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Starting from a protected L-tryptophan derivative the
pyrrolobenzoxazine core unit of paeciloxazine can be
synthesized in two oxidation steps.

Recently the novel antibiotic paeciloxazine (Fig. 1) was isolated
from the Paecilomyces BAUA3058 strain. This compound
shows activity against the nematode Rhabditis pseudoelongata.1

Previously three similar compounds have been isolated, which
differ from paeciloxazine in the nature of the sesquiterpene
moiety or bear a chlorine substituent in the aromatic ring.
All of these compounds show insecticidal and antibiotic
properties.2

We propose that the biosynthesis of the pyrrolobenzoxazine
core unit starts from the N-methylated L-tryptophan and proceeds
via a two oxidative step pathway yielding the target compound
(Fig. 2).

To demonstrate this biomimetically, the known indole-N-
methylated L-tryptophan 13 was esterified and subsequently
protected by tritylation of the NH2-group resulting in the derivative
2 (Scheme 1). This compound was then subjected to DMDO-
oxidation following a procedure described by Danishefsky et al.4

for the monooxidation to a pyrroloindoline moiety (e.g. 2 A 3).
After optimisation we discovered that the use of 1.8 equivalents of
DMDO5 gave the best conversion of the starting tryptophan
derivative and yield of the N-methyl-3-hydroxypyrroloindoline
methyl ester 3.6 Subsequent cleavage of the trityl group under acidic
conditions simplified purification of compound 3. Unfortunately
our attempts to achieve double oxidation directly to the desired
pyrrolobenzoxazine fragment 4 met with failure; the use of two
equivalents of the oxidizing agent resulted only in recovery of
the single oxidation step product 3, together with decomposition
products. The use of other oxidants or higher reaction temperatures

led to the known oxidation of tryptophan to the formylated methyl
kynurenine methyl ester 5.7

Being unable to achieve a single step conversion of the protected
tryptophan 2 into the benzoxazine 4, we attempted oxidation of
compound 3. To our delight on treatment of 3 with m-chloro
peroxybenzoic acid [which was added very slowly to a solution
of 3 in dichloromethane at 0 uC] the target compound 4 was
isolated as a single stereoisomer in a moderate yield after column
chromatography.

Comparison of the NMR data8 of the synthesized pyrrolobenzo-
xazine derivative 4 with the literature data for the natural
products showed good correspondence. Furthermore, HMBC
correlations showed only a weak interaction of the N-methyl
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Scheme 1 Reagents and conditions: i: (a) AcCl, MeOH, reflux, 2 h, 99%,
(b) TrCl, TEA, DCM, rt, 48 h, 69%; ii: (a) DMDO–sol., acetone, 278 uC,
2 h, (b) AcOH, MeOH, DCM, rt, 2 h, 40%; iii: MCPBA, DCM, 0 uC, 2 h,
49%; iv: e.g. ¢2 equiv. MCPBA, rt.
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Scheme 2 Reagents and conditions: i: 3,5-Dinitrobenzoyl chloride (2 equiv.),
pyridine, rt, 16 h, 51%.
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carbon atom with the proton at the ring junction, whereas there
was a much stronger correlation between the same atoms in the
pyrroloindoline 3 consistent with oxygen insertion at the desired
position. To establish whether the second oxidation proceeded
with retention of the relative stereochemistry of the starting
material, compound 4 was further derivatised by reacting with two
equivalents of 3,5-dinitrobenzoyl chloride (Scheme 2). The resulting
bis(dinitrobenzoic acid) derivative 6 showed that the relative
stereochemistry of 3 was retained in the oxidised product 4 (see
X-ray structure depicted in Fig. 3).9 It is noteworthy that the
absolute stereochemistry of the synthetic pyrrolobenzoxazine 4
corresponds to the one previously proposed for this component in
the analogues of paeciloxazine.2

With the structure (6) proven to be that of the natural

pyrrolobenzoxazine unit of paeciloxazine we can propose a
biosynthetic pathway leading to the formation of this building
block from the N-methyl tryptophan. In the first oxidation
step the double bond of the indole ring is diastereoselectively
epoxidized. The epoxide is opened by the amino group resulting
in the pyrroloindoline moiety. In the second step the more basic
tertiary anilinic nitrogen is oxidized resulting in an N-oxide. This
then undergoes a diastereoselective Meisenheimer type rearrange-
ment10 to form the resulting pyrrolobenzoxazine derivative
(Scheme 3).

In conclusion the pyrolobenzoxazine moiety of the natural
product paeciloxazine can be synthesized in a short biomimetic
pathway proceeding via two diastereoselective oxidation reactions
starting from readily available protected L-tryptophan.
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Fig. 3 X-Ray structure of compound 6.
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