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ORIGINAL ARTICLE

Four sesquiterpenoids from Chloranthus multistachys

Sheng Zhang, Zu-Shang Su, Sheng-Ping Yang* and Jian-Min Yue*

Shanghai Institute of Materia Medica, Shanghai Institutes for Biological Sciences, Chinese Academy
of Sciences, Shanghai 201203, China

(Received 23 April 2010; final version received 10 May 2010)

Four new sesquiterpenoids, chlomultins A–D (1–4), were isolated from the whole
plant of Chloranthus multistachys. Their structures were established on the basis of
spectroscopic analysis.

Keywords: Chloranthaceae; Chloranthus multistachys; chlomultins A – D;
sesquiterpenoids

1. Introduction

Chloranthus multistachys Pei (Chlorantha-

ceae) is a perennial herb distributed in wet

areas of eastern Asia [1]. Its roots have been

applied as a folklore medicine to treat bone

fracture in China [2]. Our previous inves-

tigations on this plant have led to the

isolation of three sesquiterpenoid dimers

[3,4] and two diterpenoids [5]. In continu-

ation, four new sesquiterpenoids, chlomul-

tins A–D (1–4), along with six known

compounds, curcolonol (5) [6], zedoaro-

furan (6) [7], chlorantenes C (7) and D (8)

[8], 1b,8b-dihydroxyeudesman-3,7(11)-

dien-8a,12-olide (9) [9], and furanocadina-

1(10),6,8-triene-4-ol (10) [10] were further

isolated from the whole plant (Figure 1). We

present herein the isolation and structural

elucidation of these new compounds.

2. Results and discussion

Chlomultin A (1), a colorless amorphous

powder, had a molecular formula

C15H16O3 as determined by the HR-EI-

MS ion at m/z 244.1102 [M]þ with eight

degrees of unsaturation. Its IR absorption

at 1647 cm21 was assignable for the

presence of ketone groups conjugated

with multiple double bonds. The 1H

NMR spectrum (Table 1) exhibited three

methyls (d 1.15, 2.26, and 2.30) and an

olefinic proton (d 7.44, d, J ¼ 1.2 Hz). The
13C NMR spectrum with DEPT experi-

ments revealed the presence of 15 carbon

resonances comprising three methyls, two

sp3 methylenes, two sp3 methines, two

persubstituted double bonds, one trisub-

stituted double bond, and two carbonyls.

The above-mentioned functionalities

accounted for five degrees of unsaturation,

and the remaining three degrees of

unsaturation required 1 being tricyclic.

The combination of 2D NMR spectral

data facilitated the construction of the

scaffold of 1. In the HMBC spectrum

(Figure 2), the multiple correlations of Me-

14/C-3, C-4 (dC 163.4), and C-5 (dC

133.5); H2-2/C-1 and C-3; and H-1/C-4

and C-5 indicated the presence of an

unsaturated five-membered ring A bearing

a methyl at C-4; the HMBC correlations of

Me-13/C-7 (dC 130.4); C-11 (dC 124.1)
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and C-12 (dC 144.5); and H-12/C-7, C-8

(dC 148.4), and C-11 permitted the

establishment of the furan ring C with

a methyl attached to C-11. The linkage of

rings A and C via the C-6 ketone group

was fixed by the J 4 HMBC correlations of

Me-14/C-6 and Me-13/C-6. The HMBC

correlations of Me-15/C-1, C-9 and C-10,

and H-10/C-1, C-5, C-8, and C-9 enabled

us to construct the seven-membered ring

B. The relative configuration of 1 was

established by a ROESY spectrum, in

which the ROESY cross-peaks of H-1/H-

10 and H-2a, and Me-15/H-2b revealed

that Me-15 and H-1 were trans-configured.

Thus, the structure of 1 was established.

Chlomultin B (2) had a molecular

formula C15H18O3, as determined by the

HR-EI-MS ion at m/z 246.1268 [M]þ with

seven degrees of unsaturation. The IR

spectrum exhibited absorptions at

3427 cm21 (hydroxyl) and 1657 cm21

(a,b-unsaturated ketone). The 1H and 13C

NMR spectral data indicated the presence

of three methyls (dH 0.92, 2.04, and 2.18),

one carbonyl (dC 194.3), one trisubstituted

furan ring, and one trisubstituted double

bond. This analysis suggested that com-

pound 2 featured an eudesmane-type

sesquiterpene. Comparison of its NMR

spectral data with those of two known

compounds, curcolonol (5) and zedoar-

ofuran (6) [6,7], showed that they are

structurally related congeners, except for

the changes at C-3 and C-4. In the 13C

NMR spectrum, the chemical shifts of C-3

(d 121.6) and C-4 (d 131.9) indicated the

presence of a D3 double bond in 2. This

was confirmed by the HMBC spectrum

(Figure 3). The relative configuration of 2

was verified by the ROESY spectrum, in

which the ROESY correlations of H-1/H-5

and H-14/H-2b were observed.

Chlomultin C (3) was isolated as a

colorless oil and possessed a molecular

formula C15H18O4, as established by the

HR-ESI-MS ion at m/z 285.1102 [MþNa]þ

with seven degrees of unsaturation. The 1H

NMR spectral data exhibited one methyl (d

2.07, 3H, s) and four olefinic protons (d 4.92,

4.96, 4.99, and 5.16). The 13C NMR spectral

data (Table 1) exhibited 15 carbon reson-

ances, which were further categorized by

DEPT experiments as a carbonyl (d 171.8),

two exocyclic double bonds (d 116.0, 140.5,

112.6, and 142.6), a persubstituted double

bond (d 122.7 and 156.2), a semi-ketal

(d 103.2), an oxygenated sp3 quaternary

carbon (d 73.7), a methyl, four sp3 methyl-

enes, and a methine. These observations
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Figure 1. Structures of compounds 1–10.
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indicated that compound 3 is a cadinane-

type sesquiterpene [11].

The planar structure of 3 was estab-

lished by the HMBC spectrum (Figure 4(a)).

Two exocyclic double bonds were assigned

as D4(15) and D10(14) from the HMBC

correlations of H2-15/C-3, C-4, and C-5;

and H2-14/C-1, C-9, and C-10, respectively.

The HMBC correlations of H2-5/C-6 and

H2-2/C-6, as well as the downfield-shifted

quaternary C-6 (d 73.7) indicated the

presence of HO-6. The multiple HMBC

correlations of H2-5/C-7, H2-9/C-7, H3-

13/C-7, H3-13/C-11, and H3-13/C-12 indi-

cated the presence of a D7(11) double bond,

and the linkages of an ester carbonyl (C-12,

dC 171.8) and a methyl (CH3-13, dC 10.1, dH

1.96) to C-11. Although there was no direct

HMBC correlation available to furnish the

linkage between C-8 and C-12, the remain-

ing one degree of unsaturation and a semi-

ketal assignable to C-8 (d 103.2) on the basis

of its chemical shift and the HMBC

correlations of H2-9/C-8 definitely

indicated the connectivity between C-8

and C-12 via an oxygen atom to form a

g-lactone ring.

The ROESY spectrum of 3 (Figure 4(b))

showed the cross-peaks between HO-6 and

HO-8, indicating that they were co-facial

and arbitrarily assigned as a-oriented.

The ROESY correlations of H-1/H-2b,

H-9b, and H-5b indicated that H-1 was

b-oriented. This was confirmed by the

pyridine-induced solvent shifts [12], in

which the significant pyridine-induced

solvent shifts were observed [Dd was

defined as d(CDCl3)–d(pyridine-d5)] for

H-2a (Dd ¼ 20.27), H-9a (Dd ¼ 20.21),

and H-5a (Dd ¼ 20.18). Therefore, the

structure of 3 was elucidated as depicted.

Chlomultin D (4) was obtained as a

colorless powder. The molecular formula

was determined as C16H20O2, on the basis of

the HR-EI-MS ion at m/z 244.1466 [M]þ.

Three methyls (d 1.32, 2.31, 2.37), a

methoxyl (d3.30, s, 3H), two olefinic protons

(d 7.10 and 7.23), and three methylene

protons were observed in the 1H NMR

spectrum. The 1H and 13C NMR spectral

data of 4 were similar to those of

furanocadina-1(10),6,8-triene-4-ol [10],

suggesting that they are structural analogs
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with the only difference being the

presence of a methoxyl at C-4 instead of

the hydroxyl of furanocadina-1(10),6,8-

triene-4-ol. This assignment was verified by

the HMBC correlation between OMe and

C-4 (Figure 5).

Six known compounds were identified

as curcolonol (5) [6], zedoarofuran (6) [7],

chlorantenes C and D (7 and 8) [8], 1b,8b-

dihydroxyeudesman-3,7(11)-dien-8a,12-

olide (9) [9], and furanocadina-1(10),6,8-

triene-4-ol (10) [10] on the basis of their

NMR spectral data.

3. Experimental

3.1 General experimental procedures

IR spectra were recorded on a Perkin-Elmer

577 spectrometer with a KBr disk. UV

spectra were measured on a Shimadzu

UV-2550 UV-visible spectrophotometer.

Optical rotations were made on a Perkin-

Elmer 341 polarimeter at room temperature.

NMR spectra were measured on a Bruker

AM-400 spectrometer with TMS as an

internal standard. EI-MS (70 eV) and ESI-

MS were carried out on a Finnigan MAT 95

mass spectrometer, a Finnigan LCQDECA,

and a Q-TOF Ultima (for HR-ESI-MS)

instrument, respectively. All solvents used

were of analytical grade (Shanghai Chemi-

cal Plant, Shanghai, China). Silica gel (200–

300 mesh, Qingdao Haiyang Chemical Co.

Ltd, Qingdao, China), reverse-phase C18

silica gel (150–200 mesh, Merck, Darm-

stadt, Germany), Sephadex LH-20 gel

(Amersham Biosciences, Little Chanfolt,

UK), and MCI gel (CHP20P, 75–150mM,

Mitsubishi Chemical Industries Ltd,

Tokyo, Japan) were used for column

chromatography, and pre-coated silica gel

GF254 plates (Qingdao Haiyang Chemical

Co. Ltd) were used for TLC.

3.2 Plant material

Whole plants of C. multistachys Pei

were collected from Songyang County

of Zhejiang Province of China, and

were authenticated by Dr Ding-Quan Tu

of Gehu Hospital. A voucher specimen

(CH-2004-1Y) has been deposited in the

Shanghai Institute of Materia Medica.

3.3 Extraction and isolation

The air-dried powder of the whole plants

(5 kg) of C. multistachys Pei was extracted

with 95% EtOH (8 liters) five times at room

temperature to obtain 548 g of crude extract,

which was then partitioned between EtOAc

and H2O to give an EtOAc-soluble fraction

(209 g). The EtOAc-soluble fraction was

chromatographed over an MCI gel column

(MeOH/H2O, 50/50–90/10) to yield four

fractions (A–D). Fraction A (45 g) was then

subjected to silica gel column eluted with

petroleum ether/EtOAc (15:1–1:1) in gra-

dient to obtain nine fractions (A1–A9).

Fraction A3 (4.3 g) was separated by a

reverse-phase C18 silica gel column eluted

with MeOH/H2O (MeOH/H2O, 50/50–

80/20) to give two sub-fractions (A3a and

A3b). Sub-fractions A3a (1.8 g) and A3b

(1.4 g) were purified by a silica gel column

(petroleum ether/EtOAc, 4:1) and then a

Sephadex LH-20 (MeOH) column to give

curcolonol (5: 12 mg) and chlorantene C (7:

10 mg), respectively. Fraction A8 (1.8 g)

was subjected to a reverse-phase C18 silica

gel column (MeOH/H2O, 40/60–80/20) to

obtain compound 3 (15 mg). Fraction A9

(3.2 g) was chromatographed over a

reverse-phase C18 silica gel column

(MeOH/H2O, 40/60–80/20) to afford chlor-

antene D (8) (13 mg) and 1b,8b-dihydroxy

O

OCH3
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Figure 5. Selected HMBC correlations
(H ! C) of chlomultin D (4).
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eudesman 3,7(11)-dien-8a,12-olide (9)

(9 mg). Fraction B (12 g) was subjected to

a silica gel column (petroleum ether/EtOAc,

15:1–1:1) to yield zedoarofuran (6) (8 mg).

Fraction D (24 g) was subjected to silica gel

column (petroleum ether/EtOAc, 25:1–1:1)

to give eight fractions, D1–D8. Fraction

D3 (0.8 g) was chromatographed over a

Sephadex LH-20 column to give compound

4 (10 mg). Fraction D5 (3.6 g) was chro-

matographed over a reverse-phase C18 silica

gel column (MeOH/H2O, 50/50–70/30) to

obtain compound 1 (8 mg) and furanoca-

dina-1(10),6,8-triene-4-ol (10) (17 mg).

Fraction D8 (3.0 g) was separated by a

reverse-phase C18 silica gel column

(MeOH/H2O, 45/55–70/30) to yield com-

pound 2 (8 mg).

3.3.1 Chlomultin A (1)

A white amorphous powder; ½a�20
D , 0

(c ¼ 0.21, CHCl3); UV (MeOH) lmax

(log 1): 275 (3.64), 223 (3.83) nm; IR

(KBr, disk) nmax: 2926, 1647, 1510,

1383 cm21; 1H and 13C NMR spectral

data, see Table 1; ESI-MS m/z: 267.1

[MþNa]þ, 510.9 [2MþNa]þ; EI-MS m/z:

244 [M]þ(100), 229 (42), 202 (36), 187

(22); HR-EI-MS m/z: 244.1102 [M]þ

(calcd for C15H16O3, 244.1099).

3.3.2 Chlomultin B (2)

A white amorphous powder; ½a�20
D 27

(c ¼ 0.11, CHCl3), UV (MeOH) lmax

(log 1): 260 (3.71) nm; IR (KBr, disk)

nmax: 3429, 2928, 1657, 1379, 1051 cm21;
1H and 13C NMR spectral data, see Table 1;

ESI-MS m/z: 247.1 [MþH]þ; EI-MS m/z:

246 [M]þ(62), 122 (100), 107 (65), 94

(26); HR-EI-MS m/z: 246.1268 [M]þ

(calcd for C15H18O3, 246.1256).

3.3.3 Chlomultin C (3)

A white amorphous powder; ½a�20
D þ 8

(c ¼ 0.12, MeOH), UV (MeOH) lmax

(log1): 199 (4.28) nm; IR (KBr, disk) nmax:

3458, 2929, 1776, 1655, 1437, 1221, 1113,

1010 cm21; 1H and 13C NMR spectral data,

see Table 1; ESI-MS m/z: 285.0 [MþNa]þ;

HR-ESI-MSm/z: 285.1102 [MþNa]þ (calcd

for C15H18O4Na, 285.1103).

3.3.4 Chlomultin D (4)

A white amorphous powder; ½a�20
D 25

(c ¼ 0.17, CHCl3), UV (MeOH) lmax

(log 1): 254 (3.94), 207 (4.38) nm; IR

(KBr, disk) nmax: 2926, 1803, 1741, 1616,

1454, 1101, 846, 782, 594 cm21; 1H and
13C NMR spectral data, see Table 1; ESI-

MS m/z: 267.1 [MþNa]þ; EI-MS m/z: 244

[M]þ(36), 212 (61), 197 (55), 172 (100);

HR-EI-MS m/z: 244.1466 [M]þ (calcd for

C16H20O2, 244.1463).
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