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Introduction
In Nature, enzymes use metals in tandem with attractive noncovalent interactions at the active site to precisely position the substrate for a 

desired transformation. In general, all forms of reactivity: chemo, site, and enantioselectivity are optimized for the substrate.

Metal Ions in Enzymatic Catalysis: Representative Modes of Catalysis: 

J Biol Inorg Chem. 2008, 13, 1205-1218.
Nature Chem. 2012, 4, 603-614. 
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Overview

Covered: Not Covered:

Chem Rev. 2025, 125, 2846-2907.
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Ito and Hayashi’s Gold-Catalyzed Aldol:
Major Conclusions invoked by Hayashi:
1. Gold (I) is undergoing tetra-coordination
2. Enolate formation is driven by the pendant 

amino-linker
3. The reactive pi-face of the enolate formed is 

determined by the possible hydrogen 
bonding

Pastor’s Rebuttal: X-Ray Diffraction of Gold Complex

J. Am. Chem. Soc. 1986, 108, 6405-6406.
Journal of Organometallic Chemistry. 1990, 381, C21-C25.
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Pastor’s Studies on the Gold-Catalyzed Aldol:
Pastor’s Independent Mechanistic Interrogation:

Pastor invokes the principle of double stereodifferentiation. 
Where both the central and planar chirality of the ligand is 
controlling enantioselectivity of the process as both a matched 
and mismatched case.

J. Org. Chem. 1990, 55, 1649-1664.
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Pastor’s Studies on the Gold-Catalyzed Aldol:
Mode of Gold Coordination and the Rate-Determining Step: Possible Coordination Modes

1. Observation of complex A with a 
coupling hints at the complexation of 
both phosphorous atoms with Au.

2. Addition of excess isocyanide resulting in 
loss of coupling could indicate a dynamic 
process involving a rapid exchange of 
the phosphorous atoms.

Addition of benzaldehyde to complex A
resulted in no observable change to the 
spectrum. This could provide evidence 
against any prior coordination of the 
aldehyde to gold as suggested by Hayashi.

Possible Equilibrating States:

J. Org. Chem. 1990, 55, 1649-1664.
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Pastor’s Studies on the Gold-Catalyzed Aldol:
Further Interrogation: Hammett Plot

Positive slope indicates build-up of 
increased electron density on the 
carbonyl carbon atom in the RDS. The 
RDS of the reaction is strongly 
suggested to be the electrophilic 
attack of the aldehyde by the enolate 
pi-face.

Further Interrogation: Electronic Effects

Pastor’s Proposed Transition States:

J. Org. Chem. 1990, 55, 1649-1664.
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Ooi’s Palladium-Catalyzed Allylic Alkylation:
Ooi’s Hypothesis: Separation of the Chiral Backbone and Cationic Component

Application of the Concept: Asymmetric Allylic Alkylation 
Reaction Selection Rationale:
1. Control of C over O alkylation.
2. Stereochemical control in the attack of a prochiral nucleophile on a 

pi-allyl metal complex by a chiral ligand.
3. Asymmetric reactions involving anionic nucleophiles are not 

controllable by the chiral anion strategy.

Ligand Structure:

Nature Chem. 2012, 4, 473-477.
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Ooi’s Palladium-Catalyzed Allylic Alkylation:
Ligand Diversity and Initial Screening:

Preliminary Observations: 
1. Presence of proximal phosphine binding site and quaternary 

ammonium entity is crucial for enantioselectivity.
2. Aryl phosphine switch to p-chlorophenyl and introduction of 

distal steric-inducing substituent also increases e.e.
3. Addition of water causes strange increase in performance.

Nature Chem. 2012, 4, 473-477.
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Ooi’s Palladium-Catalyzed Allylic Alkylation:
Mechanistic Investigation of the Water Effect: NMR Experiments

First-Round of Observations: 
1. Palladium catalyst and two equivalents of ligand in toluene do not result 

in complete complexation except upon addition of water.
2. It could be possible for water to be facilitating the ligand exchange 

process.
3. Live analysis of the reaction via spectroscopy (1H and 31P) only displayed 

the active 30.7 ppm signal with no other entities.

Mechanistic Investigation: Asymmetric Amplification

A modest positive nonlinear effect is identified which may indicate the 
presence of more than one ion-paired ligand in the stereo-determining step.

Nature Chem. 2012, 4, 473-477.
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Ooi’s Palladium-Catalyzed Allylic Alkylation:
Mechanistic Investigation: Asymmetric Amplification

Two possible scenarios possible:
1. Reservoir effect: catalyst molecules are aggregating in the 

resting state, but not the stereodetermining step.
2. Catalyst-product interaction

Reservoir Examination:

Catalyst-Product Interaction:

Despite ruling out the possibilities of a reservoir or catalyst-product 
interaction, more detail is required. The authors turn to kinetics.

Mechanistic Investigation: Kinetic Analysis

RDS – nucleophilic addition of 
nitronate to π-allyl Pd(II)

Nature Chem. 2012, 4, 473-477.
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Ooi’s Palladium-Catalyzed Allylic Alkylation:
Mechanistic Investigation: Kinetic Analysis Proposed Mechanism and Scope:

First order dependence indicates a monomeric Pd complex in RDS

Second order dependence – two ion-paired ligands in complex

Nature Chem. 2012, 4, 473-477.
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Manabe’s Phenol-Directed Cross-Coupling:
Manabe’s Attempt at Selective Cross-Coupling: Alternative Strategy: Hydroxylated oligoarene-type phosphines (HOPs)

Enhanced selectivity and kinetics are observed

Angew. Chem. Int. Ed. 2010, 49, 772-775.
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Manabe’s Phenol-Directed Cross-Coupling:

Manabe speculates that perhaps a magnesium oxido species is 
responsible. Although extensive evidence was not provided.

Rationale and Further Optimization of Ligand Structure:

Intermolecular Competition:

Angew. Chem. Int. Ed. 2010, 49, 772-775.
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Manabe’s Phenol-Directed Cross-Coupling:
Further Application of the Methodology Suspected Intermediates:

ESI Studies:

Mixture of 2-Chlorophenol and 40 mol% DHTP with 2 eq. t-BuOLi

Angew. Chem. Int. Ed. 2010, 49, 772-775.
J. Org. Chem. 2016, 81, 5450-5463.
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Manabe’s Phenol-Directed Cross-Coupling:
Further ESI Studies: Heteroaggregate formation of lithium phenoxides between Cy-DHTP and 2-Chlorophenol

Isotopic Distribution for masses 
m/z: 725 and 861

Isotopic Distribution for masses 
m/z: 665 and 799

ESI analysis of previous mixture with 0.4 eq. Xphos in the presence of
1 eq. t-BuOLi in the negative mode.

Angew. Chem. Int. Ed. 2010, 49, 772-775.
J. Org. Chem. 2016, 81, 5450-5463.
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Phipp’s Directed Cross-Coupling:
Phipps Remote Functionalization of Dihalogenated Arenes: 

Phipps Remote Functionalization of Dihalogenated Arenes: 

J. Am. Chem. Soc. 2018, 140, 13570-13574.
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Phipp’s Directed Cross-Coupling:
Effect of Crown Ethers and Cationic Radius:

Reaction Scope:

J. Am. Chem. Soc. 2018, 140, 13570-13574.
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Phipp’s Resolution of Sulfonated Ligands:
Expanding the Boundaries of Selectivity: Phipps Resolution of Ligands

Resolution Procedure:

Rapid access to wide variety of enantioenriched ligands which enable screening of a variety of processes for enantioselective processes.

J. Am. Chem. Soc. 2022, 144, 15026-15032.
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Phipp’s Atroposelective Suzuki-Coupling:
Application to Standard Palladium-Catalyzed Processes: Atroposelective Suzuki-Coupling

Second Application: Palladium-Catalyzed Dearomatization of Phenols

J. Am. Chem. Soc. 2022, 144, 15026-15032.
J. Am. Chem. Soc. 2023, 145, 25553-25558.
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Phipp’s Dearomatization of Phenols:
Optimization of Palladium-Catalyzed Dearomatization of Phenols

Selected Scope:

Control Experiments to Probe Ligand-Substrate Interactions:
Exclusion of Hydrogen-Bonding: Use of quaternary onium cations:

J. Am. Chem. Soc. 2022, 144, 15026-15032.
J. Am. Chem. Soc. 2023, 145, 25553-25558.
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Transition from Palladium to Iridium:
Crown Ether Experiments (no water co-solvent) and use of neutral, alkylated ligand:

Incorporation of Sulfate Group into a different ligand scaffold:

J. Am. Chem. Soc. 2016, 138, 12759-12762.
J. Am. Chem. Soc. 2023, 145, 25553-25558.
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Phipp’s Meta-Selective Iridium-Catalyzed Borylation:
Ligand Augmentation and Screening:

Control Experiments:

Optimized Conditions:

Selected Scope:

J. Am. Chem. Soc. 2016, 138, 12759-12762.
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Enantioselective Iridium-Catalyzed Borylation:
Upgrading to Enantioselectivity: Phipp’s Utilization of a Chiral Cation Conceptualization:

Prior Work:

Previous System (Racemic):

New System:

J. Am. Chem. Soc. 2016, 138, 12759-12762.
Nature Chem. 2015, 7, 712-717.
Science. 2020, 367, 1246-1251.
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Enantioselective Iridium-Catalyzed Borylation:
Reaction Optimization:

Quinine Modification: Aryl Substituent

Science. 2020, 367, 1246-1251.
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Enantioselective Iridium-Catalyzed Borylation:
Further Screening: Solvent Effects

Ligand-Cation Interaction Probing:

Science. 2020, 367, 1246-1251.
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Enantioselective Iridium-Catalyzed Borylation:
Evaluation of Nitrogen-Protecting Group: Selected Scope: Enantioselectivity

Selected Scope: Enantioselectivity and Regioselectivity

Science. 2020, 367, 1246-1251.
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Overview

Covered: Not Covered: Advantages:
1. Specific chemical problems can be solved 

with specific permutations in ionic 
interactions.

2. Higher levels of selectivity can be 
achieved which are not accessible 
through traditional catalytic means.

Disadvantages:
1. Ligand scaffolds must be simply and 

readily tunable for expedient 
implementation.

2. Some systems may require highly 
specific substrates with multiple 
limitations.

Chem Rev. 2025, 125, 2846-2907.
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Overview

Covered: Not Covered:

Questions?

Chem Rev. 2025, 125, 2846-2907.
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