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A  NEW  ANTHRAQUINONE  DERIVATIVE  FROM
A  GORGONIAN-DERIVED  FUNGUS  Aspergillus  sp.
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One new anthraquinone derivative, named 8-O-methylnidurufin (1), together with five known analogues
(2–6), have been isolated from a gorgonian-derived fungus, Aspergillus sp. The structures were elucidated
by combined spectroscopic methods including 1D and 2D NMR spectral data. All isolated metabolites were
evaluated for their cytotoxic and antibacterial activities in vitro. Compound 2 showed significant cytotoxic
activity against K562 and HL-60 cell lines with IC50 values of 0.87 and 1.46 �M, respectively.
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Marine-derived fungi of the genus Aspergillus are well known as a prolific source of structurally unique and biologically
active metabolites. A growing number of novel bioactive secondary metabolites isolated from this genus have been reported
recently [1, 2]. As part of our continuing efforts to discover bioactive metabolites from marine-derived fungi in the South
China Sea, we isolated several anthraquinone dimers, bisabolane sesquiterpenoids, and benzylazaphilone derivatives with
potent cytotoxic activity [3–5]. Recently, we have investigated the chemical compositions of the fermentation broth of
an Asperigillus sp. strain isolated from a gorgonian Dichotella gemmacea. One new anthraquinone derivative, named
8-O-methylnidurufin (1), together with five known analogues, nidurufin (2) [6], averufin (3) [7], 8-O-methylaverufin (4) [8],
averufanin (5) [9], and 8-O-methylaverufanin (6) [10, 11], have been obtained from the fungal culture. Herein we describe
the isolation, structure elucidation, and biological activity of these compounds.

Compound 1 was isolated as an orange powder. Its molecular formula of C21H18O8 (13 degrees of unsaturation)
was determined by HR-ESI-MS. Careful comparison of the 1H and 13C NMR data of 1 with those of nidurufin (2) [6]
suggested that 1 was very similar to 2. The most obvious differences in their 1H NMR spectra were the presence of a singlet
signal at � 3.88 assignable to the methoxy group and a hydrogen-bonded hydroxy signal at � 13.94 in 1 instead of two
hydrogen-bonded hydroxy signals at � 12.50 and 12.21 in 2. It can be deduced that 1 is the methylation derivative of 2.
The methoxy group in 1 was also confirmed by the 13C NMR spectrum with a carbon signal at � 56.2. In the HMBC
spectrum, correlations from 8-OCH3 to C-8 showed that the methoxy group is attached to C-8. Detailed assignments of
protons and carbons for 1 were unambiguously accomplished by analysis of the COSY, HMQC, and HMBC data (Table 1). The
relative configuration of 1 was determined by combination of proton-proton coupling constant analysis and NOESY experiment.
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1: R1 = OH, R2 = CH3; 2: R1 = OH, R2 = H; 3: R1 = R2 = H
4: R1 = H, R2 = CH3; 5: R = H; 6: R = CH3
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The small coupling constant between H-1� and H-2� (J = 1.8 Hz) established the  cis-configuration for these two protons.
The NOESY correlation of H-2�/H3-6� placed H-2� and H3-6� on the same face of the molecular. The absolute configuration of
1 could be determined based on biogenic considerations. Since 1 and 2 were produced in parallel by this fungus, the absolute
configuration of 1 could be proposed as 1�R,2�S,5�S, identical to that of 2. Thus, the structure of 1 was named 8-O-methylnidurufin.

The structures of the known compounds 2–6 were identified as nidurufin (2) [6], averufin (3) [7],
8-O-methylaverufin (4) [8], averufanin (5) [9], and 8-O-methylaverufanin (6) [10, 11], respectively, on the basis of their NMR
and ESI-MS data and by comparison with those previously reported in the literature. All of these known compounds (2–6)
were involved in the aflatoxin biosynthetic pathway of Aspergillus spp. [12, 13]; hence, the co-occurring compound 1 could be
presumed to be biosynthesized by the same pathway.

Compounds 1–6 were assessed for cytotoxic activity against human lung carcinoma K562 and human promyelocytic
leukemia HL-60 cell lines by the MTT method as described previously [14]. Compound 2 displayed significant growth-inhibitory
effects on K562 and HL-60 cell lines with IC50 values of 0.87 and 1.46 �M, respectively. Other compounds were found to be
relatively noncytotoxic (IC50 > 10 �M).

The antibacterial activities of 1–6 were also evaluated by their minimum inhibitory concentration (MIC, �M) [15]
against a panel of pathogenic bacteria including Gram-positive Staphylococcus aureus, S. albus, Bacillus cereus,
Micrococcus tetragenus, and M. luteus, and Gram-negative Escherichia coli and Pseudomonas putida (Table 2). Compounds

TABLE 1. 1H (600 MHz) and 13C (150 MHz) NMR Spectroscopic Data for 1 (DMSO-d6, �, ppm, J/Hz)

C atom �H �C, DEPT HMBC 1H–1H COSY 

1 
2 
3 
4 
4a 
5 
6 
7 
8 
8a 
9 
9a 
10 
10a 
1� 
2� 
3� 
4� 
5� 
6� 

8-OCH3 
1-OH 
2�-OH 

 
 
 

6.94 (s) 
 

7.17 (d, J = 2.4) 
 

6.82 (d, J = 2.4) 
 
 
 
 
 
 

5.03 (d, J = 1.8) 
3.76 (br.d, J = 1.8) 

1.55 (m) 
2.17 (m); 1.81 (m) 

 
1.53 (s) 
3.88 (s) 

13.94 (br.s) 
5.36 (br.s) 

158.7 (C) 
115.1 (C) 
158.5 (C) 

105.4 (CH) 
132.4 (C) 

107.1 (CH) 
158.4 (C) 

105.0 (CH) 
163.3 (C) 
112.2 (C) 
185.6 (C) 
109.4 (C) 
181.8 (C) 
136.5 (C) 
70.7 (CH) 
63.4 (CH) 
22.6 (CH2) 
30.1 (CH2) 
100.9 (C) 

27.2 (CH3) 
56.2 (CH3) 

 
 
 

C-2, C-3, C-9a, C-10 
 

C-7, C-8a, C-10 
 

C-5, C-8, C-8a 
 
 
 
 
 
 

C-1, C-2, C-2�, C-3�, C-5� 
 

C-2� 
C-3�, C-5� 

 
C-4�, C-5� 

C-8 
C-1, C-2, C-9a 

 
 
 
 
 

H-7 
 

H-5 
 
 
 
 
 
 

H-2� 
H-1�, H-3� 
H-2�, H-4� 

H-3� 

 

TABLE 2. Antibacterial Activity of 1–6 (MIC values, �M)

Compound S. albus M. luteus E. coli Compound S. albus M. luteus E. coli 

1 
2 
3 
4 

12.5 
25 
25 
25 

6.25 
25 
50 

6.25 

50 
> 50 
> 50 
> 50 

5 
6 

Ciprofloxacin* 

12.5 
50 

3.13 

25 
> 50 
0.780 

> 50 
> 50 
0.195 

 
*Ciprofloxacin was used as a positive control.
______
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1 and 4 displayed antibacterial activity against M. luteus with the same MIC values of 6.25 �M, more potent than those of 2
(MIC = 25 �M) and 3 (MIC = 50 �M), suggesting that the methoxy at C-8 may play a positive contribution. None of
the compounds showed inhibitory effects against S. aureus, B. cereus, M. tetragenus, and P. putida.

EXPERIMENTAL

Melting points were determined on an X-6 micromelting point apparatus and are uncorrected. Optical rotations
were measured on a Jasco P-1020 digital polarimeter. UV spectra were obtained on a Beckman DU 640 spectrophotometer.
IR spectra were recorded on a Nicolet-Nexus-470 spectrometer using KBr pellets. NMR spectra were acquired using a JEOL
JEM-ECP NMR spectrometer (600 MHz for 1H and 150 MHz for 13C) using TMS as internal standard. ESI-MS spectra were
obtained from a Micromass Q-TOF spectrometer. Semipreparative HPLC was performed on a Waters 1525 system using
a semipreparative C18 (Kromasil, 5 �m, 10 � 250 mm) column coupled with a Waters 2996 photodiode array detector. Silica
gel (Qing Dao Hai Yang Chemical Group Co.; 200–300 mesh), Sephadex LH-20 (Amersham Biosciences), and octadecylsilyl
silica gel (Unicorn; 45–60 �m) were used for column chromatography (CC). Precoated silica gel plates (Yan Tai Zi Fu Chemical
Group Co.; G60, F-254) were used for thin-layer chromatography (TLC).

Fungal Material and Culture Conditions. The fungal strain of Aspergillus sp. was isolated from the inner part of
a fresh tissue of gorgonian Dichotella gemmacea, which was collected from the South China Sea in December, 2009. The
strain was deposited at the Key Laboratory of Marine Drugs, the Ministry of Education of China, School of Medicine and
Pharmacy, Ocean University of China, Qingdao, P. R. China. The fungus was cultivated in 20 L liquid medium (10.0 g of
glucose, 2.0 g of yeast extract, 2.0 g of peptone in 1 L of seawater, in 1 L Erlenmeyer flasks each containing 400 mL of culture
broth) at 25�C without shaking for 30 days.

Extraction and Isolation. The fermentation broth (20 L) was extracted three times with an equal volume of EtOAc.
The combined, filtered EtOAc solutions were evaporated to dryness, yielding 11.5 g of crude extract, which was subjected to
silica gel column chromatography (CC) using step gradient elution with EtOAc–petroleum ether (0–100%) and then with
MeOH–CHCl3 (0–100%) for separation into eight fractions (Fr.1–Fr.8). Fraction 2 was subjected to Sephadex LH-20 CC
eluting with petroleum ether–CHCl3–MeOH (2:1:1, v/v/v) and then further purified on semipreparative HPLC (82%,
MeOH–H2O) to give 3 (5.1 mg) and 5 (3.1 mg). Fraction 3 was separated by ODS CC eluted with 90% MeOH–H2O and
further purified by HPLC (80%, MeOH–H2O) to give 4 (4.2 mg) and 6 (3.1 mg). Fraction 4 was applied to Sephadex LH-20
CC eluting with CHCl3–MeOH (1:1, v/v) and further purified by HPLC (85% MeOH–H2O) to afford 2 (1.8 mg). Fraction 5
was isolated by Sephadex LH-20 CC eluting with CHCl3–MeOH (1:1, v/v) and further purified by HPLC (78%, MeOH–H2O)
to afford 1 (4.8 mg).

8-O-Methylnidurufin (1). Orange powder; mp 173–174�C; [�]25
D +47� (c 0.17, MeOH). UV (MeOH, 	max, nm) (log 
):

220 (2.88), 286 (2.60), 308 (2.24). IR (KBr, �max, cm–1): 3428, 2926, 2852, 1609, 1436, 1382, 1265, 1206, 1127, 1028, 937,
836, 750. 1H NMR (600 MHz, DMSO-d6) and 13C NMR (150 MHz, DMSO-d6), see Table 1. ESI-MS m/z 397.1 [M – H]–;
HR-ESI-MS m/z 397.0922 (calcd for C21H17O8, 397.0918).

Nidurufin (2). Orange powder. 1H NMR (600 MHz, DMSO-d6, �, ppm, J/Hz): 12.50, 12.21 (each 1H, s, 1, 8-OH),
6.98 (2H, br.s, H-4, 5), 6.38 (1H, br.s, H-7), 5.03 (1H, d, J = 2.4, H-1�), 3.76 (1H, br.d, J = 2.4, H-2�), 2.15 (1H, m, Ha-4�), 1.81
(1H, m, Hb-4�), 1.55 (2H, m, H-3�), 1.53 (3H, s, H-6�). ESI-MS m/z 383.1 [M – H]–.

Averufin (3). Red powder. 1H NMR (600 MHz, acetone-d6, �, ppm, J/Hz): 12.56, 12.20 (each 1H, s, 1, 8-OH), 7.23
(1H, br.s, H-5), 7.10 (1H, s, H-4), 6.64 (1H, br.s, H-7), 5.29 (1H, br.s, H-1�), 1.28–1.90 (6H, m, H-2�, 3�, 4�), 1.54 (3H, s, H-6�).
ESI-MS m/z 369.1 [M + H]+.

8-O-Methylaverufin (4). Red powder. 1H NMR (600 MHz, acetone-d6, �, ppm, J/Hz): 14.00 (1H, s, 1-OH), 7.34
(1H, d, J = 2.4, H-5), 7.05 (1H, s, H-4), 6.92 (1H, d, J = 2.4, H-7), 5.30 (1H, d, J = 2.4, H-1�), 3.97 (3H, s, 8-OCH3),
1.56–2.02 (6H, m, H-2�, 3�, 4�), 1.52 (3H, s, H-6�). ESI-MS m/z 383.1 [M + H]+, 787.4 [2M + H]+.

Averufanin (5). Orange powder. 1H NMR (600 MHz, acetone-d6, �, ppm, J/Hz): 12.85, 12.20 (1H, s, 1, 8-OH), 7.25
(1H, d, J = 2.4, H-5), 7.12 (1H, s, H-4), 6.65 (1H, d, J = 2.4, H-7), 5.17 (1H, dd, J = 11.4, 1.8, H-1�), 3.84 (1H, m, H-5�),
1.47–1.96 (6H, m, H-2�, 3�, 4�), 1.32 (3H, d, J = 6.6, H-6�). ESI-MS m/z 371.2 [M + H]+, 393.3 [M + Na]+.

8-O-Methylaverufanin (6). Orange powder. 1H NMR (600 MHz, CDCl3, �, ppm, J/Hz): 13.83 (1H, s, 1-OH), 9.83
(1H, s, 6-OH), 7.38 (1H, br.s, H-5), 7.20 (1H, s, H-4), 6.78 (1H, br.s, H-7), 5.17 (1H, dd, J = 11.4, 2.4, H-1�), 4.02 (3H, s,
8-OCH3), 3.75 (1H, m, H-5�), 1.39–1.96 (6H, m, H-2�, 3�, 4�), 1.30 (3H, d, J = 6.6, H-6�). ESI-MS m/z: 385.2 [M + H]+, 407.2
[M + Na]+, 423.2 [M + K]+, 791.5 [2M + Na]+.
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Biological Assays. The cytotoxic activity against K562 and HL-60 cell lines were determined by the MTT method
[14]. Adriamycin was used as a positive control.

The antibacterial activity against seven bacterial strains, including Gram-positive S. aureus (ATCC 27154), S. albus
(ATCC 8799), B. cereus (ACCC 11077), M. tetragenus (ATCC 13623), M. luteus (ATCC 4698), and Gram-negative E. coli
(ATCC 25922), and P. putida (ATCC 17848) were carried out as described previously [15].
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