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Unified Prebiotically Plausible Synthesis of Pyrimidine and Purine

RNA Ribonucleotides

Science 2019, 366, 76-82

“The question of how life might have originated is still one of
the most intriguing and unsolved mysteries for mankind. The
RNA-world is so far the most influential hypothesis among
many others, which posits that life emerged from RNA,” said
Professor Thomas Carell (Ludwig-Maximilians-Universitat,
Munich, Germany), whose research group is interested in
shedding some light on this fascinating issue. He added:
“Since the pioneering work of Leslie Orgel in the 1970s, many
groups have failed to produce all four letters of the RNA alpha-
bet under plausible early Earth conditions.”

Nucleosides contain a glycosidic bond that connects the
sugar with the nucleobase. Formation of this bond is very
challenging especially in water. In a previous publication
(Science 2016, 352, 833-836), Professor Carell’s group was
able to show that purine nucleoside formation is relatively
easy if one employs more nucleophilic nucleobase precursors.
“At the same time, you achieve full regioselectivity for the na-
turally occurring N-9 isomers,” said Professor Carell, who con-
tinued: “In our new work we show that amazing chemistry
can happen if you introduce N-O bonds into prebiotic che-
mistry, which leads to a completely novel pathway to pyrimid-
ine nucleosides and even the corresponding nucleotides. The
N-0 bond mutually protects two functional groups, an amine
and an aldehyde. Only upon reductive cleavage of the N-O
bond are both functional groups released to form the pyrimid-

ine heterocycle. Reduction is highly efficient in the presence of
catalytic amounts of Fe(II) and thiols.”

Even more exciting is the group’s observation that
pyrimidine chemistry is compatible with their previously re-
ported purine route. “This allowed us for the first time to form
all four Watson-Crick building blocks under identical condi-
tions from small atmospheric and volcanic molecules,” said
Professor Carell. He continued: “The next challenge is now
to connect these building blocks to form RNA polymers. This
should be feasible because we also observe the nucleoside-5'-
diphosphates as activated RNA building blocks.”

Besides the canonical RNA building blocks, nature uses a
plethora of modified nucleosides. Of interest are amino acid
modified nucleosides - molecules between genotype and
phenotype. Professor Carell explained: “We have already
shown that these molecules can form from simple chemistry
and therefore might represent molecular fossils of an early
Earth. This could explain how the first peptides were made by
means of RNA, which would shift the view from a pure RNA-
world to an RNA-peptide co-evolution.”

Professor Carell concluded: “Beyond prebiotic chemistry,
our new publication and the presented pyrimidine pathway
may be applicable in pharmaceutical industry for the syn-
thesis of nucleoside analogues as anti-viral compounds.”
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Figure 1 Unified synthesis of pyrimidine and purine RNA building blocks
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