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Two new sesquiterpene lactones, spicatolide C (1) and spicatocadinanolide A (2), have been isolated along
with the known piptocarphol isomers (3, 4) and one eudismane type sesquiterpene (5) from the EtOAc extract of
the aerial parts of Pseudoelephantopus spicatus. The structures and the relative stereochemistries of the new

metabolites were determined by spectroscopic methods.

Key words

Pseudoelephantopus spicatus (Juss.) C. F. BAKER is an es-
sential component of “Teng-Khia-U”; a folk medicine that
has been widely used in Taiwan for the treatment of inflam-
matory conditions such as edema, chest pain, nephritis, fever
and coughing associated with pneumonia, scabies and an-
thralgia due to wounding. The crude extract of this compos-
ite of Chinese traditional medicine has been demonstrated to
have significant hepatoprotective effects in experimental
models."? The earlier studies of this plant by Ragasa et al.
had resulted with the isolation of previously unknown types
of germacranolides with a unique C-6/C-10 ketal linkage in-
stead of a mostly encountered elephantopus type sesquiter-
penes with a C-1/C-4 linkage.>* The structures of these new
types of germacranolides were elucidated with the help of X-
ray crystallographic studies and named spicatolides A and
BY

In the course of our search for anti-inflammatory candi-
dates from Taiwanese folk medicine, we have investigated
the extracts of P spicatus, and isolated a new germacrano-
lide, spicatolide C (1) and a new cadinanolide, spicatocadi-
nanolide A (2), along with three known sesquiterpenoids
(3—5).> 7 Herein, the isolation and structure elucidation of
the two new compounds are described. Structures of new
metabolites were determined by spectroscopic techniques
and by comparison with the spectroscopic data from litera-
ture.
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Results and Discussion

The aerial parts of P spicatus were extracted with MeOH
and partitioned between EtOAc and H,O. The EtOAc extract
was further partitioned between n-hexane and MeOH/H,O.
The resulting MeOH/H,O extract was found to be moder-
ately cytotoxic against MC-F7 cell lines (1C;,=16.8 ug/ml).
Fractionation and purification of this extract by combination
of chromatographic methods led to the isolation of com-
pounds 1—S5. Identification of the known compounds 3—5
was accomplished by comparison of their spectral data with
those reported in the literature.”"

Compound 1 was isolated as a colorless glass and was as-
signed molecular formula C,;H,,0, with six degrees of un-
saturation, as deduced by HR-ESI-MS at m/z 335.1108
[M+Na]* (Calcd for C,sH,,0,Na, 335.1107). The UV spec-
trum displayed absorption maxima at A, 207 nm. The IR
absorption indicated the presence of an ,f-unsaturated
y-lactone (1768, 1697cm™'), a carbonyl absorption
(1705 cm™"), and a hydroxyl group (3388 cm ™).

The "H-NMR spectrum indicated the presence of two sin-
glet methyl groups, one allylic carbinol proton at & 5.26
(ovlp), an isolated methylene protons at & 2.01 (d,
J=16.4Hz) and 1.90 (d, /=16.4Hz), and an allylic methyl-
ene protons on an oxygen bearing carbon at & 5.02 (d,
J=13.2Hz) and 4.98 (d, J=13.2Hz), consistent with the
basic skeleton of spicatolide type lactones isolated earlier
from P spicatus.” The '*C- and DEPT NMR analyses indi-
cated fifteen carbon resonances attributed to seven quater-
nary, one methine, five methylene, and two methyl carbons.
The presence of ¢, fB-unsaturated y-lactone ring was further
supported by low-field carbon signals at 6 170.7 (s, C-12),
126.1 (s, C-11) and 165.0 (s, C-7). Thus, three double bond
equivalents were attributed to two carbonyl groups and a
double bond. To account for the remaining degrees of unsat-
uration, it was suggested that 1 is a tricyclic sesquiterpene
lactone related to spicatolide A.* The basic spicatolide skele-
ton was also supported by the COSY (H-2/H-3; H-8/H-9)
and HMBC (H-2/C-1, C-3; H-3/C-2, C-4; H-15/C-3, C-4, C-
5; H-13/C-11, C-12, C-7; H-8/C-7, C-9; H-14/C-1, C-9, C-
10) correlations. The relative stereochemistry of 1 was eluci-
dated by the observed correlations of the NOESY cross
peaks between H-8 and H-14. Hence, the structure of com-
pound 1 is elucidated as shown and named spicatolide C.
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Table 1. NMR Data of Specatolide C (1) in CsDsN (J=Hz)
Position ~ 3C-NMR 'H-NMR HMBC ('H-"C)
1 214.9 (s)
2 40.6 (t) 1.89 m, 2.90 m C-1,C-3,C-10
3 35.8 (1) 2.33m,3.47m C-2,C-4,C-15
4 71.4 (s)
5 437(t)  3.29(dd, 6.0,124)  C-4,C-6,C-15
1.76 (d, 12.4)
6 106.3 (s)
7 165.0 (s)
8 64.8(d)  5.26 ovlp C-7,C-9, C-11
9 442 (1)  2.01(d, 16.4) C-1, C-8, C-10, C-14
1.90 (d, 16.4)
10 82.8 (s)
11 126.1 (s)
12 170.7 (s)
13 542(t)  5.02(d, 13.2) C-7,C-11, C-12
4.98 (d, 13.2)
14 256(q) 135s C-1,C-9, C-10
15 31.8(q) 1.28 s C-3,C-4,C-5
Table 2. NMR Data of Cadinanolide (2) in CD,0D (J=Hz)
Position BC-NMR 'H-NMR HMBC (‘"H—"C)
1 78.2 (s)
2 30.7()  220—2.23(dd,2.4,44) C-1,C-3
1.79 (dq, 4.8, 14.8, 10)
3 36.5(t)  1.67—1.70 (dq,2.4,5.2)  C-2,C-4,C-15
2.33 (ddd, 4.8, 14, 9.6)
4 74.3 (s)
5 759(d)  4.64(s) C-4,C-6,C-15
6 93.3 (s)
7 160.3 (s)
8 66.5(d)  6.04 (dd, 2.4, 4.0) C-7,C-11
9 352()  1.95(d, 3.6) C-1,C-7,C-8,C-10, C-14
2.00 (d, 4.0)
10 86.3 (s)
11 129.0 (s)
12 174.2 (s)
13 64.0(t)  4.36(d, 12.4) C-7,C-11, C-12, OCH,
4.18 (d, 12.4)
14 202(q) 1.63(s)
15 21.1(q  1.40(s)
OCH; 584(q 331(s) C-13
1-OCOCH;  171.1 (s)
232(q)  2.18(s) 1-OCOCH,
2-0COCH;  171.5(s)
211(q  2.05(s) 2-OCOCH,

The molecular formula of compound 2 was shown to be
C,oH,40,, on the basis of HR-ESI-MS, IR and NMR data.
The IR data displayed absorption bands attributable to y-lac-
tone (1743 cm™ '), carbonyl (1705 cm™'), and hydroxyl group
(3412cm™!). The UV absorption displayed maxima at
215nm suggesting an o,f-unsaturated y-lactone unit. The
3C- and DEPT spectra showed 20 carbons assignable to
three ester carbonyls, two olefinic carbons, four oxygenated
quaternary carbons, two oxygenated methine carbons, four
methylenes, one methoxyl, and four methyl singlets (two of
them acetyl methyl groups). These spectroscopic features
were consistent with cadinanolide type sesquiterpene lac-
tones.>” The 'H-'H COSY data showed proton connectivi-
ties for H-2/H-3 (vicinal methylene units) and H-8/H-9.
Analysis of HMBC established connection of an isolated
carbinol proton signal at 6 4.64 (H-5) to three oxygenated
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«—— NOESY

Fig. 1. Key NOESY Correlations of 1 and 2

quaternary carbons (C-4/C-6/C-15) and the methylene car-
bon (C-3). The low-field methine signal at 6 6.04 (H-8) was
found to correlate to the other two oxygenated quaternary
carbons (C-6/C-10) and two olefinic carbons (C-7/C-11).
Thus, the cadinanolide skeleton for structure 2 was con-
firmed. The free hydroxyl at C-1 and two acetoxy functions
were positioned from the chemical shifts of C-1, C-4, C-5, C-
8, and C-10 and biogenetic cosiderations.” NOESY experi-
ments consolidated stereochemical determination of com-
pound 2. The existence of NOESY correlations (Fig. 1) of H-
14 to H-8 and the absence of correlation to C-15, verified the
B-configurations of C-14 and C-15 methyl groups and the
stereochemistry of the C-8 hydroxyl group. The configura-
tion for C-8 acetoxyl was suggested by the equatorial cou-
pling of H-8 proton to C-9 hydrogens (/=2.2, 4.0 Hz). Thus,
the structure of compound 2 is elucidated as shown and
named spicatocadinanolide A.

Compounds 1—4 were evaluated for their cytotoxic activ-
ity against A549, MCF7, HepG2 and MDA-MB-231 cancer
cell lines. The isomeric mixture of piptocarphol isomers (3,
4) displayed the strongest activity against MCF7, HepG2 and
MDA-MB-231 cell lines with an ICy, 11.20, 16.48 and
14.71 pg/ml, respectively. The rest of the compounds were
not active at 20 ug/ml. These compounds were also screened
for the inhibitory effects on superoxide anion generation and
elastase release by human neutrophils in response to
fMLP/CB but no activity could be observed.

Experimental

General Experimental Procedures The optical rotation values were
recorded with a Jasco-P-1020 polarimeter. UV spectra were taken using a
Jasco V-530 UV/VIS spectrometer. IR spectra were measured on a Mattson
Genesis II™ FT-IR spectrometer. NMR spectra were taken on Varian Unity-
Plus 400 MHz FT-NMR spectrometers. Mass spectral data were recorded on
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a VG Biotech Quattro 5022 Mass spectrometer. Silica gel 60 (Mark, 70—
230, 230—400 mesh) and Versa flash RP-18 column were used for column
chromatography. TLC were carried out on precoated silica Kieselgel 60,
F254 plates, and TLC plates were visualized by spraying with Dragendroft’s
reagent or 50% H,SO, aqueous solution followed by heating.

Plant Material The aerial parts of Pseudoelephantopus spicatus (Juss.)
C. F. BakEer were collected in Feb. 2004. A voucher specimen is deposited in
Graduate Institute of Natural Products (No. Pseudoelephantopus 1), Kaohsi-
ung Medical University, Taiwan.

Extraction and Isolation The aerial parts of Pseudoelephantopus spi-
catus (Juss.) C. F. Baker (10.0kg) was extracted with MeOH (101X5) and
concentrated under reduced pressure. The MeOH extract (ca. 250 g, wet
weight) was partitioned between EtOAc and H,O (1 : 1) to yield two extracts.
The EtOAc extract (ca. 150 g) was then partitioned into n-hexane (45 g,) and
MeOH/H,0 (8:2) layer (70 g, wet weight). The later was subjected to a sil-
ica gel column using step gradient elution with n-hexane-CHCI; and
CHCI1;-MeOH to afford 14 fractions (Fr. 1—15). Based on TLC examina-
tion and cytotoxicity results, Fr. 8 and Fr. 9 were selected and combined
(1.57 g) for further purification. Fractionation on a silica gel column using
step gradient elution with CHCI;/MeOH with increasing polarity afforded
six fractions (IH-1—IH-6). Fraction IH-3 was subjected to HPLC separation
(Hypersil ODS, 250X20 mm, ACN-H,O (1.5:10), flow rate=2 ml/min) to
afford spicatolide C (1) (7 mg, t=7.2 min). Fractions 1—2 were combined
(C7, 900 mg) and subjected to a Versa Flash column, RP-18, H,0/MeOH
(1:2/1:1/0:100) to afford 14 fractions (IH-9-1—IH-9-14). Fraction IH-9-1
was combined with IH-9-2 and subjected to HPLC separation (Develosil
C30-UG-5, 250X20 mm, ACN-H,0 (1.5:10), flow rate=2 ml/min) to yield
isomeric mixture of piptocarphol 3 and 4 (80 mg, 7,=23.4min), a new cadi-
nanolide 2 (4.0mg, #z=51.7min) and tri hydroxylated eudismane 5 (4 mg,
tx=57.7 min).

Spicatolide C (1): Colorless glass (7mg); mp 169—170°C; [a]%
—103.6° (¢=0.7, MeOH); IR v, (neat) cm™': 3388, 1768, 1705, 1697; UV
(MeOH) A, nm: 207 (log € 4.35); 'H- and '*C-NMR: see Table 1; ESI-MS
m/z (rel int): 336 ((M+Na+H]", 20), 335 ((M+Na]*, 90), 313 ((M+H]",
18), 207 (8), 168 (10); HR-ESI-MS m/z: 335.1108 [M+Na]* (Calcd for
C,sH,,0,Na, 335.1107).
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Spicatocadinanolide A (2): Pale yellow oil (4mg); [a]% —25° (¢=0.2,
MeOH); IR v,,, (neat) cm™: 3412, 1743, 1705; UV Amax (MeOH) nm: 215
(log € 4.52); 'H- and *C-NMR : see Table 1. ESI-MS m/z (rel int): 452
(IM+Na+H]", 20), 451 ([M+Na]*, 85), 437 ((M+H]", 20), 413 (25), 409
(30), 381 (80), 367 (15), 353 (28); HR-ESI-MS m/z: 551.1582 [M+Na]*
(Calcd for C,,H,0,,Na, 451.1580).

Antiinflammatory and Cytotoxicity Assays
formed using methods described previously.'®!"

The assays were per-
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