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Caffeine (Coffea)

Morphine (Papaver somniferum)

Coniine (Conium maculatum)

Mescaline (Lophophora williamsii)

Reserpine (Conium maculatum)

Strychnine (Strychnos nux-vomica)
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Ornithine

Lysine

Cocaine (Erythroxylum coca)

Hyoscyamine (Solanaceae)
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Schiff’s base

Ornithine

Decarboxylation

1- [CH3]

2- Cycl.

2 Acetyl CoA
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Pyrrolizidine
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Here, the nitrogen atom doesn’t come from an amino acid, 

but directly from ammonia
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Piperideine

Quinolizidine

8



Lysine

Emetine (Carapichea ipecacuanha)

Papaverine
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Morphine (Papaver somniferum)



10

-CO2

hydroxylation

Pictet-Spenger

condensation

dopamine

Phenol coupling
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dopamine

Pictet-

Spengler 

condensation
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Acetylation of 

the C7-OH

Spontaneous

rearrangement
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Tryptophan

Indole

Apocynaceae Loganiaceae Rubiaceae

Quinoline

Isoquinoline

Serotonin (neurotransmitter)



Biosynthesis of  some 

simple tryptophan 

alkaloids:



Where does the 

aliphatic part of more 

complex indole 

alkaloids come from?

Monoterpene hypothesis:

Mevalonate (in the form of geranyl 

phosphate) is incorporated to give a variety 

of  indole alkaloids 

Proved by incorporating 13C labelled 

geranyl phosphate  

Catharanthus 

roseus



Catharanthus 

roseus

Strictosidine is a 

«universal intermediate» 

in the biosynthesis of  

indole alkaloids

antihypertensive drug



Also made 

from 

tyrosine

(Toxic)

Condensation between 

carboxyl group and acetate

Retroaldol 

condensation

Reduction and 

cyclization

Oxidation gives double 

bond

Reduction of  aldehyde to 

alcohol



Vinblastine (Velban) 

is a well known 

chemotherapy drug



Tryptophan

Indole

Geranyl phosphate



Anthranilic acid

Quinoline Acridine Quinazoline

Often found in the Rutaceae

(rue) family



Anthranilic acid

Quinoline Acridine



Redox process (oxidation, amination, reduction)

Substitution

Addition





Solanaceae (nightshades)

Liliaceae (lily family)

Buxaceae (box family)

Found in nightshades

Very toxic

Used in pesticides, asthma 

treatment and for common 

cold

«Symptoms include nausea, diarrhoea, vomiting, stomach cramps, burning 

of  the throat, headaches and dizziness. Other adverse reactions, in more 

severe cases, include hallucinations, loss of  sensation, paralysis, fever, 

jaundice, dilated pupils and hypothermia. Solanine overdose can be fatal.»

Sarker & Nahar, Chemistry for Pharmacy Students, Wiley 2007

Found in the skin of  the fire 

salamander (Salamandra 

salamandra)

Extremely toxic, causes strong 

muscle convulsion (shaking) 

and hyperventilation in 

vertebrates



Sarker & Nahar, Chemistry for Pharmacy Students, Wiley 2007



Sarker & Nahar, Chemistry for Pharmacy Students, Wiley 2007





Saxitoxin

Fatally poisonous toxin produced 

by some algaes, and occasionally 

accumulated in clams and shellfishes

Caffeine



Pyrimidine Purine

Pteridine

Pyrrole
Porphin

Cobalamin (vitamin B12)



Clitocybe nebularis





They are not formed from

ribodisation of  a preformed purine 

derivative

Activation by 

phosphorylation

Activation with

ATP

Formylation

from water and 

formamidinyltet

rahydrofolate

Amidination

Cyclization Introduction of  a N 

atom from aspartic

acid

Cyclization

Introduction of  

an aldehyde

group

Key intermediate

for other purine 

nucleotides

Amination

oxydation

Amination



Nucleic acid

breakdown and 

methylation



Aspartic acid

Carbamoyl

phosphate

Ribodisation by 5-

phosphoribosyl-1-

pyrophosphate





Porphobilinogen (PBG) x 2

Tetramerization of PBG

Active 

Uroporphyrogen

(cosynthetaze

necessary)



Cobalamin (vitamin B12)

The structure was elucidated in 1946 using X-ray 

crystallography.




