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Abstract

Chiral phase-transfer catalysis has emerged as a pivotal strategy in asymmetric synthesis for con-
structing carbon-carbon and carbon-heteroatom bonds, owing to its mild reaction conditions and
operational simplicity. This article reviews the research progress of chiral phase-transfer catalysts
represented by cinchona alkaloids, binaphthols, tartaric acid derivatives, guanidines, triazolium
salts, spirocyclic frameworks, and chiral quaternary phosphonium salts. Cinchona alkaloid-derived
catalysts have undergone four generations of development, achieving efficient stereocontrol through
the modulation of steric hindrance and hydrogen bonding. Binaphthyl-based quaternary ammo-
nium salts (Maruoka catalysts), leveraging C, symmetry and rigid structures, deliver excellent en-
antioselectivity even at ultralow catalyst loadings. Emerging catalysts such as tartaric acid deriva-
tives, guanidines, triazolium salts, and spirocyclic ammonium salts have expanded the scope of re-
actions through hydrogen-bonding guidance and chiral cavity modulation. Chiral quaternary phos-
phonium salts, characterized by high polarization ability and thermal stability, exhibit unique ad-
vantages in nucleophilic addition reactions. Despite significant progress in this field, challenges re-
main in the precise design of catalysts, expansion of reaction types, and industrial applications. Fu-
ture efforts integrating theoretical calculations and artificial intelligence-assisted design to develop
multifunctional cooperative catalytic systems will further promote the widespread application of
chiral phase-transfer catalysis.
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Figure 1. Structural formula of cinchona alkaloids
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Figure 2. Cinchona alkaloid-derived phase transfer catalyst
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Figure 3. Asymmetric alkylation of 2-arylindanones
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Figure 4. Asymmetric alkylation of glycine schiff base
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Figure 5. Asymmetric isomerization-conjugate addition reaction of imines and enones
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Figure 6. Chiral phase-transfer catalyst derived from amide-based cinchona alkaloid
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Figure 7. Asymmetric cyclization of oxindoles with peroxide-derived bis-electrophiles
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Figure 8. Structural formula of BINOL
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Figure 9. Synthesis of bmaphthyl based chiral quaternary ammonium phase-transfer catalysts
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Figure 10. Synthesis of monobinaphthyl quaternary ammonium phase-transfer catalysts
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Figure 11. Application of binaphthyl quaternary ammonium phase-transfer catalysts
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Figure 12. Asymmetric phase-transfer alkylation of schiff bases of amino acid ethyl esters
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Figure 13. Tartaric acid-based dicationic chiral phase-transfer catalyst
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Figure 14. Applications of tartaric acid-derived phase-transfer catalysts
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Figure 15. Synthesis and application of spiro-type dicationic chiral phase-transfer catalysts
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Figure 16. Synthesis and application of N-spiro phase-transfer catalysts
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Figure 22. Synthesis and application of novel spirocyclic amide-triazolium cation catalysts
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Figure 23. Synthesis and application of novel C2-symmetric spirocyclic phase-transfer catalysts
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