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DESCRIPTION 

 
Medication Traditional metal-catalyzed reactions often rely on transition metals, which can be costly, toxic, and pose 

environmental challenges. Metal-free reactions using Ionic Liquids (ILs) as catalysts provide a greener and more 

sustainable approach. ILs possess several favorable properties, such as low vapor pressure, high thermal stability, and 

tunable solvation and acidity/basicity, which can be tailored for specific reactions. One notable application of IL- 

catalyzed metal-free approaches is in carbon-carbon bond formation. ILs can promote various carbon-carbon coupling 

reactions, such as cross-coupling reactions, cycloadditions, and condensations. For instance, ILs have been used as 

catalysts in the Knoevenagel condensation, which involves the condensation of an aldehyde or ketone with a carbon 

nucleophile, such as an active methylene compound. ILs can enhance the reaction rates and selectivity, as well as 

provide a benign reaction environment. 

 
ILs have also been utilized as catalysts in carbon-heteroatom bond formation reactions. These reactions are crucial for 

the synthesis of pharmaceuticals, agrochemicals, and functional materials. For example, ILs have been employed in 

the synthesis of C-N bonds through amination reactions. IL catalysts have been shown to promote the coupling of 

amines with various electrophiles, such as alkyl halides or carbonyl compounds, enabling the efficient synthesis of 

amine derivatives under metal-free conditions. In addition to carbon-based reactions, ILs have demonstrated catalytic 

activity in oxidative transformations. ILs can serve as both solvents and catalysts in oxidation reactions, avoiding the 

need for toxic and expensive metal oxidants. For instance, ILs have been used as catalysts in the oxidation of alcohols 

to aldehydes or ketones using environmentally friendly oxidants, such as hydrogen peroxide or molecular oxygen. IL 

catalysts can enhance the reaction efficiency and selectivity, enabling the oxidation of a wide range of substrates. 
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IL-catalyzed reactions have also found applications in biomass conversion processes. Biomass represents a sustainable 

and renewable feedstock for the production of fuels and chemicals. ILs can act as catalysts in the depolymerization 

and conversion of biomass into valuable products. For example, ILs have been employed in the hydrolysis of cellulose, 

the main component of biomass, to produce sugars or platform chemicals. IL catalysts can enhance the reaction 

efficiency, increase the solubility of cellulose, and provide a favorable reaction environment, enabling the selective 

depolymerization of biomass. The advantages of IL-catalyzed metal-free approaches extend beyond their catalytic 

activity. 

ILs are generally non-volatile and have low flammability, reducing the risk of handling and storage. Their high thermal 

stability allows for the use of elevated temperatures, expanding the reaction scope. Furthermore, ILs can be easily 

recycled and reused, contributing to the overall sustainability of the process. Despite the numerous advantages, challenges 

still exist in the utilization of IL-catalyzed metal-free approaches. One challenge is the identification and design of IL catalysts 

with optimal activity and selectivity for specific reactions. ILs with suitable acidity/basicity and solvation properties need to 

be developed to match the requirements of the desired transformation. 

Additionally, the potential toxicity and environmental impact of ILs themselves need to be carefully evaluated and minimized. 

IL-catalyzed approaches under metal-free conditions have emerged as a powerful and sustainable strategy in organic synthesis. 

ILs offer unique properties that make them well-suited as catalysts in various chemical transformations, providing efficient 

alternatives to traditional metal-catalyzed reactions. The recent advancements in IL-catalyzed carbon-carbon bond formation, 

carbon-heteroatom bond formation, oxidative transformations, and biomass conversion highlight the potential of ILs as 

versatile catalysts. Further research and development in this field will likely lead to the discovery of novel IL catalysts and the 

expansion of metal-free reactions, contributing to greener and more sustainable chemical processes. 


