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From the methanol extract of Penicillium sp. cultivated on sterilized rice for three weeks
we isolated three new meroterpenes preaustinoid A1, A2 and B1. The fungus was isolated
from the root bark of Melia azedarach after surface sterilization. The structures of these
compounds were identified by intensive spectroscopic studies.
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Introduction

The meroterpenes form a class of complex me-
tabolites derived from a mixed terpenoid-poly-
ketide biosynthetic pathway (Cornforth, 1968).
These compounds have been isolated from a wide
range of fungal species and marine organisms. The
mixed terpenoid-polyketide route was confirmed
for andibenin (1), by stable isotope labeling
studies (Holker and Simpson, 1978). Subsequently,
a large number of metabolites with a wide range
of apparent structural diversity were shown to be
biosynthetically closely related to andibenin (1),
as exemplified by those compounds related with
austin (2) (Simpson et al., 1997). These substances
are all formed via a common intermediate that
arises by alkylation of a polyketide intermediate,
3,5-dimethylorsellinate, with the terpenoid precur-
sor farnesyl diphosphate (Simpson, 1998).

Only limited studies have been possible on the
later stages of the biosynthetic pathways leading
to these compounds. However, recent work on
Penicillium sp associated with the Meliaceae plant
Melia azedarach, has shown that it produces pre-
viously unknown compounds, called preaustinoids
A (3) and B (4) (Santos and Rodrigues-Fo., 2002).
These fungal metabolites had been postulated pre-
viously as intermediates of the biosynthetic path-
way to austin (2) (Simpson et al., 1997).

Continuing our studies on the secondary metab-
olites produced by fungi associated with Melia
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azedarach, we now report the production, isola-
tion and identification of three new meroterpenes,
named preaustinoid A1 (5), A2 (6) and B1 (7), by
Penicillium sp.

Materials and Methods

General experimental procedures

Optical rotations were measured on a Perkin El-
mer 241 polarimeter. UV spectra were obtained
in CH2Cl2 solution on a Hewlett Packard 8452-A
spectrophotometer, and IR spectra were measured
with a Bomen MB-102 spectrophotometer in KBr
pellets. HREIMS measurements were carried out
on a VG-Autospec spectrometer, and electronic
impact was used as ionization mode. Low-resolu-
tion APCIMS data were acquired in positive ion
mode, using a MICROMASS QUATTRO-LC in-
strument equipped with an ESI/APCI “Z-spray”
ion source. 1H and 13C NMR experiments were
recorded on a BRUKER DRX-400 spectrometer
with deutero chloroform (CDCl3) as the solvent
and TMS as the internal standard.

Plant material

Melia azedarach roots were collected in São
Carlos, Brazil, on the campus of the Federal Uni-
versity of São Carlos. A voucher specimen has
been deposited in the Herbarium of the Depart-
ment of Botanic at the University.
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Isolation of the microorganism

The general procedures adopted followed the
methodology described by Petrini et al., 1992. Im-
mediately after collection, the root bark was sepa-
rated mechanically from the wood and washed
with water followed by ethanol and then sterilized
with 11% aqueous sodium hypochloride for 1 min.
The material was then deposited on a Petri dish
containing PDA medium (potato-dextrose-agar)
and incubated in the dark at 25 ∞C for one week.
Penicillium sp was isolated by replication and
grew as a bluish colored culture. The fungus was
identified and deposited (LaBioMi024) at the
Laboratório de Bioquı́mica Micromolecular Ð
LaBioMi Ð of the Departamento de Quı́mica at
Universidade Federal de São Carlos, São Carlos,
Brazil.

Rice culture of Penicillium sp. and isolation
of the meroterpenes

Fifty Erlenmeyer flasks (500 ml) containing
about 90 g of rice (“Uncle Ben’s”) and 75 ml of
distilled water per flask were autoclaved twice at
121 ∞C for 40 min. A small disc of the PDA me-
dium from the Petri dish containing mycelium of
Penicillium sp. was transferred under sterile condi-
tions to 47 of the 50 Erlenmeyer flasks containing
sterilized rice. Three flasks were kept for control
purposes. After 20 days of growth, the water that
had accumulated in the flasks was separated by
filtration from the fungal biomass. About 150 ml
of methanol was added to each flask and allowed
to stand for 5 h, after which it was filtrated by
gravity. The methanol was evaporated under re-
duced pressure, producing a yellowish residue
(6 g), which was subjected to a low-pressure silica
gel CC eluted with a hexane to methanol gradient
(hexane, hexane:dichloromethane 90:10, 70:30,
50:50, 30:70, dichloromethane, dichloromethane:
methanol 99:1 until methanol 100%). The medium
polarity fractions eluted with dichloromethane 1%
methanol were reiteratively chromatographed on
silica gel columns and the meroterpenes preausti-
noid A1, A2 and B1 were finally purified by pre-
cipitation from methanol as a white powder.

Preaustinoid A1 (5)

White amorphous powder; m.p. 240.5Ð241.4 ∞C;
[α]25

D Ð25.55 (c 2.7, CHCl3); UV λmax/nm (CH3OH):
210, 308(s); IR νmax KBr cmÐ1 3375, 1742, 1730,
1705, 1689; 1H NMR (400 MHz, CDCl3, standard
SiMe4): Table I; 13C NMR (100 MHz, CDCl3, stand-
ard SiMe4) data obtained by pendant (Homer and
Perry, 1995), HSQC and HMBC: Table I; APCIMS
(daugther ions, 15 eV): m/z 461 (5) [M+H]+, 429
(18), 411 (28), 393 (100), 369 (21), 351 (28), 323 (33),
273 (42), 235 (90), 167 (79); HREIMS m/z
460.24610. Calc. for C26H36O7: 460.246103.

Preaustinoid A2 (6)

White amorphous powder; m.p. 243.9Ð246.0 ∞C;
[α]25

D Ð51.56 (c 7.7, CHCl3); UV λmax/nm (CH3OH):
230(s); νmax KBr cmÐ1 3422, 1745, 1730, 1705, 1674,
1630; 1H NMR (400 MHz, CDCl3, standard
SiMe4): Table I; 13C NMR (100 MHz, CDCl3,
standard SiMe4) data obtained by pendant
(Homer and Perry, 1995), HSQC and HMBC: Ta-
ble I; APCIMS (daugther ions, 15 eV): m/z 459
(10) [M+H]+, 441 (44), 423 (22), 409 (50), 391 (18),
349 (100); HREIMS m/z 458.2257. Calc. for
C26H34O7: 458.230453.

Preaustinoid B1 (7)

White amorphous powder; m.p. 46.4Ð48.0 ∞C;
[α]25

D Ð35.7 (c 2.7, CHCl3); UV λmax/nm (CH3OH):
210, 222(s), 304(s); IR νmax KBr cmÐ1: 3405, 1758,
1739, 1706, 1622; 1H NMR (400 MHz, CDCl3, stan-
dard SiMe4): Table I; 13C NMR (100 MHz, CDCl3,
standard SiMe4) data obtained by pendant (Homer
and Perry, 1995), HSQC and HMBC: Table I; AP-
CIMS (daugther ions, 15 eV): m/z 445 (21) [M+H]+,
413 (37), 385 (10), 371 (10), 353 (100), 251 (12);
HREIMS m/z 444.25119. Calc. for C26H36O6:
444.251189.

Results and Discussion

The fungus Penicillium sp., which is under in-
tense chemical investigation in our laboratory due
to its intimate association with the plant Melia
azedarach, produces several compounds in com-
plex mixtures, which we assume, based on 1H
NMR spectra, to belong the meroterpene class of
natural product. Most of these compounds are dif-
ficult to detect in an HPLC separation system
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since they have no chromophores in their molecu-
lar structure. Our efforts to purify these complex
mixtures using classical chromatography methods
resulted in the identification of three previously
nondescribed meroterpenes (5, 6 and 7), which
were co-produced with 3 and 4 (Fig. 1).

The molecular formula (C26H36O7) for com-
pound 5 was deduced based on HREIMS and
APCI/MS which detected M+· at m/z 460.24610
(calc. 460.24610) and [M+H]+ at m/z 461, respec-
tively. The IR spectrum of 5 showed a strong ab-
sorption at 3375 (hydroxyl group), 1742, 1730,
1705 and 1689 cmÐ1 (four carbonyl groups).

A comparison of the NMR data of compound 5
with those of preaustinoid A (3) indicated a close
similarity between them. The preaustinoid A (3)
has a 2-hydroxy-2-methyl-1,3-dioxo partial struc-
ture (ring D) which probably derived from the
pentaketide 3,5-dimethylorsellinate after its alky-
lation by farnesyl diphosphate to form the mero-
terpene skeleton. Compound 5 has a methyl group
(δ 1.37), which is correlated in the HMBC
spectrum with a carbinolic carbon (δ 70.0, C-5�,

Fig. 1. Structures of meroter-
penes produced by Penicil-
lium sp. 1: andibenin, 2: aus-
tin, 3: preaustinoid A, 4:
preaustinoid B, 5: preausti-
noid A1, 6: preaustinoid A2,
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and 7: preaustinoid B1.

2J) and two carbonyl carbons (δ 203.3, C-4�, 3J;
δ 207.1, C-6�, 3J) (Fig. 2). These data and the com-
parison with the 13C chemical shift for the carbons
in the C and D rings of preaustinoid A confirmed
the presence of a 2-hydroxy-2-methyl-1,3-dioxo
partial structure in compound 5.

The 1H NMR data of 5 (Table I) indicated the
presence of six tertiary methyl groups at δ 1.02,
1.29, 1.36, 1.36, 1.45 and 1.49, which correspond,
respectively, to hydrogens, 3H-13, 3H-12, 3H-14,
3H-10�, 3H-15 e 3H-9�. Two of these methyl
groups (δ 1.36, 3H-14 and 1.45, 3H-15) are gemi-
nal, according the HSQC and HMBC spectra,
since they show correlation with the same quater-
nary carbon (δ 85.4, C-4, 2J) and with each other
methyl carbon (δ 30.6, C-15, 3J and 27.0, C-14, 3J).
This time the methyl hydrogens at C-14 and C-15
do not shows HMBC with a ketone carbon signal
(C-3) like observed for the meroterpenes 3 and 4.
Instead, the 13C NMR spectrum of 5 contains a
peak at δ 174.2, which was ascribed to C-3, whose
chemical shift indicated it to be part of an ester
or a lactone. These data, in conjunction with the
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Fig. 2. HMBC correlations detected for 5,
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presence of a complex four spin system in its 1H
NMR spectrum (δ 1.12, H-1α; δ 1.70, H-1�; δ 2.41,
H-2α; and δ 2.49, H-2�) and with the MS and IR
data, suggested that the ring A of the meroterpene
5 is ε-lactone probably formed by a Bayer-Villiger
like oxidation of the cyclohexanone in preausti-
noid A (3). Therefore, this apparently new mero-
terpene was named preaustinoid A1.

Finally, the relative configurations at the ste-
reocenters of 5 were proposed through an analysis
of the following 1D-NOE data (NOE-DIFF and
gNOESY). Irradiation of the signal at δ 4.90
(H-1�a) in the 1H NMR spectrum produced an en-
hancement of the signals at δ 5.43 (H-1�b), 3.73
(OCH3) and 1.29 (3H-12), while irradiation of the
signal at δ 5.43 (H-1�b) enhanced the singlet at
δ 1.49 (3H-9�). These and other irradiations are
presented in Fig. 3.

The analysis of the molecular formula of 6
(C26H34O7), deduced from the mass spectra ob-
tained by HREIMS (M+· found at 458.2257; calc.
458.2304) and APCI/MS ([M+H]+ at m/z 459) in-
dicated that it contains 10 double bond equivalent
(DBE), one more than calculated for compound
5. In addition to the MS data, its IR (3422, 1745,
1730, 1705 and 1674 cmÐ1) and NMR (Table I)

spectra indicated that 5 and 6 are two closely re-
lated meroterpenes, with identical B, C and D
rings. The NMR spectrum of 6 (Table I) contains
a pair of doublet corresponding to cis-olefinic hy-
drogens at δ 5.81 (d, J = 12 Hz) and 6.04 (d, J =
12 Hz) for H-2 and H-1, respectively, in ring A.
The correlation of H-1 (3J) and H-2 (2J) with a
carbonyl carbon at δ 167.6 in the HMBC spectrum
clearly indicated that the ring A of the meroter-
pene 6 is formed by an α,�-unsaturated-ε-lactone.
These data and other long-range correlations are
summarized in Fig. 2. Differential NOE studies
(gNOESY and NOEDiff) contributed to the final
elucidation of this structure, in which irradiation
of H-12 (δ 1.33) produced an enhancement of the
H-1�a, H-11�, H-7�, H-13 and the methoxyl signal,
respectively, at δ 4.92, 1.75, 2.24, 1.18 and 3.74. In
addition, the methyl group CH3-10� (δ 1.37)
showed a NOE with H-9 (δ 0.65), indicating that
compound 6 includes a hydroxyl group at the exo-
face. These and other results are presented in
Fig. 3. This meroterpene was named preaustinoid
A2, since it is structurally related to the two previ-
ous preaustinoids 3 and 5.

The APCI mass spectrum of 7 exhibited an
abundant ion [M+H]+ detected at m/z 445. Its
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Table I. NMR spectroscopic data for meroterpenes 5Ð7 (CDCl3, 400 for 1H and 100 MHz for 13C).

5 6 7
Pos. H C H C H C

1α 1.12 ddd (14; 14; 5) 39.7 t 6.04 d (12) 157.3 d 38.6 ta
1.45 dd (13; 13)

1� 1.70 m 1.83 ddd (13; 3; 3)
2α 2.41 ddd (14; 5; 5) 32.1 t 5.81 d (12) 122.5 d 2.44 m 33.7 t
2� 2.49 ddd (14; 14; 5) 2.49 m
3 - 174.2 s - 167.6 s - 217.1 s
4 - 85.4 s - 85.6 s - 47.3 s
5α 1.63 m 51.7 d 1.79 dd (13; 3) 56.0 d 1.38 m 54.3 d
6α 1.47 m 23.4 t 1.49 m 23.3 t 1.57 ddd (10; 7; 4) 19.8 t
6� 1.70 m 1.70 m 1.56 m
7α 1.89 ddd (13; 13; 4) 31.8 t 1.87 ddd (13; 13; 3) 31.5 t 1.77 ddd (13; 13; 4) 31.5 t
7� 2.23 ddd (13; 4; 4) 2.24 ddd (13; 3; 3) 2.03 ddd (13; 4; 4)
8 - 47.7 s - 47.3 s - 46.9 s
9α 0.56 dd (13; 3) 52.6 d 0.65 dd (13; 3) 49.4 d 1.30 dd (13; 4) 50.8 d

10 - 39.7 s - 43.2 s - 37.2 s
11α 1.93 dd (13; 3) 39.6 t 2.0 dd (13; 3) 39.9 t 1.44 m 31.9 t
11� 1.65 dd (13; 13) 1.75 dd (13; 13) 1.83 dd (13; 13)
12 1.29 s 16.3 q 1.33 s 16.6 q 1.21 s 16.5 q
13 1.02 s 18.6 q 1.18 s 14.7 q 0.91 s 16.2 q
14 1.36 s 27.0 q 1.39 s 32.5 q 1.02 s 20.8 q
15 1.45 s 30.6 q 1.42 s 27.1 q 1.07 s 26.5 q
1�a 4.9 s 112.9 t 4.92 s 113.1 t 4.87 s 107.5 t
1�b 5.43 s 5.45 s 5.15 s
2� - 145.5 s - 145.3 s - 148.1 s
3� - 51.1 s - 51.1 s - 45.7 s
4� - 207.3 s - 207.9 s 5.12 s 80.5 d
5� - 80.6 s - 80.6 s - 169.8 s
6� - 204.0 s - 203.4 s - 206.6 s
7� - 72.5 s - 72.2 s - 70.7 s
8� - 168.5 s - 168.2 s - 168.0 s
9� 1.49 s 22.1 q 1.52 s 21.9 q 1.23 s 20.6 q

10� 1.36 s 14.9 q 1.37 s 14.9 q 2.21 s 21.2 q
OCH3 3.73 s 53.0 q 3.74 s 52.6 q 3.65 s 52.0 q
OH 3.26 s - 3.28 s - - -

a 13C Multiplicity was obtained through analysis of pendant and HSQC spectra.

molecular formula (C29H32O11) was obtained
from HREIMS data (calc. 444.2512; experimental
444.2508). The IR spectrum showed absorptions at
1758 (acetyl group), 1739 (carbomethoxyl group),
1706 (ketone) and 1622 cmÐ1 (vinyl group).

The 1H NMR spectrum of 7 (Table I), analyzed
with the aid of 2D NMR data (COSY, HMBC),
showed the presence of a partial structure contain-
ing A, B and C rings with a ketone group located
at C-3, identical with those seen in the preausti-
noids A (3) and B (4) (Santos and Rodrigues-Fo.,
2002). This was established by the 1H-13C three
bonds correlation between two methyl groups
[δ 1.02 (3H-14) and 1.07 (3H-15)] with a carbonyl
carbon (δ 217.1) in the HMBC spectrum and the
13C chemical shift comparison of the carbons of
rings B and C in 7 and 4. Other 1H-13C long-range

correlations corroborated with this purpose and
they are summarized in Fig. 2.

The 13C NMR spectrum of 7 showed signals for
one additional ketone carbonyl at δ 206.6 (C-6�),
one carboxymethyl ester at δ 168.0 (C-8�), and an
exocyclic carbon-carbon double bond (δ 107.5 and
148.1) located at C-2�. According to the NMR data
[1H: δ 2.21 (s, H-10�), 13C: δ 169.8 (C-5�) and 21.2
(C-10�)] and the IR spectrum (1758 cmÐ1), the
meroterpene 7 contains an acetyl group. The hy-
drogen signal at δ 5.12 (s), a high-deshielded carbi-
nolic proton (H-4�) showed correlation with a
ketone carbon at δ 206.6 (C-6�), with an acetoxy
carbonyl at δ 169.8 (C-5�) and with a methylene
(CH2) signal at δ 31.9 (C-11). These data are con-
sistent with the presence of an α-acetoxy-cyclo-
pentanone as the ring D of this meroterpene.
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Fig. 3. Spatial correlations suggested for 5, 6, and 7 based
on NOE difference spectra. Ha and Hb correspond,
respectively, to vinyllic hydrogens H-1�a and H-1�b.

The final assignment of the structure of 7 was
achieved from NOE studies (gNOESY), which are
presented in Fig. 3. Irradiation of H-1�a resulted
in enhancement of the H-1�b, a vinyl hydrogen at
δ 4.87, and also the methyl group 3H-12 and the

methyl ester group, respectively, at δ 1.21 and 3.65.
Finally, the irradiation of the signal at δ 5.12
(H-4�) showed an enhancement in the methyl
group at δ 1.23 (H-9�) suggesting that the acetoxy
group is located at the endo-face in the [3:2:1]-bi-
cyclo system while the carbinolic hydrogen H-4� is
located at the exo-face. Thus, the structure of this
meroterpene, named preaustinoid B1, was iden-
tified as 7 and is apparently a new natural product.
We numbered the carbons in the acetyl group as
C-5� (carbonyl) and C-10� (methyl) for conve-
nience only. Although chemically the acetyl can be
formed from the methyl-ketone 4, it is still to be
proved whether these two carbons are part of the
3,5-dimethylorsellinate precursor or result from a
normal natural acetylation reaction.

The host plant, from which the meroterpenoid
producer fungus was obtained, is a producer of
limonoids, which are degraded triterpenoids. Dur-
ing the limonoid biosynthesis, the triterpene pre-
cursors suffer many reactions equivalent to Bayer-
Villiger oxidation and structural rearrangements
(Waterman and Grundon, 1983). The striking sim-
ilarity between the modifications found in the li-
monoids and in the meroterpenoids strongly sug-
gests that the enzyme activities responsible for the
modifications in these compounds may be the re-
sult of a plasmid exchange encoding limonoid or
meroterpene biosynthetic genes between these
two organism. This is now under investigation in
our laboratory.

Acknowledgements

The authors are grateful to Fundação de Am-
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