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NHC generated reactive intermediates
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1966： Sheenhan and Hunneman

First asymmetric benzoin (NHCs):

2% ee 52% ee, 2% yield

2002: Enders
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Ann. Pharm. 1832, 3, 249; J. Pharm. Soc. Jpn. 1943, 63, 296; Angew. Chem. Int. Ed. 1976, 15, 639.



6Angew. Chem. Int. Ed. 2004, 43, 6205; J. Am. Chem. Soc. 2004, 126,14370.

Glorius

Bode

dr= 81:19



7J. Am. Chem. Soc. 2005, 127, 16406; Org. Lett. 2008, 10, 277; Org. Biomol. Chem. 2008, 6, 1108.

79%, 93%ee

96% yield, dr=57:43,

Up to 75% ee



8ACS Catal. 2017, 7, 2583; Tetrahedron Lett. 1977, 18, 205; Org. Lett. 2007, 9,371.
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2.1. [4+2] Cycloadditions of Carbonyl Compounds

2.1.1 Azolium Dienolates Generated from ,-Unsaturated Acid Chlorides

2007 Peters

first use of NHC-catalyzed [4+2] cycloaddition of , -unsaturated acid chlorides

with trifluoromethyl ketones.

Angew. Chem. Int. Ed. 2007, 46, 5325; Adv. Synth. Catal. 2011, 353, 1943.

Ye

61%, 97% ee



12Adv. Synth. Catal. 2011, 353, 1943.
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2.1.2 Azolium Dienolates Generated from ,-Unsaturated Aldehydes

Chi and co-workers

[a] The ee for the reaction without the addition of the Lewis acid is given in parentheses

J. Am. Chem. Soc. 2012, 134, 8810.
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Zhong and co-workers

Liu and co-workers (protected isatins.)

Chem. Commun. 2015, 51,8330; ACS Comb. Sci. 2016, 18, 220.

NHC-catalyzed oxidative [4+2] cycloaddition of enals with unprotected isatins.



15Angew. Chem. Int. Ed. 2015, 54, 1629.; Angew. Chem. Int. Ed. 2013, 52, 11134.; Org. Lett. 2016, 18, 4444.

J. Wang.

an intermolecular dynamic kinetic resolution of α-ketoesters.

Chi and co-workers

Orthoquinodimethane intermediates.

Glorius
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Rovis and co-workers Ye and co-workers

Yao and co-workers

Synthesis 2017, 49, 293.; Eur. J. Org. Chem. 2015, 1047.; Org. Lett. 2014, 16, 3632.

57-81% yield

77-93% ee
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2.1.3. Azolium Dienolates Generated from ,-Unsaturated Esters

2015: Yao and co-workers

J. Org. Chem. 2015, 80, 3289; Org. Biomol. Chem. 2016, 14, 1485
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2.2. [4+2] cycloadditions with azomethine compounds

2.2.1. Azolium Dienolates Generated from , -Unsaturated Aldehydes

Ye

Chi

Liu

Org. Biomol. Chem. 2014, 12, 2167; Chem. Eur. J. 2015, 21, 9984; Org. Lett. 2015, 17, 3850.

44-95% yield

89-99% ee
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2.2.2. Azolium Dienolates Generated from 

, -Unsaturated Carboxylic Acid Derivatives

Chi

Xu

Ye

Org. Lett. 2013, 15, 5028; Org. Lett. 2016, 18, 3822; Org. Chem. Front. 2016, 3, 77.
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2.2.3. Azolium Dienolates Generated from Saturated Carboxylic Acids

Yao

4a=O1, C=NHC

Mechanism Experiment

Org. Lett. 2015, 17, 6234.
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2.2.4 Azolium Dienolates Generated from Cyclobutenones

Chi

Nat. Commun. 2015, 6, 6207.
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2.3. [4+2] Cycloadditions of Azodicarboxylates

Angew. Chem. Int. Ed. 2013, 52, 10644.
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2.4. [4+2] Cycloadditions of Michael Acceptors

YeYao

>20:1 d.r.

Liu

Chi

Chin. J. Chem. 2014, 32, 814; Chin. J. Chem. 2014, 32, 814; J. Org. Chem. 2016, 81, 8888; Nat. Commun. 2014, 5, 5027.
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MechanismEnders

Synthesis of diaryl cyclohexenones via 1,6-addition of azolium dienolates to electron-deficient 2,4-dienes.

Angew. Chem. Int. Ed. 2017, 6241
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2.5. [4+3] Cycloaddition of Azomethine Imines

Chi

J. Am. Chem. Soc. 2014, 136, 1214.
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2.6. Miscellaneous

Angew. Chem. Int. Ed. 2016, 55, 15783.

Sun

MeOH

R1=Ph (3a )

2-MeC6H4 (3e )

catalytic cycle

Mechanism experiments

C-3
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3. Summary and Outlook

1. The synthetic applications of azolium dienolate intermediates, readily 

generated from α,β-unsaturated aldehydes, functionalized enals, α,β-

unsaturated acid derivatives and cyclobutenones

2. Remote functionalizations allowing the asymmetric synthesis of valuable 

molecules, such as δ-lactones, δ-lactams, γ-amino acids, cyclohexenones

and sevenmembered dinitrogen-fused heterocyclic derivatives.

3. The limition of the dienophilic partners to activated ketones and imines.

4. The recent findings on mering azolium dienolates with single-electron 

chemistry and the development of asymmetric methods under remote 

stereocontrol by combining azolium dienolates with the various radicals
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