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Abstract—A new polyketide, aspermytin A (1), was isolated from a cultured marine fungus, Aspergillus sp., which was separated
from the mussel, Mytilus edulis. Its structure was elucidated on the basis of their spectral data, and the absolute configuration of 1
was determined by the CD spectrum. Aspermytin A induced neurite outgrowth in rat pheochromocytoma (PC-12) cells at concen-

tration of 50 uM.
© 2003 Elsevier Ltd. All rights reserved.

1. Introduction

Neurons cannot proliferate and regenerate as the term-
inally differentiated cells, and neurotrophic factors are
essential for functional maintenance and organization
of neurons. Among a family of neurotrophic factors,
such as nerve growth factor (NGF),! brain-derived
neurotrophic factor (BDNF),? neurotrophin 3 (NT-3),
and glia-derived neurotrophic factor (GDNF),* NGF
has been extensively investigated to show pleiotrophic
effects such as induction of neuronal differentiation,
neural cell survival, and prevention of apoptosis of
neurons in both the central and peripheral nervous sys-
tems.! Rat pheochromocytoma (PC-12) cells have been
used as a good in vitro model of neuronal differentia-
tion. After stimulation with NGF, PC-12 cells differ-
entiate to extend neurites and to develop the
characteristics of sympathetic neurons.> Marine-derived
fungi have proven to be rich sources of structurally
novel and biologically active secondary metabolites,
which are emerging as a significant new chemical
resource for drug discovery.® As a continuation of our
interest in the discovery of new secondary metabolites
from marine organisms,’® we report here the isolation
and structure elucidation of a new polyketide, asper-
mytin A (1), produced in culture by a marine-derived
fungus identified as the genus Aspergillus.
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2. Results and discussion

2.1. Isolation of aspermytin A (1)

The fungus was separated from the mussel, Mytilus
edulis, collected in Toyama Bay in the Japan Sea. The
mycelium grown in the culture (2 L) was extracted with
MeOH. The EtOAc soluble part (2.41 g) of the extract
was purified by ODS chromatography and reversed-
phase HPLC to afford aspermytin A (1, 9.8 mg) as a
neurotrophic compound (Chart 1).

2.2. Structure elucidation of aspermytin A (1)

The FABMS of 1 showed a quasi molecular ion peak at
m/z 267 [M+H]* and the molecular formula was
determined as C;4H,cO53 on the basis of its HRFABMS,
requiring four degrees of unsaturation. The IR spec-
trum of 1 displayed broad hydroxyl absorption at
3300cm~! and an intense carbonyl peak at 1676cm™!.
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The 'H NMR spectrum in pyridine-ds (Table 1)
revealed two singlet methyl signals at 6 1.49 and 1.54,
and a doublet methyl signal at 6 0.84 (d, /J=6.8 Hz), two
hydroxymethyl signals at 6 4.30 (2H, m), two methylene
signals bearing a carbonyl carbon at 8 3.05 (dt, J=18.1,
6.4 Hz) and 3.65 (dt, /=18.1, 6.4 Hz), and two mutually
coupled olefinic signals at & 5.37 (dd, /=9.8, 1.0Hz)
and 5.71 (dd, J=9.8, 2.9 Hz). The '3C NMR data of 1
(Table 1) showed a ketone carbon (6 214.1), a 1,2-di-
substituted double bond (6 129.5, d and 135.5, d), three
methyl carbons (6 12.6, 22.5, and 28.5), two quaternary
carbons (6 57.7 and 73.2), and two methine carbons (&
43.7 and 38.7). The hydroxymethyl signals at & 4.30
(2H, m, H,-1) were spin coupled with H,-2 (3 3.05 and
3.65) (fragment a) (Fig. 1), and the presence of a 1,2,4-
trisubstitued cyclohexane ring was indicated by the
'H-'H COSY spectrum. The doublet methyl signal at &
0.84 (Hs-16) was coupled to a multiplet at 6 1.35 (H-8),
and long-range correlations between a ddd signal at &
1.77 (H-10) and two olefinic signals at 6 5.37 (H-11) and
8 5.71 (H-12) suggested that a 1,2-disubstituted cis dou-

ble bond was attached to the C-10 methine carbon (frag-
ment b). HMBC correlations between a singlet methyl
signal Hs-14 and C-4, C-12, and C-3 and between a singlet
methyl signal H3-15 and C-3, C-4, and C-5 showed that
the fragment b was comprised of a decaline ring. The trans
juncture of the decaline ring was indicated by the cou-
pling constant with the magnitude of J=10.9Hz
between H-5 and H-10. HMBC correlations were
observed from H,-2 to a carbonyl carbon C-3 (6 214.1)
and a quaternary carbon C-4 (& 57.5), which suggested
the fragment a linked to C-4 of the decaline ring via a
carbonyl carbon C-3. Thus, the gross structure of 1 was
disclosed. The relative stereochemistry of 1 was estab-
lished by its NOESY spectrum. NOE correlations
between H-10 and three signals H-6, H-8, and Hs-15
indicated that they were oriented on the same side (Fig.
2), while the correlations between H-5 and three signals
H-7, H-9, and Hs-14 and between H-7 and H-9 revealed
that they were on the opposite side of H-6, H-8, H-10,
and H3-15. These NOE data confirmed the frans junc-
tion of the decaline ring system. The absolute configur-

Table 1. NMR spectral data for aspermytin (1) in pyridine-ds

3u J (Hz) 3¢ COSY HMBC

1 430 (2H) m 576t H-2, H-2, 1-OH
2 3.05 dt, 18.1, 6.4 456t H-1, H-2' C-1,C-3, C-4

3.65 dt, 18.1, 6.4 H-1, H-2 C-1,C3,C4
3 214.1's
4 577s
5 2.07 dt, 2.1, 10.9 43.7d H-6, H-6', H-10 C-4, C-6, C-7, C-9, C-15
6 1.00 dq, 2.0, 10.9 278t H-5, H-6'

1.82 m H-5, H-6 C-8, C-10
7 1.02 dq, 2.0, 10.9 357t H-7', H-8 C-s

1.63 m H-7 C-9
8 1.35 m 33.4d H-7, H-9, H-16
9 0.78 q,12.2 419t H-8, H-Y', H-10

1.66 m H-9
10 1.77 ddd, 12.2, 10.9, 2.1 38.7d H-5, H-9, H-11,2 H-12¢ C-9
11 5.37 dd, 9.8, 1.0 129.5 d H-102 H-12 C-5,C9, C-13
12 5.71 dd, 9.8, 2.9 135.5d H-10, @ H-11 C-4, C-10, C-13
13 7328
14 1.49 (3H) s 28.5q C-4,C-12,C-13
15 1.54 (3H) s 12.6 C-3,C-4, C-5
16 0.84 (3H) ,6.8 2.5q H-8 C-7,C-8,C9
1-OH 5.94 t, 5.4 H-1
13-OH 6.46 s

4 Long-range correlations.

Figure 1. COSY (bold lines) and selected HMBC (dashed arrows)

correlations observed for 1.

Figure 2. NOE correlations observed for 1.
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ation of 1 was determined by the CD spectrum using a
dibenzoate derived from 1. After acetylation of 1, the 1-
monoacetate 2 was subjected to osmium tetroxide oxi-
dation to afford the 11,12-diol 3, which was then treated
with p-bromobenzoyl chloride in pyridine to furnish a
mixture of 11-p-bromobenzoate 4 and 11,12-di-p-bro-
mobenzoate 5 (Chart 1). The magnitudes of the cou-
pling constants of H-11 [d 5.02 (dd, J=11.0, 3.3 Hz)]
and H-12 [6 5.44 (d, /J=3.3 Hz)] of 5 confirmed that the
p-bromobenzoyl groups of C-11 and C-12 were equa-
torial and axial, respectively. The CD spectrum of 5
showed a negative maximum (Ag= —1.3) at 236 nm and
a positive maximum (Ae= +4.7) at 252 nm, indicating
11R,12 R-configuration of 5. Thereby, the absolute con-
figuration of 1 was established as represented in Chart 1.

Aspermytin A (1) is a heptaketide with a trans decalin
framework. Several polyketides bearing a trans decalin
ring have been obtained from microorganisms so far,
trichoharzin, an octaketide produced by the marine-
derived fungus Trichoderma harzianum,'® tanzawaic
acid B isolated from Penicillium citrinum,'" and beta-
enone B, a phytotoxin produced from the culture of
Phoma betae Fr.'?> On the other hand, phomopsidin,
which was recently isolated from a marine-derived fun-
gus Phomopsis sp. and exhibited anti-microtuble activ-
ity, contained a cis decalin structure.!3

2.3. Neurite growth assay

Aspermytin A (1) showed significant neurotrophic effect
on the rat pheochromocytoma (PC-12) cells (Fig. 3).
More than 50% of the cells revealed neurites by 2 days
treatment with 50 uM 1, and the effect was comparable
to that by 50 ng/mL NGF.

3. Experimental
3.1. General

Optical rotations were determined with a Horiba SEPA-
300 high sensitive polarimeter. UV spectra were mea-
sured on a Shimadzu UV-1600 UV-visible spectro-
photometer. IR spectra were recorded on a Shimadzu
IR-460 infrared spectrophotometer. CD spectra were
measured on a Jasco J-780 spectropolarimeter in
MeOH. NMR spectra were recorded on a Jeol GSX500
in CDCIl; or pyridine-ds. All chemical shifts were
reported with respect to CDCl; (8y 7.26, 8¢ 77.0) or
pyridine-ds (8y 7.18). Mass spectra were measured on a
Jeol SX-102 mass spectrometer.
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Figure 3. Effects of 1 and NGF on neurite outgrowth in PC-12 cells.

PC-12 cells were incubated for 2 days without drug (control) or with
50ng/mL NGF (NGF) as positive control or 50 uM 1.

W

control

3.2. Fungal strain

Strain of a fungus, Aspergillus sp., was isolated from the
mussel, M. edulis, in Toyama Bay in the Japan Sea and
was identified based on the morphological evaluation by
NCIBM Japan Co., Ltd (Shizuoka, Japan). A voucher
specimen is deposited at Kanazawa University with the
code MF297.

3.3. Culture conditions

The fungus was grown in a fermentation broth com-
posed of 1:1 artificial seawater/deionized water with
2.0% malt extract and 0.5% peptone at 28°C for 21
days.

3.4. Extraction and isolation

The cultured broth (2 L) was filtered. The mycelium was
extracted with MeOH. The extract was concentrated
under reduced pressure and extracted with EtOAc. The
EtOAc layer (2.41g) was partitioned between hexane
and 90% MeOH-H,O. The aq MeOH fraction
(405.5mg) was subjected to ODS chromatography. The
fraction eluted with 80% MeOH-H,O was purified by
reversed-phase HPLC with 75% MeOH-H,O and then
with 50% CH3;CN-H,O to afford aspermytin A (1,
9.8 mg).

3.5. Aspermytin A (1)

]2 +1.2° (¢ 0.104, CHCl3); UV (MeOH) Ay (log €)
201.5nm (3.0); IR (flm) ven, 3300, 2955, 1676, 1370,
1041 cm~'. 'H and '3C NMR (pyridine-ds), see Table 1.
FABMS (positive, glycerol matrix) m/z 267 [M+H]";
HRFABMS m/z 267.1953 (C;¢Ha,05, A —0.7 mmu).

3.6. Acetylation of aspermytin A (1)

A solution of 1 (3.3 mg) in pyridine (0.5mL) was added
to acetic anhydride (0.4 mL), and the mixture was kept
at room temperature overnight. The solvent was evapo-
rated, and the residue was purified by silica gel chro-
matography with hexane/EtOAc (2:1) to afford the
monoacetate (2, 3.0 mg).

3.6.1. 2. '"H NMR (CDCl3) & 0.81 (1H, g-like,
J=12.2Hz, H-9), 0.90 (3H, d, J=6.8 Hz, H5-16), 0.98
(1H, m, H-6), 1.06 (1H, dq, J=3.4, 11.7 Hz, H-7), 1.12
(3H, s, Hy-14), 1.28 (3H, s, Hy-15), 1.46 (1H, m, H-8),
1.58 (1H, m, H-6), 1.72 (1H, m, H-7), 1.78 (1H, m, H-9),
1.80 (1H, m, H-5), 2.01 (3H, s, 1-OAc), 2.74 (1H, ddd,
J=18.6, 6.9, 5.9 Hz, H-2), 3.18 (1H, ddd, J=18.6, 6.9,
5.9, H-2),4.32 (1H, ddd, J=11.2, 6.9, 59 Hz, H-1), 4.37
(1H, ddd, J=11.2, 6.9, 59Hz, H-1), 5.32 (1H, dd,
J=98, 2.0Hz, H-11), 5.38 (1H, d, J=9.8 Hz, H-12);
FABMS (positive, glycerol matrix) m/z 309 [M +H]™".

3.7. OsO, oxidation of 2

To a solution of 2 (12.7mg) in ~-BuOH (0.8 mL) was
added OsO4 (50 uL of 10% aqueous solution) and N-
methylmorpholine N-oxide (12.0 mg) in water (240 puL).
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The mixture was stirred at room temperature for 5 days.
To the solution was added saturated aqueous Na,SO3;
(3mL), and the mixture was stirred for 30min. The
product was extracted with EtOAc, and the organic
layer was subsequently washed with 1 N HCI and brine,
dried over Na,SQy, and concentrated. The residue was
purified by silica gel chromatography with hexane/
EtOAc (1:3) to afford 2 (3.8 mg) and its diol (3, 7.9 mg).

3.7.1. 3. 'H NMR (CDCl;) 6 0.71 (1H, q, J=12.7 Hz,
H-9), 0.91 (3H, d, J=6.9Hz, H3-16), 0.99 (2H, m, H-6
and H-7), 1.01 (3H, s, H3-14), 1.34 (1H, m, H-8), 1.35
(3H, s, H5-15), 1.38 (1H, m, H-6), 1.56 (1H, dq, J=3.4,
11.7Hz, H-9), 1.66 (1H, m, H-7), 1.77 (1H, dt, J=2.9,
11.7Hz, H-5), 2.01 (3H, s, 1-OAc), 2.13 (1H, dq,
J=12.7, 3.4Hz, H-9), 2.75 (1H, dt, J=18.1, 5.9 Hz, H-
2), 3.19 (1H, ddd, J=18.1, 7.3, 5.9 Hz, H-2), 3.32 (1H,
dd, J=11.7, 3.4Hz, H-11), 3.65 (1H, d, J=3.4Hz, H-
12), 4.30 (1H, dt, J=11.2, 5.9Hz, H-1), 4.34 (1H, ddd,
J=11.2, 7.3, 59Hz, H-1); FABMS (positive, glycerol
matrix) m/z 365 [M +Na]*.

3.8. Preparation of p-bromobenzoyl esters (4 and 5) from
3

A solution of 3 (6.0 mg) in pyridine (1.0 mL) was treated
with p-bromobenzoyl chloride (38.5mg) in the presence
of 4-(dimethylamino)pyridine (2.0 mg), and the mixture
was stirred at 50 °C overnight. After cooling, the reac-
tion mixture was poured into ice-water, and the whole
was extracted with EtOAc. The EtOAc extract was suc-
cessively washed with 1N HCI, saturated aqueous
NaHCO;, and brine, then dried over Na,SQ,, and con-
centrated. The residue was purified by silica gel chro-
matography with hexane/EtOAc (2:1, 1:1) to afford 11-
monoester (4, 8.4mg) and 11,12-diester (5, 1.9 mg).

3.8.1. 4. '"H NMR (CDCls) $ 0.76 (1H, q, J=12.5Hz,
H-9), 0.86 (3H, d, J=6.4Hz, Hs3-16), 1.00 (IH, q,
J=13.2Hz, H-7), 1.05 (1H, q, J=13.2Hz, H-6), 1.37
(1H, m, H-8), 1.14 (3H, s, H5-14), 1.41 (3H, s, H;-15),
1.45 (1H, m, H-6), 1.68 (1H, d-like, J=12.6 Hz, H-7),
1.85 (1H, d-like, /J=12.7Hz, H-9), 1.90 (1H, dt, J=1.7,
11.6 Hz, H-5), 2.02 (1H, m, H-10), 2.02 (3H, s, 1-OAc),
2.77 (1H, dt, J=18.2, 5.5Hz, H-2), 3.21 (lH, dt,
J=18.2, 5.5Hz, H-2), 3.86 (1H, d, J=2.9Hz, H-12),
4.32 (1H, dt, J=5.5, 11.0 Hz, H-1), 4.36 (1H, dt, J=5.5,
11.0Hz, H-1), 4.90 (1H, dd, /=10.7, 2.9 Hz, H-11), 7.61
(2H, d, J=8.3Hz), 7.92 (2H, d, J=8.3Hz); FABMS
(positive, NBA matrix) m/z 547/549 (intensity, 1:1)
[M+Na]™*.

3.8.2. 5. '"H NMR (CDCl;) § 0.79 (1H, q, J=13.2Hz,
H-9), 0.88 (3H, d, J=6.4Hz, Hs16), 1.06 (1H, q,
J=13.2Hz, H-7), 1.33 (3H, s, Hs-14), 1.12 (1H, m, H-
6), 1.42 (1H, m, H-8), 1.49 (1H, m, H-6), 1.50 (3H, s,
Hs-15), 1.72 (1H, d-like, J=12.6 Hz, H-7), 1.89 (1H, d-
like, J=12.7 Hz, H-9), 2.01 3H, s, 1-OAc), 2.02 (1H, m,
H-10), 2.07 (1H, m, H-5), 2.76 (1H, dt, J=18.2, 5.5Hz,
H-2), 3.14 (1H, dt, J=18.2, 5.5Hz, H-2), 4.32 (1H, dt,

J=5.5,11.0Hz, H-1), 4.36 (1H, dt, J=5.5, 11.0 Hz, H-
1), 5.02 (1H, dd, J=11.0, 3.3Hz, H-11), 5.44 (1H, d,
J=3.3Hz, H-12), 747 (2H, d, J=8.3Hz), 7.65 (2H, d,
J=8.3Hz), 7.70 (2H, d, J=8.3Hz), 7.83 (2H, d,
J=8.3Hz); FABMS (positive, NBA matrix) m/z 707/
709/711 (intensity, 1:2:1) [M+H]*.

3.9. Neurite outgrowth assay

Neurite outgrowth assay was carried out with rat pheo-
chromocytoma (PC-12) cells.’ PC-12 cells were grown in
Dulbecco’s modified Eagle’s medium supplemented
with 10% fetal calf serum, 5% horse serum, penicillin
(50 units/mL), and streptomycin (50 pg/mL) in an incu-
bator containing 5% CO, at 37°C. PC-12 cells were
seeded onto 24-well multiplates (1 x 10°cells/mL) and
cultivated for a day. The medium was replaced with that
containing 50 uM aspermytin A or 5ng/mL NGF as
positive control, and then PC-12 cells were cultivated
for 2 days and observed under a phase-contrast micro-
scope. The percentage of the cells with neurites was
determined by counting 200 cells.
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