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ABOUT THE STUDY
Synthetic chemistry is a fundamental of modern science, 
improving advancements in pharmaceuticals, materials science, 
and beyond. It is the study and practice of building complex 
molecules from simpler ones, often with precision and efficiency 
that can rival nature’s methods. The methodologies employed in 
synthetic chemistry are diverse, each dealing with specific 
challenges and goals in the production of new compounds.

Retrosynthetic analysis

Retrosynthetic analysis is a fundamental approach in synthetic 
chemistry that involves working backward from a target molecule 
to simpler starting materials. This methodology helps chemists 
design efficient synthetic routes by breaking down complex 
molecules into more manageable components. The process 
involves identifying strategic bonds that can be formed or 
broken, predicting potential intermediates, and selecting suitable 
reactions to assemble the target molecule.

Functional Group Interconversion (FGI)

It is a methodology used to modify functional groups in a 
molecule to achieve the desired chemical transformations. This 
approach involves converting one functional group into another 
to enable specific reactions or to facilitate further modifications. 
FGI is important for optimizing synthetic routes and achieving 
selective transformations.

Types of catalysis

This is a technology that employs catalysts to speed up chemical 
processes without consuming them. Catalysts can be metals, 
organic compounds, or enzymes, and they play an important role 
in synthetic chemistry by enabling reactions to occur under 
milder conditions, with higher efficiency and selectivity.

Homogeneous catalysis: In homogeneous catalysis, the catalyst is 
in the same phase as the reactants, typically in a solution. This 
methodology is widely used in reactions such as hydrogenation, 
polymerization, and oxidation. For example,  the use of  palladium 

catalysts in cross-coupling processes has transformed organic 
synthesis by allowing complex carbon-carbon bonds to be 
formed.

Heterogeneous catalysis: In this case, the catalyst exists in a 
different phase than the reactants, most commonly as a solid 
catalyst in a liquid or gas phase reaction. This approach is 
common in industrial processes such as the Haber-Bosch process 
for ammonia synthesis. Heterogeneous catalysis has several 
advantages, including quicker separation of the catalyst from the 
products and the possibility to reuse the catalyst.

Enzyme catalysis: Enzymes, as biocatalysts, offer great selectivity 
and efficiency for specific reactions. In synthetic chemistry, 
enzyme catalysis is used to perform transformations that are 
difficult to achieve with traditional chemical methods. Enzymes 
can be employed in reactions such as asymmetric synthesis and 
biotransformations, providing environmentally friendly and cost-
effective solutions.

Advantages of green chemistry

It aims to design chemical processes and products that minimize 
environmental impact. This methodology includes various 
principles such as reducing waste, using renewable resources, 
and designing safer chemicals. The adoption of green chemistry 
practices were initiated by the requirement to make chemical 
synthesis more sustainable and to reduce the adverse effects 
of traditional methods.

Solvent-free reactions: By eliminating the use of solvents, which 
are often hazardous and require extensive disposal, solvent-free 
reactions reduce the effects of chemical processes on the 
environment. Solid-state reactions and mechanochemical 
methods are examples of solvent-free approaches.

Renewable feedstocks: Green chemistry encourages the use of 
renewable feedstocks, such as biomass-derived materials, instead 
of finite resources like fossil fuels. This approach supports 
sustainable development and reduces dependence on non-
renewable resources.

Energy efficiency: Optimizing energy use in chemical reactions 
is another key aspect of green chemistry. Techniques such as
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of finding effective compounds or conditions. For example, in 
pharmaceutical research, HTS can be used to screen thousands 
of compounds for biological activity, leading to the identification 
of potential drug candidates.

The methodologies in synthetic chemistry are diverse and 
constantly changing, each addressing different aspects of 
chemical synthesis and application. From retrosynthetic analysis 
and functional group interconversion to catalysis and green 
chemistry, these approaches enable chemists to design, optimize, 
and execute complex syntheses efficiently.
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microwave-assisted synthesis and ultrasound-assisted reactions 
can enhance reaction rates and reduce energy consumption.

High-Throughput Screening (HTS)

This is a methodology that allows chemists to rapidly test a large 
number of compounds or reaction conditions. This approach is 
particularly useful in drug discovery and material science, where 
screening multiple candidates or variables can identify potential 
leads and optimize reaction conditions.

HTS involves the use of automated systems to perform and 
analyze reactions in parallel, significantly speeding up the process 
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