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Abstract
!

Four new meroterpenoids, arnebinols A–D (1–4),
and one new prenylated naphthoquinone, 5,8-O-
dimethyl-11-deoxyalkannin (5), together with
seven known meroterpenoids (6–12) were iso-
lated from the roots of Arnebia euchroma. The
structures of the isolated compounds were eluci-
dated unambiguously by spectroscopic data anal-
ysis, as well as X‑ray-single crystal diffraction

analysis. Arnebinol A (1) and B (2) are rare mero-
terpenoids possessing a 6/10/5 tricyclic ring sys-
tem. Compounds 1–12 were evaluated for their
cytotoxicities against MG-63 and SNU387 human
cancer cell lines. Compound 5 exhibited the most
potent activity with IC50 values of 2.69 µM and
6.08 µM, respectively.
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Introduction
!

Arnebia euchroma (Royle) Jonst. (family Boragina-
ceae) is a small genus of annual or perennial
herbs, distributed in Asia and the drier regions of
Northern Africa [1]. A. euchroma (“Zicao” in Chi-
nese) is a traditional Chinese herbal medicine
(TCM) recorded in the Pharmacopoeia of China
and has been extensively used in China and other
countries for the treatment of various diseases
[2–4]. According to previous studies, A. euchroma
produces many types of secondary metabolites
including naphthoquinones [3–6], phenolic acids
[7,8], alkaloids [9,10], and meroterpenoids [11–
14]. Meroterpenoids were defined as natural
products of mixed biosynthetic origin (poly-
ketide-terpenoid) featuring a quinone, hydroqui-
none, or closely related subunit linked to a terpe-
noid moiety through a C–C bond, which have
been widely found in fungi and marine orga-
nisms, and also in higher plants [15–17]. Some of
these compounds possess interesting biological
and pharmacological activities, including cyto-
toxic, anti-inflammatory, antifungal, antibacteri-
al, and antioxidant effects [18–24]. Meroterpe-
noids isolated from A. euchroma contained a phe-
nolic or a quinone unit connected with a mono-
terpene moiety by one or two C–C bonds. As part
of our ongoing search for bioactive constituents,
especially for new antitumor agents from TCMs,
Planta Med 2015; 81: 320–326
an EtOH extract of the roots of A. euchroma was
investigated, and four new meroterpenoids (1–
4), one new prenylated naphthoquinone (5), to-
gether with seven known meroterpenoids (6–12)
were isolated. We report the isolation and struc-
tural elucidation of these compounds, as well as
their cytotoxic activities against MG-63 and
SNU387 tumor cells.
Results and Discussion
!

Compound 1 was isolated as a white amorphous
powder. The molecular formula C16H16O4 implied
nine degrees of unsaturation. The IR spectrum
suggested the presence of hydroxyl groups, an
α,β-unsaturated-γ-lactone (1716 cm−1), and aro-
matic absorptions (1488 cm−1). The 1H NMR spec-
trum (l" Table 1) showed a pair of ortho-coupled
aromatic protons, suggesting the presence of one
tetrasubstituted benzene ring. Two olefinic pro-
ton signals indicated the existence of two trisub-
stituted double bonds. The 13C NMR (l" Table 1),
DEPT, and HSQC spectra revealed the presence of
16 carbon resonances, including one methyl,
three methylenes, and five methines along with
seven quaternary carbons [including one ester
carbonyl at δC 177.9 (C-15)]. These functionalities
accounted for eight out of the nine degrees of un-
saturation, indicating that 1 has a tricyclic core in-



Table 1 1H and 13C NMR data for compounds 1, 2, and 6.

Position 1a 2a 6b

δH (J in Hz) δC δH (J in Hz) δC δH (J in Hz) δC
1 150.9 (s) 151.0 (s) 187.7 (s)

2 6.72, d (8.8) 118.4 (d) 6.63, d (8.6) 117.0 (d) 5.97, s 107.4 (d)

3 6.65, d (8.8) 115.4 (d) 6.55, d (8.6) 115.0 (d) 158.0 (s)

4 150.8 (s) 149.8 (s) 182.0 (s)

5 118.6 (s) 127.2 (s) 141.5 (s)

6 6.86, s 78.8 (d) 6.67, br s 83.1 (d) 6.37, br s 79.4 (d)

7 6.95, s 152.5 (d) 5.21, s 126.8 (d) 5.10, s 123.9 (d)

8 129.5 (s) 135.2 (s) 136.2 (s)

9α
9β

2.74, m
1.90, mc

26.1 (t) 2.29, br d (12.5)
1.90, td (12.5, 2.3)

27.9 (t) 2.29, d (10.5)
1.92, t (12.4)

26.8 (t)

10α
10β

2.19, m
1.90, mc

25.6 (t) 2.12, m
2.07, m

25.0 (t) 2.12, m
2.01, q (11.3)

24.1 (t)

11 5.10, t (7.8) 121.6 (d) 5.04, t (7.9) 121.2 (d) 5.07, t (8.3) 122.0 (d)

12 142.2 (s) 143.3 (s) 139.5 (s)

13α
13β

3.38, d (14.6)
2.42, d (14.6)

27.3 (t) 3.40, d (14.2)
2.92, d (14.2)

27.9 (t) 3.38, d (13.0)
2.74, d (13.0)

26.3 (t)

14 127.8 (s) 128.5 (s) 147.5 (s)

15 177.9 (s) 4.75, dd (11.9, 5.5)
4.69, dt (11.9, 3.0)

77.4 (t) 4.74, br s 77.5 (t)

16 1.58, s 22.1 (q) 1.59, s 22.2 (q) 1.48, s 23.3 (q)

-OCH3 3.81, s 56.3 (q)

aData were measured in CD3OD at 600MHz (1H) and 150MHz (13C); bData were measured in CDCl3 at 600MHz (1H) and 150MHz (13C); cOverlapped signal
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cluding the benzene ring and α,β-unsaturated-γ-lactone ring.
Overall consideration of the NMR data suggested that compound
1 was a meroterpenoid similar to the known co-occurring com-
pound clavilactone A (7), which represents a novel class of tyro-
sine kinase inhibitors [25], previously isolated from a culture of
the non-toxigenic fungus Clitocybe clavipes [23]. The difference
occurred in the positions C-7 and C-8. In the 13C NMR spectrum
of 1, the carbon chemical shifts of C-7 and C-8 were observed
downfield at δC 152.5 and 129.5, respectively. At the same time,
the significant downfield shifts for H-6 (δH 6.86) and H-7 (δH
6.95) were observed in the 1H NMR spectrum. These differences,
together with the MS data, suggested that the 7,8-epoxide group
in 7 was replaced by a trisubstituted carbon double bond be-
tween C-7 and C-8 in 1, which was determined by the HMBC cor-
relations between H-7/C-15, H‑9/C-7 and H‑10/C-8. In the HMBC
spectrum (l" Fig. 2), the correlations between H-6 and C-15, C-8,
and C-7 confirmed the identity of the α,β-unsaturated-γ-lactone
moiety. Accordingly, the planar structure of 1 was proposed. The
assignments of all proton and carbon signals could be established
by 2D 1H-1H COSY, HSQC, and HMBC experiments. The absolute
configuration at C-6 of 1 was predicted to be the same as that of
7 based on a biogenetic consideration, and the absolute configu-
ration of natural clavilactone was established by total synthesis
[26–28]. The NOESY correlation (l" Fig. 3) between H-11 and
CH3-16 suggested that the configuration of the double bond be-
tween C-11 and C-12 should be Z. Thus, the structure of 1 was
established as shown in l" Fig. 1, and the compound was named
arnebinol A.
Compound 2 was isolated as a white powder and gave a pseudo-
molecular ion peak consistent with a molecular formula of
C16H18O3, 14 mass units less than that of 1. The IR absorptions re-
vealed the presence of hydroxyl and aromatic functionalities. In
the 1H NMR spectrum (l" Table 1), one methyl group signal, two
ortho-coupled aromatic proton signals, together with two ole-
finic proton signals were observed. The 13C NMR (l" Table 1),
DEPT, and HSQC spectra exhibited 16 carbon signals. These data
suggested that 2was also ameroterpenoid. Comparative analyses
of the 1H and 13C NMR data of 2 with those of 1 showed a very
close structural similarity. The main differences of the 1D NMR
spectra of 2 and 1 were the absence of the signal corresponding
to the C-15 ester carbonyl and the presence of a methylene car-
bon atom [δC (77.4) and δH 4.75 (1H, dd, J = 11.9, 5.5 Hz, H-15β),
4.69 (1H, dt, J = 11.9, 3.0 Hz, H-15α)] in 2. The HMBC correlations
(l" Fig. 2) observed from H-9 to C-15, as well as from H2-15 to C-
6, C-7, and C-8, further confirmed the presence of the C-15 meth-
ylene in 2. All signals of 2were assigned from the 2D 1H-1H COSY,
HSQC, and HMBC experiments. The absolute configuration of 2
was assigned to be identical with that of 1 by comparing their op-
tical rotation data.
Compound 3 was isolated as a white amorphous powder, and its
molecular formula was determined to be C16H16O4 by means of
HRESIMS, as well as 1H and 13C NMR data (l" Table 2), with nine
degrees of unsaturation. In the IR spectrum, absorptions for hy-
droxyl, α-methylene-γ-lactone (1738 cm−1), and aromatic func-
tionalities were observed. In the 1H NMR spectrum, three olefinic
protons at δH 5.73 (1H, dd, J = 17.8, 10.7 Hz, H-10), 4.91–4.93 (2H,
m, H2-11) displayed the presence of a vinyl group. A pair of ole-
finic protons at δH 6.23 (1H, s, H-13α) and δH 5.81 (1H, s, H-13β)
at C-13 (δC 123.4) indicated the presence of one terminal double
bond, and a pair of ortho-coupled aromatic protons suggested the
presence of one tetrasubstituted benzene ring. Combined analy-
sis of 13C NMR, DEPT, and HSQC data showed 16 carbon reso-
nances attributed to one methyl, three methylenes, five meth-
ines, and seven quaternary carbons. From the above analysis of
the 1H and 13C NMR spectroscopic data, it was implied that com-
pound 3 is a meroterpenoid with a benzogeijerene skeleton and
is similar to that of euchroquinol A, previously isolated from
A. euchroma [14]. However, the main difference was that com-
pound 3 displayed NMR data for an ester carbonyl (δC 173.1) at
C-14 instead of the methylene group as in euchroquinol A. This
Wang L et al. Meroterpenoids and a… Planta Med 2015; 81: 320–326



Fig. 2 COSY (bold lines) and key HMBC correla-
tions (arrows) for compounds 1–5. (Color figure
available online only.)

Fig. 1 Chemical structures of compounds 1–12.

Fig. 3 Key NOESY correlations of compounds 1
and 3. (Color figure available online only.)
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Table 2 1H and 13C NMR data for compounds 3–5.

Position 3a 4a 5b

δH (J in Hz) δC δH (J in Hz) δC δH (J in Hz) δC
1 148.4 (s) 149.3 (s) 185.3 (s)

2 6.69, d (8.6) 117.4 (d) 123.6 (s) 150.5 (s)

3 6.58, d (8.6) 114.1 (d) 6.91, d (1.3) 114.6 (d) 6.59, s 135.0 (d)

4 151.2 (s) 151.2 (s) 185.1 (s)

4a 119.7 (s)

5 5.61, d (6.2) 75.7 (d) 6.67, d (8.1) 118.2 (d) 153.5 (s)

6 3.15, d (6.2) 50.1 (d) 6.69, d (8.1) 118.4 (d) 7.28, sc 120.1 (d)

7 38.5 (s) 108.6 (s) 7.28, sc 120.1 (d)

8α
8β

2.97, d (16.6)
2.44, d (16.6)

34.8 (t) 7.38, s 148.2 (d) 153.9 (s)

8a 125.0 (s)

9 1.21, s 24.7 (q) 135.9 (s) 121.8 (s)

10 4.75, dd (17.8,
10.7)

142.0 (d) 2.31, m 25.9 (t) 121.4 (s)

11 4.91–4.93, mc 115.1 (t) 2.24, m 26.9 (t) 2.51, t (7.7) 29.5 (t)

12 140.0 (s) 5.05, t (7.2) 123.8 (d) 2.24, q (7.3) 26.5 (t)

13 α 6.23, s
β 5.81, s

123.4 (t) 134.1 (s) 5.11, t (7.0) 122.9 (d)

14 173.1 (s) 1.59, s 17.7 (q) 133.2 (s)

15 1.49, s 25.7 (q) 1.66, s 17.8 (q)

16 173.4 (s) 1.57, s 25.7 (q)

5-OCH3 3.94, sc 57.0 (q)

7-OCH3 3.26, s 52.2 (q)

8-OCH3 3.94, sc 57.0 (q)

a Data were measured in CD3OD at 600MHz (1H) and 150MHz (13C); b Data were measured in CDCl3 at 600MHz (1H) and 150MHz (13C); c Overlapped signal
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was further confirmed by the HMBC correlations (l" Fig. 2) be-
tween H-6, H2-13 and C-14. The complete NMR assignments of
3 were determined by analysis of HSQC and HMBC spectra. The
configurations of H-5 and H-6 were deduced by 2DNOESY ex-
periment (l" Fig. 3) and proved to be both β-oriented due to cor-
relations of Me-9/H-6, H-6/H-5 and the β-orientation of Me-9 in
the benzogeijerene compounds [14,29–31]. The coupling con-
stants (J = 6.2 Hz) between H-5 and H-6 also confirmed the cis-
configuration at H-5 and H-6 [14]. Thus, the structure of 3 was
proposed, and the compound was named arnebinol C.
Compound 4 was obtained as an optically inactive yellowish oil,
characterized as a racemic mixture. The molecular formula was
determined as C17H20O5 by HRESIMS, suggesting eight degrees
of unsaturation. The IR absorptions revealed the presence of hy-
droxyl, an α,β-unsaturated-γ-lactone, and aromatic function-
alities. The 13C NMR spectrum (l" Table 2) showed 17 carbons, of
which three signals corresponded to methyls (including one me-
thoxy group), two to methylenes, and five to methines. In addi-
tion, seven quaternary carbons were assigned. The 1H NMR spec-
trum of 4 (l" Table 2) exhibited signals for a trisubstituted aro-
matic ring [δ 6.91 (1H, d, J = 1.3 Hz, H-3), 6.69 (1H, d, J = 8.1 Hz,
H-6), and 6.67 (1H, d, J = 8.1 Hz, H-5)], a 4-methylpent-3-enyl
unit [δ 2.31 (2H, m, H-10), 2.24 (2H, m, H-11), 5.05 (1H, t,
J = 7.2 Hz, H-12), and 1.49 (3H, s, H-15), 1.59 (3H, s, H-14)], a tri-
substituted double bond, and a methoxyl group. The aforemen-
tioned data suggested the presence of a 1,2,4-trisubstituted dihy-
droxybenzene structure connected with a 10-carbon side chain.
Extensive analysis of the 1D and 2DNMR data indicated that 4 is
similar to fornicin A, a prenylated phenolic isolated from Gano-
derma fornicatum [32]. The main differences were the presence
of a ketacetal carbon at δC 108.6 and an additional methoxyl
group in 4. In the HMBC spectrum of 4 (l" Fig. 2), two hydroxyl
groups were assigned to C-1 (δC 149.3) and C-4 (δC 151.2) by the
HMBC correlations of H-3/C-1, H-3/C‑5, H-5/C-1, H-6/C‑2, and H-
6/C-4, respectively. The methoxyl group was located at C-7 (δC
108.6) due to the HMBC correlations between CH3O‑7, H-3, H-8,
and C-7. Accordingly, the structure of 4 was proposed as shown,
and the compound was named arnebinol D.
Compound 5 was obtained as reddish powder. Its HRESIMS pro-
vided the molecular formula C18H20O4, requiring nine degrees of
unsaturation. The IR spectrum exhibited absorption bands for
carbonyl groups. The 1H NMR spectrum of 5 (l" Table 2) showed
a two-proton singlet at δ 7.28 (2H, s, H-6, 7), one singlet aromatic
proton at δ 6.59 (1H, s, H-3), twomethoxyl groups at δ 3.94 (6H, s,
CH3O‑5, 8), and characteristic signals for a 4-methylpent-3-enyl
unit at δ 2.51 (2H, t, J = 7.7 Hz, H-11), 2.24 (2H, q, J = 7.3 Hz, H-
12), 5.11 (1H, t, J = 7.0 Hz, H-13), 1.57 (3H, s, H-16), and 1.66 (3H,
s, H-15). The 1H and 13C NMR features of 5 (l" Table 2) suggested
that this compound was a 1,4-naphthoquinone, especially due to
the presence of the signals at δC 185.3 and 185.1. Comparison of
the 1H and 13C NMR spectral data with those of naphthoquinones
previously isolated from A. euchroma indicated that 5was similar
to the known compound 11-deoxyalkannin [33]. The significant
differences between the two compounds were the presence of
two methoxyl group signals in 5 instead of two hydroxyl group
signals in 11-deoxyalkannin. The two methoxyl groups were
placed at C-5 (δC 153.5) and C-8 (δC 153.9) by the HMBC
(l" Fig. 2) correlations of H-6/C-8, H‑7/C-5, CH3O‑5/C-5, and
CH3O‑8/C-8, respectively. The full assignment of the proton and
carbon signals of 5 was completed by HSQC and HMBC spectra.
As a result, the structure of 5 was proposed as shown, and the
compound was named 5,8-O-dimethyl-11-deoxyalkannin.
Compound 6 (arnebinone B) was isolated as red crystals. Its
structure was established by extensive spectroscopic methods
Wang L et al. Meroterpenoids and a… Planta Med 2015; 81: 320–326



Table 3 Cytotoxic activity of compounds 1–12.

Compound IC50 (µM)a

MG-63 SNU387

 1 9.44 10.22

 2 21.71 20.16

 3 5.20 9.39

 4 14.32 9.47

 5 2.69 6.08

 6 7.07 6.90

 7 7.67 13.70

 8 > 40 > 40

 9 5.46 10.86

10 11.50 7.90

11 9.56 9.01

12 6.87 6.99

Cisplatinb 12.31 6.39

a Compounds with an IC50 > 40 µM were considered inactive; b Positive control

Fig. 4 X‑ray structure of compound 6. (Color figure available online only.)
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(UV, IR, HRESIMS, 1D and 2DNMR) and confirmed by X‑ray crys-
tal diffraction (l" Fig. 4). It possesses a 6/10/5 tricyclic ring sys-
tem, featuring a benzoquinone unit linked to a ten-membered
monoterpenoid moiety by two C–C bonds. The structure of 6 has
been published in a patent [34], but its spectroscopic data has not
been reported yet. In this paper, we report the spectroscopic data
and crystallographic data of 6 for the first time.
Other known isolates were identified as clavilactone A (7) [23],
9,17-epoxyarnebinol (8) [14], shikonofuran A (9), shikonofuran
E (10), shikonofuran B (11), and shikonofuran C (12) [35], based
on NMR data and mass spectrometric analysis, as well as by com-
parison of the spectral data with those reported.
The isolated compounds 1–12 were tested for their cytotoxicity
against MG-63 and SNU387 human cancer cell lines using the
MTT assay, with cisplatin as the positive control. The results are
summarized in l" Table 3. Compounds 1, 3, 5–7, 9, 11, and 12
showed inhibitory effects against the MG-63 cell line with IC50

values ranging from 2.69 to 9.56 µM. Compounds 5, 6, and 12 also
exhibited activity against SNU387 cells, with IC50 values of 6.08,
6.90, and 6.99 µM, respectively. The structure-activity relation-
ship analysis indicated that the basic structural requirement for
the cytotoxic activity of these compounds was the quinone or hy-
droquinone moiety. Once the hydroquinone moiety was dis-
rupted, as in 8, it displayed no cytotoxicity. A comparison of the
cytotoxic activity of the meroterpenoids (1–3, 7), which contain
two C−C bonds between a benzene ring and the terpenoid moi-
eties, established that the absence of a γ-lactone system reduced
the activity significantly.
Materials and Methods
!

General experimental procedures
Optical rotations weremeasured by using a Perkin-Elmer 341 po-
larimeter at room temperature. UV spectra were run on a Shi-
madzu UV-2550 spectrophotometer. IR spectra were obtained
on a Perkin-Elmer 1725X‑FT spectrometer. NMR spectra were re-
corded on a Bruker Avance 600 spectrometer with TMS as the in-
ternal reference, and chemical shifts are expressed in δ (ppm).
High-resolution electrospray ionization mass spectrometry
(HR‑ESI‑MS) was performed on a LTQ Orbitrap XL mass spec-
trometer. Analytical HPLC was carried out using LabAlliance Se-
ries III with a model 201 (SSI) detector and Ultimate C18 column
(250mm× 4.60mm, 5 µm). Preparative HPLC was carried out on
Wang L et al. Meroterpenoids and a… Planta Med 2015; 81: 320–326
P3000 with a UV3000 detector (Beijing ChuangXinTongHeng
Science and Technology Co., Ltd.) and Ultimate C18 column
(250mm× 21.2mm, 5 µm). Sephadex LH-20 (Amersham Phar-
macia Biotech), silica gel (100–200 mesh, Qingdao Marine Chem-
ical Co.), and RP‑C18 (150–200 mesh, Merck) were used for col-
umn chromatography (CC). TLC was carried out on precoated sil-
ica gel GF254 plates, and spots were visualized under UV light and
by spraying with 5% H2SO4 in ethanol followed by heating.

Plant material
The roots of A. euchroma were purchased from Sichuan Neautus
Traditional ChineseMedicine Co., Ltd., Peopleʼs Republic of China,
and were collected from the Xinjiang region, in October 2012,
Peopleʼs Republic of China. The plant identification was verified
by Prof. W.K. Bao of the Chengdu Institute of Biology, Chinese
Academy of Sciences. A voucher specimen (CIB‑A‑402) has been
deposited at the Laboratory of Phytochemistry, Chengdu Institute
of Biology, Chinese Academy of Sciences. Cisplatin (≥ 99.9%) was
purchased from Sigma-Aldrich. The purity (> 96%) of compounds
1–12 used for biological assays was determined by HPLC.

Extraction and isolation
The dried and powdered roots of A. euchroma (10 kg) were ex-
tracted three times with 30 L of 95% EtOH at room temperature.
The solvent was evaporated, and the residue (877 g) was sus-
pended in water and then successively extracted with EtOAc and
n-BuOH. The EtOAc extract (370 g) was subjected to a silica gel
column (10 × 120 cm, 100–200 mesh, 2.5 kg), eluting with a gra-
dient of petroleum ether–EtOAc (50:1, 20 :1, 10:1, 20:3, 5 :1,
4 :1, 3 :1, 2 :1, 1 :1, 0 :1, each 15 L), providing 12 fractions. Frac-
tion 6 (13 g) was separated on a Sephadex LH-20 column
(5 × 55 cm, 160 g; solvent system: CHCl3−MeOH, 1:1) to obtain
three major fractions, 6a−6c. Fraction 6a (6.0 g) was applied to
an RP‑C18 column (4 × 45 cm, 120 g), eluting with MeOH−H2O
(65:35, 70:30, 75 :25, 80:20, 100:0, each 600mL) to afford frac-
tions 6a1–6a5. Fraction 6a1 (420mg) was purified by semipre-
parative HPLC using an isocratic solvent system of MeOH−H2O
(50:50) at 12mL/min for 85min to yield 8 (tR = 74.6min, 42mg)
and 4 (tR = 78.4min, 30mg). Compound 6 (76mg) was isolated
from fraction 6a2 by crystallization from MeOH. Fraction 6a3
(280mg) was further purified by semipreparative HPLC (MeOH–
H2O, 66:34) at 12mL/min for 85min to obtain 10 (tR = 69.5min,
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22mg), 11(tR = 79.2min, 27mg), and 12 (tR = 81.0min, 24mg).
Fraction 7 (11 g) was subjected on a Sephadex LH-20 column
(5 × 55 cm, 160 g; solvent system: CHCl3−MeOH, 1:1) to give five
subfractions, 7a−7e. Subfraction 7 d (3.5 g) was further purified
using semipreparative HPLC (MeOH−H2O, 60:40) at 12mL/min
for 40min to produce 9 (tR = 27.5min, 1.8 g). Fraction 8 (11 g)
was submitted to separation over Sephadex LH-20 (5 × 55 cm,
160 g) with CHCl3−MeOH (1:1) to afford five fractions (8a−8e).
Fraction 8 d (1.5 g) was subjected to RP‑C18 CC (3 × 30 cm, 45 g),
eluting with MeOH−H2O (40:60, 50:50, 60 :40, 70:30, each
300mL) to obtain fractions 8d1 to 8d4. Fraction 8d2 (150mg)
was further purified by preparative HPLC using a gradient solvent
system of MeCN−H2O (30:70 to 50:50) at 12mL/min for 50min
to yield 1 (tR = 33.2min, 16mg), 3 (tR = 23.7min, 22mg), and 7
(tR = 37.1min, 26mg). Fraction 8d3 (420mg) was purified by
semipreparative HPLC (MeOH−H2O, 55:45) at 12mL/min for
40min to afford 2 (tR = 30.4min, 46mg). Fraction 8b (4.2 g) was
separated using an RP‑C18 column (4 × 45 cm, 120 g) eluted with
MeOH−H2O (80:20, 90:10, 100:0, each 500mL) to give three
major fractions, 8b1–8b3. Compound 5 (tR = 23.7min, 28mg)
was obtained from fraction 8b1 by preparative HPLC with a gra-
dient solvent system of MeCN−H2O (50:50 to 70:30) at 12mL/
min for 40min.

Isolates
Arnebinol A (1): amorphous powder; [α]D20 + 34.5 (c 0.07, MeOH);
UV (MeOH) λmax (log ε) 292 (3.84) nm; IR (KBr) νmax 3412, 2932,
1716, 1488, 1285 cm−1; 1H and 13C NMR (CD3OD) data, see l" Ta-
ble 1; HRESIMS m/z 271.0969 [M – H]− (calcd. for C16H15O4,
271.0976).
Arnebinol B (2): amorphous powder; [α]D20 + 47.0 (c 0.10, MeOH);
UV (MeOH) λmax (log ε) 289 (3.96) nm; IR (KBr) νmax 3302, 2928,
1612, 1486, 1291 cm−1; 1H and 13C NMR (CD3OD) data, see l" Ta-
ble 1; HRESIMS m/z 257.1178 [M – H]− (calcd. for C16H17O3,
257.1183).
Arnebinol C (3): amorphous powder; [α]D20 + 106.5 (c 0.07, MeOH);
UV (MeOH) λmax (log ε) 288 (3.73) nm; IR (KBr) νmax 3391, 1738,
1490, 1273, 1160 cm−1; 1H and 13C NMR (CD3OD) data, see l" Ta-
ble 2; HRESIMS m/z 271.0970 [M – H]− (calcd. for C16H15O4,
271.0976).
Arnebinol D (4): yellowish oil; [α]D20 0 (c 0.10, MeOH); UV (MeOH)
λmax (log ε) 293 (3.93) nm; IR (KBr) νmax 3419, 2928, 1750, 1452,
1195 cm−1; 1H and 13C NMR (CD3OD) data, see l" Table 2; HRE-
SIMSm/z 303.1231 [M – H]− (calcd. for C17H19O5, 303.1238).
5,8-O-dimethyl-11-deoxyalkannin (5): reddish powder; UV
(MeOH) λmax (log ε) 440 (3.50), 240 (4.06) nm; IR (KBr) νmax

2928, 1652, 1260, 1216, 1057 cm−1; 1H and 13C NMR (CDCl3) data,
see l" Table 2; HRESIMS m/z 301.1441 [M + H]+ (calcd. for
C18H21O4, 301.1434).
Arnebinone B (6): red crystals (methanol); [α]D20 + 159.1 (c 0.10,
MeOH); UV (MeOH) λmax (log ε) 258 (4.24) nm; IR (KBr) νmax

2937, 2855, 1669, 1637, 1596, 1452, 1212, 1055 cm−1; 1H and 13C
NMR (CDCl3) data, seel" Table 1; HRESIMSm/z 285.1125 [M –H]−

(calcd. for C17H17O4, 285.1132).
X‑ray crystallographic analysis of arnebinone B (6): Crystal data
were collected from a red block (0.30 × 0.20 × 0.20mm3) at 293
(2) K: C17H18O4, MW= 286.31, orthorhombic, space group
P212121, unit cell dimensions a = 8.1753(4) Å, b = 9.7373(5) Å,
c = 18.6797(8) Å, V = 1487.01(13) Å3; α = 90.00°, β = 90.00°,
γ = 90.00°, Z = 4, ρcalc = 1.279mg/mm3, F(000) = 608. Data collec-
tion was performed on a SuperNova Eos diffractometer with
graphite monochromator, Mo Kα radiation. A total of 4634 reflec-
tions measured, 2704 unique (Rint = 0.0231), were used in all cal-
culations. The structure was solved with the SHELXS (G.M. Shel-
drick, Acta Cryst, 2008) and refined by a full-matrix least squares
method on F2 by means of SHELXL (G.M. Sheldrick, Acta Cryst,
2008). The final R indices [I > 2σ(I)], R1 = 0.0481, wR2 = 0.1009; R
indices [all data], R1 = 0.0662, wR2 = 0.1118. Crystallographic data
for the structure of 6 have been deposited with the Cambridge
Crystallographic Data Centre (deposition number CCDC
1001388). Copies of the data can be obtained, free of charge, on
application to the Director, CCDC, 12 Union Road, Cambridge CB2
1EZ, UK [Fax: + 44-(0)1223–336033 or e-mail: deposit@ccdc.
cam.ac.uk].

Cytotoxicity assay
The cytotoxicity of all isolated compounds against MG-63 (osteo-
sarcoma) and SNU387 (hepatoma) cell lines (from the Shanghai
Cell Bank, Chinese Academy of Sciences) were evaluated by
means of the MTT assay [36]. Briefly, test cells were placed into
96-well plates at a density of 5000 cells per well and incubated
at 37°C for 24 h in 5% CO2. The test compounds were added into
triplicate wells at different concentrations and incubated for 48 h
at 37°C. After the incubation period, MTT solution (100 µL, 1mg/
mL) was added into each well. The plates were incubated for an
additional 4 h, and then 100 µL of ‘‘triplex solution’ʼ (10% SDS/
5% iBuOH/12mM HCl) was added. The plates were incubated at
37°C overnight and then measured using a plate reader at
490 nm. Cell viability (%) was measured, and the cell growth
curve was plotted. IC50 values were calculated by the Reed and
Muench method [37].

Supporting information
The 1D and 2DNMR spectra for compounds 1–6 are available as
Supporting Information.
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