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Na,SO,Z AZFAIZ F 72RFsEA1A zlgk Zae] 3588 95¢
AATE ZFZE(95 gy silica gel 1.0kgo] EXH Lo
H2J8i3ict. ol n-hexane : EtOAc(49: 1 — 1:2) E-&n)
o] gste gwio] S48 WHIAI|EAM &EAFZ, TLC
pattern®l] WEFA 16719] fraction® 2 ¥ 8}9t}h. Fraction 10
(28g9)S TA nhexane:ether=4:1% silica gel column
chromatography®. 8-Z3}5L petroleum etherS ©]83 AZ4 0
2 3¥HE 162 mg, Rf 0.792, n-hexane/EtOAc, 1: )& I
b B3 fraction 14(1.0 @)A1 petroleum etherE ©)-2-% A
Aoz 39E 226 mg, Rf 0237, n-hexane/EtOAc, 1:1),
fraction 12(2.7 9= 3E 3(121 mg, Rf 0450, n-hexane/
EtOAc, 1: 1) At

AEEY. 2 ¥4 AHgE A AEFE= A549(ung
carcinoma), PC-3(prostate adenocarcinoma) % HCT 116(colon
adenocarcinoma) 3%% UIZTE2E adriamycing AHE-5F5C
™, RPMI 1640 ®lA](10% fetal calf serum, 1% penicillin/
streptomycin, 300 mg/hE ©|-&3t 37°C, 5% COHIL7]|lA
vieFeiith. 2t AEE o] THCM wolll B
el 2 welldll M| HEZE sod 78l BUx
o] HiF71oNAT 24817 WA MEE well plateo] F-2A17
th o7l ARE FYSL A AES well THO| FEA]
7171 $150 48717F WlEAFIAL, 1% acetic acid®E A&l A=
A7 7AZE welle SRBH ™| wa}l 04% sulforhodamine
BE 100 pliwellE 7}ote] Tilde FAMAZ T 308 23

< 0.1% acetic acid® A& T thA] AZAZ)Z 10mM
Tris base(pH 10.5)E 100 pliwelld]] 713le] AXA|2ke R34
713 F33E A 540 oM SHES ST, G E)
et NEe] MESHEAE AlNts] k] AIEE Zshe
Aol M) B ES (zero time)2} A B2 k) mediumTt
< 7keted 48A17F vl W] MES(control) B 72 FE
o ANEE I H 48417 algEIIE Wel MESE 24zt
Este] dAEe 4FE 50% AAsE BT 1C,(50%
growth inhibitory dose)& 7#A4tet 7 Alge] AEEAREES
A 3= parameter= ARSI T

FZ%7%. Dihydrotulipinolide: Needle crystals(rz-hexane/
diethyl ether); mp. 149.0°C; UV Amax(MeOH): 209 nm; MS
m/z(EL, 70eV, rel. int): 292(M", 3), 248(8), 204(87), 133(65),
91(100); IRv(KBr, cm™): 2931, 1774, 1732, 1375, 1233
em™; [0fP,=+58.6°c 1.0 in CHCL); 'H-NMR(500 MHz,
CDCL; &): 5.36(1H, dd, J=10.3, 10.3Hz, H-6), 4.88(1H, m,
H-1), 453(1H, d, J=10.0 Hz, H-5), 444(1H, ddd, J=107,
9.9, 99Hz, H-8), 290(IH, d, J=129Hz, H9a), 2.84(1H, m,
H-11), 2.60(1H, m, H-7), 240(1H, dd, J=12.7, 109Hz, H-
9b), 2.252H, m, H-3a, H-2a), 2.15(1H, m, H-2b), 2.02(3H,
s, H-2"), 1.92(1H, m, H-3b), 1.733H, d, J=0.8Hz, H-15),
1493H, s, H-14), 122(3H, d, J=7.6Hz, H-13); “C-NMR
(125 MHz, CDCl) & 178.1(C-12), 169.7(C-1"), 138.4(C-4),
131.1(C-10), 130.7(C-1), 128.0(C-5), 79.2(C-8), 69.3(C-6),
52.6(C-7), 46.8(C-9), 39.7(C-11), 39.1(C-3), 25.6(C-2),
21.1(C-2’), 17.0(C-15), 16.6(C-14), 13.5(C4), 11.3(C-13).

U M al

Loliolide: Needle crystals (n-hexane/diethyl ether); mp.
150.5°C; UV Amax(MeOH): 217 nm; MS m/z(EL, 70eV, rel.
int): 196(M*, 16), 178(58), 163(26), 140(47), 111(100), 95
(26), 67(32); IRV(KBr, cm™): 3434, 2948, 2365, 1726, 1271,
1177 em™; [0]®,=-1122% 1.0 in CHCL);, 'H-NMR(500
MHz, CDCl,; 8): 5.68(1H, s, H-2), 433(1H, m, H-6), 246
(1H, m, H-5a), 2.00(1H, m, H-7a), 1.79(3H, s, H-10), 1.77
(IH, m, H-5b), 1.53(1H, dd, J=128, 3.7Hz, H-7b), 147
(GH, s, H-11), 127(3H, s, H9); “C-NMR(125 MHz,
CDCl,) &: 182.6(C-3), 172.0(C-1), 112.8(C-2), 86.8(C-8), 66.7
(C-6), 47.3(C-7), 45.6(C-5), 35.9(C-4), 30.6(C-9), 27.0(C-10),
26.5(C-11).

50,80-Peroxyergosterol: White powder (n-hexane/diethyl
ether); mp. 181-182°C; UV Amax(MeOH): 209 nm; MS m/z
(EL, 70eV, rel. int.): 428(M*, 14), 410(13), 376(39), 251(46),
161(23), 69(100); IRv(KBr, cm™): 3519, 3358, 3203, 2950,
2863, 1646, 1452, 1374 cm™; [0)®,=-28.0°c 1.5 in
CHCL); 'H-NMR(500 MHz, CDCl; 8&): 649(1H, 4,
J=85Hz, H-6), 6.23(1H, d, J=8.5Hz, H-7), 523(1H, dd,
J=15.3, 153 Hz, H-22), 5.13(1H, dd, J=15.3, 153Hz, H-
23), 396(1H, m, H-3), 2.09(1H, m, H-4a), 2.03(1H, m, H-
20), 1.95(1H, m, H-12a), 1.94(1H, m, H-la), 1.90(1H, m, H-
4b), 1.85(1H, mi;H-24), 1.84(1H, m, H-2a), 1.75(1H, m, H-
16a), 1.67(1H, m, H-1b), 1.59(1H, m, H-15a), 1.55(1H, m,
H-14), 1.53(1H, m, H-2b), 1.50(1H, m, H-11a), 148(1H, m,
H-9), 147(1H, ‘m, H-25), 140(1H, m, H-16b), 1.38(1H, m,
H-15b), 1.24(1H," m, H-12b), 122(1H, m, H-17), 1.22(1H,
m, H-11b), 1.003H, d, J=6.6Hz, H-21), 091CH, d,
J=6.8Hz, H-28), 0.88(3H, s, H-19), 0.82(3H, s, H-18), 0.81
(3H, d, J=4.7Hz, H-26), 0.793H, d, J=5.9Hz, H-27); BC-
NMR(125 MHz, CDCL) & 1354(C-7), 135.2(C-23), 132.3(C-
22), 130.7(C-6), 82.2(C-5), 79.4(C-8), 66.4(C-3), 56.1(C-17),
S1.7(C-14), 51.2(C-9), 44.6(C-13), 42.8(C-24), 39.7(C-20),
39.4(C-12), 37.0(C-10), 37.0(C4), 347(C-1), 33.1(C-25),
30.1(C-2), 28.6(C-16), 23.4(C-11), 20.9(C-21), 20.6(C-15),
20.0(C-26), 19.6(C-27), 18.2(C-19), 17.6(C-28), 12.9(C-18).
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Fig. 1. Chemical structures of isolated compounds.

'H-NMR  spectrum®l| A= 3H®2] doublet 81.22(J = 7.6Hz)3}
1.73(J=0.8Hz), 3H¥-2] singlet?] 51497} 2.02& zhz} 1383}
159, 1495} 2'02) methyl proton® & #HZFH o) 221
sesqiterpene lactone®] 57J4%] peakdl 2H¥-2] doublet(d 5.41
I 607 Holx ¥ FHOE Rol lactone groupd] exo-
methylene signal> §15-5 & 4= Ut “CNMRS 2% 17
70 carbon signale] FEEYOH | §170.17 169.794= T
7§2] carbonyl group, 813843} 131.19141% quaternary group,
3468, 39.1, 25.6%] sp’ methylene group, 8130.7, 128.02] sp’
methine, 879.2, 69.3, 52.6, 39.7°] methine carbon group,
821.1, 17.0, 16.6, 11.394%= methyl group®| 4747} EAj3He
& AT ole} e ANES vlEOE compound 1 1
el eliEz|eh 2709 15 ATE Zu e AL 7Rt
W F =FE3= (degrees of unsaturation)7t 5711w, €, H,,0,
A 2vElE 7 BRFEY S 34T 4 A PC-'H CoSY
spectrum 4= sp’ methylene©] 37171 912-& & 5= Ut
223 'H-'H COSY specttum®lA& H-11 (86.07, 5.41)
methineS 1202 8l <1e 91x)¢] H-7 (52.60)% H-
138122)2] peak7} #HZEHJTE H-72 H-6(35.36)% H-
8(84.44)°] ME W Apeak(cross peak)E RA L, H-6S sp
methine?! H-5(34.53)H3} peak”} #AH0H | allylic 93]
FAR HA1581.73)9 A AAAE BT H-8S H-9a/
b(82.40, 2.90), H-9a/b= H-14(81.49)¢} AAAAE BTt =
T2 AIRRR] H-3ab(81.92, 2258 H-2a/Mb(82.15, 2.25), 18]
3 H-2abe sp” methine$l H-13} peakS How H-1494=
allylic #A10) Q1T 4xpgkdell o8] Qo] o2z} k=
FE) ARE 47) 98 HMBCE long range couplingS 2
Aslden, 7 A= Fg 13} Fig 20 YeRJSIT). o)Ake]
AFAE v 74 g vnd 25, I3FE 1L 8-
acetoxy-1(10),4-germacradien-12,6-olide 2 &% FA Yo,
ol Wiesnerella denudata®]Eo)* E2]9 dihydrotlipinolide
S} & Aou] 9 &Flofie Hgow Ba BHid Aot}

Compound 1

Compound 2
Fig. 2. Important HMBC correlations of compounds 1 and 2.

o AR E 10% H,S0.00 2)ste] g
T} Mass spectrum®l| A= E2}0]2 peak”’}
g 4 JdRen, IR spectrumolAE 3434
cm™(OH), 2948 cm'(aliphatic C-H), 1726 cm™(C=0), 1177
em™(C-0)ellA s Frul7h B2, 'H-NMR  spectrum
olX= 81.79, 147, 0.819] 3HF-9] singlete 2H2t 1081, 119,
99} methyl proton® 24 377} BEEAS, 85.682] AR
o2 shiftFle] e 1HES] singletd sp® methine signal
A& 4T 4 AUk "C-NMRH DEPT 2kEollA E5F 11
7§9] carbon signale]l FEZE AL, §172.0°914+= carbonyl
group 171, 8182.6, 86.83} 3599)|X= quaternary group®]
ZE At 733 4562 sp' methylene group, 8112.8%
66.7-> methine carbon group, §30.6, 27.034 26.52 methyl
group®| 377F EANES R & USTh WA o9} e
Z}EL vRo® 3Rk 2& 19 olxEr|e 119 o)F
ArE 2 e g ARkt & Bxsles afo)d o]
AE FoA 817209 carbonyl group 17§} sp® methylene
groupe] 1747} leke A1e AW ¢ H,051 23218 7}
A sg=ds 4L+ JATE "C'H COSY spectrumel|A]
sp” methylene group”t 1719} sp* methylene 2707} EA)3H&
At} 'H-'H COSY spectrumoA] H-5ab(82.46, 1.77)2] sp’
methyleneS A2 Z sla] H-6(84.33)Y] peak7} B2=9)
3L, H-62 % ThE p® methylene group®] H-7(52.00, 1.53)
FHAAE B O oo ARE 94X Esldr). 4xpgt
ol ofs]] Ado] o]FolAx] ok Fie] ARE Ay 8
HMBCZ long range couplings 243}, 7 A3+ Fig, 1
7 Fig. 20l JeRAIT). ool AxE nlgoR B33t} 1)
wgt Az, 3HE 2% 5.6,78-tetrahydro-6-hydroxy-4,4,8-
trimethyl-2(4H)-benzofuranone & = Lolium perenne$t Viburnum
dilatatum 5] 2EA B9 loliolide®t 728 Ao A4
RowH 2020 o] e A HFbellA] XFo 2 FF).
SIRHE 38 sk WAl Bdg 10% H,S0,00 2ske] g
Wl o g AETE Mass spectrumOIAE Ao peak?} m/z
2898 B 4 e, IR spectrumolAE 3519 cm
(OH), 3203 c¢m™'(=C-H), 2950 cm(aliphatic C-H)°|+ 7+3h
FrUi7h #2E AT, 'HNMR spectrumeliA = §0.82, 0.8891
A 3HE9] singlet, 8091, 1.0914 3HE 2] doublet, 28]
82.00014 6HI2] doubleto] HEHATE. 85237 5.13°A =
endo-methylene®] doublet of doublet(dd)”} HZ=AT, §6.49,
6.23°14 endo-methlene®] doublete] =S, BC-NMRA
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Table 1. In vitro cytotoxicity of the compounds and adriamycin on
human cancer cell lines

Compound Cell lines IC,; (ug/mi)
A549 PC-3 HCT-15
1 >10£05 >10+£04 >10£0.2
2 >10£0.3 >10£0.6 >10£0.5
3 52+03 3.9+06 3.1+05
Adriamycin 03%0.1 04%0.1 0.7+£0.1

DEPT A[&elX 25 28709] carbon signale] #2EHS=H o]
£ Fo|A quaternary group®] 470, endo-methylene group®] 4
70, methine group®] 770, methylene group®] 77K, methyl
carbon group®] 6707} EAIFE EJAE 4 ). SPE 32
olFd¥e] VIVt e A& AT F EXslE== 7ol
™ o]RE FoM 27l endo-methylene groupe 7FEXIL U1
o}, wEbA o] BAS C,H,0.2 538 REYS 53
g SISt oo AAE uigoR E9is vwg 4
3, 3FgE 3& 58-epidioxy-50,8B-ergosta-6,22E-dien-3B-0l
Acremonium luzulae, Lasiosphaera nipponica 59 )&l A]
2% 50,80-peroxyergosterol?t - AOZ FAE G 0m 25
oA e Ao £ Hiag Zojt} ojgzte] € 3
Mo BRESLS BF mevalonate pathwayS 7373 isoprene
o] BhavE ASAOoR S terpencidAl SRHES] ZoE
A ohFig. 1.

eE SRk 1, 2, 38 oieE QA AIEFQL AS549,
PC-3 ¥ HCT-15 3%°l thald in vitoolA12] SRB WHOE
AEEAE 5783 43, Table 19 vepdulel o] sijHE 3
2 3% A EF tisle] IC,%e] 3~5ug/ml ©]3ke) vl
A 7 QHE A JAREE THRE AeE ERIFHSIT.
m2bA Kim 9] A &7tox QtelitdA Aol o
HRE dvkes Baeh 2 A7 A AReAgd 2
Ak AT e A2 AR, 7ledAAEX Y 7Ex7}
FH3] Ae AoF wEn), gkog &zke] JEATS HE
o Afujde}srAQl A7t Waste] A = ojord Flo]r},
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Isolation and Identification of Terpenocids from the Leaf of Chrysanthemum coronarium L.

Kyung-Dong Lee"*, Tae-Joung Ha'?, Byong-Won Lee?, Jong-Rok Lee?, Jun Lee?, Sun-Woo Hwang’, Dong-Young
Cho?, Sang-Hae Nam®, Min-Suk Yang'? (Institute of Agriculture and Life Sciences and *Division of Applied Life
Science, Gyeongsang National University; *Department of Food Processing, Jinju National University)

Abstract: Three terpenoids were isolated from the leaves of Chrysanthemum coronarium L. by silica gel
chromatography and recrystalization. The structure of compounds 1, 2, and 3, using various spectroscopic data, were
identified as to be terpenoid derivatives of dihydrotulipinolide, loliolide, and So.,8c-peroxyergosterol, respectively. The
presence of these 3 is the first time reported in this plant. The cytotoxic activity of 5c,8c-peroxyergosterol showed
strong activities against human cancer cell lines such as A549, PC-3, and HCT 116.

Key words: Chrysanthemum coronarium L., terpenoid, cytotoxicity
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