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Abstract

Extracts of submerged cultures of a Stereum species afforded four new pentasubstituted phenolic compounds, named hericenols
A, B, C, and D (1–4), 6-hydroxymethyl-2,2-dimethylchroman-4-one (5) and the known erinapyrone C. Hericenol A (1) showed

weak antimicrobial activity while hericenol C (3) was weakly cytotoxic. The structures of the metabolites were determined by
spectroscopic techniques. # 2002 Elsevier Science Ltd. All rights reserved.

Keywords: Stereum species; Basidiomycete; Hericenols A–D; 6-Hydroxymethyl-2,2-dimethylchroman-4-one; Erinapyrone C

1. Introduction

Members of stipitate steroid fungi belonging to the
Stereaceae family have predominantly tropical or sub-
tropical distribution and are often found associated
with woody debris, rotting trunks and sometimes on
buried dead wood (Reid, 1965). Not many tropical
basidiomycetes have been investigated for the produc-
tion of secondary metabolites. During our continuing
search for biologically active secondary fungal metabo-
lites, we found that extracts from submerged cultures of
a Stereum sp. (strain 99123 collected in Kenya) exhib-
ited antimicrobial and cytotoxic activities. The isolation
of the active compounds led to five new metabolites.
Four of them were named hericenols A (1), B, (2), C (3),
and D (4), as they share the carbon skeleton and the
oxidation pattern with the hericenones reported both
from submerged cultures (Lorenzen and Anke, 1998)
and from fruiting bodies (Kawagishi et al., 1990, 1991,
1993) of the edible mushroom Hericium erinaceum. In
addition, 6-hydroxymethyl-2,2-dimethylchromanone (5),

a new benzopyranone, and the already known
erinapyrone C (6) (Arnone et al., 1994) were isolated.
This paper describes the isolation, structure elucidation
and biological activities of the new metabolites 1–5.

2. Results and discussion

The antimicrobial activity of the extracts of the cul-
ture broth of Stereum sp., 99123, grown in YMG med-
ium, reached a maximum after 6 days of fermentation,
and the metabolites were isolated as described in the
experimental section. The amounts isolated were rather
small, around or below 1 mg of each compound per l
culture filtrate (see the experimental section for details).
The structures of the compounds (see Fig. 1) were

determined by NMR spectroscopy and mass spectro-
metry. Erinapyrone C was identified by comparing the
data with those published (Arnone et al., 1994). Both
NMR and MS data for the new compounds were con-
sistent with the molecular formulae; C19H28O4 for her-
icenol A (1), C19H28O5 for hericenol B (2), C20H30O5 for
hericenol C (3) C21H32O5 for hericenol D (4) and
C12H14O3 for 6-hydroxymethyl-2,2-dimethyl-chromanone
(5), all having 6 degrees of unsaturation.

1H NMR and 13C NMR data for hericenol A (1) and
B (2) (see Tables 1 and 2) are similar, and the major
difference is that a non-substituted methylene group in 1
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appears to be hydroxylated in 2. The data are consistent
with a pentasubstituted aromatic system, with one
hydroxyl group, two hydroxymethyls, one methoxy
group and a carbon chain containing no (hericenol A)
or one (hericenol B) oxygen and starting with a methyl-
ene group (C-9). The complete structure of the two
compounds was determined based on the long-range
1H–13C correlations observed in HMBC experiments.
The methylene protons 9-H2 correlate to C-1, C-2 and
C-6, the methoxy group is situated on C-2 according to
the HMBC correlation between the –OCH3 protons (a
singlet integrating for three protons at 3.82 ppm in the
1H NMR spectrum of 1 and 3.80 ppm in the 1H NMR
spectrum of 2 and correlating (in the HMQC spectrum)
with a signal at 55.7 ppm in the 13C NMR spectra of
both compounds) and C-2, and the two hydroxymethyl
groups correlate to C-3, C-4 as well as C-5, and C-4, C-5
as well as C-6, respectively. These correlations deter-
mine the pattern of the aromatic substituents, and this
was confirmed by the NOESY correlations between 3-H
and 2-OCH3 as well as 7-H2 and the HMBC corre-
lations between 3-H and C-1, C-2, C-5 and C-7. The
1H–1H coupling between 9-H2 and 10-H attach the tri-
substituted C-10/C-11 double bond to C-9 and HMBC
correlations from the C-18 methyl protons to C-10, C-
11 and C-12 show that the chain continues with an
additional methylene group. The E configuration of the
double bond was determined by the NOESY correlation
between 10-H and 12-H2. In hericenol A (1), the spin
system 12-H2, 13-H2 and 14-H demonstrates that the
final double bond is between C-14 and C-15, and puts
the two remaining methyls on C-15. Both 16-H3 and 17-
H3 give HMBC correlations to C-14 as well as C-15, in

Fig. 1. Structures of secondary metabolites investigated. 1, 5-(E)-but-

2-enylidene-3-propyl-5H-furan-2-one; 2, 5-(E)-but-2-enylidene-3-(E)-

propenyl-5H-furan-2-one; 3, 5-(E)-buta-1,3-dienyl-3(E)-propenyl-5H-

furan-2-one; 4, 5-(E)-but-3-enyl-3-(E)-propenyl-dihydrofuran-2-one;

5, (-)-pregaliellalactone; 6, (+)-deoxygaliellalactone; 7, (-)-galiella-

lactone; 8, 6-pentyl-4-methoxy-6-pyran-2-one; 9, 6-(1-hydroxypentyl)-

4-methoxy-6-pyran-2-one.

Table 1
1H (500 MHz) NMR data for hericenol A–D (1–4) in CDCl3. The chemical shifts are given in ppm relative to the solvent signal (7.26 ppm), and the

coupling constants (J) in Hz

H 1 (�; J) 2 (�; J) 3 (�; J) 4 (�; J)

3 6.48; s 6.43; s 6.46; s 6.46; s

7 4.66; s 4.58; s 4.60; s 4.60; s

8 4.86; s 4.82; s 4.72; s 4.75; s

9 3.42; d; 7.1 3.41; d; 7.1 3.39; d; 7.1 3.39; d; 7.1

10 5.22; t; 7 5.30; d; 7.1 5.24; d; 7.1 5.26; d; 7.1

12 2.03; t; 7 2.15; dd; 4, 13 2.09; dd; 9, 13 2.68; d; 6.2 2.70; d; 6.8

13 2.10; dt;7, 7 4.43; ddd;4, 8, 9 5.56; dd; 15.7, 6.2 5.50; dt;15.7, 6.8

14 5.06; t; 7 5.11; d; 8.1 5.61; d; 15.7 5.41; d; 15.7

16 1.67; s 1.70; s 1.30; s 1.24; s

17 1.59; s 1.68; s 1.30; s 1.24; s

18 1.81; s 1.82; s 1.76; s 1.76; s

2-OCH3 3.82; s 3.80; s 3.81; s 3.81; s

6-OH not obs. not obs. 7.32; s 7.35; s

8-OCH3 – – 3.44; s 3.44; s

15-OCH3 – – – 3.13; s
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addition to themselves. In both 1 and 2 the chemical shifts
for C-16 and C-17 were determined by a combination of
NMR methods: NOESY correlations between 14-H and
16-H3 as well as between 13-H2 (in 1) or 13-H (in 2) and
17-H3 demonstrated that C-13 and C-16 (as well as 14-H
and C-17) are trans in both compounds, and HMQC
correlations between 16-H3/17-H3 and C-16/C-17 deter-
mined the chemical shifts. In hericenol B (2), C-13 has
only one proton and the chemical shifts for 13-H and C-
13 show that it is hydroxylated. C-13 in 2 is consequently
chiral, and hericenol B (2) is optically active. However,
with the data presented here it is not possible to determine
the absolute configuration of the compound.
The NMR data of hericenol C (3) and hericenol D (4)

are almost identical, indicating that the two compounds
are closely related. The only difference is that a hydroxyl
group in 3 has been exchanged for a methoxy group in
4. As with hericenols A and B (vide supra), the structure
of the pentasubstituted aromatic system could be estab-
lished based on HMBC correlations, this was even more
facile with 3 and 4 as the signals for the phenolic pro-
tons were visible and gave HMBC correlations to C-1,
C-5 and C-6. In both 3 and 4 the 8-OH is methylated, as
shown by the HMBC correlation between 8-OCH3 (a
singlet integrating for three protons at 3.44 ppm in the
1H NMR spectrum and correlating (in the HMQC
spectrum) with a signal at 58.0 ppm in the 13C NMR
spectrum), and C-8. The C-1 substituent is identical to
that in hericenol B (2) up till C-12, but the final double

bond has shifted to C-13/C-14 and is only disubstituted
in 3 and 4. The E configuration was determined by the
1H–1H coupling constant between 13-H and 14-H.
Instead it is C-15 that is hydroxylated (in 3), and 16-H3

as well as 17-H3 give HMBC correlations to this carbon
as well as to C-14. In hericenol D (4) 15-OH is methy-
lated, as shown by the HMBC correlation between the
methoxy protons (a singlet integrating for three protons
at 3.13 ppm in the 1H NMR spectrum and correlating
(in the HMQC spectrum) with a signal at 50.2 ppm in
the 13C NMR spectrum) to C-15.
6-Hydroxymethyl-2,2-dimethylchromanone (5) is struc-

turally related to chromans reported from fruiting bodies
of Hericium erinaceum (Kawagishi et al., 1993), from
submerged cultures of Lentinus crinitus (Abraham and
Abate, 1995) and even from some plants (Le-Van and
Pham, 1981; Lourenco et al., 1981; Roussis et al., 1990). 5

Obviously contains a 1,3,4-trisubstituted benzene, judged
from the coupling constants of the three aromatic protons
(see Table 2). One of the substituents is a hydroxymethyl
group, and the HMBC correlations from its methylene
protons to C-6, C-7 and C-8 determine its position. 6-H
gives HMBC correlations to the two aromatic carbons C-
8 and C-10 (which according to its chemical shift could be
substituted with oxygen), as well as to C-11 and C-4. The
latter, a ketone, is therefore attached to C-5. On the other
side of the keto function is a methylene group, which
protons (3-H2) correlate to C-2, a quaternary oxygenated
carbon according to its chemical shift and the HMQC
data, to C-4 and to C-5. The protons of the two remain-
ing methyl groups, with identical chemical shifts, correlate
to C-2 and C-3, as well as to themselves, and in order to
keep within the elemental composition suggested by the
MS data an ether link between C-2 and C-10 must be
present. The NOESY correlations between 12-H3 as well
as 13-H3 and 9-H confirm this.
The minimal inhibitory concentrations (MICs)

towards bacteria and fungi of the hericenols were
determined, but are not presented in detail as none of
the compounds can be regarded as potent. Hericenol A
(1) is the most active, with MICs of 5 mg/ml towards the
fungi Absidia glauca (+) CBS 101.08, Mucor miehei TÜ
284 and Zygorhynchus moelleri CBS 111.10, and the
Gram positive bacterium Arthrobacter citreus ATCC
11624. The cytotoxicity towards different mammalian
cells lines was found to be weak, although hericenol C
(3) is more active than the others with IC50 values of 5
mg/ml against COS-7 and Colon 320 cells.

3. Experimental

3.1. General experimental procedures

Preparative HPLC was carried out using JASCO
MD910 equipped with diode array detector. UV and IR

Table 2
13C (125 MHz) NMR data for hericenol A-D (1–4) in CDCl3. The

chemical shifts are given in ppm relative to the solvent signal (77.0

ppm)

Cn 1 (�) 2 (�) 3 (�) 4 (�)

1 115.9; s 116.5; s 116.3; s 116.3; s

2 157.4; s 157.4; s 157.6; s 157.6; s

3 103.9; d 103.7; d 103.6; d 103.5; d

4 138.0; s 137.1; s 137.7; s 137.6; s

5 117.9; s 117.5; s 114.1; s 114.1; s

6 155.3; s 155.4; s 155.5; s 155.5; s

7 64.3; t 64.0; t 64.2; t 64.2; t

8 58.0; t 58.6; t 68.5; t 68.5; t

9 22.3; t 22.3; t 22.2; t 22.3; t

10 121.8; d 126.8; d 123.1; d 123.2; d

11 138.0; s 132.6; s 135.0; s 134.9; s

12 39.7; t 48.0; t 42.4; t 42.8; t

13 26.5; t 65.7; d 125.2; d 128.4; d

14 124.0; d 127.3; d 139.3; d 136.6; d

15 131.8; s 135.0; s 70.7; s 74.8; s

16 25.7; q 25.7; q 29.7; q 25.8; q

17 17.7; q 18.1; q 29.7; q 25.8; q

18 16.1; q 16.2; q 16.1; q 16.6; q

2-OCH3 55.7; q 55.7; q 55.6; q 55.6; q

8-OCH3 – – 58.0; q 58.0; q

15-OCH3 – – – 50.2; q

The multiplicity was determined indirectly from HMQC spectra.
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were recorded with Perkin Elmer l16 and Bruker IFS48
spectrometers, respectively. 1H NMR (500 MHz) and
13C NMR (125 MHz) were recorded at room tempera-
ture with a Bruker ARX500 spectrometer with an
inverse multinuclear 5 mm probehead equipped with a
shielded gradient coil. The spectra were recorded in
CDCl3, and the solvent signals (7.26 and 77.0 ppm,
respectively) were used as reference. The chemical shifts
(�) are given in ppm, and the coupling constants (J) in
Hz. COSY, HMQC and HMBC experiments were
recorded with gradient enhancements using sine shaped
gradient pulses. For the 2D heteronuclear correlation
spectroscopy the refocusing delays were optimised for
1JCH=145 Hz and nJCH=10 Hz. The raw data were
transformed and the spectra were evaluated with the
standard Bruker XWIN-NMR software (rev. 010101).
Mass spectra were recorded with a LC–MS (HP 1100;
APCI, negative mode) and a Jeol SX102 (HRFAB,
positive mode) spectrometer.

3.2. Producing strain and fermentation

The resupinate fruiting body was collected near
Rongo in Kenya on a dead stump of a Eucalyptus sp.
tree. Mycelial cultures of the fungus, strain 99123, were
obtained from basidiospores. The spores were globose
to subglobose in shape measuring 2.5–3�5–6 mm. The
fruiting body had distinct septate cystidia which were
numerous and close to one another. The basidia (5–
6�12–15 mm) were 4-spored and were smaller than the
cystidia. The hyphae had round encrustation. These
observations are in agreement with the description given
by Reid (1965) for Stereum species. The mycelial culture
is deposited in the culture collection of the Department
of Biotechnology, University of Kaiserslautern. The
fungus was cultured in an YMG medium consisting of
glucose (0.4%) yeast extract (0.4%) and malt extract
(1.0%) for 6 days. Fermentation was done on a 100
l-scale in a fermenter type U100, Braun, Melsungen.
The fungus was grown at 24 �C with stirring (120 rpm)
and an aeration rate of 15 l/min.

3.3. Isolation of the metabolites

At the end of fermentation, the culture filtrate (90 l)
was separated from the mycelium by filtration. The
metabolites were adsorbed on a resin, Mitsubushi
HP21, and the resin washed with distilled H2O. The
compounds were eluted stepwise with 50% aq. Me2CO
(2 l) and 100% Me2CO (2 l). The combined eluents were
concentrated under reduced pressure and the remaining
aq. phase was extracted four times with an equal
volume of EtOAc and concentrated. The final oily
extract (10 g) was then subjected to repeated silica gel
column chromatography (Silica gel 60, Merck, Darm-
stadt) followed by preparative HPLC (Nucloesil RP18:

7 mm; 250 � 21 mm, Macherey Nagel) to afford the
compounds. The compounds were eluted using a linear
gradient of H2O–MeOH. The compounds were
obtained at the following MeOH concentrations: 6: 20–
30%, 5: 52–60%, 2: 72–76%, 3: 76–80%, 1: 85–89%
and 4 directly afterwards. This yielded 25 mg of 1 (0.27
mg/l), 20 mg of 2 (0.22 mg/l), 12 mg of 3 (0.13 mg/l), 40
mg of 4 (0.44 mg/l), 45 mg of 5 (0.50 mg/l) and 150 mg
of 6 (1.6 mg/l).
Hericenol A (1) (1-hydroxy-5,6-bis(hydroxymethyl)-3-

methoxy-2-(3,7-dimethylocta-2,6-dienyl)-benzene) was
obtained as a colourless oil. UV (MeOH) lmax ("): 277
nm (2,100). IR (KBr): 3420, 2925, 1615, 1585, 1455,
1425, 1380, 1320, 1220, 1165, 1115, 1005 and 830 cm�1.
See Tables 1 and 2 for 1H and 13C NMR data. CI–MS
gave the molecular ion only, m/z 319.15 (M–H+,
100%). HRFAB-MS 321.2070 (M+H+, C19H29O4

requires 321.2066).
Hericenol B (2) (1-hydroxy-5,6-bis(hydroxymethyl)-3-

methoxy-2-(5-hydroxy-3,7-dimethylocta-2,6-dienyl)-ben-
zene) was obtained as a colourless oil, [a]D �25 (c 0.5 in
CHCl3). UV (MeOH) lmax ("): 277 nm (1800). IR
(KBr): 3400, 2930, 1615, 1585, 1430, 1385, 1320, 1220,
1165, 1115, 1050, 1010 and 830 cm�1. See Tables 1 and 2
for 1H and 13C NMR data. CI–MS gave the molecular
ion only, m/z 335.15 (M–H+, 100%). HRFAB–MS
337.2019 (M+H+, C19H29O5 requires 337.2015).
Hericenol C (3) (1-hydroxy-5-hydroxymethyl-6-meth-

oxymethyl-3-methoxy-2-(7-hydroxy-3,7-dimethylocta-2,6-
dienyl)-benzene) was obtained as a colourless oil. UV
(MeOH) lmax ("): 278 (1800). IR (KBr): 3410, 2930,
1620, 1585, 1455, 1425, 1385, 1320, 1220, 1160, 1115,
1080 and 830 cm�1. See Tables 1 and 2 for 1H and 13C
NMR data. CI–MS gave the molecular ion only, m/z
349.25 (M–H+, 100%). HRFAB–MS 351.2167
(M+H+, C20H31O5 requires 351.2171).
Hericenol D (4) (1-hydroxy-5-hydroxymethyl-6-meth-

oxymethyl-3-methoxy-2-(7-methoxy-3,7-dimethylocta-
2,6-dienyl)-benzene) was obtained as a colourless oil.
UV (MeOH) lmax ("): 278 (1,900). IR (KBr): 3420, 2930,
1620, 1585, 1455, 1425, 1385, 1320, 1220, 1175, 1115,
1080 and 830 cm�1. See Tables 1 and 2 for 1H and 13C
NMR data. CI–MS gave the molecular ion only, m/z
363.25 (M–H+, 100%). HRFAB–MS 365.2322
(M+H+, C21H33O5 requires 365.2328).
6-Hydroxymethyl-2,2-dimethylchromanone (5) was

obtained as a colourless oil. UV (MeOH) lmax ("): 253
nm (8111) and 329 nm (3,220). IR (KBr): 3420, 2980,
2730, 1690, 1620 and 1490 cm�1. 1H NMR (500 MHz)
�: 7.78, (d, J=2.3 Hz, 5-H); 7.48, (dd, J=2.3 and 8.5
Hz, 7-H); 6.90, (d, J=8.5 Hz, 8-H); 4.59, (s, 11-H2);
2.79, (s, 3-H2); 1.42, (s, 9-H3 and 10-H3).

13C NMR (125
MHz) �: 192.9 (s, C-4), 159.5 (s, C-8a), 135.5 (d, C-7),
133.4 (s, C-6), 124.8 (d, C-5), 119.7 (s, C-4a), 118.6 (d,
C-8), 79.2 (s, C-2), 64.1 (t, C-11), 48.7 (t, C-3), 26.5 (q
and q, C-9 and C-10). CI–MS gave the molecular
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ion only, m/z 205.05 (M–H+, 100%). HRFAB–MS
207.1022 (M+H+, C12H15O3 requires 207.1021).

3.4. Biological assays

Antimicrobial activities of the new compounds were
determined in the serial dilution assay according to
Anke et al. (1989), against the following organisms:
Fungi: Absidia glauca (+) CBS 101.08, Mucor miehei
TÜ 284, Nematospora coryli ATCC 10647, Paecilo-
myces variotii ETH 114646, Penicillium notatum,
and Zygorhynchus moelleri CBS 111.10. Gram positive
bacteria: Arthrobacter citreus ATCC 11624, Bacillus
brevis ATCC 9999, B. licheniformis ATCC 21415, B.
subtilis ATCC 6633, Corynebacterium insidiosum ATCC
19253, Micrococcus luteus ATCC 381, Mycobacterium
phlei and Streptomyces ATCC 23836. Gram negative
bacteria: Acinetobacter calcoaceticus DSM 30006 and
Salmonella typhimurium TA98. Cytotoxic activities
towards L1210 cells (ATCC CCL 219), COS-7 cells
(ATCC CRL 1651) and Colon 320 cells (DSMZ ACC
144) were assayed as described by Zapf et al. (1995).
After suitable intervals the cells were examined under a
microscope and finally stained according to the method
described by Mirabelli et al. (1985).
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