
Abstract Awajanoran (1), a new dihydrobenzofuran
derivative, was isolated from an agar-culture of
Acremonium sp. AWA16-1, which had been isolated from
sea mud collected at Awajishima Island in Japan. The
structure of 1 was elucidated on the basis of a spectroscopic
analysis. This compound inhibited the growth of A549
cells, the human lung adenocarcinoma cell line, with an
IC50 value of 17 mg/ml, and also showed antimicrobial
activity.
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Marine microorganisms have been drawing increasing
attention as an important source of chemically interesting
and biologically active secondary metabolites for the
development of new pharmaceutical agents [1]. We have
been screening marine-derived microorganism for their
antimicroalgal, antibacterial and antitumor activities to find
novel bioactive substances [2�4]. In the course of
screening for antitumor substances, we detected activity in
an extract of the marine-derived fungus, AWA16-1, which
had been isolated from sea mud of Awajishima Island in
Japan. This fungus (AWA16-1) was identified as
Acremonium sp. from morphological studies and its 28S
rDNA sequence, and named Acremonium sp. AWA16-1.
This strain has been deposited as NITE P-151 at the
National Institute of Bioscience and Human-Technology of
the Agency of Industrial Science and Technology, Japan.

Fungi belonging to the Acremonium genus are known to
produce many interesting secondary metabolites, including
orbuticin [5], acremolactones A�C [6�8], acremonidin
[9], halymecins [10], virescenosides [11�13],
hydroquinone derivatives [14], and octapeptides [15]. We
describe in this note the isolation, structural determination,
and biological activities of awajanoran from the marine-
derived fungus.

The Acremonium sp. AWA16-1 fungus was cultured and
kept on 50% SW-PDA (24 g of potato dextrose broth
(Difco), 15 g of agar in 1.0 liter of 50% filtered natural
seawater at pH 6.8 before autoclaving). A small agar block
bearing the mycelial growth of the producing strain was
inoculated into the potato dextrose broth (PDB, 20 ml) in a
100 ml Erlenmeyer flask, and then cultured at 25°C for 5
days with rotary shaking at 100 rpm. One ml of the seed
culture was inoculated to the 400 ml of 50%-SW-PDA,
which was prepared in stainless tray (205�266�43 mm). A
total of 4 liters of the agar-culture was incubated at 25°C
for 2 weeks. All 4 liters of this culture was extracted three
times with an equal volume of acetone, the extract was
passed through filter paper (Advantech No. 2), and the
resulting filtrate was evaporated in vacuo, to give the
acetone extract of the cultured fungus. This extract was
partitioned between EtOAc and H2O. The active EtOAc
fraction was subjected to silica-gel column chromatography
with CHCl3, CHCl3/MeOH (95 : 5, 9 : 1, and 8 : 2) and
CHCl3/MeOH/H2O (6 : 4 : 1). The active fraction,
CHCl3/MeOH (95 : 5), was separated by ODS flash
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chromatography with 40�100% MeOH/H2O and
CHCl3/MeOH/H2O (7 : 3 : 0.5 and 6 : 4 : 1). The active
fractions (50%, 60%, and 70% MeOH/H2O) were
combined and purified by HPLC (TSK gel ODS 80Ts, i.d.
2.0�25 cm, Tosoh Co.) with a linear gradient from 50% to
100% MeCN containing 0.1% TFA. Final purification of
the active fraction was performed by reversed-phase ODS
HPLC in the same column with 65% MeOH to afford
awajanoran (1, 1.2 mg).

The physico-chemical properties of 1 are summarized in
Table 1. Awajanoran (1) was obtained as colorless oil. The
molecular formula was determined as C19H22O4 from
HRFAB-MS data (see Table 1) in conjunction with the
NMR spectra. The IR spectrum showed characteristic
absorption bands at 3,447 cm�1, indicating the presence of
a hydroxyl group in the molecule. The 1H NMR spectrum
exhibited signals for two aromatic methyl protons (d 2.15,
3H, s and 2.17, 3H, s), gem-dimethyl protons (d 1.13, 6H,
s), one aromatic proton (d 6.30, 1H, br s), two pairs of
meta-coupled aromatic protons (d 6.12 br s and 6.20 br s,
and 6.17 d and 6.25 d), one methylene proton (d 3.00, 2H,
m), and an oxygenated methine proton (d 4.56, 1H, dd).
Additionally, two exchangeable 1H signals were observed in
DMSO-d6 (d 9.35 s and 4.55 s). The 13C NMR and HSQC
spectra indicated the presence of 19 carbons: seven non-
protonated sp2 carbons (d 160.3, 158.3, 158.2, 156.2,
139.9, 134.8 and 121.6), one quaternary carbon (d 70.0),
five sp2 methine carbons (d 111.3, 110.8, 109.4, 102.3 and
98.0), one sp3 methine carbon (d 89.7), one methylene
carbon (d 28.3), and four methyl carbons (d 25.9, 24.8,
21.1 and 18.6). The 13C NMR spectrum displayed four
signals at d 160.3, 158.3, 158.2 and 156.2, characteristic of
aromatic carbon atoms attached to oxygen. These signals
suggested 1,3,5-trisubstituted and 1,3,5,6-tetrasubstituted
aromatic rings. Interpretation of the 2D NMR data
including COSY, HSQC, HMBC and NOESY spectra,
enabled the structure of 1 to be deduced (Fig. 2). HMBC

correlation peaks (H-2/C-1, C-4, and C-6; H-4/C-3 and C-
6; H-6/C-1; OH-3/C-2, C-3, and C-4; CH3-18/C-4, C-5, and
C-6; H-8/C-7, C-9, and C-10; H-12/C-7, C-8, and C-10;
CH3-19/C-10, C-11, and C-12) and NOESY correlations
(OH-3/H-2 and H-4; CH3-18/H-4 and H-6; CH3-19/H-12)
supported the substitution of two aromatic rings. The role
of the remaining one oxygen atom would have been form
the ether linkage between the two aromatic rings. The
remaining signals of this compound exhibited the presence
of the 1-hydroxy-1-methylethyldihydrofuran moiety [dH/dC
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Table 1 Physico-chemical properties of awajanoran (1)

Appearance Colorless oil
Molecular formula C19H22O4

Molecular weight 314
FAB-MS (m/z) 315 [M�H]�

HR FAB-MS (m/z)
Found 315.1622 [M�H]�

Calcd. 315.1596 [M�H]�

[a ]D
25 �21 (c 0.10, MeOH)

UV lmax nm (log e ) in MeOH 206 (4.57)
IR nmax (KBr) cm�1 3447, 1488, 1147, 1064, 836

Table 2 1H and 13C NMR spectral data for awajanoran (1)
in DMSO-d6

Position dC dH

1 158.3
2 102.3 6.12, br s
3 158.2
3-OH 9.35, s
4 110.8 6.30, br s
5 139.9
6 109.4 6.20, br s
7 156.2
8 98.0 6.17, d, 2.5
9 160.3

10 121.6
11 134.8
12 111.3 6.25, d, 2.5
13 28.3 3.00, m
14 89.7 4.56, dd, 9.3, 8.3
15 70.0
15-OH 4.55, s
16 24.8 1.13, s
17 25.9 1.13, s
18-CH3 21.1 2.17, s
19-CH3 18.6 2.15, s

Fig. 2 2D-NMR correlations observed in awajanoran (1).



4.56/89.7 (oxymethine), 3.00/28.3 (methylene), 1.13/24.8
and 1.13/25.9 (gem-dimethyl), and dC 70.0 (oxygenated sp3

carbon), 4.55 (tert-hydroxyl proton)]. The HMBC
correlation peaks (H-13/C-14; H3-16/C-14 and C-15; 
H3-17/C-14 and C-15; OH-15/C-14, C-15, C-16, and 
C-17) also supported the presence of the
hydroxymethylethyldihydrofuran moiety. The HMBC
correlation between the methylene protons (d 3.00, H-13)
and C-9 (d 160.3), C-10 (d 121.6) established the position
of the dihydrofuran moiety to be at C-9�C-10. Thus, the
structure of 1 was determined to be 3-[2-(1-hydroxy-1-
methyl-ethyl)-4-methyl-2,3-dihydro-benzofuran-6-yloxy]-
5-methyl-phenol, as new compound. The stereochemistry
of the chiral center at C-14 has not yet been established.

The 2,3-dihydrobenzofuran moiety of 1 occurs in natural
products including furowanin B [16], chiricanine E [17],
brosimacutin E [18], and rautandiol B [19] have been
isolated from plants and panaefluorolines D�H [20] were
isolated from the cultures mycobiont of a lichen,
Amygdalaria panaeola. In addition, fungal metabolite F-
11334 A2, have been isolated from fungus Acremonium sp.
[21]. To our knowledge, absolute stereochemistry of these
all compounds had not been determined for chiral center
(C-14). We considered several methods to determine the
absolute stereochemistry as foremost task.

The antimicrobial activity of awajanoran (1) was tested
against six bacteria and Candida albicans by the paper disk
method [22]. This compound showed moderate activity
against five of the strains (Table 3), but showed no activity
against the Gram-negative bacterium Escherichia coli. This
compound also exhibited activity against Candida albicans
and showed moderate cytotoxic activity [23] against A549
cells with an IC50 value of 17 mg/ml, respectively.
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Table 3 Antimicrobial activities of awajanoran (1)

Test organism Activity*
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Bacillus subtilis IFO 3134 10
Staphylococcus aureus IFO 12732 18
Salinivibrio costicola ATCC 33508 9
Cytophaga marinoflava IFO 14170 8
a -Proteobacterium MBIC 3368 9
Candida albicans IFO 1060 15

* Diameter of the inhibitory zone in mm at 50 mg/disk.
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22. The antimicrobial activities against seven species of
microorganisms were measured by the paper disk method.
Nutrient Broth agar (Difco) was used as the medium for
growing Escherichia coli IFO 3301, Bacillus subtilis IFO
3134, Staphylococcus aureus IFO 12732, and Candida
albicans IFO 1060, while Marine Broth agar (Difco) was
used for Salinivibrio costicola ATCC 33508, Cytophaga
marinoflava IFO 14170, and a -Proteobacterium MBIC
3368. Sample was applied to a paper disk (i.d. 6 mm) at a
dose of 50 mg/disk, and the paper disk was then air-dried.
The impregnated paper disk was placed on the surface of an
agar plate seeded with on of the microbial strains. The
growth inhibition zone was measured after 48 hours of
incubation at 30°C.

23. A549 cells were cultured in a DMEM medium
supplemented with 10% fetal bovine serum. The cells were
seeded (4,000 cells/well in 200 m l) in 96-well microplates
and then cultured in a CO2 incubator (5% CO2 - air, 37°C)
for 14 hours. Serially diluted samples were added to each
well, and the cells were cultured for a further 48 hours. The
cell number was counted by the Alamar BlueTM method, and
the IC50 value was determined from three independent
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