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Chemical Constituents of the Genus Ligularia Plants. IX. New Norsesquiterpenoids
from the Roots of Ligularia dentata Hara
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Three new norsesquiterpenoids, liguladentanorol (1), 8@-hydroxyligudentatol (2) and Sa-

hydroxyligujapone (3), have been isolated from the roots of Ligularia dentata Hara

(Compositae). The structures of these new compounds were determined on the basis of their

spectral data.
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FIZEHZ 5L, ¥ 7% Compositae, X ¥ H F
a7 Ligularia BAEY) DALFR TR0 —B &
LT, ®IWNF 77 F L dentata Hara DR & D)
IIEOFHRELAFF R L4 F, 28 2HOH
$I7 b UFERD WO 2 BOFHEEFIEL
0 R HEEEL, Zh0 OLFEBEICOWTIR
L7, 4R, BICERSMELIToL A,
SEHOFH / VEAXFTARIALAF (1 —3)
YHMT LN TELOT, ENHDLFEE
BIZOWTEHET 5.

L& 1 FEAWMRY & LTELONL. oF
Ao fEE (HR)-EF A 4 1k (ED-MS & b
Ci1gHz0s ERE L 72, IR AR P VIZBWTIE,
KEEE (3356 cm™!), AEBERLAT IV (1721
em™!) RUOFEHERE (1611 cm 1) 12D CHRIR

RO LN D, H-NMR A7 MUVIZBWTIE,
A4V 7= )V [0y 1.83 (3H, s, Hs-13), 4.61
(1H, s, H-12a), 4.81 (1H, s, H-12b)], A F &
OAF L [0y 1.79 (1H, m, H-8a), 1.89
(1H, m, H-88), 2.66 (1H, m, H-7), 2.70 (2H, m,
Hy-9)], * bF 3 [043.26 (3H, s, 6-OCHs),
3.86 (3H, s, 14-OCHs) ], MRFREREEDFITRD
AFr7a by [645.08 (1H,d,J = 5.1 Hz, H-6) ]
WO HFEFER [6u6.64 (1H, d, J = 2.9 Hz, H-1),
691 (1H,d,J=29Hz H-3)] &KL ¥ 7 F
DROHSNDL, BC-NMR AT M iZBWT
F 16 KDY FF VBB IN, TDH L, &
171.1 (C-14) WA NKRZNVEEICHET LT
FUBRS 5N A, HIZ, 'H-"H shift correlation
spectroscopy (‘H-'H COSY) if TN 'H-detected
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Fig. 1. 'H-'H COSY (Bold Lines) and HMBC (Arrows)
Correlations for 1

H3CO

Fig. 2. NOEs Detected for 1

heteronuclear multiple bond correlation (HMBC)
AR MVERETAZLICLY, KMeEWD
VS A Fig 1 IORT &) ICHRE L. KT,
6 MM U T R DILARBEE 12D W TG 2 1T o 7.
9 7% b5, nuclear Overhauser effect correlation
spectroscopy (NOESY) A7 PILIZBWVT, 6
MOXNFTHEETMNRT a7 v,
1I3FLDAFIEE 6 hid T T+ & ORIZ NOE
WROONLZ EPL, 6 MMOA ML HITa
BEZ, TMoAfy7ux= Vi pRE? &
HZENVHLMNER T (Fig. 2). Doz &
PORMEYOREEEZ 1 NEREL, Bz
liguladentanorol & 7544 L 7=,

L& 2 I 3ESETMEL LTRONL. 5T
UL HR-EI-MS & 1) CiHis0y &2 L7z, AL
EW D TH-NMR A2 M vid, KEEYORE X
D IRE SN T 5 ligudentatol (4) 9 ZHERLL
TWEH, SMOXFLr7u b VIZHET S
DTFURHEELTED, Hioild ) ook

e, SEAREEHE, i IEHE

10.3 Hz

Fig. 3. Selected J-Values in 2

12.5Hz

11.7Hz

Fig. 4. Selected J-Values in 3

BRI [0y 3.88 (1H, ddd, J = 10.3, 9.9, 5.1 Hz, H-
8) ] DIFFENREENL, OB, H-
H COSY A7 P WIZBWT, KEEOMITIR
DAFr7a by TR Ta by
DEIZENETNMHEPROOND Z &5 81
EREL, TNEF SO EIZDWT
& 'TH-NMR A7 PV X O REF &7 o7 $74
bbb, To7Ta bk eafiorsTa kv
DAEEERAT5.9 Hz, 6O T b v & ORH
10.3 Hz, 87 u b v L OfAH710.3 Hz TH
b, 72, SoTa i gafiosa sk
DB OFEEGEHN 99 Hz, 7 b v kD
BAS5.1 Hz THAEI LIS, TRDA Y T
ZNVEIZpEEY, SMOKERKIT oBEL &
HZENHBL (Fig 3). 2R W RILAYD
3% % Sa-hydroxyligudentatol & k%E L 7-.

1ba 3 idmEEnRE LTl 4T
& HR-EI-MS & 9 Cp 605 L 35E L7z, A4k
GO ' H-NMR A7 b Vid, AEEYORE X
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9H) YNNI TFORDOIFH N AFTF NI DIFHEEICOWT 55

D i ST W5 ligujapone (5) ¥ [ZHEBLL T
WL, BIZEOLN 8D AFL YT U |
VICHET AT T IVHNEE L, #i7cIKEREE
[6n 429 (1H, d, J = 12.5 Hz, H-8)] O ITIED
AF 70 N VCEDL YT FNPRBOLNSD.
ZOKEEEDITIRDO AF 70 b ik, H-H
COSY AT MIZBWT 7O 7T b EM
MR onb 2 ens, KMuEWIEs O 8L
WKBESKEELHETH L LEVHL ML
ootz TALR8 ML AREE 12D Tt 'H-
NMR A2 bV &Y, TREOTT & 6afio
70 sy EOBOKEERD 5.1 Hz, 68D
0 h>EDBA11.7 Hz, SO 70 r & D
F125Hz THAHI 0D, THDOA VTR
VT pEEE, SMOKBEZeREEZ LS
EHHBHL (Fig 4). Doz s {baM
D% % 8a-hydroxyligujapone & 5 L7z,

X B o0 #

BEJGREE, HARSE DIP-360 # % v Tl
L72. UV A% hVid, Beckman DU-64 %
IR A7 h Vi, Perkin Elmer Spectrum One
* HWTllE L7z, EI-MS KX UF HR-EI-MS (X H
AR IMS-700 % B v Tl L7z, NMR AR
7 M IVIZHAREF INM-LA 600 BI2fFH L, K
ERFEAEE 12 tetramethylsilane (TMS) % B\ T
Wl L7z (B&EE s = singlet, d = doublet, dd =
double doublet, ddd = double double doublet, br =
b2 7 M ofE (ppm)
TRL, EEEK () EHz THKLA, U7
FIVAS LT NS T 4 =TI BRI E L
T Kieselgel 60 (Merck, 230 — 400 mesh) % {#
A L7, BHPLC (Zid, Ry —8EE (K
7, CCPD; #Hi2%, RI-8011, UV-8010) &8 L 7-.

HERUOSE 2004 F5 A1, BEREMGH
MIZBWTEHE LMY 7RO 2.3 kg
% MeOH THiHi L, MeOH =+ X (138.1g) %
Bz, IEKICEEL, Et,O0 THEHZITW,
Et,0 WEH (166 g) 2B, ey UA7rnw
S LA < M5 74— [n-hexane — AcOEt
(4:1—1:4), AcOEt, MeOH] ZffL, fr. 1 —

broad, m = multiplet) .

E L. 209 Bo fr. 16 %4 HPLC
[column, TSKgel ODS-120T (7.8 mm i.d. X 30
cm, Tosoh); mobile phase, MeOH — H,O (2:1);
flow rate, 1.5 mi/min; column temperature, 40 C;
detector, RI, UV (at 205 nm)] (2ff4 2 &2k
DALE1 (1.1 mg) HEEL/-. F72, fr. 17
% 5B HPLC [column, TSKgel ODS-120T (7.8
mm i.d. X 30 c¢m, Tosoh); mobile phase, MeOH —
H,O (2 :1); flow rate, 1.0 ml/min; column
temperature, 40 C: detector, RI, UV (at 295 nm) ]
AT Z LIk DILEw 2 (0.02 mg) RUMEE
P13 (0.02mg) % HEEL 7.

Liguladentanorol (1) #EAJHIKY. [ ]2 +28.0°
(c.= 0.11, MeOH). IR V sy (CHCI3) cm™!: 3356,
1721, 1611. UV A oy (MeOH) nm (log €): 204
(4.2), 231sh (3.7), 292 (3.3). EI-MS m/z (rel.
int., %): 276 (M*, 40), 261 (M*— CHs, 59), 245
(M*— OCHs, 30), 244 (M*— CH30H, 61), 230
(M*— CH; — OCHs, 87), 229 (M*— CH; —
CH;0H, 83), 208 (67), 193 (98), 178 (88), 163
(100), 155 (40), 129 (34), 115 (53), 96 (92), 83
(53), 55 (39), 41 (41). HR-EI-MS m/z: 276.1342
(M, Caled for CisHae04; 276.1362). TH-NMR (600
MHz, CDs0OD) ¢: 1.79 (1H, m, H-8a), 1.83 (3H,
s, Hs-13), 1.89 (1H, m, H-83), 2.66 (1H, m, H-7),
2.70 (2H, m, H,-9), 3.26 (3H, s, 6-OCH;), 3.86
(8H, s, CH;0-14), 4.61 (1H, s, H-12a), 4.81 (1H,
br s, H-12b), 5.08 (1H, d, J = 5.1 Hz, H-6), 6.64
(1H, d, J = 2.9 Hz, H-1), 6.91 (1H, d, J = 2.9 Hz,
H-3). 3C-NMR (150 MHz, CDsOD) &: 21.4 (C-
13), 24.8 (C-8), 28.6 (C-9), 45.2 (C-7), 52.6
(14-OCH3;), 56.2 (6-OCH;), 76.9 (C-6), 112.1
(C-12), 115.8 (C-3), 118.6 (C-1), 127.6 (C-5),
135.1 (C-4), 141.9 (C-10), 147.5 (C-11), 157.5
(C-2),171.1 (C-14).

8a-Hydroxyligudentatol (2) #:FFMHEK. UV
A max (MeOH) nm (log €): 220sh (4.1), 281
(8.7). EI-MS m/z (rel. int., %): 218 (M*, 100),
200 (M*— H,0, 14), 185 (M*— H,0 — CHs,
29), 175 (37), 159 (32), 146 (61), 134 (71), 121
(25), 115 (17), 91 (29), 77 (12), 55 (8), 41
(11). HR-EI-MS m/z: 218.1305 (M*, Calcd for
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C14H1505; 218.1307). 'H-NMR (600 MHz, CD;0D,
40C) 6: 1.83 (3H, s, Hs-13), 2.06 (3H, s, Ha-14),
2.44 (1H, ddd, J = 10.3, 10.3, 5.9 Hz, H-7), 2.63
(1H, dd, J = 17.2, 10.3 Hz, H-6p), 2.66 (1H, dd, J
=154, 9.9 Hz, H-9a), 2.81 (1H,dd,J =17.2,5.9
Hz, H-6@), 2.97 (1H, dd, J = 15.4, 5.1 Hz, H-93),
3.88 (1H, ddd, J = 10.3, 9.9, 5.1 Hz, H-8), 4.85
(1H, br s, H-12a), 4.88 (1H, br s, H-12b), 6.57
(1H, d, J = 8.4 Hz, H-2), 6.71 (1H, d, J = 8.4 Hz,
H-1).

8«a-Hydroxyligujapone (3) HEESEHE. UV
A max (MeOH) nm (log ¢): 228 (4.5), 285 (4.4).
EI-MS m/z (rel. int., %): 232 (M*, 65), 214
(M*— H,0, 6), 203 (89), 199 (M*— H,0 —
CHs, 8), 189 (18), 175 (44), 161 (19), 148
(100), 120 (46), 91 (30), 83 (20), 55 (14), 41
(12). HR-EI-MS m/e: 232.1106 (M*, Caled for
C14Hy1603; 232.1099). '"H-NMR (600 MHz, CDsOD,
40C) ¢: 1.90 (3H, dd, J = 1.1, 1.1 Hz, Hs-13),
2.13 (3H, s, Hs-14), 2.72 (1H, ddd, J = 12.5,
11.7, 5.1 Hz, H-7),2.91 (1H,dd, J = 17.2, 11.7

Hz, H-68), 2.97 (1H, dd, J = 17.2, 5.1 Hz, H-60),
429 (1H,d,J = 12.5 Hz, H-8),4.94 (2H, br s, H,-
12),6.74 (1H,d, J = 8.4 Hz, H-2), 7.73 (1H, d, J
= 8.4 Hz, H-1).
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