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4M. Sawamura, et al. Chem. Rev. 2021, 121, 8926-8947.

Selected natural products and pharmaceuticals

1. Significance of chiral seven-membered ring



5

1994

Davies group

[4+3] cycloaddition Rh

2003

Harmata group

[4+3] cycloaddition organocatalyst

2016

Glorius group

[4+3] cycloaddition Pd/NHC

2011

Mascareňas group

[4+3] cycloaddition Au

2010

You group

[4+3] cycloaddition Ir

2007

Hayashi group

[4+3] cycloaddition Pd

2006

Wender group

[5+2] cycloaddition Rh

2015

Tang group

[4+3] cycloaddition Cu
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1. Constructing seven-membered rings
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1. Constructing seven-membered rings

[5+2]

F. Glorius, et al. J. Am. Chem. Soc. 2018, 140, 3551-3554.

W. Xiao, et al. J. Am. Chem. Soc. 2019, 141, 133-137.

W. Xiao, et al. Angew. Chem. Int. Ed. 2020, 59, 17429-17434.
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1. Introduction

Palladium-catalyzed cross-coupling (The Nobel Prize in 

Chemistry 2010)

Wacker process

Heck reaction

Sonogashira cross-coupling

Negishi cross-coupling

Suzuki-Miyaura cross-coupling

Stille cross-coupling

Buchwald–Hartwig cross-coupling

…

Applied in various reactions

Excellent catalytic ability

High functional groups tolerance

Mild reaction conditions
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9W. Deng, et al. Angew. Chem. Int. Ed. 2020, 59, 1238-1242.

Benzofuran-derived azadienes: 

(four-atom building block)

Opposite diastereoselectivities with different TMM donors 

2.1 Trimethylenemethane(TMM) donors as three-atom building blocks



10W. Deng, et al. Angew. Chem. Int. Ed. 2020, 59, 1238-1242.

Two possible transition states explain the opposite diastereoselectivities

Large steric 

hindrance

Small steric 

hindrance

2.1 Trimethylenemethane(TMM) donors as three-atom building blocks
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B. M. Trost, et al. Angew. Chem. Int. Ed. 2020, 59, 1243-1247.

Z. Shao, et al. Chin. J. Chem. 2020, 38, 151-157.

W. Deng, et al. Chin. J. Chem. 2020, 38, 1571-1574. 

Stereoselective divergent synthesis

2.1 Trimethylenemethane(TMM) donors as three-atom building blocks



12B. M. Trost, et al. Angew. Chem. Int. Ed. 2020, 59, 1243-1247.

2.1 Trimethylenemethane(TMM) donors as three-atom building blocks

[6+3] cycloaddition is not observed because of the bias created by the geometry of the second 

C-C double bond and the charge distribution

Ortho-quinomethides: 

(four-atom building block)



13W. Deng, et al. Org. Lett. 2021, 23, 948-952.

π-π interaction leads to the difference

in the stereoselectivity 

Sulfonyl-TMM donors: 

(three-atom building block)

2.1 Trimethylenemethane(TMM) donors as three-atom building blocks



14W. Deng, et al. Sci. China Chem. 2020, 63, 911-916. 

Electron-deficient dienes: 

(four-atom building block)

2.1 Trimethylenemethane(TMM) donors as three-atom building blocks

EWGs at α-position enhance the electrophilicity of δ-position



15W. Deng, et al. Org. Chem. Front. 2022, 9, 4685-4691.

Enynamides: 

(four-atom building block)

2.1 Trimethylenemethane(TMM) donors as three-atom building blocks

a relay catalytic pathway
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17S. You, et al. Angew. Chem. Int. Ed. 2019, 58, 5739-5743.

2.2 Vinyl cyclopropanes or aziridines as three-atom building blocks

Anthranils are used as four-atom building blocks

Anthranils: 

(four-atom building block)



18Z. Miao, et al. Org. Lett. 2022, 24, 3097-3101.

Spirovinylcyclopropyl Oxindoles: 

(three-atom building block)

The hard and soft acids and bases theory (HSAB)

2.2 Vinyl cyclopropanes or aziridines as three-atom building blocks



19F. Shi, et al. ACS Catal. 2018, 8, 10234-10240.

Paraquinone methide (p-QM) derivatives:

(four-atom building block)

Vinyl aziridines as three-atom building block

2.2 Vinyl cyclopropanes or aziridines as three-atom building blocks
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F. Glorius, et al. J. Am. Chem. Soc. 2016, 138, 7840-7843.

F. Glorius, et al. J. Am. Chem. Soc. 2017, 139, 4443-4451.

Pd/NHC cooperative umpolung annulation

2.3 Enals as three-atom building blocks

Vinyl benzoxazinanones:

(four-atom building block)
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precatalyst (10-100 mol%)Pd(PPh3)4 (2.5-20 mol%)

1 (0.5-2.0 eq) 2 (1.0-4.0 eq)

Kinetic experiments

Pd: first order dependence NHC: first order dependence

Substrate 1: zero order dependence Substrate 2: zero order dependence

2.3 Enals as three-atom building blocks
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ESI-MS analysis of palladium complex

Active palladium catalyst  

is complex 1 

F. Glorius, et al. J. Am. Chem. Soc. 2017, 139, 4443-4451.

2.3 Enals as three-atom building blocks
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Dual role of the NHC (an organocatalyst and a ligand)

Pd/NHC/phosphine complex

F. Glorius, et al. J. Am. Chem. Soc. 2017, 139, 4443-4451.

2.3 Enals as three-atom building blocks
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Thermodynamic product because the migrating C=C double bond is tetrasubstituted 

2.3 Enals as three-atom building blocks

Vinyl benzoxazinanones:

(four-atom building block)
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T. Hayashi, et al. J. Am. Chem. Soc. 2007, 129, 12356-12357.

T. Hayashi, et al. Org. Lett. 2009, 11, 5642-5645.

2.4 Other three-atom building blocks

γ-Methylidene-δ-valerolactones: 

(four-atom building block)
Nitrones: 

(three-atom building block)

1,1-Dicyanocyclopropanes: 

(three-atom building block)



28Z. Miao, et al. Org. Lett. 2021, 23, 2415-2420.

Azomethine imines: 

(three-atom building block)

Ligand L defines the direction 

of Pd coordination

2.4 Other three-atom building blocks
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Palladium-catalyzed enantioselective intermolecular [4+3] cycloaddition

3. Summary

Trimethylenemethane(TMM) donors as three-atom building blocks

Vinyl cyclopropanes or aziridines as three-atom building blocks

Enals as three-atom building blocks

Other three-atom building blocks
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3. Outlook

Three-atom building block/four-atom building block used in the construction of larger rings

[6+4]

[4+4]

[5+4]

Y. Zhao, et al. Nat. Chem. 2020, 12, 860-868.

Y. Zhao, et al. Angew. Chem. Int. Ed. 2021, 60, 12775-12780.

X. Li, et al. ACS Catal. 2021, 11, 2684-2690.
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[6+2]

[3+2]

3. Outlook

W. Xiao, et al. Sci. China. Chem. 2020, 65, 2437-2443.

W. Xiao, et al. Angew. Chem. Int. Ed. 2022, 61, e202117215.
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Three-atom building block
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Four-atom building block
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Thanks for your kind attention
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3. Outlook

Three-atom building block/four-atom building block used in the construction of larger rings

[6+3]

B. M. Trost, et al. Org. Lett. 2009, 11, 3782-3785.

H. Guo, et al. J. Am. Chem. Soc. 2014, 136, 2625-2629.
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3. Outlook

Three-atom building block/four-atom building block used in the construction of larger rings

[6+3]

C. Wang, et al. J. Am. Chem. Soc. 2014, 136, 4075-4080.

C. Wang, et al. J. Am. Chem. Soc. 2014, 136, 8685-8692.
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Stereochemistry explanation


