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Phytochemical investigation of the fruit of Schisandra chinensis led to the isolation of a schisanartane nor-
triterpenoid, schindilactone H (1); an 18-norschiartane bisnortriterpenoid, wuweizidilactone I (2); two tetrahy-
drofuran-type lignans, schinlignins A and B (18 and 19); and three dibenzyl butane-type lignans, schineolignins
A—C (20—22), together with 16 known compounds. The structures of these new compounds were elucidated on

the basis of extensive analysis of spectroscopic data.
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Plants of the genus Schisandra (Schisandraceae) have at-
tracted much attention due to a variety of pharmacologic ef-
fects such as antihepatitis, antitumor, and anti-human im-
munodeficiency virus-1 (HIV-1) bioactivities, and many
species of this genus have been used as traditional Chinese
medicine." " Previous phytochemical studies showed that
this family is a rich sources of lignans® ' and lanostane-
and cycloartane-type triterpenoids.®!*~'> During the present
decade, considerable efforts of our group have been devoted
to discovering structurally interesting and bioactive natural
products from the Schisandra species. These resulted in the
discovery of highly oxygenated, polycyclic, fused hetero-
cyclic triterpenoid and nortriterpenoid derivatives endowed
with a different carbon skeleton, most of which can be re-
lated biogenetically to cycloartane precursors.'®

Schisandra chinensis (Turcz.) BaILL., a climbing plant
widely distributed in the region of the Russian Far East,
Korea, Japan, and northeastern China, is often considered to
be an example of a medicinal plant used as sedative and tonic
agents in traditional Chinese medicine.'” As part of our con-
tinuing investigation of the natural products from Schisandra
species, we phytochemically studied the fruit of S. chinensis.
This work resulted in the isolation of seven new compounds,
including a schisanartane nortriterpenoid, schindilactone H
(1); an 18-norschiartane bisnortriterpenoid, wuweizidilactone
I (2); two tetrahydrofuran-type lignans, schinlignins A and B
(18 and 19); and three dibenzyl butane-type lignans, schine-
olignins A—C (20—22), together with 16 known com-
pounds. To our knowledge, this is the first report on highly
oxygenated Schisandra nortriterpenoids'® featuring schisa-
nartane, 18-norschiartane, 18(13—14)-abeo-schiartane, and
pre-schisanartane skeletons from the fruit of S. chinensis.
This paper deals with the isolation and structural elucidation
of these new compounds on the basis of their spectroscopic
data.

Results and Discussion

Phytochemical studies on the 70% aqueous acetone extract
of the fruit of S. chinensis led to the isolation of seven new
compounds, including schindilactone H (1), wuweizidilac-
tone I (2), schinlignins A and B (18 and 19), and schine-
olignins A—C (20—22), together with 16 known com-
pounds, called lancifodilactone N (3),'" schindilactone B
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(4)," lancifodilactone C (5),2” lancifodilactone L (6),'® hen-
ridilactone D (7),2" lancifodilactone I (8),'"® wuweizidilac-
tone A (9),”” wuweizidilactone B (10),”? wuweizidilactone

Table 1. 'H- and *C-NMR Data of Compounds 1—2 (500, 125 MHz, in
C;DsN, ¢ in ppm, J in Hz)

1 2
Position
8, 5e 8, 5e
1 10835 432 (brs) 81.8d
20 3.18(s) 278 (d, 18.2)
28 320(s) 440t 305dd, 53, 182) 3t
3 1732 174.7 s
4 83.8 s 84.0's
5231 S86d 257(dd35.130) 5454
6o 2.30¢ 1.94°
68 2.16” 23664 (m) 30.5¢
7 Til(tlike,43) 1352d  5.64(d 8.1) 703 d
8 138.1s 291 (s) 46.6 d
9 82.1s 783 d
10 96.4 s 98.0s
e 1.65(m) 224 (d,8.3)
1 2169 39T 504(d 83) 29t
120 145 (m)
128 1.85(m) 35t 4004, 83) 7044
13 50.6's 923
14 198.8's 70.0's
15 993s  3.74(s) 55.2d
160 2.14 (m)
168 2.79(d 7.9) B7d g 271t
17 2203s 2919 43.0d
18 097(s) 264 g
190 2.60(d, 16.5) 2,299
198 2.80(d. 16.5) 409t 5590 4581
20 2.59 (m) 48d  2.63° 365 d
21 122 (d, 6.9) 148q  0.85(d,6.8) 1174
2 290 (m) 403d  3.92(d 8.6) 84.4d
23 523 (brs) 749d 499 (brs) 81.2d
2% 476(s) 726d  7.18 (brs) 147.1d
25 770 130.6 s
26 1777 1743 s
27 211(s) 181q  1.76 (brs) 10.7q
29 134 (s) 244q  098(s) 2174
30 127 (s) 200q  LI8(s) 280 g
I 166.1's
2 12755
3 5.87 (m) 140.1 d
4 2,09 (s) 209 g
5" 2.02(d,72) 1599

e-mail: pujianxin@mail kib.ac.cn; hdsun@mail .kib.ac.cn

a) Signals were overlapped.

© 2010 Pharmaceutical Society of Japan



December 2010

C (11),”» wuweizidilactone H (12),”) pre-schisanartanin A
(13),'” pre-schisanartanin B (14),*Y kadcoccilactone Q
(15),* kadsuphilactone B (16),> pre-gomisin (23),°® and
meso-dihydroguaiaretic acid (24).?” This paper deals with
the isolation and structural elucidation of these new com-
pounds. The known compounds, especially these highly oxy-
genated nortriterpenoids that our group previously isolated
from the stems and leaves of S. chinensis, were determined
by comparing their TLC behaviors and NMR data with those
reported in the literature. The new compounds were charac-
terized on the basis of comprehensive spectroscopic
analysis. %23

Schindilactone H (1) was obtained as amorphous powder.
Its empirical formula C,,H,,O,, was characterized based
on the high-resolution electrospray ionization (ESI)-MS
pseudo-molecular ion peak at m/z 581.2011 ([M+Na]",
C,oH,,0,,Na, Calcd 581.1198) and the '*C-NMR spectro-
scopic data (Table 1), requiring 13 degrees of unsaturation.
The IR spectrum of 1 indicated strong absorption bands for
OH (3441 cm™") and carbonyl (1738, 1779 cm™") functional
groups. The 'H- and '*C-NMR spectra revealed that 1 con-
tained 29 carbons, including five methyls (one secondary and
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four tertiary), five methylenes, seven methines (two oxy-
genated and one olefinic), and 12 quaternary carbons (two
esters, two carbonyls, six oxygenated, and one olefinic).
These suggest that compound 1 requires the presence of
eight rings to satisfy the observed degrees of unsaturation
and has a highly oxygenated nortriterpenoid with a schisa-
nartane skeleton.!” The structural determination of 1 was
conducted by careful analyses of the 1D- and 2D-NMR spec-
troscopic data and comparison with those of schindilactone
A (17)."” Comprehensive analysis of the 'H- and '*C-NMR
data of 1 revealed that it had many structural similarities
(rings A—QG) to the NMR data reported for 17. The obvious
difference between 1 and 17 was the presence of an oxy-
genated quaternary carbon at C-25 in 1 rather than an
aliphatic methine in 17. In the heteronuclear multiple bond
correlation (HMBC) spectra of 1, the strong correlations
from H;-27 (0, 2.11) to C-24 (6 72.6), C-25 (. 77.0), and
C-26 (6. 177.7), and from H-24 (5, 4.76) to C-25, C-26, and
C-27 (6. 18.1) indicated the presence of a five-membered
o-hydroxy-a-methyl-y-lactone ring.'” Moreover, the 'H-'H
correlation spectroscopy (COSY) correlations of H;-21/H-
20/H-22/H-23/H-24 observed in compound 1 (Fig. 1) also

aMe

R, Rs

OMe OMe 21 H OMe OMe OMe

OH H 22 H OH OMe OMe
23 OH OMe OMe OMe
24 OH OH OMe OH

Chart 1
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supported the above conclusion. Thus the planar structure of
1 was established as shown.

Its relative configuration was determined by a rotating
frame Overhauser enhancement spectroscopy (ROESY) ex-
periment and by comparing the NMR data with those of
schindilactone A.'” In the ROESY spectra, the strong corre-
lations of H,-18/H-16, H-16/H-22, H-23/H-20, and H-24/H-
23 indicated that H-16 and H-22 were fB-oriented and H-23
and H-24 were o-oriented. The relative stereochemistry of
H,-27 was determined to be S-oriented and OH-25 was o-
oriented, on the basis of the ROESY correlation observed be-
tween H;-27 (8 2.11) and H-16 (6 2.79). Hence all of the
other chiral centers of 1 were identical to those of 17. In ad-
dition, a computer-generated 3D structure was obtained
using Chem 3D Ultra V 8.0, with MM2 force-field calcula-
tions for energy minimization (Fig. 2), and further supported
the well-defined ROESY correlations observed for each of
these proton pairs.

Wuweizidilactone 1 (2), obtained as amorphous white
powder, had the molecular formula C;;H,,0,,, as derived
from the high-resolution ESI-MS pseudo-molecular ion peak
at m/z 637.2734 ((M+Na]*, C;;H,,0,,Na, Caled 637.2624)
and 1D-NMR data. The 'H- and "C-NMR spectra of 2
(Table 1) showed the coexistences of four tertiary and two
secondary methyls, five methylenes, four aliphatic methines,
six oxygenated methines, five oxygen-bearing quaternary
carbons, three ester groups, and two trisubstituted double
bonds. This observation suggested that 2 was likely to be an
18-norschiartane-type bisnortriterpenoid that was substituted
by an angeloyl group.’” This assumption was subsequently
confirmed by conducting a set of 2D-NMR spectroscopic ex-
periments (including 'H-'H COSY, heteronuclear single
quantum coherence (HSQC), HMBC, and ROESY spectra)
that provided data for the unequivocal assignment of all pro-
ton and carbon signals (Table 1). The planar structure of 2
was constructed by analyzing the 2D-NMR data obtained
and by comparing these results with the NMR data obtained
for wuweizidilactone B (10).?? The close similarities of the

Fig. 1.

Fig. 2. Computer-Generated Molecular Model Showing Key ROESY Cor-
relations of 1
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NMR spectroscopic data for rings A—C and E—H with
those of 10 suggested that 2 has similar substructures, except
for the differences in the chemical shifts at C-11, C-12, and
C-13 of ring D. The substructure of ring D was revealed by
the '"H-"H COSY spin system of H,-11/H-12 and HMBC
correlations (Fig. 1) to be H,-11 (6 2.24) with C-9 (S,
78.3), C-12 (0. 70.4), C-13 (O 92.3), and C-19 (5. 45.8),
and of H-17 (8 2.91) with C-12, coupled with the upfield
shifts of H-12 from &, 5.44 ppm in 10 to 9y, 4.22 ppm in 2.
The presence of an angeloyl group at C-7 was evident from
the HMBC correlation of H-7 (8 5.64) with carbonyl car-
bon C-1' (8. 166.1). Furthermore, the '"H-"H COSY correla-
tions (Fig. 1) of H-15/H-16/H-17 and HMBC correlations of
H-15 (6 3.74) with C-13, C-14, C-16, and C-17 indicated
that there was also an epoxy ring between C-14 and C-15,
which was very close to that of 10. Thus the gross structure
of 2 was established to be as shown.

The relative stereochemistry of 2 was mainly established
by means of ROESY experiments and by comparison of its
spectroscopic data with those of 10. Biogenetically, this type
of nortriterpenoid is derived from cycloartane triterpenes.”®
Therefore H-5 was tentatively assigned to be a-oriented. The
same relative stereochemistry of rings A—G in 2 as in 10
was deduced from the similar carbon and proton chemical
shifts and ROESY correlations found in 2 (Table 1, Fig. 3).
The strong ROESY correlations of H-15 with H-7 showed
the o-orientation of the epoxy ring between C-14 and C-15.
The o-orientation of OH-12 was deduced from the key cor-
relation between H-12 (8 4.22) and H-20 (&g 2.63), as
shown in the computer-generated 3D drawing (Fig. 3), which
was minimized using the MM2 force field. Therefore com-
pound 2 was determined to be wuweizidilactone 1.

Schinlignin A (18), obtained as yellow oil, had the molec-
ular formula C,;H,,0,, as derived from the high-resolution
ESI-MS pseudo-molecular ion peak at m/z 419.2082
(IM+H]*, CyH;,0,, Caled 419.2069), acquiring nine de-
grees of unsaturation. The IR spectrum showed the presence
of an OH group (3425 cm™ "), aromatic moieties (1593, 1509,
1461 cm™"), and C-O—C functionality (1127 cm™"). The 'H-
and *C-NMR (Tables 2, 3) and distortionless enhancement
by polarization transfer (DEPT) spectra of 18 showed signals
of showed four aromatic protons at (9 6.57, d, J=1.8Hz,
1H), (04 6.72, d, J=1.8Hz, 1H), and (5 6.66, s, 2H), two
methyls (6y 1.02, d, J=6.5Hz, H;-9, 9'), two oxygenated

Fig. 3. Computer-Generated Molecular Model Showing Key ROESY Cor-
relations of 2
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Table 2. 'H-NMR [500 MHz, &y, (J, Hz)] of Schinlignins A and B (18 and 19) and 'H-NMR [400 MHz, &, (J, Hz)] of Schineolignins A—C (20—22) in
CDCl,
Position 18 19 20 21 22
2 6.57 (d, 1.8) 6.59 (d, 1.5) 6.22 (brs) 6.23 (d, 1.7) 6.23 (d, 1.7)
6 6.72 (d, 1.8) 6.72 (d, 1.5) 6.40 (d, 1.5) 6.43 (d, 1.7) 6.43 (d, 1.7)
7 4.409 (d, 6.3) 4.519(d, 6.8) 2.19—2.23 (m, H,), 2.24—2.31” (m, H)), 2.22—2.31” (m, H,),
2.68—2.73% (m, H,) 2.68—2.76" (m, H,) 2.68—2.75 (m, H,)
8 2.31—2.35 (m) 2.30—2.37 (m) 1.73—1.75 (m) 1.76 (m) 1.72—1.77 (m)
9 1.02 (4, 6.5) 1.08” (d, 6.6) 0.83” (d, 6.5) 0.84 (d, 6.8) 0.84 (d, 6.3)
2’ 6.66" (s) 7.00 (s) 7.02” (d, 8.3) 6.69 (dd, 1.8, 8.0) 6.67 (dd, 7.8, 1.5)
3 6.75" (d, 8.3) 6.78 (d, 8.0) 6.82(d, 7.8)
5’ 6.94" (s) 6.75” (d, 8.3)
6’ 6.66" (s) 6.94" (s) 7.02% (d, 8.3) 6.66 (d, 1.8) 6.64 (brs)
7 4489 (d, 6.3) 4.499 (d, 6.8) 2.28—2.32 (m, H,), 2.24—2.31” (m, H,), 2.22—2.31” (m, H,),
22.68—2.73" (m, H,) 2.68—2.76" (m, H,) 2.68—2.75” (m, H,)
8’ 2.31—2.35 (m) 2.30—2.37 (m) 1.73—1.75 (m) 1.76 (m) 1.72—1.77 (m)
9’ 1.02 (d, 6.5) 1.039 (d, 6.6) 0.829 (d, 6.5) 0.84 (d, 6.8) 0.85% (d, 5.8)
MeO-3 3.85(s) 3.88 (s) 3.83 (s) 3.83 (s) 3.81(s)
MeO-4 3.88 (s) 3.919 (s) 3.89 (s) 3.86%" (s) 3.86% (s)
OH-5 5.76 (s)
MeO-3' 3.86" (s) 3.929 (s)
MeO-4' 3.83 (s) 3.86“" (s) 5.52 (s)
MeO-5' 3.86" (s) 3.879 (s) 3.87% (s)

a) Assignments may be interchanged. b) Overlapped.

Table 3. '"“C-NMR [125MHz, §.] of Schinlignins A and B (18 and 19)
and *C-NMR [100 MHz, §.] of Schineolignins A—C (20—22) in CDCl,

Position 18 19 20 21 22
1 13845 138.7 s 13845 1382s 1382s
2 102.4 d 102.4d 104.9 d 104.7 d 104.7 d
3 152.2's 152.2's 152.0s 152.0s 152.0s
4 134.7 s 134.7 s 13385 13345 13345
5 149.2's 149.1's 1488 s 148.8's 148.8's
6 105.8 d 105.8 d 108.6 d 108.5d 108.5d
7 87.27d 87.37d 39.29d 39.4t 393t
8 44.09d 44.49d 39.49d 39.09d 39.29d
9 13.09q 13.29q 16.39 q 1629 q 1629 q
iy 1379s 13395 1338 13385 133.7s
2’ 103.2d 109.2d 130.1d 120.9 d 121.6d
3 153.1s 145.1s 115.1d 110.9d 113.9d
4’ 137.1s 146.5 s 153.6s 147.0s 143.5s
5 153.1s 114.1s 115.1s 148.6s 146.3 s
6' 103.2d 119.4d 130.1d 112.1d 111.4d
7' 87.47 d 87.27d 38.59t 38.7t 38.8t
8 44.49d 44.19d 38.99d 39.07d 38.99d
9’ 13.09q 12.69 q 16.09 q 1629 q 1629 q

MeO-3 55.7q 55.87q 55.8q 55.77q 55.77q

MeO-4  60.9q 60.9 q 61.0q 60.9 q 60.9 q

MeO-3'  56.0q 55.79q

MeO-4" 608 q 55.87q

MeO-5"  56.0q 55.89 q 55.89 q

a) Assignments may be interchanged.

methines (0 4.40, 4.48, d, J=6.3 Hz, each, H-7, 7), and two
aliphatic methines (Jy 2.33, m, each, H-8, 8"), which pointed
to a tetrahydrofuran moiety.”” Combination analysis of 1D-
and 2D-NMR spectra revealed that 18 had a close resem-
blance to rel-(7S,8S5,7'R,8'R)-3,3",4,4',5,5'-hexamethoxy-
lignan,*” known as a natural product from Aristolochia
birostris. The main difference was the appearance of an OH
substitute at C-5 in 18 (Fig. 4). The HMBC correlations of
H-2 (6, 6.57) and H-6 (J 6.72) to C-3 (8. 152.2) and C-7
(O¢ 87.2), and of H-2" (8 6.66) and H-6" (5 6.66) to C-3’
(6 153.1) and C-7' (6. 87.4) implied that the two aromatic

— COosy
/™ HMBC
18 20
Fig. 4. '"H-'H COSY and Selected HMBC Correlations of 18 and 20
Fig. 5. Computer-Generated Molecular Model Showing Selected Key

ROESY Correlations of 18

rings are attached to the C-7 and C-7’ of a tetrahydrofuran
moiety (Fig. 4). The HMBC correlation from methoxy func-
tionalities (& 3.83, 3H; J,; 3.85, 3H; y; 3.86, 6H; §,; 3.88,
3H) to C-3', C-4', C-5', C-3, and C-4 suggested that the co-
existence of five methoxy groups should be attached to C-3’,
C-4', C-5', C-3, and C-4 of the aromatic rings (Fig. 4), re-
spectively. Moreover, the key HMBC correlations from H-6
(04 6.72) to C-2, C-4, and C-5 (S 149.2) and H-2 (5 6.57)
to C-6, C-3, and C-4 implied that the OH group was attached
to C-5.

The relative configuration of the tetrahydrofuran ring was
determined to be 7,8-trans-8,8'-cis-7',8'-trans according to
the chemical shifts of H;-9 (8 1.02, d, J=6.5Hz) and H-7
(6, 4.40, d, J=6.3 Hz) in 18, which are consistent with those
reported in the literature.>’ % The strong ROESY correla-
tions (Fig. 5) between H;-(9/9") and H-(7/7") further com-
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firmed the above conclusion. Thus the structure of 18 was
determined to be as shown.

Schinlignin B (19) was obtained as yellow oil, and the mo-
lecular formula C,,H,,O, was derived by the high-resolution
ESI-MS pseudo-molecular ion peak at m/z 397.1629
([M+Na]*, C,;H,,O,Na, Calcd 397.1627) and the *C-NMR
spectroscopic data (Table 3). Careful comparison of the
NMR spectroscopic data of 19 and 18 (Tables 2, 3) indicated
that 19 was also a metabolite with a tetrahydrofuran ring.
The main difference between them was the presence of an
OH group at C-4" and an aromatic proton at C-5" in 19, in-
stead of MeO-4" and MeO-5' in 18, and the presence of an
OH group at C-4" and an aromatic proton at C-5" in 19. The
HMBC correlations from H-2" and H-6" to C-1" (6. 133.9),
C-4" (6. 146.5), and C-7' (9 87.2), and from H-2" and H-5’
to C-3' (8¢ 145.1) and C-4, as well as the '"H-"H COSY spin
system H-5'/H-6" and ROESY correlation between H-2" and
MeO-3’, further confirmed the above conclusion. The rela-
tive stereochemistry of 19 was deduced as described in com-
pound 18. Thus the structure of 19 was determined to be as
shown.

Schineolignin A (20) was obtained as a white, amorphous
solid. Its molecular formula was determined to be as
C,,H,40, based on the high-resolution ESI-MS pseudo-mo-
lecular ion peak at m/z 353.1721 ([M+Na]", C,,H,,O,Na,
Calcd 353.1728). The strong IR absorption bands showed the
presence of an OH group (3423 cm™') and aromatic rings
(1594, 1513, 1459 cm™'). The 'H- and *C-NMR spectra (Ta-
bles 2, 3) displayed the appearance of four methyl groups (in-
cluding two methoxy moieties), two methylene groups, eight
methine groups (including six olefinic), and six olefinic qua-
ternary carbons. This suggested that 20 is a derivative of 1,4-
biphenyl-2,3-dimethylbutane-type lignan.>> Detailed analysis
of the NMR data of 20 indicated that it is an analogue of pre-
gomisin (23).%Y In the '"H-NMR spectra (Table 2), four aro-
matic proton signals (6 7.02, 2H, d, J=8.3 Hz, H-2', H-6';
oy 6.75, 2H, J=8.3 Hz, d, H-3', H-5"), together with the cor-
relations of H-2'/H-3" and of H-4'/H-5" in the '"H-'H COSY
spectrum indicated the presence of a 1,4-bisubstituted aro-
matic moiety in 20. The remaining aromatic proton signals at
Oy 6.22 (1H, brs, H-2) and &y 6.40 (1H, d, J=1.5Hz, H-6)
suggested the existence of a 1,3,4,5-tetrasubstituted aromatic
moiety. The strong HMBC correlations of two methoxy
groups to C-3 and C-4 indicated that the methoxys should be
substituted at C-3 and C-4, respectively.

Schineolignins B and C (21 and 22) were obtained as
white, amorphous solids. Their molecular formulae were
C,,H;,05 and C,,H,40;, deduced based on the high-resolu-
tion ESI-MS pseudo-molecular ion peak at m/z 375.2177
(IM+H]", C,H;0s, Caled 375.2171) and m/z 361.2018
(IM+H]", C;Hy,0s, Caled 361.2014), respectively. The IR
spectra of 21 and 22 displayed absorption bands similar to
that of schineolignin A (20). The structures of schineolignins
B and C (21 and 22) were determined on the basis of their
spectral data (Tables 2, 3) and comparison with those of 20.
Careful analysis of the NMR spectroscopic data of 21 and 22
and comparison with those of 20 showed many similarities,
except for the substitutes at C-3’, C-4’, and C-5'. In the
HMBC spectrum, the strong correlations from MeO (dy
3.83, 3H; &, 3.86, 6H; J}; 3.87, 3H, each s) of 21 to C-3, C-
4, C-4', and C-5', and from MeO (9, 3.81, 3H; 9;; 3.86, 3H;

Vol. 58, No. 12

Oy 3.87, 3H, each s) of 22 to C-3, C-4, and C-5', determined
the positions of these methoxy groups in the structures of 21
and 22, respectively.

The relative stereochemistry of compounds 20—22 could
not be determined on the basis of ROESY spectrum because
the C—C bonds can rotate randomly. Thus the structures of
20—22 were assigned to be schineolignins A—C.

Experimental

General Procedure Petroleum ether (PE, 60—90 °C), EtOAc, CHCI,,
Me,CO, MeOH, and i-PrOH were of analytical grade and produced by
Sinopharm Chemical Reagent Co., Ltd., China. Column chromatography
(CC) was performed on silica gel (200—300 mesh; Qingdao Marine Chemi-
cal Inc., Qingdao, P.R. China), Lichroprep RP-18 gel (40—63 um, Merck,
Darmstadt, Germany), and Sephadex LH-20 (GE Healthcare, Sweden).
Fractions were monitored with TLC, and spots were visualized by spraying
with 8% H,SO, in EtOH, followed by heating. Semipreparative HPLC was
performed on an Agilent 1100 liquid chromatograph with a Zorbax SB-C,j,
9.4mmX25 cm column. UV data were obtained using a UV-210A spectrom-
eter. IR spectra were obtained on a Bio-Rad FtS-135 spectrophotometer with
KBr pellets. MS were recorded on a VG Auto Spec-3000 spectrometer.
NMR spectra were obtained on Bruker DRX-400 and Bruker DRX-500 in-
struments with tetramethylsilane (TMS) as an internal standard.

Plant Material The fruit of S. chinensis was collected in Dongning
county, Heilongjiang province, P. R. China, in September 2008 and identified
by Prof. Xi-Wen Li, Kunming Institute of Botany. A voucher specimen (No.
20081015) has been deposited in the Herbarium of the Kunming Institute of
Botany, Chinese Academy of Sciences.

Extraction and Isolation The fruit of S. chinensis (3.9 kg) was air-dried
at room temperature and pulverized, then extracted with 70% aqueous ace-
tone (4X101) at room temperature to yield an extract. The extract was con-
centrated in vacuo to yield a residue (690 g), 650 g of which was suspended
in water and successively partitioned with EtOAc and n-butanol. The solvent
was evaporated under a vacuum to afford an EtOAc extract (233.5 g) and n-
butanol extract (380 g). The EtOAc extract (220 g) was chromatographed on
silica gel (1.8kg, 100—200 mesh), eluted with a gradient system of
CHCly/Me,CO (1:0,9:1,8:2,2:1,1:1,0:1) and yielded fractions 1—8.
Fraction 2 (20.6 g) was further purified with repeated CC (silica gel, 200—
300 mesh) eluted with petroleum ether/EtOAc and Sephadex LH-20
(CHCI/MeOH, 1:1) to give compounds wuweizidilactone A (9, 11 mg),
wuweizidilactone B (10, 75 mg), wuweizidilactone C (11, 8 mg), and schin-
lignin A (18, 6 mg). Fraction 3 (12 g) was subjected to RP-18 and repeated
CC (silica gel, 200—300 mesh) eluted with CHCI;/EtOAc to give schine-
olignin A (20, 12mg), schineolignin B (21, 9mg), and pre-gomisin (23,
683 mg). Fraction 4 (33 g) was subjected to CC (silica gel, 200—300 mesh)
eluted with petroleum ether/Me,CO, followed by RP-18, and further purified
with semipreparative HPLC (MeCN/H,O, 42:58) to afford compounds
schindilactone H (1, 130 mg), wuweizidilactone I (2, 13 mg), lancifodilac-
tone N (3, 5mg), schindilactone B (4, 6 mg), lancifodilactone C (5, 8 mg),
and lancifodilactone L (6, 151 mg). Fraction 5 (6.5 g) was subjected to CC
(silica gel, 200—300 mesh) eluted with CHCl;/Me,CO, followed by
Sephadex LH-20, and further purified with semipreparative HPLC
(MeOH/H,0, 55 :45) to yield henridilactone D (7, 20 mg), kadcoccilactone
Q (15, 14mg), and kadsuphilactone B (16, 54 mg). Fraction 6 (45.7 g) was
subjected to CC (silica gel, 200—300 mesh) eluted with a system of
CHCly/Me,CO (20:1,9:1,6:1,3:1, 1:1) to give fractions 6A—6E. Sub-
sequently, fraction 6B (13.2 g) was purified by recrystallization and repeated
CC (silica gel, 200—300 mesh) eluted with CHCl;/Me,CO to give com-
pounds lancifodilactone I (8, 208 mg), wuweizidilactone H (12, 156 mg),
and schinlignin B (19, 18mg). Fraction 6D (8.0g) was subjected to
Sephadex LH-20 and CC (silica gel, 200—300 mesh) eluted with a system
of petroleum ether/i-PrOH (15:1, 9:1, 4:1, 2:1, 1:1) and purified with
semipreparative HPLC (MeOH/H,0, 47 : 53) to yield compounds pre-schisa-
nartanin A (13, 48 mg), pre-schisanartanin B (14, 53 mg), schineolignin C
(22, 4 mg), and meso-dihydroguaiaretic acid (24, 5 mg).

Schindilactone H (1): Amorphous white powder; [a])’ +80.8 (c=0.20,
CH;OH); UV A,,. (MeOH) nm (log €): 242 (3.32); IR (KBr) v, cm "
3441, 2962, 2929, 1779, 1738, 1663, 1458, 1381, 1330, 1110, 1011; 'H- and
BC-NMR spectra: see Table 1; high-resolution ESI-MS m/z 581.2011
[(M+Na)*; Caled C,gH;,0,,Na, 581.1198, A +1.2 mmu].

Wuweizidilactone T (2): Amorphous white powder; []}y —23.8 (¢=0.12,
CH;OH); UV A,,. (MeOH) nm (log €): 213 (3.83); IR (KBr) v, cm "

‘max
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3456, 2969, 2926, 1761, 1719, 1644, 1629, 1455, 1439, 1385, 1333, 1229,
1150, 1129, 1064, 1040; 'H- and >*C-NMR spectra: see Table 1; high-reso-
lution ESI-MS m/z 637.2734 [(M+Na)*; Caled C;;H,,0,,Na, 637.2624, A
+0.9 mmu].

Schinlignin A (18): Yellow oil; [o]2*° —6.9 (¢=0.18, CH,0H); UV 4.
(MeOH) nm (log £): 192 (4.05), 207 (4.62), 270 (3.31); IR (KBr) v, cm "
3425, 2961, 2935, 1593, 1509, 1462, 1384, 1234, 1127, 1108, 1005; 'H- and
BC-NMR spectra: see Tables 2 and 3; high-resolution ESI-MS m/z 419.2082
[(M+H)*; Caled C,3H;,0,, 419.2069, A +1.2 mmu].

Schinlignin B (19): Yellow oil; [¢]2*7 —4.2 (¢=0.24, CH,0H); UV 4,
(MeOH) nm (log €): 205 (4.56), 280 (3.52), 375 (3.14); IR (KBr) v, cm™ "
3424, 2962, 2935, 1596, 1515, 1463, 1432, 1383, 1352, 1271, 1234, 1201,
1106, 1002; 'H- and '*C-NMR spectra: see Tables 2 and 3; high-resolution
ESI-MS m/z 397.1629 [(M+Na)*; Caled C,H,O4Na, 397.1627, A
+0.2 mmu].

Schineolignin A (20): White amorphous solid; [¢]) —18.2 (¢=0.26,
CH,OH); UV A, (MeOH) nm (log €): 205 (4.34), 278 (3.28); IR (KBr)
Vo €M1 3423, 2957, 2923, 1613, 1594, 1513, 1459, 1349, 1237, 1168,
1098, 1001; 'H- and *C-NMR spectra: see Tables 2 and 3; high-resolution
ESI-MS m/z 353.1721 [(M+Na)*; Caled C,,H,O,Na, 353.1728, A
—0.8 mmu].

Schineolignin B (21): White amorphous solid; [e]3* +14.9 (¢=0.34,
CH,OH); UV A,,,, (MeOH) nm (log €): 193 (3.83), 205 (4.36), 279 (3.20);
IR (KBr) v, ., cm™ ' 3433, 2956, 2931, 1592, 1514, 1463, 1349, 1261, 1237,
1199, 1155, 1141, 1106, 1029, 1005; 'H- and '*C-NMR spectra: see Tables 2
and 3; high-resolution ESI-MS m/z 375.2177 [(M+H])"; Calcd Cy,H;,0s,
3752171, A +0.6 mmu].

Schineolignin C (22): White amorphous solid; [e]3* —2.86 (c=0.31,
CH,OH); UV A, (McOH) nm (log &): 205 (4.44), 281 (3.26); IR (KBr)
Vo €M1 3425, 2957, 2933, 1593, 1514, 1462, 1351, 1269, 1236, 1202,
1152, 1103, 1034, 1001; 'H- and *C-NMR spectra: see Tables 2 and 3;
high-resolution ESI-MS m/z 361.2018 [(M+H])*; Caled C,H,40s,
361.2014, A +0.3 mmul].

Acknowledgments This work was supported financially by the NSFC
(Nos. 30830115 and 20802082), Science and Technology Program of
Yunnan province (Nos. 2008GA031 and 2007BC004), Major State Basic
Research Development Program of China (Nos. 2009CB522300 and
2009CB940900), and CAS action-plan for West Development (KZCX2-
XB2-15).

References

1) Song W. Z., Xiao P. G., Chin. Tradit. Herb. Drugs, 13, 40—43 (1982).

2) Opletal L., Sovova H., Bartlova M., J. Chromatogr. B, 812, 357—371
(2004).

3) Hanche J. L., Burgos R. A., Ahamada F., Fitoterapia, 70, 451—471
(1999).

4) ChangJ. B., Reiner J., Xie J. X., Chem. Rev., 105, 4581—4609 (2005).

5) Kuo Y. H., Kuo L. Y., Chen C. E, J Org. Chem., 62, 3242—3245
(1997).

6) Chen D. F, Zhang S. X., Wang H. K., Zhang S. Y., Sun Q. Z.,
Cosentino M., Lee K. H., J. Nat. Prod., 62, 94—97 (1999).

7) Sun H.D., QiuS. X., Lin L. Z., Wang Z. Y., Lin Z. W., Pengsuparp T.,
Pezzuto J. M., Fong H. H. S., Cordell C. A., Farnsworth N. R., J. Nat.
Prod., 59, 525—527 (1996).

8) Chen Y. G., Wang P, Lin Z. W,, Sun H. D., Qin G. W,, Xie Y. Y., Phy-
tochemistry, 48, 1059—1062 (1998).

9)
10)
11)
12)
13)
14)
15)
16)
17)
18)

19)

20)
21)

22)

23)

24)
25)
26)

27)
28)

29)
30)
31)
32)
33)
34)

35)

1611

Ikeya Y., Taguchi H., Yosioka I., Kobayashi H., Chem. Pharm. Bull.,
27, 1383—1394 (1979).

Tkeya Y., Taguchi H., Yosioka I., Iitaka Y., Kobayashi H., Chem.
Pharm. Bull., 27, 1395—1401 (1979).

Tkeya Y., Taguchi H., Sasaki H., Nakajima K., Yoshioka I., Chem.
Pharm. Bull., 28, 2414—2421 (1980).

Ikeya Y., Taguchi H., Mitsuhashi H., Takeda S., Kase Y., Aburada M.,
Phytochemistry, 27, 569—573 (1988).

Li L. N., Xue H., Kangouri K., Ikeda A., Omura S., Planta Med., 55,
294—296 (1989).

Kangouri K., Miyoshi T., Kawashima A., lkeda A., Mizutani T.,
Omura S., Li L. N., Xue H., Planta Med., 55, 297—299 (1989).

Li L. N.,, Xue H., Ge D. L., Kangouri K., Miyoshi T., Omura S., Planta
Med., 55, 300—302 (1989).

Xiao W. L., Li R. T., Huang S. X., PuJ. X., Sun H. D., Nat. Prod. Rep.,
25, 871—891 (2008).

Alexander P., Georg W., J. Ethnopharmacol., 118, 183—187 (2008).
Xiao W. L., Huang S. X., Zhang L., Tian R. R, Wu L., Li X. L., Pu J.
X., Zheng Y. T., Lu Y., Li R. T., Zheng Q. T., Sun H. D., J. Nat. Prod.,
69, 650—653 (2006).

Huang S. X., Li R. T, Liu J. P, Lu Y., Chang Y., Lei C., Xiao W. L.,
Yang L. B., Zheng Q. T., Sun H. D., Org. Lett., 11, 2079—2082
(2007).

Li R. T, Xiang W,, Li S. H,, Lin Z. W,, Sun H. D., J. Nat. Prod., 67,
94—97 (2004).

Li R. T, Shen Y. H., Xiang W., Sun H. D., Eur. J. Org. Chem., 4,
807—811 (2004).

Huang S. X., Yang L. B., Xiao W. L., Lei C., Liu J. P, Lu Y., Weng Z.
Y,LiL. M, LiR. T, Yul. L., Zheng Q. T., Sun H. D., Chem. Eur. J.,
13, 4816—4822 (2007).

Huang S. X., Han Q. B,, Lei C., PuJ. X, Xiao W. L., YuJ. L., Yang L.
M., Xu H. X., Zheng Y. T., Sun H. D., Tetrahedron, 64, 4260—4267
(2008).

Gao X. M., Pu J. X,, Xiao W. L., Huang S. X., Lou L. G., Sun H. D,,
Tetrahedron, 64, 11673—11679 (2008).

Shen Y. C., Lin Y. C., Chiang M. Y., Sheau F. Y., Cheng Y. B., Liao C.
C., Org. Lett.,7,3307—3310 (2005).

Ikeya Y., Taguchi H., Yosioka 1., Chem. Pharm. Bull., 26, 682—684
(1978).

Schrecker A. W., J. Am. Chem. Soc., 79, 3823—3827 (1957).

LiR. T, Xiao W. L., Shen Y. H., Zhao Q. S., Sun H. D., Chem. Eur. J.,
11, 2989—2996 (2005).

Gonzalez-Coloma A., Escoubas P.,, Mizutani J., Lajide L., Phytochem-
istry, 35, 607—610 (1994).

Conserva L. M., da Silva M. S., Filho R. B., Phytochemistry, 29,
257—260 (1990).

Sarkanen K. V,, Wallis A. F. A., J. Heterocycl. Chem., 10, 1025—1027
(1973).

Liu J.,, Huang M., Gao Y., Findlay J. A., Can. J. Chem., 59, 1680—
1684 (1981).

Dias A. E, Giesbrecht A. M., Gottlieb O. R., Phytochemistry, 21,
1137—1139 (1982).

Fonseca S. F,, Barata L. E. S., Ruveda E. A., Can. J. Chem., 57, 441—
443 (1979).

Martinez V. J. C., Torres Ch. R., Phytochemistry, 44, 1179—1182
(1997).



