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A B S T R A C T

Two new lindenane sesquiterpene dimers, spicachlorantins A and B (1 and 2), were isolated from the

roots of Chloranthus spicatus along with a known related compound, chloramultilide A (3). Their

structures and the absolute stereostructures were established by 1D and 2D NMR as well as by CD

spectroscopic analyses.
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1. Introduction

We have been investigating traditional herbal medicines used
by ethnic minority groups in Yunnan Province, China. Of the 55
minority groups, recognized officially by the Chinese government,
25 live in their own ethnic autonomous areas in Yunnan. About
17,000 plant species grow wild in Yunnan, and many of these
plants are used by the people of Yunnan as herbal medicines. In the
course of an ethnopharmacological study, we found that the Va and
the Dai use Chloranthus plants medicinally. The genus Chloranthus

(Chloranthaceae) includes about 10 species distributed in the
tropical zone of Asia and the temperate zone of East Asia (Ohwi,
1975). Among them, Chloranthus spicatus (Thunb.) Makino is used
to treat bone fracture by the Va ethnic group, while the Dai ethnic
group use this plant to treat high blood pressure. Our investigation
into the traditional herbal medicines used by ethnic minority
groups in Yunnan Province, China, is designed to identify natural
products on which new therapeutic agents can be based. As part of
this study, we have examined the MeOH extracts from the roots of
C. spicatus, and consequently isolated two new lindenane
sesquiterpene dimers, spicachlorantins A and B (1 and 2), along
with a known related compound, chloramultilide A (3) (Yang and
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Yue, 2006). These compounds have a highly complex structure
containing a lindenane sesquiterpene dimer moiety, which could
be considered as the product of a Diels–Alder cycloaddition, with a
macrocyclic trilactone ring consisting of a 4-hydroxy-2-methyl-
but-2-enoyl group and a succinyl group by ester linkages. Similar
lindenane–sesquiterpene dimers with unique structures have
been reported recently (Kwon et al., 2006; Wu et al., 2008; Xu et al.,
2007; Yang et al., 2007, 2008).

2. Results and discussion

Dried roots of C. spicatus were extracted with MeOH. The MeOH
extract was partitioned between EtOAc and H2O, and the EtOAc-
soluble fraction was subjected to silica gel chromatography
(hexane/EtOAc) followed by a Toyopearl HW-40 column (MeOH),
HPLC on GPC (MeOH), and a silica gel HPLC (CHCl3/EtOAc/2-PrOH)
to give, spicachlorantins A (1, 0.00056% yield), B (2, 0.00072%), and
chloramultilide A (3, 0.00072%).

Spicachlorantin A (1) was obtained as a white amorphous
powder. The molecular formula of 1 was assigned as C39H40O14

from its HRESIMS (m/z 755.2324 [M+Na]+). The 13C NMR spectral
data, combined with the DEPT spectral data, of 1 showed the
presence of 39 carbons, including six carbonyl, eight olefinic, four
methyl, nine sp3 methylene, six sp3 methine, two sp3 quaternary,
one acetal, and three oxygen-bearing sp3 quaternary carbons
Elsevier B.V. All rights reserved.
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Table 1
1H and 13C NMR spectroscopic data for compounds 1 and 2 (CDCl3).

1 2

1H 13C 1H 13C

1 2.30 (1H, ddd, J = 8.6, 6.3, 4.7 Hz) 24.2 1.95 (1H, m) 29.2

2 1.23 (1H, dt, J = 8.6, 4.7) 9.3 1.17 (1H, m) 9.6

1.03 (1H, dt, J = 8.6, 6.3 Hz) 0.96 (1H, m)

3 1.81 (1H, m) 30.1 1.83 (1H, m) 29.7

4 77.2b 77.5

5 160.7 164.3

6 122.9 122.4

7 136.4 150.8

8 94.0 105.0

9 200.1 3.84 (1H, s) 75.5

10 57.0 49.7

11 129.2 125.7

12 170.6 170.8

13 1.83 (3H, s) 11.3 1.72 (3H, s) 10.7

14 1.17 (3H, s) 20.7 0.83 (3H, s) 14.0

15 2.69 (1H, m) 40.0 2.50 (1H, m) 40.2

1.74 (1H, m) 1.70 (1H, m)

10 1.57 (1H, ddd, J = 4.2, 6.7, 8.8 Hz) 26.7 1.60 (1H, m) 26.4

20 1.28 (1H, m) 10.0 1.30 (1H, br dd, J = 5.7, 8.8 Hz) 10.3

0.64 (1H, dt, J = 5.7, 8.8 Hz) 0.66 (1H, dt, J = 5.7, 8.8 Hz)

30 1.46 (1H, m) 29.7 1.47 (1H, m) 29.0

40 77.2b 77.5

50 2.22 (1H, dd, J = 6.7, 12.6 Hz) 55.0 2.15 (1H, dd, J = 7.1, 12.3 Hz) 55.8

60 3.05 (1H, dd, J = 12.6, 18.2 Hz) 24.0 2.93 (1H, dd, J = 12.3, 18.3 Hz) 23.5

2.40 (1H, dd, J = 6.7, 18.2 Hz) 2.55 (1H, m)

70 173.4 174.0

80 85.5 85.3

90 2.60 (1H, dd, J = 6.9, 10.4 Hz) 51.9 2.63 (1H, m) 51.2

100 45.1 45.0

110 123.8 123.3

120 171.1 171.3

130 5.41 (1H, d, J = 12.0 Hz) 53.4 5.24 (1H, d, J = 11.9 Hz) 53.7

4.53 (1H, d, J = 12.0 Hz) 4.53 (1H, d, J = 11.9 Hz)

140 0.97 (3H, s) 24.2 0.93 (3H, s) 24.1

150 4.34 (1H, d, J = 11.7 Hz) 74.0 4.93 (1H, d, J = 11.6 Hz) 72.8

4.05 (1H, d, J = 11.7 Hz) 3.72 (1H, d, J = 11.6 Hz)

100 167.8 167.6

200 129.4 130.5

300 6.58 (1H, dt, J = 1.3, 5.8 Hz) 136.4 6.70 (1H, ddd, J = 1.3, 5.1, 7.7 Hz) 135.6

400 4.76 (1H, ddd, J = 0.9, 5.8, 14.6 Hz) 61.6 4.74 (1H, dd, J = 7.7, 13.7 Hz) 60.8

4.64 (1H, ddd, J = 0.9, 5.8, 14.6 Hz) 4.67 (1H, dd, J = 5.1, 13.7 Hz)

500 1.88 (3H, d, J = 1.3 Hz) 12.8 1.93 (3H, s) 12.8

1000 172.1 171.8

2000 2.78 (1H, m)a 28.8a 2.68 (1H, m)a 28.8a

2.52 (1H, m)a 2.47 (1H, m)a

3000 2.70 (1H, m)a 28.8a 2.66 (1H, m)a 29.0a

2.49 (1H, m)a 2.54 (1H, m)a

4000 172.1 171.8

OMe 3.45 (3H, s) 52.2

a Assignment may be interchanged in each column.
b Overlapped by solvent.

Fig. 1. The structures of compounds 1–3.
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Fig. 2. The selected COSY and HMBC correlations of compounds 1 and 2.
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(Table 1). The carbonyl resonance at dC 200.1 was assigned as a keto
group, while the other five carbonyl resonances indicated the
existence of ester carbonyl groups. The 1H NMR spectrum showed
an olefinic proton signal (dH 6.58) and three hydroxymethyl signals
[dH 5.41, 4.53 (each 1H, d, J = 12.0 Hz), 4.76, 4.64 (each 1H, ddd,
J = 0.9, 5.8, 14.6 Hz), 4.34, 4.05 (each 1H, d, J = 11.7 Hz)], together
with four methyl signals, due to two vinylic methyl (dH 1.88 and
1.83) groups and two tertiary methyl (dH 1.17 and 0.97) groups
(Table 1). The 1H–1H COSY spectrum showed the occurrence of two
1,2-substituted cyclopropane ring moieties. Furthermore, the
HMBC correlations of H2-15 with C-4 and -5; H-90 with C-6 and
-80; H2-130 with C-70, -110, and -120; Me-140 with C-10, -50, -90, and -
100; and H2-150 with C-30, -40, and -50 were observed as shown in
Fig. 2. These characteristic spectral features coincided with the
presence of a lindenane-type sesquiterpene dimer with C-6–C-80

and C-15–C-90 linkages. In addition, Me-14 exhibited the HMBC
correlation with the carbon resonance at dC 200.1, together with C-
1, -5, and -10, indicating the presence of the ketone group at C-9.
The occurrence of an acetal at C-8 and an a,b-unsaturated g-
lactone ring at C-7 and C-8 was also shown by the HMBC
correlations of Me-13 with C-6, -7, -8, -11 and -12. Thus, the
structure of the sesquiterpene dimer moiety was revealed.
Furthermore, the 1H–1H COSY correlations of H-300–H-400 and H-
2000–H-3000, combined with the HMBC correlation of Me-500 with C-
100, -200, and -300, and H-2000 with C-1000 and -4000, provided the
existence of a succinyl group and a 4-hydroxy-2-methylbut-2-
enoyl group. The lindenane-type sesquiterpene dimer and both the
succinyl and the 4-hydroxy-2-methylbut-2-enoyl groups were
shown to be connected at C-130 to C-4000, C-150 to C-100, and C-400 to
C-1000 by ester linkages from the following HMBC correlations of H2-
150 with C-100, H2-400 with C-1000, and H2-130 with C-4000. Thus the
gross structure of 1 was established (Fig. 1).
Fig. 3. Key ROESY correlation
The ROESY correlations of H-1/H-3, H-3/H-15b, H-15b/H-10, H-
15a/H-50, H-15a/H-60a, H-10/H-50, H-10/H-30, H-30/H-50, H-50/H-
60a, and H-30/H2-150 indicated that they are located mutually on
the same a-side, and therefore the relative configuration of H-1
(a), H-3 (a), H-10 (a), H-30 (a), and H-50 (a) as well as OH-4 (b) and
OH-40 (b) were assigned. In contrast, the relative configuration of
OH-8 (a), Me-14 (b), H-90 (b), and Me-140 (b) as well as C-O-80 (b)
were concluded from the ROESY cross-peaks of Me-13/Me-14, H-
2b/Me-14, H-20b/Me-140, H-60b/Me-140, H-90/Me-140, and H2-130/
Me-140. The geometry of the double bond of the 4-hydroxy-2-
methylbut-2-enoyl group was also found to be E by the ROESY
correlation of H-400 and Me-500 (Fig. 3). Consequently, the relative
stereostructure of 1 was elucidated as illustrated in Fig. 3.

Spicachlorantin B (2) had a molecular formula of C40H44O14

based on HRESIMS. The 1H and 13C NMR spectra were similar to
those of 1, suggesting that the structure of 2 was closely correlated
with that of 1 (Table 1). However, the carbon resonance assignable
to a ketone seen in 1 was absent, while signals due to an oxygen-
bearing methine (dH 3.84; dC 75.5) and a methoxy (dH 3.45; dC 52.2)
were observed in 2. The oxygen-bearing methine carbon signal at
dC 75.5 was assigned as C-9 by the HMBC correlation of Me-14 with
this signal. Furthermore, a methoxyl signal displayed the HMBC
correlation with the C-8 acetal carbon, suggesting the presence of
the methoxy group at C-8. The other HMBC and 1H–1H COSY
correlations were in good agreement with this structure, as shown
in Fig. 2.

The relative stereochemistries for 2 were also elucidated by the
ROESY spectroscopic analysis. The ROESY correlations of methoxy
and H-9 and H-300 indicated a-orientations of both the methoxyl
group and H-9. The other ROESY correlations observed in 2 were
identical with those found in 1 (Fig. 3). Accordingly, the relative
configuration of 2 was characterized as shown in Fig. 3.
s of compounds 1 and 2.
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The absolute configurations of 1 and 2 were elucidated by the
CD spectral analyses, in which the first positive cotton effects (De
CD + 10.8 and +7.2, respectively) at l max 248 nm were similar to
those of the related compounds, chlorahololides A and B (Yang
et al., 2007, 2008). Based on the spectral examinations described
above, the absolute stereostructures of spicachlorantins A and B (1
and 2) were established.

3. Concluding remarks

As part of our ongoing study on the traditional herbal medicines
used by ethnic minority groups in Yunnan Province, China, we have
investigated the constituents of C. spicatus roots to isolate two new
(1–2) and one known (3) dimeric lindenane-type sesquiterpenes.
These compounds each have a unique macrocyclic ring constituted
from a 4-hydroxy-2-methylbut-2-enoyl group and a succinyl
group. The plane structures and relative configurations of these
compounds were determined by 1D and 2D NMR as well as by MS
spectral analysis. Their absolute stereostructures were also
elucidated by CD spectroscopic analyses. These compounds, with
their unique and highly complex structures, might contribute to
the medical application of the roots of C. spicatus. Evaluation of the
biological activities of these compounds is in progress.

4. Experimental

4.1. General experimental procedures

Optical rotations were measured on a JASCO P-2200 polari-
meter. NMR spectra were recorded on a Bruker AVANCE-400
instrument (1H NMR: 400 MHz, 13C NMR: 100 MHz) using TMS as
an internal standard. HRESIMS were obtained on a Waters LCT
Premier mass spectrometer. Column chromatography was per-
formed with silica gel 60N (Kanto Chemical, 63–210 mm) and
Toyopearl HW-40C (50–100 mm, Tosoh). Preparative HPLC was
performed on a JASCO apparatus consisting of a PU-1586 prep
pump and a UV-1578 UV/VIS detector with an Asahipak GS-310 2G
(GPC) (13 mm, 20 mm i.d. � 500 mm, Showa Denko) or a Mightysil
Si 60 (silica gel) (5 mm, 20 mm i.d � 250 mm, Kanto Chemical).

4.2. Plant material

Roots of C. spicatus were collected in Yunnan Province, China.
Herbarium specimens (05JY0024) were deposited in the herbar-
ium of the University of Tokushima.

4.3. Extraction and isolation

The dried roots of C. spicatus (387.4 g) were crushed and
extracted (4 L 3�) with MeOH. The combined extracts were
concentrated under reduced pressure to give a residue (16.6 g),
which was partitioned between EtOAc and H2O. The EtOAc-soluble
fraction (7.7 g) was fractionated by column chromatography (CC)
over silica gel using n-hexane–EtOAc–MeOH while increasing the
polarity to give eight fractions (frs. 1–8). Fr. 5 (1.0 g) was further
subjected to Toyopearl CC (MeOH) to yield three fractions (frs. 5. 1–
3). Fr. 5. 3 was loaded on a silica gel column eluted with solvents of
increasing polarity (CHCl3–n-BuOH, 98:2–95:5) to give five
fractions (frs. 5. 3. 1–5). Fr. 5. 3. 5 was applied to GPC on HPLC
(MeOH) to give five fractions (frs. 5. 3. 5. 1–5). HPLC [silica gel
(CHCl3–EtOAc–2-PrOH, 50:50:1) of frs. 5. 3. 5. 3 yielded 1 (2.2 mg),
2 (2.8 mg), and the fraction consisted mainly of 3. This fraction was
subsequently subjected to silica gel CC (CHCl3–MeOH, 98:2),
yielding a pure sample of chloramultilide A (3, 2.5 mg).

4.4. Spicachlorantin A (1)

Amorphous powder; + 36.1 (c 0.2, CHCl3); HRESIMS m/z
755.2324, [M+Na]+ (calcd for C39H40O14Na, 755.2316); 1H and
13C NMR: Table 1; De248 + 10.8 (MeOH; 2.0 � 10�4 M).

4.5. Spicachlorantin B (2)

Amorphous powder; � [a]D
19 � 56.4 (c 0.2, CHCl3); HRESIMS:

m/z 771.2629, [M+Na]+ (calcd for C40H44O14Na, 771.2629); 1H and
13C NMR: Table 1; De248 + 7.2 (MeOH; 2.0 � 10�4 M).
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