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Concept of Peptide Catalysis Concept of Peptide Catalysis -- AcylationAcylation

E. A. C. Davie, S. M. Mennen, Y. Xu, S. J. Miller, Chem. Rev. 2007, 107, 5759.

G. T. Copeland, E. R. Jarvo, and S. J. Miller, J. Org. Chem. 1998, 63, 6784.

R. Hrdina, C. E. Müller, P. R. Schreiner, Chem. Commun. 2010, 46, 2689..



Concept of Peptide Catalysis Concept of Peptide Catalysis -- EpoxidationEpoxidation
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Epoxides in Natural Products Epoxides in Natural Products andand DrugsDrugs
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A. R. Burns, R. J. K. Taylor, Synthesis 2011, 5, 681..

T. Herdegen, Kurzlehrbuch Pharmakologie und Toxikologie, 3. Auflage, Thieme, Stuttgart, 2010.

G. Höfle, N. Bedorf, H. Steinmetz, D. Schomburg, K. Gerth, H. Reichenbach, Angew. Chem. 1996, 108, 1671.



Possible Possible EpoxidationEpoxidation Conditions Conditions -- OxoneOxone

Y. Tu, Z.-X.- Wang, Y. Shi, J. Am. Chem. Soc. 1996,118, 9806.

J. M. Vega-Pérez, M. V. Holm, M. L. Martinez, E. Blanco, F. Iglesias-Guerra, Eur. J. Org. Chem. 2009, 6009.

T. R. Boehlow, P. C. Buxton, E. L. Grocock, B. A. Marples, V. L. Waddington, Tetrahedron Lett. 1998, 39, 1839.



Possible Possible EpoxidationEpoxidation Conditions Conditions -- HydroperoxidesHydroperoxides

(1) pyrrolidine (1.5 equiv.), CH2Cl2, rt, 14 h

(2) tBuOOH (10.0 equiv.), DBN (10 equiv.),

CH2Cl2, rt, 6 h
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J. Y. Cha, Y. Huang, T. R. R. Pettus, Angew. Chem. Int. Ed. 2009,48, 9519.

J. Li, N. Fu, L. Zhang, P. Zhou, S. Luo, J.-P. Cheng, Eur. J. Org. Chem. 2010, 6840.

M. Nagano, M. Doi, M. Kurihara, H. Suemune, M. Tanaka, Org. Lett. 2010, 12, 3564.



Possible Possible EpoxidationEpoxidation Conditions Conditions –– Phase Transfer CatalystPhase Transfer Catalyst

S. Tanaka, K. Nagasawa, Synlett. 2009,4, 667.

W. Qui, L. He, Q. Chen, W. Luo, Z. Yu, F. Yang, J. Tang, Tetrahedron Lett. 2009, 50, 5225.



Possible Possible EpoxidationEpoxidation Conditions Conditions –– Phase Transfer CatalystPhase Transfer Catalyst

Y.-X. Yang, Z. Li, G.-R. Chen, Y.-C. Li, Lett. Org. Chem. 2010, 7, 163.



LongLong--termterm ObjectiveObjective ofof MulticatalysisMulticatalysis

C. E. Müller, R. Hrdina, R. C. Wende, P. R. Schreiner Chem. Eur. J. 2011, 17, 6309 – 6314

R. Hrdina, C. E. Müller, R. C. Wende, L. Wanka, P. R. Schreiner, in preparation.
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CrotonicCrotonic Acid Acid --EsterificationEsterification

diol carbodiimide reaction time yield

trans-diol DIC (1.0 equiv.) 1 d 0%

trans-diol EDAC + TEA (1.0 equiv.) 1 d 25%

cis-diol EDAC + TEA (1.0 equiv.) 1 d 24%

diol reaction time yield

trans-diol 16 h 59%

cis-diol 20 h 59%

R. Hrdina, C. E. Müller, P. R. Schreiner, Chem. Commun. 2010, 46, 2689.

C. Fang, T. Tomoyuki, H. Suemune, K. Sakai, Tetrahedron. Asym. 1991, 2, 389.



CrotonicCrotonic Acid Acid --EsterificationEsterification

diol reaction time yield e.r.

trans-diol 2 d 23% -

cis-diol 1 d 16% 52:48

R. Hrdina, C. E. Müller, P. R. Schreiner, Chem. Commun. 2010, 46, 2689.

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

diol reaction time conversion e.r. concerning

trans-diol 1 d minimal 53:47 (S,S)-diol:(R,R)-diol

cis-diol 1 d minimal 67:33 (1R,2S):(1S,2R)



CrotonicCrotonic Acid Acid -- EpoxidationEpoxidation

epoxidation condition reaction time yield ee

H2O2(5.8 equiv., 30%), NaOH (0.07 equiv., 20%), H2O-MeOH, 0°C 20 h 0% -

mCPBA (1.1 equiv.), CH2Cl2, 0°C => rt 3 d 61% -

H2O2(1.2 equiv., 30%), DIC (1.2 equiv.), 18 (1.3 mol%), CH2Cl2, rt 2 d 0% 0%

H2O2(1.2 equiv., 30%), DIC (1.2 equiv.), 19 (2.1 mol%), CH2Cl2, rt 4 d 0% 0%

R. Nakajima, T. Ogino, S. Yokoshima, T. Fukuyama, J. Am. Chem. Soc. 2010, 132, 1236.

M. Welker, S. Woodward, A. Alexakis, Org. Lett.. 2010, 12, 576.

R. Hrdina, C. E. Müller, R. C. Wende, L. Wanka, P. R. Schreiner, in preparation.



CrotonicCrotonic Acid Acid –– Michael AdditionMichael Addition

20 reaction time yield reisolated reactant

A. Becheanu, A. Baro, S. Laschat, W. Frey, Eur. J. Org. Chem. 2006,  2215.

C. Fang, T. Ogawa, H. Suemune, K. Sakai, Tetrahedron: Asym. 1991, 2, 389.

CuI 1 h 0% 77%

CuBr •Me2S 4 h 39% 0%



PentenoicPentenoic AcidAcid-- EsterificationEsterification

diol reaction time yield

trans-diol 1 d 70%

cis-diol 1 d 60%

R. Hrdina, C. E. Müller, P. R. Schreiner, Chem. Commun. 2010, 46, 2689.



15 carbodiimide acid T t conversion eemax (t)

3.0 mol% EDAC + TEA (1.0 equiv) 1.0 equiv. rt 48 h 89% 67% (24 h)

2.4 mol% EDAC + TEA (1.0 equiv) 1.0 equiv. 0°C 31 h 82% 82% (4 h)

2.1 mol% EDAC + TEA (1.0 equiv) 1.0 equiv. -15°C 71 h 82% 83% (24 h)

2.6 mol% EDAC (1.0 equiv) 1.0 equiv. 0°C 48 h 62% 75%

17 carbodiimide acid T t conversion eemax (t)

3.0 mol% EDAC + TEA (1.0 equiv) 1.0 equiv. rt 48 h 89% 67% (24 h)

2.4 mol% EDAC + TEA (1.0 equiv) 1.0 equiv. 0°C 31 h 82% 82%  (4 h)

2.1 mol% EDAC + TEA (1.0 equiv) 1.0 equiv. -15°C 71 h 82% 83% (24 h)

2.6 mol% EDAC (1.0 equiv) 1.0 equiv. 0°C 48 h 62% 75%

PentenoicPentenoic AcidAcid-- EsterificationEsterification

2.6 mol% EDAC (1.0 equiv) 1.0 equiv. 0°C 48 h 62% 75%

2.2 mol% EDAC + TEA (1.0 equiv) 2.0 equiv. 0°C 48 h 84% 83% (24 h)

2.7 mol% EDAC + TEA (1.0 equiv) 4.0 equiv. 0°C 72 h 87% 81% (24 h)

2.2 mol% EDAC + TEA (2.0 equiv) 1.0 equiv. 0°C 48 h 83% 78% (24 h)

2.2 mol% EDAC + TEA (2.0 equiv) 2.0 equiv. 0°C 24 h 90% 79% (2 h)

1.8 mol% DCC (1.0 equiv) 1.0 equiv. 0°C 48 h 67% 83% (24 h)

2.6 mol% EDAC (1.0 equiv) 1.0 equiv. 0°C 48 h 62% 75%

2.2 mol% EDAC + TEA (1.0 equiv) 2.0 equiv. 0°C 48 h 84% 83% (24 h)

2.7 mol% EDAC + TEA (1.0 equiv) 4.0 equiv. 0°C 72 h 87% 81% (24 h)

2.2 mol% EDAC + TEA (2.0 equiv) 1.0 equiv. 0°C 48 h 83% 78% (24 h)

2.2 mol% EDAC + TEA (2.0 equiv) 2.0 equiv. 0°C 24 h 90% 79% (2 h)

1.8 mol% DCC (1.0 equiv) 1.0 equiv. 0°C 48 h 67% 83% (24 h)



PentenoicPentenoic AcidAcid-- EsterificationEsterification
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PentenoicPentenoic AcidAcid-- EsterificationEsterification
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PentenoicPentenoic AcidAcid-- EsterificationEsterification & & EpoxidationEpoxidation

R. Hrdina, C. E. Müller, P. R. Schreiner, Chem. Commun. 2010, 46, 2689.

L. Kiss, E. Forró, R. Sillanpää, F. Fülöp, Tetrahedron 2010, 66, 3599.



PentenoicPentenoic AcidAcid-- EpoxideEpoxide Opening ReactionOpening Reaction

M. Mizuno, M. Kanai, A. Iida, K, Tomioka, Tetrahedron 1997, 53, 10699.



PentenoicPentenoic AcidAcid-- EpoxideEpoxide Opening ReactionOpening Reaction

J.-L. Cao, J. Qu, J.Org. Chem. 2010, 75, 3663.

L. Kiss, E. Forró, R. Sillanpää, F. Fülöp, Tetrahedron 2010, 66, 3599.

M. Mizuno, M. Kanai, A. Iida, K, Tomioka, Tetrahedron 1997, 53, 10699.

diol isomerisation opening reaction

trans-diol ESI + NMR ESI

cis-diol ESI + NMR ESI

δδ

δδ
δδ

δδ



Actual State of Actual State of EpoxidationEpoxidation ReactionsReactions

J. Cubillos, I. Montilla, C. Montes de Correa, Applied Catalysis A: General 2009, 366, 348.

T. R. Boehlow, P. C. Buxton, E. L. Grocock, B. A. Marples, V. L. Waddington, Tetrahedron Lett. 1998, 39, 1839.

catalyst n = 1

R = H

n = 1

R = Me

n = 1

R = Ph

n  = 3

R = H

22 GC-MS GC-MS 0% 0%

23 0% 0% 0% 0%

conversion is very low in all cases



Actual State of Actual State of EpoxidationEpoxidation ReactionsReactions

N. Koyama, S. Kojima, T. Fukuda, T. Nagamitsu, T. Yasuhara, S. Omura, H. Tomoda, Org. Lett. 2010, 12, 432.

M. Porcelloni, P. D´Andrea, C. Rossi, A. Sisto, A. Ettorre, A. Madami, M. Altamura, S. Giuliani, S. Meini, D. Fattori, Chem. Med. Chem.

2008, 3, 1048.

unsuitable for the synthesis of a peptide bonds



Actual State of Actual State of EpoxidationEpoxidation ReactionsReactions

concept with a selective carbonyl group possible

Md. J. Uddin, P. N. P. Roa, E. E. Knaus, J. Heterocyclic. Chem. 2003, 40, 861.

J. Cubillos, I. Montilla, C. Montes de Correa, Applied Catalysis A: General 2009, 366, 348.

T. R. Boehlow, P. C. Buxton, E. L. Grocock, B. A. Marples, V. L. Waddington, Tetrahedron Lett. 1998, 39, 1839.

free amino acids could catalyse epoxidation reactions with oxone as oxidant



OutlookOutlook

• Synthesis of the peptide backbone 

� Screening via “Otto”

• Catalytic unit

� Phase transfer conditions

� Different fluorinated carbonyl compounds

� Different oxidable alcohols

� Ammonium salts

• Combination of the esterification and epoxidation subunit

� Substrate correlated structures



OutlookOutlook

• Further experiments with Li-organyls

• Other interesting epoxide opening reactions

� Generation of flexible and useful chiral compounds

� Important substrates for further reactions 
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A. P. Spork, S. Koppermann, B. Dittrich, R. Herbst-Irmer, C. Ducho, Tetrahedron: Asym. 2010, 21, 763.

J. Wu, X. Sun, W. Sun, S. Ye, Synlett. 2006, 15, 2489.

M. Pineschi, Eur. J. Org. Chem. 2006, 4979.
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