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Natural Products 1

Organic compounds produced by a living organism

Isolation

Synthesis



Natural Products - Functions 2

Primary Metabolites Secondary Metabolites
Have an intrinsic function that is essential to the survival
of the organism

Have an extrinsic function that mainly affects other
organisms - Not essential to survival but do increase the
competitiveness of the organism within its environment

Pheromones

Toxins

Allelochemicals

Foxgloves

Sinigrin

Garlic mustard



Natural Products - Sources 3

Plants

Bacteria Fungi

Streptomycin
Penicillin

Antibiotic
Antibiotic

Artemisinin

Antimalarial

Animals

Trabectedin

Anticancer



Biosynthesis of Natural Products 4

CO2

H2O

NH4
+

PO4
3-

enzymes

Primary Metabolites

Secondary Metabolites

enzymes

enzymes

DNA



Plant Secondary Metabolites 5

1. Terpenoids

enzymes
1

2
3

4

5

enzymes

IPP

Number of 
isoprene units Name Carbon 

atoms

1 Hemiterpene C5

2 Monoterpene C10

3 Sesquiterpenes C15

4 Diterpene C20

5 Sesterterpene C25

6 Triterpene C30

7 Sesquarterterpene C35

8 Tetraterpene C40

More than 8 Polyterpene

Limonene

Betacarotene

C10

C40

• isoprene unit(s)





Plant Secondary Metabolites 7

2. Phenolic

Phenols Phenolic acids Coumarins

XanthonesFlavonoids

Lignans

Sesamin

Stilbenes

Resveratol

• Contain phenol ring(s)



Plant Secondary Metabolites 8

3. Alkaloids

Colchicine

Treat gout and 

Behçet's disease

Paclitaxel (Taxol)

Chemotherapy 

medication
Morphine

Pain medication

Nicotine

Stimulant and 

anxiolytic.

Caffeine

Central nervous system 

(CNS) stimulant

• Contain nitrogen atom(s)



Natural Sources to Crude Extracts

Natural Sources Crude Extracts

Solvent
Extraction

Solvent 1

Solvent 2

Season

Age

Growing
Conditions

Biological Testing

Products

Time / Temperature
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Crude Extracts

HPLC-MS

GC-MS

Chemical composition

Analysis Isolation

Characterization

=

=

=

=

Crude Extracts to Natural Products

NMR, HR-MS
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Biological Testing

Hits

=

=

=

=

Natural Products to Drugs 11



Success Examples 12

pain relief

lower cholesterol

treat hypertension and 
congestive heart failure



Pharmaceutical Drug Development Process 13

In vitro
In vivo

Overall cost
 1 billion USD

Chemist

Biologist

Biochemist

Pharmacologist

Physician



Drug Discovery and Development Pipeline 14



Target Identification and Validation

• Cell-based
(phenotypic screening)

• Target-based
(mostly enzymes)

Identifying biological molecular structures and conducting 
validation experiments to show therapeutic effect

• TARGET IDENTIFICATION

• TARGET VALIDATION

• ASSAY  VALIDATION
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Hit Identification

• High throughput screening

• Fragment-based screening

• Virtual Screening

• Hit Confirmation • Cell-based
(phenotypic screening)

• Target-based
(mostly enzymes)

50 µM 50 µM 50 µM 50 µM
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Compounds (50 µM)
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100

0
A B C D

#1 Screening at fixed conc #2 Dose-response
0.1 µM 1 µM 10 µM 100 µM

EC50
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IC50

IC50 (µM)

10

20

0
A B C D
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Activity against 
cancer cell

Activity against 
human normal cell



PI3K
Cell apoptosis, proliferation, cell motility, and adhesion

PI3K inhibition (IC50 = 3.8 µM)

• Structural Biology – X-Ray structure of co-crystalized complex

Hit

Quercetin

Anti-cancer effect

(IC50 = 12 µM)

Drug Design

• Molecular Modeling – Computational Chemistry

Hit to Lead & Lead Optimization 18



Organic Synthesis

Total Synthetic Approach

Semi-synthetic Approach

Hit to Lead & Lead Optimization 19

Drug Design



Synthesis of Drug Analogs

Semi-Synthesis Approach Total-Synthesis Approach

+

+

✓ Complex structure (stereochemistry)

 Limited amount of starting material

 Limited type/position of substituents 

Late-stage 
functionalisation

Building block approach

+

Late-stage 
functionalisation

✓ Diverse substitution pattern

✓ Suitable for scale-up

 Difficult for complex structure

Natural sources
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Drug Design and Synthesis – Real Example 21

Sorafenib
CDK8



Drug Design and Synthesis – Real Example 22



Drug Design and Synthesis – Real Example 23



Drug Design and Synthesis – Real Example 24



Drug Analogs
Enzyme-based
assay

Cell-based assay

In vivo screening

Drug
Efficacy

Structure-Activity Relationship

Mechanism of Action

25Hit to Lead & Lead Optimization



26Evaluation of Biological Activity – Real Example

Enzyme-based
assay



27Evaluation of Biological Activity – Real Example

Enzyme-based
assay

Cell-based assay



28Evaluation of Biological Activity – Real Example



Hit to Lead & Lead Optimization 29

• Physicochemical Properties & Solubility 

• Pharmacokinetics - Adsorption, Distribution, Metabolism and Excretion (ADME) properties

• Toxicity potential 



Pharmacokinetics – ADMET properties 30



Lipophilicity and Solubility 31



Research in the Field of Drug Discovery

Drug Design

Organic
Synthesis

Drug
analogues

Biological ActivityStructure-Activity Relationship

Natural Sources

Synthetic Chemicals

Hits

Library
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