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Promothiocin A 1, isolated from Streptomyces sp. SF2741, is a member
of the thiopeptide family of antibiotics.1 These antibiotics, which inhibit
protein synthesis in bacteria and induce the expression of various genes
(of unknown function), are characterised by their complex structure in
which an array of heterocyclic rings is incorporated into a macrocyclic
peptide framework. Despite the fascinating biological activity of the
thiopeptide antibiotics, very little synthetic work has been carried out to
date, although the synthesis of the pyridine fragments of the
micrococcins, sulfomycin and nosiheptide has been addressed
recently,2-5 as has the construction of some related pyridines.6,7 In
continuation of our interest in the synthesis of heterocyclic natural
products,8 we now report the synthesis of the oxazole-thiazole-pyridine
2, which contains the required functionality for elaboration into
promothiocin A 1.

With the exception of Ciufolini’s recent synthesis of the heterocyclic
core of the micrococcins, in which the pyridine ring is assembled from
two fragments which are combined to give a 1,5-diketone precursor for
subsequent reaction with ammonia and dehydrogenation,4 most
approaches to related heterocycles rely on the stepwise modification of
pre-formed pyridine rings. Our plan, outlined in Scheme 1, was to
construct the pyridine 3 by reaction of the enamine 4 with the ynone 5.
This method of pyridine formation (enamine plus ynone), first reported
by Bohlmann and Rahtz 40 years ago,9 has found little or no use to date,
and although it is related to the corresponding reactions with enones and
hence to the well known Hantzsch pyridine synthesis, it has the
considerable advantage in that the aromatic product is formed directly.

Since the stereochemistry of the natural product was not reported, we
have assumed that the stereocentres derive from “natural” L-aminoacids
and therefore the synthesis of the pyridine 2 started from a derivative of
L(S)-alanine. N-Boc-Alaninamide 7 was converted into the chiral
oxazole 6 using our previously published method;10 thus rhodium(II)
catalysed reaction of 7 with methyl diazoacetoacetate resulted in clean
insertion of the metallocarbenoid into the amide N-H bond (80%).
Cyclodehydration of the resulting keto-amide using the Wipf protocol
(Ph3P, I2, Et3N)11 gave the required oxazole 6 in 70% yield.12,13 To
prepare the required enamine 4 necessitated homologation of the
oxazole ester 6 to the corresponding β-ketoester 8; thus hydrolysis of
the ester 6 (95%) was followed by mixed anhydride formation wth ethyl

chloroformate, and reaction with magnesium ethyl malonate. This
method was more effective than related procedures using imidazolide
intermediates.14 Reaction of 8 with ammonium acetate in benzene-
acetic acid then gave the enamine 4 in 85% yield (Scheme 2),15,16

although an increase in the amount of acetic acid and ammonium acetate
over and above the literature conditions15 was necessary for complete
conversion. The key pyridine forming step was carried out by heating
the enamine 4 with ynone 517 in ethanol at 50 °C overnight to effect the
initial conjugate addition, followed by removal of the solvent and
heating the residue at 140 °C under vacuum to effect cyclisation. This
resulted in a good yield of the desired pyridine 3,18 establishing for the
first time that the Bohlmann-Rahtz method can be used for the synthesis
of relatively complex pyridines.

With the pyridine-3-ester 3 in hand, the thiazole ring was elaborated
using the modified Hantzsch reaction,19 the standard procedure
resulting in a complex mixture of products. Hydrolysis of the ester
(92%), was followed by amide formation (85%), and conversion into
the thioamide (59%) which was reacted with ethyl bromopyruvate and
potassium hydrogen carbonate in THF at 0 °C followed by treatment
with TFAA in the presence of 2,6-lutidine to give the oxazole-thiazole-
pyridine 2,20 containing all the necessary functionality for elaboration
into the natural product.

Scheme 1
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Scheme 2
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