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A new sesquiterpene cacaroborin (1) was isolated from the roots of Cacalia
roborowskii, together with three known ones, cinalbicol (2), isopetasin (3), and 3a-
angeloyloxylactone (4). The structure of compound 1 was elucidated as 1f3,10c-
dihydroxy-8a-methoxyeremophil-7(11)-en-83,12-olide on the basis of spectral
evidence (1D, 2D NMR, IR, EI-MS, and HR-ESI-MS) and X-ray diffraction analysis.
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1. Introduction

The genus Cacalia (Compositae) consists
of about 60 species grown in northwest
and southwest of China [1], and one half of
them have been used as Chinese traditional
folk herbs to treat many kinds of diseases
[2]. Several species of the genus Cacalia
have been investigated due to their anti-
oxidant, antiradical, and anti-histamine
activities [3]. Cacalia roborowskii
(Maxim) Ling is a perennial herb, and
some eremophilane sesquiterpenes have
been isolated previously [4—6]. Continu-
ing our search for bioactive constituents
from the Compositae plants, we have
investigated the constituents of C. robor-
owskii, which led to the isolation and
structural elucidation of one new and three
known sesquiterpenes (Figure 1).

2. Results and discussion

Compound 1, isolated as colorless needles,
possessed the molecular formula
Ci6H2405 on the basis of the positive
HR-ESI-MS at m/z 297.1694 [M+H] ™. Its
IR spectrum showed absorption bands for

v-lactone (1761cm™') and hydroxyl
(3536 cm ™ ') groups. The EI-MS indicated
the fragment ions formed due to the loss of
H,O at m/z 278 [M—H,0]" and 260
[M—2H,0]", which confirmed the pre-
sence of the hydroxyl groups. Meanwhile,
in the EI-MS, the fragment ion formed due
to the loss of CH;OH at m/z 264
[M—CH;OH]™" displayed the presence of
an OMe group, which was in accordance
with the NMR spectral data [64 3.16 (3H,
s) and 6¢ 50.1 (q)] (Table 1). Apart from
the OMe group, in the '"H NMR spectrum,
the presence of three methyls at oy 1.89
(3H, s, CH5-13), 0.87 (3H, s, CH3-14), and
0.86 (3H, d, J=6.8Hz, CH3-15), an
oxygenated methine at oy 3.66 (1H, brs,
H-1), and a hydroxy group at &y 4.05
(IH, s) was observed. The 13C NMR
spectrum (Table 1) indicated the presence of
15 carbon signals including three methyls,
four methylenes, two methines (one oxyge-
nated), and six quaternary carbons (one
ester carbonyl, one acetal, one oxygenated,
and two olefinic carbons). These infor-
mation suggested that compound 1 was a
sesquiterpene with an OMe group.
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Figure 1. Structures of compounds 1-4.

In the HMBC spectrum (Figure 2), the
cross-peaks for three characteristic
methyls with correlative carbons [CH5-13
(0g 1.89, s) with C-7 (8¢ 156.8, s), C-11
(6c 126.5, s), C-12 (8¢ 171.2, s); CH3-14
(0y 0.87, s) with C-4 (6¢ 34.5, d), C-5 (6¢
44.9,s), C-6 (8¢ 33.8, 1), C-10 (8¢ 73.8, s);

Table 1. 'H (400MHz) and *C (100 MHz)
NMR spectral data of compound 1 [in CDCl;,
Jin Hz, 6 in ppm, TMS as the internal standard].

No. S c (DEPT)
1 3.66 (1H, brs) 75.1 (d)
2a 2.19 (1H, m) 29.0 (t)
2b 1.54 (1H, m)

3a 1.54 (1H, m) 25.4 (t)
3b 1.33 (1H, m)

4 2.16 (1H, m) 34.5 (d)
5 44.9 (s)
6a 242 (1H,d, J=12.8)  33.8())
6b 2.28 (1H, d, J = 12.8)

7 156.8 (s)
8 106.1 (s)
9a 246 (1H,d, J = 14.4) 418 (1)
9%b 2.11 (1H, d, J = 14.4)

10 73.8 (s)
11 126.5 (s)
12 171.2 (s)
13 1.89 (3H, s) 8.3 (q)
14 0.87 3H, s) 14.5 (q)
15 0.86 3H, d, J = 6.8) 15.3 (q)
8-OMe 3.16 (3H, s) 50.1 (q)

10-OH  4.05 (1H, s)

OH

and CHs-15 (6y 0.86, d, J=6.8Hz)
with C-3 (oc 254, t), C-4 (6¢c 34.5, d),
C-5 (6¢c 44.9, s)] indicated that compound
1 was an eremophilane-type sesquiterpene
lactone, which is in accordance with the
structure segment eremophil-7(11)-en-
8,12-olide [7]. The oxygenated methine
signal at &y 3.66 (1H, brs) showed HMBC
correlations with C-3 (8¢ 25.4, t), C-5 (6¢
44.9, s), and C-10 (6¢ 73.8, s), suggesting
the presence of a hydroxyl at C-1. The
singlet at &y 4.05 (1H, s) showed HMBC
correlations with C-1 (6¢ 75.1, d), C-9 (6¢
41.8, t), and C-10 (6¢ 73.8, s), indicating
another hydroxyl at C-10. The OMe signal
at 8y 3.16 (3H, s) correlated with C-8 (o¢
106.1, s), so the OMe group should be at

?
(9)
<

Figure 2. Selected correlations in the HMBC
spectrum of compound 1.
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C-8. Thus, the planar structure of com-
pound 1 was determined as 1,10-dihydroxy-
8-methoxyeremophil-7(11)-en-8,12-olide.

The relative stereochemistry of com-
pound 1 was unambiguously determined
by single-crystal X-ray diffraction anal-
ysis, as shown in Figure 3. Thus,
compound 1 was assigned as 1f3,10a-
dihydroxy-8a-methoxyeremophil-7(11)-
en-83,12-olide, named as cacaroborin.

Three known compounds 2-4 were
isolated by repeated column chromatog-
raphy of the methanol extract of the roots
of C. roborowskii and deduced by spectral
data as cinalbicol (2) [8], isopetasin (3) [9],
and 3a-angeloyloxylactone (4) [10].

3. Experimental
3.1 General experimental procedures

Melting points were determined on an X-4
digital display micromelting point appar-
atus, and are uncorrected. Optical rotations
were measured on a Perkin-Elmer 341
polarimeter. IR spectra were taken on a
Nicolet NEXUS 670 FT-IR spectrometer.
NMR spectra were recorded on a Varian
Mercury plus-400 NMR spectrometer with
TMS as the internal standard. HR-ESI-MS
data were recorded on a Bruker Daltonics

APEX II 47e spectrometer. EI-MS data
were recorded on an HP5988A GC/MS
spectrometer. Silica gel (200—300 mesh)
used for column chromatography and
silica gel GF,s4 (10—40 pM) used for
TLC were supplied by the Qingdao Marine
Chemical Factory, Qingdao, China. Spots
were detected on TLC under UV light or
by heating after spraying with 5% H,SO,4
in C2H5OH (V/V).

3.2 Plant material

The roots of C. roborowskii were collected
in Zhang County, Gansu Province, China,
in August 2005, and identified by Prof.
Guo-Liang Zhang, School of Life Sciences,
Lanzhou University. A voucher specimen
(No. Co-200508) has been deposited at the
College of Chemistry and Chemical
Engineering, Lanzhou University.

3.3 Extraction and isolation

The powdered air-dried roots (560 g) of
C. roborowskii were extracted with hot
methanol twice to give a residue (76g)
after evaporation. The residue was separ-
ated on column chromatography over
1000 g silica gel using petroleum ether
(60—90°C) mixed with gradually increasing

Figure 3. The X-ray crystal structure of compound 1.
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amounts of acetone (30:1, 20:1, 10:1, 5:1,
2:1, and 0:1) as the eluent. Six crude
fractions (A—F) were obtained by TLC
analysis. Fraction B (petroleum ether—
acetone 20:1, 5.6 g) was subjected to silica
gel column chromatography eluting with
CHCl;-acetone (50:1 and 40:1) to give
compounds 4 (36mg) and 3 (40mg).
Fraction D (petroleum ether—acetone 5:1,
6.8 g) was subjected to silica gel column
chromatography eluting with CHCl;—
methanol (30:1, 20:1, and 10:1) to give
four subfractions (D-1 to D-4). Fraction D-1
(1.2g) was separated repeatedly with
petroleum ether—EtOAc to afford com-
pound 2 (5mg). Fraction D-2 (0.8 g) was
subjected to silica gel column chromatog-
raphy with petroleum ether—acetone (6:1
and 3:1) to give compound 1 (7 mg).

3.3.1 1B,10a-Dihydroxy-8a-methoxyere
mophil-7(11)-en-88,12-olide (1)

Colorless needles, mp 157-160°C; [a]Z
—118 (¢ = 0.7, CHCl;); IR (KBr) ¥pmax
(em™Y): 3536, 2940, 1761, 1695, 1452,
1378,1311, 1168, 939; "H NMR (400 MHz,
CDCl5) and >C NMR (100 MHz, CDCl5)
spectral data are listed in Table 1; EI-MS m/z
(%): 296 [M]T(1), 278 [M—H,0]7 (1), 264
[M—CH;O0H]*(22), 260 [M —2H,0]™ (1),
246 [M—H,0—CH;OH]*(3), 141 (16),
124 (100), 43 (90); HR-ESI-MS m/z:
297.1694 [M+H]" (caled for Ci¢H,50s,
297.1697).

3.4 X-ray crystallography of
compound 1

Crystal data: C;¢Hp4O5 (fw = 296.35),
crystal dimensions 0.26 X 0.20 X 0.18 mm,
monoclinic, space group P21, a = 14.338
Q)A, b=69212(12) A, c = 15.891 (3) A,
B=98294 (3)°, V=1560.5 (4)A°
Z=4, Dc = 1261 mg/m®, F(000) = 640,
MoK\ = 0.71073 A. The reflection data

were collected on a Bruker Smart Apex
CCD diffractometer, using graphite-mono-
chromated Mo Ka radiation. A total of 5677
reflections were collected in the range
2.07° = 0 = 25.50°, of which 3838 unique
reflections with I > 20(l) were collected
for the analysis. The structure was solved by
direct methods using Bruker SHELXL-97
and refined by full-matrix least squares on
F? using Bruker SHELXL-97. The final R
and Ry factors were 0.0628 and 0.1522,
respectively. Crystallographic data for the
structure reported in this paper have been
deposited at the Cambridge Crystallo-
graphic Data Centre under the reference
number CCDC 734461.
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