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1. Introduction

 Strained Four-Membered Rings in Bioactive Molecules 

 Carbocyclic Four-Membered Rings

B. Wu et al., Org. Lett. 2019, 21, 6539; G. Nasini et al., Tetrahedron 1995, 51, 13357; J. Ouazzani et al., Phytochemistry , 2014, 97, 55; N. Aay et al., WO2007/44515 A1, 2007;

P. A. Friedman et al., WO2010/39939 A1, 2010; M. Castells et al., N. Engl. J. Med. 2019, 381, 2338.

 Azacyclic Four-Membered Rings
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1. Introduction

 Current Strategies towards Four-Membered Rings and Limitations

R. E. Dolle et al., Tetrahedron Lett. 1989, 30, 4723; H. Staudinger, Justus Liebigs Ann. Chem. 1907, 356, 51;

C. S. Schindler et al., Science, 2024, 384, 1468; Luca Dell’Amico et al., Nat. Catal. 2024, 7, 1223.
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1. Introduction

 Photochemical Remote C–H Functionalisation Promoted by 1,5-HAT 

 1,5-HAT promoted by C–O-centered

biradical species

 construction of four-membered carbocycles



2

一2

一 23

7

一3

一

1. Introduction

 Seminal Work of 1,5-HAT through Carbon Centered Radicals

 Outline of 1,5-HAT under Irradiation

 Carbon to oxygen 1,5-HAT:

● low HAT barrier ● irreversible

● favorable conformation

 Carbon to carbon 1,5-HAT:

● higher HAT barrier ● reversible

● unfavorable conformation
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1. Introduction

 O– C vs. C– C Centered Biradicals: HAT Reactivity

T2 (π, π*)

spin-density distribution of the acrolein

surface correlation diagram

T1 (n, π*)
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2. 1,5-HAT Promoted by C–O-Centered Biradical Species

 Introduction of Chromophore Activation Group: 1,2-Diketones     



11K. A. Scheidt et al., Chem. Sci. 2026, 17, 6766.

 Introduction of Chromophore Activation Group:  Acyl Imidazole 

UV-visible absorption spectrum NBO analysis of diradical intermediate
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 Recent Applications in Natural Product Synthesis
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 Recent Applications in Natural Product Synthesis

R. Sarpong et al., J. Am. Chem. Soc. 2021, 143, 4732.
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 Enantioselective and Enantiospecific Carbon to Oxygen 1,5-HAT

 Chiral resolution was needed to prepare   

atropisomic  substrates.

 Products bearing central chirality were obtained

from atripisomeric substrates.

 Enantioselective 1,5-HAT controlled by 

chiral hosts was achieved with moderate ee.

 No examples of four-membered rings were reported.
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 Activation of  Conjugated Acrylate Derivatives
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U. Koert et al., Org. Lett. 2019, 21, 4365.

 Activation of  Diarylethylene Derivatives
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M. Shi, Y. Wei et al., Angew.Chem. Int. Ed. 2022, 61,  e202204515.

 Activation of Diarylethylene Derivatives
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M. Shi, Y. Wei et al., Angew.Chem. Int. Ed. 2022, 61,  e202204515.

 Activation of Diarylethylene Derivatives

 kqτ (1.43x105 M-1) vs

i/s (1.74x104 M-1)

 EnT induced cyclization process

3a (mM)

[3a]-1

3a
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M. Shi, Y. Wei et al., Angew. Chem. Int. Ed. 2022, 61,  e202204515.

S0-3a

T1-3a

4a

4a’

4B

4a’4a
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M. Shi, Y. Wei et al., Angew.Chem. Int. Ed. 2024, 63, e202409463.

 Activation of Styrene Derivatives via Introducing Heteroatoms
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G. Maestri et al., ACS Catal. 2025, 15, 13799.

 Activation of the Cumulated π-System via Energy-Transfer Relay
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a. Monitoring experiment b. Stern-Volmer quenching experiment

kq PS-7a 2.2x108 L mol-1s-1

PS-N2 3.2x109 L mol-1s-1

G. Maestri et al., ACS Catal. 2025, 15, 13799.

7a: KSV = 346 mol-1

N2: KSV = 5120 mol-1

N2
30 mol%

w/o
additive

Quenching of 3PS
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c. Transient absorption experiment

kq N2-7a > 1.6x1010 L mol-1s-1

d. Proposed mechanism

G. Maestri et al., ACS Catal. 2025, 15, 13799.

Quenching of *N2 by 7a

[7a]

N2

7

[7:N2]

[7:3N2][37:N2]

8

1PS

3[7:N2]
3PS
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T. Bach et al., Angew. Chem. Int. Ed. 2026, 45, e25347.

 Activation of the Cumulated π-System with Higher Triplet State Energy
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T. Bach et al., Angew. Chem. Int. Ed. 2026, 45, e25347.

c (10a)/mM

0.0 0.5 1.0

10a

310a*

310abent

3Int
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4. Summary and Outlook
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X. Feng et al., CCS Chem. 2023, 5, 2101.

4. Summary and Outlook
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Thank you for your kind attention!
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