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Molecules 

> Drugs (taxol) 

> Natural products (nicotine) 

> Fragrances (decanal, rose oxide, vanillin)  

> Dyes (phenolphthalein) 

> Probes (mafp) 

> Peptides (aspartam) 

> Antibody-drug conjugates 

> DNA/RNA (DNA cage) 

> Polymers (polypropylene) 

> Others (catenane) 
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How to make molecules? 

> Chemical synthesis (multistep) 

> Fermentation (synthetic biology) 

> Partial syntheses  

 

 

 

 

> Solid-phase synthesis (peptides, DNA/RNA) 

 

> Library synthesis 

ï Combinatorial synthesis (beads, microarrays) 

ï DNA-encoded chemistry 

ï Parallel synthesis (automated) 
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Oseltamivir 
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Shikimate Pathway 
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shikimate 

shikimate-3-phosphate EPSP chorismate prephenate 
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Bond Dissociation Energies 
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Aromaticity 
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Ring Strain and Conformation 
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Reactive Biomolecules 

> Acid/Base 

> Electrophile/nucleophile (Thiamin) 

> Acyl/CO2 transfer (AcCoA, biotin) 

> Imine/enamine (pyridoxal, retinal) 

> Redox active (ascorbate, THBP) 

> Photochemistry (retinal) 

> Radicals (ergothioneine, artemisinin) 
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Organic Functional Groups 
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Heterocycles 
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Reagents and Catalysts 

> Acids (SbF5) 

> Bases (n-BuLi) 

> Condensing agents (P2O5, DIC) 

> Nucleophiles (HOBt) 

> Reducing agents (NaBH4) 

> Oxidizing agents (IBX) 

> Radical sources (NBS, AIBN) 

> Enzymes (L-Pro) 

> Transition metals (Pd(PPh3)4) 
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A Reaction in the Lab 

> Materials 

ï Toxicity/safety 

ï Scale, equipment 

ï Purity of starting material and reagents  

> Conditions 

ï Solubility, stirring 

ï Temperature control (dry ice, reflux, mw) 

ï Molar ratios 

ï Exclusion of water, air, light 

> Product isolation 

ï Reaction analytics, timing 

ï Quenching 

ï Purification, yield 

ï Structure determination 
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The Disconnection Approach 
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Protecting Groups 
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Key Steps 
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What to do with reaction information? 

> Link substrates and products into networks to facilitate synthesis 

planning 

ï Scifinder 

ï Reaxys 

ï Chematica 

> Annotate reaction with conditions and experimental outcome to 

accelerate optimization 

ï eNovalys 

> Combine known substrates and known reactions to enumerate 

possible products 

ï Pfizer 

ï Enamine 

ï Academic groups (P. Johnsson, G. Schneider, P. Kolb) 

> Use theoretical transformations («mutations») to generate new 

molecules 

ï Chemical space travel 
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Chematica 
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