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Introduction 
Combinatorial Chemistry as a valuable tool in drug discovery and 

material science. It has turned traditional chemistry upside 

down. It required chemists not to think in terms of synthesizing 

single, well-characterized compounds but in terms of 

simultaneously synthesizing large  populations of  compounds1. It 

also required that those people involved with information 

management and computational chemistry systems address 

these same issues as the chemists. It is a valuable tool in drug 

discovery and material science1,2.The basic principle of 

combinatorial chemistry is to prepare a large number of similar 

compounds at the same time instead of synthesizing compounds 

in a conventional one at- a-time manner. The characteristic of 

combinatorial synthesis is that different compounds are 

generated simultaneously under identical reaction conditions in 

a systematic manner, so that ideally the products of all possible 

combinations of a given set of starting materials (termed building 

blocks) will be obtained at once3,4. Combinatorial chemistry is a 

new method developed by academics and researchers to reduce 

the time and cost of producing effective, marketable and 

competitive new drugs. The collection of these finally 

synthesized compounds is referred to as a combinatorial library5. 

Advantages 

 Fast: Combinatorial approach can give rise to millions of 

compound in same time as it will take to produce one 

compound by traditional method of synthesis . 

 Economical: A negative result of mixture saves the effort of 

synthesis, purification & identification of each compound  

 

 

 

Easy Isolation purification & identification of active 

molecule from combinatorial library is relatively easy.  

 Drug Discovery: Mixed Combinatorial synthesis produces 

chemical pool. Probability of finding a molecule in a 

random screening process is proportional to the number of 

molecules subjected to the screening process. 

 Drug Optimization: Parallel synthesis produces analogues 

with slight differences which is required for lead 

optimization 

Disadvantages  

 Efficiency is highly affected by compound's size, solubility 

and function group. 

 Synthesized Compounds present in Achiral of Racemic 

form. 

 
Fig 1: Steps involved in drug design 
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Abstract 
Combinatorial chemistry is one of the advanced method of synthesize the large number of molecules in short period of time. Synthesize 

the million number of same molecules are different molecules at a time. This method was fast and economic, then increase the 

competition between newer drugs in market. The present review describes that introduction about combinatorial chemistry, 

combinatorial library, techniques used in combinatorial chemistry and applications. Most commonly used combinatorial techniques are 

solid phase synthesis (in this technique resin beads, pins and chips are used as solid support, parallel synthesis, mixed combinatorial 

synthesis and solution phase synthesis. This technique was used in many areas such as pharmaceutical chemistry, biotechnology and agro 

chemistry. In combinatorial chemistry created large molecules can be detected efficiently. 
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Basic concept in Combinatorial Chemistry 
It means Preparation of a large number of different compounds 

at the same time and High throughput-screening provides the 

most promising substances. 

Conventional reaction:     A + B ------------˃ A-B 

Combinatorial Chemistry:     A (1-n) + B(1-n) -------------˃ A(1-

n)  - B(1-n) 

Combinatorial libraries 

Definition: It means collection of finally synthesized 

compounds. Compound size depends on the number of building 

blocks used per reaction and the number of reaction steps, in 

which a new building block is introduced. In every time 102up 

to 105 compounds were synthesized8. 

 
Fig 2: Combinatorial library 

Scaffold- based library: It contain core structure, which 

all compounds have library is common.  

 
Fig 3: Example of Scaffold-based library 

Above Scaffold can consist of several single building blocks 

(here: Amino acid and Amino benzophenone). 

Back –bone based libraries: It means collection of 

synthesized nucleic acids and carbohydrates.  

 

Fig 4: Example of back bone based library 

 

 

Random libraries  Focused or targeted libraries 

Multiple libraries  Template –Scaffold library  

Many targets One target 

Highly diverse High structural similarity 

Mixture of compounds Single compounds 

˃5000 compounds ˂˂ 5000 compounds 

Solid phase synthesis Synthesis in solution, solid phase 

Non purified 

compounds 

Pure compounds 

On bead screening, if 

possible 

Screening in solution 

 

 
Fig 5: Drug discovery strategies in conventional 

&combinatorial chemistry 

Techniques of combinatorial chemistry 
 Solid phase synthesis 

 Parallel synthesis 

 Mixed combinatorial synthesis 

 Solution phase synthesis 

 

Solid phase synthesis 
In this technique reactants are bound to a polymeric surface and 

modified whilst still attached. Final product is released at the end 

of the synthesis. Various types of linkers and resin beads are act 

as a solid support. Most commonly used solid supports are 

partially cross-linked polystyrene beads, Sheppard’s polyamide 

resin, Tentagel resin, Beads, pins and functionalised glass 

surfaces9,10. 

Advantages  
• Beads can be mixed and reacted in the same reaction vessel 

 Specific reactants can be bound to specific beads  

• Products formed are distinctive for each bead and 

physically distinct  

• Excess reagents can be used to drive reactions to 

completion  

• Excess reagents and by products are easily removed  

• Reaction intermediates are attached to bead and do not 

need to be isolated and purified  
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• Individual beads can be separated to isolate individual 

products  

• Polymeric support can be regenerated and re-used after 

cleaving the product  

• Automation is possible 

Method  
Resin beads must be able to swell in the solvent used, and 

remain stable. The reactions occur in the bead interior.A 

molecular moiety which is covalently attached to the solid 

support, and which contains a reactive functional group 

attachment of the first reactant. The link must be stable to the 

reaction conditions in the synthesis but easily cleaved to release 

the final compound. Different types linkers are available 

depending on the functional group to be attached and the 

desired functional group on the product. Resins are named to 

define the linker e.g. Merrifield, Wang, Rink11. 

Merrifield linker: It is suitable for peptide products. 

Wang resin: It is suitable for attachment and release of 

carboxylic acids. 

Rink resin: It is suitable for the attachment and release of 

carboxamidde. 

 

Fig 6:  Mechanism of solid phase synthesis 

 

Fig 7: Equipment used for Solid phase synthesis 

 

Parallel synthesis  
Parallel synthesis used to a standard synthetic route to produce 

a range of analogues, with a different analogue in each reaction 

vessel, tube or well and easily identify the known structure. This 

method was producing a large number of analogues in drug 

optimization. Parallel synthesis was done for the two methods. 

They are Houghton’s Tea Bag Procedure and automated parallel 

synthesis12. 

Houghton’s Tea Bag Procedure 
In this method each tea bag contains resin beads and is labeled. 

Separate reactions are carried out on each tea bag and combine 

tea bags for common reactions.  A single product is synthesized 

within each teabag, different products are formed in different 

teabags. This method was cheap and possible for any lab and 

manual procedure. It is not suitable for the producing large 

quantities of different products12,13 

 

Fig 8: Houghton’s Tea Bag 

Automated parallel synthesis 
Automated synthesizers are available with 42, 96 or 144 

reaction vessels or wells. Resin beads or pins are producing 

solid phase support to the drug synthesis.  Chemical reactions 

and work ups are carried out automatically in reaction vessels. 

Same synthetic route used for each vessel, but different 

reagents are used then produce the  different products per each 

vessel. 

 

 

Fig 9: Automated parallel synthesis 

Mixed combinatorial synthesis 
In this method use of standard synthetic route to produce a 

large variety of different analogues where each reaction vessel 

or tube contains a mixture of products. The identities of the 

structures in each vessel are not known with certainty useful for 

finding a lead compound. It is capable of synthesizing large 
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 numbers of compounds quickly. Inactive mixtures are stored in 

combinatorial libraries and active mixtures are studied further 

to identify active component14. Example: Combinatorial 

procedure involves five separate syntheses using a mix and split 

strategy.Synthesis of all possible dipeptides using 5 amino acids 

then produce 25 separate analogues. 

 
Fig 10: Mixed combinatorial synthesis 

Other methods 

Multi pin synthesis: The reaction vessel consist of brush like 

array of pins, at the end of it consist of bead with suitable linker, 

here the synthesis take place. It is inserted into the plates where 

the reagents and solvents kept in reaction vessel. Reagents and 

solvents are continuously changed in the time of reaction15. 

 
 

Fig 11: Multi pin synthesis 

Solution phase synthesis 
Solution phase synthesis is most commonly used synthesis for 

the production of new molecules. Isolation of the product is the 

biggest challenge in this synthesis. Most of the organic reactions 

occurred in solution. For these reason there has been much 

interest in the solution phase synthesis. The main advantage of 

this method difficulty to remove unwanted impurities in each 

step of synthesis16. 

Advantages  
 Purification is easy.  

 Handling of material is easy and can be automated.  

Disadvantages  
 Quantities produced can be very low for very large 

libraries (maybe as low as 10s of Nano moles). 

 Solution phase methods don’t always work when 

compared to the solid phase.  

 Characterization of intermediates is difficult as we can’t 

tell if our reaction has worked or not. 

 

 

 We can’t surely detect which compound is attached to 

any one bead.  

Example 
R-CO-Cl + RI -NH2-----------------˃ R-CO-NH-RI +HCl 

 
Fig 12: Example of solution phase synthesis 

Applications of Combinatorial chemistry 
 Applications of combinatorial chemistry are very wide 

Scientists use combinatorial chemistry to create large 

populations of molecules that can be screened efficiently.  

 By producing larger, more diverse compound libraries, 

companies increase the probability that they will find novel 

compounds of significant therapeutic and commercial 

value. 

 Provides a stimulus for robot-controlled and 

immobilization strategies that allow high-thrughputand 

multiple parallel approaches to drug discovery18,19. 

 High Throughput Screening (HTS):  It  is the process of 

assaying a large number of potential effectors of biological 

activity against targets (a biological event). The methods of 

HTS are applied to the screening of combinatorial 

chemistry, genomics, protein, and peptide libraries. The 

goal of HTS is to accelerate drug discovery by screening 

large libraries often composed of hundreds of thousands of 

compounds (drug candidates) at a rate may exceed 20000 

compounds per week. This technique will focus on various 

assay adaptation, robotic equipment, and implementation 

strategies that allow HTS programe to be successful. It 

reducing the costs, further improving screening throughput 

and reduced the manipulation steps, also this culminates 

today in ultra-high-throughput methodologies20,21. 

 

Conclusion 
The present review concluded that importance of combinatorial 

chemistry in production of large number of molecules. This 

technique was commonly used in pharmaceutical industry for 

identification and structural characterization of new 

compounds in short period of time. By optingthe combinatorial 

chemistry to create the thousands of molecules per week. Solid 

and solution phase synthesis methods are most useful for the 

production of combinatorial libraries because all the synthetic 

transformations successfully applied to solid phase and with the 

development of high-throughput screening, libraries are 

widespread in pharmaceutical and agricultural chemistry. 
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