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Introduction

- Use a set of techniques for highly efficient synthesis of a

large member of analog compounds (library).

- The compound libraries undergo high-throughput screening

for a desired property.

- The pharmaceutical industry is the major user of combichem

for drug discovery.

- Other applications of combichem include catalysis and

materials science.
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Introduction



• It takes 12 to 15 years and costs $0.8 to 2 billions to develop a 
new drug!
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Introduction

Hit to lead steps
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Introduction

Roots:

Bruce Merrifield (Rockefeller University) developed 

solid phase synthesis of peptides (SPPS).

The Nobel Prize

in Chemistry 1984



1st Phase (since early 1990s): The initial efforts in SPOS of a large 

set of compounds for biological screening. The compounds usually

lack the structural complexity and are commonly found in literature.

The 2nd Phase (since late 1990s): It is not just about numbers; 

something was missing in compounds produced in a combinatorial 

fashion. Emphasis shifted towards quality (chemical diversity, 

compound purity) rather than quantity.

The 3rd Phase (since early 2000s): Post-genomic chemical

biology age. To understand bio-macromolecular interactions and

how small molecules could be utilized as useful chemical probes in

systematic dissection of these interactions.
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Evolution



• A, B, C are building blocks,

they may produce a library

of 27 compounds

(in general, nn)

Basic Concept
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Basic Concept - SPOS



Basic Concept - SPOS

9



10

Basic Concept - SPOS

Solid Phase

- excess reagent can be used

- automation possible

- rapid purification 

- fewer suitable reactions

- slower reactions

- scale-up is expensive

- not well documented

- special synthesis 

development

Solution Phase

- favorable reaction kinetics

- any organic reaction

- scale-up is easy, inexpensive

- well documented in literature

- purification could be difficult

- automation difficult

- easy intermediate analysis
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Methods of Combinatorial Chemistry

- Parallel synthesis

- Mixture Synthesis



Ellman from UCLA introduced solid-phase organic synthesis 

(SPOS) techniques for small molecules (non-peptide). His 1992 

paper was for parallel synthesis of 1,4-benzodiazepine-2-ones.
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Parallel Synthesis

J. Am. Chem. Soc. 1992, 114, 10998
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• Every reaction is done in separate vessels – in the same time

Parallel Synthesis



Parallel Synthesis
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Parallel Synthesis

• Fodor’s method
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Parallel Synthesis

• Fodor’s method
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Mixture Synthesis

• Furka – Mix and Split method
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Encoding Methods

• Sequential Chemical Tagging
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Encoding Methods

• Sequential Chemical Tagging



Encoding Methods
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• Sequential Chemical Tagging



Encoding Methods
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• Still’s binary code tag system

Computerized tagging



Combinatorial Synthesis in Solution
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Parallel synthesis in solution
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Combinatorial Synthesis in Solution

The formation of libraries of mixtures
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Combinatorial Synthesis in Solution

Libraries using OMe-PEG
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Combinatorial Synthesis in Solution

Libraries using dendrimers



Combinatorial Synthesis in Solution
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Fluorous Tagging



Libraries with resin-bound scavenging agents

Combinatorial Synthesis in Solution
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Combinatorial Synthesis in Solution

Libraries with resin-bound reagents 
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Combinatorial Synthesis in Solution

Resin capture of products
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Deconvolution
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