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Abstract

Objective: To study the constituents of Tussilago farfara L. Methods: The compounds were isolated
and purified by column chromatography of Sephadex LH-20, HPLC and semi-preparative RP-HPLC.
Their structures were elucidated by physicochemical properties and spectral analyses. Results: By
the means of chromatography methods and spectroscopic evidence, 20 compounds were isolated
from 95% EtOH of T. farfara. We identified 15 compounds by spectroscopic analysis, 12 of which
were sesquiterpenoids. Conclusion: Compounds 6 and 15 are identified from Tussilago farfara L.
for the first time.
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1. 518

5 R AV H A IR IR A, & 15 MR EE e AMGEN R, 2L
FERMIERAAAE . XL, XSRS TR, RRE IR R A S H s firtg i, ik e s
PO A H R ZER AR M A S e 2 (10— 2R [1]. (Rl AR TR R, JFRIL A
BRI 2 Z VAN B B AR e i, AT ATV 2. 25385, G B 2 HAR[2]

KA R H R B3 4 (Tussilago farfara L)AL EE, &M EAEARMEY), BEA 10 AT
HE 12 H T RAEMARH R RYZ, EE A T E, BRIMAALIE. SRAEATEH &G R 2 I S0l
AL N2 TR IR AN — 5850 o AR 3 L p BT &8 M5 mE BE%, 2220 oplopane ‘B 4241 bisabolane
HRANE. AT CIIER oplopane RUFFii LA I+ 4>, & OB AL, HEEEF
i RIS [F) 2 A AE T HBUREE AL B AR, 25 FBORAEAE 1. 7 1 14 £i7. ZRAAE R IE (1 £ 2=k rh
WA /b7 72 bisabolane Y, 1ZZE %k S5 MR MR AE 1. 5 AL 8 RLs B %A dk, 1 A0A0 8 i R Z Witk
B . TAESK, WA MORAAEE Y ORI TP B AEE A4 K oplopane A 2 il A — AN BT R
bisabolane 72 [3]. K& T oplopane %A bisabolane B ik 4h, FAAEHIEIRIE T eudesmane %4[4]
FEmE A guaiane BU[S]AE s o FRATRIAE BRVE 2544 11737 RIG K AL REAT T A2 RO 0T 9T, N4y B 1S
BT 20 MEAW, B PEITTFBR A% e T 15 MeE(nE 1), 43514 6,10-Octadecadienoic acid
(1) [6]-~ Hexadecanoic acid (2) [7]~ Senkirkine (3) [8]~ (-)-cryptomerion (4) [9]. 2,2-dimethyl-6-acetylhromanone (5)
[10]. p-oploplenone (6) [11]. 7p-(3-ethyl-cis-crotonoyloxy)-14-hydroxy-notonipetranone (7) [12]. 14-acetoxy-

7p-(3-ethyl-cis-crotonoyloxy)-1a-(2-methylbutyryloxy)-notonipetranone (8) [12]. tussilagone (9) [13].
7p-(3-ethyl-cis-crotonoyloxy)-1a-(2-methylbutyryloxy)-3(14)-dehydro-Z-notonipetrane (10) [13]. (1R,3R,4R,5S,65)-
1,5-diacetoxy-8-angeloyloxy-3,4-epoxybisabola-7(14),10-dien-2-one (11) [14]. (1R,3R,4R,5S,6S)-1-acetoxy-8-
angeloyloxy-3,4-epoxy-5-hydroxybisabola-7(14),10-dien-2-one (12) [14]. 14,8-bisangeloyloxy-3a,4a- epoxybi-
sabola-7(14),10-dien-2-one (13) [3]. 15-(3-ethyl-cis-crotonoyloxy)-8-angeloyloxy-3a,40-epoxybisabola-7(14),10-
dien-2-one (14) [3]. (4R,6E)-2-acetoxy-8-angeloyloxy-4-hydroxybisabola-2,6,10-trien-1-one (15) [15]. HH,
A1 6 F1 15 9 IRMGRAAE 73 AT HI .

2. (XEE5RH

1D #1 2D NMR 7£ Bruker AM-400. DRX-500 5, Bruker AM-600 #Z i 3tHRA_E5E , TMS 1E N N Fx,
6 N ppm, J N Hz; ESI-MS 7E Burker HCT % Esquire Jii 4% - 52 ; @10 #F 5 1% 7E Auto-Spec Premier P776
VA W 5E 5 FERE K JZE M FIRERE (100~200, 200~300 H), o8 F Sl b T A5, RAE T £ RP-18
N 40~60 pm, Merk 2 H]ZE/*; MCI $EH7e 44k v MCl-gel CHP-20P; HPLC 43 Hr{i 2%l Agilent 1260 %47
WA A, AitkF Ay Agilent A 5 ) ZORBAX SB-C18 e MHE: . %l Ny Sephadex LH-20; & 2575 A6
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N 10% H,SO, i) LBEEW, W0l fa & 4, AWels 5 57): Dragendorff's, 5 )5 (7.
3. IERENEBE

TR AL 10 kg, F31eEJ5 F 95% ) L BEHREL =R (25 LIKR), A H42B0R, R 2818 2 E HLEH,
R QBT R, S2MHIEY) 143.7 g, DURBLIZHERE, PLHFEE/K £250(30%~100%)7E MCI #_Fi3k4T
FREEVERL, DL TLC BT, &IFMEA D SEEI =80 -1 XU FKZ TR AN, B2
28 ZEEA B =R, 15K Z TR, ISR =), B340 5.3 g.

o | B g, BRI EY 2 (1.59).

COOH
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9R=H R,=Ac
a@) ,
o P o 7 0
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Figure 1. Obtained structural expressions of 15 compounds
B 1 HBEEE 15 MAEREER

W5y N BUA /Ny 4, 19EIM6E 9 (2.4 g). ARG MY, DURBHIHERE, DIHEE - KR4
(75%~100%)7E. RP-18 A% FRHATHE LB, LA TLC HEATHRI, A IFFAHFZH 3153 1-as 1-b. 1-c. 1-d Al I-e.
l-a 23t Z A EHT RS2 E4 10 (2.3 9), 4 (4.1 mg)fil 1 (28.9 mg). LLHFEE-/K 245(82: 28, ik
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3 mL/min)7E 53 AL HPLC X I-b BU#AT 1] % J5 15 214k 54 14 (20.0 mg, tR = 12.6 min), 13 (20.0 mg, tR =
11.2 min), #18 (3.8 mg, tR = 15.1 min). I-c L&A N BEMFIEE T ENT G S 210 &4 5 (65.2 mg) FIiR &
W, DA EE-/K R 45(70:30, 3% 4 mL/min)ZE 0 H7 HPLC SHE A W3 T 0 % )5 5 2116 44 11 (10.6 mg,
tR = 11.9 min). I-c £&3d 2 U RAT JE M A1 1) % J5 15 246 54 6 (27.3 mg)F1 7 (43.2 mg, tR = 11.8 min).
XF 1-e BEiEAT i 4 (R EE-7K 75:25, Yk 4 mL/min) {3 24k &4 12 (22.2 mg, tR = 10.8 min)fll 15 (3.4 mg,
15.3 min)

AW oy 208 2 IR FE IE AT RS B A 3 (1.1 g).

4, EHEE

6,10-Octadecadienoic acid (1): FCEIHPIRY, CigH3,0.-'H NMR (400 MHz, CDCl3) 6y: 6~5.35 (4H, m,
H-9, 10, 12, 13), 2.77 (2H, t, J = 6.1 Hz, H-11), 2.34 (2H, t, J = 7.4 Hz, H-2), 2.05 (4H, m, H-8, 14), 1.63 (2H,
m, H-3), 1.31 (14H, brs, H-4~7, H-15~17), 0.89 (3H, t, J = 6.7 Hz, H-18); *C NMR (100 MHz, CDCl;) dc:
14.0 (C-18, CH3), 22.6 (CH,), 24.6 (CH,), 25.6 (CH,), 27.1 (CH,), 27.2 (CH,), 29.0 (CH,), 29.0 (CH,),
29.1 (CH,), 29.3(CH,), 29.6 (CH,), 31.5(CH,), 34.1 (CH,), 127.8 (CH), 128.0 (CH), 129.9 (CH), 130.1
(CH), 180.6 (C=0). ZWAVINAEFIAEIITE -

Hexadecanoic acid (2): 4IRS, CigHs0,'H NMR ( CDClg, 400 MHZ) 6: 2.34 (2H,t,J=7.5
Hz, H,-2), 1.62 (2H, brt, J = 7. 3 Hz, H,-3), 1.30~1.25 (24H, brs, 12 x -CH,), 0.88 (3H, t, J = 6. 5 Hz, Me-16);
3C NMR (CDCl3, 100 MHz) dc: 180.4 (C-1), 34.1(C-2), 24.9 (C-3), 29.7~29.0 (10 x -CH,), 31.9 (C-14),
22.7 (C-15), 14.1(C-16). HHIEEHRE H 2 SV AT -

Senkirkine (3): JCEHAR, CioH2NOg'H NMR (CDCls, 400 Hz): dy 6.09 (1H, t, J = 2.3 Hz, H-2), 3.32
(1H, br d, J = 18, H-3a), 3.16 (1H, ddd, J = 18, 2.6, 2.3 Hz, H-3b), 2.76 (1H, ddd, J = 12.7, 5.7, 4.2 Hz, H-5a),
2.65 (1H, ddd, J = 12.7, 12.0, 4.2 Hz, H-5b), 2.46 (1H, dddd, J = 11.4, 12.0, 5.7, 3.2 Hz, H-6a), 2.28(1H, dq, J =
14.4, 4.2 Hz, H-6b), 4.92 (1H, dd, J = 4.4, 3.2 Hz, H-7), 5.32 (1H,d, J=11.4, Hz, H-9a), 4.38 (1H, brd, J=
11.4, H-9b), 1.76 (1H, ddg, J = 11.0, 2.5, 7.1 Hz, H-13),2.12 (1H, dd, J = 14.0, 11.0 Hz, H-14a), 1.27 (s, H-18),
0.84 (3H, d, J = 7.1, H-19), 6.54 (1H, t, J = 6.8, H-20), 4.71 (IH, dd, J = 14.5, 6.8 Hz, Ha-2l), 4.60 (IH, dd, J =
14.5, 6.8 Hz, Hb-2l), 2.04 (3H, s, H-22); *C NMR (CDCls, 100 MHz) d¢c: 134.5 (s, C-1), 137.0 (d, C-2), 58.9
(t, C-3), 53.5 (t, C-5), 36.2 (t, C-6), 78.0 (d, C-7), 64.0 (t, C-9), 178.0 (s, C-11), 76.6 (s, C-12), 38.5 (t, C-13),
37.6(t, C-14), 134.3 (s, C-15), 166.4 (s, C-16), 24.5 (q, C-18), 10.9 (q, C-19), 137.0 (d, C-20), 58.9 (t, C-21),
40.6 (q, C-22). HHPEELIEHEL , 24 AW LR At 2B Pl o

(-)-cryptomerion (4): AR, CisHpO, ESI-MS m/z 218 [M]+; 1H NMR(600 MHz, CDCls) dy:
6.75 (1H, m, H-3), 2.59 (1H, ddd, J = 1.5, 3.7, 15.9 Hz, Ha-4), 2.35 (1H, dd, J = 13.2, 15.9 Hz, Ha-4), 2.69 (1H,
ddd, J = 4.0, 10.2, 13.6 Hz, H-5), 2.46 (1H, dtm, J = 4.4, 18.3 Hz, Ha-6), 2.27 (1H, ddm, J = 11.0, 18.3 Hz,
Hb-6), 2.05 (2H, m, H-8), 2.11 (2H, m, H-9), 5.09 (1H, tq, J = 1.5, 6.8 Hz, H-10), 1.61 (3H, s, H3-12), 1.68
(3H, d, J = 1.0 Hz H3-13), 4.85 (1H, s, Ha-14), 4.82 (1H, s, Hb-14), 1.79 (3H, dt, J = 1.4, 2.4 Hz, H3-15); **C
NMR (150 MHz, CDCl3) dc: 199.8 (s, C-1), 135.3 (s, C-2), 144.6 (d, C-3), 31.4 (t, C-4), 41.1(d, C-5), 43.5
(t, C-6), 150.7 (s, C-7), 34.2 (t, C-8), 26.6 (t, C-9), 123.7 (d, C-10), 131.9 (s, C-11), 25.6 (g, C-12), 17.7(q,
C-13), 109.1 (t, C-14), 15.7 (q, C-15).

2,2-dimethyl-6-acetylnromanone (5): JTEEH IR, Ci3H1405, ESI-MS m/z 218 [M]+; 1H NMR (400 MHz,
methanol-d4) d: 1.49 (6H, s, CHs x 2), 2.59 (3H, s, -COCHy), 2.77 (2H, s, H-2), 7.00 (1H, d, J = 8.8 Hz, H-8),
8.13 (1H, dd, J = 8.8, 2.2 Hz, H-7), 8.45(1H, d, J = 2.2 Hz, H-5); *C NMR (100 MHz, methanol-d4) 5c: 80.3
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(s, C-1), 48.5 (t, C-2), 191.7 (s, C-3), 130.2 (s, C-4), 135.4 (d, C-5), 119.1 (d, C-6), 128.1 (d, C-7), 119.0(d,
C-8), 163.4 (s, C-9), 26.6 (CH;x 2), 26.4 (-COCHjz), 196.3 (-COCHjs).

p-oploplenone (6): TLtaiHIR; CisHp40, ESI-MS m/z 220 [M]+; 1H NMR (400 MHz, methanol-d4) :
1.34 (2H, m, H-1), 1.62 (1H, dtd, J = 20.0, 7.4, 12.8 Hz, H-2a), 1.81 (1H, m, H-2b), 1.77 (1H, m, H-3), 1.25
(1H, m, H-4),1.34 (1H, m, H-5),1.10 (1H, dq, J = 4.4, 13.0 Hz, H-6a), 1.75 (1H, m, H-6b), 1.95 (1H, m, H-7a),
2.35 (1H, ddd, J = 2.4, 4.3, 13.4 Hz, H-7b), 1.83 (1H, m, H-9), 4.54 (1H, g, J = 1.7 Hz, H-10a), 4.62 (1H, q,J
=1.7, H-10b), 1.95 (1H, m, H-11), 0.95 (3H, d, J = 6.9 Hz, H3-12), 0.78 (3H, d, J = 6.9 Hz, H3-13), 1.18 (3H,
g, H3-15); *C NMR (100 MHz, methanol-d4) 5c: 28.5 (t, C-1), 27.7 (t, C-2), 50.4 (d, C-3), 52.9 (d, C-4),
53.5 (d, C-5), 29.7 (t, C-6), 36.3 (t, C-7), 152.2 (s, C-8), 56.8 (d, C-9), 103.9 (t, C-10), 30.9 (d, C-11), 22.3
(9, C-12), 16.1(q, C-13), 214.7 (s, C-14), 29.7 (g, C-15).

7p-(3-ethyl-cis-crotonoyloxy)-14-hydroxy-notonipetranone (7): &R CosHisOss ESI-MS m/z 448
[M]+: 1H NMR (400 MHz, methanol-d4) 6,: 5.46 (1H, d, J = 4.0 Hz, H-18), 5.54 (1H, br s H-7a), 4.78 (1H,
s, Ha-10), 5.18 (1H, s, Hb-10), 2.37 (1H, m, H-11), 1.00 (3H, d, J = 6.6 Hz, H3-12), 0.82 (3H,t,J =7.0 Hz,
H3-13), 1.23 (3H, d, J = 6.6 Hz, H3-15), 5.61 (1H, s, H-2"), 2.16 (1H, d, J = 7.7 Hz, H-4"), 1.07 (3H,t,J=7.3
Hz, H3-5Y, 2.10 (3H, s, H3-6"), 2.37 (1H, m, H-2"), 0.89 (3H,t,J = 7.5 Hz, H3-4"), 1.15 (3H, d, J = 6.6 Hz,
H3-5"); *C NMR(100 MHz, methanol-d4) dc: 73.2 (d, C-1), 206.2 (s, C-2), 60.4 (d, C-3), 47.3 (d, C-4),
45.2 (d, C-5), 30.2 (t, C-6), 74.2 (d, C-7), 142.6 (s, C-8), 41.7 (d, C-9), 113.0 (t, C-10), 28.8 (d, C-11), 21.7
(9, C-12), 17.0 (g, C-13), 68.5(d, C-14), 15.7 (q, C-15), 175.3 (s, C-1'), 115.4 (d, C-2), 162.3 (s, C-3),
34.1(t, C-4), 12.2 (g, C-5), 17.0 (g, C-6"), 165.8 (s, C-1"), 45.2 (d, C-2"), 27.3(t, C-3"), 11.8(qg, C-4"),
17.0 (g, C-5").

14-acetoxy-7p-(3-ethyl-cis-crotonoyloxy)-1a-(2-methylbutyryloxy)-notonipetranone (8): Jt itk
CosH4207, ESI-MSm/z 490 [M]+; 1H NMR (400 MHz, methanol-d4) 6,;: 5.46 (1H, d, J = 4.0 Hz, H-18), 5.54
(1H, br s H-7a), 4.78 (1H, s, Ha-10),5.18 (1H, s, Hb-10), 2.37 (1H, m, H-11), 1.00 (3H, d, J = 6.6 Hz, H3-12),
0.82 (3H, t, J = 7.0 Hz, H3-13), 1.23 (3H, d, J = 6.6 Hz, H3-15), 5.61 (1H, s, H-2), 2.16 (1H, d, J = 7.7 Hz,
H-4), 1.07 (3H, t, J = 7.3 Hz, H3-5'), 2.10 (3H, s, H3-6'), 2.37 (1H, m, H-2"), 0.89 (3H, t, J = 7.5 Hz, H3-4"),
1.15 (3H, d, J = 6.6 Hz, H3-5"); *C NMR(100 MHz, methanol-d4) dc: 74.0 (d, C-1), 209.8 (s, C-2), 57.5(d,
C-3), 47.4 (d, C-4), 45.2 (d, C-5), 30.3 (t, C-6), 75.0 (d, C-7), 142.7 (s, C-8), 42.5 (d, C-9), 113.7 (t, C-10),
28.7 (d, C-11), 21.8 (g, C-12), 17.3 (g, C-13), 70.7 (d, C-14), 15.7 (g, C-15), 172.4 (s, C-1), 115.5 (d, C-2),
163.6 (s, C-3"), 34.6 (t, C-4"), 12.0 (g, C-5), 17.3(q, C-6), 176.6 (s, C-1"), 45.5(d, C-2"), 27.8 (t, C-3"),
12.4(q, C-4"), 16.3 (g, C-5")

tussilagone (9): T 45 fh; CysH34Os, ESI-MS m/z 390 [M]+; 1H NMR (400 MHz, CDCls) 6y: 2.15 (1H,
dd, J=16.9, 13.9 Hz, H-1a), 2.40 (1H, ddd, J = 16.9, 1.0, 5.5 Hz, H-18), 2.50 (1H, dd, J = 3.0, 11.0 Hz, H-3),
1.47 (1H, m, H-4), 1.97 (1H, dddd, J = 2.0, 2.0, 11.0, 14.0 Hz, H-5), 1.45 (1H, ddd, J = 2.0, 11.0, 14.0 Hz,
H-60), 2.08 (1H, dt, J=2.0, 14.0 Hz, H-68), 5.58 (1H, t, J = 3.0 Hz, H-7), 2.60 (1H, ddddd, J =2.0, 2.0, 5.9
11.5, 13.9 Hz, H-9), 5.15 (1H, s-like, H-10Z), 4.79 (1H, d, J = 1.0 Hz, H-10E), 2.30 (1H, dgq, J = 3.0, 6.8, 6.9
Hz, H-11),0.99 (3H, d, J = 6.5 Hz, H3-12),0.78 (3H, d, J = 7.0 Hz, H3-13), 5.10 (1H, dg, J = 3.2, 6.6 Hz, H-14),
1.22 (3H, d, J = 6.5 Hz, H3-15), 5.63 (1H, qt, J = 1.3, 1.3 Hz, H-2"), 2.17 (2H, dq, J = 1.3, 7.5 Hz, H-4"), 1.07
(3H, t,J = 7.5 Hz, H3-5"), 2.15 (3H, d, J = 1.3 Hz, H3-6"), 2.15 (3H, s, OCOCHz); *C NMR (100 MHz, CDCls)
dc: 425 (t, C-1), 214.9 (s, C-2), 57.2(d, C-3), 49.0(d, C-4), 43.8(d, C-5), 31.1(t, C-6), 72.9 (d, C-7),
146.0(s, C-8), 42.2 (d, C-9), 110.1 (t, C-10), 27.5(d, C-11), 21.5(q, C-12), 15.4 (q, C-13), 69.5 (d, C-14),
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15.3 (g, C-15), 165.9 (s, C-1), 1145 (d, C-2), 162.0 (s, C-3"), 33.8 (t, C-4"), 11.9 (g, C-5'), 18.9(q, C-6"),
170.9 (OCOCHg), 21.3 (OCOCHjy)-

7p-(3-ethyl-cis-crotonoyloxy)-1a-(2-methylbutyryloxy)-3(14)-dehydro-Z-notonipetrane (10): & a7
IR C26H3805, ESI-MS m/z 430 [M]+; 1H NMR (500 MHz, methanol-d4) 6: 5.56 (1H, d, J = 4.0 Hz, H-1p),
(1H,d,J=3.3 Hz, H-70), 4.82 (1H, s, Ha-10), 5.18 (1H, s, Hb-10), 2.02 (1H, m, H-11), 0.98 (3H,d, J=6.6
Hz, H3-12), 0.90(3H,t, J=7.0 Hz, H3-13), 6.42 (1H, q,J =7.3 Hz, H-14), 2.18 (3H, d, J = 7.3 Hz, H3-15),
5.64 (1H, s, H-2"), 1.07 (3H,t, J = 7.3 Hz, H3-5"), 2.15 (3H, s, H3-6"), 2.40 (1H, m, H-2"), 0.87 (3H,t,J=7.3
Hz, H3-4"), 1.13 (3H, d, J = 7.0 Hz, H3-5"); °C NMR(125 MHz, methanol-d4) dc: 73.2 (d, C-1), 200.1 (s, C-2),
139.0 (s, C-3), 44.6 (d, C-4), 40.3 (d, C-5), 29.6 (t, C-6), 72.3(d, C-7), 140.4 (s, C-8), 45.7 (d, C-9), 1125
(t, C-10), 27.3(d, C-11), 21.2 (g, C-12), 15.0(q, C-13), 136.7 (d, C-14), 15.5 (g, C-15), 165.8 (s, C-1",
114.4 (d, C-2), 162.0 (s, C-3"), 33.7 (t, C-4), 11.4 (g, C-5), 18.8 (g, C-6"), 175.4 (s, C-1"), 40.8 (d, C-2"),
26.7 (t, C-3"), 11.8(qg, C-4"), 16.5(qg, C-5")

(1R,3R,4R,5S,65)-1,5-diacetoxy-8-angeloyloxy-3,4-epoxybisabola-7(14),10-dien-2-one (11): J& @ik
C24H3208, ESI-MS m/z 448 [M]+; 1H NMR (400 MHz, CDCl3) d4: 5.68 (1H, d, J = 12.7 Hz, H-1), 3.40 (1H,
s, H-4), 5.35(1H, d, J=8.8 Hz, H-5), 2.87 (1H, d, J =8.8,12.7 Hz, H-6), 5.23 (1H, dd, J=3.2,7.1 Hz, H-8),
2.33 (2H, m, H-9), 5.04 (1H,tq,J=1.0, 7.3 Hz, H-10), 1.68 (3H, d, J = 1.0Hz, H3-12), 1.62 (3H, s, H3-13),
5.24 (1H, s, Ha-14), 5.33 (1H, d, J = 0.7Hz, Hb-14), 1.48 (3H, s, H3-15), 6.08 (1H, qqJ=1.5, 7.1 Hz, H-3"),
1.97 (3H, dg, J = 1.5, 7.1 Hz, H-4"), 1.88 (3H, dg, J = 1.5, 1.5 Hz, H3-5'); *C NMR (100 MHz, CDCl3) dc: 72.3
(d, C-1), 199.1 (s, C-2), 61.0 (d, C-3), 65.4 (d, C-4), 74.5 (d, C-5), 48.1 (d, C-6), 145.7 (s, C-7), 75.6 (d, C-8),
31.5(t, C-9), 119.3(d, C-10), 134.0 (s, C-11), 24.4 (g, C-12), 18.7 (q, C-13), 113.3 (t, C-14), 14.6 (q, C-15),
166.4 (s, C-1'), 127.5(s, C-2'), 138.1(d, C-3"), 16.6 (g, C-4"), 19.5(q, C-5), 19.3 (1-COCHs), 169.5 (1-COCHy),
19.2 (5-COCHj3), 170.1 (5-COCH,).

EE PR, LAY 6. 7. 8. 9. 10 fil 11 5 oplopane BUf>Fm, JE T K AALF —RBNT
JLH A2l o

(1R,3R4R,5S,6S)-1-acetoxy-8-angeloyloxy-3,4-epoxy-5-hydroxybisabola-7(14),10-dien-2-one (12): 7o
IR CyHz07, ESI-MS m/z 406 [M]+; 1H NMR (400 MHz, CDCls) 8y: 5.68 (1H, d, J = 13.7 Hz, H-1),
3.51 (1H, s, H-4), 4.25 (1H, d, J=8.5Hz, H-5), 2.56 (1H, d, J=8.5, 13.7 Hz, H-6), 4.72 (1H, dd,J=2.7,8.8
Hz, H-8), 2.18 (1H, m, Ha-9), 2.52 (1H, m, Hb-9), 5.13 (1H, tg, J = 1.0, 7.1 Hz, H-10), 1.70 (3H, d, J = 1.0 Hz,
H3-12), 1.64 (3H, s, H3-13), 5.08 (1H, s, Ha-14), 5.20 (1H, d, J =0.7 Hz, Hb-14), 1.48 (3H, s, H3-15), 6.20
(1H, qq J = 1.5, 7.3 Hz, H-3"), 2.00 (3H, dg, J = 1.5, 7.3 Hz, H-4"), 1.92 (3H, dg, J = 1.5, 1.5 Hz, H3-5"); **C
NMR (100 MHz, CDCly) 6c: 72.2 (d, C-1), 201.9 (s, C-2), 62.5(d, C-3), 70.2 (d, C-4), 73.8(d, C-5), 54.5
(d, C-6), 148.3 (s, C-7), 76.8(d, C-8), 33.3 (t,C-9), 120.6 (d, C-10), 135.4 (s, C-11), 26.0 (g, C-12), 18.1(q,
C-13), 114.3 (t,C-14), 14.7 (g, C-15), 168.4 (s, C-1), 129.1 (s, C-2'), 140.0 (d, C-3), 16.0 (q, C-4"), 20.3 (q,
C-5), 20.7 (1-COCHj3), 171.4 (1-COCHg),

1p,8-bisangeloyloxy-3a,4a-epoxybisabola-7(14),10-dien-2-one (13): TLEJHAR; CosHz406, ESI-MS m/z
430 [M]+; 1H NMR (600 MHz, methanol-d4) oy: 5.74 (1H, d, J = 12.8 Hz, H-1), 3.40 (1H, brd, J=4.4 Hz,
H-4), 2.21 (2H, brddd, J = 4.4, 8.0, 15.0 Hz, H-5), 2.78 (1H, ddd, J =8.0, 11.6, 12.8 Hz, H-6), 5.07 (1H, dd, J
=6.0, 8.0 Hz, H-8), 2.35 (2H, m, H-9), 5.03 (1H,t, J=6.3 Hz, H-10), 1.64 (3H, brs, H3-12), 1.58 (3H, brs,
H3-13), 5.24 (1H, s, Ha-14), 5.09 (1H, s, Hb-14), 1.42 (3H, s, H3-15), 6.05 (1H,qqJ=1.2, 7.2 Hz, H-3"),
1.95(3H,ddJ=1.2, 7.2 Hz, H-4"), 1.86 (3H, d, J = 1.2 Hz, H3-5'), 5.60 (1H,d J = 1.2 Hz, H-2"), 2.12 (2H, br
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q,J=7.4 Hz, H-4"), 1.01 (3H,t,J=7.4 Hz, H3-5"), 2.09 (3H, br s, H-6"); *C NMR (150 MHz, methanol-d4)
dc: 75.6 (d, C-1), 203.4 (s, C-2), 62.8(d, C-3), 65.8(d, C-4), 33.4(t, C-5), 45.5(d, C-6), 149.4 (s, C-7),
76.6 (d, C-8), 32.9 (t, C-9), 120.6 (d, C-10), 135.6 (s, C-11), 26.1 (q, C-12), 18.3 (g, C-13), 114.7 (t, C-14),
15.2 (q, C-15), 168.3 (s, C-1"), 129.3 (s, C-2'), 139.7 (d, C-3"), 16.2 (g, C-4"), 21.3 (g, C-5), 167.0 (s, C-2"),
114.3 (d, C-2"), 164.7 (s, C-3"), 32.9(t, C-4"), 12.4 (g, C-5"), 19.1(q, C-6").
1-(3-ethyl-cis-crotonoyloxy)-8-angeloyloxy-3a,4a-epoxy-bisabola-7(14),10-dien-2-one (14): Jo L iHPR s
C25H3406, ESI-MS m/z 430 [M]+; 1H NMR (400 MHz, methanol-d4) éy: 5.74 (1H, d, J = 12.8 Hz, H-1),
3.40 (1H, br d, J = 4.4 Hz, H-4), 2.21 (2H, brddd, J = 4.4, 8.0, 15.0 Hz, H-5), 2.78 (1H, ddd, J =8.0, 11.6, 12.8
Hz, H-6), 5.07 (1H, dd, J = 6.0, 8.0 Hz, H-8), 2.35 (2H, m, H-9), 5.03 (1H, t, J = 6.3 Hz, H-10), 1.64 (3H, brs,
H3-12), 1.58 (3H, brs, H3-13), 5.24 (1H, s, Ha-14), 5.09 (1H, s, Hb-14), 1.42 (3H, s, H3-15), 6.05 (1H, qqJ
=1.2,7.2Hz, H-3"), 1.95 (3H, dd J = 1.2, 7.2 Hz, H-4"), 1.86 (3H, d, J = 1.2 Hz, H3-5"), 5.60 (1H,d J = 1.2 Hz,
H-2"), 2.12 (2H, br g, J = 7.4 Hz, H-4"), 1.01 (3H, t, J = 7.4 Hz, H3-5"); *C NMR (100 MHz, methanol-d4) d:
75.4 (d, C-1), 202.9 (s, C-2), 62.7 (d, C-3), 65.7 (d, C-4), 33.6(t, C-5), 46.5(d, C-6), 149.3 (s, C-7), 75.6
(d, C-8), 32.1 (t, C-9), 120.5 (d, C-10), 135.5 (s, C-11), 26.0 (g, C-12), 18.1 (g, C-13), 113.5(t, C-14), 15.1
(g, C-15), 168.1 (s, C-1", 128.6 (s, C-2"), 139.3 (d, C-3'), 16.1 (q, C-4"), 20.7 (g, C-5"), 168.2 (s, C-2"), 129.0
(s, C-2"), 139.5(d, C-3"), 16.1(q, C-4"), 20.8 (g, C-5").
(4R,6E)-2-acetoxy-8-angeloyloxy-4-hydroxybisabola-2,6,10-trien-1-one (15): JCfaimiR; C22H3006,
ESI-MS m/z 390 [M]+; 1H NMR (600 MHz, methanol-d4) 6,: 3.99 (1H, ddd, J =8.1, 3.7, 3.7 Hz, H-5), 2.52
(1H, brddd, J = 14.7, 3.7 Hz, H-6¢), 2.96 (1H, dd, J = 14.7, 3.7 Hz, H-68), 5.54 (1H,t,J=7.3 Hz, H-8), 2.12
(2H, m, H-9), 4.96 (1H, br t, J = 6.3 Hz, H-10), 1.54 (3H, s, H3-12), 1.44 (3H, s, H3-13), 1.81 (3H, s, H3-14),
2.11(3H, d, J = 1.8 Hz, H3-15), 5.63 (1H,qqJ=7.0, 1.5 Hz, H-3"), 1.82 (1H, dq,J=7.0, 1.5 Hz, H-4"), 1.71
(3H, dg, J = 1.5, 1.5 Hz, H3-5"), 1.89 (3H, s, OCOCH;); **C NMR (150 MHz, methanol-d4) dc: 184.8 (s, C-1),
146.9 (s, C-2), 149.6 (s, C-3), 69.4 (d, C-4), 37.9(t, C-5), 128.9 (s, C-6), 144.6 (s, C-7), 75.0 (d, C-8), 32.7
(t, C-9), 119.7 (d, C-10), 137.0 (s, C-11), 26.2 (g, C-12), 18.1 (g, C-13), 15.6 (q, C-14), 14.1 (g, C-15),
168.6 (s, C-1"), 128.9 (s, C-2"), 140.1 (d, C-3"), 16.2 (g, C-4"), 20.3 (g, C-5"), 20.9 (1-COCH3) 170.4 (1-COCHy),
PR, LAY 120 130 14 A1 15 BN B2k R0 20

5. GRS

FEX R AL B B FE T, RIS A ML e A IR 16] . 5 Fi[17]. MRtk &4[18]. 3
F[19]5: 4 22 gy, ANE R E SN2, G872 [ N 2 0 H S i Fe b 2 = AR B SR & A B i
TR ALE R TS A i SR ZHE W T 20 42 90 4EAX K Yaoita Y 5545 2515 BT (1975 24 e 214
B mE[9] [14], T4k, WA Y& MGRLIEED T R T P #4514 1) oplopane Y i 2 il
7p-angeloyloxy-14-hydroxy-notonipetranone #1 1a-hydroxy-73-(4-methylsenecioyloxy)-oplopa-3(14)Z,8(10)-
dien-2-one, — /1A LE W DI 25 BE T A% 2 1a-(3"-ethyl-cis-crotonoyloxy)-8-angeloyloxy-34,45-epoxy-
bisabola-7(14),10-diene [3]. ASCH B8 5] 20 MELAEY), 12 H &M T BE €S2 15 MEEW),
Hr b G4 1A 2 NREWIRR, (&% 3 At ke =Yk, &% 6. 7. 8. 9. 10 Fl 11 4 oplopane A%
i, LAY 120 13, 14 F1 15 3% 25 e AT e

AT HGE A5 s BA T2 RN, BFEPIR . PudiL buE. SRS, ATl ek
AR, BRI EERRHIE, ASSHRHE BB, SRAAET 2 EELL oplopane MY A% i HI B 2 b B A 2R A
HoAt B BRRE R A5 i AR B/ o T HL, IR EEEE R AL 2 IS AR AR . Ak, A SCBRARIE R & AE
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PURIEER A R SRR AT KR B, AT — 25K O 813 B AL S AT LRI TE K57
e, MR IR IEE 5 S Z T8 R & -

EemB
“BHEH7 AT ——E 20 700 H (2019114613Y X001SF044 (16)) .
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