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Abstract: In organic synthesis, multicomponent reactions (MCRs) have become an effective tool for the 

synthesis of complex molecules from simple starting materials in a single operation. This review mainly 

focuses on the key features aligned with green chemistry principles, applications, and challenges 

associated with the MCRs. The application of MCRs is discussed in different fields, which include the 

synthesis of natural products, agrochemicals, material science, and pharmaceutical industries. It also 

covers the difficulties, including the optimization of reaction conditions, selectivity, and scalability of 

the multicomponent reactions. 
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1. Introduction 

In 1850, Adolph Strecker introduced the idea of multicomponent reactions in the synthesis of 

amino acids, which was innovative work that set the foundation for the development of the MCRs1–3. 

MCRs received a lot of attention in the middle of the 20th century, and several multicomponent 

reactions were developed, such as the Biginelli synthesis of dihydropyrimidines, the Hantzsch synthesis 

of pyridines, etc4–6. These MCRs show their potential for the synthesis of molecules and develop their 

scope in organic synthesis. Multicomponent reactions (MCRs) have become an effective tool in 

synthesis, allowing composite molecules to be synthesized from the simple starting materials in a one-

step reaction7–9. In the MCRs synthesis, the rationalized procedure permits the mixing of two or more 

reactants in a single reaction vessel. This technique considerably contributes to synthetic chemistry by 

providing a rapid and efficient means of creating a wide range of complex compounds including natural 

and pharmaceutical products10,11. The advantages of MCRs include  

• Greater efficiency and productivity. 

• Reduced waste production and environmental effects. 

• Increased yields and selectivity. 

• Simplified reaction protocols and workup process. 

2. Important characteristics of multicomponent reactions 

Some important features of the multicomponent reaction methods used to synthesize complex 

molecules are consistent with the principles of green chemistry12–14, which include, 

2.1 Atom economy: MCRs minimize waste and are made to maximize atom economy. This is achieved 

by incorporating all reactants into the final product. 

2.2 Improved selectivity: MCRs can provide better selectivity, which lowers the requirement for 

additional purification of product and increases the total yield product.  

2.3 Reduced waste: MCRs reduce waste production by utilizing all reactants effectively and reducing 

the number of reaction steps involved in the synthesis.  

2.4 Reduced energy consumption: MCRs frequently operate within optimized conditions, which are 

generally mild reaction settings, that use less energy. 

2.5 Use of catalyst: The use of a catalyst in MCR requires milder reaction conditions such as optimized 

temperature and the use of minimal solvent or solvent-free conditions, which minimize the 

requirement of extra reagents. 

2.6 Design for degradation: Certain MCRs were made to generate molecules that are readily degradable 

or recyclable. 

2.7 Enhanced efficiency: MCRs were made concise and efficient, which eliminates the number of 

reaction steps and increases the efficacy of the process.  
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2.8 Cost-effective: The MCRs are cost-effective conventional stepwise synthesis techniques since they 

do not require expensive reagents or solvents.  

 

Figure 1: Characteristics of MCRs 

Many multicomponent reactions follow the green chemistry principles, allowing the synthesis of 

complex molecules effectively by making the process cost-effective, reducing waste, and decreasing the 

environmental effect.15  

3. Applications of multicomponent reactions 

3.1 Peptide synthesis in the pharmaceutical industry 

The synthesis of complex molecules such as peptides, natural products, and heterocyclic 

compounds has made extensive use of MCRs in the pharmaceutical industry. These applications greatly 

facilitate the synthesis of important intermediates and APIs (active pharmaceutical ingredients) which 

play an important role in the identification and development of new lead compounds.  

 

Scheme 1 



Nitin R. Rode, Akshay B. Ghumare, Kishor B. Kale 

Frontiers in Chemical Sciences (Vol. 1) - Pravin S. Bhale (Ed.) 

ISBN: 978-93-95369-49-7 (electronic) 978-93-95369-48-0 (paperback) | © 2025 Advent Publishing. All rights reserved. 
124 

 

The peptides and peptidomimetics were synthesized using the Ugi reaction, a four-component 

synthesis (Scheme 1) including aldehyde, acid amine, and alkyl isocyanide16–19. 

3.2 Materials Science 

Different materials such as hydrogels, polymers, biomaterials, and metal-organic frameworks 

(MOFs) have been synthesized using MCRs. Polymeric materials used in the drug delivery have been 

synthesized using the Passerini reaction, a three-component reaction including aldehyde, alkyl 

isocyanide, and carboxylic acid (Scheme 2)20–22. 

 

Scheme 2 

3.3 Agrochemicals and drug discovery 

MCRs have been employed in the production of agrochemicals like pesticides, fungicides, and 

biopesticides, which makes new and better crop protection.  Different heterocyclic compounds have 

been synthesized using the Biginelli reaction, a three-component reaction between aromatic aldehyde, 

urea/thiourea, and β-keto ester (Scheme 3)23–25. 

 

Scheme 3 

3.4 Combinatorial chemistry 

In combinatorial chemistry, MCRs have been utilized to produce a library of chemicals such as 

heterocyclic compounds, peptides, and other small complex molecules, which are known for their 

biological activity. Different heterocyclic compounds have been synthesized using the Hantzsch 

reaction, a three-component reaction involving aldehyde, β-keto ester, and ammonium acetate (Scheme 

4)26–28.  
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Scheme 4 

3.5 Natural Product Synthesis 

Natural products like alkaloids and terpenes have been synthesized using MCR because they 

offer effective and flexible routes for complex molecules (Scheme 5). Additionally, it made possible to 

investigate the structure-activity relation for the development of new alkaloids including derivatives of 

indole, isoquinoline, and quinolones. These compounds show the application in paint, pigment, and dye 

industries29–31.  

 

Scheme 5 

4. Challenges in multicomponent reactions 

MCRs are always accompanied by a number of difficulties, including  

4.1 Optimization of reaction condition 

The presence of two or more reactants in the MCRs to achieve high yield and selectivity is a 

major challenge in the optimization of reaction conditions because the byproduct of the reaction can 

further complicate the process of MCRs. A thorough understanding of the reaction mechanism regulates 

several reaction parameters such as temperature, solvent, and use of the catalyst. This approach makes it 

easier to identify the optimized reaction conditions32,33.  
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4.2 Scalability of reaction 

In MCRs, it is a major problem in scaling to industrial levels while preserving the efficiency and 

selectivity of the reaction. Some aspects need to be carefully taken into consideration such as the 

availability of the reactor, appropriate reaction conditions, and management of the formation of 

byproducts and impurities at large-scale production. It is necessary to develop new reactor technologies 

and processes that overcome these issues to scale up MCRs effectively34,35. 

4.3 Sustainability of reaction 

To create more sustainable MCRs, starting materials produced from biomass such as lipids, 

amino acids, and proteins were used. The essential component is the use of environmentally friendly 

solvents, such as water, ionic liquids, and supercritical fluids. Creating energy-efficient conditions, such 

as photochemical reactions, microwaves, and sonication-assisted synthesis significantly reduces energy 

consumption and also decreases waste production accompanying MCRs36,37.  

4.4 Selectivity of reaction 

It can be difficult to control the selectivity of the MCRs when several reaction routes are 

possible. The reactant ratio, selection of the catalyst, and optimized reaction condition in terms of choice 

of solvent, temperature, and time are some of the variables that also affect the selectivity of MCRs38,39. 

5. Conclusion 

Multicomponent reactions (MCRs) provide a rapid and effective method for the synthesis of 

complex molecules in the field of organic synthesis. The MCRs show the many potential applications in 

the synthesis of natural products and the synthesized new compounds. The MCRs must overcome 

certain challenges for future research such as optimized reaction conditions, which show increased 

efficiency and selectivity while scaling up at industrial levels. 
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