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ABSTRACT 

Green synthesis has emerged as an important approach in modern organic chemistry, 

especially for the preparation of bioactive organic compounds with pharmaceutical, 

agricultural, and industrial applications. Conventional synthetic methods often involve toxic 

solvents, hazardous reagents, high energy consumption, and waste generation, posing risks to 

both human health and the environment. To overcome these challenges, green chemistry 

promotes sustainable strategies based on safer solvents, renewable resources, catalytic 

processes, atom economy, and energy-efficient techniques. This paper examines the 

principles, methods, and recent advances in the green synthesis of bioactive organic 

compounds. It focuses on important classes such as heterocyclic compounds, flavonoids, 

alkaloids, coumarins, quinolines, and pyrazoles, which exhibit significant biological activities 

including antimicrobial, antioxidant, anti-inflammatory, anticancer, and antiviral properties. 

The study highlights modern green techniques such as microwave-assisted synthesis, 

ultrasound-assisted reactions, solvent-free methods, biocatalysis, deep eutectic solvents, and 

multicomponent reactions. Furthermore, the paper discusses the role of green synthesis in 

drug discovery and sustainable industrial processes. Although significant progress has been 

achieved, challenges such as scalability, catalyst recovery, and economic feasibility remain. 

Overall, green synthesis offers an efficient and environmentally responsible pathway for the 

future development of bioactive organic molecules. 

Keywords: Green synthesis, Bioactive organic compounds, Sustainable chemistry, 

Heterocyclic compounds, Green solvents, Biocatalysis, Microwave-assisted synthesis, 
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1. INTRODUCTION 

Organic chemistry plays a vital role in the development of pharmaceuticals, agrochemicals, 

dyes, polymers, and many biologically active molecules. Among these, bioactive organic 

compounds are especially important because of their ability to interact with living systems 

and produce therapeutic or physiological effects. Compounds such as alkaloids, flavonoids, 

coumarins, quinolines, pyrazoles, imidazoles, and chalcones are widely studied for their 

antimicrobial, antioxidant, anti-inflammatory, anticancer, and antiviral properties. 

Traditionally, the synthesis of these compounds has depended on toxic solvents, hazardous 

reagents, high temperatures, and waste-generating procedures. Although effective, such 

methods often create environmental and safety concerns. With increasing awareness of 

sustainability and stricter environmental regulations, organic chemistry has gradually shifted 
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toward greener and safer synthetic practices. Green chemistry focuses on designing chemical 

processes that reduce or eliminate hazardous substances while improving efficiency and 

minimizing waste. Its principles include atom economy, safer solvents, energy efficiency, 

catalysis, renewable feedstocks, and waste prevention. In this context, the green synthesis of 

bioactive organic compounds has become an important area of research. It combines 

medicinal significance with environmental responsibility and offers more sustainable 

pathways for modern chemical synthesis. This paper explores the methods, significance, 

recent advances, and future scope of green synthesis in organic chemistry. 

2. OBJECTIVES OF THE STUDY 

1. To understand the concept and significance of green synthesis in organic chemistry. 

2. To examine the major classes of bioactive organic compounds synthesized using green 

methods. 

3. To analyze modern green synthetic techniques and reaction strategies. 

4. To evaluate the advantages of green synthesis over conventional synthetic methods. 

5. To identify recent advances, limitations, and future prospects in this area. 

3. SIGNIFICANCE OF THE STUDY 

The present study is significant because it addresses one of the most important emerging 

areas in modern organic chemistry, namely the green synthesis of bioactive organic 

compounds. In recent years, there has been growing concern regarding the environmental and 

health hazards associated with conventional chemical synthesis, including the use of toxic 

solvents, hazardous reagents, excessive energy consumption, and waste generation. In this 

context, green synthesis has become an essential approach for developing safer, cleaner, and 

more sustainable chemical processes. 

This study is important because bioactive organic compounds have wide applications in 

pharmaceuticals, agriculture, medicine, and fine chemicals. Their sustainable synthesis is 

therefore not only scientifically valuable but also socially and environmentally relevant. The 

study helps in understanding how green methodologies such as solvent-free synthesis, 

microwave-assisted reactions, biocatalysis, photocatalysis, and eco-friendly solvents can 

improve efficiency while minimizing environmental impact. 

Academically, the study contributes to the understanding of recent advances and future 

possibilities in sustainable organic synthesis. It is useful for students, researchers, chemists, 

and educators interested in green chemistry, medicinal chemistry, and synthetic methodology. 

Practically, the study also highlights how green synthesis can support industrial innovation, 

regulatory compliance, and environmentally responsible chemical production. Thus, the study 

holds scientific, environmental, educational, and industrial significance. 

4. RESEARCH METHODOLOGY 

This study is analytical, descriptive, and literature-based in nature. The discussion is 

developed through the examination of published academic books, peer-reviewed journal 

articles, scientific reviews, environmental guidelines, and chemistry-related reference 

sources. The paper adopts a conceptual and thematic approach, focusing on the principles, 

http://www.ijrt.org/


                               International Journal of Research and Technology (IJRT) 

 International Open-Access, Peer-Reviewed, Refereed, Online Journal  

ISSN (Print): 2321-7510 | ISSN (Online): 2321-7529 

| An ISO 9001:2015 Certified Journal | 

1154 
Volume 13 Issue 04 October - December 2025                www.ijrt.org        

methods, applications, and emerging trends associated with the green synthesis of bioactive 

organic compounds. 

The methodology involves: 

• Identifying major green synthetic strategies, 

• Classifying bioactive organic scaffolds synthesized under eco-friendly conditions, 

• Comparing conventional and green synthetic routes, 

• Interpreting recent developments in the context of sustainable chemistry. 

5. RESULT AND DISCUSSION 

5.1 Concept of Green Synthesis in Organic Chemistry 

Green synthesis refers to the use of environmentally friendly, safer, and resource-efficient 

methods for the preparation of chemical compounds. In organic chemistry, it involves 

designing reactions that minimize waste, reduce energy consumption, avoid toxic solvents 

and hazardous reagents, and improve product yield and selectivity. It also promotes the use of 

catalysts and sustainable reaction conditions. Green synthesis is not a single technique but a 

broader approach applied throughout chemical processes, including solvent selection, catalyst 

design, reaction conditions, and purification. It is especially important in synthesizing 

bioactive compounds, where safety, purity, efficiency, and environmental responsibility are 

essential. 

Table 1: Comparison between Conventional Synthesis and Green Synthesis 

Basis of 

Comparison 

Conventional Synthesis Green Synthesis 

Solvent Use Often uses toxic and volatile 

organic solvents 

Uses water, ethanol, deep eutectic 

solvents, or solvent-free methods 

Energy 

Requirement 

Requires prolonged heating 

and high temperatures 

Often uses microwave, ultrasound, 

or room-temperature conditions 

Waste Generation Produces significant chemical 

waste and by-products 

Minimizes waste through atom 

economy and cleaner reactions 

Catalysts/Reagents Uses hazardous or 

stoichiometric reagents 

Prefers reusable catalysts and safer 

reagents 

Environmental 

Impact 

Higher pollution and 

ecological risk 

Lower environmental burden and 

improved sustainability 

Reaction Time Usually longer Often shorter and more efficient 

Safety Greater risk to human health 

and laboratory safety 

Safer for researchers and industrial 

handling 

Industrial 

Relevance 

Effective but less sustainable Increasingly preferred for 

sustainable industrial chemistry 

5.2 Bioactive Organic Compounds: Meaning and Importance 

Bioactive organic compounds are molecules that exert a measurable effect on living 

organisms, tissues, or cells. Their significance lies in their applications across several 

domains: 
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1. Pharmaceutical Relevance: Many drugs are either bioactive organic molecules 

themselves or are derived from them. Antibiotics, anticancer agents, analgesics, antivirals, 

anti-inflammatory drugs, and enzyme inhibitors often contain heterocyclic or aromatic 

frameworks synthesized through organic methods. 

2. Agricultural Importance: Bioactive compounds are used in pesticides, herbicides, 

fungicides, plant growth regulators, and crop protection agents. Sustainable synthesis is 

important here because residues and environmental persistence directly affect ecosystems. 

3. Nutraceutical and Cosmetic Applications: Natural antioxidants, flavonoids, 

polyphenols, and essential oil constituents are increasingly used in nutraceuticals, 

skincare, and wellness products. 

4. Biomedical Research: Bioactive molecules are essential as probes, ligands, imaging 

agents, and biochemical tools in biological and medical research. Because these 

molecules often require structurally sophisticated synthesis, their preparation provides an 

ideal platform for the application of green chemistry. 

5.3 Principles of Green Chemistry Relevant to Bioactive Synthesis 

While all twelve principles are important, some are especially relevant to the synthesis of 

bioactive organic compounds. 

 
Figure 1: Schematic representation of the twelve principles of green chemistry that guide 

sustainable organic synthesis. 

5.4. Major Green Synthetic Strategies for Bioactive Organic Compounds 
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1. Solvent-Free Organic Synthesis: Solvent-free organic synthesis is an important green 

approach because it eliminates solvents, which are major contributors to chemical waste 

and environmental pollution. It is widely used in condensation, cyclization, Schiff base 

formation, Knoevenagel condensation, and multicomponent reactions. This method offers 

several advantages such as minimal waste, simpler purification, shorter reaction time, and 

often higher yields. It has been successfully applied in the synthesis of heterocyclic 

bioactive compounds like pyridines, pyrazoles, pyrimidines, and imidazoles. 

2. Microwave-Assisted Organic Synthesis (MAOS): Microwave-assisted organic 

synthesis is a rapid and efficient green technique that uses microwave energy to accelerate 

chemical reactions. It significantly reduces reaction time and energy consumption while 

improving yield and product purity. This method is highly useful in synthesizing bioactive 

compounds such as pyrazoles, pyrroles, quinolines, coumarins, and fused heterocyclic 

systems. Its compatibility with solvent-free and low-solvent conditions makes it an 

important tool in sustainable medicinal and pharmaceutical chemistry. 

3. Ultrasound-Assisted Synthesis: Ultrasound-assisted synthesis, also known as 

sonochemistry, uses acoustic cavitation to enhance reaction rates and efficiency. It is 

particularly effective in condensation, oxidation, reduction, esterification, and catalytic 

reactions. This method offers advantages such as faster kinetics, lower temperature 

requirements, improved mixing, and better selectivity. In medicinal chemistry, 

ultrasound-assisted synthesis is increasingly used for preparing bioactive heterocyclic 

compounds and natural product derivatives in an environmentally friendly and energy-

efficient manner. 

4. Multicomponent Reactions (MCRs): Multicomponent reactions are one-pot processes 

in which three or more reactants combine to form a complex product efficiently. They are 

considered green because they reduce the number of reaction steps, minimize solvent use, 

and improve atom economy. Common examples include the Biginelli, Ugi, Passerini, and 

Hantzsch reactions. These methods are widely used in the synthesis of bioactive 

molecules such as dihydropyridines, pyridines, α-amino amides, and other medicinally 

significant frameworks. 

5. Biocatalysis and Enzyme-Mediated Synthesis: Biocatalysis involves the use of 

enzymes or whole-cell systems to carry out organic reactions under mild and 

environmentally friendly conditions. It is especially valuable in synthesizing bioactive 

compounds requiring stereochemical precision and functional group selectivity. Enzymes 

are widely used in asymmetric synthesis, oxidation-reduction reactions, ester hydrolysis, 

peptide modification, and chiral drug intermediate preparation. The use of water, low 

temperatures, and reduced toxicity makes biocatalysis an essential strategy in sustainable 

pharmaceutical and organic synthesis. 

6. Photocatalysis and Electrosynthesis: Photocatalysis and electrosynthesis are modern 

green techniques increasingly used in organic chemistry. Photocatalysis uses visible light 

to activate catalysts and drive bond-forming reactions, while electrosynthesis employs 

electricity instead of harmful oxidants or reductants. These methods reduce reagent waste, 
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operate under mild conditions, and offer high functional group compatibility. They are 

particularly useful for the late-stage functionalization of complex bioactive molecules and 

are considered highly promising for future sustainable synthetic chemistry. 

5.5 Green Solvents in the Synthesis of Bioactive Molecules 

1. Water as a Reaction Medium: Water is one of the most suitable green solvents because 

it is non-toxic, inexpensive, non-flammable, and environmentally safe. It is widely used 

in green organic synthesis for condensation, cyclization, and catalytic reactions. Its easy 

availability and eco-friendly nature make it an attractive alternative to harmful organic 

solvents in the synthesis of many bioactive compounds. 

2. Ethanol and Bio-Based Solvents: Ethanol is commonly used in green synthesis due to 

its low toxicity, biodegradability, and renewable nature. It serves as a safer substitute for 

hazardous solvents in many organic reactions. In addition, other bio-based solvents 

derived from renewable resources are increasingly explored in pharmaceutical and fine 

chemical synthesis, supporting sustainable and environmentally responsible chemical 

processes. 

3. Deep Eutectic Solvents (DES): Deep eutectic solvents are gaining importance in green 

chemistry because of their low volatility, tunable properties, biodegradability, and 

excellent dissolving ability. They are widely used in both extraction and synthesis of 

bioactive organic compounds. In medicinal and phytochemical chemistry, DES offer a 

sustainable alternative to conventional solvents while improving efficiency and reducing 

environmental impact. 

4. Ionic Liquids: Ionic liquids are considered useful alternatives to volatile organic solvents 

in selected organic reactions. They possess unique properties such as low vapor pressure, 

thermal stability, recyclability, and tunability. Although their greenness depends on 

specific applications, they have shown considerable potential in improving reaction 

efficiency and reducing solvent-related environmental hazards in the synthesis of 

bioactive compounds. 

5.6 Green Synthesis of Major Classes of Bioactive Organic Compounds 

1. Heterocyclic Compounds: Heterocyclic compounds form the core of many therapeutic 

agents and exhibit diverse biological activities such as antimicrobial, anticancer, anti-

inflammatory, antidiabetic, and antiviral effects. Green synthesis of compounds like 

pyrazoles, pyridines, quinolines, and imidazole’s is widely achieved using microwave-

assisted reactions, multicomponent reactions, solvent-free methods, and photocatalysis. 

These approaches enhance efficiency, reduce waste, and support sustainable development 

in medicinal chemistry. 

2. Chalcones and Flavonoid Derivatives: Chalcones and flavonoids are important 

bioactive compounds known for their antioxidant, antimicrobial, anti-inflammatory, and 

anticancer properties. Traditionally synthesized by Claisen–Schmidt condensation, they 

are now prepared using greener methods such as aqueous base systems, solvent-free 

grinding, microwave-assisted reactions, and reusable catalysts. These techniques 
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minimize solvent use, simplify purification, and improve overall reaction efficiency in 

organic synthesis. 

3. Coumarins and Benzopyran Derivatives: Coumarins and benzopyran derivatives are 

oxygen-containing heterocycles with significant biological activities, including 

anticoagulant, antioxidant, antimicrobial, and anticancer effects. Green synthesis of these 

compounds is achieved through solvent-free Pechmann condensation, microwave-assisted 

cyclization, and the use of solid acid catalysts. These eco-friendly approaches enhance 

reaction efficiency, reduce hazardous waste, and promote sustainable chemical practices. 

4. Quinoline and Quinoxaline Derivatives: Quinoline and quinoxaline derivatives are 

widely used in medicinal chemistry, particularly in antimicrobial and antimalarial drug 

development. Green synthetic methods such as aqueous oxidative cyclization, catalyst-

assisted multicomponent reactions, microwave-promoted reactions, and metal-free 

oxidative coupling have been developed. These strategies improve reaction efficiency, 

reduce environmental impact, and support sustainable synthesis of pharmacologically 

important compounds. 

5. Alkaloid and Natural Product Analogues: Alkaloids and natural product analogues are 

key sources of biologically active compounds used in drug discovery. Green synthesis in 

this area focuses on using renewable natural precursors, eco-friendly extraction 

techniques, enzyme-mediated transformations, and sustainable modification processes. 

These methods reduce chemical waste, improve selectivity, and provide efficient 

pathways for synthesizing complex bioactive molecules. 

5.7 Role of Catalysis in Green Synthesis 

Catalysis is one of the most powerful tools in sustainable organic chemistry. 

1. Homogeneous Catalysis: Homogeneous catalysis involves catalysts in the same phase as 

the reactants, allowing precise control over reaction conditions and high selectivity. It is 

widely used in fine chemical and pharmaceutical synthesis. However, catalyst separation 

and recovery can be difficult, which may limit its sustainability in large-scale green 

processes. 

2. Heterogeneous Catalysis: Heterogeneous catalysis uses solid catalysts in a different 

phase from the reactants, making them easy to separate and recycle. This feature enhances 

sustainability and reduces waste generation. Such catalysts are widely used in green 

synthesis due to their reusability, stability, and suitability for large-scale industrial 

applications. 

3. Organocatalysis: Organocatalysis employs small organic molecules as catalysts, 

eliminating the need for toxic metal-based systems. It is widely used in aldol reactions, 

Michael additions, asymmetric synthesis, and cascade reactions. These catalysts offer 

high selectivity, mild reaction conditions, and reduced environmental impact, making 

them valuable tools in green organic synthesis. 

4. Nanocatalysis: Nanocatalysis involves the use of nanoparticles that provide a large 

surface area and high catalytic efficiency. These catalysts enhance reaction rates and 

selectivity while reducing energy consumption. When designed for easy recovery and 
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reuse, nanocatalysts contribute significantly to environmentally friendly and sustainable 

organic synthesis processes. 

Catalysis directly supports multiple green chemistry principles by reducing reagent 

consumption, improving selectivity, and lowering waste generation. 

5.8 Advantages of Green Synthesis of Bioactive Organic Compounds 

The green synthesis of bioactive molecules offers numerous advantages over conventional 

methods. 

1. Environmental Benefits: Green synthesis significantly reduces environmental impact by 

minimizing hazardous waste, lowering solvent emissions, and decreasing overall 

pollution levels. It promotes safer chemical practices and aligns with global sustainability 

goals. By adopting eco-friendly methods, green chemistry helps protect ecosystems, 

conserve natural resources, and reduce the harmful effects of chemical processes on 

human health and the environment. 

2. Economic Benefits: Green synthesis offers important economic advantages, including 

lower energy consumption, shorter reaction times, and reduced purification costs. 

Efficient use of materials and simplified processes improve overall productivity. These 

benefits make green methods cost-effective and attractive for both laboratory and 

industrial applications, supporting sustainable economic growth in chemical and 

pharmaceutical industries. 

3. Scientific Benefits: From a scientific perspective, green synthesis leads to cleaner 

reactions with fewer by-products and higher selectivity. It often enhances reaction 

efficiency and reproducibility. Additionally, many green methods are compatible with 

modern techniques such as combinatorial and medicinal chemistry, facilitating faster 

development of new bioactive compounds and improving overall research outcomes. 

4. Industrial Relevance: Green synthetic approaches are increasingly preferred in 

pharmaceutical and chemical industries due to their compliance with environmental 

regulations and long-term sustainability. They improve process safety, reduce waste 

management costs, and enhance efficiency. Programs like the U.S. EPA’s Green 

Chemistry Challenge have demonstrated significant reductions in hazardous chemicals, 

water usage, and greenhouse gas emissions. 

5.9 Challenges and Limitations 

Despite impressive advances, green synthesis still faces several practical and scientific 

challenges. 

1. Scalability: A green reaction successful at laboratory scale may not perform equally well 

at pilot or industrial scale due to differences in equipment, reaction control, cost, and 

process efficiency. 

2. Catalyst Recovery and Reusability: The sustainability of catalysts depends on their ease 

of separation, recyclability, long-term stability, and overall environmental impact 

throughout their complete life cycle. 
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3. Solvent Trade-Offs: Not all alternative solvents are truly green. Some ionic liquids and 

novel solvents may present toxicity, biodegradability, or disposal concerns despite 

offering synthetic advantages. 

4. Product Purity: Green synthetic methods must still achieve the high purity standards 

required in medicinal and pharmaceutical chemistry, where product quality and safety are 

critically important. 

5. Economic and Infrastructure Constraints: Industrial adoption of green synthesis may 

require specialized instruments, process redesign, trained personnel, and regulatory 

approval, which can increase initial implementation costs. 

6. Standardization and Metrics: A process should be evaluated using measurable 

parameters such as atom economy, E-factor, process mass intensity, and life-cycle 

assessment to determine its true environmental sustainability. 

5.10 Recent Advances 

Recent advances in the field indicate that green synthesis is moving beyond isolated 

academic demonstrations and becoming a mature research domain. 

1. Integration of Extraction and Synthesis: Deep eutectic solvents and other bio-based 

media are increasingly used for both extraction and synthesis of bioactive compounds, 

making the overall process more sustainable, efficient, and environmentally friendly. 

2. Hybrid Green Techniques: Hybrid approaches such as microwave-assisted solvent-free 

synthesis, ultrasound with catalysis, and photocatalysis combined with flow chemistry are 

improving reaction speed, selectivity, and overall sustainability in organic synthesis. 

3. Greener Late-Stage Functionalization: Modern medicinal chemistry often requires 

modification of complex molecular scaffolds. Green photoredox and electrochemical 

methods now provide efficient and cleaner alternatives for such advanced 

functionalization processes. 

4. Data-Driven Sustainable Synthesis: Computational prediction, AI-assisted 

retrosynthesis, and digital process optimization are emerging as valuable tools for 

selecting greener reaction pathways and improving sustainability in future organic 

synthesis. 

Table 2: Green Methods Used in the Synthesis of Bioactive Organic Compounds 

Green Method Main Feature Commonly Synthesized 

Bioactive Compounds 

Major Advantage 

Microwave-

Assisted Synthesis 

Rapid and 

uniform heating 

Pyrazoles, pyridines, 

quinolines, coumarins 

Reduced reaction 

time 

Ultrasound-

Assisted Synthesis 

Acoustic 

cavitation 

enhances 

reaction rate 

Schiff bases, chalcones, 

heterocycles 

Better efficiency and 

lower temperature 

Solvent-Free 

Synthesis 

Eliminates 

harmful solvents 

Pyrimidines, imidazoles, 

pyrazoles 

Reduced waste 

generation 
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Biocatalysis Uses enzymes or 

biological 

catalysts 

Chiral drug intermediates, 

esters, alcohols 

High selectivity and 

mild conditions 

Multicomponent 

Reactions 

One-pot 

synthesis using 

multiple 

reactants 

Dihydropyrimidinones, 

amino amides, heterocycles 

Atom economy and 

operational 

simplicity 

Photocatalysis Uses visible 

light for 

activation 

Functionalized aromatic and 

heterocyclic compounds 

Cleaner redox 

transformations 

Deep Eutectic 

Solvents 

Eco-friendly 

alternative 

solvent systems 

Flavonoids, alkaloids, 

medicinal intermediates 

Safer and recyclable 

medium 

 

5.11 Future Prospects 

The future of green synthesis of bioactive organic compounds is highly promising. 

1. Sustainable Drug Discovery: As pharmaceutical companies prioritize cleaner 

manufacturing, green synthesis will become increasingly central to medicinal chemistry 

and lead optimization. 

2. Biomass-Derived Feedstocks: Renewable carbon sources from agricultural and 

biological waste may provide new starting materials for valuable bioactive scaffolds. 

3. Flow Chemistry and Continuous Processing: Continuous-flow systems can improve 

safety, heat transfer, reaction control, and scalability in green synthesis. 

4. Precision Catalysis: Future catalysts will likely be more selective, recyclable, and 

multifunctional, enabling highly efficient synthesis with minimal waste. 

5. Interdisciplinary Expansion: The future of green organic synthesis will involve 

integration with multiple disciplines such as synthetic chemistry, materials science, 

biotechnology, computational chemistry, and environmental engineering. This 

interdisciplinary approach will enhance innovation, improve efficiency, and support the 

development of more sustainable and advanced chemical processes. 

In this sense, green synthesis is not merely a laboratory technique; it is a future-oriented 

research philosophy capable of reshaping the entire lifecycle of chemical innovation. 

6. CONCLUSION 

The green synthesis of bioactive organic compounds represents one of the most significant 

developments in contemporary organic chemistry. It addresses a fundamental challenge of 

modern science: how to produce chemically sophisticated, biologically valuable molecules 

without imposing unnecessary environmental and health burdens. By applying the principles 

of green chemistry, researchers have developed more sustainable pathways for synthesizing a 

wide range of therapeutically and industrially important compounds. 
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The field has progressed remarkably through the adoption of solvent-free methods, 

microwave-assisted synthesis, ultrasound activation, biocatalysis, multicomponent reactions, 

green solvents, photocatalysis, and electrosynthesis. These approaches not only reduce waste 

and toxicity but often improve efficiency, selectivity, and synthetic practicality. 

At the same time, the field remains scientifically dynamic rather than complete. Important 

challenges remain in process validation, catalyst recovery, scalability, and standardization. 

Yet the direction is clear: green synthesis is no longer an optional or peripheral concern. It is 

increasingly becoming the preferred framework for responsible and innovative organic 

synthesis. 

Therefore, the future of bioactive compound synthesis will likely depend not only on what 

molecules chemists can make, but also on how sustainably they can make them. In that sense, 

green synthesis stands at the intersection of chemistry, medicine, industry, and environmental 

responsibility and will continue to shape the next generation of organic research. 
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