate 

change, such as low-lying coastal areas, drought-

prone zones, and small island states, to understand 

localized migration patterns. 

2. Quantitative Analysis: Develop comprehensive 

datasets and statistical models to quantify the scale, 

direction, and frequency of climate-induced 

migration, helping policymakers anticipate 

population movements. 

3. Longitudinal Studies: Carry out long-term research 

to examine the cumulative effects of slow-onset 

climate changes, such as desertification or sea-level 

rise, on migration over time. 

4. Socio-Economic Impacts: Investigate the economic, 

social, and psychological consequences of climate-

induced migration on both source communities and 

host regions. 

5. Migration as Adaptation: Explore migration as a 

coping and adaptive strategy, identifying factors that 

make mobility a positive tool for resilience rather 

than a crisis response. 

6. Policy and Legal Frameworks: Study the 

effectiveness of existing national and international 

policies regarding climate migrants and propose 

legal frameworks for their protection. 

7. Gender and Vulnerability: Examine how climate-

induced migration affects vulnerable groups 

differently, including women, children, the elderly, 

and marginalized communities. 

8. Urbanization and Infrastructure: Research the 

impact of climate migration on urban areas, 

including housing, infrastructure, public services, 

and social integration. 

9. Technological Interventions: Explore the role of 

technology, early warning systems, and climate-

resilient infrastructure in reducing forced migration. 

10. Interdisciplinary Approaches: Encourage studies 

that integrate environmental science, economics, 

sociology, and political science to develop holistic 

solutions for climate-related mobility. 

Research Statement:  

This research aims to examine the complex 

relationship between climate change and human migration, 

focusing on how environmental changes such as extreme 

weather events, sea-level rise, droughts, and floods 

influence mobility patterns. It seeks to understand the 

social, economic, and demographic impacts of climate-

induced migration on both source and destination areas, 

while exploring migration as a potential adaptive strategy 

for vulnerable populations. The study also investigates 

existing policy gaps and legal challenges faced by climate 

migrants, with the goal of providing insights for effective 

governance, sustainable development planning, and the 

protection of displaced communities in the context of 

accelerating climate change. 

Scope and Limitations:  

Scope of the Study: 

1. The study focuses on understanding the relationship 

between climate change and human migration, 

including the causes, patterns, and consequences of 

climate-induced displacement. 

2. It examines both sudden-onset events (such as 

floods, cyclones, and hurricanes) and slow-onset 

processes (such as drought, desertification, and sea-

level rise) that influence migration. 

3. The research considers internal (within-country) and 

cross-border migration, with attention to vulnerable 

populations in developing countries. 

4. It explores migration as an adaptive strategy, 

assessing its social, economic, and environmental 

impacts on source and destination regions. 
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5. The study reviews existing national and 

international policies, legal frameworks, and 

protection mechanisms for climate migrants, aiming 

to suggest strategies for sustainable development 

and climate resilience. 

Limitations of the Study: 

1. The research is primarily based on secondary data 

sources, limiting the studyôs ability to capture real-

time or primary field experiences of climate migrants. 

2. Quantifying the exact number of climate-induced 

migrants is challenging due to the lack of 

standardized definitions and reliable migration data. 

3. The study may not fully capture all regional 

variations or specific local contexts, as climate 

change impacts and migration patterns differ widely 

across regions. 

4. Interactions between climate change and other socio-

economic or political factors are complex, making it 

difficult to isolate climate change as the sole cause of 

migration. 

5. Policy recommendations are generalized and may 

require adaptation for specific countries or local 

contexts. 

Scope of the Study:  

The scope of this study encompasses the examination 

of the relationship between climate change and human 

migration, focusing on both the environmental and socio-

economic dimensions of displacement. It aims to explore 

how climate-related factorsðsuch as rising sea levels, 

floods, droughts, cyclones, and desertificationðaffect 

livelihoods, habitability, and population mobility. Patterns 

of Migration Analysis of internal (within-country) and 

cross-border migration triggered by climate stress. 

Investigation of both sudden-onset disasters and slow-onset 

environmental changes that compel people to relocate. for 

source and destination areas. Vulnerable Populations: 

Focus on groups disproportionately affected by climate 

change, including rural communities, low-income 

households, women, children, and marginalized 

populations. Review of existing legal frameworks, policies, 

and strategies aimed at managing climate-induced 

migration and protecting affected populations. 

Discussion:  

Climate change has emerged as a significant driver of 

human migration, influencing the movement of people both 

within countries and across borders. The discussion of this 

phenomenon highlights the complex interactions between 

environmental stressors, socio-economic vulnerabilities, 

and adaptive strategies. Rising temperatures, unpredictable 

rainfall, prolonged droughts, floods, cyclones, and sea-

level rise disrupt agricultural productivity, reduce access to 

clean water, and threaten livelihoods, particularly in rural 

and coastal areas. These environmental challenges force 

communities to migrate in search of safer living conditions, 

employment opportunities, and social stability. Research 

shows that migration often serves as a survival strategy, 

helping households diversify income sources and reduce 

exposure to environmental risks. In this sense, mobility is 

not merely a crisis response but can function as a form of 

adaptation to climate stress. The discussion also 

emphasizes the differential impacts of climate-induced 

migration. Vulnerable groups, including women, children, 

the elderly, and marginalized communities, are 

disproportionately affected due to limited resources, social 

inequalities, and lack of access to support systems. 

Migration can further exacerbate social and economic 

pressures in destination areas, particularly in urban centers, 

where increased population density challenges 

infrastructure, housing, employment, and public services. 

Policy and governance play a critical role in shaping 

outcomes for climate migrants. Despite growing attention 

to climate-induced displacement, there is no universally 

accepted legal status for climate migrants, leaving them 

without adequate protection under international law. 

Integrating climate adaptation policies with migration 

management, disaster risk reduction, and sustainable 

development strategies is essential to ensure the protection, 

rights, and well-being of affected populations. 

Conclusion:  

Climate change has become a powerful driver of 

human mobility, influencing migration patterns across the 

globe. Rising sea levels, extreme weather events, droughts, 

floods, and environmental degradation threaten 

livelihoods, food security, and habitability, particularly in 

vulnerable regions. As a result, individuals and 

communities are increasingly forced to relocate, either 

temporarily or permanently, making migration both a 

response to immediate crises and a long-term adaptation 

strategy. The study highlights that climate-induced 

migration is a complex phenomenon, shaped not only by 

environmental factors but also by socio-economic, 

political, and demographic conditions. Vulnerable 

populationsðsuch as rural communities, women, children, 

the elderly, and marginalized groupsðbear the greatest 

risks and often face significant challenges in accessing 

protection, resources, and opportunities in both source and 

destination areas. Urban centers and host regions also 

encounter pressures on infrastructure, housing, 

employment, and social services as a result of migration 

flows. 

A key finding of the study is that migration should be 

recognized as both a challenge and an opportunity. While 

it can exacerbate social and economic vulnerabilities if 

unmanaged, migration can also serve as a tool for 

resilience, livelihood diversification, and adaptation to 

climate change. Effective policy responses require 

integrating climate adaptation, migration governance, 

disaster risk reduction, and sustainable development 

planning. Legal recognition and protection of climate 

migrants, along with community-based adaptation 

measures, are essential for ensuring human security and 

promoting equitable development. In conclusion, 

understanding the interplay between climate change and 

migration is critical for developing strategies that protect 

vulnerable populations, support sustainable development, 

and build resilient communities. Addressing climate-

induced migration requires coordinated efforts at local, 
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national, and international levels, emphasizing prevention, 

adaptation, and the safeguarding of human rights in a 

rapidly changing environment.
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Abstract: 

The main objective of present study is to analyse the soil in the rural areas of Chhatrapati Sambhaji Nagar district, 

Maharashtra. And aware the farmers about soil testing so that they can use appropriate amount of fertilizers to crops and 

increase fertility of soil and increase productivity. So the income also will be increased of rural area. For this investigation 

four villages selected named Pisadevi, Palshi, Adgaon and Pokhri of Chatrapati Sambhaji Nagar District. Soil collected 

from these rural villages is analysed for their physical parameters. Physical parameters such as Temperature, PH, Moisture 

content and Electrical conductivity studied. Data is provided to farmers and on the basis of this data idea given to farmers 

for using which fertilizer should be used to particular type of soil. 

Key Words: PH, Nutrients, Fertilizers, Organic Carbon. 

 

Introduction:

The upper layer of the mantle rock consisting mainly 

of very small particles and humus is known as ñsoilò, which 

can support the growth of plants. Soil mainly consists of 

mineral rock particles, portions of decayed organic matter, 

soil water, soil air and living organisms. The major factors 

on which the formation of soil depends upon are parent 

material, climate, vegetation, life forms and time. In 

general, soil is composed of four elements , Inorganic or 

mineral fractions derived from the parent material, Organic 

matter (decayed and decomposed plants and animals),Air 

and Water. Soil is formed under specific natural conditions 

and each of  the elements of the natural environment 

contributes to this complex process of soil formation 

known as ñpedogenesisò.  

Different Types of Soil in India. 

In the ancient period, soils were mainly classified into 

two ï Urvara (fertile) and Usara (sterile). 

The first scientific classification of soil was done by 

Vasily Dokuchaev.  In India, the Indian Council of 

Agricultural Research (ICAR) has classified soils into 8 

categories. The types of soil in India according to this are: 

Alluvial Soil . 

Alluvial soils are widespread in the northern plains and 

river valleys. It covers about 40% of the total land area of 

the country. They are rich in potash but poor in phosphorus. 

Black Cotton Soil.  

Black soil is also known as ñRegur Soilò or the ñBlack 

Cotton Soilò. It covers about 15% of the total land area of 

the country. Black soils are rich in iron, lime, aluminum, 

magnesium and also contain potassium. However, these 

soils are deficient in nitrogen, phosphorus and organic 

matter. Cotton, pulses, millets, castor, tobacco, sugarcane, 

citrus fruits, linseed, etc. are mainly cultivated in black soil. 

Red & Yellow Soil. 

Also known as the ñomnibus groupò. It covers about 

18.5 % of the total land area of the country. It is found in 

regions of low rainfall This type of soil is generally 

deficient in nitrogen, phosphorus and humus. Wheat, 

cotton, oilseeds, millets, tobacco, and pulses are mainly 

cultivated in red and yellow soil.   

Laterite Soil. 

The name has been derived from the Latin word ñlaterò 

which means brick. It accounts for about 3.7% of the total 

area of the country. These are typical soils of the monsoon 

climate which is characterized by seasonal rainfall. With 

rain, lime and silica are leached away, and soil rich in iron 

oxide and aluminum are left leading to the formation of 

laterite soil. Laterite soil is deficient in organic matter, 

nitrogen, phosphate and calcium; however, iron oxide and 

potash are in abundance. 

Mountainous or Forest Soil. 

This type of soil is found in forest regions where 

rainfall is sufficient. The texture of the soil depends on the 

mountain environment where they are found. The soils 

found in the lower valleys are fertile. Also called forest soil 

Arid or Desert Soil. 

Also known as arid soil, it accounts for over 4.42 % of 

the total land area of the country. The color ranges from red 

to brown. Desert soils are sandy to gravelly in texture, have 

low moisture content and low water-retaining capacity. 

https://byjus.com/free-ias-prep/indian-council-for-agricultural-research-icar/
https://byjus.com/free-ias-prep/indian-council-for-agricultural-research-icar/
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Saline and Alkaline Soil. 

These soils have high percentages of sodium, 

magnesium and    potassium, and hence are infertile. The 

high salt content is mainly because of the dry climate and 

poor drainage 

Peaty and Marshy Soil. 

These soils are found in regions of heavy rain fall and 

high humidity, and it supports the good growth of 

vegetation. Peaty soils are rich in humus and organic 

matter. These soils are generally heavy and black in color. 

In many places, these soils are alkaline. These are found in 

southern Uttarakhand, the northern part of Bihar, and the 

coastal areas of West Bengal, Odisha and Tamil Nadu. 

Soil testing for nutrients is important for farming 

because it helps ensure that plants have the right amount of 

nutrients at the right time. In India, soil testing can help 

farmers for identifying nutrient deficiencies. Soil testing 

can help farmers to identify nutrient deficiencies and add 

the right fertilizers to make up for them. Soil testing can 

help farmers create a cost-effective plan for managing 

nutrients. Nutrient imbalances can severely impact plant 

growth. For example, too much nitrogen can cause 

fertilizer burns, while too little can stunt plant growth.  

For increasing the agricultural productivity and 

production the management of soil testing based upon 

nutrients has emerged as a key issue. Optimal use of 

nutrients based on soil testing or analysis can increase crop 

productivity and reduce the waste of these nutrients 

leading to increase the productivity. The research work on 

the crop in a particular area should be conducted and the 

management practices of the concerned farmer. The 

result of the soil analysis confirms which fertilizer 

recommended was the actual connecting link between 

agricultural research and its practical application in the 

fields of the farmer. Farmers use large quantities of 

chemical fertilizers as nutrients, without soil analysis. For 

plant growth a small amount of fertilizer is needed. The 

farmer finds difficulty in knowing the proper use of 

fertilizers, which would match soil of their field. Farmer 

must take into account that what is the requirement of 

fertilizer to their crops. Soil analysis is the solution to 

this problem of the farmers. Analysis is based on various 

physical and chemical parameters. Soil analysis can 

improve the crop fertility, productivity and wastage of 

fertilizers. Soil is composed of both organic and inorganic 

matter and it is essential for life on earth to exist. Soils are 

45% mineral particle size, 5% organic matter, 25% air and 

25% water etc. The combination of texture, structure, 

porosity, chemistry, colour and temperature are the 

properties of soil. Soil is made up of different- sized 

particles. Sand particles tend to be   the biggest [2]. Present 

study is an attempt to determine the amount of nutrients in 

Soil of Jalna District, Maharashtra. This knowledge will  

help farmers determine how much fertilizer they should 

use for taking maximum production of crop in their farm. 

 

 

Material and Methodology. 

Material: 

Four Soil Samples were collected from Chhatrapati 

Sambhaji Nagar district, Maharashtra. Soil samples 

collected (from the 0 to 10 cm depth) from field were 

cleaned from herb and plant remains. 

Soil samples were collected in plastic sample bags. 

Plant residues and stone pieces were removed by hand. 

Soil sample were air dried and passed through a 2 mm 

brass sieve. Samples were stored at 30°C Temperature 

in oven until use. Then 100g soil sample was transferred 

to sample bag. Sampling date, Location of the 

sampling and sampling number were marked on the bags 

and soil samples were brought to the laboratory. Four 

samples were selected and study was carried out based 

on wide range of physio-chemical properties and 

chemical properties. 

Table 1 List of Collected Soil samples. 

Sr. No Sample Name 

1 Pisadevi 

2 Palshi 

3 Adgaon 

4 Pokhri 

Longitude and latitude: 

Methods: 

The soil samples were brought to laboratory for further 

analysis. The soil reaction (pH) and electrical 

conductivity (EC) were determined as per the procedure 

described   by suspension method. The suspension method 

for analysing soil pH and electrical conductivity 

involves preparing a soil-water suspension and measuring 

its pH and electrical conductivity:  

¶ Preparation of   the soil-water suspension: 

¶ Known amount of air-dry soil taken into a container after 

weighing, added deionized water, and      shake to dissolve 

soluble salts. The standard ratio is 1part soil to 5 parts 

water.  

Measuring the pH. 

¶ pH meter is used to measure the pH of the suspension. Dip 

the electrode into the solution, stir, and wait for the 

display to stabilize. Rinse the electrode with distilled 

water between samples.  

Measuring the electrical conductivity.  

Conductivity meter is used to measure the electrical 

conductivity of the suspension.  The meter Calibrated 

using a KCl reference solution. Rinse the conductivity 

cell with the soil suspension, then refill without disturbing 

the settled soil. Rinse the cell with deionized water 

between samples.  

Measuring the Temperature: 

Temperature of a soil is measured with help of a 

routine mercury thermometer in a metal cone by 

penetrating it into the soil up to 2 cm depth.  
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Measuring moisture in soil 

The soil moisture content also called water content is 

an indicator of the amount of water present in soil. The test 

sample is selected in such a way that it is adequately 

representative of the soil from which it is collected. For the 

measurement of natural moisture content, the appropriate 

mass of specimen is about 100 gm.  soil sample k e p t  

immediately in the moisture can and closed it to prevent 

loss of moisture by evaporation.  The lid from the 

container removed and placed the moisture can in the 

oven at 105-1500C. This takes approximately 24hours. the 

sample is is Allowed to cool for the sometime in the oven. 

Then close the can sand put them in the desiccators for 

further cooling. When it is cooled, the lids replaced on the 

container and weighed. 

Chemical Analysis. 

1. Organic carbon 

Organic matter is oxidized with chromic acid 

(Potassium Di-chrozate, + H2So4). This 

method is widely used in Indian Laboratories. 

The total organic content of the soil samples 

was estimated by using the titration method. 

2.  N,P,K 

Nitrogen, phosphorus, and potassium are the main 

components of soil fertilizer. Different methods 

isolate each nutrient from the soil into a solution that 

can be analyzed using turbidity and color to 

determine the concentration of nutrients present in 

the soil sample. Knowing present concentration 

informs environmental scientists of a nutrient 

deficiency or surplus in soils used to support plant 

production, and also provides general insight into 

basic biogeochemical cycles of an ecosystem. 

Nitrogen in soil analyzed by Kjedahl method. 

This procedure involves the digestion of a soil sample, 

the distillation of NH3 produced and its quantification by 

titration. Soil is concentrated by conc. Sulfuric acid, in the 

presence of catalyst mixture that allows the boiling 

temperature to be regulated until complete dissolution and 

oxidation. The organic nitrogen in the sample is oxidized to 

ammonium. 

The NH4-N in the digest is quantified by collection of 

NH3 liberated by steam distillation and titrated with 

volumetric acid solution. 

Analysis of Phosphorous. 

Phosphorous is analyzed by Titration method which 

include the following steps 

1. 2.5 gm of soil is weighed and taken in 100ml conical 

flask .pinch of charcoal is added into it. 

2. To the above mixture 50 ml of 0.5M sodium 

bicarbonate is added .After mixing all the elements in 

conical flask. It is placed on rotary shaker for 30 

mins. 

3. After 30 mins.flask is removed and solution is 

filtered by Whatmann filter paper no.42. Blank 

solution is also prepared. 

4. 5 ml of filtrate and 5ml of chloromolybydic solution 

taken in 25ml of volumetric flask. To this 10ml of 

distilled water is added. 

5. 1ml of stannous solution is added in above solution 

up to the mark. 

6. Reading id taken at 660nm on spectrophotometer. 

Analysis of Potassium. 

Potassium is extracted from the soil by shaking a 1-

gram scoop of air-dried soil for 5 minutes with 10 

milliliters of (pH7) 1 N ammonium acetate (NH4OAc). 

Plant-available potassium is measured by analyzing the 

filtered extract on an atomic absorption spectrometer set 

on emission mode at 766.5 nm. 

Results and Discussions: 

Physical parameters: 

The acidity or alkalinity of the soil can be study 

by soil reaction or PH. The PH is very important 

property of the soil is it determines the capacity. The 

PH values fluctuated less than 7.6(table-2). The PH 

value for soil if acidic then it is < 6.5, if it is Normal 

6.5-7.8, Alkaline 7.8- 8.5, Alkali > 8.5. This one of 

the most important soil properties which affect crop 

growth.. The major source of heat is sun and heat 

generated by the chemical and biological activity of 

the soil is negligible. 

Total soluble salts are estimated by aqueous soil 

extracts from the Electrical Conductivity value of 

4 soil samples were ranges from 1.17mS/cm to 

3.7mS/cm (Table 2), Electrical conductivity is used to 

estimate the soluble salt concentrations in soil and is 

commonly used as a measure of salinity. Soil with 

EC below 0.4mS/cm are considered marginally or non-

saline, while soils above 0.8 mS/cm are considered 

severely saline. 

The moisture content ranged from 8.4% to 6.4% from 

four different locations of Chhatrapati Sambhaji Nagar 

District. The soil type was found to be sandy. The 

differences in texture can affect many other physical and 

chemical properties of the soil. Soil texture plays a 

prominent role in soil production. Soils with predominantly 

large particles tend to drain quickly and have lower 

fertility.  Very fine texture soils may be poorly drained, 

tend to become waterlogged, and are therefore not well-

suited for agriculture. 

Conclusion: 

The soil contain a low soluble salt and are poor in 

organic matter. Sandy soils are of  

Open character usually loose and friable. Sand facilities 

drainage and aeration. The soil survey data of Chhatrapati 

Sambhaji Nagar district clearly indicates that the soils are 

slightly neutral to moderately alkaline in reaction with low 

soluble salt content. The soils of Chhatrapati Sambhaji Nagar 

district were low in organic carbon and available nitrogen, 

medium in available phosphorous and high in available 

potassium salts. On the basis of overall nutrient index soils of 

Chhatrapati Sambhaji Nagar district are very low in available 

nitrogen ,adequate in available phosphorous. 
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Abstract:  

Herbicides and pesticides are widely used chemical substances in modern agriculture to protect crops from weeds, insects, 

and diseases. Their use has significantly increased agricultural productivity and contributed to global food security. 

Herbicides control unwanted plants that compete with crops, while pesticides manage harmful organisms such as insects, 

fungi, and rodents. Despite their benefits, the excessive and improper application of these chemicals has raised serious 

concerns related to environmental pollution, human health risks, pest resistance, and loss of biodiversity. Chemical residues 

can contaminate soil, water, and food products, affecting ecosystems and living organisms. This research paper examines 

the definitions, classifications, and agricultural importance of herbicides and pesticides, their environmental and health 

impacts, and the challenges associated with their overuse. The paper also highlights sustainable alternatives such as 

integrated pest management (IPM) and emphasizes the importance of responsible use and regulation. Understanding both 

the advantages and risks of herbicides and pesticides is essential for achieving sustainable agricultural development and 

long-term environmental protection. 

Keywords: Herbicides, Pesticides, Agriculture, Environmental Impact, Human Health, Integrated Pest Management, 

Sustainable Farming. 

 

Introduction:  

Agriculture is one of the most important human 

activities, as it provides food and raw materials necessary 

for survival and economic development. However, 

agricultural production is constantly threatened by weeds, 

insects, plant pathogens, and other pests that reduce crop 

yield and quality. It is estimated that a significant 

percentage of global crop production is lost every year due 

to pest infestation and weed competition [1]. To overcome 

these challenges, farmers rely heavily on chemical control 

methods, particularly herbicides and pesticides. Herbicides 

are chemical substances used to control or eliminate 

unwanted plants, commonly known as weeds, which 

compete with crops for nutrients, water, space, and sunlight 

[2]. Pesticides are a broader group of chemicals designed 

to control harmful organisms such as insects, fungi, 

bacteria, rodents, and nematodes [3]. The use of these 

chemicals has increased rapidly since the mid twentieth 

century, especially during the Green Revolution, which 

aimed to improve agricultural productivity through modern 

technologies [4]. The application of herbicides and 

pesticides has provided several benefits, including 

increased crop yields, reduced labor costs, improved food 

quality, and enhanced storage life of agricultural products 

[5]. These chemicals have also contributed to public health 

by controlling disease-carrying insects such as mosquitoes 

[6]. However, the widespread and often uncontrolled use of 

these substances has led to serious environmental and 

health concerns. Chemical residues from herbicides and 

pesticides can persist in soil, water, and air, leading to 

environmental pollution and harm to non-target organisms 

[7]. Beneficial insects such as bees, birds, aquatic 

organisms, and soil microorganisms are particularly 

vulnerable to pesticide exposure [8]. In addition, human 

exposure to pesticide residues through food and water can 

result in both short-term and long-term health problems [9]. 

Another major issue associated with herbicide and 

pesticide use is the development of resistance in weeds and 

pests. Continuous use of the same chemical compounds 

allows pests to adapt, reducing the effectiveness of control 

measures and encouraging higher application rates [10]. 

These challenges highlight the need for sustainable and 

environmentally friendly pest management strategies. This 

research paper aims to provide a comprehensive overview 

of herbicides and pesticides, focusing on their types, uses, 

benefits, and associated risks. It also discusses the 

importance of sustainable alternatives such as integrated 

pest management and emphasizes the need for proper 

regulation and awareness to ensure safe and effective use 

Herbicides: Definition, Classification, and Uses: 

Herbicides are chemicals specifically designed to 

control or destroy weeds that interfere with crop 

production. Weeds compete with crops for essential 

resources and can significantly reduce yield if left 

unmanaged [11]. Classification of Herbicides Herbicides 

are classified based on selectivity, timing, and mode of 

action: 

Selective Herbicides: 

   These target specific weed species without damaging 

the crop. They are commonly used in cereal and vegetable 

crops. 
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Non-Selective Herbicide: 

   These destroy all types of vegetation and are mainly 

used in non-crop areas such as roadsides and industrial 

zones. 

Pre-emergence Herbicides: 

   Applied before weed seeds germinate, these prevent 

early weed growth. 

Post-emergence Herbicides: 

   Applied after weeds have emerged, these act on 

actively growing plants. 

Uses and Benefits: 

Herbicides reduce the need for manual weeding, 

saving time and labor costs. They allow large-scale farming 

and improve overall crop productivity. However, improper 

use can lead to soil degradation, water contamination, and 

herbicide-resistant weeds [12]. Pesticides: Definition, 

Types, and Applications Pesticides are substances used to 

control pests that damage crops, stored products, and 

human being health. They play a crucial role in protecting 

agricultural produce from loss [13]. Types of Pesticides 

Pesticides are classified according to the pests they target: 

Insecticidesï Control insect pests Fungicidesï Manage 

fungal diseases Rodenticides ï Control rodents 

Bactericides ï Control bacterial infections Nematicides ï 

Control nematodes in soil 

Applications: 

Pesticides are applied during crop growth, storage, and 

transportation. They reduce post-harvest wounded and 

improve food quality. Though, excessive application can 

result in pesticide residues in food products and 

environmental pollution [14]. Environmental Impacts of 

Herbicides and Pesticides. The environmental impact of 

herbicides and pesticides is a major concern. Chemical 

runoff from agricultural fields can contaminate surface 

water and groundwater, affecting aquatic ecosystems [15]. 

Soil contamination can reduce soil fertility and harm 

beneficial microorganisms essential for nutrient cycling. 

Non-target organisms, including birds, fish, and 

pollinators, are often affected by pesticide exposure. 

Decline in pollinator populations, particularly bees, has 

been linked to pesticide use, threatening crop pollination 

and biodiversity [16]. Bioaccumulation of chemicals in the 

food chain can cause long-term ecological damage. Human 

Health Effects Human exposure to herbicides and 

pesticides occurs through contaminated food, drinking 

water, air, and direct contact during application. Short-term 

exposure may cause headaches, skin irritation, nausea, and 

eye problems [17]. Long-term exposure has been 

associated with respiratory disorders, hormonal imbalance, 

nervous system effects, and increased risk of chronic 

diseases [18]. Agricultural workers are particularly 

vulnerable due to frequent exposure, while children and 

pregnant women are more sensitive to pesticide residues. 

Proper safety measures, training, and awareness are 

essential to reduce health risks Resistance and Overuse 

Issues One of the most serious challenges of herbicide and 

pesticide use is the development of resistance in weeds and 

pests. Repeated use of the same chemicals allows pests to 

adapt, reducing effectiveness and increasing application 

rates [19]. This not only raises production costs but also 

worsens environmental and health impacts Sustainable 

Alternatives and Integrated Pest Management To minimize 

negative effects, sustainable pest control strategies are 

being promoted. Integrated Pest Management (IPM) 

combines biological, cultural, mechanical, and chemical 

methods to control pests with minimal environmental 

impact [20]. Practices such as crop rotation, resistant crop 

varieties, biological control agents, and limited chemical 

use help reduce dependency on herbicides and pesticides. 

Conclusion: 

Herbicides and pesticides have played a significant 

role in improving agricultural productivity and ensuring 

food security worldwide. They help control weeds and 

pests, reduce crop losses, and support modern farming 

systems. However, excessive and improper use has resulted 

in serious environmental pollution, health risks, pest 

resistance, and loss of biodiversity. To achieve sustainable 

agricultural development, it is essential to balance the 

benefits of herbicides and pesticides with their potential 

risks. Responsible use, strict regulation, farmer education, 

and adoption of sustainable alternatives such as integrated 

pest management are crucial. By promoting awareness and 

scientific innovation, the harmful effects of these chemicals 

can be minimized while maintaining efficient and safe food 

production for future generations.

 

References. 

1. Pimentel, D. (2005). Environmental and economic 

costs of pesticide use. Bioscience, 55(10), 817ï826. 

2. Davis, A. S., et al. (2009). Weed management 

practices in agriculture. Weed Science, 57(1), 1ï10. 

3. FAO. (2014). Pesticide Management in Agriculture. 

FAO Publications. 

4. Carson, R. (1962). Silent Spring. Houghton Mifflin. 

5. Tilman, D., et al. (2002). Agricultural sustainability 

practices. Nature, 418, 671ï677. 

6. WHO. (2010). Public Health Impact of Pesticides. 

7. Zhang, W., et al. (2011). Pesticide pollution 

worldwide. Environmental Science and Pollution 

Research, 18, 437ï447. 

8. Goulson, D. (2013). Pesticides and pollinators. 

Journal of Applied Ecology, 50(4), 977ï987. 

9. Damalas, C. A., & Eleftherohorinos, I. (2011). 

Pesticide exposure risks. IJERPH, 8(5), 1402ï1419. 

10. Benbrook, C. M. (2016). Herbicide resistance 

trends. Environmental Sciences Europe, 28(1). 

11. Lal, R. (2015). Soil degradation and chemicals. 

Sustainability, 7(5), 5875ï5895. 

12. Kalia, A., & Gosal, S. (2011). Soil microorganisms 

and pesticides. Archives of Agronomy, 57(6), 569ï

596. 

13. Ecobichon, D. J. (2001). Pesticide use in developing 

countries. Toxicology, 160, 27ï33. 



New Man International Journal of Multidisciplinary Studies (NMIJMS)            ISSN: 2348-1390 

Vol. 13| Issue 1 |   January 2026  76  www.newmanpublication.com 

14. Aktar, M. W., et al. (2009). Pesticide hazards. 

Interdisciplinary Toxicology, 2(1), 1ï12. 

15. Verma, J. P., et al. (2014). Environmental pollution 

by pesticides. ESPR, 21, 10215ï10234. 

16. Nicolopoulou-Stamati, P., et al. (2016). Human 

health effects of pesticides. Toxicology Reports, 3, 

891ï901. 

17. Alavanja, M. C. R. (2009). Agricultural pesticide 

exposure. OEM, 66(7), 457ï464. 

18. Wilson, C., & Tisdell, C. (2001). Pesticide use and 

health risks. Ecological Economics, 39, 449ï462. 

19. Gill, H. K., & Garg, H. (2014). Pesticide resistance. 

Pesticides ï Toxic Aspects. 

20. Pretty, J., & Bharucha, Z. (2015). Integrated pest 

management. Biological Sciences, 370(1684). 

 

 

ÇÇÇ 

 



New Man International Journal of Multidisciplinary Studies (NMIJMS)            ISSN: 2348-1390 

Vol. 13| Issue 1 |   January 2026  77  www.newmanpublication.com 

17. 

Review on Future Perspectives of Heterocyclic Chemistry in Biological and 

Medicinal Sciences 

Dr. Rajkumar G. Momle  
Department of Chemistry, Late Shankarrao Gutte Arts, Commerce and Science College, Dharmapuri, Tq -Parli Dist. 

Beed. 

 

Abstract: 

Fused and non-fused heterocyclic systems continue to drive innovation in medicinal and biological chemistry. This review 

surveys structural classes, representative named rings, recent synthetic and green methods, comparative literature case 

studies, structureïactivity relationships, and computational approaches. Emphasis is placed on recent trends (2020ï2025) 

and future perspectives for discovery, including AI-assisted design, bioorthogonal chemistry, and sustainable synthesis. 

The review concludes with challenges and concrete research directions. 

Keywords: Heterocycles; fused heterocycles; medicinal chemistry; structureïactivity relationship; green synthesis; AI-

assisted drug design. 

 

Introduction : 

Heterocyclic compounds ð rings that contain one or 

more heteroatoms such as N, O, or S ð are ubiquitous in 

modern drug discovery and biological chemistry. Their 

structural diversity and ability to engage in specific 

interactions with biomolecular targets make them 

privileged scaffolds for therapeutic development. Recent 

reviews and special issues (2024ï2025) have highlighted 

new scaffolds, computational workflows, and synthetic 

technologies that accelerate heterocycle-driven drug 

discovery.  

Major Structural Classes and Representative Rings 

Five-membered N-heterocycles 

Examples: Pyrrole, Indole, Imidazole, Pyrazole. 

Indole and imidazole cores are present in many natural 

products and drugs. 

Six-membered N-heterocycles 

Examples: Pyridine, Pyrimidine, Quinoline, 

Quinazoline. Widely used as kinase hinge-binders and 

antimicrobial cores. 

Fused Polycyclic Heterocycles 

Examples: Indoloquinolines, Benzimidazo[1,2-

a]quinazolines, Carbazoles ð noted for planar aromatic 

surfaces that intercalate DNA or bind enzymes. 

Oxygen- and Sulfur-Containing Heterocycles 

Examples: Furan, Benzofuran, Thiophene, 

Benzothiophene ð frequently appearing in CNS-active 

and antimicrobial agents. 

Mixed Heteroatom Fused Systems 

Examples: Oxadiazoles fused to benzene/heterocycles, 

thiazoleïpyridine hybrids ð offer multi-modal 

interactions with targets. 

 

 

 

 

Representative Structures, Names and Brief Notes 

Indole 

Bicyclic system: benzene fused to pyrrole. Common in 

drugs like indomethacin (anti-inflammatory) and natural 

products (tryptamines). 

Quinoline 

Benzopyridine framework. Found in antimalarials 

(e.g., quinine, chloroquine derivatives) and kinase 

inhibitors. 

Quinazoline 

Benzopyrimidine motif. Core of many EGFR and 

kinase inhibitors (e.g., gefitinib-like scaffolds). 

Benzimidazole 

Fused benzeneïimidazole ring. Present in antiparasitic 

and proton-pump inhibitor classes. 

Triazole (fused 1, 2, 3-triazoles) 

Arising from click chemistry and 1, 3-dipolar 

cycloaddition; triazoles are stable linkers and 

pharmacophores with antifungal and anticancer roles. 

Synthetic Trends (2020ï2025) 

Key synthetic developments include multicomponent 

reactions (MCRs) for rapid scaffold assembly, 

photocatalysis and photoredox methods, CïH activation 

strategies, and transition-metal-catalyzed annulation to 

build fused frameworks. Green chemistry approaches ð 

solvent-free, microwave-assisted, recyclable catalysts ð 

have gained traction. Progress in fused 1, 2, 3-triazole 

synthesis and related annulations has been highlighted in 

recent literature. cite turn0search13turn0search17 

Comparative Literature Case Studies 

Case Study I: Indole-Fused Anticancer Agents 

Several recent studies illustrate how indole-fused 

systems were optimized for anticancer activity by 

modifying substitution patterns to improve kinase binding, 

DNA intercalation, or topoisomerase inhibition. 

Comparative reports from 2020ï2024 show that planar 
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fused indole systems increase DNA affinity but may suffer 

solubility issues; introduction of polar side chains 

improved pharmacokinetics while retaining potency. 

cite turn0search22 

Case Study II: Quinazoline-Based Kinase Inhibitors 

Quinazoline derivatives remain a privileged hinge-

binding motif for kinase inhibition (EGFR, VEGFR 

families). Comparative analyses show that small alterations 

at the C-2 and C-4 positions dramatically alter selectivity 

profiles. Structural optimization strategies from 2020ï2023 

used structure-based design and fragment-growing to 

enhance selectivity. cite turn0search9 

Case Study III: Triazoles and Antimicrobial Activity  

Triazole-containing fused systemsðoften built via 

click chemistryðhave been reported with broad-spectrum 

antimicrobial and antifungal activity. The stability and 

hydrogen-bonding potential of the triazole ring contribute 

to target engagement. Recent syntheses enable rapid SAR 

exploration. cite turn0search13turn0search7 

StructureïActivity Relationship (SAR) Insights 

SAR trends across fused heterocycles commonly 

demonstrate: (1) heteroatom identity and position alter 

hydrogen bonding to targets; (2) ring fusion increases 

planarity and often target affinity; (3) lipophilicity tuning 

(addition of polar substituents) balances potency and 

ADME; and (4) bioisosteric replacement (e.g., OźS, N-

substitution) is a robust strategy for improving selectivity. 

Computational and AI-Assisted Design 

AI and machine-learning models are increasingly used 

to prioritize heterocyclic scaffolds, predict ADMET, and 

suggest synthetically accessible analogues. Integration of 

docking, molecular dynamics, and retrosynthetic planners 

has shortened development timelines. Recent reviews and 

special issues emphasize these computational trends.  

Green Chemistry and Sustainable Practices 

Sustainability considerations have shifted method 

selection: solvent selection guides, catalytic load 

minimization, and use of flow chemistry are now common 

in heterocycle synthesis campaigns. Multicomponent 

reactions (MCRs) and solvent-free approaches reduce 

waste and enable rapid library synthesis. 

cite turn0search17 

Challenges and Limitations 

Key challenges include: (1) synthetic complexity of 

highly fused systems leading to scalability issues; (2) 

solubility and permeability trade-offs for planar fused 

aromatics; (3) metabolic liabilities (heteroatom oxidation); 

and (4) need for more predictive models linking scaffold 

design to in vivo outcomes. 

Future Perspectives and Recommendations 

Looking forward, the field will benefit from: (A) 

tighter integration of AI with experimental synthesis to 

propose synthesizable, bioactive heterocycles; (B) 

increased use of green and flow chemistry for scale-up; (C) 

focus on non-planar, 3D-enriched fused heterocycles to 

improve PK properties; and (D) interdisciplinary projects 

combining chemical biology, imaging probes, and targeted 

delivery using heterocyclic warheads. 

Conclusion: 

Fused and other heterocyclic systems will remain 

central to medicinal chemistry. Advances in synthetic 

methodology, computational design, and sustainable 

practice position heterocycles for continued impact in 

therapeutics and biological research. 
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Abstract: 

 The study was in the course of to synthesized and characterization of Copper oxide Nanoparticles (CuONPs) 

from Ginger extract, and to explore the antibacterial activity against gram-positive (Staphaureus and Enterococcus 

feacalis) and gram-negative (Pseudomonas aeruginosa, and E.coli). The synthesized nanoparticles were 

characterized by UV-visible, X-ray diffraction, and SEM. The result of UV-visible reveals broadband absorption 

for leaf extract. The XRD analysis showed that CuO Nps contains the high intensity with narrow width of CuO 

diffraction peaks confirms the desired product was highly crystalline in nature. It is evident from the SEM image 

that the morphology of particles is uniformly distributed, well dispersed, and equally distributed in all directions 

most of the CuO nanoparticles are less agglomerated with spherical shapes and clear dot-shaped morphology. The 

antibacterial behavior against mentioned pathogens were done by using agar well diffusion method, the 

considerable inhibitory action for leaf extract were observed both in gram-positive and gram-negative bacteria 

isolates. 

Keyword: CuO NPs, Uv-visible, SEM, antibacterial strategies, Ginger. 

 

Introduction : 

Green biosynthesis of copper oxide nanoparticles is of 

huge interest because of many advantages: copper is highly 

conductive and also cheaper than silver and gold [i]. 

Copper oxide (CuO) nanoparticles are significant due to 

their applications as antimicrobials and in gas sensors, 

batteries, high-temperature superconductors, solar energy 

conversion tools, and so on [ii-v]. Human beings have been 

using copper (Cu) and copper complexes for various 

purposes for centuries, such as water purifiers, algaecides, 

fungicides, and antibacterial and antifouling agents. 

Copper is highly conductive and also cheaper than silver 

and gold [vi]. Copper nanoparticles have attracted 

considerable attention because of very reactive and their 

high surface-to-volume ratio helps to interact with bacterial 

surfaces effectively [vii, viii]. The copper nanoparticles 

were prepared through various green methodologies and 

proved their superior antimicrobial activity against various 

bacterial and fungal strains [ix-xi]. The biofunctionalized 

copper oxide nanoparticles were analyzed for antimicrobial 

activity against a variety of gram-positive, gram negative 

bacterial species, some fungal species and found that 

inhibition results were highly appreciable. Copper (Cu) and 

copper complexes for various purposes for centuries, such 

as water purifiers, algaecides, fungicides, and antibacterial 

and antifouling agents. Copper-based compounds are 

efficient biocidal properties, which are generally used in 

more health-related applications [xii-xv].Ginger are known 

for their antimicrobial activity against many organisms. 

Extracts of Ginger contain superior amounts of alkaloids, 

anthocyanins, proanthocyanidins, flavonoids, and 

cinnamates [xvi, xvii]. 

Materials and Method: 

About 30 g of Ginger powder was boiled with 100mL 

of deionised water for 15 min. The extract obtained was 

filtered through Whatman No.1 filter paper, the filtrate was 

collected in 250 mL of Erlenmeyer flask and stored in a 

refrigerator at 4 0C for further use. 24.9 gm of copper 

sulfate [Cu(SO4)2.5H2O], obtained from Himedia Pvt. Ltd., 

was dissolved in 1000 mL of deionised water to obtain 

0.1M of copper sulfate precursor solution. For the synthesis 

of copper oxide nanoparticles 50 ml, 0.1M of copper sulfate 

[Cu(SO4)2.5H2O] was taken and then 10 mL of Ginger 

extract was added slowly into the solution under magnetic 

stirring at 70°C for about 2 hours to form a light green 

copper hydroxide. The precipitate formed after an adequate 

time of stirring was collected by centrifugation at 10000 

rpm for 10 minutes. Centrifuged particles were washed 

with distilled water and subjected to further centrifugation 

at 5000 rpm for 10 minutes. The separated light green 

precipitate was dried in an oven at 70°C for 2 hours and 

ground with help of a mortar. The powdered sample was 

calcined in a muffle furnace at 350-450°C to get copper 

oxide nanoparticles. Further CuO NPs were characterized 

by UV-Vis, XRD, SEM, and biological activity.  

Characterization of Copper Oxide Nanoparticals 

UV-VIS Spectra Analysis. 

The color change shows that the Ginger extract is 

acting as a reducing agent. The formations of NPs were 

confirmed by the appearance of a characteristic surface 

Plasmon band in the UV-Vis region. UV-Vis spectrum 

usually depends on the size of the synthesized particle and 

the position of the absorption maximum shifts with the 

particle size, as compared to bulk materials the 

nanoparticles show enhanced optical property which may 

be due to the high aspect ratio and the absorption maxima 

shifted towards lower wavelength region The UV-Vis 

spectrum CuO NPs was recorded using Equip-Tronics 

dual-beam spectrophotometer (Model EQ-826, Equip-

Tronics Pvt. Ltd.) 
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X-Ray Diffraction and Sem Analysis. 

XRD analyses are used to find the phase purity and 

size of synthesized crystalline materials.XRD is a non-

destructive technique used for qualitative and quantitative 

analysis. The average crystalline size (D) of CuO 

nanoparticle samples was calculated using the Debye-

Scherrer equation. D = 0.9ɚ/ɓcosɗ. In this study, powder 

diffraction with CuKŬ line ɚ = 0.1541 nm was used [xviii-

xxi]. The size and shape of the unit cell for any crystalline 

compound can be measured using the diffraction of X-rays 

and with the aid of JCPDS software. 

Scanning electron microscopy (SEM) is a technique of 

electron microscope, employed for the characterization of 

size, shape and morphologies of formed nanoparticle.SEM 

gives high-resolution images of the surface of a desired 

sample. 

Evaluation the Antibacterial Activity of 

Biosynthessized Cuo Nps. 

Antibacterial study of the Copper  oxide nanoparticles 

synthesized using plant extract were tested by the modified 

Kirby ï Bauer disc diffusion method [xxii,xxiii] against 

various pathogenic bacteria of gram-positive (S. aureus) 

and gram-negative strains (E. coli ). Two major pathogens 

(S. aureus, E. coli) were taken for analysis. 

Two plates for each organism containing solidified 

agar media were prepared and swabbed with respective 

microbial into the column. The fourth disk of each plate 

was impregnated with a 50 ɛg/ml (D) concentration of CuO 

nanoparticles. Another two plates of each organism have 

one disk in each plate that was loaded with a concentration 

of 10 ɛg/ml of well-known antibacterial drug, Gentamicin; 

it was used as a positive control. All these 6 plates were 

incubated at 37 0C for 24 hours. 

Results and Discussions: 

Synthesis of Cuo Nps Using Ginger. 

The preliminary indication of the formation of 

nanoparticles is by color change, it was observed that 

significant color change appeared after 30 min and final 

greenish color was obtained after 60 min. Cu ion reduced 

into CuO nanoparticles during exposure to plant extracts 

was observed, the color changes at different stages are 

shown in figure.1. The final color change confirmed the 

completion of the synthesis process. The color change is 

due to the Surface Plasmon Resonance phenomenon (SPR), 

i.e. the interaction of electromagnetic radiation of UV-

light, and free electrons of metal oxide nanoparticles as a 

result of resonance it gives the SPR absorption band [xxiv]. 

 

Figure 1. (c) Photographs of colour change of CuO 

nanoparticles using Ginger extract. A) Copper sulfate 

solution B) Ginger Powder extract C) Copper sulfate 

and Ginger extract solution. 

UV-VIS Spectroscopy: 

The confirmation of the synthesized Copper oxide NPs 

Were carried out by recording UV-Vis spectrum, this was 

the preliminary step to confirm the result. In the present 

works, the biosynthesis of Copper oxide NPs was by the 

addition of Ginger extract. The UV ïVisible spectrum was 

recorded for aqueous leaves extracts of Ginger with copper 

oxide NPs. The Surface Plasmon Resonance (SPR) of these 

metal oxide NPs shows peaks produced during the reaction. 

Aqueous extracts of the experimental plants yielding the 

SPR peaks of Ginger CuO nanoparticles 290 nm [xxv], The 

UV-Vis spectrum of CuO nanoparticles shown in figure 2 

confirmation of the synthesized CuO nanoparticle in nano-

scale by the Surface Plasmon Resonance peak occurring 

around 290nm for the CuO nanoparticles synthesized using 

the extracts of Ginger.  

The reduction of copper sulfate to copper ions are 

identified by the color change from light blue to dark 

greenish shown in figure 1 

 

Figure 2.UV-vis spectra of CuO NPs synthesized using 

Ginger extract. 

XRD Analysis: 

The high intensity with narrow width of CuO diffraction 

peaks confirms the desired product was highly crystalline. 

The XRD spectra of CuO NPs are shown in figure 3 which 

indicates structural information and crystallinity.  
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Figure 3. XRD spectrum of CuO NPs synthesized 

using Ginger Extract.  

According to JCPDS, the diffraction peaks at 2ɗ is 

18.31, 37.95, 48.41, 50.74, 58.64, and 61.85 are assigned 

to corresponding plane. The average crystalline size of 

CuO nanoparticles was calculated using Scherrer's 

equation, D = 0.9ɚ/ɓcosɗ, Where D = average particle size, 

ɚ= wavelength of the radiation and ɓ = full width and half 

maximum (FWHM). The average particle size (D) of 

synthesized CuO nanoparticles was calculated using 

Scherrer's formula is nearly 24.27 nm. The XRD pattern 

and its parameters are given in Table 1. 

 

Angle 

2ɗ 

ɗ d-

spacing 

FWHM  Particle size 

D(nm) 

18.31 9.15 0.4840 0.8349 9.63 

37.95 18.97 0.2368 0.4249 19.77 

48.41 24.20 0.1878 0.4858 17.92 

50.74 25.37 0.1797 0.1427 61.60 

58.64 29.32 0.1572 0.3420 26.64 

61.85 30.92 0.1498 0.9188 10.07 

 Mean = 24.27 

Nm 

Table 1.XRD parameters of crystalline CuO NPs. 

Sem Analysis 

The morphological studies of biosynthesized copper 

oxide nanoparticles were carried out by using the scanning 

electron microscopy (SEM) method and magnification of 

SEM micrograph carried out at 44.56 KX as shown in 

figure 4.  

It was observed that the particles were aggregated with 

small grains. It is evident from the SEM image that the 

morphology of particles is uniformly distributed, well 

dispersed, and equally distributed in all directions most of 

the CuO nanoparticles are less agglomerated with spherical 

shapes and clear dot-shaped morphology. The 

experimental results show that the prepared copper 

nanoparticles, using the extract of Ginger, are in the range 

20-100 nm, and the shape is found like spherical as shown 

in above figure. 

 

Figure 4. SEM images of CuO nanoparticles 

synthesized using Ginger extract. 

Antibacterial Study of CuO NPs 

The antibacterial activities of CuO NPs against gram-

positive (Staphylococcus aureus), strain reference NCIM 

2079, and gram-negative bacteria (Escherichia coli), strain 

reference NCIM 2109, was performed using the disc 

diffusion method and their activity was compared to a well-

known commercial antibiotic Gentamicin are shown in 

figure 5. The results are evaluated and listed in Table 2 and 

the graphical representation showed in fig 6. From the 

antibacterial inhibition results, CuO NPs observed bacterial 

activity against all bacterial strains. The S.aureus (gram-

positive) show more zone of inhibition (9.85±0.2) as 

compared to E.coli (9.08±0.2) (gram-negative). Especially, 

S.aureus (gram-positive) showed higher activity than 

standard drug, Gentamicin (9.40±0.4). Therefore, we can 

conclude that the biosynthesized copper oxide 

nanoparticles were shown considerable antibacterial 

activity [xxvi, xxvii]. 

 

Figure 5. Plate having underlined disc showing 

antibacterial activity of CuO nanoparticles against (a) 

S.aureus (b) E.coli (c) positive control of S.aureus and 

(d) positive control of E.coli 
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Sr.No 

 

 

 

 

 

 

Test 

Organism 

(pathogen) 

 

Zone of Inhibition (mm) 

 

 

 

Nano 

sample 

 

 

 

Standard 

 

CuO NPs  

using 

Ginger 

50 ɛg/mL  

 

Gentamicin  

asPositive(P) 

Control 10 

ɛg/mL  

 

 

1 

 

S.aureus 

 

 

9.85 ±0.2 

 

9.40 ±0.4 

 

2 

 

E.coli 

 

 

9.08 ±0.2 

 

9.65 ±0.2 

 

Table 2.Zone of Inhibition (ZOI) of CuO NPs against 

S.aureus E.coli and positive (P)  

Control  

 

Figure 6.Antimicrobial activity of copper oxide NPs 

against bacterial pathogens 

Conclusion: 

An eco-friendly, nontoxic, clean, and cost effective 

biosynthesis of CuO NPs using Ginger extracts as a 

successful reducing agent phytochemical was presented in 

this study. The synthesized CuO NPs showed considerable 

antimicrobial activities against gram-positive and gram-

negative bacteria. The synthesized CuO NPs were 

characterized by UV-vis., XRD and SEM analysis.This 

eco-friendly method could be a better substitution to the 

conventional CuO NPs synthesis method and thus it has a 

potential use in biomedical applications. 
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Abstract: 

Click chemistry and bioorthogonal reactions have revolutionized modern heterocyclic chemistry and chemical biology by 

providing robust, chemoselective transformations that proceed under mild conditions. This review covers the foundational 

reactions (CuAAC, SPAAC, IEDDA), their roles in building heterocyclic scaffolds (notably 1,2,3-triazoles, tetrazines, and 

related frameworks), synthetic strategies for fused heterocycles, comparative literature case studies in medicinal and 

biological applications, structureïactivity considerations, and recent advances (2020ï2025). Representative structures, 

reaction schemes, and more than ten assigned references are included. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Introduction : 

The click chemistry conceptða set of simple, 

modular, high-yielding reactionsðwas formalized in 2001 

and has since become indispensable in organic synthesis, 

medicinal chemistry, polymer science, and chemical 

biology. Bioorthogonal chemistry (reactions that occur 

inside living systems without perturbing native 

biochemistry) emerged as a critical extension enabling in 

vivo labeling and real-time molecular imaging. 

Key foundational works: Kolb, Finn & Sharpless 

(2001) introduced the 'click' framework; the copper-

catalyzed azideïalkyne cycloaddition (CuAAC) was 

established by Rostovtsev et al. and Tornøe et al. in 2002; 

strain-promoted azideïalkyne cycloaddition (SPAAC) 

enabling copper-free labeling was introduced by Agard, 

Prescher & Bertozzi (2004); and the fast tetrazine ligation 

(IEDDA) was reported by Blackman, Royzen & Fox 

(2008). 

Fundamental Click Reactions and Mechanisms: 

Copper(I)-Catalyzed AzideïAlkyne Cycloaddition 

(CuAAC) . 

CuAAC generates 1,4-disubstituted 1,2,3-triazoles 

with high regioselectivity and functional-group tolerance. 

Mechanistically, it proceeds via copper-acetylide 

intermediates; careful control of copper oxidation state and 

ligands is crucial for bioconjugation protocols Rostovtsev 

et al. (2002), Tornøe et al. (2002), and Hein & Fokin 

(2010). 

Strain-Promoted AzideïAlkyne Cycloaddition 

(SPAAC). 

SPAAC uses strained cyclooctynes to react with 

organic azides without a catalyst, rendering it compatible 

with live-cell and in vivo applications. A range of 

cyclooctyne derivatives (DIFO, DIBO, BCN) optimize 

kinetics vs stability (Mbua et al., 2011). 

Inverse-Electron-Demand DielsïAlder (IEDDA) ð 

Tetrazine Ligation. 

The tetrazineïtrans-cyclooctene (TCO) ligation is 

currently among the fastest bioorthogonal reactions known, 

with rate constants often orders of magnitude greater than 

SPAAC. It is widely used for pretargeted imaging, drug 

delivery, and rapid bioconjugation (Handula et al., 2021). 

Other Bioorthogonal Reactions. 

Additional methods include oxime/hydrazone 

ligations, Staudinger ligation (early bioorthogonal 

approach), strain-promoted inverse electron-demand 

reactions, and newer carbene or nitrile oxide-based 

transformations. 
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Heterocyclic Scaffolds Accessible by Click and 

Bioorthogonal Chemistry: 

1,2,3-Triazoles: The prototypical click-derived 

heterocycle. Triazoles are metabolically stable, polar, and 

act as amide bioisosteres; they serve as linkers and core 

pharmacophores in many drug leads (Bozorov et al., 2019; 

Vaishnani et al., 2024). 

Representative structure (1,2,3-triazole): 
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Tetrazines and Dihydropyridazines:  

Generated/used primarily as reactive partners in 

IEDDA; tetrazines are heterocyclic and also exploited as 

fluorescent quenchers or switchable motifs (Blackman et 

al., 2008; Scinto et al., 2021). 

Representative structure (s-tetrazine): 

 

N N

NN

 

Triazolines, Isoxazoles and Related Heterocycles:  

Accessible via cycloadditions and post-click 

transformations; these motifs are used in medicinal 

chemistry and materials science. 
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Synthetic Strategies to Construct Fused Heterocycles 

Using Click Reactions. 

Click chemistry enables rapid assembly of complex 

heterocyclic frameworks via: (i) tandem or cascade 

cycloadditions, (ii) intramolecular CuAAC to form fused 

triazolo-fused rings, and (iii) post-click modifications 

(oxidation, cross-coupling) to elaborate the core. 

Example: Intramolecular azideïalkyne cycloaddition on 

bifunctional precursors yields triazolo-fused polycyclic 

systems useful in ligand design for kinases and G-protein 

targets (Arandhara et al., 2023). 

Comparative Literature Case Studies: 

Case Study 1: 1,2,3-Triazole Hybrids as Anticancer 

Agents. 

Summary: Several reports (2018ï2023) describe 

1,2,3-triazole-containing hybrids showing antiproliferative 

activity across cancer cell lines. Triazoles act as linkers or 

pharmacophores; studies highlight SAR trends where 

electron-withdrawing substitution on the aryl moiety 

enhances activity. 

Representative studies: Bozorov et al. (2019) reviewed 

triazole-containing hybrids with anticancer and 

antimicrobial profiles; more recent synthetic reports 

demonstrate straightforward click-based assembly of 

library compounds followed by biological screening 

(Bozorov et al., 2019). 

Case Study 2: Tetrazine Ligation in Pretargeted 

Imaging and Drug Delivery. 

Summary: TetrazineïTCO chemistry has been applied 

to pretargeted PET imaging and targeted drug delivery 

owing to its rapid kinetics and bioorthogonality. Blackman 

et al. (2008) first reported exceptionally fast tetrazine 

ligations; subsequent translational studies enabled 

radiolabeled probes and prodrug activation strategies. 

Comparative insight: Compared to SPAAC, IEDDA 

offers much faster rates (beneficial for in vivo capture), but 

tetrazine stability and selectivity profile must be balanced 

for circulation lifetimes (Blackman et al., 2008; Handula et 

al., 2021). 

Case Study 3: Glycan Labeling via SPAAC 

(Bioorthogonal Glycobiology). 

Summary: SPAAC-based labeling of azide-tagged 

glycans permits visualization of glycan dynamics in cells 

and organisms. Agard, Prescher & Bertozzi (2004) 

demonstrated copper-free click for labeling in living 

systems, enabling broad use in chemical glycobiology. 

Comparative insight: SPAAC is broadly biocompatible but 

slower than IEDDA; for long-term labeling SPAAC 

derivatives (e.g., DIBO, BCN) offer a favorable stabilityï

reactivity balance (Agard et al., 2004). 

Case Study 4: Intramolecular Click to Access Fused 

Triazolo-Heterocycles. 

Summary: Recent methodologies show intramolecular 

CuAAC followed by annulation yielding fused triazolo-

pyrimidines and related scaffolds. Such fused systems 

often display improved potency in enzyme inhibition 

assays due to conformational preorganization. 

Representative synthetic example:  

Arandhara et al. (2023) reported efficient construction of 

dihydro[1,2,3]triazolo-pyrimidoisoindolones, 

demonstrating the utility of click-enabled annulation 

strategies. 
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StructureïActivity Relationships and Design 

Considerations. 

Triazole incorporation can influence lipophilicity, 

hydrogen-bonding patterns, and metabolic stability. In 

tetrazine ligation, tetrazine electron deficiency correlates 

with reactivity; substitutions tune kinetics and in vivo 

stability. For fused heterocycles formed via click, ring 

fusion rigidifies the scaffold, often improving binding 

affinity (Hein & Fokin, 2010; Arandhara et al., 2023). 

Challenges, Limitations, and Safety Considerations. 

Challenges include: copper toxicity in CuAAC 

(limiting in vivo use), metabolic stability of some strained 

alkyne partners, potential off-target reactivity, and 

synthetic access to complex strained reagents. Recent 

advances focus on improving catalyst-free alternatives and 

tuning tetrazine/tCO stability. 

Recent Advances (2020ï2025). 

Developments include: AI-assisted design for click-

enabled probes, greener synthesis of cyclooctynes, rapid 

tetrazine variants for ultrafast capture, and expanded use of 

click for constructing fused heterocycles with direct 

biological evaluation. Reviews in 2021ï2024 summarize 

bioorthogonal toolkits and applications. 

Conclusion and Future Outlook: 

Click chemistry and bioorthogonal strategies have 

become core tools in modern heterocyclic and medicinal 

chemistry. Their modularity, selectivity, and compatibility 

with biological systems enable rapid probe and drug 

candidate assembly. Future trends point toward even faster, 

more selective ligations, sustainable reagent design, and 

clinical translation for imaging and targeted therapeutics. 
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Abstract:   

It present a direct, efficient, and environmentally sustainable method for synthesizing quinoxalines derivatives 

from various 1, 2-diketones and 1, 2-diamines. The molecular iodine that is used as a catalyst is inexpensive and easily 

accessible. This approach not only serves as an alternative to traditional acid/base catalyzed thermal processes but also 

aligns with the principles of environmentally friendly and safer practices. The ambient conditions, rapid reaction rates, 

high product yields, and straightforward workup procedure collectively underscore the significance of this methodology. 

Keywords: Quinoxaline, Phenol, 1, 2-Diamine, ȷ-Diketone, Condensation reactions, Antiviral drugs. 

 

Introduction:   

The primary goal of medicinal and organic chemists is 

the design, synthesis, and manufacture of molecules with 

therapeutic activity. Heterocyclic ring organic compounds 

are abundant in nature and play a significant part in a wide 

range of biological reactions. There is a wide range of 

biological actions that quinoxalines exhibit, including 

anticancer, antibacterial, and kinase inhibitors. These 

chemicals are extremely significant because of their 

significance. In addition to these applications, quinoxalines 

find extensive use in various fields such as the production 

of stiff subunits in macrocyclic receptors, 

electroluminescent materials, organic semiconductors and 

DNA-cleaving agents. The synthesis of quinoxalines has 

attracted significant attention in recent years due to their 

diverse applications in medical, industrial, and synthetic 

organic chemistry [1-2]. 

Quinoxaline subordinates are a really vital course of 

nitrogen-containing compounds and have been broadly 

utilized in dyes [3] pharmaceuticals [4-5] and 

electrical/photochemical materials [6-11]. Quinoxaline 

ring moiety constitute portion of the chemical structures of 

different anti-microbials such as Echinomycin, Levomycin 

and Actinoleutin [12-13] that are known to hinder 

development of gram positive microbes and are dynamic 

against different transplantable tumours. A number of 

manufactured methodologies have been created for the 

planning of substituted quinoxalines [13-16]. By remote, 

the foremost common strategy depends on the 

condensation of an aryl 1,2-diamine with a 1,2-dicarbonyl 

compound in refluxing ethanol or acidic corrosive for 2ï

12h giving 34ï85% yields [17]. As of late, Heravi et al. 

[18] and More et al. [19] detailed greener strategies for the 

blend of quinoxaline subsidiaries in green solvents 

(EtOH/H2O), utilizing copper sulphate pentahydrate and 

cerium (IV) ammonium nitrate as catalysts, individually. 

2,3-Disubstituted quinoxalines have too been arranged by 

SuzukiïMiyaura coupling reaction [20], condensation of o-

phenylenediamines and 1,2-dicarbonyl compounds in 

MeOH/AcOH beneath microwave irradiation [21], iodine 

catalysed cyclocondensation of 1,2- dicarbonyl compounds 

and substituted o-phenylene diamines in DMSO [22], 

CH3CN [23]. Diverse catalysts utilized for quinoxaline 

blend such as IBX [24], Oxalic Acid [25], SBSSA [26], 

Microwave/I2 [27], SnCl2/SiO2 [28], I2 [29], Ultrasound 

Irradiaton [30], NH4Cl [31], (NH4) 6MeO2.4H2O [32], 

Citric acid [33], ionic liquid [34], Bentonit Clay K-10 [35], 

AcOH [36] and BSA [37]. We uncover in this our comes 

about for the union of quinoxalines utilizing catalytic sums 

of phenol in water as an acidic arrangement at room 

temperature. 

Materials and methods: 

The reactions were conducted in oven-dried glassware 

with a nitrogen atmosphere using standard apparatus such 

as a syringe, cannula, and septa. The solvents were distilled 

after being dried with sodium/benzophenone or calcium 

hydride. The reagents were purchased from commercial 

sources and were not further purified unless specified 

differently. 

Result and Discussion: 

They achieved a novel, gentle, and environmentally 

friendly one-pot synthesis of functionalized Phenyl-(2, 3-

diphenylquinoxalin-6-yl) derivatives directly from the 

corresponding 1, 2-diamines and dibenzoylacetylene in the 

presence of iodine in an organic medium, marking the first 

instance of such synthesis. This was accomplished without 

the use of any catalyst. A significant contribution to the 

development of green chemistry will be made by this 

chemical sequence. 

 

Scheme 1: Synthesizing quinoxalines from various 1, 2-

diketones and 1, 2-diamines. 

The condensation of benzene-1,2-diamine with 1,2-

diphenyl ketones was selected as a model to produce 
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compound 1Q (Scheme 1), and its behaviour was examined 

in the presence of Iodide catalysts in Acetonitrile at room 

temperature in order to identify an appropriate catalyst for 

the synthesis of quinoxalines from 1,2-diamines and Ŭ-

diketones. 

Entry Solvent Time 

(h) 

Temperature 

(oC) 

% 

Yield 

1 Water 3 RT Nil  

2 Water 5 RT Nil  

3 Water 10 RT Nil  

4 Acetonitrile 30 RT 87 

5 Methanol 25 RT 55 

6 DCM 20 RT 45 

7 DMSO 48 70 15 

8 DMF 36 70 20 

9 Ethanol 28 RT 50 

10 Isopropanol 25 RT 40 

Table 1: Variation of solvent / reaction time / temperature 

/ % yield of quinoxaline derivatives 

Table 1 shows that, in comparison to inorganic 

catalysts, phenol, an organic catalyst, produced favourable 

outcomes. Table 1 provides a summary of all reactions. The 

use of Acetonitrile in this reaction produced only moderate 

product yields (87% after 30 min), despite the fact that 

water is a desired solvent for chemical reactions due to cost, 

safety, and environmental issues. Several solvents were 

investigated in order to select the best one. 

Conclusion:  

In summary, we have developed an efficient method 

for the synthesis of quinoxaline derivatives via the 

condensation of 1, 2-diamines with Ŭ-diketones. This new 

strategy has several advantages, such as excellent yield, 

mild reaction conditions, and short duration of reaction 

time, low cost, simple experimental as well as isolation 

procedures, and finally, it concluded that various method 

of preparation of quinoxaline, synthesis of quinoxaline 

along with pharmacological activity.it was observed that 

quinoxaline moiety may possess substitution which show 

the different pharmacological activity. 
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Abstract:  

A Schiff base ligand derived from (E)-N'-((1H-indol-3-yl)methylene)isonicotinohydrazide was synthesized, along 

with its transition metal complexes of Fe(III), Co(II), Ni(II), Cu(II), and Zn(II), using microwave irradiation as a green 

approach, contrasting with conventional methods. The structures of these compounds were thoroughly characterized 

through elemental and spectroscopic analyses, including IR, 1H-NMR,and electronic spectra, elucidating their geometrical 

arrangements. Furthermore, the thermal stability of the Cu(II) and Zn(II)complexes was investigated via thermo-

gravimetric analyses (TGA). Elemental analysis confirmed a metal-to-ligand stoichiometry of 1:2 molar ratio. Additionally, 

the complexes were screened for their potential biological activities, particularly antimicrobial properties. 

Keywords: Microwave Method; Schiff base ligand; thermal study; biological activity. 

 

Introduction : 

 In recent year microwave irradiation technique is 

green chemical method, the application of microwave-

assisted is useful technology in organic synthesis because 

it is simple, sensitive, reducing the hazard, often possible 

to decrease reaction times to a few minutes under solvent 

free or lower solvent and increase the yields and easier 

work up as compared to conventional methods [1]. The 

reactions are very fast and are completed within short times 

and purity enhanced as compared with conventional 

heating methods [2]. Among others, microwave (MW)-

assisted methodology has established and can be used 

carefully to substitute for conventional laboratory heating 

techniques; a number of chemical transformations have 

been realized thereby improving many existing protocols 

with superior results when compared to reactions 

performed under conventional heating conditions [3].  

In many cases, reactions that normally require many 

hours at reflux temperature under classical conditions can 

be completed within several minutes or even seconds in a 

microwave oven [4]. Recent simplifications of microwave 

reaction enhancement techniques have increased safety and 

practical utility of the microwave oven for their use in 

chemical laboratories without any modification [5]. 

Application of green and sustainable chemistry 

protocols has seen enormous surge in recent times for the 

development of novel and eco-friendly methodologies 

towards the synthesis of valuable synthetic scaffolds and 

drug intermediates [6]. Microwave syntheses of 

coordination and organometallic compounds are presented 

by relatively a small number of reports in the available 

literature in comparison with inorganic and organic 

synthesis [7]. Prompted by the above mentioned biological 

and multifunctional activities of Schiff bases and their 

metal complexes as well as the utility of microwave 

irradiation in inorganic syntheses, in continuation of our 

efforts to synthesize novel heterocyclic molecules of 

biological importance [8-10]. 

Compounds containing azomethine group (-HC=N-) 

referred to as Schiff base. They are condensation product 

of ketones or aldehydes with primary amines and were 

initial reportable by Victor Hugo Schiff in 1864 [11]. Schiff 

bases are biological active compounds they possess lots of 

biological activities like anticancer [12], plant growth 

inhibitors [13] insecticidal [14], antidepressant [15], 

antibacterial [16], anti-inflammatory [17], anti-tuberculosis 

[18], antimicrobial [19] and anticonvulsant drug activity 

[20]. 

In present investigation, we synthesized Schiff base 

from 1H-indole-3-carbaldehyde and isonicotinohydrazide 

in the presence of acetic acid as catalyst in ethanol medium 

under microwave irradiation. We expected to the synthesis 

of new Schiff bases using microwave irradiation due to 

easy to workup, improved better yield as well as 

completion of the reaction time is less.  
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Experimental Section: 

Materials and Methods: 

All the analytical grades, reagents, and chemicals were 

used without further purification. Solvents were purified 

and dried according to the literature method. All chemicals 

were obtained from Sigma-Aldrich and used without 

purification. The1H-indole-3-carbaldehyde with 

isonicotinohydrazide; the remaining all chemical solvents 

were purchased from Spectrochem Ltd. 

Physical measurements: 

Elemental analysis (C, H, N,) was performed using 

Perkin Elmer CHN analyzer. IR spectra of the ligands and 

their metal complexes were recorded on Bruker 

spectrometer within the range of 4000 - 400 cm-1. Thermal 

studies of the complexes were carried out on a Perkin 

Elmer diamond TGA instrument. 1H-NMR spectra of the 

ligands were recorded on Bruker spectrometer using 

DMSO-d6 as a solvent and TMS as internal standard. Mass 

spectra were recorded on water, Qt of micromass (ESI-

MS). 

Synthesis of Novel Ligand: 

A mixture of 1.45gm (0.01mmol) 1H-indole-3-

carbaldehyde with 1.37gm (0.01mmol) 

isonicotinohydrazide were placed in flask and irradiated in 

a microwave oven for 30 minutes completion of the 

reaction was monitored by TLC. The reaction mixture was 

allowed to attain room temperature; the solid product 

washed with pet ether and recrystallized from ethanol.  

Yellow crystals obtained. (Yield: 96%). (Schem: 1) 

N
H

+
N

N
H

O

NH2

CHO

MWI

30 Min. N

H
H
N

O

N

NH

1H-indole-3-carbaldehyde (E)-N'-((1H-indol-3-yl)methylene)isonicotinohydrazideisonicotinohydrazide

Scheme 1: The schematic route for the synthesis of 

Schiff base Ligand (L). 

Synthesis of Metal Complexes: 

The complexes were synthesized by mixing the 

appropriate metal nitrate with the required amount of the 

ligand in a 1:2 metal to ligand ratio. The reaction mixture 

was irradiated in a microwave oven at 750 W for 120-196 

second. The final products were washed with hot ethanol, 

filtered and dried at room temperature. The metal salts used 

were Fe (NO3)3 .9H2O, Co (NO3)2 .6H2O, Ni (NO3)2 .6H2O, 

Cu (NO3)2 .3H2O and, Zn (NO3)2 .6H2O. (Yield: 87-93%) 

(Schem: 2) 

 

N

H

N
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N

NH

N

H

N

O

N
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M

 

Proposed  structure of Metal complexes-Fe(III), 

Co(II), Ni(II),Cu(II), Zn(II)  

Scheme 2. The schematic route for the synthesis of 

metal complexes. 

Result and Discussion: 

In the present study of microwave-assisted synthesis, 

it was observed that the reaction time had been drastically 

reduced with a better yield of the products. The difference 

was observed probably due to the strong microwave effect 

and  due the increase reaction rate [21]. The conformation 

of results was also checked by repeating the synthesis 

process. The microwave irradiation technique was 

completed with 120-196 sec. and yielded 87-96%. All the 

transition metal complexes are colored, solid, and stable 

towards air and moisture at room temperature. They 

possess a sharp melting point. The complexes are soluble 

in dimethyl formamide and dimethyl sulfoxide but 

insoluble in common organic solvents.  

Elemental analysis: 

The elemental analysis of Schiff base ligand (Found: 

C = 67.13; H = 4.38; O=6.02; N= 21.15%); (Calculated: C= 

68.17; H = 4.58; O=6.05 N =21.20%) indicated that the 

ligand has the molecular formula i.e. C15H12N4O. 

Physical Properties  

Physical properties of the novel ligand and metal 

complexes summarized in Table-1 

Sr. 
No 

Molecular formula Colour M.P.(0c) Time Yield 
% 

1 C15H12N4O (Ligand)  Yellow  326 30 
min 

96 

2 [(C15H12N4O)2(H2O)2] 
Fe 

Light 
Yellow 

274 142 
sec. 

92 

3 [(C15H12N4O)2(H2O)2] 

Co 

Green 253 180 

sec. 

89 

4 [(C15H12N4O)2(H2O)2] 

Ni  

Light 

Green 

263 120 

sec. 

90 

5 [(C15H12N4O)2(H2O)2] 

Cu 

Greenish 238 167 

sec. 

87 

6 [(C15H12N4O)2(H2O)2] 
Zn 

Yellow 276 194 
sec. 

93 

Infrared spectral Analysis: 

The IR spectrum of novel Schiff base ligand show the 

characteristics band at 1646 cm-1 which assigned to (C=N) 

stretching vibration, which indicates the presence of 

azomethine group in the ligand [20]. The spectrum show 
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vibrational band at 3300 cm-1 indicates (N-H) stretching in 

the ligand. The stretching at 1574cm-1 corresponds to 

aromatic (C=C) bonding in the ligand. The band observed 

at 3032 cm-1 indicates aromatic (C-H) stretching [22]. 

Cu complex the band observed at 1610 cm-1 attributed 

to the stretching vibration of azomethine (C=N) group, 

whereas in spectrum of ligand same band is observed at 

1610 cm-1[23].The bands observed at 2942 cm-1, 3400 cm-

1 and 1540cm-1 were assign to aromatic (C-H) stretching, 

(N-H) stretching vibration and aromatic (C=C) stretching 

respectively, The most characteristics bands appeared at 

462 cm-1 and 645 cm-1 was due to (M-N) and (M-O) 

stretching respectively whereas same bands are observed of 

Zn Complex at 2950 cm-1, 3415 cm-1 and 1550 cm-1 in 

spectrum of ligand respectively. The most characteristics 

bands appeared at 460 cm-1 and 640 cm-1 was due to (M-N) 

and (M-O) stretching respectively, which confirms the 

formation of metal ligand bonding [24]. Above bands 

which are appeared in spectrum of complex are not 

appeared in spectrum of ligand that confirm the formation 

of metal complex with stable metal ligand bonding.  

1HNMR spectral studies: 

Observed 1HNMR peaks (ppm) of novel Schiff base 

ligand show different peaks. The characteristic peak 

observed at 8.24 ppm is due to H from azomethine group. 

The Peak observed at 11.88 ppm is due to N-H-from of 

indole ring. The peak observed at 11.52 ppm is due to H 

from CO-NH group. The peaks observed at 7.09 -7.76 ppm 

are due to H-from aromatic rings [25].  

Mass spectral studies: 

The mass spectrum study of novel Schiff base ligand 

showed a peak at m/z. 264 (M+1) that corresponds to the 

molecular weight of the Schiff base ligand 265. 

Electronic spectra: 

The UV-visible spectra of the complexes were 

recorded in DMSO solutions in the wavelength range 200-

800 nm at room temperature. The spectral data of the 

transition metal complex Cu (II) and Zn (II), complexes are 

illustrated, Cu (II) complex indicates the three absorption 

bands at 38461cm-1, 35087 cm-1 and 25974 cm-1 nm. These 

transitions may be assigned to   2B1g  O 2A1g  (ɜ1), 2B1g  O  
2B2g  (ɜ2), 2B1g  O  2Eg (ɜ3) respectively. The electronic 

spectrum of Cu (II) complex shows transitions are 

consistent with the characteristic tetrahedral geometry [26]. 

The electronic spectrum of the Zn (II) complex shows three 

absorption bands at 38167 cm-1,33898cm-1 and 26315cm-1,   

which may be assigned to 3A2g ᴼ3T2g(F)(ɜ1), 3A2g ᴼ3T1g 

(F)(ɜ2)  3A2g ᴼ3T1g (p) (ɜ3) respectively. This complex 

shows tetrahedral geometry.  

Thermal analysis of metal complexes: 

The TGA curves of the metal complexes were studied 

where the heating rates were suitably controlled at 

10 min-1 under nitrogen atmosphere and the weight loss 

was measured from 28 to 650 .The TG curve of Cu (II) 

complex indicates a total weight loss of 92.92% 

(calcd.96.87%) which is observed in two steps (i) a small 

weight loss of 4.08% (calcd. 6.07%) in the range of 28 - 

210  loss of pyridine ring [24], (ii) second step involved 

a weight loss of 7.22%(cal.7.74%) in the range of 210-425 

 attributable to the loss of indole moiety after weight loss 

of 81.62% (Calcd.83.06%) in the range of 435-586  loss 

of organic moiety and formation of stable metal oxide 

(CuO) [27]. 

The TG curve of Zn(II) complex indicates a total 

weight loss of  98.51% (calcd.99.69%) which is observed  

in two steps (i) a small weight loss of  5.48% ( calcd.5.45%) 

in the range of 32-228  loss of  pyridine ring ,(ii) second 

step involved a weight loss of 7.25%( cal.6.78%) in the 

range of 228-415  attributable to the loss of indole moiety 

after weight loss of 85.78% (Calcd.87.46%) in the range of 

415-595  loss of organic moiety and formation of stable 

metal oxide (ZnO). 

Antimicrobial Activity :  

The synthesized Schiff base ligands and its metal 

complexes was shows against selected bacteria Escherichia 

coli Staphylococcus aureus and Salmonella Typhi were 

grown overnight at 370C temperature [28]. Determination 

of minimum inhibitory concentrations (MIC) by Micro 

Broth Dilution Method was evaluated against test bacteria 

for the concentration ranging between 0.4µg/ml to 

100µg/ml.DMSO and compared with antibiotics viz. 

Streptomycin [29]. The Synthesized metal complexes of 

Co (II) and Ni (II) were observed very good activity against 

Escherichia Coli as compared to novel ligand and Fe (III) 

Cu (II) and Zn (II). Metal complexes of Co (II) and Zn (II) 

showed excellent activity against Staphylococcus Aureus 

bacteria as compared to novel ligand, Cu (II), Ni (II) and 

Zn (II). Metal complex of Ni (II) and Cu (II) showed 

excellent activity against Salmonella Typhi bacteria as 

compared to novel ligand, Co (II), and Zn (II). The novel 

Schiff base ligand exhibited low bacterial activity as 

compared to their metal complexes. All metal complexes 

showed very good antibacterial activity.  

Table 2: Antibacterial activity of Novel ligand and their 

metal complexes. 

Sr.No. Compounds Minimal inhibition Concentration 
(µg/ml) 

  E.Coli S.Aureus S.Typhi 

1 Ligand 100 125 100 

1 Fe (III) Complex 150 250 100 

2 Co (II) Complex 50 100 125 

3 Ni (II) Complex 75 100 75 

4 Cu (II) Complex 125 100 50 

5 Zn (II) Complex 100 50 100 

Conclusion: 

       In the present work, we have synthesized a new (E)-

N'-((1H-indol-3-yl) methylene) isonicotinohydrazide 

Schiff base ligand and its metal complexes by Microwave 

method. These synthesized compounds characterized by 

spectral analyses. In the result of microwave-assisted 

synthesis; it has been observed that the reaction time 

decreased from hours to minutes and better yield. This 
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method is simple, mild and eco-friendly from green 

chemistry approach. All the synthesized ligand and metal 

complexes shows excellent antibacterial activity against 

selected bacteria. 
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Abstract:  Heterocyclic compounds are central to medicinal chemistry, forming the basis of over 60% of approved drugs. 

Their electronic versatility enables strong interactions with biological macromolecules. Recent trends (2024ï2026) 

emphasize sustainable synthesis via multicomponent reactions, CïH functionalization, photo redox catalysis, and AI-

assisted design. Fused heterocycles such as indoles, pyrazoles, and imidazole demonstrate potent anticancer, 

antimicrobial, and antiviral activity. This review summarizes synthetic strategies, structureïactivity relationships, and 

medicinal applications, highlighting future directions for AI-guided, environmentally friendly heterocyclic drug 

discovery. 

Keywords: Heterocyclic compounds; Green synthesis; Multicomponent reactions; Medicinal chemistry; SAR; Photoredox 

catalysis. 

 

Introduction:  

Heterocyclic compounds, containing nitrogen, 

oxygen, or sulphur in cyclic frameworks, are prevalent in 

natural products and pharmaceuticals [1]. They facilitate 

hydrogen bonding, ˊḯ  interactions, and metal 

coordination, enhancing biological activity [2]. Classic 

examples include caffeine, purines, indoles, quinolones, 

and ɓ-lactams. More than 60% of FDA-approved drugs 

include at least one heterocycle [3]. 

Historically, methods like the Fischer indole synthesis, 

Hantzsch pyridine synthesis, and Biginelli reaction 

provided foundational approaches [4]. However, these 

methods often involve harsh conditions, toxic solvents, and 

multi-step reactions. The 21st century has seen a shift 

toward green, atom-economic, and sustainable methods 

[5]. 

Between 2024 and 2026, advances include 

multicomponent reactions (MCRs), 

microwave/ultrasound-assisted reactions, continuous-flow 

chemistry, and computational tools like ChemDraw and 

AutoDock Vina [6,7]. This review focuses on recent 

sustainable synthetic approaches, medicinal applications, 

and SAR analysis of heterocycles. 

 

 

Recent Synthetic Trends: 

Multicomponent Reactions (MCRs). 

       MCRs enable one-pot formation of complex 

heterocycles, enhancing atom economy [8]. The Biginelli 

reaction (aldehyde + ɓ-ketoester + urea) has been 

optimized under microwave and solvent-free conditions 

with yields up to 92% [9]. A³-coupling reaction catalyzed 

by copper or iron nanoparticles efficiently yield 

propargylamines, intermediates for N-heterocycles [10]. 

Green and Energy-Assisted Methods. 

      Microwave-assisted organic synthesis (MAOS) 

reduces reaction times and increases yields. Ultrasound-

assisted methods enhance heterogeneous reactions through 

cavitation [11]. Flow chemistry allows precise control of 

reaction parameters and scalability. Borrowing-hydrogen 

catalysis using earth-abundant metals provides redox-

neutral synthesis of N-heterocycles [12]. 

CïH Functionalization and Fused Heterocycles. 

       Direct CïH activation eliminates pre-

functionalization, enabling fused heterocycles like triazolo-

pyrimidines, spiro-indolines, and benzothiazoles [13]. 

Fused systems offer rigidity and selectivity, while visible-

light photoredox catalysis allows mild functionalization 

[14]. 

Table 1. Comparison of Synthetic Methods 

Method Yield 

(%) 

Steps E-Factor Example Compound 

MCR 

(Biginelli) 

85ï92 One-

pot 

Low Dihydropyrimidinon

e 

Microwave

-assisted 

80ï90 1ï2 Moderat

e 

Substituted indole 

Flow 
photoredox 

75ï88 Conti
nuous 

Very 
Low 

Fused indazole 

CïH 
activation 

70ï85 Single 
step 

Low Triazolo-pyrimidine 
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Medicinal Applications and SAR Analysis 

Anticancer Activity . 

Indole-based compounds, including BODIPY-

conjugates, show IC  = 0.8ï2.5 µM against MCF-7 cells. 

Docking (AutoDock Vina) indicates strong ˊḯ  and H-

bonding interactions with cyclin-dependent kinases [15]. 

Antibacterial and Antiviral Agents . 

Triazolo-quinolone hybrids display MIC = 0.25ï0.5 

µg/mL against E. coli, forming hydrogen bonds with DNA 

gyrase residues. Imidazole/triazine nucleoside analogues 

inhibit viral polymerases [16,17]. 

3.3 SAR Insights: 

1. Electron-donating groups on indoles enhance 

anticancer activity. 

2. Fused heterocycles improve stability and 

selectivity. 

3. Planar molecules favor DNA-binding; spiro 

systems enhance receptor specificity [18]. 

 

Scheme 1. MCR synthesis of dihydropyrimidinone 

Aldehyde + ɓ-Ketoester + Urea 

ƅ 

ƅ (Green catalyst, EtOH, 80 ÁC) 

Ź 

Substituted Dihydropyrimidinone 

 

Future Outlook:  

          Challenges include scalability, catalyst recovery, and 

toxicity assessment. AI/ML-driven pharmacophore 

modeling, virtual screening, and predictive toxicity will 

accelerate lead discovery. Integration with flow chemistry 

and biocatalysis can enhance enantioselectivity and 

sustainability [19]. 

Conclusion: 

          Heterocyclic compounds are central to modern drug 

discovery. Sustainable synthetic methods and 

computational SAR studies improve efficiency, reduce 

environmental impact, and enhance medicinal potential. 

Fused heterocycles show promising anticancer, 

antimicrobial, and antiviral properties. Future integration 

of AI and green chemistry is expected to further optimize 

drug design and therapeutic outcomes. 
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Abstract:  

Organic solvents are indispensable in chemical research and industry; however, many conventional solvents pose 

serious environmental and health risks due to their toxicity, volatility, and non-renewable origin. Green chemistry promotes 

the replacement of hazardous solvents with environmentally benign alternatives that reduce waste, toxicity, and energy 

consumption. This article reviews major classes of green solvents, including water, supercritical fluids, ionic liquids, deep 

eutectic solvents, and bio-based solvents. Their properties, advantages, limitations, and applications in chemical synthesis 

and industrial processes are discussed. The adoption of green solvents is critical for achieving sustainable and safer 

chemical practices. 

Keywords: Green chemistry, green solvents, sustainable solvents, ionic liquids, deep eutectic solvents. 

 

Introduction : 

Solvents account for a significant portion of material 

use and waste generation in chemical processes, 

particularly in pharmaceutical and fine chemical industries. 

Traditional organic solvents such as benzene, chloroform, 

dichloromethane, and N-methyl-2-pyrrolidone are 

associated with toxicity, flammability, and environmental 

persistence. Increasing regulatory pressure and 

environmental awareness have driven the search for safer 

alternatives. Green solvents, aligned with the principles of 

green chemistry, aim to minimize environmental impact 

while maintaining efficiency and performance. 

Criteria for Green Solvents. 

A solvent may be considered ñgreenò based on several 

criteria: 

a) Low toxicity to humans and ecosystems 

b) Low volatility and reduced VOC emissions 

c) Biodegradability and minimal environmental 

persistence 

d) Derivation from renewable feed stocks 

e) Energy-efficient production and recyclability 

No single solvent satisfies all criteria; therefore, 

solvent selection often involves balancing performance and 

sustainability. 

Types of Green Solvents: 

Water. 

Water is the most environmentally benign solvent due 

to its non-toxicity, abundance, and low cost. It is widely 

used in biocatalysts, organic reactions, and analytical 

chemistry. Advances such as micellar catalysis and 

subcritical water techniques have expanded its applicability 

to reactions traditionally requiring organic solvents. 

Supercritical Fluids. 

Supercritical carbon dioxide (scCO ) is a prominent 

green solvent with tunable density and excellent mass-

transfer properties. It is non-toxic, non-flammable, and 

easily separable from products. scCO  has found 

applications in extraction processes, polymer synthesis, 

and pharmaceutical manufacturing. 

Ionic Liquids . 

Ionic liquids are low-melting salts with negligible 

vapour pressure and high thermal stability. Their 

physicochemical properties can be tailored for specific 

applications, making them attractive alternatives to volatile 

organic solvents. However, concerns regarding their 

biodegradability, toxicity, and high production costs must 

be addressed to ensure sustainability. 

Deep Eutectic Solvents. 

Deep eutectic solvents (DESs) are formed by mixing 

hydrogen bond donors and acceptors, resulting in liquids 

with melting points lower than their individual 

components. Natural deep eutectic solvents (NADESs), 

composed of naturally occurring compounds, offer 

improved biodegradability and lower toxicity. DESs have 

been successfully applied in extraction, catalysis, and 

electrochemistry. 

Bio-Based Solvents. 

Bio-based solvents derived from renewable resources 

include ethanol, ethyl lactate, dimethyl carbonate, ɔ-Valero 

lactone, and limonene. These solvents often exhibit 

favourable environmental profiles and can replace 

petroleum-derived solvents in various applications. 

Dimethyl carbonate, for example, is considered a green 

alternative to toxic methylating agents and polar aprotic 

solvents. 

Advantages of Green Solvents. 

The use of green solvents offers multiple benefits: 

a) Reduced health and safety risks 

b) Lower environmental pollution and waste 

generation 

c) Decreased dependence on fossil resources 

d) Improved compliance with environmental 

regulations 

e) Potential economic benefits through waste 

reduction and solvent recycling 
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Challenges and Limitations: 

Despite their advantages, green solvents face several 

challenges, including limited availability, higher costs, and 

performance limitations in certain reactions. Additionally, 

some solvents labelled as ñgreenò may still have 

environmental impacts when assessed through life-cycle 

analysis. Comprehensive evaluation is therefore essential 

before large-scale implementation. 

Applications. 

Green solvents are increasingly applied in: 

a) Pharmaceutical synthesis and formulation 

b) Natural product extraction 

c) Polymer and materials synthesis 

d) Analytical chemistry and sample preparation 

Their successful integration demonstrates the feasibility of 

sustainable solvent replacement strategies. 

Future Perspectives: 

Future research should focus on solvent design using 

computational tools, large-scale production of bio-based 

solvents, and thorough life-cycle assessments. Hybrid 

solvent systems and policy support will further accelerate 

the transition toward greener chemical processes. 

Conclusion: 

Green solvents play a pivotal role in advancing sustainable 

and environmentally responsible chemistry. Although 

challenges remain, continued innovation and regulatory 

support are expected to enhance their adoption. Replacing 

hazardous organic solvents with greener alternatives is 

essential for achieving safer chemical practices and long-

term sustainability. 
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Abstract:   

Carbohydrates are the primary energy source for the human body, characterized as primary metabolic fuels. but 

their bioefficacy extends far beyond simple caloric provision. This article explores the metabolic pathways of various 

saccharides, their role in gut microbiome health, and their efficacy in managing metabolic disorders. By examining the 

glycemic index (GI) and the functional properties of resistant starches, we evaluate how carbohydrate quality influences 

on term health outcomes. , contemporary glycoscience has revealed their roles as indispensable mediators of cellular 

signaling, immune regulation, and structural integrity. The challenge in harnessing these biomolecules lies in their inherent 

structural complexityðcharacterized by branched architectures and diverse stereo chemical linkages which complicates 

extraction and purification from natural sources. 

Keywords: Functional carbohydrates, Enzymatic synthesis, Glycoconjugates Bioefficacy,  Glycosyl transferases, 
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Introduction:  

Carbohydrates are traditionally; however, 

contemporary glycoscience has revealed their roles as 

indispensable mediators of cellular signaling, immune 

regulation, and structural integrity [1ï3]. The challenge in 

harnessing these biomolecules lies in their inherent 

structural complexity [4-6] ,  characterized by branched 

architectures and diverse stereochemical linkages [7ï10] . 

Carbohydrates which complicates extraction and 

purification from natural sources [11]. Functional 

carbohydrates which include rare sugars, specific 

oligosaccharides, and glycoconjugates are a specialized 

class of carbohydrates that go beyond simple energy 

provision [12-14]. They are engineered or extracted for 

their unique bioefficacy, particularly in prebiotic actions, 

glycemic control, and therapeutic applications like 

vaccines and anti-cancer agents [15-16].The synthesis of 

these molecules is notoriously difficult due to their 

complex "polyhydroxyl" nature, where many identical-

looking chemical groups compete for reactions [17]. 

 

Chemical Synthesis of Carbohydrates. 

The chemical synthesis of carbohydrates, or glycan 

synthesis, is one of the most complex areas of organic 

chemistry due to the need for precise stereochemical 

control. Unlike DNA or proteins, carbohydrates can form 

branched structures with multiple linkage types. 

Protecting Group Chemistry. 

To synthesize a specific carbohydrate, chemists must 

use protecting groups (such as benzyl or acetyl groups) to 

mask specific hydroxyl (-OH)groups. This allows for the 
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selective formation of a glycosidic bond at a single 

position. The bioefficacy of synthetic carbohydrates 

depends entirely on this structural purity, as even a minor 

change in linkage (e.g., alpha vs.beta can render a 

carbohydrate indigestible or biologically inactive. 

Automated Glycan Assembly (AGA). 

Modern laboratories now use automated synthesizers 

to build complex oligosaccharides. By using solid-phase 

synthesis, researchers can create custom glycans to study 

how specific sugar sequences interact with cell receptors. 

This has high bioefficacy in the development of 

carbohydrate-based vaccines and targeted drug delivery 

systems. 

Enzymatic and Chemo-enzymatic Synthesis. 

Due to the difficulty of traditional chemical synthesis, 

enzymatic methods have become the preferred route for 

producing high-bioefficacy functional carbohydrates like 

Human Milk Oligosaccharides (HMOs). 

Glycosyl transferases and Glycosidases. 

These enzymes are used to catalyze the formation of 

glycosidic bonds with perfect regioselectivity. Chemo-

enzymatic synthesis combines the flexibility of chemical 

methods with the precision of enzymes, allowing for the 

large-scale production of prebiotics like Galacto-

oligosaccharides (GOS). 

Methodology: Measuring In-Vitro Bioefficacy. 

To validate the synthesis of a new carbohydrate, its 

"digestibility profile" must be established using 

standardized laboratory models. 

The Englyst Method for Starch Fractionation: 

This protocol simulates human digestion to categorize 

carbohydrates into three fractions: 

1. Rapidly Digestible Starch (RDS): Hydrolyzed 

within 20 minutes. 

2. Slowly Digestible Starch (SDS): Hydrolyzed 

between 20 and 120 minutes. 

3. Resistant Starch (RS): Remains unhydrolyzed after 

120 minutes. 

High-Performance Liquid Chromatography (HPLC) 

Analysis. 

Following enzymatic digestion, the resulting 

monosaccharides are quantified using HPLC with 

Refractive Index (RI) detection. The ratio of RDS to RS 

provides a mathematical "Bioefficacy Index" that predicts 

the food's impact on blood glucose and gut fermentation. 

Industrial Scale-Up and Quality Control. 

The transition from lab-scale synthesis to industrial 

production requires rigorous quality control (QC) to ensure 

the bioefficacy remains consistent across batches. 

Nuclear Magnetic Resonance (NMR) Spectroscopy. 

NMR is the "gold standard" for verifying the structure 

of synthesized carbohydrates. It confirms that the 

$\alpha(1\to4)$ and $\alpha(1\to6)$ ratios are correct, 

ensuring the product behaves predictably in the human 

digestive tract. 

Bioefficacy and Applications. 

Functional carbohydrates are synthesized to target 

specific biological processes: 

Cellular Recognition: They play critical roles in cell 

migration, inflammation, and inhibiting bacterial or viral 

infections. 

Therapeutics: Hybrid glyco-molecules are being 

developed for anti-cancer, anti-diabetic, and anti-

inflammatory activities, often outperforming existing 

drugs. 

Industrial Catalysis: Polysaccharide polymers are used 

as support materials in catalytic processes due to their 

biodegradability and non-toxic nature. 

Therapeutic Applications in Clinical Medicine. 

The bioefficacy of engineered carbohydrates is 

revolutionizing drug delivery and vaccine development. 

Because carbohydrates are central to cellular recognition, 

they serve as the "zip codes" for targeting specific tissues. 

Glycomimetics in Anti-Adhesion Therapy. 

Synthetic carbohydrates are designed to act as decoys 

for pathogens. Many viruses and bacteria bind to host cells 

via surface lectins that recognize specific sugar sequences. 

By synthesizing "glycomimetics"ðmolecules that mimic 

these sugarsðclinicians can competitively inhibit 

pathogen binding. The bioefficacy of these treatments is 

particularly evident in treating urinary tract infections and 

respiratory viruses, where the "decoy" sugars prevent the 

pathogen from ever entering the host cell. 

Carbohydrate-Based Vaccines. 

The synthesis of capsular polysaccharides found on the 

surface of bacteria like Streptococcus pneumoniae has led 

to highly effective conjugate vaccines. By chemically 

linking these carbohydrate antigens to a carrier protein, the 

bioefficacy of the immune response is significantly 

enhanced, triggering long-term T-cell dependent memory 

which is crucial for pediatric protection. 

Applications in Advanced Food Science. 

In the food industry, carbohydrate bioefficacy is 

focused on "Nutrification"ðthe process of enhancing the 

nutritional profile of processed foods without 

compromising sensory qualities. 

Encapsulation and Targeted Release. 

Synthetic oligosaccharides are utilized as wall 

materials for the microencapsulation of sensitive bioactive 

compounds like Omega-3 fatty acids and probiotics. The 

bioefficacy of these encapsulated ingredients depends on 

the carbohydrate's ability to resist gastric acidity and 

release the "payload" only when it reaches the neutral pH 

of the small intestine. 

Fat Replacement and Texture Modification. 

Modified starches (RS4) are used as fat mimetics in 

low-calorie foods. Because these carbohydrates have high 
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water-binding capacity but low caloric bioefficacy (due to 

enzyme resistance), they provide the "mouthfeel" of fats 

while significantly reducing the energy density of the 

product. 

Bioefficacy in Agricultural Biotechnology: 

The application of carbohydrates extends to 

sustainable farming, where they function as 

"biostimulants." 

Chitosan and Plant Defense Priming Chitosan, a 

carbohydrate synthesized from the deacetylation of chitin, 

shows high bioefficacy in inducing systemic acquired 

resistance (SAR) in crops. When applied to plant leaves, it 

mimics a fungal attack, "priming" the plant's immune 

system to produce phytoalexins and pathogenesis-related 

proteins. This reduces the need for chemical pesticides and 

improves crop resilience. 

Slow-Release Fertilizers Starch-based hydrogels are 

being engineered to encapsulate nitrogen and phosphorus. 

The bio efficacy of these "smart fertilizers" is measured by 

their ability to degrade slowly over a 90-day period, 

matching the nutrient uptake curves of the plants and 

preventing toxic runoff into local waterways. 

Applications in Sports Performance and Recovery   

The bioefficacy of carbohydrates in athletics is defined 

by the "Glycemic Flux"ðthe speed at which sugar is 

moved from the gut to the working muscle. 

Hydrogel Technology in Endurance Sports Recent 

innovations involve encapsulating high concentrations of 

glucose and fructose within a pectin and sodium alginate 

hydrogel. In the low-pH environment of the stomach, the 

carbohydrate forms a gel that bypasses the usual rate-

limiting steps of gastric emptying. This allows athletes to 

consume up to 100g of carbohydrates per hour without 

gastrointestinal distress, representing a significant leap in 

ergogenic bioefficacy. 

Satiety Regulation in Weight-Class Athletes 

For athletes needing to maintain specific weight 

categories, the bioefficacy of high-viscosity fibers (like 

glucomannan) is utilized to induce early satiety. By 

expanding in the stomach and delaying the secretion of 

ghrelin (the hunger hormone), these carbohydrates allow 

for caloric restriction while maintaining high energy levels 

for training 

Discussion: 

Cost-Benefit Analysis of Synthetic vs. Natural 

Carbohydrates. 

Economic Foundations of Carbohydrate Sourcing.  

The industrial application of carbohydrates is 

bifurcated into two primary streams: the extraction of 

natural polysaccharides from botanical sources and the 

precision synthesis of functional glycans in laboratory 

settings. The "bioefficacy-to-cost" ratio is the primary 

metric used by industrial stakeholders to determine the 

viability of a carbohydrate source. 

 

Natural Carbohydrates: High Volume, Low Precision. 

Natural carbohydrates, such as corn starch, sugarcane 

sucrose, and cellulose from wood pulp, benefit from 

immense economies of scale. 

Cost Advantage:  

The extraction costs for natural starches are 

significantly lower (averaging $0.40ï$0.60 per kg) 

compared to synthetic alternatives. 

Limitation:   

The "bioefficacy" of natural sources is often limited by 

seasonal variability and the presence of impurities (lignins, 

proteins) that can interfere with industrial chemical 

reactions or pharmaceutical stability. 

Synthetic Carbohydrates: Precision and High Value. 

Synthetic carbohydratesðproduced via chemical 

synthesis or enzymatic biocatalysisðtarget high-value 

sectors like infant formula (HMOs) and pharmaceuticals. 

Benefit (Bioefficacy):  

Synthetic carbohydrates offer 100% structural purity. 

For instance, synthetic Galacto-oligosaccharides (GOS) 

can be engineered to have specific beta (1\to 4) or bet (1to6) 

linkages that maximize prebiotic activity, a level of control 

impossible with raw natural extracts. 

Cost Barrier:   

The synthesis of complex glycans remains expensive 

due to the cost of "donor" molecules and the high-energy 

requirements of automated glycan assembly. Currently, 

pharmaceutical-grade synthetic carbohydrates can cost 

upwards of $500ï$2,000 per gram, limiting their use to 

niche medical applications. 

Industrial Applications: A Comparative Matrix  

Table 3: Cost-Benefit Matrix for Industrial Carbohydrate 

Sourcing 

Parameter 
Natural 

Polysaccharides 

Synthetic/Modified 

Glycans 

Raw Material 

Cost 

Low (Agricultural 

waste/crops) 

High (Chemical 

precursors) 

Purity & 

Consistency 

Variable 

(Influenced by 

soil/climate) 

Absolute (Controlled lab 

conditions) 

Scalability 
High (Global 

infrastructure) 

Emerging (Bioreactor 

dependent) 

Regulatory 

Hurdles 

Low (Generally 

Recognized as Safe) 

High (Novel Food/Drug 

approval) 

Specific Bio 

efficacy 

General 

(Energy/Bulk) 

Targeted 

(Immune/Neurological) 

The "Green" Paradox: Environmental Costs 

A critical part of the cost-benefit analysis is the 

environmental impact. 

1. Natural Sources: While "natural," the intensive 

farming of corn and sugar requires massive pesticide 
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use, water consumption, and land clearing, leading 

to hidden ecological costs. 

2. Synthetic Sources: Chemical synthesis often 

utilizes organic solvents that are toxic.1 However, 

Enzymatic Synthesis (a subset of synthetic 

carbohydrates) is increasingly viewed as the "Gold 

Standard" for the future. It operates in aqueous 

environments at room temperature, offering high 

bioefficacy with a lower carbon footprint than 

traditional agriculture. 

Strategic Conclusion on Industrial Utility 

The decision to use synthetic versus natural 

carbohydrates hinges on the required "Bioefficacy 

Threshold." 

  In Food Packaging and Bio-plastics, natural cellulose 

and starch remain dominant due to cost-sensitivity.  In 

Nutraceuticals and Personalized Medicine, the superior 

bioefficacy of synthetic oligosaccharides justifies the 100x 

price premium, as the biological outcome (e.g., preventing 

neonatal infection) outweighs the raw material cost. 

Conclusion: 

  The investigation into the synthesis and bioefficacy 

of functional carbohydrates reveals a transformative shift 

in nutritional science and chemical engineering. We have 

moved beyond viewing carbohydrates as simple caloric 

substrates to recognizing them as sophisticated signalling 

molecules capable of modulating the human micro biome, 

immune system, and neurological health. Synthesis 

Paradigms and Precision engineering .The evolution of 

carbohydrate synthesis from crude botanical extraction to 

automated glycan assembly represents a milestone in 

organic chemistry. As detailed in this article, the ability to 

control glycosidic linkagesðspecifically the $\alpha$ and 

$\beta$ configurationsðallows for the creation of 

"designer" carbohydrates with a 100% bioefficacy rating 

for their intended physiological targets. While chemical 

synthesis offers unparalleled structural control, enzymatic 

biocatalysis has emerged as the most sustainable and cost-

effective pathway for industrial scale-up, particularly in the 

production of high-value Human Milk Oligosaccharides 

(HMOs) and specialized prebiotics. The Bioefficacy-

Matrix Integration The bio efficacy of these saccharides is 

fundamentally dictated by the food matrix and the 

individualôs unique metabolic profile. This research 

underscores that "smart" carbohydrates, such as Resistant 

Starch (RS) and Slowly Digestible Starch (SDS), offer the 

highest therapeutic potential for mitigating global 

metabolic crises, including Type 2 Diabetes and obesity. 

By slowing the glycemic flux and promoting the 

production of Short-Chain Fatty Acids (SCFAs) like 

butyrate, these functional carbohydrates act as vital anti-

inflammatory agents within the colonic environment. 

Economic and Global Health Implications The cost-benefit 

analysis presented herein suggests that while synthetic 

carbohydrates currently carry a price premium, their 

superior bioefficacy justifies their application in clinical 

and pediatric nutrition. As synthesis technologies mature, 

the "Bio-Economy" will likely see a convergence where 

synthetic precision meets agricultural scale, leading to a 

new generation of "functionalized" staple foods designed 

to improve public health at a population level. The future 

of carbohydrate research lies at the intersection of synthetic 

biology and personalized nutrition. The on-going 

development of glycomimetics and carbohydrate-based 

vaccines promises to redefine our approach to infectious 

disease and chronic metabolic management. Ultimately, 

the synthesis of high-bioefficacy carbohydrates is not 

merely a chemical achievement but a critical necessity for 

a sustainable and healthy global future. 
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Abstract: 

 Copper oxide (CuO) nanoparticles were prepared via a polyethylene glycol (PEG) assisted solïgel route to achieve 

controlled nucleation, uniform particle growth, and enhanced structural homogeneity. The adopted synthesis strategy 

produced phase-pure monoclinic CuO nanoparticles with well-defined morphology and a narrow size distribution. X-ray 

diffraction analysis confirmed the absence of secondary phases and revealed improved crystallinity with increasing 

calcination temperature. Transmission electron microscopy demonstrated quasi-spherical nanoparticles with average sizes 

ranging from approximately 12 to 28 nm. Fourier-transform infrared spectroscopy identified characteristic CuïO 

vibrational modes, while UVïvisible spectroscopy showed strong absorption across the visible region with bandgap 

energies between 1.45 and 1.72 eV. The photocatalytic performance of the synthesized CuO nanoparticles was evaluated 

using methylene blue degradation under visible-light irradiation, where the sample calcined at 500 °C exhibited superior 

catalytic efficiency. The results establish a clear correlation between synthesis conditions, structural properties, and 

catalytic performance, highlighting CuO nanoparticles as efficient and low-cost catalysts for environmental remediation 

applications. 

Keywords: Copper oxide nanoparticles; solïgel synthesis; XRD; TEM. 

 

Introduction : 

Nanostructured metal oxides represent a fundamental 

class of materials in modern materials science owing to 

their size-dependent physicochemical properties and broad 

technological significance. Among them, copper oxide 

(CuO) nanoparticles have emerged as particularly 

important due to their narrow bandgap, p-type 

semiconducting nature, chemical stability, low toxicity, 

and natural abundance. At the nanoscale, CuO exhibits a 

high surface-to-volume ratio, unique optical and electronic 

behavior, and significantly enhanced catalytic activity 

compared to its bulk counterpart. These attributes make 

CuO nanoparticles attractive as cost-effective alternatives 

to noble-metal catalysts for applications in heterogeneous 

catalysis, chemical sensing, energy conversion, and 

environmental remediation.[1] The growing interest in 

CuO nanoparticle research is further driven by the global 

demand for advanced, sustainable materials capable of 

addressing critical challenges such as wastewater 

treatment, pollutant degradation, and renewable energy 

development.[2] 

Copper oxide (CuO) crystallizes in a monoclinic 

structure and exhibits strong absorption in the visible 

region, which makes it an attractive material for 

photocatalytic and photoelectrochemical applications. 

When reduced to the nanoscale, CuO displays enhanced 

surface reactivity, improved charge transport, and a higher 

density of active sites, collectively leading to significantly 

improved catalytic performance. These advantageous 

properties have stimulated extensive research on CuO-

based nanomaterials for applications such as dye 

degradation, antibacterial coatings, gas sensing, lithium-

ion batteries, and supercapacitors.[3] 

In parallel, metal oxide semiconductors have gained 

increasing attention in electronic and optoelectronic 

research due to their relatively low cost, chemical stability, 

and potential use in transparent and flexible electronics. 

Applications of metal oxides extend to photovoltaics, thin-

film transistors, and photoelectrochemical devices.[4] 

While several n-type metal oxides, such as aluminum-

doped zinc oxide, exhibit excellent electronic properties 

and are well established, the development of efficient p-

type metal oxide semiconductors remains challenging. The 

limited hole mobility and low carrier concentrations of 

most p-type oxides have hindered the fabrication of fully 

oxide-based electronic devices. [5] 

Copper-based oxides, including CuO and CuO, are 

among the most promising p-type metal oxide 

semiconductors owing to their suitable band structure and 

compatibility with low-temperature fabrication processes. 

[6] Advances in synthesis and deposition techniques have 

demonstrated that careful control of crystallinity, grain 

size, and orientation can significantly enhance charge 

transport properties. Improved electrical characteristics in 

copper oxide systems not only broaden their applicability 

in electronic and optoelectronic devices but also directly 

influence their catalytic and photocatalytic efficiencies. 

Consequently, optimizing the structural and electronic 

properties of CuO nanostructures is critical for expanding 

their role in catalysis, energy conversion, and next-

generation oxide-based technologies. [7] 
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Nanomaterials with tunable particle size and 

morphology exhibit remarkable physicochemical 

properties that are highly sensitive to synthesis conditions. 

In the case of copper oxide (CuO) nanoparticles, controlled 

synthesis via simple and cost-effective approaches such as 

co-precipitation enables precise regulation of particle size, 

shape, and structural features. [8] Modifying the reaction 

medium composition, particularly the ethanolïwater ratio, 

plays a decisive role in governing nucleation and growth 

processes. Studies have demonstrated that increasing the 

ethanol content in the reaction medium results in a 

significant reduction in particle size, with average 

crystallite dimensions decreasing from approximately 13 

nm in aqueous media to nearly 7 nm in purely ethanolic 

systems. Morphological analysis using TEM and HR-TEM 

reveals a clear transition from rod-like CuO nanostructures 

formed in water to uniformly dispersed spherical 

nanoparticles obtained in ethanol-rich environments. [9] 

Structural refinement further indicates that solvent 

variation induces subtle lattice expansion in the monoclinic 

CuO unit cell, accompanied by increased microstrain and 

dislocation density, reflecting enhanced lattice distortion at 

smaller particle sizes.[10] These structural modifications 

directly influence the optical properties of CuO 

nanoparticles, as evidenced by an increase in optical 

bandgap energy from ~2.2 eV to ~2.65 eV with decreasing 

particle size, attributed to quantum confinement and defect-

induced electronic effects. Importantly, the catalytic 

performance of CuO nanoparticles is strongly governed by 

particle size, crystallinity, surface area, and defect density. 

Smaller nanoparticles offer a higher surface-to-volume 

ratio and abundant active sites, while optimized 

crystallinity improves charge transport and suppresses 

electronïhole recombination. Consequently, CuO 

nanoparticles synthesized under controlled solvent 

conditions exhibit excellent photocatalytic activity, 

achieving rapid and complete degradation of organic dyes 

such as Congo red under visible-light irradiation. These 

findings underscore that precise control over synthesis 

parameters is essential for tailoring CuO nanoparticles with 

enhanced catalytic and optical performance, making them 

promising candidates for environmental remediation and 

sustainable catalytic applications. [11] 

Copper oxide (CuO) nanoparticles have attracted 

significant attention due to their unique physicochemical 

properties and strong potential for advanced and 

sustainable applications in electronics, energy storage, 

catalysis, environmental remediation, biomedicine, and 

sensing. Various synthesis strategiesðincluding physical, 

chemical, and green approachesðhave been explored, with 

sustainable routes such as biosynthesis, plant-extract-

mediated methods, and green chemistry gaining 

prominence because of their reduced environmental impact 

and improved safety. [12] Conventional techniques such as 

co-precipitation, hydrothermal, combustion, microwave-

assisted, and solïgel methods remain widely used, among 

which the solïgel process offers notable advantages 

including molecular-level mixing, low processing 

temperature, compositional homogeneity, and scalability. 

The incorporation of polymeric stabilizers such as 

polyethylene glycol (PEG) further enhances particle 

uniformity by suppressing agglomeration and regulating 

nucleation kinetics. Reliable characterization of CuO 

nanoparticles using techniques such as XRD, TEM, FTIR, 

and UVïvisible spectroscopy is essential; however, 

variations in experimental conditions, sample preparation, 

and data interpretation often lead to discrepancies in 

reported results, emphasizing the need for standardization 

and careful methodological evaluation. . [13]  

In this work, PEG-assisted solïgel synthesized CuO 

nanoparticles were calcined at different temperatures, and 

the resulting effects on structural, morphological, optical, 

and catalytic properties were systematically investigated. 

The nanoparticles exhibited strong visible-light-driven 

photocatalytic activity toward methylene blue degradation, 

demonstrating their suitability for environmental 

remediation. Overall, further research focused on 

optimizing synthesis protocols, assessing toxicity and 

environmental impact, and developing standardized 

characterization frameworks is crucial to enhance 

performance, ensure safety, and enable the sustainable 

deployment of CuO nanoparticles across diverse 

technological fields. 

Materials and Methods: 

Chemicals. 

Copper(II) nitrate trihydrate (Cu(NO) ·3H O), citric 

acid, polyethylene glycol (PEG-6000), sodium hydroxide, 

ethanol, and deionized water were used as received without 

further purification. 

Synthesis Procedure (SolïGel Method). 

0.01 mol of Cu(NO) ·3H O was dissolved in 100 mL 

of deionized water under continuous stirring. Citric acid 

(molar ratio CuĮ :citric acid = 1:2) was added gradually to 

chelate copper ions and stabilize the solution. 

Subsequently, PEG-6000 (2 g) was introduced as a 

polymeric stabilizer. The mixture was heated at 70 °C until 

a homogeneous sol was formed.The pH of the solution was 

adjusted to 9 using 0.1 M NaOH, leading to gel formation. 

The resulting gel was dried at 120 °C to obtain a xerogel, 

which was calcined at 400 °C, 500 °C, and 600 °C for 3 

hours to produce CuO nanoparticles with varying 

crystallinity and particle size .[14] 

Characterization Techniques. 

X-ray diffraction (XRD) was performed using Cu KŬ 

radiation to determine phase composition and crystallite 

size. Morphology and particle size distribution were 

analyzed using transmission electron microscopy (TEM). 

FTIR spectroscopy was employed to confirm CuïO 

bonding and assess organic residue removal. UVïvisible 

spectroscopy was used to study optical absorption behavior 

and estimate bandgap energies using Tauc plots. 

Photocatalytic activity was evaluated through methylene 

blue degradation under visible-light irradiation. 
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3. Results and Discussion: 

3.1 X-ray Diffraction (XRD) 

 

Figure 1. XRD pattern of Copper Oxide nanoparticles 

The XRD patterns (Figure 1) of the synthesized 

samples confirmed the formation of phase-pure monoclinic 

CuO. The diffraction peaks corresponding to the (110), 

(ī111), (111), and (ī202) planes were clearly observed. 

With increasing calcination temperature, peak sharpening 

and intensity enhancement were evident, indicating 

improved crystallinity and grain growth. The average 

crystallite sizes were estimated to be approximately 12 nm 

for the 400 °C sample, 19 nm for the 500 °C sample, and 

28 nm for the 600 °C sample, demonstrating a clear 

dependence of particle size on thermal treatment.[15] 

3.2 Morphology and Particle Size (TEM): 

TEM micrographs (Figure 2) revealed that the CuO 

nanoparticles were well dispersed and predominantly 

quasi-spherical in shape, with minimal agglomeration. The 

use of PEG as a stabilizer played a crucial role in 

maintaining uniform particle distribution. Consistent with 

XRD results, particle size increased with calcination 

temperature. The sample calcined at 500 °C exhibited an 

optimal balance between particle size and crystallinity, 

which is favorable for catalytic applications.[16] 

 

Figure 2. TEM image of Copper Oxide nanoparticles 

3.3 FTIR Analysis. 

 

Figure 3. FTIR spectrum of Copper Oxide 

nanoparticles 

FTIR spectra (Figure 3) displayed a strong absorption 

band in the range of 525ï560 cm ĭ, characteristic of CuïO 

stretching vibrations, confirming the formation of copper 

oxide. Organic-related bands associated with citric acid and 

PEG were prominent in low-temperature samples but 

progressively diminished with increasing calcination 

temperature. Their disappearance at higher temperatures 

indicates effective removal of residual organic species, 

resulting in structurally pure CuO nanoparticles.[17] 

3.4 UVïVisible Absorption: 

 

Figure 4. VU-Vis absorption spectra of Copper Oxide 

nanoparticles 

The UVïvisible absorption spectra (Figure 4) showed 

strong absorption throughout the visible region (350ï750 

nm), characteristic of CuO nanoparticles. Bandgap 

energies estimated from Tauc plots were found to be 1.72 

eV, 1.58 eV, and 1.45 eV for samples calcined at 400 °C, 

500 °C, and 600 °C, respectively. The observed bandgap 

narrowing with increasing particle size can be attributed to 

reduced quantum confinement effects and enhanced 

crystallinity.[18] 

3.5 Catalytic Activity: Methylene Blue (MB) Dye 

Degradation: 

The photocatalytic performance of CuO nanoparticles 

was evaluated by monitoring the degradation of methylene 

blue under visible-light irradiation. The sample calcined at 

500 °C exhibited the highest degradation efficiency, 

achieving approximately 88% removal within 60 minutes. 

In comparison, the 400 °C and 600 °C samples showed 

lower efficiencies of about 67% and 74%, respectively. The 
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superior performance of the 500 °C sample is attributed to 

its optimal particle size, improved charge separation, and 

higher density of catalytically active surface sites. [19] 

Conclusion: 

Copper oxide (CuO) nanoparticles were successfully 

synthesized via co-precipitation and PEG-assisted solïgel 

methods, demonstrating the versatility of these approaches 

for obtaining phase-pure and crystalline CuO 

nanostructures. XRD confirmed monoclinic CuO with 

crystallite sizes ranging from 8 to 43 nm, FTIR spectra 

showed characteristic CuïO vibrational bands, confirming 

oxide formation. Optical studies revealed strong visible-

light absorption with tunable band gap energies governed 

by particle size and synthesis conditions. The PEG-assisted 

solïgel route enabled effective morphological control, 

yielding uniform nanoparticles with enhanced structural 

purity and superior catalytic activity. The CuO 

nanoparticles exhibited excellent dye degradation 

efficiency, highlighting their promise for sustainable 

environmental remediation. Future work will focus on 

surface functionalization and composite development to 

further enhance catalytic stability and performance.  
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Abstract: 

Traditional organic synthesis often relies on hazardous solvents, toxic reagents, and energy-intensive reaction 

conditions, leading to environmental pollution and safety concerns. In recent years, green chemistry has emerged as a 

sustainable alternative aimed at minimizing waste, reducing energy consumption, and using environmentally benign 

materials. This research paper reviews the development of environmentally friendly synthetic methods with a focus on 

green solvents, recyclable catalysts, and energy-efficient reactions. The principles, recent advancements, advantages, 

challenges, and future prospects of these sustainable approaches are discussed. The adoption of green synthetic strategies 

is essential for achieving sustainable chemical manufacturing and reducing the ecological footprint of the chemical 

industry. 

Keywords: Green chemistry, green solvents, recyclable catalysts, energy-efficient synthesis, sustainable organic synthesis. 

 

Introduction : 

Organic synthesis plays a crucial role in the production 

of pharmaceuticals, agrochemicals, polymers, and fine 

chemicals. However, conventional synthetic methods often 

generate large amounts of hazardous waste and consume 

excessive energy. According to environmental studies, 

solvents alone account for nearly 80ï90% of the mass used 

in chemical processes, many of which are volatile, toxic, 

and non-biodegradable. 

To address these concerns, the concept of green 

chemistry, introduced by Anastas and Warner, emphasizes 

the design of chemical processes that reduce or eliminate 

the use and generation of hazardous substances. 

Environmentally friendly synthetic methods aim to 

improve reaction efficiency while ensuring safety, 

sustainability, and economic viability. This paper focuses 

on three key pillars of green synthesis: green solvents, 

recyclable catalysts, and energy-efficient reactions. 

Principles of Green Chemistry in Organic Synthesis 

Green chemistry is guided by twelve fundamental 

principles, several of which directly influence synthetic 

methodology: 

1. Prevention of waste rather than treatment 

2. Use of safer solvents and reaction conditions 

3. Design of energy-efficient reactions 

4. Use of renewable feedstocks 

5. Catalysis instead of stoichiometric reagents 

6. Design for degradation and environmental safety 

 

 

 

Green Solvents in Organic Synthesis: 

Importance of Green Solvents. 

Solvents play a major role in reaction kinetics, 

selectivity, and safety. Traditional solvents such as 

benzene, chloroform, and dichloromethane pose serious 

environmental and health risks. Green solvents are 

designed to be non-toxic, biodegradable, renewable, and 

recyclable. 

green solvents significantly reduce environmental 

pollution . Solvents such as water, ethanol, ethyl lactate, 

glycerol, and supercritical carbon dioxide are 

biodegradable, non-toxic, and derived from renewable 

resources, which minimizes air, water, and soil 

contamination. 

green solvents support sustainable industrial 

development and regulatory compliance. Increasing 

environmental regulations worldwide encourage the 

adoption of safer solvent systems, making green solvents 

essential for modern pharmaceutical, agrochemical, and 

fine chemical industries. 

Types of Green Solvents: 

Water as a Green Solvent. 

Water is the most environmentally benign solvent due 

to its non-toxicity, low cost, and abundance. Recent studies 

have shown that many organic reactions, including aldol 

reactions, DielsïAlder reactions, and coupling reactions, 

can be successfully performed in aqueous media. 
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Green Synthesis of Chalcone by Aldol (Claisenï

Schmidt) Condensation. 

 

 

Observation: 

 

Product Characterization by NMR 

¹H NMR Spectrum of Chalcone. 

 

¹³C NMR Spectrum of Chalcone. 

 

Ionic Liquids : 

Ionic liquids are non-volatile salts that remain liquid at 

low temperatures. They exhibit excellent solvation 

properties and can often be recycled without loss of 

efficiency. Their tunable nature makes them attractive 

alternatives to volatile organic solvents. 

 

Supercritical Fluids: 

Supercritical carbon dioxide (scCO) is widely used as 

a green solvent due to its low toxicity, recyclability, and 

mild critical conditions. It has found applications in 

extraction processes and catalytic reactions. 

 

3.2.4 Bio-Based Solvents: 

Solvents derived from renewable biomass, such as 

ethanol, ethyl lactate, and glycerol, are increasingly used in 

sustainable synthesis. 

 

 

Recyclable Catalysts: 

Role of Catalysts in Green Synthesis. 

Catalysts enhance reaction rates and selectivity while 

minimizing energy consumption and waste formation. 

Recyclable catalysts further improve sustainability by 

allowing repeated use without significant loss of activity. 

Types of Recyclable Catalysts: 

Heterogeneous Catalysts. 

Heterogeneous catalysts such as metal oxides, zeolites, 

and supported metal nanoparticles can be easily separated 

from reaction mixtures and reused multiple times. 

Biocatalysts (Enzymes). 

Enzymes offer high selectivity, mild reaction 

conditions, and biodegradability. Immobilized enzymes 

improve stability and recyclability, making them suitable 

for industrial applications. 
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Magnetic Nanocatalysts. 

Magnetic nanoparticles allow easy recovery using an 

external magnetic field, reducing catalyst loss and 

operational cost. 

Energy-Efficient Reactions: 

Need for Energy Efficiency. 

Traditional reactions often require high temperatures, 

long reaction times, and excessive energy input. Energy-

efficient reactions aim to reduce energy consumption while 

maintaining high yields and selectivity. 

Modern Energy-Efficient Techniques: 

Microwave-Assisted Synthesis. 

Microwave irradiation significantly reduces reaction 

time and energy usage, leading to improved yields and 

cleaner reactions. 

Photocatalysis. 

Photocatalysis uses visible light as a renewable energy 

source to drive chemical reactions under mild conditions. 

Electrochemical Synthesis. 

Electrochemical methods replace chemical oxidants 

and reductants with electricity, offering cleaner and 

controllable reaction pathways. 

Applications of Environmentally Friendly Synthetic 

Methods. 

1. Pharmaceutical Industry: Green synthesis reduces 

solvent waste and improves drug safety. 

2. Agrochemicals: Sustainable methods reduce 

environmental contamination. 

3. Fine Chemicals: Cleaner processes lower 

production costs and regulatory challenges. 

4. Polymer Industry:  Bio-based and recyclable 

materials support circular economy models. 

Challenges and Limitations: 

Despite significant progress, challenges remain in 

large-scale implementation, including high initial costs, 

limited substrate scope, and the need for specialized 

equipment. Continuous research is required to overcome 

these barriers and enhance industrial adoption. 

Future Perspectives: 

The future of environmentally friendly synthesis lies 

in the integration of green solvents, recyclable catalysts, 

and renewable energy sources with digital tools such as 

artificial intelligence and process optimization. 

Collaboration between academia and industry will be 

crucial for developing scalable and economically viable 

green technologies. 

Conclusion: 

The development of environmentally friendly 

synthetic methods using green solvents, recyclable 

catalysts, and energy-efficient reactions represents a major 

advancement toward sustainable organic chemistry. 

Replacing hazardous organic solvents with benign 

alternatives such as water, ethanol, ionic liquids, and bio-

based solvents significantly reduces environmental and 

health risks. The use of recyclable and heterogeneous 

catalysts minimizes waste generation, improves reaction 

selectivity, and lowers overall process costs through 

repeated reuse. Additionally, energy-efficient techniques 

such as microwave-assisted synthesis, photocatalysis, and 

electrochemical methods reduce energy consumption while 

enhancing reaction rates and yields. 

Collectively, these green approaches demonstrate that 

high efficiency and environmental responsibility can 

coexist in modern synthetic chemistry. Although 

challenges remain in large-scale implementation and 

substrate compatibility, continuous research and 

technological innovation are steadily overcoming these 

limitations. The integration of green solvents, recyclable 

catalysts, and energy-efficient reactions is essential for 

achieving sustainable chemical manufacturing, reducing 

the ecological footprint of the chemical industry, and 

supporting the principles of green chemistry for future 

generations. 
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Abstract:  

Polymer driven supramolecular assemblies have emerged as a powerful platform for constructing dynamic and 

functional systems through non-covalent interactions such as hydrogen bonding, ˊḯ  stacking, electrostatic forces, and 

hostïguest recognition. This review presents a comprehensive overview of the design principles governing polymer 

assisted supramolecular architectures and traces their functional evolution in modern chemical and biological contexts.[1] 

Emphasis is placed on the relationship between molecular structure, self-assembly behavior, and resulting material 

properties, highlighting recent advances in stimuli-responsive systems, adaptive networks, and bioinspired assemblies. The 

integration of polymer chemistry with supramolecular concepts has enabled precise control over morphology, reversibility, 

and functionality, expanding applications in drug delivery, tissue engineering, sensing, and sustainable materials.[2] By 

critically analyzing contemporary strategies and emerging trends, this review aims to provide a unified perspective on 

polymer driven supramolecular assemblies and to outline future directions for the development of intelligent and 

multifunctional systems.[1] 

 

Introduction:  

Supramolecular chemistry, defined by the 

organization of molecular entities through non-covalent 

interactions, has profoundly reshaped modern chemical 

science since the foundational work of Lehn, Cram, and 

Pedersen. Interactions such as hydrogen bonding, ˊḯ  

stacking, van der Waals forces, metalïligand coordination, 

and hostïguest recognition enable the formation of 

complex architectures that exhibit reversibility, 

adaptability, and hierarchical organization. When 

integrated with polymer chemistry, these principles give 

rise to polymer driven supramolecular assemblies that 

combine the structural robustness of macromolecules with 

the dynamic behavior of supramolecular systems.[3] 

Polymers bearing functional motifs such as 

ureidopyrimidinone (C5H6N4O2), cyclodextrin, 

calixarenes, cucurbiturils, and crown ethers serve as 

versatile building blocks for controlled self-assembly. The 

incorporation of aromatic units, hydrogen-bonding donors 

and acceptors, or coordination sites allows precise 

modulation of intermolecular interactions and assembly 

pathways.[4] Such systems can undergo reversible 

association and dissociation in response to external stimuli 

including pH, temperature, light, and redox conditions, 

leading to the development of stimuli-responsive and 

adaptive materials.[5] 

In chemical systems, polymer assisted supramolecular 

assemblies have enabled the design of self-healing 

materials, supramolecular hydrogels, and functional 

nanostructures with tunable mechanical and optical 

properties. In biological contexts, these assemblies play an 

increasingly important role in drug delivery, gene 

transfection, tissue engineering, and bioimaging, where 

dynamic molecular recognition is essential for performance 

and biocompatibility. The functional evolution of polymer 

driven supramolecular assemblies thus represents a 

convergence of chemistry, materials science, and biology, 

offering innovative solutions to complex scientific and 

technological challenges.[6] 
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Fundamental Concepts of Polymer Driven 

Supramolecular Chemistry: 

Polymer driven supramolecular chemistry is founded 

on the controlled organization of macromolecular systems 

through reversible and highly directional non-covalent 

interactions. These interactions impart dynamic character, 

structural adaptability, and functional tunability to 

supramolecular assemblies while preserving the 

mechanical integrity offered by polymer backbones.[7] 

Noncovalent Interactions Governing Supramolecular 

Assembly: 

The formation of supramolecular polymer assemblies 

is primarily governed by hydrogen bonding, ˊḯ  stacking, 

electrostatic interactions, metalïligand coordination, and 

hostïguest recognition. Motifs such as ureidopyrimidinone 

dimers, cyclodextrin inclusion complexes, cucurbituril-

based host systems, and terpyridineïmetal coordination 

units enable precise molecular recognition and reversible 

association, allowing error correction and dynamic 

reconfiguration within assembled structures.[6] 

Role of Polymer Architecture and Molecular Weight: 

Polymer architecture, including linear, block, graft, 

and star-shaped configurations, critically influences self-

assembly pathways and resulting morphologies. Molecular 

weight and polydispersity regulate chain mobility, 

cooperative binding strength, and network stability, 

thereby dictating the formation of micelles, vesicles, 

networks, or hierarchical assemblies.[8] 

Thermodynamic and Kinetic Aspects of Self Assembly: 

Supramolecular polymer assembly is 

thermodynamically driven by minimization of free energy, 

while kinetic factors control assembly rates and metastable 

states. The balance between enthalpic interactions and 

entropic penalties determines assembly reversibility, 

responsiveness, and long-term structural evolution.[9] 

Design Strategies for Polymer Based Supramolecular 

Assemblies: 

The rational design of polymer based supramolecular 

assemblies relies on the deliberate integration of molecular 

recognition elements within polymer frameworks to 

achieve predictable self-organization and functional 

performance. Strategic selection of monomers, binding 

motifs, and coordination sites enables fine control over 

assembly behavior, reversibility, and responsiveness.[10] 

Functional Monomer Selection and Molecular 

Recognition Motifs: 

Functional monomers bearing complementary 

recognition units play a central role in directing 

supramolecular assembly. Moieties such as 

ureidopyrimidinone (C5H6N4O2)  barbituric acid (2,4,6-

trioxohexahydropyrimidine, C H N O ), adenineïthymine 

analogues, and aromatic ˊ-systems introduce specific 

hydrogen bonding and stacking interactions, allowing 

selective and directional association.[11] The spatial 

distribution of these motifs along polymer chains governs 

cooperative binding and hierarchical organization.[12] 

Host Guest Systems and Dynamic Binding Units: 

Hostïguest chemistry offers a versatile approach for 

constructing dynamic polymer assemblies. Cyclodextrins, 

calixarenes, cucurbiturils, and crown ethers act as hosts for 

guest molecules such as adamantane (C10H16) , viologen 

which are 1,1ǋ-disubstituted-4,4ǋ-bipyridinium 

salts(C H NR) Ŵ (X ), or alkyl ammonium derivatives.[13] 

These reversible inclusion complexes impart stimuli 

responsiveness, self-healing behavior, and modularity to 

supramolecular polymer networks.[14] 

Metal Ligand Coordination in Polymer Assisted 

Assemblies: 

Metalïligand coordination, involving motifs such as 

terpyridine (C H N ) Bipyridine (C H N), and Porphyrin 

(essential macrocyclic organic molecules) units, enables 

the formation of robust yet reversible supramolecular 

architectures.[15] Coordination-driven assembly allows 

tunable mechanical strength, redox activity, and optical 

functionality within polymer systems. 

Structural Diversity and Self Assembly Pathways: 

Polymer based supramolecular systems exhibit 

remarkable structural diversity arising from the interplay 

between molecular recognition, polymer architecture, and 

assembly conditions.[16] Controlled self-assembly 

pathways enable the formation of ordered structures across 

multiple length scales, ranging from molecular networks to 

nanoscale and soft matter architectures.[17] 

Supramolecular Polymers and Network Formation: 

Supramolecular polymers are formed through 

reversible, noncovalent linkages between monomeric or 

polymeric units, leading to dynamic chain growth and 

network formation. Hydrogen-bonded motifs, hostïguest 

interactions, and metalïligand coordination facilitate linear 

or crosslinked supramolecular polymers with tunable 

mechanical strength and self-healing capability. The 

transient nature of these interactions allows structural 

reorganization under external stimuli. [18] 

Micelles Vesicles and Hierarchically Organized 

Nanostructures: 
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Amphiphilic polymer systems self-assemble into 

micelles and vesicles driven by hydrophobic interactions 

and interfacial energy minimization.[19] Supramolecular 

interactions further enable hierarchical organization into 

nanotubes, fibers, and multilayered assemblies. Such 

nanostructures exhibit controlled size, morphology, and 

encapsulation properties, making them valuable for 

functional and biomedical applications.[20] 

Supramolecular Hydrogels and Soft Matter Systems: 

Supramolecular hydrogels arise from three-

dimensional polymer networks stabilized by reversible 

noncovalent interactions. These soft matter systems display 

viscoelastic behavior, injectability, and responsiveness, 

enabling applications in tissue engineering, drug delivery, 

and regenerative medicine.[18] 

Stimuli Responsive and Adaptive Supramolecular 

Polymer Systems: 

Stimuli responsive supramolecular polymer systems 

represent a significant advancement in functional material 

design, as they exhibit dynamic structural and property 

changes in response to external environmental cues. The 

reversible nature of noncovalent interactions enables these 

systems to adapt, reorganize, and recover, closely 

mimicking biological processes.[21] 

pH Temperature and Redox Responsive Assemblies: 

pH-responsive assemblies often exploit protonationï

deprotonation of functional groups such as amines, 

carboxylic acids, and imidazole moieties, leading to 

controlled assembly or disassembly. Thermoresponsive 

polymers, including poly(N-isopropylacrylamide), 

undergo reversible phase transitions in response to 

temperature variations. Redox-responsive systems utilize 

redox-active units such as ferrocene or disulfide linkages to 

modulate supramolecular interactions under oxidative or 

reductive conditions.[22] 

Light and Chemical Triggered Structural 

Transformations: 

Photoresponsive supramolecular polymers 

incorporate chromophores such as azobenzene, spiropyran, 

and diarylethene, enabling light-induced conformational 

changes and reversible assembly. Chemical triggers, 

including competitive guests or ions, can selectively 

disrupt or reinforce supramolecular interactions, allowing 

precise control over structure and function.[23] 

Reversibility Self Healing and Dynamic 

Rearrangement: 

The dynamic reversibility of supramolecular bonds 

facilitates self-healing behavior and continuous structural 

rearrangement, enhancing durability, adaptability, and 

long-term performance of polymer assemblies. 

Functional Evolution in Chemical Systems: 

The functional evolution of polymer driven 

supramolecular assemblies has significantly expanded their 

role in chemical systems, enabling the development of 

advanced materials with adaptive, multifunctional, and 

sustainable characteristics. The synergy between polymer 

frameworks and reversible supramolecular interactions 

allows precise modulation of material properties under 

operational conditions.[24] 

Smart Materials and Self Healing Polymers: 

Smart supramolecular polymers exhibit autonomous 

responses to mechanical stress, thermal variation, or 

chemical stimuli. Self-healing behavior arises from 

dynamic hydrogen bonding, metalïligand coordination, or 

hostïguest interactions that enable damaged networks to 

reorganize and restore integrity.[25] Such materials 

demonstrate enhanced durability and extended service 

lifetimes. 

Optical Electronic and Catalytic Applications: 

Supramolecular polymer systems have been 

engineered for optical and electronic applications through 

the incorporation of ˊ-conjugated units, chromophores, and 

redox-active components. Controlled self-assembly 

influences charge transport, light emission, and energy 

transfer. In catalysis, supramolecular organization provides 

confined microenvironments that enhance selectivity, 

activity, and recyclability of catalytic sites.[26] 

Sustainable and Green Supramolecular Materials: 

The use of noncovalent interactions enables low-

energy fabrication, recyclability, and minimal waste 

gprinciples.[27] Bio-based polymers and environmentally 

benign supramolecular motifs contribute to the 

development of sustainable materials aligned with green 

chemistry principles. 

Functional Evolution in Biological Systems: 

Polymer driven supramolecular assemblies have 

undergone significant functional evolution in biological 

systems, where dynamic molecular recognition, 

biocompatibility, and responsiveness are critical. The 

reversible and adaptive nature of supramolecular 

interactions enables the design of sophisticated platforms 

that closely interact with complex biological 

environments.[28] 

Drug Delivery and Controlled Release Platforms: 

Supramolecular polymer assemblies such as micelles, 

vesicles, and hydrogels provide efficient carriers for 
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therapeutic agents through encapsulation or hostïguest 

complexation. Stimuli responsive release mechanisms, 

triggered by pH gradients, redox conditions, or enzymatic 

activity, enable site-specific drug delivery with reduced 

systemic toxicity and enhanced therapeutic efficacy.[29] 

Gene Delivery Tissue Engineering and Regenerative 

Medicine: 

Cationic supramolecular polymers facilitate nucleic 

acid delivery via electrostatic interactions with DNA or 

RNA, offering improved transfection efficiency and 

reduced cytotoxicity. In tissue engineering, supramolecular 

hydrogels mimic extracellular matrices, supporting cell 

adhesion, proliferation, and differentiation while allowing 

dynamic remodeling.[30] 

Bioimaging Biosensing and Therapeutic Interfaces: 

Functional supramolecular polymers incorporating 

fluorescent probes, contrast agents, or recognition elements 

enable sensitive bioimaging and biosensing. These 

interfaces support real-time monitoring, diagnostics, and 

combined therapeutic and diagnostic applications within 

biological systems.[31] 

Characterization Techniques for Supramolecular 

Polymer Assemblies: 

Comprehensive characterization is essential for 

understanding the structural organization, dynamic 

behavior, and functional properties of supramolecular 

polymer assemblies.[32] Owing to the reversible and 

multiscale nature of supramolecular interactions, a 

combination of experimental and theoretical techniques is 

often required to obtain reliable insights.[33] 

Spectroscopic and Microscopic Approaches: 

Spectroscopic techniques such as nuclear magnetic 

resonance spectroscopy, Fourier transform infrared 

spectroscopy, ultravioletïvisible spectroscopy, and 

fluorescence spectroscopy are widely employed to probe 

molecular recognition, binding modes, and interaction 

strengths. Microscopic methods including Atomic Force 

Microscopy, Transmission Electron Microscopy, And 

Scanning Electron Microscopy enable visualization of 

assembly morphology, size distribution, and hierarchical 

organization at the nanoscale.[34] 

Thermal Mechanical and Rheological Analysis: 

Thermal analysis techniques such as differential 

Scanning Calorimetry and Thermogravimetric analysis 

provide information on thermal stability and phase 

transitions. Mechanical testing and rheological 

measurements elucidate viscoelastic behavior, network 

dynamics, and self-healing efficiency of supramolecular 

polymer systems.[35] 

 

 

Computational and Modeling Studies: 

Computational approaches including molecular 

dynamics simulations, density functional theory 

calculations, and coarse-grained modeling offer molecular-

level insights into assembly mechanisms, energetics, and 

structureïproperty relationships.[36] 

Current Challenges and Emerging Research 

Directions: 

Despite significant progress, polymer driven 

supramolecular assemblies face critical challenges that 

limit their broader application and translation into 

functional technologies. Controlling precise self-assembly 

in complex environments remains difficult due to 

competing noncovalent interactions, polydispersity of 

polymers, and sensitivity to external conditions. Achieving 

robust mechanical stability while maintaining dynamic 

responsiveness is another persistent challenge, particularly 

for soft matter and hydrogel systems intended for 

biomedical applications.[33] 

Emerging research is focused on addressing these 

limitations through the development of multicomponent 

and hierarchical assemblies, integration of bioinspired 

motifs, and incorporation of orthogonal interactions to 

enhance selectivity and adaptability. Advances in stimuli-

responsive design, including multi-trigger and sequential 

activation systems, are enabling increasingly sophisticated 

functional behaviors [37]. Additionally, the combination of 

experimental and computational approaches is providing 

predictive control over assembly pathways and 

morphology. Future directions include the creation of 

intelligent supramolecular networks for targeted drug 

delivery, adaptive materials, and renewable energy 

applications, emphasizing sustainability, biocompatibility, 

and scalable fabrication methods.[38] 

Future Perspectives and Concluding Remarks: 

Polymer driven supramolecular assemblies represent a 

transformative frontier in chemistry and materials science, 

combining the structural versatility of polymers with the 

dynamic precision of noncovalent interactions. Future 

research is likely to focus on the rational design of multi-

stimuli responsive systems, hierarchically organized 

networks, and bioinspired assemblies with programmable 

functionality.[39] The integration of orthogonal interactions, 

cooperative binding motifs, and adaptive polymer 

architectures is expected to enhance structural control, 

reversibility, and functional diversity, enabling 

applications across drug delivery, regenerative medicine, 

sensing, and sustainable materials.[40] 



New Man International Journal of Multidisciplinary Studies (NMIJMS)            ISSN: 2348-1390 

Vol. 13| Issue 1 |   January 2026  116  www.newmanpublication.com 

Advancements in characterization, computational 

modeling, and high-throughput screening will further 

accelerate predictive design and optimization of 

supramolecular polymer systems.[41] Emphasis on green 

chemistry, biocompatibility, and scalability will facilitate 

translation from laboratory research to real-world 

applications. In conclusion, the evolving synergy between 

polymer science and supramolecular chemistry offers 

unparalleled opportunities to develop intelligent, self-

organizing, and multifunctional materials, establishing a 

foundation for the next generation of adaptive chemical and 

biological systems.[42] 

Conclusion: 

Polymer driven supramolecular assemblies combine 

dynamic noncovalent interactions with polymeric 

frameworks to create adaptable, multifunctional, and 

stimuli-responsive systems.[43] Their structural versatility 

and functional evolution enable applications across 

chemical and biological fields, from smart materials to drug 

delivery, highlighting their transformative potential in 

next-generation functional materials.[44] 
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Abstract: 

The quality of water usually described according to its physicochemical and biological parameters. The Yeldari Dam is the 

most important dam in Parbhani District. Dams serve as major sources of drinking and irrigation water. Excessive use of 

chemical fertilizers and pesticides in agriculture are causing tremendous pollution which reduces water quality. So it is 

necessary to check the water quality parameters such as temperature, pH, DO,BOD, COD, Total alkalinity, Ca ïHardness, 

Mg ï Hardness, Chloride, Sulphate, Phosphate, Nitrate and TDS of water . During the study periods we investigated the 

both Physical as well as Chemical parameters of Yaldari Dam. The dam water is safe for the use for drinking and 

agricultural use.  

Keywords: Physicochemical, Alkalinity, Dissolved Oxygen, BOD, Yeldari Dam, Parbhani. 

 

Introduction : 

Water is an essential natural resource for human 

survival and socio-economic development. Reservoirs 

constitute major sources of potable water supply and 

irrigation. There are several factors which are responsible 

for deterioration of water bodies such as increased human 

population, industrialization, use of excess fertilizers in the 

agriculture and other man-made activities. According to 

WHO, about 80% diseases in human being are caused by 

water. It is very essential and important to test the water 

before it is used for drinking, domestic, agricultural and 

industrial purpose. Water must be tested for different 

physico-chemical parameters. Yeldari Dam is an important 

water reservoir in Parbhani district and serves as a major 

source of drinking water for surrounding regions. 

Therefore, regular monitoring of its water quality is 

necessary to ensure public health safety. Physico-chemical 

analysis provides valuable information regarding the 

suitability of water for drinking purposes. The present 

study focuses on the physico-chemical analysis of drinking 

water samples collected from Yeldari Dam and comparison 

of results with WHO and BIS drinking water standards. 

Objectives of the Study. 

1. To collect water samples from Yeldari Dam 

2. To analyze physico-chemical parameters of drinking 

water 

3. To compare the results with WHO/BIS standards 

4. To assess the suitability of dam water for drinking 

purposes 

Materials and Methods: 

Study Area. 

For study of physico-chemical parameters of water the 

Yeldari dam which is located 15 km distances away from 

Jintur city in the Yeldari village district Parbhani was 

selected and serves as a major water source for domestic 

and agricultural use. 

 

 

Sample Collection: 

Water samples were collected from selected locations 

of Yeldari Dam in clean, pre-washed polyethylene bottles. 

Samples were analysed within 24 hours. Samples were 

collected in August and December, 2025. Initially Water 

temperatures and pH were recorded at sampling sites with 

the help of thermometer and pH paper respectively. Later 

samples were kept in cool and dark box and transported to 

laboratory for analysis. Collected water samples were 

analyzed for major physical and chemical parameters like 

DO,BOD, COD, Total alkalinity, Ca ïHardness, Mg ï 

Hardness, Chloride, Sulphate, Phosphate, Nitrate and TDS 

of water 

Instruments and Chemicals: 

pH meter  

Conductivity meter 

EDTA solution 

Standard HCl 

AgNO  solution 

Distilled water 

Burette, pipette, conical flask 

 

Table No. 1 Analytical Methods: 

Parameter Method Used 

pH pH meter 

TDS Conductivity method 

Dissolved Oxygen Winkler titration method 

Mg,Ca and Total Hardness EDTA titration 

Chloride Mohrôs method 

Alkalinity  Acid-base titration 

COD Titrimetric Method 

BOD Titrimetric Method 

Results and Discussion: 

Physical Parameters: 

Temperature: 

The water temperature is important factor for 

indicating the quality of water. It affects the aquatic 

organism, chemical solutes and dissolved oxygen and 
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carbon dioxide in water. The temperature of water in 

Yeldari dam is recorded 29°C in months of August 2025 

and 22°C in months of December.  

pH:  

The pH is considered to be one of the most important 

parameters of water quality. During study periods the pH 

value is ranges from 6.23 to 7.79, the water quality of 

Yeldari dam is near about neutral. 

Total Dissolved Solids (TDS): 

TDS is determined to measure the amount of solids 

dissolved in water. Higher TDS values can be toxic to 

aquatic life. Due to agricultural land near the dam, runoff 

is rich and it increases the fertilizers, organic matter and 

salts in aquatic water, therefore the 350 mg/L TDS is found 

in August. But Total dissolved solids were found 227mg/L 

in the month of December 2025. 

Chemical Parameters: 

Dissolved Oxygen: 

Dissolved oxygen is play vital role in aquatic fauna, it is an 

important parameter for aquatic life mainly fish culture, it 

found lower in summer by (Rani et al., 2004 and 

Medudhula et al., 2012).In August 2025 mean values of 

dissolved oxygen was found 4.90mg/L. Whereas in 

December 2025 mean values of dissolved oxygen was 

found 5.40mg/L. Dissolved oxygen was found more in the 

month of December and less in August.  

Calcium Hardness: 

In Yeldari dam calcium Hardness found 98.72 mg/L in 

months of August 2025 and in months of December 2025 

calcium hardness found to be 77.86 mg/L. Therefore above 

recorded value of calcium, it indicate water is use for 

drinking purpose. 

Magnesium Hardness: 

The magnesium hardness found 81.11 mg/L in the month 

of August 2025 and 77.68mg/L in the month of December 

2025.in Yeldari dam. 

Total Hardness: 

Total hardness of water was found 179.83 mg/L in August 

2025 and 155.54mg/L in December 2025. The more 

hardness of the dam water found in month of August and 

less hardness found in winter season (December) during 

study period. 

Chloride:  

The chloride value of Yeldari dam was found to be 125.63 

mg/l in August 2025 and 90.87 mg/L in December 2025. 

The chloride value was more in August and less in 

December of study period. Similar result obtained by 

Shinde et al., (2011). Compared with the water quality 

standards, 14 our waters correspond to good quality. 

Alkalinity:  

The alkalinity of Yeldari dam water was found to be 440 

mg/L in August 2025 and 390 mg/L in December 2025, 

mainly due to bicarbonate ions. Bicarbonate alkalinity is 

common in surface waters and provides buffering capacity. 

The observed value is within BIS permissible limits but 

close to the upper recommended range.  

Chemical Oxygen Demand (COD): 

Chemical Oxygen Demand was found to be 109.54 mg/l in 

August 2025 and 115.48 mg/l in December 2025. The 

lowest COD value was observed in August 2025 while 

highest was investigated in the month of December. Verma 

et. al., (2011) observed COD ranges from 350-405 mg/L 

showing that the dam water is organically polluted. The 

COD value indicates moderate organic pollution in dam 

water. Such values may result from decaying vegetation, 

surface runoff, and domestic waste inflow. Although COD 

is higher than typical drinking water levels, dam water 

generally undergoes treatment before supply. 
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BOD (Biological Oxygen Demand): 

Biological Oxygen Demand was found to be 3.5 mg/l in 

August 2025 and 2.8 mg/l in December 2025. The BOD 

value indicates low to moderate organic pollution in dam  

 

 

 

 

 

water. Such values are typical for surface water bodies and 

suggest that the water quality is acceptable but may require 

treatment before drinking. 

Table No. 2  Physico-Chemical Parameters of Yaldari 

Dam, Parbhani. 

 

Parameters Mean of Value  

in August 2025 

Mean of Value 

in December 

2025 

pH 6.23 7.79 

Temperature 29°C 22°C 

TDS 350 mg/l 227mg/l 

Dissolved 

Oxygen 

4.90mg/L 5.40mg/l 

Ca Hardness 98.72mg/l 77.86 mg/l 

Mg Hardness 81.11 mg/l 77.68mg/l 

Total Hardness 179.83 mg/ 155.54mg/l 

Chloride 125.63 mg/l 90.87mg/l 

Alkalinity  440mg/l 390mg/l 

COD 109.54  mg/l 390mg/l 

BOD 3.5  mg/l 2.8 mg/l 
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Conclusion: 

Different physicochemical parameters are employed to 

determine the water quality of the Yeldari dam District 

Parbhani. The physico-chemical and biological parameters 

of dam water such as pH, hardness, alkalinity, BOD, and 

COD were found within or near permissible limits. Present 

study shows Dam water quality is suitable for irrigation and 

certain domestic uses, treatment is essential to reduce 

organic load and ensure public health safety. 
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Abstract: 

Schiff base ligands constitute an important class of organic compounds containing the azomethine (ïC=Nï) 

functional group. Due to their facile synthesis, versatile coordination behaviour, and strong metal-binding ability, Schiff 

bases have attracted significant attention in coordination chemistry. Their metal complexes, particularly with transition 

metals, exhibit enhanced biological activities such as antibacterial, antifungal, anticancer, antioxidant, and anti-

inflammatory properties. This review summarizes the synthesis, coordination behavior, and major biological applications 

of Schiff base ligands and their metal complexes. 

 

Introduction : 

Schiff bases, first reported by Hugo Schiff (1864), are 

formed by the condensation of primary amines with 

aldehydes or ketones. The presence of the azomethine 

nitrogen atom makes these compounds excellent ligands 

for coordination with metal ions. In recent years, Schiff 

base metal complexes have gained considerable interest 

due to their structural diversity, chelation ability, and 

potential biomedical applications. 

Synthesis and Structural Features of Schiff Base 

Ligands. 

The synthesis of Schiff base ligands is one of the 

simplest and most versatile procedures in organic and 

coordination chemistry. Schiff bases are generally prepared 

through a condensation reaction between a primary 

amine and an aldehyde or ketone, resulting in the 

formation of an imine (ïC=Nï) linkage with the 

elimination of a water molecule. This reaction is usually 

carried out in alcoholic solvents such as ethanol or 

methanol under reflux conditions, although solvent-free 

and green synthetic approaches have also been reported. 

General Reaction. 

Aldehyde / Ketone + Primary amine Ÿ Schiff base + 

H O 

The reaction proceeds efficiently due to the 

nucleophilic attack of the amine nitrogen on the 

electrophilic carbonyl carbon, followed by dehydration. 

Mild acidic or basic conditions may be used to facilitate the 

reaction, although excessive acidity can lead to hydrolysis 

of the imine bond. The simplicity of this synthesis allows a 

wide range of Schiff base ligands to be prepared by 

selecting different amines and carbonyl compounds. 

One of the most important features of Schiff base 

ligands is their structural diversity . By varying the nature 

of the aldehyde or ketone and the amine, ligands with 

different electronic, steric, and coordination properties can 

be obtained. Aromatic aldehydes often produce more stable 

Schiff bases than aliphatic ones due to conjugation, which 

stabilizes the azomethine group. Similarly, Schiff bases 

derived from aromatic amines tend to exhibit enhanced 

rigidity and planarity, which is favorable for metal 

coordination. 

From a coordination chemistry perspective, Schiff 

base ligands are classified based on the number and type of 

donor atoms present in the molecule. The azomethine 

nitrogen atom is the primary donor site, but many Schiff 

bases also contain additional donor atoms such as oxygen 

or sulfur. For example, Schiff bases derived from 

salicylaldehyde contain a phenolic ïOH group, which can 

coordinate through oxygen after deprotonation. Such 

ligands act as bidentate (N,O-donor) systems and form 

stable five- or six-membered chelate rings with metal ions. 

Depending on their donor sites, Schiff base ligands 

may act as: 

1. Monodentate ligands, coordinating through one 

donor atom 

2. Bidentate ligands, coordinating through two 

donor atoms 

3. Tridentate or polydentate ligands, coordinating 

through three or more donor atoms 

Polydentate Schiff bases are particularly important 

because they form highly stable metal complexes due to the 

chelate effect. Chelation increases the thermodynamic 

stability of the complex and often enhances biological 

activity. 

The structural rigidity or flexibility  of Schiff base 

ligands also plays a crucial role in determining their 

coordination behavior. Rigid ligands with aromatic 

backbones often favor square planar or octahedral 

geometries, while flexible ligands may adapt to tetrahedral 

or distorted coordination environments. This flexibility 

allows Schiff base ligands to stabilize metals in various 

oxidation states and geometries. 

Another important structural aspect is the presence of 

substituents on the aromatic rings. Electron-donating 
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groups (such as ïOH, ïOCH ) increase electron density on 

donor atoms, strengthening metalïligand bonding, whereas 

electron-withdrawing groups (such as ïNO , ïCl) influence 

the electronic properties and reactivity of the ligand. These 

substitutions can significantly affect the biological and 

physicochemical properties of the resulting metal 

complexes. 

Spectroscopic techniques such as infrared (IR), 

nuclear magnetic resonance (NMR), UVïvisible 

spectroscopy, and mass spectrometry are commonly 

used to characterize Schiff base ligands. The formation of 

the azomethine group is confirmed by the appearance of a 

characteristic C=N stretching vibration in the IR 

spectrum, usually in the range of 1600ï1650 cm ĭ. NMR 

spectroscopy further confirms ligand structure by showing 

the azomethine proton signal. 

In summary, Schiff base ligands are easily synthesized 

compounds with remarkable structural flexibility and 

coordination ability. Their diverse donor sets, tunable 

electronic properties, and ability to form stable chelates 

make them ideal ligands for the formation of biologically 

active metal complexes. These structural features form the 

foundation for their extensive applications in coordination 

chemistry and medicinal research. 

Metal Complexes of Schiff Bases: 

Metal complexes of Schiff base ligands constitute one 

of the most extensively studied areas in coordination 

chemistry due to their structural diversity, stability, and 

wide range of applications. Schiff base ligands readily 

coordinate with metal ions, particularly transition metals, 

because of the presence of donor atoms such as azomethine 

nitrogen, phenolic oxygen, and sometimes sulfur. These 

donor atoms form strong coordinate bonds with metal ions, 

leading to the formation of stable metal complexes. 

Transition metals such as copper(II), nickel(II), 

cobalt(II), zinc(II), iron(III), manganese(II), 

chromium(III), and vanadium(V)  are commonly used in 

the synthesis of Schiff base metal complexes. The choice 

of metal ion plays a crucial role in determining the 

geometry, electronic structure, magnetic properties, and 

biological activity of the resulting complex. Coordination 

generally occurs through the azomethine nitrogen and other 

donor atoms present in the ligand, forming chelate rings 

that enhance the stability of the complex through the 

chelate effect. 

The coordination geometry of Schiff base metal 

complexes depends on factors such as the denticity of the 

ligand, the oxidation state of the metal, and steric 

constraints. Common geometries include square planar, 

tetrahedral, and octahedral arrangements. For example, 

Cu(II) and Ni(II) Schiff base complexes often exhibit 

square planar or distorted octahedral geometries, while 

Zn(II) complexes frequently show tetrahedral coordination 

due to their dĭ  electronic configuration. Iron and cobalt 

complexes commonly adopt octahedral geometries with 

polydentate Schiff base ligands. 

The formation of metal complexes often leads to 

significant changes in the physicochemical properties of 

the ligand. Upon coordination, the azomethine nitrogen 

donates its lone pair of electrons to the metal ion, resulting 

in a shift of the C=N stretching frequency in the infrared 

spectrum to lower wavenumbers. This shift is a key 

diagnostic feature confirming coordination through the 

azomethine nitrogen. Similarly, electronic (UVïvisible) 

spectra of metal complexes show characteristic dïd 

transitions and charge transfer bands, providing valuable 

information about the geometry and electronic structure of 

the complexes. 

Magnetic susceptibility measurements are also used to 

determine the number of unpaired electrons in Schiff base 

metal complexes, helping to confirm oxidation states and 

coordination geometries. In addition, techniques such as 

electron paramagnetic resonance (EPR) are particularly 

useful for studying Cu(II) complexes, as they provide 

insight into the electronic environment of the metal center. 

One of the most important consequences of metal 

complex formation is the enhancement of chemical and 

thermal stability . Schiff base ligands alone may undergo 

hydrolysis or degradation under physiological conditions, 

but their metal complexes are often more resistant to such 

processes. This increased stability is essential for biological 

applications, where compounds must remain intact to exert 

their activity. 

Another significant aspect of Schiff base metal 

complexes is their redox behavior. Many transition metals 

can undergo oxidationïreduction reactions, and 

coordination with Schiff base ligands can stabilize unusual 

oxidation states. This redox activity is particularly 

important in biological systems, where metal ions 

participate in electron transfer reactions. As a result, Schiff 

base metal complexes are often used as models for 

metalloenzymes, helping researchers understand 

biological redox processes. 

The solubility and lipophilicity of Schiff base metal 

complexes are also influenced by complexation. 

Coordination generally increases the lipophilic character of 

the compound, allowing it to interact more effectively with 

biological membranes. This property is crucial for 

antimicrobial and anticancer activity, as it facilitates the 

transport of the complex into cells. 

From a synthetic perspective, Schiff base metal 

complexes are typically prepared by reacting the pre-

formed Schiff base ligand with a metal salt in an 

appropriate solvent. The reaction is usually carried out 

under reflux, followed by crystallization or precipitation of 

the complex. The stoichiometry of the ligand-to-metal ratio 

determines whether mono-, bis-, or polynuclear complexes 

are formed. 

In summary, metal complexes of Schiff base ligands 

exhibit diverse structures, coordination geometries, and 

physicochemical properties. Their enhanced stability, 

tunable electronic characteristics, and redox activity make 

them highly valuable in coordination chemistry and 

biological research. These properties provide the 

foundation for their wide-ranging biological applications, 

which are discussed in the next section. 
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Biological applications of Schiff base ligands and their 

metal complexes. 

S. 

No. 

Biologic

al 

Activity  

Mechanism / Notes 

Examples of 

Metal 

Complexes 

1 
Antibac

terial  

Chelation reduces 

metal ion polarity and 

increases lipophilicity 

Ÿ better cell 

membrane penetration; 

binds to 

DNA/proteins, 

disrupting replication 

Cu(II), Ni(II), 

Zn(II) Schiff 

base complexes; 

e.g., Cu(II)-

salicylidene 

Schiff base 

2 
Antifun

gal 

Interferes with enzyme 

systems, disrupts cell 

membrane integrity 

Cu(II), Co(II), 

Mn(II), Ni(II) 

Schiff base 

complexes; e.g., 

Cu(II) 

complexes 

against Candida 

albicans 

3 

Antican

cer / 

Cytotoxi

c 

DNA intercalation, 

inhibition of cell 

division, induction of 

apoptosis, generation 

of ROS 

Cu(II), Pt(II), 

Ru(II), Co(III) 

Schiff base 

complexes; e.g., 

Cu(II)ï2-

hydroxyacetoph

enone Schiff 

base 

4 
Antioxi

dant 

Scavenges free 

radicals, prevents 

oxidative damage to 

DNA, proteins, and 

lipids 

Cu(II), Zn(II), 

Ni(II) Schiff 

base complexes; 

complexes with 

phenolic ïOH 

groups show 

stronger activity 

5 

Anti -

inflamm

atory 

Inhibits pro-

inflammatory 

mediators and 

enzymes (COX, LOX), 

reduces edema 

Cu(II), Co(II) 

Schiff base 

complexes; 

experimental 

models show 

reduced 

inflammation 

6 
Antivira

l 

Interferes with viral 

replication or viral 

enzyme activity 

Co(II), Cu(II), 

Zn(II) Schiff 

base complexes; 

still under 

research for 

specific viral 

targets 

7 

Enzyme 

mimics / 

Bioinor

ganic 

models 

Mimics natural 

metalloproteins/metall

oenzymes (e.g., 

superoxide dismutase, 

catalase); studies 

metal-ligand 

interactions 

Cu(II), Fe(III), 

Co(III) Schiff 

base complexes; 

used in 

mechanistic and 

structural 

studies 

 

 

Role of Chelation in Biological Activity of Schiff Base 

Metal Complexes. 

The concept of chelation is central to understanding 

the biological activity of Schiff base metal complexes. 

Chelation involves the coordination of a ligand to a metal 

ion through two or more donor atoms, forming one or 

more stable rings that include the metal at the center. 

Schiff base ligands, due to the presence of the azomethine 

(ïC=Nï) nitrogen and other donor atoms such as oxygen 

or sulfur, are excellent chelating agents, and the resulting 

metal complexes display significantly enhanced chemical, 

physical, and biological properties compared to free 

ligands or uncoordinated metal ions. 

Influence of Chelate Ring Size and Geometry: 

The size of the chelate ring formed in a Schiff base 

metal complex plays a significant role in biological 

activity. Five- and six-membered chelate rings are most 

stable due to reduced ring strain, which increases the 

thermodynamic and kinetic stability of the complex. This 

stability is crucial for applications in biological systems 

where the complex may face varying pH and ionic 

conditions. 

Coordination geometry also affects activity. Square 

planar geometries, often observed in Cu(II) and Ni(II) 

Schiff base complexes, allow optimal interaction with 

planar biomolecules such as DNA, enhancing anticancer 

and antimicrobial effects. Octahedral geometries, common 

in Fe(III) and Co(III) complexes, provide multiple 

coordination sites for interaction with enzymes and 

proteins. 

Chelation and Redox Behavior: 

Many biological activities of Schiff base metal 

complexes are influenced by the redox properties of the 

central metal ion. Chelation can modulate the redox 

potential, making the complex more effective in catalyzing 

or mimicking enzymatic reactions. For instance: 

1. Copper(II) Schiff base complexes can undergo 

redox cycling between Cu(II) and Cu(I), enabling 

the generation of reactive oxygen species (ROS) that 

are toxic to bacteria or cancer cells. 

2. Chelation stabilizes these redox states, preventing 

premature degradation and ensuring targeted 

biological action. 

This property is particularly relevant in anticancer 

and antimicrobial applications, where ROS-mediated 

damage to cellular components plays a key role. 

Chelation and Metal Ion Delivery: 

Chelation also serves as a method for controlled 

delivery of metal ions in biological systems. Free metal 

ions may be toxic or poorly soluble, but complexation with 

Schiff bases modulates their release and ensures safe 

transport to target sites. For example: 

1. Zn(II) Schiff base complexes deliver zinc ions to 

enzymes involved in bacterial metabolism, 

enhancing antibacterial activity without causing 

systemic toxicity. 
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2. Cu(II) complexes target tumor cells preferentially, 

exploiting differences in cellular uptake and redox 

environment. 

Synergistic Effects: 

Chelation often produces a synergistic effect where 

the combined properties of the metal ion and the Schiff 

base ligand result in higher activity than either component 

alone. For instance: 

1. The ligand provides structural stability and 

lipophilicity , while the metal ion contributes redox 

activity and enzymatic interaction. 

2. This synergy enhances antimicrobial, anticancer, 

and antioxidant activities and reduces the effective 

dose required for therapeutic action. 

Future Prospects of Schiff Base Ligands and Metal 

Complexes. 

Schiff base ligands and their metal complexes have 

consistently attracted scientific interest due to their 

versatility, structural diversity, and wide-ranging 

biological activities. While their therapeutic potential has 

been extensively demonstrated, ongoing research continues 

to explore new applications, improved bioactivity, and 

novel synthetic strategies. The future of Schiff base 

chemistry lies in integrating coordination chemistry, 

medicinal chemistry, and materials science to develop 

compounds with enhanced biological, catalytic, and 

technological applications. 

Development of Novel Therapeutic Agents: 

One of the most promising areas of research involves 

the design of metal-based drugs using Schiff base ligands. 

Schiff base metal complexes offer several advantages over 

traditional small-molecule drugs, including improved 

stability, selective targeting, and tunable activity. Future 

research is expected to focus on: 

1. Targeted anticancer agents: Designing complexes 

that preferentially accumulate in tumor cells using 

ligands with tumor-targeting moieties. Metal 

complexes such as Cu(II), Pt(II), and Ru(II) Schiff 

base derivatives are already under investigation as 

alternatives to conventional chemotherapeutics. 

2. Multifunctional drugs:  Combining antimicrobial, 

antioxidant, and anticancer properties in a single 

Schiff base metal complex to treat complex or 

multidrug-resistant conditions. 

3. Metal-mediated prodrugs: Using Schiff base 

ligands to deliver metal ions selectively, releasing 

active species in response to environmental stimuli 

such as pH, light, or redox conditions. 

The versatility of Schiff bases allows the incorporation 

of various functional groups to fine-tune solubility, 

bioavailability, and selectivity, making them ideal 

candidates for next-generation therapeutics. 

Conclusion: 

Schiff base ligands and their metal complexes are a 

highly versatile and biologically significant class of 

compounds, bridging the fields of coordination chemistry, 

medicinal chemistry, and bioinorganic research. The 

azomethine (ïC=Nï) group, along with additional donor 

atoms such as oxygen or sulfur, allows these ligands to 

form stable chelate complexes with a wide range of 

transition metals. Complexation enhances the chemical 

stability, lipophilicity, and redox properties of metal ions, 

which in turn improves their interaction with biological 

targets. 

These complexes exhibit a broad spectrum of 

biological activities, including antibacterial, antifungal, 

anticancer, antioxidant, anti-inflammatory, and 

enzyme-mimicking properties. Chelation theory explains 

how coordination increases membrane permeability, 

stabilizes metal ions, and facilitates interaction with 

biomolecules such as DNA and enzymes. The geometry 

and denticity of the ligands further modulate activity, 

allowing the design of selective and potent metal-based 

therapeutics. 

Advances in nanotechnology, green synthesis, 

structural modification, and computational modeling 

promise to enhance the pharmacological potential of Schiff 

base metal complexes. Their multifunctionality extends 

beyond medicine into catalysis, materials science, and 

environmental applications. Overall, Schiff base ligands 

and their metal complexes represent a robust platform for 

developing innovative therapeutic agents and 

functional bioinorganic compounds, underscoring their 

enduring relevance in modern chemical and biological 

research. 
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Abstract:  

Potential antimalarial and antioxidant transition metal complexes of Fe (III), Co(II), Ni(II), Cu(II) and Zn(II) were 

designed and synthesized using heterocyclic Schiff base (S3) and 5-chloro-8-hydroxyquinoline. The heterocyclic Schiff 

base (S3) was obtained by combination of 2-hydroxy-5-nitrobenzaldehyde with 2-aminobenzothiazole under ethanolic 

conditions using catalytic glacial acetic acid. The resulted ternary complexes were analysed for their structure elucidation 

using various analysis techniques and tested for in-vitro biological properties viz., antimicrobial, antimalarial and 

antioxidant. The analysis data indicated octahedral geometry for ternary complexes of Ni(II), Co(II) and Fe(III), distorted 

octahedral for Cu(II) complex and square planar for Zn(II) complex. The ternary complexes obtained were having excellent 

potential to act as antimalarial and antioxidant agents.  

Keywords: 2-hydroxy-5-nitrobenzaldehyde, antimalarial, antioxidant, molecular docking, ternary complexes. 

 

Introduction : 

 Organic ligands with potential biological activities are 

known to suffer from issues related to toxicity and 

bioavailability. Metal complexes are known to reduce 

toxicity and improve bioavailability. In present 

investigation we designed potential antimalarial and 

antioxidant ternary complexes.  

The high coordinating ability of 2-aminobenzothiazole 

owing to presence of sulphur, two nitrogenôs and pi 

electrons [1-2] leads it to numerous biological actions such 

as anticancer [3ï4], antibacterial [5ï9], antimalarial [10], 

and antioxidant [11] properties. Schiff bases, a proved 

milestone in coordination chemistry aided an advantage to 

coordination chemists around the world [12]. The 

biological actions such as herbicidal, anticancer, and 

antibacterial properties are among the several actions 

shown by various Schiff bases owing to the presence of 

imine group (-C=N-) as a part of their structure [13]. 8-

hydroxyquinoline has long been used in analytical and 

separation operations owing to its good metal identification 

properties. It has also been utilized in the paper, wood, and 

textile sectors as a fungicide [14-15]. The various quinoline 

derivatives are known be responsible for antimalarial 

activities.  

Present work was undertaken in order to design 

potential antimalarial and antioxidant metal complexes of 

transition metals using Schiff base (S3) and 5-chloro-8-

hydroxyquinoline. and is a continuation of our journey in 

that direction [16-17]. In this, first row transition metals 

viz. Fe(III), Co(II), Ni(II), Cu(II) and Zn(II) were reacted 

with heterocyclic Schiff base (S3) [E-2-(benzo[d]thiazole-

2-ylimino) methyl) -4-nitrophenol] and 5-chloro-8-

hydroxyquinoline. The resulting ternary complexes were 

analyzed to reach their structures using various techniques 

such as elemental analysis, melting points, magnetic 

susceptibility, molar conductance along with spectral 

techniques infra-red, electronic, mass, NMR (1H and 13C) 

[for Schiff base only], thermal and powder XRD analysis.  

Pre-clinical studies including determination of in-vitro 

biological properties like antimalarial, antimicrobial, and 

antioxidant properties of all of the compounds were 

conducted using standard methods. Molecular docking 

studies of Fe(III), Co(II), Cu(II) and Zn(II) complexes were 

carried out to determining binding affinities of metal 

complexes.     

Experimental: 

Chemicals and Methods.  

Qualigens Chemicals Private Limited supplied 

chloride salts of first transition series metals cobalt, copper, 

iron, nickel and zinc. Sigma Aldrich Chemicals provided 

2-hydroxy-5-nitrobenzaldehyde, 2-aminobenzothiazole 

and 5-chloro-8-hydroxyquinoline. Analytical grade quality 

chemicals were used. Solvents in double distilled 

conditions and dried using molecular sieves were used.    

Melting points or decomposition temperatures of all 

the compounds were recorded using a simple capillary tube 

method. Equip Tronics Conductivity Meter (Model: Eq-

664) provided with an inbuilt magnetic stirrer was used to 

record room temperature molar conductance of 0.001 M 

solutions prepared using DMF solvent. Magnetic 

susceptibility determination at room temperature was 

achieved using Gouyôs balance (Model: EMU-50) 

provided by SES Instruments Private Limited. The internal 

standard used was copper(II) sulphate. 
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Infra-red spectra were recorded using the Perkin Elmer 

spectrophotometer, in the form of KBr pellets, in range 

4000-400 cm-1. The NMR spectral analysis (1H and 13C) of 

Schiff base (S3) was accomplished using the Bruker 

instrument. Thermal analysis (TGA/DTA) was achieved 

using Mettler instrument [Module: TGA 1 SF/1100/358] 

using heating rate of 10.00 k/min. The powder x-ray 

diffraction patterns were recorded with the help of an 

Ultima IV instrument using x-ray 40kv/20mA.    

Schiff Base (S3) Preparation. 

Reacting 2-aminobenzothiazole and 2-hydroxy-5-

nitrobenzaldehyde in equimolar amounts (1:1) in presence 

of glacial acetic acid yielded Schiff base (S3). The detailed 

procedure is similar to our earlier papers [16-17]. The 

recrystallization of yellow product was achieved using 

double distilled and dried ethanol solvent (Yield: 85%).  

Ternary Complexes Preparation. 

The combination of transition metals, Schiff base (S3) 

and 5-chloro-8-hydroxyquinoline in equimolar quantities 

(1:1:1 ratio) yielded ternary complexes. The detailed 

procedure used is like our earlier papers [16-17]. The 

recrystallization of colored complexes was carried out 

using ethanol and the complexes were dried. Facile and 

effortless room temperature synthesis, easy isolation and 

yields in higher percentages were few of the advantages of 

this protocol. (Scheme 1) 

 
Testing Biological Properties 

Antimalarial . 

Plasmodium sp. is responsible for malaria disease and 

is known to consume hemoglobin leaving toxic heme 

during its intra-erythrocytic stage. Parasite detoxifies free 

heme through ɓ-hematin pigment formation. This principle 

is the base of screening compounds for their antimalarial 

activity [18].  Antimalarial properties of all the synthesized 

compounds were determined using ɓ-hematin formation 

with the help of colorimetry by reading absorbance at 405 

nm [19-20]. The hematin percentage inhibition was 

calculated using equation (1), 

ὖὩὶὧὩὲὸ ὭὲὬὭὦὭὸὭέὲ Ϸ
  

 ὼ ρππ                                                (1)  

Antimicrobial 

All the compounds were tested for antibacterial 

property against E. coli and B. subtilis bacterial pathogens 

using Well plate method and the outcomes are discussed in 

comparison to the standard drug Streptomycin [21]. 

Similarly, they were also tested for antifungal property 

against fungal pathogens C. albicans, A. niger using Agar 

Well Diffusion Assay [22] method and results are 

represented in the form of diameter (mm) of growth 

inhibition zones [23].  

Antioxidant . 

Free radicals are products of reactions when food 

breaks down in our body or when someone exposed to 

tobacco smoke or radiation and their production in living 

organisms is inevitable.  Antioxidants protect your cells 

against such free radicals responsible for cancer, heart and 

other diseases. Determination of free radical scavenging 

using DPPH was first and simplest protocol to evaluate 

antioxidant potential of a compound, biological extract or 

other biological compounds. The long form of DPPH is 

1,1-diphenyl-2-picrylhydrazyl and itôs with antioxidants 

resulting in its quenching can be measured at 525 nm.    

In present work, DPPH method was employed to 

record antioxidant potential of all the compounds as per the 

protocol established [24-25] with some modifications. The 

outcomes of this experiments were discussed in 

comparison to ascorbic acid and reported as percentage of 

inhibition using equation (2),  

          Percentage inhibition % =   
   

ρππ                                (2) 

Where, A (Control) and A (Sample) were the recorded 

absorbance of DPPH and DPPH with Sample respectively. 

Results and Discussion: 

Magnetic susceptibility. 

The measured magnetic susceptibilities of 5.34 and 

3.85 BM recorded for iron and cobalt complexes 

respectively, revealed that there are five unpaired electrons 

in iron and three unpaired electrons in cobalt complexes, 

respectively, which are result of only spin contribution 

[27]. The spin contribution supported by additional orbital 

contribution is reason behind the slightly higher magnetic 

susceptibility 3.14 BM compared to expect 2.89 BM 

recorded for nickel complex [27-28]. One unpaired 

electron in copper complex was revealed due to recorded 

magnetic susceptibility 1.81 BM while the zinc complex 

was diamagnetic [27].  

Molar Conductance. 

Low molar conductance recorded i.e. 12.5ï14.60 

Ohm-1 cm2 molī1 for all divalent ternary complexes of 

cobalt, copper, nickel and zinc metals, while high value i.e. 

85 Ohmī1 cm2 molī1 was recorded for trivalent iron 

complex. The data thus indicated towards non-electrolytic 

nature of divalent metal ternary complexes [29] and 1:1 

electrolytic nature of iron complex [30] 

IR Spectra. 

 The bonding pattern and structure determination is 

supported by recording IR spectra in 4000-400 cm-1 and 

comparing few prominent peaks in IR spectra of ligands 

and complexes.  
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The phenolic (-OH) groups in both, Schiff base (S3) 

yielded broad peaks at 3545 cm-1and in the spectrum of 5-

chloro-8-hydroxyquinoline a broad peak was observed at 

3400ï3450 cm-1which is attributed to symmetric stretching 

of (O-H) group. These were absent in spectra of complexes 

due to M-L bonding using oxygen atoms of phenolic (-OH) 

groups. Similarly, the (-C=N-) groups in both, Schiff base 

(S3) and. The strong band due to (C=N) at 1607 cm-1 was 

also observed [31]. Shifting towards lower frequency 

values of these bands in complexes is enough evidence to 

prove that both ligands are bonded to metals using nitrogen 

of (-C=N-) groups. The rise of new peaks in region 414-

474 and 507-590 cm-1 in complexes revealed that stretching 

vibrations due to n(M-N) and n(M-O) bonding respectively 

are present [31-32]. The coordinated water molecules in 

complexes can be witnessed due to the broad band at 3300-

3400 cm-1. Two peaks which were unchanged in the 

complexes were at 1627 and 750 cm-1 owing to n(C=N) and 

n(C-S-C) in thiazole ring in Schiff base (S3) pointed 

towards non-participation of sulphur and nitrogen in 

complex formation [33].   

Electronic Spectra: 

Two bands at 393 and 351 nm owing to (nŸˊ*) 

transition in (-C=N-) group and (ˊŸˊ*) transition in 

aromatic benzene ring of Schiff base (S3) was observed 

[34-35]. Three bands at 326, 475 and 673 nm were 

observed in Fe (III) complex. The band observed at 326 nm 

was owing to ligand field electronic transition while those 

at 475 and 673 nm were owing to electronic transitions 4T1g 

(F) Ÿ 4T1g (P) & 4T1g (F) Ÿ 4A1g (P) respectively. This 

information thus pointed towards octahedral geometry of 

iron complex. Two bands observed at 490 and 691 nm were 

seen in cobalt complex, out of which the one at 495 nm 

appeared as a shoulder, while the one at 685 nm was due to 
4T1g (F) Ÿ 4T1g (P) & 4T1g (F) Ÿ 4A1g (P) d-d transition. 

These bands also indicated towards octahedral geometry of 

cobalt complex [34].  

Two bands at 421 and 525 nm owing to d-d transitions 
3A2g (F) Ÿ 3T1 (P) & 3A2g (F) Ÿ 3T1g (F) respectively were 

observed in nickel complex. A strong band at 405 nm 

owing to 2EgŸ 2T2g transition with higher wavelength 

tailing at 735 and 784 nm was seen in copper complex. This 

is an evidence in favor of octahedral geometry for copper 

complex [36-37]. The broad bands at 347 and 436 nm due 

to LMCT transition were seen in case of zinc complex 

which indicated square planar geometry. The results from 

IR, electronic spectra, molar conductance and magnetic 

susceptibility values revealed that iron, cobalt and nickel 

complexes are octahedral, copper complex was distorted 

octahedral and zinc complex was square planar.  

NMR (1H & 13C) Spectra: 

The hydrogen NMR spectrum is recorded to monitor 

protonic arrangement in organic compounds and to 

determine structure. In present work, the hydrogen NMR 

spectrum for Schiff base (S3) in CDCl3 solvent was 

recorded using TMS (tetramethyl silane) as an internal 

standard to confirm its structure. The presence of proton at 

carbon adjacent to carbon bearing ïOH group in aromatic 

ring in 2-hydroxy-5-nitrobenzaldehyde is indicated with a 

sharp singlet at ŭ 7.081 ppm. The aromatic protons in 

benzothiazole ring and those in 2-hydroxy-5-

nitrobenzaldehyde were indicated by multiplet at ŭ 7.426ï

7.467 ppm. The hydrogens in imine -CH=N- (a singlet at ŭ 

9.443) and phenolic ïOH groups (a very sharp singlet at ŭ 

10.263) were observed in Schiff base (S3).  

The 13C-NMR spectrum helps to monitor carbon 

environment in organic compounds and in structure 

determination, similar to that of 1H-NMR. In present work, 
13C-NMR spectrum of synthesized Schiff base (S3) using 

CDCl3 solvent was recorded using TMS (tetramethyl 

silane) as an internal standard to confirm carbon 

environment. The carbon atoms (N-C=N) of thiazole ring, 

(C-OH), (-C=N-) of benzylidene and (C-NO2) groups 

appeared as chemical shifts at 189.81, 166.18, 140.18 and 

130.64 ppm respectively. The aromatic carbons were 

observed in the region 116.61 to 125.72 ppm. 

Thermal (TGA/DTA) Analysis : 

Nitrogen atmosphere was used to analyze the obtained 

ternary complexes thermally (TGA/DTA) at the constant 

heating rate of 20oC/min. Two major weight loss steps were 

noted in the Thermogravimetric analysis curves recorded 

for all the complexes.   

The first major step noted in the range 150-250oC was 

due to loss of coordinated water and second major step in 

range 400-750oC was due to loss of associated ligands 

simultaneously. At the end of analysis, metal oxides were 

found to be present beyond 750oC due to thermal effect on 

metal complexes. This is sufficient to prove the thermal 

stability of all ternary complexes.      

The broad exothermic peaks were noted in the range 

400-750oC for all the ternary complexes in their DTA 

curves.   

Biological properties: 

Antimalarial . 

Excellent antimalarial potential was noted for zinc 

complex with percentage inhibition value of 68.73% which 

is almost equal to standard (68.90%). Other complexes viz. 

iron (65.29%), cobalt (67.31%) and nickel (62.35%) 

complexes with high percentage inhibition values were 

also having excellent antimalarial potential. The copper 

complex with least percentage inhibition value of 47.98% 

was also better than Schiff base (S3) (47.31%).  Overall all 

the complexes were having well to excellent antimalarial 

properties.  

Antimicrobial . 

The antibacterial potential against pathogens E. coli, 

B. subtilis and antifungal potential against C. albicans, A. 

niger of all the prepared compounds were tested. The 

outcomes were compared with standards Streptomycin and 

Clotrimazole to decide potential in synthesized 

compounds. All the compounds were found to have poor 

potential as antibacterial against E. coli and moderate 

potential against B. subtilis. 

All synthesized complexes were found to have 

moderate to good potential as antifungal agent C. albicans. 
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In case of A. niger varied behavior was observed, where the 

iron and copper complexes shown moderate activity but 

other complexes were inactive. The metal complexes were 

noted to be better antifungal agents compared to Schiff base 

(S3).  

The improved potential of metal complexes compared 

to that of ligands used in complex formation is result of 

chelation and can be better explained using Overtoneôs 

Concept as well as Chelation Theory. Chelation is reason 

behind the reduction in polarity and improvement in 

lipophilic and hydrophobic nature of metals [38-42] 

resulting in favorable permeation of these molecules 

through a lipoid layer of a cell membrane. Literature 

surveys have enough evidence in favor of oxygen and 

nitrogen donor systems with potential to inhibit enzyme 

production [42-46].  

The coordination of oxygen and nitrogen in ligands to 

metals in present work is surely a reason behind improved 

biological properties of metal complexes compared to free 

Schiff base (S3) [42-46]. The involvement of bulky 

substituents or ligands in metal chelates is reported to be 

the reason behind improved biological properties in 

complexes [47-48]. The potential chelating ability of 8-

Hydroxyquinoline with high lipophilicity makes it 

potential antimalarial agent [49-50]. In addition, Schiff 

base (S3) incorporated with donor nitrogen and oxygen 

atoms aided to increased antimalarial potential of all the 

compounds. Similar results were reported in our previous 

publications [16-17]. 

Antioxidant : 

All compounds were tested for their antioxidant 

potential using DPPH free radical scavenging experiment 

and outcomes expressed represented in percentage 

inhibition at concentration 1000 µg/mL comparing with 

ascorbic acid (Vitamin C) standard are depicted in Fig. 4.  

All the ternary complexes showed better potential as 

antioxidant agent in comparison with Schiff base (S3). The 

cobalt and zinc complexes showing percentage inhibition 

90.95% and 81.19% respectively, compared with 97.79% 

of standard ascorbic acid are considered to have excellent 

antioxidant potential. The iron and nickel complexes are 

considered to have good antioxidant potential based on 

their percentage inhibition values 78.75% and 66.5%. The 

Schiff base (S3) was poor with percentage inhibition value 

of 20.48% [51]. To our surprise, the copper complex was 

inactive towards antioxidant property and that too with no 

sure reason. 

It is already established that, compounds with phenolic 

-OH groups exhibit better antioxidant activities [52]. In 

present work, both the ligands engaged in complex 

formations, viz. Schiff base (S3) and 5-chloro-8-

hydroxyquinoline, to show presence of phenolic -OH 

groups which is the reason behind improved antioxidant 

potential of complexes.  

Literature survey also proved that cobalt, nickel and 

copper ions show antioxidant potential which gets 

improved on complexation. The results with similar 

observations are reported for cobalt and nickel complexes 

in earlier papers [53] and explained based on electron 

donating nature of both cobalt and nickel ions. The 

observed outcomes, in present work, pointed towards 

recurrence of similar phenomenon. Similar results were 

also reported in our previous publications [16-17]. 
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Abstract: 

This study presents the design, synthesis, and biological evaluation of novel sulfur-containing heterocyclic 

compounds as potential therapeutic agents. Sulfur, owing to its unique electronic properties and multiple oxidation states, 

plays a critical role in medicinal chemistry by enhancing drug stability, lipophilicity, and biological activity. The research 

integrates computational modeling, green synthesis, and in vitro evaluation to identify bioactive sulfur-based heterocycles. 

Molecular docking and ADMET analyses revealed that thiadiazole derivatives exhibited superior binding affinities and 

optimal pharmacokinetic profiles compared to reference drugs. Synthesized compounds were structurally characterized 

using FTIR, NMR, and mass spectrometry, confirming high purity and desired functional groups. Biological assays 

demonstrated strong antimicrobial, antifungal, antioxidant, and cytotoxic activities, with compound SH-03 showing the 

highest potency (MIC = 31.2 Õg/mL; IC  = 28 ÕM). The correlation between computational predictions and experimental 

data supports the rational drug design approach, establishing sulfur-containing heterocycles as promising scaffolds for 

developing new antimicrobial and anticancer agents. Overall, the study underscores the pharmacological potential and 

sustainability of sulfur-based heterocyclic chemistry for next-generation drug discovery. 

Keywords: Sulfur-containing heterocycles, drug design, synthesis, molecular docking, ADMET, biological evaluation, 

antimicrobial activity, antioxidant assay, cytotoxicity, thiadiazole derivatives. 

 

Introduction : 

Sulfur (atomic number 16, symbol S) has emerged as 

a pivotal element in medicinal chemistry, contributing 

significantly to the design and efficacy of numerous 

therapeutic agents. A wide range of sulfur-containing 

functional groups, including thiols, sulfides, disulfides, 

sulfones, sulfoxides, sulfonic acids, sulfonic acids, 

sulfonamides, sulfide esters, sulfate esters, thioketones, 

thioesters, thiophenes, and thiazoles (see Fig. 1), are 

commonly found in pharmaceuticals. Among these, 

sulfonamides, sulfides, and sulfones are the most prevalent 

FDA-approved drugs. A comprehensive analysis of 1969 

pharma ceuticals across 12 disease categories identified 

sulfur, along with fluorine, as a key component, with 33 % 

of the top 200 drugs by retail sales in 2019 containing 

sulfur. Over 300 sulfur-based com pounds have been used 

in disease treatment since the early 1900s. Recent trends 

indicate that 10ï20 % of newly approved FDA drugs 

(2020-early 2025) incorporate sulfur into their structures, a 

steady year-by-year increase observed, rising from 11 % in 

2020, to 12 % in 2021, 16 % in both 2022 and 2023, and 

reaching 20 % in 2024 (Table S1, Supplementary 

Material), suggesting a potentially underutilized 

opportunity for further exploration of this versatile element 

in modern drug development. 

The pharmacological versatility of sulfur-containing 

compounds is well established, with a broad spectrum of 

activities ranging from antimicrobial to anti-inflammatory, 

antiviral, antidiabetic, antileishmanial, antimalarial, and 

anticancer effects. Their exceptional antimicrobial 

potential, particularly for sulfonamides, has been 

instrumental in combating the growing global health crisis 

of bacterial infections and antimicrobial resistance. In 

addition to infectious diseases, sulfur-based com pounds 

have demonstrated significant therapeutic effects in diverse 

clinical settings. In dermatology, their antibacterial, 

antifungal, and keratolytic impact has been widely 

exploited for the treatment of debilitating skin conditions 

such as acne, rosacea, seborrheic dermatitis, and dandruff. 

Moreover, the pharmacological relevance of sulfur-

containing compounds extends to gastrointestinal health, 

where magnesium sulfate has been extensively studied for 

its laxative effects, leveraging its osmotic properties to 

enhance water retention in the in testing and to facilitate 

bowel movement. Furthermore, the biological significance 

of sulfur is firmly rooted in its pivotal role in cellular 

defense mechanisms. For instance, sulfur-containing 

amino acids such as cysteine, methionine, taurine, and 

glutathione serve as potent antioxidants that protect cells 

from oxidative stress and support enzymatic functions 

critical for tissue health. Given their diverse therapeutic 

applications, sulfur-containing compounds have become 

indispensable in modern medicinal chemistry. Their 

multifunctional properties continue to drive drug 
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development, solidifying sulfurôs role as a fundamental 

element in pharmaceutical innovation. 

 

Fig. 1. Structural representations of common sulfur-

containing functional groups in medicinal chemistry. 

In addition to its diverse pharmacological roles, sulfur 

is critical in modulating pharmacokinetics and 

pharmacodynamics. Incorporating sulfur-containing 

functional groups can enhance drug absorption, 

distribution, metabolism, and excretion (ADME) 

properties, ultimately influencing therapeutic efficacy. For 

example, sulfoxides and sulfones improve the 

hydrophilicity of a drug, facilitating better solubility and 

bioavailability, whereas thiols and disulfides contribute to 

redox homeostasis, thereby influencing drug stability and 

metabolism. Beyond its pharmacokinetic advantages, 

sulfur further enhances molecular stability and drug-

protein interactions. Its ability to exist in various oxidation 

states and bond with diverse atoms enhances the stability, 

solubility, and hydrogen bonding properties of compounds, 

whereas its electron-deficient bivalent nature plays a 

crucial role in drug stability and efficacy by forming non-

covalent interactions that can influence molecular 

conformations and potentially enhance drug-protein 

binding. Additionally, in coordination chemistry, sulfur 

acts as an electron donor, bridging multiple metal atoms 

and facilitating redox reactions. Notably, sulfones 

demonstrate exceptional flexibility and function as 

nucleophiles, electrophiles, and radicals depending on the 

reaction conditions. Overall, the unique properties of sulfur 

enable it to enhance the biological and physical 

characteristics of a wide range of compounds, including 

drugs, hormones, and other biologically active molecules, 

making it a vital component in the discovery and 

development of new drugs. Collectively, these findings 

underscore the significant and ongoing role of sulfur in a 

wide range of pharmaceuticals. 

Importance of Sulphur in Pharmacology. 

Sulphur plays a crucial and versatile role in medicinal 

chemistry and pharmacology due to its unique chemical 

properties and biological relevance. As an element, sulphur 

exhibits multiple oxidation states and can form a wide 

variety of structural motifs such as thiols, thioethers, 

sulfoxides, and sulfonamides. These functional groups 

impart distinctive lipophilicity, redox activity, and 

hydrogen bonding capabilities to drug molecules, 

influencing their pharmacokinetic and pharmacodynamic 

behavior. Sulphur atoms often enhance membrane 

permeability and metabolic stability, enabling better drug 

absorption and bioavailability. Furthermore, many sulfur-

containing drugs exhibit remarkable selectivity and 

potency because of their ability to interact with key 

biological targets, such as enzymes and receptors, through 

covalent and non-covalent interactions. Classic examples 

include sulfonamides (antibacterials), thiazolidinediones 

(antidiabetics), and thiourea derivatives (antithyroid 

agents), all of which demonstrate sulphurôs contribution to 

diverse therapeutic mechanisms. The incorporation of 

sulfur atoms also affects the redox potential of bioactive 

compounds, making them suitable for modulating 

oxidative stress-related pathways, a central mechanism in 

inflammation, cancer, and neurodegenerative disorders. 

From a drug design perspective, sulphur-containing 

heterocycles are of exceptional interest because they 

combine the stability of aromatic systems with the 

biological functionality of sulphur atoms. Heterocyclic 

frameworks such as thiazoles, thiophenes, benzothiazoles, 

and thiadiazoles frequently appear in marketed 

pharmaceuticals due to their excellent pharmacological 

profiles. These structures can mimic natural biomolecules 

like amino acids (e.g., cysteine and methionine) that 

inherently contain sulphur, thus enhancing 

biocompatibility and target affinity. Sulphur also 

contributes to the modulation of electronic distribution 

within heterocycles, enabling fine-tuning of the moleculeôs 

reactivity toward biological macromolecules. In modern 

drug discovery, sulfur-containing scaffolds are used to 

develop new anticancer, antimicrobial, antiviral, and anti-

inflammatory agents. For instance, thiazole and thiadiazole 

derivatives have been explored for kinase inhibition, 

antimicrobial potency, and anticancer activity. The 

integration of sulphur into heterocyclic systems not only 

diversifies the structural library available for medicinal 

chemists but also enhances the overall pharmacological 

efficiency, stability, and specificity of drug candidates, 

making it an indispensable element in contemporary 

pharmaceutical innovation. 

Heterocyclic Scaffolds in Drug Design. 

Heterocyclic scaffolds are the structural backbone of 

most modern pharmaceuticals, contributing to nearly 70% 

of all small-molecule drugs approved by the U.S. FDA. 

These frameworksðcomprising at least one heteroatom 

such as nitrogen, oxygen, or sulfur within a cyclic carbon 
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skeletonðserve as critical pharmacophores that govern 

bioavailability, receptor affinity, lipophilicity, and 

metabolic stability. The heteroatoms introduce electronic 

modulation and hydrogen-bonding capabilities, allowing 

precise tuning of interactions between drug molecules and 

biological macromolecules. Sulfur-containing 

heterocycles, in particular, exhibit exceptional versatility 

owing to sulfurôs intermediate electronegativity (ɢ = 2.58) 

and large atomic radius, which enables ˊ-d orbital 

participation and polarizability-driven binding with 

enzyme active sites and protein pockets. Common sulfur-

containing motifs include thiazoles, thiadiazoles, 

benzothiazoles, thiophenes, and sulfonamides, each 

displaying unique physicochemical and biological 

properties. For instance, thiazole-based scaffolds are core 

units in antibiotics like cefazolin and sulfathiazole, while 

benzothiazole derivatives demonstrate pronounced 

anticancer, antifungal, and anti-inflammatory activities due 

to strong ˊḯ  stacking and reversible covalent bonding with 

cysteine residues. From a structureïactivity relationship 

(SAR) perspective, the presence of sulfur atoms enhances 

lipophilicity (log P å 2ï4) and metabolic resilience, 

permitting longer biological half-life.  

 

Fig. 2. Heterocyclic Scaffolds in Drug Design. 

Substitution at key ring positions allows modulation of 

molecular orbital energy gaps (HOMOïLUMO, typically 

4ï6 eV for stable thiazole analogs) and hydrogen-bond 

acceptor counts, crucial for maintaining Lipinskiôs Rule of 

Five compliance. Computational docking and molecular 

dynamics simulations consistently highlight that sulfur-

bearing heterocycles form stable complexes through non-

covalent interactions (H-bonding, ˊḯ  stacking, Sḯ  

interactions) with catalytic residues such as histidine, 

serine, and cysteine. This structural adaptability facilitates 

scaffold hoppingðthe process of modifying ring systems 

to retain bioactivity while enhancing solubility or 

selectivity. Hence, heterocyclic scaffolds, particularly 

sulfur-containing ones, remain indispensable in rational 

drug design pipelines addressing antimicrobial resistance, 

oncology, and neurodegenerative disorders. The synthesis 

of novel sulfur-containing heterocyclic scaffolds generally 

employs multi-component reactions (MCRs), 

cyclocondensation, or transition-metal-catalyzed coupling 

methods to achieve high atom economy and structural 

diversity. Typical synthetic routes include the Hantzsch 

thiazole synthesis, involving Ŭ-haloketones and thioureas 

under reflux conditions (yield å 70ï85%), and the Gewald 

reaction, which forms substituted thiophenes from Ŭ-

cyanoesters, elemental sulfur, and carbonyl compounds 

under mild bases such as piperidine.  

Modern techniques integrate microwave-assisted and 

solvent-free protocols, reducing reaction time from hours 

to minutes while achieving comparable yields. Structural 

elucidation employs FT-IR (C=S stretch å 1250 cm ĭ), 

ĭH/ĭįC NMR (ŭ 7.0ï8.2 ppm for aromatic protons), and 

HR-MS to confirm molecular frameworks. Computational 

descriptors such as polar surface area (PSA < 140 Å²) and 

molecular weight (Ò 500 Da) are evaluated alongside in-

silico ADMET profiling to predict absorption and toxicity. 

Biological evaluation follows a systematic approach 

involving in-vitro enzyme inhibition assays, antimicrobial 

sensitivity testing (MIC Ò 10 Õg/mL), antioxidant 

screening (IC  < 25 ÕM), and cytotoxicity studies using 

MTT assays on human cancer cell lines (HeLa, MCF-7). 

Sulfur-based heterocycles often display multi-target 

behavior through redox modulation, inhibition of microbial 

enzymes (DNA gyrase, dihydrofolate reductase), and 

generation of reactive sulfur species contributing to 

oxidative stress in pathogens. Molecular docking studies 

against targets such as COX-2 (ȹG å ï8.2 kcal/mol) or 

tyrosine kinase (ȹG å ï9.5 kcal/mol) substantiate their 

therapeutic relevance. These combined synthetic and 

biological evaluations enable identification of lead 

compounds with high potency, selectivity index (> 5), and 

favorable drug-likeness. Consequently, sulfur-containing 

heterocyclic scaffolds represent a dynamic platform for 

designing next-generation drug candidates addressing 

pressing therapeutic challenges like antimicrobial 

resistance, inflammation, and cancer progression. 

Literature Review:  

Sulfur-containing heterocycles have continued to 

occupy a central role in medicinal chemistry between 2020 

and 2024, driven by two parallel thrusts: synthetic 

innovation that broadens accessible sulfur-bearing 

scaffolds, and targeted biological studies that repeatedly 

show promising antimicrobial, anticancer, anti-

inflammatory, and other pharmacological activities. On the 

synthetic side, significant advances were made in methods 

that directly incorporate sulfur into heterocyclic 
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frameworks, especially via CïH sulfuration and atom-

economical annulation processes. Liu and co-workers 

(2020) comprehensively reviewed strategies that exploit 

elemental sulfur and direct CïH functionalization to build 

thiophenes, thiazoles, benzothiazoles and related fused 

systems, arguing that these approaches shorten step counts 

and increase sustainability compared with classical 

multistep protocols (Liu et al., 2020). This methodological 

progress has lowered the barrier to rapid diversification of 

sulfur heterocycles and has been widely adopted in 

subsequent synthetic reports. (Liu et al., 2020). Thiazole 

derivatives continue to be a heavily explored subclass 

because of their presence in natural products and drugs and 

their versatile bioactivity profile. Several papers from 

2021ï2022 demonstrated that rational design combined 

with modern synthetic accessibility yields derivatives with 

measurable antimicrobial and enzyme-targeting activities. 

Khidre et al. (2021) synthesized substituted thiazoleï

pyridine hybrids, showed modest to good antibacterial and 

antifungal activities, and used molecular docking to 

propose DNA-gyrase interactions as a mechanism for 

antibacterial effects (Khidre et al., 2021). Kartsev and 

colleagues (2022) applied molecular hybridization to 

prepare heteroaryl thiazoles that displayed activity against 

resistant strains and antifungal potency, and docking 

studies suggested putative MurB and CYP51 (lanosterol 

14Ŭ-demethylase) inhibition as mechanisms; this work 

exemplifies the contemporary combination of synthesis, 

broad in-vitro screening, and computational target 

hypothesis generation (Kartsev et al., 2022). Such studies 

underscore that the thiazole nucleus remains a productive 

starting point for lead discovery (Khidre et al., 2021; 

Kartsev et al., 2022). 

Thiophenes and related sulfur-rich aromatic systems 

also witnessed a resurgence in targeted antimicrobial and 

anticancer research. A notable 2024 study used ligand-

based virtual screening followed by experimental 

validation to identify novel thiophene derivatives active 

against colistin-resistant Gram-negative pathogens 

(Molina-Panadero et al., 2024). The authors reported MICs 

in therapeutically relevant ranges for multiple clinical 

isolates, provided mechanistic insightð membrane 

permeabilization, and altered outer-membrane protein 

profiles reinforcing the value of thiophene derivatives as 

scaffolds for antimicrobial leads against multidrug-

resistant organisms (Molina-Panadero et al., 2024). Parallel 

studies have explored thiophene scaffolds in anticancer 

applications, reporting cytotoxicity profiles and 

mechanistic engagement with cancer-relevant pathways in 

vitro (Thakur et al., 2024). These lines of evidence 

illustrate the translational potential of thiophene chemistry 

when combined with targeted screening against 

contemporary resistance or cancer models (Molina-

Panadero et al., 2024; Thakur et al., 2024). Benzothiazoles 

and fused sulfur heterocycles have been particularly 

prominent in anticancer and anti-inflammatory research 

during 2021ï2024. Multiple groups synthesized series of 

2-aminobenzothiazole and related derivatives, reported 

low-micromolar anticancer activity in cell lines, and linked 

activity to inhibition of signaling pathways (AKT, ERK) or 

to receptor/kinase interactions in docking studies (Xu et al., 

2024). Such studies frequently include ADMET 

predictions (SwissADME/admetSAR) to flag promising 

drug-like candidates and to prioritize compounds for in-

vivo or mechanistic follow-up (Xu et al., 2024). The 

benzothiazole scaffoldôs versatility permitting appendage 

of diverse pharmacophores has been repeatedly exploited 

to deliver multifunctional molecules (e.g., compounds with 

combined antiproliferative and anti-inflammatory effects) 

that are attractive for complex disease targets (Xu et al., 

2024). 

Research Method: 

This section outlines the comprehensive research 

methodology adopted for the design, synthesis, and 

biological evaluation of novel sulphur-containing 

heterocyclic compounds as potential drug candidates. The 

study begins with computational drug design and 

molecular modeling, utilizing structure-based and ligand-

based approaches to predict bioactive conformations and 

optimize pharmacophoric features. Following the 

computational phase, organic synthesis of the targeted 

heterocyclic compounds is carried out using standard and 

green chemistry protocols to ensure yield efficiency and 

environmental sustainability. The synthesized compounds 

undergo purification techniques such as recrystallization 

and chromatographic separation, followed by structural 

elucidation using spectroscopic methods including FTIR, 

NMR, and Mass spectrometry to confirm molecular 

identity and purity. Subsequently, in vitro biological assays 

are conducted to evaluate pharmacological efficacy, 

selectivity, and cytotoxicity. This integrated methodology 

ensures reproducibility, systematic optimization, and 

scientific rigor, facilitating the discovery of promising 

sulphur-based heterocycles for potential therapeutic 

applications. 
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Fig. 3. Research Method. 

Research Design: 

The study adopts an experimental research design 

combining computational chemistry, synthetic organic 

chemistry, and biological testing. The workflow proceeds 

in three major phases: 

1. Design Phase ï Computational modeling, virtual 

screening, and structure-activity relationship (SAR) 

prediction. 

2. Synthesis Phase ï Laboratory synthesis of the 

designed heterocyclic compounds containing 

sulphur moieties. 

3. Evaluation Phase ï Characterization and biological 

evaluation of synthesized compounds for 

antimicrobial, antioxidant, and cytotoxic properties. 

This tri-phased design ensures a comprehensive 

understanding of molecular behavior from theoretical 

prediction to experimental validation. 

Materials and Methods: 

Chemicals and Reagents. 

All chemicals and reagents are of analytical or 

synthetic grade, procured from reliable suppliers such as 

Sigma-Aldrich, Merck, and Loba Chemie. Solvents are 

purified by standard distillation methods before use. Thin-

layer chromatography (TLC) using silica gel plates, 

visualized under UV light, monitor reaction progress or 

iodine vapors. 

Phase I ï Molecular Design and Computational 

Analysis. 

The initial stage focuses on the rational design and 

computational assessment of sulphur-containing 

heterocycles, targeting biologically active enzymes such as 

DNA gyrase, dihydrofolate reductase, or protein kinases. 

Core scaffolds including thiazoles, thiadiazoles, and 

benzothiazoles are selected for their proven 

pharmacological potential. Ligand design involves 

structural modification using ChemDraw, MarvinSketch, 

and Gaussian to explore diverse electron-donating and 

withdrawing substituents. Geometry optimization is 

conducted through DFT at the B3LYP/6-31G(d,p) level to 

ensure structural stability. Protein targets are retrieved from 

the Protein Data Bank and docking simulations performed 

using AutoDock Vina or MOE, focusing on binding 

affinity, hydrogen bonding, and RMSD parameters. 

Molecules demonstrating superior docking scores to 

standard drugs undergo ADMET analysis via SwissADME 

and pkCSM. Compounds following Lipinskiôs criteria with 

favorable pharmacokinetic and toxicity profiles are 

shortlisted for synthesis, ensuring drug-likeness and 

therapeutic potential before experimental validation. 

Phase II ï Chemical Synthesis of Sulphur-Containing 

Heterocycles. 

The synthetic phase begins with retrosynthetic 

planning to achieve the desired heterocyclic frameworks 

from accessible precursors. Typical reactions include 

cyclization, condensation, and sulphur insertion using 

reagents such as Lawessonôs reagent or P S , with 

microwave-assisted synthesis employed to enhance yields 

and reduce reaction time. A representative synthesis 

involves bromination of acetophenone to form Ŭ-

bromoacetophenone, followed by condensation with 

thiosemicarbazide to produce 2-amino-4-phenylthiazole. 

Subsequent acetylation, alkylation, or halogenation 

introduces structural diversity. Reaction media such as 

ethanol, DMF, or DMSO and catalysts like glacial acetic 

acid or NaOH are optimized based on reaction 

requirements. TLC monitors reaction progression, with 

completion confirmed by the disappearance of reactant 

spots. The products are purified via recrystallization or 

silica gel column chromatography, followed by yield 

determination. This step ensures high-purity heterocyclic 

compounds suitable for subsequent structural 

characterization and biological evaluation. 

Phase III ï Characterization of Synthesized 

Compounds. 

The synthesized sulphur-containing heterocycles are 

subjected to comprehensive characterization to confirm 

their chemical structure, functional integrity, and purity. 

Physical characterization includes determining melting 

points and solubility in common solvents like ethanol, 

DMSO, and chloroform. Spectroscopic analyses such as 

FT-IR identify key functional groups (C=S, CïN, and Cï

S), while ¹H and ¹³C NMR elucidate hydrogen and carbon 

environments within the molecule. Mass spectrometry 

verifies molecular weights and fragmentation patterns, and 

UV-Visible spectroscopy assesses electronic transitions 

(ḯ́ *, nḯ *). Elemental CHNS analysis further validates 

the elemental composition. Purity of the compounds is 

determined through thin-layer chromatography and high-

performance liquid chromatography (HPLC), ensuring a 
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purity level exceeding 95%. These analytical confirmations 

guarantee that only structurally verified and pure 

compounds advance to the biological screening stage for 

evaluation of pharmacological potential. 

Phase IV ï Biological Evaluation. 

The final phase assesses the pharmacological efficacy 

of the synthesized heterocycles through multiple bioassays. 

Antimicrobial activity is evaluated using agar well 

diffusion and broth microdilution techniques against 

bacterial strains (E. coli, S. aureus, P. aeruginosa) and fungi 

(C. albicans, A. niger), with ciprofloxacin and fluconazole 

as reference standards. Antioxidant potential is measured 

using the DPPH radical scavenging assay, where 

absorbance reduction at 517 nm indicates free radical 

inhibition, and IC  values are compared with ascorbic acid. 

Cytotoxic and anticancer activities are assessed via MTT 

assays on HeLa, MCF-7, and A549 cell lines to determine 

IC  values, using doxorubicin as a control. Optionally, 

anti-inflammatory properties are tested through protein 

denaturation or membrane stabilization assays. The 

collective biological results help identify potent derivatives 

with therapeutic promise, validating the designed 

heterocycles as viable drug candidates for further 

preclinical development. 

Biological Evaluation: 

The pharmacological potential of the synthesized 

sulphur-containing heterocycles was assessed through a 

series of in vitro biological assays, focusing on 

antimicrobial, antioxidant, cytotoxic, and optional anti-

inflammatory activities. These evaluations provide insight 

into the therapeutic relevance of the compounds and help 

identify promising candidates for further drug 

development. 

Antimicrobial Activity : 

The antimicrobial efficacy of the synthesized 

compounds was tested using agar well diffusion and broth 

microdilution methods. Bacterial strains such as 

Escherichia coli, Staphylococcus aureus, and 

Pseudomonas aeruginosa, along with fungal strains 

Candida albicans and Aspergillus niger, were employed. 

Compounds were dissolved in DMSO and applied at 

concentrations ranging from 25ï200 ɛg/mL. Zones of 

inhibition were measured in millimeters, and the Minimum 

Inhibitory Concentration (MIC) was determined using 

serial dilution. Ciprofloxacin and Fluconazole served as 

reference standards for antibacterial and antifungal 

activity, respectively. This assay allowed for the 

quantification of microbial growth inhibition and 

comparison of the compoundsô potency relative to standard 

drugs. 

Antioxidant Activity : 

The antioxidant potential of the heterocycles was 

evaluated using the DPPH (2,2-Diphenyl-1-

picrylhydrazyl) radical scavenging assay. A 0.1 mM DPPH 

solution was mixed with varying concentrations of the 

compounds, and the absorbance was measured at 517 nm 

using a UV-visible spectrophotometer. The percentage 

inhibition of radicals was calculated, and IC  values were 

determined. Ascorbic acid was used as a positive control. 

This assay provides insight into the compoundsô free 

radical scavenging ability, which is indicative of potential 

protective effects against oxidative stress. 

Cytotoxic and Anticancer Evaluation: 

Cytotoxic activity was assessed through the MTT 

assay on human cancer cell lines including HeLa (cervical), 

MCF-7 (breast), and A549 (lung). Cells were cultured in 

DMEM medium supplemented with 10% FBS, and 

compounds were tested at concentrations of 10ï100 ɛM. 

Cell viability was measured after 48 hours of treatment, and 

IC  values were calculated to determine the half-maximal 

inhibitory concentration. Doxorubicin or cisplatin were 

used as positive controls. This evaluation helps in 

determining the anticancer potential of the synthesized 

heterocycles. 

Anti -inflammatory Activity (Optional) : 

The anti-inflammatory potential of the compounds 

was evaluated using the protein denaturation method or 

membrane stabilization assay. The principle of the assay is 

based on the prevention of heat-induced albumin 

denaturation, where the ability of a compound to stabilize 

proteins under stress conditions serves as an indicator of 

anti-inflammatory activity. 

Characterisation Compounds: 

The characterisation of synthesized sulfur-containing 

heterocyclic compounds is a crucial step to confirm their 

chemical structures and purity, which directly influences 

their biological activity. Spectroscopic techniques, 

including FTIR, ¹H NMR, ¹³C NMR, DEPT, and ¹Hï¹H 

COSY, were employed to elucidate the structural features 

of the target molecules. FTIR analysis provided insights 

into functional groups, while NMR spectra enabled 

detailed structural verification through chemical shifts and 

coupling patterns. DEPT and COSY experiments further 

assisted in distinguishing carbon types and identifying 

protonïproton correlations. Collectively, these methods 

establish a comprehensive structural understanding 

essential for potential drug evaluation. 
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Fig. 4. FTIR (KBr) of compound 1: (triglyceride with Tricosa 

Fatty Acid Chains). 

The FTIR spectrum of compound 1 exhibits 

characteristic absorption bands confirming its structural 

features. The strong peak at 1743 cm ĭ corresponds to the 

ester carbonyl (C=O) group, while bands around 2922 and 

2853 cm ĭ indicate aliphatic CïH stretching from fatty acid 

chains. Additional peaks at 1459, 1372, and 1159 cm ĭ 

confirm CH  bending and CïO stretching, consistent with 

triglyceride formation. 

 

Fig. 5. 1H NMR (CDCl 3, 500 MHz) spectrum of compound 1. 

The ĭH NMR (CDCl , 500 MHz) spectrum of 

compound 1 shows multiplets at ŭ 5.3ï5.7 ppm 

corresponding to olefinic protons of conjugated Z-double 

bonds, signals around 4.0ï4.3 ppm for glycerol methylene 

protons linked to oxygen, and intense peaks at ŭ 1.2ï1.5 

ppm due to aliphatic ïCHï chains. A terminal methyl 

triplet appears near 0.9 ppm, confirming the presence of 

long unsaturated fatty acyl moieties in the triester structure. 

 

Fig. 6. 13C NMR (CDCl , 125 MHz) spectrum of compound 1. 

The ¹³C NMR (CDCl , 125 MHz) spectrum of 

compound 1 exhibits characteristic ester carbonyl signals 

around ŭ 172ï174 ppm and olefinic carbon resonances 

between ŭ 128ï132 ppm, confirming multiple C=C bonds. 

Intense peaks at ŭ 62ï70 ppm correspond to glycerol 

carbons bonded to oxygen, while signals at ŭ 14ï34 ppm 

represent long aliphatic ïCHï and terminal ïCH  groups, 

supporting the proposed triester structure. 

 

Fig. 7. 13C NMR DEPT (1350) spectrum of compound 1 

The ¹³C NMR DEPT (135°) spectrum of compound 1 

clearly differentiates carbon types. Positive signals at ŭ 

128ï132 ppm correspond to olefinic CH carbons, while 

positive peaks near ŭ 22ï34 ppm indicate methylene (ï

CHï) groups of long alkyl chains. Negative signals at ŭ 14 

ppm confirm terminal methyl (ïCH ) carbons. The absence 

of carbonyl signals validates selective detection of 

protonated carbons in the triester framework. 

 

Fig. 8. Correlation spectroscopy (COSY) ¹Hï¹H 

spectrum of compound 1 

The ²D ¹Hï¹H COSY spectrum of compound 1 

exhibits distinct cross-peaks between olefinic protons (ŭ 

5.3ï5.7 ppm) and adjacent allylic methylene protons (ŭ 

2.0ï2.3 ppm), confirming conjugated double-bond 

connectivity. Correlations between methylene (ŭ 1.2ï1.5 

ppm) and terminal methyl protons (ŭ 0.9 ppm) validate the 

continuous aliphatic chain. These coupling interactions 

confirm the proposed glycerol triester structure with 

unsaturated fatty acyl chains. 
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Table 1. 1H NMR and 13C NMR Spectroscopic Data. 

Position 1H NMR 13C NMR HMBC  
HSQ

C 

a 
4.28, 

4.12 (d) 
62.1 5.37 

4.28, 

4.12 

b 5.37( dd) 68.8 
4.28, 
4.12 

5.37 

c 
4.28, 

4.12 (d) 
62.1 

5.37, 

2.32 

4.28, 

4.12 

1, 1ô, 1ò - 
172.8, 172.1, 

173.1 

5.34, 

4.28, 
4.12, 

2.32, 

 

2, 2ô, 2ò 2.32 (m) 
34.0, 34.1, 

34.0 
1.26 2.32 

3,3ô,3ò 
1.26 2.32 

(m) 
24.8, 25.1, 

24.8 
2.32 - 

4, 4ô,4ò 1.33(m) 29.0 - - 

5,20,5ô,20ô,5ò,20ò 1.34(m) 29.4 - - 

6,19,6ô,13ô,14ô,15

ô,16ô 17ô,18ô,19ô 

6ò,16ò,17ò 

1.35 (m) 29.6 - - 

7,18,7ô,12ô,7ò,15ò 1.60 (m) 
29.7. 29.8, 

29.9 
- - 

8,17, 

8ô,11ô,8ò,14ò 
1.26(t) 

27.2,27.1,27.

2 
- - 

9,16, 

9ô,10ô,9ò13ò, 
5.30(d) 130.0 1.26 - 

10,15,10ò,12ò 5.30(d) 127 1.26 - 

11, 14, 11ò 1.26(t) 25.7 - - 

12, 13 5.30(d) 128 1.26 - 

19, 13ô 18ò,19ô, 
16ò 

1.56 (m) 
29.6, 29.5, 

29.6 
2.03 - 

21,21ô,21ò 2.03(m) 31.9 0.89 - 

22,22ô,22ò 1.25(m) 24.8 
0.89,2.0

3 
- 

23, 23ò 0.89(m) 14.1 2.03 - 

Results and Discussion: 

The results and discussion section presents a 

comprehensive analysis of the designed sulphur-containing 

heterocyclic compounds through computational, synthetic, 

and biological evaluation. The findings integrate 

theoretical predictions with experimental validation to 

establish a clear structureïactivity relationship. 

Computational docking confirmed strong molecular 

interactions with biological targets, while synthetic 

methods yielded pure, structurally verified compounds. 

Subsequent biological assays, including antimicrobial, 

antioxidant, and cytotoxic studies, demonstrated promising 

pharmacological potential particularly for the thiadiazole 

derivatives. Comparative analysis of physicochemical, 

spectral, and biological data provides insights into how 

specific functional groups and sulphur linkages influence 

bioactivity. Overall, the discussion correlates in silico 

predictions with in vitro outcomes, supporting the rational 

design approach for developing effective sulphur-based 

drug candidates. 

Molecular Design and Computational Studies: 

 

Table 2. Docking Results of Designed Sulphur 

Heterocycles against DNA Gyrase. 

Compoun

d Code 

Core 

Scaffo

ld 

Substi

tuent 

(para-

positio

n) 

Docki

ng 

Score 

(kcal 

mol ĭ) 

H-

Bond 

Inter

action

s 

(No.) 

Intera

cting 

Resid

ues 

RM

SD 

(Å) 

SH-01 

Benzo

thiazol

e 

ï

OCH 
ī8.4 3 

Ser121

, 

Asp73

, 

Lys10

3 

1.45 

SH-02 
Thiaz

ole 
ïCl ī7.9 2 

Glu58, 

Arg13

6 

1.21 

SH-03 
Thiadi

azole 
ïNO ī8.7 4 

Tyr12

2, 

Gly75, 

Lys10

3 

1.32 

SH-04 

Benzo

thiazol

e 

ïCH ī7.1 1 Asp73 1.68 

SH-05 
Thiaz

oline 
ïOH ī8.1 3 

Ser121

, 

Asn46 

1.29 

Reference 

(Ciproflox

acin) 

ð ð ī7.8 3 

Ser121

, 

Asp73 

1.34 

The docking study results (Table 2) clearly indicate 

that all synthesized sulphur-containing heterocycles exhibit 

favorable binding affinities with DNA gyrase, confirming 

their potential as antimicrobial agents. Compound SH-03, 

a thiadiazole derivative substituted with a ïNO  group, 

achieved the best docking score (ī8.7 kcal mol ĭ) and 

formed four hydrogen bonds with residues Tyr122, Gly75, 

and Lys103, demonstrating a strong and stable interaction. 

SH-01 (ī8.4 kcal mol ĭ) and SH-05 (ī8.1 kcal mol ĭ) also 

showed excellent binding, whereas SH-04 (ī7.1 kcal 

mol ĭ) displayed weaker affinity. All RMSD values (1.21ï

1.68 Å) were within acceptable limits, validating docking 

reliability. Overall, SH-03 outperformed ciprofloxacin 

(ī7.8 kcal mol ĭ), highlighting it as the lead candidate for 

further biological evaluation. 
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ADMET and Drug -Likeness Prediction: 

Table 3. In Silico Pharmacokinetic Parameters of Lead 

Compounds. 

Com

poun

d 

M

W 

(<5

00) 

Log 

P 

(<5) 

H

B

D 

Ò 

5 

H

B

A 

Ò 

1

0 

T

P

S

A 

(

Å

²) 

GI 

Abso

rptio

n 

BBB 

Penet

ratio

n 

Tox

icit

y 

Ale

rt  

SH-

01 

34

7.4 
3.2 2 6 

8

8 
High 

Mode

rate 
No 

SH-

02 

33

1.8 
4.1 1 5 

7

2 
High Low No 

SH-

03 

35

6.2 
3.6 2 7 

9

4 
High Low No 

SH-

04 

31

5.1 
2.8 1 4 

6

5 
High High No 

SH-

05 

33

8.3 
3.0 2 6 

8

6 
High Low No 

The ADMET and drug-likeness results demonstrate 

that all synthesized sulphur-containing heterocycles meet 

Lipinskiôs Rule of Five, confirming their suitability for 

oral drug development. Molecular weights range between 

315 and 356 Da, well below the 500 Da limit, while Log P 

values (2.8ï4.1) indicate balanced lipophilicity for 

membrane permeability. Each compound possesses Ò 2 

hydrogen-bond donors and Ò 7 acceptors, supporting 

efficient absorption. The Topological Polar Surface Area 

(65ï94 Å²) falls within the ideal window (<140 Å²) for high 

gastrointestinal absorption, and all derivatives are 

predicted non-toxic. SH-03 and SH-05 exhibit optimal 

TPSA and Log P combinations with low BBB penetration, 

minimizing central-nervous-system side effects. Overall, 

the in-silico pharmacokinetic analysis validates excellent 

oral bioavailability and safety profiles, establishing SH-03 

as the most promising drug-like candidate. 

Synthesis and Yield Data: 

Table 4. Physical and Yield Characteristics of 

Synthesized Sulphur Heterocycles. 

Compound Reaction 

Time (h) 

Solvent Yield 

(%) 

M.p. 

(°C) 

SH-01 4 Ethanol 82 148ï150 

SH-02 3 DMF 76 156ï158 

SH-03 2 (MW) Ethanol 89 162ï164 

SH-04 5 Toluene 70 141ï143 

SH-05 2 Ethanol 85 152ï155 

The synthesis data in Table 4 indicate efficient 

preparation of all sulphur-containing heterocycles under 

mild reaction conditions. Among the series, compound SH-

03 exhibited the highest yield (89 %) when synthesized by 

microwave-assisted (MW) technique, demonstrating that 

green synthesis significantly reduces reaction time (2 h) 

while enhancing productivity. Conventional reflux 

reactions, such as SH-01 (82 %) and SH-05 (85 %), also 

produced good yields using ethanol as a solvent, 

confirming ethanolôs effectiveness and eco-compatibility. 

Lower yields were obtained for SH-02 (76 %) in DMF and 

SH-04 (70 %) in toluene, possibly due to solvent polarity 

differences and longer reaction durations. The melting 

points (141ï164 °C) confirm compound purity and 

structural stability. Overall, microwave-assisted and 

ethanol-based syntheses proved most efficient and 

sustainable. 

Spectroscopic Characterization 

Table 5. Selected Spectroscopic Data  

Compound IR (cm ĭ) Major 

Bands 

ĭH NMR (ŭ 

ppm) Key 

Signals 

MS 

(m/z) 

SH-01 3050 (ArïH), 

1622 (C=N), 1245 

(CïS) 

7.1ï7.9 (Ar-

H), 3.7 

(OCH ) 

348 

[M ] 

SH-03 3200 (NH), 1610 

(C=N), 1250 

(C=S) 

7.2ï8.0 (Ar-

H), 10.3 (NH) 

357 

[M ] 

SH-05 3330 (OH), 1615 

(C=N), 1190 (Cï

S) 

6.9ï7.6 (Ar-

H), 4.8 (OH) 

339 

[M ] 

The spectral data confirm the assigned sulphur-

heterocyclic structures and key substituents. For SH-01, IR 

bands at 1622 cm ĭ (C=N) and 1245 cm ĭ (CïS), along with 

aromatic CïH at 3050 cm ĭ, establish the benzothiazole 

core; ĭH NMR signals at ŭ 7.1ï7.9 (Ar-H) and a singlet at 

ŭ 3.7 (ïOCH ) verify the para-methoxy substituent, while 

MS shows M  = 348, matching the calculated mass. SH-03 

exhibits IR at 1610 cm ĭ (C=N), 1250 cm ĭ (C=S) and an 

NH stretch at 3200 cm ĭ; ĭH NMR at ŭ 7.2ï8.0 (Ar-H) plus 

ŭ 10.3 (NH) supports a thiadiazole bearing an NH 

functionality, with M  = 357. SH-05 shows 3330 cm ĭ 

(OH), 1615 cm ĭ (C=N), 1190 cm ĭ (CïS); ĭH NMR ŭ 6.9ï

7.6 (Ar-H) and ŭ 4.8 (OH) indicate a hydroxy-substituted 

thiazoline, corroborated by M  = 339. 

 

 

 

 

Antimicrobial Activity : 
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Table 6. Antibacterial Activity (Zone of Inhibition mm 

± SD). 

Compound S. 

aureus 

E. 

coli 

P. 

aeruginosa 

MIC (ɛg 

mL ĭ) 

SH-01 21 ± 

0.6 

19 ± 

0.4 

18 ± 0.3 62.5 

SH-02 19 ± 

0.5 

17 ± 

0.3 

16 ± 0.4 125 

SH-03 26 ± 

0.7 

24 ± 

0.5 

22 ± 0.6 31.2 

SH-04 15 ± 

0.2 

13 ± 

0.2 

12 ± 0.3 250 

SH-05 23 ± 

0.4 

21 ± 

0.3 

20 ± 0.3 62.5 

 

 
Fig. 9. Antibacterial Activity: Zones of Inhabitation 

with MIC Overlay . 

The antibacterial screening results demonstrate that all 

synthesized sulphur-containing heterocycles exhibited 

variable inhibition against Staphylococcus aureus, 

Escherichia coli, and Pseudomonas aeruginosa. Among 

them, compound SH-03 displayed the highest activity with 

inhibition zones of 26 mm, 24 mm, and 22 mm 

respectively, and the lowest MIC value (31.2 Õg mL ĭ), 

indicating strong potency against both Gram-positive and 

Gram-negative bacteria. Compound SH-05 also showed 

moderate efficacy (23ï20 mm zones, MIC = 62.5 Õg mL ĭ). 

In contrast, SH-04 was the least active, with minimal 

inhibition and a high MIC (250 Õg mL ĭ). The results 

suggest that electron-withdrawing groups (e.g., ïNO  in 

SH-03) enhance antibacterial performance by improving 

cell membrane penetration and enzyme binding affinity. 

 

 

Antifungal Screening: 

Table 7. Antifungal Activity (Zone of Inhibition mm ± 

SD). 

Compound C. albicans A. niger MIC (ɛg mL ĭ) 

SH-01 18 ± 0.4 17 ± 0.3 125 

SH-03 25 ± 0.6 23 ± 0.5 31.2 

SH-05 21 ± 0.3 20 ± 0.4 62.5 

The antifungal screening results (Table 7) reveal that 

compound SH-03 exhibited the strongest inhibition against 

both Candida albicans (25 ± 0.6 mm) and Aspergillus niger 

(23 ± 0.5 mm) with a minimum inhibitory concentration of 

31.2 ɛg mL ĭ, signifying excellent antifungal potency. SH-

05 displayed moderate activity with inhibition zones of 21 

Ñ 0.3 mm and 20 Ñ 0.4 mm (MIC = 62.5 ɛg mL ĭ), whereas 

SH-01 showed the least activity (18 ± 0.4 mm and 17 ± 0.3 

mm; MIC = 125 ɛg mL ĭ). These findings confirm that 

electron-withdrawing substituents in SH-03 enhance its 

broad-spectrum antifungal efficacy. 

Antioxidant Evaluation (DPPH Assay): 

Table 8. Radical Scavenging Efficiency. 

Compound % Inhibition at 100 µg 

mL ĭ 

IC  (Õg 

mL ĭ) 

SH-01 72 ± 1.2 34 

SH-03 86 ± 1.0 29 

SH-05 79 ± 1.1 31 

The antioxidant evaluation revealed that all 

synthesized sulphur-containing heterocycles possess 

strong free radical scavenging potential. Compound SH-03 

showed the highest activity with 86 ± 1.0% inhibition and 

an IC  value of 29 Õg mL ĭ, indicating superior radical 

neutralization efficiency. SH-05 and SH-01 also exhibited 

significant activity, with 79 ± 1.1% and 72 ± 1.2% 

inhibition, respectively. The lower IC  values across 

compounds reflect their strong hydrogen-donating ability. 

The enhanced performance of SH-03 can be attributed to 

its thiadiazole core and electron-withdrawing substituent, 

which improve redox stability and antioxidant potency. 

Cytotoxic Evaluation (MTT Assay): 

Table 8. Cytotoxic Activity against MCF-7 Breast 

Cancer Cells. 

Compound Concentration 

(µM) 

% Cell Viability 

± SD 

IC  

(µM) 

SH-01 100 43 ± 2.1 45 

SH-03 100 32 ± 1.8 28 

SH-05 100 38 ± 1.6 33 

The MTT cytotoxicity assay results show a 

concentration-dependent decline in cell viability for all 
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compounds against MCF-7 breast cancer cells. Compound 

SH-03 exhibited the strongest cytotoxic effect with only 32 

Ñ 1.8 % viable cells at 100 ÕM and an IC  of 28 ÕM, 

indicating high potency. SH-05 demonstrated moderate 

activity (38 Ñ 1.6 % viability; IC = 33 µM), while SH-01 

was comparatively less active (43 Ñ 2.1 % viability; IC  = 

45 µM). The results confirm that structural variations, 

particularly nitro substitution in SH-03, significantly 

enhance anticancer efficacy through improved cytotoxic 

response. 

Synthesis of Sulfur-Containing Antibacterial Agents: 

 

Fig. 10. Synthesis of Sulfur-Containing 1, 4-

Naphthoquinones as Potent Antibacterial Agents 

The synthetic pathway illustrated in Fig. 10 shows the 

multi-step preparation of sulfur-containing 1,4-

naphthoquinones as antibacterial agents. Step (i) forms the 

amino-substituted intermediate (3aïe) from precursors 

(1aïd) and (2aïf), which then undergoes thio-substitution 

using arylthiols under basic conditions to give sulfur-linked 

products (4aïc, 5aïe). The compounds exhibit strong 

antibacterial potency, particularly 4a, with MIC = 6.25 

µg/mL against S. aureus and 1.56 µg/mL against K. 

pneumoniae. The fused quinoneïthioether framework 

enhances redox activity and membrane disruption, 

confirming that sulfur incorporation markedly boosts 

antibacterial performance through synergistic electronic 

and structural effects. 

Synthesis of Sulfur-Derived Antidiabetic Agents 

The schematic in Fig. 11 demonstrates the multi-step 

synthesis of novel sulfonamideïamide derivatives 

integrating sulfur functionality for enhanced antibacterial 

efficacy. The pathway involves sequential chlorination, 

sulfonation, and amide coupling reactions using 2, 4-

dichloroaniline, Na SO ĿH O, and various amines under 

reflux conditions. The resulting compounds (81aïm) 

exhibit notable inhibitory activity, with derivatives 81a, 

81b, and 81c showing MIC = 62.5 µg/mL against S. aureus 

and E. coli.  

 
Fig. 11. Synthesis of Novel Sulfonamide-Amide 

Derivatives as Potent Antibacterial Agents. 

The presence of sulfonyl and amide linkages improves 

hydrogen bonding and lipophilicity, facilitating effective 

microbial enzyme inhibition. These findings confirm that 

sulfur substitution significantly enhances biological 

activity in both Gram-positive and Gram-negative bacterial 

strains. 

Conclusion: 

The present research comprehensively established the 

design, synthesis, and biological evaluation of novel sulfur-

containing heterocyclic compounds as potential drug 

candidates. The systematic integration of computational 

modeling, synthetic chemistry, and biological assays 

provided a robust framework for identifying molecules 

with high pharmacological promise. Molecular docking 

studies revealed that thiadiazole derivative SH-03 

exhibited the strongest binding affinity (ī8.7 kcal mol ĭ) 

toward DNA gyrase, surpassing the reference drug 

ciprofloxacin, indicating its potential as a potent 

antimicrobial agent. The synthesized compounds met all 

ADMET and Lipinskiôs parameters, validating their drug-

likeness, optimal lipophilicity, and non-toxic nature. 

Spectroscopic analyses, including FT-IR, ¹H NMR, and ¹³C 

NMR, confirmed structural integrity and purity, while 

microwave-assisted synthesis demonstrated high yield and 

sustainability. Biological screening further established SH-

03 as the most active compound, showing superior 

antibacterial, antifungal, antioxidant, and cytotoxic effects, 

attributed to its thiadiazole nucleus and electron-

withdrawing nitro substituent that enhanced redox and 

membrane-binding properties. The overall findings 

confirm that sulfur incorporation within heterocyclic 
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frameworks improves pharmacokinetic and 

pharmacodynamic characteristics, offering a versatile 

platform for next-generation therapeutics. This study 

reinforces sulfurôs indispensable role in medicinal 

chemistry and provides a valuable foundation for the 

rational development of multifunctional drug candidates 

targeting antimicrobial resistance, oxidative stress, and 

cancer pathogenesis. 

Future Scope: 

1. Future studies can focus on in-vivo pharmacokinetic 

and toxicity profiling of promising sulphur-

containing heterocycles to validate their therapeutic 

safety and clinical translation potential. 

2. Computational drug repurposing and AI-guided 

molecular docking can be employed to explore 

additional biological targets and enhance structureï

activity relationship predictions for lead 

optimization. 

3. The synthesized sulphur heterocycles may be 

structurally modified with hybrid pharmacophores 

to develop multifunctional drugs addressing 

antimicrobial resistance and cancer co-morbidity. 

4. Future research could integrate green chemistry and 

Nano carrier-based formulations to improve 

bioavailability, stability, and targeted delivery of 

sulphur-containing therapeutic molecules. 

5. Advanced multi-omics and molecular dockingï

simulation integration approaches can help identify 

new mechanisms of action and optimize sulphur 

scaffolds for personalized medicine applications. 
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An effective one-step synthesis of diethyl (2-oxo-2H-chromen-7-yl) phosphate 

facilitated by benzyltriethylammoniumchloride as the catalyst. 

Rajkumar U. Pokalwar 
Department of Chemistry, Degloor College, Degloor, Nanded. 

 

Abstract:  

A novel and efficient synthetic strategy has been developed for the preparation of diethyl (2-oxo-2H-chromen-7-

yl) phosphate derivatives (2aïg) starting from the corresponding 7-hydroxycoumarin derivatives (1aïg). The reaction 

proceeds through the phosphorylation of the phenolic hydroxyl group using diethyl chlorophosphate as the phosphorylating 

agent. The transformation is carried out under basic conditions, with sodium hydroxide employed to facilitate deprotonation 

of the hydroxyl group and promote nucleophilic substitution. Benzyltriethylammonium chloride is used as a phase-transfer 

catalyst, enhancing the interaction between the organic substrate and the inorganic base, thereby improving reaction 

efficiency and yield. This methodology offers a straightforward and practical route for the synthesis of coumarin-based 

phosphate esters. 

Keywords: Diethyl (2-oxo-2H-chromen-7-yl) phosphate, 7-hydroxy coumarin derivatives, diethyl chlorophosphate, 

sodium hydroxide, triethylbenzylammoniumchloride. 

 

Introduction:  

Coumarin-containing heterocyclic compounds have 

attracted considerable attention due to their ability to 

significantly enhance the physiological and biological 

characteristics of the parent molecular framework. These 

compounds are known to exhibit a wide range of beneficial 

properties, including antibiotic activity,[1] anticoagulant 

effects,[2] pesticidal action,[3] and broad applications in 

pharmaceutical chemistry.[4] The structural versatility of 

the coumarin moiety, combined with its favorable 

pharmacological profile, has made it an important scaffold 

in medicinal and agrochemical research. Numerous 

coumarin derivatives have been extensively investigated 

and identified for their diverse biological activities. These 

include well-documented anticoagulant effects,[5] potent 

fungicidal properties,[6] bactericidal actions against 

various microbial strains,[7] anthelminthic activity,[8,9] 

and effective pesticidal capabilities,[10] among others. The 

breadth of these activities underscores the significance of 

coumarin-based compounds as multifunctional bioactive 

agents. Notably, a reported study[11] demonstrated that the 

direct linkage of a coumarin nucleus to a heterocyclic 

moiety leads to a pronounced enhancement in pesticidal 

activity. This finding highlights the importance of 

molecular hybridization strategies, wherein the 

incorporation of a coumarin framework into heterocyclic 

systems can result in compounds with improved or 

synergistic biological efficacy. However, the majority of 

pesticides currently employed in agricultural and industrial 

applications belong to the class of organophosphorous 

compounds, particularly phosphate, dithiophosphate, and 

phosphorothioate derivatives.[12ï16] These compounds 

are widely favored due to their relatively high efficacy and 

their biodegradable nature, which contributes to reduced 

environmental persistence and accumulation when 

compared with many older classes of pesticides.[17] As a 

result, organophosphorous pesticides continue to play a 

central role in modern pest management strategies In 

addition to conventional organophosphorous pesticides, 

phosphonic acids and their derivatives have attracted 

considerable attention because of their diverse and potent 

biological activities. Depending on the nature and position 

of substituents attached to the phosphonic group, these 

compounds have been reported to exhibit a broad spectrum 

of biological properties, including antibiotic, 

antileukaemic, herbicidal, plant growth regulatory, and 

insecticidal activities. [18,19] The versatility of phosphonic 

acid derivatives underscores their importance as valuable 

scaffolds in the development of novel agrochemicals and 

therapeutic agents with enhanced activity and selectivity. 

Benzyltriethylammonium chloride (TEBACl) is a 

widely used phase-transfer catalyst in organic synthesis 

and has found particular utility in heterogeneous reaction 

systems, including the generation of carbenes.[20] More 

recently, TEBACl has also been reported to act as an 

activator for fluorapatite, enabling its use as a 

heterogeneous catalyst in solvent-free Knoevenagel 

condensation reactions. 

In the present study, we report the application of 

benzyltriethylammonium chloride (TEBACl)[21] as an 

efficient catalytic agent for the described transformation. 

The reaction proceeds smoothly under the optimized 

conditions, affording the desired products in high yields 

and with good purity. 

Materials and methods: 

Diethyl chlorophosphate was procured from 

Lancaster, while sodium hydroxide and 

benzyltriethylammonium chloride were obtained from S.D. 

Fine-Chem. Melting points were determined in open 

capillaries using Kumarôs melting point apparatus, and 

boiling points were measured in open capillaries under 

atmospheric pressure. 1H NMR spectra were recorded on a 

Varian Mercury Plus spectrometer operating at 400 MHz 
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in CDCl3, using tetramethylsilane (TMS) as the internal 

standard. Infrared spectra were obtained on a PerkinïElmer 

FTIR spectrophotometer employing KBr pellet techniques. 

Mass spectra were recorded on a Micromass Quattro II 

instrument using electrospray ionization (ESI), with the 

(M+1) peak corresponding to the molecular ion. Reaction 

progress and product purity were monitored by thin-layer 

chromatography (TLC) using Merck silica gel plates. 

General procedure:   

diethyl (2-oxo-2H-chromen-7-yl) phosphate (2a). 

The procedure involved mixing 7-hydroxy-2H-

chromen-2-one (1.0 gm, 5.0 mmol) and sodium hydroxide 

(0.256 gm, 6.2 mmol), followed by the addition of diethyl 

chlorophosphate (1.85 gm, 10.0 mmol) with stirring. 

Benzyltriethylammoniumchloride (0.2 gm) was introduced 

into the reaction mixture. The reaction progress was 

monitored using TLC with Hexane: Ethyl acetate (8:2) as 

the solvent system. Upon completion, water was added to 

the mixture. The solid obtained was filtered off and washed 

with water to get product. (1.35 gm)  

Results and Discussion: 

In earlier laboratory studies, diethyl (2-oxo-2H-

chromen-7-yl) phosphate derivatives were synthesized via 

a two-step procedure. Initially, the sodium salt of 

hydroxycoumarin was prepared by condensing the parent 

compound with powdered sodium hydroxide in dry 

acetone. This intermediate was then treated with diethyl 

chlorophosphate in dry dimethylformamide to afford the 

desired phosphate ester. 

In the present work, our objective was to develop a 

simpler, more efficient, and environmentally benign one-

step protocol for the synthesis of diethyl (2-oxo-2H-

chromen-7-yl) phosphate under ambient conditions, 

employing benzyltriethylammonium chloride (TEBACl) 

as a catalyst. Accordingly, compounds 2aïg (Scheme 1) 

were successfully synthesized by the direct reaction of 

hydroxycoumarin derivatives (1aïg) with diethyl 

chlorophosphate in the presence of sodium hydroxide 

under solvent-free conditions. TEBACl functioned as a 

phase-transfer catalyst, and the reaction proceeded 

smoothly at room temperature, affording the target 

products in excellent yields. 

Upon completion of the reaction, water was added to 

the reaction mixture, resulting in the precipitation of the 

product. The solid was filtered and washed thoroughly with 

water. The crude product (1.35 g) was further purified by 

column chromatography. All synthesized compounds were 

fully characterized using appropriate analytical and 

spectroscopic techniques. This streamlined methodology 

provides a convenient, efficient, and practical alternative 

for the synthesis of diethyl (2-oxo-2H-chromen-7-yl) 

phosphate derivatives. 

 
Scheme 1: Synthesis of diethyl (2-oxo-2H-chromen-7-

yl) phosphate. 

Table 1: Data of diethyl (2-oxo-2H-chromen-7-yl) 

phosphate 

Entr

y 

R

1 
R2 R3 R4 R5 

Reactio

n Time 

(min) 

Yiel

d 

(%) 

2a H H H H H 30 89 

2b H CH3 H H H 30 90 

2c Cl CH3 H H H 30 88 

2d H CH3 H H 
CH

3 
30 87 

2e H CH3 H 
C2H

5 
H 30 90 

2f H H 
CH

3 
H H 30 88 

2g H 
CO2M

e 
H H H 30 86 

Conclusion: 

In summary, an efficient and novel synthetic 

methodology has been developed for the preparation of 

diethyl (2-oxo-2H-chromen-7-yl) phosphate derivatives 

(2aïg) starting from the corresponding 7-hydroxycoumarin 

derivatives (1aïg). The strategy employs diethyl 

chlorophosphate as the phosphorylating agent, with sodium 

hydroxide in combination with benzyltriethylammonium 

chloride (TEBACl) functioning as an effective phase-

transfer catalytic system. The reactions were conducted 

under mild, ambient, and solvent-free conditions, which 

not only simplified the experimental procedure but also led 

to a significant reduction in reaction times. Importantly, the 

protocol consistently afforded the desired products in 

excellent yields, as summarized in Table I, while 

maintaining high levels of purity. 

Owing to its operational simplicity, efficiency, and 

broad substrate applicability, the developed methodology 

represents a valuable contribution to synthetic organic 

chemistry. Furthermore, the ease with which structurally 

diverse coumarin phosphate derivatives can be generated 

highlights the potential utility of this approach in 

combinatorial chemistry and in the rapid synthesis of 

libraries of biologically relevant compounds. 
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Abstract:   

Xanthenedione and bis(indolyl)methane derivatives are two major groups of heterocyclic chemicals. 

Xanthenediones are known for their medicinal chemistry roles, as well as uses in dyes, laser technology, and fluorescent 

probes. Similarly, bis(indolyl)methanes, naturally occurring indole-based chemicals, have anticancer, antibacterial, 

genotoxic, and hormone-modulating activities and are found in both terrestrial and marine environments attention. This 

review summarizes recent advances in green synthesis approaches for xanthenedione and bis(indolyl)methane derivatives 

ando overall, green synthetic methodologies provide intriguing alternatives to traditional methods, paving the door for 

long-term manufacture of biologically active heterocyclic molecules for future medical and industrial uses. 

Keywords: Xanthenedione, Bis(indolyl)methane, Green synthesis, Biological activity, Sustainable chemistry. 

 

Introduction:  

Among the significant oxygen-containing 

heterocycles are xanthenes and their derivatives. Many 

naturally occurring substances include xanthenediones, 

which are crucial to chemical and medical chemistry. They 

have been employed as antagonists for drug-resistant 

leukemia lines and are well-represented in biological 

activities including antiplasmodial1-2. Additionally, these 

heterocyclic compounds are employed in leuco-dyes, laser 

technologies, and pH-sensitive fluorescent materials for 

biomolecule tracking3-5. Numerous xanthene molecules 

have been found to be novel antagonists of chemokine 

receptor 1.6 An essential structural component of 

xanthenones, the chromene nucleus has numerous 

pharmacological characteristics, such as antiviral, diuretic, 

anticancer, antioxidant, anti-coagulant, and anti-

anaphylactic effects. Additionally, it has been utilized to 

treat neurodegenerative conditions like AIDS-assisted 

dementia, Parkinson's disease, Down syndrome, and 

schizophrenia.7ï8  

An aromatic heterocyclic molecule called indole forms 

when a pyrrole and benzene ring fuse. Indole and its 

derivatives exhibit a wide range of biological activity and 

are found throughout nature9. Among the several indole 

derivatives, bioactive substances include 

bis(indolyl)methane, vibrindole A, and streptindole. 

Bis(indolyl)methanes are anticancer agents because they 

increase the metabolism of estrogen10-11. 

Bis(indolyl)methane has a variety of properties, including 

genotoxic, antibacterial, and anticarcinogenic12. The body 

produces it from cruciferous foods like cauliflower and 

cabbage. Because bis(indolyl) methane and similar 

chemicals have anticancer properties, it is believed 

consuming these veggies may protect the body from 

cancer. Additionally, bis(indolyl)methane may function in 

the body similarly to estrogen. Streptindole has DNA-

damaging and genotoxic properties13. One of the 

metabolites of marine bacteria is vibrindole A14. It has been 

extensively isolated from tunicates, sponges, and parasitic 

microorganisms, among other terrestrial and marine natural 

sources. 

Given the wide range of biological activities 

associated with this family of molecules, medicinal and 

synthetic organic chemists' interest in indole and 

xanthenedione derivatives has grown considerably. 

Therefore, it becomes crucial to find new synthetic 

techniques for the synthesis of these compounds. Below is 

a brief summary of some recent advancements in the 

synthesis of these compounds: 

N. Mulakayala approach (2012).15  

The paper describes the rapid synthesis of biologically 

essential heterocyclic molecules utilizing an 

environmentally benign process. The emphasis is on green 

techniques that minimize the use of hazardous solvents and 

harsh catalysts while retaining good yields.  

F. Shirini approach (2013).16   

The procedure offers a green and effective synthetic 

pathway, utilizing mild reaction conditions and 

environmentally friendly solvents.Simple work-up 

processes ensure that the reactions run smoothly while 

minimizing waste formation and energy usage. 

N. Hazeri approach (2014).17 
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The research describes an efficient synthesis of 

heterocyclic derivatives that use an improved and practical 

reaction approach. The work demonstrates the value of 

sustainable synthetic techniques in intermediate and 

application organic chemistry. 

 

M. Zolfigol approach (2016).18  

The research describes the utilization of a reusable 

nano-magnetic heterogeneous catalyst with aqueous or 

minimal/green solvent conditions to efficiently produce 

heterocyclic compounds. 

 

M. Patil approach (2017).19  

M. Patil reported a solvent-free methodology for the 

synthesis of symmetrical and unsymmetrical xanthenes 

derivatives using sulfated polyborate as effective catalyst 

at 100 0C in good to excellent yield. 

 

S. Banakar approach (2018).20  

S. Banakar studied the synthesis of xanthenediones 

derivatives using a catalytic amount of ZnO nanorods 

decorated graphene oxide (GO/ZnO) nanocomposite under 

solvent free condition with excellent yield and short 

reaction time. 

F. Rajabi approach (2019).21  

An iron oxide nanocatalyst was used as an effective 

reusable heterogeneous catalyst under solvent-free 

conditions at 80 oC for the one-pot synthesis of 1, 8-dioxo-

octahydroxanthenes derivatives. The catalyst could be 

recycled up to twelve cycles and worked well without 

noticeable decrease in catalytic activity. 

S. Hojati approach (2020).22  

Hotaji et al. described the production of catalytic Fe 

nanoparticle-loaded zeolite X. This reusable, non-toxic 

nanostructure Fe-X zeolite was utilized to synthesize a 

series of 1, 8-dioxooctahydroxanthenes in good to 

outstanding yield using one-pot three-component 

condensation of aromatic aldehydes and dimedone.  

S. Mendes approach (2012).23   

The work used silica gel as an effective and recyclable 

catalytic surface for the synthesis of bis(indolyl)methane 

derivatives. Solvent-free reactions correspond with green 

chemistry principles, simplifying work-up and purification. 

K. Ghodrati approach (2013).24   

This work describes a nanocomposite synthesis where 

ammonium peroxydisulfate initiates oxidative 

polymerization and p-toluenesulfonic acid acts as a 

dopant/catalytic promoter. The reaction is performed in a 

liquid-phase system rather than under strictly solvent-free 

conditions. 
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Z. Xie approach (2014).25  

This work presents a biocatalytic technique for 

producing bis(indolyl)methanes by employing Ŭ-

chymotrypsin, a protease enzyme, as a catalyst to 

accelerate the condensation of indole and aromatic 

aldehydes. 

 

D. Zhang approach (2015).26  

This paper offers an effective solvent-free synthesis 

of bis(indolyl)methanes employing silica (SiO) as the 

catalyst/support under microwave irradiation. The solid 

surface of SiO  facilitates electrophilic alkylation of 

indoles with aldehydes, giving the desired products. 

 

M. Zolfigol approach (2016).27  

The work focuses on using urea-based ionic liquid-

stabilized magnetic nanoparticles as a catalyst. These Fe O  

(magnetite) nanoparticles coated with silica and 

functionalized with a urea-derived ionic liquid (-

SO H/HCl) create a solid, reusable, and easily recoverable 

heterogeneous acid catalyst for organic condensations. 

L. Ye approach (2017).28  

This study describes a Lewis acid-catalyzed addition 

reaction in which tris(pentafluorophenyl)borane, B(C F ) , 

acts as a metal-free catalyst to activate substrates (indoles 

and aryl alkynes) for Markovnikov addition, resulting in 

bis(indolyl)alkane derivatives. 

 

S. Kaser approach (2018).29  

The paper describes a green and reusable catalytic 

system that uses naturally available itaconic acid to 

efficiently synthesize bis(indolyl)methane derivatives. The 

reaction is often performed in a green solvent system such 

as water or under solvent-free conditions, which improves 

environmental friendliness and matches with sustainable 

synthesis objectives. 

 

K. Boroujeni approach (2019).30  

Boroujeni et al described  carbon nanotubes grafted on 

poly (AMPSïcoïAM) catalyst  for reaction of  indole and 

various aldehydes at reflux  condition in acetonitrile to 

afford the corresponding bis(indolyl) methanes . 

Y. Liang approach (2020).31  

The paper describes the use of polyaluminum chloride 

(an inorganic polymer flocculation catalyst) as an effective 

and environmentally friendly catalyst for the production of 

bis(indolyl)methane derivatives by electrophilic alkylation 

of indoles. 

 

Conclusion:  

The increasing biological significance of 

xanthenedione and bis(indolyl)methane derivatives led to 
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substantial study into efficient and ecologically friendly 

synthesis techniques. As discussed in this review, 

numerous green synthesis approaches have been 

successfully used, including solvent-free reactions, 

reusable heterogeneous nanocatalysts, bio-based catalysts, 

and energy-efficient techniques like microwave irradiation, 

ultrasonic irradiation, and visible-light activation. Overall, 

green synthetic methodologies provide a sustainable 

alternative to traditional methods and show tremendous 

promise for future applications in medicinal and industrial 

chemistry. Continued study in this field is expected to 

improve the creation of eco-friendly techniques for 

synthesizing biologically active heterocyclic molecules 

with little environmental effect. 
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Abstract:  

Synthetic and Heterocyclic Chemistry comprises development of new heterocycles or new synthetic methods of 

synthesizing pre-existing heterocycles which have wide applications in pharmaceuticals, agrochemicals, material science, 

photochemistry etc. This paper discusses about classical to recent developing innovative methods to build complex 

heterocycles having wide range of applications in allied sciences. Here we discussed the historical context and modern 

advancements in the synthesis of heterocycles within organic chemistry. 

Keywords: heterocycles, synthetic chemistry, recent developments, sustainable techniques. 

 

Introduction:  

Heterocyclic chemistry is the study of cyclic 

compounds with at least one ring atom that isn't carbon, 

such as nitrogen (N), oxygen (O), or sulfur (S). Examples: 

Pyridine, Furan, Thiophene, Pyrrole, Quinoline. Synthetic 

Chemistry is the art and science of constructing complex 

molecules, developing new pathways and improving 

existing ones1. Synthetic and Heterocyclic chemistry is a 

vital branch of organic chemistry which deals with 

Developing efficient, sustainable ways to synthesize these 

vital heterocyclic building blocks for drugs (e.g., 

anticancer, antiviral etc.) dyes and materials. It is a bridge 

between chemistry and biology, exploring how these 

heterocycles like Pyridine, pyrazole, indole, quinolines, 

benzothiazines, pyrroles, thiophenes function in living 

systems and discussing new synthetic route for 

pharmaceuticals, pigments and advanced materials2. 

In essence, synthetic heterocyclic chemistry is a 

dynamic field that designs and builds the complex ring 

structures essential for life-saving medicines and modern 

technologies, leveraging cutting-edge synthetic tools for 

efficiency and sustainability with the help of modern 

approaches like Catalysis which involves Transition metal 

catalysis, organocatalysis, and enzyme catalysis are vital 

for creating complex heterocycles efficiently and Green 

Chemistry which Focus on sustainability, reducing waste, 

and milder conditions, often using microwave-assisted 

synthesis. 

Synthetic Methodologies: 

The synthesis of these compounds has evolved from 

classical condensation reactions to high-efficiency modern 

techniques:  

1. Classical Methods: Still widely used today, these 

include the Fischer Indole Synthesis3, Hantzsch 

Pyridine Synthesis4, and PaalïKnorr Synthesis5 

for pyrroles and thiophenes, furans, pyridines 6 etc.  

2. Modern Catalytic Techniques: Metal-catalyzed 

cross-coupling reactions are indispensable in recent 

era for the construction of carbon-carbon (CïC) and 

carbon-heteroatom (CïX) bonds, driving efficiency 

in the synthesis of active pharmaceutical ingredients 

(APIs)7. Transition metal catalysis (using palladium, 

copper, nickel or rhodium) enables precise bond 

formation, such as CïH activation and cross-

coupling reactions8, (e.g., Suzuki-Miyaura) M. 

Kazemi and his research group studied about The 

palladium-catalyzed denitrative coupling of 

nitroarenes has emerged as a transformative strategy 

in synthetic organic chemistry, offering an efficient 

and sustainable alternative to traditional cross-

coupling methods that rely on aryl halides or 

pseudohalides9. 

3. CïH Activation & Functionalization:  C-H 

activation plays a pivotal role in modern organic 

chemistry by offering efficient, versatile, and 

sustainable methods10 for the synthesis of complex 

molecules, thereby driving innovation and discovery 

in science and technology. It allows for direct 

modification of inert CïH bonds 11without pre-

functionalization, enabling late-stage modification 

of drug-like scaffolds. Recent reports highlight its 

use in synthesizing spirocyclic and fused indazole 

derivatives. 

4. Photo redox Chemistry: photoredox chemistry has 

become an essential technology for medicinal 

chemists, particularly for the late-stage 

diversification of complex drug leads12.  Utilizes 

visible light to generate reactive radical species 

under mild conditions13. It is particularly effective 

for late-stage amination and alkylation of 

heterocycles like pyridines and isoquinolines. 

Photoredox chemistry aligns with "Green 

Chemistry" mandates by replacing harsh oxidants or 

reductants with light, using non-toxic reagents, and 

achieving high atom economy14. 

5. Multicomponent Reactions (MCRs): MCR 

Comprises combining three or more reactants in one 

pot to reduce waste. It facilitates the rapid assembly 

of complex heterocyclic frameworks (e.g., indazole-

fused triazoles) from three or more starting materials 

in one step, significantly reducing waste and time15. 

Multicomponent Reactions (MCRs) 16 are a 
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dominant force in medicinal chemistry, enabling the 

assembly of three or more starting materials into a 

single, complex heterocyclic product in a one-pot 

operation. This strategy is critical for expanding 

"drug-like" chemical space and streamlining drug 

discovery.  They offer high atom economy where 

nearly all atoms of the reactants are incorporated 

into the final product and minimize hazardous waste 

generation17. 

6. Green Chemistry Approaches: To improve 

sustainability, recent synthetic and heterocyclic 

research emphasizes use of Alternative Energy 

Sources which includes Microwave-assisted 

synthesis18 and ultra sonication19 significantly 

reduce reaction times and energy consumption. 

Ultrasound allows chemists to use high energy at a 

microscopic level to drive reactions that would 

otherwise take much longer or require harsher 

chemicals. Increasing ultrasound power provides 

more energy to the mixture, improving "mass 

transfer" (the mixing of molecules) and boosting the 

overall reaction. Sonochemical methods 

prioritize solvent-free or aqueous media, drastically 

reducing toxic residues and organic waste20. It 

enables the synthesis of highly sensitive or unstable 

bioactive molecules that would decompose under 

traditional high-temperature thermal conditions. it 

also involves Mechanochemistry21 which 

is Solvent-free synthesis using mechanical forces 

like ball milling to drive reactions. Such Green & 

Non-Conventional Synthesis provide faster, more 

sustainable alternatives to traditional heating 

Key Applications of synthetic and Heterocyclic 

Chemistry. 

¶ Pharmaceuticals: Heterocycles form the backbone 

of life-saving drugs like penicillin  (ɓ-lactam 

ring), atorvastatin (Lipitor), and various anticancer 

and antiviral agents. Over 90% of new drugs contain 

heterocycles; they're crucial for vitamins, hormones, 

antibiotics, and anticancer agents (e.g., diazepam, 

isoniazid). 

       
 

 

  

Agrochemicals& Materials:  

Many fungicides, herbicides (e.g., triazines), 

pesticides and insecticides rely on heterocyclic scaffolds 

for stability and bioactivity. pigments, and dyes. The 

incorporation of heterocyclic rings (rings containing atoms 

like nitrogen, oxygen, or sulfur in addition to carbon) 

provides specific chemical and physical properties 

essential for effective agrochemicals23. These rings 

contribute to the chemical and metabolic stability of the 

compound, ensuring a sufficient persistence in the 

environment (e.g., in soil or on the plant surface) to be 

effective, while eventually breaking down into non-toxic 

metabolites. 

 
 

 

 

¶  

¶ Materials Science:  

Conducting polymers like polythiophene (PT) are 

essential for organic electronics and solar cells due to 

their high whole mobility, ease of synthesis, and 

environmental stability. CPs are increasingly integrated 

into 3D printing (inkjet, FDM) to fabricate complex, 

flexible electronic components directly into structures. 

Modern PT derivatives incorporate cyano-group 

substitutions and backbone fluorination to achieve deep-

lying energy levels, enhancing both performance and long-

term environmental stability22. 

Structural Significance:  

Heteroatoms impart specific electronic properties, 

enabling precise biological targeting and modulation of 

drug action. The structural significance of heteroatoms 

(nitrogen, oxygen, sulfur) is a primary focus in medicinal 

chemistry, as over 85% of bioactive compounds currently 

contains at least one heteroatom. These atoms allow for the 

precise engineering of drugs by shifting electron density to 

modulate how a molecule interacts with its biological 

target. Saturated heterocycles like piperidine introduce 

structural flexibility, while aromatic ones like pyridine 

provide planar motifs that favor. Modern drug design uses 

heteroatoms to create bioisosteresðstructural 

replacements that mimic the shape of a functional group 

(like a carboxylic acid) but improve the drug's ability to 

cross cell membranes or resist degradation24. 

Fig.1: Pharmaceuticals: penicillin  (ɓ-lactam 

ring), atorvastatin 

 

Fig.2: heterocycles in fungicides, herbicides (e.g., 

triazines), pesticides and insecticides 
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Future Directions: 

Future trends in heterocyclic chemistry involve 

addressing challenges such as achieving perfect stereo- and 

regioselectivity in complex systems and developing cost-

effective, scalable methods. Integration of artificial 

intelligence (AI) and machine learning is expected to 

further accelerate discovery and optimize synthetic 

pathways, leading to the development of highly specific 

and effective targeted therapies26. 

Conclusion: 

Heterocyclic synthesis is an old discipline, with 

foundational condensation reactions recognized in the 19th 

century still used today. The 21st century has seen an 

overwhelming wealth of new synthetic methodology. 

Recent advances in the construction of heterocycles using 

catalytic methods25 using nanoparticles, transition metals, 

ultra-sonication and microwave assistance in reaction, 

green methodologies to achieve sustainabililty.Recent 

advances in synthetic methodologies for functionalized 

heterocyclic compounds are revolutionizing medicinal 

chemistry by expanding accessible chemical space and 

accelerating drug discovery programs. The pharmaceutical 

industry is increasingly adopting innovative strategies to 

streamline the delivery of complex drug-like molecules. 
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Abstract: 

1H-Pyrazolo[1,2-b]phthalazine-5,10-dione derivatives represent an important class of fused heterocyclic 

compounds that have attracted significant attention due to their diverse biological and pharmacological activities. Recent 

advances in the synthesis, structural modifications, reaction mechanisms, and uses of these compounds are outlined in this 

study. Efficiency, selectivity, and sustainability are highlighted in the review of various synthetic methodologies, such as 

catalyst-assisted methods, green chemistry approaches, and multicomponent processes. These compounds' biological 

potential, including their anticancer, antibacterial, anti-inflammatory, and antioxidant properties, is rigorously examined, 

emphasizing the structure-activity connections documented in recent literature. Furthermore, their significance in material 

science and pharmaceutical chemistry is discussed. In order to direct future research in this interesting heterocyclic 

framework, current challenges, limitations, and opportunities for the synthesis of novel 1H-pyrazolo[1,2-b]phthalazine-

5,10-dione derivatives are also described. 

Keywords: Phthalazine, Anticancer, Antimicrobial, Anti-inflammatory, and antioxidant. 

 
Introduction : 

Heterocyclic compounds are found in many natural 

products, medicines, agrochemicals, and functional 

materials, they are vital to organic and medicinal 

chemistry. Heterocyclic moieties have been estimated to be 

present in over half of all small-molecule medications, 

highlighting their significance in therapeutic development 

and discovery.[1]. Among heterocyclic compounds, 

nitrogen-containing systems are particularly important 

because nitrogen atoms can participate in hydrogen 

bonding, coordination interactions, and electronic 

modulation, which are essential for biological activity [2]. 

Fused heterocyclic systems, formed by the 

combination of two or more rings sharing common atoms, 

have attracted increasing attention because of their 

enhanced molecular rigidity, planarity, and structural 

diversity. These characteristics often result in improved 

receptor binding, metabolic stability, and pharmacokinetic 

profiles compared to non-fused analogues [3]. Phthalazine 

and its derivatives represent a prominent class of nitrogen-

containing heterocycles with well-documented biological 

and pharmaceutical relevance. Structurally, phthalazine 

consists of a bicyclic system containing two adjacent 

nitrogen atoms, which contributes to its unique chemical 

reactivity and biological properties. Phthalazine 

derivatives have been reported a wide range of biological 

activities, including antihypertensive, anticancer, 

antimicrobial, anti-inflammatory, and enzyme inhibitory 

effects [4-8].  

One of the most promising methods for increasing the 

biological and chemical diversity of phthalazine 

derivatives is ring fusion with other heterocyclic systems. 

Pyrazole-fused phthalazine derivatives have received a lot 

of attention in this area, especially 1H-pyrazolo[1,2-b] 

phthalazine-5, 10-dione derivatives. A stiff and highly 

functionalized heterocyclic scaffold is created when a 

pyrazole ring and a phthalazine-dione moiety fuse to form 

the tricyclic framework of these molecules [9].  

The biological significance of 1H-pyrazolo[1,2-

b]phthalazine-5, 10-dione derivatives has been 

demonstrated in numerous studies. Various derivatives 

have demonstrated strong anticancer activity against a 

variety of human cancer cell lines, frequently by 

mechanisms including the induction of apoptosis, the 

reduction of cell growth, or the inhibition of enzymes [10]. 

Their potential as lead compounds for the creation of novel 

anti-infective medicines has also been highlighted by 

reports of their antimicrobial and antifungal properties 

[11]. The pharmacological adaptability of this heterocyclic 

framework is further highlighted by further documented 

biological characteristics, such as anti-inflammatory, 

antioxidant, analgesic, and antidiabetic effects[12, 13]. 

The development of effective synthetic methods to 

synthesize these substances has been the focus of 

significant research because to their potential biological 

characteristics. 1H-pyrazolo[1,2-b]phthalazine-5,10-dione 

derivatives were frequently synthesized using multi-step 

processes, severe conditions, extended reaction periods, 

and modest yields [14]. These constraints have spurred 

efforts to find more cost-effective, ecologically friendly, 

and efficient synthetic approaches. 

Multicomponent reactions (MCRs) have been an 

effective method in recent years for the synthesis of 

complicated heterocyclic systems, such as derivatives of 

pyrazolo-fused phthalazine. MCRs enable the combination 

of three or more reactants in a single reaction vessel to 

produce a product that includes significant amounts of each 

of the initial elements [15]. These reactions provide a 

number of benefits, including quick access to structurally 

varied compounds, low waste production, excellent atom 
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economy, and ease of operation. One-pot reactions of 

phthalic anhydride or phthalhydrazide, hydrazine 

derivatives, aldehydes, and active methylene compounds 

are used in many documented syntheses of 1H-

pyrazolo[1,2-b]phthalazine-5,10-dione derivatives [16]. 

Additionally, catalyst-assisted synthetic techniques 

have greatly increased these reactions' efficiency. 

Pyrazolo[1,2-b]phthalazine-5,10-dione frameworks have 

been formed using a variety of catalysts, such as metal 

salts, acidic and basic catalysts, ionic liquids, 

organocatalysts, and nanomaterials [17]. These catalysts 

are frequently used to produce softer reaction conditions, 

shorter reaction times, and higher yields. Furthermore, by 

decreasing catalyst waste and promoting reuse, 

heterogeneous and recyclable catalysts support sustainable 

synthesis [18]. 

Review Of Literature: 

The aim of this review is to comprehensively 

summarize the reported synthetic methodologies for 1H-

pyrazolo[1,2-b]phthalazine-5,10-dione derivatives. 

Emphasis is placed on reaction strategies, catalytic 

systems, multicomponent reactions, and green chemistry 

approaches. By critically analysing recent advances and 

existing challenges, this review seeks to provide valuable 

insights and guidance for researchers engaged in 

heterocyclic synthesis, medicinal chemistry, and related 

areas. A brief summary of various methods is summarized 

below. 

Reza Tayebee et. al. reported as PbO nanoparticles 

were explored as a highly efficient, simple, cheap, and 

recyclable catalyst for the fast synthesis of 1H-

pyrazolo[1,2-b] phthalazine-5,10-di one derivative by 

means of a one-pot three-component reaction of 

phthalhydrazide, aromatic aldehyde, and malononitrile 

under solvent-free conditions at 80 °C. Furthermore, 

nanosized PbO was prepared by the two conventional 

methods of planetary ball milling and dispersion of 

commercial PbO in n-octane, and their catalytic 

performances were compared with the commercial 

Graphical Abstract bulk PbO. (Scheme-1)[19]. 
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Scheme-1 

Dipanwita Banerjee and co-workers reported the 

synthesis of 1H pyrazolo[1,2-b]phthalazine-5,10-dione 

derivatives from the reaction between Phthalimide, 

hydrazine hydrate, aldehyde and malononitrile in the 

presence of proline has been utilized organo-catalyst in a 

mixed solvent of ethanol and water in the ratio of 2:1 at 

800C. (Scheme-2)[20]. 
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Vijay Dabholkar et.al. reported a simple, efficient and 

One-pot four component synthesis of 1H pyrazolo[1,2-b] 

phthalazine-5,10-dione derivatives using novel 

heterogeneous calcined  

Mg Fe-CO3 hydrotalcite at room temperature is 

described. The calcined hydrotalcite with a that gives best 

catalytic activity for this reaction. Phthalimide, hydrazine 

hydrate, malononitrile, benzaldehyde and C-Mg-Fe-

hydrotalcite in ethanol stirred at room temperature. 

(Scheme-3) [21] 
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Yogesh A. Tayade et.al. developed an efficient and 

green method for the synthesis of 1H-pyrazolo[1,2-

b]phthalazine-5,10-diones derivatives by employing 

20 mol% ɓ-cyclodextrin via a one-pot multicomponent 

reaction of aldehydes, malononitrile and phthalhydrazide 

in H2O EtOH (4:1) at 100°C for first time under neutral 

condition. (Scheme-4)[22] 
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Hamid Reza Saadati-Moshtaghin and co-workers 

reported a novel, efficient and magnetically recoverable 

nanomaterial consisting of heteropoly acid supported on 

ionic liquid-modified copper ferrite nanoparticle was 

prepared and performed as a heterogeneous catalyst in the 

fast and convenient synthesis of 1H-pyrazolo[1,2-

b]phthalazine-5,10-dione derivatives under mild and 

solvent-free conditions. (Scheme-5)[23] 
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Scheme-5 

Farzaneh Mohamadpour reported who used 1,8-

Diazabicyclo[5.4.0]undec-7-ene (DBU) as a highly 

efficient bicyclic amidine catalyst promoted one-pot multi-

component synthesis of biologically active 1H-pyrazolo [1, 

2-b] phthalazine-5, 10-dione derivatives via one-pot four-

component condensation reaction of phthalimide, 

hydrazine monohydrate, aryl aldehydes and malononitrile 

under solvent-free conditions through simple filter with no 

necessity of chromatographic purification steps. (Scheme-

6)[24] 
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Kiran N. Patil et.al. demonstrated that the use of 5% 

CTAB capped ZnO nanoparticle for a highly efficient 

synthesis of 1H-Pyrazolo [1, 2-b] Phthalazine-5, 10-Dione 

by the four-component condensation reaction of phthalic 

anhydride, hydrazine monohydrate, aromatic aldehydes 

and ethyl cyanoacetate under microwave irradiation. 

(Scheme-7)[25] 
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Mohammad piltan reported the use of zirconium oxide 

nanoparticles are an efficient catalyst for the preparation of 

1H-pyrazolo[1,2-b]phthalazine-5,10-diones via a three-

component reaction of phthalhydrazide, aromatic 

aldehydes and malononitrile under solvent-free 

onditions.(Scheme-8)[26]
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Scheme-8 

Prashant B. Hiremath et.al. were developed a 

microwave-accelerated facile synthesis of 1H-pyrazolo[1, 

2-b]phthalazine-5, 10-dione derivatives catalyzed by water 

extract of mango peel ash (WEMPA). (Scheme-9) [27] 
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Farzaneh Mohamadpour have reported the synthesis 

of 1H-pyrazolo [1, 2-b] phthalazine-5, 10-dione 

derivatives via three-component coupling of aldehydes, 

malononitrile or ethyl cyanoacetate and phthalhydrazide 

under solvent-free conditions by using caffeine: A green, 

natural and biodegradable catalyst for the convenient. 

(Scheme-10) [28] 
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Samaneh B. Chalaki et.al. have reported Cu (II) 

anchored onto the magnetic talc is used as a new magnetic 

nanostructured catalyst for the one-pot gram-scale 

synthesis of 1H-pyrazolo [1, 2-b] phthalazine-5, 10-dione 

derivatives. (Scheme-11) [29] 
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G. M. Ziarani et. al. were investigated A green 

protocol has been developed for the synthesis of 1H-
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pyrazolo[1,2-b]phthalazine-5,10-diones by one-pot 

cyclocondensation reaction of phthalhydrazide, aromatic 

aldehydes, and malononitrile or ethyl cyanoacetate using 

sulfonic acid functionalized SBA-15 (SBA-Pr-SO3H) as a 

heterogeneous solid acid catalyst under solvent-free 

conditions. (Scheme-12) [30] 
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Scheme-12 

R. G. Vaghei has reported the one-pot synthesis of 1H-

pyrazolo [1, 2-b]phthalazine-5, 10-dione derivatives under 

solvent-free conditions. (Scheme-13) [31] 
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Wang wang et.al. have reported the three-component 

synthesis of 1H-pyrazolo [1, 2-b]phthalazine-5, 10-dione 

derivatives using basic ionic liquid was studied. (Scheme-

14) [32] 

O

O

O

+ NH2NH2H2O + O
CN

O

+

CHO

R

Ionic liquid

N

N

NH2

O

O

O

O

R  

Scheme-14 

Y. Dathu Reddy et.al. have reported the one-pot syntheses 

of 1H-pyrazolo[1, 2-b]phthalazine-5, 10-diones and 2-H-

indazolo[2, 1-b]phthalazine-1, 6, 11(13-H)-triones in 

water by autocatalysis was investigated. (Scheme-15) [33] 
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Scheme-15 

Javad Safaei-Ghomi et.al. have reported a highly 

flexible green synthesis of 1H-pyrazolo[1, 2-

b]phthalazine-5, 10-dione derivatives with CuI 

nanoparticles as catalyst under solvent-free conditions. 

(Scheme-16) [34] 
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Vijay V Dabholkar et.al. have reported the synthesis 

of 1H-pyrazolo [1, 2-b] phthalazine-5, 10-dione 

derivatives using NiFe2O4 nanoparticle as a heterogeneous 

catalyst was developed. (Scheme-17) [35] 
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But current methodologies are suffered from 

numerous disadvantages such as longer reaction time, high 

temperature, harsh reaction conditions, use of toxic and 

expensive catalysts, lack of recyclability of catalyst and so 

forth. Accordingly, there is a scope to develop another 

method for the synthesis of 1H-pyrazolo [1, 2-b] 

phthalazine-5, 10-diones under environmentally caring 

conditions. Heterogeneous catalyst has received 

remarkable interest, both from a scientific and an industrial 

viewpoint. Heterogeneous catalysis is leading to a deeper 

understanding of how the chemical reaction takes place on 

the surface [36-38].  
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Conclusion: 

In the present review article, we have summarized 

various synthetic methods for the preparation of 1H-

pyrazolo[1,2-b]phthalazine-5,10-dione derivatives. From 

this study, we have found that there is need for synthetic 

methods including multicomponent reactions, microwave-

assisted protocols, solvent-free conditions which are 

ecofriendly, such as very good yield, low catalyst amount, 

less reaction time, green catalytic systems and enhanced 

environmental compatibility. Also, this study has focused 

on the wide range of biological activities viz. anticancer, 

antitubercular, antifungal, analgesic, etc. Thus, this article 

reveals that phthalazine derivative is an important motif in 

the heterocyclic chemistry which needs much modification 

or derivatization to develop and design highly effective 

biological compounds. 
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Abstract:  

As significant class of heterocyclic compounds, quinolines have been the subject of research due to their significance in 

both natural and pharmaceutical goods. Researchers and scientists have been closely monitoring the development of 

quinoline synthetic methods in recent years in order to efficiently synthesize quinoline and its derivatives. The review 

focuses on the synthesis of quinoline derivatives by numerous methods. 

Keywords: Pharmaceutical goods, quinoline derivatives etc. 

 

Introduction:  

Quinoline was first time isolated by Runge in 1834 

from coal tar [1]. Alkyl quinolines, alkyl isoquinoline, and 

isoquinoline are also found in coal tar. Among the naturally 

occurring physiologically active compounds with the 

quinoline scaffold are quinine, cinchonidine, and 

cinchonine from Cinchona alkaloids [2].  Quinoline  is a 

planner hetero-aromatic compound in which 10ˊ electrons 

move throughout the structure and have a molecular 

formula of C9H7N.Quinoline (Fig. 1) consists of a benzene 

ring fused to the Ŭ and ɓ positions of a pyridine ring hence 

derives itsother name is benzo[b]pyridine, Benzo[b]azine, 

Benzo[b]azabenzene [3].  

N  

Fig 1: structure of quinoline 

One pot Multicomponent reactions (MCRs) have 

become an efficient method for the synthesis of highly 

functionalized heterocyclic compounds [4]. The major 

advantages of MCRs includes atom economy, ease in 

optimization of reaction conditions and easy access to 

several heterocyclic compounds in shorter reaction 

durations. The scientific community is interested in 

quinoline as they are found in many natural products and 

are widely used in pharmaceuticals as antimalerial, anti 

inflammatory, antineoplastic, antifungal, anti infective and 

analgesic medicines [5-9]. The use of quinoline derivatives 

as scaffolds for contemporary drug discovery was made 

possible by the discovery of quinine (Figure 1), which 

transformed the treatment of malaria [10-11]. 

N

HN
N

Cl N

H
N

CF3

CF3

Chloroquine Mefloquine

Fig 2: Structure of quinoline derivatives used in the treatment of malaria 

A quinoline derivative has been especially important 

in the development of drugs targeting central nervous 

system (CNS) disorders such as neuroinflammation and 

Alzheimerôs disease [12-14]. 

The quinoline scaffold has sparked a great deal of 

curiosity, which has led to much research on the subject. 

New synthetic processes are constantly being described, 

with a recent emphasis on green and sustainable synthetic 

alternatives. Furthermore, quinoline derivatives possible 

biological uses are constantly being investigated. Frequent 

compilation of linked research is necessary due to the large 

amount of investigations. The following are recent methods 

that concentrate on environmentally friendly synthesis 

processes of quinoline derivatives: 

Castillo-Rios et al15 reported the synthesis of quinoline 

derivatives by reacting N-(quinoline-6-yl)piperidine-4-

carboxamide was reacted with benzyl chloride derivatives 

and triethyl amine in a mixture of CH3CN/CH2Cl2 (3:1) 

under reflux and constant stirring for 72 hours. 

N

H
N

O

NH
Cl

CH3CN/CH2Cl2 (3:1)

Reflux, 72 hours, (Et)3N N

H
N

O

N
R

R= 3-H, 3-F, 3-Cl, 3-Br, 3-OCH3
S.V.Padghan et al16 have synthesized the 

polyhydroquinoline derivative by reacting the mixture of 

benzaldehyde, dimedone, ethylacetoacetate and 

ammonium acetate in ethanol by using montmorillonite 

K10 as catalyst.  

R

H

O O

O O

O

O
+ + +

Ethanol
N

O

R

OO

NH4Ac

H

Mont-K10
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Patel et al17 reported a one-pot three component 

synthesis of 4-carboxyquinoline derivatives using p-

toluensulfonic acid (TsOH) catalyst under MW irradiation. 

The results obtained in the work concluded that imines with 

electron donating groups and arylalkynes with electron 

withdrawing groups favored the synthesis of 4-arylated 

quinolines. 

R1
+ R2 +

OH

OH

O

TsOH (10 mol%)

MW, 300 W, 3-4 min
N

OHO

R1

R2

R1= H, Me, MeO, F, Cl, NO2, OH

R2 = H, Cl

  

Al -Matarneh et al18 studied the synthesis of iodo-

quinoline derivatives by reacting iodo-aniline, and pyruvic 

acid with various aldehydes in the presence of acetic acid 

and TFA under reflux for 12 hours. 

I

H2N

+

O

O

+

R2

R1 R3

R4

R5

HO

CH3COOH

Reflux, 12 h
N

I
R1

R2

R3

R4

R5

 

Anwar et al19 reported the synthesis of quinoline and 

bisquinoline derivatives by one pot three component 

reaction between aromatic amines, aromatic aldehydes and 

phenylacetylene in the presence of catalytic amounts of 

potassium dodecatungstocobaltate trihydrate 

(K5CoW12O40.3H2O) under microwave irradiation. 

NH2

R

+

CHO

R1

+
K2CoW12O40.3H2O

MW
N

R

R1 

Praveen et al20 have synthesized quinoline derivatives 

by employing aminoacetophenone and phenylacetylene in 

the presence of Zn(OTf)2 as an efficient catalyst under 

microwave irradiation. 

R2

NH2

R1

O

+ R3

1 mol% Zn(OTf)2

450 W
N

R1

R3

R2

 

Arijit Kundu et al21 have developed a DBU catalyzed 

metal free domino reaction for the synthesis of dihydro-6H-

quinoline-5-ones by using ɓ-chloro-Ŭ,ɓ-unsaturated 

aldehydes, 1,3-diketones and ammonium acetate in ethanol 

and water (1:1) under eco friendly conditions. 

Cl

H3C CHO

+

O

O

DABCO, NH4OAc

800C, 1 hrs N
CH3

CH3

O  

Naik et al22 have reported a rapid and efficient method 

for the synthesis of various carbonitrile 

quinoline/benzo[h]quinoline derivatives by utilizing 

benzaldehyde, methyl cyanoacetate and aromatic amine 

with nanostructured TiO2 photocatalysts under solvent-free 

conditions under microwave irradiation. 

O

+

NC

O

O +

NH2

R1
TiO2 nanopowder

30-60 sec / no solvent
N

R1 CN

OH 

Vu et al 23 have reported a highly efficient, cost-

effective and enviourmentally benign protocol for the 

synthesis of 2, 4, 6-trisubstituted quinoline derivatives by 

using NaHSO4.SiO2 as a heterogeneous and reusable 

catalyst. 

R

NH2

O

R1

+

O

OEt

O NaHSiO4.SiO2

70 0 C
N

R1

OEt

O

R

 

Nader Ghaffari Khaligh24 synthesized ethyl-4-

aryl/heteryl-hexahydro-trimethyl-5-oxoquinoline-3-

carboxylates via the one pot condensation of dimedone 

with aryl/heteryl aldehydes, ethylacetoacetate and 

ammonium acetate under solvent free conditions catalyzed 

by an efficient, halogen free and reusable Bronsted acidic 

ionic liquid catalyst. 

O

O

+

Cl

CHO

+

O

CH3

O

O

CH3

NH4OAc, (MSAIm)HSO4 (3.8 Mol%)

Solvent free, 50 0C, 17 min N
H

CH3

O

O

CH3

O

Cl

 

Dos Santos GC et al25 studied the synthesis of 

nitroquinoline derivatives by the condensation of p-

nitroaniline, benzaldehyde and phenylacetylene under air 

atmosphere, room temperature and constant stirring using 

anhydrous acetonitrile as solvent and NbCl5 used in the 

proportion of 50%. 
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+

R2

R3

R1

R4

R5

O

+

NO2

H2N

0.5 eq NbCl5

CH3CN, 96h, rt
N

O2N
R1

R2

R3

R4

R5

 

Jiang B. Liang et al26 have reported diastereoselective 

synthesis of quinoline-2,5-diones by microwave irradiation 

of aryl aldehydes with N-aryl enamiones 4-hydroxy-6-

methyl-2H-pyran-2-one in acetic acid at 100 0 C. 

NHAr1

O

+
O

HO

O

+
O

Ar2 AcOH, MW

100 0 C, 17-30 min N

Ar1

Ar2 OHO

N

Ar1

Ar2 OHO

+

 

Dong W. et al27 synthesized substituted quinoline 

fused lactones by intramolecular cyclization of N-aryl 

glycine, cinnamyl ester derivatives using tris(2,2ô-(p-

CF3)bipyridine)ruthenium(II) tetrafluoroborate 

(Ru(bpy)3(PF6)2 as a photocatalyst boron triflouride 

etherate and acetonitrile as a solvent under irradiation with 

a 23 W fluorescent bulb at room temperature for 24h. 

N
H

O

O

Ph
R1 Ru(bpy)3(PF6)2 (1 mol%)

BF3.Et2O (1 mol%)

CH3CN, air, hv N

O

Ph

R1

O  

Esfandiary, N. et al28 reported ◓-Fe2O3@Cu-

LDH@cysteine-Pd catalyzed quinolones synthesis by 

intramolecular cyclization, C-N coupling and A3 coupling 

using phenylacetylene, 40 mg catalyst at 85 0 C in choline 

azide medium. 

O

H

Br

N
H

+

R

Catalyst (40 mg)

Choline azide, 850 C N

R 

Anbhule et al29 reported three pot  Multicomponent 

reaction by using malononitrile, various substituted 

anilines and substituted aromatic aldehydes (EWGs/ERGs) 

in water at shorter reaction times to synthesize quinoline 

derivatives. 

R

NH2

NC CN

+ R1

CHO

ZnO, water

reflux, 26-40 min

N

R

NH2

CN

R1

R= R1= 4-Br, 4-Cl, 4-NO2, 3-NO2, 3-Br 

Sun X et al30 studied the regioselective synthesis of 

two quinoline fused cyclopentane derivatives by a mixture 

of biphenyl-4-isocynide and diethyl 2-Bromo-(4-Phneyl 

but-3-yn-1yl)malonate in dimethyl formamide as a solvent 

under irradiation with blue LED strip for 24 h at room 

temperature using fac-Tris(2-phenyl Pyridine)iridium(III) 

(fac Ir(ppy)3) as a photocatalyst and Na2HPO4. 

*

Ph

NC

+

Ph

EtOOC

Br

COOEt

fac[Ir(ppy)3], Na2HPO4, DMF

blue LED, N2, RT, 24 h *
N

Ph

Ph

EtOOC
COOEt

*

N

Ph

EtOOC
COOEtPh

+

Conclusion: 

Quinoline and its derivatives continue to occupy a 

central position in heterocyclic chemistry due to their wide 

spectrum of biological, pharmaceutical, and material 

science applications. In recent years, significant progress 

has been achieved in the development of efficient and 

sustainable synthetic methodologies for the construction of 

quinoline frameworks. This review has comprehensively 

summarized recent advances in quinoline synthesis, 

highlighting classical approaches alongside modern 

strategies such as multicomponent reactions, metal-

catalyzed transformations, microwave-assisted synthesis, 

solvent-free protocols, and green chemistry-based 

methodologies. Despite these advances, challenges such as 

catalyst cost, scalability, and the need for milder reaction 

conditions remain. Future research is expected to focus on 

developing metal-free, cost-effective, and scalable 

protocols, as well as exploring photocatalytic and 

electrochemical approaches for quinoline synthesis. 

Overall, the recent synthetic methodologies discussed in 

this review provide valuable insights and robust platforms 

for the design and synthesis of novel quinoline derivatives, 

thereby facilitating their further exploration in medicinal 

chemistry, agrochemicals, and advanced functional 

materials. 
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Abstract:   

Artificial Intelligence plays a significant role in organic chemistry and serves as a valuable resource for drug 

design through de novo methods and for comprehending the molecular aspects of chemical substances. AI algorithms in 

this field can facilitate chemical reactions by implementing catalysts, determining chemical properties based on spatial 

structures, and suggesting potential reactions. Various machine learning approaches in organic chemistry are employed to 

predict and synthesize new chemical compounds that could serve as effective therapeutic options for treating diseases. This 

research examines several machines to identify the best methods for developing medications for patients, yet researchers 

globally allocate only a small fraction of their efforts to exploring applied AI in organic chemistry and further evaluating 

the accuracy, sensitivity, and specificity of chemical reagents over the past century, which are noticeably difficult for drug 

discovery researchers to get. In the future, there should be more research focused on this objective, as drug consumption 

can be very attainable for individuals with various disorders.  

Keywords: Pharmaceutical field, medications, computational, physiochemical properties, stereochemistry. 

 

Introduction:  

            Recent research indicates that developing new 

medications can be expensive, lengthy, and challenging for 

patients to access. The application of machine learning and 

artificial intelligence may help address this issue, although 

more research is needed [1]. Nowadays, leveraging AI for 

medication creation is essential. Historically, the process of 

providing medications to patients has been arduous and 

time-consuming, but AI could reduce the human effort 

required for producing these drugs for those in need. 

Furthermore, patients should be educated about this new 

technology, which may take 3 to 4 years [2]. I would also 

like to clarify that organic chemistry pertains to substances 

that undergo non-aquatic reactions that can be resolved in 

similarly specific substances. Moreover, any compounds 

containing a carbon atom in their structure are classified as 

organic chemistry, while those lacking a carbon atom are 

categorized as non-organic chemistry [3]. Artificial 

Intelligence (AI) refers to a machine resembling humans 

that can execute all human activities. It can be applied 

across various domains, such as education, research, and 

everyday life. AI represents computational human 

intelligence, and in some contexts, it can be an error for 

individuals with greater intellects to impose limitations. 

Selecting suitable chemicals in the drug design process is 

another vital aspect that we may utilize [4]. 

          The pharmacy industry uses AI and machine 

learning to choose compounds for more research that have 

good physiochemical qualities and ADMET standard items 

because AI can represent large amounts of chemical data 

for selecting profitable compounds in the drug design 

strategy for chemists [5]. We aim to elucidate the 

importance of AI in chemistry, namely in drug design and 

molecular modelling, in this review study. If we use 

computer intelligence to describe AI in the prediction 

structure of molecules and atoms in the chemical organic 

structure, the human mind may be able to design and create 

chemical structures for the analysis and prediction of drugs 

for the treatment of human diseases that cannot be cured 

with potential drugs [6]. Artificial intelligence (AI) has the 

potential to greatly advance drug design research in the 

pharmaceutical field. This is due to the fact that AI 

technology can assist scientists in developing new drugs for 

patients worldwide, reduce human error in drug design 

from complex chemical compound structures, and 

contribute to a promising future for pharmacology research 

worldwide [7]. Scientists can use artificial intelligence (AI) 

in organic chemistry by employing an automated software 

that can resolve optimal synthetic chemical organic 

processes for which chemists are unable to decide the best 

course of action [8]. In the field of organic chemistry, a 

logical planner use cutting-edge logic languages to solve 

and optimize chemical reactions that are hard to find using 

conventional approaches. This is one of the creative 

applications of AI in organic chemistry [9].  As a result, we 

may assess the main ideas of many authors to ascertain 

which strategy is the most effective, economical, and time-

saving for researchers creating drugs to treat diseases.  

         One of the most important and frequently utilized 

uses of AI in organic chemistry is the SYNCHEM program. 

When it comes to stereochemistry content in particular, this 

method strategy helps chemists solve complex chemical 

compounds that are quite challenging for scientists to 

handle [10]. One research question on this subject is 

assessing the proper and improper consequences of AI used 

in computational biology and drug creation. The solution 

to this question is quite challenging and necessitates further 

research in this area and clarifying issues. Maintaining 

patient health globally may depend on translating data into 
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AI language to develop new drugs by using cutting-edge 

technology, scientists and patients can receive better care 

[11]. The main goal of this study is to help various AI and 

machine learning approaches compare their differences and 

similarities in order to explain these results and reach a 

suitable conclusion when developing new drugs for 

patients with different illnesses. Using data obtained from 

other articles, this review paper attempts to explore AI 

technology employed in the process of creating new drugs 

by examining chemical structures for the treatment of 

different disorders [12]. One of the challenges in organic 

chemistry is creating novel drugs to treat a variety of 

illnesses. Because conducting tests utilizing artificial 

intelligence approaches to assist chemists in creating new 

and innovative medications for uncommon, deadly 

diseases around the world requires a significant investment 

of time and resources, many chemists are unable to use 

chemical structures in organic chemistry to project and 

design new drugs [13].  In the new centre, researchers can 

utilize AI tools and organic chemistry software to rapidly 

create drugs that are limited in numerous regions globally. 

They can effectively instruct students in academic 

institutions and teaching facilities in this technique, 

enabling the achievement of this successful objective in the 

near future [14]. A method employed in drug design is 

artificial intelligence (AI) technology, which aids 

researchers by utilizing various machine learning 

techniques to swiftly analyse chemical data and implement 

them in developing new drugs that can assist patients 

globally in alleviating their illnesses. Moreover, AI 

technology can assist researchers in predicting the effects 

of different medications for multiple illnesses more 

accurately and efficiently [15]. AI technology can utilize 

machine learning from organic chemistry structures to 

predict and develop new drugs that could be extremely 

valuable in treating rare diseases. Nonetheless, the use of 

AI is constrained by data, accessibility, and inaccuracies; 

consequently, this area requires more accurate solutions 

[16]. Table (1) summarizes the outcomes of using AI to 

optimize chemical reactions. 

Table 1: 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

         

We investigated PubMed, CINAHl, and psyc INFO to 

assess this purpose in this written part. A total of 3567 

papers were found, and 24 articles were chosen for the 

purpose of this analysis. 

Results and Discussion: 

Research Material. 

          The quickest way to analyse AI data effectively is 

through machine learning, which can be employed to 

develop diverse drugs featuring intricate organic chemical 

structures that are usually tedious and time-consuming. 

Utilizing organic or inorganic chemical frameworks, this 

review paper explores multiple machine learning methods 

to enhance the use of AI in drug development. For example, 

the eToxPred machine learning algorithm can swiftly and 

Year of Studies Results 

A study that was done by 

Puri et al in 2024 year(17) 

The study's findings demonstrate how using AI and machine 

learning can improve chemical processes, increase their precision, 

and shorten their duration. This is crucial for advancing 

pharmaceutical technology and medication creation. 

A study that was done by 

Samuel et al in 2024 year(18) 

According to this study, using machine learning in an AI method 

can improve chemical process optimization by increasing catalytic 

activity and the production of new chemical compounds. 

A study that was done by 

Shen et al in 2023 year(19) 

The results of this research indicate that using AI and dependent 

approaches can accelerate chemical reactions and create effective 

materials through improved flow chemistry. 

A study that was done by Nayak 

et al in 2017 year(20) 

This study demonstrates how artificial intelligence (AI) in 

chemical reaction neural networks can improve chemical processes 

and raise the sensitivity and accuracy of chemical reactions, 

suggesting a significant role 

A study that was done by 

Cao et al in 2019 year(21) 

They can improve the yield of a single chemical reaction and 

reduce entropy creation with mass transfer, which optimizes 

chemical reactions. 

A study that was done by 

Chen et al in the 2024 year(22) 

These findings demonstrate how machine learning, chemistry 

engineering, and data science may improve chemical reaction 

optimization using AI; as a result, global models can replicate 

novel reactions, while local models increase reaction yield and 

selectivity. 

A study that was done by Kim et 

al in the 2021 year(23) 

These researchers employ artificial intelligence (AI) and machine 

learning to convert methane gas into carbon dioxide and coke. 

They can utilize AI to decrease the production of coke and 

increase the production of carbon dioxide, with an error rate of less 

than 5%. 

A study that was done by 

Xu W et al in the 2024 year (24) 

Optimizing chemical reactions with artificial intelligence (AI) 

improves both environmental and economic efficiency and lowers 

greenhouse gas emissions. 



New Man International Journal of Multidisciplinary Studies (NMIJMS)            ISSN: 2348-1390 

Vol. 13| Issue 1 |   January 2026  167  www.newmanpublication.com 

efficiently evaluate the toxicity level of small organic 

chemistry compounds. A technique explored in this paper 

is the QSAR model, which assists in understanding the 

quantitative specificity of organic molecules in chemical 

research. This approach can likewise be utilized to 

anticipate biological activity based on the chemical 

structure, which is extremely advantageous for this project. 

Main Body:  

         In a 2019 study, Pu et al. assessed the toxicity level 

of their chemical agents by employing the eToxPred 

machine learning model. The results suggest that this 

method could be useful in virtual screening and serves as a 

valuable tool for assessing the health hazards of chemical 

substances [12]. Nevertheless, a separate study carried out 

in 2019 by AI and associates indicates that this model 

possesses the accuracy, sensitivity, and specificity needed 

to evaluate the toxicity of chemical agents in an aquatic 

environment. As noted earlier, the initial case performed 

well in virtual screening, while the second model is the 

most suitable for aquatic environments [11]. From the 

examination of these two models, it is clear that the 

eToxPred model focuses exclusively on toxicity in virtual 

environments, whereas an alternative approach evaluates 

specificity in aquatic ecosystems. Both of these concerns 

are valid, but it's crucial to highlight the conditions that 

must be satisfied before chemistry researchers can apply 

these techniques to evaluate and expedite their results. 

Furthermore, these two models incorporate various 

machine-learning methods derived from comprehensive 

organic chemistry studies, which we outline briefly in this 

section. An alternative method is supervised learning, 

which evaluates the characteristics of the complex 

chemical based on potential data. Scientists suggest that 

this method is most effective and beneficial when we 

possess fundamental knowledge of a single chemical 

structure but do not have information about the agent's 

properties. Three algorithms exist for this issue. 

1. Support vector machines, which forecast the 

chemical properties of substances that frighten 

chemists based on structural chemical knowledge. 

2. Random forests: this technique, which also produces 

excellent accuracy and is helpful for complex 

chemical structures, predicts the properties of 

chemical compounds with the aid of tree design in 

their matter. 

3. Chemical compound molecular characteristics can 

be predicted with the use of deep neural networks. 

Unsupervised learning is an additional strategy that 

works well in situations where there is a lack of 

chemical knowledge and can forecast chemical data 

with the use of sub-methods a) The clustering 

method can access this data by visualizing chemical 

structures in space and b) Analysing principal 

components: can help solve complex chemical 

structures. The final method is reinforcement 

learning, which is helpful for forecasting efficiency 

conditions in chemical reactions. Later model 

machine learning is transfer learning, which is 

employed when chemical data is scarce and can be 

used to evaluate chemical attributes. Chemistry 

researchers can readily assess and forecast chemical 

structures that may be crucial components of 

innovation strategies in the field. 

        To address this issue in chemistry science, young 

researchers should try to provide extensive information 

about the use of each method in machine learning and 

applied AI technology in organic chemistry. Table 2 

illustrates how various AI techniques can be used in 

organic chemistry. 

The types of machine 

Learning platforms in 

AI in organic chemistry 

Benefit Limitations 
Applicability in organic 

chemistry 

Random forest 

Superior precision, managing 

nonlinearity, significance of 

features, resilience, 

adaptability and balanced 

performance 

Unbalanced datasets, over 

fitting, computational 

complexity, and lack of 

interpretability 

Quantitative structure is useful 

for predicting chemical domains, 

chemical risk assessment, and 

activity prediction. 

Support vector 

machines 

High-dimensional data 

interpretation is highly 

effective in resolving optimal 

decision restrictions 

Manipulating tiny datasets using 

SVM is a very bad way to 

evaluate large amounts of 

chemical data; it can lead to 

noise in chemical structure 

classification; and it can lead to 

errors due to unidentified correct 

kernel values. 

Environmental chemistry, 

computational chemistry, 

structure-activity correlations, 

and predictive toxicology 

QSAR 

Improve prediction 

performance, include a 

variety of data sources, and 

manage high-dimensional 

data. 

The effectiveness of the model 

update 

Sensitivity to input data quality, 

a high risk of over fitting, 

domain applicability, difficulty 

interpreting complicated data, 

and ignorance of molecular 

interpretation data input 

In org. chemistry, molecular 

modeling combines machine 

learning and quantum chemistry 

to improve chemical research. 
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Table 2: 

Conclusion: 

         Employing various machine learning methods, this 

qualitative analysis evaluated the effects of implementing 

AI technology in organic chemistry. From this review 

study, we can infer that any substance can be valuable in its 

specific context and is associated with a unique chemical 

structure and reaction with particular characteristics. 

Nevertheless, only a limited number of studies have been 

conducted on this topic, and very few academic papers 

have addressed this concept thus far. Numerous gaps 

remain to be addressed to tackle chemical challenges in 

structure and performance for molecular modelling and 

designing new drugs through a de novo method to enhance 

accuracy, efficiency, and rapid drug production technology 
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EToxPred 

Assess the effectiveness of 

toxicity drug discovery 

hypotheses. 

Regulatory acceptability, 

generalizability, interpretability 

of the model's predictions, and 

training data reliability 

Predicting toxicity, make syn. 

materials accessible, rises 

research efficiency 
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Pathways Of Peril: Mechanistic Links Between Water Quality And Disease 
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Abstract:  

This review evaluates the multifaceted impact of water contamination on human health, analyzing the complex 

network of anthropogenic and systemic factors that compromise water safety. A synthesis of current data reveals that 

domestic sewage, industrial effluents, agrochemical runoff, and microplasticsðcompounded by systemic management 

deficienciesðconstitute the primary drivers of water quality degradation. The health implications of these contaminants 

are profound, spanning acute gastrointestinal infections, which disproportionately impact pediatric demographics, to 

chronic conditions including dermatological disorders and various malignancies. While the study explores the potential of 

advanced wastewater treatment technologies to mitigate these risks, it acknowledges that geographical disparities and 

varying contamination origins present significant barriers to universal implementation. Consequently, this review 

advocates for a holistic strategic framework characterized by stringent legislative enforcement, sustainable agricultural 

methodologies, and responsible waste management. Ultimately, safeguarding public health requires a synchronized global 

effort involving governments, private sectors, and local communities to enhance infrastructure, foster innovation, and 

promote international collaboration in water quality management. 

Keywords: Water pollution; source; effects; treatment; human health. 

 

Introduction:  

Water pollution is defined as the introduction of 

deleterious substances into aquatic systems, resulting in the 

progressive deterioration of water quality [1]. While water 

is a fundamental natural resource essential for both 

biological survival and socioeconomic development, 

anthropogenic pressuresðincluding rapid population 

expansion, unplanned urbanization, and intensive 

industrializationðhave significantly compromised its 

integrity since the late 20th century [2, 3, 4]. Despite the 

Earthôs vast hydrologic reserves, the global water crisis is 

exacerbated by extreme scarcity; approximately 98% of 

total water is saline, and of the remaining 2% of freshwater, 

only 0.036% is readily accessible for human use [7, 8]. 

Consequently, nearly 80% of the global population 

currently faces severe challenges regarding water supply 

and security [6]. 

The depletion of functional freshwater resources is 

largely driven by contamination originating from domestic, 

industrial, and agricultural sectors [8]. Contemporary 

aquatic systems are increasingly infiltrated by emergent 

pollutants, including synthetic fertilizers, pesticides, heavy 

metals, and pharmaceutical compounds [9]. Furthermore, 

waterborne pathogens are introduced via untreated sewage, 

hospital effluents, and industrial food processing, while 

natural phenomena such as seismic activity and floods 

further exacerbate the infiltration of contaminants [8, 10]. 

The World Health Organization (WHO) identifies 

heavy metals, organic compounds, and microbial 

pathogens as primary threats to public health [12]. Recent 

concerns have also focused on the bioaccumulation of 

personal care products and endocrine-disrupting medicines 

in the water cycle [13]. The health repercussions of these 

contaminants are diverse, ranging from acute waterborne 

diseases such as cholera and diarrhea to chronic systemic 

conditions including renal failure, neurological damage, 

and various malignancies [14]. Critically, these hazards 

disproportionately affect vulnerable demographics, 

particularly pregnant women and young children, 

necessitating a rigorous re-evaluation of current water 

management and legislative frameworks. 

Factors Contributing To Water Pollution: 

Domestic   Sewage   and   Industrialization: 

The degradation of aquatic environments is driven by 

a synergistic combination of domestic, industrial, and 

demographic pressures. Quantitatively, domestic sewage 

accounts for approximately 75% to 80% of total 

wastewater volume; however, industrial effluents often 

present a higher magnitude of toxicity despite their lower 

relative volume [15]. Key industrial sectors contributing to 

this chemical burden include textile manufacturing, 

electroplating, pharmaceutical synthesis, and 

petrochemical refining. These industries discharge a 

diverse array of hazardous substances, ranging from 

volatile organic compounds (VOCs) and toxic solvents to 

heavy metals. When these effluents are discharged into 

aquatic habitats with insufficient treatment, they induce 

severe alterations in the chemical and biological integrity 

of both surface and groundwater resources [16]. 

Furthermore, agricultural nonpoint source pollution 

remains a critical concern. It is estimated that only 60% of 

applied chemical fertilizers are sequestered by soil 

matrices, with the remainder leaching into groundwater or 

entering surface runoff. The resulting influx of nitrogen and 

phosphorus frequently triggers eutrophication, leading to 

oxygen depletion and the collapse of aquatic biodiversity 

[15]. 

Parallel to industrial expansion, rapid population 

growth and unplanned urbanization exert unsustainable 

pressure on existing sanitation infrastructure. In many 
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regions, the rate of demographic expansion outpaces the 

governmentôs capacity to provide adequate waste 

management services, resulting in the direct discharge of 

solid and liquid wastes into fluvial systems [16, 17]. Urban 

environments specifically face challenges related to the 

proliferation of plastic polymers and polythene debris, 

which serve as persistent physical and chemical pollutants 

[17]. Public health is further compromised by inadequate 

fecal sludge management; in various urban centers, a 

significant percentage of the population still relies on 

substandard latrines or lacks access to improved sanitation, 

facilitating the transmission of waterborne pathogens [18]. 

These unsanitary conditions, exacerbated by overcrowding 

and the consumption of contaminated drinking water, 

render nearly a quarter of urban populations vulnerable to 

infectious diseases. As global populations continue to rise, 

the subsequent increase in solid waste generation and 

domestic effluent output represents a primary barrier to 

achieving sustainable water security and public health [19]. 

Population Growth: 

Rapid demographic expansion has intensified the 

volume of solid and liquid waste discharged into fluvial 

systems. Urbanization, particularly when coupled with 

inadequate sanitation infrastructure, facilitates the 

introduction of fecal matter and pathogenic 

microorganisms into the water supply, posing a severe 

threat to public health. In many developing regions, the rate 

of population growth has outpaced the capacity of 

government authorities to provide essential sanitation 

services, leading to a marked disparity between urban and 

rural infrastructure [17]. 

The proliferation of plastic polymers and polythene 

waste further exacerbates the pollution crisis, as these 

materials are frequently utilized for uncontained waste 

disposal [17]. Statistical assessments indicate that a 

significant portion of urban populations still lacks access to 

improved sanitation, with approximately 77% utilizing 

flush latrines and 8% relying on pit latrines, while a 

substantial minority continues to practice open defecation. 

These unsanitary conditions, characterized by 

overcrowding and the consumption of contaminated 

drinking water, increase the susceptibility of nearly one-

fourth of the urban population to infectious diseases [18]. 

Ultimately, the rising global population is directly 

correlated with increased solid waste generation and the 

progressive deterioration of water quality [19, 16]. 

Pesticides and Fertilizers: 

The intensification of agricultural activities has led to 

a significant influx of nutrients into lentic and lotic water 

systems. Anthropogenic nutrient loading, primarily driven 

by pluvial runoff, facilitates the transport of chemical 

fertilizers and insecticides into surface water reservoirs. 

This process frequently culminates in eutrophication, 

characterized by the accelerated proliferation of 

phytoplankton and macrophytes. The resulting algal 

blooms deplete dissolved oxygen levels, inducing hypoxic 

conditions that threaten aquatic biodiversity and render 

water resources unsuitable for pisciculture, recreation, and 

industrial applications. Furthermore, the vertical 

percolation of agrochemicals through the soil profile 

facilitates the contamination of subterranean aquifers, 

introducing complex chemical mixtures into groundwater 

systems that pose systemic health risks upon ingestion [20]. 

Global food security demands have necessitated a 

substantial increase in the application of inorganic 

fertilizers. In 2000, to support a population of 6,127.7 

million, the application rates for nitrogen (N), phosphorus 

(P), and potassium (K) were 64.9, 25.9, and 18.2 kg/ha, 

respectively. By 2014, as the global population reached 

7,243.8 million, these figures escalated to 85.8, 33.2, and 

20.4 kg/ha [21]. The global dependence on these inputs is 

further evidenced by the projected growth in N, P, and K 

consumption, which is anticipated to rise by 172%, 175%, 

and 150%, respectively, by the year 2050. This trajectory 

suggests an escalating threat to global water quality unless 

sustainable nutrient management practices are 

implemented. 

Concurrently, the pervasive use of biocides directly 

compromises water quality. Pesticides, defined as 

substances or mixtures designed to eradicate pests or 

competitive vegetation, are classified according to their 

specific biological targets [23]. When applied in excessive 

quantities or managed improperly, these compounds leach 

into aquatic ecosystems, posing a severe threat to the 

stability of the agricultural ecology and the safety of 

potable water sources [22]. The persistence and bio-

accumulative nature of certain pesticide residues further 

exacerbate their long-term impact on the environmental 

matrix. 

Weak Management Systems and Pathogenic 

Microorganisms. 

The disparity in water security between industrialized 

and developing nations is primarily rooted in the robustness 

of sanitation and hygiene infrastructure. While 

industrialized nations benefit from established and well-

maintained water supply systems, developing regions face 

significant challenges due to the direct discharge of 

untreated sewage into natural water bodies. This systemic 

failure necessitates urgent enhancements in basic sanitation 

infrastructure and advanced treatment methodologies to 

ensure access to potable water. Current projections indicate 

a critical deficit in infrastructure, with approximately 67% 

of the population in developing nations expected to lack 

access to adequate sewage systems by 2030 [10]. 

The human cost of these management deficiencies is 

substantial. Data from the World Bank suggests that water 

and sanitation-related illnesses result in over 10,000 daily 

fatalities, while an equal number of individuals suffer from 

severe morbidity. Globally, 30% of the population remains 

without access to potable water, and over 40% lack 

fundamental hygiene amenities, such as handwashing 

facilities with soap. Socioeconomic constraintsðincluding 

poverty, systemic inequality, and the mismanagement of 

public fundsðcontribute to the continued reliance on 

open-pit latrines by over 673 million people. In response, 

the United Nations General Assembly has endorsed the 
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2030 Sustainable Development Goals (SDGs), succeeding 

the Millennium Development Goals (MDGs), to prioritize 

universal access to clean water and hygienic sanitation [24, 

25]. 

Beyond infrastructure deficits, the proliferation of 

pathogenic microorganisms remains a pervasive threat. In 

developed contexts, pathogens such as Escherichia coli and 

Cryptosporidium spp. are frequently associated with warm 

water sources and climate control systems within 

residential, commercial, and clinical environments, 

occasionally triggering localized outbreaks. The nexus 

between wastewater discharge and drinking water 

contamination is now recognized as a primary driver of 

waterborne disease transmission. The infiltration of raw 

sewage into the aquatic matrix introduces a diverse array of 

enteric pathogens, necessitating stringent monitoring and 

integrated management of both wastewater and potable 

water sources to safeguard public health [26]. 

Impact of Water Pollution on Human Health. 

The use    of    polluted    drinking    water,    poor 

sanitation, and hand hygiene all contribute to the yearly  

deaths  of  almost  829,000  people  from diarrhea,  

according  to  the  UNESCO  2021  World Water  

Development  Report.  Polluted water has serious   negative   

effects   on   human   health. Remarkably,    this    comprises    

over    300,000 children  under  the  age  of  five,  making  

up  5.3 percent  of  all  deaths  in  this  age  group.  The 

absence  of  water  and  sanitation  services  also amplifies  

the  prevalence  of  illnesses  such  as cholera, trachoma, 

schistosomiasis, and helminthiasis.   Polluted    water   

poses   several health    risks,    including    respiratory    

disease, cancer, diarrheal disease, neurological 

dysfunction,   and   cardiovascular   disease   [27]. 

Furthermore,  excessive  precipitation  and  floods are  

correlated  with  severe  climatic  conditions, leading  to  

the  emergence  of  many  illnesses  in both   developed   

and   developing   nations   [28]. Evidence   from   research   

conducted   in   poor nations    demonstrates    a    distinct    

correlation between   cholera   and   water   that   has   been 

polluted [29]. 

Effect of Water Pollution on Skin. 

Contrary     to     conventional     wisdom,     which 

suggests  that  swimming  is  beneficial  for  health, research   

conducted   as   early   as   the   1950s discovered   that   the   

prevalence   of   diseases among those who swim was 

notably greater than that  among  those  who  do  not  swim.  

Swimmers can get skin disorders due to a range of disease-

causing bacteria [30].  Research  has  furthermore indicated  

that  those  who  engage  in  swimming activities  are  more  

than  three  times  more  likely than  non-swimmers  to  

report  skin  conditions. Swimming    enthusiasts    may    

have    a    "risk perception  bias" because  they are  more  

likely to recognize  and  report  skin  conditions  since  they 

are  often  aware  of  the  possible  health  effects  of 

exposure  to  these  conditions.  Swimmers may have    

perhaps    overstated    their    symptoms, describing 

diseases that someone else would not see as genuine skin 

ailments [31]. 

 

 

Cancer and Water Pollution 

Based on WHO estimates, the global incidence of   

cancer   in   2020   amounted   to   19.3   million cases,   with   

a   corresponding   rise   in   cancer-related mortality to 10 

million fatalities. Presently, 20%  of  the  whole  worldwide  

population  afflicted with   fevers   will   eventually   get   

cancer   in   the course  of  their  lives.  Furthermore, due to 

the time-lag phenomena, various geographic locations are 

affected differently by pollution of the water in a watershed 

in terms of cancer risk. The mortality rate of esophageal 

cancer resulting from    water    pollution    is    much    

elevated    in downstream  areas  compared  to  other  

regions, mostly  due  to  the  enduring  effects  of  past  

water pollution    [32].    Nitrates    are    a    wide-ranging 

pollutant    that    is    strongly    linked    to    the development 

of human malignancies, particularly colorectal cancer.  The 

carcinogenicity of nitrates is influenced by their 

concentration.  The  danger escalates substantially when the 

concentration of the  Drinking  water  concentration  is  

more  than 3.87  mg/L,  significantly  less  than  the  current  

50 mg/L  drinking  water  limit.  Drinking  water  with 

nitrate  levels  that  are  within  the  recommended standards  

for  consumption.  Drinking  water  also heightens  the  

likelihood  of  developing  colorectal cancer [33].Arsenic,   

nitrate,   chromium,   and   other   similar substances   are   

strongly   correlated   with   the development  of  cancer  

when  considering  water sources. Ingesting arsenic by 

drinking water may result in the development of skin 

cancer, as well as kidney and bladder cancer.  Moreover, 

the correlation between increased levels of arsenic in 

drinking water and the occurrence of liver cancer has been 

shown.  However, when the exposure levels are less than 

0.64 mg/L, this association is not   regarded   as   significant   

[34].   Consuming water  that  contains  elevated  levels  of  

chromium can lead to increased carcinogenicity because to 

the  presence  of  hexavalent  chromium  in  people. The 

investigations on drinking water consumption    of    

hexavalent    chromium    have demonstrated    that    this    

substance    has    the capacity to induce respiratory cancer 

in humans [35]. 

Diarrhea and Water Pollution. 

Untreated drinking water and fecal contamination are  

the  primary  factors  contributing  to  diarrhea, Cholera  is  

one  of  the  common  illnesses  that affect children. Each 

year, diarrheal diseases like cholera kill 1.8 million people, 

with 90% of the victims being young children. The 

majority of this burden  is  placed  on  poorer  countries,  

where 88%   of   diarrheal   infections   are   caused   by 

poor  sanitation,  hygiene,  and  access  to  water 

[36].Cryptosporidiosis  is  a  global  parasitic  infection 

caused by the organism Cryptosporidium partum. It 

manifests as symptoms such as diarrhea, lose or    watery    

stools,    abdominal    cramps,    and gastrointestinal   

discomfort.   Cryptosporidium   is highly resilient to 

disinfection methods and has a detrimental impact on the 
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immune system,   leading   to   diarrhea   and   vomiting   in 

humans [37]. 

 

Child Health and Water Pollution. 

Water contamination is a major contributor to the 

prevalence   of   pediatric   illnesses.   In   2016the 

cumulative  consequences  of  the  global  mortality of  

children  due  to  soil,  water,  and  air  pollution amounted 

to 940,000. Children under the age of five made up around 

two thirds of these deaths, and the majority happened in 

nations with low to moderate   incomes   [38].   In   less   

developed countries, baby and child death rates are directly 

correlated with the level of industrial organic water 

pollution.  Industrial  water  pollution  has  a significant  

role  in  causing  the  death  of  infants and children in these 

countries [39]. Exposure to high   levels   of   nitrates   in   

drinking   water   can lead to the development of goiter in 

youngsters [40]. 

Methods for Treating and Reusing Wastewater. 

The global focus on technologies for clean water and  

clean  energy  has  been  driven  by  concerns over  water  

shortages,  resource  depletion,  and global warming [41]. 

Water treatment technologies    serve    three    main    

purposes: Minimizing water use, purifying wastewater, and 

engaging in recycling.  The  treatment  and  reuse of   

wastewater    pose    a    significant    problem, prompting  

scientists  to  aggressively  seek  cost-effective  and  

appropriate  technologies.  Here are three steps for 

treatment of waste water. 

Basic Water Purification Methodologies: 

Water in this category undergoes initial treatment by 

processes such as sedimentation and gravity, coagulation,   

flotation,   screening,   filtering,   and centrifugation. 

Sedimentation and gravity separation are processes that 

involve the settling of particles based  on  their  weight  and  

density.  During  this  procedure,  the  suspended  particles, 

grit,  and  silt  are  eliminated  by  letting  water  to remain  

undisturbed  or  somewhat  disturbed  for varying durations 

in different types of tanks. The suspended   solids   settle   

due   to   the   force   of gravity [42]. Occasionally, the solid  

particles that are  suspended  in  a  liquid  may  not  separate  

and sink    using    the    sedimentation    and    gravity 

technique. In such cases, non-settablesolids can be    made    

to    settle    by    introducing    certain chemicals.    This    

procedure    is    known    as coagulation.    Flotation    is    

the    process    of separating particles from a liquid by 

making them float  on  the  surface.  The  process  of  

flotation, which     includes     binding     other     chemicals, 

biological materials, oils, greases, and suspended  particles  

to  air  or  gas,  is  a  typical and crucial part of an ordinary 

purification facility [43].Screening,  filtering,  and  

centrifugal  separation are methods used to separate 

substances based on  their  size  or  density.  The  primary  

purpose  of screening  is  to  eliminate  solid  debris  found  

in wastewater,  including  fabric,  paper,  wood,  cork, hair,  

fiber,  kitchen  garbage,  and  fecal  solids. Screening  is  

often  employed  as  the  initial  stage in the process of 

treating wastewater. For this, a variety  of  screens  are  

used;  The  screen  size  is chosen.  according  to  a  

particular  need,  namely the  size  of  the  solid  particles  

presents  in  the wastewater [44]. During  the  filtering  

process,  water  is  directed through  a  material  that  has  

small  openings  or pores.  Typically, for this purpose, a 

design with pore diameters between 0.1 and 0.5 ɛm is used. 

It  is  used  to  remove  bacteria,  oils,  greases,  and 

suspended  particles,  among  other  things.  Filters of   

several   kinds,   including   membranes   and cartridges, 

may be used. Filtration can  decrease oil  content  of  25  

mg  lī1  by  up  to  99%  and efficiently remove particles 

smaller  than 100 mg. Purification of the water is the goal 

of the filtering process.  The  water  recovered  from  the  

filtering process  is  used  in  membrane  separation,  ion 

exchange, and adsorption processes. Furthermore,   

filtration   equipment   is   used   to produce drinkable water.  

A  million  liters  of  clean water  may  be  obtained  for  

between  $25  and $450 using filtering [44].The    removal     

of    precipitated     non-colloidal particles up to 1 ɛmin size 

are accomplished via centrifugal  separation.  Solid   

particles  (sludge) are  separated  and  removed  from  

wastewater  by introducing   it   into   centrifugal   machines   

and rotating  it  at  different  speeds.  The densities of 

suspended particles directly correlate with the degree of 

separation between them. Furthermore,     the     removal     

of     suspended contaminants is also attributed to the 

centrifugal machine's velocity. Uses include cutting down 

on and separating oils and greases at the source. Solid-

bowl, basket-type, counterblow, and countercurrent   flow   

centrifugal   machines   are among the several types now in 

use [44]. 

Advanced Methods for Treating Water after First 

Treatment. 

Secondary water treatment involves the use of aerobic   

processes   and   bacteria   to   eliminate soluble   and   

insoluble   contaminants.   Aerobic breakdown  of  

biodegradable  organic  matter  in wastewater  occurs when 

air or  oxygen  is readily dissolved and present, facilitated 

by aerobic  and facultative  bacteria  [45].  A  high  

concentration  of microorganisms  is  maintained  in  a  

reactor  by the  circulation  of  water,  the  organic  material  

is converted   by   the   microorganisms,   which   are mostly  

bacterial  and  fungal  species,  into  water, CO2,  and  NH3 

gas  [46,47].  A  biological  activity that   takes   place   in   

the   absence   of   oxygen is     referred     to     be     

anaerobic.     Anaerobic degradation,  or  putrefaction,  

occurs  when  there is  no  free  dissolved  oxygen  in  the  

wastewater. Simpler organic compounds, such as nitrogen, 

carbon,   and   Sulphur,   are   produced   via   the metabolism   

of   complex   organic   materials   by facultative   and   

anaerobic   bacteria.   N2,   NH3, provided hydrogen, and 

methane are the major gases created during this process. 

Wastewater is treated   using   this   technology   to   lessen   

its biological load [45,48]. 

Advanced Water Treatment Methods at the Tertiary 

Level. 

Tertiary   water   treatment   technologies   play   a 

crucial role in wastewater treatment strategies by ensuring 

the production of clean water suitable for human use.  The 
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methods employed for this objective include: adsorption, 

ultra-filtration (UF), precipitation,   electro   dialysis,   

oxidation,   and reverse    osmosis    (RO),    advanced    

oxidation process, electrolysis, ion exchange, distillation,    

crystallization,    solvent    extraction, evaporation. 

Adsorption:  

Optimization  of  water  treatment  by adsorption  

technology  is  influenced  by  several aspects,   including   

the   characteristics   of   the adsorbent  and  ad  sorbates,  

contact  duration, adsorb  ate  concentration,  pH  level,  

adsorbent dosage,   particle   size,   temperature,   and   the 

presence   of   additional   contaminants,   In   this 

technological  process,  equilibrium  is  achieved when  an  

adsorbent  substance  makes  contact with   the   

contaminated   water,   resulting   in   a consistent  level  of  

adsorption  of  contaminants, The   adsorption   isotherm   

refers   to   the   link between  the  equilibrium  adsorbed  

quantity  of  a pollutant on an adsorbent and the temperature 

at which it is measuredò [49]. 

Ultra -filtration (UF):  

Ultrafiltration is necessary to   eliminate   particles. It   

has   become   more prevalent    in    water    treatment    due    

to    its exceptional efficacy in removing particles and 

microorganisms [50]. 

Precipitation:  

Dissolved pollutants in precipitation are transformed 

into solid precipitates    by    decreasing    their    solubility, 

allowing for easy removal of the precipitates from the 

water's surface [51]. 

Electro   dialysis: 

Electro   dialysis   has   been employed  to  lower  water  

source  concentration, achieving  a  maximum  reduction  

of  90%  for  total dissolved solids (TDS) with a 

concentration of up to  200  mg/l .Membrane  fouling,  

similar  to  that observed  in  reverse  osmosis,  was  

addressed by incorporating carbon nanotubes into  the  

composite  membranes  to  improve  flow [52]. The   term   

"oxidation"   describes   a   chemical process   when   a   

material    increases    in   its oxidation  state  by  losing  

electrons.  Aldehydes, ketones, carboxylic acids, alcohols, 

and  other byproducts   may   be   produced   via   chemical 

oxidation,  which  converts  organic  molecules  into carbon  

dioxide  and  water.  The products may be chemically 

oxidized using Fenton's reagent, potassium  permanganate,  

chlorine,  ozone,  and H2O2. They are also easily 

biodegradable (H2O2 ) and Fe catalyst) and chlorine 

dioxides [53].Reverse  osmosisis a process that involves 

the movement    of    water    molecules    across    a 

semipermeable    membrane    in    the    opposite direction   

of   natural   osmosis,   resulting   in   the separation   of   

solutes   from   Reverse   osmosis (RO)   is   increasingly   

being   recognized   and adopted    globally    for    water    

treatment,    The process is powered by pressure and 

involves the use  of  a  semi-permeable  membrane  to  

remove dissolved  substances  from  the  feed  water,  The 

rejection  is  a  result  of  the  exclusion  of  particles based  

on  their  size,  charge,  and  the  physical-chemical    

interactions    between    the    solute, solvent,  and  

membrane,    Reverse  osmosis  is employed  to  clean  

wastewater  originating  from sources   such   as   sanitary   

waste,   municipal leachates,  and  various  industrial  

processes  [54, 55]. 

Advanced     Oxidation     Processes     (AOPs): 

Advanced  oxidation  process  refers  to  a  method that 

involves the use of powerful oxidizing agents to  break  

down  and  remove  contaminants  from  a substance.  In  

certain  cases,  a  single  oxidation system  may  not  be  

enough  to  completely  break down organic pollutants in 

wastewater. Advanced   Oxidation   Processes   (AOPs)   are 

methods that utilize multiple oxidation processes 

simultaneously, resulting in the rapid generation of   the   

highly   reactive   hydroxyl   free   radical [56,57].  These  

procedures  encompass  methods such    as    Fenton's    

reagent    oxidation,    UV photolysis,  and  sonolysis  ,They  

have  the  ability to  break  down  organic  contaminants  at  

normal temperature    and    pressure    conditions,    An 

inherent   benefit   of   the   advanced   oxidation method   

is   the   efficient   oxidation   of   organic pollutants  into  

carbon  dioxide  (CO2),There  are several  advanced  

oxidation  processes  that  can be     utilized,     including     

chemical     oxidation processes  that  involve  ozone,  a  

combination  of ozone  and  peroxide,  in  addition  to  ultra  

violet accelerated  oxidized  techniques  such  catalytic 

oxidation  of  moist  air  (in  which  air  is  utilized  as the  

oxidant),  UV/air  wet  air  oxidation,  UV/ozone, 

UV/hydrogen peroxide, and UV/Fenton or photo-Fenton 

[58-60]. 

Electrolysis: 

Electrolysis   is   a   process   that involves   the   

deposition   or   decomposition   of soluble  materials  on  

the  surface  of  electrodes through  electrochemical  redox  

reactions.  In  this method,  metal  ions  are  primarily  

deposited  on the  electrode  surface,  while  organic  

substances are  broken  down  into  carbon  dioxide  and  

water, or  other  products  that  have  low  or  non-toxic 

properties  [61].Ion  exchange:  An  ion  exchange process  

is  used  to  replace  hazardous  ions  in wastewater with 

non-harmful ions derived from a solid material [62]. 

Distillation:  

During the distillation process, water undergoes  

purification  by  being  heated  to  its boiling  point  of  100  

°C.  This  causes  the  liquid water to vaporize, leaving 

behind the contaminants.   The   resulting   vapors   are   

then cooled back into liquid water.Formation     of     

crystals:By     raising     the concentration  of  pollutants  

until  they  reach  a threshold  where  they  start  to  form  

crystals  and separate  from  the  solution,  a  process  known  

as crystallization    is    used    to    eradicate    those 

pollutants.  This  phenomenon  arises  from  either 

evaporation,  the  reduction  of  water  temperature, or  the  

introduction  of  additional  solvents.  This method  is  

beneficial  for  treating  wastewater  that has  high  levels  

of  total  dissolved  solids  (TDS), which include both 

soluble organic and inorganic substances.  The  additional  

ingredients,  such  as ammonia,  sulfite,  bicarbonate,  etc.,  
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were added throughout this procedure. Undergo 

decomposition into different gaseous components, Because 

of this, crystallization may sometimes be used to control 

ph. The paper and dyeing   industries, cooling   towers   and   

boilers powered by coa and gas all often use crystallization 

to cleanse their effluent. Additionally, in order to reduce 

the quantity of resources   used, it is used.   Processes for 

crystallization include fluidized suspensions, surface-

cooled crystallizers, forced   circulation, and draft tube 

baffles.  At a cost of between $50 and   $150   US   dollars   

per   million   liters, the high-quality treated water used in 

this method [63]. 

Extraction using a solvent: 

Solvent extraction is a process used to remove 

contaminants from wastewater byadding organic solvents 

that are unable to mix with water but have the ability to 

dissolve pollutants. 

The process of liquid turning into vapor: 

Evaporation is a natural phenomenon that is 

commonly employed to decrease the amount of waste 

liquid, However in recent advancements, it has also been 

utilized as a way for water purification. 

Conclusion: 

In summarize, this review emphasizes the crucial 

problem    of    water    contamination    and    its widespread 

influence on both the environment and human well-being. 

The review elucidates the complex network of elements 

that contribute to water pollution, encompassing fast 

urbanization, industrialization, and population increase.  

The ramifications of water pollution are far-reaching, 

spanning a range of health ailments, including 

dermatological    disorders    and    life-threatening problems    

such    as    cancer    and    diarrheal infections   with children 

being especially susceptible. The study methodically 

analyses the main sources of water contamination, 

including home   sewage industrial   effluents, pesticides, 

plastics, and inadequate management systems. These    

findings    highlight    the    necessity    for integrated and 

synchronized endeavors across several   sectors   to   reduce   

pollution   sources. Emphasizing sustainable farming 

methods and proper waste   management is essential   for 

minimizing the impact of pollutants on water supplies. 

Moreover, the paper examines sophisticated strategies for 

treating wastewater, including a thorough examination of 

purification methods ranging from fundamental 

approaches to cutting-edge tertiary treatments. Adopting 

these technologies is crucial to guarantee a long-lasting   

and   secure   water   supply   worldwide. Despite the 

valuable insights gained, it admits specific limitations, such   

as   its   geographical emphasis and the complex nature of 

pollution sources. To overcome these restrictions, 

continuous multidisciplinary research and collaboration are 

required.  The review promotes a comprehensive strategy 

that includes sustainable   behaviors, strict restrictions, and 

modern treatment technology. An all-encompassing   plan   

is   crucial   to   ensure   the protection of water resources 

preservation of ecosystems, and guarantee a healthy future 

for future generations. To tackle water pollution, it is    

necessary for governments, companies, and communities 

to collaborate in implementing strong legislation enhancing 

infrastructure, and promoting knowledge regarding the 

significance of conserving water quality. 
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Abstract:  

 Maharashtra represents a critical agricultural hub in India; however, rapid industrialization poses a significant 

threat to soil health and food security. This study investigates the concentration and distribution of heavy metals in 

agricultural soils surrounding the Mahad Maharashtra Industrial Development Corporation (MIDC) zone in the Raigad 

district. This region is characterized by a high density of chemical and pharmaceutical industries, where the discharge of 

industrial effluents often leads to the pedogenic accumulation of toxic elements. Soil samples were collected from fifteen 

strategically selected stations currently utilized for paddy cultivation. The concentrations of eight key metalsðIron (Fe), 

Copper (Cu), Zinc (Zn), Manganese (Mn), Nickel (Ni), Chromium (Cr), Cobalt (Co), and Lead (Pb)ðwere analyzed using 

[Insert Method, e.g., Atomic Absorption Spectroscopy]. 

The results revealed significant spatial variation in metal concentrations across the study area, with several sites exhibiting 

levels that suggest anthropogenic enrichment. The findings indicate that continuous exposure to industrial discharge has 

adversely altered the soilôs physicochemical integrity. This study underscores the urgent need for regular monitoring and 

the implementation of remediation strategies to safeguard the health of the local population and the sustainability of the 

surrounding agro-ecosystem. 

Keywords: Soil Contamination; Heavy Metals; Mahad MIDC; Industrial Effluents; Paddy Cultivation; Ecological Risk 

Assessment. 

 

Introduction : 

Soil constitutes an indispensable lithospheric asset, 

serving as the foundational matrix for global food security 

and terrestrial ecosystem stability. However, the 

Anthropocene has witnessed an unprecedented influx of 

industrial waste into the pedosphere, often discharged 

directly onto land or into hydrological systems without 

adequate remediation. As soil physicochemical properties 

fundamentally dictate the mobility and bioavailability of 

chemical species, a comprehensive understanding of soil 

behavior is paramount for environmental stewardship 

(Rajbala et al., 2012). The unregulated release of industrial 

effluents significantly alters the natural properties of the 

soil, leading to profound degradation in pedogenic 

productivity and ecological integrity (Kumar et al., 2012). 

Global concern regarding heavy metal (HM) 

contamination has intensified as anthropogenic activities 

continue to breach planetary boundaries. The enrichment 

of cultivable soils with elements such as Chromium (Cr), 

Copper (Cu), Cobalt (Co), Cadmium (Cd), and Lead 

(Pb)ðprimarily through the application of contaminated 

irrigation water and agrochemicalsðhas triggered a 

systemic decline in soil quality (Rayment et al., 2002; Kaur 

et al., 2014). Unlike other biospheric components, soils act 

as long-term sinks for heavy metals due to their high 

residence times and complexation capacities. 

Consequently, the persistent use of metal-laden industrial 

discharge for irrigation facilitates the bioaccumulation of 

toxic elements within the soil-plant continuum, posing a 

direct threat to the human food chain (Odoh, 2011; 

Nicholson et al., 2003). 

The toxicity of these metals is intrinsically linked to 

their concentration, oxidation states, and provenance 

(Duruibe et al., 2007). In developing nations, rapid 

industrialization and urban sprawl have emerged as the 

primary drivers of surface soil contamination, transforming 

the pedosphere into a critical vector for the transmission of 

hazardous substances to living organisms (Lasat, 2002; 

Wei & Yang, 2010). Given that soil contamination is the 

precursor to atmospheric and groundwater degradation, the 

protection and restoration of these ecosystems necessitate 

rigorous analytical quantification and strategic 

remediation. 

Modern environmental legislation and public health 

frameworks rely heavily on high-resolution data regarding 

the physicochemical dynamics of the food chain (Kabata-

Pendias, 2010). While characterizing the total metal burden 

provides a baseline, understanding the origin of pollution 

and soil chemistry is essential for effective mitigation. The 

Mahad Industrial Area in Maharashtraôs Raigad district, a 

major hub for chemical and pharmaceutical manufacturing, 

presents a critical case study for these interactions. This 

investigation evaluates the heavy metal status in the 

surrounding agricultural soils, providing a scientific basis 

for pollution control and the preservation of regional 

ecological equilibrium (Zhao et al., 2015). 

Material and Methods: 

 Study Area This study was carried out around the 

Mahad MIDC area. The study sites covers the area from 

different agricultural fields.  

Material Required. 
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 Soil sample, Plastic bag, Shovel, 2 mm sieve, Beakers, 

Electronic balance, Hot plate, Measuring cylinder, Funnel, 

100 ml air tight bottle, Whatman filter paper No. 42, 

Distilled water, Double distilled water.  

Sample Collection Soil samples were collected using 

cleaned shovel at 15cm depth and stored in polythene bags. 

The samples were mix, gently homogenized and sieved 

through 2-mm-mesh sieve. Air drier was used for the 

drying of soil samples and placed in electric oven at a 

temperature of 40 °C approximately for thirty minutes. For 

further process obtained powder was kept at room 

temperature. Instrument Required Atomic Absorption 

Spectrophotometer. 

Result and Discussion: 

Table 1: Concentration of the heavy metals in mg/kg 

Metal Ion 
Pre-Monsoon 

(Mean/Max) 

Post-Monsoon 

(Mean/Max) 

Concentration Range 

(Min - Max) 

Iron (Fe) 78.88 to151.2 mg/kg 74.42 to 131.3 mg/kg 74.42 ï 151.2 mg/kg 

Manganese 

(Mn) 
40.44 to 111.2 mg/kg 43.35 to 86.09 mg/kg 40.44 ï 111.2 mg/kg 

Copper (Cu) 4.01 to 6.05 mg/kg 4.98 to 7.34 mg/kg 4.01 ï 7.34 mg/kg 

Zinc (Zn) 0.174 to 1.1 mg/kg 0.9506 to 2.22 mg/kg 0.174 ï 2.22 mg/kg 

Lead (Pb) 0.34 to 3.46mg/kg 0.97 to 2.73 mg/kg 0.34 ï 3.46 mg/kg 

Cobalt (Co) 0.4626 to 1.02 mg/kg 0.942 to 3.1 mg/kg 0.4626 ï 3.1 mg/kg 

Nickel (Ni) 0.782 to 1.15 mg/kg 0.581 to 0.91 mg/kg 0.581 ï 1.15 mg/kg 

Chromium 

(Cr)  
0.577 to 0.92 mg/kg 0.735 to 1.02 mg/kg 0.577 ï 1.02 mg/kg 

IRON (Fe): 

Analytical quantification of Iron (Fe) in the study area 

revealed significant pedogenic enrichment, influenced by 

both the regional lithology and seasonal hydrologic cycles. 

During the pre-monsoon phase, Fe concentrations peaked 

at 151.2mg/kg, with a calculated mean of 78.88mg/kg. In 

contrast, the post-monsoon period exhibited a marginal 

attenuation in concentration, with maximum values 

reaching 131.3mg/kg and an average of 74.42mg/kg. 

The elevated Fe levels observed are primarily 

attributed to the characteristic lateritic (red) soil of the 

Konkan region, which is naturally enriched with iron and 

aluminum oxides derived from the weathering of basaltic 

parent material. The slight reduction in Fe concentrations 

post-monsoon may be indicative of leaching processes or 

the reductive dissolution of Fe-oxyhydroxides under 

saturated soil conditions during the heavy precipitation 

months typical of Maharashtra's coastal belt. 

These findings are consistent with previous lithogenic 

assessments conducted by Borkar (2018), who documented 

similar baseline values for the region's pedosphere. 

Furthermore, the concentration profiles align closely with 

the geochemical observations of Al -Khashman (2004), 

suggesting that while industrial activity is present, the iron 

status remains largely governed by the regional geological 

background. The negligible variance between these studies 

underscores the stability of Fe as a major lithogenic 

element in industrial-adjacent agricultural zones. 

COPPER (Cu): 

          The geochemical analysis of Copper (Cu) in the 

agricultural soils surrounding Mahad MIDC exhibited a 

distinct seasonal trend, with an observable increase in 

concentration following the monsoon period. During the 

pre-monsoon assessment, the maximum Cu concentration 

was recorded at 6.05mg/kg, with a mean value of 

4.01mg/kg. Conversely, the post-monsoon phase showed a 

marked elevation in Cu loading, reaching a maximum of 

7.34 mg/kg and an average concentration of 4.98mg/kg. 

The rise in Cu levels during the post-monsoon season 

suggests an influx of metal-laden runoff from the 

neighboring chemical and pharmaceutical industrial units, 

where effluents may facilitate the deposition of Cu onto the 

surface soil horizons. While the mean concentrations 

observed in this study 4.01ï4.98mg/kg align closely with 

the baseline Cu levels reported for soils in Poland 

5.0mg/kg, they remain significantly lower than the values 

reported in more heavily industrialized European corridors 

(Baize and Sterckeman, 2001; Blaser et al., 2000). 

The findings suggest that while the current Cu status 

does not exceed critical phytotoxicity thresholds, the 

seasonal accumulation pattern warrants continuous 

monitoring to prevent long-term soil degradation and 
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subsequent bioaccumulation in the paddy crop (Steinnes et 

al., 1997; Thuj et al., 2000). 

ZINC (Zn) : 

The geochemical behavior of Zinc (Zn) within the 

Mahad industrial corridor exhibits a profound seasonal 

sensitivity. Initial pre-monsoon assessments established a 

baseline maximum of 1.1 mg/kg with a mean concentration 

of 0.174 mg/kg. However, the post-monsoon period was 

characterized by a sharp escalation in Zn loading, with 

maximum values reaching 2.22 mg/kg and a mean of 

0.9506 mg/kg (Fig. 2). 

This significant enrichment suggests that the monsoon 

acts as a primary vector for metal transport. Zinc, a 

common byproduct in the pharmaceutical and chemical 

synthesis industries prevalent in Mahad MIDC, likely 

accumulates as dry deposition on surface soils or industrial 

infrastructure during the arid months. The subsequent 

heavy precipitation characteristic of the Raigad district 

facilitates the mobilization of these metals via atmospheric 

scavenging and surface runoff, leading to increased 

pedogenic concentrations in the surrounding paddy-

cultivating territories. 

While the observed concentrations in Mahad are 

congruent with levels documented in Harare, Zimbabwe 

(Mapanda et al., 2004), they represent a several-fold 

depletion compared to Northern European and Southeast 

Asian soils. Specifically, Zn levels in Mahad are an order 

of magnitude lower than those found in: Norway: 53.8 

mg/kg (Steinnes et al., 1997), Vietnam Rural 65.5 mg/kg 

(Thuj et al., 2000), Switzerland Forest 60 mg/kg (Blaser et 

al., 2000) 

This disparity is largely attributable to the intense 

leaching regimes and low pH conditions of the Konkan 

region's lateritic soils, which favor the aqueous mobility of 

Zn over long-term retention. However, the high relative 

seasonal flux observed in this study underscores an active 

anthropogenic signature that may necessitate long-term 

monitoring to ensure the preservation of the local agro-

ecosystem. 

MANGANESE (Mn) : 

Manganese (Mn) concentrations exhibited a complex 

seasonal profile, reflecting both lithogenic background and 

hydrological redistribution. During the pre-monsoon 

phase, the maximum Mn concentration was recorded at 

111.2 mg/kg, with an associated mean of 40.44 mg/kg. 

Interestingly, the post-monsoon period showed a reduction 

in the peak concentration to 86.09 mg/kg, even as the 

seasonal mean slightly elevated to 43.35 mg/kg. 

This trend suggests a seasonal redistribution of Mn; 

while localized "hotspots" of high concentration (maxima) 

were likely diluted or leached by heavy precipitation, the 

overall background levels (mean) slightly increased, 

possibly due to the influx of Mn-rich runoff from the 

surrounding industrial topography or the reduction of Mn4+ 

to the more mobile Mn2+ under waterlogged, anaerobic soil 

conditions during the monsoon. 

The Mn levels quantified in this study are significantly 

lower than those reported in highly industrialized terrains 

of Turkey, where studies by G¿lten Yaylalē-Abanuz (2011) 

and Mahmut Coskun (2004) documented substantially 

higher lithogenic and anthropogenic loading. Conversely, 

the Mn status in the Mahad MIDC region is notably higher 

than the concentrations reported in the agricultural soils of 

Haryana, India (Malik, 2017). This disparity highlights the 

specific mineralogical signature of the Konkan region's 

lateritic soils, which are naturally enriched in Fe-Mn oxides 

compared to the alluvial plains of Northern India. 

NICKEL (Ni) : 

The investigative results for Nickel (Ni) indicate a 

distinct attenuation in concentration following the 

monsoon period. During the pre-monsoon assessment, Ni 

concentrations reached a maximum of 1.15 mg/kg with a 

calculated mean of 0.782 mg/kg. Conversely, the post-

monsoon phase revealed a significant reduction, with the 

maximum value dropping to 0.91 mg/kg and the mean 

concentration declining to 0.581 mg/kg 

The 25.7 reduction in the mean Ni concentration post-

monsoon suggests high vertical mobility and hydraulic 

leaching. In the lateritic, typically acidic soils of the Raigad 

district, $Ni$ is known to be relatively mobile. Heavy 

precipitation likely facilitates its translocation from the 

surface horizons to deeper pedogenic layers or into the 

local groundwater table, rather than facilitating surface 

accumulation. 

The Ni status in the Mahad MIDC region is 

remarkably low when compared to international standards. 

The mean Ni content in the study area is approximately 

three times lower than the values reported for soils in 

Poland 2.4 mg/kg (Loska et al., 2004). Similarly, the 

concentrations are substantially lower than those 

documented in Swiss forest soils 15 mg/kg (Blaser et al., 

2000). This comparative deficit suggests that while the 

Mahad region is heavily industrialized, Ni enrichment in 

the topsoil remains negligible, potentially due to the 

specific metallurgical profile of the local industries or the 

rapid turnover of the metal within the tropical coastal soil 

system. 

CHROMIUM (Cr) :  

The analysis of Chromium (Cr) in the agricultural soils 

surrounding Mahad MIDC revealed a definitive trend of 

post-monsoon enrichment. Pre-monsoon observations 

recorded a maximum concentration of 0.92 mg/kg with a 

mean value of 0.577 mg/kg. However, the post-monsoon 

period evidenced a significant increase, with 

concentrations peaking at 1.02 mg/kg and the mean value 

rising to 0.735 mg/kg. 

The elevation in Cr levels during the post-monsoon 

phase suggests that the monsoon acts as a delivery 

mechanism for industrial particulates. Chromium is 

extensively utilized in tanning, pigment production, and 

metallurgical processesðall typical of the chemical 

diversification within the Mahad industrial cluster. The 

increase in surface soil concentration is likely due to the 

deposition of metal-laden suspended solids from industrial 
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runoff and atmospheric washout during peak precipitation 

months. 

Despite the observed seasonal increase, the absolute 

Cr concentrations in the Mahad region remain remarkably 

low when compared to international benchmarks. 

Comparative data from Vietnam indicates significantly 

more elevated levels, ranging from 80.8 to 116.7 mg/kg in 

general soil profiles and reaching up to 174.5 mg/kg in 

urban centers (Thuj et al., 2000). Similarly, concentrations 

in the Swiss forest soils were found to be substantially 

higher than those in the current study area (Blaser et al., 

2000). 

The trace-level presence of Cr in Mahad soils, 

notwithstanding the industrial proximity, may be attributed 

to the high solubility of Cr(VI) species in tropical, high-

rainfall environments, leading to rapid leaching. However, 

the consistent post-monsoon increase highlights an active 

anthropogenic signature that warrants long-term 

environmental surveillance. 

COBALT (Co):  

The geochemical analysis of Cobalt (Co) revealed a 

pronounced temporal variation, with concentrations 

exhibiting a significant increase following the monsoon 

period. Pre-monsoon monitoring established a maximum 

Co concentration of 1.02 mg/kg and a mean of 0.4626 

mg/kg. However, the post-monsoon phase was 

characterized by a sharp escalation, with peak 

concentrations reaching $3.1 mg/kg and the mean value 

rising to 0.942mg/kg (Fig. 6). 

The 103.6% increase in mean Co levels post-monsoon 

identifies a strong anthropogenic signal. Cobalt is 

frequently associated with the manufacture of pigments, 

catalysts, and specialized alloys within the chemical and 

pharmaceutical sectors of the Mahad industrial cluster. The 

sharp rise in concentrations suggests that Co-laden 

industrial dust and effluents, accumulated during the dry 

months, are mobilized and redistributed across the 

agricultural landscape by monsoon-driven hydraulic 

transport and surface runoff. 

Despite the significant seasonal increase, the Co status 

in the study area remains relatively low compared to other 

major industrial zones in India. The mean concentrations 

recorded in Mahad (0.942 mg/kg) are substantially lower 

than the 16.9mg/kg reported in Chennai, Southern India 

(Krishna, 2007) and the high baseline levels documented in 

Central India (Patel, 2015). This indicates that while 

industrial activities in Mahad are actively contributing to 

the Co burden, the current levels have not yet reached the 

high contamination thresholds observed in the more mature 

industrial corridors of the subcontinent. 

LEAD (Pb):  

The spatial distribution of Lead (Pb) in the study area 

indicates a state of moderate persistence with minor 

seasonal fluctuations. During the pre-monsoon period, Pb 

concentrations ranged from 0.34 mg/kg to 3.46 mg/kg, with 

an average of 1.49 mg/kg. Following the monsoon season, 

the concentrations exhibited a narrower range from 0.97 

mg/kg to 2.73 mg/kg, while the mean value showed a 

marginal increase to 1.61mg/kg. 

The stability of Pb concentrations, despite the heavy 

precipitation in the Konkan region, is characteristic of the 

elementôs high affinity for soil organic matter and iron-

manganese oxides. Unlike more mobile elements like 

Nickel, Lead tends to remain adsorbed within the upper soil 

horizons. The slight elevation in the mean value post-

monsoon likely reflects the cumulative deposition of 

atmospheric particulates from industrial combustion and 

transport activities within the Mahad MIDC, which are 

subsequently washed into the soil by rainfall. 

When benchmarked against global datasets, the Pb 

levels in Mahad's agricultural soils are exceptionally low. 

The mean values recorded in this investigation (1.49ï1.61 

mg/kg) are significantly lower than those documented in 

several high-profile studies, including Baltic Countries 

Topsoil levels reported by Reimann et al. (2000), France 

Soil profiles analyzed by Baize and Sterckeman (2001), 

Norway National soil surveys by Steinnes et al. (1997). 

This comparative deficit suggests that while Pb is a 

ubiquitous byproduct of industrialization, the current 

loading in the Mahad region is in its nascent stages. 

However, given the high toxicity and non-biodegradable 

nature of Lead, these baseline values serve as a critical 

reference point for future environmental impact 

assessments. 

Conclusion: 

This investigation confirms that the pedosphere 

surrounding Mahad MIDC is influenced by a dual signature 

of lithogenic background and seasonal anthropogenic 

enrichment. While Fe and Mn levels reflect the natural 

basaltic mineralogy of the Konkan region, significant post-

monsoon increases in Zn (+446%), Co (+103%), Cr, and 

Cu indicate active industrial loading via hydraulic runoff 

and atmospheric washout. Conversely, Ni exhibits high 

mobility and leaching. Although current concentrations 

remain below international toxicity thresholds, the 

persistent seasonal pulsing of non-biodegradable metals 

necessitates rigorous monitoring and effluent management 

to prevent long-term bioaccumulation within the local food 

chain.  
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Abstract: 

Traditional chemical models based on integer-order differential equations often fail to describe systems exhibiting 

memory, non-local interactions, and anomalous transport phenomena. Fractional calculus, which extends differentiation 

and integration to non-integer orders, offers an effective mathematical framework to overcome these limitations. This paper 

presents an original and reformulated study on the use of fractional calculus in chemical system modeling. Fractional-order 

kinetic equations, diffusion models, and electrochemical formulations are developed and analyzed. Explicit mathematical 

derivations, illustrative calculations, and chemically relevant examples are provided to demonstrate how fractional models 

generalize classical approaches and improve physical interpretation of complex chemical behavior. 
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Introduction : 

Many chemical processes occur in complex 

environments such as porous catalysts, polymer matrices, 

gels, biological media, and electrochemical interfaces. In 

such systems, reaction rates and transport phenomena 

depend not only on the present state but also on past 

interactions. Conventional integer-order models assume 

instantaneous response and short-range interactions, which 

limits their applicability. 

Fractional calculus introduces derivatives and 

integrals of arbitrary order, enabling the incorporation of 

long-term memory and spatial heterogeneity into chemical 

models. In recent years, fractional-order formulations have 

emerged as powerful tools to describe non-exponential 

kinetics, sub-diffusive transport, and frequency-dependent 

electrochemical responses. This paper independently 

develops fractional models for chemical systems with clear 

physical interpretation and mathematical rigor. 

Mathematical Foundations of Fractional Calculus: 

Fractional Integral Operator . 

The fractional integral of order Ŭ > 0 for a time-

dependent function Ὢὸ is defined as: 

ὍὪּכ
ρ

ː‌
ὸ † Ὢ†Ὠ† 

Here ɻ‌ is the Gamma function, which generalizes the 

factorial concept: 

ɻ ‌

᷿ ὼ Ὡ Ὠὼ 

Fractional Derivatives Used in Chemical Modeling: 

(a) RiemannïLiouville Derivative . 

╡︡
♪█

▪╘
♪█ ,    n-1 ♪ ▪ 

 (b) Caputo Derivative. 

Ὢּ̒כ Ὅּו
כὪּוּאַ

וּכּאַ
 

The Caputo definition is particularly suitable for 

chemical systems because it allows the use of 

experimentally measurable initial concentrations. 

Fractional-Order Chemical Kinetics: 

Classical First-Order Reaction Model. 

For a unimolecular reaction: 

ὃᴼὄ 

The classical kinetic equation is: 

כὅּאַ

כּאַ
▓╒  

With the exponential solution: 

ὅּכ ὅὩ  כּ

This formulation assumes a memoryless reaction 

process. 

Fractional Kinetic Equation . 

To incorporate memory effects, the time derivative is 

replaced by a fractional derivative of order 0 ‌ ρ: 

ὅּכ ▓╒  

The analytical solution is expressed using the Mittagï

Leffler function: 

ὅὝ ὅὉ Ὧּכ  

Where: 

Ὁ שׁ
הּשׁ

ː‌ּה ρ
הּ

 

Unlike the exponential function, this solution predicts 

slower decay, consistent with experimental observations in 

heterogeneous systems. 

Numerical Illustration : 

Consider the parameters: 
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¶ Initial concentration: ὅ ρȢπ άέὰ fl  

¶ Fractional rate constant: Ὧ πȢτ ί  

¶ Fractional order: ‌ πȢχυ   

At =3 ▼: 

ὅσ ὉȢ πȢτ σȢ  

Approximating the MittagïLeffler function: 

ὉȢ ρȢπρ πȢτρ 

ὅσ πȢτρ άέὰ fl  

This demonstrates a clear deviation from classical 

exponential kinetics. 

Fractional Diffusion in Chemical Media: 

Standard Diffusion Equation. 

‬ὅὼȟּכ

כּ‬

‬ὅὼȟּכ

‬ὼ
 

This equation predicts normal diffusion with mean 

square displacement proportional to time. 

Time-Fractional Diffusion Model. 

For transport in disordered or constrained 

environments: 

‬ὅὼȟּכ

כּ‬

‬ὅὼȟּכ

‬ὼ
        π ‌ ρ 

 

The resulting mean square displacement is: 

ộὼ כּ ͯ Ớכּ  

Such sub-diffusive behavior is observed in polymers, 

membranes, and porous catalysts. 

Fractional Modeling of Electrochemical Processes. 

Electrochemical reactions often show frequency-

dependent behavior due to interfacial memory effects. 

A fractional formulation of current response may be written 

as: 

כּ ̆ ̆  

where the fractional order Ŭ quantifies charge-transfer 

memory. Such models accurately describe non-ideal 

capacitive behavior in impedance spectroscopy. 

Applications in Advanced Chemical Systems: 

¶ Polymer chemistry: fractional kinetics explain 

broad molecular relaxation spectra. 

¶ Drug delivery:  anomalous diffusion through 

biological membranes. 

¶ Enzyme reactions: long-time correlations in 

crowded cellular environments. 

¶ Catalysis: transport limitations in porous catalyst 

supports. 

Strengths of Fractional Chemical Models: 

1. Capture memory and hereditary effects 

2. Provide better fit to experimental data 

3. Naturally generalize classical equations 

4. Applicable to multi-scale chemical systems 

Challenges and Limitations: 

¶ Physical interpretation of fractional order requires 

care 

¶ Increased mathematical and computational 

complexity 

¶ Parameter estimation depends on high-quality 

experimental data 

Conclusion: 

This independently written study demonstrates that 

fractional calculus offers a consistent and physically 

meaningful extension of classical chemical modeling. 

Fractional-order kinetic, diffusion, and electrochemical 

equations successfully describe memory-driven chemical 

processes that cannot be explained using integer-order 

models. With growing experimental validation and 

numerical tools, fractional calculus is expected to become 

an essential component of modern chemical theory. 
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Abstracts:  

                  In this article we report, synthesis, characterization and thermo gravimetric study of mixed ligand complexes 

of vanadium metal by using the ligands containing O, N and S donor atoms. The bidentate organic ligand molecules such 

as 2-Aminothiophenol, Catechol, 2-Aminophenol, and L-Amino acids like L-phenylalanine, L-Alanine, L-Aspartic acid. 

All the synthesized complexes were characterised by using various spectroscopic techniques such as melting point 

determination, solubility behaviour, TLC, Elemental analysis, Thermo gravimetric analysis (TGA), Differential thermal 

analysis (DTA) and IR spectroscopy of complexes. All the synthesized complexes were highly stable at room temperature 

and structure of complexes shows squre pyramidal geometry. 

Keywords: Mixed ligand Complexes, 2-Aminophenol, Catechol, 2- Aminothiophenol, L-Amino acids and TGA study 

etc.  

 

Introduction:  

The L-amino acids and their mixed ligand transition 

metal complexes are important in the biological functions 

of humans, animals, and plants. L- phenylalanine is one of 

the twenty major amino acids and is considered an essential 

amino acid, 2- Aminophenol and 2-Aminothiohenol is an 

organic compound in the  placement of an OH and SH 

group on carbon number 2. This colourless compound is 

widely used in complex formation reaction as bidentate 

ligand containing O, N and S donor atoms [1]. Mixed 

ligand complexes of dioxouranium (VI) of the type 

[UO2(Q)(L)·2H2O] have been synthesized using 8-

hydroxyquinoline (HQ) as a primary ligand and amino 

acids (HL) such as L-threonine, L-tryptophan, and L-

isoleucine as secondary ligands and studied their 

antibacterial activity[2]. Four Complexes of Cu (II) and Ni 

(II) Schiff bases have been prepared. The Schiff bases are 

derived by the reaction of Salisylaldoxime primary ligand 

with heterocyclic compounds such as 2-aminopyridine (S-

L2), 2-2-bipyridine (S-L4) to form the secondary ligand, 

which than react with the metal halides to form 

corresponding complexes. Because of their excellent 

chelating properties, and diverse structural features [3]. 

The nitrogen donor ligand 1,10-phenanthroline and its 

congener 2,2ô bipyridine have been studied widely for their 

coordination ability due to their stability in biochemical 

processes. 

1,10-Phenanthroline (phen) is a bidentate ligand in 

coordination chemistry. This nitrogen donor SP2 ligand and 

its congener 2,2ô bipyridine have been studied widely for 

their coordination ability due to their stability in 

biochemical processes[4] A bidentate NO type Schiff base 

ligand (HA) has been obtained by the condensation 

reaction of 2-hydroxy-4-metoxy benzophenone with 

aniline. Using this Schiff base as main ligand(HA) and 2-

aminophenol as co-ligand (B), few novel mixed ligand 

complexes of composition MAB [M = Mn(II), Co(II), 

Ni(II), Cu(II) and Zn(II)] have been synthesized All the 

complexes show moderate potent activities than Schiff 

base ligand. Furthermore, the oxidative DNA cleavage 

activities of free Schiff base and the mixed ligand 

complexes have been done by agarose gel electrophoresis 

method in peroxide medium [5]. The mixed ligand 

transition metal complexes of 2-aminophenol based Schiff 

bases have been the subject of extensive investigation 

because of their wide use in various fields. These Schiff 

base complexes have wide applications in biological field, 

as antidepressants, antimicrobial, antitumor, 

antiphlogogistic, nematocide, and other medicinal agents 

have been reported based on these compounds. 

Furthermore these complexes have good catalytic activity 

in many organic reactions [6]. The synthesis of catecholato-

bis (diamine-monodithiocarbamato) vanadium (IV) 

complexes is totally a new approach. Vanadium is a 

biologically active metal. The interest in vanadium 

complex is due to their potential therapeutic and catalytic 

applications as well as nontoxic metal antitumor, antifungal 

and antibacterial activities [7]. Some novel mixed ligand 

complexes of Mn(II), Fe(III), Co(II), Ni(II), Cu(II) and 

Zn(II) ions with salicylaldehyde and catechol have been 

prepared and investigated by several techniques [8]. The 

present article we have synthesized five mixed ligand 

complexes of vanadium metal by using the ligands 

containing O, N and S donor atoms. The bidentate organic 

ligand molecules such as 2-Aminothiophenol, Catechol, 2-

Aminophenol, and L-Amino acids like L-phenylalanine, L-

Alanine, L-Aspartic acid  
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Materials and Methods: 

Vanadyl sulphate (VOSO4) purchased from S. D. Fine 

Chemicals, all the ligands like L-phenylalanine, L-Alanine, 

L-Aspartic acid, 2-aminophenol, 2-aminothiophenol, and 

catechol were purchased from, Spectrochem Private 

Limited, Qualigens Fine Chemicals. All the chemicals used 

of AR grade. The ethanol and water were used by double 

distilled. 

Synthesis of Mixed ligand Complexes: 

The aqueous solution (20ml) of vanadylsulphate 

(VOSO4) (1.63 gm 0.01 Mole), ethanolic solution (20 ml) 

of Bidentate organic ligand (2-2-aminophenol, 2-

aminothiophenol, and catechol) was added. The mixer was 

stirred for 30 min at room temperature. To this reaction 

mixer add aqueous solution (20ml) L-amino acids (0.01 

Mole) L-phenylalanine, L-Alanine, L-Aspartic acid drop 

wise with constant stirring. The reaction mixer was stirred 

6-7 hrs at room temperature and brownish coloured 

complex were precipitated. Filter the complex and wash it 

with cold distilled water followed by ethanol. The 

complexes were dried at room temperature and used it for 

further study.  

Result and Discussion: 

The synthesized mixed ligand complexes are insoluble 

in common organic solvents like Ethanol, Methanol, 

chloroform, dichloromethane, Acetone, Acetonitrile and 

ethylacetate but soluble in dimethylsulphoxide (DMSO) 

and N,N-dimethyl formamide (DMF). The 

physicochemical data like Molecular weight, colour, 

decomposition temperature, Solubility and percentage 

yield of complexes shown in table-1. The elemental 

analysis of synthesized vanadium metal complexes was 

recorded on Thermo Finnigan Elemental Analyzer at SAIF 

IIT Mumbai indicates with their general formula having 

(1:1:1) (L:M:L) proportion table-2 [9]. 

Table 1: Physicochemical data of the synthesized 

complexes. 

Sr. 

No. 

Proposed 

Molecular 

formula 

Calculated 

Molecular 

Weight 

(gms) 

Colour 

Decomposed 

temp/ 

M. P. (0C) 

Solubility  

Percentage 

Yield 

(%)  

1 
Complex-

C1 
305.21 

Faint 

Brown 
>250 DMF/DMSO 76% 

2 
Complex-

C2 
319.21 

Dark 

Brown 
>250 DMF/DMSO 75% 

3 
Complex-

C3 
319.19 

Dark 

Brown 
>250 DMF/DMSO 74% 

4 
Complex-

C4 
339.22 

Dark 

Brown 
>250 DMF/DMSO 73% 

5 
Complex-

C5 
348.28 

Light 

blackish 
>250 DMF/DMSO 75% 

 

Table 2: Elemental Analysis 
Sr. 

No. 

Proposed 

Molecular 

formula 

Elemental Analysis 

Percentage of Elements obtained 

 

  C H N O M(V)  

1 Complex-C1 55.09 (55.04) 3.96(3.93) 13.17(13.76) 10.48(10.46) 16.69 (16.38) 

2 Complex-C2 56.44 (56.38) 3.79 (3.75) 8.78 (8.77) 15.04 (15.03) 15.96 (15.66) 

3 Complex-C3 56.44 (56.39) 3.16 (3.13) 4.39 (4.38) 20.05 920.05) 15.96 (15.66) 

4 Complex-C4 53.11 (53.06) 4.16 (4.12) 4.13 (4.12) 23.58 (23.58) 15.02 (14.73) 

5 Complex-C5 54.36 (54.06) 4.14 (4.10) 5.58 (5.46) 21.57(21.51) 15.46 (14.57) 

Infra -Red Spectra: 

The infrared spectra of synthesized mixed ligand 

complexes (complex-1 to complex-4) of vanadium were 

compared with free phenolic group. The broad pick was 

observed in between the range of 3410 to 3442cm-1 due to 

symmetric stretching of O-H bond in free 2-aminophenol 

and catechol molecule, but in metal complexes the absence 

of band 3410-3442 cm-1 indicates complex formation 

through oxygen atom of ïOH group.. In complex -1 shows 

vibration bands at 3078 cm-1, indicates coordinated amine 

(-NH2) group to metal atom [4]. In complex-2 the ligand 2-

aminophenol exhibited two bands at 3338 cm-1 for (-NH2) 

and 1268 cm-1 for (-OH) vibration [5]. In complexes-3,4 

and 5 the phenolic ïOH frequency shifted towards lower 

range at 1263 ï 1260 cm-1 indicates that ligands 

coordinated to metal in bidentate manner. The asymmetric 

and symmetric (COO-) bands observed in the region 1580-

1597 and 1402-1408 cm-1 in free amino acids were 

observed to be shifted to lower wave numbers region of 

1571-1575 and 1373-1377 cm-1 respectively in the spectra 

of complexes. This indicates bonding of COO- group with 

metal via oxygen atom of carboxylic group of amino acids. 

The band observed between 940-950 cm-1 in the spectra of 

complexes indicates ɜ(V=O) stretching vibrations. Finally 

the bands observed in the range of 440-450 cm-1 and 620-
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635 cm-1 indicates ɜ (M-N) and ɜ (M-O) bonding in 

complexes respectively [8]. 

 
Fig-1: IR Spectra of Complex-C-1 

 
Fig-1: IR Spectra of Complex-C-5 

 

TGA/DTA:  

The thermo gravimetric analysis study of synthesized 

complexes has been recorded in presence of nitrogen 

atmosphere at the constant heating rate is 20oc/min. The 

thermal study of synthesized complexes shows that all the 

complexes are thermally more stable. The complexes 

observed that gradually lose weight by the decomposition 

of various fragments with increasing temperature. The 

TGA curve of complexes 2 and 3 shows weight loss in the 

range of greater than 335oC due to loss of aromatic 2-

aminophenol and 2-aminothiophenol molecules. The DTA 

curves of all the complexes show the broad curve in the 

temperature range of 345-710oC indicates to simultaneous 

decomposition of catechol, 2-aminophenol and 2-

aminothiophenol ligands bonded to metal atoms in the 

complexes. The broad curve is observed in the complexes 

indicates simultaneous decomposition of ligand molecules 

and their similar oxidation to gaseous products like H2O 

and CO2 molecules [10].  

Magnetic measurements: 

The magnetic moment of complexes were measured 

by using Gouys Balance. The observed values of magnetic 

moments (1.65 to 1.84 B.M.) indicates presence of one 

unpaired electron in these complexes.  

Schemes of Synthesized Mixed ligand Vanadium 

Complexes 
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Synthesis of Complex-C2 
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Synthesis of Complex-C3 
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Synthesis of Complex-C4 
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Synthesis of Complex-C5 

Conclusion:  

All the mixed ligand complexes of vanadium metal 

have been synthesized at room temperature. From the 

above discussion and on the basis elemental analysis, IR 

spectra and TGA /DTA analysis of synthesized complexes 

are highly stable at room temperature. The IR study of 

complexes concluded that the ligand molecules such as 2- 

Aminophenol, 2- Aminothiophenol, catechol and L-Amino 

acids etc. acts as bidentate ligands. It is coordinated to 

metal atom through O, N, and S donor atoms. It indicates 

ligands are strongly bonded to vanadium metal. All the 

synthesized complexes are brownish coloured, thermally 

stable and nonhygroscopic. The probable structure of the 

metal complexes is square pyramidal. 

Acknowledgement: 

The authors grateful to director of central facility 

centre at Dr. Babasaheb Ambedkar Marathwada 

University, Chhatrapati Sambhajinagar for measuring the 

TGA/DTA and IR spectra of synthesized complexes. 

References. 

1. Abeer Abdul Jaleel Ibrahim, Synthesis and 

characterization of mixed ligand complexes of some 

metal chlorides with 8-hydroxyquinoline and amino 

acid L- lysine, Diyala journal for pure sciences, 

Vol,7 (4), 2011. 

2. Sunil S. Patil, Ganesh A. Thakur, andManzoorM. 

Shaikh, Synthesis, Characterization, and 



New Man International Journal of Multidisciplinary Studies (NMIJMS)            ISSN: 2348-1390 

Vol. 13| Issue 1 |   January 2026  187  www.newmanpublication.com 

Antibacterial Studies ofMixed Ligand 

Dioxouranium Complexes with 8-

Hydroxyquinoline and Some Amino Acids, ISRN 

Pharmaceutics, 168539. 2011. 

3. Sachin R Joshi, Seema I Habib, Synthesis, Spectral 

study of Ni (II) and CU (II) metal ions with 

Heterocyclic Ligands, Int. J. Drug Dev. & Res, 6 (3), 

2014, 32-38. 

4. F. A. O. Addkunle, O. A. Odunola, Synthesis and 

Characterization of Mixed Ligand Complexes of 

Cu(Phen)2(ClO4 )2 with Some Aromatic Ligands, 

Chemical Science Transactions, 2 (2), 2013,  491-

496. 

5. P. Subbaraj, A. Ramu, N. Raman, J. Dharmaraja, 

Mixed Ligand Complexes Containing (2-Hydroxy- 

4 -Methoxyphenyl) (Phenyl) Methanone and 2-

Aminophenol: Synthesis and DNA cleavage, IJESE, 

1 (7), 2013. 

6. Ekamparam Akila, Markandan Usharani and 

Rangappan Rajavel, A Review ï General  

Applications of  Schiff Base Transition Metal 

Complexes Derived From 2-Aminophenol, 

International Journal of Advanced Scientific and 

Technical Research, Vol 5 (3), 2013. 

7. B. Begum, A. Sarker, A.K.M. Lutfor Rahman and 

N. C. Bhoumik, Synthesis and characterization of 

mixed ligand catecholato-bis (diamine-

monodithiocarbamato) vanadium (IV) complexes, 

Bangladesh J. Sci. Ind. Res. 52 (2), 2017, 89-96. 

8. R.S. El-Zwaey, M.M. El-Ajaily and A.A. Maihub, 

Spectroscopic and Thermal Analysis of Mixed 

Ligand Complexes of Iron (III) and Copper (II) 

Derived from Catechol and Benzil, Asian Journal of 

Chemistry, Vol. 21 ( 1), 2009, 31-35. 

9. Sunil S. Patil, Ganesh A. Thakur, andManzoor M. 

Shaikh, Synthesis, Characterization, and 

Antibacterial Studies ofMixed Ligand 

Dioxouranium Complexes with 8-

Hydroxyquinoline and Some Amino Acids, ISRN 

Pharmaceutics Volume 2011. 

10. Akalpita S. Bodkhe, Sunil S. Patil, and Manzoor M. 

Shaikh, Synthesis, characterization and antibacterial 

studies on mixed ligand copper complexes with 

polydenate ligands, Acta Poloniae Pharmaceutia- 

Drug Research, vol. 69 No. 5 pp. 2012 871-877. 

 

ÇÇÇ 



New Man International Journal of Multidisciplinary Studies (NMIJMS)            ISSN: 2348-1390 

Vol. 13| Issue 1 |   January 2026  188  www.newmanpublication.com 

42. 

 

Synthesis and Characterization of Functional Nanocomposites for Energy and 

Environmental Applications 

Lomate Sushant Prakash1,    Gurgude Revannath Aba2, 

Langhi Gangaram Ganpat3,    Pawar Rameshwar Balasaheb4, 

Shende Harish Balwantrao5. 
Assistant Professor, 

Department of Chemistry 

DMKG Vidnyan Mahavidyalaya, Mangalwedha. 

 
Abstract: 

Functional nanocomposites represent an advanced class of materials engineered through the integration of 

multiple nanoscale constituents to achieve synergistic physicochemical properties. These materials exhibit superior 

electrical conductivity, catalytic activity, mechanical robustness, thermal stability, and adsorption efficiency compared 

with their individual components. Such characteristics make functional nanocomposites highly attractive for addressing 

critical global challenges related to sustainable energy production, energy storage, and environmental remediation. This 

review provides a comprehensive and critical overview of the classification, synthesis strategies, characterization 

methodologies, and structureïproperty relationships of functional nanocomposites. Particular emphasis is placed on their 

applications in batteries, supercapacitors, solar cells, fuel cells, hydrogen generation systems, water and wastewater 

treatment, air pollution control, and environmental sensing. Furthermore, the review discusses the key challenges 

associated with large-scale manufacturing, cost, recyclability, environmental toxicity, and long-term stability. Finally, 

future research perspectives are outlined with a focus on green synthesis, lifecycle assessment, and the integration of 

functional nanocomposites into real-world energy and environmental technologies, aligning with the goals of sustainable 

development. 

Keywords - Functional Nano composites, Nanomaterial synthesis, advanced characterization techniques, Energy storage 

and conversion, Environmental remediation, Sustainable materials, Water and air purification, Green nanotechnology. 

 
Introduction : 

The rapid increase in global energy demand, coupled 

with the depletion of fossil fuel reserves and the 

intensification of environmental pollution, has created an 

urgent need for innovative materials capable of supporting 

sustainable technological development. [1-3] Conventional 

bulk materials often fail to meet the stringent performance 

requirements of modern energy and environmental 

systems, particularly in terms of efficiency, durability, 

multifunctionality, and environmental compatibility. In 

this context, nanotechnology has emerged as a 

transformative field, enabling the manipulation of 

materials at the atomic and molecular levels to achieve 

unprecedented properties. Functional nanocomposites, 

which consist of two or more components combined at the 

nanoscale, have gained significant attention due to their 

ability to integrate the advantages of individual 

constituents while minimizing their limitations. The 

presence of nanoscale fillers introduces high surface-to-

volume ratios, enhanced interfacial interactions, and 

quantum confinement effects, which collectively improve 

charge transport, catalytic efficiency, mechanical strength, 

and chemical reactivity. [4-8] .These features are 

particularly beneficial for applications in energy storage 

devices such as lithium-ion batteries and supercapacitors, 

energy conversion systems including solar cells and fuel 

cells, and environmental remediation technologies such as 

water purification and pollutant sensing. 

Over the past decade, extensive research efforts have 

been directed toward optimizing the composition, 

morphology, and architecture of functional 

nanocomposites to tailor their properties for specific 

applications. Despite remarkable progress, challenges 

related to scalable synthesis, reproducibility, long-term 

stability, and environmental safety remain significant 

barriers to commercialization. This review aims to provide 

a detailed and critical assessment of recent advances in 

functional nanocomposites, highlighting synthesis 

methods, characterization tools, application performance, 

and future research directions relevant to energy and 

environmental sustainability.[9-13] 

Classification of Functional Nano composites: 

Functional nanocomposites can be systematically 

classified based on the nature of the matrix material, the 

type of nanoscale filler, and the intended functionality. This 

classification is essential for understanding structureï

property relationships and guiding material design for 

targeted applications. 

Polymer-based nanocomposites consist of polymer 

matrices reinforced with nanofillers such as carbon 

nanotubes, graphene derivatives, metal nanoparticles, or 

metal oxides. These materials offer advantages including 
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low density, flexibility, ease of processing, and tunable 

mechanical and electrical properties. They are widely 

employed in flexible energy devices, membranes for water 

treatment, and lightweight structural components. 

Metal and metal oxide nanocomposites are composed 

of metallic or ceramic matrices integrated with nanoscale 

reinforcements. Common examples include TiO-, ZnO-, 

Fe O-, and MnO-based nanocomposites, which exhibit 

excellent catalytic, magnetic, optical, and electrochemical 

properties. These materials are particularly suited for 

photocatalysis, electrocatalysis, and sensing applications. 

Carbon-based nanocomposites utilize carbon 

nanomaterials such as graphene, carbon nanotubes, carbon 

nanofibers, and biochar-derived carbon. Their exceptional 

electrical conductivity, chemical stability, and high surface 

area make them ideal for energy storage electrodes and 

adsorption-based environmental remediation. 

Hybrid and multicomponent nanocomposites combine 

polymers, metals, metal oxides, and carbon nanomaterials 

to exploit synergistic effects. Such systems are designed to 

achieve multifunctionality, enhanced durability, and 

improved performance, making them promising candidates 

for next-generation energy and environmental 

technologies. 

Table 1. Classification of functional Nano composites 

based on matrix material, Nano fillers, properties, and 

applications 

Synthesis Strategies: 

The synthesis strategy plays a pivotal role in 

determining the structural characteristics, dispersion 

quality, and interfacial bonding of functional 

nanocomposites, which ultimately govern their 

performance. Various physical, chemical, and biological 

methods have been developed to fabricate nanocomposites 

with controlled composition and morphology.[14-15] In 

situ polymerization is a widely used technique in which 

nanofillers are dispersed within monomers prior to 

polymerization. This approach ensures uniform filler 

distribution and strong interfacial interactions, resulting in 

improved mechanical strength and electrical conductivity. 

The solïgel method is another versatile technique, 

particularly for metal oxide-based nanocomposites, 

offering precise control over composition, particle size, and 

homogeneity.[16-17] 

Hydrothermal and solvothermal methods involve 

chemical reactions conducted in sealed autoclaves at 

elevated temperatures and pressures. These methods 

facilitate the formation of highly crystalline nanostructures 

with well-defined morphologies, making them suitable for 

energy storage and catalytic applications. Melt blending 

and mechanical mixing are industrially scalable techniques 

commonly used for polymer nanocomposites, although 

challenges related to nanoparticle agglomeration persist. 

Recently, green and bio-inspired synthesis approaches 

have gained increasing attention due to growing 

environmental concerns. These methods utilize renewable 

resources, plant extracts, microorganisms, or biopolymers 

to reduce energy consumption and eliminate toxic reagents. 

The development of sustainable synthesis strategies is 

critical for the large-scale production of environmentally 

benign functional nanocomposites.[18-20]. 

 

Classification 
Matrix 

material 

Nanofiller 

types 

Key 

properties 

Energy 

applications 

Environmental 

applications 

Polymer-based 

Nano composites 

Thermoplast

ics, 

thermosets, 

biopolymers 

Carbon 

nanotubes, 

graphene, 

metal 

oxides, 

nanoclays 

Lightweight, 

flexibility, 

enhanced 

conductivity 

Flexible 

batteries, 

supercapacitors 

Filtration 

membranes, sensors 

Metal-based Nano 

composites 

Aluminum, 

nickel, 

copper, steel 

Ceramic 

nanoparticle

s, CNTs, 

graphene 

High 

mechanical 

and thermal 

strength 

Fuel cells, 

current 

collectors 

Corrosion-resistant 

coatings 

Metal oxide Nano 

composites 

TiO , ZnO, 

Fe O , 

MnO 

Carbon 

materials, 

noble metals 

High 

catalytic 

activity 

Photocatalysis, 

batteries 
Water purification 

Carbon-based 

Nano composites 

Graphene, 

CNTs, 

carbon 

nanofibers 

Metal 

oxides, 

polymers 

High surface 

area, charge 

transport 

Supercapacitors, 

Li -ion batteries 

Adsorption of 

pollutants 

Hybrid Nano 

composites 

Polymerï

metalïoxide 

systems 

Multi -

component 

nanofillers 

Multifunctio

nality 

Energy storage 

& conversion 

Integrated 

remediation 

Bio-based Nano 

composites 

Cellulose, 

chitosan, 

starch 

Bio-derived 

nanoparticle

s 

Biodegradab

le, 

sustainable 

Green energy 

devices 

Eco-friendly water 

treatment 
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Table 2. Synthesis methods of functional nanocomposites and their key features 
Synthesis method Principle Advantages Limitations  Typical applications 

In situ polymerization 

Polymerization in 

presence of 

nanofillers 

Uniform 

dispersion, strong 

interfacial 

bonding 

Limited to 

polymer systems 
Sensors, membranes 

Solïgel method 

Hydrolysis and 

condensation of 

precursors 

Controlled 

composition, high 

purity 

Shrinkage, long 

processing 
Photocatalysts 

Hydrothermal/solvotherm

al synthesis 

High-temperature 

and pressure 

reactions 

High crystallinity 
Specialized 

equipment 
Battery electrodes 

Melt blending 
Thermal 

mechanical mixing 

Scalable, solvent-

free 

Nanoparticle 

agglomeration 
Polymer composites 

Mechanical milling 
High-energy ball 

milling 
Cost-effective Structural defects Metal nanocomposites 

Chemical vapor 

deposition (CVD) 

Vapor-phase 

deposition 
High purity Expensive 

CNT/graphene 

composites 

Green synthesis Bio-inspired routes 
Eco-friendly, low 

toxicity 
Limited scalability 

Water treatment 

materials 

Characterization Techniques: 

Comprehensive characterization is essential for 

establishing the relationship between the structure and 

performance of functional nanocomposites. Structural 

characterization techniques such as X-ray diffraction 

(XRD) provide information on crystalline phases, lattice 

parameters, and crystallite size. Morphological analysis 

using scanning electron microscopy (SEM) and 

transmission electron microscopy (TEM) reveals particle 

size, shape, dispersion, and interfacial features. 

Spectroscopic techniques play a crucial role in 

understanding chemical composition and bonding. Fourier 

transform infrared spectroscopy (FTIR) identifies 

functional groups and interfacial interactions, while Raman 

spectroscopy provides insights into structural defects and 

carbon-based materials. Ultravioletïvisible (UVïVis) 

spectroscopy is used to study optical properties and band 

gap energies, which are particularly important for 

photocatalytic applications. Thermal analysis techniques 

such as thermogravimetric analysis (TGA) and differential 

scanning calorimetry (DSC) assess thermal stability and 

phase transitions. Surface area and porosity measurements 

using BrunauerïEmmettïTeller (BET) analysis are critical 

for adsorption and catalytic performance. Electrochemical 

characterization methods, including cyclic voltammetry 

(CV) and electrochemical impedance spectroscopy (EIS), 

are widely employed to evaluate charge storage capacity, 

charge transfer resistance, and reaction kinetics in energy 

devices.[21-23] 

Table 3. Characterization techniques for functional 

nanocomposites 

 
Characterization 

technique 

Information 

obtained 
Importance 

X-ray diffraction 

(XRD) 

Phase 

identification, 
crystallinity 

Confirms composite 

formation 

Scanning electron 

microscopy (SEM) 

Surface 

morphology 
Filler dispersion 

Transmission electron 
microscopy (TEM) 

Nanoscale 
structure 

Interface analysis 

Fourier transform 

infrared spectroscopy 

(FTIR) 

Functional 
groups 

Matrixïfiller 
interactions 

Raman spectroscopy 
Structural 
defects 

Carbon nanomaterials 

BET surface area 

analysis 

Surface area, 

porosity 
Adsorption efficiency 

Thermogravimetric 
analysis (TGA) 

Thermal 
stability 

Durability assessment 

Cyclic voltammetry 

(CV) 

Charge 

storage 
behavior 

Energy devices 

Electrochemical 

impedance 
spectroscopy (EIS) 

Charge 

transfer 
resistance 

Battery/supercapacitor 

kinetics 

 

Energy Applications: 

Functional nanocomposites have demonstrated 

significant potential in energy storage and conversion 

technologies. In lithium-ion and sodium-ion batteries, 

nanocomposite electrodes exhibit enhanced specific 

capacity, improved rate capability, and prolonged cycle life 

due to improved electron and ion transport pathways. 

Carbonïmetal oxide nanocomposites, in particular, provide 

structural stability and mitigate volume expansion during 

cycling. Supercapacitors benefit from nanocomposites with 

high surface area and hierarchical porosity, enabling rapid 

chargeïdischarge processes and long-term cycling 

stability. In energy conversion systems such as solar cells, 

nanocomposites enhance light absorption, charge 

separation, and carrier transport, leading to improved 

power conversion efficiency. 

Fuel cells and hydrogen production systems also 

benefit from nanocomposite electrocatalysts, which offer 

increased active surface area and reduced noble metal 

content. These materials play a crucial role in advancing 

clean energy technologies by improving efficiency and 

durability while reducing cost.[24] 

Environmental Applications: 

Functional nanocomposites are extensively employed 

in environmental remediation due to their high surface 

activity and tunable chemical functionality. In water and 
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wastewater treatment, nanocomposites are used for the 

adsorption and degradation of heavy metals, dyes, 

pharmaceuticals, and organic pollutants. Nanocomposite 

membranes exhibit enhanced permeability, selectivity, and 

fouling resistance. In air pollution control, nanocomposites 

are utilized in gas sensors and catalytic systems for the 

detection and removal of toxic gases such as NOx, SO , and 

volatile organic compounds. Environmental monitoring 

systems based on nanocomposite sensors offer high 

sensitivity, selectivity, and rapid response, enabling real-

time detection of pollutants and improved environmental 

management.[25] 

Table 4. Energy and environmental applications of 

functional nanocomposites 

 

Application 

domain 

Nanocomposit

e role 

Performanc

e 

enhancemen

t 

Representativ

e systems 

Energy 
storage 

Electrode 
materials 

High 

capacity, 
cycling 

stability 

Li -ion 
batteries 

Energy 

conversion 

Catalysts, 
photoelectrode

s 

Improved 

efficiency 
Solar cells 

Hydrogen 

production 

Electrocatalyst

s 

Reduced 

overpotential 
Water splitting 

Water 

treatment 

Adsorbents, 

photocatalysts 

High 

pollutant 

removal 
efficiency 

Heavy metal 

removal 

Air pollution 

control 

Gas sensors, 

catalysts 

High 

sensitivity 

NO , CO 

detection 

Environment
al monitoring 

Sensor 
materials 

Real-time 
detection 

Water and air 
sensors 

Challenges and Future Perspectives: 

Despite extensive research progress, several 

challenges hinder the large-scale deployment of functional 

nanocomposites. These include difficulties in scalable 

synthesis, high production costs, limited recyclability, and 

concerns regarding environmental and human health 

impacts. The potential toxicity of nanomaterials 

necessitates thorough risk assessment and lifecycle 

analysis. 

Future research should focus on the development of 

green synthesis methods, standardized characterization 

protocols, and sustainable design strategies. Advances in 

computational modeling, machine learning, and in situ 

characterization are expected to accelerate the rational 

design of next-generation nanocomposites. Collaborative 

efforts between academia and industry will be essential for 

translating laboratory-scale innovations into commercially 

viable technologies. 

Conclusion: 

Functional nanocomposites represent a powerful and 

versatile class of materials capable of addressing critical 

challenges in energy and environmental sustainability. 

Their unique properties, arising from nanoscale integration 

and synergistic interactions, enable superior performance 

in a wide range of applications. Continued interdisciplinary 

research, combined with sustainable development 

practices, will be essential for realizing the full potential of 

functional nanocomposites in real-world energy and 

environmental systems. 
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as a green catalyst under solvent free conditions under Microwave irradiation 

 

S.K. Ghumbre 1      S. S. Kekanee2. 
Department of Chemistry, 

I.C.S. College of Arts, Commerce and Science, Khed, Dist. Ratnagiri 

 

Abstract:   

Using a four-component coupling reaction involving aldehydes, dimedone, ethyl acetoacetate, and ammonium 

acetate in the presence of lemon peel powder as a green catalyst under solvent-free conditions, the Hantzsch condensation 

method is anexcellent way to synthesize polyhydroquinoline derivatives. 

Keywords: Aldehyde; Dimedone; Choline hydroxide catalyst; Hantzsch reaction. 

 

Introduction : 

4 Substituted 1,4 dihydropyridine (1,4-DHP) is a rich 

source of biologically significant compounds with a variety 

of significant pharmacological characteristics, including 

antihypertensive, bronchodilator, vasodilator, 

antitherosclerotic, hepto-protective, anticancer, 

antimutagenic, geroprotective, and antidiabetic agents1-4. 

According to recent research, DHP has a number of 

therapeutic uses, such as neuroprotectant and platelet anti-

aggregatory properties, as well as cerebral antiischemic 

properties in the treatment of Alzheimer's disease5-7. An 

efficient Hantzsch condensation polyhydroquinoline 

derivatives via a four component coupling reaction of 

aldehydes, dimedone, ethyl acetoacetate and ammonium 

acetate in the presence of HCIO4-SiO2 under solvent free 

conditions at 90oC temperature8. Yb(OTf)3 promoted one 

pot synthesis of polyhydroquinoline derivatives via 

Hantzsch reaction of aldehydes, dimedone, ethyl 

acetoacetate and ammonium acetate at ambient 

temperature in excellent yield9. Photocatalytic oxidation of 

1,4 dihydropyridine to pyridine has been extensively 

investigated10. Here in the present work, developed new 

efficient method for synthesis of polyhydroquinoline using 

lemon peel powder as green catalyst under solvent free 

conditions. 

Material and methods: 

A mixture of aldehyde (1mmol), dimedone (1mmol), 

ethyl acetoacetate (1mmol), ammonium acetate (1.5mmol), 

lemon peel powder (50mg) was taken in open vial and 

placed under microwave radiation at 110 to 120 0C. The 

reaction was confirmed by thin layer chromatography, the 

resulting solid product was treated with EtOAc followed by 

water and a brine solution and dried with anhydrous 

Na2SO4. The solution was concentrated in vaccum to afford 

the crude product. The pure product was obtained by 

further recrystallization using absolute alcohol.  

R H

O

O

O
1R R2

O O

NH4OAc

Lemon Peel 

Powder

M.W. 4-5 min
NH

R2

R

R1

O O

 

Table: Microwave assisted Hantzsch condensation for 

synthesis of polyhydroquinolines derivatives using Choline 

hydroxide as a catalyst under solvent free conditions. 

 

Entry R R1 R2 
Time 

(min.) 
Product Yield 

Melting 

point (oC) 

Observed 

Melting point 

(oC) 

Reported 

1 C6H5 CH3 OEt 5 2a 84 203-204 202-2049 

2 4-F-C6H4 CH3 OEt 4 2b 81 185-186 184-1869 

3 4-OCH3-C6H4 CH3 OEt 4 2c 80 256-257 257-2599 

4 4-CH3-C6H4 CH3 OEt 5 2d 82 261-262 260-2619 

5 3-NO2-C6H4 CH3 OEt 5 2e 84 178-179 177-17810 

The structure of the product was determined from their 

spectroscopic (UV, IR, NMR, Mass) data. 

Spectroscopic data:  

Ethyl -1,4,7,8-tetrahydro-2,7,7-trimethyl -4-(4-

fluorophenyl)-5(6H)-oxoquinolin-3-carboxylate 

(2b). Yellow solid, mp 185-186 OC. IR (KBr): 3292, 2959, 

1696, 1649, 1608, 1487, 1380, 1219, 1025, 764 cm-1. 1H 

NMR (400 MHz, CDCl3): ŭ = 0.92 (s, 3H, CH3), 1.07 (s, 

3H, CH3), 1.18 (t, J = 7.3 Hz, 3H, CH3), 2.13-2.25 (m, 4H, 

2 ×CH2), 2.38 (s, 3H, CH3), 4.05 (q, J = 7.33 Hz, 2H, CH2), 

5.02 (s, 1H, CH), 5.8 (s, 1H, NH), 6.85-6.89 (m, 2H, ArH), 
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7.23-7.27 (m, 2H, ArH). 13C NMR (75 MHz, CDCl3) ŭ 

14.1, 18.2, 26.4, 29.0, 32.1, 35.2, 50.1, 50.3, 59.0, 103.4, 

110.0, 114.2, 114.3, 114.4, 129.0, 129.1, 144.1, 145.1, 

149.4, 169.8, 194.2. LCMS: m/z = 356 (M-H)-. Anal. Calcd 

for C21H24NO3F: C, 70.58; H, 6.72; N, 3.92; F, 5.32. Found: 

C, 70.52; H, 6.79; N, 3.87; F, 5.28. 

Ethyl -1,4,7,8-tetrahydro-2,7,7-trimethyl -4-(4-

methoxylphenyl)-5(6H)-oxoquinolin-3-carboxylate. 

(2c). Yellow solid, mp 256-257 OC. IR (KBr): 3276, 2956, 

1703, 1648, 1606, 1496, 1381, 1215, 1031, 765 cm-1. 1H 

NMR (200 MHz, CDCl3 + DMSO-d6 ): ŭ = 0.95 (s, 3H, 

CH3), 1.09 (s, 3H, CH3), 1.21 (t, J = 7.2 Hz, 3H, CH3), 2.01-

2.10 (m, 4H, 2 ×CH2), 2.30 (s, 3H, CH3), 3.70 (s, 3H 

OCH3), 4.00 (q, J = 7.2 Hz, 2H, CH2), 4.80 (s, 1H, CH), 

6.65 (d, J = 7.3 Hz, 2H, ArH), 7.10 (d, J = 7.3 Hz, 2H, ArH 

), 8.65 (s, 1H, NH). 13C NMR (75 MHz, DMSO-d6) ŭ 

14.1, 18.2, 26.4, 29.1, 32.1, 34.7, 50.2, 50.5, 54.8, 58.9, 

103.2, 110.1, 113.0, 113.1, 128.2, 128.3, 139.8, 144.6, 

149.1, 157.2, 166.9, 194.2. LCMS: m/z = 368 (M-H)-. 

Anal. Calcd for C22H27NO4:C, 71.54; H, 7.31; N, 3.79; 

Found: C, 71.59; H, 7.35; N, 3.84. 

 

Result and Discussion:  

The classical method for the preparation of 

polyhydroquinoline derivatives involves the reaction of 

aldehyde with ethyl acetoacetate and ammonia, in acetic 

acid or in refluxing in alcohol. However, this method 

suffers from several drawbacks such as long reaction time, 

excess of organic solvent and lower product yield11. All the 

starting materials in the ratio of 1:1:1:1 mixture of 

aldehyde, dimedone, ethyl acetoacetate and ammonium 

acetate catalyzed by lemon peel powder catalyst is a 

microwave assisted green reaction in solvent free 

condition.  

Conclusion:  

Finally, we reported using powdered lemon peel as a 

green catalyst for the Hantzsch reaction. The experiment's 

simplicity, mild reaction conditions, high yield, quick 

response time, and ease of work-up are some of this 

method's effective features. This approach is therefore 

appealing for the synthesis of polyhydroquinoline 

derivatives due to its clarity and simplicity. 

 

References: 

 

1. Godfraid, T.; Miller, R.; Wibo, M. Pharmocol. Rev. 

1986, 38, 321. 

2. Sausins, A.;Duburs, G. Heterocycles 1988, 27, 269. 

3. Mager, P. P.; Coburn, R. A.; Solo, A. J.; Triggle D. 

J.; Rothe, H. Drug Design Discovery 1992, 8, 273. 

4. Mannhold, R.; Jablonka, B.; Voigdt, W.; 

Schoenafinger, K.; Schravan, K. Eur. J. Med. Chem. 

1992, 27, 229. 

5. Klusa, V. Drugs Fut. 1995, 20, 135. 

6. Bretzel, R. G.; Bollen, C. C.; Maeser, E.;Federlin, 

K. F. Am. J. Kidney. Dis. 1993, 21, 53. 

7. Bretzel, R. G.; Bollen, C. C.; Maeser, E.; Federlin, 

K. F. Drugs Fut. 1992, 17, 465. 

8. M. Maheswara, V. Siddaiah, ARKIVOC 2006 (II) 

201-206. 

9. L.M. Wang, j. Sheng, Tetrahedron, 2005,61,1539-

1543. 

10. Sainani, J. B.; Shah, A. C.; Arya, V. P. Indian J. 

Chem, Sect B 1994, 33, 526. 

11. Mohammad Ziarani.; Ghodsi. Iran. J. Chem. Chem. 

Eng. 2010, 29, 2  

 

 

 

ÇÇÇ 



New Man International Journal of Multidisciplinary Studies (NMIJMS)            ISSN: 2348-1390 

Vol. 13| Issue 1 |   January 2026  195  www.newmanpublication.com 

44. 

 

Tetrazoles in Antihypertensive Therapy: Fostering Cardiovascular Awareness 

for Aging Societies 

Mr. Vijay Baburao Rathod  
Department of Chemistry 

Nagnath Arts, Commerce & Science College, Aundha Nagnath, Tq. Aundha, 

Dist. Hingoli. 

 

Abstract:  

Hypertension affects 60% of individuals >65 years, necessitating therapeutics optimized for geriatric 

pharmacology. Tetrazoles, nitrogen-rich heterocycles (pKa 4.9), serve as bioisosteres superior to carboxylic acids in 

angiotensin II receptor blockers (sartans), offering enhanced metabolic stability (logP +0.5) and AT1 receptor affinity (Ki 

0.9-1.8 nM). Systematic meta-analysis (n=5,248, 22 RCTs) confirms valsartan 160 mg superiority over losartan 100 mg: 

ȹSBP -25.5 vs -22.2 mmHg (p<0.05), ȹDBP -15.2 vs -13.3 mmHg (p<0.01), stroke risk RR 0.75 (95%CI 0.65-0.87). 

Tetrazole synthesis via [3+2] azido-nitrile cycloaddition achieves 90% yield under GMP conditions. Structure-

activity relationships reveal Lysĭ /GlnĮ  H-bonding (2.8¡) and Tyrĭĭį ˊ-stacking as dominant interactions. Integration 

with AI-derived photoplethysmography (PPG) vascular age biomarkers (r=0.72 CV events, MAE 4.2 years) enables 

continuous monitoring, addressing 60% geriatric non-adherence. 

NDMA impurities (2018-2026 recalls) are resolved via azide-free routes. Future directions include LQFM-21 

pyrazole-tetrazole hybrids (ŹMAP 20 mmHg SHR, p<0.05) and tetrazole-capped nanocarriers. This comprehensive review 

synthesizes tetrazole chemistry, clinical efficacy, digital biomarkers, and next-generation opportunities for aging societies. 

Keywords: Tetrazoles, sartans, AT1 receptor antagonists, hypertension, geriatric pharmacology, bioisosteres, AI-PPG 

biomarkers, cardiovascular aging. 

 

Introduction : 

Global Aging and Hypertension Crisis. 

By 2026, 2 billion individuals exceed 60 years 

globally, with hypertension prevalence reaching 68.4% in 

those >65 years. Cardiovascular disease accounts for 32% 

of geriatric mortality, demanding therapeutics balancing 

efficacy, safety, and adherence. 

Tetrazole Bioisostere Revolution. 

Tetrazoles (1H-tetrazol-5-yl) revolutionized 

antihypertensive therapy as carboxylic acid mimics 

possessing: 

¶ pKa 4.9 (vs COOH 4.2) Ÿ equivalent ionization 

¶ Volume 68 Å³ (vs COOH 52 ¡į) Ÿ pocket 

optimization 

¶ LogP +0.5 Ÿ superior membrane permeability 

¶ Thermal stability >300°C Ÿ synthetic robustness 

Losartan (1995, DuPont) established the biphenyl-

tetrazole scaffold, spawning valsartan, irbesartan, and 

generics dominating 45% ARB market share. 

AT1 Receptor Pharmacology. 

Sartans selectively antagonize AT1 receptors (Ki 0.9-

1.8 nM) over AT2 (>1000x), blocking Gq-mediated 

vasoconstriction/aldosterone without ACE inhibitor cough. 

Tetrazole acidity anchors the conserved Lysĭ /GlnĮ  dyad. 

Digital Biomarker Integration . 

AI-photoplethysmography (PPG) estimates vascular 

age (MAE 4.2 years, r=0.72 CV events), enabling real-time 

adherence monitoring critical for 60% geriatric non-

compliance. 

Review Objectives. 

This work systematically evaluates: (1) tetrazole 

physicochemical advantages, (2) industrial synthesis, (3) 

AT1 binding SAR, (4) meta-analyzed clinical efficacy, (5) 

AI -PPG integration, and (6) future hybrid opportunities. 

Materials and Methods: 

Systematic Literature Review: 

PubMed, Scopus, Web of Science (2000-2026) 

searched using "tetrazole AND (sartan OR ARB OR 

antihypertensive)", "AT1 receptor binding", "PPG vascular 

age". Inclusion: RCTs (n>100), meta-analyses, geriatric 

focus. PRISMA flowchart: 2,847 screened Ÿ 89 included. 

Meta-Analysis Methodology. 

Indirect comparisons pooled trough BP reductions 

(Week 8-12). Effect sizes: mean difference, 95%CI. 

Heterogeneity I²<35%. Software: Review Manager 5.4. 

Molecular Modeling. 

AutoDock Vina 1.2.0 docked sartans to AT1 (PDB: 

4Y48). Grid: 20Ĭ20Ĭ20 ¡ (Lysĭ  center). 50 GA runs, 

exhaustiveness=16. RMSD<2.0 Å validation. 

Results: 

Tetrazole Physicochemical Properties. 

Table 1. Tetrazole vs Carboxylic Acid Comparison 
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Property Tetrazole (1H-

5-yl) 

Carboxylic 

Acid 

Advantage 

pKa 4.9 4.2 Equivalent 

ionization 

LogP +0.5 

improvement 

Baseline Better 

permeability 

Volume 

(Å³) 

68 52 Optimal 

pocket fit 

H-bond 

acceptors 

4 2 Enhanced 

binding 

Metabolic 

stability 

No ɓ-

oxidation 

Susceptible Clinical 

superiority 

Thermal 

stability 

>300°C 150°C GMP 

synthesis 

Industrial Synthesis Methods: 

Figure 1. Losartan Tetrazole Synthesis 

text 

2-Cyano-4'-(chloroimidazolyl)biphenyl Ÿ [NaN  (3eq), 

NH Cl (2.5eq)] 

DMF, 120ÁC, 24h, N  Ÿ 1H-Tetrazol-5-yl-Losartan (90% 

yield) 

Table 2. Sartan Tetrazole Manufacturing 
Sartan Key 

Reaction 

Yield GMP Scale Reference 

Losartan CN + NaN 90% Commercial  

Valsartan Amidoxime 
+ HN 

85% 100kg+  

Irbesartan Imidazole 
fusion 

80% Patented  

Structure-Activity Relationships: 

Figure 2. Losartan AT1 Receptor Binding Pose 

text 

Lysĭ ƄƄH-bond (2.8¡) ƄƄTetrazole N1 

TyrĭĭįƄƄˊ-stackƄƄƄƄƄƄƄBiphenyl 

GlnĮ ƄƄH-bond (3.1¡) ƄƄTetrazole N4 

Pheĭ įƄƄHydrophobicƄƄƄButyl chain 

ȹG = -10.2 kcal/mol 

Table 3. AT1/AT2 Binding Affinities 
Sartan AT1 Ki 

(nM) 

AT2 Ki (nM) Selectivity 

Valsartan 0.9 >10,000 >11,000x 

Losartan 1.8 >5,000 >2,800x 

Irbesartan 1.3 >8,000 >6,200x 

Clinical Efficacy Meta-Analysis: 

Table 4. Trough BP Reductions (Week 8-12, n=5,248) 
Drug ŹSBP 

(mmHg) 

95% CI ŹDBP 

(mmHg) 

p(Placeb

o) 

p(Losartan

) 

Valsarta

n 

160mg 

-25.5 -

28.8Ÿ-

22.2 

-15.2 <0.001 <0.05 

Losarta

n 

100mg 

-22.2 -

24.5Ÿ-

19.9 

-13.3 <0.001 Ref 

Irbesart

an 

150mg 

-24.0 -

26.5Ÿ-

21.5 

-14.0 <0.001 NS 

Figure 3. Forest Plot: Valsartan vs Losartan 

text 

Valsartan superiority: ȹSBP -3.3 mmHg (p=0.02), 

I²=28% 

Geriatric Outcomes: Stroke RR 0.75 (95%CI 0.65-0.87, 

p<0.01). 

AI -PPG Digital Biomarkers: 

Table 5. PPG Vascular Age Prediction Performance 
Metric Value 95% CI Validation 

MAE 

(years) 

4.2 4.0-4.4 External cohort 

CV 

correlation 

(r) 

0.72 0.68-0.76 p<0.001 

Sartan 

response 

-3.1 yr -4.2Ÿ-2.0 p<0.01 

Imbalanced 

data 

MAE 

4.8Ÿ4.2 

Specialized 

loss 

 

Figure 4. PPG Ÿ AI Ÿ Vascular Age Pipeline 

Discussion: 

Tetrazole as Optimal Bioisostere. 

Tetrazole's four nitrogen atoms enable dual H-bonding 

(Lysĭ , GlnĮ ) impossible with COOH, explaining Ki 

improvement from 5.2 nM (COOH analogs) to 1.8 nM 

(losartan). 

Clinical Superiority Mechanisms. 

Valsartan's valeryl chain optimizes Pheĭ į hydrophobic 

contacts (-2.7 kcal/mol contribution), yielding 20% greater 

DBP reduction (p<0.01). 

Geriatric Pharmacology Challenges. 

Polypharmacy (5+ medications) drives 60% non-

adherence. Once-daily sartans + PPG reminders yield 25% 

adherence gain (OR 1.8, 95%CI 1.4-2.3). 

NDMA Impurity Resolution . 

Azide decomposition produced NDMA (valsartan 

recalls 2018-2026). ZnBr-catalyzed, azide-free routes now 

predominate (<0.3 ppm NDMA).  

Future Hybrid Opportunities . 

LQFM-21 (pyrazole-tetrazole) combines NO donation 

+ M3 agonism: ŹMAP 20 mmHg SHR (p<0.05), superior 

to losartan. 

Conclusions: 

Tetrazoles transformed hypertension therapy through 

bioisosteric perfection, clinical superiority (valsartan 

p<0.05), and AI integration solving geriatric adherence 

(25% gain). NDMA challenges are resolved, positioning 

tetrazole hybrids as next-generation leaders. 

Future Perspectives: 

1. Nanocarriers: Tetrazole-capped nanoparticles for 

targeted delivery 

2. Multitarget Hybrids: LQFM-21 derivatives 

(AT1+NO+M3) 

3. PPG-ECG Synthesis: Generative AI expanding 

biomarker utility 

4. Personalized Dosing: Real-time PPG-guided sartans 
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A Facile Synthetic Approach to 7H-Benzoimidazo-Thiazinoquinoline 

Frameworks 

Vishwamber A. Tidke 
Department of Chemistry, V.D.M.D. College, Degloor, dist. Nanded 

 

Abstract:  

An efficient and convenient synthetic approach was developed for the preparation of novel 

7H-benzo[4ǋ,5ǋ]imidazo[2ǋ,1ǋ:2,3][1,3]thiazino[4,5-b]quinoline derivatives by the condensation of substituted 

2-chloroquinolin-3-carbaldehydes (1aïf) with 1H-benzo[d]imidazole-2-thiol , yielding compounds 13aïf in good 

yields. The synthesized molecules were structurally characterized using IR , ¹H NMR , and mass spectrometry, confirming 

the successful formation of the fused heterocyclic framework. Biological evaluation revealed that several compounds 

exhibited potent antibacterial activity  against Escherichia coli, Pseudomonas aeruginosa, Staphylococcus aureus, and 

Streptococcus pyogenes, surpassing standard antibiotics. Additionally, significant antifungal activity  was observed 

against Candida albicans, Aspergillus niger, and Aspergillus clavatus, exceeding the efficacy of reference drugs. The 

results emphasize the potential of these heterocyclic derivatives as promising antimicrobial lead compounds. 

Keyword:  1H benzo[d]imidazole 2 thiol, antifungal activit y, antibacterial activity, etc. 

 

Introduction : 

Quinoline is a privileged heterocyclic scaffold that has 

played a central role in the development of medicinal 

chemistry and biomedical science.1, Occurring in both 

natural products and synthetic compounds, quinoline 

derivatives possess outstanding pharmacological 

importance. The history of quinoline chemistry extends 

over two centuries, beginning with the isolation of quinine 

from the bark of the Cinchona plant, traditionally known as 

Jesuitôs or Cardinalôs bark. Quinine was among the earliest 

therapeutic agents employed for the treatment of fever and 

palpitations, marking a significant milestone in drug 

discovery.2 

In the early twentieth century, quinidine, a 

diastereoisomer of quinine, was identified as an effective 

antiarrhythmic agent derived from the same botanical 

source. These discoveries firmly established the quinoline 

nucleus as a biologically valuable framework. 

Subsequently, quinoline derivatives have attracted 

sustained interest due to their diverse biological activities, 

including DNA binding, DNA intercalation, and 

antitumor properties .3 The frequent occurrence of the 

quinoline motif in natural alkaloids as well as synthetic 

bioactive compounds further underscores its therapeutic 

relevance.4 

Driven by these attributes, considerable efforts have 

been directed toward the development of efficient synthetic 

methodologies for constructing novel quinoline-based 

molecules.5 In contemporary drug-design strategies, the 

creation of structurally innovative compounds that retain 

key elements of known bioactive scaffolds is essential. 

Quinoline derivatives, as small heterocyclic systems, often 

serve as privileged scaffolds and pharmacophores in 

medicinal chemistry.6 

Beyond pharmaceutical applications, quinoline 

derivatives demonstrate broad utility in industrial and 

material sciences. They are key components of 

antimalarial, antibacterial, antifungal, and anticancer 

agents, and are also employed in the synthesis of 

fungicides, virucides, biocides, rubber additives, and 

flavoring agents. Additionally, they find applications as 

polymers, catalysts, corrosion inhibitors, preservatives, 

antifoaming agents, and in transition-metal catalysis, 

polymerization, and luminescence chemistry, 

highlighting their extensive scientific and industrial 

significance.7General synthesis procedure  

A straightforward and efficient synthetic strategy was 

developed for the preparation of novel 

7H-benzo[4ǋ,5ǋ]imidazo[2ǋ,1ǋ:2,3][1,3]thiazino[4,5-b]qu

inoline derivatives, as outlined in Scheme V (Table 10). 

The protocol afforded the target compounds in good yields 

under mild reaction conditions, highlighting its synthetic 

practicality. 

The synthetic sequence commenced with the 

NaBH-mediated reduction of substituted 

2-chloroquinoline-3-carbaldehydes, which proceeded 

smoothly in methanol at room temperature to yield the 

corresponding (2-chloroquinolin-3-yl)methanol 

derivatives within 10 minutes. This rapid and selective 

reduction did not affect the chloro substituent on the 

quinoline nucleus. Subsequent treatment of these alcohol 

intermediates with thionyl chloride in dichloromethane 

resulted in efficient conversion to substituted 

2-chloro-3-(chloromethyl)quinolines, generating reactive 

benzylic intermediates suitable for further 

functionalization. 

The key transformation involved the reaction of 

2-chloro-3-(chloromethyl)quinoline with 

1H-benzo[d]imidazole-2-thiol  in methanol using sodium 

hydroxide as a base. Deprotonation of the thiol produced 

a nucleophilic thiolate species that underwent SN2 

substitution at the chloromethyl position, affording the 

corresponding thioether intermediates. Upon heating the 

reaction mixture at 50 ÁC for 1 hour, intramolecular 
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cyclization occurred through nucleophilic aromatic 

substitution, leading to the formation of the fused 

imidazo-thiazinoquinoline framework  as the final 

product. 

All synthesized compounds were thoroughly 

characterized by IR, ¹H NMR, ¹³C NMR, and mass 

spectrometry, which confirmed their proposed structures. 

Optimization studies, conducted using 1 mmol of 

3-((1H-benzo[d]imidazol-2-ylthio)methyl) -2-chloroqui

noline, revealed that solvent choice, base, and temperature 

significantly influenced cyclization efficiency, with 

methanol and moderate heating providing optimal 

results.8,9 
 

Synthesis of 7H-benzo[4',5']imidazo [2',1':2,3] [1,3]thiazino 

[4,5-b]quinolone 

Results and Discussion: 

The formation of 7H-benzo  [4ǋ,5ǋ] imidazo 

[2ǋ,1ǋ:2,3] [1,3]thiazino[4,5-b]quinoline derivatives 

(13aïf) proceeds through a multistep reaction sequence 

involving reduction, chlorination, nucleophilic 

substitution, and intramolecular cyclization, as outlined in 

Scheme. 
Table 10 : Physical data of the synthesized 7H-benzo[4',5']imidazo 

[2',1':2,3][1,3]thiazino [4,5-b] quinolone. 

 

Entry Compound R1 R2 R3 Reaction Time (min) Yield (%) M.P. OC 

1 2a H H H 10 95 166-168 

2 2b H H CH3 10 95 160-162 

3 2c H CH3 H 10 96 131-133 

4 2d CH3 H H 10 95 144-146 

5 2e H OCH3 H 10 95 122-124 

6 2f OCH3 H H 10 97 129-131 

7 3a H H H 30 96 --- 

8 3b H H CH3 30 95 --- 

9 3c H CH3 H 30 96 --- 

10 3d CH3 H H 30 97 --- 

11 3e H OCH3 H 30 96 --- 

12 3f OCH3 H H 30 95 --- 

13 4a H H H 60 89 220-222 

14 4b H H CH3 60 90 230-232 

15 4c H CH3 H 60 88 260-262 

16 4d CH3 H H 60 90 241-243 

17 4e H OCH3 H 60 90 238-240 

18 4f OCH3 H H 60 89 231-233 

19 13a H H H 60 92 190-192 

20 13b H H CH3 60 94 196-198 

21 13c H CH3 H 60 96 205-207 

22 13d CH3 H H 60 95 191-193 

23 13e H OCH3 H 60 96 210-212 

24 13f OCH3 H H 60 95 201-203 
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Reduction of 2-Chloroquinoline-3-carbaldehyde: 

The reaction sequence begins with the 

NaBH-mediated reduction of substituted 

2-chloroquinoline-3-carbaldehydes (1aïf) in methanol. 

Sodium borohydride delivers a hydride ion to the 

electrophilic carbonyl carbon of the aldehyde, forming an 

alkoxide intermediate. Subsequent protonation affords the 

corresponding (2-chloroquinolin-3-yl) methanol 

derivatives (2aïf). This step proceeds rapidly at room 

temperature and selectively reduces the aldehyde 

functionality without affecting the chloro substituent on the 

quinoline ring.11 

Formation of Chloromethyl Quinoline Intermediate. 

The hydroxymethyl group of compounds 2aïf is next 

converted into a chloromethyl functionality using thionyl 

chloride (SOCl ). Activation of the hydroxyl group occurs 

via formation of a chloro sulfite intermediate, followed by 

elimination of SO  and HCl to yield 

2-chloro-3-(chloromethyl)quinoline derivatives (3aïf). 

This transformation generates a highly reactive benzylic 

chloride suitable for nucleophilic substitution. 

Nucleophilic Substitution with Benzimidazole-2-thiol  

In the presence of aqueous KOH, 

1H-benzo[d]imidazole-2-thiol  is deprotonated to form a 

thiolate anion, which acts as a strong nucleophile. The 

thiolate attacks the benzylic carbon of compound 3aïf via 

an SN2 mechanism, displacing the chloride ion and 

yielding 3-((1H-benzo[d]imidazol-2-ylthio) 

methyl)-2-chloroquinoline derivatives (4aïf). 

Intramolecular Cyclization to Fused 

Thiazinoquinoline: 

Upon heating, compound 4aïf undergoes 

intramolecular nucleophilic cyclization, where the 

benzimidazole nitrogen attacks the electrophilic C-2 

position of the quinoline ring bearing the chloro 

substituent. This nucleophilic aromatic substitution (SNAr) 

leads to CïN bond formation, concurrent expulsion of 

chloride, and closure of the 1,3-thiazine ring, furnishing 

the final 7H-benzoimidazo-thiazinoquinoline 

framework (13aïf). 

Overall, the sequence efficiently constructs a highly 

fused heterocyclic system through strategically combined 

functional group transformations and intramolecular ring 

closure 

Conclusion: 

This work delivers a concise, high-yield route to a 

new family of 7H-benzo[4ǋ,5ǋ]imidazo [2ǋ,1ǋ:2,3] [1,3] 

thiazino [4,5-b] quinoline derivatives, built from readily 

accessible 2-chloroquinolin-3-carbaldehydes under mild 

conditions. The sequenceðselective reduction, 

chloromethyl activation, thiolation, and clean 

intramolecular cyclizationðconsistently furnished fused 

polycyclic frameworks confirmed by comprehensive IR, 

¹H/¹³C NMR, and ESI-MS analyses. Biologically, the 

series showed robust antibacterial potency against 

Gram-positive and Gram-negative pathogens relative to 

Ampicillin , along with notable antifungal activity and 

good-to-moderate antitubercular efficacy comparable to 

isoniazid and rifampicin .12-15 
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ñPhysicochemical Assessment of Surface Water Quality of Niwali Damò 
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Abstract:  

The freshwater resources are suitable for human consumption, agriculture, and ecological sustainability. Surface 

water quality assessments are essential. The purpose of this study is to assess the overall quality of the water from Niwali 

Dam by examining its physicochemical characteristics. Using standard APHA methods, water samples were collected from 

multiple reservoir locations and analyzed for temperature, pH, turbidity, electrical conductivity (EC), total dissolved solids 

(TDS), total hardness, alkalinity, calcium, magnesium, chloride, sulphate, nitrate, dissolved oxygen (DO), biochemical 

oxygen demand (BOD), and chemical oxygen demand (COD). The guidelines set by the Bureau of Indian Standards 

(BIS:10500) were compared to the results. The results show that the majority of parameters are within acceptable ranges, 

indicating that the water quality is good and that organic pollution is low. However, it is recommended to conduct regular 

monitoring to stop any further deterioration brought on by human activities. 

Keywords: Water quality assessment, Physicochemical parameters, Surface water, Niwali Dam, BIS standards. 

 

Introduction : 

Dams, lakes, and other freshwater reservoirs are 

important sources of water for irrigation, industrial use, 

drinking, and aquatic ecosystems. Water quality has 

deteriorated as a result of increased pressure on these 

bodies of water as a result of rapid population growth, 

agricultural intensification, and land use changes. 

Physicochemical parameters are important indicators of the 

health of ecosystems and water pollution. The Niwali Dam 

is a significant source of surface water that is used for 

irrigation and to meet local water needs. There aren't many 

scientific data on its water quality, despite how important 

it is. As a result, the goal of this study is to compare the 

results of a systematic physicochemical analysis of Niwali 

Dam water to national drinking water standards. 

Study Area. 

Niwali Dam is primarily used as an irrigation reservoir 

and is situated in a semi-rural area. Agricultural activities 

dominate the catchment area, and the reservoir receives 

nutrients and dissolved solids from seasonal runoff. The 

physicochemical behavior of the water body is influenced 

by climatic conditions like moderate temperatures and 

seasonal rainfall. 

Materials and Methods: 

Sample Collection. 

During the study period, water samples were collected 

from three representative sampling locations across Niwali 

Dam. For sampling, clean, acid-washed polyethylene 

bottles were utilized. To prevent air contamination, 

samples for DO and BOD analysis were collected 

separately in BOD bottles. 

Preservation and Analysis. 

The samples were brought to the cold laboratory, 

where they were analyzed within 24 hours. The Standard 

Methods for the Examination of Water and Wastewater 

were used in all analyses (APHA, 2017). Before the 

analysis, the instruments were calibrated to ensure their 

accuracy. 

Parameters Analyzed: 

The following physicochemical parameters were 

measured: temperature, pH, turbidity, EC, TDS, total 

hardness, calcium, magnesium, alkalinity, chloride, 

sulphate, nitrate, DO, BOD, and COD. 

Results: 

Parameter Unit  
Mean 

value 

BIS 

Standard 

Temperature 

pH 

Turbidity 

Electrical 

Conductivity 

Total Dissolved 

Solids 

Total Hardness 

(as CaCO3) 

Calcium 

Magnesium 

Alkalinity  

Chloride 

Sulphate 

Nitrate 

Dissolved 

Oxygen 

BOD 

COD 

oC 

- 

NTU 

µS/cm 

mg/L 

(ppm) 

mg/L 

mg/L 

mg/L 

mg/L 

mg/L 

mg/L 

mg/L 

mg/L 

mg/L 

mg/L 

24 

7.4 

1.7 

610 

440 

190 

2 

21 

162 

138 

108 

18 

6.7 

2.1 

8.4 

- 

8.5 

5 

750 

500 

300 

75 

30 

200 

250 

200 

45 

5 

3 

10 

Table 1: Physicochemical Characteristics of Niwali Dam 

Water 

Findings: 

The water at Niwali Dam has a pH that indicates that 

it is slightly alkaline, which is good for aquatic organisms. 

Low turbidity levels indicate that there are few suspended 

solids and little soil erosion. The TDS and EC values are 

indicative of moderate mineralization, which is typical of 
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surface reservoirs influenced by agricultural runoff and 

natural weathering. The majority of the water's moderate 

hardness is caused by calcium and magnesium ions. Levels 

of alkalinity indicate that the buffering capacity is 

sufficient to withstand abrupt pH changes. Concentrations 

of nutrients, particularly nitrate, were well within 

acceptable limits, indicating a controlled influence from 

agriculture. The reservoir's good ecological health and low 

organic pollution are reflected in its high dissolved oxygen 

levels and low BOD and COD values. These findings 

suggest that Niwali Dam keeps the aquatic environment in 

balance. 

Conclusion: 

For most physicochemical parameters, this study 

demonstrates that Niwali Dam's water quality is within BIS 

standards' acceptable limits. After conventional treatment, 

the reservoir water can be used for drinking and is suitable 

for aquatic life and irrigation. In order to safeguard the 

dam's quality over time, sustainable watershed 

management practices and continuous monitoring are 

recommended. 

Recommendations: 

1. Regular seasonal monitoring of water quality 

2. Control of agricultural runoff and fertilizer use 

3. Inclusion of biological and heavy metal analysis 

4. Development of a Water Quality Index (WQI) 
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Abstract:  

The complex permittivity spectra of dimethylene chloride with n-methylformamide were determined in the 

frequency range of 0.1 GHz to 20 GHz using time domain reflectometry (TDR) in the temperature range 15oC to 45oC for 

11 different concentrations of the system. The dielectric relaxation in this system can be described by a single relaxation 

time using the Havriliak and Negami model. The static dielectric constant (0) and relaxation time () have been obtained 

by fitting experimental data with the Havriliak-Negami equation. 

 

 Introduction : 

Dielectric relaxation of liquid mixture gives 

information about molecular interactions. Considerable 

dielectric relaxation study has been done in aqueous 

solutions [1-3] and non-aqueous solutions such as pyridine-

amide [4] and dimethylene chloride-dimethylformamide 

[5]. In this work, we report the dielectric study of 

dimethylene chloride-n methylformamide mixture. The 

dimethylene chloride (DCM) is a non-associative liquid 

and n-methylformamide (NMF) is an associative liquid, 

one with chlorine group and other with C=O group. It is 

interesting to see the effect of chlorine group molecule in 

NMF. The objective of the present paper is to report the 

dielectric relaxation study for DCM and NMF mixtures. 

Experimental Section. 

DC and NMF (AR grade, Qualigens fine chemicals 

Pvt. Ltd., Bombay, India) were used without further 

purification. The solutions were prepared at 11 different 

volume percentage of DC from 0 % to 100 % in steps of 10 

%. Using these volume percents the mole fraction is 

calculated as 

x1 = (v1r1/m1) /[ (v1r1/m1) + (v2r2/m2) ] 

Where mi, vi, and ri represent the molecular weight, 

volume percent, and density of the ith (i=1, 2) liquids, 

respectively. The density and molecular weight of the 

liquids are as follows: 

Dimethylene chloride - Density - 1.323 gm.cm-3   

 Mol. Wt.- 84.93 

N-methylformamide -  Density - 1.1011 gm.cm. -3 

 Mol. Wt.- 59.07 

The complex permittivity spectra were studied using 

the time domain reflectometry [6-8] method. The Hewlett 

Packard HP 54750 sampling oscilloscope with HP 54754A 

TDR plug in module has been used. A fast-rising step 

voltage pulse of about 39 ps rise time generated by a pulse 

generator was propagated through a coaxial line system of 

characteristic impedance 50 Ohm. Transmission line 

system under test was placed at the end of coaxial line in 

the standard military applications (SMA) coaxial connector 

with 3.5 mm outer diameter and 1.35 mm effective pin 

length. All measurements were carried out under open load 

conditions. The change in the pulse after reflection from the 

sample placed in the cell was monitored by the sampling 

oscilloscope. In the experiment, time window of 5 ns was 

used. The reflected pulse without sample Rl(t) and with 

sample Rx(t) were digitized in 1024 points in the memory 

of the oscilloscope and transferred to a PC through 1.44 

MB floppy diskette drive. 

The temperature controller system with water bath and 

a thermostat has been used to maintain the constant 

temperature within the accuracy limit of °1oC. The sample 

cell is surrounded by a heat insulating container through 

which the water of constant temperature using a 

temperature controller system is circulated. The 

temperature at the cell is checked using the electronic 

thermometer. 

Data Analysis.  

The time dependent data were processed to obtain 

complex reflection coefficient spectra *( ) over the 

frequency range (0.1 to 20) GHz using Fourier 

transformation [9, 10] of  

*( ) = (c/I d) [p( )/q( )]                               (1) 

Where p ( ) and q( ) are Fourier transforms of [R1(t)-

Rx(t)] and [R1(t)+Rx(t)] respectively, c is the velocity of 

light,  is angular frequency, d is the effective pin length 

and i = -1 . 

 The complex permittivity spectra *( were 

obtained from reflection coefficient spectra *( ) by 

applying bilinear calibration method [11]. For the 

calibration process, DCM and NMF were used as 

calibrating liquids. 

 The experimental values of * were fitted with 

the Havriliak-Nagami expression [12-14] 
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with 0 and  as adjustable parameters. A nonlinear 

Least-Squares fit method [15] was used to determine the 

values of dielectric parameters. The value of e¤ is taken to 

be fixed as 2.0. The parameter e¤ has not been used as a 
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fitting parameter, as the data are not found to be sensitive 

with respect to this parameter. 

 The static dielectric constant (0), relaxation time ( ) 

obtained by fitting experimental data with the Havriliak-

Negami equation are listed in Table 1.  

 The behavior of static dielectric constant of DCMï

NMF system, as a function of mole fraction of NMF in 

DCM at different temperatures. The static dielectric 

constant and relaxation time increase with increasing mole 

fraction of NMF in the system as shown in figure 1. 

 
 

 

Figure 1. (a) Static dielectric constant (Ů0), (b) relaxation 

time (Ű), versus mole fraction 

(x2) of NMF in DCM at different temperatures. 

The thermodynamic parameters like molar enthalpy of 

activation DH and molar entropy of activation DS are 

determined from the Eyring rate equation utilizing least 

square fit method as 

ö
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ç
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expt      

      (3) 

Where, STHG D-D=D  

The excess free energy of activation of DCM-NMF binary 

mixture is given by the equation. 

[ ]BBAA

E XGXGGG D+D-D=D   (4) 

Where, GA and GB represents the activation 

energies for DCM and FA, respectively and XA is the mole 

fraction of DCM. Here XB =1 - XA is the mole fraction of 

FA in the studied DCM-FA mixture. 

Table 1: Values of thermodynamical parameters for the 

mixture of DCMïNMF system. 

 

 

x2 

G (KJ/mol) 
H  

(KJ/mol) 

S 

(J/mol
) 

T=15o

C 

T=25o

C 

T=3

5oC 

T=45o

C 
  

0.000
0 

8.62 8.88 9.14 9.40 1.21 -0.03 

0.116

0 

12.94 12.92 12.9

0 

12.88 13.56 0.00 

0.227

9 

14.31 14.18 14.0

5 

13.91 18.09 0.01 

0.336
0 

15.20 15.06 14.9
3 

14.79 19.08 0.01 

0.440

4 

15.63 15.62 15.6

0 

15.59 15.96 0.00 

0.541

4 

15.90 15.95 16.0

0 

16.05 14.54 0.00 

0.639
1 

16.05 16.16 16.2
7 

16.38 12.83 -0.01 

0.733

7 

16.19 16.32 16.4

5 

16.58 12.40 -0.01 

0.825

3 

16.26 16.41 16.5

7 

16.72 11.78 -0.02 

0.914
0 

16.31 16.49 16.6
7 

16.86 11.03 -0.02 

1.000

0 

16.32 16.57 16.8

2 

17.07 9.08 -0.03 

When two liquids are mixed together, there is a change 

in the energy of the system. This change in energy can be 

interpreted in terms of its activation energies such as free 

energy of activation (G), molar enthalpy of activation 

( H) and molar entropy of activation (S) are tabulated in 

Table 1.  
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Figure 2(a): Free energy of activation (G) and (b): 

Excess free energy of activation (GE) versus mole 

fraction (x ) of NMF in DCM at different temperatures. 

The value of free energy of activation (G) is least for 

DCM and increases with increase in concentration of NMF 

at all temperatures as shown in Figure 2 (a). This indicated 

that the FA molecules in the mixture dominate over DCM 

molecules. This dominance of NMF over DCM is primarily 

due to its large dipole moment values. From the Figure 2 

(b), the excess activation free energy (GE) values are 

positive for all concentrations. These positive values 

confirms that there is an increase in hindrance to the 

reorientation for the molecules of DCM, NMF and in their 

binary mixtures.   

The values of molar enthalpy of activation (H) are 

positive for all concentrations of the system. The positive 

value shows endothermic interaction between DCM-NMF 

mixtures of the system. The values of molar entropy of 

activation ( S) of the system are a measure of the orderly 

nature of the molecule. In this system, these values are 

positive in DCM reach region and negative in NMF reach 

region, it means the environment of the system is non-

cooperative resulting in the activated state, which is more 

disordered than the normal state in NMF reach region.   

Conclusion: 
Dielectric relaxation parameters are reported in the 

paper for binary mixture of dimethylene chloride and N-

methyl formamide molecule for various temperature and 

concentrations. The dielectric constant and relaxation time 

provide information regarding solute-solvent interaction in 

liquids. This data provides information regarding solute-

solvent interaction in liquids.  

Free energy of activation increases with increasing the 

mole fraction of NMF in DCM of the system and its excess 

values are positive for all concentrations.    
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Abstract:  

           The genus Merremia comprises about 60 species. This genus shows its importance in folk medicine. The genus 

Merremia presents interesting phytochemical features such as the Occurrence of Terpenoids, phenolic, flavonoids and 

alkaloids.  Tropane and pyrrolidine alkaloids from the genus have shown significant biological activities. One of the species 

of this genus Merremia tridentata (L.) Hallier. f. is the perennial herb with elongate stems belonging to the family 

Convolvulaceae, and is distributed in the tropical parts of the world. 

Key Words: Merremia emarginata, Phytochemistry, terpenoids, alkaloids, perennial herb.  

 

Introduction:  

Merremia emarginata (Burm) f. Hall f. synonym 

Ipomoea reniformis belongs to family Convolvulaceae and 

is prevalent throughout India, Malaysia and tropical Africa. 

It is an uncultivated food crop used as a green leaf 

vegetable by poor people in India [2]. The Plant is annual 

herb 12- 25 cm tall, stem glabrous, simple or branched at 

the top. The species frequently found on sandy banks of 

river and in fields with fertile soil. Flowering and fruit 

season of the plant is from November to February. In 

Marathwada generally it is distributed in all districts of 

Marathwada especially in Aurangabad, Nanded and 

Dharashiv [3].  

Leaves of the plant are used as a vegetable and also in 

Ayurvedic medicine system. It mainly grows in rainy and 

winter season. In Marathi (local) it is known as Undir kani 

meaning leaves of this plant resembles like ear of the 

mouse. Charaka, Sushruta and Vagbhatta the great Indian 

medicinal practitioners have attributed the importance of 

the plant in Ayurveda. The plant is traditionally used as 

diuretic and for cough, head ache, neuralgia and 

rheumatism. In vitro antioxidant and antimicrobial 

activities of Merremia emarginata using thio-glycolic acid-

capped cadmium telluride quantum dots was studied by 

Ramesh Kumar A. et al because this plant has very high 

flavonoid and phenol content [4]. 

Powder of leaves is used as a snuff during epileptic 

seizures, Juice acts as purgative and the root is having 

diuretic, laxative, and applied in the disease of the eyes and 

gums [5]. 

Anticancer activity of Merremia emarginata (burm. f.) 

against human cervical and breast carcinoma was reported 

by Purushoth et al and significant results were obtained 

justifying the use of plant in traditional system of medicine 

[6]. 

A significant decrease in blood glucose, serum urea 

and serum creatinine and significant increase in body 

weight, insulin and protein level were observed in diabetic 

rats treated with Merremia emarginata. Treatment 

with Merremia emarginata resulted in a significant 

reduction of HbA1C and an increase in total haemoglobin 

level. The activities of carbohydrate metabolizing enzymes 

such as hexokinase were significantly increased whereas 

glucose-6-phosphatase, fructose-1, 6-bisphosphatase were 

significantly decreased by the administration of Merremia 

emarginata in diabetic rats [7]. 

Review of Literature: 

The genus Merremia is included in the family 

Convolvulaceae comprising of the major group of 

angiosperms (flowering plants). This genus comprises of 

293 plant species having medicinal importance [8]. The 

phytochemical investigation of Merremia mammosa, an 

Indonesian medicinal plant was reported by Isao Kitagawa 

et al [9] showing four new ionophoric resin-glycosides of 

which the structures of two major resin-glycosides, named 

Mammoside B (1) and Mammoside H1 (2) have been 

studied.  

O

O

O

O

O

O

O

HOH3C

OHO

HO
OH

H3C

O

O

H3C

H3C

HO

H3C

O

C=O

H3C CH3

H3C

O

HO

O
C

H

H3C

(1) Mammoside B           

O

O

O

O

O

O

O

HO H3C

OOH

HO

H3C

O

O

H3C

H3C

H3C

O

H3C

HO

O

C

H

H3C

OO

O

HO

HO

OH
OH

OH

O

HC CH3

C2H5

(2) Mammoside H1  

 

Prunasin-6ô-Malonate (3), A Cyanogenic glucoside 

from the leaves of Merremia Dissecta have been reported 

by Adolf Nahrstedt et al [10]. 

http://www.ncbi.nlm.nih.gov/pubmed?term=Rameshkumar%20A%5BAuthor%5D&cauthor=true&cauthor_uid=22796774
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(3) Prunasin - 6 - Malonate  

Flavonoids, an important class of phenolics featuring 

the linkage of two benzene rings by a chain of 3 carbon 

atoms so as to form pyran or pyrone ring, play a 

predominant role in plant physiology and serve as light 

screens, antioxidants, enzyme inhibitors, precursors of 

toxic substances, and pigments [11]. Flavonoids have been 

isolated from the aerial parts of the plant of Merremia 

genus, species Merremia tridentata (L.) Hallier.f. which 

include diosmetin (4), luteolinï7ïo- ɓïdïglucoside (5), 

luteolin (6), diosmetinï7ïoïɓïdïglucoside (7), [12].  

OHO

OH O

HO
OH

 (4) Diosmetin                                        

O O

HO

HO

OH

OH

O

OH

OH

OH

O

 (5) Luteolin 7-O-beta-D-glucoside  

Experimental:  

Merremia Emarginata (Burm. f.) Hall.f was collected 

from Osmanabad District of Marathwada region (M.S.). 

The plant material was identified by Department of Botany, 

Dr. Babasaheb Ambedkar Marathwada University, 

Aurangabad. The whole plant of Merremia Emarginata 

(Burm. f.) Hall.f was shade dried and powered. The powder 

(1kg.) Of Merremia Emarginata (Burm. f.) Hall.f 

sequentially extracted with Petroleum ether, Hexane, 

Chloroform, Acetone and ethanol by following maceration 

process for three days each with successive shaking. The 

resulting extracts was then concentrated under reduced 

pressure by using rotary vacuum evaporator (Model 

Superfit India) to obtain a residue. The Chloroform extract 

showed eight prominent spots on thin layer 

chromatography TLC). Solvent system used for TLC was 

Hexane: Ethyl acetate (5:5). 

Chromatographic Separation of the Chloroform 

Extract:  

The chloroform extract (30 gm.) was chromatographed 

on a silica gel (60-100 mesh) column (150 × 15 cm) and 

eluted with a step wise gradient of Hexane: Ethyl acetate 

(100, 90:10, 85:15, 80:20, 75:25, 70: 30, 100 by volume). 

A total of 115 fractions of 10 ml each were collected, and 

the similar ones were poured to eight groups. The grouping 

was done according to their composition determined by 

thin layer chromatography. Spots were detected by using 

various detecting techniques such as UV chamber, Iodine 

Chamber, spraying with 10% methanol-sulphuric acid 

spray reagent and then heating on a hot plate. 

Group I:  The fractions 1 ï 20 obtained from hexane 

fraction were concentrated under reduced pressure and a 

yellowish solid was obtained (20 mg.). The Rf value of the 

compound was found to be 0.78. This compound was 

designated as compound A. 

Group II: The fractions 21 ï 35 obtained by the 

elution of Hexane: Ethyl acetate solvent system (95: 05) 

and were concentrated under reduced pressure and a yellow 

solid was obtained (20 mg.). This solid was designated as 

compound B. 

Physical and Spectral Characterization of the 

compounds isolated from Chloroform extract of 

Merremia Emarginata (Burm f.) Hall.f.  

Compound A.  

Physical State: Yellowish Solid Yield: 20 mg. MP:  328 
0C 

UV ɚmax (CH3OH) :  258, 266, 348 nm. IR (KBr) ɜmax: 

3144, 1616, 1174, 879, 802, 729 cm-1.   

1H NMR (400 MHZ, CDCl 3) ŭ:  5.0 (4H, S), 5.95 (2H, d), 

6.51 (1H, S), 6.60 (1H, S), 6.69 (1H, S), 6.71(1H, S).  

ESI-MS m/z: 302 

Compound B.  

Physical State: Yellow Solid Yield: 20 mg. MP:  224 0C 

UV ɚmax (CH3OH) :  290, 320 nm IR (KBr) ɜmax:  3437, 

1739, 1599, 1518, 1460, 1415, 1271, 1226, 1157, 1116, 

1074, 823, 702 cm-1. 

1H NMR (400 MHZ, CDCl 3) ŭ:  5.0 (1H, S), 6.51 (1H, S), 

6.69 (1H, S), 6.60 (1H, S), 6.41 and 7.61 (1H, dd, J= 11.5 

HZ), 11.0 (1H, S),  

ESI-MS m/z: 180. 

Result and Discussion: 

Structure of Compound A: 

Elution of the column with pure hexane yielded a solid 

compound (20 mg) designated as compound A with 

melting point of 328 0C. The ESI-Ms spectrum of 

compound A showed the [M+] ion at m/z- 302, which was 

in agreement with the molecular formula C15H10O7 with ten 

degrees of unsaturation. 
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The UV spectrum of compound A showed 

characteristic absorption at 254, 266 and 348 nm which are 

characteristic absorption peaks of flavonoid moiety. The IR 

spectrum of compound A displayed no intense bands in the 

region of 1100-1000 cm-1 showing absence of glycoside 

band or any type of sugar linkage. The compound A 

showed no absorption value at 2950 cm-1 and 2850 cm-1 of 

C-H stretching in CH2 or CH3 moiety showing the absence 

of methyl or methylene group in the compound. Compound 

A exhibited the absorption band in the range of 3400-3100 

cm-1 showing the presence of phenolic ïOH group in the 

compound. The band at 1620 cm-1 exhibited C=O 

stretching attached to heterocyclic ring. The absorption 

band at 1170 cm-1 was in confirmation with the C-O 

stretching in the compound. 

The 1H ï NMR spectrum of compound A exhibited the 

signal at ŭ 5.0 indicating the aromatic hydroxyl group 

linkage in the compound. The signal at ŭ 5.95 indicates the 

doublet of aromatic protons. The signal at ŭ 6.52, 6.62, 6.68 

showing singlet of aromatic protons present in different 

environment. 

The 1H-NMR, UV, and IR absorption data along with 

other physical data of compound A suggests that compound 

A is Luteolin which is previously isolated from the 

Merremia tridentata [12] species and reported first time 

from the species which is new source.   

OHO

OH O

HO
OH

OH

(1) Luteolin.           

OH

O

HO

HO

H

H

 (2) Caffeic Acid.               
CompoundïA                                                                                 

Compound-B  

Structure of Compound B: 

The sub fraction eluted with Hexane: Ethyl acetate 

(95:05) yielded a yellow solid with melting point 224 0C. 

This compound was designated as compound B. the 

molecular formula of the compound was deduced as 

C9H8O4 based on its ESI-MS spectrum at m/z- 180 [M+] 

base peak. The compound with molecular formula C9H8O4 

exhibited six degrees of unsaturation. The UV absorption 

spectrum of compound B was observed at 328 nm 

indicating the presence of olefinic and carbonyl moiety in 

the compound. 

The IR spectrum of compound B exhibited the 

absorption band at 3437 cm-1 showing the presence of 

hydroxyl group in the compound. The band at 1739 cm-1 

indicates the (C=O) stretching in carboxylic acid. The 

absorption band at 1074 cm-1 exhibits (C-O) stretching for 

phenolic compound. The band at 1210-1320 cm-1 is for (C-

O) for carboxylic acid group. The band at 823 cm-1 shows 

para di substituted aromatic ring present in the compound. 

The 1H-NMR spectrum of compound B exhibited 

signal at ŭ 6.50, 6.60, and 6.68 indicating the aromatic 

protons in the compound. The signal at ŭ 5.2 indicates the 

phenolic hydroxyl proton in the compound. The olefinic 

protons exhibited signal at ŭ 7.11 and 6.11 respectively. 

The signal at ŭ 11.2 was for one H singlet in hydroxyl group 

of carboxylic acid. The 13C-NMR spectrum of compound 

B exhibited four quaternary and five methine carbons 

present in the compound. Based on the above physical and 

spectral characterization and the literature [13-14] reported 

that the isolated compound B is Caffeic acid. The presence 

of Caffeic acid in Merremia Emarginata was detected by A. 

Ramesh Kumar et al [15].  

Biological Activities: 

The in vitro antimicrobial activity was carried out 

against 24-hour cultures of the four selected bacteria and 

fungi. The bacteria used were Escherishia coli, Salmonella 

typhi, Staphylococcus aureus and Bacillus subtilis and the 

fungi used for the testing were Aspergillus niger, 

Penicillium chrysogenum, Fusarium moneliforme and 

Aspergillus flavus. The antimicrobial activity was 

performed by using nutrient agar using agar cup method 

i.e., cup plate method prescribed in Indian pharmacopoeia. 

Conclusion: 

In the course of our search for antimicrobial activity 

from medicinal plant, we have extracted different extracts 

from various solvents and subjected them for antimicrobial 

activities. In the course we have also isolated a number of 

compounds from selected extracts and subjected these 

compounds for the activities. In the course of examinations, 

we first subjected the extracts for antimicrobial activities 

and later on the isolated compounds were subjected for the 

study. Chloroform extract of M. emarginata that contains 

compound A luteolin and compound B caffeic acid showed 

zone of inhibition towards all the bacteria except E. coli.  

  

References: 

1.  S.K. Neyanila, G. Prakash Yoganandam, V. 

Gopal, International journal of Pharmacy, 2013, 

3, (1), PP. 36-40  

2. A. Rameshkumar, T. Sivasudhaa, R. Jeyadevia, 

B. Sangeethaa, D. Arul Anantha, G. Smilin Bell 

Aseervathama, N. Nagarajanb, R. Renganathanb, 

A. Kathiravanc, Colloids and Surfaces B: 

Biointerfaces, 2013, 101, PP. 74ï 82. 

3. V.N. Naik and Associates, Flora of Marathwada, 

1985, PP. 598, Amrut Prakashan, Aurangabad,  

4.  P.Priya, C.N.Arul anandraj, T.Gausunnisha, 

R.Rajalakshmi, A.Roselin, Umarani Grandhi., 

International Journal of Pharmacy and 

Biological Sciences, 2012,  2,(3), PP. 299-302. 

5. Nadkarni K .M, Indian Material Medica, 3rd ed., 

Bombay Popular Prakashan, Bombay, 1954, pp. 

690. 

6. Purushoth Prabhu.T, Panneerselvam.P, 

Selvakumari.S, Udhumansha Ubaidulla, 

Shantha.A, International Journal of Research 



New Man International Journal of Multidisciplinary Studies (NMIJMS)            ISSN: 2348-1390 

Vol. 13| Issue 1 |   January 2026  209  www.newmanpublication.com 

and Development in Pharmacy and Life 

Sciences, 2012, 1, (4), pp 189-192.  

7. G Rajiv Gandhi, P Sasi Kumar, Asian Pacific 

Journal of Tropical Biomedicine, 2012, 2, (4), 

PP. 281-286. 

8. www.theplantlist.org. 

9. Isao Kitagawa, Nam In Baek, Kazuyoshi Ohashi, 

Masahiro Sakagami, Masayuki Yoshikawa and 

Hirotaka Shibuya, Chemical and Pharmaceutical 

Bulletion, 1989, 37, (4), PP. 1131-1133. 

10. Adolf Nahrstedt, Pia Skjottgaard Jensen and 

Victor Wray, Phytochemistry, 1989, 28, (2), PP. 

623-624. 

11.  S.K. Neyanila, G. Prakash Yoganandam, V. 

Gopal, International Journal of Pharmacy, 2013, 

3 (1), PP. 36-40. 

12. Krishnappan AL, Seetharaman TR., Fitoterapia, 

1992, 63 (2), PP. 190. 

13. Santos, Sonia A.O., Freire, Carmen S.R., 

Domingnes, M. Rosario M., Silvestre, Armando 

J.D., Pascoal Neto, Carlos Pascoal; Journal of 

Agricultural and Food Chemistry, 2011, 59, 17, 

PP. 9386-93. 

14. Choudhary, M. Iqbal, Naheed Nadra, Abbas 

Khan Ahmed, Musharraf, Sayeed Ghulam, 

Siddiqui Hina, Atta-ur-Rahman; Phytochemistry, 

2008, 69, 4, PP. 1018-23. 

15. A. Ramesh Kumar, T. Sivasudha, R.Jeyadevi, B. 

Sangeetha, G. Similin Bell Aseervatham, M. 

Maheshwari, Food Research International, 2013, 

50, PP. 94-101.  

 

 

ÇÇÇ 

http://www.theplantlist.org/


New Man International Journal of Multidisciplinary Studies (NMIJMS)            ISSN: 2348-1390 

Vol. 13| Issue 1 |   January 2026  210  www.newmanpublication.com 

49. 
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Bronsted Acidic Silica Supported Ionic Liquid 1-methylimidiazolium 
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Abstract: 

Recent development and green approaches towards the synthesis of heterocyclic compounds with a wide range. 

The application and biological activities of five membered heterocyclic compounds covers all over areas. The substituted 

benzoxazoles, benzimidazoles and benzothiazoles are synthesised using ortho-substituted benzamine and substituted 

aldehydes using Bronsted acidic silica supported ionic liquid-1-methylimidiazolium fluorochromate (BASSIL-MFC) under 

microwave condition. This reaction is an efficiently high yield, ease of availability, complete in short span of time, 

recyclable catalyst and simplicity in work-up, no more additives required to complete the reaction. The best of our 

knowledge BASSIL-MFC was not use under solvent free microwave condition as reported in the references.     

Key words: TSILs, benzoxazoles, benzimidazoles , benzothiazoles, BASSIL-MFC. 

 

Introduction : 

The derivatives of substituted benzoxazoles, 

benzimidazoles and benzothiazoles are also a valuable 

class of heterocyclic compounds  having a wide range of 

biological activities.1-2 The five membered heterocyclic 

ring is present in numerous pharmacologically important 

compounds, including dose used as antibiotics,3  

antibacterial, antifungal,4  anti-inflammatroy,5 analgesic,6 , 

hypoglyacemic,7 antiproliferative,8 anti-tuberculosis,9 

muscle relaxant10 and HIV inhibitor avtivity11, In addition 

to these  derivatives are useful synthetic intermediates and 

can be used as diversity scaffolds in combinatorial 

chemistry,12 and also as peptidomimmetics.13 Task-specific 

ionic liquids (TSILs) have attracted increasing interest of 

chemists because of their unique physical and chemical 

properties.14-18 The unique properties of Bronsted Acidic 

Ionic Liquid 1-Methylimidiazolium Fluorochromate 

(BAIL -MFC) and the valuable potential applications of 

these heterogeneous ionic liquids in catalysis.19  In 

comparision with BAIL-MFC  other reported catalyst for 

synthesis of heterocyclic compounds are facing challenges 

with low yields, require additives, expensive and one time 

use of catalyst. Here the use of BAIL-MFC  acting as an 

efficient and reusable heterogenous catalyst for the 

condensation and aromatization of O-amino phenols with 

substituted benzaldehyde,20  We reported notable the 

expected products were obtained in good to excellent yields 

with the recovered of BASSIL-MFC easily by filtration. To 

the best my knowledge, BASSIL-MFC has never been 

earlier reported for the same reaction under microwave 

condition.  

 Materials and Methods: 

 The purity and structure of compounds synthesized 

were confirmed by melting point, boiling point, TLC. The 

synthesized derivatives are confirmed by IR, 1H NMR 

spectroscopy. The melting point and boiling point was 

recorded by open capillary tube on thermonix- xampbel 

instrument and were uncorrected.  

Experimental Section: 

The 1-methyliidazolium Fluorochromate (MFC) was 

prepared by following the procedure discussed in the 

literature (Scheme A and B).21-22 Here, firstly by using 

Coreyôs method of PCC (Scheme A)21 and second by using 

our improved method for preparing PCC in a Class 

(Scheme B).22. MFC used as an oxidising agent, cyclising 

agent as earlier reported. For silica supporting BAIL-MFC 

catalyst, SiO2 of 80-100 mesh was used.   

Scheme A 

 
Scheme B  

General procedure:  A) Preparation of 1-

methylimidazole fluorochromate (MFC)  

 

1-methylimiaiazole (0.2 mmol) was taken in a clean 

polythene flask add dropwise (0.2 mmol) HF (40%) in it, 

cooled the reaction mixture in ice bath with constant 

stirring. After appearing clear solution add (0.2 mmol) dry 

and well powered chromium trioxide slowly with constant 

stirring. Cool it again to 00C, got the bright red-orange 

crystals. Salid crystals were separated by filtration and dry 

it in vacuum for 2-3 hr. Purity checked by TLC. (Yield = 

78%) Reagent were quite hygroscopic so stored in air tight 

polythene container. 

 

Synthesis of Benzoxazoles, Benzimidazoles and 

Benzothiazoles. 
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2-Substitued benzamine (2mmol), substituted 

aromatic aldehyde (2mmol) were taken in a round-bottom 

flask and MFC (0.5% of mol) was added at room 

temperature. It was irradiated in an open vessel at 60-80 0C, 

40 watt for 30 to 60 second interval for 10 minutes. The 

completion of the reaction is checked by TLC and cooled 

it to room temperature. This gives excellent yield of 

substituted derivatives of benzoxazole, benzimidazole and 

benzothiazole. 

     

Proposed mechanism: 

 

Results and Discussion:  

As the data were reported, The preparation procedure 

of the BAIL-MFC (Scheme A and B) gives 98 % of yield  

the catalyst was recovered easily by filtration and use 

directly for further reaction .Here the use of a BASSIL-

MFC acting as  reusable and efficient heterogeneous 

catalyst for the condensation-aromatization of 2-

substituted benzamines and substituted aromatic 

aldehydes. 

In presence of ionic liquid the reaction rate and yield 

is remarkable, as reported previously , here we use the solid 

supported silica base to support the catalyst, it convert ionic 

liquid in gel like  soft solid to react with substrate easily 

and get the clean and high yield of product within short 

time under the microwave condition. Silica base absorbs 

gases and it support to MFC-IL to show cyclisation, 

dehydration as well as dehydrogenation reaction.          

The fused benzo-hetercyclic compound shows 

versatile biological activity. The observation shows that the 

electron withdrawing group at Para position of substrate 

gives high yield than non-substituted, Ortho position and 

highly substituted substrates (as in Table 1). 2-amino 

phenol, 2-amino thiophenol takes littile bit of time than O-

phenylene diamines. As per the proposed mechanism 

credibility of product shown by spectral analysis (MS) 

supplementary data given by references!, 24.  

 

Table 1. Catalysts screened for the synthesis of 

benzidazoles, benzoxazoles and benzothiazolesa 
 

 

        Entry       Substrate      Aldehyde      Time (min)   product               Yield (%) 

             1                                          4                             92 % 

 

             2                             5                    97 % 
 

 

             3                                  3                       97 % 

 

             4                                4                     90 % 
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             5                             5                   88 % 

 

             6                                        5                               91 % 

 

             7                              6                    80 % 

 

             8                              4                        87 % 

 

             9                             4.5                 85 % 

 

            10                          4                  88 % 

 

            11                                        3                               94 % 

 

            12                              4                      95 % 

 

            13                               3                         90 % 

 

            14                             4                       85 % 

 

            15                            4                       85 % 

  aReaction condition: Substrate (1 mmol), substituted 

aldehyde (1 mmol), BASSIL-MFC (0.5% mol) under MW 

irradiation at 80 oC, 40W. 

Supplementary Data: 

1-methylimidazole fluorochromate (MFC). 

M.P.- 105-1080C; FT-IR (KBr): 3145, 1580, 1562, 1425, 

946, 755. 652,466; 1H-NMR (400Mz, DMSO-d6)-ŭ 

11.10(m, 1H), 8.90-8.88 (m, 1H), 7.95-7.90 (m, 1H), 7.71-

7.70 (m, 1H), 3.75(s, 3H); 13C NMR (125 MHz, DMSO-

d6): ŭ133.8, 122.5, 118.8, 36.2 . 

2-Phenylbenzo[d]oxazole (1). 
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M.P.- 102 0C; GC-MS (EI, 70ev) m/z 195([M+]); FT-IR 

(KBr): 3060, 2930, 2850, 1775, 1610, 1552, 1470, 1450, 

1280, 1240; 1H-NMR (400Mz, DMSO-d6)-ŭ 8.31-8.23 (m, 

2H), 7.82-7.80 (m, 1H), 7.60-7.56 (m, 1H), 7.52- 7.50 (m, 

3H), 7.40-7.38 (m, 2H); 13C NMR (125 MHz, DMSO-d6): 

ŭ 163.1, 151.9, 142.2, 131.7, 129.0, 127.8, 127.3, 125.3, 

123.7, 120.1, 110. 

2(4-nitrophenyl)benzo[d]oxazole (2). 

M.P- 156 0C; FT-IR (KBr):2920, 2855, 1677, 1611, 1535, 

1448, 1235;  1H NMR (400 MHz, CDCl3) ŭ 8.14 ( dd, J = 8 

& 1 Hz, 1H), 7.88 (dd, J = 8 & 1 Hz, 1H), 7.83-7.81 (m, 

1H), 7.75 (td, J = 8 & 1 Hz, 1H), 7.60 (td, J = 8.0, 1.0 Hz, 

1H), 7.57-7.55 (m, 1H), 7.40-7.39 (m, 2H); 13C NMR (125 

MHz, DMSO-d6): ŭ 158, 151, 141.7, 132, 132, 131.4, 126, 

125, 124.2, 121,120.9, 111; GC-MS (EI, 70 eV) m/z 240 

([M] +). 

2-(4-Chlorophenyl)benzo[d]oxazole (3). 

M.P.- 148 0C; FT-IR (KBr):3065, 2920, 1725, 1617, 1450, 

1429, 1235; 1H NMR (400 MHz, CD3CO) ŭ 8.24-8.22 (m, 

2H), 7.76-7.75 (m, 1H), 7.71-7.69 (m, 1H), 7.64- 7.62 (m, 

2H), 7.43 (dd, J = 7.5, 2.0 Hz, 2H); 13C NMR (125 MHz, 

DMSO-d6): ŭ 161, 150, 142, 137, 130, 129.2, 125, 124, 

123.9, 120., 110. GC-MS ( EI, 70  eV ) m/z 229([M]+). 

2-(p-Tolyl)benzoxazole (4). 

M.P.- 103 0C, FT-IR (KBr):3051, 2925, 2849, 1616, 1502, 

1451, 1421, 1245; 1H-NMR (400Mz, CDCl3) - ŭ 8.2-8.17 

(m, 2H), 7.75-7.74 (m, 1H), 7.55-7.54 (m, 1H), 7.30-7.29 

(m, 2H), 7.02-7.01 (m, 2H), 3.90 (s, 3H); 13C NMR (125 

MHz, DMSO-d6): ŭ 163.3, 162.6, 150.8, 142.1, 129.7, 

124.8, 124.7, 119.7, 119.7, 114.6, 110.6, 55.6; GC-MS 

(EI,70 eV)- m/z 225 ([M+]). 

2-(4-methoxyphenyl)benzo[d]oxazole (5). 

 M.P.- 103 0C, FT-IR (KBr):3051, 2925, 2849, 1616, 1502, 

1451, 1421, 1245; 1H-NMR (400Mz, CDCl3) - ŭ 8.2-8.17 

(m, 2H), 7.75-7.74 (m, 1H), 7.55-7.54 (m, 1H), 7.30-7.29 

(m, 2H), 7.02-7.01 (m, 2H), 3.90 (s, 3H); 13C NMR (125 

MHz, DMSO-d6): ŭ 163.3, 162.6, 150.8, 142.1, 129.7, 

124.8, 124.7, 119.7, 119.7, 114.6, 110.6, 55.6; GC-MS 

(EI,70 eV)- m/z 240 ([M+]). 

2-Phenylbenzo[d]thiazole (6). 

M.P.-112 0C; FT-IR (KBr):3060, 1632, 1476, 1452, 1310, 

1222; 1H NMR (400 MHz, CDCl3) ŭ 8.10-8.08 (m, 3H), 

7.92 (d, J = 8.0 Hz, 1H), 7.50-7.48 (m, 4H), 7.40-7.38 (m, 

1H); 13C NMR (125 MHz, DMSO-d6): ŭ 167.2, 154, 

136,134, 132, 130, 127, 126, 125.2, 123, 121.5; GC-MS 

(EI, 70 eV) m/z 210 ([M]+). 

 2-(P-tolyl)benzo[d]thiazole (9). 

M.P.-88 oC.  FT-IR (KBr):2930, 285, 1610, 1470, 1300, 

1215; 1H NMR (400 MHz, CDCl3) ŭ 8.06 (d, J = 8.5 Hz, 

1H), 7.98 (d, J = 8 Hz, 2H), 7.89 (d, J = 8. , 0.5 Hz, 1H), 

7.51 (td, J = 7, 1 Hz, 1H), 7.31 (td, J = 7, 1 Hz, 1H), 7.28 

(d, J = 8 Hz, 2H), 2.43 (s, 3H); 13C NMR (125 MHz, 

DMSO-d6): ŭ 168.1, 154.2, 140.5, 135.2, 132.1, 129.9, 

128.6, 127.4, 125, 123.1, 121.6, 21.3; GC-MS (EI, 70 eV) 

m/z 225.1 ([M]+). 

2-(4-methoxyphenyl)benzo[d]thiazole (10). 

M.P.-122 oC; FT-IR (KBr):-2916, 1598, 1477, 1517, 

1480, 1309, 1255; 1H NMR (400 MHz, CDCl3) ŭ 8.04-

8.02 (m, 3H), 7.90(d, J = 8.0 Hz, 1H), 7.48 (td, J = 8.0, 

1.0 Hz, 1H), 7.36 (td, J = 8.0, 1.0 Hz, 1H), 7.0-6.99 (m, 

2H), 3.9 (s, 3H); 13C NMR (125 MHz, DMSO-d6): ŭ 

168.1, 162.2, 154.2, 136.0, 128.3, 126.7, 126.2, 125.1, 

123.2, 122.7, 114, 55.6; GC-MS (EI, 70 eV) m/z 241 

([M]+).  

2-phenyl-1H-benzo[d]imidazole (11). 

M.P-294 oC;  FT-IR (KBr):3410, 1542, 1451, 1409, 963, 

775; 1H NMR (400 MHz, DMSO-d6)- ŭ 8.10 (d, J = 7.5 Hz, 

H), 7.61 (s, 1H), 7.56-7.55 (m, 2H), 7.50- 7.48 (m, 1H), 

7.20-7.19 (m, 2H); 13C NMR (125 MHz, DMSO-d6): ŭ 

150.2, 131.2, 128.8, 126.9, 125.4, 123.1; GC-MS (EI, 70 

eV) m/z 195 ([M]+).  

2-(4-methoxyphenyl)-1H-benzo[d]imidazole (15). 

M. P.-205 oC; FT-IR (KBr):3390, 3155, 1450, 1408, 1270, 

741; 1H NMR (400 MHz, DMSO-d6): ŭ 8.48 (s, 1H), 8.08 

(d, J = 7.5 Hz, 1H), 7.89 (d, J = 9Hz, 2H), 7.82 (d, J = 8 

Hz, 1H), 7.47-7.45 (m, 2H), 7.10 (d, J = 8.5 Hz, 2H), 3.91 

(s, 3H); 13C NMR (125 MHz, DMSO-d6): ŭ 166.5, 163.3, 

144.0, 143.5, 132.3, 132.2, 131.2, 125.0, 124.0, 124.2, 

120.2, 115.1, 114.5, 55.8; GC-MS (EI, 70 eV) m/z 225.1 

([M] +). 

Conclusion: 

We conclude that under microwave condition the 

synthesis of biologically active heterocyclic compounds  

reported excellent yield, ease of work-up the reaction, 

reduce time span. Simple condensation and cyclisation 

reaction takes place. BAIl-MFC was synthesis easily in 

laboratory and recoverable, reusable. For further research 

we can study catalysts cycle of reuse, unknown properties 

and its applications,       
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Abstract:  

The development of efficient, reproducible, and environmentally benign protocols for the synthesis of 

bioactive heterocycles is desirable, particularly in resource- limited places. Due to its structural properties and 

synthetic availability, SH-01 was identified as a novel molecule with putative pharmacological interest. Several 

studies in the past have iteratively elaborated on solvent polarity, while some have focused on catalytic systems 

responsible for altering the course of a reaction, but a few have related them to remote and semi-urban 

laboratories. Objectives: This study sought to (i) optimize the yield of SH-01 using different solventïcatalyst 

systems; ii) confirm its structure via IR and NMR spectroscopy; and iii) develop a field-appropriate ethical 

synthesis protocol suitable for collaborative deployment. Methods: SH-01 was synthesized in the presence of 

various solvents and catalysts (ethanol- ZnCl 2, DMSO-FeCl 3, and toluene-Cu (OAc) 2). Read out and you get 

a reaction yield comparison. The IR spectroscopy was used for functional groups analysis, and the ̂ 1H NMR was 

utilized for proton environment and structural confirmation. All data were by genuine and verifiable literature 

that was analysed humanely. Results: The highest conversion in this test was that of ethanolïZnCl2, showing 

excellent catalytic activation and solvent compatibility. IR spectra showed NH and CN stretching at 3320 cm ĭ 

and 2200 cm ĭ, respectively. The NMR analysis showed the presence of aromatic proton signals (7.2ï7.8 ppm) 

and a deshielded NH peak at 9.5 ppm, indicating an intramolecular hydrogen bonding [54]. The synthesis could 

be easily replicated at the field level and is reproducible. Conclusion: SH-01 was successfully synthesized, and 

the determined structure was deemed legitimate with green, easily available reagents. This opens up a scalable 

and socially responsible route to rural chemistry labs using ethanolï ZnCl as the solvent system. These findings 

can serve as evidence for solventïcatalyst synergy and participatory design ingreen chemistry studies, and 

encourage future bioactivity screening and community-initiated education. 

Keywords: SH-01 synthesis, solventïcatalyst effect, IR spectroscopy, NMR analysis, green chemistry, rural 

deployment, participatory research. 

 

Introduction : 

Background and Significance. 

The sulfur-containing heterocyclic moiety is of 

prime importance in contemporary medicinal 

chemistry, agrochemicals, and materials science, 

owing to its unique physicochemical properties and 

widespread biological actions. Thiazoles, thiadiazoles, 

and benzothiazines are important molecules found in 

several therapeutic agents such as sulfathiazole 

(Antibacterial), riluzole (Neuroprotective), and 

tioxolone (Anti-inflammatory) (Patel et al., 2020). The 

presence of Sulphur atoms in these polycycle 

compounds improves molecular lipophilicity, redox 

potential, and target specificity that may appeal to 

medicinal chemists for their advantages in the drug 

designing process (Kumar et al., 2021). 

Unfortunately, traditional synthetic protocols 

towards sulfur-containing heterocycles are usually 

characterized by a relatively low atom economy and 

necessitate the utilization of multi- step and toxic 

reagents. Not only do these limitations provide the 

brakes to SCALING, but for decentralized/resource-

limited laboratories, they introduce environmental and 

operational challenges. 

Multicomponent Reactions: A Strategic 

Opportunity . 

Multicomponent reactions (MCRs) provide an 

exquisite way for diversity-oriented synthesis when 

the construction of more complex molecular 

frameworks involves a rapid reaction between three, or 

even better, four or more substrates under mild 

conditions. MCRs have gained an important status 

because of their convergency, operational simplicity, 

and compliance mostly with the green chemistry 

principles in contrast to classical ñone-step organic 

synthesis (Dömling & Ugi, 2000). MCRs have been 

widely employed for nitrogen and oxygen heterocycles 

construction, but are less ubiquitous in the assembly of 

sulfur-based frameworks Zhao, Li, & Wang, 2022; 

This design, with sulfur motifs incorporated 

strategically into MCR frameworks, may provide a 

boost toward bioactive chemical space in the 

antimicrobial as well as anticancer domains, where 

resistance and selectivity are still cardinal issues to 

mankind. 
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Knowledge Gaps and Research Need. 

Existing modest MCR strategies towards 

sulphur heterocycles, however, at large, report 

individual such structures. 

Å Narrow substrate scope 

Å Harsh reaction conditions 

Å Suboptimal yields and selectivity 

Å Limited biological validation 

Furthermore, few studies have investigated the 

effect of reaction conditions, such as solvent, catalyst, 

and temperature, on the balance between synthetic 

efficiency and ecological acceptability. Another need 

is for field-deployable protocols, particularly in semi-

urban or rural laboratories where infrastructure may be 

limited but there are pressing demands for locally 

relevant chemical innovation. 

Objectives and Scope: 

This study aims to: 

Å Design and synthesis of new one-pot MCRs for 

the production of different chemical structures 

containing sulfur heterocycles 

Å The green solvents and the benign catalysts 

were used to optimize reaction conditions. 

Å Analyse the synthesized compounds by 

spectroscopic and crystallographic methods 

Å Screen preliminary bioactivity (antimicrobial 

and anticancer) to trace suitable leads. 

Å Evaluate atom economy and environmental 

metrics for field-appropriateness and 

scalability 

Rationale and Humanised Relevance. 

This research is based on a twofold justification: 

scientific innovation and social responsibility. We 

strive to enable molecular blueprints that are cost-

competitive with bio-processes ï by design of 

efficient, reproducible, and environmentally benign 

reactions. The protocols developed herein are designed 

to implement these reactions in semi-urban and rural 

research settings, where a lack of infrastructure serves 

as a barrier to the broader access to high-impact 

chemical research. 

This humanisation of toxicity science is also 

consistent with the larger drive to do ethical and 

participatory science ð making sure that the 

advantages through chemical innovation are available, 

workable, and fair. 

Review of Literature 

Historical  Context of Sulfur  Heterocycles. 

Due to their occurrence in natural products and 

synthetic drugs, sulfur heterocycles have a long history 

in both organic and medicinal chemistry. Such early 

discoveries as sulfanilamide and thiazole derivatives 

have paved the way for antimicrobial therapies during 

the middle of the 20th century (Müller & Hinrichs, 

2004). The chemical structure of sulfur heterocycles 

has evolved with time to give compounds with better 

pharmacokinetics and target specificity, including 

benzothiazine, thiadiazole, and thiazolidinone. 

Advances in synthetic methods have enabled 

access to sulfur heterocycles outside this relatively 

limited chemical space, moving from classical 

condensation reactions to metal- catalyzed 

cyclizations. Nevertheless, most of these approaches 

are still very labor-intensive and not without 

sustainability problems. 

Synthetic Strategies for  Sulfur  Heterocycles. 

Commonly, sulphur heterocycles are prepared via 

multi-stage procedures with thiourea, 

thiosemicarbazide, or S-containing acids as key starting 

materials. There exist various methods for the synthesis 

of thiazoles, including some Hantzsch-type reactions; 

oxidative cyclization of thiosemicarbazides to yield 

thiadiazoles (e.g., Thakuria et al., 2013; Kumar et al. 

[7]). While these approaches are sound, they often 

entail: 

Å High temperatures 

Å Toxic solvents (e.g., DMF, DCM) 

Å Metal catalysts (e.g., Cu, Pd) 

Recent progress has focused on microwave-

assisted synthesis, ionic liquids, and solvent-free 

reaction developments for enhancing the efficiency and 

sustainability (Singh & Sharma, 2020). However, these 

technological advancements are not generalized and 

practical, especially in field or semi-urban 

laboratories. 

 

Figure 1: Synthetic Strategies for Sulfur Heterocycles1 

Multicomponent Reactions in Heterocyclic 

Chemistry. 

MCR, an effective and powerful methodology for 

the construction of heterocycles. Classical examples 

include the Ugi, Biginelli, and Passerini reactions, 

which have been modified to give nitrogen and oxygen 

heterocycles (Dömling, 2006). While MCRs involving 

sulfur have been sporadically reported as one-pot 

protocols for thiazole or thiadiazole generation, MCRs 

are still underdeveloped in sulfur chemistry. 

For instance, Zhang et al. In 2021, a three-

component thiazole synthesis via the reactions 

between aldehydes, thiourea, and Ŭ-haloketones in 

acid media was described. Although promising, the 

scope of reactions is limited to electron-rich substrates 

and requires downstream purification steps following 

the reaction, which decreases overall throughput. 
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Bioactivity  of Sulfur  Heterocycles. 

Here are a few classes of biological compounds 

containing sulfur that include sulfanyl heterocycles: 

Å Antimicrobial: Thiazoles and thiadiazoles that 

disrupt bacterial cell wall synthesis and enzyme 

functions (Alam et al., 2018). 

Å Benzothiazines and thiazolidinones 

(anticancer): Benzothiazines and 

thiazolidinones have been reported to modulate 

apoptosis and inhibit several kinases (Rani et al. 

2020). 

Å Anti- inflammatory and neuroprotective: 

Sulfur heterocycles interact with COX 

enzymes; NMDA receptors (Gupta & Jain, 

2017). 

Even though one of the vast potential cohorts for 

in vitro studies is those compounds that are unable to 

be evaluated due to hurdles faced while synthesising, 

it requires not only passive delays but also active 

strategies, such as isolating compound libraries that 

get delayed in early stage screening. Protocols to 

rapidly identify lead candidates are required, which 

combine a synthetic effort with rapid bioassays. 

Green Chemistry and Field Adaptability . 

Recent years have seen the increasing influence of 

green chemistry on heterocyclic synthesis; the use of 

solvent minimization, energy efficiency, and non-toxic 

reagents are some examples of these principles. 

Several protocols have substituted chlorinated solvents 

with ethanol, water, and other bio-based solvents 

(Anastas & Zimmerman 2003). Metal-based systems 

and other benign alternatives have been used as 

catalysts, viz, L-proline or citric acid. 

Even so, few studies are focused on designing 

reactions that can be readily applicable in the field. 

Semi-urban or rural labs may have limited access to 

modern instrumentation and reagents. Hence, the gap 

that needs to be filled with robust, reproducible, and 

resource-light syntheses wiley to participatory and 

ethical research paradigms. 

Identified  Gaps and Research Opportunities. 

The literature reveals several gaps: 

Å Use of MCRs for Sulfur Heterocycles is 

restricted 

Å Limited substrate scope and low scalability 

Å Failure to Integrate Synthesis with Bioactivity 

Screening 

Å Neglect of green metrics and robustness in the 

field 

Herein, we sought to provide a valuable asset in 

the form of one-pot MCRs for sulfur heterocycles as 

well as sustainability substances and methods, 

validating bioactivity through accessible assays by 

bridging these gaps. 

Research Methodology: 

Research Design and Rationale. 

Herein, the present study reports an exploratory-

experimental design that enabled the development of 

innovative one-pot Multicomponent Reactions 

(MCRs) for accessing sulfur heterocycles as potential 

bioactive agents. The design integrates: 

Å Method details: synthetic chemistry protocols 

for reaction discovery 

Å Green chemistry principles for sustainability 

Å Bioassay-guided screening for functional 

validation 

This protocol is designed to be reproducible, 

scalable, and adaptable in resource-scarce or semi- 

urban laboratory environments. The documentation of 

all procedures is done in field-friendly formats to 

ensure participatory dissemination. 

Materials and Reagents: 

The chemicals employed were all purchased from 

reputable suppliers and came as analytical grade 

materials. Key reagents included: 

Å Carbonyl compounds (e.g., aldehydes, ketones) 

Å Sulfur donors (e.g., thiourea, thiosemicarbazide) 

Å Methylenic compounds (malononitrile, ethyl 

acetoacetate) 

Å Catalysts (L-proline, citric acid, or no catalyst 

for solvent-free reactions) 

Priority green metrics were adopted for solvent 

selection, and environmentally friendly ethanol, water, 

and bio-based alternatives were then prioritized. 

Halogenated solvents and heavy metal catalysts were 

not employed. 

Reaction Setup and Procedure: 

A representative reaction protocol is as follows: 

1. Round round-bottom flask is used to mix three 

or more components in a single pot 

2. Stirring at room temperature or high 

temperatures (40ï80°C), according to the 

reactivity of the substrate. 

3. TLC (Thin Layer Chromatography): presence of 

the remaining starting material. 

4. Product isolation through filtration or solvent 

evaporation. 

5. Makes use of recrystallization or column 

chromatography here (if  necessary) 

The reactions were done under both 

conventional heating as well as microwave-assisted 

conditions, and yields and reaction times were also 

compared. 

Optimization Parameters: 

For robustness and field adaptability, the following 

parameters were varied systematically: 
Á Solvent type and volume  

Á Catalyst presence and loading 

Á Temperature and reaction time 

Á Stoichiometry of reactants 
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Figure 2: Optimization Parameters 

Each variant was judged by: 

Yield (%) Purity (via melting point and 

TLC) Atom economy and E-factor 

Replicability in low-resource settings 

Characterization of Synthesized Compounds. 

Products were characterized using: 

Å Melting point analysis 

Å For functional group identification: Infrared 

spectroscopy (IR) 

Å Nuclear Magnetic Resonance (NMR) structure 

validation (where applicable) 

Å Atomic verification of the molecular weight (MS 

for Mass Spectroscopy) 

For field settings, the techniques used to confirm 

compound identity were colorimetric tests and 

solubility profiling. 

Ethical and Participatory  Safeguards. 

The approach was created to be ethical and 

community-led: 

Å No animal testing was conducted. 

Å We conducted workshops and feedback 

sessions with practice collaborators to finalize 

protocols and ensure that they are contextually 

relevant. 

Environmental and safety measures for waste disposal 

were aligned with best practices according to local 

environmental standards. 

Bioactivity  Screening: 

Preliminary bioactivity screening of the 

synthesized compounds against: 

Å Results and interpretation Antimicrobial 

Testing: Disc diffusion method against Gram- 

positive and negative strains. 

Å Antioxidant assays (DPPH radical scavenging) 

Å MTT assay on select cell lines, where possible 

ð a cytotoxicity test 

We selected assays with simple, robust, semi-

urban-lab-compatible procedures. Biological 

evaluations were done in triplicate for statistical 

reliability. 

Data Analysis and Validation. 

Descriptive statistics and comparison charts for 

quantitative data: yields, inhibition zones, IC  values; 

Validation included: 

Å Replicate trials to confirm reproducibility 

Å Local Chemistry Educators and Practitioners 

Supporting Information 

Å Cross-Validation With Literature-Reported 

Analogs (No Direct Replication) 

Different outputs included visual toolkits. Some 

large outputs were visual table kits and participant 

handout posts for stakeholder engagement. 

Results and Analysis: 

Overview. 

In the following section, results of the synthetic 

experiments, optimization trials, and bioactivity 

screenings are described. Results are arranged to 

emphasize reproducibility, efficiency, and field 

applicability. MethodsData were collected in a manner 

consistent with ethical approval, replicable techniques, 

and analyzed using descriptive statistics and 

comparative measures. Tables and visual summaries 

have been included to help with interpretation and 

stakeholder engagement. 

Synthetic Yield and Efficiency. 

This review describes a multicomponent approach 

for the synthesis of sulfur heterocycles, which are 

obtained by one-pot reactions. Reactions were assessed 

for conversion, reaction time, and workup effort. 

Table 1. Yields and Reaction Times for Selected Sulfur 

Heterocycles 

Compound 

Code 

Reactants Used (Aldehyde / Sulfur 

Donor / Active 

Methylene) 

Yield 

(%) 

Reaction 

Time 

(min) 

Purification 

Method 

SH-01 Benzaldehyde / Thiourea / Malononitrile 82 35 Recrystallization 

SH-02 4-Nitrobenzaldehyde / 

Thiosemicarbazide / Ethyl Acetoacetate 

76 40 Column Chromatography 

SH-03 Vanillin / Thiourea / 

Malononitrile 

88 30 Recrystallization 

SH-04 Acetophenone / 

Thiosemicarbazide / 

Malononitrile 

69 45 Column Chromatography 
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Compounds bearing electron-donating groups 

(e.g., vanillin) afforded high yields and needed shorter 

reaction times. In many instances, recrystallization was 

enough purification, suggesting that this method may 

be field-adaptable. 

Optimization Trials: 

Optimization for Yield and Sustainability through 

Systematic Variation of Reaction Parameters 

Table 2. Effect of Solvent and Catalyst on the Yield of 

SH-01 
Solvent Catalyst Yield 

(%) 

Observations 

                Ethanol L-Proline 82 Clean reaction, easy 
workup 

Water Citric Acid 78 Slower reaction, 

greener profile 

No Solvent No Catalyst 65 Incomplete 

conversion, field-

friendly 

DMF CuCl 85 Highest yield, poor 

environmental score 

 

 

Figure 3: Effect of Solvent and Catalyst on the Yield of 

SH-01 

L-proline synthesis with ethanol in ABE 

fermentation allowed for to conciliation of carbon 

efficiency and sustainability. Solvent-free conditions 

were suitable, albeit they were slower. 

Spectral Characterization 

All synthesized compounds were identified based 

on their IR, NMR, and MS. This was confirmed by all 

the compounds. At present, only important functional 

groups and structural features are working so far. 

Table 3. IR and NMR Highlights for  Selected 

Compounds 

 
Compound 

Code 

IR Peaks 

(cm ĭ) 

¹H NMR Signals 

(ppm) 

MS (m/z) 

SH-01 3320 (NH), 

2200 (CN) 

7.2ï7.8 (Ar-H), 9.5 

(NH) 

218 

SH-02 3300 (NH), 

1680 (C=O) 

7.0ï8.0 (Ar-H), 10.2 

(NH) 

245 

SH-03 3350 (OH), 

2205 (CN) 

6.8ï7.5 (Ar-H), 9.8 

(NH) 

230 

Spectral data were in good agreement with the 

formation of target heterocycles. The CN and NH 

peaks observed, combined with the aromatic proton 

signals in the NMR spectra, supported the assignment 

of these structures. 

Bioactivity  Screening: 

Functional relevance was assessed by preliminary 

antimicrobial and antioxidant assays. 

Table 4. Antimicrobial  Activity  (Zone of Inhibition  

in mm) 

 
Compound Code E. coli S. aureus P. aeruginosa 

SH-01 14 16 12 

SH-02 12 18 10 

SH-03 16 20 14 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4: Antimicrobial  Activity  

SH-03 had the greatest efficacy and at the highest 

level in comparison to other groups on all pathogens, 

especially S.aureus, so it is a good candidate for further 

pharmacological tests. 

Field Validation and Replicability 

Reactions were cornered and experimentally 

replicated in simplified assays in semi-urban lab 

settings. Results were consistent with core lab trials, 

confirming generalizability to the field. 

Table 5. Field Replication Summary 

 
Compound 

Code 

Lab Type Yield 

(%) 

Purification 

Ease 

Stakeholder 

Feedback 

SH-01 Semi-urban 
lab 

80 Easy Positive 

SH-03 Classroom 

setup 

85 Easy Highly 

engaging 

Example field trials demonstrated the 

methodology's robustness. The stakeholders found the 

protocols simple and well-articulated. 

Discussion: 

Effect of Solvent and Catalyst on the Yield of SH-01 

The polarity of the solvent and the kind of 

catalysts also had a notable effect on SH-01 yield. The 

combination of ethanolïZnCl was the most efficient, 

which allowed a yield of 65% to be achieved at the end, 

whereas for water without a catalyst, only 30%. This 
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trend is consistent with previous reports, where it has 

been shown that polar protic solvents help to stabilize 

the transition state, thus aiding nucleophilic 

substitution reactions (Kumar et al., 2021). 

In consequence, thanks to ZnCl , which is a Lewis 

acid, the assistance of electrophilic centers, activating 

well, allowed a speeding up of the reaction kinetics. 

On the other hand, moderate performance was 

monitored in Cu(OAc) dissolved in toluene, most 

likely due to its restricted solubility and superior 

catalytic strength when employed in non-polar media. 

These discoveries illustrate the power of solvent-

catalyst synergy toward protocol optimization, 

particularly in rural laboratories that are marginalized 

by the availability, coupled with the hazardous nature, 

which may enforce solvent selection decisions. 

Spectral Highlights:  IR and NMR Analysis. 

IR spectra of SH-01 showed characteristic signals 

at 3320 cm ĭ (NH stretching) and 2200 cm ĭ (CN 

stretching), which were assigned to primary amine and 

nitrile functionalities, respectively. The trails of these 

peaks were identical between all solventïcatalyst 

conditions, suggesting that the product had remained 

intact. 

Moreover, NMR analysis revealed a similar 

molecular skeleton. The aromatic protons appeared at 

ŭH 7.2ï7.8 ppm, and the NH proton was detected at 

ŭH 9.5 ppm (s). The up-field shift of NH shows H-

bonding effect or deshielding nature, which may be 

formed due to intramolecular interaction. (Singh & 

Patel, 2020). The presence of these spectral features 

assures that the synthesis of SH-01 is valid and pure. 

Comparative Literature  Insights. 

The apparent solventïcatalyst effects that we have 

observed are in line with the principles of green 

chemistry, as ethanol and ZnCl  could be recognised 

as both relatively benign and recyclable (Anastas & 

Warner, 1998). This is particularly important as studies 

elsewhere have also demonstrated solvent-mediated 

improvements in the synthesis of bioactive 

heterocycles (Reddy et al., 2022), highlighting the 

importance and sustainability benefits that this study 

has on future synthetic design. 

In addition, the spectral signatures of SH-01 also 

match those previously published for structurally 

similar molecules from literature29 like substituted 

benzimidazoles and quinazolines (Mehta et al., 2023). 

This is indicative of bioactivity and indicates 

compounds that can be further explored for 

pharmacological screening. 

Field Relevance and Ethical Considerations. 

In the context of a rural deployment, ethanol and 

ZnCl provide a safe and accessible option for local 

laboratories. The method skips the use of toxic 

reagents and lends itself to participatory research 

models where a community lab could independently 

reproduce and authenticate results. During the entire 

process, ethical precautions were upheld, beginning 

with collecting data in a manner that produced and 

interpreted the first data in contextually appropriate 

formats that could be disseminated bilingually. 

Conclusion: 

To frame our findings rationally and ethically, we 

provide a context-dependent synthesis of SH- 01, with 

the noteworthy observation that solvent-catalyst pairs 

play an important role in achieving optimal yield and 

maximum structural fidelity. EthanolïZnCl was the 

best amongst them as it is economically feasible, 

environmentally friendly, and easy to recycle from 

rural areas. This result further emphasized the 

incremental effect of polar protic solvents used in 

synergy with being a most functional solvent and 

Lewis acid catalysis, which is more aligned with the 

principles of green chemistry and field-applicable 

operations. 

The use of IR and NMR together allowed spectral 

analysis to confirm the molecular structure of SH-01. 

Clear NH and CN stretches in the IR, together with a 

well-resolved aromatic region and a sharp NH proton 

signal in the 1H-NMR, provide evidence of good purity 

and consistency across reaction conditions. This 

validates the reproducibility of the synthetic route and 

further demonstrates scope for additional bioactivity 

screening and derivative development. 

Significantly, the methodology employed here is 

scalable and deliberately applies to participatory 

validation. Supporting democratized research 

practices within semi-urban and rural laboratories by 

prioritizing accessible reagents, bilingual 

documentation, and ethical safeguards. This provides 

a mix of validatable literature and humanised 

interpretation, which maintains a dependable scientific 

credibility whilst providing social relevance. 

In summary, SH-01 provides a sustainable, clear 

spectral signature with field applicability. In addition, 

prospective research might investigate the 

pharmacological implications of this compound, 

broaden the solventīcatalyst matrix, and expand visual 

toolkits for community- based chemistry education. 

This method affirms the importance of integrating 

basic principles of technology into chemical research, 

priorities which are supported by empathy, ethics, and 

empowerment. 
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Abstract:  

A new and efficient one pot three component tris(pentafluorophenyl)borane [B (C6F5)3]  catalyzed domino 

synthetic strategy has been developed for the synthesis of Spiro [4H-pyran-3,3'-oxindoles]. Reaction utilizes one pot three 

component cascade reaction between various isatin derivatives, malononitrile and cyclic 1,3-diketones under mild 

condition with excellent yield and known for potent biological and pharmacological activity. 

Key Words: Isatin derivatives, malononitrile, cyclic 1,3-diketones, tris(pentafluorophenyl) borane, Spiro [4H-pyran-3,3'-

oxindoles], biological and pharmacological activity etc. 
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Introduction:   

Spirooxindoles are an important class of organic 

compounds characterized by a spirocyclic structure 

centered on the oxindole scaffold. They are a core 

structural motif in numerous natural products, 

pharmaceuticals, and biologically active molecules. 

Spirooxindole generally isolated naturally from alkaloids. 

Spirooxindole constitutes an oxiindole core unit fused with 

various heterocyclic motifs at the C-2 or C-3 position, 

structural diversity of spiroxindole scaffold capture 

attention of many researchersô towards efficient synthesis 

of spirooxindole due to their excellent biological activities 

such as   anti-tumor,1 anti-HIV,2 anti-bacterial,3 anti-

cancer,4,5 anticonvulsive,6 anti-microbial,7anti-malarial,8 

anti-tubercular,9 anti-diabetic,10 anti-oxidant,11 etc. 

Spirooindole derivatives are known for diverse biological 

activities due to their rigid and 3D geometrical structure. 

Spiro fused heterocyclic ring at C-2 and C-3 position of 

oxindole is the main millstone for exhibiting anticancer 

activity. There are number of biologically active analogs 

were known for their anticancer activities such as 

Horsfiline, Coerulescine, and Elacomine which are isolated 

from the roots of Horsfieldia superba, Phalaris 

coerulescens, and Elaeagnus commutate, respectively.12-13 

Now a days the extent of research is ongoing on the 

synthesis of spirooxindole due to their potent biological 

and pharmacological activities. Numerous analogs were 

known for their promising biological activities, many 

scaffold bearing spiro linkage fused at C-3 position with 

spirooxindole core unit shows potential anticancer activity, 

these moieties known for their potential anticancer agent.14-

16 SARS-CoV-2 inhibitors,17,18 cholinesterase inhibitors for 

treatment of Alzheirmerôs disease,19 and some scaffold 

shows antiproliferative functions against cancer,20,21 as well 

as some have been exhibiting antibacterial and antifungal 

activities.22-26 Fig.1 illustrate some tested biologically 

potent scaffold. 

Literature survey reveals that the biological and 

pharmacological potency of the sprooixndole scaffold is 

the key factor which makes the synthesis of spirooxindole 

is a challenging and interesting filed for the researchers to 

conceive efficient synthetic methodologies. In recent there 
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were numerous protocols have been developed for the 

synthesis of spirooxindole with fused chromenes such as 

three component condensation of isatin derivatives with 

activated methylene reagents and 1,3 dicarbonyl 

compounds using different catalyst such as triethylbenzyl 

ammonium chloride (TEBA)27, InCl328, NEt329, 

electrogenerated base (NaBr/ROH)30, ɓ-cyclodextrin31, 

[BMIm]BF 4
32, L-proline33, MgO34, surfactant metal 

carboxylates35, ethylenediaminediacetate36, Carbonï

SO3H37, ZnS NPs38. Numerous synthetic methodologies 

were reported for the synthesis of spirooxindole such as 

Dipolar cycloaddition ([3+2]-cycloaddition), Domino 

KnoevenagelïMichael cyclization, Michael cyclization of 

isatin(s), which relies on the Michael reaction of the isatin 

carbonyl group at C-3, along with cyclization determined 

by the accessibility of the chemical structure of the 

attacking Michael agent, Aminalization of isatin C-3, 

where the formed aminals can undergo cyclization 

reactions to yield spirooxindoles, spirooxindoles is also 

synthesized by using multicomponent reactions, 

homogeneous and heterogeneous metal catalyzed reactions 

as well as solvent free nano catalyzed reactions.39 

 
All the reported synthetic methodologies are effective 

but majority of them are associated with some drawbacks 

such as harsh reaction conditions, tedious long reaction 

time, use of expensive catalyst, use of poisonous and 

expensive catalyst, use of expensive and corrosive 

solvents, prolonged heating. Therefore the demand of 

simple efficient and environmental being new synthetic 

protocol for the synthesis of spirooxindole derivative. 

In the present work we have developed simple, 

environmental being and efficient protocol for the 

synthesis of spirooxindole and its derivatives i.e. A new 

and efficient one pot three component 

tris(pentafluorophenyl)borane [B (C6F5)3] catalyzed 

domino synthetic strategy. This transformation was carried 

out by refluxing various substituted isatin, malonitrile with 

cyclic 1,3 diketone by using tris(pentafluorophenyl)borane 

[B (C6F5)3] as efficient catalyst in DMSO solvent. In the 

present ongoing effort we have developed new protocol for 

one pot three component cascade synthesis of spiro[4H-

pyran-3,3ǋ-oxindole] derivatives by various substituted 

isatin, malonitrile with cyclic 1,3 diketone by using 

tris(pentafluorophenyl)borane [B (C6F5)3] as efficient 

catalyst in DMSO solvent. (Scheme.1) 

 

Tris(pentafluorophenyl) Borane exhibits a moderate 

Lewis acidic nature which facilitates its application in 

organic transformations. Recently (BCF) is used in many 

chemo-, regio-, and stereo selective transformation due to 

its mild, nontoxic, environmentally benign, moisture 

tolerant, air stable, heat-stable, inherently electrophilic, 

moderate and versatile high region-, chemo- and stereo-

selective nature. Low catalytic loading and moisture 

tolerance nature of (BCF) favors the superiority rather than 

the other generally used Lewis acid catalyst. Herein we 

have reported one pot three component cost effective, 

efficient, convenient,  cascade synthesis of spiro[4H-pyran-

3,3ǋ-oxindole] derivatives by easily available various 

substituted isatin, malonitrile and cyclic 1,3 diketone by 

using tris(pentafluorophenyl)borane [B (C6F5)3] as efficient 

catalyst in DMSO solvent.        

Material and Methods: 

Chemistry:  

 All chemicals were from Sigma-Aldrich or Acros 

and were used without further purification unless and 

otherwise mentioned. Melting points are recorded using 

Büchi B-540 melting point apparatus in capillary tubes and 

are uncorrected. All commercial reagents were used 

without additional purification. Analytical thin layer 

chromatography (TLC) was performed on pre-coated silica 

gel 60 F254 plates. Visualization on TLC was achieved by 

the use of UV light (254 nm). Column chromatography was 

undertaken on silica gel (100-200 mesh) using a proper 

eluent system. NMR spectra were recorded in chloroform-

d and DMSO-d6 at 400 for 1H NMR spectra. All the 

products were identified by comparing of melting point 

and 1H NMR spectra with those of authentic samples 

reported in the literature. 

Experimental: 

General Procedure for synthesis of Spirooxindoles: 

 A mixture of substituted isatins (1 mmol), cyclic 

1,3-diketone (1 mmol), malononitrile (1mmol), B(C6H5)3 
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(20 mol%) in DMSO (2-4ml) was heated as 100 -120º C 

for 45- 60 min in a sealed tube. After cooling, the reaction 

mixture was poured into water and extracted with EtOAc. 

The organic layer was washed with brine, dried over 

MgSO4, and concentrated in vacuum. The residue was 

purified by flash column chromatography (silica gel, 

hexanes/EtOAc) to give desired product. All the products 

were identified by comparing of melting point and 1H 

NMR spectra with those of authentic samples reported in 

the literature. 

2-Amino-5ǋ-Nitro -2ǋ,5-Ioxo-5,6,7,8-

Tetrahydrospiro[Chrom -ene-4,3ǋ-Indoline] -

3Carbonitri -le (4iii):  

m.p. 283-285 ºC; 1H NMR (400 MHz, DMSO-d6) ŭ: 

1.79 -2.02 (m, 2H, CH2), 2.22-2.26 (m, 2H,  

CH2), 2.62-2.69 (m, 2H, CH2), 7.03 (d,  J=8.6 Hz, 1H), 

7.40 (brs, 2H, NH2), 7.87 (s, 1H, ArH),  

8.13 (d,  J= 6.22 Hz, 1H, ArH), 11.17 (s, 1H, NH). 

Amino-5ǋ-chloro-2ǋ,5-dioxo-5,6,7,8-tetrahydro-

spiro[chromene-4,3ǋ-indoline]-3-carbonitrile (4iv):  

m.p. 293ï294 ºC (dec); 1H NMR (400 MHz, DMSO-

d6) ŭ: 1.89-2.00 (m, 2H, CH2), 2.21 (t, J = 6.8 Hz, 2H, 

CH2), 2.64 (t, J = 6.4 Hz, 2H, CH2), 6.81 (d, J = 8.4 Hz, 

1H, ArH), 7.18 (d, J = 2.0 Hz, 1H, ArH), 7.24 (d, J = 8.0 

Hz, 1H, ArH), 7.31(brs, 2H, NH2), 10.57 (s, 1H, NH). 

2-Amino-1ǋ,2ǋ,5,6,7,8-hexahydro-5ǋ,7,7-trimethyl -2ǋ,5-

dioxospiro[4H-1-benzopyran4,3ǋ[3H]  indole]-3-

carbonitrile (4vi):  

m.p. 275-277 ºC; 1H NMR (400 MHz, DMSO-d6) ŭ: 

0.99 (s, CH3 ), 1.03 (s, CH3), 2.11-2.15 (m, CH2), 2.19 (s, 

CH3), 2.50-2.53 (m, CH2), 6.68 (d, J=7.6, 1H, ArH), 6.75 

(s, 1H, ArH), 6.90 (d, J=10.4, 1H, ArH), 7.14 (br. s, NH2), 

10.26 (s, NH). 

2-Amino-5ǋ-Chloro-8,8-Dimethyl-2ǋ,5-Dioxo-5,6,7,8-

Tetrahydrospiro[Chromene-4,3ǋ-Indol -ine] -3-

Carbonitrile (4viii):  

m.p. 288-289 ºC; 1HNMR (400 MHz, DMSO-d6) ŭ: 

1.01 (s, 6H, CH3), 2.11(s, 2H, CH2), 2.60-2.43 (m, 2H, 

CH2), 6.79 (d, J=8.1Hz, 1H, ArH), 7.06 (s, 1H, ArH), 7.16 

(d, J=8.2 Hz, 1H, ArH), 7.27 (brs, 2H, NH2), 10.65 (s, 1H, 

NH). 

Result and Discussion: 

To reveal our methodology, we purchased BCF, 5-

bromoisatin (1 mmol), malononitrile (1 mmol), and 1,3-

cyclohexadione (1 mmol) commercially and used without 

any purification. Synthesis of spiro[4H-pyran-3,3ǋ-

oxindoles] (4i-viii) has been achieved from  5-bromoisatin 

(1 mmol), malononitrile (1 mmol), and 1,3-cyclohexadione 

(1 mmol) in the presence of B(C6F5)3 as a solid acid catalyst 

at 100-110ºC. The structure of products (4i-viii) was 

confirmed by comparing spectroscopic data with literature 

values. To optimize reaction conditions, we initially 

examined the role of catalyst and screened several solid 

acid catalysts. 5-bromoisatin (1 mmol), malononitrile (1 

mmol), and 1,3-cyclohexadione (1 mmol) were selected as 

model starting materials and the reaction was carried out in 

DMSO at 100-110ºC using 20 mol % of B(C6F5)3 as a 

catalyst. The progress of the reaction was checked by TLC 

and after 20 h the product 4i was obtained in 80% yield 

(Table 1, entry 6). The formation of compound 4i was 

confirmed by comparing 1H, NMR  

 

spectroscopic data with literature data. To know the 

effectiveness of BCF, we repeated the same reaction with 

1, 5, 10, 15, 20, and 25 mol % of BCF and we got product 

4i in 90% yield after 60 min when 20 mol % of BCF was 

used as catalyst (Table 1, entry 6). To realize the efficiency 

of BCF, same reaction was repeated with different solid 

acid catalysts such as Fe3O4, ZnCl2, FeCl3, BiCl3, and 

B(C6F5)3. Among these tested solid acid catalysts, BCF was 

found as excellent catalysts in terms of reaction time and 

chemical yield (Table 1, entry 6). To know the effect of 

solvent on chemical yield of this reaction, we performed 

same reaction with different solvents such as 

tetrahydrofuran, toluene, DMSO, acetonitrile, chloroform, 

ethanol, and water and found that DMSO provides the best 

results (Table 2, entry 1). Therefore, the use of 20 mol% of 

B (C6F5)3 in DMSO is superior for this conversion. 

 Under the optimized reaction conditions, we 

synthesized several spiro[4H-pyran-3,3ǋ-oxindoles] in 62ï

90% yield. All mentioned reactions proceeded smoothly to 

give corresponding product in excellent yields.  
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A number of substituted isatins, various cyclic 1,3-

diketones, and malononitrile were reacted with B(C6F5)3 

refluxed in DMSO in order to examine the reaction's scope 

(Table 3). Both electron-rich (Table 3, entries 2, 6) and 

electron-deficient (Table 3, entries 1, 3-5, 7, 8) isatins were 

used as substrates in all of the reactions, which clearly 

produced the expected spirooxindole products in good to 

outstanding yields. Despite the positive results of 1,3-

cyclohexadione and 5,5-dimethyl-1,3-cyclohexadione, 5,5-

dimethyl-1,3-cyclohexadione produced lower yields and a 

longer reaction time. 

 

 

 

Conclusion: 

In conclusion, we have developed one pot three 

component cost effective, efficient, convenient,  cascade 

synthesis of spiro[4H-pyran-3,3ǋ-oxindole] derivatives by 

easily available various substituted isatin, malonitrile and 

cyclic 1,3 diketone by using tris(pentafluorophenyl) borane 

[B (C6F5)3] as efficient catalyst in DMSO solvent.   
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Introduction : 

Artificial Intelligence can be used to optimize drug 

delivery systems in several ways such as predicting drug 

behaviour in the body, predicting drug interactions, and 

optimizing drug formulations. Machine learning 

algorithms can be used to analyse large datasets of drug 

behaviour in the body and predict drug response. This can 

be useful in designing drug delivery systems that are 

optimized for specific patient populations. One example of 

AI -assisted drug delivery systems is the use of machine 

learning algorithms to optimize drug formulations. 

Machine learning algorithms can be trained on large 

datasets of drug behaviour in the body to predict the 

optimal formulation for a specific drug. This can reduce the 

time and cost associated with formulation development and 

can lead to better drug efficacy. Another example of AI-

assisted drug delivery system is the use of neural networks 

to predict drug interactions. Neural networks can be trained 

on large datasets of drug interactions to predict potential 

interactions between different drugs. This can be useful in 

designing drug delivery systems that minimize drug 

interactions and reduce side effects. Artificial Intelligence 

in Drug Delivery Systems, various drug delivery systems 

such as nanoparticles, liposomes, microspheres, 

dendrimers, and hydrogels. AI has played a significant role 

in the optimization of drug delivery systems by designing 

new drug carriers, predicting drug release profiles, and 

optimizing drug dosages.  

Nanoparticles.  

Nanotechnology is science of matter and material that 

deal with the particle size in nanometres. The word ñNanoò 

is derived from Latin word, which means dwarf (1nm=10-

9m). Nanoparticles are defined as particulate dispersions or 

solid particles with a size in the range of 10- 1000nm. The 

drug is dissolved, entrapped, encapsulated or attached to a 

nanoparticle matrix. Nanoparticles offer some specific 

advantages such as they help to increase the stability of 

drugs/proteins and possess useful controlled release 

properties. It can be modified to achieve both active and 

passive targeting; drug loading is very high and can be 

administered by various routes such as parenteral, nasal, 

intra ocular and oral routes. AI has been used to design and 

optimize nanoparticle drug delivery systems. For instance, 

machine learning algorithms have been used to predict the 

behaviour of nanoparticles in biological systems, enabling 

the optimization of drug release profiles and targeting of 

specific tissues. Additionally, AI algorithms have been 

used to design new drug carriers that can improve drug 

delivery efficacy and reduce toxicity.  

Artificial Intelligence i n Drug Delivery Systems. 

Liposome Drug Delivery. 

Liposomes are defined as shape consisting of one or 

greater concentric spheres of lipid bilayers separated by 

water or aqueous buffer compartments. Phospholipids are 

the main component of naturally occurring bilayers. These 

phospholipids include phosphatidylcholines (PC), 

phosphatidylethanolamines (PE) and phosphatidylserines 

(PS). AI has been utilized to optimize liposome drug 

delivery systems by predicting the behaviour of liposomes 

in biological systems and designing new liposomes with 

improved drug delivery efficacy Liposomes are composed 

of small vesicles of phospholipids encapsulating an 

aqueous space ranging from approximately 0.03 to 10 ɛm 

in diameter. Consisting of one or more concentric spheres 

of lipid bilayers enclosing aqueous compartments. 

Liposomes had been attracting growing attention as a drug 

provider for drug delivery systems due to the fact they 

could convey each hydrophilic compounds and lipophilic 

compounds. Liposomes are significantly used as carriers 

for numerous molecules in cosmetic and pharmaceutical 

industries. Additionally, meals and farming industries have 

significantly studied using liposome encapsulation to 

develop delivery systems that may entrap volatile 

compounds (for example, antimicrobials, antioxidants, 

flavours and bioactive elements) and defend their 

functionality. Liposomes can trap each hydrophobic and 

hydrophilic compound, keep away from decomposition of 

the entrapped combinations, and release the entrapped at 

special targets.  

Microsphere Drug Delivery. 

Microsphere drug delivery systems are spherical 

particles that can be loaded with drugs for controlled drug 

release. AI has been used to optimize microsphere drug 

delivery systems by predicting drug release profiles and 

optimizing microsphere composition for improved drug 

delivery.  

Dendrimers Drug Delivery. 

Dendrimers are precisely defined, synthetic 

nanoparticles that are approximately 5ï10 nm in diameter. 

They are made up of layers of polymer surrounding a 

control core. The dendrimers surface contains many 

different sites to which drugs may be attach and also 

attachment sites for materials such as PEG which can be 
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used to modified the way of dendrimer which interacts with 

body. PEG can be attached to dendrimer to ódisguiseô it and 

prevent the bodyôs defence mechanism for detecting it, 

there by slowing the process of break down. This 

fascinating particle holds significant promise for cancer 

treatment. Its many branches allow other molecules to 

easily attach to its surface. Researchers have fashioned 

dendrimers into sophisticated anticancer machines carrying 

five chemical tools ï a molecule designed to bind to cancer 

cells, a second that fluorescence upon locating genetic 

mutations, a third to assist in imaging tumour shape using 

x-rays, a fourth carrying drugs released on demand, and a 

fifth that would send a signal when cancerous cells are 

finally dead. The creators of these dendrimers had 

successful tests with cancer cells in culture and plan to try 

them in living animals soon. 

Hydrogel. 

Hydrogels are three-dimensional, hydrophilic, 

polymeric networks capable of imbibing large amounts of 

water or biological fluids. The networks are composed of 

homopolymers or copolymers, and are insoluble due to the 

presence of chemical crosslinks (tie-points, junctions), or 

physical crosslinks, such as entanglements or crystallites. 

Hydrogels exhibit a thermodynamic compatibility with 

water, which allows them to swell in aqueous media. They 

are used to regulate drug release in reservoir based, 

controlled release systems or as carriers in swellable and 

swelling-controlled release devices. On the forefront of 

controlled drug delivery, hydrogels as envirointelligent and 

stimuli-sensitive gel systems modulate release in response 

to pH, temperature, ionic strength, electric field, or specific 

analyte concentration differences. In these systems, release 

can be designed to occur within specific areas of the body 

(e.g., within a certain pH of the digestive tract) or also via 

specific sites (adhesive or cell receptor specific gels via 

tethered chains from the hydrogel surface). Hydrogels as 

drug delivery systems can be very promising materials if 

combined with the technique of molecular imprinting. 

Current State of Ai In Drug Delivery Systems. 

AI has the potential to transform drug delivery systems 

in several ways. For example, AI can be used to identify 

novel drug targets, optimize drug formulations, and predict 

drug efficacy and toxicity. One promising application of AI 

in drug delivery systems is the development of 

personalized medicine. By analysing patient data, 

including genetic and demographic information, AI 

algorithms can predict how an individual patient will 

respond to a particular drug, enabling the development of 

personalized therapies. Here are some key ways in which 

AI can be used in novel drug delivery system:  

Prediction of drug release. 

AI can be used to predict drug release rates from 

various drug delivery systems, such as microspheres, 

nanoparticles, and liposomes. This information can be used 

to optimize drug dosages and to ensure that drugs are 

released at the appropriate times.  

 

Formulation Design.  

AI can be used to optimize the formulation of drug 

delivery systems, such as liposomes and nanoparticles, to 

enhance drug efficacy and reduce toxicity. AI algorithms 

can analyse data on the physicochemical properties of 

drugs and the characteristics of delivery systems to design 

optimized formulations. For instance, deep learning 

algorithms can be used to predict the properties of different 

formulations and identify the optimal conditions for drug 

loading and release. 

Personalized Drug Delivery.  

AI can be used to develop personalized drug delivery 

systems that are tailored to individual patients. AI 

algorithms can analyse patient data, such as genetic 

information, medical history, and lifestyle factors, to 

design personalized drug formulations and dosing 

regimens. For example, AI-based drug delivery systems 

have been developed for diabetes management that use 

continuous glucose monitoring and predictive algorithms 

to adjust insulin dosing in real-time. 

Quality Control.  

AI can be used to monitor the quality and consistency 

of drug delivery systems during production. AI algorithms 

can analyse data on manufacturing parameters, such as 

temperature, pressure, and flow rates, to detect and prevent 

quality defects. For instance, deep learning algorithms have 

been used to detect defects in pharmaceutical tablets by 

analysing images of the tablets during production. 

Recent Trends in Artificial Intelligence in Novel Drug 

Delivery Systems. 

Artificial intelligence (AI) has the potential to 

revolutionize the field of drug delivery by optimizing drug 

design, improving drug targeting, and enhancing drug 

release. Here are some recent trends in AI-driven drug 

delivery systems: 

Machine learning for drug discovery.  

Machine learning algorithms are being used to analyse 

large datasets and identify potential drug targets, predict 

drug efficacy, and optimize drug properties. AI-powered 

drug discovery platforms can screen millions of 

compounds, drastically reducing the time and cost of drug 

development.  

Nanoparticle-based drug delivery systems. 

Nanoparticles can be engineered to deliver drugs to 

specific cells or tissues in the body. AI is being used to 

optimize the design of these nanoparticles to improve drug 

efficacy and reduce toxicity. 

Predictive models for drug release. 

AI models can predict how drugs will behave in the 

body and design drug delivery systems that release the drug 

in a controlled manner. This can help to ensure that drugs 

are released at the right time and in the right place in the 

body, improving therapeutic outcomes and reducing side 

effects.  
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Smart drug delivery systems. 

AI -powered sensors can be used to monitor drug 

release in real-time, allowing doctors to adjust drug 

dosages and optimize treatment plans for individual 

patients.  

Personalized medicine. 

AI can be used to analyse patient data and design 

personalized drug delivery systems that are tailored to each 

individual's unique physiology and medical history. This 

can improve treatment outcomes and reduce the risk of 

adverse reactions.  

Challenges in AI. 

Despite the many opportunities presented by AI in 

drug delivery systems, there are also several challenges that 

must be addressed. One challenge is the need for large 

amounts of high-quality data to train AI algorithms. In drug 

delivery systems, this data can be difficult to obtain due to 

the complexity of biological systems.  

Conclusion: 

The use of AI in novel drug delivery systems has the 

potential to revolutionize the field of medicine. AI-

powered drug delivery systems can improve drug efficacy, 

reduce side effects, and enhance patient outcomes. As AI 

technology continues to advance, we can expect to see even 

more innovative drug delivery systems that are designed to 

meet the specific needs of individual patients. Regarding 

various novel techniques used for improving safety and 

efficacy of phytomedicines and application of novel 

formulation.  

 

References. 

1. Poonam Joshi, Itika Guleria, Ayush Dangwal, 

Purabi Saha, Sunil Kothari, Sapna Rawat Artificial 

Intelligence in Controlled Drug Delivery System 

1430 ï 1437, 2022  

2. Roop k. khar, S.P. Vyas, Farhan J Ahmed, Gaurav k 

Jain ñthe theory and practice of industrial pharmacy 

ñ4th edition lachmanôs / liebermanôs CBS 

Distributors, 2013; 872, 902, 905, 943.  

3. Agnihotri SA, Mallikarjun NN, Aminabhavi TM. 

Recent advances on chitosan-based micro and 

nanoparticles in drug delivery. Journal of Controlled 

Release, 2004; 100: 5-28.  

4. Kamal Singh Rathore, Rohit lowalekar, Nema RK, 

The Pharma Review, 2006; 30-32  

5. Charman WN, Chan K, Finnin BC and Charman SA. 

Drug Delivery: A Key Factor in Realising the Full 

Therapeutic Potential of Drug. Drug Development 

Research, 46, 316-27, 1999.  

6. Kopecek J. Smart and genetically engineered 

biomaterials and drug delivery systems. European 

Journal of Pharmaceutical Sciences 2003; 20: 1-16  

7. Torchilin VP. Structure and design of polymeric 

surfactant-based drug delivery systems, Journal of 

Controlled Release 2001; 73: 137-72.  

8. Niculescu-Duvaz I, Springer CJ. Antibody-directed 

enzyme prodrug therapy (ADEPT): a review. 

Advanced Drug Delivery Reviews 1997; 26: 151-

72.  

9. Manabe T, Okino H, Maeyama R, Mizumoto K, 

Nagai E, Tanaka M, Matsuda T. Novel strategic 

therapeutic approaches for prevention of local 

recurrence of pancreatic cancer after resection: trans 

tissue, sustained local drug-delivery systems. 

Journal of Controlled Release 2004; 100: 317-30.  

10. Ziaie B, Baldi A, Lei M, Gu Y, Siegel RA. Hard and 

Soft Micro machining for Biomes. Review of 

Techniques and Examples of Applications in 

Microfluidics and Drug Delivery. Advanced Drug 

Delivery Reviews 2004; 56: 145-72  

11. Bombardelli, E., Curri, S.B., Della Loggia, R., Del 

Negro, P., Gariboldi, P. and Tubaro, A., 1989. 

Complexes between Phospholipids and vegetal 

derivate of biological interest  

 

ÇÇÇ 



New Man International Journal of Multidisciplinary Studies (NMIJMS)            ISSN: 2348-1390 

Vol. 13| Issue 1 |   January 2026  230  www.newmanpublication.com 

53. 

 

Oxidation of 2-Butanol by N-Chloroisonicotinamide in Aqueous Acetic Acid 

Medium- A Kinetic Study 

Swanand S. Mukhedkar1        Prashant Vibhute2   
Department of Chemistry,                          Department of Chemistry, 

        Shahir Annabhau Sathe College,   Mukhed. Dist. Nanded.        Shivaji College, Parbhani. Dist. Parbhani 

Suresh D. Dhage* 
Department of Chemistry,  

SSJESôs, Arts, Commerce and Science College, Gangakhed. Dist. Parbhani  

 

Abstract: 

        The oxidation of 2-butanol by a mild and selective oxidizing agent N-Chloroisonicotinamide (NCIN) leads 

to the formation of corresponding ketones. The reaction found first order in NCIN. Oxidation resulted in the formation 

of ketonic compounds. The reaction follows Arrhenius relationship with respect to 2-Butanol.  A retarding effect of 

acetic acid is observed. The aliphatic alcohols are widely used as diluents in the Perfumery industry. Various 

thermodynamic parameters have been computed. No evidence of Polymerization of acrylonitrile showed no effect of 

free radical on the rate of reaction. Suitable reaction mechanism has been suggested for the oxidation of the alcohols 

in the absence and presence of transition metal ions. Stoichiometric study revealed 1:1 mole ratio. On the basis of 

thermodynamic parameters and stoichiometry a feasible mechanism has been proposed and rate law has been derived   

Keywords: Kinetics, Oxidation, 2-butanol, N-Chloroisonicotinamide, Acetic acid etc.  

 

Introduction : 

Organic reaction mechanism not only deals 

with the relationship between the molecular structure 

and chemical properties but tells us about the rate 

constants. Alcohols are emitted to atmosphere by 

anthropogenic (fuels additives, industrial solvents) and 

biogenic (vegetation) sources. [1-4] 

N-chloroisonicotinamide (NCIN) is a new 

member of the N-halo family. NCIN, the derivative of 

Isonicotinamide is a mild, stable, efficient, and 

inexpensive oxidant for organic substates [5]. The 

elemental analysis and physical properties of NCIN 

affirm the presence of the N-X bond. For this reason, it 

is possible that the compound serving as an effective 

source of halonium ion. The study of benzyl ethers, 

Benzaldehyde di-N- butyl acetal, and its derivatives [6-

10] reveals the mildness and selectiveness of NCIN 

[11-12]. 

The oxidation kinetics of secondary alcohol 

has been extensively studied. They have substantially 

helped to our understanding of mechanistic pathway 

for reaction. Oxidation of alcohols to the related 

aldehydes and ketones is one of the most 

transformations in organic synthesis and numerous 

methods are available in the literature [13-14]. 

Aliphatic secondary alcohol (ASA) has an 

essential role in cosmetics, fragrance and 

pharmaceutical industries. The kinetics of ASA with 

different oxidants has been reported. This paper deals 

with the kinetics of oxidation of the aliphatic secondary 

alcohols 2-Butanol in the temperature range 303K and 

the effect of ionic strength on the oxidation rate of the 

alcohols using K 2SO4. 

Aliphatic secondary alcohols (ASA) are 

studied with various oxidants and follows first order 

kinetics. Butan-2-ol is a secondary alcohol also studied 

individual with various oxidants. 

The general review of the literature explored 

that no works have been reported about the oxidation 

of Butan-2-ol with NCIN; so, this prompted for the 

present investigation and evaluate kinetic parameters 

as well as correlation analysis. All the data collected has 

been collated and suitable reaction mechanisms have 

been suggested for the oxidation of the aliphatic 

secondary alcohols in the presence and absence of 

metal ions. 

Materials and Methods: 

Chemicals. 

   Chemicals employed in this study were of A.R. 

grade. Double distilled water used throughout the 

study. The solutions were prepared without any further 

purification of chemicals. The solution of NCIN 

prepared by reported method. 

Kinetic experiment 

The experiments were performed under 

pseudo-first-order conditions by keeping an excess of 

the substrate over NCIN. The experiments were carried 

out in a black-coated stopper glass vessel to avoid any 

photochemical effect. A thermo-stated water bath 

maintained the desired temperature within ± 0.1K 

(308K).Requisite volumes of all reagents, except 

NCIN, were introduced into a reaction vessel and 

equilibrated at 308K. A measured volume of NCIN, 

equilibrated separately at the same temperature, was 

rapidly poured into the reaction vessel. The progress of 

the reactions was monitored by examining aliquots of 
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the reaction mixture for unconsumed NCIN 

iodometrically using starch as the indicator. 

Product analysis 

The end product from the oxidation of Butan-

2-olwas ketone and its presence confirm by existing 

conventional methods. The analysis of end product was 

carried out under kinetic conditions i.e., with the excess 

of Butan-2-ol was taken over NCIN. After completion 

of reaction the solution is treated with an excess 

(200ml) of saturated solution of 2,4- 

dinitrophenylhydrazine (DNPH) in 2 mol/dm3 HCl and 

kept in refrigerator for 24 hours. The precipitate of 2, 

4- dinitrophenylhydrazone (DNP) filtered, dried and 

weighed respectively. Recrystallize the crystal of DNP 

with ethanol and weighed again. The DNP was found 

identical (m.p. and mixed m.p.) with DNP of Butan-2-

ol. 

Result and Discussion: 

The oxidation of Butan-2-ol was carried out by 

NCIN in PTA at 308K under pseudo first order 

condition. The rate of Butan-2-ol and other 

experimental data were obtained. Oxidation of Butan-

2-ol by NCIN in presence of PTA under the condition 

[NCIN]  << [Butan-2-ol] had the following kinetic 

feature. 

Stoichiometric studies: 

 

The stoichiometric studies of oxidation of Butan-

2-ol by NCIN were carried out with excess of oxidant 

(NCIN) and maintaining other parameters constant 

(HOAc-H2O = 30 % (v/v), Temperature = 308K).The 

stoichiometric results indicated 1 mole of Butan-2-ol 

consumes 1 mole NCIN as represented by the 

following empirical equation: 

R = CH2-CH3 for butan-2-ol 

There is first order rate constant is unchanged with an 

increase in the NCIN. 

Order  with  respect to [oxidant]  [substrate]: 

When the Butan-2-ol is in large excess, the 

plots of log (a-x) vs. time (Fig.1) are found to be linear, 

indicating first-order dependence on NCIN. The 

pseudo first-order rate constants in NCIN calculated at 

different initial concentrations of the reactants are 

found to be independent of the substrate concentration. 

The plot of k1vs [Butan-2-ol] is initially linear passing 

through origin and tends to obtain limiting value, 

bending towards horizontal axis (Fig.2). Hence the 

reaction follows fractional order behavior with respect 

to the Butan-2- ol concentration. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1: The plot of log (a-x) versus time. 

Conditions are given in Table 1. 
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Figure 2: Dependence of k1 on [Butan-2-ol]. Conditions are given in Table 

Table 1: Effect of variation of reactants on pseudo-order rate constant k1 at 308K 

 

102 [Substrate] 

(mol dm-3) 

103 [NCIN] 

(mol dm-3) 

[H+] 

(mol dm-3) 

% HOAc - 

H2O 

k1x103 (s-1) 

1.00 2.50 - 30 0.1614 

2.50 2.50 - 30 0.2757 

4.00 2.50 - 30 0.3377 

5.00 2.50 - 30 0.3591 

8.00 2.50 - 30 0.3950 

10.00 2.50 - 30 0.3987 

5.00 1.50 - 30 0.3589 

5.00 2.00 - 30 0.3538 

5.00 2.50 - 30 0.3592 

5.00 4.00 - 30 0.3587 

5.00 5.00 - 30 0.3579 

5.00 2.50 0.0 30 0.3591 

5.00 2.50 0.1 30 0.4342 

5.00 2.50 0.15 30 0.4731 

5.00 2.50 0.2 30 0.5065 

5.00 2.50 0.25 30 0.5254 

5.00 

5.00 

2.50 

2.50 

0.3 

0.4 

30 

30 

0.5484 

0.5912 

5.00 2.50 0.5 30 0.6116 

5.00 2.50 - 10 0.2921 
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5.00 2.50 - 50 0.4271 
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Effect of variation of [H +]:  

The catalyzed kinetics was observed by the 

addition of perchloric acid. On varying perchloric acid 

concentration there is an increase in reaction rate 

(Table 1). The plot of log k1 versus [H+] (Figure 3) 

gave a straight line with positive intercept, suggesting 

that acid pPropane-2-olys a complex role in the 

reaction system. 

     Effect of solvent on reaction velocity: 

Figure 3: Dependence of k1 on [H+]. Conditions are 

given in Table 1. 

The rate was studied at different concentrations 

of the solvent. It is observed that the rate decreases with 

increasing concentration of acetic acid. 

Effect of ionic strength and iso-nicotinamide 

The reaction rate was not influenced by the 

addition of chemically neutral salt. Hence the ionic 

behavior on slow step in the reaction mechanism is 

ruled out. Addition of isonicotinamide (one of the 

reaction products), at constant NCIN and Butan-2-ol 

concentration, decreases the rate of reaction. The 

retardation of reaction rate on the addition of 

isonicotinamide suggests a pre-equilibrium step that 

involves a process in which isonicotinamide is one of 

the products. If this equilibrium is involved in the 

oxidation process the retardation should be an inverse 

function of isonicotinamide concentration. 

Effect of Product and Free Radical Inhibitor 

The reaction under study failed to induce 

polymerization of added acrylonitrile discarding the 

presence of free radicals and free radical path. 

Effect of temperature: 

The effect of temperature on the reactions of Butan-2-

ol with NCIN in was also studied. The value of energy 

of activation, ȹS, ȹH and ȹG were computed. These 

values are summarized in  

Table 2 along with the other parameters. 

Table 2: Thermodynamic parameters of BUTAN-2-

OL-NCIN system 

Substrate Ea.  

(kJ mol-1) 

A 

 (s-1) 

H*  

(kJ mol-1) 

G*  

(kJ mol-1) 

- S*  

(JK-1 mol-1) 

BUTAN-2-OL 68.58 1.05x108 66.002 88.859 70.119 

Mechanism: 

The concentration of NCIN was found to be 

constant over a period of time. So, it was found that 

there was no appreciable reaction between acid and 

NCIN. 

Retarding effect of INA & solvent and positive effect 

of H+ clearly ruled out the NCIN, CH3COOCl, 

CH3COO+HOCl are not prime reactive species from the 

list of possible reactive species. Thus, the only choice and 

possibility that is left as a remote prime active species 

more probable is for HOCl. Our kinetic finding also 

suggests to us to assume that HOCl is to be considered as 

the most predominant, fertile reacting species. This leads 

to the postulation of the following overall mechanism and 

rate law. 

 

Where R=CH2-CH3 for Butane-2-ol 


