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Background
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Carbohydrate - Energy, Digestion, Nutrition | Britannica

Provide energy

Store energy

Supply carbon

Form structural 
components

Watson, J. D.; Crick, F. H. C. Nature 1953, 171, 737−738.
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The oligomer is not only a building block but also an 
important metabolite and a coenzyme.
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How to do?



Molecular Complexity
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Motomu, K. et al. Chem. Rev. 2023, 123, 6793−6838
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Selectivity!



Classification
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Steric Effects
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Electron Density
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Hydrogen Bond Network
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Anion Effect
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Stannylene Acetal
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Borinate Ester
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Borinate Ester
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Boronate Ester

18

Makino, K. et al. Org. Lett. 2019, 21, 3789−3794.

Toshima, K. et al. J. Org. Chem. 2020, 85, 16254−16262.



Metal Salts Coordinated by Diols
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Oxidation by Metal Catalysts
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Epimerization
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Tang, W. et al. J. Am. Chem. Soc. 2022, 144, 3727−3736.



Enhance Innate Reactivity
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Asymmetric Catalyst
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Carbohydrates have many chiral centers

Achiral reagents are hard to 
distinguish similar steric 
space

Asymmetric catalysts can!



Peptide Catalysts
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Miller, S. J. et al. J. Am. Chem. Soc. 1998, 120, 1629−1630.

Miller, S. J. et al. Tetrahedron 2003, 59, 8869−8875.



Peptide Catalysts
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Chiral 4-Pyrrolidinopyridine Catalysts
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Chiral 4-Pyrrolidinopyridine Catalysts
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Acyl group scope

Application

Kawabata, T. et al. Angew. Chem., Int. Ed. 2015, 54, 6177−6180.



Other Asymmetric Catalyst
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Chiral Thiourea Catalysts

Cinchona Alkaloid-Boron Catalysts Chiral Copper Catalysts

◼ desymmetrization

◼ acylation

◼ desymmetrization

◼ acylation



Reversible Covalent Bond-Forming Catalysts
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Tan, K. L. et al. J. Am. Chem. Soc. 2008, 130, 9210−9211.
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Reversible Covalent Bond-Forming Catalysts
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Hybrid Catalysis
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Niu, D. et al. Chem. 2017, 3, 834−845.



Regiodivergent O-allylation
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Hybrid Catalysis
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Soft-Metal Hard-Anion Cooperative Catalysts
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Kanai, M. J. Synth. Org. Chem. Jpn. 2021, 79,391−405.



Radical Catalysis Approaches
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Classic System
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MacMillan, D. W. et al. Science 2015, 349, 1532−1536.

Cooperate with P, B, Sn… 



Redox Isomerization
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Redox Isomerization
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Site-Selective Epimerization
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2020, Wendlandt



Site-Selective Epimerization
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Wendlandt, A. E. et al. Nature 2020, 578, 403−408.



Site-Selective Epimerization
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Epimerization with Thermodynamic Control
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Example

Wendlandt, A. E. et al. J. Am. Chem. Soc. 2022, 144, 599−605.



Epimerization with Thermodynamic Control
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