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Lignans with the dibenzocyclooctadiene skeleton, kadsuphilols I–L, and one C19-homolignan, kadsuphilol
M, were isolated by chromatographic fractionation of an ethyl acetate extract of the aerial parts of Kad-
sura philippinensis. Their structures were elucidated through extensive spectroscopic methods, including
HRESIMS and 2D NMR experiments (HMQC, COSY and HMBC). The stereochemistry at the chiral centers
and the biphenyl moist, were determined using NOESY, as well as analysis of CD spectra, respectively. The
relative configuration of heteroclitin J was confirmed by single crystal X-ray crystallographic analysis.
The in vitro radical-scavenging activities of these compounds by using DPPH were evaluated.

� 2008 Elsevier Ltd. All rights reserved.
1. Introduction

Plants from the Schisandraceae have yielded numerous lignans
of various pharmacological activities, including those having anti-
tumor (Hausott et al., 2003), cytotoxic (Kuo et al., 1997; Wu et al.,
2004), anti-HIV (Chen et al., 1997), antihepatitis (Kuo et al., 2001),
hepatoprotective (Tang et al., 2003) and antioxidative (Chiu et al.,
2002) effects. The genus Kadsura (Schisandraceae) is a rich source
of lignans commonly used in traditional Chinese medicine for their
healing properties, sometimes as a substitute for Schisandra chinen-
sis Baill (Liu and Li, 1993; Ookawa et al., 1995; Li, 1998). Motivated
by the search for bioactive metabolites from Kadsura (Shen et al.,
2006; Shen et al., 2007), a re-investigation of the lignan content
of Kadsura philippinensis Elmer (Schisandraceae) was carried out.
Herein, we report the results of a phytochemical study that led
to isolation of five new lignans, kadsuphilols I–M (1–5). Four of
the isolated lignans 1–4 possessed a C18-dibenzocyclooctadiene
skeleton, while lignan 5 was a C19-homolignan with a spirobenzof-
uranoid skeleton (Ayres and Loike, 1990; Li and Xue, 1990). Three
known lignans, kadsulignan E (6) (Gao et al, 2008), heteroclitin J (7)
(Xu et al, 2007), kadsuphilin K (8) (Shen et al., 2008) were also iso-
lated and their structures determined. These lignans were tested
ll rights reserved.
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for the antioxidative activity using the DPPH radical-scavenging
method.
2. Results and discussion

2.1. Isolation, structure determinations

Kadsuphilols I–M (1–5) and compounds 6–8 were obtained
from the ethyl acetate extract of the aerial parts of K. philippinensis
by column chromatography using normal and reversed phase
HPLC. Their structures were determined by analysis of spectro-
scopic data including 2D NMR (HMQC, COSY, HMBC and NOESY),
CD spectra, as well as by X-ray analysis.

Compound 1 possessed a molecular formula C25H32O9, as de-
duced from its HRESIMS (m/z 499.1942 [M + Na]+). The UV absorp-
tion (kmax 222, 254 and 287 nm), and IR bands (3503, 1734,
1598 cm�1) suggested that 1 was a C18-dibenzocyclooctadiene lig-
nan with both hydroxyl group(s) and ester substitution (Liu and Li,
1993; Ookawa et al., 1995). The 1H NMR spectrum of 1 (Table 1)
showed two aromatic singlets of a biphenyl moiety at dH 6.57
and 6.43 (H-4 and H-11), as well as five singlets of methoxyl
groups at dH 3.92, 3.90, 3.89 (6H) and dH 3.75. The cyclooctadiene
ring was evident from two secondary methyl doublets at dH 1.09
and 0.92 (H-18 and H-17), two methines at dH 2.09 and 2.05 (H-
8 and H-7), and two benzylic oxymethines at dH 5.71 and 4.71
(H-6 and H-9), implying acylation at the former oxymethine. An
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Table 1
1H NMR spectroscopic data (CDCl3, 300 MHz) of 1–5.a

Position 1 2 3 4 5

4 6.57 s 6.65 s 6.68 s 6.94 s 6.48 s
6 5.71 d (7.7) 5.73 s 5.91 s 5.68 s 5.67 s
7 2.05 m
8 2.09 m 2.18 q (7.2) 2.18 q (7.6) 2.24 q (7.2) 2.10q (7.2)
9 4.71 d (5.1) 5.70 s 4.95 s 5.91 s 5.79 s
11 6.43 s 6.54 s 6.42 s 6.49 s 6.37 s
17 0.92 d (6.9) 1.33 s 1.35 s 1.36 s 1.24 s
18 1.09 d (7.2) 1.30 d (7.2) 1.43 d (7.6) 1.29 d (7.2) 1.29 d (7.2)
19 5.80 d (1.0) 6.03 d (1.0) 5.96 d (0.9)

5.64 d (1.0) 6.00 d (1.0) 5.91 d (0.9)
20 4.73 d (9.0)

4.09 d (9.0)
1-OCH3 3.47 s
2-OCH3 3.89 s 3.92 s 3.92 s 3.70 s 3.76 s
3-OCH3 3.92 s 3.93 s 3.95 s 3.99 s 4.06 s
12-OCH3 3.89 s 3.86 s
13-OCH3 3.90 s 3.81 s
14-OCH3 3.75 s 3.53 s 3.37 s
20 5.71 d (15.7)
30 5.93 q (6.6) 7.52 d (8.0) 7.08 d (15.7) 6.10 q (6.9)
40 1.81 d (6.6) 7.31 t (8.0) 1.89 dd (6.9, 1.2)
50 1.29 s 7.45 t (8.0) 7.37 br s 1.28 s
60 7.31 t (8.0) 7.37 br s
70 7.52 d (8.0) 7.37 br s
80 ,90 7.37 br s
6-OAc 1.76 s 1.63 s
9-OAc 1.54 s 1.85 s

a J values (Hz) in parentheses.

Table 2
13C NMR spectroscopic data (CDCl3, 75 MHz) of 1–5.a

Position 1 2 3 4 5

1 147.7 s 147.0 s 146.5 s 149.8 s 196.2 s
2 135.6 s 135.2 s 134.7 s 142.0 s 131.9 s
3 151.4 s 150.6 s 150.5 s 152.2 s 155.7 s
4 108.0 d 107.5 d 107.8 d 112.4 d 123.0 d
5 131.5 s 130.1 s 132.8 s 131.7 s 142.0 s
6 81.3 d 84.8 d 85.7 d 84.6 d 82.3 d
7 38.4 d 74.1 s 74.1 s 73.5 s 75.1 s
8 41.0 d 42.8 d 43.4 d 43.0 d 44.0 d
9 80.8 d 83.8 d 84.0 d 83.2 d 81.5 d
10 138.4 s 134.7 s 136.3 s 133.6 s 129.2 s
11 106.8 d 107.1 d 101.9 d 101.7 d 101.2 d
12 153.2 s 153.3 s 148.8 s 148.1 s 150.2 s
13 141.0 s 141.2 s 135.7 s 134.7 s 130.1 s
14 152.2 s 151.0 s 140.0 s 136.9 s 143.5 s
15 119.5 s 119.8 s 119.1 s 117.8 s 119.8 s
16 115.3 s 116.1 s 115.0 s 120.0 s 63.3 s
17 13.4 q 28.9 q 29.6 q 28.5 q 28.5 q
18 16.9 q 17.2 q 17.8 q 16.7 q 17.8 q
19 100.9 t 101.8 t 101.9 t
20 78.7 t
1-OCH3 61.2 q
2-OCH3 61.1 q 60.8 q 60.9 q 60.8 q 58.8 q
3-OCH3 56.1 q 55.9 q 55.7 q 56.3 q 58.9 q
12-OCH3 56.0 q 56.1 q
13-OCH3 60.9 q 60.5 q
14-OCH3 60.9 q 60.8 q 59.1 q
10 165.8 s 164.8 s 164.8 s 166.3 s
20 126.6 s 130.0 s 116.6 d 126.0 s
30 141.3 d 129.4 d 145.7 d 142.0 d
40 15.6 q 127.8 d 131.7 s 15.7 q
50 19.8 q 132.8 d 129.0 d 19.2 q
60 127.8 d 128.2 d
70 129.4 d 133.6 d
80 128.2 d
90 129.0 d
OAc-6 170.1 s 169.5 s

21.0 q 20.1 q
OAc-9 168.9 s 168.6 s

20.1 q 20.3 q

a Assignments were aided by HMQC and HMBC experiments.
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acetate methyl was observed at dY 1.76 and this was supported by
both C-13 signals (dC 21.0, 170.1) and an EIMS fragment ion
(m/z 416 [M-AcOH]+). The 13C NMR spectrum (Table 2) indicated
presence of 10 quaternary aromatic signals, as well as two
aromatic upfield methines (dC 108.0 and 106.8) adjacent to two
oxygenated carbons with hydroxyl groups and five methoxyl
groups (dC 61.1–56.0). The positions of the methoxyl, hydroxyl,
and acetate groups were determined by comparison of 1H and
13C NMR spectroscopic data with those of closely related com-
pounds (Yang et al., 1992; Chen et al., 1998, 2002) as well as a
meticulous inspection of the HMBC (Fig. 1), 13C NMR, and NOESY
(Fig. 2) spectra. The aromatic proton at dH 6.57 (H-4) showed
long-range correlations to C-3, C-2, C-16, C-1 and C-6, whereas
the aromatic proton at dH 6.43 (H-11) correlated to C-12, C-13, C-
15, C-14 and C-9. The five methoxyls were located at C-2, C-3, C-
12, C-13 and C-14 as a result of the HMBC correlation of the previ-
ous carbons and the attached methoxyl singlets. The correlations of
the oxymethine at dH 5.71 (H-6) to C-4, C-16 and C-8, as well as the
acetate carbonyl at dC 170.1, located the acetyloxy group at C-6. An
hydroxyl proton observed at dH 1.26 had a COSY correlation to dH

4.71 (H-9), while the latter proton showed HMBC correlations to
the aromatic carbon signals at dC 106.8 (C-11) and 119.5 (C-15),
and the signal at 16.9 (C-18). The structure of the cyclooctadiene
ring was also established by COSY connectivities between H-6/H-
7/H-8/H-9; H-7/H-17; and H-8/H-18. It was concluded that 1 was
a dibenzocyclooctadiene lignan with hydroxyl and acetoxyl substi-
tutions at C-1 and C-9, respectively, and methoxyl substitutions at
C-2, C-3, C-12, C-13 and C-14. The CD curve of 1 showed a negative
cotton effect around 249 nm and a positive one around 224 nm
favoring the S-biphenyl configuration (Liu and Li, 1993; Ookawa
et al., 1995). The relative stereochemistry of 1 was determined
through inspection of a molecular model, as well as the NOESY
spectrum (Fig. 2) that demonstrated correlations between H-4/H-
6, H-17; H-6/H-17 indicating the a-configuration of Heq-6 and
Hax-17. An NOE interaction between Heq-9/H-11 and Hax-8 indi-
cated a b-orientation of H-8 and H-9 (Chen et al., 2001). Based
on these findings, structure 1 was identified as kadsuphilol I.
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The molecular formula of 2 was calculated as C30H38O11 from its
HRESIMS. The UV and IR spectra of 2 suggested a dibenzocyclooct-
adiene lignan as for 1. The NMR spectroscopic data (Tables 1 and 2)
displayed aromatic signals of a biphenyl moiety similar to those of
1. This also established presence of two carbonyl (dC 165.8 and
168.9), two oxymethines (dC 84.8 and 83.8), a methine (dC 42.8)
and a quaternary oxygenated carbon (dC 74.0) that might suggest
a di-substitution at C-6 and C-9 with two acyloxy and a hydroxyl
substitutions at either C-7 or C-8. The methyl singlet at dH 1.54
(dC 20.1) correlated to a carbonyl at dC 168.9, and both were attrib-
uted to an acetate ester while the proton signals at dH 5.93 (H-30),
dH 1.81 (H-40) and ddH 1.29 (H-50) were assignable to angeloyl ester.
This was further confirmed by carbon resonances at dC 165.8,
126.6, 141.3, 15.6 and 19.8 (Chen et al., 2002; Yang et al., 1992).
The methine proton singlet at dH 5.73, assigned to H-6, correlated
to carbon signals at dC 107.5 (C-4), 42.8 (C-8), a tertiary methyl
at dC 28.9 (C-17), and the angeloyl carbonyl (C-10) at dC 165.8.
The oxymethine at dH 5.70 (H-9) correlated with C-11 (dC 107.1),
a secondary methyl (dC 17.2, C-18), the oxy-quaternary (dC 74.1)
and the acetate carbonyl (dC 168.9) moieties. These data pointed
to substitution of the angeloyloxy at C-6, the acetoxy at C-9, and
an hydroxyl at C-7. The hydroxyl substitution at C-7 was further
confirmed by the relative low-field shift of C-17 (dC 28.9) compared
to dC 13.4 in 1 and dC 15.4 in 2 (Wu et al., 2003).18 The relative ste-
reochemistry was determined by NOESY correlations between H-4/
H-6; H-8/H-9, H-17; H-9/H-11. These data were consistent with
the a-orientation of H-6, the hydroxyl at C-7, the methyl at C-8
and the acetoxy at C-9 along with a b-orientation of the angeloyl-
oxy at C-6, H-8, H-9 and the methyl at C-7. Accordingly, lignan 2
was identified as kadsuphilol J.

Compound 3 possessed a molecular formula C29H30O10

([M + Na+] at m/z 561.1738 in the HRESIMS). Its NMR spectroscopic
data (Tables 1 and 2) established the presence of a three methoxyl
substitution in the biphenyl moiety at C-2, C-3 and C-14, in addi-
tion to a C-12/C-13 methylenedioxy group (dH 5.80, 5.64 and dC

100.9). The HMBC correlations between the methylenedioxy pro-
tons and the carbon signals at 148.8 (C-12) and dC 135.7 (C-13)
confirmed the position of the methylenedioxy group. The cyclo-
octadiene moiety disclosed two oxymethines (dH 5.91, 4.95 and
dC 85.7, 84.0), a quaternary oxygenated carbon (dC 74.1) and one
benzoyl ester (dC 164.8, 130.0, 129.4, 127.8 and 132.8), respec-
tively, suggesting substitution with two hydroxyl and one benzoyl-
oxy groups. The oxymethine proton at dH 5.91 (H-6) correlated to
an aromatic methine at dC 107.8 (C-4), a benzoyl carbonyl (dC

164.8), an oxy-quaternary (dC 74.1) and the C-17 (dC 29.6) indicat-
ing the attachment of the benzoyloxy group to C-6 and the hydro-
xyl to C-7. Another hydroxyl was attached to C-9 as deduced from
the correlation between H-9 (dH 4.95) and C-11 (dC 101.9). The pro-
posed structure of 3 was further confirmed by NOESY correlations
between H-6/H-4; H-17/H-8 and H-9/H-8; H-11 implying the same
configuration as in 3. The CD spectrum showed strong negative
Cotton effect at 245 nm, indicating a S-biphenyl configuration.
Based on these findings, the structure of 3 was assigned to kadsu-
philol K.

Lignan 4 had a molecular formula C33H34O11 ([M + Na]+ at m/z
629.1996 in the HRESIMS). Its 1H NMR spectroscopic data indi-
cated the presence of three methoxyls and one methylenedioxy
substitution in the biphenyl moiety. Comparison of the 13C NMR
data (Table 2) with those of 3 established a relative low-field shift
in C-2 (+7.3 ppm) and C-4 (+4.6 ppm) with an high-field shift of C-
14 (�3.1 ppm) that was attributed to the exchange of methoxyl
and hydroxyl substituents at positions C-14 and C-1. The HMBC
correlations between the three methoxyl groups at dH 3.47, 3.70
and 3.99 with C-1, C-2 and C-3, respectively, together with corre-
lations between the methylenedioxy protons at dH 6.03 and 6.00
to C-12 and C-13, confirmed the substitution pattern in the biphe-
nyl moiety. The NMR spectroscopic data also pointed to di-ester
and hydroxyl substitutions in the cyclooctadiene ring. An acetate
moiety was detected at dH 1.63 (dC 169.5, 20.1) and a cinnamoyl es-
ter at dH 5.71, 7.08 and 7.37 and carbon signals at dC 164.8 (car-
bonyl), 116.6, 145.7, 131.7, 129.0, 128.2 and 133.6. The
oxymethine at dH 5.68 (H-6) correlated to C-4 (dC 112.4), C-17 (dC

28.5) and an oxy-quaternary carbon (dC 73.5), as well as the acetate
carbonyl (dC 169.5), thereby positioning the acetoxy at C-6. The
other oxymethine at dH 5.91 was assigned to position C-9, to which
a cinnamoloxy group was attached, as a result of correlations of H-
9 to C-11, C-15 and C-18, and NOESY correlation of H-9/H-11. The
NOESY correlations were the same as the case in 2 and 3 implying
the same configuration of cyclooctadiene moiety. The J values be-
tween H-9 and H-8 in compounds 2–4 are zero indicated that
the dihedral angles among H-9/C-9/C-8/H-8 of them are nearly
90 degree. Based on these findings, the structure of 4 was
determined.

The high-resolution ESIMS of 5 established M + Na+ at m/z
579.1842 corresponding to the molecular formula C29H32O11.
The NMR spectroscopic data of the cycooctadiene ring displayed
the same pattern of substitution as in the case of 2, with angeloyl-
oxy, hydroxyl and acetoxy substitutions at C-6, C-7 and C-9,
respectively, that was confirmed by inspection of HMBC and
NOESY correlations of H-6 and H-9. In addition to two methoxyl
(dC 58.9 and 58.8) and a methylenedioxy (dC 101.9) groups, the
13C NMR spectrum of 5 displayed a carbonyl signal at dC 196.2,
an oxymethylene at dC 78.7 and a quaternary at dC 63.3. This
was associated with the absence of the normal chemical shift
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values for C-1 and C-16. The HMBC correlations of the methylene-
dioxy protons (dH 5.96 and 5.91) and two methyls at dH 4.06 and
3.76 suggested the substitution of two methoxyls at C-2 and C-3
and methylenedioxy at C-12/C-13. Two oxymethylene protons
resonating at dH 4.73 and 4.09, directly attached to the oxymeth-
ylene carbon at dC 78.7, correlated to carbon signals at dC 119.8 (C-
14) and the carbonyl at dC 196.2. In addition, the methine at dH

6.48 (H-4) correlated to the quaternary carbon at dC 63.3 (C-16),
as well as C-2 (dC 131.9) and C-6 (dC 82.3). These data agreed with
the presence of a carbonyl moiety at C-1 and an oxymethylene at
C-20 forming spirobenzo-dihydrofuran ring (Li and Xue, 1990;
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Chen et al., 1992). The CD curve exhibited a negative Cotton effect
at 228 and 319 nm, and a positive Cotton effect at 249 and
369 nm, indicating the same configuration as kadsulignan H (Liu
et al. 1992). The NOESY correlations of 5 were similar to those
of 2 (Fig. 3), indicating the same orientation at C-6, C-7, C-8 and
C-9. It was concluded that 5 was a C19-homolignan and unambig-
uously identified as kadsuphilol M.

The HRESIMS, 1H NMR, 13C NMR spectroscopic data, together
with HMBC and NOESY correlations of 6 established that the struc-
ture of 6 was identical with kadangustin E (Gao et al., 2008). The
NOESY and CD data of 7 were similar to those of 5 allowing the
assignment of structure 7 to that of heteroclintin J (Xu et al,
2007). X-ray crystallographic analysis eventually established
(Fig. 4) its relative stereochemistry, especially at C-6, C-7, C-8, C-
9 and C-16.
During the course of fractionation schizanrin G (Wu et al.,
2003), kadsuphilin G (Shen et al., 2007), kadsulignan C (Liu et al.,
1991) were also isolated and identified through comparing their
spectroscopic data with the reported values.
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Fig. 4. ORTEP diagram showing the solid state conformation of 7.

Table 3
Free radical-scavenging activities of compounds 1–8 at various concentrations.a,b

Compound 100 lM 50 lM 25 lM 12.5 lM 6.25 lM

1 1.6 1.9 3.6 1.7 0.3
2 4.7 1.5 1.2 1.3 1.9
3 1.6 1.8 4.0 1.9 1.9
4 10.3 10.4 9.9 10.3 10.3
5 17.2 18.5 16.2 16.3 16.5
6 14.9 12.7 12.3 12.4 14.8
7 11.0 11.3 13.1 14.4 14.6
8 35.6 32.8 29.6 31.5 25.4
Vitamin Cc 43.9 26.4 23.1 21.1 20.1
Vitamin Ec 24.4 14.0 11.2 8.6 8.1

a Radical-scavenging activities were measured by the DPPH method.
b Data are shown as % inhibition.
c Positive control substances.
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2.2. Antioxidative experiments

Lignans 1–8 were tested and evaluated for their antioxida-
tive activity by application of the DPPH (1,1-diphenyl-2-pic-
rylhydrazyl) free radical test. Among them, kadsuphilin K (8)
showed moderate DPPH free radical-scavenging activity at
6.25 lM (Table 3).

2.3. Conclusions

The aerial parts of K. philippinensis were investigated chemi-
cally. Four new lignans with dibenzocyclooctadiene skeleton,
kadsuphilols I–L, and one new C19-homolignan, kadsuphilol M,
were isolated and the structures identified. The structure of hete-
roclitin J (7) was further determined by single crystal X-ray crystal-
lographic analysis. In vitro radical-scavenging activities of these
compounds using DPPH were also tested, with kadsuphilin K (8)
exhibiting significant DPPH free radical-scavenging activity.
3. Experimental

3.1. General experimental procedures

Optical rotations were recorded on a JASCO DIP-1000 polarime-
ter, whereas IR and UV spectra were measured on Hitachi T-2001
and Hitachi U-3210 spectrophotometers, respectively. CD spectra
were acquired using a JASCO J-720 spectrophotometer, whereas
1H, 13C NMR, COSY, HMQC, HMBC and NOESY spectra were re-
corded on a Bruker FT-300 spectrometer (300 MHz for 1 H and
75 MHz for 13C, respectively) or on a Varian Unity INOVA 500 FT-
NMR at 500 MHz for 1H and 125 MHz for 13C, respectively, using
TMS as internal standard. Chemical shifts are given in d (ppm)
and coupling constants in Hz. Low-resolution EIMS and FABMS
spectra were recorded on a VG Quattro 5022 mass spectrometer,
and high-resolution ESIMS spectra were measured on a JEOL HX
110 mass spectrometer. Silica gel 60 (Merck) was used for column
chromatography (CC), and pre-coated silica gel plates (Merck, Kie-
selgel 60 F-254, 1 mm) were used for preparative TLC. Sephadex
LH-20 (Amersham Pharmacia Biotech AB, Sweden) was used for
either purification or separation. LiChrospher� Si 60 (5 lm, 250-
10, Merck) and LiChrospher� 100 RP-18e (5 lm, 250-10, Merck)
were used for NP-HPLC and RP-HPLC (Hitachi), respectively.

3.2. Plant material

Aerial parts of K. philippinensis were collected at Green Island,
Taiwan in November, 2002. A voucher sample (specimen code:
TP 93-2) was deposited in the School of Pharmacy, National Taiwan
University, Taipei, Taiwan.

3.3. Extraction and isolation

Dry leaves and twigs (8.5 kg) were extracted three times with
acetone with the combined extract evaporated in vacuum and then
partitioned between EtOAc and H2O (1:1). The resulting EtOAc ex-
tract (250 g) was subjected to column chromatography on silica gel
CC using n-hexane/EtOAc (gradient 100:1 to 0:1) for elution to fur-
nish 24 fractions. Fraction 20 (4.9 g) was fractionated on a column
of Sephadex LH-20 using MeOH for elution to produce five frac-
tions (L1–L5). Fraction L2 (2.8 g) was separated on a silica gel flash
column using a gradient of n-hexane/EtOAc (20:1 to 0:1) to afford
8 subfractions (L2-1 to L2-8). Subfraction L2-4 (200 mg) was re-ap-
plied to a silica gel column using n-hexane/EtOAc (15:1 to 0:1) as
eluant to give three fractions (L2-4-a to L2-4-c). Fraction L2-4-b was
repeatedly subjected to normal phase (NP)-HPLC using n-hexane/
CH2Cl2/MeOH (70:30:1) then (80:20:1) to yield 5 (17 mg). Subfrac-
tion L2-4-c (43 mg) was fractionated by NP-HPLC using a n-hexane/
CH2Cl2/MeOH (75:25:1.5) followed by RP-HPLC using MeOH/H2O
(7:3) to yield schizanrin G (7 mg) and kadsuphilin G (4 mg). Sub-
fractions L2-5 and L2-6 were combined (2 g) and fractionated on
a silica gel column using n-hexane/acetone/EtOAc (20:1:1 to
1:1:1) to give three fractions (L2-56-a to L2-56-c). Fraction L2-56-
b (920 mg) was subjected to silica gel CC using n-hexane/acetone
(20:1 to 0:1) to yield 12 fractions (L2-56-b-1 to L2-56-b-12). Frac-
tion L2-56-b-4 (50 mg) was separated further using NP-PTLC with
n-hexane/CH2Cl2/MeOH (64:40:1) as eluant to give 6 (7 mg) and
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additional 5 (14 mg). On the other hand, fraction 21 (23 g) was sep-
arated on a column of Sephadex LH-20 using MeOH for elution to
produce five fractions (S1–S5). Fraction S2 (13.2 g) was then sub-
jected to silica gel flash CC using a gradient of n-hexane/EtOAc/ace-
tone (15:1:1 to 1:1:1) to produce four fractions (S2-1 to S2-4).
Fraction S2-2 (158 mg) was subjected to NP-HPLC using n-hex-
ane/CH2Cl2/MeOH (62:38:1) to yield 7 (7 mg). Fraction S2-3
(516 mg) was separated on NP-HPLC using n-hexane/CH2Cl2/MeOH
(30:70:1) to afford kadsulignan C (12 mg) and three lignan mix-
tures A-C. Mixture A (104 mg) was separated on NP-HPLC using
n-hexane/CH2Cl2/MeOH (70:30:1) followed by RP-HPLC using
MeOH/H2O (7:3) to give 5 (6 mg) and 8 (3 mg). Mixture B
(69 mg) was separated on RP-HPLC using MeOH/H2O (65:35) to af-
ford 2 (26 mg). Mixture C (34 mg) was similarly separated like B to
produce 1 (7 mg). In addition, Fraction S4 (1.5 g) applied to a silica
gel column using a gradient of n-hexane/EtOAc (25:1 to 0:1) to
produce seven subfractions (S4-1 and S4-7). Subfraction S4-5
(94 mg) was subjected to NP-HPLC using n-hexane/CH2Cl2/MeOH
(60:40:1) then RP-HPLC using MeOH/H2O (65:35) to yield 3 (2 mg).

3.3.1. Kadsuphilol I (1)
Amorphous yellowish powder; [a]D

25 – 22.6 (CH2Cl2; c = 0.6);
UV (MeOH) kmax (log e): 222 (4.62), 254 (4.21), 287 (3.92) nm;
CD (MeOH): [h]224 (+23 3465), [h]249 �20 0059; IR (CH2Cl2) tmax

3503 (OH), 1734, 1598, 1491, 1236, 1105, 734 cm�1. For 1H and
13C NMR spectroscopic analysis, see Tables 1 and 2, respectively;
HRESIMS m/z: 499.1942 [M + Na]+ calcd. 499.1944 for C25H32O9Na.

3.3.2. Kadsuphilol J (2)
Amorphous yellowish powder; [a]D

25 – 10.2 (CH2Cl2; c = 2.0);
UV (MeOH) kmax (log e): 224 (4.65), 255 (4.45), 286 (4.16) nm;
CD (MeOH): [h]222 +24 5117, [h]245 �8 5303; IR (CH2Cl2) tmax

3568, 3431 (OH), 1746, 1715, 1645, 1586, 1497, 1456, 850,
736 cm�1. For 1H and 13C NMR spectroscopic analysis, see Tables
1 and 2, respectively; HRESIMS m/z: 597.2313 [M + Na]+ calcd.
597.2312 for C32H36O10Na.

3.3.3. Kadsuphilol K (3)
Amorphous yellowish powder; [a]D

25 – 14.0 (CH2Cl2; c = 0.2);
UV (MeOH) kmax (log e): 223 (4.37), 257 (3.30), 288 (2.54) nm;
CD (MeOH): [h]224 +13 0467, [h]245 �11 9778; IR (CH2Cl2) tmax

3444 (OH), 1715, 1614, 1463, 1371, 1261, 1108, 738, 713 cm�1.
For 1H and 13C NMR spectroscopic analysis, see Tables 1 and 2,
respectively; HRESIMS m/z: 561.1738 [M + Na]+ calcd. 561.1737
for C29H30O10Na.

3.3.4. Kadsuphilol L (4)
Amorphous yellowish powder; [a]D

25 – 3.2 (CH2Cl2; c = 0.25);
UV (MeOH) kmax (log e): 219 (4.67), 281 (4.16) nm; CD (MeOH):
[h]223 +14 1969, [h]254 �13 8057, [h]281 1 5992; IR (CH2Cl2) tmax:
3564 (OH), 1715, 1634, 1596, 1505, 1487, 1455, 1234, 936,
736 cm�1. For 1H and 13C NMR spectroscopic analysis, see Tables
1 and 2, respectively; HRESIMS m/z: 629.1996 [M + Na]+ calcd.
629.1999 for C33H34O11Na.

3.3.5. Kadsuphilol M (5)
Amorphous yellowish powder; [a]D

25 – 4.6 (CH2Cl2; c = 0.6,); UV
(MeOH) kmax (log e): 222 (4.68), 253 (4.10), 283 (3.53) nm; CD (MeOH):
[h]224 +24 2388, [h]238 �46 7346; IR (CH2Cl2) tmax: 3444 (OH), 1715,
1599, 1584, 1495, 1455, 1334, 1106, 1026, 1006, 735, 714 cm�1. For
1H and 13C NMR spectroscopic analysis, see Tables 1 and 2; HRESIMS
m/z: 603.2209 [M + Na]+ calcd. 603.2206 for C32H36O10Na.

3.3.6. Kadangustin E (6)
Amorphous yellowish powder; [a]D

25 – 0.3 (CH2Cl2; c = 1.2); UV
(MeOH) kmax (log e) 219 (4.46) nm; CD (MeOH) [h]228 �4 75763,
[h]249 +2 05665, [h]319 �12 696, [h]368 �7 0168; IR (CH2Cl2) tmax

3567 (OH), 1716, 1645, 1455, 1135, 934, 736 cm�1; HRESIMS
m/z: 579.1842 [M + Na]+ calcd. 579.1842 for C29H32O11Na.

3.3.7. Heteroclitin J (7)
Amorphous yellowish powder; [a]D

25 – 2.0 (CH2Cl2; c = 0.6); UV
(MeOH) kmax (log e): 221 (4.54) nm; CD (MeOH) [h]220 �20 1028,
[h]244 +1 9844, [h]320 �22 7976, [h]369 �11.4894; IR (CH2Cl2) tmax:
3565 (OH), 1747, 1721, 1660, 1651, 1645, 1582, 1258, 736, 713
cm�1; HRESIMS m/z: 601.1689 [M + Na]+ calcd. 601.1686 for
C31H30O11Na.

3.4. Crystallographic data and X-ray structure analysis of 7

Crystal data: C31H30O11, M = 578.55, monoclinic system, space
group P21, a = 11.985(2), b = 9.104(2), c = 12.760(3) Å, V =
1388.5(5) Å3, Z = 2, d = 1.384 g/cm3. A crystal of dimensions
0.60 � 0.60 � 0.80 mm was used for measurements on a RIGAKU
AFC7S diffractometer with a graphite monochromator (�2h scans,
2hmax = 52.0), Mo Ka radiation. The total number of independent
reflections measured was 2922, of which 2335 were observed
(|F|2 P 2r|F|2). The crystal structure was solved by the direct meth-
od SHELX-86 (Sheldrick, G.M. University of Gottingen, Gottingen,
Germany, 1985) and expanded using difference Fourier techniques,
refined by the program SHEXTL 97 (Sheldrick, G.M. University of
Gottingen, Gottingen, Germany, 1997) and full-matrix least-
squares calculations. Final indices: Rf = 0.041, Rw = 0.107 (w = 1/
[r2(Fo2) + (0.078P)2 + 0.840P] where P = (Fo2 + 2Fc2)/3). Copies of
the deposited crystal data can be obtained, free of charge, on appli-
cation to CCDC (658220), 12 Union Road, Cambridge CB2 1EZ, UK
[fax: +44 (0) 1223 336033 or e-mail: deposit@ccdc.cam.ac.uk].

3.5. Antioxidative assay

DPPH radical-scavenging activity was measured according to a
published protocol (Gerhauser et al, 2003). Dilutions of compounds
1–8 (in 100% DMSO) were treated with a solution of 100 lM DPPH
in ethanol at 37 �C. The mixtures were shaken vigorously and stood
for 30 min. The absorbances at 517 nm were measured using a
UV–vis spectrophotometer. Vitamins C and E were used as positive
control.
Acknowledgments

The authors are grateful to the National Science Council, Taipei,
Taiwan, for financial support (Grant No. NSC 95-2320-B-002-118-
MY3). We thank Ms. Chao Lein Ho and Shiu Ching Yu, NSC South-
ern NMR and MS Instrument Center in the National Sun Yat-sen
University, for measurement of the NMR and MS spectra.
References

Ayres, D.C., Loike, J.D., 1990. Lignans. Chemical, Biological and Clinical Properties.
Cambridge University Press, Cambridge.

Chen, D.F., Xu, G.J., Yang, X.W., Hattori, M., Tezuka, Y., Kikuchi, T., Namba, T., 1992.
Dibenzocyclooctadiene lignans from Kadsura heteroclite. Phytochemistry 31,
629–632.

Chen, D.F., Zhang, S.X., Xie, L., Xie, J.X., Chen, K., Kashiwada, Y., Zhou, B.N., Wang, P.,
Cosentino, M., Lee, K.H., 1997. Anti-AIDS agents-XXVI. Structure–activity
correlations of gomisin G-related anti-HIV lignans from Kadsura interior and
of related synthetic analogues. Bioorg. Med. Chem. 5, 1715–1723.

Chen, Y.G., Wang, P., Lin, Z.W., Sun, H.D., Qin, G.W., Xie, Y.Y., 1998.
Dibenzocyclooctadiene lignans from Kadsura angustifolia. Phytochemistry 48,
1059–1062.

Chen, Y.G., Xie, Y.Y., Cheng, K.F., Cheung, K.K., Qin, G.W., 2001. Compounds from
Kadsura ananosma. Phytochemistry 58, 1277–1280.

Chen, D.F., Zhang, S.H., Kozuka, M., Sun, Q.Z., Feng, J., Wang, Q., Mukainaka, T.,
Nobukuni, Y., Tokuda, H., Nishino, H., Wang, H.K., Natschke, S.L.M., Lee, K.H.,
2002. Interiotherins C and D, two new lignans from Kadsura interior and



120 Y.-C. Shen et al. / Phytochemistry 70 (2009) 114–120
antitumor-promoting effects of related neolignans on Epstein-Barr virus
activation. J. Nat. Prod. 65, 1242–1245.

Chiu, P.Y., Mak, D.H.F., Poon, M.K.T., Ko, K.M., 2002. In-vivo anti-oxidant action of a
lignan-enriched extract of Schisandra fruit and anthraquinone-containing
extract of Polygonum root in comparison with schisandrin B and emodin.
Planta Med. 68, 951–956.

Gao, X.M., Pu, J.X., Huang, S.X., Yang, L.M., Huang, H., Xiao, W.L., Zheng, Y.T.,
Sun, H.D., 2008. Lignans from Kadsura angustifolia. J. Nat. Prod. 71, 558–
563.

Gerhauser, C., Klimo, K., Heiss, E., Neumann, I., Gamal-Eldeen, A., Knauft, J., Liu, G.-Y.,
Sitthimonchai, S., Frank, N., 2003. Mechanism-based in vitro screening of
potential cancer chemopreventive agents. Mutation Res. 523, 163–172.

Hausott, B., Greger, H., Marian, B., 2003. Naturally occurring lignans efficiently
induce apoptosis in colo-rectal tumor. J. Cancer Res. Clin. Oncol. 129, 569–
576.

Kuo, Y.H., Kuo, Y.L.M., Chen, C.F., 1997. Four new C19 homolignans, schiarisanrins A,
B, and D and cytotoxic schiarisanrin C, from Schizandra arisanensis. J. Org. Chem.
62, 3242–3245.

Kuo, Y.H., Li, S.Y., Huang, R.L., Wu, M.D., Huang, H.C., Lee, K.H., 2001. Schizarin B, C,
D, and E, four new lignans from Kadsura matsudai and their antihepatitis
activities. J. Nat. Prod. 64, 487–490.

Li, L.N., 1998. Biologically active components from traditional Chinese medicines.
Pure Appl. Chem. 70, 547–554.

Li, L.N., Xue, H., 1990. Dibenzocyclooctadiene lignans possessing a
spirobenzofuranoid skeleton from Kadsura coccinea. Phytochemistry 29,
2730–2732.

Liu, J.S., Li, L., 1993. Schisandrins L–O and acetyl schisandrin L from Kadsura
coccinea. Phytochemistry 32, 1293–1296.

Liu, J.S., Huang, M.F., Zhou, H.X., 1991. Kadsulignan C and D, two novel lignans from
Kadsura longipeduculata. Can. J. Chem. 69, 1403–1407.

Liu, J.S., Zhou, H.X., Li, L., 1992. Kadsulignans H, I, J, and K from a Kadsura species.
Phytochemistry 31, 1379–1382.
Ookawa, N., Ikeya, Y., Sugama, K., Taguchi, H., Maruno, M., 1995.
Dibenzocyclooctadiene lignans from Kadsura japonica. Phytochemistry 39,
1187–1191.

Shen, Y.C., Liaw, C.C., Cheng, Y.B., Ahmed, A.F., Lai, M.C., Liou, S.S., Wu, T.S., Kuo, Y.H.,
Lin, Y.C., 2006. C18 dibenzocyclooctadiene lignans from Kadsura philippinensis. J.
Nat. Prod. 69, 963–966.

Shen, Y.C., Lin, Y.C., Ahmed, A.F., Cheng, Y.B., Liaw, C.C., Kuo, Y.H., 2007. Four new
nona-oxygenated C18 dibenzocyclooctadiene lignans from Kadsura
philippinensis. Chem. Pharm. Bull. 55, 280–283.

Shen, Y.C., Lin, Y.C., Cheng, Y.B., Chang, C.J., Lan, T.W., Liou, S.S., Chien, C.T., Liaw, C.C.,
Khalil, A.T., 2008. New oxygenated lignans from Kadsura philippinensis. Helv.
Chin. Acta 91, 483–494.

Tang, M.H., Chiu, P.Y., Ko, K.M., 2003. Hepatoprotective action of schisandrin B
against carbontetrachloride toxicity was mediated by both enhancement of
mitochondrial glutathione status and induction of heat shock proteins in mice.
Biofactors 19, 33–42.

Wu, M.D., Huang, R.L., Kuo, L.M.Y., Hung, C.C., Ong, C.W., Kuo, Y.H., 2003. The anti-
HBs Ag (human type B hepatitis, surface antigen) and anti-HBe Ag (human type
B hepatitis, e antigen) C18 dibenzocyclooctadiene lignans from Kadsura
matsudai and Schizandra arisanensis. Chem. Pharm. Bull. 51, 1233–1236.

Wu, Y.F., Cao, M.F., Gao, Y.P., Chen, F., Wang, T., Zumbika, E.P., Qian, K.X., 2004.
Down-modulation of heat shock protein 70 and up-modulation of caspase-3
during schisandrin B-induced apoptosis in human hepatoma SMMC-7721 cells.
World J. Gastroenterol. 10, 2944–2948.

Xu, L.J., Peng, Y., Chen, S.B., Chen, S.L., Xiao, P.G., 2007. Four new lignans from
Kadsura heteroclite. Heterocycles 71, 941–947.

Yang, X.W., Miyashiro, H., Hattori, M., Namba, T., Tezuka, Y., Kikuchi, T., Chen, D.F.,
Xu, G.J., Hori, T., Extine, M., Mizuno, H., 1992. Isolation of novel lignans,
heteroclitins F and G, from the stems of Kadsura heteroclita, and anti-lipid
peroxidative action of heteroclitins A–G and related compounds in the in vitro
rat liver homogenate system. Chem. Pharm. Bull. 40, 1510–1516.


	Dibenzocyclooctadiene lignans from Kadsura philippinensis
	Introduction
	Results and discussion
	Isolation, structure determinations
	Antioxidative experiments
	Conclusions

	Experimental
	General experimental procedures
	Plant material
	Extraction and isolation
	Kadsuphilol I (1)
	Kadsuphilol J (2)
	Kadsuphilol K (3)
	Kadsuphilol L (4)
	Kadsuphilol M (5)
	Kadangustin E (6)
	Heteroclitin J (7)

	Crystallographic Data data and X-ray Structure Analysis structure analysis of 7
	Antioxidative assay

	Acknowledgments
	References


