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Fruit bodies of the wood-rotting North American fungus alkyl chains, which may be partially unsaturated. The
structures of the metabolites were established byHapalopilus mutans produce a mixture of dihydroxybenzoic

acids 1, dihydroxybenzoquinones 2 and a novel type of spectroscopic methods.
spirodiones, e.g. mutadione A (4a). All compounds carry long

The wood-rotting polypore Hapalopilus mutans (Pk.)
Gilbn. & Ryv. is found in eastern North America from Can-
ada to Florida. [1] It forms resupinate, soft fruit bodies on
dead hardwoods, usually Castanea, and can cover large
areas of the trunk. Interestingly, the creamy colour of the
fruit bodies changes immediately to a reddish colour when
bruised or treated with aqueous KOH. In this publication
we report on the isolation and structural elucidation of the
main metabolites of this fungus.

Figure 1. Dihydroxybenzoic acids 1 from Hapalopilus mutansResults and Discussion

The air-dried and frozen fruit bodies of Hapalopilus mu-
tans were extracted several times with methanol and the Two further dihydroxybenzoic acid derivatives could not

be completely separated by HPLC. From the HR-EIMS,combined extracts concentrated to dryness. After partition
of the residue between ethyl acetate and water, the compo- UV and 1H-NMR spectra, one component was identified as

2-heptadecyl-4,6-dihydroxybenzoic acid (“dihydromerulinicnents of the organic layer were separated by means of pre-
parative HPLC on reversed-phase material. Diode-array acid A”)[3] (1c), whereas a second component, 2,4-di-

hydroxy-6-pentadecylbenzoic acid (“corticiolic acid”) (1d),UV detection revealed the presence of three different types
of compounds: dihydroxybenzoic acids, benzoquinones and was obtained only in admixture with 1b. 1d has already

been reported as a constituent of Corticium caeruleumspirodiones in the approximate ratio of 5:1:20.
The structures of the dihydroxybenzoic acid derivatives (Aphyllophorales). [4]

The second group of compounds are the dihydroxy-1,4-1a and 1b (Figure 1) were easily deduced from the 1H- and
13C-NMR data and the high resolution mass spectra. Weak benzoquinones 2a-d, which have different side chains at C-

2 (Figure 2). The HR-EIMS of the main component 2a[M1] peaks are observed at m/z 388.2650 (C24H36O4) and
390.2769 (C24H38O4). Very strong [M1 2 CO2] peaks at m/z showed a molecular ion peak at m/z 374.2456 correspond-

ing to the molecular formula C23H34O4. However, in the344.2715 (C23H36O2) and 346.2867 (C23H38O2) are indica-
tive of carboxylic acids. The positions of the double bonds 13C-NMR spectrum only 19 carbon signals could be ob-

served due to rapid tautomerization of the 3,6-dihydroxy-in the side chains were determined by ozonolysis. GC-MS
analysis indicated the formation of hexanal and nonanal in 1,4-benzoquinone system.[5] The dimethyl ether 3 derived

from 2a by treatment with diazomethane exhibited 25 car-the case of 1a and 1b, respectively. The 1H- and 13C-NMR
data for the side-chain atoms of 1a and 1b agree well with bon signals in the 13C-NMR spectrum and showed the ex-

pected [M1] peak at m/z 402.2785 (C25H38O4). The positionthose of linoleic acid and oleic acid, respectively. [2] The
acids were therefore identified as 2-(heptadeca-8,11-dienyl)- of the double bonds in the side chain follows from the close

correspondence of the 1H- and 13C-NMR signals with those4,6-dihydroxybenzoic acid (“dehydromerulinic acid A”) (1a)
and 2-(heptadec-8-enyl)-4,6-dihydroxybenzoic acid (∆89- of acid 1a.

The quinone 2b was obtained nearly pure, but the minormerulinic acid A) (1b), which were isolated previously from
Phlebia radiata and Merulius tremellosus. [3] components 2c and 2d were an inseparable mixture. Their

formulas were deduced from the UV, NMR and HR-MS
[a] Institut für Organische Chemie der Universität, data and by comparison with the data of the corresponding
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In the 1H-NMR spectrum, a singlet at δ 5 6.26 corre-

sponds to an aromatic CH group (δC 5 97.0) flanked by
two O-functions in the ortho positions. A multiplet at δ 5
5.35 can be assigned to 8 olefinic CH groups from two lino-
leic acid chains attached to the central unit. In the 13C-
NMR spectrum, 46 signals were observed, 12 of which be-
long to the core structure. The signals at δ 5 193.3 and
191.9 can be assigned to α,β-unsaturated ketone functions
and the signal at δ 5 64.5 to a quaternary C atom. The
observed chemical shifts compare well with those for syn-
thetic compounds of this type. [10] [11] The structure of muta-Figure 2. Dihydroxy-1,4-benzoquinones 2 from Hapalopilus mutans
dione A (4a) could finally be solved by a careful analysis
of its HMQC, HMBC (Figure 4) and proton-coupled 13C-
NMR spectra.

derivatives. Obviously, the benzoquinones are present in the
fruit bodies as their leuco derivatives and are oxidized to
the quinones on bruising. The 2,5-dihydroxy-1,4-benzoqui-
nones 2a,b and 2d have been isolated before from plants of
the Myrsinaceae[628] and Connaraceae[9] families.

The third group of compounds includes several sub-
stances with a novel spirodione structure, for which we pro-
pose the name mutadione (Figure 3). The structural eluci-
dation of these compounds was hampered by the small
number of hydrogen atoms attached to the core structure Figure 4. Selected HMBC correlations for mutadione A (4a)
of the molecule. The major component, named mutadione
A (4a), could be obtained pure, whereas several other com- With one equivalent of diazomethane mutadione A (4a)
pounds of the same type were inseparable mixtures. The yields the 9-O-methyl ether 5. Excess of the reagent leads
HR-EIMS of mutadione A exhibited an [M1] ion peak at to the 6,9-O-dimethyl ether 6 which exhibits an NOE be-
m/z 730.4814, corresponding to C46H66O7. This suggested tween the methoxy group at C-6 and the aromatic proton
that mutadione A is formed by condensation of two mol- at C-7.
ecules of benzoquinone 2a (M 5 374) with removal of one In addition to mutadione A (4a) we have isolated as
molecule of water (2 3 374 2 18 5 730). minor constituents the mutadiones B (4b), C (4c) and D

(4d). In the case of compounds 4b and 4c the relative posi-
tions of the side chains could not be determined. There is
the possibility that the two regioisomers are present in
each case.

The mutadiones exhibit neither optical rotations nor CD
effects, in spite of the presence of the stereogenic spiro
center. On addition of an equimolar amount of the chiral
shift reagent tris[3-trifluoromethylhydroxymethylene-(1)-
camphorato]europium(III) [Eu(tfc)3] to a solution of 4a in
CDCl3, a 1:1 splitting of the 1H-NMR signals is observed,
in accord with the presence of a racemic mixture. The signal
of the aromatic proton is thereby shifted from δ 5 6.26 to
δ 5 6.61 and 7.01.

A biosynthesis of mutadione A (4a) can be proposed
(Scheme 1), which resembles that of bovilactone-4,4 (9)
from Suillus bovinus. [12] In both cases a diquinone of type
7 can be considered as precursor which suffers ring cleavage
with concomitant lactone formation,[13215] to yield an enol
intermediate 8. In the case of 8a intramolecular C-acylation
with formation of the spirodione 4a can take place, whereas
in the case of 8b O-acylation affords the dilactone 9.

Interestingly, in mycelial culture on Moser minimal me-
dium[16] H. mutans produces mainly benzoquinone 2a and
small amounts of 2b and 2d. [17] Whereas traces of 2,4-di-
hydroxybenzoic acids 1 could be detected by HPLC, theFigure 3. Mutadiones 4 from Hapalopilus mutans
mutadiones 4 were not found.
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Scheme 1. Proposal for the formation of mutadione A (4a) and boviquinone-4,4 (9) from the precursors 7a and 7b, respectively

residue was dissolved in methanol and the mixture separated byExperimental Section
reversed-phase preparative HPLC (C-18 material) with an acidified

General: Melting points (uncorrected): Reichert hot stage. 2 Op- water/acetonitrile gradient (system 2).
tical rotations: Perkin-Elmer 214. 2 UV/Vis: Perkin-Elmer

2-(Heptadeca-8,11-dienyl)-4,6-dihydroxybenzoic Acid, Dehydro-Lambda 16. 2 IR: Perkin-Elmer FT-IR 1000. 2 NMR: Bruker
merulinic Acid A (1a): 10 mg (0.01%) of a slightly yellow amor-ARX-300, AMX-600 and Varian VXR-400 S, in CDCl3 or
phous powder, m.p. 90292°C. 2 TLC: Rf 5 0.57, red spot withCD3OD, solvent peak as internal reference. 2 MS: Finnigan MAT
ANIS. 2 HPLC (system 2): tR 5 17.33 min. 2 UV (CH3OH): λmax90 and MAT 95Q. 2 GC-MS was performed with a Varian GC
(log ε) 5 217 (4.69), 263 (4.37), 301 (3.98) nm. 2 IR (CHCl3, film):3200 coupled with a Finnigan MAT Magnum mass spectrometer
ν̃ 5 3400 cm21(br. m), 2927 (s), 2855 (s), 1623 (s), 1465 (m), 1367(ion trap). Column: J & W DB-5ms, length 30 m, diameter 0.25
(m), 1258 (s), 1170 (m), 1106 (w), 1021 (w), 849 (w), 724 (w), 619mm. Temperature gradient: 50°C for 2 min, then heating with 5°C/
(w). 2 1H NMR (300 MHz, CD3OD): δ 5 0.97 (t, J 5 6 Hz, 3 H,min up to 300°C. 2 TLC: Silica gel Merck Kieselgel 60 F254 plates
179-H), 1.40 (m, 14 H), 1.64 (m, 2 H, 29-H), 2.14 (m, 4 H, 79-, 139-(thickness 0.2 mm); solvent system: toluene/HCO2Et/HCO2H
H), 2.85 (t, J 5 6 Hz, 2 H, 109-H), 2.97 (t, J 5 7 Hz, 2 H, 19-H),(10:5:3). The brown or yellow spots gave distinct colours on spray-
5.42 (m, 4 H, 89-, 99-, 119-, 129-H), 6.20 (d, J 5 2 Hz, 1 H, 5-H),ing with a mixture of 4-methoxybenzaldehyde/AcOH/H2SO4/EtOH
6.25 (d, J 5 2 Hz, 1 H, 3-H). 2 13C NMR (75 MHz, CDCl3): δ 5(10:12:12:210) (ANIS) and heating. 2 Solid-phase extractions:
14.1 (q, C-179), 22.6 (t), 25.6 (t, C-109), 27.2 (t), 27.2 (t), 29.2 (t),Chromabond C18 cartridges (Macherey-Nagel). 2 Analytical
29.3 (t), 29.4 (t), 29.6 (t), 29.6 (t), 29.7 (t), 31.5 (t), 31.7 (t), 101.5HPLC (system 1): Waters 600 E Pump and System Controller with
(d, C-5), 103.6 (d, C-3), 111.1 (s, C-1), 127.9 (d, C-119), 128.0 (d,Diode-Array Detector 9901; Knauer Vertex column 4 6 250 mm,
C-99), 130.1 (d, C-89), 130.2 (d, C-129), 150.4 (s, C-2), 161.3 (s, C-packed with Nucleosil 100 C18, 5 µm; eluent A: H2O/CH3CN (9:1)
6), 166.4 (s, C-4), 174.7 (s, COOH). 2 EI MS (DI, 220°C, 70 eV);

1 0.5% CF3CO2H; eluent B: CH3CN; linear gradient: 0 min: A
m/z (%): 388 (1) [M1], 344 (18) [M1 2 CO2], 163 (14), 137 (12),100%, 30 min: B 100%; flow rate 1 mL/min, detection range
124 (100), 123 (27). 2 C24H36O4: calcd. 388.2614; found 388.26502002400 nm. 2 Preparative HPLC (system 2): Merck Hitachi L
(HR EIMS).6200 Intelligent Pump and 655A Variable Wavelength UV Monitor.
2-(Heptadec-8-enyl)-4,6-dihydroxybenzoic Acid, Merulinic Acid AKnauer Vertex columns 16 6 250 mm, packed with Nucleosil 100
(1b): 10 mg (0.01%) of a slightly yellow amorphous powder, m.p.C18, 7 µm; eluents as for analytical HPLC; linear gradient: 0 min:
95297°C. 2 TLC: Rf 5 0.57, red spot with ANIS. 2 HPLCA 20%, B 80%, 40 min: B 100%; flow rate 7 mL/min, detection at
(system 2): tR 5 22.90 min. 2 UV (CH3OH): λmax (log ε) 5 217290 nm.
(4.35), 262 (4.03), 300 (3.67) nm. 2 IR (CHCl3, film): ν̃ 5 3392

Biological Material: Hapalopilus mutans was collected in August cm21(br. m), 2923 (s), 2852 (s), 1624 (s), 1467 (m), 1361 (m), 1251
1989, 1994 and 1997 from a dead Castanea dentata tree in the Bo- (s), 1201 (w), 1177 (w), 1025 (w), 624 (w). 2 1H NMR (300 MHz,
tanical Garden of the Biological Station in Highlands, NC, USA. CDCl3): δ 5 0.87 (t, J 5 7 Hz, 3 H, 179-H), 1.30 (m, 20 H), 1.57
Part of the material was air-dried and than stored at 210°C, while (m, 2 H, 29-H), 2.00 (m, 4 H, 79-, 139-H), 2.90 (t, J 5 7 Hz, 2 H,
the remainder was immediately frozen on collection. A voucher 19-H), 5.35 (t, J 5 5 Hz, 2 H, 89-, 99-H), 6.27 (m, 2 H, 3-,5-H). 2
specimen is kept in the herbarium of the Ludwig-Maximilians- 13C NMR (75 MHz, CDCl3): δ 5 14.1 (q, 179-H), 22.7 (t), 22.7 (t),
Universität München, Institut für Organische Chemie. 27.2 (t), 27.2 (t), 29.3 (t), 29.3 (t), 29.4 (t), 29.5 (t), 29.6 (t), 29.7

(t), 29.8 (t), 31.8 (t), 31.9 (t), 101.4 (d, C-5), 103.6 (s, C-1), 111.2Isolation of the Metabolites from the Fruit Bodies (Typical Work-
up): 100 g of fresh fruit bodies of H. mutans were extracted several (d, C-3), 129.8 (d, C-89), 130.0 (d, C-99), 150.4 (s, C-2), 161.3 (s, C-

6), 166.3 (s, C-4), 174.6 (s, COOH). 2 EI MS (DI, 220°C, 70 eV);times with 500 mL of methanol until the resulting solution was
colourless. After evaporation of the solvent, the brown, oily residue m/z (%): 390 (0.1) [M1], 346 (4) [M1 2 CO2], 320 (10), 168 (5),

166 (4), 137 (10), 125 (7), 124 (100), 123 (15). 2 C24H38O4: calcd.was partitioned between ethyl acetate and water. The organic layers
were dried (MgSO4) and the solvent removed in vacuo. The oily 390.2768; found 390.2769 (HR EIMS).
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Ozonolysis of the Acids 1a and 1b: Through solutions of 1 mg of (m, 2 H, 29-H), 2.04 (m, 4 H, 79-, 139-H), 2.43 (t, J 5 8 Hz, 2 H,

19-H), 2.77 (t, J 5 6 Hz, 2 H, 109-H), 3.80 (s, 3 H, 6-OCH3), 4.05either 1a or 1b in 5 mL of CH2Cl2 a stream of ozone was passed
at 278°C, until the colour of the solutions remained slightly violet. (s, 3 H, 3-OCH3), 5.35 (m, 4 H, 89-, 99-, 119-, 129-H), 5.73 (s, 1 H,

5-H). 2 13C NMR (75 MHz, CDCl3): δ 5 14.1 (q, C-179), 22.5 (t),The excess of O3 was removed by bubbling O2 through the reaction
mixtures. After reductive work-up by addition of dimethyl sulfide 23.1 (t), 25.6 (t, C-109), 27.2 (t, 2C), 28.7 (t), 29.2 (t), 29.3 (t), 29.4

(t), 29.5 (t), 29.6 (t), 31.5 (t), 56,3 (q, OCH3), 61.2 (q, OCH3), 105.4(0.5 mL) and GC MS of the resulting reaction mixtures, hexanal
(m/z 101 [M1 1 H], Rt 5 2.23 min) was detected in the case of 1a (d, C-5), 127.9 (d, C-119), 128.0 (d, C-99), 128.6 (s, C-2), 130.1 (d,

C-89), 130.2 (d, C-129), 155.9 (s, C-3), 158.8 (s, C-6), 182.4 (s, C-1),and nonanal (m/z 143 [M1 1 H], Rt 5 9.55 min) in the case of 1b.
183.6 (s, C-4). 2 EI MS (DI, 220°C, 70 eV); m/z (%): 402 (23)2-Heptadecyl-4,6-dihydroxybenzoic Acid, Dihydromerulinic Acid A
[M1], 196 (13), 183 (40), 169 (37), 153 (21), 123 (24), 97 (17), 95(1c): 6 mg (0.006%) of a slightly yellow amorphous powder, m.p.
(16). 2 C25H38O4: calcd. 402.2771; found 402.2785 (HR EIMS).1052107°C. 2 TLC: Rf 5 0.57, red spot with ANIS. 2 HPLC
2-(Heptadec-8-enyl)-3,6-dihydroxy-1,4-benzoquinone (2b): < 1 mg of(system 2): tR 5 31.80 min. 2 UV (CH3OH): λmax (log ε) 5 217
a slightly yellow amorphous powder. 2 TLC: Rf 5 0.66, blue spot(3.80), 262 (3.47), 297 (3.16) nm. 2 IR (CHCl3,film): ν̃ 5 3380
with ANIS. 2 HPLC (system 2): tR 5 27.08 min. 2 UV (CH3OH):cm21(br. m), 2920 (s), 2850 (s), 1625 (s), 1469 (m), 1361 (m), 1254
λmax (log ε) 5 289 (3.46) nm. 2 IR (CHCl3, film): ν̃ 5 3306(m), 1200 (m), 1179 (m), 1028 (w), 766 (w), 624 (w). 2 1H NMR
cm21(s), 2955 (s), 2850 (s), 1697 (m), 1615 (s), 1465 (m), 1356 (s),(300 MHz, CD3OD): δ 5 0.98 (t, J 5 7 Hz, 3 H, 179-H), 1.37 (m,
1331 (s), 1193 (s), 837 (w), 768 (w), 707 (w). 2 1H NMR (60028 H), 1.63 (m, 2 H, 29-H), 2.97 (t, J 5 7 Hz, 2 H, 19-H), 6.22 (d,
MHz, CDCl3): δ 5 0.88 (t, J 5 7 Hz, 3 H, 179-H), 1.30 (m, 20 H),J 5 2 Hz, 1 H, 5-H), 6.27 (d, 2 Hz, 1 H, 3-H). 2 EI MS (DI,
1.55 (m, 2 H, 29-H), 2.00 (m, 4 H, 79-, 139-H), 2.45 (t, J 5 7 Hz, 2220°C, 70 eV); m/z (%): 392 (2) [M1], 349 (11) [M1 2 CO2], 348
H, 19-H), 5.34 (t, J 5 7 Hz, 2 H, 89-, 99-H), 6.00 (s, 1 H, 5-H), 7.66(46), 166 (5), 137 (10), 125 (7), 124 (100), 123 (21). 2 C24H40O4:
(s, 2 H, 2 3 OH). 2 EI MS (DI, 220°C, 70 eV); m/z (%): 376calcd. 392.2926; found 392.2928 (HR EIMS).
(23) [M1], 155 (90), 154 (100). 2 C23H36O4: calcd. 376.2614; found

2,4-Dihydroxy-6-pentadecylbenzoic Acid, Corticiolic Acid (1d): < 1 376.2612 (HR EIMS).
mg of a slightly yellow amorphous powder, which could only be

2-(Heptadecyl)-3,6-dihydroxy-1,4-benzoquinone (2c): < 1 mg of aisolated in admixture with 1b. 2 TLC: Rf 5 0.57, red spot with
slightly yellow amorphous powder, which could only be detected inANIS. 2 HPLC (system 2): tR 5 22.90 min. 2 UV (CH3OH): λmax
the EIMS as a mixture with 2a and 2d. 2 TLC: Rf 5 0.66, blue(Absrel) 5 217 (100), 262 (80), 300 (70). 2 1H NMR (300 MHz,
spot with ANIS. 2 C23H38O4: calcd. 378.2770; found 378.2767CD3OD): δ 5 0.97 (t, J 5 7 Hz, 3 H, 159-H), 1.37 (m, 24 H), 1.64
(HR EIMS).(m, 2 H, 29-H), 2.96 (t, J 5 8 Hz, 2 H, 19-H), 6.22 (d, J 5 2 Hz,

1 H, 3-H), 6.27 (d, J 5 2 Hz, 1 H, 5-H). 2 EI MS (DI, 220°C, 70 2,5-Dihydroxy-3-pentadecyl-1,4-benzoquinone (2d): < 1 mg of a
eV); m/z (%): 364 (0.02) [M1], 320 (4) [M1 2 CO2], 124 (100). 2 slightly yellow amorphous powder, which could only be detected in
C22H36O4: calcd. 364.2613; found 364.2645 (HR EIMS). the EIMS as a mixture with 2b. 2 TLC: Rf 5 0.66, blue spot with

ANIS. 2 HPLC (system 2): tR 5 27.08 min. 2 UV (MeOH): λmax2-(Heptadeca-8,11-dienyl)-3,6-dihydroxy-1,4-benzoquinone (2a): 5
(abs.) 5 289 (100) nm. 2 C21H34O4: calcd. 350.2457; foundmg (0.005%) of a slightly yellow amorphous powder, m.p.
350.2456 (HR EIMS).93295°C. 2 TLC: Rf 5 0.66, blue spot with ANIS. 2 HPLC

(system 2): tR 5 22.00 min. 2 UV (CH3OH): λmax (log ε) 5 208 Mutadione A (4a): 100 mg (0.1%) of a brownish oil. 2 TLC: Rf 5
(3.89), 288 (4.05), 428 (2.21) nm. 2 IR (KBr): ν̃ 5 3430 cm21(br. 0.53, blue spot with ANIS. 2 HPLC (system 2): tR 5 50.87 min.
w), 3306 (s), 2957 (sh), 2925 (s), 2854 (m), 1636 (sh), 1617 (s), 1333 2 UV (CHCl3): λmax (log ε) 5 287 (4.07) nm. 2 IR (CHCl3, film):
(s), 1190 (m), 860 (w), 768 (w), 704 (w). 2 1H NMR (300 MHz, ν̃ 5 3410 cm21 (br. m), 3008 (m), 2925 (s), 2853 (s), 1785 (m), 1773
CDCl3): δ 5 0.87 (t, J 5 7 Hz, 3 H, 179-H), 1.31 (m, 14 H), 1.47 (m), 1741 (m), 1690 (s), 1637 (s), 1603 (w), 1483 (m), 1467 (m),
(m, 2 H, 29-H), 2.04 (m, 4 H, 79-, 139-H), 2.45 (t, J 5 8 Hz, 2 H, 1385 (s), 1308 (m), 1222 (w),1082 (m), 1015 (w), 831 (w). 2 1H
19-H), 2.77 (t, J 5 6 Hz, 2 H, 109-H), 5.35 (m, 4 H, 89-, 99-, 119-, NMR (600 MHz, CDCl3): δ 5 0.88 (m, 6 H, 179-, 1799-H),
129-H), 6.00 (s, 1 H, 5-H), 7.67 (s, 2 H, 2 3 OH). 2 13C NMR (75 1.1821.40 (m, 30 H), 1.63 (m, 2 H, 299-H), 2.05 (m, 8 H, 79-, 799-,
MHz, CDCl3): δ 5 14.1 (q, C-179), 22.5 (t), 22.6 (t), 25.6 (t, C- 139-, 1399-H), 2.13 (m, 2 H, 19-H), 2.56 (t, J 5 8 Hz, 2 H, 199-H),
109), 27.2 (t), 27.2 (t), 27.9 (t), 29.2 (t), 29.3 (t), 29.4 (t), 29.5 (t), 2.77 (m, 4 H, 109-, 1099-H), 5.35 (m, 8 H, 89-, 899-, 99-, 999-, 119-,
29.6 (t), 31.5 (t), 102.2 (d, C-5), 116.9 (s, C-2), 127.9 (d, C-119), 1199-, 129-, 1299-H), 6.26 (s, 1 H, 7-H). 2 13C NMR (75 MHz,
128.0 (d, C-99), 130.1 (d, C-89), 130.2 (d, C-129). 2 EI MS (DI, CDCl3): δ 5 14.1 (q, 2C, C-179, -1799), 22.6 (t, 2C), 22.7 (t), 25.6
220°C, 70 eV); m/z (%): 374 (64) [M1], 360 (5), 356 (4), 348 (5), (t, 2C, C-109, -1099), 27.0 (t), 27.1 (t, 2C), 27.2 (t, 2C), 28.5 (t), 28.9
280 (9), 266 (4), 252 (7), 238 (9), 155 (78), 154 (100), 153 (21), 95 (t), 29.1 (t), 29.20 (t, 2C), 29.3 (t), 29.4 (t), 29.6 (t), 29.7 (t, 2C),
(31). 2 C23H34O4: calcd. 374.2457; found 374.2456 (HR EIMS). 29.9 (t), 31.5 (t), 31.9 (t), 64.5 (s, C-3), 97.0 (d, C-7), 111.8 (s, C-

3a), 126.6 (s, C-4), 127.8 (d), 127.9 (d), 128.0 (d), 128.1 (d), 129.92-(Heptadeca-8,11-dienyl)-3,6-dimethoxy-1,4-benzoquinone (3): A
(d), 130.0 (d), 130.2 (d), 130.3 (d), 139.8 (s, C-10), 139.9 (s, C-5),solution of CH2N2 in diethyl ether at 0°C was added dropwise to
145.2 (s, C-6), 147.9 (s, C-7a), 167.6 (s, C-9), 169.3 (s, C-2), 191.8a solution of 4.2 mg (0.01 mmol) of 2a in 3 mL methanol. The
(s, C-8), 193.3 (s, C-11). 2 EI MS (DI, 220°C, 70 eV); m/z (%): 730reaction was monitored by analytical HPLC. After addition of 6
(100) [M1], 716 (13), 705 (13), 704 (27), 690 (24), 660 (19), 659mL of the CH2N2 solution, no more starting material was detect-
(15), 646 (16), 645 (27), 619 (13), 402 (16), 401 (14), 400 (47), 376able and the reaction mixture was concentrated to dryness giving
(14), 374 (15), 289 (36), 219 (24), 205 (26), 179 (36), 95 (60), 83the analytically pure dimethyl ether 3. Yield: 4.4 mg (0.01 mmol,
(24), 69 (45), 67 (72), 55 (62). 2 C46H66O7: calcd. 730.4808; found98%) of a brownish oil. 2 TLC: Rf 5 0.73, blue spot with ANIS.
730.4814 (HR EIMS).2 UV (CH3OH): λmax (log ε) 5 208 (3.89), 230 (3.68), 283 (3.74).

2 IR (CHCl3, film): ν̃ 5 3468 cm21 (br. w), 3008 (w), 2927 (s), Methylation of Mutadione A: A solution of CH2N2 in diethyl ether
at 0°C was added dropwise to a solution of 32 mg (0.04 mmol) of2854 (s), 1742 (w), 1656 (s), 1599 (s), 1459 (m), 1326 (m), 1212 (s),

1156 (w), 1046 (m), 844 (w), 722 (w). 2 1H NMR (300 MHz, 4a in 5 mL of CH3OH and 5 mL of CH3CN. The reaction was
monitored by analytical HPLC. After addition of 15 mL of theCDCl3): δ 5 0.89 (t, J 5 7 Hz, 3 H, 179-H), 1.30 (m, 14 H), 1.56
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CH2N2 solution, no more 4a was detectable and the reaction mix- (s), 1483 (m), 1466 (m), 1386 (s), 1309 (m), 1223 (w), 1125 (w),

1085 (m), 1015 (w), 831 (w), 722 (w). 2 EI MS (DI, 220°C, 70 eV);ture was concentrated to dryness yielding analytically pure muta-
dione A 9-O-methyl ether (5). Addition of 12 mL of CH2N2 solu- m/z (%): 732 (33) [4b-M1], 706 (31) [4c-M1], 692 (27), 667 (20),

666 (43), 402 (81), 377 (25), 376 (100), 303 (24), 289 (50), 192 (26),tion to 20 mg (0.03 mmol) of 4a in 5 mL of CH3OH afforded
mutadione A 6,9-di-O-methyl ether (6). 179 (47), 95 (44), 81 (48), 69 (40). 2 4b: C46H68O7: calcd. 732.4965;

found 732.4924; 4c: C44H66O7: calcd. 706.4808; found 706.4818
5: Yield 32 mg (0.04 mmol, 98%) of a brownish oil. 2 TLC: Rf 5 (HR EIMS).
0.61, blue spot with ANIS. 2 1H NMR (300 MHz, CDCl3): δ 5

Mutadione D (4d): < 1 mg of a brownish oil, which could only be0.89 (m, 6 H, 179-, 1799-H), 1.1821.40 (m, 30 H), 1.57 (m, 2 H,
isolated in admixture with 4a and 4c. 2 TLC: Rf 5 0.53, blue spot299-H), 2.05 (m, 8 H, 79-, 799-, 139-, 1399-H), 2.19 (m, 2 H, 19-H),
with ANIS. 2 UV (CH3CN): λmax (abs.rel) 5 219 (100), 285 (71)2.51 (t, J 5 8 Hz, 2 H, 199-H), 2.77 (m, 4 H, 109-, 1099-H), 4.37 (s,
nm. 2 C42H66O7: calcd. 682.4809; found 682.4767 (HR EIMS).3 H, 9-OCH3), 5.35 (m, 8 H, 89-, 899-, 99-, 999-, 119-, 1199-, 129-,

1299-H), 6.41 (s, 1 H, 7-H). 2 13C NMR (75 MHz, CDCl3): δ 5

14.0 (q, 2C, C-179, -1799), 22.5 (t, 2C), 22.7 (t), 25.6 (t, C-109, -
Acknowledgments1099), 26.2 (t), 27.2 (t, 4C), 27.3 (t), 28.4 (t), 28.8 (t), 29.1 (t, 2C),

29.20 (t), 29.3 (t, 2C), 29.5 (t), 29.6 (t), 29.7 (t), 29.9 (t), 31.5 (t, This work was financially supported by the Bundesministerium für
2C), 60.4 (q, 9-OCH3), 66.3 (s, C-3), 97.0 (d, C-7), 111.8 (s, C-3a), Bildung und Forschung and the Fonds der Chemischen Industrie.
126.3 (s, C-4), 127.9 (d, 2C), 128.0 (d, 2C), 130.0 (d, 2C), 130.2 (d, The generous hospitality and assistance of the Highlands Biologi-
2C), 140.0 (s, C-5), 144.1 (s, C-10), 148.0 (s, C-7a), 145.4 (s, C-6), cal Station, Highlands, NC, USA (Prof. R. Bruce) is gratefully
168.1 (s, C-9), 169.2 (s, C-2), 190.3 (s, C-8), 192.1 (s, C-11). 2 EI acknowledged. We thank Drs. B. Steffan and V. Hellwig for col-
MS (DI, 220°C, 70 eV); m/z (%): 744 (79) [M1], 732 (74), 720 (30), lecting the fungus, Dr. H. Besl, Regensburg, for identifying the
718 (44), 702 (14), 95 (72), 81 (86), 67 (100). 2 C47H68O7: calcd. species and Dr. D. Stevenson for NMR measurements.
744.4965; found 744.4966 (HR EIMS).

6: Yield 19.5 mg (0.02 mmol, 92%) of a brownish oil. 2 TLC: Rf 5 [1] R. L. Gilbertson, L. Ryvarden, North American Polypores, vol.
1, Fungiflora, Oslo, 1986.0.68, blue spot with ANIS. 2 UV (CH3OH): λmax (log ε) 5 219

[2] D. J. Ashworth, D. O. Adams, B. Y. Giang, M. T. Cheng, R. Y.(4.23), 286 (3.89) nm. 2 IR (CHCl3, film): ν̃ 5 3418 cm21 (br. m),
Lee, Anal. Chem. 1985, 57, 7102715.3009 (w), 2927 (s), 2855 (s), 1799 (m), 1742 (m), 1694 (s), 1614 (m), [3] W. Steglich, B. M. Giannetti, W. Quack, T. Anke, F. Ober-

1478 (m), 1460 (m), 1442 (m), 1350 (m), 1267 (w), 1226 (w), 1106 winkler, Z. Naturforsch. 1978, 33c, 8072816.
[4] G. Deffieux, R. Baute, M. A. Baute, A. Neveu, C. R. Hebd.(m), 1017 (w), 818 (w), 724 (w). 2 1H NMR (300 MHz, CDCl3):

Seances Acad. Sci. 1979, 288, 6472649.δ 5 0.88 (m, 6 H, 179-, 1799-H), 1.1821.40 (m, 30 H), 1.57 (m, 2 [5] P. Joseph-Nathan, D. Abramo-Bruno, D. A. Ortega, Org.H, 299-H), 2.05 (m, 8 H, 79-, 799-, 139-, 1399-H), 2.19 (m, 2 H, 19- Magn. Res. 1981, 15, 3112316.
H), 2.51 (t, J 5 8 Hz, 2 H, 199-H), 2.76 (m, 4 H, 109-, 1099-H), 3.90 [6] J. O. Midiwo, J. O. Odingo, L. M. Arot, Bull. Chem. Soc. Ethiop.

1990, 4, 71273.(s, 3 H, 6-OCH3), 4.35 (s, 3 H, 9-OCH3), 5.35 (m, 8 H, 89-, 899-,
[7] V. Shah, R. Sunder, N. J. de Souza, J. Nat. Prod. 1987, 50,99-, 999-, 119-, 1199-, 129-, 1299-H), 6.64 (s, 1 H, 7-H). 2 13C NMR

7302731.(75 MHz, CDCl3): δ 5 14.0 (q, 2C, C-179, -1799), 22.5 (t, 2C), 22.7 [8] A.-K. Lund, J. Lemmich, A. Adsersen, C. E. Olsen, Phyto-
(t), 25.6 (t, C-109, -1099), 26.2 (t), 27.2 (t, 4C), 27.3 (t), 28.4 (t), 28.8 chemistry 1997, 44, 6792681.

[9] S. K. Khurana, V. Krishnamoorthy, T. R. Seshadri, Curr. Sci.(t), 29.1 (t, 2C), 29.20 (t), 29.3 (t, 2C), 29.5 (t), 29.6 (t), 29.7 (t),
1972, 41, 3312332.29.9 (t), 31.5 (t, 2C), 56.4 (q, 6-OCH3), 60.3 (q, 9-OCH3), 66.3 (s, [10] R. Aumann, H. Heinen, C. Krüger, P. Betz, Chem. Ber. 1990,C-3), 93.3 (d, C-7), 112.8 (s, C-3a), 125.6 (s, C-4), 127.9 (d, 2C), 123, 6052610.

128.0 (d, 2C), 130.0 (d, 2C), 130.2 (d, 2C), 140.9 (s, C-5), 144.1 (s, [11] R. W. Franklin, R. S. Ward, J. Chem. Res. 1981, 324623254.
[12] [12a] A. Mühlbauer, J. Beyer, W. Steglich, Tetrahedron Lett. 1998,C-10), 147.9 (s, C-7a), 148.1 (s, C-6), 167.7 (s, C-9), 169.1 (s, C-2),

39, 516725170. 2 [12b] A. Mühlbauer, Dissertation, Universität190.1 (s, C-8), 190.7 (s, C-11). 2 EI MS (DI, 220°C, 70 eV); m/z
München, 1998.(%): 758 (100) [M1], 746 (25), 732 (40), 414 (5), 193 (9), 95 (21), [13] T. Posternak, R. G. Huguenin, W. Alcalay, Helv. Chim. Acta

81 (24), 67 (27). 2 C48H70O7: calcd. 758.5121; found 758.5115 1956, 39, 156421579.
[14] E. Jägers, W. Steglich, Angew. Chem. 1981, 93, 1105; Angew.(HR EIMS).

Chem. Int. Ed. Engl. 1981, 20, 1016.
[15] F. Kiuchi, H. Takashima, Y. Tsuda, Chem. Pharm. Bull. 1998,Mixture of Mutadione B (4b) and Mutadione C (4c): 25 mg (0.025%)

46, 112921134.of a brownish oil. 2 TLC: Rf 5 0.53, blue spot with ANIS. 2
[16] M. Moser, Arch. Mikrobiol. 1959, 34, 2512269.HPLC (system 2): tR 5 67.22 min. 2 UV (CH3CN): λmax (abs.rel) 5 [17] B. Sontag, Dissertation, Universität München, 1999.

219 (100), 285 (71) nm. 2 IR (CHCl3, film): ν̃ 5 3415 cm21(br. Received December 15, 1998
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