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ABSTRACT

Sesquiterpene lactones, ligulolide A (1) and 6f,8a-dihydroxy-1-oxoeremophila-7(11),9(10)-diene-12,8-olide (2), were isolated from Ligularia
virgaurea spp. oligocephala. Their structures were established by analysis of one- and two-dimensional NMR data. The relative stereostructures
were determined on the basis of NOESY and single-crystal X-ray experiments. 1 represents a novel sesquiterpene carbon framework, and a
possible biosynthetic process is proposed. 2 is a novel eremophilane-type sesquiterpene.

Since 1997, the Compositae plant family has been the subjecbf stomachache and hansel this study, we describe the
of several chemical investigations by our group aimed at isolation and structural elucidation of the sesquiterpene
finding the bioactive sesquiterpenoids. This effort has led lactones (12) from the alcoholic extract of the species, as
to the discovery of some structurally novel sesquiterpeneswell as their antitumor activities.

with important carbon skeleton types of eudesmane, ger-
macrane, eremophilane, and guanbfberefore, the natural
products chemistry of various sesquiterpenoids from higher
plants continues to capture our attention. At present, we have
isolated some new sesquiterpenoids from the genera belong-
ing to Artemisia, SenecioCarpesium,Halenia, andLigu-
laria.! The genusdligularia was found to be an important
source of sesquiterpenes of the eremophilane type. In the
course of our search for bioactive sesquiterpenoids, we Compoundl is a bicarbocyde sesquiterpene related in
selected.igularia virgaurea spp.oligocephala, which has  structure to bakkenolide Awhich has cytotoxic activit§d

long been used as a traditional folk medicine for the treatment pyt possesses a novel carbon framework. New compaund
has an eremophilane-type carbon skeleton. It has been
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Table 1. NMR Spectral Data for Ligulolide AX) in CDCk

C/H no. on? mult. (J in Hz) Ocbe COoSsy HMBCY NOESY
1 139.43 s 2ax, 2eq, 3ax, 3eq, 5ax
2ax 221m 2042t 2eq, 3ax, 3eq 3ax, 3eq, 4ax, 4eq 3ax
2eq 2.16 m 2ax, 3ax, 3eq 3eq
3ax 1.82m 18.14 t 2ax, 2eq, 3eq, 4ax, 4eq 2ax, 2eq, 4ax, 4eq, 5ax 2ax, 4ax
3eq 1.70 m 2ax, 2eq, 3ax, 4ax, 4eq 2eq, 4eq
4ax 1.85m 31.07t 3ax, 3eq, 4eq, 5ax 2ax, 2eq, 3ax, 3eq, 5ax, 13 3ax
4eq 1.58 m 3ax, 3eq, 4ax, 5ax 3eq
5 2.77 brq (7.2) 29.43d 4ax, 4eq, 13 3ax, 3eq, 4ax, 4eq, 13 4ax, 14
6 178.75 s 2ax, 2eq, 4ax, 4eq, 5ax, 13, 14
7 82.11s 14
8 70.19s 14,15
9 198.13 s 2ax, 2eq
10 65.33 s 11, 14,15
11 551s 82.30d 15
12 171.90 s 11
13 1.34d (7.2) 19.70 g 5ax 4ax, 4eq, 5ax 4eq, 15
14 1.56 s 15.04 g 5ax
15 161s 24.09 q 1lleq, 13

aRecorded at 400.13 MH2.Recorded at 100.62 MHZ.Multiplicities inferred from by DEPT and HMQC experimentsProtons showing long-range
correlation with indicated carbon.

The air-dried whole plant ot.igularia virgaurea spp. A (C1-C3-C6, C9 and C13) was assembled on the basis
oligocephala(4.0 kg), collected in Huzhu county of Qinghai  of gCOSY correlations (C2C3—C4—C5—C13 spin system)
province of China in August of 2002, was powdered and and gHMBC correlations (H5/C6 and H2/C1, C6, C9).
extracted with 95% ethanol at room temperature. The ethyl Substructure B (C6—C8—C10, and C14) was deduced on
acetate-soluble part of the ethanol extract was isolated bythe basis of gHMBC correlations (H14/C6, C7, C8, C10).
column chromatography on silica gel repeatedly to yield pure Substructure C was established by gHMBC correlations
ligulolide A (1)* and 6f,8a-dihydroxy-1-oxoeremophila- (H11/C10, C12 and H15/C8, C10, C11). The presence of
7(11),9(10)-diene-12,8-olide (2).

Compoundl was a colorless crystalline material, and the ||| NG
molecular formula of @H1s0s was determined by HR-
ESIMSm/zat 296.1496 [M+ NH4]*. Inspection of the richly
detailed proton and carbon NMR spectra (Table 1), along
with IR and UV/vis datd,sets the stage for the sesquiterpene
lactone structure determination. The gHMQC and the
broadband-decoupleBC NMR spectra established that
possessed 7 quaternary, 2 methine, 3 methylene, and 3 methyl
carbons, that is, a total of 17 hydrogen attached to 15 carbons._. ) : .
One more proton was inferred from IR spectra showing that Figure 1. Partial structures from two-dimensional NMR fr
a 3441 cm' band was attributed to a hydroxyl group. This
brought the total proton count to 18. Further analysis of the
13C NMR data revealed a ketone carbonyl carberi98.13,

an ester carbonyl carbose 171.90, and three oxygenated 82.30)¢ Taking into account the seven degrees of unsatura-
cart?or)séc 82.11(C), 65.33(C), 82.'30(CH)' Therefore, the tion, compound. is a tetracyclic structure with two carbonyl
prehmmary data sugg.ested that five oXygens were presentcarbons and one double bond. At this point, the task of
in compogndl, amounting to 278 mass units in the molecule. assembling the three partial structurés-C) into a unique
Extensive analyses of gCOSY and g_HMBC datain CDCl g4 crure was complicated because of the incompatibility of
(Table 1) led to three substructures (Figure 1). Substructure1 with the known bakkenolide Aand the long-range

@ Data for 120°C. [a]®% —8" (c 0.2, CHCR: UV (CHoH) heteronuclear of correlations (QHMBC): H2/C9, H14/C6,
ata forl: mp ; [0]?% —8° (¢ 0.2, ; 3 .
Jmax 240 nm (loge = 5.23); IR (film) v 3441, 2920, 2851, 1706, 1644, and. H15/C8. However,_ a plausible stru_cture could be
1460, 1377, 1256, 1071, 670 cfy NMR can be found in Table 1; HR-  envisioned on the basis of the connections among the
ESIMS m/z296.1496 (M+ NH,4*t, calcd for GsHz:0sN 296.1492). : : ;

(5) Data for2: mp 176°C: [0]2% —148° (¢ 0.18, CHCY): UV (CHs- substructures. The relative stereochemistry of the ring system
OH) Amax 228 nm (loge = 5.23); IR (film) v 3443, 2963, 2940, 2879,

the epoxide ring in substructure C was suggested by typical
13C MNR chemical shifts of C105¢ 65.33) and C11dc

1726, 1691, 1449, 1380, 1257, 1088, 1029, 963 cIMR can be found (6) (a) Tori, M.; Kawahara, M.; Sono, MPhytochemistryt 998 47, 401—
in Table 2; HR-EIMSWz 278.1117 (M), 260.1018 (M— H;0); 246, 189, 409. (b) Wiemer, D. F.; Wolfe, L. K.; Fenical, W.; Strobel, S. A.; Clardy,
159. J. Tetrahedron Lett1990,31, 1973—1976.
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Figure 2. X-ray crystal structure fod.

in 1 was established by analysis of key NOESY correlations.

The strong correlation of H-5 (@.77) to H-14 (61.56)
indicated a cis junction of H-5 and GH.4; the correlation
of H-15 (6 1.61) to H-11 ¢ 5.51) and H-134¢ 1.34) indicated
that 7-OH, CH-13, and CH-15 were in S-orientation
together with CH-14, while the epoxide ring was in
a-configuration. However, the B/C ring junction was not
shown. The structure of was firmly confirmed by X-ray
crystallography (Figure 2). The site of Ck14 of 1 turned
out to be different from that of bakkenolide A and consists
of a unique skeleton. Compourddwas named ligulolide A
after the genusigularia. A possible biosynthetic pathway
for ligulolide A (1) is shown in Figure 3. A naturally

adenostylide (3)

Figure 3. Plausible biosynthetic pathway fdr

occurring adenostylide (3)also obtained from the species

Table 2. NMR Spectral Data foR in CD;COCD;

C/H no. o2 mult. (J in Hz) oche
1 203.0s
2ax 243 m 405t
2eq 2.15m
3ax 1.72m 295t
3eq 1.75m
4 244 m 41.8d
5 515s
6 4.92d (1.6) 74.6 d
7 159.4 s
8 100.6 s
9 6.22s 126.4d
10 149.7 s
11 124.0s
12 172.0s
13 1.95d (1.6) 8.6
14 0.85s 12.6 g
15 1.21d (6.8) 18.1¢

aRecorded at 400.13 MH2.Recorded at 100.62 MHZ.Multiplicities
inferred from by DEPT experiment.

molecule as a hemiacetal (KIM), which changed into
compoundl at the end via several changes, including an
important nucleophilic addition reaction in the internal
molecule (Figure 3).

The molecular formula of compoun®,® obtained as a
white crystalline material, was assigned agHzsOs by HR-
EIMS m/zat 278.1117 [M}. The'H NMR spectrum (Table
2) showed characteristic signals for a furano-elemophila-type
sesquiterpengincluding a singlet olefinic proton at 6.22
(H-9), singlet methyl protons at 0.85 (H:-14), and two
doublet methyl protons at 1.95 and 1.21 (513 and H-
15). An oxygenated methine proton was observed 492
(H-6), suggesting hydroxyl functionality. Fifteen carbon
signals appeared in the broadband-decough&l NMR
spectrum, including a ketone carbonyl carbon signad at
203.0 (C-1), an ester carbonyl carbon signabd d4f72.0 (C-
12), and olefinic carbon signals at159.4 (C-7) and 124.0
(C-11), indicated am.,5-unsaturated ester in the furan ring
and ato 149.7 (C-10) and 126.4 (C-9) due to ans-
unsaturated ketorfeThe signal at) 74.6 (C-6) indicated a
hydroxymethine carbon, and the signal at100.6 (C-8)
implied a dioxyquatenary carbon. These groups were linked
to the structure of compourzlby comparing data of théd
and *C NMR with those in the literaturg,and 2 was
elucidated as/68o-dihydroxy-1-oxoeremophila-7(11),9(10)-
diene-12,8-olide.
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8910) cells1 showed strong cytotoxicity (I§= 19.43uM
against HL-60 and 1§ > 100uM against HO-8910) in vitro,
whereas2 showed no cytotoxicity against both tumor cells
(ICso > 100uM). It seems likely that total synthesis will be
required to access sufficient quantities of these novel
sesquiterpenes for further pharmaceutical evaluation.
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Figure 4. X-ray crystal structure foR. Supporting Information Available: One-dimensionaH
and'*C NMR (DEPT) and X-ray crystallographic data bf
The relative stereostructure of the new eremophilane 2nd2, together with HR-ESIMS, COSY, and HMBC af

lactone2!° was firmly established by X-ray crystallography Thi§ material is available free of charge via the Internet at
(Figure 4). http://pubs.acs.org.

Because only very small quantities of ligulolide & @nd 0L049571C
6(,8a-dihydroxy-1-oxoeremophila-7(11),9(10)-diene-12,8-
olide (2) were obtained from the species, it was not possible  (10) crystal data for 6,8a-dihydroxy-1-oxoeremophila-7(11),9(10)-
to screen their bioactivity against a lot of tumor cell lines. dliegel-122f-olig%?oégglgHésgs,llgerTGZZS.23, EOfSYCIg\iCA f/pgcieggrfg’@‘i
Compoundsl and2 were assayed only against both human 5\3) Sl i %J'?a;= S é]’/ch%. The finEalI)I’?(:v;Iue.was(O?O3’7lliN o
promyelocytic leukemia (HL-60) and human ovarian (HO- for 2134 reflections|[ > 2o(1)].

2316 Org. Lett., Vol. 6, No. 14, 2004



