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INTRODUCTION

 Combinatorial Synthesis is a means of producing large number of compounds 
in a short time period using a defined reaction route, a large variety of starting
materials and reagents.   

 It is an automated solid phase procedure aimed at producing as many different 
structures as possible in short time span.

 It aims to mimic the natural sources to produce pool of hemicals out of which 
one of them may be proved as lead compound.  

 It is the most rapidly developing method in pharmaceutical chemistry.

 In Traditional Chemistry or Convêntional Organic Synthesis, building blocks
are joined in a particular sequence to form one product. Using this slow
laborious process a Chemist can produce 20-35 compounds per year.



COMBINATORIAL LIBRARY

 Combinatorial chemistry was developed to produce the large numbers of
compounds required for HTS ( High Throughput Screening).

 It allows the simultaneous synthesis of the possible compounds that could be
formed from a number of building blocks. 

 The products of such a process are known as Combinatorial Library.

 Libraries may be collection of individual compounds or mixtures of
compounds.

 These compounds may be stored so that they provide rwady source for future
reference.





Techniques used in Combinatorial Synthesis

 Solution Phase Synthesis

 Solid Phase Synthesis



Solid Phase Synthesis

 The solid support method originated with Merrifield's solid support peptide 
synthesis. It uses resin beads that have a large number of functional groups 
attached to the surface by a variety of structures known as either a handle or a 
linker. 

 Each of these functional groups acts as the starting point for the synthesis of 
one molecule of a product. Since a bead will possess in the order of 6 * 103  
functional groups of the same type the amount of the product formed on one 
bead is often sufficient for structure determination and high throughput 
screening.



Advantages

 Since the starting material, intermediates, and final product are bound to a solid support, 
excess reagents or unbound by-products from each reaction can be easily removed by 
washing the resin;

 large excess of reagents can be used to drive the reactions to completion (greater than
99%) because of the ease with which excess reagent can be removed;

 intermediates in a reaction sequence are bound to the bead and do not need to be
purified;

 the polymeric support can be regenerated and reused if appropriate cleavage conditions 
and suitable anchor/linker groups are chosen (see later);

 automation is possible;
 if a combinatorial synthesis is being carried out, a range of different starting materials 

can be bound to separate beads. The beads can be mixed together such that all the 
starting materials are treated with another agent in a single experiment. The starting 
materials and products are still physically distinct, as they are bound to separate beads. 
In most cases, mixing all the starting materials together in solution chemistry is a recipe 
for disaster, with polymerizations and side reactions producing a tarry mess. The 
individual beads can be separated at the end of the experiment to give individual 
products.



Requirements

 a cross-linked insoluble polymeric support which is 
inert to the synthetic conditions (e.g. a resin bead);

 an anchor or linker covalently linked to the resin—the 
anchor has a reactive functional group that can be used 
to attach a substrate;

 a bond linking the substrate to the linker, which will be 
stable to the reaction conditions used in the synthesis;

 a means of cleaving the product or the intermediates 
from the linker;

 protecting groups for functional groups not involved in 
the synthetic route.



Resin ( Solid Support)

 The bead should be capable of swelling in solvent, yet remain stable.

 Swelling is important becuase most of the reaactions involved in Solid Phasse
Synthesis takes place in the interior of the bead rather on the surface.

 Each bead is a polymer and swelling involves unfolding of the polymer chain
such that solvent and reagent can move between the chains into the heart of
the polymer

 Although beads are the common shape for the solid support, a range of other
shapes such as pins have been designed to maximize the surface area available
for reaction and hence maximize the amount of compound linked to the solid 
support.

 Functionalized glass surfaces have also been used and are suitable for 
oligonucleotide synthesis



Merrifield Resin



 Merrifield resin is a crosslinked polystyrene beads where styrene is
crosslinked with 1% divinyl benzene.

 The beads are deivatized with a chloromethyl group ( anchor or linker) to
which aminoacid can be coupled via an ester group. This ester group is stable
to reaction conditions used in peptide synthesis but can be cleaved at the end 
of the synthesis using vigorous acidic conditions.

Disadvantages

Polystyrene bead is hydrophobic and the growing polypeptide chain is
hydrophilic. Thus the growing peptide chain is not solvated and folds on itself
forming internal H-bonds. This inturn hinders the access of further aminoacids
to the exposed end of the growing chain.  



Tentagel Resin

 Tentagel resin is made up of 80% polyethylene glycol ( PEG) attached to cross
linked polystyrene through an ether linkage.

 It is more versatile because it can be obtained with different functional groups 
at the end of the side chain.

X = OH, NH2, SH, Br, COOH
Resin 
bead

PEG

x



Sheppard Polyamide Resin



 Sheppard developed a new protecting group for the peptide synthesis – Fmoc

Fluorenyl methoxy carbonyl chloride.

 It can be easily removed by 20% piperidine.



Functionalized Glass Surface

 Polymer matrix in this resin is Controlled Pore Glass ( CPG).

 It is a rigid glass derived bead material.

 Compatible with any type of solvent.

 Stable to aggressive reagents and extreme of temperature and pressure.

 Due to the ability of continuous solvent flow through macro pores, it is suitable
for continuous flow synthesis.

 It is used in the synthesis of short oligonucleotides.



Linkers/ Anchors/ Handlers

 Anchor is a molecular unit covalently attached to the solid support- resin.

 It contains a reactive functional group with which the first reactant in the
proposed synthesis can react and therefore becomes attached to the resin.

 The bond formed between the linker and substrate must be stable to the
reaction conditions used throughout the synthesis and it should be easily
cleaved to release the final compound after the synthesis is completed.

Resin Linker Substrate



 Different linkers are used depending on the functional group present on the
substrate and the functional group desired on the final product once it is

released.



Wang Resin

 Resins having different types of linkers are given different names. 

 Wang Resin has a linker which is suitable for attachment and release of
carboxylic acid.



Combinatorial Synthesis using Wang Resin



Contd..

 It can be used in peptide synthesis by linking an N -protected amino acid to the
resin by means of an ester link. 

 This ester link remains stable to coupling and de-protection steps in the peptide
synthesis, and can then be cleaved using trifluoroacetic acid (TFA) to release
the fi nal peptide from the bead



Rink Resin

 Rink Resin is suitable for the atachment of carboxylic acid and the release of
carboxamides



Combinatorial Synthesis using Rink Resin



Dihydropyran derivatized resin

 Dihydropyran derivatized resin is suitable for the attachment and release of alcohols.



Combinatorial Synthesis using Dihydropyran Derivatized
Resin



Barlos Resin

 It contains a trityl linker and is suitable for the attachment and release of
carboxylic acid.



Kenner’s Safety Catch Linker

 It is an acyl Sulphonamide linker developed by Kenner

 Kenner’s Safety catch linker is activated by methylation of acyl sulphonamide
before nucleophilic cleavage.



Light Cleavable Linker

 The first photolabile linker , an o-nitrobenzyl resin was developed for the
synthesis of individual peptides



Kaiser Oxime Linker

 Other Labile esters have been developed for the formation of amide during
cleavage

 A range of benzophenone oximes were prepared by DeGrado and Kaiser as
amide precursor

 The oxime linker allows the formation of oxime esters when coupled to
carboxylic acids using DCC as the coupling agent

 Kaiser Oxime Linker can be coupled with carboxylic acid to generate oxime
ester. Aminolysis readily cleaves the ester to generate primary carboxamide .

 This linker is especially good at generating primary carboxamide.



Kaiser Oxime Linker



Traceless Linkers

 Linkers that show no specific functionality after cleavage are called Traceless
Linkers.



Traceless Linkers

 Silicon attached to a phenyl group can undergo photodesilylation reaction
cleaving the silicon - aryl bond when treated with an acid.

 Traceless linkers are so called because an examination of final compound
reveals no trace of the point of linkage to the solid phase. 

 Traceless Silyl linkers are used for generation of aryl derivatives on solid phase



Combinatorial Synthesis

 Parallel Synthesis: A single product is obtained in each different reaction
vessel.

 Mixed Combinatorial Synthesis: Mixture of products are produced in each
reaction vessel.

 Methods of Parallel combinatorial Synthesis:

 Houghton Tea Bag Procedure

 Automated Parallel Synthesis



Houghton Tea Bag Procedure

 A manual approach to parallel synthesis.

 Used for parallel synthesis of more than 150 peptides at a time.

 The polymeric support resin ( 100mg) is sealed in polypropylene meshed
containers ( 3 x 4 cm) .

 Each tea bag is labelled.

 Tea bags are placed in polyethylene bottles (reaction vessels).

 For peptide synthesis, the 1st aminoacid is added to the resin- a different 
aminoacid to each bottle.

 Tea bags from every bottle are combined in one vessel for deprotecxtion and

washing. This allows all aminoacids to be deprotected once.

 Tea bags are then redistributed between bottles for addition of 2nd aminoacid, 
recombined for deprotection and washing, redistributed for addition of next
aminoacid and so on… 



Advantages

 Communal deprotection and washing speeds up the synthetic process.

 It is cheap and can be carried out in lab.

This procedure being manual limits the quantity and speed with which new
structures can be synthesized.





Automated Parallel Synthesis

 In parallel synthesis the compounds are prepared in separate reaction vessels 
but at the same time, that is, in parallel. 

 The array of individual reaction vessels often takes the form of either a grid of 
wells in a plastic plate or a grid of plastic rods called pins attached to a plastic 
base plate  that fits into a corresponding set of wells. In the former case the 
synthesis is carried out on beads placed in the wells whilst in the latter case it 
takes place on so called plastic ‘crowns’ pushed on to the tops of the pins, the 
building blocks being attached to these crowns by linkers similar to those found 
on the resin beads.

 The position of each synthetic pathway in the array and hence the structure of 
the product of that pathway is usually identified by a grid code.



Automated Parallel Synthesis



Example of Parallel Synthesis

 A combinatorial library of hydantoins by the reaction of isocyanates with amino 
acids using a 96 well array.







Methods in Combinatorial Snythesis

 A combinatorial synthesis is designed to produce a mixture of products in each 
reaction vessel, starting with a wide range of starting materials and reagents.

 Planning has to go into designing a combinatorial synthesis to minimize the
effort involved and maximize the number of different structures obtained.

 The strategy involves Mix and Split method.

 Example: Synthesis of all possible dipeptides of 5 different aminoacids.

There are 25 possible dipeptides and 25 separate experiments have to be carried
out using orthodox chemistry.



Mix and Split Method

 Using combinatorial synthesis ( Mix and Split method)  the same product could
be synthesized with less effort .

 First of all, the beads are split between five reaction vials. 

 The first aminoacid is attached to the beads using a different amino acid for 
each vial. 

 The beads from all five flasks are collected,mixed together, then split back into 
the five vials. This means that each vial now has the same mixture.

 The second amino acid is now coupled with a different aminoacid being used 
for each vial. Each vial now contains five different dipeptides with no one vial 
containing the same dipeptide. 

 Each of the five mixtures can now be tested for activity.



Mix and Split Method

 Synthesis of five different dipeptides using the mix and split strategy.

 The addition of each amino acid involves protection, coupling, and de-
protection steps.



Furka’s Mix and split technique 

 The Furka method produces the library of compounds on 
resin beads. 

 It may be used to make both large (thousands) and small 
(hundreds) combinatorial libraries.

 Large libraries are possible because the technique produces 
one type of compound on each bead, that is, all the 
molecules formed on one bead are the same but different 
from those formed on all the other beads. 

 Each bead will yield up to 6  X 1013 product molecules, 
which is sufficient to carry out high throughput screening 
procedures. 

 The technique has the advantage that it reduces the number 
of reactions required to produce a large library.



 The beads are divided into a number of equally sized portions corresponding to the 
number of initial building blocks. 

 Each starting compound is attached to its own group of beads using the appropriate 
chemical reaction.

 All the portions of beads are now mixed and separated into the number of equal

portions corresponding to the number of different starting compounds being

used for the first stage of the synthesis.

 One reactant building block is added to each portion and the reaction carried out by 
putting the mixtures of resin beads and reactants in a suitable reaction vessel. 

 After reaction all the beads are mixed before separating them into the number of 
equal portions corresponding to the number of reactants being used in the second 
stage of the synthesis. 

 One of the second stage building blocks is added to each of these new portions and 
the mixture allowed to react to produce the products for this stage in the synthesis.

 This process of mix and split is continued until the required library is synthesized



Furka approach to combinatorial libraries using a two step
synthesis involving three building blocks at each stage



Structure Determination of Active Compounds

 Deconvolution

Isolation and identification of most active compound in a mixture is known as 
deconvolution.

 Deconvolution is a method, based on the process of elimination, of reducing the 
number of screening tests required to locate the most active member of a 
library consisting of a mixture of all the components.

 It is based on producing and biologically assaying similar secondary libraries 
that contain one less building block than the original library.





Recursive Deconvolution



Recursive Deconvolution



Recursive Deconvolution



Recursive Deconvolution



Recursive Deconvolution



Tagging

 A method of identifying what structures are being synthesized on a resin bead 
during a combinatorial synthesis. The tag is a peptide or nucleotide sequence 
which is constructed in parallel with the synthesis.

 SCAL- Example of Multiple linker.





 The compound to be synthesized is constructed on the tryptophan moiety and 
after each stage of the synthesis, a tagging aminoacid is built onto the lysine 
moiety.



Examples of Combinatorial Chemistry 



Variation at 

 R1 aminoacid, Ar and R11

 4 substituted Ketone

 10 Amino Acid

 5 R11 – I 

 4 * 10 * 5 = 200



Planning and Designing  a Combinatorial Synthesis

 To generate a large number of compounds

 To generate a diverse range of compounds

 Increase chances of finding a lead compound to fit a binding site

 Synthesis based on producing a molecular core or scaffold with functionality 
attached

 A Scaffold is the core structure of a molecule around which variations are 
possible through the use of different substituents.



Spider like scaffolds

 Spider like molecules so called because they consist of a central body (called the centroid 
or scaffold) from which various arms (substituents) are placed.

 These arms contain different functional groups which are used to probe the binding site 
for binding regions once spider like molecule has entered.

 ‘Spider’ scaffolds preferable for exploring conformational space
 Allows variation of functional groups around whole molecule to increase chances of 

finding suitable binding interactions.

 Molecular weight of scaffold should be low to allow variation of functionality, 
without getting products with a MWt > 500



 Tadpole scaffolds
 - variation restricted to a specific region round the molecule

 - less chance of favourable interactions with a binding site

 Privileged scaffolds
 - scaffolds which are common in medicinal chemistry and which are associated 

with a diverse range of activities

 - benzodiazepines, hydantoins, benzenesulphonamide etc



Designing drug like molecules

 It is worthwhile introducing certain restrictions to the types of molecule which 
will be produced by the combinatorial synthesis to increase the chance that the 
lead compound will be orally active.

 The chances of oral activity are increased if the structure has the following:

 a molecular weight less than 500

 A calculated log P value of less than +5

 No more than five hydrogen bond donating groups

 No more than 10 hydrogen bon accepting groups.

 Groups which are liable to be easily metabolized (e.g. esters)should be avoided. 
Scaffolds or substituents likely to result in toxic compounds should also be 
avoided(e.g. aromatic nitro groups or alkylating groups)



Examples of Scaffold



Poor Examples of Scaffold



High Throughput screening

 High-throughput screening (HTS) , which is particularly effective in 
identifying potential new lead compounds.

 This involves the automated testing of large numbers of compounds versus a 
large number of targets; typically, several thousand compounds can be tested at 
once in 30–50 biochemical tests. 

 It is important that the test should produce an easily measurable effect which 
can be detected and measured automatically. This effect could be cell growth, 
an enzyme-catalysed reaction which produces a colour change, or displacement 
of radioactively labelled ligands from receptors.









Methodology









Automation in Combinatorial Chemistry











Use of Decoded Sheet

 Encoded sheet method developed by Pfizer.

 It allows the ready separation of the individual solid phase products, which 
includes an inbuilt code to determine the synthetic history.

 Resin beads are sandwiched between two sheets of inert polypropylene. The 
sheets are fused together so that the beads are immobile.

 These sheets are then marked into squares and each square is given a 3 letter 
code.

Example:

 3 sheets (6cm x 6cm) are marked with 9 squares.

 Each square is given a 3 letter code.

 Stage 1: 3 sheets are separated.

 Top sheet is treated with aminoacid leucine.

 2nd sheet with serine.

 Bottom sheet with glycine.

 The sheets are washed, dried and treated with piperidine to remove Fmoc
protecting group.



 Stage 2: 

 Sheets are restacked and cut into strips of 3 to give 3 sets of columns.

 Each set of column is treated with another activated Fmoc aminoacid to 
generate unique dipeptide.

 The strips are washed, dried and treated with piperidine to remove Fmoc
protecting group.

 The strips are restacked and cut into individual squares.

 Each set of square treated with 3rd aminoacid.

 27 possible tripeptides are synthesized with each square containing a unique 
tripeptide sequence which is identified by the code present on the square.  









Decoding
 Every bead has tags that provide information, once cleaved, about the chemical 

history of that bead

 Conditions for cleavage of compound and tags have to be orthogonal


