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A Polyacetylene and Flavonoids from Cirsium rhinoceros
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Cirsium rhinoceros Nakai (Compositae) is a herbaceous perennial native to Korea, whole plant
of which has been used in folklore medicine. C. rhinoceros was extracted by a standard
extraction procedure. lts n-hexane, CHCI; and n-BuOH extracts were fractionated by column
chromatography to provide a polyacetylene, a coumarin and five flavonoids. Ciryneol C, sco-
poletin, acacetin, cirsimarin were isolated for the first time from this plant.
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INTRODUCTION P
OH 2
Cirsium rhinoceros Nakai (Compositae) is a herbaceous NS
perennial, which grows indigenously in Jeju Island, Korea Cl OH
(Lee et al., 1982). This plant has been used in folkiore 1
medicine for the treatment of hematemesis, hematuria HO 0. .0
and hemorrhage (Kim et al., 1984; Do et al., 1994; Lee et m
al., 1994). CH50 Z
Various flavones (Harborne et al., 1975; Yun et al, 2

1978; Do et al., 1994), triterpenes (Dutta ef al., 1972), wax
(Tulloch et al., 1982), polyolefins, and some widespread
acetylenes (Bohimann et al.,, 1973; Morita et al., 1973;
Yano, 1977; Katsumi et al., 1980; Bohimann et al., 1981,
Takano et al., 1987; Takaishi et al., 1990; Takaishi et al.,
1991; Binder et al., 1992) have been isolated from the
genus Cirsium. Recent studies on C. rhinoceros revealed
the presence of flavonoids (Lee ef al., 1994; Chung et al.,
2002), however, no extensive chemical investigation has
been performed on Cirsium rhinoceros.

As part of our research program on the chemical com-
position of this plant, we have isolated seven compounds
from its whole plant. C. rhinoceros was extracted by a stan-
dard extraction method. Its n-hexane, CHCl; and n-BuOH
extracts were fractionated by column chromatography to
give ciryneol C (1), scopoletin (2), acacetin (3), cirsimaritin
(4), cirsimarin (58), pectolinarigenin 7-O-8-D-glucopyrano-

side (6), and pectolinarin (7). The structures of compounds
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1=Ro=H, R3=Me

1=0Me, H2=Me, R3=H

1=0Me, R, =Me, Rz =Glc

{1 = OMe, R2 =Gle, Rg =Me

7 R1 =OMe, R2 = Rha(1—> G)GIC, R3 =Me

Fig. 1. Structures of compounds 1 through 7

(Fig. 1) were established on the basis of MS, IR, UV and
elaborate NMR spectral analyses.

MATERIALS AND METHODS

Experimental procedures

"H- (500 MHz) and *C-(125 MHz)NMR spectra were ob-
tained on a Varian Unity INOVA 500 spectrometer (Varian,
Inc., U.S.A.). Chemical shifts were expressed in parts per
million (ppm) relative to TMS as the internal standard, and
coupling constants (J) were given in Hz. MS were obtained
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on a Varian Saturn 4D mass spectrometer (Varian, Inc.,
U.8.\) and JEOL JMS HX-110/110A tandem mass spec-
tromate- (JEOL Lid., Japan). IR spectra were obtained on
a Jasco FT/IR-300E spectrometer (Jasco Corp., Japan)
and JV spectra were recorded on a Jasco V-530 UV/Vis
spec rophotometer (Jasco Corp., Japan). HPLC was per-
formre-d on a Waters LC 600E pump using a Waters uPorasil ™
coluran (5 um, 300x7.8 i.d.) and Supelco Silica column (3
um, - 5(x4.6 i.d.). TLC was carried out on Merck Silica gel
Fass-precoated glass plates and RP-18 F,s4, plates. MPLC
was carried out with Silica gel 60 (230-400 mesh) and
Loba® A (240-10) Lichroprep® RP-18 (40-63 um) prepack-
ed cclunns (Merck).

Plan: material

C. rhinoceros was collected in October, 2001 at Mt.
Halla Jeju Island, Korea, and dried at room temperature
for 2 weeks. This plant was identified by Prof. H. T. Im of
Chornam National University. A voucher specimen was
deposited at the College of Pharmacy, Chonnam National
Unive rsiy.

Extrzct on and isolation

C. hinoceros (827.2 g) was dried and extracted with
MeQl{ et room temperature. The MeOH extract was con-
centrated in vacuo to give a dark green residue (95.9 g).
This 'va: diluted with H,O, and extracted with n-hexane,
CHCI!,, EtOAc, and n-BuOH, successively. The n-hexane
extract was subjected to silica gel column chromatogra-
phy (zc, with a CHCI;-MeOH gradient system (955 —
85:13) to provide 18 fractions. Fraction 2 (347.5 mg) was
rechromatographed on a silica gel MPLC using n-hexane-
EtOA: (7:3) as an eluent to give compound 1 (26.5 mg).
Fraction 14 (550.5 mg) was purified by HPLC (Supelco,
CHCI -V eOH = 20:1) to afford compound 2 (3.5 mg). The
CHCI edtract (5.40 g) was chromatographed on silica gel
with r.-hexane-EtOAc (60:1 — 1:1) to provide 18 fractions.
Fraction 5 (405.0 mg) was subjected to silica gel cc by
elutinygy vith CHCl;-MeOH (95:5 — 1:2, MeOH 100%) to
yield ¢ ix “ractions. The purification of subfraction 3 afforded
compour d 3 (7.2 mg). Subfraction 2 (261.0 mg) was rechro-
matoc raphed with CHCl,-MeOH (90:10 — 1:1, MeOH 100
%) to give two fractions. Fraction 2 was purified by HPLC
(uPorzsil ™ 5 um, 7.8x300, CHCI; 100%) to afford compound
4 (8.3 my). The n-BuOH extract (15.0 g) was chromatog-
raphe] 01 silica gel with CHCL,-MeOH-H,0 ternary gradient
syster1 (220:2.5:0.4 — 20:50:10). Compounds 5 (53.4 mg), 6
(13.8 1ngi and 7 (80.0 mg) were recrystallized using MeOH.

Ciryneol C (1)

Colcrless oil; UV A nm: 217, 230, 242, 256; IR v
(KBr) 2230, 1640, 916 cm™; EIMS m/z: 297 [M+H]"; 'H-
NMR CDCl,) &: 5.81 (1H, ddt, J=17.0, 9.8, 6.8 Hz, H-2),
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5.00 (1H, ddt, J=17.0, 1.6, 1.4 Hz, H-1t), 4.94 (1H, ddt,
J=98, 1.6, 1.4 Hz, H-1c), 4.52 (1H, t, J=6.7 Hz, H-10),
4.28 (1H, ddd, J=7.8, 4.5, 4.5 Hz, H-8), 3.71 (1H, ddd,
J=78,6.7,40Hz H-9), 227 (2H, td, J=7.1, 0.7 Hz, H-
15), 2.06 (2H, g, J=7.0 Hz, H-3), 1.57 (2H, sextet, J=7.0
Hz, H-16), 1.2-1.8 (8H, m, H-4~H-7), 1.00 (3H, {, J=7.3 Hz,
H-17), C-NMR (CDCl,) &: 138.8 (C-2), 114.4 (C-1), 82.3
(C-14), 75.6 (C-9), 72.8 (C-11), 721 (C-12), 644 (C-8,
10), 64.3 (C-13), 34.5 (C-7), 33.6 (C-3), 28.7 (C-5), 28.4
(C-4), 26.2 (C-6), 21.6 (C-16), 21.2 (C-15), 13.5 (C-17).

7-Hydroxy-6-methoxy-2H-1-benzopyran-2-one (2; sco-
poletin)

Calorless needles; UV A« Nm: 346, 298, 260, 254; IR
Vmax (KBr) 3280 (OH), 1705, 1560, 1293, 1146 cm™"; EIMS
m/z: 192 [M]".

5,7-Dihydroxy-4'-methoxyflavone (3; acacetin)

Yellow needles; UV Aya nm: 268, 327; IR v, (KBr)
3432, 1656, 1606, 1510 cm™; EIMS my/z: 284 [M]*; 'H-
NMR (pyridine-ds): 8 7.96 (2H, d, J = 9.0 Hz, H-2, 6", 7.10
(2H, d, J=9.0 Hz, H-3, 5", 6.95 (1H, s, H-3), 6.84 (1H, d,
J=25Hz, H-8), 6.78 (1H, d, J= 2.5 Hz, H-6), 3.76 (3H, s,
4'-OMe); *C-NMR (pyridine-ds) &: 183.1 (C4), 166.4 (C-2),
164.4 (C-7), 163.5 (C4'), 163.3 (C-5), 158.9 (C-9), 128.9
(C-2, 6'), 124.2 (C-1"), 1156.2 (C-3', 5), 105.4 (C-10), 104.9
(C-3), 100.4 (C-6), 95.3 (C-8), 55.9 (4-OCHs).

5,4'-Dihydroxy-6,7-dimethoxyflavone (4; cirsimaritin)

Yellow needles; UV Aq. nm: 331, 275; IR v (KBr)
3401, 1656, 1571, 1509 cm™; EIMS my/z: 315 [M+H]"; 'H-
NMR (pyridine-ds) &: 13.82 (1H, s, 5-OH), 7.95 (2H, d,
J=8.5Hz H-2', 6", 7.08 (2H, d, J = 8.5 Hz, H-3', 5'), 6.92
(1H, s, H-8), 6.89 (1H, s, H-3), 3.96 (3H, s, 6-OMe), 3.74
(3H, s, 7-OMe); PC-NMR (pyridine-ds) &: 183.2 (C-4),
164.1 (C-2), 162.9 (C-4"), 158.9 (C-7), 154.2 (C-5), 153.7
(C-9), 132.2 (C-6), 128.6 (C-2', 6"), 124.1 (C-1"), 114.9 (C-
3, 5, 1054 (C-10), 104.1 (C-3), 95.3 (C-8), 60.3 (6-
OCHjy), 55.5 (7-OCH,).

5,4'-Dihydroxy-6,7-dimethoxyflavone 4'-glucoside (5;
cirsimarin)

White amorphous powder; UV A, nm: 324, 276; IR
Vimax (KBI) 3368, 1656, 1605, 1461, 1098 cm™; FABMS nv/
z: 477 [M+H]"; "H-NMR (DMSO-d,) 8: 12.90 (1H, s, 5-
OH), 8.08 (2H, d, J=9.0Hz, H-2',6"), 7.21 (2H, d, J=9.0
Hz, H-3', 5'), 6.97 (1H, s, H-8), 6.96 (1H, s, H-3), 5.41 (1H,
d, J=4.5Hz, 2"-0H), 5.15 (1H, d, J=4.2 Hz, 3"-OH), 5.08
(1H, d, J=4.5Hz, 4"-OH), 5.05 (1H, d, J=6.5 Hz, H-1"),
4.62 (1H, t, J=5.4 Hz, 6"-OH), 3.93 (3H, s, 7-OCHa), 3.75
(3H, s, 6-OCHy), 3.71-3.20 (6H, sugar H); *C-NMR (DMSO-
ds) 0: 182.2 (C-4), 163.3 (C-2), 160.3 (C-4"), 158.6 (C-7),
152.6 (C-9), 151.8 (C-5), 131.8 (C-6), 128.1 (C-2, 6'), 123.8
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(C-1"), 116.5 (C-3, 5'), 105.1 (C-10), 103.5 (C-3), 99.7 (C-
1), 91.6 (C-8) 77.1 (C-5"), 76.5 (C-3"), 73.1 (C-2"), 69.6
(C-4"), 80.6 (C-6"), 60.0 (6-OCH,), 56.4 (7-OCH,).

Pectolinarigenin 7-O-B-D-glucopyranoside (6)

White amorphous powder; UV A, nm: 328, 276; IR
Vimax (KBr) 3399, 1660, 1614, 1573, 1070 cm™; FABMS nv/
z: 477 [M+H]"; "H-NMR (DMSO-ds) &: 12.91 (1H, s, 5-
OH), 8.06 (2H, d, J=9.0Hz, H-2', 6, 7.13 (2H, d,
J=9.0Hz, H-3, 5, 7.05 (1H, s, H-8), 6.95 (1H, s, H-3),
543 (1H, d, J=5.1 Hz, sugar OH), 5.11-5.16 (2H, sugar
OH), 5.08 (1H, d, J=5.4 Hz, anomeric H of glc.), 4.63
(1H, t, J = 5.6 Hz, sugar 6"-OH), 3.87 (3H, s, 6-OCH,), 3.77
(3H, s, 4-OCHj), 3.15-3.74 (sugar H); *C-NMR (DMSO-d;)
d: 182.2 (C4), 163.7 (C-2), 162.4 (C-4"), 156.4 (C-7), 152.3
(C-5), 152.1 (C-9), 132.4 (C-6), 128.3 (C-2', 6'), 122.7 (C-
1", 114.5 (C-3', 5, 105.7 (C-10), 103.3 (C-3), 100.1 (C-1"),
94.3 (C-8), 77.2 (C-5"), 76.6 (C-3"), 73.1 (C-2"), 69.5 (C4"),
60.5 (C-6"), 60.2 (6-OCHs), 55.5 (4'-OCH;).

Pectolinarigenin 7-O-rutinoside (7; Pectolinarin)

Pale yellow amorphous powder; UV An.x nm: 332, 276;
IR viax (KBr) 3397, 1664, 1614, 1561, 1075 cm™; FABMS
m/z: 645 [M+Na]’; "H-NMR (DMSO-g;) &: 12.96 (1H, s, 5
OH), 8.05 (2H, d, J=9.0 Hz, H-2', 6"), 7.17 (2H, d, J=9.0
Hz, H-3', 5'), 6.95 (1H, s, H-8), 6.94 (1H, s, H-3), 5.24 (1H,
d, J= 5.1 Hz, anomeric H of gic.), 5.20 (1H, d, J=4.5Hz,
sugar OH), 5.13 (1H, d, J = 7.5 Hz, sugar OH), 4.71 (1H, d,
J=5.7 Hz, sugar OH), 4.59 (1H, d, J=4.2 Hz, sugar OH),
4.57 (1H, d, J=1.2 Hz, anomeric H of rha.), 443 (1H, J =
6.0 Hz, sugar CH), 3.87 (3H, s, 6-OCH,), 3.78 (3H, s, 4"-
OCHs,), 3.10-3.69 (sugar H), 1.06 (3H, d, J=6.0 Hz, -CH;
of rha.); ®*C-NMR (DMSO-d;) &: 182.3 (C4), 164.0 (C-2),
162.3 (C4"), 156.4 (C-7), 152.4 (C-5), 152.1 (C-9), 132.6
(C-6), 128.4 (C-2, 6'), 122.6 (C-1"), 114.7 (C-3, 5'), 105.8
(C-10), 103.3 (C-3), 94.3 {C-8), 60.2 (6-OCH,), 55.5 (4-
OCH;); Gle.: 100.3 (C-1"), 76.4 (C-3"), 75.7 (C-5"), 73.1 (C-
2"), 69.4 (C4"), 65.9 (C-6"); Rha.: 100.3 (C-1"), 71.9 (C-
4™), 70.7 (C-2™), 70.4 (C-3™), 68.2 (C-5"), 17.7 (C-6™).

RESULTS AND DISCUSSION

Fractionation and separation of the extract of C. rhino-
ceros led to the isolation of seven major compounds.

Compound 1 was isolated from n-hexane extract with
column chromatography. It showed absorptions at 3434
(hydroxyl), 2230 (acetylene) and 1640, 916 (vinyl) cm" in
the IR spectrum. The UV spectrum also showed conjugat-
ed triple bonds at 230, 242 and 256 nm. The El mass
spectrum of 1 showed the peak for [M+H]" at m/z 297
(C7H2sCl0,). The 'H-NMR spectrum of 1 showed the
typical spin system of terminal vinyl methylene group (C-1
~C-3) at 4 5.00, 4.94, 5.81 and 2.06, a chloride in the

S. -H. Yim et al.

molecule attached at & 4.28 (C-8), methine (C-9, C-10)
protons attached to a secondary hydroxyt at 6 3.71 and
4.52, methylene protons of a straight hydrocarbon chain
(C-15, C-16) at 6 2.27 and & 1.57, and the corresponding
terminal methyl group protons at 8 1.00. The correlation of
these protons was confirmed by 2D NMR spectrum. The
BC-NMR spectrum of 1 showed the typical aliphatic
methylene carbons at § 33.6, 28.4, 28.7, 26.2, 34.5, 21.2
and 21.6, the terminal methyl carbon of the straight
aliphatic chain at § 13.5, the two carbons of the terminal
vinyl group at 6 114.4 and & 138.8, the four carbons of the
conjugated triple bonds at & 72.8, 72.1, 64.3 and 82.3, two
carbons attached to the oxygen functionality at & 75.6,
64.4 and the one carbon attached to the chloride at & 64.4.
The compound 1 was identified as ciryneol C. The relative
stereochemistry of ciryneol C at C-8, C-9, C-10 was pro-
posed, although its complete stereochemistry is yet to be
unambiguously determined (Takaishi et al., 1990; Baek et
al., 1995).

Compound 2 was identified as scopoletin by direct
comparison of IR, NMR and UV spectral data with those
reported in the literature (Pouchert et al., 1993).

MS, 'H- and *C-NMR spectra of compound 3 suggested
a 5,7-dihydroxy-4'-methoxyflavone having a methoxyl group.
It showed absorption at 3432 (hydroxyl), 1656 (carbonyl
group), 1606 and 1510 (aromatic alkenes) cm™ in the IR
spectrum. The UV spectrum of 3 showed the presence of
a flavone at 268, 327 nm. The El mass spectrum of 3
showed the peak for [M]" at m/z 284 (CieH1,05). The 'H-
NMR spectrum of 3 showed a methoxyl group at § 3.76
(4'-OMe) and 4'-substituted B ring protons at § 7.10 (H-3,
5" and 7.96 (H-2', 6"). In addition, the presence of the ring
A is indicated by three resonance peaks [a quaternary (C-
2) at 3 166.4, a methine (C-3) at & 104.9 and a carbonyl
(C-4) at 5 183.1] in *C-NMR, and a singlet [3 6.95 (1H, H-
3)] in "H-NMR data. Compound 3 was identified as acacetin
by analysis of its spectral data and comparison with litera-
ture values (Sinha ef al., 1981; Kim et al., 1995).

The UV spectroscopy of compounds 4 and 5 pointed
toward flavones. Subsequent MS and NMR analyses iden-
tified compounds 4 and 5 as cirsimaritin (Chung et al.,
2002) and cirsimaritin 4'-O-glucoside (Yun et al., 1978;
Park et al., 1995; Hasrat et al., 1997), respectively. It showed
absorption at 3401, 3368 (hydroxyl), 1656, 1656 (carbonyl
group), 1571, 1606 and 1509, 1461 (aromatic alkenes) cm™
in the IR spectrum, respectively. The FAB mass spectrum
of compound 5 showed a [M+H]" ion at m/z 477, indicat-
ing a molecular weight of 476, and an intense peak at m/z
315 corresponding to the loss of one hexose unit, suggest-
ing an O-glucoside (Li et al., 1994). The 'H-NMR spectrum
of compound 5 indicated a glycosylated flavonoid with 4'-
monosubstitution in the B ring and two methoxyl groups.
BC-NMR spectra of 4 and 5 led to the identification of the
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sugar moiety as glucose and the 4'-OH as the glycosylation
site. "4- and *C-NMR data of the aglycone 4 were in agree-
ment with published data for cirsimaritin (Hasrat et al.,
1997,. T1ese data indicate that compound 5 is the glucoside
of compound 4.

Coinpounds 6 and 7 were identified as pectolinarigenin
7-O-[ -D-glucopyranoside (Williams, 1979) and pectolina-
rigenin 7-O-rutinoside (Lee et al., 1975; Lin et al., 1978; Do
et al., 1994), respectively, by direct comparison of IR,
NMR and UV spectral data with those reported in the
literature: (Lee et al., 1994). The peaks at mv/z 477 and 645
show 1 in FABMS of 6 and 7 were assigned the molecular
formula Cx3H24044 and CyHs,O4s, respectively.

Cinneol C (1), scopoletin (2), acacetin (3) and cirsimarin
(6) wire isolated for the first time from this plant.
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