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Editorial

N,N,N-Tridentate anionic ligands enable copper-catalyzed

enantioconvergent O- and C-alkylation of alcohols with tertiary halides

Alcohols are abundant and cost-effective raw materials, and

their use as coupling partners with various electrophiles has gar-

nered widespread attention. In recent years, photoredox/nickel

dual-catalyzed cross-coupling of alcohols with halides has at-

tracted broad attention. However, current studies have largely been

confined to racemic transformations [1–6]. Asymmetric variants of

alcohol–halide coupling remain underexplored, particularly those

involving tertiary halides.

The engagement of tertiary halides presents pronounced chal-

lenges. The substantial steric demand of the resultant tertiary alkyl

radicals impedes their interaction with chiral transition metal–

alkyl species, leading to kinetic hurdles. Moreover, the in situ gen-

erated transition metal–alkyl intermediates are often inherently

unstable and prone to deleterious side pathways, including β-

hydride elimination, homocoupling of alkyl nucleophiles, and pro-

todemetalation. Concurrently, the highly reactive tertiary alkyl rad-

icals are susceptible to hydrogen atom transfer or disproportiona-

tion. Alcohols themselves pose additional difficulties owing to their

modest nucleophilicity and the high bond dissociation energy of

the O–H bond, rendering them suitable for use as nucleophiles

or radical precursors generated via O–H bond homolysis in cross-

coupling reactions with tertiary halides (Scheme 1).

To overcome these obstacles, Professor Xinyuan Liu’s research

group at Southern University of Science and Technology has de-

veloped a catalytic platform based on multidentate anionic chiral

ligands and various copper salts. After judicious design of distinct

anionic N,N,N-tridentate chiral ligands, they have achieved both the

O-alkylation of alcohols with tertiary halides to access sterically

congested chiral dialkyl ethers [7] and the C-alkylation of cyclo-

propanols with tertiary halides to forge chiral all-carbon quater-

nary centers [8]. The architecture of these N,N,N-tridentate anionic

chiral ligands is pivotal for achieving high yields and enantiose-

lectivities. Incorporation of an amide anionic moiety enhances the

reducing capacity of the copper catalyst. One flank of the ligand

imposes relatively low steric hindrance, thereby creating a cavity

sufficiently spacious to accommodate bulky tertiary alkyl radicals,

whereas the opposite flank integrates a rigid framework and sub-

stituents positioned remote from the metal center. This tailored

design modulates the steric environment surrounding the metal

center, thereby enabling exquisite control over both chemoselec-

tivity and enantioselectivity.

The synergistic combination of these anionic ligands with cop-

per effectively mitigates the instability inherent to tertiary alkyl

radicals and the stereochemical challenges traditionally associated

with cross-coupling reactions, furnishing a practical strategy for

the construction of chiral molecules embodying quaternary carbon

centers. Furthermore, this methodology enables the employment

of alcohols—substrates conventionally recalcitrant to activation—

Scheme 1. Copper-catalyzed enantioselective coupling of tertiary halides with alcohols.
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as viable coupling partners, thereby expanding the horizon of

alcohol functionalization. Given the intrinsic photoredox proper-

ties of copper, future investigations could harness ligand-to-metal

charge transfer (LMCT) to activate alcohols for downstream trans-

formations [9]. Additionally, structural modification of these N,N,N-

anionic ligands may enhance their light absorption characteristics,

thereby unlocking photochemical reactivity and laying the ground-

work for photo/copper dual catalysis.
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