TETRAHEDRON
LETTERS

Pergamon Tetrahedron Letters 40 (1999) 63216324

Hybocarpone, a novel cytotoxic naphthazarin derivative from
mycobiont cultures of the lichen Lecanora hybocarpa

Michael A. Emst-Russell,? John A. Elix,>* Christina L. L. Chai,* Anthony C. Willis,b
Nobuo Hamada ¢ and Thomas H. Nash ITI ¢

2Department of Chemistry, The Faculties, Australian National University, Canberra, ACT, 0200, Australia
Research School of Chemistry, Institute of Advanced Studies, Australian National University, Canberra, ACT, 0200, Australia
“Osaka City Institute of Public Health and Environmental Sciences, 8-34 Tojo Cho, Tennouji-ku, Osaka, 543, Japan
4Department of Botany, Arizona State University, Tempe, Arizona, 85287, USA

Received 27 May 1999; accepted 22 June 1999

Abstract

Hybocarpone (1), a novel pentacyclic naphthazarin-derived dimer has been isolated from mycobiont cultures
derived from the lichen Lecanora hybocarpa. The structure of hybocarpone (1) was established on the basis of 1D
and 2D NMR spectroscopy. Its relative stereochemistry was predicted with the use of molecular modelling and
confirmed by X-ray crystallographic analysis. Hybocarpone (1) was found to be a potent cytotoxin (ICsp ¢ 0.27
uM), active against the murine P815 mastocytoma cell line. © 1999 Elsevier Science Ltd. All rights reserved.

Lichens produce a multitude of secondary metabolites which are either exclusive to or characteristic of
these organisms.! A number of such compounds have been found to exhibit potent biological activities,
including antimicrobial,? antiproliferative or cytotoxic effects,>> antiviral® and enzymic inhibitory
behaviour e.g. activity against HIV-1 integrase’ and HIV-1 reverse transcriptase.?

Recent efforts to identify new bioactive lichen compounds have included the cultivation of spore-
derived lichen mycobionts. These cultures have been shown to be capable of producing metabolites with
both known and unprecedented structures in large amounts under osmotically stressed conditions.” We
now report the isolation of hybocarpone (1), a naphthazarin derived pentacycle, from the cultured lichen
mycobiont of Lecanora hybocarpa (Tuck.) Brodo and the structural elucidation of this metabolite using
both spectroscopic and crystallographic methods.

Specimens of the lichen were collected from woodland in Louisiana, USA and cultures of the
mycobiont were prepared from spores discharged from apothecia on the lichen thallus. The acetone
extracts of the cultural broth were purified by repeated fractional crystallisation to yield hybocarpone
(1) as the major product.!® In addition, the crude broth extract was also found to contain the known
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Figure 1. Diagnostic 'H and '*C long range correlations observed in the gHMBC spectrum of 1

xanthones arthothelin (2) and 6-O-methylarthothelin (3) which were identified by comparison with
authentic, synthetic material (HPLC, UV and MS).1}:12
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The UV spectrum of hybocarpone (1) was suggestive of a naphthazarin system and IR absorption
bands at 3382 and at 1652, 1632 and 1596 cm™! indicated the presence of hydroxy groups and conjugated
carbonyl moieties, respectively.

Further support for a naphthazarin skeleton was provided by the 'H NMR spectrum with two strongly
chelated phenolic protons at & 10.94 and 13.13 ppm. Two additional hydroxyl protons were evident as
broader singlets at & 4.90 and 6.57 and a singlet consistent with an aromatic methyl group was observed
at § 2.28. A triplet at 8 0.68 and two multiplets at 8 2.28 and 2.31 indicated the presence of an ethyl
functionality, however the chemical shift of the triplet attributed to the ethyl CH3 protons (8 0.68) was
uncharacteristically upfield.!

High resolution mass spectrometric analysis of 1 showed a molecular ion at 544.1218, corresponding
to a molecular formula of C26H24013. The EIMS showed little fragmentation apart from the base peak at
m/z 264 (corresponding to C13H;20¢). This evidence, coupled with the low number of signals observed
in the 'H NMR spectrum indicated that hybocarpone (1) was an oxo-bridged dimer with a high degree
of symmetry.

The dimeric nature of the molecule was also apparent in the '3C NMR spectrum of 1. The 13
signals observed were consistent with two pairs of carbonyl carbons, 12 aromatic carbons, two pairs
of quaternary carbons at § 99 and 67, two methyl groups and a pair of ethyl substituents. '3C chemical
shift data were assigned on the basis of APT, gHMQC and gHMBC experiments.

Fig. 1 shows the HMBC correlations supporting the proposed structure for hybocarpone (1). The
substituents on the aromatic moieties of the molecule were readily established from the observed two
and three bond connectivites. In addition, the chemical shifts of the two carbonyl carbons (8 193, 198)
are consistent with a partially saturated quinonoid derivative (typical quinone carbonyls resonate at §
180-190 ppm). The signal at & 99 is typical for a hemiacetal moiety. Further support for the substitution
pattern of the central tetrahydrofuran ring was provided by connectivities observed in the gHMBC
spectrum.

The isochronicity observed in the 'H and 13C NMR spectra of 1 can be attributed to the molecule
possessing either a twofold axis (C2) or a mirror plane (0) of symmetry. However, the observed optical
activity of [at}p ~19.2 is not compatible with the existence of a mirror plane in hybocarpone (1),!3
therefore the two carbon atoms (8 67 ppm) which link the two portions of the dimer must have the same
relative configuration.
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Figure 2. Thermal ellipsoid diagram of 1 with selected atom labelling. Ellipsoids show 50% probability levels. Hydrogen atoms
are drawn as circles with small radii

Minimal energy calculations were carried out using the MM2" force field (Macromodel 5.5) in an
attempt to differentiate between the two remaining diastereomeric configurations. These calculations
predicted that the hemiacetal structure with R"R*R*R”" configuration (adjacent hydroxy and ethyl substit-
uents are syn) was ¢ 12 kcal mol~! more stable than the alternative diastereomer (adjacent hydroxy and
ethyl substituents are anti).

The structure and proposed relative configuration of hybocarpone (1) was confirmed by a single crystal
X-ray diffraction study (Fig. 2). A crystal suitable for X-ray work was obtained by slow evaporation of a
solution of aqueous methanol, crystal data: monoclinic, space group P2; (#4), a 10.903(3), b 12.431(6),
¢ 19.457(3) A, B 98.25(2)°, V 2610(2) A3; Z 2, D, 1.467 g cm™3, F (000) 1208, u (CuKat) 10.31 cm™,
A 1.54178 A, crystal size 0.14x0.07x0.04 mm.

Hybocarpone (1) was found to possess potent cytotoxicity against the murine mastocytoma P815 cell
line, yielding an ICsq value of 0.15 pg/ml. Further investigations into the activity of 1 are currently in
progress.

A number of monomeric and simple, dimeric naphthazarins have been isolated as pigments from
plants and marine invertebrate organisms though they are rare in lichen sources.!"14-1 The dinaphtho[2,3-
b:2,3-d]furan-tetraone carbon skeleton of hybocarpone (1) is highly unusual and has not previously been
observed in nature.
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