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Homologation routes to simple sugars from formaldehyde 1.
a, Direct homologation of formaldehyde 1 is problematic, because the first dimerization step (dashed) requires 
umpolung, and because the trimer is more stable as the ketose 4 than the aldose 3 under conditions where 3 can
be formed from 1 and 2. b, Kiliani–Fischer homologation of 1 in conventional synthetic chemistry involves 
favourable formation of the cyanohydrin 6 by reaction of 1 with hydrogen cyanide 5, followed by the selective 
reduction of 6 using very specific conditions.
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The difficulties of assembling beta-ribonucleosides by nucleobase ribosylation:

The many different forms of ribose 3 adopted in aqueous solution. The pyranose (p) and furanose (f ) 
forms interconvert via the open-chain aldehyde (a), which is also in equilibrium with an open-chain 

aldehyde hydrate (not shown).
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Adenine tautomerism and the ribosylation step necessary to make the adenosine 11 thought to
be needed for RNA assembly. The low abundance of the reactive entities 13 and 14 is partly responsible for

the low yield of 11. The reason for the lower nucleophilicity of N1 of the pyrimidines, and the
conventional synthetic chemist’s solution to the problems of ribosylation.
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Ara-3’P + NH2CN + HCC-CN � Cyt-2’,3’cP: A. Ingar, R. W. A. Luke, B. R. Hayter, J. D. Sutherland ChemBioChem 2003, 4, 504-507
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Activated ribonucleotides in the potentially prebiotic assembly of RNA. Potential P–O bond forming
polymerization chemistry is indicated by the curved arrows.
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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).
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Rearrangement of 31, the 3’-phosphate of arabino-13, to 1 by intramolecular nucleophilic substitution.
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Photochemistry of beta-ribocytidine-2’,3’-cyclic phosphate 1. Under conditions of irradiation that destroy most 
other pyrimidine nucleosides and nucleotides, 1 undergoes partial hydrolysis and slight nucleobase loss. 

Ura, N1-linked uracil; Cyt–H, cytosine; Ura–H, uracil.
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