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Abstract—The organic extract of the soft coral Sinularia gibberosa, collected from the northern Taiwan, has been investigated and resulted in
the isolation of five new xeniaphyllane-type diterpenoids with a rare cyclic peroxyhemiketal (3,6-dihydro-1,2-dioxin-3-ol) moiety, sinugib-
berosides A–E (1–5). The structures of the new terpenoids, including their stereochemistries, were established on the basis of extensive spec-
troscopic analysis, including 1D and 2D NMR (1H–1H COSY, HMQC, HMBC, and NOESY), and by comparison of their NMR data with
those of related compounds. Metabolites 1–5 represent the first example of marine terpenoids possessing a cyclic peroxyhemiketal moiety.
� 2006 Elsevier Ltd. All rights reserved.
1. Introduction

Soft corals belonging to genus Sinularia (Alcyoniidae), have
been well recognized as a rich source of structurally unique
and biologically active diterpenoids1 and norditerpenoids.1–3

During the course of our screening of bioactive metabolites
from marine organisms,3–8 we have reported the isolation
of xeniaphyllane-based diterpenoids and b-caryophyllane-
type sesquiterpenoids from genus Sinularia.3 Moreover,
a chemical investigation on a sample of Sinularia gibberosa
Tixier-Durivault, collected from the southern Taiwanese
waters near Kenting, had furnished a variety of cytotoxic ste-
roids9 along with guaiane- and germacrane-derived sesquiter-
penoids.10 Recently, we reinvestigated the same organism,
collected from the northern east coast of Taiwan, and
found that the xeniaphyllane-type diterpenoids3,11,12 is also
the terpenoidal constituents of this organism. Five new
xeniaphyllane-derived diterpenoids with the rare 3,6-di-
hydro-1,2-dioxin-3-ol13 (cyclic peroxyhemiketal) subunit,
sinugibberosides A–E (1–5), were isolated from the EtOAc
extract of S. gibberosa. Their structures, including their
stereochemistries, were elucidated on the basis of extensive
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spectroscopic (including 1D and 2D NMR) analysis and by
comparison of their spectral data with those of the related
compounds. Although polyketide-derived esters with cyclic
peroxyketal moiety have been isolated from sponges of the
genera Chondrilla14 and Xestospongia,15 and a sesquiter-
penoid with cyclic peroxyhemiketal subunit was afforded
from two asteraceous herbs,16,17 Sinugibberosides A–E are
reported herein as the first example of marine terpenoids pos-
sessing the rare 3,6-dihydro-1,2-dioxin-3-ol group (Fig. 1).
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Figure 1. Structures of new metabolites 1–5, a known compound 6, and
a hypothetical precursor 7.
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2. Results and discussion

The minced bodies of S. gibberosa were exhaustively
extracted with EtOAc and the concentrated extract was frac-
tionated by column chromatography on silica gel using
n-hexane and n-hexane–EtOAc mixture of increasing polar-
ity. The eluted fractions were further purified by various
chromatographic techniques including gel permeation and
HPLC to afford 1–5 (see Section 3). All new metabolites
were obtained as colorless oils and have been shown to
exhibit a positive sign for optical rotations.

Sinugibberoside A (1) was found to possess a molecular for-
mula C22H32O6 as established from its HRESIMS (m/z
415.2093, [M+Na]+), implying seven degrees of unsatura-
tion. The IR spectrum indicated the presence of hydroxy
(nmax 3400 cm�1) and ester (nmax 1746 cm�1) groups in
the molecule. The 1H NMR data (Table 1) revealed the pres-
ence of two upper field shifted methyls (d 1.13 and 1.19,
each 3H, s), one trisubstituted epoxide (d 2.95, 1H, dd,
J¼10.5, 4.5 Hz), 1,1-disubstituted double bond (d 4.88 and
5.04, each 1H, s), and two 1H–1H COSY correlated ring-
juncture methines (d 2.80, 1H, dd, J¼10.0, 9.5 Hz and
2.63, 1H, q, J¼9.5 Hz), characteristic of an 4,5-epoxycaryo-
phyllene (6) moiety3,11,12,18 in 1. This was further supported
by the similar 13C NMR data (Table 2) of C-2 to C-11 and
C-18 to C-20 with those of related metabolites.3,11,12

Therefore, the substituent at C-11 of the molecule should
require three degrees of unsaturation to comply with the
MS data. This was satisfied by the presence of one acetoxyl
(dH 2.08, 3H, s; dC 170.5, qC and 20.7, CH3), one 1,2-disub-
stituted double bond (dH 5.83 and 5.88, each 1H, d, J¼
10.5 Hz; dC 127.0 and 130.5, each CH), and one additional
ring. The latter was suggested to be a 3,6-dihydro-1,2-
dioxin-3-ol moiety on the basis of the chemical shifts of the
two above-mentioned olefinic carbons and the oxycarbon
signals appearing at d 99.6 and 78.9 (each 1C, qC).13,16
Also, the HMBC correlations found from H3-18 (d 1.13,
3H, s) and a hydroxy proton (d 3.29, 1H, br s) at the quater-
nary oxycarbon (d 99.6, qC, C-12) could assign the latter as
the hemiketal carbon of the 3,6-dihydro-1,2-dioxin-3-ol
group in 1. Moreover, the detailed analyses of the 1H–1H
COSY and HMBC correlations (Fig. 2) established 1 as
one of the 4,5-epoxyxeniaphyllane diterpenoids.3,11,12 The
above correlations also revealed that the C-11 linked side
chain is 12,15-epidioxidized to form a cyclic hemiketal
group with hydroxy and methyl (dH 1.44, 3H, s; dC 19.6,
CH3) and acetoxymethyl (dH 3.98 and 4.18, each 1H, d,
J¼12.0 Hz; dC 66.4, CH2) substituents at C-12 and C-15, re-
spectively. Furthermore, the ion peak appeared in the MS
spectrum at m/z 205 [M�C8H11O5]+ should be due to the
cleavage of 1, between C-11 and C-12 to afford the trisubsti-
tuted cyclic hemiketal moiety at m/z 187 [C8H11O5]+.

The NOE interactions (Fig. 3) displayed by the two trans
ring-fused methine protons H-1 (d 2.80, dd, J¼10.0,
9.5 Hz) and H-9 (d 2.63, q, J¼9.5 Hz) with H-5 (d 2.95,
dd, J¼10.5, 4.5 Hz) and H3-20 (d 1.19, s), respectively,
revealed the 1S*,4S*,5S*,9R* configuration in 1, as found
in the related 4,5-epoxyxeniapyllenes previously isolated
from Sinularia species by our group.3 The NOE correlations
observed between H-9 and H3-18 (d 1.13, s) positioned the
methyl group at C-11 on the b-face of the molecule. This
was further supported by the NOE correlations found be-
tween H-10b (d 1.56, m) and both H-9 and H3-18. Thus,
C-11 is S* configured. Moreover, the olefinic H-13 showed
NOE interactions with both H3-18 and H2-10 but not with
H2-2, revealing that the 13,14-double bond of the cyclic per-
oxyhemiketal moiety at C-11 is placed in the position close
to C-10 and the peroxide is located near C-1 of the b-caryo-
phyllene moiety of 1, respectively. Therefore, the significant
NOE interaction displayed between the b-oriented H3-18
and H3-16 established the b-orientation of the methyl at
C-15 and hence, the a-orientation of the hydroxyl at C-12.
Table 1. 1H NMR chemical shifts of compounds 1–5

1a 2b 3c 4c 5c

1 2.80 dd (10.0, 9.5)d 2.60 dd (9.5, 9.5) 2.78 dd (10.0, 9.6) 2.78 dd (10.0, 9.5) 2.58 dd (9.0, 9.0)
2a 1.77 ddd (15.0, 4.0, 4.0) 1.75 ddd (15.0, 4.8, 3.3) 1.77 ddd (14.6, 4.0, 3.6) 1.77 ddd (14.4, 3.6, 3.6) 1.78 ddd (14.6, 4.2, 2.8)
2b 1.45 m 1.52 m 1.45 m 1.45 m 1.49 m
3a 1.05 ddd (12.5, 12.5, 3.0) 1.02 ddd (12.9, 12.9, 4.8) 1.05 ddd (13.0, 13.0, 5.2) 1.06 m 1.02 ddd (12.6, 12.6, 4.2)
3b 2.06 m 2.07 m 2.04 ddd (13.0, 4.4, 4.4) 2.03 ddd (12.0, 3.6, 3.6) 2.06 ddd (12.6, 4.2, 2.8)
5 2.95 dd (10.5, 4.5) 2.93 dd (10.5, 4.0) 2.96 dd (10.5, 4.0) 2.95 dd (10.5, 4.0) 2.92 dd (10.5, 4.0)
6a 2.28 ddd (16.0, 8.0, 4.5) 2.27 m 2.28 ddd (16.4, 7.2, 4.0) 2.27 m 2.28 m
6b 1.33 m 1.31 m 1.31 m 1.32 m 1.31 m
7a 2.40 ddd (13.0, 9.0, 4.0) 2.38 ddd (12.6, 8.0, 4.0) 2.40 ddd (12.8, 8.8, 4.0) 2.40 ddd (12.8, 9.2, 4.0) 2.38 ddd (12.8, 8.4, 4.0)
7b 2.16 m 2.17 m 2.17 ddd (12.8, 7.2, 4.0) 2.17 m 2.16 ddd (12.8, 6.0, 4.0)
9 2.63 q (9.5) 2.62 q (9.5) 2.63 q (9.6) 2.62 q (9.5) 2.63 q (9.0)
10a 2.20 dd (10.5, 9.5) 2.27 dd (10.0, 9.5) 2.22 dd (10.4, 9.6) 2.22 dd (10.0, 9.5) 2.25 dd (10.0, 9.0)
10b 1.56 m 1.52 m 1.54 m 1.55 m 1.54 m
13 5.83 d (10.5) 5.86 d (10.5) 5.85 d (10.0) 5.65 d (10.0) 5.72 d (10.0)
14 5.88 d (10.5) 5.93 d (10.5) 5.95 d (10.0) 5.93 d (10.0) 5.95 d (10.0)
16 1.44 s, 3H 1.26 s, 3H 1.35 s, 3H 1.40 s, 3H 1.39 s, 3H
17 3.98 d (12.0), 4.18 d (12.0) 4.12 d (11.7), 4.27 d (11.7) 3.58 d (12.0), 3.63 d (12.0) 1.23 s, 3H 1.23 s, 3H
18 1.13 s, 3H 1.15 s, 3H 1.14 s, 3H 1.13 s, 3H 1.17 s, 3H
19 4.88 s, 5.04 s 4.88 s, 5.04 s 4.88 s, 5.04 s 4.87 s, 5.04 s 4.87 s, 5.04 s
20 1.19 s, 3H 1.19 s, 3H 1.19 s, 3H 1.18 s, 3H 1.19 s, 3H
Ac 2.08 s, 3H 2.11 s, 3H
12-OH 3.29 br s 3.23 s 3.50 br s 3.15 s 3.12 s

a Spectra recorded at 500 MHz in CDCl3.
b Spectra recorded at 300 MHz in CDCl3.
c Spectra recorded at 400 MHz in CDCl3.
d The J values are given in hertz in parentheses.
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Table 2. 13C NMR chemical shifts of compounds 1–5

No. 1a 2b 3c 4c 5c

1 —d 43.2 (CH)e — — 43.0 (CH)
2 28.3 (CH2) 28.6 (CH2) 28.5 (CH2) 28.7 (CH2) 28.8 (CH2)
3 38.6 (CH2) 38.6 (CH2) 38.6 (CH2) 38.9 (CH2) 38.9 (CH2)
4 59.8 (qC) 59.6 (qC) 59.8 (qC) 60.0 (qC) 59.9 (qC)
5 63.9 (CH) 63.9 (CH) 63.9 (CH) 64.2 (CH) 64.1 (CH)
6 30.2 (CH2) 30.1 (CH2) 30.2 (CH2) 30.5 (CH2) 30.4 (CH2)
7 29.5 (CH2) 29.4 (CH2) 30.2 (CH2) 30.0 (CH2) 29.7 (CH2)
8 151.6 (qC) 151.3 (qC) 151.6 (qC) 151.9 (qC) 151.7 (qC)
9 47.6 (CH) 48.2 (CH) 47.7 (CH) 47.9 (CH) 48.4 (CH)
10 33.2 (CH2) 31.9 (CH2) 33.2 (CH2) 33.4 (CH2) 32.4 (CH2)
11 41.7 (qC) 41.5 (qC) 42.0 (qC) 42.1 (qC) 42.9 (qC)
12 99.6 (qC) 99.2 (qC) 99.6 (qC) 99.6 (qC) 99.5 (qC)
13 127.0 (CH) 127.2 (CH) 126.6 (CH) 124.3 (CH) 124.3 (CH)
14 130.5 (CH) 131.3 (CH) 131.7 (CH) 135.7 (CH) 136.2 (CH)
15 78.9 (qC) 78.0 (qC) 80.5 (qC) 77.4 (qC) 77.2 (qC)
16 19.6 (CH3) 19.8 (CH3) 19.3 (CH3) 24.4 (CH3) 24.3 (CH3)
17 66.4 (CH2) 64.6 (CH2) 66.9 (CH2) 24.8 (CH3) 24.8 (CH3)
18 15.7 (CH3) 15.6 (CH3) 15.8 (CH3) 16.0 (CH3) 15.6 (CH3)
19 113.6 (CH2) 113.7 (CH2) 113.6 (CH2) 113.7 (CH2) 113.8 (CH2)
20 17.1 (CH3) 17.1 (CH3) 17.1 (CH3) 17.4 (CH3) 17.3 (CH3)
Ac 170.5 (qC), 20.7 (CH3) 170.7 (CH3), 20.8 (CH3)

a Spectra recorded at 125 MHz in CDCl3 at 25 �C.
b Spectra recorded at 75 MHz in CDCl3 at 25 �C.
c Spectra recorded at 100 MHz in CDCl3 at 25 �C.
d Methine carbon signal was not observable and no corresponding HMQC and HMBC correlations were found.
e Attached protons were determined by DEPT experiments. The values are given in parts per million lower field from TMS.
Furthermore, the molecular mechanics calculations was per-
formed to study the conformational behavior of 1. The con-
formational analysis suggested the most stable conformation
at 228.4 Kcal/mol as shown in Figure 4. It was found that the
calculated distances between protons having key NOE cor-
relations around C-12 of the cyclic peroxyhemiketal moiety
were ranging from 2.8 to 3.2 Å as shown in Table 3. Based on
the above findings, the structure of sinugibberoside A was
fully established as (1S*,4S*,5S*,9R*,11S*,12R*,15R*)-
4,5-epoxy-12,15-epidioxy-17-acetoxy-xeniaphylla-8(19),13-
dien-12-ol.

Sinugibberoside B (2) was found to possess the same molecu-
lar formula C22H32O6 as that of 1 from the HRESIMS (m/z
415.2093 [M]+) and NMR spectral data (Tables 1 and 2).
The 13C NMR data of 2 (Table 2) were found to be quite simi-
lar to those of 1. Therefore, 2 was suggested to be an isomer
of 1. However, we observed the upper field shifts for C-10,
C-15, and C-17 (Dd �1.3, �0.9, and �1.8, respectively)
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and a lower field shift for C-9 (Dd +0.6) of 2 relative to those
of 1. Also, although the 1H NMR data of 2 (Table 1) showed
high similarity with those of 1, substantial differences for
chemical shifts of H-1, H3-16, and H-17 (Dd �0.20,
�0.18, and +0.14, respectively) relative to those of 1 were
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found. After the establishment of the planar structure of 2
by analysis of 1H–1H COSY and HMBC correlations
(Fig. 2), we then carefully examined the NOESY correlations
of 2 by comparison with those of 1 (Fig. 3). The NOESY
spectrum of 2 exhibited similar NOE correlations as those
found in 1, and led to the determination of the S*, S*, S*,
R*, and S* configurations at C-1, C-4, C-5, C-9, and C-11, re-
spectively. The NOE interactions found for the olefinic pro-
ton at C-13 with both H3-18 (d 1.15, s) and H-2a (d 1.75,
ddd, J¼15.0, 4.8, 3.3 Hz), and H3-18 with H-9 (d 2.62,
q, J¼9.5 Hz) and H-17 (d 4.12, d, J¼11.7 Hz) further
established the relative stereochemistry of 2 as shown in
Figure 3. On the basis of the above findings, compound 2
was identified as the 12-epimer of 1. Moreover, the molecular
mechanics calculations suggested the most stable conforma-
tion at 232.3 Kcal/mol as shown in Figure 4. From this con-
formation, the calculated distances between those protons
having key NOE correlations around C-12 were ranged from
2.9 to 3.3 Å as shown in Table 3. Therefore, sinugibberoside
2 was established as (1S*,4S*,5S*,9R*,11S*,12S*,15R*)-
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Figure 4. Stereo-view of 1 and 2 generated from computer modeling.

Table 3. Calculated distances between selective protons having key NOE
correlations of 1 and 2

H/H Distance (Å)

1a 2b

H3-16/H3-18 2.8 >4.0
H2-17/H3-18 >4.0 3.1
H-13/H3-18 2.9 3.3
H-13/H-10a 2.8 >4.0
H-13/H-10b 3.2 >4.0
H-13/H-2a >4.0 2.9

a Minimum energy conformers at 228.4 Kcal/mol.
b Minimum energy conformers at 232.3 Kcal/mol.
4,5-epoxy-12,15-epidioxy-17-acetoxy-xeniaphylla-8(19),13-
dien-12-ol.

The most polar metabolite, sinugibberoside C (3), has a
molecular formula C20H30O5 as indicated from its HRESIMS
(m/z 373.1989, [M+Na]+) and NMR data (Tables 1 and 2).
It differs with 1 and 2 in the absence of an ester moiety as
revealed from its IR spectrum and by the lack of the acetate
signals from the NMR spectra of 3. Comparison of the
NMR data of 3 with those of 1 and 2 designated 3 as a related
4,5-epoxyxeniaphyllane derivative with the same 3,6-di-
hydro-1,2-dioxin-3-ol moiety. The substantial upper field
shift observed for H2-17 (d 3.58 and 3.63) in 3 than those
of 1 (d 3.98 and 4.18) and 2 (d 4.12 and 4.27) indicated the
presence of a hydroxymethyl at C-15 in 3 instead of the ace-
toxymethyl. However, we have also found that H-1 (d 2.78) of
3 is resonating in a field quite close to that of 1 (d 2.80), but in
a lower field relative to that of 2 (d 2.60). This suggested the
close vicinity of the peroxide bridge to H-1 in 3 as in the case
of 1, revealing the same R* configuration at C-12 for 3.
Analysis of NOE correlations displayed in the NOESY spec-
trum of 3 (Fig. 3) has led to similar results as that obtained
from the NOESY spectrum of 1, including the NOE re-
sponses for the olefinic H-13 with both H2-10 and H3-18
and for H3-18 with H3-16. Therefore, the structure of 3 was
determined as (1S*,4S*,5S*,9R*,11S*,12R*,15R*)-4,5-ep-
oxy-12,15-epidioxy-xeniaphylla-8(19),13-dien-12,17-diol.

The HRESIMS (m/z 357.2040, [M+Na]+) of sinugibberoside
D (4) assigned a molecular formula C20H30O4, with one ox-
ygen atom less than that found for 3. The IR (nmax

3422 cm�1) and ESIMS (m/z 317, [M�H2O+H]+) spectra
revealed the presence of one hydroxy group in 4.
Moreover, the NMR data of 4 were found to be almost iden-
tical with those of 3 except for the replacement of the
hydroxymethyl at C-15 (dH 3.58 and 3.63; dC 66.9) in 3 by
a methyl (dH 1.23; dC 24.8) in 4. Also, the identical chemical
shift of H-1 in 4 and 3 disclosed a similar stereochemistry for
the hemiketal carbon at C-12. After the establishment of the
gross structure of 4 by the analysis of 1H–1H COSY and
HMBC correlations (Fig. 2), we have found that the NOE in-
teractions revealed by H-13 with both H2-10 and H3-18, and
H3-16 with H3-18 also confirmed the 12R* configuration of
4, the same as that of 3. Therefore, sinugibberoside D (4) was
established as (1S*,4S*,5S*,9R*,11S*,12R*)-4,5-epoxy-
12,15-epidioxy-xeniaphylla-8(19),13-dien-12-ol.

The HRESIMS (m/z 357.2041, [M+Na]+) of sinugibberoside
E (5) combined with NMR data suggested 5 to be an isomer
of 4. Also, a hydroxy group was revealed from the IR (nmax

3422 cm�1) and ESIMS (m/z 317, [M�H2O+H]+).
Metabolite 5 was found to possess a cyclic peroxyhemiketal
moiety from the chemical shift of C-12 (d 99.5, qC), as those
found in 1–4. The significant lower field shift observed for
C-9 (Dd +0.5) and the upper field shift for C-10 (Dd �1.0)
relative to those in 4, a case which is similar by comparison
of the corresponding data of 2 with those of 1, suggested that
5 might be the 12-epimer of 4. This was supported by the up-
per field shift observed for H-1 (d 2.58) of 5 relative to that of
4 (d 2.78). Finally, the NOE interactions observed for H-13
with both H-2a and H3-18, as those found in 2 established
sinugibberoside E (5) as (1S*,4S*,5S*,9R*,11S*,12S*)-4,5-
epoxy-12,15-epidioxy-xeniaphylla-8(19),13-dien-12-ol.
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It is noteworthy to mention that sinugibberosides reported
here are the first example of marine natural products pos-
sessing the rarely found tetrasubstituted peroxyhemiketal
moiety,16,17 although polyketide-derived metabolites with
a trisubstituted cyclic peroxyketal moiety have been isolated
from some sponges.14,15 The biosynthesis of both 1 and 2
can be achieved by the nucleophilic attack of 15-OOH at
the different sides of the carbonyl group at C-12 of a pre-
cursor 7, respectively. Metabolites 3–5 were considered to
be biosynthesized by the same approach from the similar
precursors with structures related to 1.

3. Experimental

3.1. General

Optical rotations were measured on a Jasco DIP-1000 digital
polarimeter. IR spectra were recorded on a Jasco FT-5300 in-
frared spectrophotometer. The NMR spectra were recorded
on a Bruker Avance 300 FT-NMR at 300 MHz for 1H and
75 MHz for 13C or on a Varian Mercury Plus 400 FT-NMR
at 400 MHz for 1H and 100 MHz for 13C, or on a Varian
Unity INOVA 500 FT-NMR at 500 MHz for 1H and
125 MHz for 13C, respectively, in CDCl3 using TMS as an
internal standard. LRMS data were obtained by EI on a VG
Quattro GC–MS spectrometer or by ESI on a BRUKER
APEX II mass spectrometer. HRMS were recorded on EI
or ESI on a BRUKER APEX II mass spectrometer. Si gel
(Merck, 230–400 mesh) was used for column chromato-
graphy. Precoated Si gel plates (Merck, Kieselgel 60 F254,
0.2 mm) were used for analytical TLC. High-performance
liquid chromatography was performed on a Hitachi L-7100
apparatus with Merck Hibar Si-60 column (250�21 mm,
7 mm).

3.2. Organism

S. gibberosa was collected by hand via scuba from the north-
ern east coast of Taiwan, in June 2004, at a depth of 15–
20 m, and stored in a freezer until extraction. A voucher
sample was deposited at the Department of Marine
Resources, National Sun Yat-Sen University.

3.3. Extraction and separation

The bodies of S. gibberosa (1.3 Kg fresh weight) were
minced and extracted exhaustively with EtOAc, and the
extract was concentrated under reduced pressure to give
a dark brown viscous residue (15.4 g). The residue was frac-
tionated by open column chromatography on silica gel using
n-hexane and n-hexane–EtOAc mixture of increasing polar-
ity to yield 32 fractions. Fraction 15 eluted with n-hexane–
EtOAc (5:1) was permeated through a Sephadex LH-20 col-
umn (2�90 cm) in acetone and the lipid-free fraction was
subsequently isolated by normal phase HPLC using hexane–
acetone (7:1 to 6:1) to give compounds 5 (0.7 mg) and 4
(0.5 mg). Fraction 20 eluted with n-hexane–EtOAc (4:1 to
2:1) was further separated by normal phase HPLC, using
n-hexane–acetone (4:1 to 3:1) to yield 1 (0.5 mg), 2 (0.5 mg),
and 3 (1.5 mg), respectively.

3.3.1. Sinugibberoside A (1). Colorless oil, [a]D
25 +18.3 (c

0.6, CHCl3); IR (neat) nmax 3400, 2956, 2926, 2876, 1746,
1647, 1456, 1385, 1242, 1046 cm�1; for 1H NMR (CDCl3,
500 MHz) and 13C NMR (CDCl3, 125 MHz), see Tables 1
and 2, respectively; EIMS m/z 360 (0.1, [M�O2]+), 344
(0.1, [M�3O]+), 205 (0.2, [M�C8H11O5]+), 187 (0.3,
[C8H11O5]+), 175 (0.3), 171 (0.4), 163 (0.5), 159 (0.7),
147 (1.2), 135 (0.9), 121 (1.7), 111 (1.5), 105 (2.9), 97
(4.0), 93 (2.3), 91 (4.1), 79 (5.1); HRESIMS m/z 415.2093
(calcd for C22H32O6Na, 415.2097).

3.3.2. Sinugibberoside B (2). Colorless oil, [a]D
25 +8.9

(c 1.7, CHCl3); IR (neat) nmax 3400, 2957, 2937, 2877,
1736, 1640, 1456, 1383, 1242, 1043 cm�1; for 1H NMR
(CDCl3, 300 MHz) and 13C NMR (CDCl3, 75 MHz), see
Tables 1 and 2, respectively; FABMS m/z 393 (16.6,
[M+H]+); HRESIMS m/z 415.2093 (calcd for C22H32O6Na,
415.2097).

3.3.3. Sinugibberoside C (3). Colorless oil, [a]D
25 +33.3 (c

0.2, CHCl3); IR (neat) nmax 3400, 2930, 2880, 1647, 1541,
1456, 1387, 1049 cm�1; for 1H NMR (CDCl3, 400 MHz)
and 13C NMR (CDCl3, 100 MHz), see Tables 1 and 2,
respectively; ESIMS m/z 373 (100, [M+Na]+), 333 (3,
[M�H2O+H]+), 285 (12, [M�H2O�3O+H]+), 267 (2,
[M�2H2O�3O+H]+), 205 (6, [M�C6H9O4]+); ESIMS
m/z 350 (0.1, [M]+), 318 (0.5, [M�2O]+), 316 (0.1, [M�
H2O�O]+), 302 (0.2, [M�3O]+), 205 (1.8, [M�C6H9O4]

+),
187 (1.4), 175 (1.2), 164 (2.3), 163 (3.4), 159 (2.9),
149 (3.5), 148 (6.0), 135 (5.1), 121 (10.6), 111 (5.9),
105 (18.0), 97 (29.4), 93 (14.3), 91 (25.7), 79 (30.5);
HRESIMS m/z 373.1989 (calcd for C20H30O5Na, 373.1991).

3.3.4. Sinugibberoside D (4). Colorless oil, [a]D
25 +47.2 (c

0.2, CHCl3); IR (neat) nmax 3422, 2924, 2874, 1647, 1512,
1456, 1396, 1051 cm�1; for 1H NMR (CDCl3, 400 MHz)
and 13C NMR (CDCl3, 100 MHz), see Tables 1 and 2,
respectively; ESIMS m/z 357 (100, [M+Na]+), 341
(30, [M�O+Na]+), 335 (9, [M+H]+), 317 (57,
[M�H2O+H]+), 301 (13, [M�H2O�O+H]+), 285 (10,
[M�H2O�2O+H]+); EIMS m/z 302 (0.2, [M�2O]+), 205
(2.3, [M�C6H9O3]+), 187 (6.1), 173 (5.2), 164 (6.2), 161
(10.9), 149 (23.1), 148 (14.8), 138 (25.9), 122 (38.1), 105
(38.3), 95 (61.4), 91 (68.5), 79 (66.5); HRESIMS m/z
357.2040 (calcd for C20H30O4Na, 357.2042).

3.3.5. Sinugibberoside E (5). Colorless oil, [a]D
25 +36.1 (c

0.4, CHCl3); IR (neat) nmax 3422, 2924, 2874, 1647, 1541,
1456, 1397, 1049 cm�1; for 1H NMR (CDCl3, 400 MHz)
and 13C NMR (CDCl3, 100 MHz), see Tables 1 and 2,
respectively; ESIMS m/z 357 (100, [M+Na]+), 341 (74,
[M�O+Na]+), 317 (23, [M�H2O+H]+); EIMS m/z 302
(1.5, [M�2O]+), 205 (3.3, [M�C6H9O3]+), 187 (8.2), 173
(5.3), 164 (8.4), 163 (12.0), 159 (17.4), 149 (16.9), 148
(13.2), 138 (24.9), 137 (26.2), 123 (58.4), 109 (37.2), 105
(49.2), 95 (54.9), 91 (62.3), 79 (77.7); HRESIMS m/z
357.2041 (calcd for C20H30O4Na, 357.2042).

3.3.6. Molecular mechanics’ calculations. The minimum
energy conformation of 1 and 2 was determined using
the MSI Insight II/DISCOVER version 95 molecular model-
ing package incorporating an empirical force field, the
consistent valence force field (CVFF),19 on a Silicon
Graphics IRIS Indigo XS24/R4000 workstation. Molecular
mechanics was utilized to investigate the minimization,
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and minimum energy was calculated by a conjugate gradient
method until the maximum derivative was less than
0.001 Kcal/mol Å. The conformers shown in Figure 4 are
the lowest energy conformation for 1 and 2.
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