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ABSTRACT

Flacourtia jangomas has been recognized as a potential medicinal plant in the traditional
medicine systems of tropical countries in East and Southeast Asia. This study was conducted to
explore the phytochemical constituents of F. jangomas native to Vietnam. Four compounds were
isolated from F. jangomas stems, namely p-sitosterol (1), 4-hydroxybenzaldehyde (2), oleanolic acid
(3), and methyl ferulate (4). The structures of these compounds were characterized by interpreting
NMR data and comparing the results with previously reported data.
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1.  Introduction

The genus Flacourtia belongs to the Salicaceae family and was formerly classified
under the Flacourtiaceae family (Mabberley, 2008). This genus comprises approximately 23
species and is widely distributed across tropical and subtropical regions of Africa and Asia
(Zhang et al., 2020). Among these species, Flacourtia jangomas (Lour.) Raeusch, commonly
known as Indian plum, is a fruit-bearing plant native to the lowland regions of Southeast and
East Asia. It is a small deciduous tree that typically reaches 6—10 meters (occasionally up to
14 meters) in height and is characterized by a dense, spreading crown. Its distinctive trunk
features rough bark that ranges from pale brown to copper-red and peels into thin, lenticellate
layers. The foliage consists of simple, alternately arranged leaves that are ovate to ovate-
lanceolate with serrated margins. The fruits are edible and are best consumed fresh when
fully ripe during summer (Vo, 1997). Various parts of the plant have long been used in folk
medicine. The leaves are known for their antidiarrhoeal and stomachic properties and are
used to treat chronic bronchitis, while the fruit is used for liver-related conditions. In
addition, both the bark and fruit possess antibilious effects, and an infusion of the bark is
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commonly used as a gargle (Khare, 2008). The plant extracts have exhibited antioxidant
activity (Aklima et al., 2014; Neeharika Dubey & Pandey, 2013), antibacterial activity
(Parvin et al., 2011), antidiabetic activity in streptozotocin-induced models (Singh & Singh,
2010), and a-amylase inhibitory activity (Aklima et al., 2014).

Previous phytochemical investigations of this species have identified several major
classes of secondary metabolites, including flavonoids, coumarins, limonoids, diterpenes,
steroids, and other phenolic compounds (Ahmad et al.,1984; Dinda et al., 1989; Pandey &
Dubey, 2014).

However, research on the phytochemical composition and bioactive properties of F.
jangomas, particularly in Vietnam, remains scarce. Because chemical composition is often
influenced by geographical and environmental factors, Vietnamese specimens require
systematic characterization. Therefore, this study aimed to systematically investigate the
chemical composition of F. jangomas stems collected in Vietnam by isolating and
identifying their constituent compounds. Using a combination of chromatographic
separation techniques and spectroscopic analyses, four known compounds were successfully
isolated and structurally characterized: S-sitosterol, 4-hydroxybenzaldehyde, oleanolic acid,
and methyl ferulate from F. jangomas stems. Their structures were determined using NMR
spectroscopy and compared with published data. These findings not only contribute to the
expansion of the phytochemical database for F. jangomas but also provide a scientific basis
for its potential utilization in the development of pharmaceutical and natural products.

2.  Experimental
2.1. General experimental procedures

NMR spectra were recorded on a Bruker Avance spectrometer at frequencies of 500
MHz for 'H and 125 MHz for '*C. Chemical shifts (ppm) were referenced to the residual
solvent peaks of CDCl3 (0u=7.26, oc=77.2) and acetone-ds (du=2.05, dc = 29.8). Purification
via column chromatography employed silica gel 60 (40-63 pm, Merck). Thin-layer
chromatography (TLC) was performed using silica gel 60 Fas4 plates, and compounds were
visualized by treating the plates with a 20% H2SO4 solution and subsequent heating.

2.2. Extraction and isolation

To prepare the crude extract, 8.0 kg of ground F. jangomas powder was soaked in
MeOH (2 x 20 L) at room temperature over three days. Following filtration, the solution was
concentrated using rotary evaporation under reduced pressure to obtain a crude extract
(600.9 g). Fractionation of the crude extract was performed by liquid—liquid extraction with
n-hexane and EtOAc to afford n-hexane (H), n-hexane—EtOAc (1:1) (HEa), and EtOAc (Ea)
extracts. The HEa extract was subjected to open silica gel column chromatography (CC)
with an n-hexane—EtOAc (4:1, v/v) mobile phase, yielding 12 fractions (N1-N12).

From fraction N5 (52.5 g), a solid precipitate was rinsed with acetone to yield
compound 1 (1.1 g). Compound 4 (2.9 mg) was isolated from fraction N7 (51.5 g) via
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sequential silica gel CC using the solvent system n-hexane—acetone—CH>Cl,—EtOAc—H>O
(8:1:1:1:0.0001, v/v/v/v/v) and then n-hexane—EtOAc (3:1, v/v). Similarly, fraction N8 (32.0
g) was subjected to two chromatographic steps using an isocratic elution system of n-
hexane—acetone—CH>Cl,—EtOAc—H>O (8:1:1:1:0.0001, v/v/v/v/v), followed by CH>Cl—
EtOAc—acetone—MeOH-H>O (130:100:100:1:0.2, v/v/v/v/v) to obtain 2 (2.2 mg) and 3
(10.3 mg), respectively.

2.3. Spectroscopic data

Table 1. 'H (500 MHz) and *C NMR (125 MHz) spectroscopic data
of 1 and 3 (din ppm, J in Hz)

. PBsitosterol (1) . Oleanolic acid (3)"
position position

Su Sc, type Su dc, type
1 37.4, CH; 1 39.5, CH
2 31.9, CH; 2 26.3, CH
3 3.52, m 72.0, CH 3 3.18, m 78.6, CH
4 42.4, CH» 4 394,C
5 140.9, C 5 56.2, CH
6 5.35,dd, 7.5, 2.0 121.9, CH 6 17.6, CH
7 31.9, CH; 7 33.4, CH:
8 32.0,CH 8 395,C
9 50.3,CH 9 48.6, CH
10 36.6,C 10 37.8,C
11 21.2, CH» 11 23.8, CH:
12 39.9, CH; 12 5.26,t,3.5 123.1, CH
13 424,C 13 145.0, C
14 56.9, CH 14 425,C
15 24.4, CH» 15 28.1, CH:
16 28.4, CH» 16 23.9, CH;
17 56.2, CH 17 46.8, C
18 0.68, s 12.1, CH; 18 291, m 42.3,CH
19 1.00, s 20.0, CHs 19 40.2, CH»
20 36.3,CH 20 313,C
21 0.92,d,7.0 18.9, CH; 21 33.7, CH;
22 34.1, CH; 22 34.5, CHz
23 26.2, CH» 23 1.00, s 28.7, CHs
24 46.0, CH 24 0.95,s 16.3, CH;
25 29.3,CH 25 0.79, s 15.8, CH;
26 0.81,d,7.0 19.2, CH; 26 0.96, s 19.1, CHs
27 0.83,d, 6.5 19.5, CH; 27 1.19,s 24.1, CHs
28 23.2, CH» 28 178.9, C
29 0.85,1,7.0 12.0, CH; 29 0.82,s 33.4, CH;
30 30 0.93,s 23.8, CHs

arecorded in CDCls ; brecorded in acetone-ds
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Table 2. 'H (500 MHz) spectroscopic data
of 2 and 4 (din ppm, J in Hz)

. 4-hydroxybenzaldehyde (2)° . Methyl ferulate (4)
position position
Sn Sn

2 7.80,d, 8.5 2 6.40,d, 15.5
3 7.01,d, 8.5 3 7.60, d, 16.0
4 2 7.30,d, 2.0
5 7.01,d, 8.5 5’ 6.86, d, 8.0
6 7.80,d, 8.5 6 7.15,dd, 8.0, 2.0
-CHO 9.84, s 1-OCH3 3.72,s

3'-OCH; 3.92,s

brecorded in acetone-ds

Figure 1. Chemical structures of isolated compounds 1-4

3.  Results and discussion

Compound 1 was obtained as a white crystalline solid. The 'H NMR data displayed
signals for six methyl groups at ou 1.00 (3H, s), 0.92 (3H, d, J= 7.0 Hz), 0.85 (3H, t, J=7.0
Hz), 0.83 (3H, d, J= 6.5 Hz), 0.81 (3H, d, J= 7.0 Hz), 0.68 (3H, s), one oxygenated methine
proton at ox 3.52 (1H, m), one olefinic proton at én 5.35 (1H, dd, J= 7.5, 2.0 Hz) and two
methylene protons at du 2.23 (1H, m), 2.29 (1H, m). The 3C NMR spectrum revealed the
presence of 29 carbons, including two olefinic carbons (dc 140.9, 121.9), one oxygenated
methine (dc 72.0), and the aliphatic carbons in the range 12.0-56.9 ppm. The spectroscopic
data indicated that 1 has a phytosterol skeleton. Comparison of the 'H and '3C NMR data for
1 with those reported for f-sitosterol (Cayme & Ragasa, 2004) showed close agreement.
Therefore, compound 1 was identified as fsitosterol.
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Compound 2 was obtained as a brown crystalline solid. The 'H NMR spectrum
revealed one aldehyde proton at du 9.84 (1H, s, -CHO) and a 1,4-disubstituted benzene ring
[on 7.80 (2H, d, J=8.5 Hz, H-2, 6), 7.01 (2H, d, J= 8.5 Hz, H-3, 5)]. These results, together
with published data for 4-hydroxybenzaldehyde (Hoque et al., 2020; Pham et al., 2020),
confirmed 2 as 4-hydroxybenzaldehyde.

Compound 3 was obtained as a white crystalline solid. The '"H NMR spectrum of 3
revealed one olefinic proton at ou 5.26 (1H, t, J = 3.5 Hz), one oxygenated methine at on
3.54 (1H, br s), a deshielded methine at ou 3.18 (1H, m), seven singlet methyls at oy 1.19,
1.00, 0.96, 0.95, 0.93, 0.82, and 0.79, along with a high-intensity signal in the range 0.9-2.3
ppm. The *C NMR spectrum of 3 displayed signals for 30 carbons, including one carboxylic
carbon at dc 178.9, two olefinic carbons at dc 145.0 and 123.1, and one oxygenated methine
at oc 78.6. The data indicated that 3 is a triterpene with an oleanane skeleton. The spectral
data for 3 were compared with published data (Seebacher, Simic, Weis, Saf, & Kunert, 2003;
Silva et al., 2008), confirming that the structure of 3 was oleanolic acid.

Compound 4 was purified as a white crystalline solid. The 'H NMR spectrum showed
signals for two methoxy groups (du 3.92 and 3.72) and two olefinic protons at dn 7.60 (1H,
d,J=16.0 Hz) and 6.40 (1H, d, J= 15.5 Hz). The large vicinal coupling constants confirmed
the trans configuration of the o,-unsaturated double bond, while the downfield shift of the
signal at 7.60 is characteristic of a B-proton conjugated to a carbonyl group. In the downfield
region, three aromatic protons belonging to an ABX pattern [ou 7.30 (1H, d, J = 2.0 Hz),
7.15 (1H, dd, J = 8.0, 2.0 Hz), and 6.86 (1H, d, J = 8.0 Hz)] were observed. Comparison of
the NMR data for compound 4 with the reported spectral data for methyl ferulate (Ramadan
et al., 2024) showed close agreement. Therefore, compound 4 was identified as methyl
ferulate. This is the first report of the isolation of this compound from the genus Flacourtia.

The isolation and structural elucidation of compounds 1-4 from Flacourtia jangomas
stems, including S-sitosterol (1), 4-hydroxybenzaldehyde (2), oleanolic acid (3), and methyl
ferulate (4), expand the phytochemical profile of the Vietnamese species and support
previous qualitative screening results. The presence of 1 and 3 is noteworthy due to their
established pharmacological activities; specifically, the anti-inflammatory and
hepatoprotective properties of S-sitosterol (1) and oleanolic acid (3) align with the traditional
use of F. jangomas for rheumatism and its reported anti-diabetic potential (Babu &
Jayaraman, 2020; Verma, Raghuvanshi, & Singh, 2024). Furthermore, the identification of
phenolic derivatives 2 and 4 is consistent with the high antioxidant and radical-scavenging
activities previously observed in this species (Chen et al., 2021; Ramadan et al., 2024). While
4-hydroxybenzaldehyde (2) is a known antimicrobial and cytotoxic agent, the discovery of
methyl ferulate (4) is particularly significant, as it represents the first report of this
phenylpropanoid within the genus Flacourtia. This finding enhances the chemotaxonomic
understanding of the species and suggests that these metabolites, individually or
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synergistically, support the plant's diverse bioactivities. Overall, these results provide a basis
for understanding the ethnobotanical applications of F. jangomas and highlight its potential
as a source of bioactive aromatic compounds and triterpenoids.
4.  Conclusions

Phytochemical investigation of F. jangomas stems led to the isolation of four
compounds, including f-sitosterol (1), 4-hydroxybenzaldehyde (2), oleanolic acid (3), and
methyl ferulate (4). The chemical structures of these compounds were successfully
elucidated by nuclear magnetic resonance (NMR) spectroscopic analysis and comparison
with previously published data. To the best of our knowledge, this is the first report
describing the presence of these four compounds in F. jangomas.
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TOM TAT

Flacourtia jangomas tir lau dd dwoc xem la mét nguon duwoc liéu tiém nang trong y hoc cé
truyén tai khu viee nhiét déi Pong A va Déng Nam A. Trong nghién ciru ndy, ching tdi tdp trung vao
viée danh gid cdc thanh phan héa hoc ciia lodi F. jangomas phdn bé tai Viét Nam. Két qua thuc
nghiém cho thdy sw hién dién ciia bon hop chat B-sitosterol (1), 4-hydroxybenzaldehyde (2), oleanolic
acid (3), va methyl ferulate (4). Cau triic héa hoc ciia cdc hop chdt ndy dwoe xdc dinh théng qua
viéc phan tich dit liéu phé va so sanh véi cdc tai liéu tham khdo trude day.

Tir khoa: Salicaceae,; Flacourtia jangomas; terpenoids
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