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Abstract: Objective The study focuses on the chemical constituents of Siegesbeckia pubescens and their inhibitory activity against
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column, MCI column, and semi-preparative HPLC was employed for the separation and purification of its chemical components. The
structures of individual compounds were identified using mass spectrometry and nuclear magnetic resonance spectroscopy.
Additionally, the inhibitory activity of the compounds against PTP1B was assessed through in vitro enzymatic assays. Results A total
of 32 compounds were isolated and identified from the 75% ethanol extract of S. pubescens, which are as follows: ent-168H,17-
hydroxy-kauran-19-oic acid (1), ent-16a,17-dihydroxykauran-19-oic acid (2), siegesbeckic acid (3), ent-16BH,17-isobutyryloxy-18-
hydroxy-kauran-19-oic acid (4), 18-acetoxy-ent-17-hydroxy-16pH-kauran-19-oicacid (5), kirenol (6), ent-16-acetoxy-20,15,19-
trihydroxypimar-8(14)-ene (7), darutoside (8), ent-1B,3B,15,16-tetrahydroxypimar-8(14)-ene (9), ent-(15R),16,19-trihydroxypimar-
8(14)-ene-19-0O-B-D-glucopyranoside  (10), ent-20,15R,16,19-
tetrahydroxypimar-8(14)-ene (12), 16-O-acetyldarutoside (13), 15-O-acetyldarutoside (14), ent-15,16,19-tetrahydroxypimar-8(14)-ene
(15), (4B,10E)-60,14,15-trihydroxy-8p(tigloyloxy)-germacra-1(10),11(13)-diene-12-oic acid 12,6-lactone (16), 2-propenoicacid,2-
methyl-2,3,30,4,5,8,9,10,11,110-decahydro-6,10-bis(hydroxyl-methyl)-3-methylene-2-oxocyclodeca  [b]furan-4-yl  ester (17),
(4B,10E)-60,14,15-trihydroxy-8f-(isobutyryloxy)germacra-10,11(13)-diene-12-oic acid 12,6-lactone (18), siegesbeckialide K (19),
(4B,10E)-6a,14,15-trihydroxy-8B-(senecioyloxy)-germacra-1(10),11(13)-diene-12-oic acid 12,6-lactone (20), 1(10)E,4Z-9a-ethoxy-
6a,15-dihydroxy-8B-(tigloyloxy)-14-oxogermacra-1(10),4,11(13)-triene-12-oic acid 12,6-lactone (21), 17(13—4)-abeo-ent-35",13S",
16-trihydroxystrob-8(15)-ene (22), strobol A (23), 2f,19-dihydroxy-15-devinyl-ent-pimar-8,11,13-triene (24), ayanin (25), kaempferol
3-O-rutinoside (26), 3,5,3'-trihydroxy-7,4'-dimethoxyflavone (27), loliolide (28), (6R,9S)-roscoside (29), caffeic acid (30), (-)-
(7R, 7R,7"R,85,8'S,8" S)-4' 4" -dihydroxy-3,3',3" ,5-tetrameth-oxy-7,9": 7' ,9-diepoxy-4,8"-0xy-8,8'-sesquineolignan-7"",9"-diol ~ (31), (-)-
(7R, 7'R,7"S,85,8'S.8"S)-4' A"-dihydroxy-3,3',3",5-tetrameth-oxy-7,9":7'9-diepoxy-4,8"-0xy-8,8'-sesquineolignan-7",9"-diol (32). Conclusion
Compounds 25—27, 31, and 32 were isolated from S. pubescens for the first time. Compounds 1, 2, and 4 exhibited certain inhibitory
effects on PTP1B.

ent-15-acetoxy-20,16,19-trihydroxypimar-8(14)-ene  (11),
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12 Bi -19- & B2 ( 18-acetoxy-ent-17-hydroxy-16BH-
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acid,2-methyl-2,3,30,4,5,8,9,10,11,11a-decahydro-6,10-

bis(hydroxyl-methyl)-3-methylene-2-oxocyclodeca [b]
furan-4-yl ester, 7) darutoside (8) X} Hi-1B,3p,15,16-
VU2 FEHEANIE-8(14)-45 [ent-1PB,3P,15,16-tetrahydroxy-
pimar-8(14)-ene, 9] XFAR-(15R),16,19-=F LA
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germacra-1(10),11(13)-diene-12-oic acid 12,6-lactone
(16 ) . 2-propenoicacid,2-methyl-2,3,3-0.,4,5,8,9,10,11,
11a~decahydro-6,10-bis(hydroxylmethyl)-3-methylene-
2-oxocyclodeca[b]-furan-4-yl ester (17). (4B,10E)-
60,14,15-trihydroxy-8B-(isobutyryloxy)germacra-10,
11(13)-diene-12-oic acid 12,6-lactone ( 18 ) .
siegesbeckialide K (19). (4B,10F)-6a,14,15-trihydroxy-
8B-(senecioyloxy)-germacra-1(10),11(13)-diene-12-oic
acid 12,6-lactone (20). 1(10)E,4Z-9a-ethoxy-6a,15-
dihydroxy-8p-(tigloyloxy)-14-oxogermacra-1(10),4,11(13)-
triene-12-oic acid 12,6-lactone (21). 17(13—4)-abeo-
ent-3S",135",16-trihydroxystrob-8(15)-ene  ( 22 ) .
strobol A (23 ). 2B,19-dihydroxy-15-devinyl-ent-
pimar-8,11,13-triene (24). FTILE{Z (ayanin, 25).
1 2519)-3-0-2 FHEH (kaempferol 3-O-rutinoside,
26). 3,53-= 574 T HEFEHE (3,53 -
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dihydroxy-3,3',3",5-tetramethoxy-7,9":7',9-diepoxy-
4,8"-0xy-8,8'-sesquineolignan-7",9"-diol (31). (-)-
(7R,7'R,7"'S,88S,8'S,8"'S)-4' 4" -dihydroxy-3,3',3",5-
tetramethoxy-7,9":7',9-diepoxy-4,8''-oxy-8,8'-sesquineo-
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RV VRAR (Fa T BER IR A7) )5 AL204 kG 3

Z RIS RIS B AEY)); 96 FLEGARAR
(Costar A F]D; HEEIERER (200~300 H); #H/ZEH
WHER GFss (P EE BEFEL THRAF);
Sephadex LH-20 (i Pharmacia “E¥IHARA R A
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MedChemexpress AEVIRHE AF]D.

Bk BLZM, S EREERLT PR AT T AR
A NE B AT IR T 01 55 58 NS R 56 5 T ) R A 5
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(40 : 1~10 1 1) BEEBEM, 3% 10 M5 (Fr.
2.4.1~2.4.10). Fr.2.43. Fr. 2.4.5 f1 Fr. 2.4.8 T
T JE B A, RS, 7 AR B E ) 1108
mg). 2 (105mg). 3 (110mg). Fr.2.4.4 £ Sephadex
LH-20 i85 &, BN, & 30 mL #—i
4y, TLC G &9, &F4l% HPLC (ZK-/K
20%~80%) 2L B A 16 ((r=12.5min, 112
mg). 17 (g=16.7 min, 5mg). 24 (x=20 min,
3 mg). Fr. 2.5 ZfERAEEESE, H & F5E-N
M (50 : 1~8 © DAAEEHEML, FZ 4 HPLC (45%
GO ai b 3 25 4(1r=10.4 min, 125 mg)-
18 (x=13.7min, 3 mg). 19 (£x=17 min, 5 mg)-
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fn, SRR GRS R EY 6 (150
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Fig.1 Chemical structures of compounds 1—32

2.6.1~2.6.4), Fr.2.6.2 &1l HPLC (30%Z./iE-
KD AR ELEY S (r=15.8min, 108 mg). 7

(k=18.2min, 5.5mg). 28 (;xg=19.5min, 3 mg);
Fr. 2.6.3 4244 HPLC (35%Zfi5-/K) 4lifh55)
&Y 22 ((r=11.2min, 4mg). 23 (g=15.5 min,
5 mg). Fr. 2.8 &RERAF AR, B &F -
B (200 1~5:1) BhEEWENL, Tﬁ‘@J 5 NS> (Fr.
2.8.1~2.8.5); Fr.2.8.2 &kttt —Balitbisd
&Y 8(5mg). 10(5mg); Fr.2.8.4 % Sephadex
LH-20 F:tail, Rl E & HPLC (25%4

5K 4tk B EL A 13 (1r=20.6 min, 6 mg).
14 (g=23.9 min, 4 mg).

Fr. 4 (40 g) & MCI H:&E0 5, HFE-K
(10%~100%) FREEHEML, 193] 8 N4 5> (Fr.4.1~
4.8). Fr.4.3 2 Sephadex LH-20 F: 43705y, FH
e, BEMLEY 25 (15mg). Fr.4.4 KRERA:
il E, AR (40 D 1~10 1 1) BREE
Ve, 1583 NS (Fr.4.4.1~4.43); Fr.4.4.2
#il#% HPLC (37%FE-/K) itk EILEY 27 (=
13.5min, 12mg). 21 (r=23.7min, 3mg); Fr.4.43
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SRR s — DA AR R E) 29 (Smg). Fr.
4.6 245 HPLC (30%~70% ZJiE-7K) 4tk #5351k,
EW9 (k=83 min, 3mg). 15 (x=17.6min, 6
mg), FRRARTESEWAHS AT 2 REHI&S
HPLC (26% 4 JiF-7K) 43 246 &%) 26 (/g =10.5 min,
4 mg),

Fr. 6 (50 g) £ MCI Mt s, HEE-/K
(10%~100%) BHEELENNL, 152 10 N5 (Fr. 6.1~
6.10), Fr. 6.5 ZRERAE (IS 4> &5, FH & k- H i
(30 : 1~8 © DFREEYEM, 133 3 N4 77 (Fr. 6.5.1~
6.5.3); Fr.6.5.3 2|4 HPLC (45%MFEE-/K) 4l
WAEFLAEY 11 (R=15min, 5mg). 30 (r=11
min, 7mg). Fr.6.7 £ Sephadex LH-20 1 taif, —
AW PE-HEE 1D DB, BREY 12 (4.5mg).
Fr.6.10 F2F#1 % HPLC (57%MHEE-/K) 4tk 15354k
&%) 31 (g=20.2 min, 4 mg). 32 (rR=25.1 min,
6mg).

2.2 PTP1B HNFHIFEMEME

ZZ PR EIECH]: 50 mmol/L HEPES, pH7.4, &
150 mmol/LNaCl. 1 mmol/LEDTA. 0.01% Zili5L
g 200 #4504k &P A A 25 Suramin F & &
DMSO ¥#fi#, 4 ER 50 pmol/L. BEARRA&FFL
ZARFUN 100 uL, 3Z LA RFIAGRA): 25 [ R
LI 60 pL 220t 20 pL BV (& JREBIREE
0.1 pg/uL)« 20 uL &Y pNPP (Z43K B 1 mmol/L).
FESRFLINN 50 uL 220, 20 uL FFFE S 20 ul
B, 10 uL pNPP. BHPEXTHRSLIOA 50 uL ZZnt
i~ 20 uL Suramin (Z¥KE 50 pmol/L)+ 20 pL /i
AW~ 10 pLpNPP. & E 3 MNEFL, KABENL
X ZH BT HE T BR8N G AT
BN LI iedR% 28 (1000 /min, 10s) JBZ5), HH{RIE
Wit—,37 CIEIRME 30 min 5, PLE N Na,CO;s
AL, A FHBEFRACE 405 nm KA E B LK)
W HERE (4D B, I HFL SIS FLAIBHPE X B AL
1 AME, %A EIDHIZ.

PIHIR=1—(4 o —A 20)/(4 50— A 51)

3 #R
3.1 HHmEE

&1 Atdiis (FEE; ESI-MS m/z: 321
[M+H]", 47 F3R CoH30;3. 'H-NMR (400 MHz,
Pyridine-ds) J: 3.66 (2H, overlapped, H-17), 2.47 (1H,
brd, J = 13.1 Hz, H-3a), 2.36 (1H, m, H-13), 2.26 (1H,
m, H-2a), 2.21 (1H, m, H-16), 2.16 (1H, m, H-6a), 2.05

(1H, m, H-6b), 1.90 (1H, overlapped, H-14a), 1.86 (1H,
m, H-1a), 1.67 (1H, m, H-15a), 1.60 (2H, m, H-11),
1.54 (1H, overlapped, H-2b), 1.51 (2H, m, H-7), 1.46
(2H, m, H-12), 1.35 (3H, s, H-18), 1.16 (3H, s, H-20),
1.13 (1H, overlapped, H-15b), 1.10 (1H, overlapped,
H-14b), 1.07(1H, m, H-3b), 1.04 (1H, overlapped, H-
5), 1.01 (1H, m, H-9), 0.83 (1H, dt, /= 13.3, 4.2 Hz, H-
1b); *C-NMR (100 MHz, Pyridine-ds) 6: 180.1 (C-19),
66.9 (C-17), 57.0 (C-5), 55.6 (C-9), 45.7 (C-15), 45.0
(C-4), 44.1 (C-16), 43.8 (C-8), 42.1 (C-1), 41.1 (C-7),
39.9 (C-10), 38.6 (C-13), 38.6 (C-14), 37.3 (C-3),31.8
(C-12),29.3 (C-18), 23.1 (C-6), 19.8 (C-2), 19.1 (C-
11),15.9(C-20). LA E¥ds 5 3CiklkiE — 20, #k
LB 1 X R-16BH,17-F2 55 L5242 1-19-
A

a2 Atk (FEE; ESI-MS m/z: 359
[M+Na]*, 430 CyH30s. 'H-NMR (400 MHz,
Pyridine-ds) o: 4.12 (1H, d, J = 10.8 Hz, H-17a), 4.04
(1H, d, J=10.9 Hz, H-17b), 2.46 (1H, m, H-3a), 2.40
(1H, overlapped, H-14a), 2.28 (1H, m, H-13), 2.18 (1H,
overlapped, H-6a), 2.04 (1H, overlapped, H-2a), 2.01
(1H, overlapped, H-14b), 1.99 (1H, overlapped, H-6b),
1.86 (1H, m, H-15a), 1.84 (1H, m, H-12a), 1.82 (1H,
m, H-7a), 1.78 (1H, m, H-1a), 1.72 (1H, overlapped, H-
15b), 1.63 (1H, m, H-11a), 1.55 (1H, m, H-11b), 1.52
(1H, m, H-7b), 1.49 (1H, m, H-2b), 1.47 (1H, m, H-
12b), 1.33 (3H, s, H-18), 1.17 (3H, s, H-20), 1.09 (1H,
m, H-3b), 1.06 (1H, overlapped, H-5), 1.03 (1H, m, H-
9), 0.84 (I1H, dt, J = 13.3, 3.3 Hz, H-1b); "*C-NMR
(100 MHz, Pyridine-ds) J: 180.0 (C-19), 81.5 (C-16),
66.3 (C-17), 56.8 (C-5), 56.1 (C-9), 53.6 (C-15), 45.7
(C-13), 44.8 (C-8), 43.7 (C-4), 42.6 (C-7), 40.8 (C-1),
39.8 (C-10), 38.5 (C-3), 37.6 (C-14), 29.1 (C-18), 26.6
(C-12), 22.7 (C-6), 19.6 (C-2), 18.8 (C-11), 15.8 (C-
20). PAEHdE 5o ikiE — B0, HeE RS 2
AT E-160,17- —F2 55 TR K- 1908 .«

&Y 3. R (HED; ESI-MS m/z:
375 [IM+K]*, 43 F 20 CoH3.04. 'H-NMR (400 MHz,
Pyridine-ds) o: 4.40 (1H, d, J = 10.8 Hz, H-18a), 4.01
(1H, d, J=10.3 Hz, H-18b), 3.65 (2H, dd, /= 6.6, 2.4
Hz, H-17), 2.90 (1H, d, J = 12.6 Hz, H-3a), 2.42 (1H,
m, H-13), 2.36 (1H, m, H-2a), 2.21 (1H, m, H-16), 2.17
(2H, m, H-6), 1.94 (1H, overlapped, H-14a), 1.89 (1H,
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overlapped, H-1a), 1.67 (1H, m, H-15a), 1.64 (2H, m,
H-11), 1.61 (2H, overlapped, H-12), 1.57 (2H,
overlapped, H-7), 1.53 (1H, m, H-2b), 1.50 (1H, m, H-
15b), 1.45 (1H, m, H-14b), 1.24 (3H, s, H-20), 1.13
(1H, m, H-3b), 1.10 (1H, m, H-9), 1.07 (1H, m, H-5),
0.91 (1H, m, H-9); '3C-NMR (100 MHz, Pyridine-ds)
0: 178.9 (C-19), 70.4 (C-18), 66.9 (C-17), 55.7 (C-9),
51.3(C-5),50.4 (C-4),45.7 (C-15),44.8 (C-8),44.1 (C-
16), 41.8 (C-7), 40.9 (C-1), 39.7 (C-10), 38.6 (C-13),
37.3 (C-14), 33.0 (C-3), 31.8 (C-12), 22.9 (C-6), 19.5
(C-2), 19.1(C-11), 16.2 (C-20). LA % 5 CikikiE
—H), WSS 3 SR .

EY 4. AOERIREAE (FED; ESI-MS m/z:
429 [M—I—Na]*, ﬁ}%ﬁ C24H3305 ° 1H-NI\/IR (500 MHZ,
Methanol-ds) J: 3.85 (2H, d, J = 7.6 Hz, H-17), 3.77
(1H, d, J = 10.5 Hz, H-18), 3.46 (1H, d, J = 10.5 Hz,
H-18), 2.54 (1H, m, H-2"), 2.22 (1H, d-like, H-3), 2.10
(1H, m, H-16), 2.04 (1H, m, H-13), 1.90 (1H, m, H-1),
1.88 (1H, m, H-12), 1.76 (2H, m, H-6), 1.66 (2H, m, H-
11), 1.60 (1H, m, H-15), 1.44 (4H, m, H-2, 7, 14), 1.26
(1H, m, H-5), 1.14 (7H, m, H-3, 3', 4"), 1.06 (2H, m, H-
9, 12), 1.00 (3H, s, H-20), 0.95 (1H, dd, J=13.5, 5.4
Hz, H-15), 0.83 (1H, m, H-1); '3C-NMR (125 MHz,
Methanol-ds) : 179.9 (C-19), 179.0 (C-1"), 70.9 (C-
18), 69.5 (C-17), 56.8 (C-9), 52.3 (C-5), 50.8 (C-4),
46.1(C-15),45.9(C-8),42.4(C-7),41.8 (C-1),41.0 (C-
16), 40.5 (C-10), 40.0 (C-13), 38.1 (C-12), 35.3 (C-2"),
33.1(C-3),32.4(C-14),23.4(C-6),19.9(C-2),19.8 (C-
11),19.4 (C-3"), 19.4 (C-4"), 16.4 (C-20). LI E¥HE 5
SCHERARIE — S0, B S 4 R k-16BH,17-
Jt ] WA AE-18- 31 2k DI A2 - 19- 1R 1

&Y s AtlEE (FEE: ESI-MS m/z: 401
[M+Na]", 4+ F® CuHi40s. 'H-NMR (500 MHz,
Methanol-ds) 6: 4.37 (1H, d, J= 10.4 Hz, H-18a), 3.95
(1H, d, /= 10.4 Hz, H-18b), 3.30 (2H, overlapped, H-
17),2.26 (1H, d,J=13.3 Hz, H-3), 2.08 (1H, m, H-16),
2.02 (3H, s, 18-CH3COO), 1.98 (1H, m, H-13), 1.94
(1H, m, H-2a), 1.91 (1H, m, H-1a), 1.85 (1H,d, J=11.9
Hz, H-12a), 1.75 (2H, m, H-6), 1.64 (2H, m, H-11),
1.58 (1H, m, H-15a), 1.54 (1H, m, H-14a), 1.45 (4H,
overlapped, H-2b, 7, 14b), 1.27 (1H, dd, J=12.1, 2.4
Hz, H-5), 1.10 (1H, m, H-3b), 1.04 (2H, m, H-9, 12b),
1.01 (3H, s, H-20), 0.90 (1H, m, H-15b), 0.84 (1H, m,

H-1b); 3C-NMR (125 MHz, Methanol-ds) 6: 178.7 (C-
19), 172.6 (18-CH3COO), 73.3 (C-18), 67.6 (C-17),
56.9 (C-9), 53.2 (C-5), 49.5 (C-4),46.3 (C-15),45.7 (C-
8), 44.4 (C-16), 42.5 (C-7), 41.6 (C-1), 40.6 (C-10), 39.5
(C-13), 38.0 (C-14), 33.6 (C-3), 32.5 (C-12), 23.6 (C-6),
20.6 (18-CH3C00), 19.9 (C-2),19.7 (C-11), 16.2 (C-20).
DA Hle 5otk dE — 20, HeE R a5 unt
WL-18- 2 F A 17 Fdk-16BH- T A2 kE-19-FR 182

WaEw6: ARG AE (FFEE); ESI-MS m/z:
339 [M+H]", 73730 C0H3404. 'H-NMR (400 MHz,
Methanol-ds) J: 5.18 (1H, s, H-14), 3.77 (1H, m, H-2),
3.69 (1H, overlapped, H-15), 3.66 (1H, overlapped, H-
19a), 3.55 (1H, dd, J = 9.0, 2.0 Hz, H-16a), 3.45 (1H,
overlapped, H-16b), 3.32 (1H, d, /= 11.1 Hz, H-19b),
2.28 (1H, m, H-6a), 2.18 (1H, m, H-6b), 2.05 (1H, m,
H-11a), 1.99 (2H, m, H-7), 1.81 (1H, m, H-3a), 1.71
(1H, m, H-3b), 1.58 (2H, m, H-1), 1.31 (1H, m, H-5),
1.21 (1H, m, H-9), 1.05 (1H, overlapped, H-11b), 1.01
(3H, s, H-18), 0.93 (1H, m, H-12a), 0.89 (1H, m, H-
12b),0.84 (3H, s, H-17), 0.82 (3H, s, H-20); '3C-NMR
(100 MHz, Methanol-ds) 6: 139.3 (C-8), 130.1 (C-14),
77.5 (C-15), 65.6 (C-16), 65.2 (C-19), 64.3 (C-2), 56.5
(C-5), 52.5 (C-9), 49.1 (C-1), 45.1 (C-3), 41.4 (C-10),
40.5 (C-4), 38.5 (C-13), 37.4 (C-7), 33.2 (C-12), 28.1
(C-18), 23.3 (C-17), 23.0 (C-6), 19.7 (C-11), 17.2 (C-
20). DA B SocmiaaE — 20, MG 6
N TR .

& 1. BEEE CHED;: 70720 C2Hse0so
"H-NMR (500 MHz, Methanol-ds) 6: 5.21 (1H, s, H-
14), 4.22 (1H, dd, J = 11.3, 2.5 Hz, H-16a), 4.01 (1H,
dd, J=11.3, 9.0 Hz, H-16b), 3.77 (1H, m, H-2), 3.72
(1H, dd, J = 8.9, 2.4 Hz, H-15), 3.68 (1H, d, J=11.1
Hz, H-19a), 3.32 (1H, m, H-19b), 2.30 (1H, m, H-6a),
2.18 (1H, m, H-6b), 2.05 (3H, s, 16-CH3CO0), 2.03
(1H, m, H-11a), 1.99 (2H, m, H-7), 1.83 (1H, m, H-3a),
1.72 (1H, m, H-3b), 1.56 (2H, m, H-1), 1.32 (1H, qd,
J=129, 4.4 Hz, H-5), 1.22 (1H, dd, J=12.9, 2.1 Hz,
H-9), 1.04 (1H, overlapped, H-11b), 1.01 (3H, s, H-18),
0.96 (1H, m, H-12a), 0.91 (1H, m, H-12b), 0.88 (3H, s,
H-17), 0.80 (3H, s, H-20); 'SC-NMR (125 MHz,
Methanol-ds) J: 173.1 (16-CH3COO), 139.9 (C-8),
129.6 (C-14),74.2 (C-15), 67.5 (C-16), 65.7 (C-2), 65.2
(C-19), 56.5 (C-5), 52.4 (C-9), 49.0 (C-1), 45.1 (C-3),
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41.4 (C-13), 40.6 (C-4), 38.7 (C-10), 37.4 (C-7), 33.1
(C-12), 28.1 (C-18), 23.3 (C-17), 22.8 (C-6), 20.9 (16-
CH;C00), 19.6 (C-11), 17.1 (C-20). YA % 5 ik
Wl —5, M e 7 i -16- L4
H-20,15,19-=F2FEWFHA B -8(14)-IFi o

&Y 8: wEEHRY (HEE: 71
C26H440s. '"H-NMR (500 MHz, Methanol-ds) J: 5.16
(1H, s, H-14), 4.33 (1H, d, /= 7.7 Hz, H-1"), 3.86 (1H,
dd, J=11.7, 2.3 Hz, H-6"a), 3.69 (1H, overlapped, H-
15), 3.66 (1H, overlapped, H-6'b), 3.57 (1H, dd, /=9.0,
2.3 Hz, H-16a), 3.45 (1H, dd, /= 11.1, 9.0 Hz, H-16b),
3.38 (1H, dd, /= 11.7, 3.8 Hz, H-3), 3.34 (1H, ov, H-
3", 3.29 (1H, m, H-4"), 3.23 (1H, m, H-5"), 3.16 (1H,
dd,J=9.1,7.8 Hz, H-2"), 2.28 (1H,m, H-7a), 2.05 (1H,
overlapped, H-7b), 1.98 (1H, m, H-12a), 1.80 (1H, m,
H-2a), 1.76 (1H, m, H-1a), 1.71 (1H, m, H-9), 1.64 (1H,
m, H-6a), 1.56 (3H, m, H-2b, 11), 1.39 (1H, m, H-6b),
1.16 (1H, overlapped, H-1b), 1.11 (1H, dd, J=12.2,2.5
Hz, H-5), 1.05 (3H, s, H-18), 0.92 (1H, m, H-12b), 0.86
(3H, s, H-17), 0.84 (6H, overlapped, H-19, 20); !3C-
NMR (125 MHz, Methanol-ds) 0: 139.9 (C-8), 129.6
(C-14), 101.9 (C-1"), 86.0 (C-3), 78.2 (C-5"), 77.7 (C-
3", 77.5 (C-15), 75.1 (C-2"), 71.9 (C-4"), 64.3 (C-16),
63.0 (C-6"), 56.2 (C-5), 52.1 (C-9), 39.4 (C-10), 39.0
(C-4), 38.5(C-13), 38.1 (C-1), 37.1 (C-7), 33.3 (C-12),
29.2 (C-18), 24.4 (C-2), 23.4 (C-6), 23.0 (C-17), 194
(C-11), 17.3 (C-20), 15.3 (C-19). LA E#d 5 SCikk
E—?, SEEAEY) 8 4 darutoside.

a9 LRy (HEE): 707
Ca0H3404, 'H-NMR (800 MHz, Methanol-d4) o0:5.19
(1H, s, H-14), 3.68 (1H, dd, J = 11.2, 2.4 Hz, H-15),
3.62 (1H, dd, /=9.0,2.4 Hz, H-16a), 3.49 (1H, dd, J =
11.7,4.5 Hz, H-16b), 3.46 (1H, dd, J=11.1, 9.0 Hz, H-
1), 3.25 (1H, dd, J = 12.1, 4.1 Hz, H-3), 2.28 (1H, m,
H-7a), 2.03 (1H, m, H-11a), 1.97 (1H, m, H-7a), 1.88
(1H, m, H-2a), 1.86 (1H, m, H-11b), 1.84 (1H, m, H-
2b), 1.79 (1H, m, H-7b), 1.73 (1H, m, H-9), 1.67 (1H,
m, H-6a), 1.49 (1H, m, H-6b), 0.97 (3H, s, H-18), 0.93
(1H, m, H-12b), 0.87 (1H, m, H-5), 0.83 (3H, s, H-17),
0.82 (3H, s, H-19), 0.79 (3H, s, H-20); '3C-NMR (200
MHz, Methanol-ds) d: 139.9 (C-8), 130.4 (C-14), 77.5
(C-15),77.5 (C-1), 76.7 (C-3), 64.4 (C-16), 54.1 (C-5),
52.9(C-9),45.2(C-10),40.2 (C-4), 38.9(C-2),38.2 (C-

13), 37.6 (C-7), 33.8 (C-12), 28.8 (C-18), 23.1 (C-17),
23.0 (C-11),22.6 (C-6), 16.1 (C-19), 9.4 (C-20). LA L
Holls 500 IE — 3, MUEEEY) 9 Xt mk-
18,3B,15,16-PU eI HERAFE-8(14)-Hi o

WEY 10: wE Ry (HEE; -7
C26Ha40s. 'H-NMR (500 MHz, Methanol-ds) J: 5.14
(1H, s, H-14), 4.18 (1H, d, J= 7.5 Hz, H-1"), 4.17 (1H,
d, J= 8.9 Hz, H-19a), 3.86 (dd, J = 11.8, 2.3 Hz, 1H,
H-6'a), 3.70 (1H, overlapped, H-16a), 3.67 (1H,
overlapped, H-6'b), 3.56 (1H, dd, J = 8.9, 2.3 Hz, H-
15), 3.45 (1H, dd, J = 11.1, 9.0 Hz, H-16b), 3.33 (1H,
overlapped, H-3"), 3.29 (1H, overlapped, H-4"), 3.25
(1H, m, H-5"), 3.23 (1H, m, H-19b), 3.17 (1H, dd, J =
8.9, 7.9 Hz, H-2"), 2.27 (1H, m, H-7a), 2.04 (1H, m, H-
7b), 1.99 (1H, overlapped, H-3a), 1.97 (1H, overlapped,
H-12a), 1.74 (3H, m, H-1a, 6a, 9), 1.56 (3H, m, H-2a,
11), 1.42 (1H, m, H-2b), 1.34 (1H, overlapped, H-6b),
1.21(1H, dd,J=12.8,2.3 Hz, H-5), 1.10 (1H, ddd, J =
13.3,13.1, 3.6 Hz, H-1b), 1.04 (3H, s, H-18), 0.97 (1H,
m, H-3b), 0.91 (1H, m, H-12b), 0.83 (3H, s, H-17), 0.80
(3H, s, H-20); '3*C-NMR (125 MHz, Methanol-ds) 6:
140.0 (C-8), 129.5 (C-14), 105.1 (C-1"), 78.2 (C-3"),
77.8 (C-5"), 77.5 (C-15), 75.3 (C-2"), 73.6 (C-19), 71.7
(C-4"), 64.3 (C-16), 62.7 (C-6"), 57.4 (C-5), 52.5 (C-9),
40.4 (C-1), 39.3 (C-4), 39.1 (C-10), 38.5 (C-13), 37.6
(C-7),37.2(C-3), 33.3 (C-12), 28.3 (C-18), 23.7 (C-6),
23.0 (C-17), 19.7 (C-11), 19.5 (C-2), 16.4 (C-20). LA
EHEE SRR E — B0, HCEEAE ) 10 Xt
W-(15R),16,19- =5 FL UG FA E-8(14)-4-19-O-B-D-Hit
VR 3 26 Y o

EY 1. BEEPIRE R (HEED: 701
C2H360s5. 'H-NMR (500 MHz, Methanol-ds) 6: 5.18
(1H, s, H-14), 5.04 (dd, J=9.1, 2.5 Hz, 1H, H-15), 3.80
(1H, m, H-2), 3.76 (1H, dd, J = 12.1, 2.7 Hz, H-16a),
3.69 (1H,d,J=11.1 Hz,H-19a), 3.61 (1H, dd, /= 12.0,
9.1 Hz, H-16b), 3.33 (1H, overlapped, H-19b), 2.30
(1H, m, H-6a), 2.18 (1H, m, H-6b), 2.09 (3H, s, 15-
CH;COO0), 2.05 (1H, m, H-12a), 1.98 (2H, m, H-7),
1.82 (1H, m, H-3a), 1.74 (1H, m, H-3b), 1.67 (m, 1H),
1.59 (1H, m, H-1a), 1.52 (1H, m, H-1b), 1.33 (1H, dd,
J=12.9, 4.4 Hz, H-5), 1.22 (1H, dd, J=12.9, 2.3 Hz,
H-9), 1.02 (3H, s, H-18), 0.98 (1H, m, H-11b), 0.92
(3H, s, H-17), 0.88 (3H, s, H-20), 0.85 (1H, m, H-12b);
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BC-NMR (125 MHz, Methanol-ds) 6: 173.0 (15-
CH3CO0), 140.7 (C-8), 128.6 (C-14), 79.6 (C-15),
65.7 (C-16), 65.2 (C-2), 62.3 (C-19), 56.4 (C-5), 52.3
(C-9), 49.0 (C-1), 45.0 (C-3), 41.4 (C-13), 40.7 (C-4),
38.0 (C-10), 37.4 (C-7), 33.5 (C-12), 28.1 (C-18), 23.7
(C-17), 23.3 (C-6), 21.1 (15-CH3COO0), 19.8 (C-11),
17.1 (C-20). LA EXE 5 3ClikakiE — 502, #esse
WEY) 11 R -15- LB EHE-20,16,19- = F2 52 g
FAKE-8(14)-H o

WA 12: FEEARCHEE; 43530 CaoH34040
'H-NMR (500 MHz, Pyridine-ds) &: 5.78 (1H, s, H-14),
4.26 (1H, m, H-2), 4.12 (1H, m, H-16a), 4.06 (2H, m,
H-19), 3.97 (1H, m, H-16b), 3.65 (1H, d, J = 10.5 Hz,
H-15), 2.92 (1H, m, H-3a), 2.35 (1H, m, H-1a), 2,32
(1H, m, H-7a), 2.11 (1H, m, H-7b), 1.91 (1H, m, H-
12a), 1.83 (1H, m, H-9), 1.75 (1H, m, H-6a), 1.64 (2H,
m, H-11), 1.36 (2H, m, H-1b), 1.33 (2H, m, H-3b, 5),
1.29 (4H, m, H-6b, 18), 1.20 (3H, s, H-17), 0.85 (3H, s,
H-20); '3C-NMR (125 MHz, Pyridine-ds) d: 135.9 (C-
8), 131.2 (C-14), 78.8 (C-15), 64.6 (C-19), 63.8 (C-16),
63.7 (C-2), 55.5 (C-5), 50.7 (C-9), 49.5 (C-1), 45.7 (C-
3), 40.9 (C-4), 40.1 (C-10), 37.8 (C-13), 36.9 (C-7),
31.7 (C-12), 28.2 (C-18), 23.9 (C-17), 22.6 (C-6), 19.5
(C-11), 17.3 (C-20). LA EH ¥ 5 sk iE — £k,
WU EAL A 12 9% -20,15R,16,19- DU R FE A
5e-8(14)-1% o

&EW 13 LRy (FEE: 41
CasH4609. '"H-NMR (500 MHz, Methanol-ds) 6: 5.19
(1H, s, H-14),4.32 (1H, d, J= 7.8 Hz, H-1"), 4.23 (1H,
dd, J=11.3,2.5 Hz, H-16a), 4.02 (1H, dd, J=11.3, 8.9
Hz, H-16b), 3.85 (1H, dd, J=11.8, 2.4 Hz, H-6'a), 3.72
(1H, dd, /=9.0, 2.5 Hz, H-15), 3.67 (1H, dd, J=11.7,
5.6 Hz, H-6'b), 3.39 (1H, dd, J = 11.7, 3.8 Hz, H-3),
3.36 (1H, overlapped, H-3"), 3.28 (1H, m, H-4"), 3.23
(1H, m, H-5"), 3.16 (1H, dd, J=9.1, 7.8 Hz, H-2"), 2.29
(1H, m, H-7a), 2.06 (1H, overlapped, H-7b), 2.05 (3H,
s, 16-CH3COO0), 2.00 (1H, m, H-12a), 1.80 (1H, m, H-
2a), 1.75 (1H, m, H-1a), 1.71 (1H, m, H-9), 1.64 (1H,
m, H-6a), 1.54 (3H, m, H-2b, 11), 1.40 (1H, m, H-6b),
1.18 (1H, m, H-1b), 1.12 (1H, dd, J = 12.2, 2.5 Hz, H-
5), 1.05 (3H, s, H-18), 0.95 (1H, m, H-12b), 0.88 (3H,
s, H-17), 0.86 (3H, s, H-19), 0.82 (3H, s, H-20); "3C-
NMR (125 MHz, Methanol-ds) d: 173.1 (16-CH3COO),

140.5 (C-8), 129.0 (C-14), 101.9 (C-1"), 86.0 (C-3),
78.3 (C-3"), 77.8 (C-5"), 75.2 (C-2"), 74.2 (C-15), 71.9
(C-4"), 67.5(C-16), 63.0 (C-6"), 56.2 (C-5), 52.0 (C-9),
39.4 (C-4), 39.0 (C-10), 38.7 (C-13), 38.1 (C-1), 37.1
(C-7),33.1(C-12),29.2 (C-18),24.4 (C-2), 23.5 (C-6),
22.8 (C-17),20.9 (16-CH3COO0), 19.3 (C-11), 17.4 (C-
19), 15.2(C-20). LA _EE#8 5 30k idE — ), s
SEWAY) 13 N 16-O-acetyldarutoside .

WwaEY 14 LOMRY (HEE; 27K
CosH4609, TH-NMR (500 MHz, Methanol-d4) 0:5.16
(1H, s, H-14), 5.05 (1H, dd, J=9.1, 2.5 Hz, H-15), 4.33
(1H, d, J= 7.8 Hz, H-1"), 3.86 (1H, dd, J = 11.7, 2.4
Hz, H-6'a),3.77 (1H, dd, J=12.0, 2.4 Hz, H-16a), 3.67
(dd,J=11.8,5.5Hz, 1H,H-6'b), 3.61 (1H, dd, J=12.0,
9.1 Hz, H-16b), 3.39 (1H, ov, H-3), 3.36 (1H, m, H-3"),
3.34 (1H, m, H-4"), 3.23 (1H, m, H-5"), 3.16 (1H, dd,
J=9.1,7.8 Hz, H-2"), 2.30 (1H, m, H-7a), 2.09 (3H, s,
15-CH3CO0), 2.03 (1H, m, H-12a), 1.95 (1H, m, H-
7b), 1.80 (1H, m, H-2a), 1.76 (1H, m, H-1a), 1.72 (1H,
m, H-9), 1.67 (1H, m, H-6a), 1.58 (3H, m, H-2b, 11),
1.41 (1H, dd, J = 12.8, 4.4 Hz, H-6b), 1.15 (1H, m, H-
1b), 1.10 (1H, overlapped, H-5), 1.05 (3H, s, H-18),
0.92 (3H, s, H-17), 0.89 (3H, s, H-20), 0.87 (3H, s, H-
19); 3C-NMR (125 MHz, Methanol-ds) 6: 173.1 (15-
CH3;COO0), 141.3 (C-8), 128.1 (C-14), 101.9 (C-1"),
86.0 (C-3), 79.6 (C-15), 78.3 (C-3"), 77.8 (C-5"), 75.2
(C-2"), 71.9 (C-4"), 63.0 (C-6'), 62.3 (C-16), 56.1 (C-
5), 52.0 (C-9), 39.4 (C-4), 39.1 (C-10), 38.1 (C-13),
38.0 (C-7), 37.1 (C-1), 33.6 (C-12), 29.2 (C-18), 24.4
(C-2), 23.7 (C-6), 23.4 (C-17), 21.1 (15-CH3COO0),
19.5 (C-11), 17.3 (C-19), 15.3 (C-20). PA_L%dl 53¢
WAl — M, EEAEY 14 N 15-0-
acetyldarutoside.

WA 15: AER AR CFEL; 43530 CooH34030
"H-NMR (600 MHz, Methanol-ds) 6: 5.14 (1H, s, H-
14),3.79 (1H, d, J=11.0 Hz, H-19a), 3.68 (1H, dd, /=
11.1, 2.3 Hz, H-16a), 3.56 (1H, dd, /= 9.0, 2.3 Hz, H-
15), 3.45 (1H, dd, J = 11.2, 9.1 Hz, H-16b), 3.35 (1H,
m, H-19b), 2.26 (1H, m, H-7a), 2.03 (1H, m, H-7b),
1.93 (1H, m, H-12a), 1.89 (1H, m, H-3a), 1.76 (1H, m,
H-9), 1.73 (1H, m, H-1a), 1.70 (1H, m, H-6a), 1.55 (1H,
m, H-2a), 1.53 (1H, m, H-2b), 1.52 (1H, m, H-11a),
1.44 (1H, m, H-11b), 1.33 (1H, m, H-6b), 1.23 (1H, dd,



* 3814

FEH 2025567 £56% B 1M Chinese Traditional and Herbal Drugs 2025 June Vol. 56 No. 11

J=12.9, 2.1 Hz, H-5), 1.10 (1H, td, J = 13.2, 3.8 Hz,
H-1b), 0.96 (3H, s, H-18), 0.93 (1H, m, H-3b), 0.89
(1H, m, H-12b), 0.83 (3H, s, H-17), 0.78 (3H, s, H-20);
IBC.NMR (150 MHz, Methanol-ds) J: 139.9 (C-8),
129.6 (C-14), 77.6 (C-15), 64.9 (C-19), 64.3 (C-16),
57.3 (C-5), 52.5 (C-9), 40.4 (C-1), 39.7 (C-4), 39.2 (C-
10), 38.5 (C-13), 37.6 (C-7), 36.5 (C-3), 33.3 (C-12),
27.8 (C-18), 23.6 (C-6), 23.0 (C-17), 19.7 (C-11),
19.5(C-2), 16.4 (C-20). VA_-%idi 5 SClikdiiE—2ol,
HUEEEY) 15 S0 i-15,16,19- = F2 FLHEAL b
8(14)-Ii -

WEY 16: ToCMRY) (HEE); ESI-MS m/z:
365 [M+H]", 43T 30 Co0Has06. 'H-NMR (500 MHz,
CDCl) o: 6.79 (1H, m, H-3"), 6.26 (1H, d, /= 1.9 Hz,
H-13a), 5.69 (1H, m, H-1), 5.66 (1H, m, H-13b), 5.32
(1H, m, H-8), 4.93 (1H, m, H-6), 4.14 (1H, s, H-14),
3.44 (2H, m, H-15), 3.15 (1H, s, H-7), 2.71 (1H, dd,
J=13.9,10.2 Hz, H-9a),2.58 (1H, dd, /= 5.2, 13.2 Hz,
H-9b), 2.29 (2H, m, H-2), 2.02(1H, m, H-3a), 1.98(1H,
m, H-5a), 1.89 (1H, m, H-4), 1.77(3H, overlapped, H-
4", 1.76 (3H, overlapped, H-5"), 1.53 (1H, m, H-5b),
1.14 (1H, m, H-3b); '3C-NMR (125 MHz, CDCl;) ¢:
169.9 (C-12), 167.3 (C-1"), 138.9 (C-3"), 136.9 (C-11),
133.5 (C-10), 131.3 (C-1), 128.0 (C-2"), 123.8 (C-13),
79.1 (C-6), 77.3 (C-8), 67.9 (C-14), 67.7 (C-15), 48.0
(C-7),42.2 (C-4), 40.5 (C-5), 30.9 (C-3), 30.3 (C-9),
26.6 (C-2), 14.6 (C-4"), 12.0 (C-5"). LA_F¥¥is 5 ik
B, MEEREY) 16 4 (4B,10E)-60,14,
15-trihydroxy-8B-(tigloyloxy)-germacra-1(10),11(13)-
diene-12-oic acid 12,6-lactone .

& 17 LRy (B 7
Ci9H2606. 'H-NMR (400 MHz, Methanol-ds) J: 6.21
(1H, d, J = 1.9 Hz, H-13a), 6.03 (1H, m, H-3'a), 5.83
(1H, m, H-13b), 5.70 (1H, t, /= 8.2 Hz, H-1), 5.60 (1H,
m, H-3'b), 5.36 (1H, m, H-8), 5.08 (1H, m, H-6), 4.08
(2H, m, H-14), 3.32 (3H, overlapped, H-7, 15), 2.81
(1H, dd, J=13.8, 10.0 Hz, H-9a), 2.57 (1H, m, H-9b),
2.34 (2H, m, H-2), 1.98 (1H, m, H-3a), 1.95(1H, m, H-
5a), 1.87 (3H, s, H-4"), 1.86 (1H, overlapped, H-4), 1.51
(1H, m, H-5b), 1.12 (1H, m, H-3b); '3C-NMR (100
MHz, Methanol-ds) J: 172.1 (C-12), 167.6 (C-1'),
139.1 (C-11), 137.3 (C-2"), 135.0 (C-10), 132.2 (C-1),
126.8 (C-3"), 124.5 (C-13), 81.0 (C-6), 79.0 (C-8), 68.2

(C-15), 67.8 (C-14), 49.1 (C-7), 43.1 (C-4), 41.4 (C-5),
31.4(C-3),31.4(C-9),27.2(C-2),18.3 (C-4"). VA L-Hi¥
5B E — 20, e 17 2-
propenoicacid,2-methyl-2,3,30,4,5,8,9,10,11,11a-
decahydro-6,10-bis-(hydroxyl-methyl)-3-methylene-
2-oxocyclod-eca[P]furan-4-yl ester.

aEY 18 LRy (&i): 27K
C19H2806. 'H-NMR (600 MHz, CDCl3) 6: 6.28 (1H, d,
J=2.0 Hz, H-13a), 5.67(2H, m, H-1 and H-13b), 5.35
(1H, m, H-8), 4.87 (1H, m, H-6), 4.15 (2H, s, H-14),
3.44(2H, m, H-15), 3.11 (1H, m, H-7), 2.69 (1H, m, H-
9),2.49 (1H, m, H-2"), 2.30 (2H, m, H-2), 1.99 (2H, m,
H-3, 5a), 1.88 (1H, m, H-4), 1.54 (1H, m, H-5b), 1.10
(3H, d, /= 7.0 Hz, H-3'), 1.08 (3H, d, J= 7.0 Hz, H-
4"); BC-NMR (150 MHz, CDCl3) 6: 176.6 (C-1"), 170.0
(C-12), 136.8 (C-11), 133.3 (C-10), 131.7 (C-1), 123.9
(C-13), 79.2 (C-6), 76.1 (C-8), 68.0 (C-15), 67.9 (C-
14),47.8 (C-7),42.3 (C-4),40.5 (C-5), 34.3 (C-2"),30.9
(C-9), 30.4 (C-3), 26.6 (C-2), 19.1 (C-4"), 18.8 (C-3'),
DB 5 ook i — 300, Mg e E Y 18
N (4B,10E)-6a,14,15-trihydroxy-8B-(isobutyryloxy)
germacra-10,11(13)-diene-12 oic acid 12,6-lactone.

waEm 19: LRy (FEE): -1
C19H2506. 'H NMR (600 MHz, Methanol-ds) 6: 6.24
(1H, d, J=2.0 Hz, H-13a), 5.77 (1H, d, /= 1.8 Hz, H-
13b), 5.66 (1H, m, H-1), 4.93 (1H, ov, H-6), 4.62 (1H,
d, J=12.8 Hz, H-14a), 4.55 (1H, d, J = 12.7 Hz, H-
14b), 4.12 (1H, m, H-8), 3.35 (2H, m, H-15), 3.01 (1H,
brs, H-7), 2.74 (1H, m, H-9a), 2.60 (1H, m, H-2"), 2.30
(3H, m, H-2 and H-9b), 1.94 (1H, m, H-3a), 1.90 (1H,
m, H-5a), 1.79 (1H, m, H-4), 1.44 (1H, m, H-5b), 1.19
(3H, s, H-3"), 1.17 (3H, s, H-4"), 1.05 (1H, m, H-3b);
3C NMR (150 MHz, Methanol-ds) d: 178.5 (C-1"),
172.8 (C-12), 140.7 (C-11), 133.8 (C-1), 131.7 (C-10),
123.1 (C-13), 80.6 (C-6), 75.7 (C-8), 69.5 (C-14), 68.2
(C-15), 50.1 (C-7), 43.3 (C-4), 41.3 (C-5), 35.3 (C-2"),
35.0(C-9),31.2(C-3),27.4(C-2),19.4 (C-3"), 19.4 (C-
4. LA B 5 SO GE — 3020, #eEE S 19
°A siegesbeckialide K.

&Y 20 LEMRY (EMD: TR
C20H2806. 'H-NMR (400 MHz, CDCl;3) ¢: 6.27 (1H,
m, H-13a), 5.67 (2H, m, H-1, 13b), 5.58 (1H, s, H-2"),
5.37 (1H, m, H-8), 4.87 (1H, m, H-6), 4.16 (2H, s, H-
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14), 3.45 (2H, m, H-15), 3.13 (1H, m, H-7), 2.70 (1H,
m, H-9a), 2.58 (1H, m, H-9b), 2.30 (2H, m, H-2), 2.11
(3H, s, H-5"), 1.98 (2H, m, H-3b, 5), 1.94 (1H, m, H-4),
1.87 (3H, s, H-4"), 1.59 (1H, m, H-5), 1.16 (1H, m, H-
3a); *C-NMR (100 MHz, CDCls) 6: 170.2 (C-12),
166.0 (C-1"), 159.1 (C-3"), 136.8 (C-11), 133.6 (C-10),
131.4 (C-1), 123.8 (C-13), 115.3 (C-2"), 79.4 (C-6),
75.5 (C-8), 67.9 (C-14), 67.7 (C-15), 47.8 (C-7), 42.2
(C-4), 40.5 (C-5), 31.0 (C-9), 30.4 (C-3), 27.6 (C-4",
26.5(C-2),20.5 (C-5"). VI EHdE S ks —207),

W ELAEY) 20 N (4P,10F)-60,14,15-trihydroxy-
8B-(senecioyloxy)-germacra-1(10),11(13)-diene-12-
oic acid 12,6-lactone.

& 21 BOMRY (&i): 71K
C22H2807o 1H-NI\/IR (500 MHZ, CDC13) 0:9.50 (lH, d,
J=2.1Hz, H-14), 6.82 (1H, dq, /= 7.0, 1.5 Hz, H-3"),
6.74 (1H, dd, J=10.2, 7.4 Hz, H-1), 6.57 (1H, dd, J =
8.4, 1.7 Hz, H-8), 6.25 (1H, d, J= 3.5 Hz, H-13a), 5.90
(1H, d,J=3.1 Hz, H-13b), 5.22 (1H, t, /= 10.2 Hz, H-
6),5.03 (1H, d, J=10.6 Hz, H-5),4.50 (1H, d, J=12.6
Hz, H-15), 4.39 (1H, d, J = 12.6 Hz, H-15), 3.93 (1H,
dd,/J=8.4,2.2 Hz, H-9),3.37 (1H, m, 7-CH,CH3), 3.09
(1H, m, 7-CH,CH3), 2.84 (1H, m, H-3b), 2.71 (1H, m,
H-2a), 2.63 (1H, m, H-7), 2.56(1H, m, H-2b), 2.02 (1H,
m, H-3a), 1.83 (3H, m, H-5"), 1.80 (3H, m, H-4"), 1.02
(3H, t, J= 7.0 Hz, 7-CH,CH3); '*C-NMR (125 MHz,
CDCl) o: 194.5 (C-14), 169.7 (C-12), 166.7 (C-1"),
155.5 (C-1), 141.8 (C-10), 139.7 (C-4), 137.8 (C-3"),
133.9 (C-11), 129.6 (C-5), 128.4 (C-2"), 122.9 (C-13),
76.2 (C-9), 73.9 (C-6), 69.8 (C-8), 64.6 (7-OEt), 61.0
(C-15), 51.2 (C-7), 32.8 (C-3), 27.6 (C-2), 15.1 (7-
OEt), 14.6 (C-4"), 12.4 (C-5"). LA L% 5 CikikiE
—F07, W EEY 21 4 1(10)E,4Z-9a-ethoxy-
60,15-dihydroxy-8p-(tigloyloxy)-14-oxogermacra-1(10),
4,11(13)-triene-12-oic acid 12,6-lactone.

& 22: BOMRY (FEED; 701K
Cro0H3403, 'H-NMR (400 MHz, Methanol-d4) 0:5.17
(1H, overlapped, H-15), 3.69 (1H, dd, /=10.9, 2.2 Hz,
H-16a),3.57 (1H, dd, J=8.9, 2.3 Hz, H-13), 3.46 (1H,
dd, J=11.0, 9.0 Hz, H-16b), 3.19 (1H, m, H-3), 2.28
(1H, ddd, J=14.2, 4.6, 2.1 Hz, H-7a), 2.06 (1H, m, H-
7b), 1.98 (1H, m, H-12a), 1.74 (1H, m, H-1a), 1.70 (1H,
m, H-9), 1.63 (1H, m, H-6a), 1.59 (2H, m, H-2), 1.53

(2H, m, H-11), 1.38 (1H, qd, J = 12.8, 4.5 Hz, H-6b),
1.20 (1H, m, H-1b), 1.07 (1H, dd, J = 11.3, 1.8 Hz, H-
5), 0.99 (3H, s, H-18), 0.92 (1H, m, H-12b), 0.83 (3H,
s, H-17), 0.82 (3H, s, H-20), 0.81 (3H, s, H-19); !3C-
NMR (100 MHz, Methanol-ds) 6: 139.8 (C-8), 129.6
(C-15), 79.8 (C-3), 77.5 (C-13), 64.3 (C-16), 55.7 (C-
5), 52.1 (C-9), 40.1 (C-4), 39.1 (C-10), 38.5 (C-14),
38.4 (C-1), 37.1 (C-7), 33.3 (C-12), 29.1 (C-18), 28.3
(C-2), 23.4 (C-6), 23.0 (C-17), 19.3 (C-11), 16.5 (C-
19), 15.3 (C-20). LA _EE#8 5 30k iiE — 52y, s
EAW AW 22 N 17(13—4)-abeo-ent-35",135",16-
trihydroxystrob-8(15)-ene.

waw 23 LRy (FEE): 1R
Co0H3404, TH-NMR (600 MHz, Methanol-d4) 0: 4.94
(1H, d,J=5.0 Hz, H-15), 3.81 (1H, m, H-2), 3.79 (1H,
dd, /=10.2, 7.4 Hz, H-16a), 3.66 (1H, d, /= 11.1 Hz,
H-19a), 3.56 (1H, J = 10.2, 7.6 Hz, H-16b), 3.33 (1H,
overlapped, H-19b), 2.90 (1H, m, H-14), 2.22 (1H, m,
H-7a), 2.17 (1H, m, H-3a), 1.97 (1H, m, H-1a), 1.92
(1H, m, H-7b), 1.90 (1H, overlapped, H-9), 1.88 (1H,
m, H-11a), 1.82 (1H, m, H-6a), 1.73 (1H, dd, /= 14.7,
8.0 Hz, H-12a), 1.53 (1H, m, H-11b), 1.50 (1H, m, H-
12b), 1.39 (1H, qd, J = 13.0, 4.2 Hz, H-6b), 1.25 (1H,
dd,/=13.0,2.6 Hz, H-5), 1.07 (3H, s, H-17), 1.02 (1H,
overlapped, H-1b), 1.00 (3H, s, H-20), 0.99 (3H, s, H-
18), 0.87 (1H, t, J = 12.3 Hz, H-3b); BC-NMR (150
MHz, Methanol-ds) d: 143.3 (C-8), 122.4 (C-15), 77.7
(C-13), 65.5 (C-19), 65.4 (C-16), 64.8 (C-2), 61.1 (C-
9), 57.5 (C-5),48.3 (C-1),46.0 (C-14),45.2 (C-3),42.6
(C-10), 41.5 (C-12), 41.4 (C-4), 40.5 (C-7), 28.0 (C-
18), 25.4 (C-17), 25.1 (C-6), 19.5 (C-11), 16.6 (C-20).
DBl 5ok dE — 303, HeEEEY) 23
strobol Ao

&Y 24 LOMRY (HEE: 77X
CigH26025 TH-NMR (500 MHz, Methanol-d4) 0:7.13
(1H, d, J= 8.1 Hz, H-12a), 6.89 (1H, d, /= 7.9 Hz, H-
11a), 6.82 (1H, s, H-14), 3.97 (1H, m, H-2), 3.73 (1H,
d, J=11.1 Hz, H-19a), 3.43 (1H, d, J = 11.2 Hz, H-
19b),2.88 (1H, m, H-7a), 2.78 (1H, m, H-7b), 2.61 (1H,
m, H-1a), 2.24 (1H, m, H-3a), 2.22 (3H, s, H-17), 1.98
(1H, m, H-6a), 1.70 (1H, m, H-6b), 1.42 (1H, dd, J =
12.6,1.6 Hz, H-5), 1.25 (1H,t,J=11.8 Hz, H-1b), 1.17
(3H, s, H-20), 1.08 (3H, s, H-18), 0.93 (1H, m, H-3b);
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IBC.NMR (125 MHz, Methanol-ds) J: 147.4 (C-9),
135.8 (C-13), 135.4 (C-8), 130.5 (C-14), 127.6 (C-12),
125.1 (C-11), 65.6 (C-19), 65.5 (C-2), 52.3 (C-5), 48.9
(C-1), 45.1 (C-3), 41.2 (C-4), 40.1 (C-10), 31.8 (C-7),
27.8 (C-18), 27.1 (C-20), 20.9 (C-17), 20.0 (C-6). LA I
Blfs 50 E — B3, WOSENEY) 24 T 2B,19-
dihydroxy-15-devinyl-ent-pimar-8,11,13-triene.

A 25: TS EH (R ED; 43130 CisHicO7,
'H-NMR (500 MHz, DMSO-ds) 3: 9.45 (1H, s, 3'-OH),
7.59 2H, m, H-2', 6'), 7.11 (1H, d, J = 9.0 Hz, H-5"),
6.73 (1H, d, J= 2.1 Hz, H-8), 6.37 (1H, d, J = 2.1 Hz,
H-6), 3.86 (6H, m, 7,4'-OCHs), 3.80 (3H, s, 3-OCH);
B3C-NMR (125 MHz, DMSO-de) 8: 178.1 (C-4), 165.2
(C-7), 160.9 (C-5), 156.3 (C-2), 155.7 (C-9), 150.4 (C-
47y, 146.4 (C-3"), 138.2 (C-3), 122.2 (C-6'), 120.5 (C-
1), 115.1 (C-2'), 111.9 (C-5"), 105.2 (C-10), 97.8 (C-
6),92.3 (C-8), 59.8 (4'-OCHs), 56.1 (7-OCHsz), 55.7 (3-
OCHs). LA B 5 il — 350122, e s
W25 AR ER .

G 26: T AR CFERE) ; 7320 C27H300156
TH-NMR (500 MHz, Methanol-ds) J: 8.07 (2H, d, J =
8.9 Hz, H-2', 6'), 6.89 (2H, d,J=8.9 Hz, H-3', 5"), 6.41
(1H, d, J=2.1 Hz, H-8), 6.21 (1H, d, /= 2.1 Hz, H-6),
5.13 (1H, d,J=7.1 Hz, H-1"), 4.52 (1H, d, J= 1.6 Hz,
H-1""), 3.81 (1H, m, H-6""a), 3.63 (1H, m, H-6"'b), 3.52
(1H, dd, J= 9.4, 3.4 Hz, H-2""), 3.41 (5H, m, H-2"", 3",
347, 4", 326 (2H, m, H-5", 5", 1.12 3H, d, J =
6.2 Hz, H-6""); '3C-NMR (125 MHz, Methanol-d.) 6:
179.4 (C-4), 166.3 (C-7), 163.0 (C-5), 161.5 (C-4"),
159.4 (C-9), 158.6 (C-2), 135.5 (C-3), 132.4 (C-2', 6"),
122.8 (C-1'), 116.1 (C-3', 5'), 105.6 (C-10), 104.6 (C-
1", 102.4 (C-1"), 100.1 (C-6), 95.0 (C-8), 78.1 (C-
2'7), 77.2 (C-3"""), 75.8 (C-5""), 73.9 (C-3"), 72.3 (C-
2"7), 72.1 (C-4""), 71.4 (C-4"), 69.7 (C-5""), 68.6 (C-
6"), 17.9 (C-6""). VA -3Hl 5 SRR IE — 212, ik
KRGV 26 NILIFEI-3-0-=FPEH

WA 27: AR CFED; 4353 CisHO07.
'H-NMR (500 MHz, Methanol-ds) 3: 7.63 (1H, dd, J =
8.6, 2.3 Hz, H-6), 7.60 (1H, d, J= 2.2 Hz, H-2"), 7.06
(1H, d, J = 8.6 Hz, H-5'), 6.36 (1H, d, J = 2.0 Hz, H-
10), 6.18 (1H, d, J = 2.0 Hz, H-8), 3.94 (3H, s, 4"
OCHs3), 3.79 (3H, s, 3-OCHs); '*C-NMR (125 MHz,
Methanol-ds) 3: 179.9 (C-4), 166.9 (C-7), 163.3 (C-5),

158.6 (C-9), 157.4 (C-8), 151.6 (C-4"), 147.6 (C-3"),
139.8 (C-3), 124.3 (C-1"), 122.1 (C-6'), 116.1 (C-2"),
112.3 (C-5"), 105.8 (C-10), 100.2 (C-6), 94.8 (C-8),
60.6 (3-OCHs), 56.4 (4'-OCH3). LA 3 5 SC vk
E—EPY, MU a 27 0 3,53 - =5 Hk-7.4'-
SR

aw 28: LRy (FEE): -1
Ci1iH1603. 'H-NMR (400 MHz, Methanol-ds) d: 5.75
(1H, s, H-7),4.22 (1H, t, J= 3.5 Hz, H-3), 2.42 (1H, dt,
J=13.6,2.6 Hz, H-4a), 1.99 (1H, dt, /= 14.4, 2.7 Hz,
H-2a),1.76 (3H, s, H-11), 1.73 (1H, overlapped, H-4b),
1.53 (1H, dd, J = 14.4, 3.7 Hz, H-2b), 1.47 (3H, s, H-
9),1.28 (3H, s, H-10); '3C-NMR (125 MHz, Methanol-
ds) 0: 185.7 (C-8), 174.4 (C-6), 113.3 (C-7), 89.0 (C-5),
67.2 (C-3),48.0 (C-2),46.4 (C-4),37.2 (C-1),31.0 (C-
10),27.4 (C-11),27.0 (C-9). VL X4 5 SRk RiE —
Bl MUY 28 R EZ RN,

&Y 29 HEAMKRY (P, 71
C19H300s. 'H-NMR (500 MHz, Methanol-ds) &: 5.98
(1H, d,J=15.6 Hz, H-7), 5.87 (1H, m, H-4), 5.73 (1H,
dd, J=15.6,7.2 Hz, H-8), 4.54 (1H, m, H-9), 4.27 (1H,
d,J=7.8 Hz, H-1"), 3.85 (1H, dd, J=11.8, 2.2 Hz, H-
6'a), 3.63 (1H, dd, J = 11.8, 5.9 Hz, H-6'b), 3.27 (1H,
m, H-3"), 3.23 (1H, m, H-4"), 3.20 (1H, m, H-2'), 3.16
(1H, m, H-5"). 2.56 (1H, d, J = 17.1 Hz, H-2a), 2.17
(1H, m, H-2b), 1.95 (3H, d, J = 1.4 Hz, 5-Me), 1.30
(3H, overlapped, 9-Me), 1.04 (3H, s, 1-Me), 1.02 (3H,
s, 1-Me); BC-NMR (125 MHz, Methanol-d4) J: 201.3
(C-3), 167.1 (C-5), 133.8 (C-7), 133.7 (C-8), 127.1 (C-
4), 101.2 (C-1"), 78.4 (C-3"), 78.2 (C-5"), 75.0 (C-2"),
74.6 (C-9),71.7 (C-4"),62.8 (C-6"),50.8 (C-2),42.4 (C-
1), 24.7 (1-Me), 23.5 (1-Me), 22.2 (9-Me), 19.6 (5-
Me). PA_E#ds 5 SOl ioE — B, S E ey
29 4 (6R,9S5)-roseoside.

WA 30: AR (FED; 45+ CoHgO40
"H-NMR (600 MHz, Methanol-ds) d: 7.53 (1H, d, J =
15.9 Hz, H-7), 7.03 (1H, d, J= 2.1 Hz, H-8), 6.93 (1H,
dd, /=8.1, 2.1 Hz, H-6), 6.78 (1H, d, /= 8.2 Hz, H-5),
6.22 (1H, d, J=15.9 Hz, H-2); '3C-NMR (150 MHz,
Methanol-ds) d: 171.0 (C-9), 149.5 (C-4), 147.0 (C-3),
146.8 (C-7), 127.8 (C-1), 122.8 (C-6), 116.5 (C-2),
115.5(C-5), 115.1 (C-8). LA FEdE 5 3CiikhoE—27,
S 30 JyImHERE .
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AW 31: TLEMIRCEED; 7073 C31H36011,
TH-NMR (500 MHz, Methanol-ds) J: 6.97 (1H, d, J =
2.0 Hz, H-2"),6.95 (1H, d, J=2.0 Hz, H-2""), 6.82 (1H,
dd,/=8.3,1.9Hz,H-5"),6.78 (1H, m, H-5""), 6.76 (1H,
m, H-6"),6.72 (1H, dd, J=8.1, 1.5 Hz, H-6""), 6.68 (2H,
s, H-2, 6), 4.89 (1H, m, H-7""), 4.75 (1H, d, J=2.9 Hz,
H-7"),4.71 (1H, d, J=4.0 Hz, H-7), 4.26 (2H, m, H-9a,
9'a), 3.89 (2H, m, H-9b, 9'b), 3.86 (3H, s, 3-OMe), 3.82
(9H, m, 5, 3', 3"-OMe), 3.13 (2H, m, H-8, 8'); 3C-
NMR (125 MHz, Methanol-ds) 6: 154.6 (C-3, 5), 149.1
(C-3"), 148.6 (C-3"), 147.3 (C-4"), 146.9 (C-4""), 138.9
(C-1), 136.1 (C-4), 133.8 (C-1"), 133.7 (C-1"), 120.7
(C-6"), 120.1 (C-6"), 116.1 (C-5"), 115.6 (C-5""), 111.4
(C-2"), 111.0 (C-2"), 104.2 (C-2, 6), 87.5 (C-8"), 87.3
(C-7), 87.3 (C-7"), 74.0 (C-7""), 72.9 (C-9), 72.8 (C-9"),
61.7 (C-9"), 56.7 (3, 5-OMe), 56.4 (3', 5'-OMe), 56.3
(3", 5"-OMe), 55.7 (C-8'), 55.3 (C-8). LA L-%¥#E 5
PR IE — B2, MEENEY 31 N (9-(TRTR,
7"R,85,8'S,8"S)-4' 4" -dihydroxy-3,3',3",5-tetrameth-
oxy-7,9":7',9-diepoxy-4,8''-oxy-8,8'-sesquineolignan-
7".,9"-diol.

G 32: TLEMRCFED; 73F 3 C31H36011,
TH-NMR (500 MHz, Methanol-ds) J: 6.99 (1H, d, J =
2.0 Hz, H-2"),6.95 (1H, d, J= 1.9 Hz, H-2""), 6.85 (1H,
dd,J=8.1, 1.9 Hz, H-5"), 6.82 (1H, dd, /= 8.2, 1.9 Hz,
H-5"), 6.77 (1H, d, J= 8.1 Hz, H-6"), 6.73 (1H, d, J =
8.1 Hz, H-6"), 6.69 (2H, s, H-2, 6), 4.86 (1H,
overlapped, H-7""), 4.73 (2H, d, J = 4.6 Hz, H-7, 7"),
4.26 (2H, m, H-9a, 9'a), 4.09 (1H, m, H-8'"), 3.89 (2H,
m, H-9b, 9'b), 3.86 (9H, m, 5, 3', 3""-OMe), 3.82 (3H,
s, 3-OMe), 3.35 (1H, m, H-9"'b), 3.13 (2H, m, H-8, 8');
BC-NMR (125 MHz, Methanol-ds) J: 154.3 (C-3, 5),
149.1 (C-3"), 148.7 (C-3"), 147.4 (C-4"), 147.1 (C-4"),
139.1 (C-1), 136.6 (C-4), 133.7 (C-1"), 133.5 (C-1"),
120.8 (C-6"), 120.1 (C-6""), 116.1 (C-5"), 115.8 (C-5""),
111.6 (C-2"), 111.0 (C-2"), 104.2 (C-2, 6), 88.8 (C-8"),
87.5 (C-7), 87.2 (C-7"), 744 (C-7"), 72.9 (C-9), 72.7
(C-9"),61.8(C-9"),56.7 (3,5-OMe), 56.4 (3', 5'-OMe),
56.3 (3", 5"-OMe), 55.8 (C-8'), 55.3 (C-8). LA L-HdE
ECERiE— ), SR EYI 32 9 ()-(TRTR,
7"8,85,8'S,8"'S)-4',4" -dihydroxy-3,3',3",5-tetrameth-
oxy-7,9":7',9-diepoxy-4,8''-oxy-8,8'-sesquineolignan-
7".,9"-diol,

3.2 PTP1B HPFIFIE M TN

S B TR S I R B R RO R,
B AR RIS, TR T PTP1B 0 757 14 7
SIS . T PTPIB 5 W X Al & % 1 IR i
(pNPP) 7K JG &7 A LR AL IR RS SE 251y, 1%
FEAE 405 nm A EGRIIEIRI. @M E 405
nm Ak EEARAE, BT DLE 40T PTPIB 1R
P, R PEAL 00 70 A A S B R S SRR . ASHIE
WA 1~6. 13, 16 AT T 15k, 458 5ER
A 1. 2. 4 X PTPIB B — & B ROR, 45
RIWE 1.

®1 &Y 1~6. 13, 16 K PTPIB HIF5E M
Table 1 PTP1B inhibitory activity of compounds 1—6, 13, 16

FF i ) %/ %
1 32.56+2.14
2 38.30+0.83
3 12.58+1.01
4 42.38+1.66
5 9.84+0.31
6 12.40%+0.84
13 14.424+0.97
16 -1.98+0.99
Suramin 59.92+0.43
7= E X R -0.94+0.53

4 Tig

S wAE IR - 258, 258 7 24
FJF, ZOF IR RS S TN B, DA B
ANFZERZM 2 R ZE 5 . MARAE S S B B
[ &R R B T 32 MUEY, RIN
FFR Nl 0 SR AR AR R R .
Hr, b&Y 25~27. 31, 32 N EIRMNF S H B
YRy EAS, LAY 1. 2. 4 4 PTPIB B —EH)
IHER . XEAEWIRI RIS T 562551
BRI AT, WONEE— DI 70 L 2530 E F ML
AH BT 2571 I UL S v 24 B RT FR T R R B it
TR SR BN T ]

FBFR AVEHFRRGEA TR
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