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Kinetic Resolution and Kagan´s S-value
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Desymmetrization
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Kinetic resolution of trans-1-acetamidocyclohexan-2-ol

S. J. Miller, G. T. Copeland, N. Papaioannou, T. E. Horstmann, E. M. Ruel, J. Am. Chem. Soc. 1998, 120, 1629.
G. T. Copeland, E. R. Jarvo, S. J. Miller, J. Org. Chem. 1998, 63, 6784.
E. R. Jarvo, G. T. Copeland, N. Papaioannou, P. J. Bonitatebus, S. J. Miller, J. Am. Chem. Soc. 1999, 121, 11638.               

Miller´s Peptide Organocatalysis
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Miller´s Peptide Organocatalysis
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Miller´s Peptide Organocatalysis
Structural Investigations:
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Toniolo´s Variation of Miller´s Peptide C
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Kinetic Resolution of Secondary Alcohols
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Introduction of an Additional Stereocenter
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Application as Part of the Total Synthesis 
of Mitomycin C (O4)
Acylative Enantioseparation of Key Intermediate (–)-6 in the Total Synthesis of Mitosane
7 which is the Core Structure of Mitomycin C 8
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Desymmetrization of meso-Compounds
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Desymmetrization of meso-Compounds
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Other Imidazole Based Catalysts
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Kinetic Resolution of trans-Cycloalkane-1,2-Diols
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Kinetic Resolution of trans-Cycloalkane-1,2-Diols

 V (R=Cha) (1 mol%), 
 5.3 equiv. Ac2O

(±)-16 (+)-16
toluene, 0 °C, 4−9 h
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n(H2C) n(H2C) n(H2C)
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(Isolated Yield 16/%)
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17 s-valuea

4 56 (37) >99 78 >50

9 63 (30) 85 49 8
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5 54 (44) >99 85 >50
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OH
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OH

OH
(±)-16d

aConversions and s-factors determined following the procedure of Kagan and Fiaud. 

H. B. Kagan, J. C. Fiaud, Top. Stereochem. 1988, 18, 249.
C. E. Müller, L. Wanka, K. Jewell, P. R. Schreiner, Angew. Chem. Int. Ed. Engl. 2008, 47, 6180.
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Kinetic Resolution of trans-Cycloalkane-1,2-Diols
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Kinetic Resolution of trans-Cycloalkane-
1,2-Diols

HO
HO Hydro-

phobic
inter-

actions

Acylium transfer

Hydrogen
bonding

= centers determining stereochemistry

Merck Molecular Force Field (MMFF) conformer distribution;
the low lying conformers were optimized at B3LYP/6-31+G(d,p).

C. E. Müller, L. Wanka, K. Jewell, P. R. Schreiner, Angew. Chem. Int. Ed. Engl. 2008, 47, 6180.
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Kinetic Resolution of trans-Cycloalkane-1,2-Diols

B3LYP/6-
31G*//ONIOM2
(B3LYP/6-
31G*:PM3) 

Relative energies ΔE of 
the peptide acylium ion-
diol complex in kcal/mol

Peptide Acylium Ion Diol Complexes:

C. B. Shinisha, R. B. Sunoj, Org. Lett. 2009, 11, 3242.
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Kinetic Resolution of trans-Cycloalkane-
1,2-Diols

B3LYP/6-
31G*//ONIOM2(B3LYP/6-
31G*:PM3) 

Transition States:Peptide Acylium Ion Diol Complex:

C. B. Shinisha, R. B. Sunoj, Org. Lett. 2009, 11, 3242.
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Kinetic Resolution of trans-Cycloalkane-1,2-
Diols via Steglich Esterification

R. Hrdina, C. E. Müller, P. R. Schreiner, Chem. Comm., submitted for publication.
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Kinetic Resolution of trans-Cycloalkane-1,2-Diols 
via Steglich Esterification

 DIa

 2 mol% V

rac-16 (S,S)-16
toluene

0 °C (R,R)-17
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OH OH
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H. B. Kagan, J. C. Fiaud, Top. Stereochem. 1988, 18, 249.

n t (h) C (%) ee (%) ee (%) S

1 10 76 17b, 32 16b >99 11

2 10 55 17a, 81 16a >99 >50

3 16 55 17c, 82 16c >99 >50

4 18 55 17d, 81 17c >99 >50

COOH

COOH

COOH

COOH

Carboxylic acid t (h) C (%)
ee 
(%)

ee
(%)
2 

S

19 HCOOH 7 67 41 83 6

15 55 83 >99 >50

41 (48, 43) 90 98 >50

24 54 85 >99 >50

45 (55, 41) 90 98 >50

22 48 4 86 4 14

23 48 60 57 85 9

2 57 75 >99 >50

2 (54, 41) 82 >99 >50

25 PhCO-2H 48 38 60 36 6

26 p-Cl-PhCO2H 48 58 60 84 10

27 p-MeO-PhCO2H 48 – – 3 –

24 PhCH2COOH

21
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R. Hrdina, C. E. Müller, P. R. Schreiner, Chem. Comm., submitted for publication.
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Desymmetrization of meso-Hydrocarbon-
1,2-Diols

C. E. Müller, D. Zell, P. R. Schreiner, Chem. Eur. J. 2009, 15, 9647.
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racemizes readily configurationally stable

O

O CH3NH
O

N H
O

NH
O

N H
O

O

N

N
Me

V



25

Desymmetrization of meso-Hydrocarbon-
1,2-Diols

B3LYP/6-
31G*//ONIOM2
(B3LYP/6-
31G*:PM3) 

Relative energies ΔE of 
the peptide acylium ion-
diol complex in kcal/mol

Transition States for Acyl Transfer:

Peptide Acylium Ion Diol Complexes:

C. B. Shinisha, R. B. Sunoj, Org. Lett. 2009, 11, 3242.
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Conlusions

show a good performance in enantioselective 
acylation reactions
are highly tunable
often have a high molecular mass
often only work under highly diluted conditions    
often show a high substrate specificity

Biomimetic organocatalysts
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