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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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Formation and Stabilization Mechanisms of Enols on Pt through

Multiple Hydrogen Bonding
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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
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1,1,2-Ethenetriol — The Enol of Glycolic Acid
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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)

Table 1. The 16 molecules used to fit the COSAC mass spectrum.
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Alcohols Carbonyls Amines Nitriles <> Amides <> Isocyanates
1,2-Ethanediol Ethanal Methylamine  Methanenitrile Methanamide Isocyanic acid
(CHZOH)2 CH,;CHO CH;NH, HCN HCONH, HNCO
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2-Propanol Propanal

Fig. 3. Possible formation pathways of COSAC compounds. Spe-
cies in red are not confidently identified; species in green are reported
Propanone  for the first time in comets by COSAC.
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Enols as Intermediates for Prebiotic and Atmospheric Implications
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Borate Minerals Stabilize Ribose
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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
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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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REACTIONS RETRODIENIQUES XIII‘ - THERMOLYSE ECLAIR DES (Z) et (E) DIHYDROXY-11, 12

ETHANO-9,10 DIHYDR0-9,10 ANTHRACENES : SYNTHESE DES (Z) et (E) ETHENEDIOLS-1,2.

*
Marie-Claire Lasne et Jean-Louis Ripoll

ERA CNRS 391, ISMRA, Université de Caen, 14032 Caen, France.

The flash vacuum thermolysis of diols 3 and 4 affords, via a retro-Diels-Alder cleavage,
the simplest enediols 1 and 2 for which the VMR and IR spectra as well as their thermal evo-
lution are reported.
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Scheme 1 (Z)-1,2-Ethenediol (Z-4) and cyclopentadiene (6) generated in
the flash vacuum pyrolysis of bis-exo-5-norbornene-1,2-diol (5). Other
molecules of interest are reported for the sake of clarity: formaldehyde (1),
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Fig. 1 Portion of the millimeter-wave spectrum around 257 GHz. The
experimental spectrum (black trace) is compared with the spectral simula-
tion of glycolaldehyde (2, blue trace), cyclopentadiene (6, green trace), and
the computational guess obtained for 1,2-ethenediol (Z-4, orange trace).
The intensities of the simulated spectra have been adjusted in order to
match roughly the experimental spectrum.
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Cis-1,2-ethenediol
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(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
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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 A > 200 nm for 30 min in argon at
10 K. Dotted line: after irradiation at A =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. 22



Cis-1,2-ethenediol
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(@) IR spectra showing the product of pyrolysis (700 °C) of d,-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 d,-Z-2 computed at AE-CCSD(T)/cc-pVTZ
(unscaled).
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Trans-1,2-ethenediol
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(@) 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
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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 | = 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. 25



Trans-1,2-ethenediol
0.8 - , (b)

T | l ‘ n
i)
5
> 00 co, H._O.
o D
S 5 D :[
5 047 O H
W 1 :
2 ‘
< :

0.0 1

3000 2500 2000 1500 1000 500
Wavenumber cm™

(a) IR spectra showing the product of pyrolysis (700 °C) of d,-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 d,-E-2 computed at AE-CCSD(T)/cc-
pVTZ (unscaled). 2



AH,/kcal mol’

Potential Energy Profile
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Formation of glyceraldehyde through enol-CH,O reaction
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Preparative Flash Vacuum Pyrolysis

pyrolysis zone (42 cm)

sample reservoirs @3 cm

— Flow Pyrolysis
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C. Wentrup, Angew. Chem. Int. Ed. 2017, 56, 14808
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Preparative Flash Vacuum Pyrolysis — Flow Pyrolysis

C. Wentrup, Angew. Chem. Int. Ed. 2017, 56, 14808

30



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
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o (ppm

'H NMR (400 MHz; D,0) spectrum immediately taken after 100 min flow pyrolysis of the diol
and formaldehyde.
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Gas Phase Aldol Reaction with Acetaldehyde

0 O OH
* — CHj
] )LCH3 H)j\(ﬁ
OH
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Gas Phase Aldol Reaction — Acetaldehyde

Ime--=
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Scan 177 (4.100 min): RCW_0093 D\data.ms
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61.1
. T20 86.0
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Gas Phase Aldol Reaction with Acetaldehyde-d,

I * )J\ HMD
H D™ CD; CD;
H O oH
Abundance cis- ) .
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Gas Phase Aldol Reaction — Acetaldehyde-d,

Abundance
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&0.
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Formation of prebiotic amino acid(s) through enol-molecules reactions

3-hydroxypropionic B-alanine
H X acid
! L o 1
O O\H H H o ™% O O
E[ —> HO ,‘J e HO)J\/\OH or HO/U\/\NH

H""H  X=0,NH 4

1 14 15
A " Ho
oo, . o x 0

H H™ R I R R

| > o S ng —— or M _L
H SH  Xx=o,NH [1° R HO OH HO NH

1 R =H, CH,
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Formation of B-alanine through 1,1-ethenediol — CH,NH reaction

AH,/kcal mol™

A

A

P
5 =

“-45.8
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The Enol of Glycine

a) NH B-alanine
H ¥
(H, o o H/U\H H.
@) @) ~ @] NH 0 NH,
J\"é& o I ; | S| —
"o o —CO, H™ > H HO HO
1 2 4
spectroscopically
b) H unknown o s serine cystein
T 9 v JC 0T L O OH 0 sH
H, A O._O., H7H HgH
° ° "o, I > Ho of Ho
NH- it HoN™ H NH, NH,
5 6 9 10

enol of glycine

41



Acknowledgements

Prof. Dr. Peter R. Schreiner
Felix Keul
Dr. Raffael Wende

PRS Group

42



