Enamine/lIminium catalysis:
Highlights from the evolution of pyrolidine-
type catalysts
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PART 1: ENAMINE CATALYSIS

Lessons from nature: Aldolases catalyzed aldol reaction
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FDP Aldolase vs antibody aldolase

Class | FDP Aldolase Ab 38C2 or 33F12

20, H O H O
R

Barbas et al, Science 1997, 278, 2085



Antibody catalyzed aldol rxn with broad reaction scope

Barbas et al, Science 1997, 278, 2085
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Proline-catalyzed direct asymmetric aldol reactions

Table 1. Amino Acid Denvatives Tested as Catalysts for the . .
Asymmetric Aldol Reaction of Acetone with 4-Nitrobenzaldehyde* Table 2. Yields and ee’s of Aldol Products
b
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Mechanism of proline-catalyzed aldol

HN—( 54 . ‘\’Q‘ HOo N
¢ a =Y
0 HO {0 s

o O
|
A N- A N/
OH ' -0 N % he O
® ﬂ +H,0 re-1acial attack

-
2!

Y
H
cH OH o'~

Barbas / List JACS 2000, 722, 2395



Two -step synthesis of carbohydrates

The concept:

(A) Step 1: Organocatalytic Enantioselective Aldehyde Dimerization
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(B) Step 2: Lewis Acid (LA) Mediated Mukaiyama Aldol-Carbohydrate Cyclization
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Fig. 1. (A) Step 1: Proline-cataly 2ed enantioselective dimerization of a-oxyaldelydes. (B) Step 2:
Mukaty ama aldol-carbobyydrate oy clization

Mac Millan, Science 2004, 305, 1752



Two -step synthesis of carbohydrates

The results:

Step 1 Results: Organocatalytic Enantioselective -Oxyaldehyde Dimerization
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Step 2 Results: Melal Catalyzed Carbolvydrate Construction
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Fig. Z Step 1 Results: The enantiozelective dimerzation of a-cxyaldetydes, Step 2 Results: The
Lewis acid-mediated Mukaiyama aldol-carbohydrate cydization,
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Two -step synthesis of carbohydrates

. Table 1, Representative two-step enantloselective carbolydrate synthesis, Temperature refers to the
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PART 2 : IMINIUM CATALYSIS

The concept:
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Diels Alder: Stereochemical Control with MacMillan’s cat.
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The first organocatalytic Diels-Alder
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Nitrone cycloaddition: The concept

[3 + 2] Nitrone Cycloaddition
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The first organocatalytic nitrone cycloaddition

CHO

Mac Millan et al, JACS 2000, 722, 9874

Table 3. Organocatalyzed Dipolar Cycloadditions between
Representative Nitrones and Dipolarophiles

observed (92% ee)
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“Second generation” Mac Millan catalyst:
More efficient stereocontrol of iminium geometry
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Aldehyde-aldehyde aldol reaction

Table 1: Imidazolidinone-catalyzed direct aldol condensation: reaction
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Organocatalytic hydride reduction
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Cyclopropanation :Identification of a new “proline-type” catalyst
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- common in
pharmaceulicals
O and nalural isolates

Iminium catalyzed ylide cyclopropanation
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Scope of Organocatalytic yilide-cyclopropanation

Table 1. Scope of Organocatalytic Ylide-Cyclopropanation
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Synthesis of Jorgensen'’s catalyst from phenylalanine

SCHEME 1. Synthesis of Catalyst 4c
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Enantioselective addition of 2-nitropropane to chalcone
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Imnium Structure

SCHEME 2. Possible Catalyst—Substrate Iminium
Intermediates, 6a—d
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