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Introduction: Murchison as well as other carbonaceous chondrites contain a large variety of organics, which
include amino acids [1,2], amphiphiles [3,4], nucleobases [5,6], functionalized polycyclic aromatic hydrocarbons
[7,8], and sugar derivatives [9]. The presence of these compounds of prebiotic significance in meteorites suggests
that molecules essential to life can form abiotically under astrophysical conditions. Among the sugar derivatives
found in Murchison and Murray [9], one sugar (dihydroxyacetone) and a large variety of sugar derivatives containing
up to 6 carbon atoms have been identified.

Laboratory studies in the last two decades have routinely shown that complex organics are formed when simulated
astrophysical ice mixtures consisting of H-O, CO, CO2, CH30H, CH4, NH3, etc., are irradiated with ultraviolet (UV)
light at low temperature. The organic residues recovered at room temperature in these experiments have been shown
to contain many similar organics to those found in meteorites [10—17]. However, the formation of sugars and their
derivatives in such residues has only been studied very recently [18-20].

Results: We have performed a large number of experiments in which ice mixtures containing H.O, CHsOH, CO,
COg, and/or NH3 were UV irradiated at 10 K, and carried out a systematic search for sugars and sugar derivatives in
the resulting organic residues. Results confirm the presence of a wide variety of sugar alcohols, sugars, and sugar
acids with up to 6 carbon atoms, including ribose. This work also shows the presence of several deoxy variants of
sugar derivatives that have not been reported in previous studies, including 2-deoxyribose (the sugar of DNA) and
several deoxysugar alcohols [21] (Table 1), and compares them with pre-existing and new meteoritic data [9,21].

Table 1 Deoxysugar derivatives identified in the ice photolysis residues (regular and 13C-labeled)

Compounds? Formulas R; (min)® Abundances in residues® (pmol) Detected in meteorites?
Deoxysugars

2-Deoxyribose CsHi004 61.2, 614 217-3855 Undetermined*
2-Deoxyxylosed CsHi004 57.0,57.3 373-36368 Undetermined
Deoxysugar alcohols

1,2-Propanediolf C3HgO2 9.9 >8-375 Yeshm
1,3-Propanediol’# C3HgO; 369 >19-27 No
2-Methyl-1,3-propanediol&h C4H100, 387 <1038-3354h No
2-(Hydroxymethyl)-1,3-propanediol C4H1003 309 n.d. Yes!
1,2,3-Butanetriol C4H1003 145 6-39 No
1,2,4-Butanetriol C4Hi003 322 35-50 Yes!
Deoxysugar acids

3,4-Dihydroxybutyric acid") C4HgO4 16.5 - Yes"

Sugars

Ribose CsHioOs 64.7, 65.0 237-2467 No

n.d., Not detected

2Compounds were detected using the (+)-2-butanol/TFAA derivatization method, unless otherwise stated

bRetention times (Ry) correspond to average values in the GC-MS chromatograms of the residues, or to standard chromatograms if compounds were not detected in the residues. Chiral compounds
whose enantiomers are separated have two retention times

c es for chiral c correspond to the sum for both enantiomers

9Tentatively identified by comparison of its mass spectrum with that of the 2-deoxyribose standard

Abundances estimated based on the GC-MS detector response for the 2-deoxyribose standard

Volatile compounds that may have been partially lost during the warm-up phase and/or the sample . given thus correspond to lower limits
EDetected in samples derivatized with the MTBSTFA method

hElutes with another unidentified compound with similar mass fragments, so abundances given are upper limits

TTentatively identified by comparison with the NIST mass spectrometry library in samples derivatized with the BSTFA method

iMay be present in its dimer form

KThe presence of these compounds in meteorites is uncertain, and further analyses are required

'Detected in Murchison

mDy RA 061
e i Adapted from Nuevo M. et al. (2018). Nat. Commun., 9, 5276.200
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