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红树来源真菌 Eupenicillium sp. HJ002 发酵产物中 
三个新的聚酮类化合物 

蔡  瑾 a,b    农旭华 a,b    王  斌 a,b    曾尾女 a,b 
黄国雷 a,b    张子怡 a,b    郑彩娟*,a,b 

(a海南师范大学化学与化工学院  热带药用资源化学教育部重点实验室  海口 571158) 
(b海南师范大学  海南省热带药用植物化学重点实验室  海口 571158) 

摘要  从红树来源真菌Eupinillium sp. HJ002的发酵产物中分离获得一对新的差向异构体Eupenicilchromans A, B, 一个

新的异香豆素衍生物 eupenicillin A 以及五个已知化合物. 通过多种波谱技术及电子圆二色谱(ECD)量子化学计算方法

确定了新化合物的结构和绝对构型. Eupenicilchromans A, B 显示强的抗氧化活性, IC50值分别为 0.6 和 2.6 mmol/L, Eu-
penicilchroman A 的活性强于阳性对照药 trolox (IC50＝1.6 mmol/L).  
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Abstract  A pair of novel isochroman epimers eupenicilchromans A, B, and one new isocoumarin derivative eupenicilmarin 
A, together with five known compounds were isolated from the culture of mangrove-derived fungus Eupenicilium sp. HJ002. 
The structures of the new compounds, including the absolute configurations, were determined by comprehensive spectroscopic 
methods, experimental and calculated electronic circular dichroism (ECD) methods. Eupenicilchromans A, B showed potent 
antioxidant activeties with the IC50 values of 0.6 and 2.6 mmol/L, respectively, and eupenicilchroman A displayed better 
antioxidant activity than the positive control trolox (IC50＝1.6 mmol/L). 
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1  Introduction 

Mangrove-derived fungi have been one of the important 
resources for the discovery of drug lead compounds. An 
increasing number of structural novel and bioactive natural 
products have been reported in recent years,[1] such as an-
tifungal chromones (5-hydroxy-2,3-dihydroxymethyl-7- 
methoxychromone and 5-hydroxy-3-acetoxymethyl-2- 
methyl-7-methoxy-chromone),[2] inhibitory activity against 

α-glucosidase chromone (7-hydroxy-5-methoxy-2,3-  
dimethyl-chromone),[3] cytotoxic cytosporin W,[4] anti- 
inflammatory alkaloid (farinomalein H)[5] and antifouling 
alkaloid dimer (＋)-asperginulin A.[6] In our investigation 
into bioactive natural products from mangrove-derived 
fungi, one endophytic fungus Eupenicillium sp. HJ002 
obtained from the mangrove Xylocarpus granatum 
Koening attracted our attention. In our previous work, 
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three novel cytotoxic indole diterpenes (penicilindoles A～
C) and one new anti-insect phenol derivative (3-chloro-5- 
hydroxy-4-methoxyphenylacetic acid methyl ester) have 
been identified from the fungus HJ002,[7-8] when it was 
fermented with potato liquid medium. In order to search 
for more structural novel and bioactive compounds from 
this strain, the fungus was fermented with a solid rice me-
dium, and its fermentation extract showed strong antioxi-
dant activity. A chemical investigation of the fermentation 
extract led to the identification of eight compounds (1～8) 
(Figure 1), among which compounds 1～3 were identified 
as new and showed strong antioxidant activity. All com-
pounds were obtained from Eupenicillium sp. HJ002 for 
the first time. Herein, the isolation, structure elucidation, 
and bioactivities of these compounds are described. 

 
Figure 1  Structures of compounds 1～8 

2  Results and discussion 
2.1  Structure elucidation  

Compound 1 was isolated as yellow oil. The molecular 
formula of 1 was established as C12H14O4 by its HR-ESI- 
MS at m/z 223.0955  (calcd for C12H15O4 [M＋H]＋ 
223.0952). The 1H NMR spectrum of 1 revealed the pres-
ence of one phenolic hydroxyl signal at δH 9.40 (s), two 
aromatic proton signals at δH 7.78 (d, J＝8.6 Hz) and 6.77 

(d, J＝8.6 Hz), two oxygenated methine signals at δH 5.18 
(d, J＝6.0 Hz) and 4.45～4.53 (m), one methylene signal 
at δH 2.63～2.69 (m), two methyl signals at δH 1.54 (d, J＝
6.4Hz) and 1.50 (d, J＝6.4 Hz). The 13C NMR combined 
with the DEPT (distortionless enhancement by polarization 
transfer) spectra showed the presence of one ester carbonyl 
carbon at δC 166.6 (C), six aromatic carbons at δC 161.5 
(C), 136.5 (C), 131.8 (CH), 124.6 (C), 117.5 (CH) and 
116.1 (C), two oxygenated methine groups at δC 73.9 (CH) 
and 68.3 (CH), one methylene signal at δC 31.7 (CH2), and 
two methyl signals at δC 22.1 (CH3) and 21.1 (CH3). The 
1H NMR and 13C NMR data (Table 1) indicated that it 
possessed a 1,2,3,4-tetrasubstituted benzene ring. The 
COSY (correlation spectroscopy) indicated three coupling 
systems CH(1)—CH3(9), CH2(4)—CH(3)—CH3(10), and 
CH(6)—CH(7) (Figure 2). The whole structure was con-
nected by the HMBC (heteronuclear multiple-bond corre-
lation) from H-1 to C-8, H-4 to C-5/8a, H-6 to 
C-4a/C-8/C-11, H-7 to C-5/C-8a, Me-9 to C-8a, Me-10 to 
C-4 (Figure 2), thus plane structure of 1 was determined, 
and indicating 1 had an isochroman skeleton. The relative 
configurations of C-1 and C-3 were determined by the 
NOESY (nuclear overhauser effect spectroscopy) correla-
tions of H-1 to H-3, indicating that H-1 and H-3 were on 
the same side of the structure (Figure 3). To determine the 
absolute configuration of 1, the theoretical ECD spectra of 
two possible stereoisomers of 1S,3R and 1R,3S were cal-
culated by time-dependent density-functional theory 
(TDDFT) calculation, and the calculated electronic circular 
dichroism (ECD) curve of isomer 1S,3R revealed a good 
agreement with the experimental one (Figure 4). Therefore, 
the absolute configuration of 1 was assigned as 1S,3R, and 
named as eupenicilchroman A. 

Compound 2 was isolated as yellow oil. The molecular 
formula of 1 was established as C12H14O4 by its HR-ESI- 
MS at m/z 221.0817 (calcd for C12H13O4 [M－H]－ 
221.0819). The 1H NMR and 13C NMR data (Table 1) of 
compound 2 were quite similar to those of 1 except for the 

Table 1  1H NMR and 13C NMR Data for 1～3 (400/100 MHz) in CDCl3 and DMSO-d6 

Position 
1a 

 
2a 3b 

δH (J in Hz) δC δH (J in Hz) δC δH (J in Hz) δC 
1 5.18 (d, 6.0) 68.3 (CH)  5.38 (d, 6.6) 68.5 (CH)  1.36, (d, 6.4) 164.9 (C)
3 4.45～4.53 (m)  73.9 (CH)  4.51～4.61 (m) 73.8 (CH)  4.50～4.58 (m)  74.3 (CH)

4 2.63～2.69 (m) 31.7 (CH2)  2.90 (dd, 16.4, 3.0, H-4eq)  
2.66 (dd, 16.4, 11.4, H-4ax) 31.6 (CH2)  2.81 (dd, 16.8, 3.2) 

2.72 (dd, 16.8, 11.4) 32.3 (CH2)

4a  136.5 (C)   136.8 (C)   139.4 (C)
5  116.1 (C)   116.9 (C)   127.3 (C)
6 7.78 (d, 8.6) 131.8 (CH)  7.97 (d, 8.6) 132.2 (CH)   160.2 (C)
7 6.77 (d, 8.6) 117.5 (CH)  6.87 (d, 8.6) 117.3, (CH)  6.93 (d, 8.6) 115.8 (CH)
8  161.6 (C)   161.4 (C)  7.85 (d, 8.6) 133.3 (CH)
8a  124.6 (C)   124.0 (C)   116.2 (C)
9 1.54 (d, 6.6) 22.1 (CH3)  1.53 (d, 6.6) 22.9 (CH3)  1.36 (d, 6.4) 32.4 (CH3)

10 1.50 (d, 6.4) 21.1 (CH3)  1.49 (d, 6.4) 21.1 (CH3)   203.4 (C)
11  166.6 (C)   165.9 (C)  2.49 (s) 20.9 (CH3)

8-OH 9.40 (s)   9.39 (s)     
aCDCl3; bDMSO-d6.  
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Figure 2  1H-1H COSY correlations and key HMBC correlations 
for compounds 1～3 

 
Figure 3  Key NOESY correlations for compounds 1 and 2 

 
Figure 4  Experimental and calculated ECD spectra of 1～3 

chemical shifts of C-4 at δH 2.90 (dd, J＝16.4, 3.0 Hz) and 
2.66 (dd, J＝16.4, 11.4 Hz) in 2 instead of δH 2.63～2.69 

(m) for C-4 in 1. The above results suggested that 2 and 1 
were a pair of isochroman epimers, and had different con-
figurations at C-1 and C-3. The relative configurations of 
C-1 and C-3 were determined by the NOESY correlations 
of H-1 to H-4eq and H-3 to H-4ax, indicating that H-1 and 
H-3 were on the opposite side of the structure (Figure 3). 
The absolute configurations of 2 were subsequently deter-
mined as 1R,3R by TDDFT ECD calculation (Figure 4), 
and named as eupenicilchroman B. 

Compound 3 was isolated as white gum. The molecular 
formula of 3 was assigned as C12H12O4 on the basis of its 
negative HR-ESI-MS at m/z 219.0660 (calcd for [M－H]− 
219.0664), requiring seven degrees of unsaturation. In the 
1H NMR spectrum, two aromatic proton signals at δH 7.85 
(d, J＝8.6 Hz) and 6.93 (d, J＝8.6 Hz) indicated the pres-
ence of a 1,2,3,4-tetrasubstituted benzene ring. One ox-
ymethine signal at δH 4.50～4.58 (m), one methylene 
group at δH 2.81 (dd, J＝16.8, 3.2 Hz) and 2.72 (dd, J＝
16.8, 11.4 Hz), and two methyl signals at δH 2.49 (s) and 
1.36 (d, J＝6.4 Hz) were also observed in the 1H NMR 
spectrum. The 13C NMR combined with the DEPT spectral 
data (Table 1) revealed the presence of one ketone carbon-
yl carbon at δC 203.4 (C), one ester carbonyl carbon at δC 
164.9 (C), six aromatic carbons at δC 160.2 (C), 139.4 (C), 
132.3 (CH), 127.3 (C), 116.2 (C) and 115.8 (CH), one ox-
ygenate methane signal at δC 74.3 (CH), two methyl groups 
at δC 32.4 (CH3) and 20.9 (CH3), and one methylene group 
at δC 32.3 (CH2). The COSY correlations indicated two 
coupling systems CH(4)—CH2(3)—CH3(9) and CH(7)—
CH(8) (Figure 2). Additionally, the HMBC correlation 
from H-8 to C-1 indicated that 3 had an isocoumarin skel-
eton.[9] The HMBC correlations of H-4 and H-7 to 
C-5/C-8a, H-8 to C-6, H-9 to C-4, Me-11 to C-5/C-10, 
suggested that the hydroxyl group was attached to C-6, an 
aldehyde group to C-5, and two methyl groups to C-3 and 
C-10 positions of the isocoumarin unit, respectively (Fig-
ure 2). On the basis of the above description, the planar 
structure of 3 was established as shown in Figure 1. The 
absolute configuration of 3 was subsequently determined 
as 3S by TDDFT ECD calculation (Figure 4), and named 
as eupenicilmarin A. 

The structures of known compounds 4～8 were identi-
fied by comparison of their spectroscopic data with those 
in the literature, and their structures were identified as 4- 
(hydroxymethyl)-5,6-dihydro-pyran-2-one (4),[10] anhydro- 
mevalonolactone (5),[11] (R)-(－)-mevalonolactone (6),[12] 
(R)-mevalonolactone (7),[13] cladosporilactam A (8).[14] 
2.2  Biological activity 

The antioxidant assays of the isolated compounds were 
carried out for their 2,2'-azinobis-(3-ethylbenzthiazoline- 
6-sulphonate) (ABTS) radical scavenging capacities. Ac-
cording to the results, compound 1 had potent antioxidant 
activity with the IC50 value of 0.6 mmol/L, while the posi-
tive control showed antioxidant activity with the IC50 value 
of 1.5 mmol/L. Compounds 2 and 3 showed moderate an-
tioxidant activity with the IC50 values of 2.6 and 15.7 
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mmol/L, respectively. Therefore, compounds 1～3 have 
the potential value of developing antioxidant drugs. 

All compounds were tested for their antibacterial activi-
ties, but no activity was observed against four pathogenic 
bacteria Escherichia coli, Staphylococcus aureus, Vibrio 
alginolyticus and V. parahaemolyticus.  

3  Conclusions 
In summary, a pair of novel isochroman epimers eupen-

icilchromans A, B (1, 2), and one new isocoumarin deriva-
tive eupenicilmarin A (3), together with five known com-
pounds (4～8) were isolated from the culture of man-
grove-derived fungus Eupenicillium sp. HJ002. Their ab-
solute configurations were determined by experimental and 
calculated ECD methods. Compounds 1 and 2 showed po-
tent antioxidant activity with IC50 values of 0.6 and 2.6 
mmol/L, respectively, and they have the potential value of 
developing antioxidant drugs. 

4  Experimental section 
4.1  General experimental procedures 

Optical rotations were measured on a JASCO P-1020 
digital polarimeter (JASCO, Tokyo, Japan). CD spectra 
were recorded on a Mos-450 spectrometer. HR-ESI-MS 
spectra were obtained on a Q-TOF Ultima Global GAA076 
LC mass spectrometer. NMR spectra were recorded on a 
Bruker AV spectrometer (400 MHz for 1H NMR and 100 
MHz for 13C NMR) and a JNM-ECZS spectrometer (600 
MHz for 1H NMR and 125 MHz for 13C NMR). HPLC 
were used for Agilent 1100 prep-HPLC system with an 
Agilent Eclipse XDB-C18 column (9.4 mm×250 mm, 7 
μm). The other experimental procedures were performed as 
reported previously.[7] 
4.2  Fungal materials  

The fungus HJ002 was isolated from the stem of the 
mangrove plant Xylocarpus granatum Koenig, which were 
collected in the Dongzhai Port, Haikou City, Hainan Prov-
ince in August, 2015. It was deposited in China General 
Microbiological Culture Collection Center, CGMCC, Bei-
jing, China, with the CGMCC code 13373. The fungus was 
identified according to its morphological characteristics 
and a molecular biological protocol by 18S rRNA amplifi-
cation and sequencing of the ITS region. The sequence 
data have been submitted to GenBank, with an accession 
number JQ828843, and the fungal strain was identified as 
Eupenicillium sp.[7] 
4.3  Fermentation, extraction and isolation 

The seed culture was prepared in potato liquid medium 
(33.3 g of sea salt in 1 L of potato infusion, in two Erlen-
meyer flasks each containing 200 mL of seed medium) at 
28 ℃, and incubated at 28 ℃ on a rotary shaker (160 
rpm) for 3 d. 10 mL of seed culture was then transferred 
into solid rice medium (each flask contained 60 mL of rice, 
2.0 g of sea salt and 80 mL of water), in total thirty Erlen-
meyer flasks of the fungal strain were cultivated in solid 

medium at 28 ℃ for four weeks. The total rice culture was 
extracted with EtOAc for three times. The EtOAc extracts 
were concentrated in vacuo to yield an oily residue (17.8 
g). The crude extracts were subjected to silica gel column 
chromatography (CC) eluted with petroleum ether/EtOAc 
(V∶V＝100∶0～0∶100) and EtOAc/MeOH (V∶V＝
100∶0～0∶100) to generate seven fractions (Fr.A～
Fr.G). Fr.C (2.5 g) was fractionated by silica gel CC using 
a gradient elution of petroleum ether/EtOAc (V∶V＝7∶
1～0∶1) to obtain five fractions (Fr.C1～Fr.C6) by the 
thin-layer chromatography (TLC) analysis. Fr.C6 (1.3 g) 
was subjected to Sephadex LH-20 (Petroleum 
ether-CHCl3-MeOH, V∶V∶V＝2∶1∶1), and then to 
semi-preparative HPLC to give compounds 1 (5.4 mg) and 
2 (6.8 mg). Fr.D (4.1 g) was applied to Sephadex LH-20 
(CHCl3-MeOH, V∶V＝1∶1) to obtain five fractions 
(Fr.D1～Fr.D5). Subsequently, Fr.D4 (1.2 g) was subject-
ed to silica gel CC using a gradient of petroleum ether/ 
EtOAc (V∶V, 5∶1→0∶1), further purified by semi- 
preparative HPLC to afford 3 (6.5 mg) and 5 (5.7 mg). 
Fr.E (3.1 g) was fractionated by silica gel CC petroleum 
ether/EtOAc (V∶V 5∶1→1∶9) to get four fractions 
(Fr.E1～Fr.E4). Subsequently, Fr.E2 (1.1 g) was subjected 
to Sephadex LH-20 and semi-preparative HPLC to obtain 
4 (11.4 mg) and 8 (10.2 mg). Fr.G (2.3 g) was fractionated 
by silica gel CC, Sephadex LH-20 and semi-preparative 
HPLC to give 6 (4.5 mg) and 7 (6.2 mg). 

Eupenicilchroman A (1): Yellow oil; 25
D[ ]α －6.6 (c 

0.22, MeOH); UV (MeOH) λmax [log ε/(L•mol－1•cm－1)]: 
220, 269 nm; IR (KBr) νmax: 3431, 2925, 1687, 1591 cm－1; 
CD (c 0.2, MeOH) λmax [Δε/(L•mol－1•cm－1)]: 226 (＋
18.57), 247 (－2.93), 277 (＋3.28) nm; 1H NMR and 13C 
NMR data see Table 1; HR-ESI-MS calcd for C12H15O4  
[M＋H]＋ 223.0952, found 223.0955.  

Eupenicilchroman B (2): Yellow oil; 25
D[ ]α －6.8 (c 

0.10, MeOH); UV (MeOH) λmax [log ε/(L•mol－1•cm－1)]: 
219, 268 nm; IR (KBr) νmax: 3426, 2925, 1689, 1592 cm－1; 
CD (c 0.2, MeOH) λmax [Δε/(L•mol－1•cm－1)]: 226 (＋
18.17), 247 (－2.60), 277 (＋3.71) nm; 1H NMR and 13C 
NMR data see Table 1; HR-ESI-MS calcd for C12H13O4  
[M－H]－ 221.0814, found 221.0817. 

Eupenicilmarin A (3): White gum; 25
D[ ]α －20.4 (c 0.25, 

MeOH); UV (MeOH) λmax [log ε/(L•mol－1•cm－1)]: 220, 
246, 312 nm; IR (KBr) νmax: 3744, 3433, 1695, 1590 cm－1; 
CD (c 0.05, MeOH) λmax [Δε/(L•mol－1•cm－1)]: 213 (－
5.41), 271 (－6.15), 316 (－4.65) nm; 1H NMR and 13C 
NMR data see Table 1; HR-ESI-MS calcd for C12H11O4  
[M－H]－ 219.0657, found 219.0660. 
4.4  Biological assays 
4.4.1  Antioxidant activity 

According to the total antioxidant capacity test kit 
(ABTS method), the ABTS mother liquor was prepared 
with equal volume of ABTS solution and oxidant solution. 
The ABTS working solution was stored at room tempera-
ture for 12～16 h, and then diluted into the ABTS working 
solution with phosphate buffered saline (PBS) buffer. After 
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subtracting the corresponding PBS blank control from the 
absorbance of ABTS working solution, the absorbance at 
734 nm was about 0.7. 200 μL of the ABTS working solu-
tion and 10 μL of sample were added into each detection 
well, and the mixture was mixed gently. The mixture was 
incubated at room temperature for 2～6 min, and then the 
absorbance at 734 nm was determined by full wavelength 
multi-functional microplate reader. PBS buffer was used as 
blank control and trolox as positive control. The inhibition 
rate of each sample was calculated according to following 
formula: inhibition rate(%)＝[(Ablank－Acompound)/Ablank]×
100%. Finally, the SPSS software is used to calculate the 
IC50 value.[15-16]  
4.4.2  Antibacterial activity 

Antibacterial activity was determined against four path-
ogenic bacteria, Escherichia coli (ATCC 25922), Staphy-
lococcus aureus (ATCC 25923), Vibrio parahaemolyticus 
(ATCC 17802) and V. alginolyticus (ATCC 17749) by the 
microplate assay method.[17] Ciprofloxacin was used as the 
positive control.  
 
Supporting Information  NMR and MS data for new 
compounds 1～3. The Supporting Information is available 
free of charge via the Internet at http://sioc-journal.cn. 
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