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Abstract A new pimarane-type diterpenoid, momilactone C (1), together with one known

compound, momilactone A (2), was isolated from moss Pseudoleskeella papillosa by column

chromatography on silica gel, Sephadex LH-20 and semi-preparative HPLC. Their structures were

established on the basis of HR–ESI–MS, 1D and 2D NMR spectroscopic methods. Allelopathic

test showed that the two diterpenoids inhibited germination of the Arabidopsis thaliana seeds.
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Table 1
1H and 13C NMR, and HMBC data of 1 in

CDCl3
a (d in ppm and J in Hz).

Position dC dH HMBC (H–C)

1a 31.0 1.95 m C-2, 3, 5, 9, 10, 20

1b 2.09 m C-2, 3, 5, 9, 10, 20

2 34.4 2.67 m C-1, 3, 4, 10

3 205.2

4 53.2

5 50.4 2.37 d (5.0) C-1, 4, 9, 10, 18, 19,

20

6 72.7 4.94 t (5.0) C-7, 8, 10, 19

7 115.6 5.76 d (5.0) C-5, 14, 9

8 139.4

9 139.3

10 34.1

11 121.7 5.64 s C-8, 9, 10, 12, 13

12a 38.1 2.06 m C-9, 11, 13, 15, 17

12b 2.29 d (18.3) C-9, 11, 13, 14, 15, 17

13 36.5

14a 42.2 2.12 d (13.7) C-7, 8, 9, 13, 15, 17

14b 2.40 d (13.7) C-7, 8, 9, 12, 13, 15,

17

15 147.6 5.86 dd (10.7,

17.4)

C-12, 13, 14, 17

16a 110.9 4.99 d (17.4) C-13, 15

16b 5.02 d (10.7) C-13, 15

17 23.4 0.96 s C-12, 13, 14, 15

18 21.3 1.54 s C-3, 4, 5, 19

19 173.9

20 21.9 1.04 s C-1, 5, 9, 10

a600 and 150 MHz for 1H and 13C NMR, respectively.
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Figure 2 Key 1H�1H COSY (——) and HMBC (H-C) correla-

tions of 1.
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1. Introduction

Bryophytes, the second largest group of land plants, are morpho-

logically classified into liverworts (Hepaticae), mosses (Musci), and

hornworts (Anthocerotae)1. A number of bryophytes, in particu-

lar, mosses have been widely used as medicinal plants in China, to

cure burns, bruises, external wounds, snake bite, etc2. Over the last

few decades, investigation of the chemical constituents of bryo-

phytes has focused mainly on liverworts, which contain oil bodies

in their cells and produce mono-, sesqui- and di-terpenoids with a

variety of carbon skeletons and aromatic compounds as major

constituents3. On the contrary, most of the review articles on the

chemistry of bryophytes emphasized the absence or only scattered

occurrence of terpenoid compounds, particularly of sesquiter-

penes, in mosses4. Previously, Nozaki et al.5 reported the isolation

and structural elucidation of momilactones A and B from the

mossHypnum plumaeforme, which showed the inhibitory activities

toward the growth of angiosperms, liverworts and mosses. Here

we report the isolation of momilactone A (2), and the structural

elucidation of a new pimarane-type diterpenoid momilactone C

(1) (Fig. 1) from the moss Pseudoleskeella papillosa (Lindb.)

Kindb, a species which has not yet been investigated phytochemi-

cally6. Allelopathic test showed that the two isolates retarded

Arabidopsis thaliana seeds germination.

2. Results and discussion

Momilactone C (1), colorless needles, presented a molecular

formula of C20H24O3 as determined by the HR–ESI–MS at m/z

330.2065 [MþNH4]
þ (calcd. 330.2064) requiring 91 of unsatura-

tion. The IR spectrum revealed the strong absorption bands at

1766 cm�1 (g-lactone) and 1621 cm�1 (carbonyl). The 1H NMR

spectrum (Table 1) displayed signals characteristic for vinylic

protons at dH 5.86 (dd, J¼17.4, 10.7 Hz, H-15), 4.99 (d, J¼17.4

Hz, H-16a), and 5.02 (d, J¼10.7 Hz, H-16b), one oxygenated

methine at dH 4.94 (t, J¼5.0 Hz, H-6), as well as three tertiary

methyls at dH 0.96 (s, H-17), 1.54 (s, H-18), and 1.04 (s, H-20).

Additionally, resonances for two trisubstituted olefinic protons at

dH 5.76 (d, J¼5.0 Hz, H-7) and 5.64 (s, H-11) were observed. The

signals of 3 methyls, 5 methylenes (one olefinic), 5 methines (one

oxygenated and two olefinic ones), and 7 quarternary carbons

(two olefinic ones and two carbonyls) in the 13C NMR spectrum

and 2D NMR data revealed a pimarane-type diterpenoid skeleton

with g-lactone between C-19 and C-6 for 1 (Table 1). The 1H

NMR and 13C NMR spectrum (Table 1) characters were very

similar to the known compound 2, except for the presence of the

D9,11 double bond in 1. The spin system of CH(11)�CH2(12)

deduced from the 1H–1H COSY spectrum together with the
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Figure 1 Structures of compounds 1 and 2.
HMBC correlations of H-11/C-8, H-11/C-13 and H3-20/C-9

(Fig. 2) confirmed the position of the olefinic bond.

The relative configuration of 1 was elucidated by NOESY

experiments and the coupling constants. In the NOESY

spectrum, the observed correlations of H-20/H-1b, H-1a/H-5,

H-5/H-6, H-6/H-18, H-17/H-12a and H-17/H-14a, indicated

the same stereostructure as 2. The a-orientation of H-6 was

further confirmed by the small vicinal coupling constant

(J¼5.0 Hz) detected from the H-6 signal at dH 4.94 (t, J¼5.0

Hz)7. Optical rotation studies confirmed that the absolute

stereochemistry of 1 was identical to that of 28. Additionally,

from a biosynthetic standpoint, their absolute configurations



Figure 3 Effects of compounds on seedling growth of A. thaliana:

(A) The growth of A. thaliana on Petri dishes with different

concentrations of compound 2: 0, 2, 4 and 8 mg/mL. The same

volume of DMSO was used as blank control. (B) The inhibition of

different concentrations of compounds on A. thaliana root growth.
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will be the same. Thus, the structure of 1 was established as

shown. The known compound 2 was identified as Momilactone

A on the basis of comparison of its 1H and 13C NMR

spectroscopic data with the reported5.

Allelopathic potential of the compounds from P. papillosa was

tested with the model of A. thaliana germination. The root

growth of A. thaliana was inhibited after the treatment of the two

compounds in a dose dependent manner (Fig. 3A). The inhibi-

tion of compounds 1 and 2 in different concentrations as shown

in Fig. 3B was calculated by the equation described by Fan

et al.9. Results showed that compound 2 significantly retarded

the Arabidopsis seeds germination with IC50 (the effective

concentration to afford 50% inhibitions) value of 4.3 mg/mL.

Compound 1 was found to display weak inhibitory activity.

3. Experimental

3.1. General experimental procedures

Melting points were measured on an X-6 micromelting point

apparatus (uncorrected). Optical rotations were performed on
a GYROMAT-HP polarimeter. CD spectra were acquired on

a Chirascan spectropolarimeter. UV spectra were recorded on

a Shimadzu UV-2450 spectrophotometer, whereas IR spectra

were acquired on a Thermo Nicolet NEXUS 470 FT-IR

spectrometer with KBr discs. NMR spectra were measured

in CDCl3 on a Bruker Avance DRX-600 spectrometer at 600

(1H) and 150 (13C) MHz, respectively, with TMS as internal

standard. HR–ESI–MS and ESI–MS were determined using a

LTQ-Orbitrap XL and an API 4000 triple-stage quadrupole

instrument, respectively. All solvents used were of analytical

grade. Column chromatography (CC) was run on Silica gel

(200�300 mesh, Haiyang Chemical Co. Ltd., Qingdao,

China), Sephadex LH-20 (25–100 mm; Pharmacia Biotek,

Denmark), or MCI gel (CHP20P, 75–150 mm, Mitsubishi

Chemical Industries Ltd.). Semi-preparative HPLC was per-

formed on an Agilent 1100 G1310A isopump equipped with a

G1322A degasser, a G1314A VWD detector (210 nm) and a

Phenomenex Luna 5 mm C18(2) column (250 mm� 4.60 mm).

Fractions were monitored by TLC, and spots were visualized

under UV (254 nm) light and by heating silica gel plates which

were sprayed with 10% H2SO4 in EtOH.

3.2. Plant materials

P. papillosa (Lindb.) Kindb, collected in July 2006 from

Jiaozixueshan of Yunnan Province, China, was authenticated

by Prof. Yuanxin Xiong (College of Life Sciences, Guizhou

University, China). A voucher specimen (No. 20060734) has

been deposited at the Department of Natural Products

Chemistry, School of Pharmaceutical Sciences, Shandong

University, China.

3.3. Extraction and isolation

The air-dried plant materials of P. papillosa (243 g) was

powdered and extracted with 90% EtOH (1L� 3, each for 1

week) at room temperature. The crude extract (21.9 g) was

subsequently partitioned with Et2O (3� 100 mL) and n-BuOH

(3� 100 mL). The Et2O extract (7.7 g) was fractionated on

MCI gel column chromatography (MeOH/H2O, 4:6–9:1) to

give three fractions. Fraction B, eluted with petroleum ether/

acetone (20:1), was further purified with Sephadex LH-20

(CHCl3/MeOH) column chromatography and semi-prepara-

tive HPLC (70% MeOH/H2O, 0.8 mL/min) to afford com-

pound 1 (17.5 mg). Fraction C, eluted with petroleum ether/

acetone (25:1), was further purified with silica gel column

chromatography and semi-preparative HPLC (75% MeOH/

H2O, 0.8 mL/min) to afford compound 2 (2.8 mg).

3.4. Seedling growth test

Seeds of A. thaliana were surface sterilized using 5% sodium

hypochlorite for 5 min, followed by five washes with sterile

distilled water. Compounds 1 and 2 were dissolved with

DMSO and diluted with two-fold distilled water to final

concentration of 1 mg/mL. Then was added to 25 mL 1/2

MS medium supplemented with 0.8% (w/v) agar to get plates

with different concentrations of compounds (0, 2, 4, 8, 16, 32,

64 mg/mL). To eliminate the effect of DMSO on the growth of

A. thaliana, plates with DMSO (the concentration of DMSO

was equivalent to plates with compounds of 64 mg/mL) were
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used as blank control. 15 seeds were distributed on each Petri

dishes described before. Three replicates were done for each

concentration. The Petri dishes were placed in a growth

chamber at 2371 1C under 18 h of light and 6 h of darkness.

The lengths of seedling roots were measured after 7 days. The

percentage of growth inhibition of root lengths was calculated

from the following equation:

Ið%Þ ¼ ½1�T=C� � 100%

where T is the average length of treatment (cm) and C is the

average length of control (cm).

3.5. Structure elucidation

Momilactone C (1): Colorless crystal (CHCl3); [a]
20
D �41.07

(c 0.144, MeOH); CD (MeOH) lmax (De) 193 (þ1.85), 241

(�1.40) nm; UV (MeOH) lmax (log e) 240 (1.51) nm; IR (KBr)

nmax 3402, 2961, 1766, 1621, 1457, 1374, 1123 cm
�1; C20H24O3;

positive ESI–MS m/z 330.2 [MþNH4]
þ; positive HR–ESI–MS

m/z: 330.2065 [MþNH4]
þ (calcd. for C20H28O3 m/z 330.2064);

1H and 13C NMR see Table 1.

Momilactone A (2): Colorless solid (CHCl3); C20H26O3;
1H

NMR (600 MHz, CDCl3) dH: 2.82 (1H, d, J¼5.0 Hz, H-5),

4.87 (1H, t, J¼5.0 Hz, H-6), 5.73 (1H, d, J¼5.0 Hz, H-7),

2.08 and 2.24 (2H, d, J¼12.5 Hz, H-14), 5.87 (1H, dd,

J¼17.4, 10.7 Hz, H-15), 4.97 (1H, d, J¼17.4 Hz, H-16), and

5.01 (1H, d, J¼10.7 Hz, H-16), 0.92 (3H, s, H-17), 1.55 (3H, s,

H-18), 1.02 (3H, s, H-20). 13C NMR (150 MHz, CDCl3) dC:
34.9 (C-1), 31.2 (C-2), 204.9 (C-3), 53.5 (C-4), 46.5 (C-5), 73.1

(C-6), 114.1 (C-7), 148.0 (C-8), 50.2 (C-9), 32.4 (C-10), 24.0

(C-11), 37.2 (C-12), 40.1 (C-13), 47.5 (C-14), 149.0 (C-15),

110.2 (C-16), 22.0 (C-17), 21.5 (C-18), 174.3 (C-19), 21.8 (C-

20); ESI–MS (int. rel) m/z: 315.3 [MþH]þ, 332.3 [MþNH4]
þ.
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