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Abstract

Organosilicon/boron compounds are widely used in synthetic chemistry, new drug development,
and functional materials, making the transition metal-catalyzed direct silylborylation of methylene-
cyclopropanes (MCPs) a research hotspot. Although this reaction offers advantages such as mild
conditions, high efficiency, and excellent atom economy, the issue of diverse selectivity remains a
major challenge for its development. This paper systematically summarizes the reactions of transi-
tion metal-catalyzed MCPs and the mechanisms of selective silylborylation, providing a theoretical
foundation for designing novel unsaturated C-C bond silylborylation reactions and facilitating the
selective synthesis of highly functionalized organosilicon/boron compounds.
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Figure 1. Structural comparison of cyclopropane, methylenecyclopropane, and 2-phenylmethylenecyclopropane
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Figure 2. General formula for transition metal activation of methylenecyclopropane
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Figure 3. Common organic frameworks synthesized from methylenecyclopropane derivatives
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Figure 4. General formula for [3 + 2] cycloaddition of methylenecyclopropane catalyzed by transition metals
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Figure 5. [3 + 2] Cycloaddition reaction of MCP catalyzed by Pd/Pt transition metals
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Figure 6. Intramolecular [3 + 2] cycloaddition between alkyl-substituted cyclopropanes and alkynes catalyzed by palladium
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Figure 7. DFT mechanistic study of the intramolecular [3 + 2] cycloaddition of alkyl-5-ynylmethylenecyclopropanes catalyzed
by palladium
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Figure 8. Transition metal-catalyzed addition reaction of MCPs with H-Sn
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Figure 9. Ligand-controlled copper-catalyzed hydroboration of aryl-substituted methylenecyclopropane substrates
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Figure 10. Mechanistic details of the intermolecular carbon-hydrogenation reaction of MCPs catalyzed by Pd(PPhs3)4
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Figure 11. Intramolecular cyclization reaction of MCPs via carbon-hydrogenation catalyzed by Pd(PPhs)s
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Figure 12. Hydroamination of MCPs catalyzed by Pd(PPh3)4/P(O)Bus and its DFT computational mechanism
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Figure 13. Alkoxylation reaction of MCPs with alcohols catalyzed by Pd(Phs)4 and its reaction mechanism
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Figure 18 Silicon-borylation reaction of MCPs catalyzed by transition metal palladium
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Figure 19. Silicon-borylation reaction of methylenecyclopropane substrates with substituents on the three-membered ring
catalyzed by Pd®
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Figure 21. Silicon-borylation reaction of MCPs catalyzed by Pt(dba)2
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Figure 22. Nanoporous gold-catalyzed diboration of methylenecyclopropanesvia a distal bond cleavage
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Figure 24. Silicon-borylation reaction of MCPs catalyzed by transition metals and its possible mechanism
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