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Abstract
Three new polyketides, (2S)-2,3-dihydro-5,6-dihydroxy-2-methyl-4H-1-benzopyran-4-one (1), (2′R)-2-(2′-hydroxypropyl)-
4-methoxyl-1,3-benzenediol (2), and 4-ethyl-3-hydroxy-6-propenyl-2H-pyran-2-one (3) were isolated from the culture broth
of Colletotrichum gloeosporioides, an endophytic fungus derived from the mangrove Ceriops tagal. The structures of 1–3
were elucidated on the basis of NMR spectra and HR-ESI-MS data. Their absolute configurations were determined by
comparing with the experimental and calculated ECD spectrum. Compounds 1 and 3 showed potent antibacterial activities
against some of the tested microbes.

Introduction

Endophytic fungi from plants can produce a wide range of
structurally unique metabolites, and some bioactive meta-
bolites from fungi showed antiviral [1–3], antibacterial [4,
5], and antifungal [6, 7] activities. In the past two decades,
mangrove-derived microorganisms proved to be rich sour-
ces of bioactive secondary metabolites [8, 9]. The genus
Colletotrichum is one of the most devastating groups of
plant fungal pathogens [10]. The species Colletotrichum
gloeosporioides has been isolated and investigated as not
only a plant pathogen but also an endophytic fungus for the
production of new bioactive secondary metabolites. Many
bioactive secondary metabolites produced by Colleto-
trichum species have been reported such as aspergillomar-
asmim A and B, colletotric acid, selfinhibitors of conidial

germination, phytotoxins, gloeosporone, and so on [11, 12].
In the course of our searching for the new bioactive sec-
ondary metabolites from mangrove-derived endophytic
fungus of Hainan island, China, three new polyketides,
(2 S)-2,3-dihydro-5,6-dihydroxy-2-methyl-4H-1-benzopyran-
4-one (1), (2′R)-2-(2′-hydroxypropyl)-4-methoxyl-1,3-ben-
zenediol (2), and 4-ethyl-3-hydroxy-6-propenyl-2H-pyran-
2-one (3) were isolated from the fungus C. gloeosporioides,
which collected from the mangrove Ceriops tagal in Dong
Zhai port, Hainan Province. In this paper, we describe the
isolation, structure elucidation, and antibacterial activities of
these new compounds (Fig. 1).

Results and discussion

Compound 1 was obtained as colorless crystals with the
molecular formula C10H10O4 based on the HR-ESI-MS at
m/z 195.0647 [M+H]+ (calcd. for C10H11O4

+, 195.0652).
In the 1H NMR spectrum (Table 1), two doublets protons at
δH 7.08 (d, J= 8.9 Hz) and 6.43 (d, J= 8.9 Hz) indicated
the presence of an 1,2,3,4-tetrasubstituted benzene system.
One hydrogenbonded hydroxy group at δH 10.96 (s), one
oxygenated methine proton signal at δH 4.64 (qt, J= 6.3, 4.0
Hz), two methylene protons at δH 2.78 (dd, J= 17.2, 4.0 Hz)
and 2.75 (dd, J= 17.2, 4.0 Hz), and one methxyl group at δH
1.56 (d, J= 6.3 Hz) were also observed. The 13C and DEPT
NMR spectra of 1 displayed 10 carbons, comprising one
methyl, one methylene, three methine, and five quaternary
carbons with a carbonyl (δC 197.7), which indicated a
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benzoannelated γ-pyrone moiety. These 1H and 13C NMR
data (Table 1) of 1 were similar to 2,3-dihydro-5-hydroxy-2-
methyl-4H-1-benzopyran-4-one [13]. The obvious difference
was the absence of one aromatic proton signal at δH 6.48 (dd,
J= 8.3, 0.7 Hz) in 2,3-dihydro-5-hydroxy-2-methyl-4H-1-
benzopyran-4-one in the 1H NMR spectrum. The corre-
sponding carbon of 1 appeared in downfield region (δC 136.5)
indicated the proton in the known compound was substituted
by a hydroxyl group in 1. The carbon was assigned to C-6 by
the HMBC with H-7 (Fig. 2). Two coupling aromatic protons
were assigned to C-7 and C-8 according to the HMBC of H-7
to C-5, C-6, and C-8a as well as H-8 to C-4a and C-6. Thus,
the planar structure of 1 was established as 2,3-dihydro-5,6-
dihydroxy-2-methyl-4H-1-benzopyran-4-one. The absolute
configuration of 1 was determined by electronic circular
dichroism (ECD) quantum chemical calculations using
Gaussian 09. The ECD calculations for the two configurations
were performed by TDDFT/ECD method at B3LYP/6–311
level after optimization of each possible isomers of 1. And
then the calculated ECD spectra of 1 were generated. The
experimental ECD spectrum of 1 exhibited a strong negative
CEs at 210.0 nm, a strong positive CEs at 274.7 nm and a
weak negative CEs from 342.3 nm to 424.9 nm which in good
agreement with the calculated ECD spectrum for (2S) con-

figuration (Fig. 3). Finally, the structure of 1 was elucidated as
(2S)-2,3-dihydro-5,6-dihydroxy-2-methyl-4H-1-benzopyran-
4-one.

Compound 2 was obtained as a brown oil with the
molecular formula C10H14O4, as determined by HR-ESI-MS
at m/z 221.0792 [M+Na]+ (calcd. for C10H14O4Na

+,
221.0784). The 1H NMR spectrum exhibited two aromatic
protons [δH 6.75 (1 H, d, J= 8.9 Hz, H-5), δH 7.04 (1 H, d,
J= 8.9 Hz, H-6)], six methyl protons [δH 1.49 (3 H, d, J=
6.2 Hz, H-3′), δH 3.85 (3 H, s, H-7)], two methylene protons
[δH 2.59 (1 H, dd, J= 16.7, 11.6 Hz, H-1′a), δH 3.13 (1 H,
dd, J= 16.7, 2.8 Hz, H-1′b)], and one methine proton [δH
4.51 (1 H, qt, J= 6.2, 2.8 Hz, H-2′)]. The 13C NMR spec-
trum assisted by DEPT of 2 displayed 10 carbons, including
two methyl groups (δC 20.7 and 56.4), one methylene (δC
29.5), three methines (δC 74.3, 111.3 and 121.4), and four
quaternary carbons (δC 128.3, 145.7, 155.1and 163.7). Two
symmetric doublets of 1H NMR in the downfield region
indicated a 1,2,3,4-tetrasubstituted aromatic ring. The
methoxyl group (δH 3.85, δC 56.3) connected to C-4 was
supported by the HMBC (Fig. 2) from H-7 to C-4 and NOE
correlation of H-7 with H-5. The COSY correlations of H-1′
with H-2′, and H-2′ with H-3′, and the HMBC from H-1′
and H-3′ to C-2′ Indicated the presence the fragment of the
C-1′-C-2′-C-3′. The HMBC from H-1′ to C-2 and C-3
indicated the C-1′ was connected with C-2. Thus, the planar
structure of 2 has been established as (2′R)-2-(2′-hydro-
xypropyl)-4-methoxyl-1,3-benzenediol. In order to deter-
mine the absolute configuration, the ECD calculations for
the two configurations of 2′S and 2′S were performed by the
method as used in compound 1. The experimental ECD
spectrum of 2 exhibited two strong negative CEs at 201.2
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Fig. 1 Chemical structures of compounds 1–3

Table 1 1H and 13C NMR data of compounds 1 and 2 in CDCl3 and 3 in CD3OD

No. Compound 1. No Compound 2 No. Compound 3

δH
a (mult, J in Hz) δC

b, type δH
a (mult, J in Hz) δC

b, type δH
a (mult, J in Hz) δC

b, type

2 4.64, qt (6.3, 4.0) 75.1, CH 1 163.7, C 2 166.5, C

3 2.78, dd (17.2, 4.0) 44.2, CH2 2 128.3, C 3 166.7, C

2.75, dd (17.2, 4.0) 3 145.7, C 4 104.9, C

4 197.7, C 4 155.1, C 5 5.96, s 99.8, CH

4a 107.8, C 5 6.75, d (8.9) 111.3, CH 6 156.8, C

5 154.6, C 6 7.04, d (8.9) 121.4, CH 7 2.41, d (7.4) 16.1, CH2

6 136.5, C 7 3.85, s 56.4, CH3 8 1.04, t (7.4) 11.5, CH3

7 7.08, d (8.9) 124.3, CH 1′ 3.13, dd (16.7, 2.8) 2.59, dd (16.7, 11.6) 29.5, CH2 9 6.06, dd (15.5, 1.6) 122.7, CH

8 6.43, d (8.9) 108.5, CH 2′ 4.51, qt (6.2, 2.8) 74.3, CH 10 6.62, dq (15.5, 6.9) 133.2, CH

8a 146.9, C 3′ 1.49, d (6.2) 20.7, CH3 11 1.90, dd (6.9, 1.6) 17.0, CH3

9 1.56, d (6.3) 20.9, CH3

5- OH 10.96, s

aMeasured at 400MHz
bMeasured at 100MHz
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nm and 260.0 nm which in good agreement with the cal-
culated ECD spectrum for (2′R) configuration (Fig. 4).
Finally, the structure of compound 2 was elucidated as (2′R)
-2-(2′-hydroxypropyl)-4-methoxyl-1,3-benzenediol.

Compound 3 was obtained as a white powder with the
molecular formula C10H12O3, as determined by HR-ESI-MS
at m/z 181.0856 [M+H]+ (calcd. for C10H13O3

+,
181.0859). The 1H NMR spectrum of 3 exhibited two
methyl signals δH 1.04 (3 H, t, J= 7.4 Hz, H-8) and 1.90 (3
H, dd, J= 6.9, 1.6 Hz, H-11), one methylene signal [δH 2.41
(2 H, d, J= 7.4 Hz, H-7)] and three methine protons δH 5.96
(1 H, s, H-5), 6.06 (1 H, dd, J= 15.5, 1.6 Hz, H-9), and 6.62
(1 H, dq, J= 15.5, 6.9 Hz, H-10). The 13C NMR spectrum
assisted by DEPT displayed ten carbons, comprising two
methyl groups (δC 11.5 and 17.0,), one methylene (δC 16.1),
three methines (δC 99.8, 122.7, and 133.2), and four qua-
ternary carbons (δC 104.9, 156.8, 166.5, and 166.7). The
COSY correlations of H-9 with H-10 and H-10 with H-11
indicated the presence of the propenyl moiety. The double
bond configuration of the propenyl moiety was proved to be
a “trans” one for the high coupling constant (3J= 15.5 Hz).
The COSY correlation of H-7 with H-8, suggested an ethyl
moiety. The rest of four olefin carbons and a carbonyl (δC
166.5) indicated a pyrone moiety, and these were confirmed
by the HMBC of H-5 to C-4 and C-6 (Fig. 2). The ethyl
moiety was connected to C-4 according to the HMBC from

H-7 to C-4 and C-3. And the propenyl moiety was con-
nected to C-6 based on the HMBC from H-5 to C-4, C-6,
and C-9. Finally, the structure of 3 was established as 4-
ethyl-3-hydroxy-6-propenyl-2H-pyran-2-one.

The antibacterial activity of 1–3 was evaluated against five
pathogenic bacteria of Micrococcus tetragenus, Staphylo-
coccus aureus, Streptomyces albus, Bacillus cereus, and
Bacillus subtilis. Compound 1 showed antimicrobial activity
against B. cereus with the MIC value of 12.5 μgml−1.
Compound 3 showed antimicrobial activities against B. sub-
tilis, S. aureus, and S. albus with the same MICs value of
12.5 μgml−1 (Table 2).

Methods

General experimental procedures

The NMR spectra were taken on a Bruker Avance 400MHz
spectrometer with tetramethylsilane as internal standard.
HR-ESI-MS were acquired on Bruker APEX 7.0 TESLA
FT-MS. IR spectra were recorded on a Fourier transfor-
mation infra-red spectrometer coupled with infra-red
microscope (Thermo Nicolet). Optical rotation was mea-
sured on a SEPA 300 polarimeter (Horiba, Japan). UV
spectra were recorded on a Shimadzu 2401 A spectro-
photometer (Shimadzu, Japan) equipped with a 1-cm path-
length cell. ECD spectra were recorded on a JASCO
spectropolarimeter, model J-815. Column chromatography
was carried out using Sephadex LH-20 (Amersham Phar-
macia, Sweden) and silica gel (200–300 mesh, Qingdao
Marine Chemical Factory, Qingdao, People’s Republic of
China). Preparative HPLC was conducted using an Agilent
1260 with the ODS column was an Agilent Zorbax SB C18
column (5 μm, 9.4 × 150 mm, America). Analytical thin
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Fig. 2 Key COSY (bold lines) and HMBC (arrows) correlations of 1–3
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layer chromatography (TLC) was performed with GF254
plates (Qingdao Marine Chemical Factory).

Fungal material

C. gloeosporioides was isolated from the mangrove Ceriops
tagal collected in Dong Zhai Port, Hainan Province, P. R.
China. Fungus identification was carried out using a
molecular biological protocol as reported, and the sequence
data derived from the fungal strain has been submitted and
deposited in the GenBank database under accession number
MF508974. BLAST Search result showed that the sequence
was the most similar (99%) to the sequence of C. gloeos-
porioides (compared to Accession No. AJ301986.1). The
strain is preserved at the Key Laboratory of Tropical
Medicinal Plant Chemistry of Ministry of Education.

Extraction and isolation

Fermentation, extraction, and isolation

For chemical investigations, the fungal strain was static
cultured on the rice medium at room temperature in 1000
ml-Erlenmeyer flasks containing 50 ml rice and 50 ml sea-
water. After 30 days of cultivation, cultures from 200 flasks
were harvested. The culture broth was filtered, and the fil-
trate was extracted three times with EtOAc. The EtOAc
layer was concentrated under reduced pressure to give a
crude extract (120 g). The extract was subjected to CC over
SiO2 eluted with different solvents of increasing polarity
(from petroleum ether (PE) to MeOH) to yield 17 fractions
(Frs. 1–17) on the basis of TLC analysis. Fr. 4 (PE–EtOAc,
5: 1, 1.5 g) was further purified by Sephadex LH-20
(CHCl3–MeOH, 1: 1) and one of the sub-fractions was
purified by preparative HPLC (Acetonitrile–H2O, 39:61, 2
ml min−1) to afford compound 1 [retention time(Rt)= 13
min, 17 mg]. Fr. 6 (PE - EtOAc, 5:1, 4.5 g) was further
purified by CC (PE–EtOAc, 7: 1) to yield 7 fractions(Frs.
6A-6G). Fr. 6D was further purified by Sephadex LH-20
(CHCl3–MeOH, 1: 1) and one of the sub-fractions was
purified by preparative HPLC (Acetonitrile–H2O, 50:50, 2
ml min−1) to afford compound 3 (Rt= 19 min, 10 mg). Fr.
15 (EtOAc, 100%, 8 g) subjected to CC over SiO2 eluted

with different solvents of increasing polarity (from
CHCl3–MeOH, 50: 1 to MeOH) to yield 18 fractions (Frs.
15A 15Q) on the basis of TLC analysis. The Fr. 15B
was further purified by CC (PE–EtOAc, 5:1), one of the
sub-fractions was purified by preparative HPLC
(Acetonitrile–H2O, 25:75, 2 ml min−1) to afford com-
pound 2 (Rt= 16 min, 9 mg).

(2S)-2,3-dihydro-5,6-dihydroxy-2-methyl-4H-1-benzopyran-
4-one (1)

Colorless crystals. [α]25D −0.01 (c 0.1, MeOH). UV (MeOH)
λmax (log ε): 207 (1.81), 240 (0.71), 275 (0.90), and 380
(0.30) nm. IR (KBr) νmax: 3854, 3749, 3430, 3924, 1647,
1483, 1371, 1221, 1054, and 751 cm−1. CD (c= 0.001,
MeOH) λmax (Δε): 211 (−3.2), 237 (−0.95), and 275
(+1.00). 1H NMR (400MHz, CDCl3) and

13C-NMR (100
MHz, CDCl3): see Table 1. HR-ESI-MS: m/z 195.0647
[M+H]+ (calcd. for C10H11O4

+, 195.0652).

(2′R)-4-methoxyl-2-(2′-hydroxypropyl)-1,3-benzenediol (2)

brown oil. [α]25D −0.09 (c 0.09, MeOH). UV (MeOH) λmax

(log ε): 200 (2.28) and 335 (0.25) nm. IR (KBr) νmax: 3421,
2930, 2366, 1709, 1591, 1495, 1451, 1384, 1249, 1204,
1125, and 1076 cm−1. CD (c= 0.001, MeOH) λmax (Δε):
202 (−7.6), 221 (−4.0), 260 (−6.7), and 337 (−2.6). 1H
(400MHz, CDCl3) and

13C NMR (100MHz, CDCl3): see
Table 1. HR-ESI-MS: m/z 221.0792 [M+Na]+ (calcd. for
C10H14O4Na

+, 221.0784).

4-ethyl-3-hydroxy-6-propenyl-2H-pyran-2-one (3)

white powder. IR (KBr) νmax: 3856, 3750, 3434, 2930,
2359, 1658, 1566, 1406, 1126, and 711 cm−1. 1H (400
MHz, CD3OD) and 13C NMR (100MHz, CD3OD): see
Table 1. HR-ESI-MS: m/z 181.0856 [M+H]+ (calcd. for
C10H13O3

+, 181.0859).

Computational methods

Conformational searches for compounds 1 and 2 were
performed via molecular mechanics using the MM+

Table 2 Antimicrobial activity
of compounds 1–3

Compounds MIC (μg ml-1)

M. tetragenus B. cereus B. subtilis S. aureus S.albus

1 >25 12.5 25 25 >25

2 >25 25 25 25 >25

3 >25 25 12.5 12.5 12.5

Ciprofloxacina 6.15 5.60 0.20 1.50 6.15

aCiprofloxacin was used as a positive control
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method in HyperChem 8.0 software. The conformers were
further optimized at B3LYP/6–31+g (d, p) level via
Gaussian 09 software in MeOH using the CPCM polariz-
able conductor calculation model. The theoretical calcula-
tion of ECD was conducted in MeOH using time-dependent
density functional theory (TD-DFT) at the B3LYP/
6–311+g (d, p) level for all conformers of compounds in
Gaussian09 software package [14]. Rotatory strengths for a
total of 80 excited states were calculated. The calculated
ECD spectra were generated using the program SpecDis
1.71 [15] with a half-bandwidth of 0.16 eV according to the
Boltzmann-calculated distribution of each conformer.

Antibacterial activity assay

The antibacterial activities were evaluated against five dif-
ferent bacteria (Micrococcus tetragenus ATCC35098, S.
aureus ATCC25923, Staphylococcus albus ATCC 8799, B.
cereus ATCC 14579, and B. subtilis ATCC6633.) in 96-
well microplates as described by Correa et al. [16]. Cipro-
floxacin was used as a positive control. Each assay was
conducted in triplicate.

Acknowledgements This work was supported by the Foundation for
the National Natural Science Foundation of China (No. 21662012) and
Program for Innovative Research Team in University (No. IRT-
16R19).

Compliance with ethical standards

Conflict of interest The authors declare that they have no conflict of
interest.

Publisher’s note: Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.

References

1. Gao J-M, Yang Sh-X, Qin J-Ch. Azaphilones: chemistry and
biology. Chem Rev. 2013;113:4755–811.

2. Linnakoski R, Reshamwala D, Veteli P, Cortina-Escribano M,
Vanhanen H, Marjomäki V. Antiviral agents From fungi: diver-
sity, mechanisms and potential applications. Front Microbiol.
2018;9:1–18.

3. Deshmukh SK, Prakash V, Ranjan N. Marine fungi: a source of
potential anticancer compounds. Front Microbiol. 2018;8:1–24.

4. Masi M, Maddau L, Linaldeddu BT, Scanu B, Evidente A,
Cimmino A. Bioactive metabolites from pathogenic and endo-
phytic fungi of forest trees. Curr Med Chem. 2018;25:208–52.

5. Ibrahim SRM, Mohamed GA, Al Haidari RA, El-Kholy AA,
Zayed MF, Khayat MT. Biologically active fungal depsidones:
chemistry, biosynthesis, structural characterization, and bioactiv-
ities. Fitoterapia. 2018;129:317–65.

6. Macias-Rubalcava M, Sanchez-Fernandez RE. Secondary meta-
bolites of endophytic xylaria species with potential applications in
medicine and agriculture. World J Microbiol Biotechnol.
2017;33:1–22.

7. Kellogg JJ, Raja HA. Endolichenic fungi: a new source of rich
bioactive secondary metabolites on the horizon. Phytochem Rev.
2017;16:271–93.

8. Ancheeva E, Daletos G, Proksch P. Lead compounds from
mangrove-associated microorganisms. Mar Drugs. 2018;16:1–31.

9. Agrawal S, Adholeya A, Barrow CJ, Deshmukh SK. Marine
fungi: an untapped bioresource for future cosmeceuticals. Phy-
tochem Lett. 2018;23:15–20.

10. Wang MY, Zhou ZS, Wu JY, Ji ZR. Comparative transcriptome
analysis reveals significant differences in gene expression between
appressoria and hyphae in Colletotrichum gloeosporioides. Gene.
2018;670:63–69.

11. Chapla VM, Zeraik ML, Leptokarydis IH, Silva GH. Antifungal
compounds produced by Colletotrichum gloeosporioides, an
Endophytic Fungus from Michelia champaca. Molecules.
2014;19:19243–52.

12. Garcia-Pajon CM, Collado IG. Secondary metabolites isolated
from Colletotrichum species. Nat Prod Rep. 2003;20:426–31.

13. Wang F, Liu JK. A pair of novel heptentriol stereoisomers from
the ascomycete Daldinia concentrica. Helv Chim Acta.
2004;87:2131–4.

14. Frisch MJ, Trucks GW, Schlegel HB, et al. Gaussian 09 (Revision
A.02). Wallingford, CT: Gaussian Inc.; 2009 .

15. Bruhn T, Schaumloffel A, Hemberger Y, Pescitelli G. SpecDis,
Version 1.71. Berlin, Germany; 2017, http://specdis-software.
jimdo.com.

16. Correa H, Aristizabal F, Duque C, Kerr R. Cytotoxic and anti-
microbial activity of pseudopterosins and seco-pseudopterosins
isolated from the octocoral Pseudopterogorgia elisabethae of san
andres and providencia islands (Southwest Caribbean Sea). Mar
Drugs. 2011;9:334–44.

Three new polyketides from a mangrove-derived fungus Colletotrichum gloeosporioides 517

http://specdis-software.jimdo.com
http://specdis-software.jimdo.com

	Three new polyketides from a mangrove-derived fungus Colletotrichum gloeosporioides
	Abstract
	Introduction
	Results and discussion
	Methods
	General experimental procedures
	Fungal material
	Extraction and isolation
	Fermentation, extraction, and isolation
	(2S)-2,3-dihydro-5,6-dihydroxy-2-methyl-4H-1-benzopyran-4-one (1)
	(2′R)-4-methoxyl-2-(2′-hydroxypropyl)-1,3-benzenediol (2)
	4-ethyl-3-hydroxy-6-propenyl-2H-pyran-2-one (3)
	Computational methods
	Antibacterial activity assay
	Compliance with ethical standards

	ACKNOWLEDGMENTS
	References




