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摘要  从红树角果木内生真菌 Penicillium herquei JX4 中分离纯化得到 11 个次级代谢产物, 应用质谱(MS)、核磁共振

(NMR)以及圆二色谱(ECD)等多种波谱和光谱技术确定了 11 个次级代谢产物的结构, 经鉴定分别为 Penicillquei A (1), 

Penicillquei B (2), Pyrophen (3), Alaromydien A (4), Penicillar E (5), Aculene D (6), Sordaricin (7), BE-31405 (8), Ver-

mistatin (9), Aspergillumarin A (10)和 Aspergillumarin B (11). 化合物 1 和 2 新化合物. 抑菌活性测试表明化合物 2, 3, 7

和 8 具有广谱的抗植物病原菌活性.   
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Abstract  Two new secondary metabolites, penicillqueies A and B (1 and 2), together with penicillquei A (1), penicillquei B 
(2), pyrophen (3), alaromydien A (4), penicillar E (5), aculene D (6), sordaricin (7), BE-31405 (8), vermistatin (9), aspergillu-
marin A (10) and aspergillumarin B (11) were isolated from Penicillium herquei JX4. Their structures were elucidated using 
comprehensive spectroscopic methods. The absolute configuration of penicillquei A was determined by its experimental and 
calculated electronic circular dichroism (ECD) spectra. Compounds 2, 3, 7 and 8 showed broad spectrum antifungal activities 
against nine phytopathogenic fungi.  
Keywords  Penicillium herquei; secondary metabolites; antifungal activity  

 

1  Introduction 

Endophytic fungi are widely recognized as a prolific 
source of structurally unique and biologically active natu-
ral products.[1-3] Many biologically active secondary me-
tabolites have been isolated from the genus Penicillium, for 

example, antifungal sesquiterpenoid,[4] cytotoxicity penici- 
xanthone G,[5] anti-human immunodeficiency virus (HIV) 
cyclopiamide,[6] and anti-inflammatory penazaphilone I.[7] 
In our previous research bioactive metabolites from man-
grove fungi in the South China Sea, two epimer pairs of 
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acetaminophen derivatives penicilqueis A～D[8] were iso-
lated from Penicillium herquei JX4. In order to search for 
additional bioactive natural products from Penicillium 
herquei JX4, the culture condition was changed to solid 
rice fermentation. The EtOAc extract of Penicillium 
herquei JX4 showed significant inhibitory activity against 
phytopathogenic fungi. In our continuing search for struc-
turally interesting natural products from this fungus, two 
new secondary metabolites, penicillqueis A and B (1 and 
2), together with nine known compounds (3～11) were 
isolated from Penicillium herquei JX4 (Figure 1). The ab-
solute configurations of penicillquei A was determined by 
its experimental and calculated electronic circular dichro-
ism (ECD) spectra. The absolute configurations of 3 was 
determined by its single-crystal X-ray diffraction for the 
first time. Compounds 2, 3, 7 and 8 showed broad spec-
trum antifungal activities against seven phytopathogenic 
fungi. Herein, the isolation, structure elucidation, and bio-
activities of these compounds are described. 
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Figure 1  Structures of compounds 1～11 

2  Results and discussion 

2.1  Structure identification of compound 1  

Penicillquei A (1) was gained as colorless oil, and the 
molecular formula was deduced to C11H18O3 on the basis 
of HRESIMS. In 1H NMR (Table 1), four olefinic protons 
[δH 7.30 (dd, J＝15.6, 10.8 Hz, 1H), 6.50 (dd, J＝15.2, 
10.8 Hz, 1H), 6.32 (d, J＝10.8 Hz, 1H), and 6.15 (d, J＝

15.6 Hz, 1H)], one methylol protons [δH: 3.48 (d, J＝11.2 
Hz, 1H, Ha), 3.43 (d, J＝11.2 Hz, 1H, Hb)], two methylene 
protons [δH 1.57 (dd, J＝8.8, 7.6 Hz, 2H) and 1.25～1.33 
(m, 2H)], and two methyl protons [δH 2.28 (s, 3H) and 0.92 
(t, J＝7.2 Hz, 3H)] were observed. The 13C NMR/ 
135DEPT data showed 11 resonances, including one car-
bonyl carbon, four olefinic carbons, one sp3-oxygenated 
quaternatry carbon, one methylol carbon, two methylene 
carbons and two methyl carbons. The COSY correlations 
from H-3 to H-4, H-4 to H-5, H-5 to H-6, H-8 to H-9, and 
H-9 to H-10, combined with the HMBC correlations from 
H-1 to C-2/3, and H-11 to C-6/7/8 (Figure 2), indicated the 
structure of 1 as Figure 1. The large 3JH-3,H-4＝15.6 Hz and 
3JH-5,H-6＝15.2 Hz showed that the double bonds of C-3 and 
C-5 are E-form. The absolute configuration of 1 was con-
firmed by comparing experimental and calculated ECD 
spectra for the (7R)-1 and (7S)-1 using time-dependent 
Density functional theory (TDDFT) (Figure 3). The theo-
retical spectrum of (7R)-1 showed an excellent fit with the 
experimental plot recorded in MeOH. Thus, the absolute 
configuration of 1 was established as 7R,3E,5E and named 
(R,3E,5E)-7-hydroxy-7-(hydroxymethyl)deca-3,5-dien-2- 
one. 

 
Figure 2  1H-1H COSY correlations and key HMBC correlations 
for compounds 1 and 2 

 

Figure 3  Experimental ECD and calculated ECD spectra of 1 in 
MeOH 

2.2  Structure identification of compound 2 

Penicillquei B (2) was gained as colorless needle crystal, 
and the molecular formula was deduced to C14H15NO3 on 
the basis of HRESIMS. The first preliminary investigation 
of its 1H NMR and 13C NMR showed that 2 was closely 
related to pyrophen (3), except for the disappearance of 
acetyl group signal [δH 1.91 (s) and δC 172.9] in 2. These 
data indicated that the acetyl group in pyrophen (3) was 
replaced by a proton in 2. Detailed analysis of 2D NMR   
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Table 1  1H NMR (400 MHz) and 13C NMR  (100 MHz) data for 1 and 2 (400 MHz) (J in Hz) 

Position 
1 (MeOH-d4) Position 

2 (MeOH-d4) 

δH δC δH δC 

1 2.28 (s) 27.0 (CH3) 2 — 166.3 (C) 
2 — 201.7 (C) 3 5.55 (d, 2.0) 88.5 (CH) 
3 6.15 (d, 15.6) 130.7 (CH) 4 — 172.9 (C) 
4 7.30 (dd, 15.6, 10.8) 145.8 (CH) 5 5.99 (d, 2.0) 101.3 (CH) 
5 6.50 (dd, 15.2, 10.8) 128.8 (CH) 6 — 163.8 (C) 
6 6.32 (d, 15.2) 149.6 (CH) 7 4.90 (dd, 8.8, 7.2) 53.6 (CH) 

7 — 76.9 (C) 8 
3.15 (dd, 14.0, 7.2) 
2.97 (dd, 14.0, 8.8) 

38.8 (CH2) 

8 1.57 (dd, 9.2, 7.6) 40.5 (CH2) 9 — 137.6 (C) 
9 1.25～1.33 (m) 17.6, (CH2) 10/14 7.19～7.28 (m) 129.7 (CH) 
10 0.92 (t, 7.2) 14.9 (CH3) 11/13 7.19～7.28 (m) 129.1 (CH) 
11 3.48 (d, 11.2, Ha), 3.43 (d, 11.2, Hb) 69.5 (CH2) 12 7.19～7.28 (m) 127.4 (CH) 
   4-OMe 3.81 (s) 56.5 (CH3) 

 
(HSQC, 1H-1H COSY, HMBC and NOESY) spectra con-
firmed that the other parts of the molecule were the same 
as those of 3. Compound 2 has the (7S)-form based upon 
the positive optical rotation of 2. It’s 25

D[ ]α  (＋14.2) was 
very close to the known compound 3 ( 25

D[ ]α ＋13.7). 
Therefore, the structure of compound 2 was established as 
depicted in Figure 1, and named as (S)-6-(1-amino-2- 
phenylethyl)-4-methoxy-2H-pyran-2-one. 

The known compounds were identified as pyrophen 
(3),[9] alaromydien A (4),[10] penicillar E (5),[11] aculene D 
(6),[12] sordaricin (7),[13] BE-31405 (8),[14] vermistatin 
(9),[15] aspergillumarins A and B (10 and 11).[16] 

Compound 3 was crystallized form MeOH/H2O (V∶  
V＝50∶1) at room temperature. Diffraction intensity data 
collection, structure solution, hydrogen atom treatment, 
and refinement for 3 were performed as reported previous-
ly.[17] The absolute configuration of 3 was confirmed by 
the X-ray crystal structure of 3 for the first time and it was 
defined as (7S) (Figure 4). Crystallographic data (exclud-
ing structure factors) for 3 has been deposited with the 
Cambridge Crystallographic Data Centre: CCDC reference 
number 2036549.  

The isolation compounds were evaluated against nine 
phytopathogenic fungi: Alternaria brassicicola, Phy-
tophthora parasitica var. nicotianae, Colletotrichum cap-
sici, Bipolaris oryzae, Diaporthe medusaea nitschke, 
Ceratocystis paradoxa moreau, Exserohilum turcicum, 

 

Figure 4  X-ray structure of 3 

Pestallozzia theae and Alternaria citri, and the results are 
shown in Table 2. Compounds 2, 3, 7 and 8 exhibited 
broad spectrum antifungal activitiy against these phyto- 
pathogenic fungi. Thus, compounds 2, 3, 7 and 8 may have 
potential for the development of new antifungal drugs. 

3  Conclusions 

In this study, two new secondary metabolites, peni-
cillqueies A and B (1 and 2), together with nine known 
compounds (3 ～ 11) were isolated from Penicillium 
herquei JX4. The absolute configurations of penicillquei A 
was determined by its experimental and calculated elec-
tronic circular dichroism (ECD) spectra. The significant  
antifungal activities of compounds 2, 3, 7 and 8 could be 
used for the development of new antifungal agents. 

 
Table 2  The antifungal activity of isolated compounds 

Compd. 
MIC/(µg•mL－1) 

A. brassicicola 
P. Parasitica  

var. nicotianae 
C. capsici B. oryzae

D. Medusaea 
Nitschke 

C. Paradoxa 
Moreau 

E. turcicum P. theae A. citri

2 50 100 50 25 50 100 200 100 50 
3 25 50 50 50 50 100 100 50 50 
7 25 50 25 25 25 25 50 50 12.5 
8 25 25 12.5 25 50 50 25 25 25 

10 100 100 50 ＞200 100 ＞200 ＞200 100 200 
11 100 200 100 ＞200 ＞200 ＞200 ＞200 100 100 

Prochlorazb 12.5 50 12.5 50 50 25 12.5 25 25 
a Compounds 1, 4～6 and 9 were inactive for all phytopathogenic fungals used (MIC＞200 μg/mL). b Prochloraz was used as a positive control.   
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4  Experimental section 

4.1  General experimental material  

Optical rotations were acquired on a JASCOP-1020 dig-
ital polarimeter. IR spectra were recorded on a Nicolet 
6700 spectrophotometer. ECD spectra were recorded on a 
MOS-450 spectrometer. NMR spectra were recorded on a 
Bruker AV spectrometer (400 MHz for 1H NMR and 100 
MHz for 13C NMR). TMS was used as an internal stand-
ard. HRESIMS spectra were measured on a Q-TOF Ultima 
Global GAA076 LC mass spectrometer. Semi-preparative 
HPLC was performed on an Agilent 1260 LC series. Silica 
gel (Qing Dao Hai Yang Chemical Group Co.; 200～300 
mesh) and Sephadex LH-20 (GE) were used for column 
chromatography (CC). Precoated silica gel plates (Yan Tai 
Zi Fu Chemical Group Co.; G60, F-254) were used for thin 
layer chromatography (TLC).  

4.2  Fungal material  

The fungal strain Penicillium herquei JX4 was isolated 
from the leaves of Ceriops tagal, which were collected in 
the South China Sea in August, 2016. The fungal strain 
was deposited in the key laboratory of tropical medicinal 
resource chemistry of ministry of education, college of 
chemistry and chemical engineering, hainan normal uni-
versity of China, Hainan. The sequence data have been 
submitted to GenBank, with an accession number MF- 
663569.1.  

4.3  Fermentation, extraction, and isolation  

The fungal strain was grown on solid rice cultures in 1 L 
Erlenmeyer flasks 100 flasks; 100 mL of natural seawater 
from the South China Sea was added to 100 g of commer-
cially available rice, autoclave sterilization) at 25 ℃ 
without shaking for 28 d. The fermentation was extracted 
three times with an equal volume of EtOAc. The combined 
EtOAc layers were evaporated to dryness under reduced 
pressure to give an EtOAc extract (88 g), which was sub-
jected to silica gel column chromatography (CC) (petro-
leum ether, EtOAc, MeOH, gradient) to generate seven 
fractions (Fr.1～Fr.7). Fr.2 was isolated by CC on silica 
gel eluting with petroleum ether/EtOAc (V∶V＝20∶1) 
and then subjected to repeated Sephadex LH-20 CC eluting 
with mixture of CHCl3/MeOH (V∶V＝1∶1) to afford 
three subfractions (2a～2c). Subfraction 2b was further 
separated by Semi-Preparative HPLC (CH3CN/H2O, V∶ 
V＝45∶55) to obtain 1 (6 mg). Fr. 3 was isolated by col-
umn chromatography (CC) on silica gel eluted with petro-
leum ether/EtOAc (V∶V＝ 50∶1～1∶1) to afford four 
subfractions (3a～3d). Subfraction 3b was further purified 
by Semi-Preparative HPLC (CH3CN/H2O, V∶V＝45∶55) 
to obtain 4 (4 mg), 5 (5 mg), 6 (3 mg) and 7 (9 mg). Sub-
fraction 3c was further separated by Semi-Preparative 
HPLC (CH3CN/H2O, V∶ V＝40∶60) to obtain 10 (15 
mg) and 11 (5 mg). Subfraction 3d was further separated 
by Semi-Preparative HPLC (CH3CN/H2O, V∶V＝45∶55) 

to obtain 2 (6 mg) and 3 (21 mg). Fr. 4 was isolated by CC 
on silica gel eluted with petroleum ether/EtOAc (V∶V＝
20∶1～0∶100) to afford four subfractions (4a～4d). 
Subfraction 4b was further purified by Semi-Preparative 
HPLC (CH3CN/H2O, V∶V＝30∶70) to obtain 8 (15 mg) 
and 9 (9 mg), respectively.  

Penicillquei A (1): colorless oil. ECD (MeOH) λmax 
[Δε/(L•mol－1•cm－1)]: 309 (0.6), 263 (－0.8), 220 (0.9) nm; 
1H NMR and 13C NMR see Table 1; IR (KBr) νmax 3438, 
2945, 1671  cm－1; HRESIMS calcd for C11H19O3 [M＋ 
H]＋ 199.1329, found 199.1324.  

Penicillquei B (2): colorless needle crystal. m.p. 171.1～
178.2 ℃; 25

D[ ]α ＋14.2 (c 0.2, MeOH); 1H NMR and 13C 
NMR see Table 1; IR (KBr) νmax 3435, 3323, 1668, 1571 
cm － 1; HRESIMS calcd for C14H16NO3 [M ＋ H] ＋ 
246.1125, found 246.1123.  

 
Supporting Information  1D and 2D NMR, HRESIMS 
spectra of compounds 1 and 2, and X-ray crystallographic 
information file (CIF) of 3. These materials can be down-
loaded for free from website (http://sioc-journal.cn/). 
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