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ABSTRACT

Variecolactol (1), a new sesterterpene lactone related to variecolin (2), has been isolated from the organic
extracts of the sclerotia of Aspergillus auricomus. Structure determination of this compound was achieved
primarily through HMQC, HMBC, and NOESY experiments. The known compounds dihydropenicillic acid
(3) and penicillic acid (4) were also isolated from 4. auricomus.
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INTRODUCTION

Sclerotia are relatively large resting bodies produced
by many fungi as a mechanism for their long-term
survival and propagation of the species (Wicklow et
al., 1988; Gloer et al., 1988). Studies on the chemical
constituents of the sclerotia of various Aspergillus
species have yielded a variety of new natural products
with anti-insectan activity (de Guzman et al., 1992; de
Guzman et al., 1994; Laakso et al., 1992; Laakso et al.,
1994; Whyte et al., 1996; TePaske et al., 1989) and
other biological activities (Staub et al., 1992; TePaske
etal., 1989; Laakso etal., 1992; de Guzman et al., 1994).
We report here the isolation and structure elucidation
of variecolactol (1), a new sesterterpene lactone related
to variecolin (2), from the sclerotia of Aspergillus
auricomus (Gueguen) Saito (NRRL 391). The known
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compounds dihydropenicillic acid (3) and penicillic acid
(4) were likewise isolated from the semipolar extracts
of the sclerotia of A. ausricomus.

MATERIALS AND METHODS

General

A culture of 4. auricomus (NRRL 391) was obtained
from the ARS culture collection at the USDA National
Center for Agricultural Utilization Research, Peoria, IL.
Sclerotia were prepared by solid substrate fermentation
on autoclaved corn kernels using general procedures
which have been previously described (Wicklow etal.,
1988). 'H and "C NMR data were obtained in CDCI,.
Carbon multiplicities were determined through DEPT

- experiments. COSY, NOESY, HMQC, and HMBC,

experiments were conducted at 600 MHz (‘H
dimension) using a Bruker AMX600 spectrometer.
HMQC and HMBC data were optimized for J values
of 152 and 8 Hz, respectively. All other 'H and *C
NMR data were obtained using a Bruker AC300 NMR
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spectrometer. HREIMS data were measured with a
VG ZAB-HF mass spectrometer, while the low
resolution EI mass spectrum was recorded at 70 eV

using a VG Trio 1 quadrupole mass spectrometer. A
Beckman ultrasphere 5Sm 10 mm x 25 cm C, -reversed
phase column was used in all HPLC separations.
Details of other general experimental procedures have
been described elsewhere (Wicklow et al., 1988; Gloer

etal., 1988; Gloer et al., 1989).

Extraction and isolation of variecolactol (1)

The sclerotia of Aspergillus auricomus
(Gueguen) Saito (NRRL 391) were produced
by solid substrate fermentation on autoclaved
corn kernels and harvested as described
previously (Wicklow et al., 1988). The intact
sclerotia (89 g) were extracted at room
temperature with hexane (2x500 mL). After
removal of the solvent in vacuo, the hexane
extract (209 mg) was subjected to flash
chromatography using increasing
concentrations of EtOAc in hexane as eluent.
The fraction that eluted with 8:2 hexane-
EtOAc was then subjected to reversed phase
HPLC using MeOH to give variecolactol (1),
(2.1 mg).

A second batch of sclerotia (367.5 g) was
ground, then Soxhlet extracted with pentane
(1.5 L), and then with CH,CL (1.5 L). After
removal of the solvent in vacuo, the pentane
extract (1.25 g) was likewise subjected to flash
chromatography and reversed phase HPLC
to give additional variecolactol (4.8 mg).

The CH,CI, extract, after removal of the
solvent, was subjected to flash
chromatography using increasing
concentrations of EtOAc in hexane, then
increasing concentrations of CHCL, in MeOH.
The fraction that eluted with EtOAc was
purified by reversed phase HPLC using 1:1
MeOH-H,O to give dihydropenicillic acid (3),
(61.4 mg) and penicillic acid (4), (7.3 mg).
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Table 1. NMR data for variecolactol (1) in CDCI,.

c# 5C* SH  Mult,J,(H,) HMBC®(C#)  NOESY*(#H)
1 409 149% m 11,21 18, 21
1.088  dd,7.3,0.9 11,21 1a, 21
2 398 278p m 3,6,7,11 3,6
3 380 223 d, 9.7 2,4,5 2,19
4 449 2228 m 2,3,5,6,19 4o
2,09 t,9.7 2,3,5,6,19 4p
5 1152
6 518 3578  dg,5.2 1.1 3,7,8,20 2,10
7 1252
8 1446 698 ddd, 24,14,1.0 6,7,9 10,20 9p
9 207 2758 m 7,8,10, 11, 15,20 10
213 m 8, 10,15 8, 15, 21
10 387 2.14p m 9,14, 15 6,22
1 390
12 344 1.94p m 11,13, 21 120
0.97a m 128
13 351 148 m 12, 14,22 21
14 434
15 480 148 m 9,10 9,25
16 481 2.35B ddd, 15.4,8.1,49 10,15,23,24,25 17p, 22, 24Z
17 300 1.97B m 16 16,170
1.300 m 14, 18, 22 17p
18 39.9 1.44p m 14,22 18, 22
1.220 q,5.2 14 188
19 159 068 d,7 3,4 3,4
20 1706
21 218 08% s 1,10,11,12  1a,9a, 13
22 182 0.84p s 13,14, 18 10, 16, 188
23 1505
24 1104 4.94Z  dd,08,03 16, 25 16
461E  dd, 08,13 16, 25 25
25 193 167 s 23,24 15, 24E

*75 MHz; "600MHz
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Fig. 1. Partial structures for variecolactol.

Variecolactol (1) was isolated as a white solid; HPLC
t. 9.7 min under the conditions above; UV (MeOH)
A_. 235 nm (log € 3.7); EIMS (70eV) m/z (rel. int.)
384 (M, 2), 366 (5), 274 (17), 256 (25), 167 (22), 149
(88), 69 (100); 'H and '3C NMR data, Table 1;
HREIMS, obsd 384.2656, calcd for C,H, O,,
384.2664.

RESULTS AND DISCUSSION

Variecolactol, isolated from the nonpolar (hexane or
pentane) extracts of the sclerotia of Aspergillus
auricomus had the molecular formula C,H, O,, ba§ed
on the high resolution EIMS data (M* at m/z 384.2656,
A-0.8). Analysis of the 'H, “C NMR, HMQC and
DEPT data (Table 1) of variecolactol showed the
presence of three methy! singlets, one methyl doublet,
seven sp® methylenes, a terminal alkene, six sp’
methines, one sp? methine, two sp?, and two sp?

Variecolactol
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D

quaternary carbons, a carbonyl carbon at 5170.6 and a
carbon at 6115.2.

Analysis of the HMBC correlations (Table 1) shown
by the three methyl singlets at 51.67, 0.84, and 0.89
and the methyl doublet at 60.68 gave four partial
structures, A-D (Fig. 1). Partial structure E was derived
based on the following HMBC results. The vinylic
proton at 6.98 was found to correlate with the carbons
atd170.6,125.2,51.8,29.7, and 38.7. The hydrogen at
63.58 correlated with the carbons at §170.6, 125.2, and
144.6 while the hydrogen at 62.75 was long-range also,
coupled with the carbons at §144.6, 125.2, and 38.7, as
well as with the carbon at 548.0. Thus, the carbon
bearing the hydrogen at 53.58 and the carbonyl carbon
at 5170.6 must both be attached to the carbon at §125.2,
while the carbon bearing the hydrogen at $2.75 should
be attached to the carbon at 6144.6. The downfield
shift of the carbon at 6144.6 can be accounted for by
its position beta to the carbonyl.
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HMBC correlations were found between the hydrogen
at 52.78 of partial structure A and the carbons at §51.8
and 125.2 of partial structure E. The proton at 53.58
showed a correlation with the carbon at $38.0. Thus,
the carbon at 839.8 of A must be bonded to the carbon
at 851.8 of E. Correlations were also obtained between
the protons at 52.22 and 2.09 and the carbon at 651.8
and the quaternary carbon at 6115.2. Attaching the
carbons at 644.9 and 51.8 to the carbon at $115.2 to
give a 5-membered ring accounts for all these
correlations. ’

Partial structure B can further be connected to partial
structures A and E using HMBC results. The methyl
protons at 50.89 were long-range coupled to the carbon
at 5638.7, while the proton at 62.75 was correlated with
the carbon at §39.0. Thus, carbons at 639.0 and 38.7
must be bonded to one another. The proton at 52.78
also showed a correlation with the carbon at 639.0.
Thus, carbons at 639.8 and 40.9 must also be attached
to one another giving rise to an 8-membered ring.

Partial structure C can also be further connected to
the AEB substructure as shown by the long-range
couplings between the proton at 52.14 of AEB with
the carbon at 843.4 of partial structure C. Thus, the
carbons at 648.0 and 43.4 must be bonded together.
The proton at 81.94 of AEB was further correlated to
the carbon at 835.1 of partial structure C, inferring the
attachment of the carbon at 534.4 with the carbon at
535.1 to form a 6-membered ring.

Partial structure D can be attached further to the 3-
ring AEBC substructure as shown by the correlations
between hydrogen at 82.35 of D with the carbon of
substructure AEBC at 838.7. Thus, the carbon at
548.1 must be attached to the carbon at 548.0. A
remaining methylene at 81.97 and 1.3 showed
correlations with the carbons at 6150.5 and 48.1, and
also with the carbons at 843.4 and 39.9. Thus,
attachment of the carbons at 648.1 and 39.9 to the
carbon at 630.0 to form a 5-membered ring could
account for these correlations.

Only a hydroxyl group remains to be assigned. The
only remaining position is the carbon at 6115.2.
Attachment of the ester oxygen and the hydroxyl group

to this carbon will account for this chemical shift, giving
structure 1 for variecolactol.

The carbon skeleton of this compound is identical to
that of variecolin (2) (Hensens et al., 1991), compound
1 being the oxidized analog of variecolin with
condensation of the carboxylate with the ketone
carbonyl group to form a hemiketal. Analysis of the
NOESY results (Table 1) showed that the relative
stereochemistry of variecolactol is the same as that for
variecolin (Hensens et al., 1991). H-2, H-3, H-6, H-10,
and H-22 are all syn to one another based on the NOESY
correlations shown by H-6 to H-2 and H-10, H-10 to
H-22, and H-2 to H-3. H-10 also showed NOESY
crosspeaks with H-22, which, in turn, correlated with
H-16. These results showed the relative configuration
of chiral centers C-2, C-3, C-6, C-10, C-14, and C-16
as that shown in 1. H-15 correlated with H-9a. which,
in turn, showed crosspeaks with H-21. These
observations would indicate that these protons are syn
to one another and suggest the relative stereochemistry
shown in 1 for the chiral centers C-11 and C-15. The
stereochemistry about C-5 can not be established by
the NOESY experiment on variecolactol.

The dichloromethane extract of the sclerotia of
A. auricomus was found to have potent antibacterial
activity against Bacillus subtilis. Chemical investigation
of this extract yielded dihydropenicillic acid (3) (Sassa
etal., 1971) as the major component and penicillic acid
(4) (Wilson, 1976) as the minor component. Penicillic
acid was responsible for the antimicrobial activity against
B. subtilis.
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