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SECONDARY  METABOLITES  OF  THE  MARINE
FUNGUS  Aspergillus  ustus  KMM  4640

G. K. Oleinikova,* V. A. Denisenko,                                                                                      UDC 577.115.3:582.28
N. N. Slinkina, and Sh. Sh. Afiyatullov

Marine mycelial fungi are known to produce various biologically active compounds with unusual chemical structures
[1, 2].  In continuation of research on secondary metabolites of marine fungi-micromycetes, we found that the strain Aspergillus
ustus (Bainier) Thom & Church KMM 4640 that was isolated from sediment of the Okhotsk Sea shelf of Sakhalin Island (27 m
depth) produced compounds with antimicrobial activity.

This strain was cultivated in wort-agar medium with seawater at 22°C for 14 d [3].  Mycelium was extracted with
EtOAc.  The resulting extracts were concentrated at 10 mm Hg.  The dry residue was dissolved in aqueous EtOH (10%) and
subsequently extracted with hexane and EtOAc.

Repeated column chromatography over silica gel using hexane:EtOAc (20:1) isolated from the EtOAc extract
compounds 1 (5.3 mg), 2 (0.5 mg), 3 (5.3 mg), 4 (1.3 mg), 5 (1.3 mg), and 6 (4.4 mg).

Patulin (1), C7H6O4, mp 108°C (CHCl3), racemate.  IR spectrum (KBr, �, cm–1): 2920, 1780, 1740.  Mass spectrum
(EI, 70 eV, m/z, Irel, %): 154 (16) [M]+, 136 (18), 126 (26), 110 (55).  PMR spectrum (500 MHz, CDCl3, �, ppm, J/Hz): 6.06
(1H, s, H-3),  6.02 (1H, m, H-4), 5.93 (1H, m, H-7), 4.72 (1H, ddd, J = 17.3, 3.0, 1.0, H-6), 4.42 (1H, ddd, J = 17.2, 4.1, 0.8,
H-6), 3.37 (1H, br.s, OH-4).  13C NMR spectrum (125 MHz, CDCl3, �, ppm): 168.6 (C-2), 149.8 (C-7a), 146.2 (C-4a), 111.2
(C-3), 107.4 (C-7), 88.9 (C-4), 59.6 (C-6).

Spectra data of 1 agreed with the literature for the known mycotoxin patulin (4-hydroxy-4H-furo[3,2-c]pyran-2(6H)-
one) [4] produced by fungi of the genera Aspergillus and Penicillium [5a].

1,2-Dihydroxy-3-hydroxymethylbenzene (2), C7H8O3.  IR spectrum (DMSO, �, cm–1): 3456, 1660, 1455.  Mass
spectrum (EI, 70 eV, m/z, Irel, %): 140 (44) [M]+, 122 (100), 94(52).  PMR spectrum (500 MHz, CDCl3, �, ppm, J/Hz): 8.54
(1H, s, OH-1), 8.53 (1H, s, OH-2), 6.73 (1H, d, J = 3.4, H-4), 6.53 (1H, d, J = 8.5, H-6), 6.40 (1H, dd, J = 8.3, 3.5, H-5), 4.87
(1H, t, J = 6.4, OH-3�), 4.39 (2H, d, J = 5.7, H-3�).  13C NMR spectrum (125 MHz, CDCl3, �, ppm): 149.2 (C-1), 145.8 (C-2),
129.6 (C-3), 116.3 (C-5), 113.3 (C-6), 111.6 (C-4), 57.8 (C-3�).

Resonances  in   PMR  and   13C NMR  spectra  were   assigned  based  on  HSQC  and  HMBC data.  The structure
1,2-dihydroxy-3-hydroxymethylbenzene was proposed for 2 [6].

Cladosporin (3), C16H20O5, mp 182–184°C (EtOH).  IR spectrum (CHCl3, �, cm–1): 3600, 2930, 1665, 1628, 1598,
1378, 1251.  Mass spectrum (EI, 70 eV, m/z, Irel, %): 292 (17) [M]+, 179 (12), 149 (13), 99 (98).  PMR spectrum (500 MHz,
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CDCl3, �, ppm, J/Hz): 11.11 (1H, s, OH-8), 6.60 (1H, br.s, OH-6), 6.29 (1H, s, H-7), 6.17 (1H, s, H-5), 4.70 (1H, m, H-3), 4.10
(1H, m, H-10), 3.99 (1H, m, H-14), 2.84 (2H, m, H-9), 1.94 (1H, m, H-4), 1.84 (1H, m, H-4), 1.72 (4H, m, H-11, 2H-12, H-13),
1.36 (2H, m, H-11,13), 1.23 (3H, d, J = 6.8, CH3-15).   13C NMR  spectrum  (125 MHz, CDCl3, �, ppm): 169.8 (C-1), 164.4
(C-8), 162.7 (C-6), 141.8 (C-4a), 106.6 (C-5), 101.9 (C-7), 100.4 (C-8a), 76.4 (C-3), 67.8 (C-14), 66.5 (C-10), 39.4 (C-4),
33.7 (C-9), 30.92 (2C-11,13), 18.9 (C-15), 18.2 (C-12).

Spectral data of 3 agreed with those published earlier in the literature for cladosporin (3,4-dihydro-6,8-dihydroxy-
3[(tetrahydro-6-methyl-2H-pyran-2-yl)methyl]-1H-2-benzopyran-1-one) [7], a known antibiotic produced by fungi of the
genera Cladosporium and Aspergillus [5b].

Sterigmatocystin  (4),  C18H12O6, mp 245–246°C (MeOH), [�]D
23 –205.8° (c 0.18, MeOH).  IR spectrum (acetone,

�, cm–1): 3445, 3002, 1662, 1549.  Mass spectrum (EI, 70 eV, m/z, Irel, %): 324 (100) [M]+, 306 (28), 295 (81), 265 (21).  PMR
spectrum (500 MHz, CDCl3, �, ppm, J/Hz): 13.21 (1H, s, OH-8), 7.50 (1H, t, J = 8.3, H-6), 6.84 (2H, m, H-5,4�), 6.76 (1H, dd,
J = 1.15, 8.55, H-7), 6.50 (1H, dd, J = 1.6, 2.8, H-3�), 6.44 (1H, s, H-2), 5.45 (1H, t, J = 2.6, H-2�), 4.81 (1H, dt, J = 2.2, 7.1,
H-1�), 4.00 (3H, s, CH3-1).   13C NMR  spectrum  (125 MHz, CDCl3, �, ppm):  181.4 (C-9), 164.6 (C-3), 163.4 (C-1), 162.4
(C-8), 155.0 (C-10a), 154.1 (C-4a), 145.4 (C-3�), 135.7 (C-6),  113.3 (C-4�),  111.3  (C-7),  109.0 (C-8a), 106.5 (C-4), 106.0
(C-9a), 105.9 (C-5), 102.5 (C-2�), 90.5 (C-2), 56.8 (C-11), 48.1 (C-1�).

Spectral data of 4  agreed with those for sterigmatocystin (2a,12c-dihydro-8-hydroxy-6-methoxy-7H-
furo[3�,2�:4,5]furo[2,3-c]xanthen-7-one) [8], a known mycotoxin isolated earlier from terrestrial producers of the genus
Aspergillus [5c].

6,8-Di-O-methylaverufin (5), C22H20O7, mp 211–212°C (EtOH).  Mass spectrum (EI, 70 eV, m/z, Irel, %): 396 (68)
[M]+, 353 (63), 338 (99), 325 (78).  PMR spectrum (500 MHz, CDCl3, �, ppm, J/Hz): 13.55 (1H, s, OH-1), 7.46 (1H, d, J = 2.5,
H-5), 7.21 (1H, s, H-4), 6.78 (1H, d, J = 2.5, H-7), 5.38 (1H, d, J = 3.0, H-1�), 4.02 (3H, s, OCH3-8), 3.97 (3H, s, OCH3-6), 2.07
(1H, m, H-2�), 2.04 (1H, m, H-4�), 1.89 (1H, m, H-2�), 1.83 (1H, m, H-4�), 1.66  (1H, m, H-3�), 1.59 (CH3, s, C-6�), 1.57 (1H,
m, H-3�).  13C NMR spectrum (125 MHz, CDCl3, �, ppm): 186.8 (C-9), 182.6 (C-10), 164.9 (C-6), 162.8 (C-8), 159.6 (C-1),
159.6 (C-3), 137.6 (C-10a), 132.5 (C-4a), 116.8 (C-2), 115.3 (C-8a), 110.0 (C-9a), 107.0 (C-4), 104.9 (C-7), 104.0 (C-5),
100.9 (C-5�), 67.1 (C-1�), 56.6 (OMe, C-8), 56.0 (OMe, C-6), 35.9 (C-4�), 27.9 (C-6�), 27.5 (C-2�), 16.0 (C-3�).

Spectral  data  of  5  agreed  with  those  for  the  natural  anthraquinone-type  compound 6,8-di-O-methylaverufin
(7,9-dimethoxy-11-hydroxy-2-methyl-3,4,5,6-tetrahydro-2H-2,6-epoxyanthra[2,3-b]oxocin-8,13-dione), which was isolated
from mycelium of an unidentified fungus-endophyte of the mangrove tree Acanthus ilicifolius [9].

Diorcinol (6), C14H14O3, light-yellow oil.  Mass spectrum (EI, 70 eV, m/z, Irel, %): 230 (100) [M]+, 214 (14), 186
(10), 158 (25).  PMR spectrum (500 MHz, CDCl3, �, ppm, J/Hz): 6.40 (4H, d, J = 7.6, H-4,6,4�,6�), 6.29 (2H, br.s, H-2,2�), 5.13
(2H, br.s, OH-3,3�), 2.25 (6H, s, CH3-7,7�).

Spectral data of 6 corresponded exactly to those given for diorcinol (3,3�-dihydroxy-5,5�-dimethylphenylether), which
was isolated earlier from extract of mycelium of Emericella falconensis and showed antibacterial activity [10] and also from
the marine isolate of the fungus A. versicolor [11].

We did not find data on the production of the isolated compounds by marine isolates of the fungus A. ustus.
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