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E. coli mutant strains pathway intermediate



Shikimic Acid Pathway

• Important for aromatic compounds
• Precursor of aromatic amino acids (Phe, Tyr, Try) 

biosynthesis in bacteria, fungi & higher plants. 
ANIMALS! HUMAN!

• Building block for other compounds: certain 
alkaloids, coumarins, phenyl propanes, vol. oils,..

• Starting point for tannins in all plants
• Provide protection of plants against micro-

organisms





Scheme of the conversion of shikimic acid to cinnamic acid

Shikimic acid → Chorismic acid → Prephenic acid → p-OH-phenylpyruvate
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Tyrosine→alkaloids
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Phenylpropanoids (Cinnamates):

• Definition: Phenylpropanoids represent a large group of 
natural products containing a phenyl ring attached to a 
three-carbon propane side chain(C6-C3) in their structure.

• Biosynthesis: Derived from the aromatic amino acids 
phenylalanine and tyrosine or the intermediates of the 
shikimic acid biosynthetic pathway. The basic simplest 
nucleus of phenyl propanoids is Cinnamic acid.

• Categories: Simple Phenylpropanoids (phenylpropenes, 
phenylpropyl alcohols, phenylpropionaldehydes, 
phenylpropionic acids)
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Possibilities of derivatives of cinnamic acid
1 Substitution in aromatic ring

2 State of the oxidation of the side chain
• -CH=CH-COOH→ Propenic acid, cinnamic acids

• -CH=CH-CH2OH→ Propenol, coniferylalcohols

• -CH2-CH=CH2→ Allyl, e.g. Eugenol (in Clove Oil)

• -CH=CH-CH3→ Propenyl, e.g. Anethole (in Anise Oil)

• -CH2-CH2-CH3→ n-propyl

3- Shortening of the side chain
Formation of phenol carboxylic acids and simple phenols
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Simple phenylpropanoids
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Cinnamic acids (Phenylpropionic acids)
Cinnamic acid p-coumaric acid

Caffeic acid Ferulic acid

Sinapic acid
5-OH-ferulic acid

Tri-OH-cinnamic acid



Chlorogenic acid

Cynarin

Caffeic acid containing phenolics



Cynara scolymus
(artichokeخرشوف)
Part used: Leaves

Both plants are source of Chlorogenic acid and Cynarin best known for
their choleretic and lipid lowering effects (decrease cholesterol and
triglycerides) and helpful in weight reduction regimens.

Coffea arabica (Coffee plant)
Part used: Beans

Caffeic acid containing phenolics



Formation of Phenylpropane 
Derivatives with Shorter Side Chain:
Shortening of side chain by β-oxidation and subsequent
decarboxylation (simple phenols) which might be linked
to oxidation→hydroquinone→ quinone
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Simple phenolics from SAP 
C6 Phenols (hydroquinones)

• Seldom occur naturally, but from benzoic acid 
decarboxylation (oxidative or not)

• Examples include Arbutin (in bearberry leaves): 
bioformed from 4-hydroxy benzoic acid:
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Simple phenolics from SAP 
Bearberry ) بنعبدلا (

• SN: Arctostaphylos uva-ursi L.
• Part used: Leaves
• Chemical composition: 6-10% phenolic glycosides: mainly 

arbutin and methyl-arbutin
• Pharmacology and uses:

- Under alkaline urine, arbutin forms hydrquinone which is 
antiseptic.

- Bearberry leaf extract is antiseptic and diuretic: traditionally 
used for Rx of benign UTIs and to enhance renal secretion.

- Hydroquinone (and its methyl derivative: mequinol) is a 
topical skin bleaching agent (inhibits melanin synthesis): used
for topical treatments of burn scars, chloasma, and freckles.



Arctostaphylos uva-ursi 
Bearberry



Benzoic acids (C6-C1) related to 
cinnamic acids

Cinnamic acid………………...Benzoic acid
p-coumaric acid……………….p-OH-benzoic acid 
Caffeic acid………………........Protocatechuic acid 
Ferulic acid………………………Vanillic acid
Sinapic acid……………………. Syringic acid 
Tri-OH-cinnamic acid……….Gallic acid





Vanilla planifolia (Orchidaceae)
• Vanillin produced from eugenol (in plants) or lignin is a degradation by-product of 

paper from wood (large scale preparation of vanillin)
• Fermentation under blankets in the sun

Eugenol Coniferylalcohol (lignin monomer)

Vanilloside (odourless ) is liberated during fermentation & oxidized to vanillin

• Fine aroma and taste is due to other compounds better than pure vanillin

OCH3

OH

Vanillin

H O H O

OCH3

fermentation

O-Glucose

Vanilloside

Vanillin glucoside

OCH3

CH2OH CH2OH

OH
Vanillyl alchohol

H O

OCH3
OH
Vanillin

fermentation fermentation

OCH3
O-Glucose

Vanilloloside
Vanillic alcohol glucoside



Vanilla planifolia



Vanilla pods (Vanilla planifolia)





Salicylates



•Salix alba (Willow)



Coumarins

Name derived from Coumarouna (local Guyana 
name) for the seeds of Dipteryx odorata (Fabaceae), 
common named for Tonka bean
Seeds as spirits spice (not used now, hepatotoxic & 
carcinogenic)
Characteristic newmown hay smell
Commonly used as sun UV protector
Absorb short wave UV 230-315 nm & transmit long-
wave UV 315 - 400 nm resulting in brown sun tan
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Dipteryx odorata (Tonka beans)



Characters of Coumarins

• Symptomatic Rx of cutaneous capillary fragility

O O

R1 6

R2 7

• Free coumarins are organic solvents-soluble
• Derivatives of α-chromone, differ in benzene ring substitutions 

(OH, OCH3, CH3)
• Common in Apiaceae, Asteraceae, Fabaceae, Lamiaceae, Poaceae,

Moraceae, Rutaceaea & Solanaceae

• Characteristic UV (blue, yellow & purple) enhanced by ammonia
• Umbelliferone R1=H, R2=OH
• Aesculetin R1=R2= OH
• Scopoletin R1=OCH2, R2= OH
• Aesculus hippocastanum (horse-chestnut) (Hippocastanaceae) 

leaves & bark rich in aesculin (6β-D-glucosyloxyl-7-OH-
coumarin, or 6β-D-glucosyl-Aesculetin); used in sun tan 
preparations (both glycoside & aglycone)

aesculin



• Leaves & bark of Horse chest nuts
ءانتسكناصحلا









Lignin
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Lignin & Lignans
• Lignin is plant polymer acting as strengthening 

material for plant cell wall & matrix for cellulose 
micro-fibrils

• Represent a large no. of aromatic material based on 
C6C3 building unit

• Lignins formed by oxidative coupling of 
hyroxycinnamyl alcohol monomers by peroxidase 
enzymes [p-coumaryl-, coniferyl- and sinapyl-alcohol]

• Lignans are dimeric phenylpropanes (C-18) coupled 
at the central carbon of the side chain [via their ß-
carbon of the side chain]



Formation of the lignans
Dimers of cinnamic acid linked via their ß-carbons and further 
modifications; i.e. Podophyllotoxin

•

↓
↓
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Podophyllotoxin & Peltatins
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• Lignans formed by oxidative coupling of 2 cinnamic 
acid residues (dimeric phenylpropane derivatives) 
known as LIGNANS

R3 H R2
O

O
R1=CH3 R2= OHPodophyllotoxin 

Alpha-Pelatin 
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Podophyllotoxin: 2 C6C3 [Coniferylalcohol] 
via several intermediates

• Dried root & rhizhome of Podophyllum peltatum [May apple, 
mandrake] (Berberidaceae) USA & Canada

• Structure elucidated in 1930’s; planar structure with 4 chiral 
centers

• C2H5OH extract = Podophyllin (20% podophyllotoxin, 10% β-
peltatin, 5% α-peltatin)

• Traditionally as cathartic, purgative, antiviral, warts remedy
• Trans lactone ring is essential for anti-tumor action; aromatization

of ring C↓activity. Too toxic to be used clinically!
• [OH-] converts into inactive isomer (e.g.epi-podophyllatoxin)
• Classified as microtubule inhibitor [inhibits polymerization of 

tubulin and stop cell division at the beginning of metaphase]
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Root & Rhizhome of
Podophyllum peltatumحوربیلا
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Podophyllotoxin Derivatives
Mitotic Spindle Poisons

• epi-podophyllotoxin glycoside is 
used to prepare 2 clinically useful
compounds for malignant diseases

• Mechanism of action: inhibit 
polymerization of tubulin and stop 
cell division at the beginning of 
metaphase

• Tiniposide: Rx bladder cancer
• Etoposide: Rx small cell lung 

cancer, leukemia & Hodgkin’s 
disease
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Etoposide and teniposide
• As semisynthetic anticancer agents developed from 4’-

demethylepipodophyllotoxin
• They act as Topo II inhibitors (prevention of DNA synthesis 

and replication)
• Etoposide : small cell lung cancer, breast cancer, leukemia & 

Hodgkin’s disease,… Teniposide : brain and bladder cancer,…
• Glycosides < active than genins < side effects





Tannins & Gallic acid
• Gallic acid is the building block of many tannins

Properties of Tannins:
• H2O solubility !! (colloidal aq. Solution in A` PH)
• Binds proteins to form indigestible complex (leather tanning)
• Amorphous
• Astringent taste (unripe fruits, in all organs or organ-specific)
• Fe+2 salts binding producing dark blue or greenish black sol. Complexes (ink)
• Ppt with metals e.g. Cu, Pb (acetate salts to separate tannins from extracts); 

ppt gelatin and alkaloids;
• Large MW (1000-5000)
• Pseudotannins (MW~500)
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Hydrolysable tannins

• Possibilities of condensation of the gallic acid
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Classification of Tannins

A) Ellagitannins

B) Gallotannins

Condensed
• H+ or Enzymes Rx 

produce complex 
insoluble compounds

• Complex polymers
• Biosynthesis from 

acetate & shikimate
pathway

catechins which are a 
type flavonoids

O

Hydrolysable
H+ or enzymes Rx produce 
simple molecules

Simple, hydrolysable, Galloyl 
esters of sugars, phenolic 
moiety is shikimate-derived
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Pedunculagin 
(Ellagitannin)

1,2,6-Trigalloylglucose (Gallotannin)



Medicinal Value of Tannins

Limited Application:
Based on ability to bind proteins to form indigestible 

complex
1. Diarrhea
2. Bleeding gums
3. Skin injuries preparations

Plant Material H2O/Alc
Ether

Tannins (sugar + gallates) + Free Gallic A`



Hamamelis (witch-hazel)
• Dried leaves of Hamamelis virginiana L.

(Hamamelidaceae)
• Sources: North America & Canada
• Rich in gallotannins
Uses:
1. Infusions & extracts in hemorrhoids (topical 

pharmaceuticals)
2. Topically skin inflammation
3. Face lotions as astringent
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Hamamelitannin
2-C-(hydroxymethyl)-D-ribofuranose 2’,5-digallate

Hamamelis virginiana (Witch Hazel) Tannins



Hamamelis virginiana
(witch-hazel)



• Vegetable growths as a result of insect infections of the leaves & 
twigs of Quercus infetoria (Fagaceae), Oak (طولبلا)

• Contains 70-80% tannins (Sources: Turkey, Syria, Greece & Iran)

Uses:
1. Rx of catarrh & infection
2. Stop bleeding locally
3. Alkaloid poisoning remedy (insoluble comlex)
4. Ink preparation
5. Textiles dyeing esp. leather
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• Caused by insects

Galls (Nutgalls) of Quercus infectoria
(Oak)



Nutgalls


