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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 

– Combinatorial synthesis (beads, microarrays) 

– DNA-encoded chemistry 

– Parallel synthesis (automated) 
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calicheamicin 1 

Marker degradation 
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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 

– Toxicity/safety 

– Scale, equipment 

– Purity of starting material and reagents  

> Conditions 

– Solubility, stirring 

– Temperature control (dry ice, reflux, mw) 

– Molar ratios 

– Exclusion of water, air, light 

> Product isolation 

– Reaction analytics, timing 

– Quenching 

– Purification, yield 

– 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 

– Scifinder 

– Reaxys 

– Chematica 

> Annotate reaction with conditions and experimental outcome to 

accelerate optimization 

– eNovalys 

> Combine known substrates and known reactions to enumerate 

possible products 

– Pfizer 

– Enamine 

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

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

molecules 

– Chemical space travel 
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Chematica 
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Review of previous VL 
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Product Enumeration 
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Calculated Library Size 
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Heterocycles 
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Hit Optimization 
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Chemical Space Travel 

Mutation 

Selection 

Start 

molecule A 

Target 

molecule B 

size 

GDB 

rigidity/ 

polarity 

R. Van Deursen, J.-L. Reymond ChemMedChem 2007, 2, 636-640 

elementary changes in chemical structure 

Similarity to Target B: 

TSF x TPhfp 
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Mutations 
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500 runs, 559,658 cpds 

8% from 6.9 million generated 

410 cpds (0.1%) also in ZINC 
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Recommended Reading 

> «Organic Synthesis: The Disconnection Approach, 2nd Edition»  

Stuart Warren, Paul Wyatt 

 

> «Pfizer Global Virtual Library (PGVL): A Chemistry Design Tool 

Powered by Experimentally Validated Parallel Synthesis 

Information», Q. Hu et al., ACS Comb. Sci., 2012, 14, 579–589 

 

> «Computer-Assisted Synthetic Planning: The End of the 

Beginning», S. Szymkuć et al., Angew. Chem. Int. Ed. 2016, 55, 

5904-5937 

 

> «Chemical Space Travel», R. van Deursen et al. 

ChemMedChem 2007, 2, 636-640. 
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