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Total Synthesis of Brevianamide A
Nat. Chem. 2020, 12, 615–619
“Brevianamide A, the prototypical member of the remarkable
bicyclo[2.2.2]diazaoctane family of alkaloids, was isolated by
Birch and Wright in 1969 and has eluded chemical synthesis
ever since,” said Professor Andrew L. Lawrence, University of
Edinburgh (UK), introducing his group’s recent major achieve
ment: the first chemical synthesis of brevianamide A, using
a biomimetic strategy. “All previous attempts to synthesise
brevianamide A have only provided access to brevianamide B,
a minor coisolated diastereomer (isolated d.r. of A:B in Penicillium brevicompactum is 90:10).”
Professor Lawrence’s group have long been interested in
developing biomimetic synthetic strategies towards complex
natural products. “This bio-inspired approach facilitates the
design of short, efficient syntheses that provide opportunities
to test the chemical feasibility of proposed biosynthetic path
ways,” added Professor Lawrence, who went on to explain:
“Brevianamide A could not be accessed previously because all
other approaches featured a common ‘end-game’ strategy of
indoleoxidation and semipinacol rearrangement (Scheme 1a).
Unfortunately, late-stage oxidation of the polycyclic indole in
termediate exhibits exclusive selectivity for the convex face
of the indole, which following stereospecific semi‑pinacol re
arrangement leads to brevianamide B. Thus, it was clear that a
fundamentally different approach was required if we wanted
to access brevianamide A.”
Dr. Robert Godfrey, a PhD student in the Lawrence group
at the time, had prepared the natural product dehydro-deoxy
brevianamide E on large scale during attempts to access some
related natural products. “After studying the reactivity of this
versatile intermediate in great detail, we began to suspect that
its oxidation product, ‘dehydro-brevianamide E’ might be a
key (bio)synthetic precursor to brevianamide A,” explained
Dr. Godfrey (Scheme 1b).
The authors were delighted to observe that simply treat
ing ‘dehydro-brevianamide E’ with aqueous base gave direct
conversion into brevianamides A and B (Scheme 1c), presum
ably via their proposed biomimetic domino retro-5-exo-trig/
semi-pinacol/tautomerization/Diels–Alder reaction sequence
(Scheme 1b). Remarkably, the diastereomeric ratio observed
from the reaction in the laboratory (d.r. 93:7) matched closely
with the ratio obtained when these alkaloids are isolated from
the fungus. EPSRC-funded Postdoctoral Research Associate,
Dr. Nicholas Green explained: “Although Diels–Alderase en
zymes are known to be involved in the biosynthesis of related

bicyclo[2.2.2]diazaoctane alkaloids, our results suggest that a
Diels–Alderase enzyme is not required to explain the stereo
chemical outcome in the biosynthesis of the brevianamides.”
Dr. Robert Godfrey added: “It was particularly rewarding to
see our proposal of a Diels–Alderase-free biosynthesis was
later supported by a beautifully detailed biosynthetic study
reported by Williams, Sherman, Li and co-workers (Nat. Catal.
2020, 3, 497–506).”
When asked about the future of the field, Professor
Lawrence responded, “There has been a tremendous amount
of progress on studying the structure, synthesis, origins, and
function of these amazing alkaloids, most notably by the group
of Professor Robert M. Williams at Colorado State University.
There are, however, many important questions and synthetic
challenges that remain to be answered, which should con
tinue to attract new researchers to the field. I wrote to Profes
sor Williams last year to inform him of our work. I was a little
apprehensive about reaching out; we chemists can sometimes
be rather territorial. I needn’t have worried, in his response
he very kindly and warmly wrote “Congratulations on a really
outstanding and brilliant synthesis of Brevianamides A and B!
This is very exciting”. Without his great body of work on these
fascinating natural products our total synthesis would have
never happened.”
Professor Lawrence concluded: “We were shocked and
very sad to hear of Professor Williams’ death on 13th May
2020, and we dedicate this work to his memory.”
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Scheme 1
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