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New Strategies for Organocatalysis



The ideal chemical process is that which a 
one-armed operator can perform by pouring 
the reactants into a bath tub and collecting 
the product from the drain hole.

-Sir John Cornforth



"In a catalytic asymmetric reaction, a 
small amount of an enantiomerically 
pure catalyst, either an enzyme or a 
synthetic, soluble transition metal 
complex, is used to produce large 
quantities of an optically active 
compound from a precursor that may 
be chiral or achiral."

A Catalysis Dogma
Only Metal Complexes and Enzymes can be Asymmetric Catalysts.



About Half of all Known 
Enzymes are Metal-Free



Metal-free Catalysis of the Direct Aldol Reaction in Nature
Class I Aldolases and Catalytic Antibodies
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Shibasaki's Direct Asymmetric Aldol Reaction
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The Hajos-Parrish-Eder-Sauer-Wiechert Reaction
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The Proline-Catalyzed Direct Asymmetric Aldol Reaction
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Mechanism of the Proline-Catalyzed Aldolization
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The Enamine Catalysis Cycle
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List JACS 2002, 5656-7. 
Also see: Angew. 2002, 1868
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-All previous reactions were nucleophilic additions. Alkylation is first example of a nucleophilic substitution.
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JACS 2000, 9336-7. JACS 2002, 827-33.

The First Proline-Catalyzed Asymmetric Mannich-Reaction
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 Proline-Catalyzed Mannich-Reaction of Aldehydes
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 Proline-Catalyzed Mannich-Reaction of Aldehydes
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Anti-Selective Mannich-Reaction of Aldehydes
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Proline-Catalyzed Mannich Reaction with N-BOC-Imines
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Proline-Catalyzed Mannich Reaction with N-BOC-Imines
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Proline-Catalyzed Mannich Reaction with N-BOC-Imines
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Proline-Catalyzed Mannich Reaction with N-BOC-Imines



Proline-Catalyzed Mannich Reaction with N-BOC-Imines
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Lewis Base
Catalysis

Brønsted Acid
Catalysis

Enamine Catalysis
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Enantioselective Specific Brønsted Acid Organocatalysis

N

Ph H

HO
OTMS

OEt

1 eq 1.5 eq

1 (10 mol%)

tol. -78°C
24h

quant.

HN

Ph

HO

CO2Et

NO2

NO2

O

O
P

O

OH

dr 87:13, 96% ee

1
Akiyama et al. Angew. Chem. Int. Ed. 2004, 1566.

N

Ph H

BOC
O

1 eq 1.1 eq

2 (2 mol%)

CH2Cl2, RT
1h, 99%

HN

R1

BOC

Ac

Ac
O

O

O
P

O

OH

2

95% ee
Terada et al. JACS 2004, 5356





Developing a Catalytic Asymmetric Pictet-Spengler Reaction
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Developing a Catalytic Asymmetric Pictet-Spengler Reaction
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Developing a Catalytic Asymmetric Pictet-Spengler Reaction
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Developing a Catalytic Asymmetric Pictet-Spengler Reaction
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Developing a Catalytic Asymmetric Pictet-Spengler Reaction
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Brønsted Acid-Catalyst Screening
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Organocatalytic, Asymmetric Reductive Amination
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Organocatalytic, Asymmetric Reductive Amination
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Organocatalytic, Asymmetric Reductive Amination
Catalyst Screening
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Organocatalytic, Asymmetric Reductive Amination
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Hydrogenation in Nature
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Concept of an Organocatalytic Conjugate Reduction
of α,β-Unsaturated Aldehydes
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List et al. Angew. Int. 2004, 
6660. (Highlighted in Nature,
 Angew., and C&EN)
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 Organocatalytic Conjugate Reduction of α,β-Unsaturated 
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Developing a new Strategy for Asymmetric Catalysis

Asymmetric Brønsted acid catalysis may be a special case of a far more general catalysis strategy:
Asymmetric, Counteranion-Directed Catalysis (ACDC)

HX*

Substrate Substrate

H

X*

Product

H

X*
Product

Chiral Ion Pair
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Asymmetric, Counteranion Directed Catalysis:
Previous Attempts

B. A. Arndtsen et al. OL 2000, 2, 4165-4168.
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Asymmetric, Counteranion-Directed Catalysis:
Application to Iminium Catalysis
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Asymmetric, Counteranion-Directed Catalysis:
Catalyst Synthesis and Screening
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Asymmetric, Counteranion-Directed Catalysis: Results
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Asymmetric, Counteranion-Directed Catalysis: Citral
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Asymmetric, Counteranion-Directed Catalysis:
Ketone Substrates
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Asymmetric, Counteranion-Directed Catalysis:
Ketone Substrates
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Highly Enantioselective Transferhydrogenation of Enones
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