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Chemical constituents from roots tubers of Serratula chinensis
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Abstract: Objective To study the chemical constituents from the roots tubers of Serratula chinensis. Methods The chemical
constituents were separated and purified by silica gel, Sephadex LH-20, ODS column chromatographies, and preparative HPLC. Their
structures were determined by physicochemical properties and spectral data. Results Sixteen compounds (ecdysteroids) were isolated
from the n-butanol fraction of 95% ethanol extract in the root tubers of S. chinensis, and their structures were identified as
20-hydroxyecdysone (1), polypodine B (2), carthamosterone (3), 20-hydroxyecdysone-20, 22-monoacetonide (4), 24-epi-abutasterone
(5), polypodine C (6), coronatasterone (7), 20-hydroxyecdysone 2-O-B-D-glucopyranoside (8), 20-hydroxyecdysone 25-O-3-D-
glucopyranoside (9), polypodine B 20, 22-acetonide (10), shidasterone (11), 2-O-acetyl-20-hydroxyecdysone (12), 3-O-acetyl-20-
hydroxyecdysone (13), 20-hyderoxyecdysone-20, 22-butylidene acetal (14), 24-methylene-shidasterone (15), and ajugasterone D (16).
Conclusion Compounds 2, 4,5, 7—10, 12, 15, and 16 are isolated from this plant for the first time, and compounds 5, 7—10, and 16
are found in the plants of genus Serratula L. for the first time.

Key words: Serratula L.; roots tubers of Serratula chinensis; 20-hydroxyecdysone; 20-hydroxyecdysone-20, 22-monoacetonide;
20-hydroxyecdysone 2-O-B-D-glucopyranoside
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W By, A BT R TR B2, ASE
BN ZAEA) 95% LTE S IE T I AL AT T &%
G E ST, ANy B3 T 16 MES),
Z LT RO & Rl il 27 7V 8 T ik, ok h
20- F£ 5E Wi J7 5 W ( 20-hydroxyecdysone , 1)+
polypodine B (2). carthamosterone (3). 20, 22-57
A X 3E-20- 2 20 Kz $5 - (20-hydroxyecdysone-20,
22-monoacetonide, 4). 24-epi-abutasterone (5).
polypodine C (6). coronatasterone (7). 20-F23LM{
S 8 Wi 2-O-B-D-#5 %5 B £ (20-hydroxyecdysone 2-O-
B-D-glucopyranoside, 8). 20-F2%EM % {5 fid 25-0-B-
D- #i % ¥ #F ( 20-hydroxyecdysone 25-O-B-D-
glucopyranoside, 9). polypodine B 20, 22-acetonide
(10D shidasterone (11). 2-O-Z3E-20-F2 L0 17
B Wi (2-O-acetyl-20-hydroxyecdysone, 12). 3-O-
LT FE-20- 5 bt 7 5 Wi (3-O-acetyl-20-hydroxyl-
ecdysone, 13). 20-F2KEWi 57 i fid-20, 22-45 T &
(20-hyderoxyecdysone-20, 22-butylidene acetal, 14).
24-methylene-shidasterone(15). ajugasterone D(16).
XGRS 1) A R S 2R A S, b k54 2. 4.
5. 7~10. 12. 15, 16 J EH RN 70 243 2,
WED) 5. T~10. 16 9 B IRMIRTE L& 73 B3 21
1 NESR

X—5 B4R RO E A AL B 2R e A AT PR
7] ); Jasco FI/IR—480 Plus Fourier Transform £L 4
WA Jasco V—550 54h-n] WA G REAX. Jasco P—
1020 Jig 64X (H A Jasco); Finnigan LCQ Advantage
MAX Jitit{%; Bruker AV—300. Bruker AV—400.
Bruker AV—500 B AZ#EILHRAX (FEE Bruker);
Agilent 1260 R4 = 0B AH %A Agilent 1260 5
H £ R A (GEE Agilent); W2 A
TEENR GF s T2 TR A 00 440 2 TVRIF T T 7 il 5
FE Al PR I 75 B4 1) 77 s Sephadex
LH-20 (3&[H Pharmacia 24 #]); 23471 H] HPLC {4 %
FE4 COSMOSIL 5C5-MS-II A i (250 mm X 4.6
mm, 5 pum); fil4H HPLC A4 Cosmosil
5C1g-MS-II {345 (250 mm>X20 mm, 5 um). Ff
FHAR T340 A 1% 4l B 3 B 40

JTTHRRZiAE T 2012 4F 10 HBGE T AR AT

MY, SRR KA E b D CHERAR S A
BHRAL K JE A R A6 S Serratula chinensis S. Moore
M TEEHR, drA (20121015) fRAFT R K22y
St 2 SRR T
2 RS54SR

BURRAE K TR 20 kg, WE Gk 10~20 H
i), N 95% LM (£1300 L) BIEREL, Bk
904 O o RAE WO AR B, MU A i ik (60~
90 C)H. BAIRLMG IF T REAIL . 1E T BB AL 98 &
WARRT, 13 198 go WURE (190 g) FIEER
fift, H1100~200 HEERCHEAE, SabkA i, DL
{-HEE (100 : 0—0 : 100) FHEEVEML, TLC &K,
AR 10 MBS (Fr. 1~10). Fr. 3 (40 g) 1]
100~200 HEERCHEAE, SrEitant, LLaEh-H
fig (100 : 0—0 : 100) BfEEVEMAT R4 5> C1~CT,
417y C2 (1.65g) 4 Sephadex LH-20 kAl (i |
ODS F:taih LA K % HPLC (19%Z 01, AR &
6 mL/min) 73 Z 1 EMLEH) 1 (50 mg). 2 (20 mg).
3(10 mg). 4(20 mg). Fr. 4(8 g) %4 Sephadex LH-20
BT % oy 5, R UM, TLC KR, HIF
F4H % DI~D3. D3 (5 g) £ ODS F:(ailh. #4%
HPLC /3 B3 EEE 5 (15 mg). 6 (12mg) F17
(4 mg).Fr. 6(13.1 g) it ODS H: a1 il % HPLC
EARLAY 8 (10mg) 19 (7mg). Fr.2 (28
g) SRR G-I EEBEND) . ODS At
i, il HPLC (35%ZJf, #ABUiE 6 mL/min)
B[RS 10 (8 mg). 11 (7 mg). 12 (5 mg).
13 (30 mg). 14 (28 mg). 15 (4 mg) 116 (3 mg).
3 KT

a1 AR (R, mp 243~245 C.
[a]h+49.01° (c 0.01, MeOH). 7 - IR BRR [ 1 {2
0, UVASO" (im): 242, IRvED (em ) 3 389,
1 650, 2 968, 2 926, 1 378. ESI-MS m/z: 983 [2M+
Na]’, 503 [M+Na]", X} FE AN 480, &84
'H-NMR. “C-NMR 1 DEPT-135 i A #WriZ A0 &
Y4 7R A CpHyuOr. 'H-NMR (400 MHz,
CD;0D) 6: 5.87 (1H, d, J= 2.0 Hz, H-6), 1.26 (3H, s,
H-21), 1.26 (3H, s, H-27), 1.25 (3H, s, H-26), 1.03
(3H, s, H-19), 0.95 (3H, s, H-18), 3.90 (1H, dt, J =
11.6, 3.2 Hz, H-2), 4.01 (1H, d, J = 1.6 Hz, H-3), 2.44
(1H, m, H-5), 3.21 (1H, m, H-9), 2.44 (1H, m, H-17),
3.37 (1H, d, J = 1.6 Hz, H-22); "“C-NMR (100 MHz,
CD;0D) ¢: 37.3 (C-1), 68.7 (C-2), 68.5 (C-3), 32.8



* 908

¢ %% Chinese Traditional and Herbal Drugs 28 45% 28 7% 2014 4 A

(C-4), 51.8 (C-5), 206.5 (C-6), 122.1 (C-7), 167.9
(C-8), 35.1 (C-9), 39.2 (C-10), 21.5 (C-11), 325
(C-12), 48.6 (C-13), 85.3 (C-14), 31.8 (C-15), 215
(C-16), 50.5 (C-17), 18.1 (C-18), 24.4 (C-19), 77.9
(C-20), 21.0 (C-21), 78.4 (C-22), 27.3 (C-23), 42.3
(C-24), 71.3 (C-25), 28.9 (C-26), 29.7 (C-27). A %k
i 5 Srik R — 5, S e A 1l 20- ¥R
B §55 i o

&Y 2: AkR CHEE, mp 256~257 C,
[a]5+79.5° (c 0.01, MeOH). 7 Eis-1kim IR i [ b 2%
B. UV AR (nm): 242, IR vier (cm Y): 3300, 2 965,
2933,1685,1471,1081. ESI-MS m/z: 1015 [2M+
Na]’, 519 [M+Na]*, MXf4>7FimKA 496, 456
'H-NMR. C-NMR HI DEPT-135 i n] #fEll 4> T
AW CrHuO0s. "H-NMR (400 MHz, CD;0D) 6: 5.93
(1H, d, J = 2.5 Hz, H-7), 1.26 (3H, s, H-21), 1.27 (3H,
s, H-27), 1.26 (3H, s, H-26), 0.98 (3H, s, H-19), 0.96
(3H, s, H-18), 4.03 (1H, m, H-2), 4.07 (1H, m, H-3),
3.25 (1H, m, H-9), 2.46 (1H, t, J = 8.6 Hz, H-17), 3.37
(1H, m, H-22); *C-NMR (100 MHz, CD;0D) &: 34.1
(C-1), 68.3 (C-2), 70.2 (C-3), 36.1 (C-4), 80.3 (C-5),
202.4 (C-6), 120.4 (C-7), 167.6 (C-8), 38.9 (C-9), 45.5
(C-10), 22.5 (C-11), 32.5 (C-12), 48.4 (C-13), 85.0
(C-14), 31.7 (C-15), 21.4 (C-16), 50.4 (C-17), 16.9
(C-18), 18.0 (C-19), 77.9 (C-20), 21.0 (C-21), 78.4
(C-22), 27.3 (C-23), 42.3 (C-24), 71.3 (C-25), 29.0
(C-26), 29.7 (C-27). LA -3t 5 ek —a5, %
YA 2 24 polypodine B.

WY 3. AteRE A, [o]5+51.5° (¢ 0.01,
MeOH). 7 B - MBI I I3 SRS 4T €5, UV AN
(nm): 242, IR vy (cm'Y): 3 420, 2 967, 2 935, 1 732,
1650, 1471, 1 081. ESI-MS m/z: 1 059 [2M—+Na]*,
541 [M-+Na]*, X437 i f h 518. 454 'H-NMR,
BC-NMR #1 DEPT-135 % ] #E W 3 4% 7 0 Ny
CaoH405. *H-NMR (300 MHz, CD;0D) 6: 5.80 (1H,
d, J = 2.1 Hz, H-7), 1.25 (3H, s, H-21), 1.46 (3H, s,
H-27), 1.46 (3H, s, H-26), 0.95 (3H, s, H-19), 0.89
(3H, s, H-18), 3.81 (1H, dt, J = 11.7, 3.0 Hz, H-2),
3.93 (1H, s, H-3), 2.38 (1H, m, H-5), 3.13 (1H, m,
H-9), 2.56 (1H, d, J = 17.3 Hz, H-17), 3.69 (1H, d, J =
9.9 Hz, H-22), 5.91 (1H, s, H-28); *C-NMR (75 MHz,
CD4OD) &: 37.4 (C-1), 68.7 (C-2), 68.5 (C-3), 32.8
(C-4), 51.8 (C-5), 206.4 (C-6), 122.3 (C-7), 167.6

(C-8), 35.1 (C-9), 39.3 (C-10), 21.5 (C-11), 32.4
(C-12), 48,5 (C-13), 85.3 (C-14), 31.8 (C-15), 21.6
(C-16), 50.5 (C-17), 18.0 (C-18), 24.5 (C-19), 77.5
(C-20), 21.5 (C-21), 75.5 (C-22), 30.7 (C-23), 174.6
(C-24), 89.7 (C-25), 25.0 (C-26), 24.8 (C-27), 115.5
(C-28), 178.9 (C-29). LA b-#jud b5 ik — ™,
s e &4 3 4y carthamosterone.

tEw 4: FOIGE B, mp220~222 C,
[a]5+47.5° (c 0.01, MeOH). 7B -l 12 S I b
S0, UV ST (nm): 220, 245, IR vio (cm™): 3419,
2966, 2 937, 1652, 1 374, 1 057. ESI-MS m/z: 1 063
[2M+Na]", 543 [M+Na]*, HIx$4> )& K 520,
454 "H-NMR. *C-NMR 1 DEPT-135 iff ] #E:l 53
TR A CeoHagO7. H-NMR (300 MHz, DMSO-dg) 6:
5.81 (1H, d, J = 2.2 Hz, H-7), 1.24 (3H, s, H-21), 1.25
(3H, s, H-27), 1.25 (3H, s, H-26), 0.99 (3H, s, H-19),
0.86 (3H, s, H-18); *C-NMR (75 MHz, DMSO-dg) &:
37.5 (C-1), 66.8 (C-2), 66.5 (C-3), 31.7 (C-4), 50.2
(C-5), 202.9 (C-6), 120.6 (C-7), 164.6 (C-8), 33.2
(C-9), 36.6 (C-10), 20.9 (C-11), 30.6 (C-12), 46.6
(C-13), 83.1 (C-14), 30.2 (C-15), 20.2 (C-16), 48.8
(C-17), 16.8 (C-18), 24.1 (C-19), 81.7 (C-20), 23.4
(C-21), 84.3 (C-22), 26.9 (C-23), 41.1 (C-24), 68.4
(C-25), 29.8 (C-26), 29.0 (C-27), 106.1 (C-28), 29.0
(C-29), 21.8 (C-30). LA b-¥iedis 5 sk — 2™, ik
YTEAAY) 4 O 20, 22- 53 P X E-20-F2 M 7 F5 7

W& 5: EtaEr L, mp 160~165 °C, [o]5+60.9°
(c 0.01, MeOH). 7 Bl -BR IR S W 2 58 2 (TLC) o
UV Aot (nm): 242, IR vyor (cm Y): 3386, 2 944,
2 870, 1 614, 1 058, 875. ESI-MS m/z: 1 015 [2M+
Na]’, 519 [M+Na]*, Mxf4>7imKA 496, 454
'H-NMR. C-NMR HI DEPT-135 i n] #fEllH 4> T
. H CorHa05. *H-NMR (300 MHz, CD30D) &: 5.80
(1H, d, J = 1.9 Hz, H-7), 1.21 (3H, s, H-21), 1.18 (3H,
s, H-27), 1.16 (3H, s, H-26), 0.96 (3H, s, H-19), 0.88
(3H, s, H-18), 3.82 (1H, dt, J = 12.0, 3.0 Hz, H-2),
3.94 (1H, s, H-3), 2.35 (1H, m, H-5), 3.14 (1H, m,
H-9), 2.38 (1H, m, H-17), 3.55 (1H, d, J = 7.3 Hz,
H-22), 3.68 (1H, dd, J = 7.3, 4.8 Hz, H-24); *C-NMR
(75 MHz, CD;OD) &: 37.4 (C-1), 68.7 (C-2), 685
(C-3), 32.6 (C-4), 52.0 (C-5), 206.5 (C-6), 122.4
(C-7), 168.1 (C-8), 34.8 (C-9), 39.3 (C-10), 21.6
(C-11), 32,5 (C-12), 48.5 (C-13), 85.4 (C-14), 31.8
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(C-15), 21.3 (C-16), 50.4 (C-17), 18.0 (C-18), 24.4
(C-19), 78.0 (C-20), 20.9 (C-21), 74.2 (C-22), 34.8
(C-23), 76.3 (C-24), 73.7 (C-25), 25.4 (C-26), 25.8
(C-27). LA EHd 5 scmkiE — 80", e sw
5 4 24-epi-abutasterone.

A 6: FAEER R, mp 255~258 °C, [o]p+53.0°
(c 0.01, MeOH) . 7 B - IR S B i 55 £
UV AN (nm): 242, TRvee (em™'): 3 374, 2 949,
2880, 1 644, 1 382, 1 061, ESI-MS m/z: 1 015 2M+
Na]", 519 [M+Na]", 495 [M—H] ", #X9 1N
496, 454 '"H-NMR. "*C-NMR FI DEPT-135 4l
27 M CyHuOs. "H-NMR (300 MHz, CD;0D) 6:
5.81 (1H, d, J= 2.4 Hz, H-7), 1.18 (3H, s, H-21), 1.19
(3H, s, H-27), 3.36 (2H, s, H-26), 0.94 (3H, s, H-19),
0.88 (3H, s, H-18), 3.83 (1H, dt, J = 12.0, 3.0 Hz,
H-2), 3.94 (1H, s, H-3), 3.13 (1H, m, H-9), 2.38 (1H,
m, H-17); C-NMR (75 MHz, CD;0D) 6: 37.4 (C-1),
68.6 (C-2), 68.7 (C-3), 32.6 (C-4), 52.0 (C-5), 206.5
(C-6), 122.4 (C-7), 168.0 (C-8), 35.1 (C-9), 39.3
(C-10), 21.5 (C-11), 32.5 (C-12), 48.5 (C-13), 85.6
(C-14), 31.8 (C-15), 21.6 (C-16), 50.6 (C-17), 18.1
(C-18), 24.3 (C-19), 78.0 (C-20), 21.1 (C-21), 78.4
(C-22), 26.6 (C-23), 37.1 (C-24), 73.5 (C-25), 70.1
(C-26), 24.4 (C-27). LA bd b5 3cikdiin — 2
W% 2 b 54 6 A polypodine C.

&Y 7. AOIEEEMA, mp213~216 C,
[a]5+31.0° (¢ 0.01, MeOH). 7 i - iR B R SV ‘2
200, UV AT (nm): 242, IR vier (em™): 3 398, 2 965,
2937,1 653, 1384, 1065, ESI-MS m/z: 983 [2M+

Na]’, 503 [M+Na]", FHX5FHEN 480, 454
'H-NMR. 13C-NMR A1 DEPT-135 ] e 357
A A Cy7Hu07. H-NMR (300 MHz, CD;0D) §: 5.81
(1H, d, J = 2.4 Hz, H-7), 1.19 (3H, s, H-21), 1.20 (3H,
s, H-27), 1.20 (3H, s, H-26), 3.30 (1H, m, H-22), 0.96
(3H, s, H-19), 0.89 (3H, s, H-18), 3.63 (1H, m, H-3),
3.31 (1H, m, H-4), 2.40 (1H, m, H-17); "*C-NMR (75
MHz, CD;0D) 6: 33.6 (C-1), 43.0 (C-2), 72.1 (C-3),
75.5 (C-4), 57.4 (C-5), 204.7 (C-6), 121.9 (C-7), 168.1
(C-8), 35.9 (C-9), 39.6 (C-10), 21.5 (C-11), 32.5
(C-12), 48.6 (C-13), 85.1 (C-14), 31.7 (C-15), 21.5
(C-16), 50.5 (C-17), 18.1 (C-18), 23.8 (C-19), 77.9
(C-20), 21.0 (C-21), 78.4 (C-22), 27.4 (C-23), 42.4
(C-24), 71.3 (C-25), 28.9 (C-26), 27.9 (C-27). LA %k

Wb ks — &Y, ¥ EkaEw 1T oM
coronatasterone.
& 8: HJCE TR AR, mp285~287 C,

[a]h+16.8° (¢ 0.01, MeOH). 7 i - IR BRI [ W ‘2
S0, UV A (nm): 242, IRV (em™): 3 419, 2 964,
2875, 1650, 1384, 1075, ESI-MS m/z: 1 307 [2M+
Na]’, 665 [M+Na]", HIXtoFIREN 642, 454
'H-NMR. “C-NMR F1 DEPT-135 i aJ 4l H: 4y 1
304 C33Hs4012. 'H-NMR (500 MHz, CD;0D) : 5.82
(1H, d, J=2.5 Hz, H-7), 1.21 (3H, s, H-21), 1.30 (3H,
s, H-27), 1.30 (3H, s, H-26), 3.34 (1H, m, H-22), 0.98
(3H, s, H-19), 0.90 (3H, s, H-18), 4.05 (1H, dt, J =
11.5, 3.5 Hz, H-2), 4.16 (1H, m, H-3), 2.39 (1H, m,
H-5), 2.39 (1H, m, H-17), 4.47 (1H, d, J = 7.5 Hz,
H-1'), 3.89 (1H, d, J = 10.0 Hz, H-6"), 3.71 (1H, d, J =
11.5 Hz, H-6'); "C-NMR (125 MHz, CD;0D) ¢: 36.1
(C-1), 76.4 (C-2), 66.0 (C-3), 32.5 (C-4), 51.8 (C-5),
206.5 (C-6), 122.6 (C-7), 168.3 (C-8), 35.0 (C-9), 39.4
(C-10), 21.3 (C-11), 32.0 (C-12), 48.5 (C-13), 85.2
(C-14), 31.7 (C-15), 21.5 (C-16), 50.5 (C-17), 18.1
(C-18), 24.2 (C-19), 77.9 (C-20), 21.0 (C-21), 78.4
(C-22), 27.3 (C-23), 42.3 (C-24), 71.3 (C-25), 28.9
(C-26), 29.7 (C-27), 102.4 (C-1"), 75.1 (C-2"), 77.9
(C-3"), 71.6 (C-4"), 77.8 (C-5"), 62.7 (C-6"). LA %
gk — 5, WS 8 o 20-F1 ki
J2 S5 2-0-B-D-F B AT

WG 9: BOIEERMA, mp296~299 C,
[a]h+17.2° (¢ 0.01, MeOH). 7 i - IR BRI [ W {2
0, UV (m): 242, IRy (em ™) 3 419,
2964, 2 875, 1 648, 1 382, 1 074. ESI-MS m/z: 1 307
[2M+Na]’, 665 [M+Nal", X1 il 642.
Zh4r 'TH-NMR. "C-NMR Fl DEPT-135 i a4 1L
4312 C33Hs4012- 'H-NMR (500 MHz, CD;0D) §:
5.82 (1H, d, J=2.0 Hz, H-7), 1.21 (3H, s, H-21), 1.30
(3H, s, H-27), 1.30 (3H, s, H-26), 3.35 (1H, m, H-22),
0.99 (3H, s, H-19), 0.90 (3H, s, H-18), 3.86 (1H, dt,
J =115, 3.5 Hz, H-2), 3.97 (1H, m, H-3), 2.41 (1H,
m, H-5), 2.41 (1H, m, H-17), 4.46 (1H, d, J = 7.5 Hz,
H-1'), 3.86 (1H, d, J = 10 Hz, H-6"), 3.62 (1H, d, J =
11.5 Hz, H-6"); “C-NMR (125 MHz, CD;0D) ¢: 37.4
(C-1), 68.7 (C-2), 68.5 (C-3), 32.8 (C-4), 51.8 (C-5),
206.5 (C-6), 122.2 (C-7), 168.0 (C-8), 35.1 (C-9), 39.3
(C-10), 21.5 (C-11), 32.5 (C-12), 48.5 (C-13), 85.2
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(C-14), 31.7 (C-15), 21.5 (C-16), 50.5 (C-17), 18.0
(C-18), 24.4 (C-19), 77.9 (C-20), 21.0 (C-21), 78.4
(C-22), 26.7 (C-23), 40.1 (C-24), 78.7 (C-25), 27.4
(C-26), 27.4 (C-27), 98.6 (C-1), 75.3 (C-2'), 78.2
(C-3"), 71.8 (C-4"), 77.8 (C-5"), 62.5 (C-6"). LA L%
iRl s, e A 9 A 20 KL
J2 $5 1 25-O-p-D-H A HH T o

&) 10: Bt e JER AR, mp 265~267 C,
[a]5+70.45° (c 0.01, MeOH). 7 [ - fii 182 2 W b
S, UV (nm): 241, IRvID (em™Y): 3 420,
2963,2937,1728,1643, 1382, 1059, ESI-MS m/z:
1 095 [2M-+Na]*, 559 [M+Na]", AH*5> 15N
536, 454 'H-NMR. *C-NMR I DEPT-135 i i #E
WAL 730 H CaHagOs. 'H-NMR (300 MHz,
CD;0D) 6: 5.90 (1H, d, J = 2.4 Hz, H-7), 1.23 (3H, s,
H-21), 1.25 (3H, s, H-27), 1.22 (3H, s, H-26), 0.96
(3H, s, H-19), 0.87 (3H, s, H-18), 3.98 (1H, dt, J =
7.3, 3.8 Hz, H-2), 4.03 (1H, d, J = 2.9 Hz, H-3), 3.25
(1H, m, H-9), 2.36 (1H, t, J = 8.4 Hz, H-17), 3.73 (1H,
m, H-22), 1.36 (3H, s, H-29), 1.45 (3H, s, H-30);
BC-NMR (75 MHz, CD;0D) 4: 36.2 (C-1), 70.2
(C-2), 68.4 (C-3), 34.2 (C-4), 80.3 (C-5), 202.5 (C-6),
120.5 (C-7), 167.2 (C-8), 39.0 (C-9), 45.4 (C-10), 22.5
(C-11), 32.4 (C-12), 48.5 (C-13), 85.1 (C-14), 31.7
(C-15), 22.4 (C-16), 50.4 (C-17), 17.7 (C-18), 17.0
(C-19), 85.8 (C-20), 22.6 (C-21), 83.3 (C-22), 24.7
(C-23), 42.2 (C-24), 71.1 (C-25), 29.5 (C-26), 29.3
(C-27), 108.0 (C-28), 29.0 (C-29), 27.2 (C-30). LA I-
Hod 5ok — 50, g Eaw 10 K
polypodine B 20, 22-acetonide

&Y 11: B JGE B AR, mp 280~283 C,
[a]5+15.06° (c 0.01, MeOH) . 7 B bim 1 S [ b 5%
B UV AR (nm): 242, IR vier (cmY): 3 447, 2 966,
2875, 1728, 1 614, 1 383, 1 059. ESI-MS m/z: 947
[2M+Na]", 485 [M+Na]*, HIx§4> )i Ky 462,
254y "H-NMR. *C-NMR 1 DEPT-135 iff ri] #E: ) 3
43 A K CrHiOgo *H-NMR (300 MHz, CD;0D) §:
5.84 (1H, d, J = 1.8 Hz, H-7), 1.28 (3H, s, H-21), 1.29
(3H, s, H-27), 1.26 (3H, s, H-26), 1.00 (3H, s, H-19),
0.89 (3H, s, H-18), 3.94 (1H, m, H-2), 3.99 (1H, m,
H-3), 3.19 (1H, m, H-9), 2.40 (1H, d, J = 4.6 Hz,
H-17), 3.88 (1H, m, H-22): “C-NMR (75 MHz,
CD;0D) ¢: 37.4 (C-1), 68.7 (C-2), 68.7 (C-3), 32.8

(C-4), 51.8 (C-5), 206.5 (C-6), 122.1 (C-7), 167.9
(C-8), 35.1 (C-9), 39.3 (C-10), 21.5 (C-11), 32.3
(C-12), 48.6 (C-13), 85.2 (C-14), 31.7 (C-15), 21.7
(C-16), 51.7 (C-17), 18.1 (C-18), 24.4 (C-19), 76.9
(C-20), 20.7 (C-21), 85.5 (C-22), 28.4 (C-23), 39.6
(C-24), 81.7 (C-25), 28.9 (C-26), 28.3 (C-27). LA I3k
WG okl S, M ER A 11 K
shidasterone.

tEY 12: At e JER AR, mp 263~265 C,
[a]5+52.8° (¢ 0.01, MeOH), ¥R i 12 S [ i
S0, UV AN (nm): 242, IR vieor (cm): 3 418, 2 966,
2880,1717,1650,1382,1049. ESI-MS m/z: 1067
[2M+Na]", 545 [M+Na]*, HIx$4> &K 522,
254y "H-NMR. *C-NMR 1 DEPT-135 it r] #E: ) 3
43T K CroHugOgo *H-NMR (300 MHz, CD;0D) &:
5.84 (1H, d, J = 1.9 Hz, H-7), 1.22 (3H, 5, H-21), 1.22
(3H, s, H-27), 1.20 (3H, s, H-26), 1.00 (3H, s, H-19),
0.90 (3H, s, H-18), 4.99 (1H, td, J = 11.4, 3.9 Hz,
H-2), 4.10 (1H, m, H-3), 3.23 (1H, m, H-9), 2.39 (1H,
d, J = 8.6 Hz, H-17), 3.36 (1H, m, H-22); *C-NMR
(75 MHz, CD;0D) &: 33.9 (C-1), 72.6 (C-2), 66.1
(C-3), 32.6 (C-4), 51.5 (C-5), 205.6 (C-6), 122.1
(C-7), 167.9 (C-8), 34.8 (C-9), 39.4 (C-10), 21.4
(C-11), 32.4 (C-12), 48.6 (C-13), 85.1 (C-14), 31.7
(C-15), 21.5 (C-16), 50.4 (C-17), 18.0 (C-18), 24.2
(C-19), 77.8 (C-20), 21.2 (C-21), 78.4 (C-22), 27.2
(C-23), 42.2 (C-24), 71.3 (C-25), 29.0 (C-26), 29.7
(C-27), 172.4 (C=0), 21.1 (-CH3). LA % 5 Scik
WM, WEEREY 12 N 2-0-4-20-
FAR LW R (55 o

WEY 13: At E ek R, mp275~278 C,
[a]%+63.46° (c 0.01, MeOH) . 7 B bim 1 S [ b 2%
B UV AR (nm): 243, IR vier (cm Y): 3 420, 2 965,
2875,1724,1649, 1380, 1059, ESI-MS m/z: 1067
[2M+Na]*, 545 [M+Na]*, 505 [M+H—H,0]", #H
X5 7R 5220 4ty 'H-NMR. C-NMR
DEPT-135 i i 4fE I 173 730l CooHasOgo "H-NMR
(300 MHz, CD50D) ¢: 5.85 (1H, d, J = 2.3 Hz, H-7),
1.21 (3H, s, H-21), 1.21 (3H, s, H-27), 1.20 (3H, s,
H-26), 1.00 (3H, s, H-19), 0.90 (3H, s, H-18), 3.99
(1H, dt, J = 12.0, 3.9 Hz, H-2), 5.15 (1H, s, H-3), 3.17
(1H, m, H-9), 2.40 (1H, t, J = 8.2 Hz, H-17), 3.31 (1H,
m, H-22); *C-NMR (75 MHz, CD;0D) 6: 38.3 (C-1),
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66.8 (C-2), 71.6 (C-3), 30.1 (C-4), 52.3 (C-5), 205.3
(C-6), 121.8 (C-7), 168.3 (C-8), 35.2 (C-9), 39.1
(C-10), 21.5 (C-11), 32.3 (C-12), 48.6 (C-13), 85.0
(C-14), 31.7 (C-15), 21.4 (C-16), 50.4 (C-17), 18.0
(C-18), 24.3 (C-19), 77.8 (C-20), 21.0 (C-21), 77.8
(C-22), 27.2 (C-23), 42.2 (C-24), 71.2 (C-25), 29.0
(C-26), 29.7 (C-27), 172.2 (C=0), 21.2 (-CH3). LA I
Kot 5 ScmviroE 8, M et A 13 3-0-
LR IE-20-F2 HE 0 17 {5 1 o

EW 14: HETERAR, mp295~297 C,
[a]h+125.1° (¢ 0.01, MeOH) .. 7 M- B IR S5 I3 i 4%
Bo UVANOT (nm): 241, TR v (cm): 3420, 2 937,
2870, 1652, 1385, 1056, ESI-MS m/z: 1 091 [2M+
Na]’, 557 [M+Na]", XI5 FiENh 534, 454
'H-NMR. ""C-NMR F1 DEPT-135 A/ #4312
4 C31Hs5007. 'H-NMR (300 MHz, CD;OD) &: 5.86
(1H, d, J = 2.0 Hz, H-7), 1.19 (3H, s, H-21), 1.26 (3H,
s, H-27), 1.25 (3H, s, H-26), 1.01 (3H, s, H-19), 0.91
(3H, s, H-18), 3.88 (1H, dt, J = 11.5, 3.0 Hz, H-2),
3.99 (1H, d, J = 2.1 Hz, H-3), 2.43 (1H, m, H-5), 3.19
(1H, m, H-9), 2.43 (1H, m, H-17), 3.68 (1H, dd, J =
8.5, 3.0 Hz, H-22), 4.96 (1H, t, J = 4.6 Hz, H-28);
BC-NMR (75 MHz, CD;OD) &: 37.4 (C-1), 68.8
(C-2), 68.5 (C-3), 32.8 (C-4), 51.7 (C-5), 206.4 (C-6),
122.1 (C-7), 167.4 (C-8), 35.2 (C-9), 39.2 (C-10), 21.5
(C-11), 32.2 (C-12), 48.6 (C-13), 85.2 (C-14), 31.7
(C-15), 22.6 (C-16), 51.3 (C-17), 17.6 (C-18), 24.5
(C-19), 85.4 (C-20), 23.6 (C-21), 85.0 (C-22), 24.6
(C-23), 42.2 (C-24), 71.1 (C-25), 29.5 (C-26), 29.0
(C-27), 105.3 (C-28), 38.7 (C-29), 18.5 (C-30), 14.5
(C-31) LhE3d 5 scmkiE — 800, e s
14 2y 20-F2 Hi 5 S 1i-20, 22-45 T 1

WEW15: HETGERMAR, mp295~297 C,
[a]h+10.97° (¢ 0.01, MeOH) .. 7 M- B IR S5 o i 4%
Bo UVANOT (nm): 244, TR o (cm): 3433, 2 964,
2 920, 2 857, 1 654, 1 385, 1 036. ESI-MS m/z: 971
[2M+Na]’, 497 [M+Na]", X} 5 1B K 474.
454 "TH-NMR. "C-NMR H1 DEPT-135 % A] 4 3
43T A CogHyOgo 'H-NMR (300 MHz, CD;0D) 6:
5.86 (1H, d, J=2.1 Hz, H-7), 1.26 (3H, s, H-21), 1.37
(3H, s, H-27), 1.32 (3H, s, H-26), 1.01 (3H, s, H-19),
0.88 (3H, s, H-18), 3.90 (1H, m, H-2), 3.99 (1H, d, J =
1.6 Hz, H-3), 2.42 (1H, m, H-5), 3.12 (1H, m, H-9),

2.48 (1H, m, H-17), 3.91 (1H, m, H-22), 4.94 (2H, m,
H-28); "*C-NMR (75 MHz, CD;OD) 6: 37.4 (C-1),
68.7 (C-2), 68.5 (C-3), 32.8 (C-4), 51.8 (C-5), 206.4
(C-6), 122.1 (C-7), 168.0 (C-8), 35.1 (C-9), 39.2
(C-10), 21.5 (C-11), 32.3 (C-12), 48.6 (C-13), 85.3
(C-14), 31.7 (C-15), 21.8 (C-16), 51.7 (C-17), 18.2
(C-18), 24.4 (C-19), 76.6 (C-20), 20.6 (C-21), 82.2
(C-22), 27.8 (C-23), 158.1 (C-24), 83.0 (C-25), 27.8
(C-26), 29.1 (C-27), 104.1 (C-28). LA - ¥dls 5 Sk
-, W EaEw 15 4 24-methylene-
shidasterone.

EW16: FETLEEMAR, mp257~259 C,
[a]5+100.1° (¢ 0.01, MeOH) . 7 B - IR IR S5 [ b 2%
. UVAMOT (nm): 241, IR vEo (em™): 3420, 2 967,
2920, 1 662, 1385, 1 069, ESI-MS m/z: 979 [2M+
Na]’, 501 [M+Na]", X7 &l 478, 44
'H-NMR. "“C-NMR #1 DEPT-135 i A] #fll H 4 1
1k Cp7H407. 'H-NMR (300 MHz, CD;0D) d: 5.86
(1H, d, J=2.6 Hz, H-7), 1.21 (3H, s, H-21), 1.24 (3H,
s, H-27), 1.25 (3H, s, H-26), 0.91 (3H, s, H-19), 0.85
(3H, s, H-18), 3.95 (1H, d, J = 3.3 Hz, H-2), 4.00 (1H,
d, J = 3.1 Hz, H-3), 2.44 (1H, dd, J = 13.0, 4.2 Hz,
H-5), 3.20 (1H, m, H-9), 2.16 (1H, t, J = 8.8 Hz,
H-17), 3.92 (1H, m, H-22); "“C-NMR (75 MHz,
CD;0D) 6: 34.4 (C-1), 68.5 (C-2), 70.2 (C-3), 36.2
(C-4), 80.4 (C-5), 202.4 (C-6), 120.6 (C-7), 167.6
(C-8), 39.0 (C-9), 45.4 (C-10), 22.5 (C-11), 32.4
(C-12), 48.5 (C-13), 85.1 (C-14), 31.7 (C-15), 21.6
(C-16), 51.7 (C-17), 18.1 (C-18), 16.9 (C-19), 77.0
(C-20), 20.6 (C-21), 85.5 (C-22), 28.4 (C-23), 39.6
(C-24), 81.8 (C-25), 28.4 (C-26), 28.9 (C-27). LA F-¥k
W 5wkl — s, s ER A 16 N

ajugasterone Do
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