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Cool Organic Chemistry: Toward C, H, O Systems Chemistry 
 

Although the simplest sugar, glycolal- dehyde 

(HOCH2CHO), has been generated in the lab 

from its constituents[1] but also has been found 

on comet 67P (as evident from the Rosetta 

mission and the Philae lander)[2] and is 

suggested to occur in the formose[3] 

(Butlerow[4]) reaction, the mechanism for the 

dimerization of two H2CO molecules to 

glycolaldehyde and on to higher sugars is a 

riddle to date; the finding of “glycolaldehyde 

autocatalysis” does not explain the 

fundamental chemistry, requires the presence 

of liquid water, a strong base, high reactant 

concentrations, and ambient temperatures – all conditions unlikely to be present on early Earth or in 

extraterrestrial environments.[5] 

We focus on non-aqueous reactions, ideally starting directly from the photoreaction of CO and H2 to 

give hydroxymethylene (HCOH[6]): Under appropriate conditions H2CO and HCOH react to 

glycolaldehyde and glyceraldehyde.[7] Similarly, we demonstrate that glycolaldehyde and H2CO form a 

new 1,3-dioxolane that may well be the photostable storage form of these two key molecules.[8] Finally, 

with “time- compression experiments” we demonstrate the formation of glyoxylic[9] and piruvic acid[10] 

under conditions mimicking those of interstellar water ices doped with CO or CO2. 

In the process of uncovering these reactions, we also discovered and conceptualized the third reactivity 

paradigm (next to thermodynamic and kinetic control), namely tunneling control[6b, 11] of chemical 

reactions, which affects how reactions occur in extraterrestrial environments but are also relevant to 



synthetic reaction planning. “ 

Overall, “cool organic chemistry” (chemistry at very low temperatures) enables the preparation of some 

very fundamental molecules relevant to the origin of life.[12] 
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