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Sesquiterpenes and Dimeric Sesquiterpenoids from Sarcandra glabra

Xiu-Feng He, Sheng Yin, Yin-Chun Ji, Zu-Shang Su, Mei-Yu Geng, and Jian-Min Yue*

State Key Laboratory of Drug Research, Institute of Materia Medica, Shanghai Institutes for Biological Sciences, Chinese Academy of
Sciences, 555 Zuchongzhi Road, Zhangjiang Hi-Tech Park, Shanghai 201203, People’s Republic of China

Received October 14, 2009

Two new sesquiterpenes, sarcandralactones A (1) and B (2), and five new dimeric sesquiterpenoids, sarcandrolides
A—E (3—7), along with 10 known compounds were isolated from the whole plants of Sarcandra glabra. Their structures
were elucidated on the basis of spectroscopic analysis. Some of the new isolates exhibit significant cytotoxicities when

tested against a small panel of tumor cell lines.

The plants of the Chloranthaceae family are rich sources of
sesquiterpenoid oligomers, which have attracted considerable
interest due to the diverse structures and significant biological
activities, such as antifungal,' cytotoxicity,? and inhibition of cell
adhesion expression. In our recent study, a number of dimeric
sesquiterpenoids isolated from Chloranthus spicatus were found
to exhibit potent and selective inhibition of the delayed rectifier
(Ix) K current.*® There are three species in the Sarcandra genus
of the Chloranthaceae family, which are mainly distributed in the
southeast of Asia. The plant Sarcandra glabra (Thunb.) Nakai, an
evergreen shrub growing in southern China, has been applied in
the system of Traditional Chinese Medicine (TCM) to treat
inflammation, bone fracture, and cancer.®’ Previous chemical
investigations of this species have led to the isolation of hepato-
protective sesquiterpenes and sesquiterpenoid glycosides.® In this
study, two new sesquiterpenes, sarcandralactones A (1) and B (2),
and five new dimeric sesquiterpenoids, sarcandrolides A—E (3—7),
along with 10 known compounds were isolated from the whole
plants of S. glabra. We present herein the isolation, structural
elucidation, and cytotoxic evaluation of these new isolates.

Results and Discussion

The HREIMS of sarcandralactone A (1) displayed a molecular
ion at m/z 246.1241 [M]", consistent with the molecular formula
of C;sH;s0; requiring seven degrees of unsaturation. The IR
spectrum indicated the presence of hydroxy (3439 c¢cm™') and
carbonyl (1720 cm™!) groups. Its 'H NMR spectrum displayed a
characteristic upfield shifted resonance at oy 0.69 diagnostic for
the cyclopropane ring of lindenane sesquiterpenoids,” " two methyl
singlets, and two resonances at Oy 5.08 (s) and 4.97 (s) for a terminal
double bond (Table 1). All 15 carbons were resolved in the '*C
NMR spectrum and were categorized by DEPT experiments as two
methyl, four methylene (one olefinic), three methine (one oxygen-
ated), and six quaternary carbons (one oxygenated, three olefinic,
and one ester carbonyl) (Table 1). These functionalities accounted
for three out of the seven degrees of unsaturation, and the remaining
four degrees of unsaturation implied compound 1 to be tetracyclic.
The 'H and '3C NMR data of 1 were similar to those of
heterogorgiolide,” indicating a lindena-4(15)-en-12,8-olide structural
moiety for 1, which was confirmed by the HMBC spectrum. In
this experiment, the key correlations from the two protons of the
exocyclic double bond [0y 5.08 (s) and 4.97 (s)], the protons of
CH,-6 [0y 3.18 (d, J/ = 15.0 Hz) and 2.42 (d, J = 15.0 Hz)], and
the angular methyl at dy 1.30 (s, 3H) to the same oxygenated
quaternary carbon at Oc 80.3 placed the hydroxy group at C-5
(Figure 1a).

* Corresponding author. Tel./fax: +86 21 50806718. E-mail: jmyue@
mail.shenc.ac.cn.

10.1021/np9006469

The relative configuration of 1 was established on the basis of a
ROESY spectrum (Figure 1b), in which correlations of H;-14/H-
23 and H;-14/H-8 revealed that Hs-14, H-8, and the cyclopropane
ring were cofacial and were arbitrarily assigned a (-orientation.
Consequently, H-1 and H-3 were assigned as o-oriented. The
configuration of the C-5 stereocenter could not be assigned by the
ROESY spectrum since no correlation could be detected. To assign
the relative configuration of C-5, the pyridine-induced solvent shift
method was applied.'? The "H NMR data of 1 measured in CDCl,
and pyridine-ds showed significant pyridine-induced solvent shifts
[AO is defined as O(CDCl;) — O(pyridine-ds)] for H-23 (A6 =
—0.52), H3-14 (AS = —0.15), H-60. (Ad = —0.21), and H-6f3 (A0
= —0.22), indicating that the 5-OH was f-oriented. Therefore, the
structure of 1 was elucidated as depicted.

Sarcandralactone B (2), a colorless solid, showed a molecular
formula of C;sHyO; ([M]' m/z 248.1411) with six degrees of
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Table 1. '"H NMR (400 MHz) and '3*C NMR Data (100 MHz) of 1 and 2
1 2
no. Oy mult (J in Hz)* Oy mult (J in Hz)” Oc” Oy mult (J in Hz)* Oc
1 1.45m 1.34 ddd (8.1, 6.0, 4.3) 31.7 3.56 dd (9.6, 6.3) 74.9
2 0.69 dt (4.5, 8.1), 1.53 m 0.65dt (4.1, 8.4),2.05 m 13.9 2.02m,2.34m 323
3 1.84 m 1.84 ddd (8.8, 6.1, 3.3) 20.9 5.38brs 121.1
4 153.8 132.9
5 80.3 1.99 m 47.3
6 3.18 d (15.0) 3.40d (14.5) 32.8 2.20t(13.8) 25.3
2.42.d (15.0) 2.63d (14.5) 2.91dd (13.8, 3.8)
7 159.1 162.9
8 4.69 dd (12.5,5.3) 4.81dd (12.5,5.7) 77.2 4.90 dd (12.1, 6.8) 78.4
9 2.34.dd (5.3, 12.5) 2.324dd (12.5,5.7) 45.1 0,98t (12.1) 42,0
1.15t(12.5) 1.16 t (12.5) 2.74dd (12.1, 6.8)
10 454 38.9
11 120.0 120.6
12 174.9 174.8
13 1.79 s, 3H 1.80s, 3H 8.3 1.84s,3H 8.3
14 1.30s, 3H 1.45s, 3H 17.2 0.95s,3H 10.0
15 5.08s,4.97s 5.055s,5.02s 106.4 1.70 s, 3H 20.8

“ Measured in CDCl;. ” Measured in pyridine-ds.

Figure 1. Selected HMBC correlations (H—C) and key ROESY
correlations (H<H) of 1.

Figure 2. Selected HMBC correlations (H—C) and key ROESY
correlations (H<>H) of 2.

unsaturation by HREIMS. The IR spectrum showed absorption
bands for the presence of hydroxy and carbonyl groups. The '3C
NMR spectrum displayed 15 carbon signals comprising three
methyl, three methylene, three sp® methine (two oxygenated), one
sp’ quaternary carbon, one ester carbonyl at d¢ 174.8, and four
olefinic carbons (Table 1). Its '"H NMR spectrum showed three
methyl singlets at oy 0.95, 1.70, and 1.84, two oxymethines at Oy
3.56 (dd, J = 9.6, 6.3 Hz) and 4.90 (dd, J = 12.1, 6.8 Hz), and
one olefinic proton at dy 5.38 (br s) (Table 1). The above
spectroscopic analysis indicated that 2 is likely a eudesmadien-
12,8-olide. In the HMBC spectrum (Figure 2a), the correlations
from the upfield methyl singlet (g 0.95) to C-1 (d¢ 74.9), C-3,
C-9, and C-10 placed the hydroxy group at C-1; the correlations
from H;-15 (Oy 1.70) to C-3 (O¢ 121.1), C-4(d¢ 132.9), and C-5
indicated the A3 double bond; and the correlations from H-8 to
C-7, C-9, and C-11 as well as the correlations from Hs-13 to C-7,
C-11, and C-12 confirmed the presence of a y-lactone moiety
between C-12 and C-8. In the ROESY spectrum of 2 (Figure 2b),
the correlations of H-1/H-5, H-5/H-6a, and H-1/H-9a indicated
that they were cofacial and were arbitrarily assigned as o-oriented.
Consequently, the ROESY correlations of Hz-14/H-8, Hs-14/H-6p3,
and H-8/H-6f indicated that they were (-oriented. Compound 2
was thus assigned as 15-hydroxy-3,7(11)-eudesmadien-12,8-olide.

Sarcandrolide A (3) was isolated as a colorless solid. The
HREIMS gave a molecular ion at m/z 618.2827 corresponding to
the molecular formula C3sH4209. The IR absorptions revealed the
presence of carbonyl and hydroxy functionalities. In accord with
the molecular formula, 36 carbon resonances were well resolved
in the '3C NMR spectrum (Table 3) and were categorized by DEPT
experiments as four carbonyl (dc 200.4, 173.4, 170.7, and 168.3),
eight olefinic carbons (three persubstituted and one trisubstituted
double bond), seven methyl (one O-methyl), five sp® methylene
(one oxygenated), eight sp® methine (one oxygenated), and four
sp® quaternary carbons (two oxygenated). Its '"H NMR spectrum
showed two strongly upfield shifted resonances at 0y 0.28 and 0.70
being interpreted in terms of cyclopropane rings (Table 2). The
NMR data of 3 showed close resemblance to those of shizukaol
C'? except for the significant changes of C-13” and H-13’, which
indicated the presence of a C-13” methyl group in 3 instead of an
oxygenated methylene in shizukaol C.'* This was confirmed by
the HMBC correlations from H;-13" to C-7’, C-11’, and C-12".
Analysis of the HMBC spectrum finalized the planar structure of 3
(Figure 3a). The relative configuration of 3 was established by a
ROESY experiment (Figure 3b). The ROESY correlations of H-1/
H-3, H-1/H-2a, H-1/H-9, H-5"/H-9, H-3"/H,-15’, and H-5'/H,-15’
indicated that they were cofacial and were arbitrarily assigned as
a-oriented. As a consequence, the ROESY correlations of Hz-14/
H-23, H3-14/H-6, H-6/H-9’, and H-9"/H;-14’ revealed that they were
p-oriented. Thus, compound 3 was determined as 13’-deoxyshi-
zukaol C.

The HRESIMS of sarcandrolide B (4) displayed a sodiated
molecular ion peak at m/z 673.2632 [M + Na]*, consistent with
the molecular formula C3sH,0y;. Its *C NMR spectrum showed
similarities to that of shizukaol C,'? except for the absence of one
olefinic methyl group and the presence of one additional oxygenated
methylene in 4 (Table 3). Comparing the 'H NMR data of 4 with
that of shizukaol C,'? the olefinic proton H-3" resonated as a broad
triplet at Oy 6.90 (br t, J/ = 6.0 Hz) in 4 (Table 2), while it was a
double quartet at oy 6.88 (qq, J = 7.1, 1.0 Hz) in shizukaol c,B
suggesting that C-4” of 4 was an oxygenated methylene. The
HMBC correlations from H,-4” at dy 4.26 (dd, J = 15.0, 4.9 Hz)
and Oy 4.44 (dd, J = 15.0, 7.0 Hz) to C-2” and C-3" confirmed
this speculation. The relative configuration of 4 was fixed by the
ROESY spectrum, which resulted in the same assignment as
shizukaol C in the dimeric core.

Sarcandrolide C (5) was assigned the molecular formula
C4H46015 on the basis of HRESIMS (m/z 813.2715 [M + Na]™).
The '"H NMR data exhibited the characteristic upfield shifted
resonances (Oy 0.34 and 0.71) of cyclopropane rings (Table 2),
indicating that compound 5 is also likely a lindenane-type sesquit-
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Table 2. 'H NMR Data (CDCl;, 400 MHz) of 3—7

Journal of Natural Products, 2010, Vol. 73, No. 1 47

Oy mult (J in Hz)

no. 3 4 5 6 7
1 2.06 m 2.07 m 2.05ddd (8.2,5.7,4.3) 1.85m 1.96 m
2 0.28 m, 0.98 m 0.33 m, 0.99 m 0.34 m, 1.00 m 0.88 m, 1.08 m 0.94 m, 2H
3 1.83 m 1.86 m 1.84 m 1.78 m 1.82m
6 3.88d (3.0) 391brs 3.934d, (3.8)
9 395s 391s 3.85s 3.86s 3.72s
13 1.82's, 3H 1.91s,3H 1.89 s, 3H 1.53s,3H 1.73 s, 3H
14 1.00's, 3H 1.01s,3H 1.01s,3H 0.81s, 3H 1.04 s, 3H
15 2.57d (16.8) 2.56 dd (16.6, 1.8) 2.56 ddd (16.5, 6.0, 3.8) 1.74 m 1.69 dd (13.5, 10.6)
2.74 d (16.8) 2.82 dd (16.6, 0.9) 2.77 dd (16.5, 5.0) 2.71 m 2.73 dd (13.6, 6.8)
1’ 1.54 m 1.64 m 1.6l m 1.55m 1.54 m
2’ 0.70m, 1.23 m 0.72 m, 1.31 (m) 0.71m, 1.32m 0.61m, 1.16 m 0.60m, 1.19 m
3 1.51 m 143 m 1.39m 1.68 m 1.58 m
5 1.74 dd (14.2,6.2) 1.90 m 1.90 m 2.16 m 1.54m
6’ 2.22.dd (18.0, 6.2) 2.40dd (18.6, 6.3) 2.31dd (19.2,6.2) 2.44.dd (17.6, 6.8) 2.30dd (18.0, 6.4)
2.50 dd (18.0, 14.2) 2.82 dd (18.6, 13.6) 2.91dd (19.2, 13.8) 2.85m 2.88 dd (18.0, 13.5)
9 1.80 m 1.94m 1.88 m 2.63 m 2.55dd (10.4,7.5)
13 1.80's, 3H 4.34d(15.3) 4.44d(12.0) 476 d (12.8) 4.82s,2H
4.41d(15.3) 5.39d (12.0) 4.82d(12.8)
14 0.83 s, 3H 0.87 s, 3H 0.79 s, 3H 0.96 s, 3H 0.94 s, 3H
15’ 3.85d(11.9) 3.80d (11.6) 3.67d (12.0) 4.03d(11.1) 3.85d(11.3)
4.15d(11.9) 4.38d (11.6) 4.55d (12.0) 4.07d (11.1) 4.15d (11.3)
3" 6.90 br q (6.6) 6.77 brt (6.0) 6.56 br t (6.0) 6.84 br q (7.0) 6.84 br q (7.0)
4” 1.85d (6.6) 3H 4.26 dd (15.0, 4.9) 4.61 dd (14.0, 6.4) 1.78 d (7.0) 1.83d (7.0)
4.44 dd (15.0,7.0) 5.36 dd (14.0, 5.9)
5” 1.83s, 3H 1.87 s, 3H 1.95d(0.9) 1.78 s, 3H 1.84's, 3H
2" 5.48 dd (4.8, 3.3)
3" 2.77 dd (14.3, 4.8)
3.49dd (14.3,3.3)
OMe 3.77 s, 3H 3.74 s, 3H 3.71s,3H 3.76 s, 3H
OAc 2.17 s, 3H 2.03 s, 3H 2.07 s, 3H

erpenoid dimer. The '*C NMR data of 5 showed similarity to those
of shizukaol G,"* except for the presence of two additional signals
(0c 169.9 and 20.7) being assignable to the presence of an acetyl
group in 5 (Table 3). The O-acetyl group was located at C-2"” by
the HMBC correlation between H-2" (0y 5.48, dd, J = 4.8, 3.3
Hz) and the carbonyl carbon (d¢ 169.9) of the acetyl group. Thus
sarcandrolide C (5) was determined as 2’”-O-acetylshizukaol G.

The HREIMS of sarcandrolide D (6) exhibited a molecular ion
peak at m/z 678.2666 [M] ™, corresponding to the molecular formula
C37H4,015. The '"H NMR spectrum showed characteristic proton
resonances for cyclopropane rings and six methyl groups, which
were classified according to the chemical shifts as two angular (Oy
0.81 and 0.96), three olefinic [0y 1.53 (s), 1.78 (d, J = 7.0 Hz),
and 1.78 (s)], and one acetyl methyl [0y 2.03 (s)] (Table 2). The
13C NMR spectrum displayed 37 carbon resonances comprising six
methyl, six methylene (two oxygenated), seven sp®> methine (one
oxygenated), eight olefinic (three tetrasubstituted and one trisub-
stituted double bonds), four ester carbonyl, and six sp® quaternary
carbons (three oxygenated and one hemiacetal at dc 103.4) (Table
3). Comparison of its '3C NMR data with those of 3—5 showed
several changes in the dimeric core, suggesting that this part of the
structure of 6 is different from those of 3—5. Comparison of its
13C NMR data with those of chlorahololide F° showed that the two
compounds were structurally close, except for the presence of one
oxygenated methine (C-9) in 6 instead of the keto carbonyl C-9 in
chlorahololide F. The HMBC correlations from Hs-14 (dy 0.81,
3H) to C-1, C-5, C-9 (d¢ 78.3), and C-10 revealed that a hydroxy
group was located at C-9 of 6, replacing the C-9 keto group of
chlorahololide F. The planar structure of 6 was further verified by
the HMBC spectrum (Figure 4a). Its relative configuration was
assigned by a ROESY spectrum (Figure 4b), in which the OH-9
was fixed as f-oriented by the ROESY cross-peak between H-9
and H-1. The relative configuration of the remaining stereocenters
of 6 was determined to be the same as chlorahololide F by their
similar NMR data and the ROESY spectrum.

Sarcandrolide E (7) had the molecular formula C3gHy4O1;, as
determined by HREIMS at m/z 692.2805 [M]*. Its 'H and '*C NMR

spectra showed close resemblance to those of 6, indicating that they
are structurally related analogues. The NMR data of 7 compared
with 6 revealed the presence of one keto carbonyl (d¢ 198.9) and
one O-methyl group and the absence of the hemiacetal moiety,
suggesting that compound 7 was likely produced by the metha-
nolysis of the 8,12-lactone ring of 6. This speculation was confirmed
by the HMBC correlations from H-9 to C-10 and C-8 (d¢ 198.9)
and between OCHj3 (dy 3.76) and C-12 (Oc 169.6). The relative
configuration of 7 was established to be the same as 6 by the
ROESY spectrum.

The absolute configurations of 3—7 were determined by applying
the CD exciton chirality method.'® All five sesquiterpenoid dimers
showed a similar CD split pattern in the 210—260 nm region, where
positive chirality arose from the exciton coupling of the o,f-
unsaturated y-lactone (C-7’, C-11", and C-12") and twisted s-elec-
tron system [(C-5—C-8 and C-11—C-12) or (C-7—C-8 and C-11—C-
12)] chromophores (Figure 5). The CD spectra of 3—7 also matched
very well with those of reported sesquiterpenoid dimers,” supporting
these assignments. The absolute configuration of 3—7 was therefore
assigned as depicted.

Ten known compounds were identified on the basis of their 'H
and *C NMR and ESIMS data as (+)-spathulenol,'® chlorantha-
lactone E,'” neolitacumone B,'® 3-eudesmene-143,7,11-triol,'® chlo-
rahololide F,’ shizukaol B,'? shizukaol C,'? shizukaol E,'* shizukaol
G,'" and cycloshizukaol A.?°

The cytotoxic activities of compounds 1—7 were evaluated
against the HL-60 (human leukemia) cell line by using the MTT
method?' and against the A-549 (human lung adenocarcinoma) and
BEL-7402 (human hepatocarcinoma) cell lines by using the SRB
method,?? and with pseudolaric acid B** as the positive control
(ICsp = 4.2 uM against HL-60, 1.6 uM against A-549, and 1.3 uM
against BEL-7402). The results revealed that compounds 3—5
showed inhibitory activities against the HL-60 cell line with ICsg
values of 3.1, 8.4, and 8.5 uM, respectively, compounds 3 and 5
showed inhibitory activities against the A-549 cell line with ICs,
values of 7.2 and 4.7 uM, respectively, while none of the tested
compounds showed inhibitory activity on the BEL-7402 cell line.
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Table 3. 3C NMR Data (CDCl;, 100 MHz) of 3—7

Oc
no. 3 4 5 6 7
1 25.6 26.1 26.2 29.0 25.8
2 15.9 16.0 16.0 9.3 8.6
3 24.7 24.8 24.8 29.8 29.8
4 142.3 142.6 142.6 77.7 79.1
5 131.9 132.2 132.4 164.5 163.1
6 40.7 41.2 41.2 122.5 124.7
7 131.5 146.4 131.3 152.4 142.3
8 200.4 200.7 200.7 103.4 198.9
9 80.3 79.7 79.7 78.3 77.7
10 51.1 50.8 50.8 49.6 50.7
11 147.4 131.9 146.8 124.0 128.8
12 170.7 171.8 170.1 171.4 169.6
13 20.2 20.1 19.8 10.3 21.0
14 15.2 15.5 15.5 14.0 15.6
15 25.3 25.3 25.3 40.1 41.2
1 25.3 25.6 25.7 26.5 26.8
2 12.0 11.5 11.4 10.5 10.3
3 28.3 27.7 28.0 29.6 29.2
4’ 77.6 77.4 77.1 77.3 77.3
5 60.3 60.8 60.9 52.7 55.1
6 22.0 23.1 24.3 21.4 22.4
7 165.1 168.2 174.8 171.5 170.2
8 92.6 93.0 93.5 85.4 87.2
9’ 55.4 54.5 55.4 51.0 53.0
10" 44.6 448 45.1 44.5 44.9
11’ 124.7 127.2 123.6 123.0 124.9
12/ 173.4 172.2 171.8 171.0 170.4
13" 8.6 55.0 53.7 55.2 55.1
147 26.2 26.1 25.9 24.1 24.2
15" 70.7 72.3 72.6 70.6 70.6
1” 168.3 167.5 167.3 168.6 168.1
2" 128.0 127.4 129.4 128.0 127.9
3” 138.8 141.9 135.4 138.9 138.8
4” 12.1 59.6 61.7 12.0 12.1
5" 14.5 12.5 13.0 14.5 14.6
17 168.3
2" 67.3
3" 35.3
4" 169.6
OMe 52.5 53.2 52.5 52.6
OAc 169.9 170.7 170.5

20.7 20.5 20.4

Experimental Section

General Experimental Procedures. Optical rotations were measured
on a Perkin-Elmer 341 polarimeter. UV spectra were obtained on a
Shimadzu UV-2550 spectrophotometer. IR spectra were recorded on a
Perkin-Elmer 577 spectrometer with KBr discs. NMR spectra were
recorded on a Bruker AM-400 spectrometer. EIMS (70 eV) and
HREIMS were measured on a Finnigan MAT-95 mass spectrometer
in m/z (rel %), and ESIMS and HRESIMS were obtained on an Esquire
3000 plus (Bruker Daltonics) and a Waters-Micromass Q-TOF Ultima
Global electrospray mass spectrometer, respectively. All solvents used
were of analytical grade (Shanghai Chemical Plant, Shanghai, People’s
Republic of China). Silica gel (200—300 mesh), silica gel H60,
Sephadex LH-20 (Amersham Biosciences), reversed-phase Cg silica
gel (150—200 mesh, Merck), and MCI gel (CHP20P, 75—150 um,
Mitsubishi Chemical Industries Ltd.) were used for column chroma-
tography. Precoated silica gel GF,s4 plates (Qingdao Haiyang Chemical
Co. Ltd. Qingdao, People’s Republic of China) were used for TLC.

Plant Material. The whole plants of Sarcandra glabra were
collected in June of 2005 from Hainan Province, P. R. China. The plant
was authenticated by Prof. S. M. Huang, Department of Biology, Hainan
University of China. A voucher specimen has been deposited in
Shanghai Institute of Materia Medica, SIBS, Chinese Academy of
Sciences (access number: SGWP-2005-1Y).

Extraction and Isolation. The air-dried powder of the plant material
(4 kg) was percolated with 95% EtOH (3 x 5 L) to give 400 g of
crude extract, which was dissolved in water (1 L) and partitioned
successively with petroleum ether and EtOAc. The EtOAc-soluble
fraction (90 g) was subjected to an MCI gel column (MeOH/H,0, 0%
to 100%) to give three fractions, 1—3. Fraction 1 (50 g) was separated
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Figure 3. Selected HMBC correlations (H—C) and key ROESY
correlations (H<>H) of 3.

on a silica gel column (petroleum ether/acetone, 50:1 to 0:1) to afford
seven fractions, la—1g. Fraction 1b was chromatographed over a silica
gel column, eluted with petroleum ether/EtOAc, 20:1, to afford four
fractions, 1bl—1b4. Fraction 1bl (150 mg) was purified on a Sephadex
LH-20 column, eluted with EtOH, to give (+)-spathulenol (80 mg);
fraction 1b3 (220 mg) gave neolitacumone B (70 mg) by the same
purification procedure. Fraction 1d (500 mg) was separated on a
reversed-phase Cg silica gel column (MeOH/H,0, 50% to 80%) to
afford two fractions, 1d1 and 1d2. Fraction 1d2 was purified by silica
gel column chromatography (petroleum ether/acetone, 10:1 to 8:1) to
give 1 (7 mg) and 2 (5 mg). Fraction le (8 g) was subjected to CC on
silica gel (CH,Cl,/MeOH, 200:1 to 20:1) to give five fractions,
lel—1e5. Fraction le2 (870 mg) was subjected to a silica gel column
(petroleum ether/EtOAc, 8:1) to afford chloranthalactone E (230 mg).
Fraction 1e3 (2.6 g) was chromatographed over a column of reversed-
phase Cyg silica gel (MeOH/H,0, 50% to 80%) to afford four fractions,
le3a—1e3d. Fraction le3a (780 mg) was separated over a silica gel
column (petroleum ether/acetone, 8:1 to 3:1), followed by preparative
TLC (CH3Cl/MeOH, 30:1), to afford 3 (5 mg), 4 (30 mg), 5 (5 mg),
and chlorahololide F (23 mg). Fraction 1e3b (430 mg) was separated
over a silica gel column (petroleum ether/acetone, 8:1 to 6:1), followed
by the purification on a Sephadex LH-20 column (EtOH), to give
3-eudesmene-14,7,11-triol (30 mg). Fraction le3d (370 mg) was
separated on a silica gel column (petroleum ether/acetone, 8:1) and
then purified by preparative TLC (CH3;Cl/MeOH, 30:1) to afford
cycloshizukaol A (60 mg). Fractions le4 (1.6 g) was chromatographed
over a column of reversed-phase Cs silica gel (MeOH/H,0, 50% to
80%) to give three fractions, le4a—ledc. Fraction le4a (220 mg) was
chromatographed on a silica gel column (petroleum ether/acetone, 8:1
to 6:1), followed by a Sephadex LH-20 column (EtOH), to yield 6 (33
mg), 7 (4 mg), and shizukaol B (16 mg). Fraction le4b (670 mg) was
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Figure 4. Selected HMBC correlations (H—C) and key ROESY
correlations (H<>H) of 6.
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Figure 5. CD and UV spectra of 3—7 measured in MeOH and the
stereoview of 3. Bold lines denote the electric transition dipole of
the chromophores of 3.

separated in the same way as leda to afford shizukaol C (18 mg),
shizukaol E (30 mg), and shizukaol G (6 mg).

Sarcandralactone A (1): colorless gum; [a]*’, +168 (c 0.1, MeOH);
UV (MeOH) A (log €) 209 (4.33) nm; IR (KBr) vp. 3439, 2999,
2929, 1720, 1687, 1452, 1387, 1109, 1016, 893 cm™'; '"H NMR data,
see Table 1; ®*C NMR data, see Table 1; EIMS 70 eV m/z (relative
intensity) 246 [M]* (28), 228 (33), 201 (38), 132 (40), 110 (59), 107
(64), 91 (100), 77 (73), 53 (51); HREIMS m/z 246.1241 (calcd for
CysH 503, 246.1256).

Sarcandralactone B (2): colorless solid; [0]*’p +18 (¢ 0.1, MeOH);
UV (MeOH) Apax (log €) 217 (4.04) nm; IR (KBr) vy, 3444, 2926,
1732, 1682, 1441, 1387, 1221, 1109, 1036, 754 cm™!; 'H NMR data,
see Table 1; *C NMR data, see Table 1; EIMS 70 eV m/z (relative
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intensity) 248 [M]" (100), 230 (21), 178 (83), 160 (19), 133 (41), 105
(20), 84 (28), 71 (15), 55 (9); HREIMS m/z 248.1411 (caled for
CysHagOs, 248.1412).

Sarcandrolide A (3): colorless solid; [0]*°y —120 (¢ 0.1, MeOH);
UV (MeOH) Ay (log ) 217 (4.41) nm; CD (MeOH) Amac (Ag) 344
(—2.74), 260 (8.64), 219 (—10.00) nm; IR (KBr) v, 3446, 2949, 1738,
1649, 1437, 1381, 1267, 1134, 993 cm™!; '"H NMR data, see Table 2;
13C NMR data, see Table 3; EIMS 70 eV m/z (relative intensity) 618
IMI* (1), 514 (4), 344 (10), 274 (26), 226 (100), 211 (39), 197 (22),
83 (84), 55 (48); HREIMS m/z 618.2827 (calcd for C3¢H4,00, 618.2829).

Sarcandrolide B (4): yellowish powder; [a]*, —75 (c 0.08, MeOH);
UV (MeOH) A (Iog ) 216 (4.28) nm; CD (MeOH) Ama (Ag) 341
(—3.38), 258 (10.82), 217 (—18.6) nm; IR (KBr) v, 3439, 2933, 1734,
1651, 1437, 1379, 1277, 1136, 1086, 989 cm™!; '"H NMR data, see
Table 2; '3C NMR data, see Table 3; positive mode ESIMS m/z 673
[M + Nal]*; HRESIMS m/z 673.2632 (calcd for Cs3Hs30,0Na,
673.2625).

Sarcandrolide C (5): colorless solid; [0]*, —92 (¢ 0.1, MeOH);
UV (MeOH) Apey (Iog €) 218 (4.43) nm; CD (MeOH) Ay (A€) 346
(—1.78), 251 (6.76), 207 (—12.4) nm; IR (KBr) vpay 3452, 2939, 1751,
1711, 1664, 1616, 1373, 1200, 1161 cm™'; "H NMR data, see Table 2;
13C NMR data, see Table 3; positive mode ESIMS m/z 813 [M + Na]*;
negative mode ESIMS m/z 789 [M — H]~; HRESIMS m/z 813.2715
(calcd for C33H38010Na, 8132734)

Sarcandrolide D (6): colorless solid; [0]*, —26 (¢ 0.1, MeOH);
UV (MeOH) Ay (Iog €) 216 (4.44) nm; CD (MeOH) Ay (Aé) 273
(18.14), 247 (11.82), 216 (—31.64) nm; IR (KBr) v, 3450, 2939,
1751, 1686, 1443, 1383, 1267, 1082, 968 cm™'; '"H NMR data, see
Table 2; *C NMR data, see Table 3; EIMS 70 eV m/z (relative
intensity) 678 [M]™ (62), 660 (80), 642 (100), 556 (58), 512 (61), 482
(60), 410 (76), 379 (77), 223 (55): HREIMS m/z 678.2666 (calced for
C37H401,, 678.2676).

Sarcandrolide E (7): colorless solid; [a]*p —91 (¢ 0.1, MeOH);
UV (MeOH) Ay (Iog ) 218 (4.48) nm; CD (MeOH) Ama (Ag) 341
(—6.68), 262 (22.76), 221 (—14.20) nm; IR (KBr) Ve 3466, 2937,
1751, 1709, 1648, 1437, 1265, 1132, 972 cm™!; '"H NMR data, see
Table 2; 3C NMR data, see Table 3; EIMS 70 eV m/z (relative
intensity) 692 [M]* (1), 660 (3), 642 (18), 482 (8), 410 (8), 377 (8),
223 (4), 83 (100), 55 (44); HREIMS m/z 692.2805 (calcd for C3sHy401,
692.2833).

Cytotoxicity Assay. Cytotoxic activities were evaluated against the
HL-60 cell line by using the MTT method®' and against the A-549
and BEL-7402 cell lines by using the SRB method,** and pseudolaric
acid B*® was used as the positive control (for details see the Supporting
Information).

Acknowledgment. Financial support from the Key Project of
National Natural Science Foundation (Grant No. 30630072; 30721005)
and National Science & Technology Major Project “Key New Drug
Creation and Manufacturing Program” (Grant No. 2009ZX09301-001)
of the People’s Republic of China is gratefully acknowledged. We thank
Prof. S.-M. Huang, Department of Biology, Hainan University, for the
identification of the plant material.

Supporting Information Available: Cytotoxicity assay; IR, EIMS,
'H, 1C, and 2D NMR spectra of compounds 1—7. This material is
available free of charge via the Internet at http://pubs.acs.org.

References and Notes

(1) Xu, Y.-J.; Tang, C.-P.; Ke, C.-Q.; Zhang, J.-B.; Weiss, H.-C.; Gesing,
E.-R.; Ye, Y. donbisianltiiggd 2007, 70, 1987-1990.

(2) Li, C.-J.;; Zhang, D.-M.; Luo, Y.-M.; Yu, S.-S.; Li, Y.; Lu, Y.
e 2008, 69, 2867-2874.

(3) Kwon, O. E.; Lee, H. S.; Lee, S. W.; Bae, K.; Kim, K.; Hayashi, M.;
Rho, M.-C.; Kim, Y.-K. |l . 2006, /04, 270-277.

(4) Yang, S.-P.; Gao, Z.-B.; Wang, F.-D.; Liao, S.-G.; Chen, H.-D.; Zhang,
C.-R.; Hu, G.-Y.; Yue, J.-M. gugalgl 2007, 9, 903-906.

(5) Yang, S.-P.; Gao, Z.-B.; Wu, Y.; Hu, G.-Y.; Yue, J.-M. fsiiichsiic
2008, 64, 2027-2034.

(6) Cheng, Y. Q.; Chen, D. Z. Flora of China (Zhongguo Zhiwu Zhi);
Science Press: Beijing, 1982; Vol. 20 (1), p 79.

(7) Committee, C. P. Pharmacopoeia of People’s Republic of China, 2005
ed.; Chemical Industry Press: 2005; p 154.

(8) Li, Y.; Zhang, D.-M.; Li, J.-B.; Yu, S.-S.; Li, Y.; Luo, Y.-M. LNagz,
Lrad. 2006, 69, 616-620.


http://pubs.acs.org/action/showImage?doi=10.1021/np9006469&iName=master.img-004.jpg&w=232&h=335
http://pubs.acs.org/action/showImage?doi=10.1021/np9006469&iName=master.img-005.jpg&w=238&h=162
http://pubs.acs.org/action/showLinks?pmid=18929375&crossref=10.1016%2Fj.phytochem.2008.08.022&coi=1%3ACAS%3A528%3ADC%252BD1cXhsVWmur3N
http://pubs.acs.org/action/showLinks?pmid=16229979&crossref=10.1016%2Fj.jep.2005.09.018&coi=1%3ACAS%3A528%3ADC%252BD28Xhs1WltL8%253D
http://pubs.acs.org/action/showLinks?system=10.1021%2Fnp050480d&pmid=16643038&coi=1%3ACAS%3A528%3ADC%252BD28XhtlOrt78%253D
http://pubs.acs.org/action/showLinks?system=10.1021%2Fnp050480d&pmid=16643038&coi=1%3ACAS%3A528%3ADC%252BD28XhtlOrt78%253D
http://pubs.acs.org/action/showLinks?system=10.1021%2Fol0700759&pmid=17263543&coi=1%3ACAS%3A528%3ADC%252BD2sXht1KisLY%253D
http://pubs.acs.org/action/showLinks?crossref=10.1016%2Fj.tet.2007.12.057&coi=1%3ACAS%3A528%3ADC%252BD1cXhsFanu78%253D
http://pubs.acs.org/action/showLinks?system=10.1021%2Fnp070433g&pmid=18044839&coi=1%3ACAS%3A528%3ADC%252BD2sXhtlOgsr3L

50 Journal of Natural Products, 2010, Vol. 73, No. 1

(9) Maia, L. F.; Epifanio, R. d. A.; Eve, T.; Fenical, W. joubisiitiigs

1999, 62, 1322-1324.

(10) Kouno, L; Hirai, A.; Fukushige, A.; Jiang, Z.-H.; Tanaka, T. L Naz,
Lrod. 2001, 64, 286-288.

(11) Wang, X.-C.; Wang, L.-L.; Ouyang, X.-W.; Ma, S.-P.; Liu, J.-H.; Hu,
L.-H. ity 2009, 92, 313-320.

(12) Demarco, P. V.; Farkas, E.; Doddrell, D.; Mylari, B. L.; Wenkert, E.

. 1968, 90, 5480-5486.

(13) Kawabata, J.; Mizutani, J. i 1992, 3/, 1293-1296.

(14) Kawabata, J.; Fukushi, E.; Mizutani, J. jissiset 1995. 39, 121-
125.

(15) Berova, N.; Nakanishi, K.; Woody, R. W. Circular Dichroism:
Principles and Applications, 2nd ed.; Wiley-VCH: New York, 2000;
pp 337—382.

(16) Iwabuchi, H.; Yoshikura, M.; Kamisako, W. i i 1989.
37, 509-510.

(17) Uchida, M.; Koike, Y.; Kusano, G.; Kondo, Y.; Nozoe, S.; Kabuto,
C.; Takemoto, T. [N 1980, 28, 92-102.

He et al.

(18) Chang, F.-R.; Hsieh, T.-J.; Huang, T.-L.; Chen, C.-Y.; Kuo, R.-Y.;
Chang, Y.-C.; Chiu, H.-F.; Wu, Y.-C. joubisinsitiiag 2002, 65, 255—
258.

(19) Okasaka, M.; Takaishi, Y.; Kashiwada, Y.; Kodzhimatov, O. K.;
Ashurmetov, O.; Lin, A. J.; Consentino, L. M.; Lee, K.-H. Risigckeiin
istry 2006, 67, 2635-2640.

(20) Kawabata, J.; Fukushi, E.; Mizutania, J. i 1993. 32,
1347-1349.

(21) Alley, M. C.; Scudiero, D. A.; Monks, A.; Hursey, M. L.; Czerwinski,
M. J.; Fine, D. L.; Abbott, B. J.; Mayo, J. G.; Shoemaker, R. H.;
Boyd, M. R. aeiiccinlas 1988, 48, 589-601.

(22) Skehan, P.; Storeng, R.; Scudiero, D.; Monks, A.; McMahon, J.;
Vistica, D.; Warren, J. T.; Bokesch, H.; Kenney, S.; Boyd, M. R.
. 1990, 82, 1107-1112.

(23) Pan, D.-J.; Li, Z.-L.; Hu, C.-Q.; Chen, K.; Chang, J.-J.; Lee, K.-H.
ksl 1990, 56, 383-385.

NP9006469


http://pubs.acs.org/action/showLinks?system=10.1021%2Fja01022a027&coi=1%3ACAS%3A528%3ADyaF1cXkvFWltb0%253D
http://pubs.acs.org/action/showLinks?pmid=2236294&crossref=10.1055%2Fs-2006-960989&coi=1%3ACAS%3A528%3ADyaK3MXhslSqtA%253D%253D
http://pubs.acs.org/action/showLinks?crossref=10.1248%2Fcpb.28.92&coi=1%3ACAS%3A528%3ADyaL3cXksVWnu74%253D
http://pubs.acs.org/action/showLinks?crossref=10.1016%2F0031-9422%2892%2980281-I&coi=1%3ACAS%3A528%3ADyaK38XksVCmtrc%253D
http://pubs.acs.org/action/showLinks?system=10.1021%2Fnp010236w&pmid=11908960&coi=1%3ACAS%3A528%3ADC%252BD38XhtVWrs7k%253D
http://pubs.acs.org/action/showLinks?crossref=10.1016%2FS0031-9422%2800%2995119-7&coi=1%3ACAS%3A528%3ADyaK3sXlsFKiurc%253D
http://pubs.acs.org/action/showLinks?crossref=10.1016%2F0031-9422%2894%2900865-Q&coi=1%3ACAS%3A528%3ADyaK2MXlvFekt7w%253D
http://pubs.acs.org/action/showLinks?system=10.1021%2Fnp000154s&pmid=11277740&coi=1%3ACAS%3A528%3ADC%252BD3MXnt1OhtA%253D%253D
http://pubs.acs.org/action/showLinks?pmid=16956634&crossref=10.1016%2Fj.phytochem.2006.07.020&coi=1%3ACAS%3A528%3ADC%252BD28Xht1CnsbnP
http://pubs.acs.org/action/showLinks?system=10.1021%2Fnp000154s&pmid=11277740&coi=1%3ACAS%3A528%3ADC%252BD3MXnt1OhtA%253D%253D
http://pubs.acs.org/action/showLinks?pmid=3335022&coi=1%3ACAS%3A280%3ADyaL1c%252FotVSrtg%253D%253D
http://pubs.acs.org/action/showLinks?pmid=16956634&crossref=10.1016%2Fj.phytochem.2006.07.020&coi=1%3ACAS%3A528%3ADC%252BD28Xht1CnsbnP
http://pubs.acs.org/action/showLinks?system=10.1021%2Fnp990138z&pmid=10514325&coi=1%3ACAS%3A528%3ADyaK1MXkvF2qtLs%253D
http://pubs.acs.org/action/showLinks?crossref=10.1002%2Fhlca.200800262&coi=1%3ACAS%3A528%3ADC%252BD1MXivFeju7c%253D
http://pubs.acs.org/action/showLinks?pmid=2359136&crossref=10.1093%2Fjnci%2F82.13.1107&coi=1%3ACAS%3A528%3ADyaK3cXltVylsL8%253D
http://pubs.acs.org/action/showLinks?crossref=10.1248%2Fcpb.37.509&coi=1%3ACAS%3A528%3ADyaL1MXktlKlsb0%253D

	Stephen F. Austin State University
	SFA ScholarWorks
	2010

	Sesquiterpenes and Dimeric Sesquiterpenoids from Sarcandra glabra
	Xiu-Feng He
	Sheng Yin
	Yin-Chun Ji
	Zu-Shang Su
	Mei-Yu Geng
	See next page for additional authors
	Recommended Citation
	Authors


	

