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The construction of C(sp3)-C(sp3) bond

◼ Traditional organometallic reagent cross-couplings

Ref: J. Am. Chem. Soc. 2023, 145, 14, 7736–7742; J. Med.Chem. 2009, 52, 21, 6752-6756; Organometallics 2022, 41, 6, 667–679.

Escaping flatland 

◆ Improved solubility

◆ Reduced off-target

◆ Cross-electrophile coupling reactions (XECs)
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The construction of C(sp3)-C(sp3) bond

◼ Enzyme catalysis, Todd K. Hyster, Nature 610, 302–307 (2022)
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The construction of C(sp3)-C(sp3) bond

◆ Electrochemistry, Song Lin, Nature 604, 292–297 (2022)
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The construction of C(sp3)-C(sp3) bond

◆ This work: transition-metal-free C(sp3)–C(sp3) coupling of unactivated substrates enabled by a frustrated ion pair

Ref: Chem. Sci. 13, 7914–7919 (2022); Science 356,1059-1063(2017)

.

◆ C–P metathesis reactions
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Scope of the reaction
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What are the products from cleavage of the C–P bond?

3 1 5 4

Reaction monitoring by NMR spectroscopy
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How does the HAT process occur?

Reaction inhibition by TEMPO and deuteration experiment

Ref: Nature 619, 514–520 (2023).
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What is the role of base?

Effect of the base size

%Vbur, percent buried volume

Effect of the additives on the reaction yield
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Proposed mechanism of the C–P cleavage
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What’s the structure of the  frustrated ion pair?
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What’s the structure of the  frustrated ion pair?

Electron transfer would proceed from anion to cation

The excitation of charge-transfer complex:  

Calculated B: 348nm

Calculated B’: 272nm

Measured: 380nm and 515nm
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Mechanistically informed extensions of the reaction scope
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Frustrated radical pair in C(sp3)-C(sp3) bond formation

◼ A distinct, transition-metal-free platform to form C(sp3)–C(sp3)  bonds without the need for activating or stabilizing groups 

on the coupling partners.

◼ Expanding the spectrum of available FRP types

N P
◼ From “byproduct” to “Product”

15



Thanks for your attention!
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