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Annotation: 

This article provides an overview of isonitrile chemistry, exploring the synthesis, reactivity, and 

various applications of these unique organic compounds. It highlights their distinct properties and key 

reactions, including multicomponent reactions, in drug discovery, materials science, and organic 

synthesis. The article discusses the potential of isonitriles as building blocks for novel compounds and 

materials, presenting their importance in modern chemical research and applications. 
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Аннотация: 

В этой статье представлен обзор химии изонитрилов, изучение синтеза, реакционной 

способности и различных применений этих уникальных органических соединений. В нем 

освещаются их отличительные свойства и ключевые реакции, включая многокомпонентные 

реакции, в открытии лекарств, материаловедении и органическом синтезе. В статье обсуждается 

потенциал изонитрилов как строительных блоков для новых соединений и материалов, 

представляя их важность в современных химических исследованиях и применениях. 
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открытие лекарств, материаловедение, органический синтез, координационная химия. 

 

Introduction: 

Isonitriles, also known as isocyanides, are a class of organic compounds with a unique and 

versatile chemical structure. These molecules contain a carbon atom bonded to both a nitrogen atom and 

an isocyanide group (-NC), providing them with distinct reactivity and properties. Although isonitriles 

were initially discovered in the mid-19th century, their chemistry has gained significant attention in 

recent decades due to their diverse applications in organic synthesis, medicinal chemistry, and material 

science. In this article, we delve into the fascinating world of isonitrile chemistry, exploring their 

synthesis, reactions, and various applications. 

Main part 

Reaction: 

Ugi Reaction: 

The Ugi reaction is a multicomponent reaction that involves the combination of an isonitrile, an 

aldehyde, an amine, and a carboxylic acid. It proceeds through the formation of an imine intermediate 

mailto:hilolaabdulhamidova2002@gmail.com
mailto:samariddineshqorayev@gmail.com


Multidisciplinary Journal of Science and Technology 
ISSN: 2582-4686 

Impact factor: 7.848 

8 

 

 

followed by an amidine formation and a subsequent condensation with the carboxylic acid. The final 

product is a peptidomimetic or heterocycle, offering a valuable tool for diversity-oriented synthesis in 

drug discovery and materials science. 

Analysis: 

Isonitrile chemistry has emerged as an exciting field of research due to the unique reactivity and 

properties of isonitriles. The ability to engage in multicomponent reactions, such as the Ugi and Passerini 

reactions, enables the rapid synthesis of structurally diverse compounds. This diversity has led to the 

application of isonitriles in drug discovery, where they serve as key building blocks for potential 

pharmaceuticals. Moreover, their coordination chemistry with metals makes them valuable in materials 

science, contributing to the design of novel metal-organic frameworks and coordination polymers with 

potential applications in gas storage and catalysis. The continued exploration of isonitrile chemistry holds 

great promise for advancing organic synthesis and finding innovative solutions in various scientific and 

industrial domains. 

Table: 

Isonitrile Chemical 

Structure 

Key Reactions Applications 

Compound 1 CH3-N=C Ugi Reaction, Coordination 

Chemistry 

Drug Discovery, 

Materials Science 

Compound 2 C6H5-N=C Passerini Reaction, Strecker 

Synthesis 

Organic Synthesis 

 

Synthesis of Isonitriles: 

The most common method for synthesizing isonitriles involves the reaction of primary amines 

with halogenated carbon compounds, such as chloroform (CHCl3) or bromoform (CHBr3). This 

reaction, known as the "Carbylamine Reaction," proceeds through the nucleophilic substitution of the 

halogen atom by the primary amine nitrogen, yielding an isonitrile. The general reaction can be 

represented as follows: 

R-NH2 + CHX3 -> R-N=C 

Another synthetic route involves the oxidation of primary amines using powerful oxidizing agents 

like lead tetraacetate or copper(I) chloride, which converts the amine into the corresponding isonitrile. 

Reactivity and Chemical Properties: 

Isonitriles possess unique reactivity compared to other nitrogen-containing functional groups, 

such as amines or nitriles. The presence of the isocyanide group imparts several intriguing chemical 

properties to isonitriles: 

• Nucleophilic Reactivity: Isonitriles act as nucleophiles due to the lone pair of electrons on 

the nitrogen atom. They can participate in nucleophilic addition reactions, forming various derivatives. 

• Multicomponent Reactions (MCRs): Isonitriles are often utilized in MCRs, where three or 

more reactants combine to produce complex products in a single step. These reactions have proven 

valuable for synthesizing diverse molecular scaffolds efficiently. 

• Coordination Chemistry: Isonitriles have a high affinity for metal ions and can coordinate 

as ligands. These metal-complexed isonitriles find applications in catalysis and material science. 

Key Reactions of Isonitriles: 
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• Ugi Reaction: In the Ugi reaction, an isonitrile reacts with an aldehyde, an amine, and a 

carboxylic acid, resulting in the formation of a diverse range of peptidomimetics and heterocycles. 

• Passerini Reaction: The Passerini reaction involves the reaction of an isonitrile with an 

aldehyde and a carboxylic acid to produce α-acyloxyamides, which are valuable building blocks in 

organic synthesis. 

• Strecker Synthesis: Isonitriles can be employed in the Strecker synthesis, where they react 

with aldehydes and ammonia to yield α-aminonitriles, important intermediates in the synthesis of amino 

acids. 

Applications of Isonitrile Chemistry: 

• Drug Discovery: Isonitrile-based compounds have shown promising pharmacological 

activities, making them valuable scaffolds for drug development. They have been explored as potential 

antitumor, antimicrobial, and antiviral agents. 

• Materials Science: Isonitriles, with their unique coordination properties, have found 

applications in the synthesis of novel metal-organic frameworks (MOFs) and coordination polymers, 

which have potential uses in gas storage, separation, and catalysis. 

• Organic Synthesis: The reactivity and versatility of isonitriles make them valuable tools in 

organic synthesis, allowing for the rapid construction of complex molecules and the preparation of 

diverse functional groups. 

Conclusion: 

Isonitrile chemistry continues to be an exciting area of research with applications in drug 

discovery, materials science, and organic synthesis. The distinct reactivity of isonitriles, their ability to 

participate in multicomponent reactions, and their coordination chemistry with metals make them 

valuable tools for the development of novel compounds and materials. As researchers continue to explore 

the potential of isonitriles, we can expect further advancements and innovative applications in various 

scientific and industrial domains. 
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