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Phloroglucinol derivatives tomoeones A–H (1–8) and three known compounds were isolated from leaves
of Hypericum ascyron. Their structures were established based on spectroscopic analyses. They are all acy-
lphloroglucinol derivatives possessing a spiro skeleton with geminal isoprenyl groups and a monoterpene
moiety, and they are stereoisomers to each other at C-4 and C-13. They appear to be a class of phloroglu-
cinol derivatives. Cytotoxicities of the isolated phloroglucinol derivatives against human tumor cell lines,
including multidrug-resistant (MDR) cancer cell lines, were evaluated. Tomoeone F (6) demonstrated sig-
nificant cytotoxicity against KB cells with an IC50 value of 6.2 lM. Compound 6 was also cytotoxic against
MDR cancer cell lines (KB-C2 and K562/Adr), which was more potent than doxorubicin.

� 2008 Elsevier Ltd. All rights reserved.
1. Introduction

The genus Hypericum occurs widely in temperate regions and
has been used as a traditional medicinal plant in various parts of
the world. Hypericum perforatum (St. John’s Wort) is used as a her-
bal medicine for treatment of moderate depression, and this effect
has inspired investigations of secondary metabolites from
Hypericum species (Pinarosa, 2005). As a result, various classes of
bioactive compounds were reported. Among others, acylphrologlu-
cinols possessing unique structures were shown to have a variety
of bioactivities, and are paid attention as a new drug lead from
plant sources (Tada et al., 1991; Verotta et al., 2004; Medina
et al., 2006).

Hypericum ascyron is a Chinese natural drug used in treatment
of wounds, swelling, headache, nausea and abscesses (Jiang Su
New Medical College, 1977). Up to the present, some reports de-
scribed the constituents of H. ascyron, in which flavonoids and
xanthones were confirmed as components of this plant (Wang
and Wang, 1980; Komissarenko and Levashova, 1992; Zhang
et al., 1998; Park et al., 2000). However, there is no report about
acylphloroglucinols from this plant.

To discover new bioactive natural products from plants, we are
studying the constituents of Hypericum plants, and reported some
bioactive compounds (Matsuhisa et al., 2002; Tanaka et al., 2004,
2005). As a part of this program, we have examined the MeOH
ll rights reserved.
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al Sciences, Hokkaido Univer-
extracts from the leaves of H. ascyron and isolated eight new phlor-
oglucinol derivatives named tomoeones A–H (1–8) together with
three known compounds. Some of these compounds showed po-
tent to moderate cytotoxicity against human cancer cell lines. In
this paper, we describe the isolation, structure elucidation, and
cytotoxicity of isolated compounds.
2. Results and discussion

The MeOH extracts of H. ascyron leaves were partitioned
between n-hexane and H2O. The n-hexane-soluble fraction was
subjected to column chromatography repeatedly to give eight
new (1–8) and three known (9–11) compounds.

Tomoeone A (1) had a molecular formula of C30H44O6 on the
basis of its HRESIMS. The IR spectrum showed absorption bands
of a hydroxyl (3463 cm�1), a carbonyl (1718 cm�1), and a conju-
gated carbonyl (1670 cm�1) groups. The 1H NMR spectrum of 1
showed the presence of two isoprenyl groups [dH 4.96 (1H, t-like),
4.59 (1H, t-like), 2.73 (1H, dd, J = 13.6 and 7.8 Hz), 2.65 (1H, dd,
J = 13.6 and 7.8 Hz), 2.55 (1H, dd, J = 13.2 and 8.8 Hz), 2.35 (1H,
dd, J = 13.2 and 8.8 Hz), 1.60, 1.57, 1.50, 1.35 (each 3H, s)], a 2-
methylpropanoyl group [dH 3.33 (1H, sept, J = 6.8 Hz, H-28), 1.23,
1.11 (each 3H, d, J = 6.8 Hz)], two methines [dH 1.67, 1.65 (each
1H, m)], four methylenes [dH 2.12 (1H, d, J = 13.6 Hz), 1.89, 1.70
(each 1H, m), 1.74, 1.73 (each 2H, m), 1.15 (1H, d, J = 13.6 Hz)],
and two tertiary methyls [dH 1.35, 0.92 (each 3H, s)]. In addition,
the characteristic signal of a hydrogen-bonded hydroxyl group
was observed at dH 18.32 (1H, s). This down-fielded resonance is
peculiar to acylphloroglucinol derivatives isolated from Hypericum
chinense (Nagai and Tada, 1987), and bitter acids from hops (Zhao
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Fig. 2. The key HMBC correlations of 1.

Fig. 3. Key NOE correlations of 1.

Fig. 4. Structures of tomoeones A–H (1–8).
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et al., 2005). The 13C NMR spectrum suggested the presence of 30
carbons including three carbonyl carbons, one oxygenated sp2 car-
bon, three sp2 quaternary carbons, two sp2 methines, two oxygen-
ated sp3 quaternary carbons, two sp3 quaternary carbons, three sp3

methines, six sp3 methylenes, and eight methyls. Based on these
data, 1 was considered as an acylphloroglucinol derivative having
two isoprenyl groups, one 2-methylpropanoyl group, and a partial
unit constituted of 10 carbons. The plane structure of the partial
unit was elucidated by the analysis of its 2D NMR spectra including
COSY, HSQC, and HMBC spectra (key correlations were shown in
Fig. 1). The phloroglucinol moiety consisted of six quaternary car-
bons including two ketones (dC 207.4 and 197.4), an enol (dC 198.1
and 113.1), and two sp3 carbons (dC 65.3 and 61.8). The HMBC cor-
relations of H2-7 and H2-14 with C-3, C-4, and C-5 indicated that
C-7 and C-14 in the partial unit were connected to C-4 (Fig. 2).
The positions of the 2-methylpropanoyl group and two isoprenyl
groups were determined to be C-2, C-6, and C-6, respectively, from
the following HMBC correlations: OH-1 with C-1, C-2, C-6, and
C-27; H2-17 and H2-22 with C-1, C-5, and C-6 (Fig. 2). Thus, com-
pound 1 was established as shown in Fig. 4.

The relative stereochemistry of 1 was elucidated by the NOESY
spectroscopic analysis as shown in Fig. 3. The NOE correlations of
H-7ax/H-14ax and H-12/H-14ax indicated their axial orientations.
Therefore, the cyclohexane ring, consisted of C-4, C-7, C-8, and
C-12 to C-14, adopts a chair conformation. In addition, b-orienta-
tions of CH3-15 and CH3-16 were noted from the NOE correlations
of H-8/H3-15, and H-8/H3-16. On the other hand, the methine
proton signal and one of the methyls due to the 2-methyl propa-
noyl group at C-2 displayed NOESY correlations with H3-15 and
H-14eq, respectively, indicating that the 2-methyl propanoyl group
is present on the upper side of the cyclohexane ring. Consequently,
the structure of 1 was established as illustrated in Fig. 4.

The same molecular formula of tomoeone B (2) as that of 1 was
established from its HRESIMS. The 13C NMR spectroscopic data
were similar to those of 1, except for the signals of C-4, C-7,
C-14, C-15 (Table 1). Detailed analyses of the COSY and the HMBC
spectra indicated that 2 was a stereoisomer of 1. The relative
stereochemistry of C-7 to C-16 in 2 was decided to be the same
as that of 1 from the following NOE correlations in the NOESY
spectrum: H-8 with H3-15, and H3-16; H-12 with H-14ax; H3-15
with H-14eq (Fig. 5). In addition, H3-15 and H-14eq exhibited
NOE correlations with an olefinic proton signal due to one of the
isoprenyl groups. This observation indicated that the isoprenyl
group at C-6 is located on the upper side of the cyclohexane ring.
Accordingly, the structure of 2 was elucidated as shown in Fig. 4.

Tomoeones C (3) and D (4) also had the same molecular formula
as those of 1 and 2 as established by HRESIMS. The 1H and 13C
NMR, HMBC spectra indicated that 3 and 4 were stereoisomers of
1 and 2. Although the 13C NMR spectra of 3 and 4 were closely
correlated with those of 1 and 2, respectively, the resonances due
to C-12 to C-15 were different from those found in 1 and 2 in each
case. Since the 13C resonance for C-13 was significantly shifted to
downfield (ca. 12 ppm) as compared to those of 1 and 2, the config-
uration of C-13 in 3 and 4 was considered to be different from that
of 1 and 2. A chair conformation of the cyclohexane ring, consisted
of C-4, C-7, C-8, and C-12 to C-14, as well as a b-orientation of CH3-
16 in 3 and 4, were shown to be the same as those of 1 and 2 by
Fig. 1. The key COSY and HMBC correlations of the partial unit of 1.
NOESY correlations shown in Figs. 6 and 7. The equatorial orienta-
tion of CH3-15 in 3 and 4 was also demonstrated by NOESY corre-
lations of H3-15 with H-12, H-14ax, and H-14eq in both cases.
Furthermore, the configurations of C-4 in 3 and 4, which were con-
sidered to be opposite to each other, were elucidated from the fol-
lowing NOE correlations. Thus, NOESY correlations of H-14eq with
H3-29 and H-18 were observed in the case of 3 similar to those
seen in 1. In contrast, H-14eq exhibited an NOESY correlation only
with H-18, which is the same as that found in 2. Accordingly, the
structures for 3 and 4 were concluded as illustrated.

Tomoeones E (5) and F (6) gave the closely correlated 1H and 13C
NMR spectra, which also quite resembled with those of 1 and 2,
respectively. In addition, the presence of a 3-methylbutanoyl group
in both 5 and 6 was deduced in each case instead of the 2-methyl-
propanoyl group from the following 1H and 13C resonances; [dH



Table 1
13C NMR spectroscopic data for 1–8 (d, ppm, at 100 MHz) in CDCl3

Position 1 2 3 4 5 6 7 8

1 198.1 196.5 198.0 196.1 196.9 196.4 196.8 195.8
2 113.1 112.4 113.1 112.6 114.4 113.6 114.4 113.7
3 197.4 196.4 197.6 195.7 197.4 196.1 197.6 195.6
4 65.3 62.8 64.5 62.4 65.1 62.7 64.3 62.3
5 207.4 208.8 207.5 208.3 207.3 208.9 207.5 208.3
6 61.8 61.2 61.8 61.1 61.6 61.1 61.6 61.0
7 24.0 26.9 24.2 26.5 24.2 26.9 24.4 25.9
8 48.0 47.7 47.7 47.1 48.0 47.7 47.7 47.2
9 79.2 78.9 78.9 78.4 79.2 78.9 78.9 78.3
10 39.7 40.6 39.8 40.5 39.8 40.5 39.9 40.5
11 21.6 21.5 22.0 22.6 21.6 21.6 22.5 22.7
12 51.9 51.2 46.3 45.6 52.0 51.3 46.2 45.8
13 73.2 72.7 85.0 85.5 73.1 72.8 85.1 85.3
14 50.2 44.5 44.5 38.4 50.1 44.6 44.4 38.3
15 20.3 23.1 16.5 19.9 20.9 22.9 17.0 19.1
16 26.7 26.5 26.5 26.5 26.8 26.5 26.6 26.5
17 34.4 37.0 34.6 36.6 34.6 36.8 34.8 36.6
18 119.2 118.1 119.0 118.5 119.2 118.1 119.2 118.4
19 135.6 137.2 135.9 136.6 135.7 137.2 135.9 136.6
20 17.8a 17.9 17.8 17.9 17.9 17.9 17.9 17.9
21 25.8 26.0 25.8 26.0 25.9 26.0 25.9 26.0
22 41.0 38.1 40.9 38.9 40.7 38.2 40.7 38.5
23 116.9 117.9 117.0 117.4 117.0 117.8 117.0 117.4
24 137.9 137.3 137.9 137.6 137.8 136.8 137.8 137.5
25 17.6 17.8 17.6 17.8 17.7 17.8 17.7 17.8
26 25.8 26.0 25.8 25.9 25.9 26.0 25.9 26.0
27 205.1 207.7 205.4 207.6 201.1 203.1 201.4 203.0
28 34.1 35.2 24.3 35.1 46.1 47.1 46.5 46.9
29 17.9a 19.0 17.6 18.8 25.5 26.1 25.6 25.6
30 21.0 19.5 21.0 19.3 22.4 22.6 22.1 22.5
31 – – – – 22.8 22.7 22.8 22.6

a Signals may be exchangeable.

Fig. 5. Key NOE correlations of 2.

Fig. 6. Key NOE correlations of 3.

Fig. 7. Key NOE correlations of 4.

Scheme 1. Possible biosynthesis pathway of tomoeones.
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2.78 (1H, dd, J = 14.8 and 6.4 Hz, H-28a), 2.72, 2.18 (each 1H, m),
0.98, 0.96 (each 3H, d, J = 6.4 Hz); dC 203.1, 47.1, 26.1, 22.7, 22.6].
These NMR observations suggested that the 2-methylpropanoyl
group at C-2 described in 1 and 2 was replaced by a 3-methylbuta-
noyl group in 5 and 6. The molecular formula of C31H46O6 for 5 and
6, confirmed by the HRESIMS in each case, was also consistent with
these observations. Analyses of 2D-NMR spectroscopic data for 5
and 6 suggested that they are stereoisomers as noted for 1 and 2.
The relative stereochemistries of 5 and 6 were elucidated from
the NOESY correlations. Thus, 5 displayed NOESY cross-peaks quit
similar to those observed in 1, while NOESY correlations in 6
resembled with those of 2. Thus, the structures of 5 and 6 were elu-
cidated as shown in Fig. 4.

Tomoeones G (7) and H (8) also had the same molecular for-
mula as those of 5 and 6 based on their HRESIMS data. The NMR
spectroscopic data of 7 and 8 were closely correlated with those
of 5 and 6, indicating that they possessed the same overall struc-
ture as found in 5 and 6. In contrast, the 13C resonances of 7 and
8 were in close agreement with those of 3 and 4, respectively, ex-
cept for the resonances arising from the 2-methylpropanoyl group.
These spectroscopic observations suggested that 7 and 8 are con-
sidered to be C-13 isomers of 5 and 6, and had the same relative
stereochemistry as for 3 and 4, respectively. The NOESY data of 7
and 8 were also consistent with their stereostructures being the
same as 3 and 4, respectively.

The following known compounds were identified by comparison
with the literature data; 3,5-dihydroxy-4-{[(1R,2S,5S)-2-hydroxy-
2-methyl-5-(1-methylethenyl)cyclopentyl]methyl}-2-(3-methyl-
butanoyl)-6,6-bis(3-methylbut-2-enyl)cyclohexa-2,4-dien-1-one
(9), hypercalin C (10), hypercalin B (11) (Decosterd et al., 1989).

Compounds (1–8) are considered to be closely related biosyn-
thetically with 9–11, and our postulated biosynthetic pathway of



Table 2
1H NMR spectroscopic data (d, at 400 MHz) for 1–8 in CDCl3

a

Position1 2 3 4 5 6 7 8

1-OH 18.32 [1H, s] 18.36 [1H, s] 18.35 [1H, s] 18.42 [1H, s] 18.20 [1H, s] 18.27 [1H, s] 18.23 [1H, s] 18.25 [1H, s]
7ax 1.70 [1H, m] 1.72 [1H, m] 1.68 [1H, m] 1.71 [1H, m] 1.64 [1H, m] 1.68 [1H, m] 1.60 [1H, m] 1.67 [1H, m]
7eq 1.89 [1H, m] 1.81 [1H, m] 1.86 [1H, m] 1.88 [1H, m] 1.95 [1H, m] 1.87 [1H, m] 1.88 [1H, m] 1.82 [1H, m]
8 1.65 [1H, m] 1.62 [1H, m] 1.7 [1H, m] 1.56 [1H, m] 1.55 [1H, m] 1.77 [1H, m] 1.74 [1H, m] 1.57 [1H, m]
10 1.74 [2H, m] 1.76 [2H, m] 1.74 [2H, m] 1.77 [2H, m] 1.77 [2H, m] 1.79 [2H, m] 1.76 [2H, m] 1.70 [2H, m]
11 1.73 [2H, m] 1.77 [2H, m] 1.70 [2H, m] 1.73, 1.35 [each 1H,

m]
1.74 [2H, m] 1.80 [2H, m] 1.77 [2H, m] 1.68, 1.41 [each 1H,

m]
12 1.67 [1H, m] 1.80 [1H, m] 1.91 [1H, m] 1.95 [1H, m] 1.69 [1H, m] 1.83 [1H, m] 1.92 [1H, m] 1.94 [1H, m]
14ax 1.15 [1H, d, 13.6] 1.60 [1H, m] 1.44 [1H, d, 13.6] 1.70 [1H, d, 14.4] 1.16 [1H, d, 13.6] 1.55 [1H, d, 14.4] 1.45 [1H, d, 13.2] 1.78 [1H, d, 14.4]
14eq 2.12 [1H, d, 13.6] 2.03 [1H, d, 14.4] 2.25 [1H, d, 13.6] 2.08 [1H, d, 14.4] 2.11 [1H, d, 13.6] 2.01 [1H, d, 14.4] 2.24 [1H, d, 13.2] 2.05 [1H, d, 14.4]
15 0.92 [3H, s] 1.08 [3H, s] 0.97 [3H, s] 1.13 [3H, s] 0.94 [3H, s] 1.07 [3H, s] 1.00 [3H, s] 1.15 [3H, s]
16 1.35 [3H, s] 1.26 [3H, s] 1.35 [3H, s] 1.26 [3H, s] 1.36 [3H, s] 1.25 [3H, s] 1.36 [3H, s] 1.27 [3H, s]
17 2.73 [1H, dd, 13.6,

7.8]
2.72 [1H, dd, 14.0,
8.8]

2.74 [1H, dd, 13.6,
8.0]

2.71 [1H, dd, 13.4,
7.6]

2.75 [1H, dd, 14.0,
7.8]

2.74 [1H, m] 2.76 [1H, dd, 13.6,
7.8]

2.72 [1H, m]

2.65 [1H, dd, 13.6,
7.8]

2.52 [1H, m] 2.65 [1H, dd, 13.6,
8.0]

2.56 [1H, dd, 13.4,
7.6]

2.65 [1H, dd, 14.0,
7.8]

2.52 [1H, dd, 13.6,
6.4]

2.65 [1H, dd, 13.6,
7.8]

2.55 [1H, dd, 13.6,
6.4]

18 4.96 [1H, t-like] 4.9 [1H, t-like] 4.97 [1H, t-like] 4.91 [1H, t-like] 4.97 [1H, t-like] 4.89 [1H, t-like] 4.99 [1H, t-like] 4.92 [1H, t-like]
20 1.57 [3H, s] 1.52 [3H, s] 1.57 [3H, s] 1.53 [3H, s] 1.58 [3H, s] 1.47 [3H, s] 1.58 [3H, s] 1.53 [3H, s]
21 1.60 [3H, s] 1.61 [3H, s] 1.62 [3H, s] 1.60 [3H, s] 1.61 [3H, s] 1.55 [3H, s] 1.64 [3H, s] 1.61 [3H, s]
22 2.55 [1H, dd, 13.2,

8.8]
2.65 [1H, m] 2.57 [1H, dd, 13.2,

8.0]
2.62 [1H, dd, 13.4,
8.4]

2.59 [1H, dd, 13.2,
8.0]

2.68 [1H, m] 2.60 [1H, dd, 13.2,
8.4]

2.65 [1H, dd, 13.2,
8.0]

2.35 [1H, dd, 13.2,
8.8]

2.50 [1H, m] 2.37 [1H, dd, 13.2,
8.0]

2.46 [1H, dd, 13.4,
8.4]

2.36 [1H, m] 2.46 [1H, dd, 13.6,
7.6]

2.37 [1H, m] 2.47 [1H, dd, 13.2,
8.0]

23 4.59 [1H, t-like] 4.74 [1H, t-like] 4.59 [1H, t-like] 4.68 [1H, t-like] 4.60 [1H, t-like] 4.72 [1H, t-like] 4.61 [1H, t-like] 4.70 [1H, t-like]
25 1.35 [3H, s] 1.47 [3H, s] 1.35 [3H, s] 1.44 [3H, s] 1.38 [3H, s] 1.52 [3H, s] 1.38 [3H, s] 1.48 [3H, s]
26 1.50 [3H, s] 1.56 [3H, s] 1.50 [3H, s] 1.52 [3H, s] 1.53 [3H, s] 1.61 [3H, s] 1.51 [3H, s] 1.55 [3H, s]
28 3.33 [1H, sept, 6.8] 3.57 [1H, m] 3.34 [1H, sept, 6.8] 3.52 [1H, sept, 6.8] 2.95 [1H, dd, 15.2,

6.8]
2.78 [1H, dd, 14.8,
6.4]

2.97 [1H, dd, 15.2,
6.4]

2.84 [1H, dd, 14.8,
6.8]

- - - - 2.37 [1H, m] 2.72 [1H, m] 2.38 [1H, m] 2.68 [1H, m]
29 1.11 [3H, d, 6.8] 1.15 [3H, d, 6.8] 1.11 [3H, d, 6.8] 1.16 [3H, d, 6.8] 2.26 [1H, m] 2.18 [1H, m] 2.37 [1H, m] 2.20 [1H, m]
30 1.23 [3H, d, 6.8] 1.19 [3H, d, 6.8] 1.23 [3H, d, 6.8] 1.19 [3H, d, 6.8] 1.01 [3H, d, 6.4] 0.98 [3H, d, 6.4] 0.95 [3H, d, 6.4] 0.98 [3H, d, 6.8]
31 – – – – 0.95 [3H, d, 6.4] 0.96 [3H, d, 6.4] 1.01 [3H, d, 6.4] 0.99 [3H, d, 6.8]

a Coupling constant given (J in Hz).
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these new compounds is shown in Scheme 1. Thus, epoxidation of
exomethylene of 9–11, followed by intramolecular cyclization gave
1–8. The epoxide-mediated spirocyclization yields theoretically
four stereoisomers in each case. In this point of view, we isolated
all the possible stereoisomers having a 2-methylpropanoyl or a
3-methylbutanoyl group in the molecule. Since biosynthetic pre-
cursors 9–11 are closely correlated structurally with chinesin II
(Aramaki et al., 1995), whose absolute stereochemistry was deter-
mined by chemical examinations, the configurations at C-8, C-9,
and C-12 in compounds 1–8 are presumed to be the same as those
in chinesin II.

Some phloroglucinol derivatives are known to have cytotoxicity
(Arisawa et al., 1990; Ito et al., 2000; Ishii et al., 2003; Martinez-
Poveda et al., 2005). Therefore, cytotoxicities for tomoeones A–H
Table 3
Cytotoxicity data (IC50, lM) for 1–8 against human tumor cell linesa (means ± SE)b

Compound Cell lines

KB KB-C2 KB-C2 (+2.5 lM colchicine

1 44.3 ± 0.8 >100 56.5 ± 1.3
2 50.9 ± 0.8 >100 94.3 ± 7.8
3 >100 >100 >100
4 >100 >100 >100
5 17.1 ± 0.8 45.8 ± 3.7 30.9 ± 1.6
6 6.2 ± 0.4 31.5 ± 1.7 28.6 ± 0.8
7 >100 >100 >100
8 >100 >100 >100
Doxorubicin 0.40 ± 0.02 >100 –

a Cell lines: KB, epidermoid carcinoma; KB-C2, colchicine resistant KB; K562, leukemi
carcinoma.

b Data are mean ± SE from three or four experiments.
(1–8) against human tumor cell lines including multidrug-resistant
(MDR) cancer cell lines (KB-C2 and K562/Adr) were evaluated
(Table 3). Compounds 6 and 5 demonstrated significant to rela-
tively potent cytotoxicity against KB cells with IC50 values of 6.2
and 17.1 lM, respectively. They also showed relatively potent
cytotoxicity against MDR cancer cell lines with IC50 values ranging
from 17.1 to 48.0 lM. The cytotoxicity of 6 against the MDR cell
lines was more toxic than doxorubicin: IC50 >100 lg/mL (KB-C2);
28.1 lM (K562/Adr). Overall, compounds having a 3-methylbuta-
noyl group at C-2 were more toxic than compounds with a 2-meth-
ylpropanoyl group at C-2. In addition, compounds 1, 2, 5, and 6
were more cytotoxic than 3, 4, 7, and 8, in which all the former
compounds had the axial CH3 at C-13, and therefore, the configura-
tion of CH3-15 might also contribute their cytotoxicity.
) K562 K562/Adr MCF7 COLO205

>100 >100 75.7 ± 1.0 >100
>100 >100 86.3 ± 3.0 >100
>100 >100 >100 >100
64.9 ± 3.2 94.5 ± 4.2 >100 >100
>100 48.0 ± 1.6 51.1 ± 1.0 >100
40.4 ± 3.1 17.1 ± 0.2 29.3 ± 0.6 46.4 ± 3.5
68.4 ± 0.6 >100 >100 >100
67.8 ± 4.5 87.2 ± 2.9 >100 >100
0.83 ± 0.02 28.09 ± 0.79 0.61 ± 0.04 0.92 ± 0.02

a; K562/Adr, doxorubicin-resistant K562; MCF7, breast carcinoma; COLO205, colon
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3. Concluding remarks

Tomoeones A–H (1–8) have a unique spiro skeleton with gem-
inal prenyl groups and a monoterpene moiety, and are classified as
a new class of phloroglucinol derivatives. Tomoeones F (6) and E
(5) demonstrated potent to moderate cytotoxicities against KB
cells as well as MDR cancer cell lines (KB-C2 and K562/Adr), and
whose cytotoxicities against MDR cancer cell lines were more po-
tent than doxorubicin. Recently, some phloroglucinol derivatives,
including guttiferone G, hyperforin, and aristoforin were reported
as inhibitors of SIRT1 and SIRT2, and were shown to be strong
inhibitors on proliferation of human umbilical vein endothelial
(HUVE) cells. Though the mechanisms of action of tomoeones for
showing cytotoxicity against human cancer cells, including MDR
cancer cells, is not clear, inhibition of SIRTs might be one of possi-
ble mechanisms of action.
4. Experimental

4.1. General experimental procedures

NMR experiments were run on a Bruker AVANCE instrument, 1H
NMR: 400 MHz, 13C NMR 100 MHz, using TMS as int. stand. MS
was obtained on a Waters LCT Premier. CC: silica gel 60 (Merck,
63-210 lm), Sephadex LH-20 (Amersham Pharmacia Biotech AB),
and Toyopearl HW-40 (TOSOH); HPLC: GPC (Shodex K-2001,
2002, CHCl3; Shodex, GS-310 2G, MeOH), silica gel (Mightysil Si
60, 250 � 20 mm), ODS (Mightysil RP-18, 250 � 20 mm, Kanto
Kagaku). IR spectra were recorded on a JASCO FT-IR-420 spectro-
meter. Optical rotations were measured with a JASCO DIP-370
digital polarimeter.

4.2. Plant material

The aerial parts of H. ascyron were collected in August 2005 in a
mountain area more than 1500 m above sea level in Tokushima
Prefecture, Japan, and separated to leaves and stems. Herbarium
specimens were deposited in the botanical garden of the University
of Tokushima (specimen number: UTP98010).

4.3. Extraction and isolation of compounds from the leaves of
H. ascyron

The leaves of H. ascyron (4.0 kg, dried) were extracted (3 � 18 L)
with hot MeOH for 4 h. The MeOH extracts were combined, then
concentrated in vacuo to give a residue (1.3 kg), which was parti-
tioned between n-hexane and H2O. The n-hexane soluble fraction
(234.1 g) was loaded on a silica gel column (12 � 40 cm) eluted
with different solvents of increasing polarity n-hexane–EtOAc–
MeOH to give 13 fractions (fr. 1–13). Fr. 7 (34.0 g) was subjected
to silica gel (8 � 40 cm) CC eluted with CHCl3–MeOH (100:0 to
0:100) to give six fractions (fr. 7.1–7.6). Fr. 7.2 (29.0 g) was sepa-
rated on a Toyopearl column (6 � 45 cm) with CHCl3–MeOH
(2:1) and purified by ODS-HPLC (MeOH–H2O, 8:2) to give 9
(25 mg) and 10 (35 mg). Fr. 7.6 (2.6 g) was applied to silica gel
HPLC with n-hexane–EtOAc (3:1) as eluant and then purified fur-
ther by ODS-HPLC (MeOH–H2O, 9:1) to give 6 (10 mg), 5 (9 mg),
7 (10 mg), 8 (11 mg), 2 (28 mg), 1 (10 mg), 3 (40 mg), and 4
(25 mg). Fr. 8 (38.1 g) was applied to a silica gel column
(8 � 40 cm) eluted with solvents of increasing polarity (CHCl3–
MeOH, 100:0 to 0:100) to give six fractions (fr. 8.1–8.6). Fr. 8.3
(32.2 g) was subjected to silica gel (8 � 35 cm) CC with CHCl3–
MeOH (100:0 to 0:100) to give three further fractions (fr. 8.3.1–
8.3.3). Fr. 8.3.1 (8.4 g) was loaded on a silica gel column
(5 � 30 cm) with n-hexane–acetone (85:15 to 0:100) and silica
gel HPLC with n-hexane–EtOAc (3:1) and then purified by ODS-
HPLC (MeOH–H2O, 85:15) to give 11 (55 mg).

4.4. Tomoeone A (1)

A pale yellow amorphous powder. [a]D: +33.2 (c 2.9 MeOH);
kMeOH

max nm (loge): 285 (3.6), 239 (3.4); IR (KBr): mMAX cm�1 3463,
2966, 1718, 1670, 1543, 1446, 1379; HRESIMS: m/z 499.3063,
[M�H]� (calcd. for C30H43O6, 499.3060); For 1H NMR (CDCl3) and
13C NMR (CDCl3) spectra, see Tables 2 and 1.

4.5. Tomoeone B (2)

A pale yellow amorphous powder. [a]D: +9.5 (c 1.1 MeOH);
kMeOH

max nm (loge): 285 (3.6), 238 (3.5); IR (KBr): mMAX cm�1 3419,
2968, 1714, 1674, 1558, 1448, 1379; HRESIMS: m/z 499.3107,
[M�H]� (calcd. for C30H43O6, 499.3060); For 1H NMR (CDCl3) and
13C NMR (CDCl3) spectra, see Tables 2 and 1.

4.6. Tomoeone C (3)

Pale yellow gum. [a]D: +17.4 (c 4.9 MeOH); kMeOH
max nm (loge): 285

(3.6), 239 (3.5); IR (KBr): mMAX cm�1 3433, 2970, 1718, 1672, 1558,
1448, 1381; HRESIMS: m/z 499.3057, [M�H]� (calcd. for C30H43O6,
499.3060); For 1H NMR (CDCl3) and 13C NMR (CDCl3) spectra, see
Tables 2 and 1.

4.7. Tomoeone D (4)

Pale yellow gum. [a]D: +10.4 (c 3.0 MeOH); kMeOH
max nm (loge): 284

(3.5), 237 (3.5); IR (KBr): mMAX cm�1 3431, 2970, 1716, 1672, 1558,
1448, 1381; HRESIMS: m/z 523.3057, [M+Na]+ (calcd. for
C30H44O6Na, 523.3036); For 1H NMR (CDCl3) and 13C NMR (CDCl3)
spectra, see Tables 2 and 1.

4.8. Tomoeone E (5)

A pale yellow amorphous powder. [a]D: +40.3 (c 1.0 MeOH);
kMeOH

max nm (loge): 285 (3.5), 239 (3.4); IR (KBr): mMAX cm�1 3409,
2960, 1718, 1674, 1558, 1448, 1385; HRESIMS: m/z 537.3165,
[M+Na]+ (calcd. for C31H46O6Na, 537.3192)For 1H NMR (CDCl3)
and 13C NMR (CDCl3) spectra, see Tables 2 and 1.

4.9. Tomoeone F (6)

A pale yellow amorphous powder. [a]D: +1.8 (c 1.8 MeOH);
kMeOH

max nm (loge): 285 (3.6), 239 (3.6); IR (KBr): mMAX cm�1 3390,
2964, 1714, 1674, 1556, 1448, 1379; HRESIMS: m/z 537.3169,
[M+Na]+ (calcd. for C31H46O6Na, 537.3192); For 1H NMR (CDCl3)
and 13C NMR (CDCl3) spectra, see Tables 2 and 1.

4.10. Tomoeone G (7)

Pale yellow gum. [a]D: +25.4 (c 1.7 MeOH); kMeOH
max nm (loge): 283

(3.7), 237 (3.6); IR (KBr): mMAX cm�1 3429, 2964, 1718, 1674, 1556,
1450, 1380; HRESIMS: m/z 513.3235, [M�H]� (calcd. for C31H45O6,
513.3216); For 1H NMR (CDCl3) and 13C NMR (CDCl3) spectra, see
Tables 2 and 1.

4.11. Tomoeone H (8)

Pale yellow gum. [a]D: +5.2 (c 2.7 MeOH); kMeOH
max nm (loge): 283

(3.5), 238 (3.5); IR (KBr): mMAX cm�1 3432, 2964, 1714, 1672, 1558,
1448, 1381; HRESIMS: m/z 513.3235, [M�H]� (calcd. for C31H45O6,
513.3216); For 1H NMR (CDCl3) and 13C NMR (CDCl3) spectra, see
Tables 2 and 1.
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4.12. Cell lines and cell culture

KB (human epidermoid carcinoma of the nasopharynx), MCF7
(breast carcinoma), COLO205 (colon carcinoma), K562 (leukemia),
and K562/Adr (multidrug-resistant human erythromyelogenous
leukemia) cells were obtained from the Cell Resource Center for
Biomedical Research (Tohoku University). Multidrug-resistant hu-
man epidermoid carcinoma KB-C2 cells were kindly provided by
Prof. Shin-Ichi Akiyama (Kagoshima University, Japan). KB cells
were cultured in Dulbecco’s modified Eagles medium (DMEM)
with 10% fetal bovine serum (FBS). KB-C2 cells were maintained
in DMEM medium in the presence of 10% FBS and 5 lM colchicine.
MCF7, COLO205, and K562 cells were cultured in RPMI1640 sup-
plemented with 10% FBS. K-562/Adr (doxorubicin-resistant K562
cell line) cells were cultured in RPMI1640 medium containing
10% FBS and 0.5 lM doxorubicin. All cells were incubated at
37 �C in a humidified atmosphere with 5% CO2–95% air.

4.13. In vitro cytotoxicity assay

Cells were seeded at each density (1 � 105 cells/well for K562
and K562/Adr, 5 � 104 cells/well for KB and KB-C2, or 5 � 104

cells/well for MCF7 and COLO205) in 96-well plate and pre-incu-
bated for 24 h. Test samples were dissolved in small amounts of
DMSO and diluted in the appropriate culture medium (final con-
centration of DMSO <0.5%). After removal of pre-incubated culture
medium, 100 lL of medium containing various concentration
(0.4, 2, 10, 50, and 100 lg/mL) of test compound were added and
further incubated for 48 h. Cell viability was determined by 3-
(4,5-dimethylthiazole-2-yl)-2,5-diphenyltetrazolium bromide (MTT)
colorimetric assay (Mosmann, 1983). IC50 values (concentration
in lg/mL required to inhibit cell viability by 50%) were calculated
using the concentration–inhibition curve. Cytotoxic activities are
shown as mean ± SE from four experiments.
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