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 المحاضرة الاولي



Introduction 

• Natural products are chemical compounds or substance 
produced by a living organism that is found in nature.  

• In the broadest sense, natural products include any 
substance produced by life. 

• Natural Products is define as organic compounds and other 
chemicals synthesised by plants through metabolic 
processes aided by sunlight, involving CO2, H2O vapour and 
chlorophyll.  

• Generally, natural products are characterised by specific 
functions they perform in plants and animals.  

• Categories of natural Products are called metabolites. 



Primary metabolites 
 
A- Primary metabolites are usually found in all living organisms such as 
plants and animals. They form the nucles of living material e.g. 
mevalonic acids and nucleotides. 
• Acetyl-coenzyme A (AScOA), Nucleotides and Mevalonic acids (MVA) 

constitutes primary metabolites from which secondary metabolites 
are derivable. A complex web of enzymecatalyzed reactions may 
involve the use of inorganic compounds such as H2O, CO2, solar 
energy through the process known as Photosynthesis. The reaction 
scheme is shown below. 

 
 
 
 
 



Secondary metabolites 
 
 

B- Secondary metabolites are chemicals synthesized by 
plants but are not directly used by them, but are used 
indirectly by man as a source of pharmaceutical 
preparations. Secondary metabolites are generally built 
from primary metabolites. Examples are steroids, 
terpenoids, alkaloids, and others. 
• Some secondary metabolites are synthesised via biosynthesis and      

or biogenesis.  
• Higher plants synthesised chemical compounds in vivo and degrade 

them by means of series of chemical reactions, each aided by 
enzymes, by a process known as metabolism 



 
 

What is difference between biosynthesis 
and biogenesis? 

 

• is that biogenesis is the principle that living organisms are produced 
only from other living organisms while biosynthesis is (biochemistry) 
the synthesis of organic compounds within a living organism, 
especially the synthesis of large compounds from small ones. 

What biosynthesis means? 
the production of a chemical compound by a living 
organism. 

What biogenesis means? 
Biogenesis refers to all living things that come from other living things.  

https://www.nbccomedyplayground.com/what-is-difference-between-biosynthesis-and-biogenesis/
https://www.nbccomedyplayground.com/what-is-difference-between-biosynthesis-and-biogenesis/
https://www.nbccomedyplayground.com/what-is-difference-between-biosynthesis-and-biogenesis/
https://www.nbccomedyplayground.com/what-is-difference-between-biosynthesis-and-biogenesis/
https://www.nbccomedyplayground.com/what-is-difference-between-biosynthesis-and-biogenesis/




Classification of natural products 



 المحاضرة الثانية



(I) Terpenoids 



 Terpenoids are naturally occurring organic compounds, mostly found in plants. 
 Terpenoids are structurally related as they are all composed of isoprene units 

repeated twice or more. 
 They can be either hydrocarbons or oxygenated compounds. 

Terpenoids 

Isoprene Rule:  All naturally occurring terpenoids consist of 

isoprene units (C5H8)n connected together in a head-to-tail 

arrangement. 
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Exceptions of the Special Isoprene Rule 
irregular monoterpenes  
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santolina alcohol 10 artemisia ketone 11 lavandulol 12



Classification of Terpenoids: 

Terpenoids are classified according to the number of isoprene 

units (C5H8)n into: 

1- Hemiterpenes (n = 1), Ester and ether groups, C5H8 

2- Monoterpenoids (n=2), Volatile oils, C10H16 

3- Sesquiterpenoids (n=3), Volatile oils, C15H24 

4- Diterpenoids (n=4), Gums and resins C20H32 

5- Sesterterpenoids (n=5), Gums and resins, C25H40 

6- Triterpenoids (n=6), Gums and resins, C30H48 

7- Tetraterpenoids (n=8): C40H64  (Carotenoids) 

8- Polyterpenoids (n is a large number) (Rubber) 



Isolation of Mono- and Sesequiterpenes (essential oils ) 

There are four methods of extraction of the terpenoids 

(i) Chromatography  

(ii) Steam distillation 

(iii) Extraction by means of volatile organic solvents 

(iv) Adsorption on fats. 

Method (ii) is the one most widely used. More recently, chromatography (in its various 
forms) has been used both for isolation and separation of terpenoids.  



Separation of mixtures

Fractional distillation

TLC

CC

thin layer chromatography

column chromatography

high pressure liquid chromatography

HPLC

Other methods

Methods for



General Methods for Structure Determination of 

Terpenoids  

Methods for Structure Determination

Analytical methods

Chemical methods

Physicochemical &
Spectral methods

O3
C O

H3C
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terpene acetone

• Analytical methods  

• Determination of % of C,H and O by molecular formula 

• Degrees of unsaturation  

• Estimation of groups  

• · Active hydrogen 

• Terpene + LiAlH4  H2 ----- estimated  



• Chemical methods  

• Functional groups  

• Unsaturation  

• ·        by bromination (Br2) 

• ·        by nitrosyl chloride NOCl 
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• Physical and spectral methods  

• a)            Molecular refraction  

• (b)           Optical rotation  

• c)           IR absorption 

• d)           NMR (1H-NMR & 13C-NMR) 

• e)           X-Ray  

• F)            UV (ultraviolet absorption) 



11- Hydrogenation of the substance to the parent 
hydrocarbon leads to the cyclic nature of the terpene 
(acyclic, monocyclic, bicyclic, .... etc). 

• ·        Hydrocarbon            CnH2n+2    --------------     Acyclic 

•                                        CnH2n --------------    Monocyclic 

•                                        CnH2n-2 -------------    Bicyclic 

•                                        CnH2n-4   --------------   Tricyclic 

•                                        CnH2n-6  --------------  Tetracyclic 
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saturated hydrocarbones



 المحاضرة الثالثة







IUPAC name:  7-methyl-3-methylene-octa-1,6-

diene  



The process of ozonolysis can be represented as shown:  

CHO

CHO

CO2H

CO2H

O

OO3
2CH2O + +

CrO3 + CO2

Ketodialdehyde

This structure for myrcene is supported by the fact that on 

hydration (under the influence of sulphuric acid), myrcene 

form an alcohol which, on oxidation gives citral:  

H2O

H2SO4
CH2OH CHO

(O)

Citral



Diel’s-Alder reaction of Myrcene 

• Furthermore, since myrcene forms an adduct with maleic 
anhydride, two of the double bonds are conjugated.  
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