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a) Traditional transition-metal-catalyzed asymmetric sp3-sp? cross-coupling reactions
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M = Mg, B, Zn, Si, etc.
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Limitations:

R

Pre-preparation of stoichiometric organometallic nucleophiles
Relative limitation of alkylmetal reagents

High cost and time-consuming

b) Transition-metal-catalyzed asymmetric sp*-sp® cross-coupling reactions between alkenes and alky! electrophiles
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Alkenes serve as precursors to alkylmetal nucleophiles

Advantages:

R2 B Avoidance of stoichiometric alkyl nucleophiles

R3
R' Limitations:

Dependence on the structural specificity of alkene substrates

Use of excess silane

c) Earth-abundant metal-catalyzed asymmetric reductive sp3-sp3 cross-coupling reactions
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Advantages: B No need for pre-prepared organometallic reagents

B Excellent functional group tolerance
B Good selectivity control

B Mild reaction conditions
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Figure 1 (Color online) Strategies for transition-metal-catalyzed asymmetric sp>-sp® bond coupling. (a) Traditional transition-metal-catalyzed
asymmetric sp>-sp> cross-coupling reactions. (b) Transition-metal-catalyzed asymmetric sp’-sp> cross-coupling reactions between alkenes and alkyl
electrophiles. (c) Earth-abundant metal-catalyzed asymmetric reductive sp>-sp> cross-coupling reactions
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Figure 2 (Color online) Nickel-catalyzed asymmetric formal reductive cross-coupling between activated and unactivated alkyl halides
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Figure 3 (Color online) Nickel-catalyzed asymmetric reductive cross-coupling between distinct unactivated alkyl halides
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Figure 4 (Color online) Nickel-catalyzed ring-opening asymmetric sp*-sp’ reductive cross-coupling reaction between aziridines and alkyl halides
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Figure 5 (Color online) Nickel-catalyzed three-component asymmetric reductive arylalkylation of alkenes
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Abundant-metal catalyzed reductive asymmetric sp3-sp3
coupling
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Saturated carbon and heteroatom stereogenic centers with sp>-hybridization are ubiquitous structural units in bioactive
molecules, natural products, and functional materials. Introducing saturated stereogenic centers into molecules can rapidly
increase molecular saturation, thus enhancing the three-dimensional structure of molecules and further affecting their
spatial arrangement, physicochemical properties, activity, and functions. Studies have shown that the drug-likeness of
organic molecules is positively correlated with their saturation. Therefore, developing efficient and highly selective
methods to construct chiral sp*-sp> bonds is a key approach for rapidly introducing saturated stereogenic centers. Among
existing protocols, transition metal-catalyzed asymmetric sp>-sp’ cross-coupling forms asymmetric sp>-sp> bonds through
reductive elimination of organometallic intermediates. This reaction mode is characterized by modularity but also faces
challenges, including the flexibility of intermediates, decreased rate of cross-coupling, and difficulties in controlling
chemo- and enantioselectivity. In addition, the presence of multiple sp>-hybridized organometallic intermediates leads to
many competitive side reactions, including B-hydride elimination. Therefore, abundant transition metals have significant
advantages in catalyzing asymmetric sp>-sp’ cross-coupling over late transition metals. Over the past decades, abundant
transition-metal-catalyzed asymmetric sp’-sp> cross-couplings have achieved great progress. However, traditional
abundant-transition-metal-catalyzed asymmetric sp>-sp> coupling reaction heavily relies on the use of pre-synthesized
organometallic nucleophiles (such as Grignard reagents, organozinc reagents, organoboron reagents, organosilicon
reagents, etc.) to cross-couple with sp’-hybridized electrophiles. Organometallic reagents are limited in availability and
suffer from high cost and sensitivity to air and/or moisture, potentially leading to issues with functional group
compatibility, atom economy, and step economy, thus limiting their further application. On the other hand, reductive sp’-
sp° cross-coupling catalyzed by abundant-transition metals directly uses readily-available and bench-stable sp*-hydridized
organic electrophiles as the sole coupling precursors, avoiding the use of air-sensitive and atom-inefficient organometallic
reagents in traditional methods and significantly improving step economy and functional group compatibility. In addition,
these reactions are carried out under reductive conditions by maintaining the transition-metal centers at low oxidation state,
which could effectively suppress side reactions such as p-hydride elimination, favoring the formation of sp*-sp® bonds.
Furthermore, this reaction mode demonstrates good functional group tolerance and can be combined with electrochemical
or photoredox catalysis to further expand the chemical space for organic synthesis and related areas. Over the past decade,
abundant-transition-metal-catalyzed asymmetric sp’-sp> reductive coupling has attracted more and more attention from
synthetic chemists and has made significant progress, and is becoming one of the major options for constructing
asymmetric sp>-sp> bonds. This review systematically summarizes the development and progress in this field from the
perspectives of reaction design and development, mechanistic studies, and synthetic applications. Catalytic asymmetric
reductive alkyl-alkyl cross-coupling with different scenarios has been achieved using Ni-catalysis, photoredox and Ni-
catalysis, as well electrochemical Ni-catalysis. Co-catalyzed asymmetric reductive alkyl-boron cross-coupling has also
been initiated. However, the scope for asymmetric sp’-sp® reductive cross-coupling catalyzed by abundant metals is very
limited and still faces significant challenges. Accordingly, future directions for key challenges that need to be addressed in
abundant-transition metal-catalyzed reductive asymmetric sp>-sp® cross-coupling are also discussed.

earth-abundant-metal catalysis, reductive coupling, asymmetric coupling, sp’-sp® coupling, saturated sterognenic
center
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