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A B S T R A C T

Seven new phenolic glycosides including two heterocyclic phenolic derivatives orcinosides I-J (1–2) and five
chlorophenolic glycosides curculigines J-N (3–7), together with nineteen known compounds were isolated from
the rhizome of Curculigo orchioides. Based on extensive spectroscopic analyses (UV, IR, HRESIMS, 1D and 2D
NMR), the structures of the new compounds were identified. Orcinoside I (1) and J (2) displayed xanthine
oxidase inhibitory activities with IC50 values 0.25 and 0.62 mM respectively.

1. Introduction

Curculigo orchioides, with a widespread Chinese name “Xianmao”, is
a traditional Chinese medicine known for its medical value of the rhi-
zome for the treatment of impotence, enuresis, cold sperm, cold pain of
back and knee, numbness of the limbs, and decline in physical strength
[1–2]. Meanwhile, various pharmacological activities of C. orchioides
including hepatoprotective effect [9], anti-HBV activity [4], im-
munostimulatory effect [10–11], estrogenic activity [12] and anti-
oxidative activity [13] have also been reported. Phenolic glycosides,
chlorophenolic glycosides and cycloartane saponins were recognized as
the main chemical constituents of C. orchioides[3–8]. Surprisingly, in
our continuous phytochemical investigations on the rhizome of C.
orchioides, a series of new and active compounds were obtained
[4,5,8,14,15].

Gout is a recurrent disease which caused by the overproduction of
uric acid and/or impaired renal excretion of uric acid. The acute pains
of joints especially keen joints, as the main symptoms of gout, may
terribly lead to arthritis [16–18]. Xanthine oxidase (XO) plays an im-
portant role in catalyzing the hydroxylation of hypoxanthine and xan-
thine at the last two steps of urate biosynthesis [19,20] which has a
close relationship with the occurrence of gout. Hence the inhibitor of
XO can conversely block the synthesis of uric acid, which may alleviate
the bearing of kidney and improve the renal function greatly, thus
providing us with an alternative therapeutic approach of gout. Con-
sidering the effect of Curculigo orchioide on curing arthritis in traditional

Chinese medicinal formulae [21], we speculated that “Xianmao” might
also display anti-gout activity especially XO inhibitory bioactivity.

In order to elaborate the anti-gout chemical constituents of
“Xianmao”, we investigated the constituents of the 70% EtOH extract of
it which led to the isolation of seven new phenolic glycosides orcino-
sides I-J (1–2) and curculigines J-N (3–7), together with nineteen
known compounds (8–26). Orcinosides I-J are two new phenolic gly-
cosides linked with heterocycle unit, both of which displayed XO in-
hibitory activities at the tested concentrations and the IC50 of them
were measured. Curculigines J-N are phenolic glycosides containing
chlorine atoms. This paper reported the isolation and structure eluci-
dation of the seven new phenolic glycosides by UV, IR, MS, 1D and 2D
NMR techniques as well as their XO inhibitory activities.

2. Experimental section

2.1. General

General chemical samples and instruments were listed in the
Supplementary data.

2.2. Plant material

The rhizomes of C. orchioides were collected in Wenshan County,
Yunnan Province, China, in November 2005, and authenticated by Dr.
Li-Gong Lei, Kunming Institute of Botany, Chinese Academy of
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Sciences. A voucher specimen (No. 20051106) has been deposited in
the Group of Anti-virus and Natural Medicinal Chemistry, Kunming
Institute of Botany, Chinese Academy of Sciences.

2.3. Extraction and isolation

Fractions III and IV were obtained based on our previous report [5].
A part of fraction III (90 g) was subjected to silica gel CC (400 g,
5 × 50 cm), subsequently eluted with EtOAc-EtOH-H2O (9:1:0.1, 5 L;
8:2:0.2, 5 L; 7:3:0.3, 5 L; 6:4:0.4, 4 L;) to afford four fractions D-G.
Fraction D (18 g) was successively chromatographed on SiCC (250 g,
4 × 50 cm) eluted with CHCl3-MeOH-H2O (9:1:0.1, 2.5 L; 8:2:0.2, 3 L;)
to afford five fractions D1-D5. Fraction D2 (1.9 g) was further per-
formed on SiCC (38 g, 1.8 × 35 cm) eluted with EtOAc-MeOH-H2O
(7:3:0.3, 600 mL) to give a fraction D2a (150 mg) which was carried out
on Sephadex LH-20 CC (53 g, 2.2 × 62 cm) eluted with CHCl3-MeOH
(1:1, 200 mL) to afford compounds 1 (13 mg) and 2 (22 mg). Fraction
D4 (1.5 g) was subjected to SiCC (22 g, 1.5 × 30 cm) eluted with
CHCl3-MeOH-H2O (8:2:0.2, 500 mL) to give rise to a fraction and then
purified on Sephadex LH-20 CC (30 g, 1.4 × 100 cm) eluted with
CHCl3-MeOH (1:1, 300 mL) to generate compounds 14 (20 mg) and 15
(17 mg). Fraction E (14 g) was applied to SiCC (200 g, 4.0 × 45 cm)
eluted with EtOAc-EtOH-H2O (9:1:0.1, 5 L) to yield three fractions E1-
E3. Fraction E1 (2.3 g) was further purified on SiCC (50 g, 2.0 × 35 cm)
with CHCl3-EtOH-H2O (8:2:0.2, 800 mL) and then yield compounds 3
(15 mg) and 4 (10 mg) by recrystallization with acetone. Fraction E2
(1.8 g) was loaded on SiCC (38 g, 1.8 × 35 cm) eluted by CHCl3-MeOH-
H2O (8:2:0.2, 600 mL) to give a fraction which was purified on RP-18
CC (120 g, 2.5 × 33 cm) eluted with MeOH-H2O (10:90, flow
rate = 10 mL/min) to provide compounds 5 (6 mg), 6 (10 mg) and 7
(10 mg). Fraction E3 (2.2 g) was fractionated by SiCC (50 g,
2.0 × 35 cm, EtOAc-EtOH-H2O, 8:2:0.2, 800 mL) and then loaded on
Sephadex LH-20 CC (30 g, 1.4 × 100 cm) eluted with MeOH (300 mL)
to obtain compounds 18 (12 mg), 17 (14 mg), 11 (21 mg) and 12
(15 mg).

A part of fraction IV (70 g) was subjected to silica gel CC (400 g,
5 × 50 cm) eluted with CHCl3-MeOH-H2O (9:1:0.1, 4 L; 8:2:0.2, 4 L;
7:3:0.3, 5 L;) sequentially to afford fractions HeK. Fraction H (9 g) was
performed on SiCC (200 g, 4 × 45 cm) eluted with CHCl3-EtOAc (9:1,
2 L; 8:2, 2 L; 7:3, 2 L; 6:4, 3 L;) to yield fractions H1-H4. Fractions H1-
H4 were repeatedly isolated with SiCC, RP-18 CC and recrystallization
by acetone to give rise to compounds 19 (10 mg), 20 (18 mg), 21
(11 mg), 22 (14 mg), 23 (6 mg), 24 (19 mg), 25 (6 mg) and 26 (13 mg).
Fraction K (16 g) was chromatographed on SiCC (300 g, 4.6 × 46 cm)
eluted with CHCl3-MeOH-H2O (9:1:0.1, 3 L; 8:2:0.2, 3 L; 7:3:0.3, 3 L) to
generate fractions K1-K3. Fraction K1 (1.5 g) was isolated with SiCC
(22 g, 1.5 × 30 cm, CHCl3-MeOH-H2O, 8:2:0.2, 500 mL) and Sephadex
LH-20 CC (30 g, 1.4 × 100 cm, MeOH, 250 mL) repeatedly to give
compounds 8 (17 mg), 9 (14 mg) and 10 (16 mg). Fraction K2 (3.3 g)
was purified by RP-18 CC (100 g, 2 × 20 cm) eluted with MeOH-H2O
(30:70, flow rate = 8 mL/min) and then subjected to Sephadex LH-20
CC (30 g, 1.4 × 100 cm) by MeOH (250 mL) to result compounds 13
(22 mg) and 16 (10 mg).

2.3.1. Orcinoside I (1)
White powders, [α]D24 = −38.4 (c, 0.19, MeOH); UV (MeOH) λmax

(log ε): 204 (4.56) nm; IR (KBr) νmax: 3418, 1658, 1620, 1512, 1460,
1076, 1030, 756, 576 cm−1; 1H and 13C NMR data, see Table 1;
HRESIMS m/z 393.1180 [M− H]− (C19H22O9, calcd for 393.1191).

2.3.2. Orcinoside J (2)
White powders, [α]D26 = −86.2 (c, 0.12, MeOH); UV (MeOH) λmax

(log ε): 204 (4.64) nm; IR (KBr) νmax: 342, 1631, 1554, 1495, 1412,
1352, 1174, 1078, 782, 576 cm−1; 1H and 13C NMR data, see Table 1;
HRESIMS m/z 394.1464 [M+ H]+ (C19H23NO8, calcd for 394.1496).

2.3.3. Curculigine J (3)
White powders, [α]D24 = −52.14 (c, 0.13, MeOH); UV (MeOH)

λmax (log ε): 205 (4.59) nm; IR (KBr) νmax: 3421, 1600, 1508, 1459,
1417, 1350, 1312, 1202, 1079, 829, 690, 572 cm−1; 1H and 13C NMR
data, see Tables 2 and 3; HRESIMS m/z 319.0583 [M− H]−

(C13H17O7Cl, calcd for 319.0590).

2.3.4. Curculigine K (4)
White powders, [α]D24 = −75.58 (c, 0.09, MeOH); UV (MeOH)

λmax (log ε): 203 (4.44) nm; IR (KBr) νmax: 3421, 1616, 1384, 1267,
1174, 1072, 1053, 842, 698, 581 cm−1; 1H and 13C NMR data, see
Tables 2 and 3; HRESIMS m/z 451.0977 [M − H]− (C18H25O11Cl, calcd
for 451.1013).

2.3.5. Curculigine L (5)
White powders, [α]D24 = −30.44 (c, 0.09, MeOH); UV (MeOH)

λmax (log ε): 203 (4.24) nm; IR (KBr) νmax: 3416, 2888, 1659, 1590,
1449, 1384, 1268, 1175, 1074, 1051, 697, 575 cm−1; 1H and 13C NMR
data, see Tables 2 and 3; HRESIMS m/z 481.1113 [M− H]−

(C19H27O12Cl, calcd for 481.1118).

2.3.6. Curculigine M (6)
White powders, [α]D24 = −55.73 (c, 0.10, MeOH); UV (MeOH)

λmax (log ε): 204 (4.69) nm; IR (KBr) νmax: 3409, 2887, 1619, 1585,
1457, 1389, 1228, 1075, 1027, 762, 590 cm−1; 1H and 13C NMR data,
see Tables 2 and 3; HRESIMS m/z 575.0929 [M + HCOO]−

(C20H28O12Cl2, calcd for 575.0940).

2.3.7. Curculigine N (7)
White powders, [α]D24 = −40.82 (c, 0.09, MeOH); UV (MeOH)

λmax (log ε): 204 (4.63) nm; IR (KBr) νmax: 3418, 1655, 1629, 1462,
1400, 1345, 1223, 1170, 1081, 1051, 585, 567 cm−1; 1H and 13C NMR
data, see Tables 2 and 3; HRESIMS m/z 559.1006 [M− H]−

(C21H30O13Cl2, calcd for 559.0991).

2.4. Xanthine oxidase inhibitory activity assay

The detailed procedure was provided in Supplementary data.

Table 1
1H and 13C NMR data of compounds 1 (500 MHz in CD3OD) and 2 (400 MHz in C5D5N) (δ
in ppm, J in Hz).

No. Orcinoside I (1) Orcinoside J (2)

δH δC δH δC

1 – 158.0 (s) – 157.5 (s)
2 – 111.1 (s) – 113.3 (s)
3 – 157.3 (s) – 157.2 (s)
4 6.38 (1H, br. s) 111.3 (d) 7.12 (1H, br. s) 108.4 (d)
5 – 139.7 (s) – 138.2 (s)
6 6.56 (1H, br. s) 108.8 (d) 6.73 (1H, br. s) 111.0 (d)
7 2.23 (3H, s) 21.7 (q) 2.13 (3H, s) 21.7 (q)
1′ 4.87 (1H, d, 7.6) 102.8 (d) 5.63 (1H, d, 6.6) 102.9 (d)
2′ 3.30–3.39 (1H, m) 75.0 (d) 4.34–4.43 (1H, m) 75.3 (d)
3′ 3.42–3.44 (1H, m) 78.2 (d) 4.09–4.13 (1H, m) 79.1 (d)
4′ 3.30–3.39 (1H, m) 71.4 (d) 4.34–4.43 (1H, m) 71.3 (d)
5′ 3.30–3.39 (1H, m) 78.2 (d) 4.34–4.43 (1H, m) 78.8 (d)
6′ 3.84–3.88 (1H, m)

3.65–3.68 (1H, m)
62.6 (t) 4.34–4.43 ((1H, m)

4.52–4.63 (1H, m)
62.4 (t)

1″ 4.11 (1H, d, 17.0)
4.08 (1H, d, 17.0)

23.4 (t) 4.58 (2H, overlapped) 22.5 (t)

2″ – 165.6 (s) – 143.2 (s)
3″ 6.14 (1H, d, 3.6) 110.4 (d) 6.58 (1H, d, 3.0) 110.7 (d)
4″ 7.27 (1H, d, 3.6) 125.7 (d) 7.19 (1H, d, 3.0) 121.3 (d)
5″ – 152.8 (s) – 133.2 (s)
6″ 9.38 (1H, s) 178.8 (d) 9.63 (1H, s) 178.2 (d)
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3. Results and discussions

3.1. Structure elucidation of new compounds (Fig. 1)

Compound 1, white powders, [α]D24 =−38.4 (c, 0.19, MeOH),
had the molecular formula of C19H22O9 by HRESIMS at m/z 393.1180
[(M − H]−, calcd for 393.1191). Its IR spectrum showed absorptions
for the hydroxyl group (3418 cm−1), the conjugated carbonyl unit
(1658 cm−1) and the aromatic ring (1620, 1512 and 1460 cm−1). The
1H NMR spectrum of 1 gave two aromatic hydrogen signals at δH 6.56
(1H, br.s) and δH 6.38 (1H, br.s), one methyl signal at δH 2.23 (3H, s),
one anomeric proton at δH 4.87 (1H, d, 7.6) and a group of protons of 5-
methyllenicfurffuraldehyde unit including two typical hydrogen signals
of furan ring at δH 7.27 (1H, d, J = 3.6 Hz) and δH 6.14 (1H, d,
J = 3.6 Hz), one proton of aldehyde group at δH 9.38 (1H, s) and two
protons of methylene at δH 4.11 (1H, d, J= 17.0 Hz) and δH 4.08 (1H,
d, J = 17.0 Hz). The 19 carbons observed in the 13C NMR spectrum
could be divided into two groups: δC 158.0 (s), 111.1 (s), 157.3 (s),
111.3 (d), 139.7 (s), 108.8 (d), 21.7(q), 102.8 (d), 75.0 (d), 78.2 (d),
71.4 (d), 78.2 (d) and 62.6 (t) belonged to the characteristic orcinol
glucopyranoside [22] and the left at δC 23.4 (t), 165.6 (s), 110.4 (d),
125.7 (d), 152.8 (s) and 178.8 (d) were attributed to the 5-methylle-
nicfurffuraldehyde unit. The HMBC correlations from H-1′′ (δH 4.11 and
4.08) to C-1 (δC 158.0) and C-3 (δC 157.3) proved that the 5-methyl-
lenicfurffuraldehyde group was linked with C-2 of the phenyl group
(Fig. 2). Thus, compound 1 was determined as 2-(5-methylle-
nicfurffuraldehyde)-3-hydroxyl-5-methylphenol-1-O-β-D-glucopyrano-
side, and named as orcinoside I (1).

Table 2
1H NMR data of compounds 3–7 in CD3OD (3 in 400 MHz, 4–7 in 600 MHz, δ in ppm, J in Hz).

No. δH

Curculigine J (3) Curculigine K (4) Curculigine L (5) Curculigine M (6) Curculigine N (7)

2 – 6.56 (1H, br. s) 6.67 (1H, d, 2.4) – –
4 6.62 (1H, d, 1.3) – – – –
6 6.46 (1H, d, 1.0) 6.54 (1H, br. s) 6.55 (1H, d, 2.4) 7.07 (1H, s) –
7 2.26 (3H, s) 2.30 (3H, s) 2.30 (3H, s) 2.37 (3H, s) 2.30 (3H, s)
1′ 4.97 (1H, d, 7.8) 4.76 (1H, d, 7.4) 4.80 (1H, d, 7.2) 4.98 (1H, d, 7.6) 5.12 (1H, d, 7.7)
2′ 3.32–3.53 (1H, m) 3.37–3.40 (1H, m) 3.20–3.23 (1H, m) 3.49–3.52 (1H, m) 3.49–3.51 (1H, m)
3′ 3.32–3.53 (1H, m) 3.41–3.42 (1H, m) 3.40–3.45 (1H, m) 3.44–3.47 (1H, m) 3.40–3.43 (1H, m)
4′ 3.32–3.53 (1H, m) 3.29–3.30 (1H, m) 3.30 (1H, overlapped) 3.39–3.42 (1H, m) 3.40–3.43 (1H, m)
5′ 3.32–3.53 (1H, m) 3.53–3.56 (1H, m) 3.20–3.23 (1H, m) 3.72 (1H, t) 3.40–3.43 (1H, m)
6′ 3.65–3.75 (1H, m)

3.88–3.91 (1H, m)
4.02 (1H, d, 10.7)
3.59 (1H, overlapped)

4.16 (1H, d, 11.4)
3.83–3.87 (1H, m)

4.13 (1H, d, 11.7)
3.81 (1H, overlapped)

4.01 (1H, d, 12.1)
3.76 (1, dd, 11.8, 4.7)

1″ – 4.97 (1H, d, 2.2) 4.43 (1H, d, 7.8) 4.33 (1H, d, 7.7) 4.23 (1H, d, 7.7)
2″ – 3.92 (1H, d, 2.2) 3.40–3.45 (1H, m) 3.19–3.24 (1H, m) 3.08–3.10 (1H, m)
3″ – – 3.65–3.69 (1H, m) 3.30 (1H, overlapped) 3.22–3.24 (1H, m)
4″ – 3.96 (1H, d, 9.6)

3.74 (1H, d, 9.6)
3.30–3.31 (1H, m) 3.27–3.29 (1H, m) 3.22–3.24 (1H, m)

5″ – 3.58 (2H, s) 3.30 (1H, overlapped) 3.30 (1H, overlapped) 3.17–3.18 (1H, m)
6″ – – 3.83–3.87 (1H, m)

3.65–3.69 (1H, m)
3.86 (1H, overlapped)
3.63 (1H, dd, 11.9, 5.8)

3.87 (1H, br. s)
3.61 (1H, d, 5.5)

2-OMe – – – – 3.81(3H, s)
3-OMe – – – 3.83 (3H, s) –
5-OMe – – – – 3.81 (3H, s)

Table 3
13C NMR data of compounds 3–7 in CD3OD (3 in 100 MHz, 4–7 in 150 MHz, δ in ppm).

No. δC

Curculigine
J (3)

Curculigine
K (4)

Curculigine
L (5)

Curculigine
M (6)

Curculigine
N (7)

1 155.1 (s) 157.8 (s) 155.0 (s) 154.2 (s) 146.6 (s)
2 108.5 (s) 103.9 (d) 103.5 (d) 117.5 (s) 122.8 (s)
3 154.9 (s) 154.9 (s) 157.8 (s) 153.6 (s) 150.4 (s)
4 109.2 (d) 115.7 (s) 115.6 (s) 123.3 (s) 126.1 (s)
5 138.7 (s) 138.7 (s) 139.0 (s) 137.4 (s) 131.4 (s)
6 111.8 (d) 111.3 (d) 111.5 (d) 115.0 (d) 149.9 (s)
7 21.6 (q) 20.7 (q) 20.8 (q) 20.6 (q) 13.7 (q)
1′ 102.2 (d) 102.4 (d) 102.4 (d) 102.1 (d) 104.3 (d)
2′ 74.8 (d) 74.9 (d) 75.5 (d) 74.8 (d) 75.1 (d)
3′ 78.2 (d) 77.9 (d) 78.1 (d) 78.0 (d) 77.7 (d)
4′ 71.2 (d) 71.5 (d) 71.7 (d) 71.2 (d) 71.5 (d)
5′ 78.1 (d) 77.0 (d) 78.0 (d) 77.7 (d) 77.8 (d)
6′ 62.4 (t) 65.6 (t) 69.8 (t) 70.2 (t) 69.6 (t)
1″ – 110.9 (d) 104.8 (d) 105.3 (d) 104.5 (d)
2″ – 78.0 (d) 75.0 (d) 75.2 (d) 75.5 (d)
3″ – 80.5 (s) 78.0 (d) 78.0 (d) 77.8 (d)
4″ – 75.0 t) 71.5 (d) 71.6 (d) 71.5 (d)
5″ – 68.6 (t) 77.8 (d) 77.9 (d) 77.8 (d)
6″ – – 62.8 (t) 62.7 (t) 62.7 (t)
3-OMe – – – 60.8 (q) 61.0 (q)
5-OMe – – – – 61.9 (q)

Fig. 1. Chemical structures of compounds 1–7.
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Compound 2,white powders, [α]D26= −86.2 (c, 0.12, MeOH), gave
the molecular formula of C19H23NO8 based on the HRESIMS at m/z
394.1464 ([M + H]+, calcd for 394.1496). The 1H NMR spectrum of 2
was very similar with that of 1. Compared with 1, the upfielded shifts
from δC 165.6 to 143.2 of C-2′′, and from δC 152.8 to 133.2 of C-5′′ were
observed, indicating that the oxygen atom in 1 was replaced by the
nitrogen atom in 2 on the furan ring, in agreement with the molecular
formula of 2. The correlations from H-1′′ (δH 4.58) to C-1 (δC 157.5) and
C-3 (δC 157.2) in the HMBC spectrum (Fig. 2) suggested that the 5-
methyllen-pyrrole-2-carbaldehyde unit was linked with C-2 position.
Accordingly, compound 2 was identified as 2-(5-methyllen-pyrrole −2-
carbaldehyde)-3-hydroxyl-5-methylphenol-1-O-β-D-glucopyranoside,
and named as orcinoside J (2).

Compound 3, white powders, [α]D24 =−52.14 (c, 0.13, MeOH),
had the molecular formula of C13H17O7Cl as deduced from the
HRESIMS at m/z 319.0583 [M − H]− (calcd for 319.0590). The IR
spectrum showed absorptions at 3421 cm−1 for the hydroxyl group,
1600, 1508 and 1459 cm−1 for the aromatic ring and 1078 cm−1 of the
glucosidic linkage. The 1H NMR spectrum displayed two aromatic hy-
drogen signals at δH 6.62 (1H, d, J = 1.3 Hz) and 6.46 (1H, d,
J = 1.0 Hz), one methyl proton at δH 2.26 (3H, s) and one anomeric
proton at δH 4.97 (1H, d, J = 7.8 Hz). The 13C NMR spectrum de-
monstrated 13 carbon signals attributed to one methyl carbon at δC
21.6 (q), six aromatic carbons at δC 155.1 (s), 108.5 (s), 154.9 (s), 109.2
(d), 138.7 (s) and 111.8 (d), together with six carbons of one glucosyl
moiety at δC 102.2 (d), 74.8 (d), 78.2 (d), 71.2 (d), 78.1 (d) and 62.4 (t).
The NMR spectrum demonstrated that the structure of 3 was similar
with that of oricinol glucopyranoside [22] except for a different aro-
matic carbon on 3. The different aromatic carbon on 3 was a quaternary
carbon rather than a tertiary carbon which was in accordance with the
absence of aromatic hydrogen signals of C-2 in the 1H NMR spectrum.
Therefore the C-2 position might be replaced by the chlorine atom in
view of the molecular formula of 3. Long range 1H-13C correlations in
HMBC spectrum were found in H-4 (δH 6.62, 1H, d, J = 1.3 Hz) and H-
6 (6.46, 1H, d, J = 1.0 Hz) to C-2 (δC 108.5, s) (Fig. 2), which con-
firmed that the chlorine atom was linked with C-2 position. The cor-
relation between the anomeric proton and C-1 proved that the glucosyl
unit was attached at C-1 position. The β-linkage of glucosyl unit was
verified by the J value in the 1H NMR spectrum at δH 4.97 (1H, d,
J = 7.8 Hz, H-1′). Thus compound 3 was elucidated as 2-chloro-3-hy-
droxyl-5-methylphenol-1-O-β-D-glucopyranoside, and named as curcu-
ligine J (3).

Compound 4, obtained as white powders, [α]D24 = −75.58 (c,
0.09, MeOH), and had the molecular formula of C18H25O11Cl by
HRESIMS at m/z 451.0977 [M − H]− (calcd for 451.1013). Two aro-
matic hydrogen signals at δH 6.56 (1H, s) and 6.54 (1H, s), one methyl
proton at δH 2.30 (3H, s), two anomeric protons at δH 4.97 (1H, d,

J = 2.2 Hz) and 4.76 (1H, d, J = 7.4 Hz) were manifested in the 1H
NMR spectrum. The 18 carbon signals in the 13C NMR spectrum were
ascribed to one methyl carbon at δC 20.7 (q), six aromatic carbons at δC
157.8 (s), 103.9 (d), 154.9 (s), 115.7 (s), 138.7 (s) and 111.3 (d), six
carbons of one glucosyl moiety at δC 102.2 (d), 74.8 (d), 78.2 (d), 71.2
(d), 78.1 (d) and 62.4 (t) and five carbons of one apiofuranosyl unit at
δC 110.9 (d), 78.0 (d), 80.5 (s), 75.0 (t) and 68.6 (t). Compared with
orcinoside E [5], the 1H NMR spectrum of 4 lost the aromatic hydrogen
signal of H-4. The aromatic tertiary carbon at C-4 position was changed
to a quaternary carbon in the 13C NMR spectrum of 4, too. As a result,
the chlorine atom was attached at C-4 position. The 1He13C correla-
tions between H-7 (δH 2.30, 3H, s) and C-4 (δC 115.7, s) were observed
in the HMBC spectrum (Fig. 2), which proposed that the chlorine atom
was linked with C-4 position. Moreover, the cross-peaks between H-1′
and C-1, H-1″ and C-2′ in the HMBC spectrum implied that the inner
glucopyranose was linked with C-1 position and the outer apiofuranose
was connected at C-2′ position. Thus, compound 4 was determined as 4-
chloro-3-hydroxyl-5-methylphenol-1-O-β-D-apiofuranosyl-(1 → 2)-glu-
copyranoside, and named as curculigine K (4).

Compound 5, white powders, [α]D24 = −30.44 (c, 0.09, MeOH),
and assigned the molecular formula of C19H27O12Cl corresponding to
the HRESIMS at m/z 481.1113 [M− H]− (calcd for 481.1118). The 1H
NMR spectrum presented two aromatic hydrogen signals at δH 6.67
(1H, d, J = 2.4 Hz) and 6.55 (1H, d, J = 2.4 Hz), one methyl proton at
δH 2.30 (3H, s), two anomeric protons at δH 4.80 (1H, d, J = 7.2 Hz)
and 4.43 (1H, d, J = 7.8 Hz). One methyl carbon at δC 20.8 (q), six
aromatic carbons at δC 155.0 (s), 103.5 (d), 157.8 (s), 115.6 (s), 139.0
(s) and 111.5 (d), twelve carbons of two glucosyl groups at δC 102.4/
104.8 (d), 75.5/75.0 (d), 78.1/78.0 (d), 71.7/71.5 (d), 78.0/ 77.8 (d),
69.8/62.8 (t) were found in the 13C NMR spectrum. The above NMR
data suggested that the structure of 5 was similar with that of 3-hy-
droxy-5-methylphenol-1-O-β-D-glucopyranosyl-(1 → 6)-β-D-glucopyr-
anoside [22]. The cross-peaks between H-1′ and C-1, H-1″ and C-6′ in
the HMBC spectrum (Fig. 2) indicated that the inner glucopyranose was
linked with C-1 and the outer glucopyranose was connected at C-6′. The
correlations from H-2 to C-1 and from H-6 to C-1 were found in the
HMBC spectrum (Fig. 2), suggesting that C-4 position was replaced by a
chlorine atom. Consequently, compound 5 was 4-chloro-3-hydroxyl-5-
methylphenol-1-O-β-D-glucopyransyl-(1 → 6)-β-D-glucopyranoside, and
named as curculigine L (5).

Compound 6, white powders, [α]D24 = −55.73 (c, 0.10, MeOH),
gave the molecular formula of C20H28O12Cl2. The NMR data were si-
milar with those of 5 except that only one aromatic hydrogen signal at
δH 7.07 (1H, s) was observed, indicating that the two aromatic carbons
were replaced by the chlorine atoms. HMBC correlations (Fig. 2) from
the proton of aromatic hydrogen (δH 7.07, 1H, s, H-6) to C-2 (δC 117.5)
and from protons of methyl (δH 2.37, 3H, s, H-7) to C-4 (δC 123.3)

Fig. 2. Key 2D–NMR correlations of compounds 1–7.

X. Chen et al. Fitoterapia 122 (2017) 144–149

147



suggested that the two chlorine atoms were located at C-2 and C-4
positions respectively. Furthermore, one methoxyl signal at δH 3.83
(3H, s) was also observed in the 1H NMR spectrum. The long range
1He13C correlations between methoxyl group and C-3 (δC 153.6) in the
HMBC spectrum identified that the methoxyl unit was attached at C-3
position. Thus, compound 6 was identified as 2, 4-dichloro-3-methoxyl-
5-methylphenol-1-O-β-D-glucopyransyl-(1 → 6)-β-D-glucopyranoside,
and named as curculigine M (6).

Compound 7, white powders, [α]D24 =−40.82 (c, 0.09, MeOH),
gave the molecular formula of C20H28O12Cl2 according to the HRESIMS
at m/z 559.1006 [M − H]− (calcd for 559.0991). None aromatic hy-
drogen signal was observed in the 1H NMR spectrum, which suggested
that the phenyl group of 7 was replaced totally. Two methoxyl units at
δH 3.80 (6H, s) and δC 61.9/61.0 (q) were observed in the NMR data of
7, proving that there were two methoxyl groups in 7. One of the
methoxyl group was linked with C-6 position based on the cross peak
between protons of methyl (δH 2.30, 3H, s, H-7) and protons of meth-
oxyl (δH 3.81, 3H, s) in the ROESY spectrum (Fig. 2), another methoxyl
unit was attached at C-3 position on account of the correlations be-
tween the protons of methoxyl (δH 3.80, 3H, s) and C-3 (δC 150.4) in the
HMBC spectrum (Fig. 2). As a result, the two chlorine atoms were
linked with C-2 and C-4 positions respectively. Consequently, com-
pound 7 was characterized as 2, 4-dichloro-3, 5-dimethoxylphenol-1-O-
β-D-glucopyransyl-(1 → 6)-β-D-glucopyranoside, and named as curculi-
gine N (7).

To the best of our knowledge, compounds 1–2 were the first ex-
amples of heterocyclic phenolic derivatives obtained from Curculigo
orchioides. Their biogenetic pathways have not been reported. In our
continuously study of the chemical constituents of Curculigo orchioides,
two minor molecules 5-hydroxymethyl-furfurol and 5- hydroxymethyl-
pyrrole-2-carballdehyde were isolated. Therefore, we speculated that
compounds 1–2 might originate from the oricinol glucopyranoside and
5-hydroxymethyl-furfurol or 5- hydroxymethyl-pyrrole-2-carballde-
hyde by losing the hydroxyl unit as H2O (Fig. 3). The biogenetic routes
of the chlorophenolic glycosides had been discussed in the previous
reports [6].

3.2. Identification of the known compounds

Besides the seven new compounds, nineteen known ones were iso-
lated from Curculigo orchioides for the first time. They were identified as
(2S)-3-(4-hydroxy-3-methoxyphenyl)-propane-1, 2-diol (8) [23], (2S)-
3-(4-hydroxy-3, 5-dimethoxyphenyl)-propane-1, 2-diol (9) [24],
(± )-piperoside (10) [25], icariside F2 (11) [26], 4-ally-2, 6-dimeoxy
phenol glucoside (12) [27], (3S, 5R, 6S, 6E, 9R)-megatigma-7-ene-3, 5,
6, 9-tetrol (13) [28], actinidioionoside (14) [29], (6S, 9R)-roseoside
(15) [30], tetillapyrone [(7R, 9S, 10R)-3-methyl-5-(4-hydroxyl-5-hy-
droxylmethyltetrahydrofuryl)] -6-hydroxypyran-2-one (16) [31],
(−)-angelicoidenol-2-O-β-D-glucopyranoside (17) [32], (−)-angel-
icoidenol-2-O-β-apiofuranosyl-(1 → 6)-β-D-glucopyranoside (18) [33],
cyclo-(L-Ala-L-Tyr) (19) [34], cyclo-(L-Ser-L-Phe) (20) [35], cyclo-(Leu-
Ala) (21) [36], cyclo-(Leu-Thr) (22) [37], cyclo-(Leu-Ser) (23) [38],
cyclo-(S-Pro-R-Leu) (24) [36], cyclo-(Val-Ala) (25) [38], and cyclo-
(Gly-D-Val) (26) [39] by comparing their spectral data with those in the

previous literatures. Their chemical structures and detailed spectral
data were provided in the Supplementary data.

3.3. Xanthine oxidase inhibitory activity of compounds 1–7

As shown in Table 4, orcinosides I (1) and J (2) exhibited XO in-
hibitory activities with the inhibitor rates of 72.40 ± 4.47% and
36.71 ± 3.67% at the concentrations of 0.55 mM. The IC50 of the two
compounds (1–2) were 0.25 and 0.62 mM respectively (Fig. 4). How-
ever, the chlorophenolic glycosides curculigines J-N (3–7) did not show
obviously inhibitory activity for XO at the tested concentrations. It
suggested that 1 and 2 were one of the bioactive constituents of
“Xianmao” to treat gout. It turned out that heterocyclic ring was the
necessary group for XO inhibitory activity. This research demonstrated
the potential anti-gout bioactivity of “Xianmao” and laid a foundation of
“Xianmao” in the therapy of gout.
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Appendix A. Supplementary data

The general experimental procedures, the xanthine oxidase in-
hibitory activity assay, 1H and 13C NMR, COSY, HSQC, HMBC, ROESY,
high-resolution MS, UV and IR spectra of compounds 1–7 and the NMR
data of the known compounds are available as Supplementary data.
Supplementary data associated with this article can be found in the
online version, at http://dx.doi.org/10.1016/j.fitote.2017.09.009.

Fig. 3. The biogenetic pathways of compounds 1–2.

Table 4
Xanthine oxidase inhibitory activity of compounds 1–7 in vitro.

Compounds Concentration (mM) Xanthine oxidase
Inhibitory rate (%)a

IC50 (mM)

Orcinoside I (1)a 0.55 72.40 ± 4.47 0.25
Orcinoside J (2)a 0.55 36.71 ± 3.67 0.62
Curculigine J (3) 0.63 3.34 –
Curculigine K (4) 0.49 6.62 –
Curculigine L (5) 0.34 −2.77 –
Curculigine M (6) 0.39 0.29 –
Curculigine N (7) 0.40 5.97 –
Allopurinola,b 0.01 100.60 ± 0.92 0.004

a Values are means of three experiments.
b Positive control.
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Fig. 4. The dose-response curve of compounds 1–2 for xanthine oxidase inhibitory ac-
tivity in vitro.
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