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Charge = 1.60217653(14)×10−19 C
Diameter = 1.65×10−15 m

Mass = 1.6726×10−27 kg or about 1836 times 
the mass of an electron
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Introduction

Fehr ACIEE 1996, 35, 2566

EP is kinetically controlled, racemic products are obtained by 
thermodynamic control



Influence of the E/Z Configuration

Plaquevent Tetrahedron: Asymmetry 2004, 15, 3653



Challenges

Rapid proton exchange (often diffusion controlled)
Chiral reagent should be weakly acidic, lower temperature

Competition with O-protonation

Use excess amount of H-Donor*
Adjust temperature

Racemization of product
Short reaction time
Appropriate acidity of H-Donor and H-Donor*

Purity of E/Z isomers
Solvation, Aggregation, Complexation

Trend: efficient chiral proton donors or chiral ligands 
generally have electron-rich groups capable of chelation.

Fehr ACIEE 1996, 35, 2566



Chiral Protonating Agent (H-Donor*)

Plaquevent Tetrahedron: Asymmetry 2004, 15, 3653

Structural Requirements

Examples

Rigid backbone



Chiral Protonating Agent (H-Donor*)

Plaquevent Tetrahedron: Asymmetry 2004, 15, 3653

Acidity Requirements
- Protonation by H-Donor* must be as complete as possible
- DpKa = 2  91% protonation
DpKa = 3  97% protonation
DpKa = 4  99% protonation
(DpKa = pKa substrate – pKa H-Donor*)

- To the first approximation, as the DpKa decreases, the rate of proton 
transfer is lowered .

- 2 ≤ DpKa ≤ 4 for the optimal enantioselectivity and a complete protonation
- pKas of substrates and H-Donor* are rarely established
- pKas for the commonly employed H-Donor* ranges from 5 – 25

Carboxylic acid ~ 5
Phenol ~ 10
Imide ~ 11
Amide ~ 15
Alcohols ~ 17
Aromatic amines ~ 25

Aim for 2 ≤ DpKa ≤ 4 between substrate and H-Donor*



Chiral Protonating Agent (H-Donor*)

Plaquevent Tetrahedron: Asymmetry 2004, 15, 3653
Vedejs J. Org. Chem. 1999, 64, 7863

Acidity Requirements: An Example

DpKa = 3



The Pioneering Work

Duhamel, Plaquevent
J. Am. Chem. Soc. 1978, 100, 7415



Effect of Counterion (M+)

Fehr
J. Am. Chem. Soc. 1988, 110, 6909



Effect of Aggregate

Fehr
J. Am. Chem. Soc. 1988, 110, 6909



EP with a Lewis Acid-Assisted Chiral Brønsted Acid (LBA)

Yamamoto, J. Am. Chem. Soc. 2000, 122, 8120



A Model for EP with LBA

Yamamoto, J. Am. Chem. Soc. 2000, 122, 8120

B3LYP/LANL2DZ level

Potential electrostatic interaction between the acidic proton and Cla4 (2.462 Å)

Charge on the proton: biphenol 0.489, biphenol-SnCl4 0.546

Model  1) TMSO points away from binapthyl
2) p stacking between the aryl rings
3) bulky R1 leads to low ee (as shown by experiment)

How to explain?



Catalytic Reaction – Slow Addition of an Achiral H-Donor

Fehr
ACIEE 1993, 32, 1044



Catalytic Reaction – EP with LBA

Yamamoto, J. Am. Chem. Soc. 2000, 122, 8120
Yamamoto, J. Am. Chem. Soc. 1996, 118, 12854

Working hypothesis:
1) Tin tetrachloride must coordinate to 

the chiral H-Donor (chiral LBA)
2) Reactivity of chiral LBA >> achiral LBA



Catalytic EP in Michael Addition Reaction

Shibasaki, J. Am. Chem. Soc. 1998, 120, 4043



Tandem 1,4-Addition/Enantioselective Protonation

Darses, Genet, ACIEE 2004, 43 719



Rh-Catalyzed Asymmetric Hydroarylation

Hayashi, J. Am. Chem. Soc. 2006, 128, 2556



Catalytic Enantioselective Decarboxylative Protonation

Stoltz, J. Am. Chem. Soc. 2006, 128, 11348



Catalytic Asymmetric Couplings of Ketenes with Aldehydes

Fu, ACIEE 2005, 44, 4606



Catalytic EP in Nazarov Reaction

Trauner, J. Am. Chem. Soc. 2004, 126, 9544

Sc-pybox



Catalytic EP in Umpolung

Rovis, J. Am. Chem. Soc. 2005, 127, 16406



Conclusion

Enantioselective protonation, an easy and practical way to generate a 
new stereogenic center – Not So Simple!

- Reaction optimization is required for different classes of substrate
- Enantioselectivity can be highly dependent on substituent pattern
- Ligand screening is still the best approach 
- Catalyst can be recycled easily
- Attractive for large scale production once condition is found

To further advance in this area, thorough understanding of the 
aggregate and the effect of additives are required experimentally and 
computationally in order to understand the mechanism and to rationally 
design a catalyst for enantioselective protonation.
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