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Summary
Phenolic Compounds from Curculigo orchioides
Six compounds were isolated from ethyl acetate and »-butanol fractions from the rhizome of Curculigo orchioides Gaertn.
(Hypoxidaceae). Their chemical structures were identified as curculigoside A (1), curculigoside B (2), orcinol f-D-glucoside (3),
orcinol gentiobioside (4), glucosyringic acid (5) and vanillic acid 4-O-f-D-glucoside (6) by NMR, MS spectroscopic data and
comparison with the reported literature. Compound 6 was isolated for the first time from this plant.
Keywords: Curculigo orchioides, Curculigoside, Glucosyringic acid, Orcinol, phenolic compounds, Vanillic acid.

1. Introduction

Curculigo orchioides Gaertn. is a perennial
herb belonging to the family Hypoxidaceae. The
rhizomes of Curculigo orchioides have been used
in traditional medicine of Asian countries
including Vietnam, for the treatment of
impotence, rheumatism, hepatitis, and heart
diseases... [1],[2]. This medicinal plant has
shown a wide range of pharmacological activities
such as  antioxidant, anti-inflammatory,
immunostimulant, hepatoprotective, anticancer,
and antidiabetic activities [1],[3]. Previous
phytochemical investigations of C. orchioides
have reported phenolic glycosides, cycloartane
saponins,  flavonoids and  carbohydrates
[11,[3),[4].[5]. In Vietnam, C. orchioides
collected in Tay Nguyen has been found to have

orcinol glucoside, curculigoside, orcinol-1-O-(6'-
O-acetyl)-a-D-glucopyranoside [6]. This study
focused on the chemical constituents of C.
orchioides in Vietnam for further evaluation of
its pharmacological properties.

2. Material and method

2.1. Plant material

The rhizomes of C. orchioides were collected
in Lao Cai province in March 2021. The sample
was authenticated by Ph.D Tran Thi Van Anh
(Department of Pharmacognosy, Faculty of
Pharmacy, University of Medicine and Pharmacy
at Ho Chi Minh City). In additionally, DNA
analysis of sample showed that the chloroplast
gene trnH-psbA va rps16 had 100% query cover
in BLAST match of data of C. orchioides in gene
bank (NC-053892.1). Voucher specimen of the
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plant (SC-LC0321) was deposited at the
Department of Pharmacognosy, Faculty of
Pharmacy, University of Medicine and Pharmacy
at Ho Chi Minh city, Vietnam. Plant material was
air-dried and ground to powder before further
processing.

2.2. General experimental procedures

The NMR spectra were recorded by a Bruker
Avance Neo 600 spectrometer (Bruker, MA, USA)
using tetramethylsilane as an internal standard. The
high-resolution  electrospray ionization = mass
spectrometry (HR-ESI-MS) was obtained on a
UPLC-Xevo QTof system (Water, USA). Column
chromatography was performed with silica gel (40-
63 um, Merck) and Sephadex LH-20 (GE
Healthcare Life). Thin-layer chromatography
(TLC) was carried out on silica gel 60 F,s4 plates
(Merck). Compounds were visualized by UV lamp
and spraying with vanillin-sulfuric acid reagent
followed by heating to 110°C.

2.3. Extraction and isolation

The powder of C. orchioides dried rhizomes
(11 kg) was percolated with 96% EtOH. The
extract was evaporated in vacuo to obtain the
concentrated extract which was suspended to 1L
of H,O and successively extracted with
increasing polarity solvents. The organic solvent
was removed in vacuo to obtain 4 fractions
including petroleum ether fraction (63.0 g),
chloroform fraction (28.9 g), ethyl acetate
fraction (92.4 g), and n-butanol fraction (85.9 g).

The ethyl acetate fraction (49.26 g) was
subjected to a silica gel column chromatography
using gradient solvent system of CHCl;-MeOH
(100:0, 98:2; 96:4, 94:6; 92:8; 90:10...50:50 v/v)
to obtain 17 fractions (C.1-C.17). Fraction C.11
(2.267 g) was separated by silica gel column
eluting with CH,Cl,-MeOH (9:1, v/v) to obtain
10 subfractions (C.11.1 - C.11.10). Subfraction
C.11.6 (93.7 mg) was purified through a
Sephadex LH-20 column with the mobile phase
CHCI; - MeOH (9:1, v/v) to obtain compound 1
(80.0 mg). Compound 2 (66.3 mg) was obtained
by filtration of the precipitate from the fraction
C.11.8. Fraction C.13 had the precipitate when
evaporating solvent. The precipitate was filtrated
to yield compound 3 (397.9 mg).

The n-butanol fraction (50.0 g) was
chromatographed on a silica gel column eluting
with gradient mobile phase CHCl;-MeOH (8:2,
7:3, 6:4, 5:5 v/v) to yield 15 fractions (D.1 -
D.15). Fraction D.7 (7.92 g) was subjected to a
silica gel column using CHCl; - MeOH (8:2, 7:3,
6:4, 5:5, v/v) as eluent to obtain 12 subfractions

(D.7.1 - D.7.12). Subfraction D.7.11 (512.6 mg)
was separated by a Sephadex LH-20 column
using MeOH as mobile phase to get 3
subfractions (D.7.11.1 -D.7.11.3). Subfraction
D.7.11.2 (263.3 mg) was purified by a Sephadex
LH-20 column with MeOH-H,O (7:3, v/v) to
yield compounds 5 (4 mg) and 6 (43.0 mg).

Fraction D.12 (6.12 g) was chromatographed by
a silica gel column, eluting with CHCl;-MeOH -
H,0O (80:20:10, 70:30:10, 60:40:10, v/v/v) to give 8
fractions (D.12.1 -D.12.8). Subfraction D.12.5
(436.9 mg) was purified through a Sephadex LH-20
column using MeOH-H,O (7:3, v/v) as eluent to
obtain compound 4 (25 mg).

Curculigoside A (1): pale yellow gum; HR-
ESI-MS m/z 489.13783 [M+Na]" (caled. for
CyHa60Na', 489.13728); '"H-NMR (600 MHz,
CD;0OD): oy (ppm) 7.35 (1H, t, J = 8.5 Hz, H-4"),
7.08 (1H, d, J=8.8 Hz, H-3),6.92 (1H, d, J=3.0
Hz, H-6), 6.70 (1H, dd, J = 8.8, 3.0 Hz, H-4),
6.67 (2H, d, J = 8.5 Hz, H-3'/5"), 5.46 (H, d, J =
13.3 Hz, H-7a), 5.40 (1H, d, J = 13.3 Hz, H-7b),
4.76 (1H, d, J = 7.5 Hz, H-1"), 3.86 (1H, J =
12.0, 2.2 Hz, H-6a"), 3.81 (6H, s, -OCH3), 3.69
(1H, J=12.0, 5.4 Hz, H-6b"), 3.40 -3.47 (4H, m,
H-2"/ H-3"/H-4"/ H-5"); “C-NMR (150 MHz,
CD;OD) dc (ppm): 128.8 (C-1), 149.6 (C-2),
118.8 (C-3), 116.2 (C-4), 154.0 (C-5), 116.4 (C-
6), 63.2 (C-7), 1143 (C-1"), 158.2 (C-2'/C-6"),
105.2 (C-3'/C-5"), 132.6 (C-6"), 168.5 (C-7"), 56.5
(2'/6'-OCHs;), 104.3 (C-1"), 75.0 (C-2"); 78.1 (C-
3", 71.4 (C-4"), 78,1 (C-5"), 62.6 (C-6").

Curculigoside B (2): yellow amorphous
powder, HR-ESI-MS m/z 475.12178 [M+Na]+
(caled. for C;HyOpNa', 475.12163); 'H-NMR
(600 MHz, DMSO-dk): on(ppm) 7.20 (1H, t,J=8.3
Hz, H-4"), 6.98 (1H, d, J = 8.8 Hz, H-3), 6.85 (1H,
d, J= 3.0 Hz, H-6), 6.64 (1H, dd, J = 8.8, 3.0 Hz,
H-4), 6.52 (1H, d, J = 4.9 Hz, H-3"), 6.51 (1H, d, J
= 4.9 Hz, H-5"), 5.33 (1H, d, J = 14.0 Hz, H-7a),
5.29 (1H, d, J = 14.0 Hz, H-7b), 4.60 (1H, J = 4,7
Hz, H-1"), 3.76 (3H, s, 2'-OCH,), 3.69 (1H, dd, J =
11.8, 2.1 Hz, H-6"), 3.47 (1H, dd, /= 11.8, 5.8 Hz,
H-6"), 3.15 -3.25 (4H, m, H-2"/ H-3"/H-4"/H-5").
BC-NMR (150 MHz, DMSO-d;) dc (ppm): 126.8
(C-1), 1474 (C-2), 117.1 (C-3), 114.6 (C4), 152.3
(C-5), 114.3 (C-6), 61.1 (C-7), 110.9 (C-1"), 156.6
(C-2", 102.0 (C-3"), 131.1 (C-4"), 108.5 (C-5",
157.3 (C-6"), 166.1 (C-7"), 55.6 (-OCHs), 102.5 (C-
1), 73.3 (C-2"), 76.5 (C-3"), 69.8 (C-4"), 76.9 (C-
5"), 60.8 (C-6").

Orcinol g-D-glucoside (3): white amorphous
powder, HR-ESI-MS m/z 309.09566 [M+Na]+
(caled. for C;3H;3O,Na’, 309.09502); 'H-NMR
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(600 MHz, CD;OD): dy; (ppm) 6.44 (1H, brs, H-
6), 6.39 (1H, t, J = 2.2 Hz, H-2), 6.31 (1H, brs,
H-4), 4.86 (1H, d, J = 7.5 Hz, H-1'), 3.91 (1H,
dd, J = 12.0; 2,1Hz, H-6'), 3.73 (1H, dd, J = 12.0,
50 Hz, H-6), 3.41-345 (1H, m,
H2'/H3'/H4'/H5"), 2.23 (3H, s, H-7); "C-NMR
(150 MHz, CD;OD) 160.1(C-1), 102.2 (C-2),
159.2 (C-3), 111.2 (C-4), 141.2 (C-5), 109.7 (C-
6), 21.6 (C-7), 102.2 (C-1"), 74.9 (C-2"), 78.1 (C-
3", 71.4 (C-4), 78.1 (C-5'), 62.5 (C-6").

Orcinol gentiobioside (anacardoside) (4): white
amorphous powder, HR-ESI-MS m/z 447.15003 [M-
H] (caled. for CoH»Oy, 447.15025), 'H-NMR
(600 MHz, CD;OD): oy (ppm) 6.44 (1H, br s, H-2),
6.41 (1H, br s, H-6), 6.29 (1H, s, H-4), 4.83 (1H, d, J
=74 Hz, H-1'), 441 (1H, d, J= 7.8 Hz, H-1"), 4.16
(dd, J=11.8, 2.0 Hz, H-6"), 3.81 (1H, m, H-6"), 3.84
(1H, m, H-6"), 3.66 (1H, m, H-6"), 3.65 (1H, m, H-
3) 347 - 3.20 (7H, m, H2-H5', H2"-H5"); “C-
NMR (150 MHz, CD;0D) 160.0 (C-1), 102.0 (C-2),
159.2 (C-3), 111.2 (C-4), 141.3 (C-5), 109.9 (C-6),
21.7 (C-7), 102.1 (C-1), 74.9 (C-2"), 77.5 (C-3'),
714 (C-4), 77.9 (C-5"), 69.6 (C-6"), 104.6 (C-1"),
752 (C-2"), 77.8 (C-3"), 71.6 (C-4"), 77.9 (C-5"),
62.7 (C-6").

HO &'

OH

H,CO_ ¥ % COOH

4 v
.oy
H&&w
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Glucosyringic acid (5): pale yellow solid,
HR-ESI-MS m/z 359.09847 [M-H] (calcd. for
CisH19010, 359.09782) ; 'H-NMR (600 MHz,
CD;0OD) 7.35 (2H, s, H-3/H-5), 4.94 (1H, d, J =
7.6 Hz, H-1"), 3.49 (1H, ddd, /= 7.6, 6.7, 2.7 Hz,
H-2"), 3.22 (1H, ddt, J = 7.5, 5.2, 2.5 Hz, H-3'),
3.87 (6H, s, -OCH3), 3.77 (1H, dd, J = 12.0, 2.5
Hz, H-6a), 3.67 (dd, J = 12.0, 5.0 Hz, H'6b),
3.44-3.40 (1H, m, H-4', H-5"). “"C-NMR (150
MHz, CD;OD) 174.4 (-COOH), 1354 (C-1),
108.4 (C-2/C-6), 153.4 (C-3/C-5), 138.0 (C-4),
56.9 (-OCHs;), 105.2 (C-1"), 75.7 (C-2"), 78.3 (C-
3", 71.3 (C-4), 77.8 (C-5"), 62.5 (C-6")

Vanillic acid 4-0O-f-D-glucoside (6): pale
yellow solid, HR-ESI-MS m/z 329.08850 [M-
H] (caled. for C4H;;00, 329.08726), 'H-NMR
(600 MHz, CD;0D) 7.62, (1H, m, H-2), 7.61 (1H,
m, H-6), 7.17 (1H, d, J = 8.8 Hz, H-5), 5.00 (1H,
d, J=7.5 Hz, H-1"), 3.89 (3H, s, -OCH3) 3.87 (1H,
m, H-6"a), 3.70 (1H, J =12.2, 5.0 Hz, H-6b), 3.50-
3.38 (4H, m, H2-H5"). "C-NMR (150 MHz,
CD;0D) 171.8 (-COOH) 128.9 (C-1), 114.5 (C-
2), 150.1 (C-3), 151.2 (C-4), 116.4 (C-5), 124.1
(C-6), 56.6 (-OCHs), 102.1(C-1"), 74.9 (C-2"), 77.8
(C-3"),71.3 (C-4"), 78.2 (C-5") 62.4 (C-6).

1

12

3|’

OCH,

Fig. 1. Chemical structures of the compounds 1- 6 and their key HMBC correlations

3. Result and discussion

Compound 1 was isolated as a pale-yellow
gum. The HR-ESI-MS spectrum exhibited a
quasi-molecular peak at m/z 489.13783 [M+Na]"
corresponding to the molecular formula
CyH260,1. The 'H-NMR spectrum of 1 showed
proton signals for two methoxy groups dy 3.81
(6H, s), one methylene oy 5.46 (H, d, J = 13.3
Hz, H-7a), 5.40 (1H, d, J = 13.3 Hz, H-7b), one
anomeric proton Jy 4.76 (1H, d, J = 7.5 Hz, H-
1) due to a S-glucosyl moiety together with two

aromatic rings: ring A with an ABX system at dy
7.08 (1H, d, J = 8.8 Hz), 6.70 (1H, dd, J = 8.8,
3.0 Hz) and 6116.92 (1H, d, J = 3.0 Hz) and ring
B with protons at dy 6.67 (2H, d, J = 8.5 Hz) and
7.35 (1H, t, J = 8.5 Hz). The "C-NMR spectrum
of compound 1 showed 19 signals including three
signal of symmetric carbons (dc 158.2, 105.2,
and 56.2) which suggested that compound 1 have
two aromatic rings, one carboxyl carbon (Jc¢
168.5), one methylene (dc 63.2), two methoxys
(dc 56.5) as well as one set of - glucopyranosyl
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moiety. In the HMBC spectrum, methylene
proton (Joy 5.46 (H, d, J = 13.3 Hz, H-7a), 5.40
(1H, d, J = 13.3 Hz, H-7b) correlated with three
aromatic carbons (dc 116.4; 128.8 and 149.6) and
carboxyl carbon (Jc 168.5). Additionally, the
anomeric proton dy 4.76 (1H, d, J = 7.5 Hz) had
the correlation with oxygenated carbon Jc 149.6
that revealed ring A linked with p-
glucopyranosyl moiety through hydroxyl group
at C-2. Ring B had the symmetrical structure
with two methoxy groups at C-2/C6’ indicated
by the HMBC correlation of dy 3.81 to aromatic
carbon J¢ 158.2. Ring B connected with ring A
through an ester bond. Analysis of the NMR
spectroscopic data and comparison with those in
literature [7] led to identify compound 1 as
curculigoside A (5-hydroxy-2-O--
glucopyranosylbenzyl 2,6-dimethoxybenzoate).

Compound 2 was isolated as a yellow
amorphous powder. The HR-ESI-MS spectrum
exhibited a quasi-molecular peak m/z 475.12178
[M+Na]" corresponding to the molecular
formular C5;H»01;. The 'H-NMR and “C-NMR
spectra of 2 were similar to those of compound 1
except a methoxy group at dy 3.76 (3H, s); dc
55.6 in ring B. In HMBC, the correlation of
methoxy proton at dy 3.76 with carbon at 155.6
indicated methoxy group at C-2'. Furthermore, by
comparison with the published spectra data [7],
compound 2 was determined as curculigoside B
(5-hydroxy-2-O-f-  glucopyranosylbenzyl  2-
methoxy-6-hydroxybenzoate).

Compound 3 was isolated as a white
amorphous powder. The HR-ESI-MS spectrum
exhibited a quasi-molecular peak m/z 309.09566
[M+Na]" corresponding to the molecular formula
C13H,50-. The 'H-NMR spectrum of compound 3
showed three aromatic protons at dy 6.31 (1H, br
s); 6,39 (1H, t, J = 2,2 Hz) and 6,44 (1H, brs),
one methyl group at Jy 2,23 (3H, s), one
anomeric proton dy 4,86 (1H, d, J = 7,5 Hz) with
other six carbinol protons of a f-glucopyranosyl
group. The C NMR showed 13 carbon signals
including six aromatic carbons, one methyl
carbon at dc 21.6 and six carbons of a glucosyl
moiety. In HMBC spectrum, the anomeric proton
oy 4.86 (1H, d, J = 7.5 Hz) had correlation with
oxygenated carbon dc 160.1 revealed the sugar
linked with aromatic ring at C-1. Additionally,
the correlation of methyl proton dy 2,23 (3H, s)
with d¢ 141.2, 111.22, 109.7 and the correlation
of oy 6.39 (1H, t, J =2.2 Hz) with Jc 160.1 and
159.2 revealed aromatic ring had substituted
methyl group at C-5 and hydroxy group at C-3.

Therefore, compound 3 was identified as orcinol
O-f-D-glucopyranoside based on the comparison
of the NMR data with reported values [8].

Compound 4 was isolated as a white
amorphous powder. The HR-ESI-MS spectrum
exhibited a quasi-molecular peak at m/z
447.15003 [M-H]- corresponding to the
molecular formula C;oH,;0;,. 'H-NMR and “C-
NMR spectrum of 4 were similar to those of
compound 3 except compound 4 had signals of
two sugar moieties. There were two anomeric
protons oy 4.41 (1H, d, J = 7.8 Hz), é;; 4.83 (1H,
d, J = 7.4 Hz) together with two anomeric
carbons dc 102.1 and 104.6. In HMBC spectrum,
the anomeric proton dy 4.83 and dy 4.41 had the
correlation with dc 160.0 (C-1) and dc 69.6 (C-
6'), respectively. Hence, the chemical structure of
compound 4 was identified as orcinol O-
gentiobioside (anacardoside) [9].

Compound 5 was isolated as a pale-yellow
solid. The HR-ESI-MS spectrum exhibited a quasi-
molecular peak at m/z 359.09847 [M-
H] corresponding to the molecular formula
C1sH500,0. The '"H-NMR spectrum of compound 5
showed a signal of an aromatic proton dy 7.35 (2H,
s), an anomeric proton dy 4.94 (1H, d, J = 7.6 Hz)
and other six carbinol protons of a p-
glucopyranosyl group. The "C-NMR showed 12
signals including six aromatic carbons, a carbonyl
carbon d¢ 174.4, two methoxy groups dc 56.9 (2C),
and six carbons of a sugar moiety. In HMBC
spectrum, the proton dy 7.35 correlated with carbon
oc 174.4, 153.4, 108.4, and the anomeric proton dy
4.94 had the correlation with ¢ 138.0 suggested the
structure of a benzoic acid derivative substituted
with two methoxy groups at C-3/C-5 and a glucosyl
group at C-4. Compound 5 was identified as
glucosyringic acid, which was confirmed by
comparison with published data [10].

Compound 6 was isolated as a pale-yellow solid.
The HR-ESI-MS spectrum exhibited a quasi-
molecular peak at m/Zz  329.08850 [M-
H] corresponding to the molecular formula
C14H,5040. The 'H-NMR spectrum of compound 6
showed three protons dy 7.17 (1H, d, J = 8.8 Hz),
7.62 (1H, m), 7.61 (1H, m), an anomeric proton dy
5.00 (1H, d, J = 7.5 Hz) and other six carbinol
protons of a f-glucopyranosyl group. The “C-NMR
spectrum of compound 6 showed 14 signals
including 6 aromatic carbons in which two
oxygenated carbons (dc 151.1 and 150.1), a carbonyl
carbon J¢ 171.8, a methoxy group J¢ 56.6, and a /-
glucopyranosyl moiety. In HMBC spectrum, the
correlation of proton dy 7.17 with d¢c 128.9 and 150.1
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and the cross-peak of dy; 7.61 with Jc 114.5 and 151.2
revealed the oxygenated substituents on C-3 and C4 of
benzoic acid. Additionally, the cross-peak of methyl
proton Jy 3.89 and anomeric proton dy; 5.00 (1H, J=7.5
Hz) with dc 150.1 and ¢ 151.2, respectively revealed
the methoxy group at C-3 and the O-glucosyl at C-4.
Thus, compound 6 was identified as vanillic acid 4-O-

orchioides collected in Vietnam led to the
isolation of six phenolic compounds. They were
identified as curculigoside A (1), curculigoside B
(2), orcinol O--D-glucopyranoside (3), orcinol O-
gentiobioside (4), glucosyringic acid (5) and
vanillic acid 4-O-f-D-glucopyranoside  (6).
Compound 6 was found in C. orchioides for the

first time.
Acknowledgment: This research is partly funded
by Daknong Department of Science and Technology.

S-D-glucopyranoside [11].
4. Conclusion

A phytochemical of C.
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Summary
Quantitative Determination of Daphnoretin in Aerial Parts of Wikstroemia indica L. (Thymelaeaceae) by HPLC-DAD

A simple and sensitive HPLC method was proposed for the quantification of daphnoretin in aerial parts of Wikstroemia indica (L.)
(W. indica). The chromatographic separations were obtained by an Agilent C;scolumn (250 x 4.6 mm, 5 um particle size) using isocratic
elution with acetonitrile and water (40/60, v/v), at a flow rate of 0.6 mL/min, with an injection volume of 10 puL and detection
wavelength of 345 nm. The calibration curve displayed a good linear relationship (linearity ranging from 14.88 - 238 png/mL and
R*=0.9999). The method was validated for system suitability (RSD of peak area = 0.21%; RSD of tg = 0.15%); precision (RSD < 3.0%)
and accuracy (recovery: 95.60-102.92%). The validation results displayed good accuracy, repeatability, linearity, and selectivity
according to the ICH guideline. The percentage content of daphnoretin in aerial part samples of W, indica ranged from 0.010% to

0.207%. The obtained results provided useful information for quality assurance and standardization of W. indica in Vietnam.
Keywords: Wikstroemia indica (L.), Aerial parts, HPLC-DAD, Daphnoretin.

1. Introduction
Wikstroemia indica (WI) is a wild plant
belonging to the Thymelaeaceae family. It is

distributed in several countries, including
Australia, China, India, Indonesia, Malaysia,
Papua New Guinea, Philippines, Taiwan,
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