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존재가능한 
저분자 화합물의 수 

1060-68 

Drug Space  
    6ⅹ106 Drug-like 

1020~40 



The Game with the Large Numbers 



A Lottery for Medicinal Chemist 



A collection of stored small molecules usually used 
ultimately in high-throughput screening. 

Each chemical has associated information stored in some kind of 
database with information such as the chemical structure, purity, 
quantity, and physiochemical characteristics of the compound. 

What is Chemical Libraries ? 

From Wikipedia 



Chemical Libraries & Two main approaches in “Lead generation” 



What is Chemical Genetic ? 
The study of biological systems using small molecule intervention,  
instead of only genetic intervention 



Forward Chemical Genetics 

Plate with cells 

Add one compound 
per well 

Select compound that 
produces phenotype 
of interest 

Identify protein 
Target 
(deconvolution) 

N

N

• Goal is target identification 
• A wide variety of small molecules is screened in “black box assays” 
• Those that cause a specific phenotype of interest 
   are used to isolate and identify the protein target 

Chemicals as ‘mutagens’ 



Reverse Chemical Genetics 
(Target Validation) 

N
N

Find ligand for protein of interest 
Optimize for selectivity 

Add ligand 
to cells 

Assay for 
phenotype 

• Goal is target function and validation 
• Use a known protein of unknown function 
• Screen for compounds that bind to the protein 
• Optimize for selectivity rather than potency 



Requirements for Chemical Genetics 

1st :  A number of small molecules  
       - Combinatorial Chemistry based on TOS (Target-Oriented Synthesis), or 
         DOS (Diversity-Oriented Synthesis) 
 
2st: Proteins  
       - For forward chemical genetics, the identification of the  
         small molecule-protein partner is a longstanding challenge 
 
3st: Biological Assays  
       - To recognize and characterize the small molecule-protein  
          interaction 



An important source in Drug Discovery  

What is Chemical Libraries ? 

From Wikipedia 



<국외 연구동향> 

Research Trends in Chemical Libraries… 

Big Pharma : GSK, Merck, Pfizer, etc… 
 • 수백만종 이상의 라이브러리 확보 
 

National Institute of Health 
 • The Molecular Libraries Program 실시 
  : NIH Chemical Genomic Center (NCGC) 
    Molecular Libraries Screening Center Network 
    (MLSCN) 구축 
 • Molecular Libraries and Imaging roadmap 구축 
  : Molecular Libraries Probe Production Center Network    
    Molecular Imaging and Contrast Agent Database   
    Imaging Probe Development Center 
 • PubChem Database 개발 
  : NCGC, MLSCN, MPLCN, MICAD, IPDC등의 정보 저장 
 

Havard University : ChemBank 
  : Structure DB, Biological Assay Data, Data Download 
    PubChem 통해 정보제공 



Parallel &  
Combinatorial  
Chemistry 

Random  
Synthetic 
Compound  
Collections 

Tailor-made  
Synthetic 
Compound  
Collections 
 

Peptoids 
Peptides 
Peptidomimetics 

 Natural Products 
Chemical  
Library 

Sources for Chemical Library 



Types of Library -01 



Types of Library -02 



• Combinatorial Synthesis 

Types of Library Synthesis 

The Game with the Large Numbers 

• Diversity Oriented Synthesis 

• Biology Oriented Synthesis 



Combinatorial Synthesis 



Principles of  
Combinatorial Chemistry 

• The basic principle of combinatorial chemistry is to prepare 
a large number of different 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 once  

• The collection of these finally synthesized compounds is 
referred to as a combinatorial library.  



Types of Library Synthesis 
• Diversity Oriented Synthesis 



• Concept of Diversity Oriented Synthesis 



• Diversity Oriented Synthesis 



• Diversity Oriented Synthesis 



• Diversity Oriented Synthesis 



• DOS Based Library Synthesis and 
Evaluation 



• DOS Based Library Synthesis and 
Evaluation 



Considerations in DOS-Library Design 

26 / 50 

1. The reaction evaluation (a new synthetic route & innovative scaffold). 
• A new scaffold must be synthetically accessible thru a novel, elegant route 
• It must be evaluated that building blocks are compatible with particular synthetic scheme.  

 

2. The library uniqueness evaluation  
• Every new compound is unique 
• There is a higher probability of finding a given biological activity in clusters of similar 

molecules where activity has been already detected than dissimilar ones. 
 

3. The library diversity evaluation  
• To design a generic library for lead finding, the consideration of two very similar 

compounds does not enhance the ability to find different types of biological activity. 
• This concept is the key motivating factor for the design of optimally diverse compound 

libraries (J. Biomol. Screen. 1996, 23, 3-25.) 
• The library itself must exhibit a wide coverage of the physico-chemical property space. 
• Consider  diversity, representativity, complementarity.  

 

4. The reactant/product diversity evaluation 
• Use diversity-based selection on reactants 
• The most diverse library will be obtained by a pure diversity selection on the full product 

matrix. 
• Sometimes it is not very practical, as the combinatorial scheme is violated. 



Types of Library Synthesis 
• Biology Oriented Synthesis (BIOS) 



The Similarity Principle 

• ‘Similarity Principle’ Formulated by Johnson & Maggiora in 1990. (Maggiora, G. M.; 
Johnson, M.A. Concepts and Applications of Molecular Similarity, Wiley, New York, 1990, 
pp99-117.) 
 

• Structurally similar molecules are assumed to have similar physico-chemical & biological 
properties. 
 

• This principle leads to the design & evaluation of compound libraries spanning a wide 
range of chemical & biological properties and to the prediction of target properties for new 
molecules using known values for similar compounds. 
 

• The use of very similar molecules for primary screening does not enhance the probability 
to find different types of biological activities, while using dissimilar molecules should 
enhance the probability for finding interesting leads on different targets. 
 

• Similarity radius: compounds within this radius of another molecule were shown to have 
comparable biological properties. 
 

• Taking a large variety of compounds within an initial virtual library, an optimal procedure 
would select only dissimilar compounds outside this similarity radius, leading to a more 
diverse subset, which increases the probability of finding lead. 



• Concept of Biology Oriented Synthesis (BIOS) 
 

PSSC = protein structure similarity 

Key hypothesis = Similar proteins bind Similar ligands 



• BIOS Based Library Synthesis and 
Evaluation 
a. The target of Dysidiolide = Cdc25A 
b. Protein structure similarity clustering with Cdc25A 
c. Identifying 11-beta-HSD and AChE 

 



• BIOS Based Library Synthesis and 
Evaluation 



• BIOS Based Library Synthesis and 
Evaluation 
 

Discovery of the new type of ligand 



Synthetic Methodology for Library 
Construction 

 Solid-Phase Organic Synthesis 

 Solution-Phase Organic Synthesis 

The compound library have been synthesized  

on solid phase such as resin bead, pins, or chips  

The compound library have been synthesized  

in solvent in the reaction flask  



Solid phase synthesis techniques 

       1. Overview 
           - Introduction 
           - Resins & Linkers 
           - Protecting groups 
           - Building blocks 
 
       2. Practical Synthesis  
           - Peptide 
           - Oligonucleotide  
           - Small molecule  



Introduction 

What is a solid phase organic synthesis? 
    Organic reactions carried out on substrates  
      that are covalently attached to a polymeric support 
 

linker [Substrate] linker [Product]
[Reagent]

+ [Reagent] linker [Product]
Filter

vs Solution phase synthesis

[Substrate]
[Reagent]

[Product] + [Reagent]
Purification

[Product]

Solid phase synthesis

Advantages of solid phase versus solution phase synthesis? 
 - Synthetic intermediates don’t have to be isolated 
 - The excess reagents are just washed away each step 
 - It is often quicker and easier than solution phase 
 - The process can easily be automated using robots   



What is a resin? 
- The polymeric backbone that synthesis is performed on 
- Different resins have different swelling properties 

Ph Ph Ph Ph

Ph Ph Ph

PhPhPh

n
Polystyrenestyrene

Divinylbenzene

cross - linked polystyrene
styrene

1. Polystyrene (PS): (cheap!): Swells in non-polar solvents 
2. Polyethylene glycol (PEG): Swells in polar and non-polar solvents 
3. Many others exist with different swelling properties 

O

HO Cl

O
OH

Wang resin Trityl chloride resin

Tentagel -OH resin

Resin 



Swelling? 

Trega Biosciences Inc. TL, 39, 8951 (1998) 

reactant 

  Organic solvent 

Before swollen After swollen 

reactant 

x 
o 



For ideal linker 
 - Efficient attachment to the resin 
 - Efficient loading to the desired compounds 
 - Clean and fast release of product 
 - Stable through all the synthetic steps 

Linker 









- Peptide 
- DNA 
- Small molecule 

Practical Synthesis 







































Synthesis of 1,4-benzodiazepines  
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20 compounds
35 Amino acids

20 x 35 compounds

1) Piperidine

2) AcOH

700 compounds

Base, R3X

16 Alkylating
agents

TFA

20 x 35 x 16 = 11,200 compounds

Split-mix step:



Solution Phase Synthesis 

Three major techniques for solution phase synthesis: 
 Liquid/Liquid Extraction   
 Solution phase synthesis using scavenger resins 
 Fluorous phase synthesis 

 
   
The goal in both cases:  
 High throughput synthesis making large amounts of compounds 

quickly 
 



Solution Phase Synthesis of 
Stilbene Libraries 
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Sanghee Kim, Hyojin Ko, Jae Eun Park, Sungkyu Jung, Sang Kwang Lee, Young-Jin Chun J. Med. Chem. 2002, 45, 160-164.  





















Solid or Solution Phase Combinatorial Synthesis? 

Solid Phase

+ Easy purification

+ Easy automation

+ Split and mix synthesis

+ Pseudo-dilution effects

 - Adapt chemistry to solid phase and
   develop linking/cleaving strategies

- Reaction monitoring difficult

- Limited scale

+ Chemistry not limited by support or
   linker
+ Monitor by traditional techniques

+ Purification possible after each step

+ Unlimited amounts(scales) available

 + Avoids extra steps for linking, etc

+ Mixture or parallel synthesis

- Removal of excess reagents and
  reactants limits scope

Solution Phase

Efficient for small librariesUseful for the synthesis of 
larger series of compounds

- Time consumimg purifications

- Parallelization and automation requires
   more initial effort

- Expensive; 
  polymers, excess reagents



Synthetic Strategies towards 
Combinatorial Libraries 

1. Parallel Synthesis towards Combinatorial Libraries 
2. Tea Bag method 
3. Multipin method 
4. Split-mix (Split-pool) Synthesis towards Combinatorial 

Libraries  
5. Reagent Mixture Synthesis towards Combinatorial 

Libraries 























Tea-Bag Method 

 Polyethylene bag with fine holes, similar to 
real tea bag, are filled with resins and each 
bag is put in the different reaction vessels to 
carry out reaction.  
 
 the bag takes the role of filter and preventing 
resin mixing between reactions, and by 
labeling each bag, the synthesized compound 
structure can be identified.  



Electronic Encoding 



Multipin Method – Parallel ? 

 Synthesize on polyacrylate grafted polyethylene rods 
 

 Utilize conventional solid phase synthesis methods 
 

 Preparation of up to 10,000 spatially separate compounds  
     by this method 

Growing peptide on a pin 
(Individual pins with crowns, 
  1 to 7 mmol loading capacity)  

reagents, reactants in 96-well plate 



Comparison of Combinatorial 
Synthetic Strategies 

Technique Single compound
/mixture

Speed of 
synthesis

SAR 
retrieval

Utility

parallel synthesis single slow fast lead optimization

mixture synthesis
(deconvolution)

split and mix

encoded
split and mix

mixture

mixture
(one compound / bead)

fast

moderate

moderate

slow
(fast)

slow

moderate

lead identification

lead identification
lead optimization

lead identification
lead optimization

mixture
(one compound / bead)

Guiles, J. W. et. al. Angew. Chem. Int. Ed. Eng 1998, 37, 926



Parallel Synthesizer 

Quest 210 Quest 210 



Automated Flash Chromatography System 

FlashMaster 



Solvent Evaporation System 

Genevac 



Chemical Library  
in Drug Discovery 
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