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Heterocycle Back bone

• Aromaticity (nonessential) ~ 25 kcal/mol stabilization

• Change the electronic property

N-Substituted

• Prevent of dimerization

• Change the electronic property

• Asymmetric induction

Ring Size

• Change the Bent angle of carbene

• Cyclic structure favor singlet carbene

Glorius, F. er al. Nature. 2014, 485−496. https://doi.org/10.1038/nature13384
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• Coenzyme of pyruvate decarboxylase

• Converting pyruvate to acetoin

• Catalyzing transketolase
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General Reactivity
Breslow intermediate
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Tandem Reaction 
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Hydroacylation 
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β Protonation

Scheidt, K. A.  et al. Org. Lett. 2005, 7, 5, 905–908 https://doi.org/10.1021/ol050100f

Enantiopure γ- lactam Synthesis [3+2] Annulation
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Acyl Azolium
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Single Electron Transfer
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Enantioselective α-chloro Carboxylic Acid 
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Redox Esterification  
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SET with Redox-Active Ester

https://www.sarlahgroup.com/
https://doi.org/10.1002/anie.201608371
https://doi.org/10.1021/ja058222q
https://doi.org/10.1021/jacs.9b00880


Organocatalysis with NHCs 

10/26/2024 Chien-Yi Chen 13

Ye, S. et al. J. Org. Chem. 2007, 72, 19, 7466–7468. https://doi.org/10.1021/jo071247i

Hoveyda, A. H. et al. J. Am. Chem. Soc. 2015, 137, 33, 10585–10602. https://doi.org/10.1021/jacs.5b06745.

Hoveyda, A. H. et al. J. Am. Chem. Soc. 2009, 131, 21, 7253–7255. https://doi.org/10.1021/ja902889s

Activation of DiboronAza-MBH Reaction

Glorius, F. et al. Angew. Chem. Int. Ed. 2011, 50, 8412 –8415. https://doi.org/10.1002/anie.201103555

Umpolung MBH Reaction

https://www.sarlahgroup.com/
https://doi.org/10.1021/jo071247i
https://doi.org/10.1021/jacs.5b06745
https://doi.org/10.1021/ja902889s
https://doi.org/10.1002/anie.201103555


Organocatalysis with NHCs 

10/26/2024 Chien-Yi Chen 14

Miller, S. J. et alJ. Org. Chem. 2007, 72, 14, 5260–5269. https://doi.org/10.1021/jo070676d

Benzoin Condensation - Macrocyclization
Total synthesis examples with NHCs
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Benzoin Condensation Keto-Aldehyde 
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Stetter reaction

Scheidt, K. A. et al. Angew. Chem. Int. Ed. 2017, 56, 9864 –9867. https://doi.org/10.1002/anie.201705308

Acyl Enolate
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Other Remarkable Total Synthesis with NHCs

• Kinamycin C, F, J (Nicolaou, 2007) (benzoin condensation with complex skeleton) 

• Bryostatin 7 (Krische, 2011) (late-stage redox esterification)

Scheidt, K. A. et al. J. Am. Chem. Soc. 2020, 142, 5, 2187–2192. https://doi.org/10.1021/jacs.9b12319
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Reactivity Map of NHC

Glorius, F. er al. Nature. 2014, 485−496. https://doi.org/10.1038/nature13384

Advantage

• Versatile activation mode

• Fastly access complex skeleton

• Enable asymmetric synthesis

Disadvantage

• Tailored  substrate required

• No generation condition (reactivity depends on substrate, 

counter ion, stereoelectronic property of NHC

• Activated substrates mostly (conjugated system)

https://www.sarlahgroup.com/
https://doi.org/10.1038/nature13384
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