
An overview of selected organocatalysts applied in our group
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BINOL-phosphate catalyzed self-coupling reaction
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Asymmetric organocatalytic hydrocyanation reactions
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A plausible reaction mechanism based on 29Si, 31P and 1H NMR studies
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Some advantages of the “Oligopeptide Approach”

     all advantages of small 
     molecule organocatalyst

structural simplicitymodularity

 
         Advantages of
   short peptide catalystsp p y

easier mechanistic straightforward     investigationsstraightforward 
  accessibility

possibility to vary the nature of amino acids 
       to improve the catalyst efficiency
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N-terminal primary amino  dipeptide catalyzed 1,4-conjugate addition and aldol reaction
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Design of bifunctional organocatalysts
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New chiral thiourea based bifunctional organocatalysts
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Asymmetric nitro-Michael reactions catalyzed by thiourea-amine
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Plausible multistep chiral thiourea-amine catalysis
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Further applications for the new thiourea-amine catalaysts
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Scope of Mannich-type reactions catalyzed by thiourea-amine
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Asymmetric catalysis vs. Asymmetric autocatalysis
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Asymmetric autocatalysis

“Asymmetric autocatalysis is a process whereby a chiral reaction product 
is the catalyst in its own formation from achiral reactants.”

H W bH. Wynberg
1989
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Non-enantioselective organo-autocatalysis
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When chiral product and catalyst are the same
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• Promoted to “Hot Paper”.
• Highlighted in SYNFORM, Synlett, Issue 8, 2007.
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OMe

N

OMe
O

+
HN

OMe

O
HN

CO2Et

O

N

HEtO2C

+ CO2Et   (S Product-Catalyst)
up to 95% ee

(S)

DFT Calculations with Gaussian03 Program Package at B3LYP/6-31G level:

O

N
HN

MeO

H
O

OEt H

E

OMeC

O

O

OEt

ESI-MS:
m/z = 495.0 [MProduct + MReactant + Na]+

Transition state structure for the formation
of the S enantiomer of Mannich Product

/ 95 0 [ Product Reactant a]

M. Mauksch, S. B. Tsogoeva, I. M. Martynova, S.-W. Wei. Angew. Chem. Int. Ed. 2007, 46, 393

Asymmetric organoautocatalysis via product-templates

OMe

N

OMe
O

+
HN

OMe

O
HN

CO2Et

O

N

HEtO2C

+ CO2Et   (S Product-Catalyst)
up to 95% ee

(S)

MeO OEt

O

H
Template + Autocatalysis = Self-Replication

N
H

OMe

N

C

H

O

O

S TS

approach of the enol
f h Si f

O
OEt S-TS

Ca

Cb

from the Si-face

S-TS

Working hypothesis
B3LYP/6-31G

Organoautocatalysis as a natural extension to organocatalysis

A + P*B
    C*

A +     PB

Asymmetric organocatalysisAsymmetric organocatalysis

*

A +     P*B
    P*

Asymmetric organo-autocatalysis



“Absolute Asymmetric Synthesis” and “Spontaneous Mirror Symmetry Breaking”

“Absolute Asymmetric Synthesis is the formation of enantiomerically 
enriched products from achiral precursors without the intervention of 

hi l h i l l ”chiral chemical reagents or catalysts”

Kurt Mislow
Collect. Czech Chem Commun. 2003

The Frank model of mirror symmetry breaking in enantioselective autocatalysis

Bifurcation in the enantiomer concentration

A + R 2R
A + S 2S
R + S P

Kondepudi and Nelson Phys A, 1984

Crusats et al, ChemPhysChem, 2009
Mauksch et al, OLEB, 2009

Asymmetric Organo-autocatalytic
Mannich ReactionMannich Reaction

Symmetry Breaking: Mannich reaction 
under achiral conditionsunder achiral conditions 
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Symmetry breaking: Mannich reaction under achiral conditions 
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Yield (%) ee  (%)
by HPLC

ee  (%)                           
by 1H-NMR with Eu(tfc)3

(0.25 mol·l-1)

(days)

1 2 20 9.0  (S) -
2 2 11 1.5  (R) 2.4 (R)
3 2 18 9.1  (S) 9.1 (S)
4 4 35 0.5  (S) -
5 4 13 2 1 (R) 2 2 (R)5 4 13 2.1  (R) 2.2 (R)
6 4 31 9.4 (S) 8.2 (S)
7 4 34 6.8  (S) -
8 4 33 7.4  (S) -
9 4 32 2.6  (S) -

10 6 35 9 5 (S)10 6 35 9.5  (S) -
11 6 32 3.8  (S) 3.9 (S)
12 8 36 2.6  (S) -
13 8 33 2.0  (S) 2.4 (S)

M. Mauksch, S. B. Tsogoeva, S.-W. Wei, I. M. Martynova, Chirality, 2007, 19, 816



Measurement of product enantiomeric excess in the Mannich reaction,
run under achiral conditions
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W. L. Noorduin, et al, JACS, 2008, 130, 1158;  Angew. Chem. Int. Ed., 2008, 47, 6445.
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Deracemization experiments with a Mannich-type reaction 

S. B. Tsogoeva, S.-W. Wei, M. Freund, M. Mauksch, Angew. Chemie Int. Ed. 2009, 48, 590

Deracemization process in the Mannich-type reaction at RT
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Deracemization process in the Mannich-type reaction at 40oC
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