
Generation of Carbon-Centered Radical: 
Merging XAT and Photo(redox)chemistry

Garry (Lande) Hu

Literature Group Meeting

Jan. 10th, 2024

Juliá, F.; Constantin, T.; Leonori, D. Chem. Rev. 2022, 122, 2292.



Introduction

Juliá, F.; Constantin, T.; Leonori, D. Chem. Rev. 2022, 122, 2292.



Introduction

XAT Photo(redox)chemistry



Photo(redox)chemistry

Introduction

XAT



Introduction

Generation of C• via XAT 

in Photo(redox)chemistry



Mechanistic Aspects of XAT

Schiesser, C. H.; Smart, B. A.; Tran, T.-A. Tetrahedron 1995, 51, 3327. Schiesser, C. H.; Wild, L. M. J. Org. Chem. 1998, 63, 670. 
Itsenko, O.; Norberg, D.; Rasmussen, T.; Långström, B.; Chatgilialoglu, C. J. Am. Chem. Soc. 2007, 129, 9020.



Mechanistic Aspects of XAT

Schiesser, C. H.; Smart, B. A.; Tran, T.-A. Tetrahedron 1995, 51, 3327. Schiesser, C. H.; Wild, L. M. J. Org. Chem. 1998, 63, 670. 
Itsenko, O.; Norberg, D.; Rasmussen, T.; Långström, B.; Chatgilialoglu, C. J. Am. Chem. Soc. 2007, 129, 9020.



Mechanistic Aspects of XAT

Schiesser, C. H.; Smart, B. A.; Tran, T.-A. Tetrahedron 1995, 51, 3327. Schiesser, C. H.; Wild, L. M. J. Org. Chem. 1998, 63, 670. 
Itsenko, O.; Norberg, D.; Rasmussen, T.; Långström, B.; Chatgilialoglu, C. J. Am. Chem. Soc. 2007, 129, 9020.



Enthalpic Effects

Like all types of radical abstractions, enthalpic effects dictate the overall energetic feasibility 

(ΔG°) of XAT reactions. For XAT processes to be exergonic, the Y−halogen bond needs to be 

stronger than the C−halogen bond in the starting materials (i.e., BDEX−Y > BDER−X).

Luo, Y.-R. Handbook of bond dissociation energies in organic compounds; CRC Press, 2002.



Enthalpic Effects

General trend of relative rates: I > Br > Cl

consistent with XAT having early TSs predicted by Hammond postulate

Ingold, K. U.; Lusztyk, J.; Scaiano, J. C. J. Am. Chem. Soc. 1984, 106, 343. Newcomb, M.; Sanchez, R. M.; Kaplan, J. J. Am. Chem. Soc. 1987, 109, 1195. Curran, D. P.; Bosch, E.; Kaplan, 
J.; Newcomb, M. J. Org. Chem. 1989, 54, 1826. Galli, C.; Pau, T. Tetrahedron 1998, 54, 2893. Tehfe, M.-A.; Makhlouf Brahmi, M.; Fouassier, J.-P.; Curran, D. P.; Malacria, M.; 
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Enthalpic Effects

It is important to note that favorable enthalpic effects are not essential to drive halogen 

abstractions. In the case of systems where the product’s Y−halogen bond has a similar 

(or even slightly weaker) strength than the substrate’s C−halogen bond (i.e., BDEX−Y ≤ 

BDER−X), the abstraction can occur if there is a subsequent fast and irreversible reaction 

taking place.

Constantin, T.; Zanini, M.; Regni, A.; Sheikh, N. S.; Juliá, F.; Leonori, D. Science 2020, 367, 1021.
Itsenko, O.; Norberg, D.; Rasmussen, T.; Långström, B.; Chatgilialoglu, C. J. Am. Chem. Soc. 2007, 129, 9020.



Polar Effects

Mechanistic studies using Hammett plot analysis have demonstrated that XAT reactions

build a partial negative charge on the halocarbon (R) while a partial positive charge is 

accumulated on the halogen-abstracting atom (Y). This means that nucleophilic radicals 

maximize charge transfer in the TS, which facilitates the abstraction. This finding is 

opposed to the HAT processes where strongly electrophilic radicals (e.g., t-BuO•) are 

usually employed, mainly due to the difference in electronegativity of halogen- vs H-

atoms and the polarizability of the corresponding C−X vs C−H bonds.

Danen, W. C.; Saunders, D. G. J. Am. Chem. Soc. 1969, 91, 5924. Danen, W. C.; Winter, R. L. J. Am. Chem. Soc. 1971, 93, 716. 
Davis, W. H.; Gleaton, J. H.; Pryor, W. A. J. Org. Chem. 1977, 42, 7. Chatgilialoglu, C.; Ingold, K. U.; Scaiano, J. C. J. Org. Chem. 1987, 52, 938.



Steric Effects

Steric effects have been observed in XAT reactions and were employed to rationalize the 

increased rate for abstraction on ortho-substituted aryl halides by both aryl and alkyl radicals.

Danen, W. C.; Saunders, D. G.; Rose, K. A. J. Am. Chem. Soc. 1974, 96, 4558.
Crich, D.; Hwang, J.-T.; Gastaldi, S.; Recupero, F.; Wink, D. J. J. Org. Chem. 1999, 64, 2877.



Hyperconjugative Effects

Hyperconjugative assistance was observed in XAT between α-

cyclopropyl-, α-oxirane, and α-thiirane alkyl bromides and Bu3Sn•.

Franz, J. A.; Shaw, W. J.; Lamb, C. N.; Autrey, T.; Kolwaite, D. S.; Camaioni, D. M.; Alnajjar, M. S. J. Org. Chem. 2004, 69, 1020.
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The weak Sn−H bond often causes unwanted radical reduction reactions
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Heteroatom-Based XAT Reagents: Tin Radicals (Sn•)

Photoactivation of Sn–Sn bond

Juliá, F.; Constantin, T.; Leonori, D. Chem. Rev. 2022, 122, 2292.
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Heteroatom-Based XAT Reagents: Tin Radicals (Sn•)

Carbonylation
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Heteroatom-Based XAT Reagents: Germanium Radicals (Ge•)
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Metal-Based XAT Reagents
Mechanistic pathways for XAT 

reactions involving metal complexes

Juliá, F.; Constantin, T.; Leonori, D. Chem. Rev. 2022, 122, 2292.



Metal-Based XAT Reagents: Dimeric Carbonyl Complexes 
Displaying Photocleavable Metal−Metal Bonds 

Meyer, T. J.; Caspar, J. V. Chem. Rev. 1985, 85, 187.

Representative examples of carbonyl 

dimers containing [M−M] bonds
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Displaying Photocleavable Metal−Metal Bonds 
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Mn2(CO)10 catalyzed photochemical cyclization−carbonylation
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