








































Green Chemistry: An upcoming generation of organic synthesis. 

Much more than microwave or ultrasound based reactions.  

Majority of the complex molecules can be synthesized in the lab, but with low efficiency and has drawn 
concern related to the chemical wastes that cause environmental effects. In this era of increased pollution 
there is a greater need for managing the chemistry used in various kinds of institutions and organisations. 
In a lay mans term the more eco friendly the reaction is better for the environment hence it is known as 
Green Chemistry, however it is not to be confused with the study of natural products. Various factors that 
play a major role in developing “Eco friendly” reaction are the chosen method, reagents, solvents, resource 
efficiency (personnel qualification), energy efficiency, product selectivity, operational simplicity, and health 
and environmental safety, time taken to complete the reaction, to evaluate the quality and quantity of a 
product. As shown in Figure 1 

 

The successful reaction depends on methodology, resource efficiency, time taken, to evaluate the product 

and reagents used  

To ensure and optimize the reactions certain guidelines were structured to follow green synthesis. Trost 
presented the term atom efficiency in the ‘‘Twelve Principles of Green Chemistry’’ and these rules have 
altered the way many chemists design and plan their syntheses.  
From decades microwave reactions and ultrasound reactions are being used in green synthesis. Apart from 
these many innovative reactions have emerged in the recent times with many such advantages, with the 
help of chemical and biological catalysts, we shall see few of them. 
Direct Conversion of C–H Bonds Li et al and others have developed various methods to generate C–C 
bonds directly from two different C–H bonds in the presence of an oxidizing reagent through a cross-
dehydrogenative coupling (CDC) catalyzed by transition metals. For example, (NH)- indoles and 
tetrahydroisoquinolines were converted directly into alkaloids by using such a coupling.  

 
CDC reactions of various indoles with tetrahydroisoquinolines. 

 
Organic synthesis extensively utilizes protection–deprotection of functional groups, which increases the 
number of steps in synthesizing the desired target compounds. Baran et al. have reported a total synthesis 
of a natural product without any protecting groups. 
 
Tandem/Cascade/Flow Reactors. Also of fundamental importance to greener synthesis is the 
development of tandem and cascade reaction processes that incorporate as many reactions as possible to 
give the final product in one operation. 



 
A palladium-catalyzed tandem reaction resulted in multi-rings in one step. 

 
Solid state reactions are performed in the absence of solvents by either grinding or melting the starting 
materials together or simply applying heat to a mixture of starting materials. This type of reaction is usually 
performed in order to obtain polycrystalline inorganic solids but may also be used in organic synthesis. 
Bakthadoss et al have synthesized organic molecules via this tandem/domino effect seen in solid state melt 
reaction. Solid state reactions offer reduced costs, decreased amounts of chemical waste and, sometimes, 
an increase in yield. 

 

Biocatalysis. Through millions of years of evolution and ‘‘sustainability,’’ nature developed highly efficient 
and selective means to achieve the desired transformations. Biocatalysis leads to extremely high reaction 
rates and selectivities such as enantioselectivities that go beyond the reach of chemical catalysts as 
discussed by Reetz M.T. and Jaeger K. E. These developments have provided powerful and parallel tools in 
the synthetic chemist’s toolbox. The recent exciting development by the Nobel prize winners Frances H. 
Arnold et al.  in ‘‘directed evolution’’ provides potential opportunities in using biological catalysts to 
overcome this issue. 
 
Conclusion 
Our future challenges in resource, environmental, economical, and societal sustainability demand more 
efficient and benign scientific technologies for working with chemical processes and products. Green 
chemistry addresses such challenges by inventing novel reactions that can maximize the desired products 
and minimize by-products, designing new synthetic schemes that can simplify operations in chemical 
productions, and seeking greener solvents that are inherently environmentally and ecologically benign. 
Together, such fundamental innovations in chemical sciences will lead us to a new generation of chemical 
syntheses. 
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