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Isolation and Synthesis of 3,4-Bis(indol-3-yD)pyrrele-2,5-dicarboxylic Acid Derivatives
from the Slime Mould Lycogala epidendrum
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Abstract:  Fruit bodies of the myxomycete Lycogala epidendrum contain the title compounds 1a-c and 2,
staurosporinone (3) and traces of bisindolylmaleimides. Lycogalic acid A dimethyl ester (1a) has
been synthesized from methyl 3-(indol-3-yl)pyruvate in a one-pot reaction.

Lycogala epidendrum (L.) Fries is a common slime mould with ubiquitous distribution. Recently,
Asakawa et al.! isolated three novel metabolites from fruit bodies (aethalia) of this species and determined their
structures as 1a, 1b and 1c. In the case of 1c the unusual S, 5-substitution pattern was unambiguously
established by X-ray analysis of the permethyl derivative. In continuation of our work on secondary metabolites
from myxomycetes? we have independently investigated L. epidendrum. Gel chromatography of its methanolic
extract followed by preparative HPLC of the crude fractions, which were first monitored by analytical HPLC
with diode-array detection,3 yielded three main components which were named lycogalic acid dimethyl esters
A, B and C.4 From their spectral data the structures 1a-1¢3 were deduced, in agreement with lit.! In addition,
we were able to isolate lycogalic acid A (2) and staurosporinone (4)7-8 together with traces of arcyriarubin A
(3) and arcyriaflavin A (5).9
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The lycogalic acids are an interesting addition to the bisindolylmaleimide group of myxomycete
metabolites,2-10 and their co-occurrence with arcyriarubin A (3) in L. epidendrum points to a close biosynthetic
relationship. Recently, it was shown that in cultures of Chromobacterium violaceum lycogalic acid A (‘chro-
mopyrrolic acid’) is derived from tryptophan.® It is tempting to assume that lycogalic acid A is formed
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by oxidative dimerization of 3-(indol-3-yl)pyruvic acid followed by reaction of the resulting 1,4-dicarbonyl
intermediate with an equivalent of ammonia. We have used this idea for a simple one-pot synthesis of 1a from
methyl 3-(indol-3-yl)pyruvate (6). For this purpose, a methanolic solution of 6 is treated with NaOMe, and the
resulting enolate oxidized with 0.5 equiv. of iodine. After addition of aqueous NH,OH the mixture is refluxed
for one hour. Usual work-up afforded 1a in 42% yield, in every respect identical with the natural product.
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This reaction can also be applied to other arylpyruvates. Thus, methyl 3-(4-hydroxyphenyl)pyruvate and
methyl 3-phenylpyruvate gave the corresponding dimethyl 3,4-diarylpyrrol-2,5-dicarboxylates in 52 and 60%
yield, respectively, after treating the crude reaction products with diazomethane.
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