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1. Introduction

Representative asymmetric activation modes:

Lewis acidic metal combines 
with a chiral basic ligand

the proton is ŜŦŦŜŎǘƛǾŜƭȅ άǎƘŀǊŜŘέ
Bifounctionalcatalysis

strong and directional 
double hydrogen bonds

Electrophile was protonated.
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Representative asymmetric activation modes:



1. Introduction

What is Asymmetric Counteranion-Directed Catalysis (ACDC) :

Asymmetriccounteranion-directedcatalysisrefers to the inductionof enantioselectivity
in a reactionproceedingthrougha cationicintermediateby meansof ion pairingwith a
chiral,enantiomericallypure anionprovidedby the catalyst.

Stablizinginteractionsin ion-pairs:
1. Coulombicattraction;
2. Hydrogenbondinginteraction;
3. Evencovalentbonding(not in enantiodetermingstep)

Angew. Chem. Int. Ed. 2013, 52, 518 ς533.



1. Introduction

Early uses of chiral anions and their conjugate acids:

as tools for the resolution and spectroscopic analysis of chiral molecules

Intellectual foundations of chiral non-coordinating anions

place the copper cation within a chiral pocket
created by two separate binaphtholfragments on 
the boron center.

Cu- O, 2.55 Å

the achiral counterionaffected eevalue.

Org. Lett. 2000, 26, 4165-4168.
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2.1. Chiral counterions in Brønsted acid catalysis

Early work using CPA by Terada (2004):

Brønsted acid catalysis or ion pairing?

Akiyama (2007): DFT study̔

The lengths of O-H, N-H are changed dramatically through 
protonation.

J. Am. Chem. Soc. 2004, 126, 5356-5357.
J. Am. Chem. Soc. 2007, 129, 6756-6764.



2.1. Chiral counterions in Brønsted acid catalysis

NMR study :

Possible activated modes:

hydrogen bonds could be characterized by a combination of 1H and 15N NMR spectroscopy.

(300 K = 26.8 oC; 240 K = - 33.15 oC; 200 K = - 73.15 oC)

2D 1H,15N HMQC spectrum:

both species OH(1·2OH···N ) and NH(1·2O···HN ) 
coexist simultaneously

Angew. Chem. Int. Ed. 2011, 50, 6364 ς6369.



2.1. Chiral counterions in Brønsted acid catalysis

at low temperatures,the ion pairsNH(1·2O···HN ) arestabilized;
at increasingtemperatures, the hydrogen-bondedcomplexesOH(1·2OH···N ) becomefavored.

Influence of temperature:

Angew. Chem. Int. Ed. 2011, 50, 6364 ς6369.



2.1. Chiral counterions in Brønsted acid catalysis

Design of new chiral Brønstedacid  :

оΣоΩ-substituents  on BINOL radiate away from active site;

More than one base/acid pairs in 4 and 5;

Low selectivity

Nature 2012, 483, 315ς319.



2.1. Chiral counterions in Brønsted acid catalysis

Design of new chiral Brønstedacid  :

.ǳƭƪȅ оΣоΩ-substituents  restrict O,O-synconformation;

High rigidity;

high selectivity

Steric blocking of alternative Brønstedbasic N-site; 

Nature 2012, 483, 315ς319.



2.1. Chiral counterions in Brønsted acid catalysis

Asymmetric spiroacetal:

Non-thermodynamic configuration

Enantioselective Sulfoxidation:

H2O2 could be activated in a well-defined and
narrow position within a chiral cavity

Nature 2012, 483, 315ς319.
J. Am. Chem. Soc. 2012Σ мопΣ млтсрҍмлтсу



2.1. Chiral counterions in Brønsted acid catalysis

Hydroxygroup ortho to the aldehyde is 
crucial for reactivity and enantioselectivity

High acidity

Electron-withdrawing nitro group

Strong electron acceptor (NTfgroup)

Asymmetric Prinscyclization:

Angew. Chem. Int. Ed. 2015, 54, 7703 ς7706; 
J. Am. Chem. Soc. 2016Σ моуΣ млуннҍмлунр



2.1. Chiral counterions in Brønsted acid catalysis

Science 2018, 359, 1501ς1505.

Activation of olefins via ACDC:

Asymmetric reaction of olefins relies on transitional metal catalysis:

high acidity to enable olefin protonation

a confined, enzyme-like microenvironment to
favor the desired transformation with high 
selectivity



2.1. Chiral counterions in Brønsted acid catalysis

Science 2018, 359, 1501ς1505.

Activation of olefins via ACDC:

hƴƭȅ мΣмΩ-disubtituted alkenes worked in this reaction conditions.



2.1. Chiral counterions in Brønsted acid catalysis

Science 2018, 359, 1501ς1505.

Activation of olefins via ACDC:

Through DFT, The lowest energy transition state TS1 suggests
a concerted though asynchronous mechanism.
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2.2. Chiral counterions in Lewis acid catalysis

The first example of asymmetric counteranion-directed Lewis acid catalysis:

Chiral silanewas generated in situ as active catalyst

J. Am. Chem. Soc. 2007, 129, 12084-12085



2.2. Chiral counterions in Lewis acid catalysis

Enantioselective Mukaiyamaaldol reaction:

stronger Lewis acid worked better.

Angew. Chem. Int. Ed. 2009, 48, 4363ς4366


