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DESCRIPTION

In organic transformations, schiff base metal complexes have become one of the most effective and adaptable
catalysts. Due to their distinct structural and electrical characteristics, these complexes which are created when
primary amines condense with aldehydes or ketones are very useful for promoting a variety of chemical processes.
Schiff bases' structural diversity, the coordinated metal ions' electrical modulation and their capacity to stabilize
reactive intermediates all contribute to their catalytic efficiency. Schiff bases function as strong ligands that can
coordinate with a range of metal ions, including transition metals such as nickel, cobalt, zinc and copper. The metal
center gains special electrical characteristics from this coordination, which increases its catalytic activity. This
adaptability has made it possible to create extremely active and selective catalysts for a variety of organic

transformations, including coupling, cyclization, oxidation and reduction processes.

Oxidation processes are among the most common uses for Schiff base metal complexes. These catalysts are frequently
used in the essential organic synthesis process of alcohol oxidation to aldehydes or ketones. For example, copper-
Schiff base complexes, which frequently function in moderate circumstances and have great selectivity, have shown
remarkable activity in this process. One important component of Schiff base complexes' effectiveness in oxidation
processes is their capacity to stabilize high-valent metal-oxo species. These intermediates are strong oxidizing agents

that can precisely deliver oxygen to the substrate.
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In addition to oxidation, Schiff base metal complexes have demonstrated notable effectiveness in reduction processes,
specifically in the catalytic hydrogenation of nitro, keto and alkene compounds. Because they can activate molecular
hydrogen and transfer it to the substrate, cobalt-based and nickel-based Schiff base catalysts are frequently used in
these procedures. Because Schiff base ligands are modular, catalytic characteristics can be fine-tuned to provide high
activity and selectivity in these reactions. As a result, they are used in the production of agrochemicals, medicines and
fine chemicals. In C-C bond-forming processes such the Heck, Suzuki and Sonogashira couplings, Schiff base metal
complexes are also very efficient. These reactions are essential for building complex molecular structures and Schiff
base metal complexes' catalytic activity has been thoroughly studied in this regard. Because of their superior catalytic
efficacy in these coupling processes, palladium-Schiff base complexes in particular have drawn a lot of attention.
Important for the catalytic cycle, the palladium center is stabilized by the Schiff base ligands, which also improve its
oxidative addition and reductive elimination processes. Schiff base metal complexes are also very good in asymmetric
catalysis. Enantiomerically enriched products can be selectively formed by adding chiral Schiff base ligands to metal
complexes. In pharmaceutical production, where a molecule's chirality can greatly affect its biological activity, this is
essential. For instance, chiral Schiff base copper complexes have been used to provide high yields and
enantioselectivities in asymmetric aldol processes. Because Schiff bases are modular, other chiral centers can be
added, opening the door to the creation of highly enantioselective catalysts. Schiff base metal complexes' catalytic

efficiency extends beyond homogeneous catalysis; heterogeneous systems can also benefit from their use.

The advantages of both homogeneous and heterogeneous catalysis are combined when Schiff base complexes are
immobilized on solid supports such silica, zeolites, or magnetic nanoparticles. These assisted catalysts have the
benefits of easy separation and recyclability while maintaining high activity and selectivity. This has proven especially
helpful in industrial settings, where catalyst recovery and reuse are essential for sustainability and cost-effectiveness.
Schiff base metal complexes have also been used in green chemistry, which aims to lessen the negative effects of
chemical reactions on the environment. Their capacity to catalyze reactions in solvent-free environments or in solvents
that are safe for the environment, such as water or ionic liquids, is consistent with sustainable chemistry concepts. For
example, a greener alternative to conventional techniques is the epoxidation of alkenes using Schiff base complexes of
iron and manganese with hydrogen peroxide as an oxidant. These processes enhance energy efficiency and atom
economy while reducing hazardous waste. Small molecules like CO,, N, and O, can be catalytically activated by
Schiff base metal complexes, demonstrating their flexibility. These processes are essential for solving global issues
such oxygen activation for energy applications, ammonia synthesis and carbon capture and usage. Cobalt-Schiff base
complexes, for instance, have demonstrated potential in the electrochemical reduction of CO, to valuable compounds
such as formic acid and carbon monoxide. The ability of iron-Schiff base complexes to simulate enzymatic oxygen

activation has also been investigated, offering insights into bio-inspired catalytic systems.



