Fitoterapia 162 (2022) 105297

ELSEVIER

Contents lists available at ScienceDirect

Fitoterapia

journal homepage: www.elsevier.com/locate/fitote
Antimicrobial secondary metabolites from an endophytic fungus e

Aspergillus polyporicola

Si-Si Liu", Rong Huang ", Shou-Peng Zhang*, Tang-Chang Xu*, Kun Hu®, Shao-Hua Wu ™"

2 State Key Laboratory for Conservation and Utilization of Bio-Resources in Yunnan, and Key Laboratory for Microbial Resources of the Ministry of Education, Yunnan

Institute of Microbiology, School of Life Sciences, Yunnan University, Kunming 650091, China

b School of Chemical Science and Technology, Yunnan University, Kunming 650091, China

¢ State Key Laboratory of Phytochemistry and Plant Resources in West China, Kunming Institute of Botany, Chinese Academy of Sciences, and Yunnan Key Laboratory of

Natural Medicinal Chemistry, Kunming 650201, China

ARTICLE INFO ABSTRACT

Keywords:

Endophyte

Aspergillus polyporicola
Nucleoside
Cyclohexanone
Antimicrobial activity

Two new nucleoside derivatives, kipukasins O (1) and P (2), one new cyclohexenone derivative, arthropsadiol D
(5), and one new natural product, (+)-2,5-dimethyl-3(2H)-benzofuranone (6), together with eleven known
compounds (3, 4, 7-15), were obtained from the culture broth of the endophytic fungus Aspergillus polyporicola
R2 isolated from the roots of Synsepalum dulcificum. Among them, the absolute configuration of compound 5 was
determined by quantum chemical calculations of NMR chemical shifts and ECD spectrum. The antimicrobial

activities of these compounds were evaluated. Compound 11 exhibited obvious inhibitory activity against MRSA,
Staphylococcus aureus, Salmonella typhimurium, Botrytis cinerea, and Fusarium graminearum with MIC values of 4, 4,
4, 32, and 16 pg/mL, respectively. Compound 12 exhibited antibacterial activity against S. typhimurium and
MRSA with MIC values of 4 and 16 pg/mL. Compound 6 exhibited antifungal activity against F. graminearum with

MIC value of 32 pg/mL.

1. Introduction

Endophytic fungi live in the healthy tissues of plants and do not cause
significant symptoms in the host plants [1]. They can produce abundant
secondary metabolites with a variety of structural types and biological
activities [2]. They are ubiquitous in nature and highly effected by cli-
matic conditions and the host plant's location [3]. Endophytic fungi
associated with medicinal plants are a potential source for discovering
new biological substances, which can be used as pharmaceutical and
agrochemical drugs [4].

The tropical plant Synsepalum dulcificum is attractive for its pulp
which can transform sourness into sweetness and called as “miracle
fruit” [5]. Pharmacological studies have shown that the extracts of
S. dulcificum possessed the effects of antioxidant [6], blood sugar regu-
lation [7] and blood lipid lowering [8]. Some studies have proved that
the antimicrobial effect of S. dulcificum extracts on Staphylococcus
aureus, Bacillus subtilis, Proteus vulgaris and Listeria monocytogenes, etc.
[9,10]. In addition, this plant is often used to treat diabetes and diarrhea
in folk medicine. The chemical components of S. dulcificum mainly
included miraculin [11], fatty acids and their esters [12], polyphenols
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[13], terpenes [14], and sterols [15].

Till now, there is no report on endophytes from S. dulcificum. Our
recent research work is focused on isolating endophytic fungi from
S. dulcificum and antimicrobial screening of these fungal strains. As one
of the results, the culture extract of the strain Aspergillus polyporicola R2
showed obvious antimicrobial activity against Salmonella typhimurium,
S. aureus, and Fusarium moniliforme. Fungi in the genus Aspergillus could
produce a variety of bioactive secondary metabolites, such as antiviral
asperterrestide A [16], antimalarial butyrolactone V [17], cytotoxic
rubasperone D [18], and versicolor A [19], as well as the important
antibiotics penicillins [20]. Aspergillus species has become a research
hotspot in recent years due to its potent ability of synthesizing rich
bioactive molecules. Among them, A. polyporicola, as an uncommon
species, has only been reported to produce cytochalasin and curvularin
derivatives at present [21,22].

In this study, the chemical investigation on fermentation broth of the
strain R2 resulted in two new nucleoside derivatives, kipukasins O (1)
and P (2), one new cyclohexenone derivative, arthropsadiol D (5), and
one new natural product, 2,5-dimethyl-3(2H)-benzofuranone (6),
together with eleven known compounds, including kipukasin C (3) [23],
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Fig. 1. Chemical structures of compounds 1-15.

kipukasin I (4) [24], massarilactone G (7) [25], methyl 3,4,5-trime-
thoxy-2-(2-(nicotinamido)benzamido) benzoate (8) [26], cyclopenin
(9) [27], curvulopyran (10) [21], 11-dehydrocurvularin (11) [28], 11a-
hydroxycurvularin (12) [29], 11f-hydroxycurvularin (13) [29], 11a-
methoxycurvularin (14) [30], and 11f-methoxycurvulain (15) [30]
(Fig. 1). The absolute configuration of compound 5 was determined by
quantum chemical calculations of NMR chemical shifts and ECD spec-
trum. Furthermore, the antimicrobial activities of these compounds
were also described in this paper.

2. Experimental
2.1. General experimental procedures

The optical rotation was measured using a Jasco P-2000 polarimeter.
The infrared (IR) spectra were recorded on a Bio-Rad FTS spectrometer
using KBr pellets. UV spectra were recorded on Shimadzu double-beam
210A spectrophotometer. NMR spectra were acquired using a Bruker
DRX-600 spectrometer, using TMS as internal standard. HRESIMS
spectra were obtained from an Agilent G3250AA LC-MSD TOF mass
spectrometer. ECD data were acquired from an Agilent Applied Photo-
physics circular dichroism spectrometer. Column chromatography (CC)
was carried out on Sephadex LH-20 (Pharmacia), silica gel type 200-300
mesh (Qingdao Marine Chemical Inc., China), and RP-18 silica gel

(40-63 pm, Merck).

2.2. Microbial material

The strain R2 was isolated from the roots of S. dulcificum collected in
October 2018 from Xishuangbanna Botanical Garden in Yunnan Prov-
ince, China. The strain was identified as A. polyporicola based on the
analysis of its partial ITS gene sequence (accession No. ON557670) and
deposited in Yunnan Institute of Microbiology, Yunnan University, P. R.
China.

2.3. Fermentation and extraction

The activated strain was transferred into 500 mL Erlenmeyer flasks
which contained 100 mL of PDB liquid medium (x50) at 28 °C for 3
days, with a rotation speed of 200 rpm. Each of the seed cultures (25 mL)
was transferred into 1000 mL Erlenmeyer flasks (x200) containing 250
mL of PDB medium and cultured at 28 °C for 11 days on a rotary shaker
at 200 rpm. The filtered fermentation broth (50 L) was concentrated
under reduced pressure to a volume of 10 L and then exhaustively
extracted with an equal volume of EtOAc for four times. The combined
organic phase was then concentrated in vacuo to obtain a brown gum of
crude extract (13 g).
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Table 1
1H and '3C NMR data of compounds 1 and 2 in pyridine-ds.
Position 1 2
éu (J in Hz) S¢ 6y (J in Hz) 8¢
2 152.0,C 152.0, C
4 163.9,C 163.9, C
5 5.78 (d, 8.1) 102.8, 5.85(d, 8.1) 102.9,
CH CH
6 8.42(d, 8.1) 140.4, 8.51 (d, 8.1) 140.6,
CH CH
1 6.88 (d, 6.1) 89.5, CH 7.04 (d, 5.2) 87.3, CH
2 5.29 (t, 5.8) 73.4, CH 6.19 (t, 5.3) 77.7, CH
3 6.12 (dd, 5.3, 3.4) 74.8, CH 5.29 (t, 5.8) 69.6, CH
4 4.73 (q, 2.4) 83.8, CH 4.64 (q, 2.1) 87.0, CH
5 a: 4.27 (dd,12.1, 61.6, CHy a: 4.31 (dd, 12.1, 61.6, CHy
2.2) 2.3)
b: 4.21 (dd,12.1, b: 4.17 (dd, 12.1,
2.4) 2.4)
1” 105.6, C 105.6, C
2" 164.1,C 164.1, C
3" 6.78 (d, 2.3) 101.8, 6.71 (d, 2.4) 101.6,
CH CH
4" 165.1,C 165.1, C
5" 6.63 (d, 1.8) 112.5, 6.58 (d, 1.8) 112.5,
CH CH
6" 143.9,C 144.1, C
7" 170.6, C 170.6, C
8’ 2.78 (s) 24.0, CHs 2.81 (s) 24.1, CH3
Table 2
H and *C NMR data of compounds 5 and 6.
Position 57 6"
Sy (J in Hz) ¢ Sy (J in Hz) ¢
1 199.6, C 206.3, C
2 6.08 (dd, 10.1, 2.9) 124.5, CH 4.93 (q, 7.0) 70.7, CH
3 6.75 (dd, 10.1, 2.0) 157.4, CH 7.08 (d, 8.5) 132.4, CH
4 3.03 (m) 31.4, CH 6.83 (dd, 8.5, 2.5) 118.1, CH
5 2.26 (d, 12.4) 53.0, CH 127.9,C
6 4.30 (d, 12.4) 72.6, CH 6.97 (d, 2.5) 114.3, CH
7 4.66 (s) 75.5, CH 136.7,C
8 211.4,C 155.0, C
9 2.32(s) 25.8, CHs3 1.27 (d, 7.0) 19.0, CH3
10 1.02 (d, 7.3) 19.0, CH3 2.28 (s) 18.3, CH3

@ Measured in CDCls.
b Measured in CD50D.

2.4. Isolation and purification

The extract was submitted to silica gel CC, eluting with a gradient of
CHCl3/MeOH from 1:0 to 0:1 (v/v) to obtain four fractions (Frs. 1-4).
Fr.1 was subjected to silica gel CC (petroleum ether/EtOAc) from 9:1 to
1:1 to obtain Fr. 1.1 and Fr. 1.2. Fr. 1.1 was further purified by silica gel
CC (CHCl3/MeOH 75:1) to afford compound 8 (3 mg). Fr. 1.2 was
separated by silica gel CC (CHCl3/MeOH 50:1) and further purified by
RP-18 CC (MeOH/H50 4:6) to afford 6 (7 mg) and 9 (3 mg). Fr. 2 was
further purified by silica gel CC (petroleum ether/acetone 8:2) to afford
Frs. 2.1-2.2. Fr. 2.1 was repeatedly subjected to silica gel CC (CHCl3/
MeOH 30:1) to afford compound 7 (2 mg). Fr. 2.2 was purified by RP-18
CC (MeOH/H30 3:7) to afford compound 10 (2 mg). Fr. 3 was repeat-
edly subjected to silica gel CC (CHCl3/MeOH 20:1) to afford Frs. 3.1-3.3.
Fr. 3.1 was further purified by silica gel CC (petroleum ether/acetone
7:3) to afford compounds 11 (10 mg) and 14 (3 mg). Fr. 3.2 was sub-
jected to silica gel CC with petroleum ether/acetone (6:4) to afford
compound 15 (2 mg). Compound 5 (3 mg) was yielded by silica gel CC
(CHCl3/MeOH 10:1) from Fr. 3.3. Fr. 4 was further purified by silica gel
CC (CHCl3/MeOH 9:1) to afford Frs. 4.1-4.4. Fr. 4.1 was purified by RP-
18 CC (MeOH/H50 2:8) to afford compounds 3 (2 mg) and 4 (8 mg). Fr.
4.2 was chromatographed on silica gel column with CHCl3/MeOH (8:2)
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and RP-18 silica gel with MeOH/H50 (1:9) to afford compounds 1 (3
mg) and 2 (3 mg). Fr. 4.3 was further purified by silica gel CC (petroleum
ether/acetone 1:1) to afford compound 12 (8 mg). Compound 13 (3 mg)
was yielded by silica gel CC CHCl3/MeOH (6:4) from Fr. 4.4.

2.4.1. Kipukasins O and P (1/2)

White solid; UV (MeOH) Apax (log €): 209 (3.16), 258 (1.78) nm; IR
(KBr) vmax 3450, 3260, 2934, 1716, 1682, 1618, 1579, 1468, 1447,
1410, 1382, 1327, 1256, 1175, 1139, 1098, 1068, 991, 916 Cmfl; H
and 1C NMR spectral data, see Table 1; HRESIMS m/z 417.0903 [M +
Na]™ (caled for C;7H;3NoNaOg, 417.0910).

2.4.2. Arthropsadiol D (5)

Colorless crystal; [a]20 D = —106.0 (c 0.15, MeOH); UV (MeOH)
Amax (log €): 235 (3.29) nm; IR v,y 3425, 2962, 2925, 1713, 1694, 1382,
1239, 1099, 1065, 909 cm’l; 1 and *C NMR spectral data, see Table 2;
HRESIMS: m/z [M + Na]* 221.0784 (caled for C1oH;4NaO4, 221.0790).

2.4.3. 2,5-Dimethyl-3(2H)-benzofuranone (6)

Colorless oil; [a]20 D = —232.5 (¢ 0.55, MeOH); 'H and '*C NMR
spectral data, see Table 2; HRESIMS: m/z [M + H]" 163.0761 (calcd for
C10H1102, 163.0759).

2.5. Antimicrobial activity assay

The minimal inhibitory concentrations (MICs) of the isolated com-
pounds were determined by the broth microdilution method [31]. Five
pathogens were used, including methicillin-resistant Staphylococcus
aureus (MRSA, YM 3106), Staphylococcus aureus (YM 3105), Salmonella
typhimurium (YM 3115), Botrytis cinerea (YM 3061), and Fusarium gra-
minearum (YM 3157). The pathogen suspension was loaded into each
well of 96-well plates and various concentrations of compounds were
added to give the final concentrations ranging from 512 to 1 pg/mL.
Nystatin and chloramphenicol were used as positive control for fungus
and bacteria, respectively.

3. Results and discussion

Compounds 1 and 2 were obtained as white solid. When detecting
their NMR spectra, we observed an interesting transesterification reac-
tion in which 1 and 2 rearranged rapidly to form each other, providing a
1/2 mixture in a ratio of about 2:1 in pyridine at room temperature.

The molecular formulas of both compounds 1 and 2 were determined
as C17H18N20g from a quasi-molecular ion peak at m/z 417.0903 [M +
Na]* (caled for C17H;gN2NaOg, 417.0910) in the HRESIMS, indicating
the existence of ten degrees of unsaturation. The IR spectrum of 1
showed absorption bands for hydroxyl group (3450 cm 1), amino group
(3260 cm’l), and three carbonyl groups (1716, 1682 and 1618 cm ).
The 'H and '3C NMR spectra in pyridine-ds showed two sets of signals of
compounds 1 and 2 with their approximate ratio of 2:1 (Table 1).

The 'H NMR spectrum of the main component (1) revealed the
presence of a 1,2,3,5-tetrasubstituted benzene ring (éy 6.78, d; 5y 6.63,
d), a 1,2-disubstituted olefin (6y 8.42, d; 6y 5.78, d), four oxymethine
protons (6y 4.73, 5.29, 6.12, 6.88), an oxymethylene group (6y 4.27, dd;
5y 4.21, dd) and a methyl group (5y 2.78, s). The 3C NMR spectrum
revealed 17 carbon signals, including three carbonyl carbons (¢ 152.0,
163.9, 170.6), four quaternary carbons (¢ 105.6, 143.9, 164.1, 165.1),
four olefinic methines (5¢ 101.8, 102.8, 112.5, 140.4), four oxymethines
(73.4, 74.8, 83.8, 89.5,), one oxymethylene (6c 61.6) and a methyl
group (5¢ 24.0). Besides the signals for a 1,2,3,5-tetrasubstituted ben-
zene ring, the remaining 'H and '*C NMR signals could be attributed to a
nucleoside moiety. The HMBC cross-peaks from H-6 (5y 8.42) to C-2 (5¢
152.0), C-4 (6¢ 163.9), and C-5 (5¢ 102.8), and from H-5 (6y 5.78) to C-4
and C-6 (6c 140.4) suggested the presence of uracil unit (Fig. 2). A
furanose moiety could be determined by the tracking correlations of four
oxymethine protons and two splitted oxymethylene protons in the
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Fig. 2. Selected 2D NMR correlations of 1-4.

ly—1H cosy spectrum (Fig. 2). The §-value of the 1 and '3C NMR data
(6y 6.88, d, J = 6.1 Hz; 5c 89.5) indicated the existence of a C—N
glycosidic linkage. The HMBC correlations from H-1' to C-2 and C-6
further confirmed the connection of the furanose unit to the uracil
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moiety at the expected N-1 position. Thus, compound 1 had the skeleton
of uracil-1-g-D-ribofuranoside, which was the same as kipukasin I [24],
simultaneously reported as compound 4 in this paper. The main differ-
ence between 1 and 4 is the lack of a methoxy group in the aromatic
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Fig. 3. Mechanism of the interconversion for 1 and 2 in pyridine.
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HMBC: /N COSY:

Fig. 4. Selected 2D NMR correlations of 5.

ring, instead of a hydroxyl group in 1, as supported by 14 amu less than
that of 4. The positions of the substitution in aromatic ring were
determined by the analysis of NMR data and HMBC spectrum. The
chemical shifts of C-3" (6y 6.78; 6c 101.8) were suggestive of oxygen
substitution at both ortho positions. The methyl protons at &y 2.78 (s)
showed HMBC correlations with C-1”, C-5”, and C-6", indicating the
location of the methyl group at C-6”. The carboxyl carbon C-7" (5¢
170.6) was connected to the sugar moiety through oxygen atom to form
ester linkage. Although no correlations were observed for C-7” to any
protons in the HMBC spectrum, the position of the ester group could be
determined by the chemical shift values. The signal for H-3' was
downfield shifted to 6y 6.12 (dd, J = 5.3, 3.4 Hz) and H-2' resonance was
upfield shifted to 5y 5.29 (t, J = 5.8 Hz), suggesting that the ester group
was connected at C-3', through the comparison of the spectral data be-
tween the tautomeric kipukasins H and I in the literature [24]. Based on
the above analysis, the structure of 1 was determined as shown in Fig. 1
and named as kipukasin O.

The minor NMR spectral signals in the mixture of 1 and 2 were
attributed to compound 2. The 'H and '3C NMR spectra of 2 were very
similar to those of 1, differing only in the chemical shifts and splitting
patterns of some of the ribose oxymethine proton signals in the 'H NMR
spectrum. The difference mainly showed that the downfield shift to 5y
6.19 (t, J = 5.3 Hz) for H-2' and upfield shift to 6y 5.29 (t, J = 5.8 Hz) for
H-3' in 2, indicating that the aroyl group was located at C-2'. Therefore,
2 is the regioisomer of 1.

The absolute configurations of 1 and 2 were conjectured based on the
biogenetic considerations. As mentioned above, the absolute configu-
rations of the uridine moiety of compounds 1 and 2 could be assigned as
uracil-1-p-D-ribofuranoside, which identical to the known nucleoside
derivatives 3 and 4 [23].

This 2'/3'-transesterification has been reported to occur in some
ribose derivatives [24]. In the process of the extraction and purification,
the phenomenon of mutual conversion between 1 and 2 might be existed
(Fig. 3). The 2’-O-acyl ribofuranoside or 3’-O-acyl ribofuranoside was
unstable in pyridine when testing their NMR data and produced isomers
by the interconversion via an acyl rearrangement. Regioisomer 2 was
obtained by transferring the aroyl group from 3’-OH position in the
ribose moiety of 1 to the adjacent 2’-OH via the semi-orthoester inter-
mediate [32]. This aroyl migration was reversible and maintained a
dynamic equilibrium.

Compound 5 was obtained as colorless crystal. It has the molecular
formula C;9H;1404 as determined by HRESIMS at m/z 221.0784 [M +
Na] ™ (caled for C;oH;4Na04, 221.0790), indicating the existence of four
degrees of unsaturation. Its IR spectrum showed absorption bands for a
hydroxyl group (3425 cm™') and two carbonyl groups (1713, 1694
cm™1). The 1H, 13C and HSQC NMR spectra (Table 2) exhibited a doublet
methyl group (6y 1.02, d, J = 7.3 Hz; 5¢ 19.0), a singlet methyl group (6y
2.32, s; 5¢ 25.8), two carbonyls (6¢ 199.6, 211.4), a 1,2-disubstituted
olefin (6y 6.08, dd, J = 10.1, 2.9 Hz, §¢ 124.5; &y 6.75, dd, J = 10.1,
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Table 3
The results for NMR computation of 5a* and 5b*.
Atom type Parameter 5a* 5b*
R* 0.9994 0.9991
13¢ MAE ” (ppm) 1.7 2.5
CMAE ° (ppm) 1.4 1.8
R? 0.9968 0.9843
H MAE (ppm) 0.18 0.18
CMAE (ppm) 0.09 0.16

2 R% Squared Pearson correlation coefficient between experimental and
calculated NMR chemical shifts.

> MAE: Mean Absolute Error.

¢ CMAE: Corrected Mean Absolute Error.

ECD (mdeg)

24

-4

T T T T X T T T 1
200 225 250 275 300 325 350 375 400
Wavelength (nm)

Fig. 5. Experimental ECD spectrum of 5 (black). Calculated ECD spectra of
(48,58,68,75)-5 (5a) (shift = 9 nm, red) and (4R,5R,6R,7R)-5 (ent-5a) (shift =
9 nm, blue). (For interpretation of the references to colour in this figure legend,
the reader is referred to the web version of this article.)

2.0 Hz, ¢ 157.4) and two oxymethine groups (g 4.30, d, J = 12.4 Hz, §¢
72.6; 6y 4.66, s, 5c 75.5). Since two carbonyl groups and a double bond
accounted for three degrees of unsaturation, the remaining one revealed
the presence of a single ring in 5.

The planar structure of 5 was determined by a combined analysis of
the 2D NMR spectra. One spin system H-2/H-3/H-4/H-5/H-6/H-7/H-10
could be undoubtedly determined by tracking correlations in the 'H-'H
COSY spectrum (Fig. 4). The linkages of all the carbon atoms were
further deduced by the critical HMBC experiment (Fig. 4). The HMBC
correlations from H-3 (6y 6.75) to C-1 (6¢ 199.6), C-4 (6¢c 31.4) and C-5
(6¢ 53.0), from H-2 (64 6.08) to C-4 and C-6 (6¢c 72.6), and from H-6 (6y
4.30) to C-1, C-4, C-5, indicated the presence of the o,B-unsaturated
cyclohexenone. The HMBC correlations from H-10 (5y 1.02) to C-3 (5¢
157.4), C-4, C-5 and the coupling between H-10 and H-4 (6y 3.03)
revealed that 10-CHs was attached to C-4. Further comparison of its
NMR spectral data with those of the known compound, arthropsadiol C
[33], indicated that they had the same cyclohexenone moiety and
differed only in the side chain. The side chain was determined by the
HMBC correlations of H-7 (6y 4.66) with C-4, C-5, C-6 and C-8 (5¢
211.4), and H-9 (6y 2.32) with C-7 (5¢ 75.5) and C-8. Thus, the planar
structure of compound 5 was determined.

The large coupling constants of 12.4 Hz between H-5 and H-6
implied their trans-relationship. The NOE cross-peaks from H-4 to H-6,
and from H-5 to H3-10, supported the cis-relationships of H-4 with H-6,
and CH3-10 with H-5. The relative configuration of C-7, as well as the
absolute configuration of 5 was determined through quantum chemical
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Table 4
Antimicrobial activities of four compounds against different pathogens.

Fitoterapia 162 (2022) 105297

Compounds MIC (pg/mL)
MRSA S. aureus S. typhimurium B. cinerea F. graminearum
4 16 >512 >512 64 64
6 64 64 128 64 32
11 4 4 4 32 16
12 16 32 4 512 32
Nystatin - - - 16 8
Chloramphenicol 4 4 4 - _
—: No activity.
calculation. To be specific, two candidate structures of 5, derivative (5), and a new natural product (6), along with eleven known

(45*,558*,65*,75*)-5 (5a*) and (4S5*,55*,65*,7R*)-5 (5b*) were sub-
jected to quantum chemical calculation of chemical shifts at
mPW1PW91-SCRF/6-31 + G(d,p) (IEFPCM, chloroform)//M06-2x-
D3/def2-TZVP level of theory. As a result, the calculated chemical shifts
of 5a* were found to match their experimental counterparts better than
those of 5b* (Table 3). Subsequently, (4S,5S,6S,7S)-5 (5a) was subjected
to TDDFT ECD calculation at PBEO-SCRF/def2-TZVP (IEFPCM, chloro-
form)//M06-2x-D3/def2-TZVP level of theory, and the calculated
curve appeared as nearly a mirror image of the experimental curve
(Fig. 5). Thus, the absolute configuration of 5 was determined to be 4R,
5R, 6R, and 7R. The structure of compound 5 was shown in Fig. 1, and
given the trivial name arthropsadiol D.

Compound 6 was assigned the molecular formula of C;oH;¢002 by
HRESIMS at m/z 163.0761 [M + H]* (caled for C;oH;105, 163.0759),
indicating the existence of six degrees of unsaturation. The 'H NMR
spectrum (Table 2) exhibited signals for three aromatic protons at 5y
6.83, 6.97, and 7.08, an oxymethine proton at 6y 4.93 (q, J = 7.0 Hz)
and two methyl groups at éy 1.27 (d, J = 7.0 Hz) and 2.28 (s). The 3¢
NMR spectrum showed a carbonyl carbon (6¢ 206.3), three quaternary
carbons (6¢ 127.9, 136.7, and 155.0), three olefinic methines (6¢ 114.3,
118.1, and 132.4), an oxymethine (5¢ 70.7), and two methyl groups (¢
18.3 and 19.0). The HMBC correlations were observed from H-3 to C-7
and C-8, from H-6 to C-4, C-5 and C-8, and from H-4 to C-5, C-6 and C-8,
indicating the presence of 1,2,5-trisubstituted benzene ring. The HMBC
correlations from H3-10 to the quaternary carbon C-5 confirmed the
location of the methyl group at C-5 in benzene ring. Since one benzene
ring and one carbonyl group accounted for five degrees of unsaturation,
the remaining one revealed the presence of a single ring in 6. The HMBC
correlations from H-6 to C-1, from H3-9 to C-1 and C-2 confirmed the
furanose unit. The optical rotation value of 6 was determined to be
positive. Thus, compound 6 was identified as (+)-2,5-dimethyl-3(2H)-
benzofuranone. This compound was first obtained by synthesis in 1977
[34] and was later reported as an intermediate during the synthesis of
2,3,4-trihydrobenzofurane [35]. In this paper, compound 6 was isolated
from natural source for the first time and was a new natural product.

Four compounds were tested for their antimicrobial activities
including MRSA, S. aureus, S. typhimurium, B. cinerea, and F. graminea-
rum (Table 4). The rest compounds are too limited in the amount to be
tested for their bioactivity. The minimal inhibitory concentrations
(MICs) were determined by the broth microdilution method. Among
them, compound 4 exhibited moderate inhibitory activity against MRSA
with MIC value of 16 pg/mL, and displayed only weak antimicrobial
activity against B. cinerea and F. graminearum with MIC values of 64 pg/
mL. Compound 6 showed antimicrobial activity against MRSA, S. aureus,
B. cinerea and F. graminearum with MIC values of 64, 64, 64 and 32 pg/
mL, respectively. Compound 11 displayed most potent antimicrobial
activity against MRSA, S. aureus, S. typhimurium, B. cinerea and F. gra-
minearum with MIC values of 4, 4, 4, 32 and 16 pg/mL, respectively.
Besides, compound 12 exhibited antimicrobial activity against MRSA,
S. aureus, S. typhimurium and F. graminearum with MIC values of 16, 32,
4, and 32 pg/mL.

In this study, two new nucleosides (1 and 2), one new cyclohexenone

compounds were isolated from the endophytic fungus Aspergillus poly-
poricola R2. The results showed the structural diversity of the secondary
metabolites from the strain, mainly involved unique nucleoside de-
rivatives (1-4), alkaloids (8 and 9), and various polyketides including
cyclohexanones (5 and 7), benzofurane (6), and macrolides (10-15).
The nucleoside derivatives (1-4) consist of uracil, furanose, and aro-
matic moieties. Kipukasins H (3) and I (4) were previously isolated from
the marine-derived fungus Aspergillus versicolor and showed antibacte-
rial activity against Staphylococcus epidermidis [24]. Both compounds 5
and 7 are cyclohexanone derivatives, in which the pentalactone of 7
occurred ring-opening. Compounds 7, 12, 14, and 15 were isolated from
the genus Aspergillus for the first time. In this study, compound 11
showed inhibitory activity against MRSA, S. aureus and S. typhimurium,
and compound 12 also showed inhibitory activity against
S. typhimurium, with all of the MIC values of 4 pg/mL, which were
identical to that of the positive control chloramphenicol. These results
suggested that compounds 11 and 12 might be potential antibacterial
agents.
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