
Cis- and Trans-1,2-Ethenediol: Enols of Glycolaldehyde as Key 
High-Energy Prebiotic Molecules in Carbohydrate Cycle

Artur Mardyukov

1

Institute of Organic Chemistry

Justus-Liebig University

April 1, 2022



2Blanchet et al., Eur. J. Org. Chem. 2008, 5493–5506.

The enantioselective decarboxylative protonation (EDP) of malonic

acid derivatives is a synthetic methodology by which the chirality of

the product is generated during the enol/enolate protonation step.
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Lactone Enols are Stable in the Gas Phase but Highly Unstable in 

Solution
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Surface-Driven Keto–Enol Tautomerization
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Conjugated Enols – Time Resolved Spectroscopy 
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Observation of Kinetically Stabilized Enols
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1,1-Ethenediol - The Enol of Acetic Acid
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About 200 molecules have been found in the interstellar medium and 

there is evidence for the existence of far larger molecular species
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1-Aminoethenol - The Enol of Acetamide
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Potential Energy Profile

Potential energy profile (DH0) in kcal mol-1 of the reactions of enol 1 at AE-CCSD(T)/cc-pVTZ

+ ZPVE
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1,1,2-Ethenetriol - The Enol of Glycolic Acid
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13

Reaction of Triol with Formaldehyde
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Organic compounds on comet 67P/Churyumov-Gerasimenko
revealed by Cometary Sampling and Composition (COSAC) mass
spectrometry (Rosetta’s Philae lander)

Fred Goesmann et al., Science 2016, 349, 6247, aab0689.



Enols as Intermediates for Prebiotic and Atmospheric Implications
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(b) Enols suggested as intermediates in the photooxidation of isoprene.
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Borate Minerals Stabilize Ribose
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Pentose formation in the presence of borate.
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Previously proposed mechanism for mineral-driven prebiotic synthesis of
carbohydrates. Formation of glycolaldehyde from hydroxymethylene as the
reactive formaldehyde isomer. Generation and subsequent reaction of 1,2-
ethenediol with formaldehyde in the presence of minerals.
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1,2-ethenediol – The Enol of Glycolaldehyde

1,2-Ethenediols (2) generated from 3 and 5 through pyrolysis and trapping in an argon

matrix. Subsequent photorearrangement to glycolaldehyde (1).
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Cis-1,2-ethenediol

(a) IR spectrum showing the pyrolysis products of 3 with subsequent trapping in an argon

matrix at 10 K. The matrix isolation spectrum of 4 was subtracted (downward bands).

(b) IR spectrum of Z-2 computed at AE-CCSD(T)/cc-pVTZ (unscaled).
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Cis-1,2-ethenediol

Solid line: UV/vis spectrum showing the pyrolysis product of 3 with subsequent trapping in

an argon matrix at 10 K. Dashed line: after irradiation at l > 200 nm for 30 min in argon at

10 K. Dotted line: after irradiation at l =180-254 nm for 30 min in argon at 10 K. Inset:

computed [TD-B3LYP/6-311++G(2d,p)] electronic transitions for Z-2.
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Cis-1,2-ethenediol

(a) IR spectra showing the product of pyrolysis (700 °C) of d2-3 in argon matrix with

subsequent trapping in an argon matrix at 10 K. The matrix isolation spectrum of 4 was

subtracted (downward bands). (b) IR spectrum of d2-Z-2 computed at AE-CCSD(T)/cc-pVTZ

(unscaled).
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Trans-1,2-ethenediol

(a) IR spectrum showing the pyrolysis product of 5 with subsequent trapping in an argon

matrix at 10 K. The matrix isolation spectrum of cycopentadiene was subtracted (downward

bands). (b) IR spectrum of E-2sa computed at AE-CCSD(T)/cc-pVTZ (unscaled).
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Trans-1,2-ethenediol

Solid line: UV/Vis spectrum showing the pyrolysis product of 5 with subsequent trapping in an

argon matrix at 10 K. Dashed line: after irradiation at l = 254 nm for 30 min in argon at 10 K.

Dotted line: UV/Vis spectrum of matrix-isolated 6 in argon at 10 K. Inset: computed [TD-

B3LYP/6-311++G(2d,p)] electronic transitions for E-2.
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Trans-1,2-ethenediol

(a) IR spectra showing the product of pyrolysis (700 °C) of d2-5 in argon matrix with

subsequent trapping in an argon matrix at 10 K. The matrix isolation spectrum of antracene

was subtracted (downward bands). (b) IR spectrum of d2-E-2 computed at AE-CCSD(T)/cc-

pVTZ (unscaled).

).
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Potential Energy Profile

Potential energy profile (DH0) in kcal mol-1 of the reactions of enols 2 at AE-

CCSD(T)/cc-pVTZ + ZPVE at 0 K.
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Formation of glyceraldehyde through enol-CH2O reaction
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Preparative Flash Vacuum Pyrolysis – Flow Pyrolysis

C. Wentrup, Angew. Chem. Int. Ed. 2017, 56, 14808
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Preparative Flash Vacuum Pyrolysis – Flow Pyrolysis
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Gas Phase Aldol Reaction
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Gas Phase Aldol Reaction – Isotope Labelling 
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Gas Phase Aldol Reaction – Isotope Labelling 
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Gas Phase Aldol Reaction - NMR

1H NMR (400 MHz; D2O) spectrum immediately taken after 100 min flow pyrolysis of the diol 

and formaldehyde.
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Gas Phase Aldol Reaction with Acetaldehyde
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Gas Phase Aldol Reaction - Acetaldehyde
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Gas Phase Aldol Reaction with Acetaldehyde-d4
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Gas Phase Aldol Reaction - Acetaldehyde-d4
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Formation of prebiotic amino acid(s) through enol-molecules reactions
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Formation of b-alanine through 1,1-ethenediol - CH2NH reaction
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The Enol of Glycine 
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