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摘要  对深海来源真菌 Talaromyces indigoticus FS688 进行化学成分研究, 从中发现了 3 个新的聚酮类化合物以及 5 个

已知化合物, 其化学结构是通过综合的波谱分析得以确定, 同时其绝对构型是通过理论电子圆二色谱(ECD)计算确定. 
其中, 5-甲基六氢呋喃[2,3-b]呋喃-2-基-乙烷-1-醇(2)对所测试的 4 株人体肿瘤细胞株(SF-268, MCF-7, HepG-2 和 A549)
表现出显著的细胞毒活性, IC50介于 0.18～0.53 µmol/L 之间.  
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Abstract  The chemical investigation of the deep-sea-derived fungus Talaromyces indigoticus FS688 led to the isolation of 
three new polyketides together with five known compounds. Their structures were determined by comprehensive spectroscopic 
analysis and the absolute configurations were evaluated by theoretical electrostatic circular chroism (ECD) calculations. 
Among them, 5-methylhexahydrofuro[2,3-b]furan-2-yl-ethan-1-ol (2) exhibited significant cytotoxicity against the four tested 
human tumor cell lines (SF-268, MCF-7, HepG-2 and A549) with the IC50 values in the range of 0.18～0.53 µmol/L.  
Keywords  Talaromyces; deep-sea-derived fungus; polyketide; spectroscopic analysis; cytotoxicity 

 
1  Introduction 

The genus Talaromyces is an important fungal genus and 
widely distributes in soil, plant, marine environment and 
several foods.[1] Initially, Talaromyces were identified to be 
the species which could produce sexual stages with Peni-

cillium anamorphs. In 2011, the species formally classified 
in the Penicillium subgenus Biverticillium were re-classi-
fied in Talaromyces, of which the ascocarps look like 
‘basket’.[2] In general, the secondary metabolites discovered 
from Talaromyces usually construct novel frameworks and 
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exhibit diverse bioactivities. Two comprehensive reviews 
published by Lan and Zhai et al.[1,3] summarized more than 
300 secondary metabolites mainly belonging to polyketides, 
alkaloids and meroterpenoids. In the recent two years, an 
increased number of structurally novel and biological active 
compounds have been isolated from Talaromyces, such as 
the anti-microbiol nonadride derivatives talarodrides A～
F[4] and the phosphatase CDC25B inhibitory meroterpe-
noids talaromynoids A～I.[5] Therefore, the genus Tala-
romyces is a potential fungal resource of lead compounds 
for drug development.  

Deep-sea-derived fungi are a special group of microor-
ganisms collected from the sediment or water at a depth 
over 1000 m. Because of their extreme living environment, 
the deep-sea-derived fungus always exhibit complex met-
abolic mechanisms and could produce novel secondary 
metabolites with diverse bioactivities, which have attracted 
considerable attention and become the research hotspots in 
recent years.[6] During the course of our search for bioactive 
secondary metabolites from deep-sea-derived fungi, a strain 
Talaromyces indigoticus FS688 attracted our attention be-
cause of its ability to produce thioester-containing benzoate 
derivatives with α-glucosidase inhibitory activity.[7] In this 
study, the strain FS688 was fermented in potato dextrose 
agar (PDB) culture and the chemical investigation of the 
extract led to the isolation of three new polyketides (1～3) 
as well as five known compounds (Figure 1). In the bioas-
says, compounds 2 and 3 exhibited potential cytotoxicity 
against four tested human tumor cell lines. Herein, the de-
tails of the isolation, structural identification and bioactivity 
are discussed. 
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Figure 1  Chemical structures of 1～8 

2  Results and discussion 
Compound 1 was obtained as colorless oil and the mo-

lecular formula was deduced to be C12H16O3 through HR- 
ESI-MS, which gave a deprotonated molecular ion peak at 

m/z 207.1020 (calcd for C12H15O3 [M－H]－ 207.1027). 
The 1H NMR spectrum exhibited a set of meta-coupled 
aromatic protons at δH 6.01/6.06 (brs), a methylene group at 
δH 2.90, an oxygenated methine group at δH 4.46 and three 
methyl groups at δH 1.07, 1.11 and 2.12. The 13C NMR 
spectrum resolved 12 signals including a benzene ring, three 
methyl groups, a methylene group, a methine group as well 
as a quaternary carbon (δC 70.1) (Table 1). In consideration 
of the degrees of unsaturation, an additional ring should be 
existed except for the benzene ring.  

The COSY (correlation spectroscopy) between H2-3 and 
H-2 indicated the only independent coupling unit of 
C-2/C-3 in 1, which was connected to C-3a of the benzene 
ring based on the HMBC (heteronuclear multiple-bond 
correlation) from H2-3 to C-4, C-3a and C-7a (Figure 2). 
The correlations from H3-9 and H3-10 to C-8 and C-2 
combined with the deshielded chemical shift of C-8 re-
vealed an oxidized isoprenyl unit, while a benzofuran moi-
ety was evaluated by the requirement of the degrees of 
unsaturation as well as the deshielded chemical shift of C-7a 
(δC 153.6). Finally, the substitution of C-6 with a methyl 
group was deduced through the correlations from H3-11 to 
C-5, C-6 and C-7. Hence, the planar structure was estab-
lished to be (2-hydroxypropan-2-yl)-6-methyl-2,3-dihydro-
benzofuran-4-ol. 

 
Figure 2  Key COSY (red bold) and HMBC (blue arrows) 
correaltions of 1～3 

Since there was only one chiral center in compound 1, the 
absolute configuration of C-2 was determined by comparing 
the experimental ECD spectrum to the theoretical plots of 
the two possible candidates (2S-1 and 2R-1) calculated at 
PBE1PBE/tzvp level (Figure 3). The calculated plot of 2R-1 
exhibited a good fit to the experimental one, thus, the ab-
solute configuration was assigned as 2R. 

The molecular formula of compound 2 was identified to 
be C9H16O3 by a protonated molecular ion peak at m/z 
173.1175 (calcd for C9H17O3 [M＋H]＋ 173.1172) from 
HR-ESI-MS. The 1D NMR data indicated the presence of 
two methyl groups (δH/δC 1.13/18.2 and 1.31/20.6), two 
methylene groups and five sp3 hybrid methine groups, and 
no quaternary or unsaturated carbon were detected (Table 
1). Further analysis of the COSY spectra suggested that all 
the carbons were correlated and formed a long independent 
coupling chain, which started at Me-8 and terminated at 
Me-9 (Figure 3). The gross structure was determined by the 
HMBC correlations, the 13C NMR chemical shift as well as 
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Table 1  1D NMR data of 1 and 2 (400 MHz for 1H NMR and 100 MHz for 13C NMR) 

Position 
1a 

Position 
2b 

δH, (J in Hz) δC (type) δH, (J in Hz) δC (type) 
2 4.46 (t, J＝8.9)  89.1 (CH) 2 3.96 (dt, J＝10.0, 5.0) 75.2 (CH) 
3 2.90 (d, J＝8.9) 27.5 (CH2) 3 1.23 (m) 39.1 (CH2) 
3a  109.6 (C)  2.22 (ddd, J＝12.4, 10.0, 5.3)  
4  161.3 (C) 3a 2.91 (qd, J＝8.8, 5.3) 43.6 (CH) 
5 6.01 (s) 100.9 (CH) 4 1.61 (dd, J＝12.4, 4.5) 30.8 (CH2) 
6  137.8 (C)  1.94 (ddd, J＝12.4, 10.4, 8.8)  
7 6.06 (s) 108.1 (CH) 5 4.03～4.12 (m) 81.1 (CH) 
7a  153.6 (C) 6 4.03～4.12 (m) 66.7 (CH) 
8  70.1 (C) 7 1.13 (d, J＝6.3) 18.2 (CH3) 
9 1.07 (s) 24.6 (CH3) 7a 5.63 (d, J＝5.3) 108.8 (CH) 
10 1.11 (s) 26.1 (CH3) 8 1.31 (d, J＝6.0) 20.6 (CH3) 
11 2.12 (s) 21.3 (CH3)    

4-OH 9.17 (s)     
8-OH 4.51 (s)     

a Measured in DMSO-d6; b measured in chloroform-d.  

 
Figure 3  Calculated ECD spectra of 1/2 and their experimental plots 

the degrees of unsaturation. Firstly, the correlations from 
H-2 to C-7a constructed a furan ring A and another ring 
should be existed according to the requirement of degrees of 
unsaturation. Secondly, the chemical shift of C-5 was more 
deshielded obviously than that of C-6, suggesting that C-5 
should be cyclized with C-7a via an oxygen to form ring B. 
Hence, the planar structure was identified to be 5-methyl-
hexahydrofuro[2,3-b]furan-2-yl)-ethan-1-ol. 

The relative configuration was determined by the NOE 
(Nuclear Overhauser Effect) correlations and the H-H cou-
pling constant (Figure 4). On one hand, the NOE cross- 
peaks of H-2/H-3a/H-7a combined with the small coupling 
constant between H-3a and H-7a (5.3 Hz) indicated the 
same α-orientation of them. On the other hand, the large 
coupling constants between H-4α and H-3a/H-5 (8.8/10.4 
Hz) and the small coupling constants between H-4β and 
H-3a/H-5 (0/4.5 Hz) suggested the β-orientation of H-5, 

which was further supported by the NOE correlation be-
tween H-5 and H-3β. However, due to the less amount of the 
compound 2 obtained, the Mosher’s reaction could not be 
accomplished and the configuration of C-6 was not as-
signed. Nevertheless, the absolute configuration could be 
deduced by comparing the calculated ECD spectra and the 
experimental plot since the Cotton effect was mainly con-
tributed by the configurations of rings A and B. The theo-
retical plots of the two enantiomers (2 and ent-2) were 
calculated at cam-b3lyp/def2tzvp level and the calculated 
ECD spectrum of 2 showed a good fit to the experimental 
one (Figure 3). Thus, the absolute configuration was as-
signed to be 2S,3aS,5R,7aR. 

Compound 3 was isolated as a colorless oil with the 
molecular formula of C11H20O3 ([M＋Na＋], m/z 223.1310 
calcd for 223.1305, C11H20O3Na). The 1H NMR data ex-
hibited two doublet methyl signals at δH 1.11 (d, J＝6.4 Hz) 
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Figure 4  Key NOESY correlations of 2 and 3 

and 1.64 (d, J＝6.8 Hz) as well as several sets of multiplets 
in the range of δ 2.00～6.00 (Table 2). The 13C NMR 
showed 11 signals including four sp2 hybrid carbons, three 
oxygenated ones and four aliphatic carbons. The planar 
structure was established to be (E)-2-((Z)-prop-1-en-1-yl)- 
oct-4-ene-1,6,7-triol by analysis of the 2D NMR spectra. 
The COSY correlations from H3-1 to H3-10 constructed a 
chain structural framework and the HMBC correlations 
from H2-11 to C-6, C-7 and C-8 indicated a hydroxymethyl 
attached to C-7. The E configuration of Δ4 and the Z con-
figuration of Δ8 were evaluated by the NOESY (nuclear 
overhauser effect spectroscopy) cross-peaks of H-4/H2-6 
and H3-10/H-7, respectively (Figure 4). However, the ab-
solute configuration could not be determined at the present 
study because the amount of compound left was not enough 
for further experiments. 

Table 2  1D NMR data of 3 (400 MHz for 1H NMR and 100 
MHz for 13C NMR) 

Position δH, (J in Hz) δC (type) 
1 1.11 (d J＝6.4) 18.1 (CH3) 
2 3.76～3.86 (m) 70.5 (CH) 
3 3.98 (ddd, J＝10.8,7.2,3.8) 76.8 (CH) 
4 5.49~5.58 (m) 129.8 (CH) 
5 5.62～5.75 (m) 132.7 (CH) 
6 1.98～2.09 (m) 35.1 (CH2) 
 2.17～2.27 (m)  

7 2.66～2.76 (m) 40.1 (CH) 
8 5.10～5.20 (m) 131.3 (CH) 
9 5.61～5.75 (m) 127.7 (CH) 
10 1.64 (d, J＝6.8) 13.8 (CH3) 
11 3.56 (dd, J＝10.5, 5.8) 66.2 (CH2) 
 3.39～3.44 (m)  

a Measured in chloroform-d. 

The known compounds 4～8 were identified to be dihy-
droaspyrone, ethyl everninate, methyl orsellinate, scirpy-

rone H and xylapyrone E by comparing their spectroscopic 
data to those reported in literatures, respectively.[8-12] 

In the cytotoxicity assays, compound 2 exhibited signif-
icant cytotoxicity against the four tested human tumor cell 
lines SF-268, MCF-7, HepG-2 and A549 with the IC50 values 
of 0.18, 0.35, 0.22 and 0.31 µmol/L, respectively, which were 
more active than the positive control doxorubicin. Mean-
while, compound 3 showed moderate activity with the IC50 
values in the range of 33 to 59 µmol/L (Table 3). 

3  Conclusions 
In conclusion, eight polyketides including three new ones 

were isolated from the deep-sea-derived fungus Talaro-
myces indigoticus FS688. Their structures were determined 
by spectroscopic analysis and ECD calculations. Com-
pounds 2 and 3 exhibited potent cytotoxicity against four 
tested human tumor cell lines. This study will make con-
tributions to the chemical and biological diversities of 
secondary metabolites from deep-sea-derived fungi. 

4  Experimental section 
4.1  General experimental procedures  

Optical rotations and IR spectra were measured using an 
Anton Paar MCP-500 (Anton Paar, Graz, Austria) and a 
Shimadzu IR Affinity-1 spectrophotometers, respectively, 
meanwhile, the circular dichroism (ECD) and the UV 
spectra measurements were collected on a Jasco 820 spec-
tropolarimeter at the range of 200～400 nm. 1D NMR and 
2D NMR data were recorded on a 600 MHz Bruker Avance- 
III HD spectrometer and tetramethylsilane was used as 
reference. HRESIMS were measured on a Bruker maXis 
high resolution mass spectrometer. A Shimadzu LC-20 AT 
equipped with an SPD-M20A DAD detector and equipped 
an ACE 5 PFP-C18 column (250 mm×10.0 mm, 5 μm, 12 
nm) was used for semi-separation high Pperformance liquid 
chromatography (HPLC), while a S-chiral A column or a 
CHIRAL-MD (2)-RH column (250×10.0 mm, 5 μm) was 
used for chiral separation (Guangzhou FLM Scientific In-
strument Co., Ltd). Column chromatography material con-
tained commercial silica gel (SiO2; 200 ～ 300 mesh; 
Qingdao Marine Chemical Plant) and Sephadex LH-20 gel 
(Amersham Biosciences). All solvents used were analytical 
grade (Guangzhou Chemical Regents Company, Ltd.). The 
natural sea salt was purchased from Guangdong Yueyan 
saltern. Cells used in cytotoxicity were purchased from the 
cell bank of the Chinese Academy of Sciences (Shanghai, 
China).

Table 3  Cytotoxicity results of 1～3 

Compd. 
IC50±SD/(µmol•L－1) 

SF-268 MCF-7 HepG-2 A549 
1 ＞100 ＞100 ＞100 ＞100 
2 0.18±0.0073 0.35±0.032 0.22±0.029 0.31±0.0081 
3 33±2.6 53±14 54±2.4 58±1.7 

Doxorubicina 1.74±0.020 1.73±0.045 1.88±0.080 1.77±0.070 
a Positive control.  
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4.2  Fungal material.  
The fungal strain FS688 was collected from deep-sea 

sediment in the South China Sea (118° 19.692′ N, 20° 
38.982′ E; depth 2372 m) in September 2020. The strain 
was identified to be Talaromyces indigoticus by morpho-
logical traits and ITS rDNA sequence analysis. The se-
quence data have been submitted to GenBank with the ac-
cession number of OL774516 and the strain was deposited 
at the Guangdong Provincial Key Laboratory of Microbial 
Culture Collection and Application, Institute of Microbi-
ology, Guangdong Academy of Sciences. Working stocks 
were prepared on PDA (agar 4 g/L, potato 200 g/L, glucose 
20 g/L, KH2PO4 3 g/L, MgSO4•7H2O 1.5 g/L, vitamin B1 10 
mg/L, natural sea salt 15 g/L) slants stored at 4 ℃. 
4.3  Fermentation, extraction and isolation  

The strain Talaromyces indigoticus FS688 was cultivated 
in PDB at 28 ℃ for 5 d to prepare the seed cultures, which 
was transferred into 12 Erlenmeyer flasks each containing 
250 g of rice and 400 mL of H2O with 0.3% natural sea salt. 
After being incubated at room temperature for 30 d, the 
solid rice medium was extracted three times with methanol 
to obtain a dark brown oily residue (20.3 g). The crude 
extract was subjected to silica gel chromatography column 
and eluted with petroleum ether/ethyl acetate in a linear 
gradient (V∶V＝10/0 to 0/10) to afford seven fractions 
(Fr.1～Fr.7). The Fr.2 was further separated by Sephadex 
LH-20 eluting with methanol/dichloromethane (V∶V＝1∶
1) and silica gel chromatography column eluting with pe-
troleum ether/ethyl acetate (V∶V＝85∶15) to obtain 5 and 
6, which was purified by HPLC analysis (5: 3 mg, tR＝11.5 
min; 6: 4 mg, tR＝15 min; methanol/H2O (V∶V＝7∶3), 2 
mL/min;). Fr.3 was subjected to repeat silica gel column 
chromatography and Sephdex-20 (eluting with methanol/ 
dichloromethane, V∶V＝1∶1) followed by HPLC to ob-
tain compound 1 (2 mg, tR＝11.5 min, acetonitrile/H2O 
(V∶V＝6∶4), 2 mL/min). Fr.6 was separated by silica gel 
chromatography column eluting with petroleum ether/ethyl 
acetate (V∶V＝8∶2 to 2∶8) to obtain five fractions 
(Fr.6-1～Fr.6-6). Fr.6-1 was separated by Sephadex LH-20 
eluting with methanol/dichloromethane (V∶V＝1∶1), 
silica gel chromatography column eluting with metha-
nol/dichloromethane (V∶V＝1∶100) and HPLC in turns 
to obtain compound 2 (3 mg, tR＝8 min, methanol/H2O, 
V∶V＝3∶7, 2 mL/min). Fr.6-2 was separated by silica gel 
chromatography column eluting with methanol/dichloro-
methane (V∶V＝1∶100) and HPLC to obtain compounds 
4 (6 mg, tR＝8 min, methanol/H2O, V∶V＝28∶72, 2 
mL/min) and 8 (5 mg, tR＝19 min). Fr.6-6 was subjected to 
silica gel column chromatography eluting with petroleum 
ether/ethyl acetate (V∶V＝7∶3) and then purified by 
HPLC to obtain compound 7 (10 mg, tR＝10 min, acetoni-
trile/H2O, V∶V＝6∶4, 2 mL/min). Fr.7 was subjected to 
Sephadex LH-20 (methanol/dichloromethane, V∶V＝1∶
1) and silica gel chromatography column eluting with di-
chloromethane/methanol (V∶ V ＝ 96 ∶ 4) followed by 
HPLC to obtain compound 3 (1.9 mg, tR＝10 min, acetoni-

trile/H2O, V∶V＝2∶8, 2 mL/min). 
4.4  Details of quantum chemical calculations  

The ECD calculations were carried out by Spartan'14 
software (Wavefunction Inc.) and Gaussian 09 program.[13] 
In the conformer analysis, candidates with an energy win-
dow lower than 167.2 kJ•mol−1 were generated and 
re-optimized at the rb3lyp/6-31g(d) level. Meanwhile, the 
frequency calculations were performed at the same level. 
Then, conformers with the Boltzmann distribution over 5% 
were chosen for ECD calculations at PBE1PBE/tzvp or 
cam-b3lyp/def2tzvp level with the rotatory strengths for a 
total of 20 excited states. The solvent effects were consid-
ered based on the self-consistent reaction field (SCRF) 
method with the polarizable continuum model (PCM). The 
final spectrum was generated by the SpecDis program[14] 
using a Gaussian band shape with 0.2～0.3 eV exponential 
half-width from dipole-length dipolar and rotational 
strengths.  

(2-Hydroxypropan-2-yl)-6-methyl-2,3-dihydrobenzo- 
furan-4-ol (1): Colorless oil; 25

D[ ]α ＋12 (c 0.05, MeOH); 
UV (MeOH) λmax [log ε/(L•mol－1•cm－1)]: 208 (4.64), 231 
(3.91), 280 (3.15) nm; IR (KBr) ν: 3352, 2974, 2922, 1629, 
1606, 1512, 1456, 1355, 1240, 1215, 1159, 1122, 1002, 987, 
947, 815 cm－1; 1H NMR and 13C NMR data see Table 1; 
HRESIMS calcd for C12H15O3 [M－H]－ 207.1027, found 
207.1020.  

5-Methylhexahydrofuro[2,3-b]furan-2-yl-ethan-1-ol  
(2): Colorless oil; 25

D[ ]α ＋20 (c 0.01, MeOH); UV (MeOH) 
λmax [log ε/(L•mol－1•cm－1)]: 226 (2.58), 277 (2.72) nm; IR 
(KBr) ν: 3441, 2970, 2929, 2873, 1454, 1381, 1016, 887, 
599 cm－1; 1H NMR and 13C NMR data see Table 1; HRESI-
MS calcd for C9H17O3 [M ＋ H] ＋  173.1172, found 
173.1175; calcd for C9H16O3Na [M ＋Na] ＋  195.0992, 
found 195.1000.  

(E)-2-((Z)-Prop-1-en-1-yl)-oct-4-ene-1,6,7-triol (3): 
Yellow oil; 25

D[ ]α ＋1.1 (c 0.05, MeOH); UV (MeOH) λmax 
[log ε/(L•mol－1•cm－1)]: 223 (2.48) nm; IR (KBr) ν: 3334, 
2918, 1647, 1436, 1404, 1373, 1261, 1018, 970, 925 cm－1; 
1H NMR and 13C NMR data see Table 2; HRESIMS calcd 
for C11H20O3Na [M＋Na]＋ 223.1305, found 223.1310.  
4.5  Cytotoxicity assay  

The in vitro cytotoxicity assays were carried out ac-
cording to our previously reported method.[15] The tested 
human tumor cells were injected into 96-well plates and 
incubated at 37 ℃ for 24 h under 5% CO2. Then, different 
concentrations of compounds were added and further co- 
incubated for 72 h. After being stained, the cell monolayers 
were dissolved in Tris base solution and the OD values were 
recorded at 570 nm. Cisplatin was used as a positive control 
possessing potent cytotoxic activity. All data were obtained 
in triplicate. 
 
Supporting Information  NMR and HR-ESI-MS spectra 
of 1～3, energy analysis for the conformers of 1 and 2.  
The Supporting Information is available free of charge via 
the Internet at http://sioc-journal.cn. 



   
有机化学 研究简报  

 
2980      http://sioc-journal.cn/ © 2022 Chinese Chemical Society & SIOC, CAS Chin. J. Org. Chem. 2022, 42, 2975～2980 

References 
[1] Zhai, M. M.; Li, J.; Jiang, C. X.; Shi, Y. P.; Di, D. L.; Grews, P.; 

Wu, Q. X. Nat. Prod. Bioprospect. 2016, 6, 1. 
[2] Pitt, J. I. In Encyclopedia of Food Microbiology, 2nd ed, PENI-

CILLIUM|Penicillium and Talaromyces, Academic Press, New 
York, 2014, pp. 6～13. 

[3] Land, D.; Wu, B. Chem. Biodiversity 2020, 17, e2000229. 
[4] Zhao, Y.; Sun, C.; Huang, L.; Zhang, X.; Zhang, G.; Che, Q.; Li, 

D.; Zhu, T. J. Nat. Prod. 2021, 84, 3011.  
[5] Huang, Z. H.; Liang, X.; Li, C. J.; Gu, Q.; Ma, X.; Qi, S. J. Nat. 

Prod. 2021, 84, 2727. 
[6] Wang, Y.; Xue, Y.; Liu, C. Mar. Drugs 2015, 13, 4594. 
[7] Li, M.; Li, S.; Hu, J.; Gao, X.; Wang, Y.; Liu, Z.; Zhang, W. Mar. 

Drugs 2021, 20, 33. 
[8] Girich, E. V.; Yurchenko, A. N.; Smetanina, O. F.; Trinh, P. T. H.; 

Ngoc, N. T. F.; Pivkin, M. V.; Popov, R. S.; Pislyagin, E. A.; 
Menchinskaya, E. S.; Chingizova, E. A.; Afiyatullov, S. S.; 
Yurchenko, E. A. Mar. Drugs 2020, 18, 608. 

[9] Tatipamula, V. B.; Vedula, G. S. J. Serb. Chem. Soc. 2019, 83, 1. 
[10] Duong, T. H.; Bui, L. C. H.; Chavasiri, W.; Chollet-Krugler, M.; 

Nguyen, V. K.; Nguyen, T. H. T.; Hansen, P. E.; Pogam, L. P.; 
Thϋsh, H.; Boustie, J.; Nguyen, K. P. P. Phytochemistry 2017, 137, 

156. 
[11] Tian, J. F.; Yu, R. J.; Li, X. X.; Gao, H.; Guo, L. D.; Tang, J. S.; 

Yao, X. S. Magn. Reson. Chem. 2015, 53, 866. 
[12] Zhang, H.; Deng, Z.; Guo, Z.; Peng, Y.; Huang, N.; He, H.; Tu, X.; 

Zou, K. Molecules 2015, 20, 7940. 
[13] Frisch, M. J.; Trucks, G. W.; Schlegel, H. B.; Scuseria, G. E.; Robb, 

M. A.; Cheeseman, J. R.; Zakrzewsk, V. G.; Montgomery Jr., J. A.; 
Stratmann, R. E.; Burant, J. C.; Dapprich, S.; Millam, J. M.; Dan-
iels, A. D.; Kudin, K. N.; Strain, M. C.; Farkas, O.; Tomasi, J.; 
Barone, V.; Cossi, M.; Cammi, R.; Mennucci, B.; Pomelli, C.; 
Adamo, C.; Clifford, S.; Ochterski, J.; Petersson, G. A.; Ayala, P. Y.; 
Cui, Q.; Morokuma, K.; Malick, D. K.; Rabuck, A. D.; Ragha-
vachari, K.; Foresman, J. B.; Cioslowski, J.; Ortiz, J. V.; Stefanov, 
B. B.; Liu, G.; Liashenko, A.; Piskorz, P.; Komaromi, I.; Gomperts, 
R.; Martin, R. L.; Fox, D. J.; Keith, T.; Al-Laham, M. A.; Peng, C. 
Y.; Nanayakkara, A.; Gonzalez, C.; Challacombe, M.; Gill, P. M. 
W.; Johnson, B. G.; Chen, W.; Wong, M. W.; Andres, J. L.; Head- 
Gordon, M.; Replogle, E. S.; Pople, J. A. Gaussian 09, Revision 
D.01, Gaussian, Inc., Wallingford, CT, USA, 2013. 

[14] Bruhn, T.; Schaumlöffel, A.; Hemberger, Y.; Bringmann, G. Chiral-
ity 2013, 25, 243. 

[15] Liu, Z.; Chen, Y.; Li, S.; Wang, Q.; Hu, C.; Liu, H.; Zhang, W. Mar. 
Drugs 2020, 18, 381. 

(Zhao, C.) 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 600
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 600
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


