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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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Experimental Equilibria for the Keto—Enol Tautomerization of the
Perfluorinated!-3 and Hydrocarbon* Keto—Enol Systems
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Hyperconjugative 1 — o* CF Interactions Stabilize the Enol RS
Form of Perfluorinated Cyclic Keto—Enol Systems®
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Computed reaction energies (AG) for the keto—enol tautomerizations of
keto—enol systems.
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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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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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Conjugated Enols — Time Resolved Spectroscopy J”S'NL.'\FS&;'.W
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Observation of Kinetically Stabilized Enols
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Figure 1. IR spectra showing the pyrolysis product of 2 with subsequent trapping in an argon matrix at 10 K. (a) IR
spectrum of 1 computed at AE-CCSD(T)/cc-pCVTZ (unscaled). (b) IR difference spectra showing the photochemistry
of 1 after irradiation with A = 254 nm in argon at 10 K. Downward bands assigned to 1 disappear while upward bands
assigned to 3 and 4 appear after 20 min irradiation time. (c) IR spectrum of d,-1 computed at AE-CCSD(T)/cc-pCVTZ
(unscaled). (d) IR difference spectra showing the photochemistry of d,-1 after irradiation with A = 254 nm in argon at
10 K. Bands pointing downwards assigned to d,-1 disappear and bands pointing upwards assigned d,-3 and d,-4
appear after 20 min irradiation time. 13
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Potential Energy Profile
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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
(CH,0H), CH,CHO CH3;NH, HCN HCONH, HNCO
2-Hydroxyethanal Ethylamine Ethanenitrile Ethanamide socyanatomethane
CH,OHCHO C2H,5NH2 CH3CN CH,CONH, CH,NCO
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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Fred Goesmann et al., Science, 2016, 349, 6247, aab0689.

16



Reaction of Ketene with Water and Ammonia
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Formation of prebiotic amino acid(s) through enols-molecules reactions
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Formation of 3-hydroxypropionic acid through enols-CH,O reaction
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Formation of 3-alanine through enols-CH,NH reaction

AH,/kcal mol™

A

A

i |

pd
I

=

?J |
1.4 TS

—

i~
o

)
O

"-45.8

>

& (reaction coordinate)

20



JUSTUS-LIEBIG-

Enol of Acetamide e

GIESSEN

HN O  350°C 4~ H HoN
0.3
e
>
8
3 HoN._ _OH
J§
2 0.11
= H™ H

i J JIL )| A J_). J
0.0- MO06-2x/6-311++G(2d,2p).

1800 1600 1400 1200 1000 800 600

Wavenumber cm™

21



JUSTUS-LIEBIG-

IR Spectra - Matrix Isolation ST

GIESSEN

Q
AR
H o. 0O H=0" "H 4
OI’ o) 400 °C H/ I 254 nm
H\o)ﬁ/go AL 10K Loy g O
OH . I H\O/[K/OH
. 3
0.6-
0
= 0.4
oD
) H
S - 0. .0
: .
5 |
8 0.29 J H=0" "H
l M | | L
0.0- MO06-2x/6-311++G(2d,2p).
1800 1600 1400 1200 1000 800 600

Wavenumber cm’™” 2



Potential Energy Surface
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Reaction of enol with CH,O

2 :
@©
O
=
""--.O (@)
z Y
0.0
J
/O O
FLT e
H=-0" "H —

v

¢ (reaction coordinate)



Formation of prebiotic (meteoritic) amino acids through enols-
molecules reactions
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