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Biomimetic approaches to diazonamide A. Direct synthesis of the indole
bis-oxazole fragment by oxidation of a TyrValTrpTrp tetrapeptide
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Oxidation of a protected TyrValTrpTrp tetrapeptide results
in direct formation of the indole bis-oxazole core of diazon-
amide A.

The marine secondary metabolite diazonamide A, isolated from
the colonial ascidian Diazona chinensis, was reported to have
potent in vitro cytoxicity against human tumor cell lines.! This
biological activity,” together with its unique and complex structure,
assigned on the basis of an X-ray crystallographic study of a
derivative,' ensured that diazonamide A immediately captured the
imagination of synthetic organic chemists. Therefore in the 15 years
since the structure of diazonamide A was reported in 1991, some
10 research groups have published approaches to this fascinating
natural product.®>'* The story acquired a new dimension in 2001
when Harran and co-workers completed a total synthesis of the
reported structure only to discover that not only was it rather
unstable, but it was also different from the natural product.”‘14 On
the basis of his own studies and a re-examination of the original
X-ray data, Harran proposed an alternative structure 1 for
diazonamide A. Unequivocal proof that the revised structure 1
was indeed that of diazonamide A came when Nicolaou and co-
workers published the first total synthesis of the natural product.'
Subsequently, the Nicolaou group reported a second route to
diazonamide A,'® whilst Harran and co-workers completed their
own total synthesis of the correct structure.!” Despite the fact that
Nicolaou’s and Harran’s efforts in total synthesis have laid to rest
the structural problem of diazonamide A, such is its attraction as a
target molecule that it continues to hold the attention of a number
of research groups.

Importantly, the revised structure of diazonamide A 1 better fits
a biosynthetic route in which the bicyclic core derives from
modification of a TyrValTrpTrp tetrapeptide,'* and Harran’s own
synthesis of the natural product involves the formation of the
G-H-F-E aminal by an oxidative cyclisation of a tyrosine
derivative that likely mimics the biosynthesis.'” In continuation
of our own longstanding interest in diazonamide A 1,'8* which
primarily involves the use of diazocarbonyl chemistry to construct
strategic C-N bonds by rhodium carbene N-H insertion reactions,
we were intrigued by the possibility of a biomimetic route that
started from the putative biosynthetic precursor, the
TyrValTrpTrp tetrapeptide itself. We now report the first results
from this study.
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Our retrosynthetic analysis of diazonamide A 1 (Scheme 1)
involves an initial simplification and disconnection of the
a-hydroxy isovaleric acid side chain and the two chlorine atoms.
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It was established early on that both these chlorines could be
introduced by a late stage electrophilic chlorination reaction.?>
However, as did Magnus and co-workers,”® we recognised an
additional possibility that the 4-chlorooxazole might derive by a
decarboxylative chlorination of the corresponding oxazole-4-
carboxylic acid. This again relates to the putative biosynthetic
precursor to diazonamide A in that C-4 of the ring-B oxazole
derives from the o-carbon of tryptophan and therefore would
originally bear a carboxylic acid. Hence the initial target is the
macrocyclic core 2 that can be envisaged to result from a series of
oxidative cyclisations of the tetrapeptide 3 as depicted in Scheme 1.
Of these, the oxidation of the tyrosine ring followed by capture by
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the nucleophilic indole 3-position has precedent in the aforemen-
tioned Harran synthesis,'” and 3-indolyl oxazoles are known to
result from the so-called Yonemitsu oxidation of tryptamine
derivatives.?’*

The synthesis of the substrate tetrapeptide started with the
formation of the known Boc-TrpTrp-OMe dipeptide 4%° by
reaction of Boc-Trp-OH with H-Trp-OMe using HBTU in the
presence of 1-hydroxybenzotriazole (HOBt) and Hiinigs base as
the peptide coupling agent.*® Removal of the N-Boc protecting
group under acidic conditions was followed by a second HBTU-
mediated coupling with Z-Val-OH to give the tripeptide 5. Finally,
hydrogenolysis of the N-Z protecting group and a further HBTU-
coupling to Z-Tyr-OH gave the protected TyrValTrpTrp tetra-
peptide 6 in an overall yield of 27.2% from Boc-Trp-OH
(Scheme 2).

The stage was now set for oxidative cyclisation of the
tetrapeptide, and after initial experimentation with simpler model
systems (not shown) it was discovered that the Yonemitsu
oxidation conditions were the most appropriate. Therefore,
treatment of the tetrapeptide 6 with DDQ in anhydrous THF
gave the indole bis-oxazole 7 directly, albeit in poor yield (17%).}
This result establishes the possibility that such an (enzymatic)
oxidation of the indole-3-carbinyl position in tryptophan residues,
followed by cyclodehydration, could form the basis of the
biosynthesis of the heterocyclic core of diazonamide A 1.
Notwithstanding the poor yield in the final step, the advanced
intermediate 7 is available in just six steps from Boc-Trp-OH.
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