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From the cultures of spore-derived mycobionts of the lichen Lecanora leprosa a novel
naphtho[1,8-cd]pyran-3-one derivative, lecanopyrone, was isolated. Its structure was deter-
mined by spectroscopic methods. The assembly pattern of acetate units in its biosynthesis
was verified using sodium [1-*C]-acetate and sodium [1,2-C,]-acetate.
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Introduction

Lichens, a symbiotic association of mycobiont
and photobiont partners, produce diverse second-
ary metabolites, some of which show a wide range
of potentially useful biological activities (Huneck,
1999, 2001). Cultures of isolated lichen mycobi-
onts have an ability, under osmotically stressed
conditions, to produce substances that have nev-
er been detected in the lichenized state but are
structurally related to fungal metabolites (Tana-
hashi et al., 1997). It was pointed out that cultures
of lichen mycobionts could be good tools for in-
vestigating the secondary metabolism in lichens
(Tanahashi et al., 2003). In the course of our stud-
ies on cultured lichen mycobionts, we cultivated
mycobionts of the lichen Lecanora leprosa Fée
[L. cinereocarenea (Eschw.) Vain.] and isolated
five dibenzofurans from their cultures (Tanahashi
et al., 2001). Upon examination, we also detected
an up to date uncharacterized metabolite in the
cultures, prompting us to further investigate this
metabolite. In this paper, we report the structural
determination and biosynthetic study of this new
naphtho[1,8-cd]pyran-3-one derivative.

Material and Methods
General experimental procedures

Melting points were measured using a Yanaco
micro melting point apparatus and are reported
uncorrected. The UV spectra were recorded using

a Shimadzu UV-240 spectrophotometer and the
IR spectra using a Shimadzu FTIR-8200 infrared
spectrophotometer. HR-EI-mass spectra were
obtained with a Hitachi M-4100 mass spectro-
meter. The NMR experiments were performed
with Varian VXR-500 spectrometers with tetra-
methylsilane as internal standard. HPLC was per-
formed using a Waters system (600E Multisolvent
Delivery System, 486 Tunable Absorbance Detec-
tor). Thin-layer chromatography was performed
on precoated Kieselgel 60F,s, plates (Merck) and
spots were visualized under UV light.

Plant material

Specimens of the plant material used are de-
scribed in a previous publication (Tanahashi et al.,
2001). Mycobionts were obtained from the spores
discharged from apothecia of a thallus, and were
cultivated in test tubes containing modified MY
(malt yeast) medium (10 g malt extract, 4 g yeast
extract, 100 g sucrose, 15 g agar, 11 H,O, pH 7) at
18 °C in the dark.

Chemicals

BC-labeled compounds (99% enriched) were
obtained from Sigma-Aldrich Fine Chemicals, St.
Louis, MO, USA.

Isolation of compounds

After cultivation for 11-12 months, the har-
vested colonies (101 test tubes, fresh cell weight
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12.3 g) and slants were extracted continuously
with Et,O and then with acetone. The Et,O and
acetone extracts were repeatedly subjected to
preparative TLC (toluene/acetone, 19:1) and
preparative HPLC (uBondasphere 5uC18-100A,
MeCN/H,0, 7:13), giving 1 (1.9 mg from the Et,O
extract, 8.9 mg from the acetone extract) together
with previously reported dibenzofurans (Tana-
hashi et al., 2001).

Lecanopyrone (1): Pale yellow crystalline solid,
m.p. 225°C (decomposition) (MeOH). - UV
(EtOH): /.« (log &) = 218 (4.15),227 (4.17),267.5
sh (3.92), 277 (4.09), 341 (3.33), 377.5 nm (3.37).
— IR (KBr): vy, = 3240, 1769, 1690, 1668, 1647,
1508 cm™. — '"H NMR (CDCL): 6 = 3.91 (3H, s,
4-OCH;), 5.74 (2H, d, J = 1.5Hz, H,-10), 5.79
(2H, br s, H,-3), 6.40 (1H, s, H-5), 6.67 (1H, t,J =
1.5 Hz, H-8), 10.92 (1H, br s, 9-OH). - ®C NMR
(CDCL): 6 = 56.2 (4-OCH;), 71.1 (C-3), 78.7
(C-10), 88.4 (C-5), 96.5 (C-9a), 98.8 (C-3a), 105.4
(C-8), 116.1 (C-6a), 127.1 (C-9b), 148.1 (C-7),
158.1 (C-4), 163.2 (C-6), 164.9 (C-9), 168.0 (C-1).
— HR-EIMS: m/z = 258.0544 [M]" (calcd. for
C,H,,05 258.0529).

Acetylation of 1

Compound 1 (1.7 mg) was acetylated with
Ac,O/pyridine (each 0.1 ml) and the crude
acetate was purified by preparative HPLC
(uBondasphere 5uC18-100A, MeCN/H,0, 4:1) to
yield 1a (0.9 mg).

1a: Yellow crystalline solid. — UV: 4., (log ¢) =
217, 236 sh, 269, 318, 330, 387 nm (photodiode ar-
ray detector; MeCN/H,0, 8:2).— 'HNMR (CDCIL,):
0 =2.45 (3H,s,9-OAc), 3.94 (3H, s, 4-OCHs;), 5.73
(2H, s, H,-10), 5.81 (2H, s, H,-3), 6.57 (1H, s, H-5),
6.81 (1H, br s, H-8). — EIMS: m/z (rel. int.) = 300
(17), 258 (100). — HR-EIMS: m/z = 300.0638 [M]*
(caled. for C,sH;,04 300.0634).

Feeding experiment with sodium [1-"°CJ-acetate

Cultured mycobionts of L. leprosa were trans-
ferred to 11 test tubes containing modified MY
medium (10 ml/tube) supplemented with sucrose
(250 mg/tube) and sodium [1-"C]-acetate (25 mg/
tube). The cultures were grown at 18 °C in the
dark for 6 months. The colonies (dry weight 0.76 g)
were harvested and extracted with acetone. The
acetone extract (240 mg) was purified by prepara-
tive TLC with toluene/acetone (4:1) and prepara-
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tive HPLC (MeCN/H,0, 7:3) to give 1 (5.2 mg).
The previously isolated dibenzofuran derivatives
were not obtained under these conditions.

Feeding experiment with sodium [1,2-°C,]-acetate

Sodium [1,2-2C,]-acetate (25 mg/tube) was ad-
ministered to the cultures (10 test tubes) grown
on modified MY medium (10 ml/tube) supple-
mented with sucrose (250 mg/tube). After cultiva-
tion for 6 months, the colonies (dry weight 0.88 g)
were prepared in the same way as for the feeding
experiment with sodium [1-”CJ-acetate to afford
1 (8.6 mg).

Results and Discussion

The polyspore-derived mycobionts of Lecanora
leprosa Fée collected in Japan were cultured on
conventional malt-yeast extract medium supple-
mented with 10% sucrose at 18 °C in the dark.
After cultivation for 11-12 months, the colonies
and agar medium were harvested and extracted
with cold Et,O and acetone. The extracts were
separated by a combination of preparative TLC
and preparative HPLC to afford the new com-
pound 1.

Compound 1 was isolated as pale yellow crys-
tals, m.p. 225 °C. Its HR-EI-mass spectrum exhib-
ited a molecular ion peak at m/z 258.0544 [M]",
indicating a molecular formula of CH,,Os. It
showed IR bands at 3240, 1769, 1690, 1668, 1647,
and 1508 cm™, suggesting the presence of a hy-
droxy group, a hydrogen-bound carbonyl group
and substituted aromatic system(s). Its 'H NMR
spectrum exhibited signals for a methoxy group
at dy 3.91 ppm (s), two sets of methylene groups
at dy 5.74 (2H, d, J = 1.5 Hz) and 5.79 ppm (2H,
br s), two aromatic protons at Jy 6.40 (s) and
6.67 ppm (t, J = 1.5 Hz), and a hydrogen-bound
phenolic hydroxy group at Jdy 10.92 ppm (br s).
The “"C NMR spectrum of 1 showed a methoxy
carbon atom, two oxygenated aliphatic methylene
carbon atoms, two aromatic CH carbons, eight
quaternary aromatic carbon atoms, three of which
were oxygenated, and a carbonyl carbon atom.
These spectral features closely resembled those
of corymbiferan lactone A (2) (Fig. 1), a naph-
thalene derivative with a lactone bridge isolated
from Penicillium hordei (Overy and Blunt, 2004).
Acetylation of 1 gave a monoacetate, 1a, suggest-
ing the presence of one hydroxy group in 1. This
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Fig. 1. Chemical structures of lecanopyrone (1) and related compounds.

fact, together with its molecular formula, implied
that compound 1 was a dehydrated derivative of
corymbiferan lactone A (2). The location of the
functional substituents in the naphthalene ring
could be confirmed by HMBC experiments with
1 (Fig. 2). An HMBC correlation between an oxy-
genated methylene signal at Jy 5.79 ppm and a
carbonyl carbon atom indicated a lactone bridge.
A hydrogen-bound hydroxy group, which was ad-
jacent to the carbonyl group, correlated with an
aromatic CH carbon atom (C-8) at . 105.4 ppm.
The aromatic proton at C-8 had long-range cou-
pling (/ = 1.5Hz) with methylene protons at
J0y 5.74 ppm, and these proton signals showed
HMBC interactions with a quaternary aromat-
ic carbon atom at J. 148.1 ppm (C-7). Further
HMBC correlations were observed from another
aromatic proton (H-5) at §; 6.40 ppm to two oxy-

Fig. 2. HMBC correlations of 1.

genated aromatic carbon atoms at J. 158.1 (C-4)
and 163.2 ppm (C-6). A methoxy group was locat-
ed at C-4 by the HMBC correlation from a meth-
oxy signal at dy 3.91 ppm. The HMBC correlation
from the methylene protons at dy 5.74 ppm to C-6
suggested an ether linkage. Accordingly, the new
compound 1 was determined as a dehydrated de-
rivative of corymbiferan lactone A (2) in which
an ether ring was constructed between the phe-
nolic hydroxy group at C-5 and the hydroxyme-
thyl group at C-7 and designated lecanopyrone
(Fig. 1).

Although a naphthopyran derivative, simo-
nyellin (3), was isolated from the natural lichen
Simonyella variegata Steiner (Elix et al., 1995),
metabolites with a naphthalene skeleton such
as lecanopyrone (1) are not typical lichen sub-
stances. However, structurally related compounds
and their precursor phenalenones are well known
as metabolites of non-lichenized fungi. On the
basis of the results of a biosynthetic study on the
fungal metabolite duclauxin (4) (Sankawa et al.,
1966), simonyellin (3) was postulated to be bio-
synthesized from a single heptaketide chain via
an intermediate phenalenone (Elix et al., 1995).
On the other hand, a fungal phenalenone, de-
oxyherqueinone (5), was proven to be formed by
condensation of a heptaketide folded in a differ-
ent manner from duclauxin (4) (Simpson, 1979).
Assuming that lecanopyrone (1) is biosynthesized
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Fig. 3. Folding of the heptaketide chain in the biosynthesis of lecanopyrone (1).

via a phenalenone ring system formed by con-
densation of a heptaketide chain, there are three
possible folding patterns, namely, (a) duclauxin-
like, (b) deoxyherqueinone-like, and (c) another
possible pathway. From our interest in the incor-
poration pattern of acetate units into lecanopy-
rone, administration experiments with *C-labeled
acetates were undertaken.

Feeding with sodium [1-CJ-acetate and
[1,2-C,]-acetate resulted in moderate incorpora-
tion into lecanopyrone (1). The “C NMR spec-
trum showed that the C-1 carbon atom of acetate
was incorporated into the carbon atoms at C-1,
3,4,6,7,9, and 9b in lecanopyrone (1). The 2D
INADEQUATE (incredible natural abundance
double quantum transfer experiment) spectrum
of lecanopyrone isolated from the cultured my-
cobionts incubated with [1,2-°C,]-acetate showed
five pairs of "C-"C couplings, indicating that C-3
and C-3a, C-4 and C-5, C-6 and C-6a, C-9a and
C-9b, C-8 and C-9, and C-7 and C-10 originated
from intact acetate units through the acetate-
malonate pathway. Additional weaker contour
plots observed between C-5 and C-6 and between
C-7 and C-8 could account for a high incorpora-
tion of [1,2-°C,]-acetate units. The signal due to
C-1 of [1,2-"C,]-acetate-enriched lecanopyrone
(1) showed a good incorporation of PC label but

no “C-*C coupling with any other carbon atoms.
From these findings, folding patterns (a) and (c)
of heptaketide were excluded. Lecanopyrone (1)
was assumed to arise from folding and cyclization
of a heptaketide in a similar manner to that of
deoxyherqueinone (b), followed by oxidation of
an intermediate phenalenone with elimination of
one carbon atom, recyclization to form a lactone
ring, and methylation and construction of the
ether ring (Fig. 3).

Metabolites with a naphthalene skeleton have
not yet been isolated from either lichens or cul-
tured mycobionts of the genus Lecanora. The
production of lecanopyrone that is structurally
and biosynthetically related to fungal metabo-
lites in cultured mycobionts is of great interest.
The mycobionts of the lichens seem to have con-
served the secondary metabolism of free-living
fungi. These metabolic pathways might be nor-
mally suppressed in the lichenized condition but
expressed in the isolated mycobiont.

Acknowledgements

This research was financially supported by
Grants-in-Aid (C) (No. 09672179 and No.
11672129) from the Ministry of Education, Sci-
ences, Sports and Culture of Japan and Kobe



Y. Takenaka et al. - Lecanopyrone

Pharmaceutical University Collaboration Fund.
We are grateful to Dr. H. Miyawaki (Saga Uni-
versity, Japan) for identification of the voucher
specimen. Thanks are also due to Dr. M. Sugiura

Elix J. A., Feige G. B., Lumbsch H. T., Mies B., Wardlaw
J. H., and Willis A. C. (1995), The structure determi-
nation of simonyellin — a new lichen naphthopyran.
Aust. J. Chem. 48, 2035-2039.

Huneck S. (1999), The significance of lichens and their
metabolites. Naturwissenschaften 86, 559-570.

Huneck S. (2001), New results on the chemistry of li-
chen substances. In: Progress in the Chemistry of
Organic Natural Products, Vol. 81 (Herz W., Falk H.,
Kirby G. K., and Moore R. E., eds.). Springer Verlag,
Wien, New York, pp. 1-313.

Overy D. P. and Blunt J. W. (2004), Corymbiferan lac-
tones from Penicillium hordei: Stimulation of novel
phenolic metabolites using plant tissue media. J. Nat.
Prod. 67, 1850-1853.

Sankawa U., Taguchi H., Ogihara Y., and Shibata S.
(1966), Biosynthesis of duclauxin. Tetrahedron Lett.
7, 2883 -2886.

641

(Kobe Pharmaceutical University, Japan) for 'H
and *C NMR spectra, and to Dr. K. Saiki (Kobe
Pharmaceutical University, Japan) for mass spec-
tra measurements.

Simpson T. J. (1979), Carbon-13 nuclear magnetic reso-
nance structural and biosynthetic studies on deoxy-
herqueinone and herqueichrysin, phenalenone me-
tabolites of Penicillium herquei. J. Chem. Soc. Perkin
Trans. I, 1233-1238.

Tanahashi T., Kuroishi M., Kuwahara K., Nagakura N.,
and Hamada N. (1997), Four phenolics from the cul-
tured lichen mycobiont of Graphis scripta var. pul-
verulenta. Chem. Pharm. Bull. 45, 1183-1185.

Tanahashi T., Takenaka Y., Nagakura N., and Hamada
N. (2001), Dibenzofurans from the cultured mycobi-
onts of Lecanora cinereocarnea. Phytochemistry 58,
1129-1134.

Tanahashi T., Takenaka Y., Nagakura N., and Hamada
N. (2003), 6H-Dibenzo[b,d]pyran-6-one derivatives
from the cultured lichen mycobionts of Graphis spp.
and their biosynthetic origin. Phytochemistry 62,
71-175.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile (None)
  /AlwaysEmbed [ true
    /AGaramond-Bold
    /AGaramond-BoldItalic
    /AGaramond-BoldItalicOsF
    /AGaramond-BoldOsF
    /AGaramond-Italic
    /AGaramond-ItalicOsF
    /AGaramond-Regular
    /AGaramond-RegularSC
    /AGaramond-Semibold
    /AGaramond-SemiboldItalic
    /AGaramond-SemiboldItalicOsF
    /AGaramond-SemiboldSC
    /AGaramond-Titling
    /AGaramondAlt-Italic
    /AGaramondAlt-Regular
    /AGaramondExp-Bold
    /AGaramondExp-BoldItalic
    /AGaramondExp-Italic
    /AGaramondExp-Regular
    /AGaramondExp-Semibold
    /AGaramondExp-SemiboldItalic
    /Helvetica-Oblique
    /ZapfDingbatsITC
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Average
  /ColorImageResolution 600
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Average
  /GrayImageResolution 600
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Average
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /CreateJDFFile false
  /SyntheticBoldness 1.000000
  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /DEU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [538.583 793.701]
>> setpagedevice


