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According to Dr. Matthew Powner from University College 
London (UK), a central issue for origins of life research is to 
elucidate the roots of biochemical information transfer, which 
underpins Darwinian evolution, inheritance, replication, and 
genetically encoded catalysis in life.

Dr. Powner believes that RNA is the leading candidate for 
the first biopolymer of life, due to its dual biological role in 
information transfer and catalysis, as well as the deep-seated 
evolutionary history of non-coding RNAs (for example, 16S 
and 23S ribosomal genes, tRNA genes and nucleotide binding 
domains are amongst the most conserved genomic regions in 
both microbial and non-microbial taxa). “Accordingly,” said 
Dr. Powner, “the ‘RNA World’ – an evolutionary period, before 
DNA and coded proteins, when biological genotype and phe-
notype were both maintained in RNAs – is the leading model 
for the origin of Darwinian evolution on Earth, but this mo-
del is contingent upon realizing the prebiotic synthesis of a 
pool of activated RNA monomers – The ‘Molecular Biologist’s 
Dream’.”

Dr. Powner added: “Although prebiotic nucleotide syn-
thesis has been investigated for more than 50 years, an ade-
quate solution to this problem remains elusive. Recently, 
remarkable progress has been made towards this challenge, 
but to date all syntheses have only accounted separately for 
pyrimidine or purine nucleotides.”

He continued: “During my PhD with Professor John 
Sutherland at the University of Manchester (UK), we devel-
oped a chemical strategy to synthesize the canonical pyrimi-
dine nucleotides, cytidine and uridine, by a robust prebioti-
cally plausible route (Powner et al. Nature 2009, 459, 239). 
This was an important step towards understanding the origins 
of RNA; however, two classes of RNA monomer are required to 
synthesize RNA: pyrimidines and purines.

Although we had elucidated a robust synthesis of the pyri-
midine nucleotides, there was no complementary purine syn-
thesis. In fact, all reported purine syntheses are contingent on 
unstable complex sugars, low-yielding reactions, unselective 
transformations, large pH fluctuations, and, importantly, all 
operate under conditions that are incompatible with pyrimi-
dine synthesis.”

The issue of selectivity, rebranded as clutter, has surfaced 
as a major concern for those working in the area of prebiotic 

chemistry. Recently, however, Dr. Powner’s group has re - 
solv ed several major outstanding selectivity issues inherent to 
their previous work by demonstrating that their pyrimidine 
synthesis (as well as proteinogenic amino acid synthesis) can 
be controlled by the sequential crystallization of the essen-
tial prebiotic precursors, even from highly complex aqueous 
 mixtures (Islam et al. Nat. Chem. 2017, 9, 584). “Remarkably, 
we found that the order of crystallization of nucleotide pre-
cursors predicted the order of reactions required to selectively 
build the canonical nucleotides, and these discoveries further 
emboldened us to revisit and revise our pyrimidine synthesis 
strategy,” remarked Dr. Powner.
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Divergent Prebiotic Synthesis of Pyrimidine and 8-Oxo-purine  
Ribonucleotides
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Scheme 1 Divergent synthesis of pyrimidine (4C, 4U) and 
8-oxo-purine (5A, 5I) nucleotides on a single oxazole sugar 
scaffold (1)
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An essential element of the selection strategy required to 
orchestrate nucleotide assembly from complex mixtures was 
the in situ synthesis of a molecular chaperone, 2-aminothia-
zole, which contains a key sulfur atom that allows it to trace-
lessly direct ribonucleotide synthesis. Dr. Powner explained: 
“Exploiting the same rationale, that sulfur compounds or 
moieties could act as traceless directing groups, we consi-
dered how sulfur might be used to introduce the plasticity, 
controlled and site-specific activation required to divergently 
synthesize both purine and pyrimidine heterocycles on one 
single sugar scaffold. We focused our strategy on conforma-
tionally restricted, tethered purine assembly (Powner et al.   
J. Am. Chem. Soc. 2010, 132, 16677; Powner et al. J. Am. Chem. 
Soc. 2012, 134, 13889) to overcome the chemo-, regio- and 
stereoselectivity problems inherent to nucleotide synthesis.”

According to Dr. Powner, the paper in Nature Communica-
tions resolves the mutual incompatibility of purine and pyrim-
idine synthesis for the first time (Stairs et al. Nat. Commun. 
2017, 8, 15270), by recognizing that 8-oxo-purines, rather 
than the canonical purines, reveal an underlying genera tional 
parity to pyrimidine nucleotides. “We then exploited this 
equivalence to develop, through a single set of congruent re-
actions, a divergent synthesis of pyrimidine and 8-oxo-purine 
nucleotides from a common oxazoline precursor (1, Scheme 
1),” explained Dr. Powner. He continued: “Our divergent syn-
thesis concurrently delivers regiospecific N1-pyrimidine and 
N9-purine glycosidation, and the β-ribo-stereochemistry of 
RNA to both purine and pyrimidine nucleotides.”

“The simplicity and parity of our divergent reaction path-
ways attest to the unrealized potential of 8-oxo-ribonucleo-
tides (5),” said Dr. Powner. He concluded: “The generational 
relationship between pyrimidine (4) and 8-oxo-purine (5) nu-
cleotides opens the exciting possibility that 8-oxo-ribonucle-
otides may have acted as information carriers at the outset of 
biology (Figure 1). Accordingly, we provide a new perspective 
on the original RNA molecules that would have harbored the 
first step of biology, and a simple chemical solution to deliver-
ing both purine and pyrimidine nucleotides at the origins of 
life.”
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Figure 1 a) Watson–Crick base pair between adenine and 
uracil moieties; b) Watson–Crick base pair between 8-oxo-
adenine and uracil moieties
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