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Structural Definitions



The Claisen Reaction: Polyketides are derived from 
Two carbon and three carbon building blocks



Thioesters utilized for Claisen Condensations

Sulfur is a better leaving group than oxygen, making these condensations
more energetically favorable. Also: pKa (thioester)=21; pKa (ester)=25



Rapid Acyl group exchange takes place between thiols:

Acyl group exchange among thiols is faster than aqueous hydrolysis



Fatty acids have varying levels of unsaturation:



Type I polyketide synthase

TE: thioesterase; ACP: acyl carrier protein; KR: ketoreductase; 
ER: enoyl reductase; DH: dehydratase; KS: ketosynthase;

MAT: malonyl CoA/acetyl-CoA transacylase



The polyketide chain is bound to the acyl carrier protein









Lipid bilayer: disorder



Lipids found in living organisms: fatty acids, glycerolipids,
glycerophospholipds, sphingolipids, saccharolipids, sterols,
prenols, and polyketides





Arichidonic acids are converted to signaling molecules

Eicosanoid signaling molecules: thromboxanes, prostacyclins, 
Prostaglandins, leukotrienes



Thromboxane A2

Allergic response



Rapid inflammatory response: PGE2



The Leukotrienes



Sphingolipid biosynthesis Mycotoxin inhibitors are immunosupressants







Polyketide Natural Products: microorganisms leave out conjugate
reduction, elimination, and carbonyl reduction steps



Synthesis of aromatic polyketides:





Polypropionates: 



Clinically useful natural products
From Streptomyces

Actinorhodin Steptomyces coelicolor



Polyketide assembly line:





Additional methyl groups are added to the polyketide backbone
By methyl transfer from S-adenosyl methionine.



Terpenes:
Oligomers of isoprene



Isopentenyl pyrophosphate
Acetyl CoA
acetyltransferase



HMG-CoA reductase:

Mevalonate Diphosphate decarboxylase:



HMG-CoA reductase inhibitors: inhibit the biosynthesis of terpenes



DMAPP synthesis:



Mechanism for terpene biosynthesis

Cationic additions lead to linear chains

A monoterpene: 10C



A sesquiterpene: 15C



monterpene

sesquiterpene

diterpene



Prenylation of proteins confers membrane affinity

Membrane anchor added:



Geranylgeranyl transferase



Tail to tail coupling of terpenyl diphosphates generates higher terpenes



Generation of carbenes through anions or cations

Pathway B is favored in squalene synthase!



Cation scrambling of cyclopropyl carbocations





Biosynthesis of steroids: polyene cyclization reactions



A laboratory synthesis of progesterone



Cholesterol is the precursor of several important hormonal 
signaling molecules



Humans lack enzymes for the de novo synthesis of retinoids

Important signaling molecules



Key retinoids available from plants



Pigment present in salmon, schrimp, krill: astaxanthin



Terpene natural products from microorganisms

10C

15C

20C



Terpene synthases:
Active site possesses a 
Hydrophobic deep cave
Which excludes water:
Important for reactions
Involving carbocation 
Intermediates!



Biosynthesis of Linalool

Common starting material: Geranyl diphosphate



Linalyl diphosphate is the precursor of cyclic terpenes:



Epi-cedrol cyclase:

Products formed:



Aristolochene Synthase



Pentalenene Synthase



Non-traditional 1,3-hydride shifts:

Longifolene synthase:



Plants can also make complex triterpenes from squalene


