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ABSTRACT

Phytochemical data of Sterculia foetida Linn. are scarce. The leaves of Sterculia foetida Linn.
collected in Binh Thuan Province were chemically investigated using multiple chromatographic
methods. Three compounds, hesperidin (1), kaempferol (2) and ursolic acid (3) were isolated and
elucidated. Their chemical structures were elucidated by comparing their spectroscopic data with
those in previous studies. These compounds were found for the first time from the leaves of
Sterculia foetida Linn. Compounds 1 was obtained for the first time in Sterculia genus.
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1.  Introduction

Sterculia foetida Linn. (Sterculiaceae) is grown in tropical areas around the world
(Chi, 2002; Peng et al., 2009). The latex of this species can be used as herbal drinks and
beverages (o, 2002). The S. foetida extracts showed antidiabetic, anticancer, antibacterial,
anti-inflammatory and analgesic activities (Peng et al., 2009). Flavonoids, triterpenoids,
steroids and fatty acids were addressed (Peng et al., 2009; Mujumdar et al., 2000;
Anjaneyulu et al., 1981, Kale et al., 2011). Our previous phytochemical studies on this
species reported some oleanane-type triterpenoids, quercetin derivatives and phenolic
compounds (Pham et al., 2018; Pham et al., 2019). This paper presented the isolation and
structural elucidation of three compounds, including hesperidin (1), kaempferol (2) and
ursolic acid (3) from S. foetida leaves collected in Binh Thuan Province, Vietnam.
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chemical constituents of the leaves of sterculia foetida Linn. Ho Chi Minh City University of Education Journal
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Figure 1. Chemical structures of isolated compounds 1-3

2.  Experimental
2.1. General experimental procedures

The NMR spectra were recorded on a Bruker Avance 500 spectrometer (500 MHz
for 'TH-NMR and 125 MHz for ®*C-NMR) in acetone-ds, and DMSO-ds solutions. Thin
layer chromatography was carried out on silica gel 60 (Merck, 40-63 um) and spots were
visualized by spraying with 10% H2SO4 solution, followed by heating.
2.2. Plant material

The leaves of S. foetida were collected in Binh Thuan Province, Vietnam in October
2017. Its scientific name was identified by botanist Dr. Dang Van Son, Institute of Tropical
Biology. A voucher specimen (No.SFC/TUYEN-1017A) was deposited at the herbarium in
the laboratory of Faculty of Environmental Science, Saigon University.
2.3. Extraction and isolation

The powdered leaves of S. foetida (12.0 kg) were macerated with ethanol for three
times (3 x 40 L) at room temperature. The solvent was removed from the residue under
low pressure to obtain the crude extract (1830 g). This crude extract was successively
applied to liquid-liquid partition giving hexane (450.5 g), chloroform (650.0 g), ethyl
acetate (30.1 g) extracts and the aqueous partition.

The chloroform extract (400.0 g) was applied on a silica gel column chromatography
with mobile phase hexane-ethyl acetate (100:0, 75:25, 50:50, 25:75, 0:100, vlv,
respectively) and then ethyl acetate-methanol (90:10, 80:20, 70:30, 60:40, 0:100, v/v,
respectively) to give eight fractions (SFC.I-SFC.VIII). Fraction SFC.VII (9.2 g) was
subjected to a silica gel column chromatography with gradient solvent of chloroform-
methanol (80:20, 70:30, 60:40) to yield nine sub-fractions (SFC.VII.1-SFC.VIL.9). Sub-
fraction SFC.VII.1 (2.3 g) was chromatographed on a silica gel using chloroform-methanol
(20:1, 10:1, 5:1) as eluent to give 3 (4.9 mg). Sub-fractions SFC.VII.6 (1.6 g) was
rechromatographed on a silica gel eluting with chloroform-methanol (95:5, 90:10, 85:15,
80:20, 75:25) to afford 1 (5.2 mg) and 2 (7.8 mg).

e Hesperidin (1) (Lahmer et al., 2015). Yellow amorphous powder. The *H-NMR
data (500 MHz, DMSO-de, ¢ ppm, J in Hertz): 12.05 (1H, brs,5-OH), 6.95 (1H, dd, 8.0,
2.0, H-6), 6.89 (1H, d, 2.0, H-5"), 6.81 (1H, d, 8.0, H-2’), 6.15 (1H, d, 2.0, H-6), 6.13 (1H,
d, 2.0, H-8), 5.49 (1H, dd, 11.0, 5.0, H-2), 4.98 (1H, d, 7.5, H-1"), 4.57 (1H, brs, H-1""),
3.79 (3H, s, 4’-OCH3), 3.23 (1H, m, H-3ax), 2.77 (1H, d, 17.0, H-3¢q) and 1.09 (3H, d, 5.5,
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H-6"").1*C-NMR (125 MHz, DMSO-ds): Hesperitin skeleton: 78.1 (C-2), 42.3 (C-3), 197.8
(C-4), 163.0 (C-5), 96.4 (C-6), 165.3 (C-7), 95.6 (C-8), 162.6 (C-9), 103.5 (C-10), 131.1
(C-17), 1140 (C-2’), 146.2 (C-3’), 148.2 (C-4), 1120 (C-5’), 117.7 (C-6); D-
glucopyranosyl unit: 99.8 (C-17), 72.0 (C-2”), 75.5 (C-3”), 70.7 (C-4”), 76.3 (C-5”) and
66.0 (C-67); L-rhamnopyranosyl moiety: 100.1 (C-1""), 69.7 (C-2"’), 70.4 (C-3’), 73.1
(C-4"), 68.3 (C-5"") and 18.1 (C-6"); and 55.8 (4’-OCHys).

e Kaempferol (2) (Li et al., 2008). Yellow amorphous powder. The *H-NMR data
(Acetone-ds, 0 ppm, J in Hertz): 8.14 (2H, d, 8.5, H-2°, H-6"), 7.13 (2H, d, 8.5, H-3’, H-
5%, 6.53 (1H, d, 2.0, H-8) and 6.26 (1H, d, 2.0, H-6). *C-NMR (125 MHz, Acetone-ds):
147.0 (C-2), 137.1 (C-3), 176.6 (C-4), 162.3 (C-5), 99.3 (C-6), 166.1 (C-7), 94.5 (C-8),
158.2 (C-9), 104.5 (C-10), 123.6 (C-1’), 130.7 (C-2’, C-67), 116.1 (C-3’, C-5’) and 160.1
(C-4%).

e Ursolic acid (3) (Silva et al., 2008). White powder. The *H-NMR data (DMSO-ds, &
ppm, J in Hertz): 5.14 (1H, t, 4.0.;3.5, H-12), 3.20 (1H, dd, 8.0;7.0, H-3), 1.09 (3H, s, H-
27), 0.98 (3H, s, H-25), 0.94 (3H, s, H-30), 0.92 (3H, s, H-26), 0.86 (3H, s, H-29),
0.81(3H, s, H-24) and 0.77 (3H, s, H-23). The *C-NMR (125 HZ, DMSO-dg): 38.6 (C-1),
26.9 (C-2), 78.8 (C-3), 36.9 (C-4), 55.2 (C-5), 18.3 (C-6), 31.0 (C-7), 39.4 (C-8), 47.5 (C-
9), 36.9 (C-10), 23.2 (C-11), 125.5 (C-12), 138.1 (C-13), 41.9 (C-14), 32.5 (C-15), 22.1
(C-16), 47.7 (C-17), 52.7 (C-18), 30.0 (C-19), 38.8 (C-20), 27.8 (C-21), 36.7 (C-22), 27.9
(C-23), 15.9 (C-24), 15.5 (C-25), 16.8 (C-26), 23.4 (C27), 180.2 (C-28), 16.9 (C-29) and
21.0 (C-30).

3. Results and discussion

Compound 1 was obtained as a yellow amorphous powder. The *H-NMR spectrum
of 1 displayed signals of a flavanone skeleton. Its spectrum showed a down field signal at &
12.05 (1H, brs), indicating the presence of a chelated hydroxyl group at C-5 position. Two
meta—coupled doublet proton signals at én 6.15 (1H, d, 2.0, H-6) and 6.13 (1H, d, 2.0, H-
8), each integrated for one proton, were assigned to H-6 and H-8, respectively, of a 5,7-
dihydroxy A ring system. The 1’,3’,4’-trisubstituted B ring system in flavanone skeleton,
in addition, was determined by the presence of three aromatic proton signals on ABX
system at 61 6.81 (1H, d, 8.0, H-2’), 6.89 (1H, d, 2.0, H-5") and 6.95 (1H, dd, 8.0, 2.0, H-
6°). Furthermore, the flavanone skeleton was identified by the presence of one oxymethine
proton at on 5.49 (1H, dd, 11.0, 5.0, H-2) and two methylen protons at 6n 3.23 (1H, m, H-
3ax) and 2.77 (1H, d, 16.0, H-3¢q). These data indicated that 1 was a hesperitin derivative.
Moreover, the *H-NMR data displayed two anomeric proton signals at 6w 4.98 (1H, d, 7.5,
H-1") and 4.57 (1H, brs, H-1""), which indicated 1 was a hesperitin diglycoside flavanone.
The 3C-NMR spectra were fully supported by the presence of twenty-eight carbon signals,
including fifteen carbons of a flavanone skeleton, twelve carbons of two sugar units and
one methoxy carbon. The hesperitin flavanone derivative was confirmed by the presence of
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fifteen carbons, including one carbonyl carbon at ¢ 197.8 (C-4), twelve aromatic carbon
signals from 95.6 ppm to 165.2 ppm, one oxymethine carbon at éc 78.1(C-2), and one
methylen carbon at dc 42.3 (C-3). The p-D-glucopyranosyl unit was demonstrated by the
displaying one anomeric proton with the large coupling constant at 61 4.98 (1H, d, 7.5, H—
1) in the *H-NMR spectra and the addition of one anomeric carbon signal at 5c 99.8 (C—
1) and five oxygenated carbons from 66.0 ppm to 76.3 ppm in the *C-NMR spectrum.
The a-L-rhamnopyranosyl moiety was identified by the presence of one singlet anomeric
proton at 6n 4.57 (1H, s, H-1"") along with one anomeric carbon signal at 6c 100.1 (C-
177), four oxygenated carbons from 18.1 ppm to 73.1 ppm and one typical L-
rhamnopyranosyl methyl carbon at ¢ 18.1 (C-6""). HMBC correlations from aromatic
protons at 64 6.81 (1H, d, 8.0, H-2"), and 6.95 (1H, dd, 8.0, 2.0, H-6") to carbon at 6c 78.1
(C-2) confirmed the attachment of B benzene ring to C-2. Additionally, the methoxy
proton signal at ox 3.79 (3H, s, 4’-OCHj3) correlated with aromatic carbon at dc 148.2 (C-
4”) in the HMBC spectra which confirmed that the aglycone was herperetin skeleton. The
[-D-glucopyranosyl unit was attached to C-7 of a herperetin skeleton by the HMBC
correlation between the anomeric proton at on 4.98 (1H, d, 7.5, H-1") and oxygenated
carbon at 6¢ 165.3 (C-7). The a-L-rhamnopyranosyl moiety was linked to C-6 of the p-D-
glucopyranosyl unit by the HMBC correlations between the anomeric proton ox 4.57 (1H, s,
H-1"") and oxygenated methylene carbon at dc 66.0 (C-6"). The other COSY, HSQC and
HMBC correlations were strongly agreed with the assignment. Based on these
spectroscopic data and comparison with previous report (Lahmer et al., 2015), the
chemical structure of 1 was determined as hesperitin7-O-[a-L-rhamnopyranosyl-(1->6)]-4-
D-glucopyranoside (Hesperidin). Hesperidin was isolated for the first time from Sterculia
genus.

Figure 2. The main HMBC correlations of compound 1

Compound 2 was obtained as a yellow amorphous powder. Its NMR spectrum
showed similar signals of 1, except for the appearing of one oxygenated aromatic carbon at
dc 147.0 (C-2), one olefinic carbon at ¢ 137.1 (C-3), and disappearing two sugar units in 2
which was corresponded to a flavonol framework. The para—disubstituted benzene ring
(ring B) was determined by the displaying of two doublet proton signals with a large
coupling constant at o 8.14 (2H, d, 8.5 Hz, H-2’, H-6") and 7.13 (2H, d, 8.5 Hz, H-3’, H-
5%). These data indicated that 2 was a kaempferol skeleton. The *C-NMR spectrum were
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strongly supported by the displaying of 15 carbons in the down field, comprising one
carbonyl carbon at dc 176.6 (C—4), and the rest fourteen carbons from 94.5 ppm to 162.3
ppm. The good compatibility between its NMR data and those in the literature (Li et al..,
2008) determined the structure of 4 to be kaempferol.

Compound 3 was obtained as a white powder. The NMR data of 3 displayed signals
of a triterpenoid skeleton. The *H-NMR determined the signals of an olefinic proton at &4
5.14 (1H, t, 4.0.;3.5, H-12), an oxygenated proton at 6+ 3.20 (1H, dd, 8.0;7.0, H-3) and
seven methyl proton signals from 0.77 ppm to 1.09 ppm. The *C-NMR exhibited thirty
carbons, including one carboxyl carbon at dc 180.2 (C-28), two olefinic carbons at dc
125.5 (C-12), and 138.1 (C-13) of a double bond at C-12/C-13 and the rest carbons in
ursane skeleton. The HSQC and HMBC spectra determined this suggestion. The
comparison NMR data of 3 with those reported in the literature, 3 were assigned as ursolic
acid (Silva et al., 2008)
4.  Conclusions

From the leaves of S. foetida collected in Binh Thuan Province, three compounds,
including one diglycoside flavanone hesperidin (1), one flavonol kaempferol (2) and one
ursane-type triterpenoid ursolic acid (3) were isolated for the first time. Their chemical
structures were determined by using the NMR spectroscopic method as well as comparison
with previous studies. Compound 1, to the best of our knowledge, was isolated from
Sterculia genus for the first time. Further studies on this species are on the progress.
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NGHIEN CUU THANH PHAN HOA HQC CUA LA CAY TROM
STERCULIA FOETIDA LINN.
Nguyén Thi Quynh Trang®, Duwong Thiic Huy?, Phgm Nguyén Kim Tuyén®*
YTruong Pai hoc Sai Gon, Viét Nam
2Trwong Pai hoc S pham Thanh phé H6 Chi Minh, Viét Nam
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Ngay nhgn bai: 18-01-2021; ngay nhan bai sia: 23-3-2021, ngay chdp nhdn ding: 25-3-2021

TOM TAT

Nghién ciu héa thuc vt cua loai Sterculia foetida Linn. chua dioc tim thay nhiéu. Nghién
citu duwoc thuee hién trén 14 cay Trom Sterculia foetida Linn. thu hogch ¢ tinh Binh thugdn bang cac
phiwrong phdp sac ki khac nhau. Ba hep chat hesperidin (1), kaempferol (2) va ursolic acid (3) duoc
¢d ldp va xdc dinh cdu trac héa hoc. Cdu tric héa hoc cia cac hop chdt dirge xdc dinh bang cac
phirong phdp phé nghiém dong thoi so sanh véi cac dir liéu phé da duwoc cong bé. Pdy la lan dau
tién cac hep chdt nay duwoc cd lap tir 14 cy Trom Sterculia foetida Linn. Hop chat 1 lan ddu tién
duwoc biét 6 hién dién trong chi Sterculia.

Tar khoa: hesperidin; kaempferol; Sterculia foetida Linn.; ursolic acid
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