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Introduction 

Combinatorial chemistry is a novel method of synthesizing various different compounds quickly and at the single 
time. A part from the time-consuming and labor useful methods of traditional chemistry where compounds are 
synthesized individually, one at a time. While at first used by organic chemists who are seeking new drugs, chemists 
are also now applying combinatorial chemistry to other fields such as semiconductors, superconductors, catalysts 
and polymers. Combi Chem is used to synthesize big number of chemical compounds by combining sets of building 
blocks. Each freshly synthesized compound's composition is slightly different from the last one. A traditional 
chemist can synthesize 300-400compounds per year. A combinatorial system can produce in a year 1,000 or 10,000 
compounds which can be tested for potential drug candidates in a high-throughput screening process. In the last few 

Abstract 
In olden days active compounds used in drug discovery programs have been natural products, isolated from 
plant, animal or fermentation sources. Combinatorial chemistry is one of the important techniques 
developed by researchers in the pharmaceutical industry to minimize the time and costs associated with 
producing effective and competitive new drugs. Combinatorial chemistry has become established. It has 
changed drug discovery. It's a mainstream tool many drug companies would not want to do without. Many 
compounds discovered combinatorially, including a couple mentioned in this article, have at least entered 
preclinical or clinical trials. That's some proof of the value of combinatorial chemistry. But the bottom line 
is that many researchers in academia, industry, and government already recognize it as an integral 
component of the drug discovery repertoire. 
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years, the Combi Chem has emerged as an exciting new and novel method for the drug discovery. In a short time the 
topic has become a considerable scientific interest and research efforts. Combi Chem is currently applied, in 
addition to natural product synthesis and drug discovery, to Agri. chemistry, biochemistry, catalyst discovery and 
material science. Gene sequences for targets that have been identified by genomics approaches are cloned and 
shown as target proteins that are suitable for screening with probe library of small, drug like chemical compounds. 
These compounds are screened to find active hits using a quantitative, universal binding assay. 
 
Initial hits or quantitative structural activity data that obtained from binding assay are analyzed and used to 
formulate a selection strategy for the synthesis of more compounds with improved properties. These compounds are 
choice from a computer database of synthetically accessible analogs of the initial probe library, synthesized by 
parallel synthesis methods and tested to explain the structure activity profile of the target under observation and to 
refine the selection criteria for further rounds of chemical synthesis and biological testing. In each reaction priority 
is assigned to the synthetic candidates using a multi objective optimization process that is designed to ensure that 
compounds are not only optimized for target binding affinity, but also have drug like characteristics that will allow 
them to be used directly as tool compounds in biological.[1-3] 

 
Background of Combi Chem 

Combi Chem was 1st conceived about 23 years ago although it wasn't called that until the early 1990s. Initially 
focused on the synthesis of peptide and Oligonucleotide libraries. H. Mario Geysen, distinguished research scientist 
at Glaxo wellcome Inc., Research Triangle Park, N.C., helped jump-start the field in 1984 when his group developed 
a technique for synthesizing peptides on pin-shaped solid supports. Since then the work has been pioneered by 
several academic groups as well as industries with large R&D programs (Symyx Technologies, GE, etc). 
 
Progress of Combinatorial Chemistry 
The research efforts made in classical Combi Chem can be briefly outlined in three phases: In the early 1990s, the 
initial efforts in the Combi Chem were driven by the developments made in high-throughput screening (HTS) 
technologies. So demand for access to a large set of compounds for biological screening. Chemists were under 
constant pressure to produce compounds in large numbers for screening purposes. The third phase had its origin in 
progress made by the biomedical community. As the scientific community moved into the post-genomic chemical 
biology age, there was a growing demand in understanding the role of newly discovered proteins and their 
interactions with other bio-macromolecules. For example, the early objectives of the biomedical research 
community were concentrated on the identification of small-molecule ligands for biological targets, such as G-
protein-coupled receptors and enzymes.   
 
The use of solid supports for chemical as well as biological synthesis (proteins, peptides, and polynucleotide) relies 
on three interconnected requirements. 1) A cross-linked, insoluble, polymeric material that is inert to the condition 
of synthesis. 2) A chemical protection strategy to allow selective orthogonal protection and de protection of reactive 
group of the monomer. 3) Linking the substrate to this solid phase that permits the cleavage of some or the whole 
product from the solid support at the time of synthesis for analysis of the extent of reaction, to give the final product 
of interest.[4] 
 
Principle of Combi Chem 
Combi Chem is a technique in that large numbers of structurally different molecules may be synthesized in a time 
and submitted for pharmacological assay. The key combinatorial chemistry is that a big range of different analogues 
is produced using the same reaction conditions and same reaction vessels. The chemist can synthesis many 1,000 or 
millions of compounds in single time instead of preparing only a few by simple methodology. In contrast to this 
approach, Combi Chem gives the potential to make every combination of compound A1 to An with compound B1 to 
Bn. These products could be made individually in a parallel or in mixtures, using either solution or solid phase 
techniques. Whatever the technique used the common denominator is that productivity has been amplified beyond 
the levels that have been routine for the last hundred years.[5] 
 
Combi Chem Technologies 
Combinatorial approaches were originally based on the premise that the probability of finding a molecule in a 
random screening process is proportional to the number of molecules subjected to the screening process. The 
objective of Combi Chem focused on the simultaneous generation of various numbers of molecules and on the 
simultaneous screening of their activity. The success rate to identify new leads is greatly enhanced, while the time 
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required is considerably less. The development of new processes for the generation of collection of structurally 
related compounds (libraries) with the introduction of combinatorial approaches has revitalized random screening as 
a paradigm for drug discovery and has raised wonderful excitement about the possibility of finding new and 
valuable drugs in short times and at reasonable costs. In this new field in drug discovery did not obscure the 
importance of classically medicinal chemistry approaches, such as computer-aided drug design (CADD) and QSAR 
for example, but catalyzed instead their evolution to complement and to be integrated with combinatorial 
technologies. 
 
Combinatorial Technologies 
In the past has been based traditionally about the random screening of collections of chemically synthesized 
compounds or extracts derived from natural sources, such as microorganisms, bacteria, fungi, plants, of terrestrial or 
marine origin or by modifications of chemicals with known physiological activities. [6-11] Generally source of crude 
chemical are may be one of following- plant extracts, Microbial extracts,  Collection of chemical compounds 
(synthetic), Oligonucleotide libraries (biological or synthetic), Oligosaccharide libraries, Chemical compounds 
libraries (synthetic), Peptide libraries (biological or synthetic)[12-15] 

 
Method of Combi Chem 

There are two major methods in Combi Chem. 
 1. Pool and split method" involves attaching the starting compounds to polymer beads. The beads are then split into 
50 groups and reacted with the second set of reagents. After this reaction, all the beads are pooled, mixed together, 
and split into 50 groups again. If mixing is efficient, each group should contain approximately equal numbers of 
beads representing each of the1000 first-generation products. The groups of beads are then reacted with the next set 
of reagents. If the beads are tagged in some way after each reaction the combination of tags will characterize each of 
the 60,000 second generation products exactly.[16] 

2. Split and mix method of synthesis: The procedure is illustrated with three different chemical units (shown in Fig. 
1by a circle, square, and triangle). These units have two reactive areas so that they can be attached one to another 
forming, for example, a chain. The molecules are usually ‘grown’ out from a solid support, typically a polymer bead 
that is used to ‘carry’ the results of the reactions through the system. This makes it easy to separate the product from 
the reactants. At each stage the reactions are carried out in parallel. After the first stage it consist three different 
types of bead, each with only one of the different units on them. The results of these reactions are then combined 
together  not something a chemist would usually do having gone to great effort to make separate pure compounds  
but each bead only has one type of compound on it, so it is not so hard to separate them if required. The mixture of 
beads is then split into three containers, and the same reactions as in the first stage are carried out again. These 
results in beads that now have every combination of two of the construction units. After n synthetic stages, 3n 
different compounds have been generated (Fig.2) for only 3 × n reactions, thus giving a significant increase in 
synthetic efficiency. Other parallel approaches can produce thin films made up of ranges of compositions of two or 
three different materials. This method gives the very early use of the combinatorial approach in the production of 
materials used in the electronics industry (Fig.3). In methods now applied to molecular and materials synthesis, 
computer control of the synthetic process can ensure that the synthetic sequence is reproducible and recorded.  
 

 
                                         Figure1: The split and mix approach to combinatorial synthesis.  
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The synthesis history can be recorded along with the molecule, for example, by being coded into the beads, to use 
the method described above, for example, by using an RF tag or using a set of fluorescent molecular tags added in 
parallel with each synthetic step such tags are much more rapidly detected than the structure of the molecule 
produced from the tiny amounts of a single bead.  
 
In cases in which materials are form a substrate surface or in reaction vessels arranged on a regular Grid, the 
synthetic sequence is known simply from the physical location of the selected molecule.[17]  In conjunction with 
parallel synthesis comes parallel screening of, for example, potential drug molecules. Each of the members of the 
library is tested against a target and which gives the best response are selected for further study. When a desired 
response is found, then the structure of that particular molecule is then determined and used as the basis for next 
investigation to produce a potential drug molecule. [18] 

 

 
Synthesis by Solid Phase Method 
In 1963 Merrifield gives the first examples of Solid-phase synthesis of peptides using chloromethylated-polystyrene 
containing immobilized N-protected amino acids building blocks. In this beads are derivatized with a chloromethyl 
group to which amino acids can be coupled via an ester group which can be cleaved at the end of synthesis using 
vigorous acidic conditions. This chemistry developed over the ensuing decade and became the basis for much of the 
progress in peptide chemistry. Automation is possible with solid phase synthesis  

 
Figure 4: solid phase reaction 

 

 
Figure 2 
Partial   enumeration of the different   species  
Produced after three parallel synthetic steps of 
 a split & mix combinatorial synthesis.  
 

Figure 3  
Representation of thin films produced by depositing variable 
proportions of two or three Different elements or compounds 
(A, B & C) using Controlled vapour deposition sources. 
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The use of solid supports for chemical (no peptides and peptide molecules) as well as biological synthesis (proteins, 
peptides, polynucleotides) relies on three interconnected requirements: 1) A cross-linked, insoluble, polymeric 
material that is inert to the condition of synthesis. 2) A chemical protection strategy to allow selective orthogonal 
protection and deprotection of reactive groups in the monomers. 3) Some means of linking the substrate to this solid 
phase that permits the cleavage of some or the entire product from the solid support during synthesis for analysis of 
the extent of reaction, and ultimately to give the final product of interest. 4) A means of cleaving the product or the 
intermediates from the linker. Many starting materials can be bound to separate beads. The beads can be another 
reagent in a single experiment. After mixing all ingredients together in solution chemistry is a recipe for disaster like 
polymerizations and side reactions and results in tarry mess. To maximize surface area available for reaction instead 
of beads, pins can be used and more will be the amount of compounds linked to solid support. For Oligonucleotide 
synthesis functionalized glass surfaces have also used[19]. In solid phase the starting material for a reaction is bonded 
covalently to beads of a plastic resin often polystyrene based via a linking group. A reaction is done on the starting 
material, X, while it is attached to the resin. The product molecule remains bonded to the resin and can be released 
by breaking the link, or retained on the bead for further reaction (Fig.4). The chemistry of the link is important as it 
must be capable of being broken to release the product under conditions which will not break bonds in the new 
molecule which has been formed. For example, Amino acids have the general formulaH2NCH(R) CO2H and can 
link together by the reaction of an –NH2 group on one amino acid with the  -CO2H on the next (Fig.5). 

 
Figure 5:.forming of Di peptide 

 

Steps for Making Polypeptides1) The –CO2H group of the first amino acid, A, is bonded to a –CH2Cl group 
attached to the polystyrene resin. This is the link (Fig.6). 2) The second amino acid has its –NH2group ‘protected’ – 
it is represented by HO–B–P, where P is the protecting group. This prevents this amino acid from reacting with other 
molecules of the same amino acid rather than the ones bonded to the resin. 3) A solution of the second amino acid is 
then added to the resin and a Di peptide, A–B, is formed attached to the resin. 4) The protecting group is then 
removed. 5) A solution of a third amino acid (with its –NH2 group protected) is added to the resin and a tri peptide, 
A–B–C, is formed, attached to the resin.6) The process of adding amino acids to the resin can be carried out up to 
100 times to produce a polypeptide with different amino acids in any required sequence, attached to the resin. 7) 
Finally the polypeptide can be released from the resin by breaking the link.[20,21] 

 
Figure 6: formation of polypeptide 
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Synthesis by Solution Phase: By this method libraries have successfully been formed and screened. Some groups 
have expressed a preference for solution libraries because there is no more requirements to develop workable solid-
phase coupling and linking techniques. Some laboratories have recently disclosed an interest in making large 
numbers of compounds as individual components using parallel, reliable solution chemistry.  
 
The idea behind the method of generating libraries of small organic molecules is to combine a rigid core molecule 
supporting multiple reactive sites with a mixture of building blocks to produce a random mixture of poly 
functionalized structures; molecule such as cubane tetra acid chloride could be combined with four molar 
equivalents of amines to produce tetra substituted cubane compounds.[22]  
 

 
 
Parallel Synthesis Method 
1) Multi pin Method: 96 pins (40 mm long, 4 mm in diameter) pins fit in 96-deep-well MTP 
a) Coupling takes place in wells of the plate, 
b) Peptides remain on pins during the synthesis (only PG are removed),  
c) Necessity to wash intensely after every coupling step,  
d) Peptides can be removed into individual wells after the synthesis maximum yield 300 nmol/pin, e) Analysis and 
purity control are very difficult                                                                                            
2) Tea Bag Method:  
a)15 x 22 mm mesh packets with µm-sized pores separates the polymeric support, 
b) Greater quantity of each compound (up to 500 µmol), 
c) Complete biological and structural characterization,  
d) Disadvantage: intensity of labour[24-26] 
Linkers: A linker covalently connects molecules to the solid support, and should provide a means for their chemical 
attachment and cleavage Stability of the linker affects the scope of the chemistry that can be employed in the library 
synthesis. Many linkers are adapted from protecting group chemistry.[27-31]  
 

Figure 10: role of linker  
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General structure [27-31]  
 

 
 
Application 
The future of combinatorial chemistry will undoubtedly provide a wealth of pre-clinical lead compounds and 
potential drugs.  Advances thus far in combinatorial techniques will shift drug discovery from the normal time-
consuming/labor-oriented synthesis to accelerated synthesis of a multitude of compounds that can be screening and 
optimized quickly. The variety that exists is unimaginable. If one thinks only about one class of compounds– 
peptides–the number of possible different D and L diastereomers will exceed the number of atoms in the universe, 
even before one reached a peptide of 100 units. Or there are steroids which can have different attachment points and 
different side chains with different stereochemistry on the A, B, C, or D ring.  This is why some rationale needs to 
be included in the thought behind the synthesis so that you have a directed path and you do what is essential.[32] 

 
Combinatorial approach to new high technology materials came from Schultz and coworkers, who prepared a 
spatially addressable array of potential superconducting materials. Similar techniques were then applied to a number 
of studies including ferroelectric materials and phosphorescent materials. Combinatorial techniques have also been 
applied to the development of chiral separation methods and optimization of protein catalysts through DNA 
shuffling techniques.[33] Combinatorial chemistry is a promising new field that stands to revolutionize the chemical 
industry, and demands completely new scientific information management solutions. Using software that can 
orchestrate the planning, building, screening, and interpretation of synthesized libraries, combinatorial chemistry 
programs will begin to realize their promise of minimizing the time and cost associated with bringing new molecular 
entities to market.[34] 
 

Conclusion 
Combinatorial Chemistry is very easy and convenient method for the synthesis of amino acids, protein and amines 
group content compounds, we can make the library of synthesized compound and use it whenever need it. 
Combinatorial approaches have been introduced from the beginning in the drug discovery field, given their 
tremendous impact of the identification of new leads. Many active compounds have been selected to-date, following 
combinatorial methodologies, and a considerable number of those have progressed into clinical trials. However, 
combinatorial chemistry and related technologies for producing and screening large numbers of molecules also find 
useful applications in other industrial sectors not necessarily related to the pharmaceutical industry. Emerging fields 
of application of combinatorial technologies are diagnostics, the down-stream processing, catalysis and the new 
material sectors 
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