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Prebiotically Plausible Chemoselective Pantetheine Synthesis in

Water

Science 2024, 383,911-918

Pantetheine is the functional unit within coenzyme A (CoA).
It is essential to all known life and, for example, is required
in autotrophic carbon fixation pathways, energy metabolism,
the citric acid cycle, and protein modification, as well as fat-
ty acid, polyketide, isoprenoid, hemoglobin, cytochrome, and
peptide biosyntheses. Therefore, not surprisingly, pantetheine
is central to many different origins-of-life scenarios and may
hold the key to uniting several ‘leading’ conceptual models for
the origins of life, including the ‘RNA-’, the ‘Peptide-’, and the
‘Thioester-World’ hypotheses. But how and why pantetheine
would emerge from prebiotic chemistry was a mystery, which
was recently investigated by Professor Matthew Powner’s
group at University College London (UK). “The synthesis of
pantetheine must be an important step toward understanding
the origins and evolution of life, particularly the relationship
between pantetheine, a structurally unique B-peptide, and
proteinogenic a-peptides (Scheme 1),” said Professor Powner
to SYNFORM. “How and why both structures arose from the
same chemical system must hold key clues to the underlying
chemical selectivity required to build life, and so provides a
unique opportunity to interrogate prebiotic chemistry.”

The structural complexity of pantetheine has led some
scientists to assume that ‘simpler’ thiols must have fulfilled
pantetheine’s essential role on the early Earth. However, pan-
tetheine is strictly conserved across all domains of life, and the

(supposed) difficulty of pantetheine synthesis had not been
tested. This work by Professor Powner’s group demonstrates
that pantetheine can be facilely and selectively synthesized in
high yield from hydrogen cyanide and its prebiotic products.
Professor Powner emphasized: “Importantly, the pathway we
outlined provides a chemical rationale for every element of
pantetheine’s unusual structure. The pathway reported not
only begins from proteinogenic amino acid precursors, but
also undergoes spontaneous differentiation from amino acid
synthesis, such that pantetheine and amino acid precursors
can both be selectively synthesized in the same multicompo-
nent reaction. Moreover, our pathway blocks the synthesis of
non-natural versions (i.e., x-homologues) of pantetheine.”
The inspiration to seek to elucidate the chemical origins
of pantetheine, biology’s universal thiol cofactor, originated in
the group’s previous work. “We had demonstrated selective
high-yielding prebiotic a-peptide synthesis by employing
prebiotic a-aminonitriles, rather than amino acids as peptide
building blocks (Nature 2019, 571, 546-549; |. Am. Chem.
Soc. 2023, 145, 3121-3130),” explained Professor Powner,
who continued: “We then went on to demonstrate that
thiols, including CoA and pantetheine, catalyzed peptide-ni-
trile ligation in neutral water (Science 2020, 370, 865-869;
J. Am. Chem. Soc. 2022, 144, 10151-10155). Our prior work
demonstrated that nitriles are predisposed to yield proteino-
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Scheme 1 Uniting prebiotic peptide and cofactor syntheses to uncover the chemical roots of biological peptides
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genic a-peptides in water. However, we reasoned that if ni-
trile chemistry underpins the origins of biological peptides,
then it must account for pantetheine, as well as proteinogenic
peptides. In this work, we show that nitrile chemistry holds
the key, through alternate mechanisms and reaction pathways
to those that furnish a-peptides, to unlocking selective pan-
tetheine synthesis. The unification of predisposed o-peptide
and pantetheine syntheses further supports the thesis that
the origins of biological peptides are underpinned by nitrile
chemistry.”

The paper describes the first high-yielding, non-enzymatic
syntheses of pantetheine in water, providing the first chemi-
cal rationale for its pantoate and B-alanine motifs (Scheme 2).
Professor Powner said: “We demonstrate that pK,, directed
selective aminonitrile reactivity favours the canonical struc-
ture of pantetheine. Nitrile reactivity is essential for this se-
lectivity, and remarkably, aminonitriles reverse the selectivi-
ty observed with amino acids. Therefore, whilst amino acids
select against the synthesis of pantetheine, aminonitriles are
highly selective for its synthesis.”

A selective (neutral pH) crossed-aldol reaction is shown
to yield pantoic acid nitrile from prebiotic glycine and valine
aldehyde precursors. Professor Powner told SYNFORM: “This
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is a remarkably selective aldol reaction; isobutyraldehyde is
observed to undergo selective aldol reaction with formalde-
hyde within a mixture of enolisable aldehydes. This is impor-
tant for understanding the selective origins of pantoate and
pantetheine. This hydroxymethylation establishes the control
and intramolecular catalysis required to unleash the synthesis
of pantetheine, providing a chemical rationale for the (biolo-
gically unusual B,B-gem-dimethyl) quaternary carbon of pan-
toic acid, as well as furnishing its y-hydroxyl moiety. Installing
this y-hydroxyl is the key to the rest of the unfolding synthesis
and has a domino effect on the subsequent reactions in the
pathway to pantetheine.”

“No external activating agents are required for our syn-
thesis of pantetheine, the latent activation of cyanide is em-
ployed for all amide bond formations,” remarked Professor
Powner. He continued: “Moreover, pantoyl-amide formation
requires no external catalysis; the ideally poised y-hydroxyl
moiety of the pantoyl structure is an intramolecular nucleo-
philic catalyst. This catalytic y-hydroxyl moiety blocks ami-
nonitrile formation, and therefore provides a highly selective
chemical mechanism to differentiate proteinogenic aminoni-
triles from pantoic acid derivatives. This mechanism endows
the iminolactone intermediate with a sufficient lifetime and
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Scheme 2 Divergent and chemoselective proteinogenic peptide and pantetheine syntheses by nitrile-mediated pathways in water
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reactivity (even at extremely low concentration) to be inter-
cepted by B-alanine nitrile, and chemo-specifically blocks
synthesis of pantetheine analogues forming from (proteino-
genic) a-aminonitriles. Therefore, our synthesis is protecting-
group-free, activating-agent-free, effective in water, and de-
monstrates a novel mechanism for peptide bond formation
(and transamination) via intramolecular catalysis.” According
to Professor Powner, this has important implications for the
widely voiced, but - as the authors argue within the ma-
nuscript - highly misguided opinion that water is detrimen-
tal to the synthesis of amides and other biological structures.
This work highlights the importance of water as an essential
element of prebiotic chemistry - the authors demonstrate
that there is no ‘water paradox’, and that there is no problem
associated with the synthesis of biological molecules in water.
“These ‘problems’ appear to arise from the application of im-
plausible, high-energy activating agents (e.g., EDC) to try to
solve problems associated with the origins of life,” explained
Professor Powner. He continued: “It is important to recog-
nize the value of water, and in our work, we have developed
bespoke chemical pathways and mechanisms appropriate to
addressing synthesis in water and found these selectively de-
liver biological molecules.” Professor Powner concluded: “Our
recent study demonstrates the development of new nitrile re-
activity to solve a long-standing problem for the origins of life,
the chemical synthesis of pantetheine.”
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