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Two new �-dihydroagarofuran sesquiterpene esters, 1�,
2�,6�-triacetoxy-9�-cinnamoyloxy-�-dihydroagarofuran (1)
and 1�,8�-diacetoxy-9�-cinnamoyloxy-2�-hexanoyloxy-�-di-
hydroagarofuran (2), and four known compounds (3–6) have
been isolated from the fruits of Celastrus orbiculatus Thunb.
Their structures were elucidated on the basis of spectroscopic
data. In murine macrophage RAW264.7 cells, compounds 2
and 6 inhibited LPS-induced nitric oxide production with the
IC50 values of 67.3mM and 63.5mM, respectively.

Celastrus orbiculatus is a medicinal plant widely distributed
in China, which acts as a tranquilizer.1 Some sesquiterpenes with
antiinflammatory activities from C. orbiculatus have been re-
ported previously.2 During our survey of the active constituents
responsible for antiinflammation from the fruits of C. orbicula-
tus, we have recently isolated several sesquiterpenes.3 Continu-
ing studies on bioactive compounds from the fruits resulted
in the isolation of two new �-dihydroagarofuran sesquiterpene
esters, 1�,2�,6�-triacetoxy-9�-cinnamoyloxy-�-dihydroagaro-
furan (1) and 1�,8�-diacetoxy-9�-cinnamoyloxy-2�-hexano-
yloxy-�-dihydroagarofuran (2), were isolated, along with four
known compounds, 1�,6�,13-triacetoxy-9�-benzoyloxy-�-
dihydroagarofuran (3), 1�,2�,6�-triacetoxy-9�-benzoyloxy-�-
dihydroagarofuran (4), 1�,2�-diacetoxy-9�-cinnamoyloxy-�-
dihydroagarofuran (5), and 1�,2�,8�-triacetoxy-9�-cinnamo-
yloxy-�-dihydroagarofuran (6). Furthermore, the effects of com-
pounds 1–6 on lipopolysaccharide-induced nitric oxide (NO)
production were examined in murine macrophage RAW264.7
cells. In the result, compounds 1, 2, 5, and 6 inhibited LPS-
induced NO production in RAW264.7 cells, with the IC50 values
of 93.3, 67.3, 165.3, and 63.5mM, respectively, where as such
activity was not observed for 3 and 4.
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The fruits (10 kg) of C. orbiculatuswere extracted with 95%
ethanol and partitioned successively with petroleum ether,
CHCl3, EtOAc, and n-BuOH. The petroleum ether fraction
(160 g) was subjected to column chromatography on Silica gel
and PHPLC to provide compounds 1 (8mg), 2 (4mg), 3
(5mg), 4 (4mg), 5 (6mg), and 6 (5mg). The known compounds
3, 4, 5, and 6 were identified by comparison of their physical and
spectral data with those reported previously.4–7

Compound 1 was obtained as a white powder. The
HRFABMS spectrum suggested a molecular formula of
C30H38O9 for 1. The 13CNMR spectrum revealed four methyl
carbons [� 18.5 (C-12), 20.6 (C-13), 25.8 (C-14), and 30.6 (C-
15)], two methylene carbons [� 31.0 (C-3) and 31.5 (C-8)], six
methine carbons [� 33.7 (C-4), 48.8 (C-7), 70.0 (C-2), 70.9
(C-1), 72.7 (C-9), and 79.1 (C-6)], and three quaternary carbons
[� 48.8 (C-7), 82.5 (C-11), and 89.4 (C-5)]. These spectral data
in the 13C and 1HNMR spectra indicated the presence of a �-di-
hydroagarofuran sesquiterpene-type skeleton.5,6,8 The carbonyl
carbon signals of downfield and the methyl carbon signals of up-
field (� 169.6, 169.7, 169.7, 20.6, 21.3, and 21.3) in the 13CNMR
spectrum indicated that compound 1 contained three acetoxy
groups; the aromatic carbon signals at � 134.1–128.0, the car-
bonyl carbon signal at � 166.3 and the two carbon signals at �
117.9 (C-20), 145.2 (C-30) as well as the proton signals at �
7.68, 6.45 (each 1H, d, J ¼ 15:9Hz), 7.37–7.59 (5H, m) showed
the presence of one cinnamoyloxy group. The ester group
distribution in 1 was determined from the HMBC spectrum,
which showed cross peaks between H-1 [� 5.58 (1H, s)] and
the carbonyl (� 169.7) of acetoxy, H-2 [� 5.58 (1H, s)] and the
carbonyl (� 169.7) of acetoxy, H-6 [� 5.37 (1H, s)] and the
carbonyl (� 169.6) of acetoxy, and H-9 [� 4.74 (1H, d, J ¼ 6:9
Hz)] and the carbonyl [� 165.6 (C-10)] of cinnamoyloxy, respec-
tively. These results showed that the cinnamoyloxy was situated
at C-9, while three acetoxy groups were at C-1, C-2, and C-6,
respectively.

Generally, H-1 and H-6 have axial stereochemistry in this
class of compounds.8–10 In the NOESY spectrum (Figure 1),
the correlations between H-1 and H-2, H-1 and H-3�, H-6 and
H-12, H-6 and H-8�, H-6 and H-13, H-12 and H-13 indicated
that two six-membered rings were trans-relationship with chair
conformation, the other correlations between H-6 and H-7,
H-7 and H-8�, but not H-6 and H-14 (H-15) suggested the furan
ring nether. The correlations between H-12 and H-6 in the
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NOESY spectrum indicated the axial methyl (C-12). The cross
peaks between H-1 and H-2, H-13 and H-9, and H-6 and H-9,
which suggests the orientations of equatorial H-2 and equatorial
H-9. Thus the structure of 1 was elucidated to be 1�,2�,6�-
triacetoxy-9�-cinnamoyloxy-�-dihydroagarofuran.11

The molecular formula of compound 2 was determined to be
C34H46O9 based on the HRESIMS spectrum. The UV, 1HNMR,
and 13CNMR spectra showed the presence of two acetoxy
groups, one cinnamoyloxy groups. In addition, one hexanoyloxy
group was revealed from the NMR spectra.12 The 1HNMR and
13CNMR spectra of 2 were very similar to those assigned to
1,2,8,9-tetrasubstituted �-dihydroagarofuran,5,13 indicating that
the position of the ester function was at C-1, C-2, C-8, and
C-9. The HMBC spectrum showed cross peaks between H-1 [�
5.53 (1H, d, J ¼ 3:6Hz)] and the carbonyl (� 169.8) of acetoxy,
H-2 [� 5.56 (1H, dd, J ¼ 6:3, 3.6Hz)] and the carbonyl [� 172.8
(C-1000)] of hexanoyloxy, H-8 [� 5.39 (1H, dd, J ¼ 6:0, 3.0Hz)]
and the carbonyl (� 169.8) of acetoxy, and H-9 [� 5.08 (1H, d,
J ¼ 6:0Hz)] and the carbonyl [� 166.3 (C-10)] of cinnamoyloxy,
which means that acetoxy, hexanoyloxy, acetoxy, cinnamoyloxy
groups were situated at C-1, C-2, C-8, and C-9, respectively. In
the NOESY spectrum, cross peaks between H-1 and H-2, H-1
and H-9, and H-8 and H-9 suggested H-9 axial, H-2 equatorial,
and H-8 equatorial orientations.4,5,10,13 Thus compound 2 was
identified as 1�,8�-diacetoxy-9�-cinnamoyloxy-2�-hexano-
yloxy-�-dihydroagarofuran.14

The effects of compounds 1–6 on LPS-induced NO produc-
tion were examined utilizing methodology previously report-
ed.3,15 The effects of compounds 1–6 were investigated on NO
production in LPS-stimulated RAW264.7 cells with respect to
aminoguanidine, an iNOS inhibitor. Compounds 2 and 6 pos-
sessed the inhibitory activity against LPS-induced NO produc-
tion in RAW264.7 cells, with the IC50 values of 67.3mM,
63.5mM, respectively, which are roughly comparable to that
of aminoguanidine (IC50 18.2mM). In contrast with 2 and 6,
compounds 1, and 5 showed less activities (IC50 93.3, and
165.3mM), and compounds 3 and 4 were almost inactive.
MTT assay showed that these compounds had no significant
cytotoxicity in RAW264.7 cells at tested concentrations for the
inhibitory effects of NO production (data not shown).
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Figure 1. Partial correlations in NOESY spectrum of 1.
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