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Phenylpyropenes E and F: new meroterpenes from
the marine-derived fungus Penicillium concentricum
ZLQ-69

Zhuang Ding, Lianqing Zhang, Juan Fu, Qian Che, Dehai Li, Qianqun Gu and Tianjiao Zhu

Two new meroterpenes, phenylpyropenes E (1) and F (2), together with seven known phenylpyropenes (3–5) and pyripyropenes

(6–9) were isolated from the marine-derived fungus Penicillium concentricum ZLQ-69. Their structures including the absolute

configurations were elucidated using a combination of spectroscopic methods and electronic circular dichroism calculation.

Bioactivity evaluation showed that compounds 1 and 4 were cytotoxic to the MGC-803 cell line with IC50 values of 19.1 and

13.6 μM, respectively.
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INTRODUCTION

Pyripyropenes and phenylpyropenes are subclasses of meroterpenes
existing in the filamentous fungi genuses Aspergillus and Penicillium.
These compounds are biogenetically derived from a hybrid of
polyketide and terpenoid. Their structures consist of three parts:
a pyridine/phenyl ring, an α-pyrone and a sesquiterpene motif. After
they were first isolated in 1994, 19 pyripyropenes were shown to be
effective as acyl-CoA/cholesterol acyltransferase (ACAT) inhibitors
and are predicted to be useful in the prevention and treatment
of hypercholesterolemia and atherosclerosis.1–5 Because of their
structural novelty and promising biological properties, pyripyropenes
are attractive targets for synthetic and biological study, with
over 300 chemical derivatives synthesized for studies of ACAT
inhibitory activity and structure-activity relationships.6–15 In addition,
pyripyropenes have been found to have anticancer16,17 and anti-insect
activity.18,19 Compared with the comprehensive study of pyripyro-
penes, much less research has been conducted on the discovery and
investigation of phenylpyropenes. Until now, only four phenylpyr-
openes A–D that displayed ACAT inhibitory activity have been
reported.20–22 Further research showed that phenylpyropene C can
inhibit the inducible expression of the pro-inflammatory enzymes
COX-2 and iNOS and the cytokine TNF-α in various cell lines.23,24

In our ongoing research on the bioactive secondary metabolites of
marine-derived fungi, the strain Penicillium concentricum ZLQ-69
(isolated from the water samples taken from the coast of Bohai Sea
in Binzhou, Shandong Province, China) displayed interesting
HPLC-UV profiles and cytotoxicity. Further chemical investigation
of this extract led to the discovery of two new phenylpyropenes,
named phenylpyropenes E (1) and F (2), as well as seven known
phenylpyropenes (3–5) and pyripyropenes (6–9) (Figure 1). In this

paper, we report the isolation and structural determination of the new
compounds (1 and 2), and the cytotoxicity of five phenylpyropenes
(1–5).

RESULTS AND DISCUSSION

Phenylpyropene E (1) was obtained as a pale yellow amorphous
powder. The molecular formula C30H36O9 was determined by the
positive HRESIMS (m/z 541.2448 [M+H]+; calcd, 541.2432), indicat-
ing 13 degrees of unsaturation. The 1D NMR data (Table 1) showed
30 carbon signals that were classified by DEPT and HMQC spectra as
five methyl groups, four methylene groups, eleven methine groups
including three that were oxygenated and six sp2 groups and ten
quaternary carbons including five ester or enol ketone groups and two
sp2 groups. The 1H- and 13C-NMR data (Table 1) of 1 were similar to
those reported for phenylpyropene A.20 The difference was the lack of
an acetyl group and the appearance of an additional hydroxy group
in 1. The functional alcohol group was located at C-3, as evidenced by
the up-field shifts of H-3 (δH 3.46) and C-3 (δC 71.4) in 1 compared
with phenylpyropene A (δH 4.72 and δC 73.6),20 which could be
confirmed by the COSY correlations from H-1 to H-3 as well as the
key HMBC correlations from H-3 (δH 3.46 ) to C-1 (δC 36.6) and C-4
(δC 41.8). The planar structure of 1 was thus established and named
phenylpyropene E.
Phenylpyropene F (2) was isolated as a pale yellow amorphous

powder with the molecular formula C28H34O6 assigned by the positive
HRESIMS (m/z 489.2998 [M+Na]+; calcd, 489.2986). Similarly, 1D
NMR data (Table 1) between compound 2 and compound 4 indicated
that they shared the same structural skeleton.21 The main difference
was the replacement of the methylene group (CH2-11) in 4 by a
hydroxylated methine group in 2, indicated by a chemical shift of C-11
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(δC 59.1) and the COSY correlation between H-9 and H-11, as well as
the HMBC correlation from H-11 (δH 4.94) to C-8 (δC 81.8), C-10
(δC 37.4), C-12 (δC 102.2) and C-13 (δC 164.0).
The relative configurations of 1 and 2 were determined by the

NOESY experiments (Figure 2). In the NOESY spectrum of 1,
correlations were observed between H3-17 and H3-18 and H3-19,
which indicated that these protons were on the same face of the
molecule, whereas correlations between H-5 and H-3, H-7 and H-9
suggested that they were on another face. In addition, the molecular
modeling study and NOESY correlations between H-3 and H2-20, H-9
and H-11 showed that H-20 and H-11 were equatorial. All of these
findings verified the relative configuration of compound 1, which was
identical to pyripyropene A.25 The relative configuration of 2 was
determined to be the same as 1 by the NOESY spectrum. The absolute
configurations of 1 and 2 were determined by comparing their
electronic circular dichroism (ECD) curves with that of the calculated
curve using the matrix model. The ECD spectrum of the simplified
model compound a, the deacetyl analog of 1, was calculated at the
B3LYP/6-31+G(d) level. The experimental ECD spectra of 1 and 2
were in strong agreement with the calculated model compound a
(Figure 3). Thus, the absolute configuration of 1 was determined to be
3S, 4R, 5R, 7S, 8S, 9S, 10S,11R, which was the same as that of
pyripyropene A,25 whereas the absolute configuration of 2 was
determined to be 3S, 5R, 8R, 9S, 10S, 11R.
The structures of known compounds were determined by compar-

ing their spectroscopic data with that reported in the literature, and
these compounds were finally identified as phenylpyropenes B–D
(3–5)20–22 and pyripyropenes A, B, E and O (6–9).2–4

The phenylpyropenes (1–5) were tested for in vitro cytotoxic activity
on three different human cancer cell lines (lung adeno-
carcinoma A549, gastric cancer MGC-803 and leukemia HL-60) using
the MTT method. The results showed that only compounds 1 and 4
have moderate cytotoxicity against the MGC-803 cell line with IC50

values of 19.1 and 13.6 μM, respectively. In previous reports,
pyripyropenes showed no cytoxicity against five human cancer cell
lines (IC504100 μM).26

In conclusion, two new phenylpyropenes, E and F (1 and 2), were
isolated from P. concentricum ZLQ-69. The absolute configurations of
these phenylpyropenes were deduced by ECD calculations and
phenylpyropenes E (1) showed moderate cytotoxicity. The bio-
synthetic procedure of phenylpyropenes was believed to be similar
to that of pyripyropenes, which have already been described.27,28 The
differences between phenylpyropenes and pyripyropenes might be a
consequence of their different starting units (benzoic acid and
nicotinic acid, respectively). In this study, we isolated a fungal
strain (P. concentricum ZLQ-69) that can simultaneously produce
both phenylpyropenes and pyripyropenes, similar to Penicillium
griseofulvum and Aspergillus similanensis as previously reported.5,22

EXPERIMENTAL PROCEDURE

General
Optical rotations were obtained on a JASCO P-1020 digital polarimeter

(JASCO, Tokyo, Japan). UV spectra were recorded on a Beckman DU 640

spectrophotometer (Beckman Ltd, Shanghai, China). IR spectra were recorded

Figure 1 Chemical structures of compounds 1–9. A full color version of this
figure is available at The Journal of Antibiotics journal online.

Table 1 1H- and 13C-NMR data of compound 1 (500MHz in

CD3Cl) and 2 (500MHz in CD3OD); δ in p.p.m., J in Hz

Phenylpyripene E (1) Phenylpyripene F (2)

Position δC δH δC δH

1 36.6 (t) 2.15 (m)

1.37 (m)

36.3 (t) 2.12 (m)

1.42 (m)

2 25.9 (t) 2.08 (m)

1.85 (m)

23.0 (t) 1.81 (m)

1.73 (m)

3 71.4 (d) 3.46 (dd, J=11.4,

4.4)

80.6 (d) 4.53 (dd, J=12.0,

4.8)

4 41.8 (s) 37.8 (s)
5 45.5 (d) 1.64 (m) 55.2 (d) 1.13 (m)

6 25.5 (t) 1.81 (m)

1.67 (m)

19.1 (t) 1.75 (m)

1.67 (m)

7 77.7 (d) 5.05 (m) 41.5 (t) 2.15 (m)

1.78 (m)

8 83.0 (s) 81.8 (s)
9 54.7 (d) 1.51 (d, J=3.8) 55.6 (d) 1.50 (d, J=3.8)

10 38.0 (s) 37.4 (s)
11 60.0 (d) 4.99 (d, J=3.8) 59.1 (d) 4.94 (d, J=3.8)

12 102.3 (s) 102.2 (s)
13 162.5 (s) 164.0 (s)
14 98.0 (d) 6.39 (s) 98.3 (d) 6.62 (s)
15 159.9 (s) 159.5 (s)
16 164.5 (s) 164.6 (s)
17 17.7 (q) 1.41 (s) 15.4 (q) 1.40 (s)
18 16.3 (q) 1.68 (s) 19.7 (q) 1.68 (s)
19 12.2 (q) 0.81 (s) 16.2 (q) 0.90 (s)
20 65.8 (t) 4.24 (d, J=12.0)

3.70 (d, J=12.0)

27.2 (q) 0.93 (s)

21 171.6 (s) 171.3 (s)
22 20.9 (q) 2.11 (s) 21.4 (q) 2.04 (s)
23 170.0 (s)
24 21.4 (q) 2.16 (s)
1’ 130.9 (s) 131.1 (s)
2’ 125.6 (d) 7.79 (d, J=7.8) 125.2 (d) 7.84 (d, J=7.8)

3’ 128.9 (d) 7.45 (dd, J=7.8, 8.0) 128.7 (d) 7.48 (dd, J=7.8, 8.0)

4’ 131.0 (d) 7.45 (d, J=8.0) 130.6 (d) 7.48 (d, J=8.0)

5’ 128.9 (d) 7.45 (dd, J=7.8, 8.0) 128.7 (d) 7.48 (dd, J=7.8, 8.0)

6’ 125.6 (d) 7.79 (d, J=7.8) 125.2 (d) 7.84 (d, J=7.8)
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on a Nicolet NEXUS 470 spectrophotometer (Thermo Scientific, Beijing,
China) in KBr disks. CD spectra were measured on a JASCO J-715 spectro-
polarimeter (JASCO, Tokyo, Japan). NMR spectra were recorded on JEOL
JUM-ECP 600 (JEOL, Beijing, China) and Agilent 500MHz DD2 spectrometers
(Agilent, Beijing, China) using tetramethylsilane as an internal standard, and
the chemical shifts were recorded as δ values. ESIMS was measured on a
Micromass Q-TOF Ultima Global GAA076 LC mass spectrometer (Waters Asia
Pacific headquarters, Tokyo, Japan). HRESIMS spectra were measured on a
Micromass EI-4000 (Autospec-Ultima-TOF, Waters, Shanghai, China). TLC
and column chromatographywere performed either on plates precoated with
silica gel GF254 (10–40 μm) or over silica gel (200–300 mesh, Qingdao Marine
Chemical Factory, Qingdao, China). Size-exclusion chromatography was
performed using the Sephadex LH-20 (GE Healthcare, Bio-Sinences Corp,
Piscataway, NJ, USA). Semi-preparative HPLC was performed using an ODS

column (YMC-Pack ODS-A, 10× 250mm, 5 μm).

Fungal resource
The marine-derived fungus P. concentricum ZLQ-69 was isolated from water

sample taken from the coast of the Bohai Sea in Binzhou, Shandong Province,

China. The isolate was identified by ITS-rDNA sequence analysis. The

ITS1-5.8S-ITS2 rDNA sequence of the fungus ZLQ-69 was submitted to

GenBank with the accession number KM386990. The voucher specimen has

been deposited in our laboratory at − 80 °C. The working strain was prepared

on potato dextrose agar and stored at 4 °C.

Fermentation and extraction
The fungus ZLQ-69 was cultured stationarily at 28 °C for 30 days in 100

Erlenmeyer flasks (1 l) containing 60 g of rice and 20ml of natural seawater. At

the end of the incubation period, the mycelia and medium were homogenized,

extracted with MeOH-H2O (5:1, v/v; 120ml each flask) and concentrated under

reduced pressure to produce an aqueous solution. The aqueous solution was

extracted three times with equal volumes of EtOAc. The EtOAc solution was

concentrated under reduced pressure to produce the organic extract (20.5 g).

Purification
The EtOAc extract (20.5 g) was subjected to vacuum liquid chromatography

over a silica gel column using a gradient elution with petroleum ether-

CHCl3-MeOH to produce 10 fractions (fractions 1–10). Fraction 3 was

chromatographed on a silica gel column (petroleum ether/EtOAc, 2:1) and by

semi-preparative HPLC (75% MeOH/H2O, 3mlmin− 1) to produce compound

4 (tR 15min; 9mg). Fraction 5 was separated by Sephadex LH-20 chromato-

graphy (MeOH) to produce four subfractions (Fraction 5.1–5.4). Fraction 5.2

was further purified by semi-preparative HPLC (70% MeOH/H2O, 3mlmin− 1)

to produce compound 1 (tR 13min; 19mg) and compound 2
(tR 16.5min; 10mg). Further purification of Fraction 5.3 by preparative HPLC

(80% MeOH/H2O, 3mlmin− 1) produced compounds 8 (tR 14min; 9mg)

and 9 (tR 17min; 4.5mg). Fraction 7 was subjected to Sephadex LH-20

chromatography (CHCl3/MeOH, 1:1) and then purified by semi-preparative

HPLC (70% MeOH-H2O, 3mlmin− 1) to produce compounds 6 (tR 9min;

27mg) and 7 (tR 19min; 11mg). Fraction 10 was subjected to Sephadex LH-20

chromatography (MeOH) and then further purified by semi-preparative HPLC

(60% MeOH/H2O, 3mlmin− 1) to produce compounds 3 (tR 15min; 17mg)

and 5 (tR 19min; 20mg).

Phenylpyropene E (1). Light yellow powder; [α]25D +86.1 (c 0.1, CHCl3); UV
(MeOH) λmax (log ε) 211 (3.75), 245 (2.74), 312 (1.88) nm; CD (0.9× 10− 3M,

MeOH) λmax (Δε) 315 (−0.24), 267 (1.92), 231 (11.23), 201 (13.57) nm;
1H- and 13C-NMR data, see Table 1; HRESIMS m/z 541.2448 [M+H]+ (calcd.

for C30H37O9, 541.2432).Figure 2 Key 2D NMR correlations of compounds 1 and 2.

Figure 3 Measured and calculated CD spectra for compounds 1 and 2, and the model compound a. A full color version of this figure is available at The
Journal of Antibiotics journal online.
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Phenylpyropene F (2). Light yellow powder; [α]25D +52.4 (c 0.1, CHCl3); UV
(MeOH) λmax (log ε) 211 (3.56), 245 (2.78), 310 (1.90) nm; CD (1.1 × 10− 3 M,
MeOH) λmax (Δε) 267 (2.06), 231 (17.11), 201 (17.14) nm; 1H- and 13C-NMR
data, see Table 1; HRESIMS m/z 489.2998 [M+Na]+ (calcd. for C28H34O6Na,
489.2986).

Cytotoxicity assay
The cytotoxic activity of compounds 1–5 was evaluated by the MTT method.29

In this assay, the A-549, MGC-803 and HL-60 cell lines were grown in
RPMI-1640 supplemented with 10% FBS under a humidified atmosphere of
5% CO2 and 95% air at 37 °C. Cell suspensions (200 μl) at a density of 5× 104

cell ml− 1 were plated in 96-well microtiter plates and incubated for 24 h. Then,
2 μl of the test solutions in DMSO were added to each well and further
incubated for 72 h. The MTT solution (20 μl, 5 mgml− 1 in IPMI-1640
medium) was then added to each well and incubated for 4 h. Old medium
containing MTT (150ml) was gently replaced by DMSO and pipetted to
dissolve any formazan crystals formed. The absorbance was determined by a
Spectra Max Plus (Molecular Devices Corp, Sunnyvale, CA, USA) plate reader
at 540 nm. Doxorubicin was used as the positive control (IC50 values 0.64, 0.37
and 0.029 μM).

Computation
Conformational searches were run employing the “systematic” procedure
implemented in Spartan’14, using Merck molecular force field.30 All Merck
molecular force field minima were re-optimized with density functional thoery
(DFT) calculations at the B3LYP/6-31+G(d) level using the Gaussian09
program.31 The geometry was optimized starting from various initial con-
formations, with vibrational frequency calculations confirming the presence of
minima. Time-dependent DFT calculations were performed on the lowest-
energy conformations (45% population) for each configuration using 30
excited states and a polarizable continuum model for chloroform. ECD
spectra were generated using the program SpecDis by applying a Gaussian
band shape with 0.26 eV width, from dipole-length rotational strengths.32 The
dipole velocity forms yielded negligible differences. The spectra of the
conformers were combined using the Boltzmann weighting, with the lowest-
energy conformations accounting for ~ 99% of the weights. The calculated
spectrum was blue-shifted by 10 nm to facilitate comparison to the
experimental data.
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