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Catalog

◼ Background

◼ Reactions

◼ Glycosyl Nucleophiles as Donors

◼ Glycosyl Electrophiles as Donors

◼ Glycosyl Radical Precursors as Donors

◼ Conclusion and Perspective
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Glycosides

Diverse physiological functionsGlycoside:
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◼ 240 isomers?

Why Stereoselective

Tiehai Li, et al. J. Am. Chem. Soc. 2025, 147, 8422−8432.
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◼ Synthetic difficulty: 1,2-cis > 1,2-trans

Major Types of O-glycosides

Alexei V. Demchenko, et al. Chem. Sci. 2015, 6, 2687–2704.
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◼ Differ in strategies to selectivity and application

Outline of Chemical Glycosylation
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Glycosyl Electrophiles as Donors

Jeroen D. C. Codee, et al. ACS Cent. Sci. 2019, 5, 781−788.
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Participating Protecting Group at C-2

Geert-Jan Boons, et al. Angew. Chem. Int. Ed. 2005, 44, 947-949.
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Participating Protecting Group at C-2

Geert-Jan Boons, et al. Angew. Chem. Int. Ed. 2005, 44, 947-949.
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Directing Group at C-2

Dawen Niu, et al. Nat. Chem. 2022, 14, 686-694.
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Directing Group at C-2

Dawen Niu, et al. Nat. Chem. 2022, 14, 686-694.



12

Participating Protecting Group at Remote Sites

Kwan Soo Kim, et al. J. Am. Chem. Soc. 2009, 131, 17705–17713.

entry EWG α:β Yield/%

1 Bzp-NO2 5.2:1 83

2 Bz 6.8:1 83

3 Ac α only 84

entry EWG α:β Yield/%

1 Bzp-NO2 1.7:1 83

2 Bz 9.8:1 83

3 Ac 25.9:1 84
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Participating Protecting Group at Remote Sites

Kwan Soo Kim, et al. J. Am. Chem. Soc. 2009, 131, 17705–17713.

entry EWG α:β Yield/%

1 Bzp-NO2 1:7.2 83

2 Bz 1:7.1 83

3 Ac 1:4 84

4 Bn 1:2.7 91
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Empirical Understanding of the Glycosylation Reaction

Peter H. Seeberger, et al. J. Am. Chem. Soc. 2018, 140, 11492–11953.
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Glycosyl Acceptor and Reaction Conditions

A. V. Demchenko, et al. Carbohydr.Res., 2010, 345, 2146–2150.

B. K. Mong, et al. Chem.–Eur. J. 2011, 17, 12193–12202.
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Intramolecular Aglycone Delivery

Ole Hindsgaul, et al. J. Am. Chem. Soc. 1991, 113, 9376-9377.
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Aminoboronic Acid Catalyst

Dawen Niu, et al. Nature. 2024, 632, 313-319.
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Aminoboronic Acid Catalyst

Dawen Niu, et al. Nature. 2024, 632, 313-319.
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Tsuji-Trost Reaction

Xue-Wei Liu, et al. ACS Catal. 2017, 7, 5456-5460.
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Glycosyl Nucleophiles as Donors

◼ Functional group compatibility?
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Stereoretentive Stille Coupling

Maciej A. Walczak, et al. J. Am. Chem. Soc. 2016, 138, 12049−12052.
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Stereoretentive Stille Coupling

Maciej A. Walczak, et al. J. Am. Chem. Soc. 2017, 139, 17908−17922.
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Stereoretentive Copper(I)-Mediated Cross-coupling

(a)Maciej A. Walczak, et al. Angew. Chem. Int. Ed. 2018, 57, 7091 -7095. 

(b) Maciej A. Walczak, et al. J. Am. Chem. Soc. 2018, 140, 18140-18150.
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Stereoretentive Copper(I)-Mediated Cross-coupling

(a)Maciej A. Walczak, et al. Angew. Chem. Int. Ed. 2018, 57, 7091 -7095. 

(b) Maciej A. Walczak, et al. J. Am. Chem. Soc. 2018, 140, 18140-18150.

entry solvent time (h) α:β Yield/%

1 m-xylene 24 β only 20

2 DCE 24 β only 42

3 1,4-dioxane 24 1:2.1 28

4a 1,4-dioxane 72 β only 15

aCuCl (50 mol%), JackiePhos (55 mol%)

◼ Contact ion pair

◼ Short-lived anomeric Cu(III) 
intermediate



25

Glycosyl Radical Precursors as Donors
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Conformation of Glycosyl Radical

Bernd Giese, et al. Angew. Chem. Int. Ed. 1989, 28, 969-1146. 
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Conformation of Glycosyl Radical

Masaharu Nakamura, et al. J. Am. Chem. Soc. 2017, 139, 10693−10701.

◼ Stereoelectronic effects
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Direct Radical Functionalization of Native Sugars

Ming Joo Koh, et al. Nature 2024, 631, 319–327.
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Direct Radical Functionalization of Native Sugars

Ming Joo Koh, et al. Nature 2024, 631, 319–327.
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Inversion of α- to β-Pyranosides via Intramolecular HAT 

David Crich, et al. J. Org. Chem. 1996, 60, 605-615.
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Cross Coupling of Halosugars

(a) Michel R. Gagne, et al. J. Am. Chem. Soc. 2007, 129, 1908-1909.

(b) Michel R. Gagne, et al. J. Am. Chem. Soc. 2008, 130, 12177-12183.

(c) Janine Cossy, et al. Angew. Chem. Int. Ed. 2012, 51, 11101-11104. 
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Fe-Catalyzed Cross Coupling of Halosugars

Masaharu Nakamura, et al. J. Am. Chem. Soc. 2017, 139, 10693−10701.
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Ni-Catalyzed XEC of Halosugars

(a)Gong, H., et al. Org. Lett. 2018, 20, 7991–7995.

(b)Gong, H., et al. Sci. China Chem. 2019, 62, 1492–1496
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Ni-Catalyzed XEC of Halosugars

(a)Gong, H., et al. Org. Lett. 2018, 20, 7991–7995.

(b)Gong, H., et al. Sci. China Chem. 2019, 62, 1492–1496

◼ ligand-controlled
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Dual Photoredox/Cu-catalyzed C(sp3)-O Cross-coupling

Hien M. Nguyen., et al. ACS Catal. 2020, 10, 5990−6001.
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Dual Photoredox/Cu-catalyzed C(sp3)-O Cross-coupling

Hien M. Nguyen., et al. ACS Catal. 2020, 10, 5990−6001.
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Photoredox/Ni-dual-catalyzed C-glycosylation

(a) Maciej A. Walczak, et al. Org. Lett. 2021, 23, 4289-4293.

(b) Go Hirai, et al. Org. Lett. 2021, 23, 1940-1944.
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Photoredox/Ni-dual-catalyzed C-glycosylation

(a) Maciej A. Walczak, et al. Org. Lett. 2021, 23, 4289-4293.

(b) Go Hirai, et al. Org. Lett. 2021, 23, 1940-1944.
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Conclusion and Perspective

There is no universal glycosylation method to synthesize all possible glycosides.

◼ Protecting groups ◼ Doner ◼ Condition
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