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Many biologically active secondary metabolites have been
isolated from the genus Aspergillus.1 During our ongoing

search for biologically active metabolites from marine-derived
fungi, the broth EtOAc extract of Aspergillus sydowii PSU-
F154, isolated from a gorgonian sea fan of the genus Annella,
exhibited antioxidant activity in the 1,1-diphenyl-2-picrylhy-
drazyl (DPPH•) scavenging assay. Investigation of the EtOAc
extract led to the isolation and structure determination of three
new sesquiterpenes, aspergillusenes A (1) and B (2) and
(+)-(7S)-7-O-methylsydonic acid (3), and two new hydroge-
nated xanthone derivatives, aspergillusones A (4) and B (5),
along with 10 known compounds, including one sesquiterpene
(6), two hydrogenated xanthones (7, 8), five xanthones
(including 9�11), one diketopiperazine alkaloid, and one
phenol. Their antioxidant activity was examined with the
DPPH• assay.

All compounds were purified using various chromatographic
techniques, and their structures were elucidated by interpretation
of spectroscopic data, including IR, UV, NMR, and MS. For the
10 known compounds, the structures were confirmed by com-
parison of the 1H and 13C NMR data with those previously
reported. They were identified as (+)-(7S)-sydonic acid (6),2

(7R,8R)-AGI-B4 (7),3 (7R,8R)-R-diversonolic ester (8),4,5 meth-
yl 8-hydroxy-6-methyl-9-oxo-9H-xanthene-1-carboxylate (9),6

sydowinins A (10) and B (11),7 pinselin,8 methyl 1,6-dihydroxy-
3-methyl-9-oxo-9H-xanthene-1-carboxylate,9 (11S,14S)-cyclo-
(L-Trp-L-Phe),10 and orcinol.11

Aspergillusene A (1) was isolated as a colorless gum with the
molecular formula C15H22O2 assigned from HREIMS data. The
UV spectrum displayed absorption bands at 228 and 270 nm,
characteristic of an aromatic chromophore. The IR spectrum
exhibited absorption bands for hydroxy and double-bond func-
tionalities at 3313 and 1635 cm�1, respectively. The 1H NMR
spectrum (Table 1) showed characteristic signals for three aro-
matic protons of a 1,2,4-trisubstituted benzene [δH 7.07 (d, J =
7.8 Hz), 6.92 (d, J = 1.5 Hz), and 6.87 (dd, J = 7.8 and 1.5 Hz)],
an isopentyl moiety [δH 2.32 (q, J = 7.2 Hz), 1.60 (m), 1.34 (m),
and 0.93 (d, J = 6.6 Hz)], one hydroxy proton (δH 5.69, brs), one
olefinic proton of a trisubstituted double bond (δH 5.55, tq, J =
7.2 and 1.2 Hz), one hydroxymethyl group (δH 4.62, s), and one
methyl group (δH 1.98, d, J = 1.2 Hz). Three aromatic protons
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ABSTRACT: Three new sesquiterpenes, named aspergillu-
senes A (1) and B (2) and (+)-(7S)-7-O-methylsydonic acid
(3), and two new hydrogenated xanthone derivatives, named
aspergillusones A (4) and B (5), were isolated from the sea fan-
derived fungus Aspergillus sydowii PSU-F154 together with 10
known compounds. Their structures were identified on the
basis of spectroscopic data. The isolated compounds were
evaluated for their antioxidant activity.
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resonating at δH 7.07, 6.92, and 6.87 were assigned as H-5, H-2,
andH-4, respectively, on the basis of their multiplicities, coupling
constants, and 3J HMBC correlations: H-2/C-4 (δC 118.6)
and C-6 (δC 130.5); H-4/C-2 (δC 113.8) and C-6; H-5/C-1
(δC 152.1) and C-3 (δC 141.1) (Figure 1). The substituent at
C-1 of the 1,2,4-trisubstituted benzene ring was identified as a
hydroxy group according to the chemical shift of C-1. The
hydroxymethylene protons, H2-15 (δH 4.62), showed HMBC
correlations with C-2, C-3, and C-4, suggesting that the hydro-
xymethyl unit was located at C-3 of the benzene ring. Signal
enhancement of H-2 and H-4 after irradiation of H2-15 in the
NOEDIFF experiment supported the assigned location. The
isopentyl unit was established according to the following 1H�1H
COSY and HMBC correlations: H2-10 (δH 1.34)/H2-9 (δH
2.32) and H-11 (δH 1.60); H-11/H3-12 (δH 0.93) and H3-13
(δH 0.93); H2-9/C-10 (δC 38.6) and C-11 (δC 27.8); H-11/C-9
(δC 26.4), C-12, and C-13; and H3-13/C-10, C-11, and C-12. In
the 1H�1H COSY spectrum, the methylene protons, H2-9, of
the isopentyl unit showed a cross-peak with the olefinic proton,
H-8 (δH 5.55), which was further coupled with the methyl
protons, H3-14 (δH 1.98), with a small coupling constant of
1.2 Hz. These data as well as the HMBC correlations of H3-14
with C-7 (δC 131.6) and C-8 (δC 132.1) established a 2-sub-
stituted 6-methyl-2-heptenyl fragment. This fragment was at-
tached at C-6 of the benzene ring on the basis of the HMBC

correlations of H-8 and H3-14 with C-6. The configuration of the
double bond in the heptenyl unit was assigned as E according to
signal enhancement of H2-9 upon irradiation of H3-14 in the
NOEDIFF experiment. Therefore, aspergillusene A had the
structure 1.

Aspergillusene B (2), a colorless gum, had the molecular for-
mula C15H18O3, which was determined by HREIMS. The UV
spectrum revealed the presence of a benzofuran chromophore at
219, 250, 266, 295, and 303 nm.12 The IR spectrumwas similar to
that of 1 with an additional absorption band for a carbonyl group
of a carboxylic acid at 1721 cm�1. A carbonyl resonance at
δC 172.0 in the 13C NMR spectrum (Table 1) supported the IR
data. The 1H NMR spectrum (Table 1) was similar to that of 1.
The differences were the downfield shift of all aromatic protons,
H-4 (δH 7.37), H-5 (δH 7.89), and H-7 (δH 8.04), and the
disappearance of signals for olefinic, hydroxy, and hydroxymethyl
protons in 2. In the 13C NMR spectrum, the replacement of the
hydroxymethyl carbon in 1 with the carboxyl carbonyl carbon,
C-14 (δC 172.0), in 2 revealed that the hydroxymethyl group in 1
was oxidized to the carboxylic acid in 2. The 3J HMBC correla-
tions of H-5 and H-7 with C-14 (Figure 1) confirmed the assign-
ment. In addition, the 2-substituted 6-methyl-2-heptenyl side
chain and 1-OH in 1 formed an ether linkage between C-2
(δC 158.8) and C-7a (δC 153.2) in 2 to form a benzofuran
moiety. The HMBC correlations of the methyl protons, H3-13
(δH 2.10), with C-2, C-3 (δC 110.0) and C-3a (δC 135.6) and
those of H2-8 (δH 2.67) with C-2 and C-3 established the lo-
cation of the methyl and isopentyl groups at C-3 and C-2 of the
benzofuran unit, respectively. Consequently, aspergillusene B
(2) was assigned as a cyclized benzofuran derivative of 1.

(+)-(7S)-7-O-Methylsydonic acid (3) was obtained as a color-
less gum. The molecular formula was assigned as C16H24O4

through analysis of its HREIMS spectrum. The UV (230 and

Table 1. 1H and 13C NMR Data for Aspergillusenes A (1) and B (2) and (+)-(7S)-7-O-Methylsydonic Acid (3)

1 2 3

position δC δH m (J, Hz) δC δH m (J, Hz) δC δH m (J, Hz)

1-OH 152.1, C 5.69, brs 156.1, C 8.96, s

2 113.8, CH 6.92, d (1.5) 158.8, C 118.6, CH 7.49, s

3 141.1, C 110.0, C 129.9, C

3a 135.6, C

4 118.6, CH 6.87, dd (7.8, 1.5) 118.2, CH 7.37, d (8.1) 121.2, CH 7.49, d (8.5)

5 128.5, CH 7.07, d (7.8) 124.2, CH 7.89, d (8.1) 127.5, CH 7.03, d (8.5)

6 130.5, C 135.6, C 133.8, C

7 131.6, C 112.7, CH 8.04, s 83.0, C

7a 153.2, C

8 132.1, CH 5.55, tq (7.2, 1.2) 24.5, CH2 2.67, t (7.5) 39.8, CH2 1.77, m

1.75, m

9 26.4, CH2 2.32, q (7.2) 36.9, CH2 1.55, m 21.6, CH2 1.27, m

1.05, m

10 38.6, CH2 1.34, m 27.7, CH 1.49, m 39.0, CH2 1.05, m

11 27.8, CH 1.60, m 22.3, CH3 0.86, d (6.0) 27.8, CH 1.42, m

12 22.5, CH3 0.93, d (6.6) 22.3, CH3 0.86, d (6.0) 22.5, CH3 0.75, d (6.5)

13 22.5, CH3 0.93, d (6.6) 7.8, CH3 2.10, s 22.5, CH3 0.75, d (6.5)

14 17.9, CH3 1.98, d (1.2) 172.0, C 169.4, C

15 65.1, CH2 4.62, s 22.2, CH3 1.55, s

16 50.6, CH3 3.16, s

Figure 1. Selected HMBC correlations for compounds 1 and 2.
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283 nm) and IR (3400 and 1720 cm�1) absorption bands
revealed the presence of a benzoic acid.2 Its 1H NMR data
(Table 1) were comparable with those of 62 except for an
additional signal for a methoxy group (δH 3.16, s). The presence
of the methoxy group was supported by a resonance at δC 50.6 in
the 13C NMR and DEPT spectra. A HMBC correlation from
the methoxy protons, H3-16 (δ 3.16), to C-7 (δC 83.0) revealed
the replacement of the hydroxy group in 6 with the methoxy
group in 3. The observed specific rotation of 3, [R]20D +2 (c 1.9,
MeOH), which correlated well with that of 6, [R]20D +2.7 (c 2.3,
MeOH), indicated that C-7 in 3 has the S configuration, identical
to that of 6. Therefore, 3 was identified as a methyl ether
derivative of 6.

Aspergillusone A (4) was obtained as a colorless gum with
[R]25D �1 (c 0.4, MeOH). The UV and IR spectra were almost
identical to those of7.3 TheHREIMSdata supported themolecular
formula C16H14O6, one oxygen atom less than that of 7. The 1H
and 13C NMR data (Table 2) of 4 were comparable to those of 7
except for the appearance of a signal for the aromatic methyl group
(δH 2.41 and δC 22.4) in 4, instead of the hydroxymethyl signal
(δH 4.67 and δC 64.3) in 7. The location of the methyl group at
C-3 (δC 147.2) was confirmed by the HMBC correlations of
the methyl protons, H3-11, with C-2 (δC 112.4), C-3 and C-4
(δC 107.5) as well as signal enhancement ofH-2 (δH6.63) andH-4
(δH 6.71) upon irradiation of H3-11 in the NOEDIFF experiment.
The relative configuration of ring A in 4 was assigned as trans,
identical to that of 7 according to their similar coupling constants
(4: J6,7 = 5.0Hz and J7,8 = 3.5Hz; 7: J6,7 = 4.8Hz and J7,8 = 3.6Hz).
Irradiation ofH-7 in theNOEDIFF experiment did not affect signal
intensity of H-8, supporting their trans orientation. The observed
specific rotation of 4was almost identical to that of 7, [R]25D�1.6
(c 0.4, MeOH),3 indicating that they have the same absolute
configuration at C-7 and C-8. Consequently, aspergillusone A
(4) was the 11-deoxy derivative of 7.

Themolecular formula of aspergillusone B (5) was established
by analysis of its HREIMS data as C16H16O8. The UV and IR
spectra were almost identical to those of 8.4 Its 1H NMR
spectrum (Table 2) differs from that of 85 by the replacement
of the aromatic methyl signal in 8 with a hydroxymethyl signal
(δH 4.76, brs) in 5. The HMBC correlations of the hydroxy-
methyl protons, H2-11 (δH 4.76), with C-2 (δC 108.9), C-3
(δC 151.0), and C-4 (δC 104.3) as well as signal enhancement
of both H-2 (δH 6.76) and H-4 (δH 6.94) upon irradiation of
H2-11 in the NOEDIFF experiment supported the attachment of
the hydroxymethyl group at C-3. The coupling constants of 10.5
and 4.0 Hz between H-7 (δH 4.09) andHab-6 (δH 2.31 and 2.21)
showed the pseudoaxial position of H-7, identical to that (H-7,
δH 4.08, dd, J = 10.5 and 3.5 Hz) in 8, thus suggesting the
same relative configuration. The configurations of both C-7 and
C-8 were proposed as R, identical to that of 8, on the basis of
above data and the same signs of their specific rotations: 5,
[R]25D�46.3 (c 0.2, CHCl3); 8, [R]

25
D�22.6 (c 0.23, CHCl3).

4

Accordingly, aspergillusone B (5) was determined as the
1-hydroxy derivative of 8.

The isolated compounds 1�3, 7�11, and (11S,14S)-cyclo-(L-
Trp-L-Phe) were subjected to a DPPH• assay. Among them, only
the dihydroxanthone 7 showed antioxidant activity, with an IC50

value of 17μM,while the remaining compoundswere inactive. This
dihydroxanthone derivative (7), however, was much less effective
than the standard butylated hydroxyanisole (IC50 = 0.13 μM). The
dihydroxanthone 7 and the xanthone 11 are structurally similar,
with three hydroxy groups being at the same positions (C-1, C-7,
and C-11). However, 7 differed from 11 in the absence of a
double bond at the C7�C8 position, indicating that the planar
structure in 11 might decrease the antioxidant activity.

Investigation of the sea fan-derived fungus A. sydowii PSU-
F154 led to the isolation of 15 compounds, including three new
sesquiterpenes (1�3) and two new dihydroxanthones (4, 5).
The xanthone derivatives have a right-hand ring structurally
similar to the co-isolated orcinol. So far, there have been only
two reports on compounds of this type isolated from marine-
derived Aspergillus spp.13,14 Furthermore, only five phenolic
bisabolane sesquiterpenes, for example, 6, have been obtained
from a marine-derived Aspergillus sp.15 Consequently, com-
pounds 1�3 are newmembers of bisabolane-type sesquiterpenes
and are derived via the same biosynthetic pathway as the co-
occurring metabolite 6.

’EXPERIMENTAL SECTION

General Experimental Procedures. Optical rotations were
measured on a JASCO P-1020 polarimeter. Ultraviolet spectra (UV) were
measured in MeOH with an UV-160A Shimadzu spectrophotometer.
Infrared spectra (IR) were recorded on a Perkin-Elmer 783 FTS 165
FT-IR spectrometer. 1H and 13C NMR spectra were recorded in CDCl3
on a 300 or 500 MHz Bruker FTNMR Ultra Shield spectrometer using
tetramethylsilane (TMS) as an internal standard. Mass spectra were
obtained on a MAT 95 XL mass spectrometer (Thermo Finnigan).
Solvents for extraction and chromatography were distilled at their boiling
point range prior to use except for EtOAc and light petroleum, which
were analytical grade reagents. Thin-layer chromatography (TLC) and
precoated TLC (PTLC) were performed on silica gel GF254 (Merck).
Column chromatography (CC) was carried out on silica gel (Merck)
type 100 (70�230 Mesh ASTM) with a gradient system of MeOH�
CH2Cl2, on Sephadex LH-20 with MeOH, or on reversed-phase silica
gel C-18 with a gradient system of MeOH�H2O, or as otherwise stated.

Table 2. 1H and 13CNMRData for Aspergillusones A (4) and
B (5)

4 5

position δC δH m (J, Hz) δC δH m (J, Hz)

1-OH 160.3, C 12.30, s 160.7, C 11.97, s

2 112.4, CH 6.63, brs 108.9, CH 6.76, s

3 147.2, C 151.0, C

4 107.5, CH 6.71, brs 104.3, CH 6.94, s

4a 155.6, C 156.0, C

5 123.0, CH 6.45, d (10.0) 26.0, CH2 2.96, m

2.87, m

6 137.8, CH 6.61, dd (10.0, 5.0) 24.2, CH2 2.31, m

2.21, m

7 65.2, CH 4.87, m 72.7, CH 4.09, dd

(10.5, 4.0)

8 44.9, CH 4.29, d (3.5) 76.0, C

8a 110.1, C 117.0, C

9 181.0, C 180.0, C

9a 108.9, C 116.8, C

10a 158.5, C 167.2, C

11 22.4, CH3 2.41, brs 64.4, CH2 4.76, brs

12 170.9, C 172.0, C

13 52.8, CH3 3.73, s 53.3, CH3 3.85, s
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FungalMaterial and Identification.Themarine-derived fungus
A. sydowii PSU-F154 was isolated from a sea fan, Annella sp., collected
from the coastal area in Suratthani Province, Thailand, in 2006. This
fungus was deposited as PSU-F154 at the Department of Microbiology,
Faculty of Science, Prince of Songkla University, and as BCC 28785 at
the National Center for Genetic Engineering and Biotechnology
(BIOTEC) Culture Collection, Thailand.

The fungus PSU-F154 was identified on the basis of its morphological
and molecular characteristics. Colonies on potato dextrose agar at 25 �C
grew slowly, reaching 20�25 mm in diameter after 7 days, velvety to
rather floccose. Colony color is blue-green and edge of colony is white.
Conidiophores are upright, simple, terminating in a globose conidial
head bearing phialides, which are the characteristics of the genus
Aspergillus.16 The analysis of the DNA sequences of the internal tran-
scribed spacer (ITS1-5.8S-ITS2) regions of its rRNA gene revealed that
the PSU-F154 ITS sequence (GenBank accession no. JN123448)
matched with three A. sydowii sequences from GenBank (HQ637369,
FR733849, and FR733845) with sequence identity of 99.7%, respec-
tively. This sea fan-derived fungus was then identified as A. sydowii.
Fermentation, Extraction, and Isolation. The EtOAc extract

from the culture broth was prepared using the same procedure described
previously.17 The broth EtOAc extract was obtained as a brown gum in
1.7 g. It was fractionated over Sephadex LH-20 to give five fractions
(A�E). Separation of fraction B (573.6 mg) using Sephadex LH-20 CC
afforded four fractions (B1�B4). Fraction B2 (501.3 mg) was further
purified by CC over reversed-phase silica gel to give five fractions
(B21�B25). Compound 5 (1.0 mg) was obtained from fraction B21
(23.5 mg) after purification by silica gel CC followed by PTLCwith 40%
EtOAc�light petroleum. Separation of fraction B22 (45.2 mg) using
silica gel CC gave three fractions. The third fraction (4.7 mg) was further
purified by PTLC using 1% MeOH�CH2Cl2 as a mobile phase to
furnish 8 (3.1 mg). Fraction B24 (61.1 mg) was separated by CC over
silica gel to give 1 (8.4 mg) and 2 (4.0 mg). Purification of fraction B25
(4.8 mg) by PTLCwith 40% EtOAc�light petroleum yielded 3 (2.9 mg)
and 6 (1.2 mg). Compound 4 (1.1 mg) was obtained from fraction B3
(57.3 mg) after purification by silica gel CC followed by PTLCwith 10%
EtOAc�CH2Cl2. Purification of fraction B4 (5.1 mg) by PTLCusing 5%
EtOAc�light petroleum afforded 10 (3.3 mg). Fraction C (630.1 mg)
was separated using CC over reversed-phase silica gel to furnish six
fractions (C1�C6). Fraction C1 (69.0 mg) was further purified by silica
gel CC to give three fractions. The second fraction contained orcinol
(3.0 mg). Purification of fraction C3 (26.3 mg) using CC over silica gel
yielded (11S,14S)-cyclo-(L-Trp-L-Phe) (6.2mg). Compound 9 (2.8mg)
was obtained from fraction C5 (35.6 mg) after purification with silica gel
CC. Fraction D (269.6 mg) was subjected to CC over silica gel to afford
six fractions (D1�D6). Fraction D2 (8.2 mg) was further purified by
PTLC using 30% EtOAc�light petroleum to furnish pinselin (0.9 mg).
Compound 7 (3.4 mg) was obtained from fraction D4 (7.3 mg) after
purification by PTLC with 40% EtOAc�light petroleum. Fraction D6
contained 11 (20.0 mg). Fraction E (169.5 mg) was further purified by
CC over silica gel using a gradient of EtOAc�light petroleum to afford
three fractions (E1�E3). Fraction E2 (8.3 mg) after purification on
PTLC with 10% EtOAc�CH2Cl2 yielded methyl 1,6-dihydroxy-3-
methyl-9-oxo-9H-xanthene-1-carboxylate (1.2 mg).
Aspergillusene A (1): colorless gum; UV (MeOH) λmax (log ε) 228

(3.10), 270 (3.21) nm; FT-IR (neat) νmax 3313, 1635 cm
�1; 1H NMR

(300 MHz) and 13C NMR (75 MHz) data, see Table 1; HREIMS m/z
234.1622 [M]+ (calcd for C15H22O2, 234.1620).
Aspergillusene B (2): colorless gum; UV (MeOH) λmax (log ε) 219

(4.20), 250 (4.01), 266 (3.81), 295 (3.65), 303 (3.10) nm; FT-IR (neat)
νmax 3312, 1721, 1623 cm

�1; 1H NMR (300 MHz) and 13C NMR (75
MHz) data, see Table 1; HREIMS m/z 246.1254 [M]+ (calcd for
C15H18O3, 246.1256).

(+)-(7S)-7-O-Methylsydonic acid (3): colorless gum; [R]20D +2
(c 1.9, MeOH); UV (MeOH) λmax (log ε) 230 (3.73), 283 (3.15) nm;
FT-IR (neat) νmax 3400, 1720, 1659 cm�1; 1H NMR (500 MHz) and
13C NMR (125 MHz) data, see Table 1; HREIMS m/z 280.1675 [M]+

(calcd for C16H24O4, 280.1675).
Aspergillusone A (4): colorless gum; [R]25D �1 (c 0.4, MeOH); UV

(MeOH) λmax (log ε) 220 (4.13), 263 (3.81), 292 (3.79), 304
(3.15) nm; FT-IR (neat) νmax 3380, 1745, 1681, 1653 cm�1; 1H
NMR (500 MHz) and 13C NMR (125 MHz) data, see Table 2;
HREIMS m/z 284.0685 [M�H2O]

+ (calcd for C16H12O5, 284.0681).
Aspergillusone B (5): colorless gum; [R]20D �46.3 (c 0.2, CHCl3);

UV (MeOH) λmax (log ε) 230 (3.71), 280 (3.30), 320 (3.10) nm; FT-IR
(neat) νmax 3400, 1725, 1697, 1649 cm

�1; 1HNMR (500MHz) and 13C
NMR (125 MHz) data, see Table 2; HREIMS m/z 336.0842 [M]+

(calcd for C16H16O8, 336.0845).
(+)-(7S)-Sydonic acid (6): [R]23D +2.0 (c 2.0, MeOH).
(7R,8R)-AGI-B4 (7): [R]25D �1.0 (c 0.4, MeOH).
(7R,8R)-R-Diversonolic ester (8): [R]23D �47.6 (c 0.2, CHCl3).
Biological Activity. The DPPH radical scavenging assay was

carried out according to Yen and Hsieh.18 The IC50 value was recorded
by reading the sample concentration that produced 50% scavenging
of those radicals. Butylated hydroxyanisole displayed an IC50 value of
0.13 μM.

’ASSOCIATED CONTENT

bS Supporting Information. 1H and 13C NMR spectra for
new compounds (1�5). This material is available free of charge
via the Internet at http://pubs.acs.org.
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