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Famous Formose (Butlerow) reaction

R. Breslow, Tetrahedron Lett., 1959, 1, 22-26; A. Butlerow, Justus Liebig Ann. Chem., 1861, 120, 295-298; R. F. Socha, A. H. Weiss, M. 
M. Sakharov, React. Kinet. Catal. Lett., 1980, 14, 119-128; R. Larralde, M. P. Robertson, S. L. Miller, Proc. Natl. Acad. Sci. U. S. A., 1995,
92, 8158-8160; S. Toxvaerd, Orig. Life Evol. Biosph., 2013, 43, 391-409

• Glycolaldehyde is the first entry in the formose reaction

• needs liquid water, strong bases, high concentrations and ambient temperatures

• no long term stability and no stereochemical purity 

less relevant for forming sugars in prebiotic and extraterrestrial context
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Sugar formation in space

G. Cooper, N. Kimmich, W. Belisle, J. Sarinana, K. Brabham, L. Garrel, Nature, 2001, 414, 879-883; Y. Kebukawa, A. L. D. Kilcoyne, G. D.  
Cody, Astrophys. J., 2013, 771, 19; J. M. Hollis, F. J. Lovas, P. R. Jewell, Astrophys. J., 2000, 540, 107-110; J. R. Sodeau, E. K. C. Lee, 
Chem. Phys. Lett., 1978, 57, 71-74; P. R. Schreiner, H. P. Reisenauer, F. C. Pickard IV, A. C. Simmonett, W. D. Allen, Nature, 2008, 453, 
906-909; S. N. Ahmed, M. L. McKee, P. B. Shevlin, J. Am. Chem. Soc., 1985, 107, 1320-1324  

• Murchison and Murry meteorites containing sugar related compounds

“polyols were present on the early Earth and therefore at least available for incorporation into the first 
forms of life”
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Sugar formation

A. K. Eckhardt, M. Linden, R. C. Wende, B. Bernhardt, P. R. Schreiner, Nature Chem. 2018, accepted for publication 4



High vacuum flash pyrolysis

Spectra in D2O 5
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Synthesis of reference compound

N. C. Yang, R. A. Finnegan, J. Am. Chem. Soc., 1958, 80, 5845-5848 6



Sugar formation
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Analytics
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Analytics

C. C. Sweeley, R. Bentley, M. Makita, W. Wells, J. Am. Chem. Soc., 1963, 85, 2497-2507 9

lyxose

arabinose

ribose

xylose

glyceraldehyde dimer

erythrose

threose

dihydroxyacetone



Testing the stability of glyceraldehyde

Lobry De Bruyn- Alberda van Ekenstein rearrangement
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glyceraldehyde



Sugar formation
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Sugar formation - Outlook
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McFayden-Stevens starting material as precursors for hydroxycarbenes

J. S. McFayden, T. S. Stevens, J. Am. Chem. Soc., 1936, 584-587; S. B. Matin, J. C. Craig, R. P. K. Chan, J. Org. Chem, 1974, 39, 2285-2289; H. Babad, 
W. Herbert, A. W. Stiles, Tetrahedron Lett., 1966, 29, 2927-2931

• Method to synthesis aldehydes from carboxylic acids

• Even aliphatic aldehydes can be synthesized in an alkaline environment 
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McFayden-Stevens starting material as precursors for hydroxycarbenes

Y. Iwai, T. Ozaki, R. Takita, M. Uchiyama, J. Shimokawa and T. Fukuyama, Chem. Sci., 2013, 4, 1111-1119

• Modified version of Fukuyama et al.
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Mechanistic studies

Y. Iwai, T. Ozaki, R. Takita, M. Uchiyama, J. Shimokawa and T. Fukuyama, Chem. Sci., 2013, 4, 1111-1119

• Two possible pathways
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Motivation

D. Plazuk, J. Warkentin, N. H. Werstiuk, Tetrahedron, 2005, 61, 5788-5796

• Carbene in solution

• McFayden-Stevens starting material as possible precursor for hydroxycarbene in solution
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Computational studies
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McFayden-Stevens starting material synthesis

S. Rajkumar, G. J. Clarkson, M. Shipman, Org. Lett., 2017, 19, 2058-2061; Y. Iwai, T. Ozaki, R. Takita, M. Uchiyama, J. Shimokawa and T. Fukuyama, 
Chem. Sci., 2013, 4, 1111-1119

• Route after Fukuyama et al.
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McFayden-Stevens starting material as precursor

Y. Iwai, T. Ozaki, R. Takita, M. Uchiyama, J. Shimokawa and T. Fukuyama, Chem. Sci., 2013, 4, 1111-1119

• Cyclohexen as carben scavenger

• Starting material is not soluble in cyclohexen at room temperature 

• More electrophilic carbene scavenger 
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McFayden-Stevens starting material as precursor

D. Gerbig, D. Ley, H. P. Reisenauer, P. R. Schreiner, Beilstein J. Org. Chem., 2010, 6, 1061-1069

• Intramolecular reaction
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Phenyltelluryl-Radical - Introduction

R. E. Barrientos-Astigarraga, P. Castelani, J. V. Comasseto, H. B. Formiga, N. C. da Silva, C. Y. Sumida, M. C. L. Vieira, J. Organomet. Chem., 2001, 
623, 43-47. S. Yamago, J. Polym. Sci. A1, 2005, 44, 1-12. W. Bell, D. J. Cole-Hamilton, P. N. Culshaw, A. E. D. McQueen, D. Shenai-Khatkhate, J. C. 
Walton and J. E. Hails, J. Organomet. Chem., 1992, 430, 43-52; A. Mardyukov and P. R. Schreiner, Phys. Chem. Chem. Phys., 2016, 18, 26161-26165;
A. Mardyukov, Y. A. Tsegaw, W. Sander and P. R. Schreiner, Phys. Chem. Chem. Phys., 2017, 19, 27384-27388

• Organotellurium compounds involved in cross-coupling reactions and living radical polymerizations

• Formation of phenyltelluryl-radical are studied with EPR-technique

• Former studies
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Phenyltelluryl-Radical - Hypersurface
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Phenyltelluryl-Radical - Results
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Phenyltelluryl-Radical - Results
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Analytics
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McFayden-Stevens starting material as precursor

• Intramolecular reaction
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