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ORIGIN

Despite successful methods for constructing synthetically useful and pharmaceutically valuable chiral cyclopropanes, catalytic enantioconvergent transformations remain underdeveloped due
to challenges arising from side reactions involving highly reactive cyclopropyl radicals. Recently, our group developed a redox state-tuned Cu(ll)/N,N,N-ligand-catalyzed enantioconvergent
radical C—C coupling of readily available cyclopropy! halides with terminal alkynes, yielding enantioenriched cyclopropanes with high chemoselectivity and stereoselectivity.

REACTION MECHANISM

Based on mechanistic experiments and previous reports, a possible reaction mechanism was proposed. Initially, the L*Cu(l) intermediate I undergoes transmetalation to form the
L*Cu(l)-acetylide intermediate Il. This intermediate then reduces cyclopropyl halides via single-electron transfer (SET), generating the L*Cu(ll)-acetylide intermediate lll and a
cyclopropyl radical IV. The enantioselective C—C bond formation occurs via the coupling of intermediate Ill and radical IV, producing the enantioenriched cyclopropane products.
Regarding redox state tuning, the Cu(l) and Cu(ll) species dynamically interconvert through redox processes during the reaction. Under conditions where Cu(l) species are present in low
concentrations and Cu(ll) species dominate, a high proportion of Cu(ll) intermediate lll is generated through direct transmetalation. Simultaneously, a small amount of Cu(l) species reduces
cyclopropy! halides, producing a low concentration of the highly reactive cyclopropyl radical IV. This radical efficiently reacts with the abundant Cu(ll) species Ill, promoting the desired C-C
cross-coupling. As a result, side reactions involving the cyclopropyl radical IV are significantly suppressed, demonstrating a clear chemoselectivity shift that depends on the concentration
of Cu(ll) species.

Proposed mechanism Rationale for redox state-tuned copper catalysis
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Other key evidence supporting the proposed mechanism

(A) Ligand-coordinated copper(l) acetylide = (B) The DMPO-trapped product (C) Experiments with racemic or scalemic (D) Density functional theory (DFT)
promoted the reaction initiation confirmed cyclopropyl bromides exclude calculation results support a radical
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IMPORTANCE

A robust strategy for the enantioconvergent radical carbon-carbon cross-coupling of abundant racemic cyclopropyl halides with terminal alkynes has been successfully established.
Critical to its success is the redox-state tuning of copper catalysts, which provides a new method for assembling a diverse range of synthetically challenging enantioenriched cyclo-
propanes. We anticipate that this strategy will be further applied to enantioconvergent cross-coupling reactions of highly reactive alkyl radicals with assorted nucleophiles.
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