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Carbon–carbon bonds are key structural units in organic 
molecules. Thus, a tremendous effort has been dedicated to 
studying their formation. Transition-metal-catalyzed cross- 
coupling reactions are among the most reliable approaches 
for the formation of C–C bonds in organic synthesis. To  avoid 
synthetic steps to preform organometallic reagents as well 
as stability and functional-group-tolerance issues that are 
commonly associated with these nucleophiles, cross-electro-
phile coupling (XEC) of organic halides has drawn substantial 
 attention in the last decade as a methodology for achieving 
C–C bond formations.1 However, despite great advances in 
this area, the selective XEC of two alkyl halides to construct 
C(sp3)–C(sp3) bonds has remained elusive.2,3

Harnessing electrochemistry to solve challenging pro-
blems in organic synthesis has been an overarching goal of 
Professor Song Lin’s research program at Cornell University 
(Ithaca, New York, USA). Professor Lin told SYNFORM: “In the 
past several years, we have advanced various electrocatalytic 
methods for the oxidative difunctionalization of alkenes.4 
 Recently, we turned our attention toward electroreductive 
chemistry. Employing electrochemical reduction of chloro-
silanes and alkyl bromides, we have, for example, achieved 
intermolecular disilylation5 and carbo-functionalization of 
alkenes.6”

Inspired by the SN2 reaction, which is commonly used to 
forge C(sp3)–C(sp3) bonds, the group envisioned a new ap-
proach to cross-couple two alkyl halides by exploiting their 
disparate electronic and steric properties (Scheme 1). “Spe-
cifically, tertiary alkyl halides preferentially undergo two 
consecutive single-electron reductions over less substituted 
primary halides to generate the corresponding carbanions, 
which then selectively react with primary halides owing to 
their smaller steric profiles,” remarked Professor Lin.

Dr. Wen Zhang, the lead author of the Nature paper and a 
postdoctoral associate in the Lin laboratory, explained: “This 
work is innovative and significant for the following reasons: 
(1) The mechanism of our e-XEC process is fundamentally 
different from previously reported Ni-catalyzed methods as 
it does not require the generation of metal-alkyl intermedi-
ates, which can often lead to unselective electrophile activ-
ation or various other side reactions. (2) The e-XEC shows 
improved cross-coupling selectivity (vs. homocoupling) com-
pared with known methods for C(sp3)–C(sp3) XEC. (3) Guided 
by cyclic voltammetry and DFT calculations, a broad scope of 

alkyl  halides was shown to be compatible with the process, 
includ ing α-haloboronic esters, α-halosilanes, benzylic chlor-
ides, and allylic/propargylic halides, giving rise to a diverse 
panel of synthetically valuable intermediates (Scheme 2). (4) 
Mechanistic studies using electroanalytical and spectroscopic 
tools addressed issues connected to electrode passivation and 
informed the development of a more practical and scalable 
procedure.”

Highlighting the future directions of the research de-
scribed in this article, Professor Lin pointed out that an 
 anion-stabilizing substituent was introduced on one of the 
alkyl  halide electrophiles to improve reaction selectivity. “To 
 broaden the scope of e-XEC, we will continue to explore selec-
tive reactions of two unactivated alkyl halides,” said Professor 
Lin, continuing: “In addition, we hope to further improve the 
scalability of this reaction beyond laboratory scale by iden-
tifying a homogeneous reductant to replace the Mg sacrificial 
anode in combination with the use of a flow reactor. Besides 
alkyl halides, there are many other types of electrophiles that 
are interesting to explore using this electroreductive strategy.”

The completion of this project was the result of a high-
ly synergistic collaboration among the Lin group at Cornell, 
the See group at Caltech, and the Process Chemistry group at 
Merck. “The synthetic work carried out at Cornell benefited 
tremendously from the feedback and guidance from collabor-
ators at Merck,” acknowledged Professor Lin. He concluded: 
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Scheme 1  Reaction design for e-XEC reaction; ECEC = electro-
chemical–chemical–electrochemical–chemical. 
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“Also, the See group studied electrode passivation using elec-
troanalytical and spectroscopic tools, and their expertise in 
Mg battery research brought about a simple solution to the 
troubling electrode fouling by using a metal-coordinating co-
solvent.”

REFERENCES

(1) D. A. Everson, D. J. Weix J. Org. Chem. 2014, 79, 4793–4798.
(2) X. Yu, T. Yang, S. Wang, H. Xu, H. Gong Org. Lett. 2011, 13, 
2138–2141.
(3) R. T. Smith, X. H. Zhang, J. A. Rincón, J. Agejas, C. Mateos, 
M. Barberis, S. García-Cerrada, O. de Frutos, D. W. C. MacMillan 
J. Am. Chem. Soc. 2018, 140, 17433–17438.
(4) J. C. Siu, N. Fu, S. Lin Acc. Chem. Res. 2020, 53, 547–560.
(5) L. Lu, J. C. Siu, Y. Lai, S. Lin J. Am. Chem. Soc. 2020, 142, 
21272–21278.
(6) W. Zhang, S. Lin J. Am. Chem. Soc. 2020, 142, 20661–
20670.

A139

Scheme 2  Selected substrate scope
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