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• Mechanism: Breslow 1958

• Jordan 1984: spectroscopic hint was found by Jordan in his 
work on brewer’s yeast pyruvate carboxylase

• Teles 1996: isolating hydroxy methyl triazolium-salts

• Rovis 2012: isolatable triazol-derived analogues

• Berkessel 2012: detection of 2,2-diaminoenols via NMR

• Berkessel 2013: XRD-structures

TPP
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The Breslow-Intermediate

Kuo, D. J.; Jordan, F., J. Biol. Chem. 1983, 258 (22), 13415-13417; R. Zhao, F. Gao, Y. Wang, G. A. Diaz, B. D. Gelb, I. D. Goldman, J. Biol. Chem. 2001, 276, 1114; 
R. Breslow, J. Am. Chem. Soc. 1958, 21,3719; J. H. Teles, J.-P- Melder,K. Ebel, R. Schneider, E. Gehrer, W. Harder, S. Brode, Helv. Chim. Acta. 1996, 79, 61-83; DiRocco,
D. A.; Oberg, K. M.; Rovis, T., J. Am. Chem. Soc. 2012, 134 (14), 6143-6145; A. Berkessel, S. Elfert, V. R. Yatham, J.-M. Neudorfl, N. E. Schlorer, J. H. Teles, Angew. 
Chem. Int. Ed. 2012, 51, 12370; A. Berkessel, V. R. Yatham, S. Elfert, J.-M. Neudörfl, Angew. Chem. Int. Ed. Engl. 2013, 52, 11158.
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NMR-Spectroscopic Approach for a Breslow-Intermediate

• Young-type NMR tube, 600 MHz, THF-d8, initial temperature: − 50 °C

• Deprotonation with NaH: a solid and a gas evolve shift of equilibrium!
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NMR-Spectroscopic Approach for a Breslow-Intermediate
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NMR-Spectroscopic Approach for a Breslow-Intermediate
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NMR-Spectroscopic Approach for a Breslow-Intermediate
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NMR-Spectroscopic Approach for a Breslow-Intermediate

• E can not be the ketone

• Enolate E is stabilized due to:

-Low activity of water
(temperatur, H-bondings, NaH)

-Charge is stabilized

-Basic conditions

-Large counter ion
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NMR-Spectroscopic Approach for a Breslow-Intermediate

HMBC
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NMR-Spectroscopic Approach for a Breslow-Intermediate: Isotope Labeling

K. Mathies, A. E. Mattson, K. A. Scheidt, Synlett. 2009, 3, 377-383
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NMR-Spectroscopic Approach for a Breslow-Intermediate: Isotope Labeling

1 4
HMBC

H.-O. Kalinowski, S. Berger, S. Braun, 13C-Spektroskopie 1984, Georg Thieme Verlag, Stuttgart, New York, S. 474.
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NMR-Spectroscopic Approach for a Breslow-Intermediate: Isotope Labeling

HSQC
1 1‘ 4
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1 41‘ 2

NMR-Spectroscopic Approach for a Breslow-Intermediate: Isotope Labeling

HMBC
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NMR-Spectroscopic Approach for a Breslow-Intermediate: Isotope Labeling

HMBC
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HSQC
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NMR-Spectroscopic Approach for a Breslow-Intermediate: Isotope Labeling
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NMR-Spectroscopic Approach for a Breslow-Intermediate: Isotope Labeling

c   d

13207 scans!
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NMR-Spectroscopic Approach for a Breslow-Intermediate: Isotope Labeling
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NMR-Spectroscopic Approach for a Breslow-Intermediate: Isotope Labeling



Y. Binev, M. M. B. Marques, J. Aires-de-Sousa, J. Chem. Inf. Model. 2007, 47, 2089-2097; K. W. Wiitala, T. R. Hoye, C. J. Cramer, J. Chem. Theory Comput. 2006,
2, 1085-1092. 

Structure Method Basis set solvent Theory Config. 1

Experiment 187.6

Enaminol B3LYP 6-311++G** - GIAO E 142.8

Enaminol M062X cc-pVQZ - GIAO E 152.8

Enaminol MP2 cc-pVDZ - GIAO E 116.7

Enaminol B3PM91 cc-pVTZ - GIAO E 139.0

Enaminol M06 cc-pVQZ - GIAO E 145.0

Enaminol M062X cc-pVQZ - CSGT E 153.5

Enaminol B3LYP 6-311++G** - CSGT E 127.2

Enaminol B3LYP 6-311++G** THF CSGT E 138.2

Enaminol B3LYP 6-311++G** DMSO GIAO E 126.3

Enaminol M062X cc-pVQZ DMSO GIAO E 147.6

Enaminol M062X cc-pVTZ Wasser GIAO E 147.6

Enaminol M062X cc-pVQZ DMSO CSGT E 152.4

Enaminol M062X cc-pVQZ Wasser CSGT E 152.4

Enaminol HF 6-311++G** - GIAO E 139.3

Enaminol M062X 6-311++G** - CSGT E 146.8

Enaminol M062X Def2QZVPP - CSGT E 153.8

Enaminol M062X cc-pVQZ - IGAIM E 154.2

Enaminol M062X cc-pVQZ - IGAIM Z 142.9

Enaminol M062X aug-cc-pVTZ - IGAIM E 150.9

Enaminol M062X Def2QZVPP - IGAIM E 153.8

Enaminol M062X Def2QZVPP DMSO IGAIM E 152.8

Enaminol M062X cc-pVQZ DMSO IGAIM E 152.4

Enaminol WC04 B3LYP 6-311++G** THF GIAO E 133.4

Enaminol - - - Increment E 150.0

Enaminol - - - Increment E 155.7

Additive

Hydroxid B3LYP 6-311++G** THF GIAO E 149.5

Ammonia B3LYP 6-311++G** THF GIAO E 132.9

Hydroxid M062X cc-pVQZ DMSO GIAO E 140.0

Hydroxid B3LYP 6-311++G** DMSO GIAO E 145.5

Hydroxid B3LYP 6-311++G** THF CSGT E 142.2

Hydroxid M062X cc-pVTZ DMSO IGAIM E 158.9

Hydroxid M062X cc-pVTZ Wasser IGAIM E 158.9

Water M062X cc-pVTZ DMSO IGAIM E 147.3

Dimer M062X cc-pVDZ DMSO IGAIM E 124.5 107.8

Hydr. + THF WC04 B3LYP 6-311++G** THF GIAO E 145.1

Wasser + THF M062X cc-pVDZ - GIAO E 162.8

Hydr. + THF M062X cc-pVDZ - GIAO E 173.5
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NMR-Spectroscopic Approach for a Breslow-Intermediate - Computations



aminol shift (exp.) /ppm shift (comp.) / ppm 

1 113 111

2 114 112

3 106 101

4 112 110

5 113 111

6 110 110

7 188 134
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B3LYP/6-311++G** (rel. to THF, PCM (THF))

NMR-Spectroscopic Approach for a Breslow-Intermediate - Computations

Paul, M.; Breugst, M.; Neudörfl, J.-M.; Sunoj, R. B.; Berkessel, A., J. Am. Chem. Soc. 2016, 138 (15), 5044-5051.

1 2 3 4 5 6 7
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Other Structures?

B. Maji, H. Mayr, Angew. Chem. Int. Ed. 2012, 51, 10408-10412.

Influence of temperature, 2-3 phases, solvent (THF-complexation, reductive conditions, TBAOH etc.) ???
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293 K
HMBC
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NMR-Spectroscopic Approach for a Breslow-Intermediate
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Summary

• The first thiamine-based free enaminol-system was detected in low temperature NMR-experiments

• The high shift of the enol-carbon (188 ppm) can not be modeled

• The shift is comparable to other enol-structures but not to similar systems

122.1 ppm
187.6 ppm?
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Outlook

• Capturing the enaminol with an aldehyde

K. Mathies, A. E. Mattson, K. A. Scheidt, Synlett. 2009, 3, 377-383
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Outlook
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Outlook

TBA
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Outlook

• Matrix-isolation-study for the detection of an Breslow-Intermediate

Maier, G.; Endres, J.; Reisenauer, H. P. Angew. Chem. Int. Ed. 1997, 36, 1709-1712. 

• KIE / isotope labeling
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