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Chemical Constituents of the Genus Ligularia Plants. V. New Constituents from

the Roots and Leaves of Ligularia stenocephala Matsum. et Koipz.
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Three new benzofuran derivatives, 6-hydroxy-3a-methoxytremetone (1), 2,2'-(1"1"-

dimethyl-3"-methoxy-3"-methyl-1",3"-propanediyl) bis (5,6-dimethoxybenzofuran) (2) and

7 8-dimethoxy-1,4-dimethyldibenzofuran (3), have been isolated from the roots of Ligularia

stenocephala Matsum. et Koz, (Compositae). A new triterpenoid, 24-chlorocycloart-25-en-

3p-0l (4); has been isolated from the leaves of the plant. The structures of new compounds

were determined on the basis of their spectral data.
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SBIcEE LI, ¥ 7% Compositae, X ¥ 5T 1
7 Ligulario BREY DALFRIZED—ERE LT,
A & 717 a7 L. stenocephala Marsum. et Komz. O
R & 1 ligulacephalin A, B KU C &éw% L7-37&
DFHAR V77 v ZERTHEEEL, o0k
EHEICOWTHRE L2 40, HIZ, X9H T
I DORRPEOEIRR e T o728 2 H, Rh
L3MWOFHENVTT U FER 1-3) &, £
72, EhSIEOHHR NI TR A K (4) 2B
S B2 ENTELDT, FRoOLEEEICD
WTEHRET 5.

{b&1 idEEmR & LTEL Iz 5F5R
W ESERE (HR)-BET A4 4+ vt (EI)-MS &V
CH;s0, ERE L7z, TH-NMR A7 R LIZBW
Tix, £ v 7a~r=)V# (6,189 (3H, brs, H-12),
5.13 (1H, brs, H-11a),5.26 (1H, brs, H-11b) ], 7+
FIEE (64259 (8H, s, Hy-14)], * bFT# [5y
3.35(3H, s, 3-OCH,) |, BAERBREAEDMFIRDO X F
y7akr [6,482(1H, d,J = 6.2 Hz, H-3), 5.01
(1H,d, J = 62 Hz, H-2)], FEIER [046.46 (1H, s,
H-7), 774 (1H, s, H-4)] ITKEE [64 13.01
(1H,s,6-0H)] (2T Y7 FurBdobN, &

MO IEFREI DR & 0 s STV % 6-hydroxy-
33-methoxytremetone (5)% IZHFMUL TWaA. L
2L, 26 R O 3AL DK FERIZ nuclear Overhauser
effect correlation spectroscopy (NOESY) A2 b
WIZBWTNOE DI SN A Z &, TITmK
FEHOREEEBD62Hz TH B &9 b, Kb
EWEIEDIMA PFIEIHETHIIEY-TH
4 6-hydroxy-3 @-methoxytremetone & P& L 7-.
b2 13K L L TR, HFRK
(& HR-EI-MS 75 C,,Hy,0, & H5g L7z, RLEY
D HNMR A7 Mg, FHEYOIR L D #HiE S
LTV 5 stenocephalin A (6)% [ZFEEL L T 575,
IO LN/-3NDIHXF I AF L VIZHFET S
TFVDERL, Bl EZm ATV [6,1.26
(3H, s, 3"-CHy)] BU"# MF 3 [ 3.02(3H, s,
3"-OCH,)] IZEDL V7 FADBDHLNE. EL-
MS & O'HR-EI-MS 12 B\ Tl m/z 436.1857 (A 2.9
mmu, CogHoQp) 12 155TF-D X ¥/ — )LD B
KT HTTTAY M F -, mi 218.0944
(A -0.1 mmu, C,;H,,05) & McLafferty $sif % % -
127X MME Y= PBEBEENLZ Eh
B, ZARAFIVEROA NF TG INMICHE
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ELTWLZEFHL LR o7 (Fig 1), &B,
3"BLDSAKELE 12DV TIE BB D -0 P
THIENTE ol INEVRILEYOR
&% 2,2'-(1",1"-dimethyl-3"-methoxy-3"-methyl-
1" 3"-propanediyl) bis (5,6-dimethoxybenzofuran)
LR L7,

LA 3T EERS R E LTSN, HR-EIMS
B F%E Ce 05 & e L7, UV ARY bV
IZBWTIX222, 257, 292, 306, 311 & U318 nm
ZTNRUYT T FERIERE 2RISR 5
5.9 REEY O HNMR A7 bV, A
CEBDOIEYITH B Ligularia intermedia Nakat
D TED» SME SN T W5 7,8-dimethoxy-4-
methyldibenzofuran-1-carbaldehyde (7)7 1Z3HAL L
TWBH, TICRO LN IO T IV T FEN
HEL, FIHFERICER LA FVE: 64250
(3H, s, 1-CH,) ] » ¥ 7 FApBdS5hs. Tk b
3 D& % 7 ,8-dimethoxy-1,4-dimethyldibenzofuran
EPELT.

1R = a-OCHj
5R = p-OCHj3

LA A IZELMS (2BWT, M RO [M+2]°
B m/z 460 B UT46212893 ¢ 1 DRI THEIZE S
B52Eenh, HFPICIHAOEZREZETH I AT
I L7z, 5 FRULHR-EI-MS 2 5 CyoH,ClO & 3
% L7, EI-MS R UHR-EI-MS i2 B W Tlid m/z
320.2256 ( A -1.4 mmu, CyH,,*Cl) J 1322.2249
(A +0.8 mmu, CyHy?Cl) 123 7 a7 )b Vb
) TR A FICHEE %9, 10AMORREE,
FIE) ABROBBEICHR T 275 7 A M
T ¥ PROLNE (Fig. 2).9 RLEWD
TH-NMR A X7 P VIFEISEER 53 % B v THEY
S EE SN TV 5B cycloartanol (8)%19 (ZHE{LL
LTWa%S, CEMEY & DIz L ) 24-chloro-
25-methylene 3% [64 0.89 (3H, d, J = 5.5 Hz, H-
21),1.80 (8H, br s, H-27), 4.34 (1H, dd, J = 13.9, 6.6
Hz, H-24), 4.89 (1H, br s, H-26a), 5.00 (1H, br s, H-
260)] BT HZEDVHLPE RS, TOT L
'H-detected heteronuclear multiple-bond coherence
(HMBC) A7 FIVIZBWT, 266D KIH A F

Chart 1



AY TSy BHEMOBRSIT (B AP T aATORBEOEOHHELFM ST DOnT 53

miz 436.1857 (A -2.9 mmu)
c:'..’6H2806

+n
CH;0 OCH:—l
CH;0 o o OCH;

m/z 218.0944 (A -0.1 mmu)
Cy3H1403

Fig. 1. HR-EI-MS of Fragment Ions Generated from 2

mjz 320.2256 (A-1.4 mmu)
C21Has™Cl

miz 322.2249 (A +0.8 mmu)
C21Hgs™Cl

Fig. 2. HR-EI-MS of Fragment Ions Generated from 2

Ly EERO2TRD A F VDS 24N DIEFE DM 25-en-38-ol & PE L 7=,

TIRDO X F VR FBIAHEDPROONDL Z 0D b

TRHEND. BB, 4MOTEREICOWTI X RBR O
AEPEDDORET LI ENTE 0o 7C.

TNk, MMeAWOREE %L 24-chlorocycloart- UV A2 M Vid, Beckman DU-64 %% v
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HiE L7z, EI-MS MUV HR-EI-MS 13 H AT JMS-
DX 303 & VTl L7z, NMRAXZ MLiZ
HAE T-JNM-LA 600 B 2] L, W&y
|2 tetramethylsilane (TMS) % W CHllE L7z (B
ZE . s = singlet, d = doublet, dd = double doublet, br
= broad). 1b%+ 7 Mid ol (ppm) TRL, &
EEE ) SHz TELE., YUITFVATLY
o< b7 74— 123 FEEF & LT Kieselgel 60
(Merck, 230 — 400 mesh) #ffH L7-. 4B HPLC
Wi, myY —BEE (K27, CCPS; #iti#s, RI-
8020, UV-8020) %A L7z.

HHEROSEE B 200148 HIC, BEEAHE
RSBV CTIREL/2 A Y #5737 DOR02 kg
#BEL,OTHIH L, Et,0 =% X 64 g% 157>, Th%
UMV S AT AT NTT T 4 — [n-hexane —
AcOEt (4:1—1:4), AcOEt, MeOHT (AT L, fr. 1 —
B0IZm L7z, D) bDfr. 5&5HHPLC
[column, TSKgel ODS-120T (7.8 mm i.d.X 30 cm,
Tosoh); mobile phase, MeOH; flow rate, 1.0 ml/min;
column temperature, 40 ‘C; detector, RI, UV (at 205
nm) ] (fFT eIz nikEW1 (01 mg) % Hifk
L7z, %72, fr. 16 4 BUHPLC [column, TSKgel
ODS-120T (7.8 mm i.d.X 30 cm, Tosoh); mobile
phase, MeOH —H,0 (4 : 1); flow rate, 1.0 ml/min;
column temperature, 40 ‘C; detector, RI, UV (at 295
nm)] AT eIk ka2 (0.1 mg) KO
1ItE&3 (0.1mg) *HEEL /.

BT 20014E8 HIC, fMREESEILIEERIZBWT
WRELAAZHTITDIE02 kg % EL,O THIH L,
Et,0 ¥ 2146 g% 187, SNE VI HITIVHT A
70a< 774~ [nhexane —AcOEt (4:1—1
:4), AcOEt, MeOH] 12 L, fr. 1 —41127 8 L 7.
ZDH)BEDfr. 11 %4 BHPLC [column, TSKgel
ODS-120T (7.8 mm i.d.X 30 cm, Tosoh); mobile
phase, MeOH; flow rate, 1.0 ml/min; column
temperature, 40 C; detector, RI, UV (at 205 nm) ]
WA Z ik DikEa (02mg) ZHEEL 7.

6-Hydroxy-3a-methoxytremetone (1) ALK
Y. UV A (MeOH) nm: 217, 235, 275, 317. EI-MS
m/z (rel. int., %): 248 (Mr, 100), 233 (M — CH,, 18),
217 (M* — OCH,, 43), 216 (M* — CH,;OH, 44), 201
(M*— CH, — CH,0H, 50), 173 (24), 161 (21), 149

(22), 131 (11), 115(18), 105 (15), 91 (19), 83 (28),
69 (13), 43 (78). HR-EI-MS m/z: 248.1053 (M,
Caled for C,,H,(0,; 248.1049). 'H-NMR (600 MHz,
CDCL,) 6:1.89 (38H, brs, Hy-12), 2.59 (3H, s, Hy-14)
3.35(3H, s, 3-OCH,), 4.82 (1H, d, J = 6.2 Hz, H-3),
5.01(1H, d,J = 6.2 Hz, H-2), 5.13 (1H, br s, H-11a),
526 (1H, br s, H-11b), 6.46 (1H, s, H-7), 7.74 (1H, s,
H-4),13.01 (1H, s, 6-0OH) .
2,2'-(1",1"-Dimethyl-3"-methoxy-3"-methyl-1",3"-
propanediyl) bis (5,6-dimethoxybenzofuran) (2) #
IR, UV A .. (MeOH) nm: 205, 246, 294. EI-
MS m/z (rel. int., %): 468 (M*, 3), 436 (M* — CH,0OH,
10), 421 (M* — CH,; — CH,0H, 3), 218 (100), 203 (57),
175 (15),160 (7). HR-EI-MS m/z: 468.2147 (M*, Caled
for CyHz,05; 468.2148) . 'H-NMR (600 MHz, CD,0D)
8:1.26 (3H, s, 3"-CH,), 1.39, 1.43 (each, 3H, s, 1'"-
CH,), 2.29 (1H, d, J = 14.3 Hz, H-2"a), 259 (1H, d, J
= 14.3 Hz, H-2'b), 3.02 (3H, s, 3"-OCH,), 3.77, 3.78
(each 8H, s, 5'-OCH,, 6'-OCH,), 3.79 (6H, s, 5-OCH,,
6-OCH,), 5.92 (1H, s, H-3), 6.26 (1H, s, H-3'), 6.64
(1H, s, H-4"), 6.71 (1H, s, H-7"), 6.74 (1H, s, H-4),
6.77 (1H, s, H-7).
7,8-Dimethoxy-1,4-dimethyldibenzofuran (3) &
IR R, UV A . (MeOH) nm: 222, 257, 292, 306,
311, 318. EI-MS m/z (rel. int., %) : 256 (M*,100), 241
(M*— CH,, 34), 213 (21), 193 (30), 185 (5), 169 (8),
152 (4), 141 (10), 128 (13), 115(8), 99 (4), 91 (2),
69 (2), 57 (2), 43 (4). HR-EI-MS m/z: 256.1125 (M,
Caled for CigH,;05; 256.1100). 'H-NMR (600 MHz,
CD,0D) 6+ 250 (3H, s, 1-CH,), 2.73 (3H, s, 4-CH,),
3.95 (6H, s, 7-OCH,, 8-OCH,), 6.98 (1H, d, J = 7.3
Hz, H-3), 7.07 (1H, d, J = 7.3 Hz, H-2), 7.30 (1H, s,
H-6),7.54 (1H, s, H-9).
24-Chlorocycloart-25-en-33-0l (4) S MK,
EI-MS m/z (rel.int., %) : 462 ([M+2]",7), 460 (M,
18), 445 (M* — CH,, 14), 442 (M* — H,0, 23), 427
(M* — CH; —H,0, 20), 322 (9), 320 (24), 175 (35).
HR-EI-MS m/z: 462.3439 ([M + 21", Calcd for
CaoH,¥"ClO; 462.3442) , 460.3455 (M, Caled for
CaoH,.%ClO; 460.3472). 'H-NMR (600 MHz, CDCL,)
8:0.33(1H, d, J = 4.0 Hz, H-19a), 055 (1H, d, J =
4.0 Hz, H-19b), 0.81 (38H, s, H,-29), 0.885 (3H, d, J =
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5.9 Hz, Hy-21), 0.892 (3H, s, Hy-30), 0.97 (6H, s, H-
18, H,-28), 1.80 (3H, br s, H-27), 3.29 (1H, dd, J =
11.0, 4.4 Hz, H-3), 434 (1H, dd, J = 14.3, 6.2 Hz, H-
24), 4.89 (1H, br s, H-26a), 5.00 (1H, br s, H-26b).
BC-NMR (150 MHz, CDCl,) & : 14.0 (C-29), 17.0 (C-
27), 18.0 (C-18), 18.3 (C-21), 19.3 (C-30), 20.0 (C-
9), 21.1(C-6), 25.4 (C-28), 26.0 (C-7), 26.1 (C-10),
26.4 (C-11), 28.1 (C-16), 29.9 (C-19), 30.4 (C-2),
32.0 (C-1), 32.9(C-12), 33.3(C-22), 33.4 (C-23),
35.5 (C-15), 35.6 (C-20), 40.5 (C-4), 45.3 (C-13),
47.1(C-5), 48.0 (C-8), 48.8 (C-14), 52.1 (C-17), 67.6
(C-24),78.8(C-3),114.0 (C-26), 144.3 (C-25).

SR AMFEICH-D, MSEUNMR ARZ b
VI L CTEW 7R R RER R O & (R
HLET.
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