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The chromatographic separation of the MeOH extract of the roots of Ainsliaea acerifolia (Com- 
positae) led to the isolation of six known terpenes and two known lignans. Their structures were 
identified by spectroscopic methods as mokko lactone (1), betulonic acid (2), betulinic acid (3), 
zaluzanin C (4), 113-hydroperoxygermacra-4(15),5,10(14)-triene (5), pluviatilol (6), (+)-syringares- 
inol (7), and glucozaluzanin C (8). Compounds 1~4 and 8 showed non-specific significant cyto- 
toxicity against five human tumor cell lines with EDso values ranging from 0.36-5.54 ~g/mL. 
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INTRODUCTION 

Ainsliaea acefifolia (Compositae), a perenial herb, is 
distributed in the mountain of south Korea. This plant has 
been used for the treatment of rheumatic arthritis and 
enteritis in the Chinese folk medicine (Kim et al., 1999). 
Sesquiterpene lactones and lipid glycerols were reported 
from this plant (Toshio et al., 1984). We have isolated 
three sesquiterpene lactones and two glycerols from the 
aerial parts of this species (Jung et al., 2000). In our 
continuing study on the biological active compounds of 
this source, we have investigated the constituents of roots 
of A. acerifolia. As a result, we have isolated six known 
terpenoids and two known lignans from the hexane and 
CH2CI2 soluble fractions of the MeOH extract. Their 
structures were characterized by spectroscopic means. 
The isolated compounds were tested for cytotoxicity 
against five human tumor cell lines in vitro by SRB assay. 
This paper describes the isolation, structural characteriza- 
tion and cytotoxicity of the isolated compounds. 

MATERIALS AND METHODS 

General experimental procedure 

Correspondence to: Kang Ro Lee, Natural Products Laboratory, 
College of Pharmacy, Sungkyunkwan University, 300 Chonchon- 
dong, Jangan-ku, Suwon 440-746, Korea 
Te1:82-331-290-7710, Fax: 82-331-292-8800 
E-mail: krlee@skku.ac.kr 

Mps: uncorr. Optical rotation: Jasco P-1020 Polarimeter. 
NMR: Bruker AMX 500 and Varian Unity Inova 500. IR: in 
CCI4, Nicolet model 205 FT-IR spectrophotometer. MS: 
VG70-VSEQ mass spectrometer. Column chromatography : 
Silica gel 60 (Merck, 70-230 mesh and 230-400 mesh), 
Lichroprep. RP-18 (Merck) and Sephadex LH-20. TLC: 
Merck precoated Si gel F2~ plates and RP-18 F2~s plates. 
LPLC: Merck Lichroprep Lobar~-A Si 60 (240x10mm). 

Plant materials 
The roots of Ainsliaea acefifolia (Compositae) were 

collected at Gangwon province in August, 2003. A 
voucher specimen (SKK-03-010) was deposited at the 
herbarium of the College of Pharmacy in Sungkyunkwan 
University. 

Cytotoxicity testing 
Sulforhodamin B assay (SRB) was used for cytotoxicity 

evaluation. The activity of a compound was tested at 
several concentration levels against five cultured human 
tumor cells, A549 (non small cell lung adenocarcinoma), 
SK-OV-3 (ovarian), SK-MEL-2 (skin melanoma), XF498 
(CNS) and HCT15 (colon) (Skehan et al., 1990). 

Extraction, separation and purification of com- 
pounds 

The dried and chopped roots of Ainsliaea acenfolia (1.8 
kg) were extracted with MeOH (10 L) five times at room 
temperature. The resulting methanol extract (120 g)was 
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successively partitioned and evaporated to give n-hexane 
(15 g), CH2CI2 (10 g), EtOAc (10 g) and BuOH (20 g). The 
n-hexane extract (15 g) was chromatographed over a 
silica gel column using gradient solvent system of n- 
hexane:EtOAc (10:1~0:1) to give seven fractions (AAH-1 
-AAH-7). The fraction AAH-2 (0.7 g) was purified with 
Sephadex LH-20 (CH2CI2:MeOH=I:I) and Lobar| 
column (n-hexane:EtOAc=6:l) to yield 1 (12 mg). The 
fraction AAH-3 (1.6 g) was chromatographed over a silica 
gel column eluted with n-hexane:EtOAc (5:1) to give three 
subfractions (AAH-31~AAH-33). The subfraction AAH-31 
(300 mg) was purified with Sephadex LH-20 (CH2CI2: 
MeOH=I:I) and HPLC (n-hexane:EtOAc=5:l) to yield 2 
(10 rag). The subfraction AAH-33 (800 mg) was purified 
with Sephadex LH-20 (CH2CI2:MeOH=I:I) and Lobar,-A 
column (n-hexane:EtOAc=4:l) to yield 3 (10 mg), and 4 (9 
mg). The fraction AAH-4 (1.2 g) was purified with 
Sephadex LH-20 (CH2CI2:MeOH=I:I), Lobar%A column 
(n-hexane:EtOAc=3:1 ) and H PLC (n-hexane: EtOAc=2:1 ) 
to yield 5 (15 mg). The CH2CI2 extract (10g) was 
chromatographed over a silica gel column using gradient 
solvent system of n-hexane:EtOAc (3:1-1:1) to give six 
fractions (AAM-I~AAM-6). The fraction AAM-2 (0.8 g) 
was purified with Sephadex LH-20 (CH2CI2: MeOH =1:1), 
RP Lobar~-A column (70% MeOH) and HPLC (n- 
hexane:EtOAc:MeOH=2:2:0.1) to yield 6 (12 mg). The 
fraction AAM-3 (0.5 g) was purified with Sephadex LH-20 
(CH2CI2:MeOH=I:I) and HPLC (n-hexane:EtOAc:MeOH= 
1:1:0.1) to yield 7 (10 mg). The fraction AAM-4 (0.8 g) 
was purified with Sephadex LH-20 (CH2CI2:MeOH =1:1), 
and Lobar,-A column (CHCI3:EtOAc:MeOH=45:20:6) to 
yield 8 (8 mg). 

4(15), 10(14)-Guaiadien-12, 6-olide (mokko lactone) (1) 
White powder, [~]20D +21.2 ~ (C 0.04, CHCI3); mp 37~ IR 

(CHCI3) Vr~• cm ~ : 1772 (~,-lactone), 1620 (C=C); ElMS m~ 
z (tel. int.) : 232 (M § 7), 158 (100), 152 (62), 91 (71), 71 
(63), 55 (64); ~H-NMR (CDCI3, 500MHz) : (5 5.21 (1H, d, J 
= 2.0 Hz, H-15a), 5.06 (1H, d, J = 2.0 Hz, H-15b), 4.89 
(1H, br. s, H-14a), 4.79 (1H, hr. s, H-14b), 3.93 (1H, t, J= 
9.5 Hz, H-6), 2.89 (1H, dt, J= 8.0, 4.5 Hz, H-l), 2.81 (1H, 
br. dd, J = 9.5, 8.0 Hz, H-5), 2.49 (3H, m, H-3, 11), 2.22 
(1H, dd, J = 12.0, 7.0 Hz, H-9), 2.12 (1H, m, H-7), 2.05 
(1H, dt, J = 12.0, 5.0 Hz, H-9), 1.95 (1H, m, H-2), 1.94 
(1H, m, H-8), 1.87 (1H, m, H-2), 1.32 (1H, m, H-8), 1.25 
(3H, d, J = 7.0 Hz, H-13); ~3C-NMR (CDCIG, 125MHz) : 8 
179.0 (C-12), 152.0 (C-4), 150.2 (C-10), 112.1 (C-14), 
109.5 (C-15), 85.6 (C-6), 52.2 (C-5), 50.1 (C-11), 47.3 (C- 
1), 42.3 (C-7), 37.9 (C-9), 32.8 (C-3, 8), 30.5 (C-2), 13.5 
(C-13). 

Betulonic acid (2) 
White powder, mp 258~ ElMS m/z (tel. int.) : 454 (M+, 

8), 248 (34), 207 (71), 203 (40), 189 (100); 1H-NMR 
(CDCI3, 500MHz) : 8 4.74 and 4.61 (each 1H, br. s, H-29), 
1.69 (3H, s, H-30), 1.44, 1.08, 1.01, 0.99, 0.97 (each 3H, 
s); ~3C-NMR (CDCI3, 125MHz) : (5 15.3 (C-27), 16.5 (C- 
26), 16.6 (C-25), 20.0 (C-30), 20.3 (C-6), 21.6 (C-24), 
22.0 (C-11), 26.2(C-12), 27.3 (C-23), 30.3 (C-21), 31.2 (C- 
15), 32.8 (C-16), 34.3 (C-7), 34.8 (C-2), 37.6 (C-22), 37.7 
(C-10), 39.2 (C-13), 40.3 (C-1), 41.3 (C-8), 43.2 (C-14), 
47.5 (C-19), 48.0 (C-4), 49.9 (C-18), 50.5 (C-9), 55.6 (C- 
5), 57.0 (C-17), 110.4 (C-29), 150.9 (C-20), 182.1 (C-28), 
218.7 (C-3). 

Betulinic acid (3) 
White powder, mp 282~ ElMS m/z (rel. int.) : 456 (M § 

30), 438 (12), 411 (6), 248 (45), 228 (58), 207 (66), 203 
(38), 189 (100); 1H-NMR (C~DsN, 500MHz) : ~ 4.94 (1H, 
d, J = 2.0 Hz), 4.77 (1H, s), 3.55 (1H, m, H-3), 1.80, 1.23, 
1.08, 1.07, 1.02 and 0.83 (each 3H, s, 6xCH3); 13C-NMR 
(CsD~N, 125MHz) : (3 15.6. (C-27), 17.1 (C-24), 17.2 (C- 
25), 16.1 (C-26), 18.3 (C-6), 19.4 (C-30), 20.8 (C-11), 
25.5(C-12), 27.4 (C-2), 27.9 (C-23), 29.7 (C-21), 30.5 (C- 
15), 32.1 (C-16), 34.3 (C-F), 37.0 (C-22), 37.2 (C-10) 38.4 
(C-13), 38.7 (C-1), 38.8 (C-4), 42.0 (C-8), 43.6 (C-14), 
48.5 (C-18), 50.4 (C-19), 51.5 (C-9), 57.4 (C-5), 58.1 (C- 
17), 80.5 (C-3), 110.6 (C-29), 152.1 (C-20), 179.6 (C-28). 

Zaluzanin C (4) 
Colorless oil, [(Z]20D +53.7 ~ (C 0.08, CHCI3); IR (CHCI3) 

Vmax neat cm -1 v = 3410, 1771, 1712 and 1653 cml; ElMS 
m/z (rel. int.) : 246 (M § 60), 228 (31), 218 (26), 200 (29), 
175 (28), 150 (48), 105 (63), 91 (100); ~H-NMR (CDCI3, 
500MHz) : (~ 1.47 (1H, m, H-8), 1.72-1.79 (1H, m, H-2), 
2.13 (1H, m, H-9), 2.21~2.32 (2H, m, H-2, 8), 2.49 (1H, 
ddd, J = 6.0, 6.0, 12.0 Hz, H-9), 2.81 (2H, m, H-l, 7), 2.92 
(1H, dd, J= 9.0, 17.5 Hz, H-5), 4.10 (1H, dd, J= 9.0, 9.0 
Hz, H-6), 4.55 (1H, br. t, J= 7.5 Hz, H-3), 4.94 (1H, s, H- 
14), 4,99 (1H, br. s, H-14), 5.28 (1H, br. s, H-15), 5.42 
(1H, br. s, H-15), 5.48 (1H, d, J= 3.0 Hz, H-13), 6.19 (1H, 
d, J = 3.0 Hz, H-13); ~3C-NMR (CDCI3, 125MHz) : 5 31.2 
(C-8), 34.9 (C-9), 39.8 (C-2), 44.7 (C-1), 46.1 (C-7), 50.6 
(C-5), 74.2 (C-3), 84.7 (C-6), 111.8 (C-15), 115.1 (C-14), 
121.0 (C-13), 140.5 (C-11), 148.6 (C-10), 153.7 (C-4), 
170.6 (C-12). 

113-Hydroperoxygermacra-4(15),5,10(14)-triene (5) 
Colorless oil, [~]2~ ~ (c 0.06, CHCI3); IR (CHCI3) 

Vmax neat c m  "1 = 3503, 1641 cm-l; ESIMS m/z : 236 [M]+; 1H- 
NMR (CDCI3, 500MHz) : <5 0.83 (3H, d, J = 6.5 Hz, H-12), 
0.92 (3H, d, J = 6.5 Hz, H-13), 1.5-1.86 and 2.62 (6H, m, 
H-7, 8, 9, 11), 2.05 (2H, m, H-2), 2.27 (1H, ddd, J = 2.5, 
5.5, 13.0 Hz, H-3a), 2.46 (1H, td, J= 5.0, 13.0 Hz, H-3b), 
4.15 (1H, dd, J = 3.5, 12.0 Hz, H-l), 4.89 (1H, br. s, H- 
15a), 4.97 (1H, br. s, H-15b), 5.21 (1H, br. s, H-14a), 5.34 
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(1H, br. s, H-14b), 5.46 (1H, dd, J = 16.0, 10.5 Hz, H-6), 
6.04 (1H, d, J = 16.0 Hz, H-5); 13C-NMR (CDCI3, 125MHz) 
: 8 20.5 (C-12), 20.7 (C-13), 29.3, 30.7, 35.6, and 36.5 (C- 
2, 3, 8, 9), 31.9 (C-11), 52.7 (C-7), 89.9 (C-1), 113.2 (C- 
15), 114.6 (C-14), 129.6 (C-5), 138.1 (C-6), 146.4 (C-4), 
148.0 (C-10). 

Pluviatilol (6) 
Colorless gum, [C~]20D + 79.8 ~ (C 0.16, MeOH); ElMS m/z 

(rel. int.) : 356 (M +, 100), 205 (18), 163 (22), 161 (27), 151 
(74), 149 (64), 137 (31), 135 (41), 131 (30), 122 (13); ~H- 
NMR (CDCI3, 500 MHz) : 8 2.91 (1 H, m, H-l), 4.42 (1 H, d, 
J = 7.5 Hz, H-2), 3.32 (1H, m, H-4), 3.85 (1H, m, H-4), 
3.32 (1H, m, H-5), 4.86 (1H, d, J= 6.0 Hz, H-6), 3.85 (1H, 
dd, J= 6.5, 9.5Hz, H-8), 4.13 (1H, dd, J=  1.0, 9.5 Hz, H- 
8), 6.81-6.89 (6H, H-2', 5', 6', 2", 5", 6"), 5.97 (2H, s, 
OCH20), 3.91 (3H, s, OCH3); ~3C-NMR (CDCI3, 125 MHz) 
:8 55.2 (C-1), 88.2 (C-2), 71.6 (C-4), 50.9 (C-5), 82.7 (C- 
6), 70.3 (C-8), 133.0 (C-1'), 109.3 (C-2'), 147.3 (C-3'), 
146.0 (C-4'), 114.9 (C-5'), 119.3 (C-6'), 133.7 (C-1"), 107.1 
(C-2"), 148.3 (C-3"), 147.4 (C-4"), 108.8 (C-5"), 120.0 (C- 
6"), 101.7 (OCH20), 56.6 (OCH3). 

(+)-Syringaresinol (7) 
Colorless needle, mp 180~ [c~]2~ + 6.9 ~ (c 0.02, CHCI3); 

ElMS m/z (rel. int.): 418 (M § 100), 235 (10), 210 (16), 193 
(29), 181 (69), 167 (58); ~H-NMR (CDCI3, 500 MHz) : 8 
3.11 (1H, m, H-l), 4.73 (1H, d, J=4.5  Hz, H-2), 3.89 (1H, 
m, H-4), 4.30 (1H, dd, J=  7.0, 9.0 Hz, H-4), 3.12 (1H, m, 
H-5), 4.73 (1H, d, J = 4.5 Hz, H-6), 3.89 (1H, m, H-8), 
4.30 (1H, dd, J = 7.0, 9.0 Hz, H-8), 6.58-6.60 (4H, H-2', 
6', 2", 6"), 3.90 (3H, s, OCH3); ~3C-NMR (CDCI3, 125 MHz) 
: 8 55.1 (C-1), 86.8 (C-2), 72.5 (C-4), 55.1 (C-5), 86.8 (C-6), 
72.5 (C-8), 132.8 (C-1'), 103.4 (C-2'), 147.9 (C-3'), 135.0 
(C-4'), 147.9 (C-5'), 103.4 (C-6'), 132.8 (C-1"), 103.4 (C- 
2"), 147.9 (C-3"), 135.0 (C-4"), 147.9 (C-5"), 103.4 (C-6"), 
57.1 (OCH3). 

Glucozaluzanin C (8) 
White powder, mp 103~ [C~]20D- 15.7 ~ (C 0.04, CHCI3); 

ElMS m/z (tel. int.) : 408 (M +, 1), 229 (26), 201 (19), 183 
(21), 105 (50), 91 (100); ~H-NMR (CDCI3, 500MHz) : 8 
1.46 (1H, m, H-8), 1.98 (1H, m, H-2), 2.21 (1H, m, H-9), 
2.28 (1H, m, H-8), 2.39 (1H, m, H-2), 2.52 (1H, ddd, J = 
6.5, 6.5, 13.0 Hz, H-9), 2.80 (1H, br. t, J = 10.0 Hz, H-l), 
2.89 (1H, m, H-7), 3.01 (1H, dd, J = 8.5, 17.5 Hz, H-5), 
3.20-3.40 (4H, m, H-2', 4', 6'), 3.67 (1H, dd, J=  5.5, 12.0 
Hz, H-5'), 3.87 (1H, dd, J= 10.0, 10.0 Hz, H-3'), 4.28 (1H, 
dd, J = 9.0, 9.0 Hz, H-6), 4.47 (1H, d, J = 7.5 Hz, H-I'), 
4.65 (1H, br. dd, J=  6.0, 6.0 Hz, H-3), 4.94 (1H, br. s, H- 
14), 5.01 (1H, br. s, H-14), 5.35 (1H, br. d, J = 1.0 Hz, H- 
15), 5.44 (1H, br. s, H-15), 5.57 (1H, d, J = 3.0 Hz, H-13), 
6.12 (1H, d, J= 3.0 Hz, H-13); ~3C-NMR (CDCI3, 125MHz) 

:8 31.0 (C-8), 33.9 (C-9), 38.0 (C-2), 45.4 (C-1), 45.8 (C- 
7), 50.7 (C-5), 62.1 (C-6'), 71.1 (C-4'), 74.3 (C-2'), 77.2 
(C-5'), 77.5 (C-3'), 80.7 (C-3), 84.7 (C-6), 102.3 (C-1'), 
112.8 (C-15), 114.1 (C-14), 120.0 (C-13), 141.5 (C-11), 
149.3 (C-10), 150.2 (C-4), 171.6 (C-12). 

RESULTS AND DISCUSSION 

Compound 1 was obtained as white powder. The IR 
spectrum showed a y-lactone band (1772 cm -1) and 
double bond (1620 cml). From the El-MS, ~H- and ~3C- 
NMR spectral data, the molecular formula was deduced 
to be C~sH2oO2. The signals at 8 3.93 (1H, t, J = 9.5 Hz) 
and 2.05 (1H, dt, J = 5.0, 12.0 Hz) was indicative to the 
presence of a lactone ring, and the ~H-NMR spectrum 
showed four exomethylene protons at 8 5.21 (1H, d, J = 
2.0 Hz), 5.06 (1H, d, J = 2.0 Hz), 4.89 (1H, br. s), 4.79 
(1H, br. s). The 13C-NMR spectrum exhibited 15 carbon 
signals, consisting of four olefinic carbon signals at 8 
109.5, 112.1, 150.2 and 152.0, a carbonyl carbon signal 
at d 179.0, and an oxygenated carbon signal at 8 85.6. 
The ~H-NMR and ~3C-NMR spectra showed the typical 
pattern of guaiane-type sesquiterpene lactone (Marco et 
al., 1993; Marco et al., 1994). Based on the above 
consideration and the comparison of the data with those 
in the previous papers (Hikino et al., 1967; Yuuya et al., 
1999), the structure of 1 was identified as 4(15), 10(14)- 
guaiadien-12, 6-olide (mokko lactone). 

Compound 2 was obtained as a white powder. The 1H- 
NMR spectrum showed six methyl groups at 8 0.97, 0.99, 
1.01, 1.08, 1.44 and 1.69, a vinylic protons of terminal 
methylene group at d 4.74 and 4.61 (each 1H, br. s). The 
~3C-NMR spectrum exhibited the presence of 30 carbon 
signals, consisting of six methyl signals at 8 15.3, 16.5, 16.6, 
20.0, 21.6, 27.3, two olefinic carbon signals at d 110.4 and 
150.9, a carboxylic acid carbon signal at 8 182.1, and a 
ketone signal at 8 218.7. These spectral data suggested 
that 2 was a triterpenoic acid. Based on the above 
mentioned data and the reported chemical structures of 
triterpenes (Mahato & Kundu, 1994), the structure of 2 
was determined to be betulonic acid (Gonzalez et al., 
1983). 

Compound 3 was obtained as a white powder. From the 
ElMS (m/z 456), 1H- and ~C-NMR spectral data of 3, the 
molecular formula was deduced to be C3oH4803. The 1H- 
and ~3C-NMR spectra of compound 3 were almost same 
as those of compound 2. The differences were the absence 
of a ketone signal at 8 218.7 (C-3, in 2) and the presence 
of hydroxyl group (8 3.55, H-3 and 8 80.5, C-3) in 3. 
Based on the above mentioned data and the reported 
chemical structures of triterpenes (Mahato & Kundu, 
1994), the structure of 3 was determined to be betulinic 
acid (Kojima et al., 1987). 



206 Sang Zin Choi et al. 

Compound 4 was obtained as a colorless oil. The ElMS 
spectrum of 4 showed a molecular ion peak at m/z 246. 
The IR spectrum showed the band of (z,13-unsaturated 
lactone group at 1771 cm 4 and the hydroxyl group at 
3410 cm -~. The ~H-NMR spectrum showed methine protons 
of y-lactone ring at d 2.81 (1H, m) and 4.10 (1H, dd, J = 
9.0, 9.0 Hz), an oxygenated methine proton at d 4.55 (1H, 
br. t, J = 7.5 Hz), and six exomethylene protons at d 4.94 
(1H, s), 4.99 (1H, br. s), 5.28 (1H, br. s), 5.42 (1H, br. s), 
5.48 (1H, d, J= 3.0 Hz), 6.19 (1H, d, J= 3.0 Hz). The ~3C- 
NMR spectrum exhibited 15 carbon signals, consisting of 
six olefinic carbon signals at 6 111.8, 115.1, 121.0, 140.5, 
148.6 and 153.7, a carbonyl carbon signals at (3 170.6, 
and two oxygenated carbon signals at (3 74.2 and 84.7. 
These spectral data suggested that 4 was a guaiane 
sesquiterpene lactone (Li et al., 1989; Singhal et al., 1982; 
Zdero et aL, 1991). Based on the above mentioned data 
and the reported chemical structures of sesquiterpene 
lactones (Kisiel, 1983; Marco et aL, 1994), the structure of 
4 was determined to be zaluzanin C (Ando et al., 1989). 

Compound 5 was obtained as colorless oil and positive 

with peroxide reagent (Lee, 1991). The ESIMS spectrum 
of 5 showed a molecular ion peak at m/z 236. The ~H- 
NMR spectrum showed two secondary methyl groups at (3 
0.83 and 0.92, an oxygenated methine proton at (3 4.15, 
two olefinic protons at (3 5.46 and 6.04, four exomethylene 
protons at (3 4.89, 4.97, 5.21 and 5.34. The ~C-NMR 
spectrum exhibited the presence of 15 carbon signals, 
composed of six olefinic carbon signals at (3113.2, 114.6, 129.6, 
138.1, 146.4 and 148.0, one oxygenated carbon signal at 
(3 89.9, and eight aliphatic signals. Based on the reported 
structures of sesquiterpene hydroperoxides (Bohlmann & 
Gupta, 1982) and NMR spectral data, the structure of 5 
was determined as 1//-hydroperoxygermacra-4(15),5,10(14)- 
triene (Bohlmann & Gupta, 1982). 

Compound 6 was obtained as colorless gum and 
afforded a molecular ion (M § peak at m/z 356 in ElMS 
spectrum. Its ~H-NMR spectrum exhibited signals for six 
aromatic protons ((3 6.81~6.89), a dioxymethylene group (6 
5.97), a methoxy group ((3 3.91). The ~3C-NMR spectrum 
exhibited the presence of 20 carbon signals, composed of 
four oxygenated aromatic carbons ((3 146.0, 147.3, 147.4 
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Fig. 1. Structures of compounds 1-8 
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and 148.3), a dioxymethylene carbon (5 101.7), four 
oxygenated aliphatic carbons (5 70.3, 71.6, 82.7, and 
88.2), and a methoxy group (8 56.6). Eight signals at d 
2.91 (1H, m, H-l), 4.42 (1H, d, J=  7.5 Hz, H-2), 3.32 (1H, 
m, H-4), 3.85 (1H, m, H-4), 3.32 (1H, m, H-5), 4.86 (1H, d, 
J = 6.0 Hz, H-6), 3.85 (1H, dd, J = 6.5, 9.5 Hz, H-8), 4.13 
(1H, dd, J = 1.0, 9.5 Hz, H-8) were indicative of epi- 
furofuran type lignan. Thus, the structure of 6 was 
characterized to be pluviatilol by spectroscopic data and 
literatures survey (Banerji & Pal, 1982; Macrae & Towers, 
1985). The NMR spectral and physical data of the 6 were 
in good agreement with those reported in the previous 
papers (Corrie et al., 1970; Ishii et al., 1983). 

Compound 7 was obtained as a white powder and 
afforded a molecular ion (M § peak at m/z 418 in ElMS 
spectrum. The ~H-NMR spectrum exhibited signals for 
four aromatic protons (8 6.58-6.60) and four aromatic 
methoxy groups (5 3.89, 12H, OCH3). Eight signals at 5 
3.11 (1H, m, H-l), 4.73 (1H, d, J=4 .5  Hz, H-2), 3.89 (1H, 
m, H-4), 4.30 (1H, dd, J=  7.0, 9.0 Hz, H-4), 3.12 (1H, m, 
H-5), 4.73 (1H, d, J = 4.5 Hz, H-6), 3.89 (1H, m, H-8), 
4.30 (1H, dd, J = 7.0, 9.0 Hz, H-8) were indicative of the 
typical pattern of symmetric furofuran lignan (Macrae & 
Towers, 1985; Tanaka et al., 1989). Thus, the structure of 
7 was characterized to be (+)-syringaresinol by spectroscopic 
data and comparing its physical and spectroscopic data 
with those in the published literature (Deyama et al., 
1987). 

Compound 8 was obtained as a white powder. The ~H- 
and 13C-NMR spectra of 8 were quite similar to those of 4. 
The major difference in the NMR spectra was the 
presence of sugar signals in 8 [1H-NMR: 5 3.20-3.40 (4H, 
m, H-2', 4', 6'), 3.67 (1H, dd, J = 5.5, 12.0 Hz, H-5'), 3.87 
(1H, dd, J=  10.0, 10.0 Hz, H-3'), and 4.47 (1H, d, J=  7.5 
Hz, H-I'); ~3C-NMR: 5 62.1 (C-6'), 71.1 (C-4'), 74.3 (C-2'), 

Table I. Cytotoxicity of compounds 1-8 

EDs0 values '') 

Compounds A549 SK-OV-3 SK-MEL-2 XF498 HCT15 \Cancer Cell Lines 

1 2.64 1.32 2.50 2.72 1.05 
2 0.39 1.21 1.24 0.47 0.35 
3 2.81 1.52 5.54 2.80 1.48 
4 2.72 1.38 0.36 1.49 1.42 
5 13.56 10.07 5.14 12.60 19.31 
6 18.54 21.13 13.22 18.62 15.49 
7 >30.0 17.85 20.12 13.08 14.93 
8 2.45 1.37 0.40 1.41 1.43 

doxorubicin 0.018 0.07t 0.009 0.008 0.381 

a)ED~0 was defined as the concentration (i-tg/mL) that caused a 50% 
inhibition of cell growth in vitro. 

77.2 (C-5'), 77.5 (C-3') and 102.3 (C-1')]. Based on the 
above mentioned data and the reported chemical 
structures of sesquiterpene lactones (Kisiel, 1983; Marco 
et al., 1994), the structure of 8 was determined to be 
glucozaluFanin C (Nagumo et al., 1980). 

Compounds (1-8) were tested for their cytotoxicity 
against human tumor cell lines (Table I). Compounds 1-4 
and 8 showed non-specific significant cytotoxicity against 
five human tumor cell lines (0.36-5.54 pg/mL). 
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