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ABSTRACT
A new lignan, named fagraeanolide (1), and 14 known com-
pounds were isolated from the stem bark of Fagraea fragrans
Roxb. Their structures were determined by spectroscopic meth-
ods. Fagraeanolide is the first identified oxofurofuran lignan from
the genus Fagraea, while
b-boswelic acid (4), gentiogenol (5), 3-(4-hydroxy-3-methoxy-
phenyl)-acrylic acid octacosyl ester (7) and pinoresinol (14) were
isolated from this plant for the first time. The crude extract of F.
fragrans was not toxic to cell lines. The isolated compounds
showed no antibacterial activity.
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1. Introduction

Fagraea fragrans (Gentianaceae) has been used in herbal treatments of conditions
such as malaria, asthma, coughing, breathing difficulties, anemia, disability and hemor-
rhoids. It has been used to treat skin blisters, to maintain spleen function, as a blood
tonic and as an expectorant (Latip et al. 1999). Alkaloids, isocoumarins, iridoids, secoiri-
doids, secoiridoid glycoside, and terpenes were reported as secondary metabolites in
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the bark (Madmanang et al. 2016), roots, flowers (Sangsopha et al. 2020), leaves and
fruit (Wan and Chow 1964) of the plant. Antiplasmodial (Jonville et al. 2008), anti-
inflammatory and anti-tumor (Jonville et al. 2010), and cytotoxicity activities
(Sangsopha et al. 2020) of the isolated compounds have also been evaluated. In this
article, the isolation and structure determination of a new lignan from the stem bark
of F. fragrans, and the antimicrobial and cytotoxic activities of isolated compounds
are described.

2. Results and discussion

A CH2Cl2 extract of the stem bark of F. fragrans was fractionated and purified by col-
umn chromatography, resulting in the isolation of a new oxofurofuran lignan named
fagraeanolide (1) and 14 previously reported compounds (Figure 1). The known com-
pounds were identified as a-boswelic acid (2) (Culioli et al. 2003), fraganal (3)
(Madmanang et al. 2016), b-boswelic acid (4) (Culioli et al. 2003), gentiogenol (5) (Van
der Sluis et al. 1983), syringaldehyde (6) (Okuyama et al. 1995), 3-(4-hydroxy-3-methox-
yphenyl)-acrylic acid octacosyl ester (7) (Gong et al. 2006), 3-(4-hydroxy-3-methoxy-
phenyl)-acrylic acid 30-oxo-triacontyl ester (8) (Madmanang et al. 2016), fagraldehyde
(9) (Jonville et al. 2008), angelone (10) (Mulholland et al. 2006), eudesmin (11) (Latip
et al. 1999), monomethylpinoresinol (12) (Miyauchi and Ozawa 1998), medioresinol
(13) (Ando et al. 2007), pinoresinol (14) (Latip et al. 1999), and syringaresinol (15) (Lin-
Gen et al. 1982). Compounds 2, 4, 5, 7 and 14 were isolated for the first time from
this plant species.

Fagraeanolide (1) was obtained as yellow viscous liquid. [a]D
26 ¼ þ12� (c¼ 0.1,

CHCl3). A molecular ion at m/z 432.1415 in the HREI-MS spectrum corresponded to a
molecular formula of C22H24O9. The UV spectrum exhibited maximum absorptions at
222 (4.4) and 272 (3.8) nm. The 13C NMR spectrum (Table S1) showed signals for four
methoxy (d 56.7, 30/50/30’/50’-OCH3), two methine (d 53.4, C-1; d 50.2, C-5), two benzylic
oxymethine (d 83.4, C-2; d 84.6, C-6), one oxygenated methylene (d 72.9, C-4), one car-
bonyl (d 176.8, C-8,), four aromatic methine (d 102.0, C-20/C-60; d 102.2, C-20’/C-60’), and
eight aromatic quaternary carbons (d 130.3, C-10; d 131.6, C-10’; d 147.6, C-30/C-50; d
147.5, C-30’/C-50’; d 135.2, C-40; d 134.4, C-40’). The 1H NMR spectrum showed the reso-
nances of meta-aromatic protons at d 6.50 (2H, s, H-20/H-60) and d 6.64 (2H, s, H-20’/H-
60’), two hydroxy protons at d 5.57 (1H, s, 40-OH) and d 5.50 (1H, s, 40’-OH), and four
signals of methoxy protons at d 3.90 (12H, s, 30/50/30’/50’-OCH3). The HMBC correlations
(Figure S5) of H-20/H-60 to C-40 (d 135.2), 40-OH and -OCH3 to C-30/C-50 (d 147.6), H-20’/
H-60’ to C-40’ (d 134.4), and 40’-OH and -OCH3 to C-30’/50’ (d 147.5) suggested that the
signals belonged to two moieties of 4-hydroxy-3,5-dimethoxy phenyl. The remaining
resonances were assigned to two methines at d 3.44 (1H, dd, J¼ 9.3, 4.2 Hz, H-1) and d
3.25 (1H, m, H-5), two benzylic oxy-methines at d 5.33 (1H, d, J¼ 4.2 Hz, H-2) and d
5.32 (1H, d, 3.6 Hz, H-6), and non-equivalent oxygenated methylene protons at d 4.07
(1H, dd, J¼ 9.6, 5.4 Hz, H-4) and d 4.40 (1H, dd, J¼ 9.6, 6.2 Hz, H-4). The protons were
also confirmed by the COSY correlations of H-1 to H-2 and H-5, and H-5 to H-4 and H-
6. The HMBC correlations of H-2 to C-4, C-5, C-8 and C-20’/C-60’, and H-6 to C-1, C-4, C-
8 and C-20/C-60 allowed the assignation of a furofuran lignan with a carbonyl carbon
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(d 176.8) at C-8 and with aryl groups at C-2 and C-6. The small coupling constants of
H-2/H-1 (J¼ 4.2 Hz) and H-6/H-5 (J¼ 3.6 Hz) indicated trans orientation of both sets of
protons in the bipentacyclic (Min et al. 2004, Muhit et al. 2016). The lignan 1 could
then be determined as 3,6-bis-(4-hydroxy-3,5-dimethoxyphenyl)-8-oxo-3,7-dioxabicy-
clo [3.3.0]octane.

Crude extracts of F. fragrans at a concentration of 30 mg/ml were non-toxic to
human colorectal cancer cells (COLO 205), human epidermoid carcinoma cells (A431)
and canine osteosarcoma cells (D-17). Compounds 2-8 at a concentration of 200 mg/ml
showed no effect on Staphylococcus aureus ATCC25923, Methicillin-resistant

Figure 1. Structures of compounds isolated from the stem bark of Fagraea fragrans.
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Staphylococcus aureus SK1, Pseudomonas aeruginosa, Eschericia coli, Candida albicans
NCPF3153, Cryptococcus neoformans ATCC90113, and Microsporum gypseum.

3. Experimental

3.1. General experimental procedures

UV spectra were produced using the UV-160A spectrophotometer (SHIMADZU). 1H and
13C-nuclear magnetic resonance spectra were recorded in CDCl3 using FT-NMR (Bruker
Avance 300MHz). The EI-MS and HREIMS mass spectra were obtained using a MAT 95
XL mass spectrometer (Thermo Finnigan). Optical rotation [a]D was measured in
chloroform with Sodium D line (590 nm) on a JASCO P-1020 digital polarimeter. Thin
layer chromatography (TLC) was carried out using pre-coated TLC sheets of silica gel
60 GF254. Quick column chromatography was carried out on silica gel 60H (Merck).
Column chromatography (CC) was performed with silica gel 100 (Merck) and
Sephadex LH-20.

3.2. Plant material

The bark of F. fragrans was collected in Nakhon Sri Thammarat Province in the South
of Thailand, in May 2008. Identification was made by Mr. Ponlawat Pattarakulpisutti,
Division of Biological Science, Faculty of Science, Prince of Songkla University. A speci-
men of the bark (K. kaikaew 01) has been deposited in the Herbarium of the Division
of Biological Science, Faculty of Science, Prince of Songkla University, Thailand.

3.3. Extraction and isolation

Chopped, dried bark of F. fragrans (4.0 kg) was immersed in CH2Cl2 (12 liters) at room
temperature for 4 days. After removal of the solvent, a dark brown gum of CH2Cl2
extract (38.9 g) was obtained. The extract (35.5 g) was separated by quick column chro-
matography using gradient elution with solvent systems of hexane, CH2Cl2 and Me2CO
to give fractions 1-20 according to their TLC characteristics. Fraction 2 (0.83 g) was fur-
ther purified by CC, eluted with hexane-Me2CO (9:1 to 8:2), to give 2 (80mg) and 3
(5.5mg) as white solids. A white solid 4 (2.5mg) was obtained from fraction 3 (0.59 g).
Crystallization of fraction 4 (0.56 g) in hexane-Me2CO gave a yellow solid 5 (90.0mg).
Fraction 6 (0.55 g) was purified by CC, eluted with hexane-Me2CO (9:1), to give a white
solid 6 (11.8mg). Fraction 7 (2.16 g) was fractionated by CC, using hexane-CH2Cl2-
Me2CO (7:2:1), to yield a white solid 7 (7.8mg). Fraction 9 (2.27 g) was separated by
CC, eluted with CH2Cl2-MeOH (9:1), to give a white solid 8 (4.9mg) and a yellow solid
9 (8.8mg). Fraction 12 (2.136 g) was separated by CC, eluted with hexane-CH2Cl2-
Me2CO (7:2:1), to produce a yellow solid 10 (12.6mg), a white solid 11 (16.2mg) and a
brown gum 12 (8.8mg). Fraction 13 (1.642 g) was separated on Sephadex LH-20,
eluted with CH2Cl2-MeOH (9:1), and by CC, eluted with hexane-CH2Cl2-Me2CO (3:1:1),
to give a white solid 13 (5.6mg), a brown gum 14 (12.6mg) and 15 (18.8mg).
Fraction 17 (1.002 g) was isolated on Sephadex LH20, eluted with CH2Cl2-MeOH (7:3),
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and by CC, using hexane-CH2Cl2-Me2CO (2:2:1) as an eluent, to give a yellow viscous
liquid 1 (3.3mg).

Fagraeanolide (1)
A yellow viscous liquid, [a]D

26 ¼ þ12� (c¼ 0.1, CHCl3); UV (CH3OH) kmax nm (log e):
222 (4.4), 272 (3.8); 1H-NMR 300MHz (CDCl3) d (ppm): d 6.64, s, 2H, H-20’/H-60’; d 6.50,
s, 2H, H-20/H-60; d 5.57, s, 1H, 40-OH; d 5.50, s, 40’-OH; d 5.33, d, J¼ 4.2 Hz, 1H, H-2; d
5.32, d, J¼ 3.6 Hz, 1H, H-6; d 4.40, dd, J¼ 9.6, 6.2 Hz, 1H, H-4; d 4.07, dd, J¼ 9.6, 5.4 Hz,
1H, H-4; d 3.90, s, 12H, 30/50/30’/50’-OCH3; d 3.44, dd, J¼ 9.3, 4.2 Hz, 1H, H-1; d 3.25, m,
1H, H-5; 13C-NMR 75MHz (CDCl3) d (ppm): d 176.8, C-8; d 148.7, C-30/C-50; d 147.5, C-
30’/C-50’; 135.2, C-40; d 134.4, C-40’; d 131.6, C-10’; d 130.3, C-10; d 102.2, C-20’/C-60’; d
102.0, C-20/C-60; d 84.6, C-6; d 83.4, C-2; d 72.9, C-4; d 56.7, 30/50/30’/50’-OCH3, d 53.4, C-
1; d 50.2, C-5.

3.4. Cytotoxic activity

Cancer cell lines used in this experiment included the normal human colorectal cancer
cell (COLO 205), the human epidermoid carcinoma cell (A431) and the canine osteo-
sarcoma cell (D-17). The cytotoxicity of the compounds on cancer cells was measured
by standard 3-(4,5- dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT) assay,
carried out according to the previously reported procedure of Rattanaburi
et al. (2014).

3.5. Antibacterial activity

The antibacterial activity study followed the procedures of Rattanaburi et al. (2012).
To conclude, in this study, along with previously reported compounds, five other

compounds were isolated from this plant for the first time. These compounds were
a-boswelic acid (2), b-boswelic acid (4), gentiogenol (5), 3-(4-hydroxy-3-methoxy-
phenyl)-acrylic acid octacosyl ester (7) and pinoresinol (14). In addition, a new oxofur-
ofuran lignan, named fagraeanolide (1), was reported for the first time from the
genus Fagraea.
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