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Topic Outline

Introduction: Proline as an asymmetric organocatalyst

Background: Discovery of proline as an organocatalyst for asymmetric reactions

Proline-catalyzed direct asymmetric intermolecular aldol reactions

Title paper: A highly Efficient Organocatalyst for Direct Aldol Reactions of Ketones with 
Aldehydes

Scope and applications of proline-catalyzed direct asymmetric aldol reactions reactions

Summary
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Introduction - Proline as a Universal Asymmetric Catalyst??
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• Proline is an abundant chiral molecule
a) nontoxic and inexpensive
b) readily available in both enantiomeric forms
c) comfortable reaction conditions and recyclable

• A bifunctional, with a carboxylic acid and an amine functional groups
• A ligand in asymmetric transition-metal catalysis
• A chiral modifier
• An effective organocatalyst, such as the aldol, Mannich, and Michael reactions
• An ideal compromise between small rigid organocatalysts and enzymes
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Discovery of Proline as an Organocatalyst for Asymmetric Reactions 

• Yamada’s asymmetric Robinson-annulation was 
developed based on the proline-derived enamines.

Yamada, S.; Otani, G. TL 1969, 4237-4240.

• Hajos-Parrish-Eder-Sauer-Wiechert 
reactions: The proline-catalyzed 
asymmetric intramolecular aldol reactions 
of triketones were discovered by two 
industrial groups.

Hajos, Z. G. J. Org. Chem. 1974, 39, 1615.
Eder, U. ACIEE. 1971, 10, 496.
Cohen, N. Acc. Chem. Res. 1976, 9, 412.

leads to numerous asymmetric synthesis of steriods and terpenoids
Eg. Baccatin III and Taxol

Danishefsky, S. J. JACS 1996, 118, 2843.4
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Proposed Mechanism of Proline Catalyzed Intramolecular 
Aldol Reaction

• Proposed mechanism of the proline catalyzed intramolecular aldol reaction involved 
an enamine intermediate
• Both the secondary amine and the carboxylic acid moieties were involved in the 
catalysis
• Proton transfer is facilitated by a bifurcated H-bond between the enamine, the 
ketone and the amine of a second molecule of the proline
• This mechanism is analogous to the mode of action of Type I aldolase by activating 
the ketone by enamine formation 

Agami, C. TL 1986, 27, 1501. Agami, C. Bull. Soc. Chim. Fr. 1988, 3, 499.  Wong, C. –H. Enzymes in Synthetic 
Organic Chemistry; Elsevier: Oxford, UK, 1994.
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First Example of Proline-Catalyzed Direct Asymmetric  
Intermolecular Aldol Reactions

O
O

H

NO2

30-40 mol% amino acid derivatives
OH

NO2

O

+
DMSO, rt

20 vol%

List, B. JACS 2000, 122, 2395.

• Primary amino acids and acyclic amino acids 
failed to afford  desired product

• Both the pyrrolidine ring and the carboxylate 
are crucial for efficient catalysis
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First Example of Proline-Catalyzed Direct Asymmetric  
Intermolecular Aldol Reactions

List, B. JACS 2000, 122, 2395.
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Proposed Mechanism for the Directed Intermolecular Aldol Reaction

• Proline as a “micro-aldolase” which provides both the nucleophilic 
amino group and an acid/base cocatalysis in the form of the 
carboxylate 

• Enamine intermediate is involved
• Enantiofacial  selectivity is determined by Zimmerman-Traxler type 

TS 

List, B. JACS 2000, 122, 2395.
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Proline Analogues Used in 
Asymmetric Catalytic Direct Aldol Reactions 
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(3) H-L-Pro-L-Pro-L-Asp-NH2
Wennemers, H. OL 2005, 7, 1101.
(1-5 mol %, up to 90% ee)

OH

Ph
Ph

(1) Gong, L,-Z. JACS 2003, 125, 5262.
(5 mol %, 44->99% ee)

NH

O
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H O
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H
N

O
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Ph

Ph
(2) Pro-Phe-Phe-Phe-OMe
Gong, L,-Z. OL 2004, 6, 2285.
(10-20 mol %, 84-96% ee)

Proline containing di- and tripeptides:
Pro-Ala, Pro-Asp, Pro-Trp, Pro-Glu, Pro-Ser
Pro-Gly-Gly, Pro-His-Ala
List, . SYNLETT 2003, 12, 1901.
(30 mol %, 31-76% ee)

N
H

O

NHR

(4) Gong, L,-Z. Proc. Natl. Acad. Sci. U.S.A. 2004, 101, 5755.

R = H, Bn, tBu, Ar
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H

OH

CO2Et
CO2Et

(5) Gong, L,-Z. JACS 2005, ASAP
(2 mol %, 96-99% ee)
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The Directed Intermolecular Aldol Reaction: 
Scope and Applications

• (S)-configurations of C-α and C-β
enhanced the enantioselectivity 
• Decrease of the reaction temperature 
also increased the enantioselectivity

Gong, L.-Z. JACS 2003, 125, 5262.

α

β
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A Highly Efficient Organocatalyst for Direct Aldol Reactions of 
Ketones and Aldehydes

• Catalysts with strong electron 
withdrawing groups enhanced 
the enantioselectivity

• The enhancement is likely due to 
the electron-withdrawing nature 
that makes the N-H more acidic 
for the hydrogen bond in the 
transition state

Gong, L.-Z. JACS 2003, 125, 5262.
Gong, L.-Z. JACS 2005, ASAP.
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A Highly Efficient Organocatalyst for Direct Aldol Reactions of 
Ketones and Aldehydes

• The electron nature of the catalyst 
substituent affects the 
enantioselectivity of the reactions

• The enantioselectivity is 
significantly increased by lowering 
the reaction temperature (rt vs 0 oC 
vs –25 oC, entries 7, 14, and 15, 
respectively)

Gong, L.-Z. JACS 2005, ASAP.
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A Highly Efficient Organocatalyst for Direct Aldol Reactions of 
Ketones and Aldehydes

• Aldol products were formed 
with very high 
enantioselectivities ranging 
from 96% to 99% ee under the 
optimal condition 

Gong, L.-Z. JACS 2005, ASAP.
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Plausible Transition State

• According to the DFT calculation, the double hydrogen bond of the TS2 is stronger than the 
one in TS1 might from due to the strong electron-withdrawing nature of the esters

Gong, L.-Z. JACS 2005, ASAP.
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Summary

A family of L-proline amides was screened for their ability to catalyze the 
direct aldol reactions

Catalysts with strong electron withdrawing groups showed enhanced 
catalytic activity and enantioselectivity

The direct aldol reactions of a wide range of aldehydes with acetone resulted 
excellent enantioselectivities (96-99% ee) in the presence of 2 mol % of optimized
catalyst

Relevent reviews
Jarvo, E. R. and Miller, S. J. Tetrahedron 2002, 58, 2481.
List, B. Miller, S. J. Tetrahedron 2002, 58, 5573.
Miller, S. J. Acc. Chem. Res. 2004, 37, 601.
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