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PHENOLIC  COMPOUNDS  FROM  THE  RHIZOMES
OF  Drynaria  bonii

Pham Thi Nhat Trinh,1,2 Mai Dinh Tri,2 Nguyen Huu An,2

Pham Ngoc An,2 Phan Nhat Minh,2 and Le Tien Dung2*

In the present study, phenolic constituents from the rhizomes of D. bonii were isolated and their antibacterial
and antioxidant activities were determined. A new compound and eight known phenolic compounds were
isolated from the ethanol extract of D. bonii. The structure of the new compound was characterized by
spectroscopic analysis as 3-(5-hydroxymethyl)furan-2-yl)-2-phenylacrylaldehyde (9), along with chrysophanol
(1), nobiletin (2), protocatechuic acid (3), protocatechualdehyde (4), isoliquiritigenin (5), rutin (6), nicotiflorin
(7), and linocaffein (8). These compounds were isolated from this plant for the first time. Most of the compounds
demonstrated antibacterial and antioxidant activities, with compound 4 demonstrating especially potent
antioxidant effects (SC50 4.87 �g/mL) in the DPPH test.
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The genus Drynaria is comprised of 19 species [1], of which seven are found in Vietnam [2]. Drynaria bonii Christ,
a Vietnamese medicinal plant, has been traditionally used to heal bone fractures, stimulate the growth of hair, and treat tinnitus
or deafness [2, 3]. Until now, there has been no literature on the chemical constituents isolated from this plant. In our continuing
studies on the Drynaria species in Vietnam [4–6], this paper describes the isolation and structural determination of nine
secondary metabolites from the ethanol fraction of the rhizomes of Drynaria bonii Christ. Bioassays showed that most of the
metabolites had antibacterial activity using the disc diffusion method and antioxidant activity using the 2,2-diphenyl-1-
picrylhydrazyl (DPPH) free radical scavenging test.

After a primary separation by column chromatography with silica gel (normal and reversed phase), the ethanol extract
of D. bonii was partitioned successively with petroleum ether, chloroform, ethyl acetate, and methanol. After purifying by
Sephadex LH-20 and ODS column chromatography, the petroleum ether, chloroform, ethyl acetate, and methanol fractions of
D. bonii yielded nine compounds (1–9), one of which was a new compound (9).

Compound 9 was obtained as a dark brown powder. It reacted positively with FeCl3, proving that 9 was a
phenolic compound. The molecular formula was established as C14H12O3 using HR-ESI-MS (the mass spectrum showed
a pseudomolecular ion peak [M + Na]+ at m/z 251.0679; calcd for C14H12O3Na, 251.0684). The PMR spectrum of 9
displayed two doublet olefinic signals at �  6.12 (1H, d, J = 3.5 Hz, H-3) and 6.35 (1H, d, J = 3.5 Hz, H-4), suggesting the
presence of a 2,5-disubstituted furan ring, six aromatic protons at � [7.16 (2H, m, H-2�, 6�), 7.45 (2H, m, H-3�, 5�), 7.44
(1H, m, H-4�), and 7.50 (1H, s, H-6)]. The singlet signal at � 9.66 (1H, s, H-�) indicated the existence of an aldehyde in
its structure. The 13C NMR spectrum showed 14 carbon signals, of which there was a carbonyl at � 192.6 (C-�), two oxyaryl
carbons at � 149.2 (C-2) and 159.3 (C-5), eight methine aromatic carbons, and two quaternary aromatic carbons.
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In the HMBC spectrum, two protons of a 2,5-disubstituted furan ring resonating at � 6.12 (1H, d, J = 3.5 Hz) and 6.35 (1H, d,
J = 3.5 Hz) were observed to be correlated with two oxygenated olefinic carbons at � 149.2 and 159.3, indicating that these
carbon signals were assigned to C-2 and C-5, respectively (Fig. 1). The correlation between hydroxymethyl protons (–CH2OH)
at � 4.33 (2H, s) with an oxygenated olefinic carbon at � 159.3 (C-5) and a sp2 methine carbon at � 110.0 in HMBC spectrum
supported the assignment of the hydroxymethyl moiety at C-5 and the sp2 methine carbon at C-4. The correlation of a proton
at � 6.35 ppm (1H, d, J = 3.5 Hz) to C-4 (� 110.0) in the HSQC spectrum confirmed that the proton was H-4. The singlet signal
at � 7.50 (1H, s), attributed to the methine carbon (� 136.2) in the HSQC spectrum, gave HMBC correlations with C-3 (� 117.5)
and C-2 (� 149.2), a quaternary sp2 carbon (� 137.6), and a carbonyl carbon (� 192.6), suggesting that the methine carbon was
located at the C-2 position of the furan skeleton, and the singlet proton was assigned to H-6. Based on careful analysis of the
13C NMR and HMBC spectrum of 9, the six sp2 carbons, including five methine and one quaternary carbons, belong to a
monosubstituted benzene ring [�H 7.44 (1H, m, H-4�), 7.16 and 7.45 (each 2H, m, H-2�, 6� and H-3�, 5�, respectively); �C 128.0
(C-4�), 128.9 (C-2�, 6�), 128.3 (C-3�, 5�), and 133.5 (C-1�)]. Furthermore, the aldehyde proton at � 9.66 (1H, s) correlated with
two quaternary sp2 carbons at � 137.6 and C-1�, proving that the aldehyde group was located at C-� (� 137.6) and that C-� was
attached to the benzene ring at C-1�. The cross-peak between a proton H-6 and aldehyde proton in the ROESY spectrum
proved that the configuration of the isolated double bond was E. Therefore, compound 9 was identified as
3-(5-hydroxymethyl)furan-2-yl)-2-phenylacrylaldehyde (drynaran).

The known compounds 1–8 were identified as chrysophanol (1), nobiletin (2), protocatechuic acid (3),
protocatechualdehyde (4), isoliquiritigenin (5), rutin (6), nicotiflorin (7), and linocaffein (8) by comparison of their NMR and
MS data with those reported in the literature [7–14]. All compounds were isolated for the first time from the Drynaria bonii
Christ plant. The isolates were assayed for their DPPH radical scavenging activity and antibacterial activity. Compounds 1–9
were not active against P. aeruginosa, B. subtilis, S. aureus, F. oxysporum, S. cerevisiae, and C. albicans. Compounds 1, 2, 4–6,
and 9 had weak antibacterial activity (MIC 50 �g/mL). The MIC of compounds 1, 5, and 6 for E. coli and compounds 2, 4, and
9 for A. niger was 50 �g/mL. Compounds 3, 4, and 6 were strong scavengers of DPPH radicals (Table 1), with SC50 values of
13.12, 4.87, and 25.00 �g/mL, respectively.

Antioxidants have been reported to play a major role in ameliorating peroxidative damage induced by free radicals in
membranes and tissues [15]. Therefore, they could be used as preventive and/or therapeutic agents against carcinogenesis,
aging, and cardiovascular diseases [16].

EXPERIMENTAL

NMR spectra were recorded on a Bruker Avance-500 MHz using TMS as internal standard, and ESI-MS and HR-MS
data were recorded on an Agilent 1100 LC-MSD Trap and a HR-FT-ICR MS Varian 920, respectively, at the Institute of

TABLE 1. SC50 Values of Isolated Compounds in Scavenging of DPPH Radicals

Compound SC, % SC50, �g/mL Compound SC, % SC50, �g/mL 

Positive control (+) (Vitamin C) 
Negative control (–) 

1 
2 
3 
4 

80.52 � 0.1 
0.00 � 0.0 
7.30 � 0.5 
0.70 � 0.1 
70.39 � 0.3 
88.20 � 0.6 

12.51 
– 
– 
– 

13.12 
4.87 

5 
6 
7 
8 
9 

1.50 � 0.5 
68.70 � 0.5 
2.10 � 0.3 

11.30 � 0.2 
12.10 � 0.5 

– 
25.00 

– 
– 
– 

 

Fig. 1. Key HMBC correlations of compound 9.
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Chemistry (Vietnam Academy of Science and Technology). TLC were performed on silica gel 60 F254 (Merck 1.05715), RP18
F254s (Merck). The zones were detected using UV at 254 or 365 nm or a solution of FeCl3–EtOH or H2SO4–EtOH. Column
chromatography was performed on silica gel (240–430 mesh) or ODS or Sephadex LH-20.

Biological evaluations were carried out at the Experimental Biology Laboratory, Institute of Natural Products Chemistry,
Vietnam Academy of Science and Technology.

Plant Material. The rhizomes of Drynaria bonii were collected in Vietnam in February 2013 and authenticated by
the Centre of Medicinal Plants and Ginseng in Ho Chi Minh City (National Institute of Medicinal Material, Vietnam).

Extraction and Isolation. Dried rhizomes of D. bonii (2.0 kg) were extracted with 96% EtOH. The extract was
evaporated to dryness (205.0 g) under reduced pressure. The ethanol extract was eluted on a silica gel column sequentially
with petroleum ether, chloroform, ethyl acetate, and methanol.

The petroleum ether fraction (47.0 g) was chromatographed on a silica gel column and eluted with a gradient of
petroleum ether–ethyl acetate (200:1 to 10:1) to yield five fractions. Fraction 3 was further subjected to silica gel column
chromatography, followed by Sephadex LH-20 with MeOH–CHCl3 (50:50) as eluent to give 1 (5.0 mg). The chloroform
fraction (18.7 g) was subjected to chromatography on silica gel with a petroleum ether–ethyl acetate gradient (100:1 to 50:1)
and ethyl acetate–methanol (1:20) as eluent to yield six fractions. Fraction 3 was eluted on a silica gel column with petroleum
ether–ethyl acetate (50:1) followed by Sephadex LH-20 to yield 9 (9.0 mg). The fourth fraction (6.0 g) was further passed over
an ODS column with MeOH–H2O (3:1) as eluent, then purified on a Sephadex LH-20 column and eluted with (CHCl3–MeOH
50:50) to give 2 (5 mg). The ethyl acetate fraction (10.2 g) was subjected to column chromatography on silica gel as a
stationary phase and eluted with petroleum ether–ethyl acetate–methanol mixtures of increasing polarity to yield five fractions.
Fraction 3 (2.6 g) was rechromatographed on a silica gel column with chloroform–methanol–H2O (8:2:0.2) as eluent, then
further chromatographed on Sephadex LH-20 to give 3 (32.0 mg), 4 (13.0 mg), and 5 (2.0 mg). The methanol fraction (110.0 g)
was fractionated by column chromatography on silica gel using a mixture of petroleum ether–ethyl acetate–methanol with
increasing polarity to yield six fractions. Fraction 3 was chromatographed over a silica gel column and eluted with
CHCl3–MeOH–H2O (8:2:0.2 to 20:6:1) and ethyl acetate–methanol–water (20:1:1), then on a Sephadex LH-20 column using
MeOH as eluent and on an ODS column with MeOH–H2O (50:50 to 20:80) to give 7 (12.0 mg) and 8 (10.0 mg). Fraction 5
was rechromatographed on silica gel with chloroform–methanol–water (20:6:1) and ethyl acetate–methanol–water (15:1:1),
followed by Sephadex LH-20 with MeOH to afford 6 (15.0 mg).

Drynaran (9), dark yellow powder, mp 114–116	C (MeOH). HR-ESI-MS m/z 251.0679 [M + Na]+. 1H NMR (500 MHz,
DMSO-d6, �, ppm, J/Hz): 6.12 (1H, d, J = 3.5, H-3), 6.35 (1H, d, J = 3.5, H-4), 7.50 (1H, s, H-6), 4.33 (2H, s, H-7), 9.66 (1H,
s, H-�), 7.16 (2H, m, H-2�, 6�), 7.45 (2H, m, H-3�, 5�), 7.44 (1H, m, H-4�). 13C NMR (125 MHz, DMSO-d6, �, ppm): 149.2 (C-2),
117.5 (C-3), 110.0 (C-4), 159.3 (C-5), 136.2 (C-6), 55.7 (C-7), 137.6 (C-�), 192.6 (C-�), 133.5 (C-1�), 128.9 (C-2�, 6�), 128.3
(C-3�, 5�), 128.0 (C-4�).
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