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Three compounds, 20-O-acetyl-[3-O-(20E,40Z)-deca-

dienoyl]-ingenol (1), 20-O-acetyl-[5-O-(20E,40Z)-decadie-

noyl]-ingenol (2) and 3-O-(20E,40Z)-decadienoylingenol

(3), were isolated from Euphorbia kansui under the

bioassay-guided method. Each compound showed the

same antinematodal activity against the nematode,

Bursaphelenchus xylophilus, at a minimum effective

dose (MED) of 5�g/cotton ball.
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Pine wilt disease, which annually leads to the massive
losses of pine wood in Japan, China and some other
countries in the world,1) has resulted from serious
infestation of the nematode, Bursaphelenchus xylophi-
lus,2) so various efforts have been made to fight against
the devastating damage resulting to decrease the losses
of the pine wood.3) However, these strategies for its
control are based on killing the vector, a longihorn
beetle, Monochamus alternatus Hope, by aerial appli-
cation of insecticides.4) Consequently, many researchers
have paid more attention to isolating the antinematodal
compounds from the natural resource,5) many of which
might be safer to humans or to the environment than
synthetic nematicides.

As a part of our ongoing search for the biologically
active substances from higher plants, during screening
for antinematodal substances in traditional Chinese
medicine, we found that Euphorbia kansui L. (Euphor-
biaceae) had potential activity against the nematode,
B. xylophilus. The dried roots of the plant, which is
distributed in northwestern and northern China and
known as ‘‘Gan Sui’’ in traditional Chinese medicine,
have been utilized as a remedy for edema, ascites and
cancer.6) The various terpene compounds isolated from
the roots have been frequently reported because of a
wide range of biological activities; for example, resist-

ance against virus and cancer activity,7,8) inhibition of
cellular proliferation and topoisomerase II activity,9–12)

and tumor-promoting activity.7,8) However, to the best of
our knowledge there is no report of the antinematodal
activity of the plant. This paper describes the isolation
and structural elucidation of three antinematodal com-
pounds from E. kansui against the nematode, B. xylo-
philus.
Under the bioassay-directed method, the active

hexane fraction from an ethanolic extract of the roots
of E. kansui was subjected to silica gel column chro-
matography and reverse-phase column chromatography,
yielding active compounds 1, 2 and 3.
The IR spectrum of compound 1 indicated the pres-

ence of hydroxyl (3452 cm�1) and carbonyl (1721
cm�1) groups. The protonated molecular peak at m/z
541 ½Mþ H�þ in FABMS together with 1H- and 13C-
NMR spectral data suggested that compound 1 had the
molecular formula of C32H44O7. The 13C-NMR and
DEPT data showed that the structure of 1 included six
methyls, six methylenes, twelve methines, five quater-
nary carbons, a carbonyl (ketone) and two ester carbon-
yls. Additionally, its EIMS spectrum showed fragment
peaks at m/z 480 ½M� AcOH�þ, m/z 372 ½M�
C9H15COOH�þ, m/z 312 ½M� AcOH� C9H15COOH�þ
and m/z 151 ½C9H15CO�þ, indicating that compound 1
was a diterpene diester with AcOH and C9H15COOH as
acidic moieties. The 1H-NMR data for 1 were similar to
those reported for decadienoyl ingenols in the litera-
ture,13) and the chemical shifts of the H-3 and H-20
protons of 1 suggested that the ester moieties were
attached to the C-3 and C-20 positions. In the 1H-NMR
spectrum of 1, H-8 appeared at � 4.09 as a doublet of
doublets (J7;8 ¼ 4:2Hz, J8;14 ¼ 11:3Hz), indicating a
diaxial relationship of H-8 and H-14. Furthermore, the
1H-NMR and 1H–1H COSY spectra confirmed the
possession of an E, Z-configuration in the double bonds
of a 20E,40Z-decadienoyloxy ester residue, judging by
the chemical shifts and coupling constants observed for
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protons H-20, H-30, H-40, and H-50.14,15) Therefore, on the
basis of the foregoing spectroscopic data, compound 1
was identified as 20-O-acetyl-[3-O-(20E,40Z)-decadie-
noyl]-ingenol. The spectral data attributed to compound
1 are in agreement with the literature data reported.15)

The protonated molecular peak at m/z 541 ½Mþ H�þ
in the FABMS in combination with the 1H- and 13C-
NMR spectral data suggested that compound 2 could
have the same molecular formula (C32H44O7) as com-
pound 1. The IR (3242 and 1717 cm�1) and 13C-NMR
data, including DEPT and the fragmentation pattern of
the FABMS spectrum of 2, were similar to those of 1,
suggesting that they also belonged to diterpene diesters
with AcOH and C9H15COOH as the acidic moieties.
The 1H-NMR and 1H–1H COSY spectral features of 2
were also similar to those of 1, which had the character-
istics of an ingenol pattern with a decadienoyloxy ester
residue. However, the H-3 signal of 2 resonated at �
3.88, shifting upfield by 1.73 ppm and the H-5 signal of
2 resonated at � 5.40, moving downfield by 1.53 ppm, in
comparison with those of 1, explaining that the C-3
decadienoyloxy ester residue in 1 was transferred to C-5
in 2. Heteronuclear correlations between the proton
signal at �H 5.40 (H-5) and the carbon signal at �C 74.9
(C-5) in the HMQC experiment and between the proton
signal at �H 5.40 (H-5) and the carbon signal at �C 166.7
(C-10) in the HMBC experiment further confirmed the
presence of a decadienoyloxy moiety at C-5 in 2. In
the 1H-NMR spectrum of 2, H-20 appeared at � 5.91 as a
doublet (J20;30 ¼ 15:1Hz), H-30 at � 7.86 as a doublet of
doublets (J20;30 ¼ 15:1Hz, J30;40 ¼ 11:6Hz) and H-40 at �
6.13 as a doublet of doublets (J30 ;40 ¼ 11:6Hz, J40 ;50 ¼
10:7Hz,), indicating that the two double bonds pos-
sessed the E, Z-configuration which is consistent with
that of 1. On the basis of the above-mentioned spectral
data, the structure of 2 is proposed as 20-O-acetyl-[5-O-
(20E,40Z)-decadienoyl]-ingenol and this could be novel
on account of no data having been published on the
isolation and structural elucidation of this compound
from this plant so far.

The protonated molecular peak at m/z 499 ½Mþ H�þ
in the FABMS data for compound 3 together with the
1H- and 13C-NMR spectral data suggested the molecular
formula C30H42O6. The IR spectrum of the compound
indicated the presence of hydroxyl (3384 cm�1) and
carbonyl (1715 cm�1) groups. Its EIMS data showed the
peaks at m/z 330 [M� C9H15COOH�þ and at m/z 151
½C9H15CO�þ, demonstrating that compound 3 was a
diterpene monoester with C9H15COOH as an acidic
moiety. The 1H-NMR and 1H–1H COSY spectra of 3
closely corresponded to those of compounds 1 and 2.
The only difference between compound 3 and com-
pound 1 is presence of a hydroxyl group at C-20 in the
former and of an acetoxyl group at C-20 in the latter
with the help of spectral data from which the evident
chemical shift values of H-20 and C-20 were detected.
All these spectral features of compound 3 prompted
us to describe it as 3-O-(20E,40Z)-decadienoylingenol

which is in good agreement with the literature data.14)

These compounds showed the remarkable activity
against the nematode, B. xylophilus, with a minimum
effective dose (MED) of 5 mg per cotton ball, and at the
diluted dose of 2.5 mg per cotton ball still had anti-
nematodal activity (Table 1). The antinematodal activity
of these compounds was similar to that of 3-undecyl-
phenol, which has been isolated from Knema hooker-
iana, a Sumatran rainforest plant, and showed the most
pronounced activity so far with MED of 4.5 mg per
cotton ball.5) The ingenane type of compounds were for
the first time found to have antinematodal activity.
E. kansui, known as a traditional medicine, has

attracted considerable interest as a remedy for cancer.6)

This has resulted in the identification and isolation of the
ingenane type of deterpenoids from the plant, which
displayed inhibitory effects on cell proliferation and
topoisomerase II,9,10) although many irritant ingenol 3-
monoesters have been isolated from Euphorbia spp. and
shown to exhibit tumor-promoting activity.7) However,
it has been reported that the ingenol-20-esters appeared
to be inactive.7) In the meantime, it has also been found
that C-20 esterification made the tumor-promoting
activity disappear while maintaining intact the antileu-
kemic activity.7) According to the results for antinema-
todal activity, these indicate that the ingenane skeleton
may play an important role in the activity against the
nematode, B. xylophilus, and that whether C-20 in the
compounds just mentioned is esterified or not may result

Table 1. Antinematodal Activities of Compounds 1, 2 and 3 against

B. xylophilus

Compound
Dose/cotton ball Minimum effective dose

10 mg 7.5 mg 5mg 2.5mg (MED)/cotton ball

1 + + + � 5mg
2 + + + � 5mg
3 + + + � 5mg

Each compound tested was evaluated in triplicate experiments.
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Fig. 1. Antinematodal Compounds 1, 2 and 3.
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in little difference in antinematodal activity. Conse-
quently, C-20 esterification in the ingenane structural
compounds would have no side effect on the human
environment after the ingenane compounds have been
applied to control the nematode, B. xylophilus. This
would highlight the ingenane compounds as promising
candidates for antinematodal agents against B. xylophi-
lus.

Experimental
General procedure. 1H- and 13C-NMR and 2 D NMR

data were recorded by a Varian Unity Inova AS 600
instrument at 600MHz and 150MHz, respectively.
FABMS spectra were obtained with a Shimadzu 9020-
DF mass spectrometer with 3-NBA as a matrix, and
EIMS data were recorded by a Jeol JMS-SX102 mass
spectrometer. Specific rotation data were taken on a
Jasco DIP-360 polarimeter, IR (KBr) spectra were taken
with a Jasco FT/IR-5000 spectrometer, and UV spectra
were determined with a Shimadzu MultiSpec-1500
spectrophotometer. HPLC was conducted by a Hitachi
L-6250 Intelligent Pump with a tandem Inertsil ODS-3
column (5 mm, 4:6� 250mm, GL Sciences) and L-7420
UV&Vis detector. Column chromatography was per-
formed on silica gel 60 (Merck, 230–400 mesh) and on
reverse-phase silica gel (Millipore Preparative C18,
125 Å, 55–105 mm). Thin-layer chromatography (TLC)
was carried out on silica gel 60 F254 plates (Merck,
0.25mm), and reverse-phase TLC was carried out on
RP-18 F254s (Merck).

Plant material. The dried roots of Euphorbia kansui
Liou were purchased from the Traditional Chinese
Medicine Supermarket in Xi’an Shaanxi Province of
China.

Antinematodal bioassay. The bioassay method pre-
viously reported4,5,16) was used. A cotton ball (5mm in
dia.) containing a certain test concentration or corre-
sponding equivalent solvent as the control was placed
on a Petri dish (4 cm in dia.) full of grown mycelia
of Botrytis cinerea, which had been cultured with a
Czapeck-Dox agar medium (1.3% agar) at 21 �C for
about 4 days. The prepared suspension of nematodes
(ca. 1500 heads/100 ml) was injected into a cotton ball,
and the Petri dish was kept at 26 �C for 4 days. The
minimum effective (active or inactive) dose (MED) was
determined by observing whether the mycelia were
consumed by nematodes or not in comparison with
the control, and is denoted by the sign � (completely
consumed), � (partly consumed) or + (not consumed).

Extraction and isolation. The dried roots (10 kg) of
E. kansui were ground and macerated with 20-liter
EtOH for two weeks. After being concentrated, the
residue (239.68 g) was suspended in water, and the
suspension separated with hexane and EtOAc. The
hexane fraction (113.82 g) showing the most potent
activity against the nematodes at a dose of 5mg was
subjected to silica gel column chromatography, eluting
with a graded series of hexane and EtOAc to give 6

fractions (Fr. 1–Fr. 6). Frs. 5 and 6 showed the highest
activity. Fr. 5 (50% EtOAc in hexane, 10.05 g) was
separated by silica gel column chromatography eluted
with hexane:EtOAc (80:20, v/v) and yielded five
subfractions. The active subfraction (3.64 g) was sub-
jected to silica gel column chromatography eluted with
CHCl3:MeOH (97:3, v/v), giving three fractions. The
obtained active fraction (1.77 g) was repeatedly fractio-
nated by reverse-phase column chromatography eluted
with a gradient of MeOH and H2O, monitored by ODS
TLC and detected for purification by HPLC, to give
compound 1 (140mg) and the active fraction (167mg),
which was further subjected to reverse-phase column
chromatography eluted with MeOH:H2O (80:20, v/v),
to give compound 2 (12mg). Fr. 6 (100% EtOAc,
11.82 g) was subjected to silica gel column chro-
matography eluted with hexane–EtOAc (60:40, v/v)
and EtOAc to give five fractions. The active fraction
(4.09 g) was fractionated by silica gel column chro-
matography eluted with CHCl3: MeOH (97:3, v/v) to
yield four fractions. The obtained active fraction (1.83 g)
was repeatedly separated and purified by reverse-phase
column chromatography eluted with a gradient of
MeOH and H2O to afford compound 3 (62mg).
20-O-Acetyl-[3-O-(20E,40Z)-decadienoyl]-ingenol (1).

Colorless oil, ½��22D þ32:6� (c 0.67, CHCl3); FABMS
m/z: 541 ½Mþ H�þ; EIMS m/z (rel. int.): 540 [M]þ (1),
480 (1), 372 (10), 354 ½M� H2O� 168�þ (7), 312 (45),
151 (82), 43 (100); UV �max (EtOH) (log "): 211 (4.24),
265 (4.18); IR �max (KBr) cm�1: 3452, 2936, 2874,
1721, 1657, 1630, 1460, 1381, 1245, 1006; 1H-NMR �H
(600MHz, CDCl3): 0.70 (1H, m, H-13), 0.89 (3H, t, J ¼
7:0, H-100), 0.95 (1H, m, H-14), 0.99 (3H, d, J ¼ 7:1, H-
18), 1.05 (3H, s, H-16), 1.08 (3H, s, H-17), 1.30 (2H, ma,
H-90), 1.30 (2H, ma, H-70), 1.41 (2H, m, H-80), 1.78 (1H,
m, H-12 b), 1.79 (3H, d, J ¼ 1:5, H-19), 2.04 (3H, s, H-
200), 2.25 (1H, m, H-12 a), 2.30 (2H, m, H-60), 2.50 (1H,
m, H-11), 3.87 (1H, s, H-5), 4.09 (1H, dd, J ¼ 11:3, 4.2,
H-8), 4.49 & 4.74 (2H, ABq J ¼ 12:5, H-20), 5.61 (1H,
s, H-3), 5.92 (1H, m, H-50), 5.93 (1H, d, J ¼ 15:1, H-20),
6.07 (1H, q, J ¼ 1:5, H-1), 6.11 (1H, d, J ¼ 4:2, H-7),
6.15 (1H, dd, J ¼ 11:5, 10.5, H-40), 7.67 (1H, dd, J ¼
15:1, 11.5, H-30); 13C-NMR �C (150MHz, CDCl3): 13.9
(C-100), 15.4 (C-17), 15.5 (C-19), 17.3 (C-18), 21.0 (C-
200), 22.4 (C-90), 23.1 (C-14), 23.3 (C-13), 24.0 (C-15),
28.2 (C-80), 28.5 (C-16), 28.9 (C-60), 31.2 (C-12), 31.3
(C-70), 38.6 (C-11), 43.6 (C-8), 66.7 (C-20), 72.0 (C-10),
74.6 (C-5), 82.7 (C-3), 85.0 (C-4), 120.0 (C-20), 126.2
(C-40), 129.3 (C-7), 132.2 (C-1), 136.0 (C-2), 136.0 (C-
6), 141.2 (C-50), 142.9 (C-30), 167.7 (C-10), 171.0 (C-
100), 206.2 (C-9) (aoverlapping signal).
20-O-Acetyl-[5-O-(20E,40Z)-decadienoyl]-ingenol (2).

Colorless oil, ½��22D �36:0� (c 0.2, CHCl3); FABMS
m/z: 541 ½Mþ H�þ; EIMS m/z (rel. int.): 540 [M]þ (1),
480 (2), 372 (8), 354 ½M� H2O� 168�þ (6), 312 (33),
151 (100), 43 (36); UV �max (EOH) (log "): 206 (3.92),
269 (4.24); IR �max (KBr) cm�1: 3242, 2922, 1717,
1634, 1605, 1462, 1381, 1242, 1166, 1133, 1033; 1H-
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NMR �H (600MHz, CDCl3): 0.73 (1H, m, H-13), 0.89
(3H, t, J ¼ 7:0, H-100), 1.00 (3H, d, J ¼ 6:8, H-18), 1.05
(1H, m, H-14), 1.06 (3H, s, H-16), 1.16 (3H, s, H-17),
1.25 (2H, m, H-90), 1.31 (2H, m, H-70), 1.42 (2H, m, H-
80), 1.77 (1H, m, H-12 b), 1.83 (3H, d, J ¼ 1:7, H-19),
2.03 (3H, s, H-200), 2.24 (1H, m, H-12 a), 2.29 (2H, m,
H-60), 2.49 (1H, m, H-11), 3.88 (1H, s, H-3), 4.32 (1H,
dd, J ¼ 11:7, 4.2, H-8), 4.35 & 4.55 (2H, ABq J ¼ 11:7,
H-20), 5.40 (1H, s, H-5), 5.87 (1H, q, J ¼ 1:7, H-1),
5.91 (1H, d, J ¼ 15:1, H-20), 5.92 (1H, m, H-50), 6.13
(1H, dd, J ¼ 11:6, 10.7, H-40), 6.24 (1H, d, J ¼ 4:2, H-
7), 7.86 (1H, dd, J ¼ 15:1, 11.6, H-30); 13C-NMR �C
(150MHz, CDCl3): 14.0 (C-100), 15.1 (C-17), 15.6 (C-
19), 18.1 (C-18), 20.8 (C-200), 22.5 (C-90), 23.1 (C-14),
23.7 (C-15), 23.8 (C-13), 28.4 (C-60), 28.5 (C-16), 28.9
(C-80), 31.4 (C-70), 31.5 (C-12), 38.7 (C-11), 44.2 (C-8),
66.6 (C-20), 73.7 (C-10), 74.9 (C-5), 79.3 (C-3), 85.4
(C-4), 119.4 (C-20), 126.2 (C-40), 128.8 (C-1), 131.9 (C-
7), 133.7 (C-6), 139.6 (C-2), 141.7 (C-50), 143.4 (C-30),
166.7 (C-10), 170.7 (C-100), 206.5 (C-9).

3-O-(20E,40Z)-Decadienoylingenol (3). Colorless oil,
½��22D þ19� (c 0.2, CHCl3); FABMS m/z: 499 ½Mþ
H�þ; EIMS m/z (rel. int.): 498 [M]þ (3), 330 (11), 312
½M� H2O� 168�þ (35), 151 (79), 43 (57), 41(100); UV
�max (EOH) (log "): 206 (4.10), 264 (3.87); IR �max

(KBr) cm�1: 3384, 2932, 2874, 1715, 1640, 1462, 1381,
1267, 1174, 1006; 1H-NMR �H (600MHz, CDCl3): 0.69
(1H, m, H-13), 0.88 (3H, t, J ¼ 7:0, H-100), 0.91 (1H, m,
H-14), 0.97 (3H, d, J ¼ 7:1, H-18), 1.03 (3H, s, H-16),
1.06 (3H, s, H-17), 1.30 (2H, ma, H-90), 1.30 (2H, ma, H-
70), 1.42 (2H, m, H-80), 1.75 (1H, m, H-12 b), 1.78 (3H,
d, J ¼ 1:2, H-19), 2.28 (1H, m, H-12 a), 2.29 (2H, m, H-
60), 2.53 (1H, m, H-11), 4.03 (1H, s, H-5), 4.09–4.17
(1H, ma, H-8), 4.09–4.17 (2H, ma, H-20), 5.59 (1H, s, H-
3), 5.92 (1H, m, H-50), 5.93 (1H, d, J ¼ 15:1, H-20), 6.02
(1H, m, H-1), 6.03 (1H, m, H-7), 6.15 (1H, dd, J ¼ 11:6,
11.0, H-40), 7.67 (1H, dd, J ¼ 15:1, 11.6, H-30); 13C-
NMR �C (150MHz, CDCl3): 14.0 (C-100), 15.5 (C-17),
15.5 (C-19), 17.2 (C-18), 22.4 (C-90), 23.0 (C-13), 23.3
(C-14), 24.0 (C-15), 28.3 (C-60), 28.5 (C-16), 29.0 (C-
80), 31.1 (C-12), 31.4 (C-70), 38.4 (C-11), 43.5 (C-8),
67.2 (C-20), 71.9 (C-10), 76.5 (C-5), 82.6 (C-3), 84.9
(C-4), 120.2 (C-20), 126.2 (C-40), 128.2 (C-7), 132.0 (C-
1), 135.9 (C-2), 139.3 (C-6), 141.0 (C-30), 142.8 (C-50),
167.9 (C-10), 206.9 (C-9) (aoverlapping signal).
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