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 d, TEM image of a sample (15 mg in 1 ml water) 
from the crude reaction in b, showing the 
formation of vesicle-like structures with a 
diameter of � 9.2 � m. 

e, TEM image of a sample (1 mg in 1 ml water) of 
authentic phospholipid 26 from Fig. 2c showing 
the formation of vesicle-like structures with a 
diameter of � 3.5 � m. 

f–h, Confocal laser scanning microscopy 
fluorescence images of vesicles prepared with 
authentic phospholipid 26 (1 mg in 0.1 ml water) 
with dye encapsulation. 
- In f, green fluorescence indicates hydrophilic 

pyranine dye encapsulated within the cavity of
the liposome. 

- In g, red fluorescence indicates rhodamine B 
dye labelling the bilayer phospholipid 
membrane of the liposome. 

- In h, a fluorescence merged image is shown of 
a phospholipid vesicle prepared with both 
rhodamine B dye and pyranine dye. 
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Dissolution of atmospherically produced hydrogen cyanide results in the conversion of vivianite (the anoxic corrosion 
product of the meteoritic inclusion schreibersite) into mixed ferrocyanide salts and phosphate salts, with counter 

cations being provided through neutralization and ion-exchange reactions with bedrock and other meteoritic oxides 
and salts.

Chemistry in a post-meteoritic-impact scenario. 
A series of post-impact environmental events are shown along with the chemistry (boxed) proposed to occur as 

a consequence of these events. 
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Chemistry in a post-meteoritic-impact scenario. 

A series of post-impact environmental events are shown along with the chemistry (boxed) proposed to occur as 
a consequence of these events. 

Partial evaporation results in the deposition of the least-soluble salts over a wide area, and further 
evaporation deposits the most-soluble salts in smaller, lower-lying areas.
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After complete evaporation, impact or geothermal heating results in thermal metamorphosis of the evaporite layer, 
and the generation of feedstock precursor salts (in bold).
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Rainfall on higher ground (left) leads to rivulets or streams that flow downhill, sequentially leaching feedstocks
from the thermally metamorphosed evaporite layer. Solar irradiation drives photoredox chemistry in the streams. 
Convergent synthesis can result when streams with different reaction histories merge (right), as illustrated here 
for the potential synthesis of arabinose aminooxazoline (5) at the confluence of two streams that contained 
glycolaldehyde (1), and leached different feedstocks before merging.
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The recently uncovered route to activated pyrimidine nucleotides 2.

The nucleobase ribosylation problem is circumvented by the assembly 
proceeding through 2-aminooxazole 21, which can be
thought of as the chimera of half a pentose sugar and half a 
nucleobase. The second half of the pentose - glyceraldehyde 5 -and 
the second half of the nucleobase—cyanoacetylene 7—are then 
added sequentially to give the anhydronucleoside 23. 

Phosphorylation and rearrangement of 23 then furnishes 2 (B=C), and 
UV irradiation effects the partial conversion of 2 (B=C) to 2 (B=U).

"-�E-�$�����3�J-�?�����	3�6-�7-�%��������	3� ����	� -..0 3���� 3 !#K<!0!
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Multicomponent Assembly of Hydrogen Cyanide Tetrame rs

Proposed Development of Activated Pyrimidine Synthesis
To Concurrently Yield Purine Precursorsa
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proposed multicomponent ribonucleotide syntheses
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proposed multicomponent deoxyribonucleotide syntheses
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Strecker-Type Synthesis
of Amino Acids
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Azole Synthesis in Water
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Three-Component Reaction of 2-Aminothiazole 7, 4-Aminoimidazole-5-carboxamide 16, and Glyceraldehyde 22
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Crystallization of Bis-(2-aminothiazole)-aminals of Glycolaldehyde 3 and D-Glyceraldehyde 22 from Water at pH 7
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