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Chemical Constituents from Roots of Achyranthes bidentata
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Abstract: Twelve compounds were isolated from the roots of Achyranthes bidentata Blume. On the basis of
spectral data, they were identified as polypodine B (1), shidasterone (2), oleanolic acid (3), oleanolic acid 3-0-p-
D-glucuronopyranoside-6’-O-methyl ester (4), chikusetsusaponin VIa methyl ester (5), N-cis-feruloyltyramine (6),
N-cis-feruloyl-3-methoxytyramine (7), N-trans-feruloyltyramine (8), N-trans-feruloyl-3-methoxytyramine (9),
tianshic acid (10), (9E)-8,11,12-trihydroxyoctadecenoic acid methyl ester (11) and linoleic acid (12). Compounds 2,
6,7, and 10 — 12 were obtained from the plant for the first time.
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A A B AE(S, ppm)LL %5 7 5% B4 I%:(CD,0D, §, 3.30,
8 49.0; C,D;N, &, 8.73, 7.58, 7.21, 8. 149.9, 135.5,
123.5) 204

1.2 (XS FAik

o SRR € 3 (HPLC)YS3 A7 -5 il 4 SR FH H AR
HYA ] LC-6AD AU AR (3% 5 5 A% AR5 2 R
FH i+ 45 6 553 7] Bruker AVANCE 600 %42 i &
PRAY, v IBE 25 3 (ESIMS )i 7 2R FH 56 [ 1% FH A 4
Z 45/ H) MDS SCIEX API 2000 LC/MS/MS Jifi %
I, FEEHTIEAEERE(80 ~ 100 H . 200 ~ 300 H)N
SR B AR BR A R = 5 ROAHEE S RP-18
ODS-A (50 um) H 7~ YMC Co. Ltd. 7= , % 5 4
B LH-20 4 % . Amersham Biosciences 2 &) 7=
Ay, W2 (O3 (TLC)F IE AR RE R M ol 75 S PR L T
AYT 7R b AL A AT R A FL A

1.3 RSB

A JRARRE Fr (5.1 k) 95% £ 128 T 12 i 2 B
3 BFR 3 do LM B VB0 Ve 4 I 7K R Ak
TR, R ATk 2R TR AV IE T B 5301 26 L

OH
OHz

3B TR BRI (17.5 g)o LR R/
U 2 IEARE AT 2T, DL = G e - 1 (98 - 2.,
95 :5. 85: 1510 : 100, V/V) BEAFHEEEVER , 15
F| 8 N (E1 ~ E8).

E7 #8430 (11.8 g)Z8 IF A BE i A 435 5 5, L
A5-HE@85:15.20:1.18:1.16:1,10: 1 F
0 : 100, V/V)Es B Be B, Wi 82 3 0 15 4 240 53
(E7-1 ~ E7-4), E7-3 4 & AHRE A €0 3% 20 5, LA
H - 7K (30% ~ 100%) 86 B Yk 45 3 A~ 1RSI 41 53
(E7-3-1 ~ E7-3-3), E7-3-1 f{K K 2 4 SMH BT i A £
T HVEE- 505 4 < 1), HPLC il 7 {0 3 (7 -
7K, 50%; i A 10 mL min™ )L Rk AT (033 40 5
(FD5-HEE, 40 :1~20: DAFEILEY 1 (2.2 mg).
E7-3-2 2% 4 T8 W 68 1 A € i (P BE- S0 4 0 AN
B S A 0 5y B R DE-H BE 32 DR RfE & W
4 (3.5 mg). E7-3-3 255 MBI AT (o i (FF e 5 FH st
ST 4 0 DFIRERCHE (3% 53 28 (Rl - B, 4001 ~
20 : D)f3ALE W 5 (19.0 mg). E7-4 #IK 2 AR %
AT 08 (- 7K, 40% ~ 100%) i SBHEE IR HE (1,
TP -S54 0 DFRERAE (35 3 25 (U -
FEE 2011~ 10 : DIFFLAY 2 (3.3 mg).



1y JEEESE AR ST 59

E43850(1.5 )2 SOAMRE A (3 435, LA -
K (40% ~ 100%)HEF 746 BE DL , WS TRAR A5 3 4~
2043 (B4-1 ~ E4-3), E4-1 2% BEMHEE I AL (0 % (P
- AT 4 0 DISIEA Y 6 (10.0 mg), E4-2 KK 4
R MEEE AT (i o B (B s TR BE-U007 4 - DFNEE
JREHE € 1 40 B (G- B 40 1 1 ~ 20 0 DISLED
11 (9.0 mg), B4-3 22 SRMEEE AT € iy (FF e 5 F -
G475 4 1)F1 HPLC il 28 o3 (FH - 7K 45% 5 il
10 mL min")Z B 15214k A4 8 (90.0 mg).

E2 #B43(4.3 g) 2 ARk AT (i 40 5, LA F -
TK(40% ~ 100%)HEA 746 BE VR, WS T 315 2 4~
2143 (E2-1 F1 BE2-2), E2-1 r &, iy dEah
i (PP BEE-SE NSRS 9 (35.0 mg), E2-2 287
FM BRI (o 1 (Bt s B - %105 4 - 1)L S HPLC
il £ €0 335 (FF - 7K 45%; i 18K 10 mL min™ )53 5
25LA 7 (85.0 mg).

ES #843(6.2 g) MR IR 28 A e e A e i (Y -
K, 40% ~ 100%) 5 SR BHRE A €20 35 (P 1t 5 Y it -
A7 4 0 D)FRERCH: (A3 73 25 (A7 - BE, 4001 ~
20 : DFAEAH 10 (5.0 mg).

E8 #43(11.1 @)% Mk e A €33 40 5, DA
FE-7K (30% ~ 100%) A 740 BE VL, AR A0 2 4
I 2H 43 (E8-1 F1 E8-2), E8-1 257 B BHE e h): (03
(PR HEE-5005, 40 DIRLEY 3 (3.0 mg), E8-2
25 7] RO J A (0 (P s F RS 40 DR R
HPLC il & (i (1 FE-/K 35%; 37348 10 mL min™)
SrEARMEEY) 12 (7.8 mg).

1.4 515 E

KEBEWB Q) SR I N i B2V
C,;H,,0¢; ESI-MS m/z: 498 [M]", 520 [M + Na]’,
536 [M +K]", 496 [M — HJ, 514 [M + CI] ; '"H NMR
(CD;0D, 400 MHz): § 3.94 (1H, m, H-2), 3.99 (1H,
m, H-3), 5.85 (1H, d, J = 2.5 Hz, H-7), 0.89 (3H, s,
H-18),0.91 (3H, s, H-19), 1.19 (3H, s H-21), 3.52 (1H,
dd, J =19.1, 5.4 Hz, H-22), 1.19 (3H, s, H-26), 1.19
(3H, s, H-27); "C NMR (CD,0D, 100 MHz): & 36.1
(C-1), 70.2 (C-2), 68.4 (C-3), 34.2 (C-4), 80.3 (C-5),
202.4 (C-6), 120.6 (C-7), 167.5 (C-8), 39.0 (C-9),
45.4 (C-10), 22.5 (C-11), 32.6 (C-12), 48.4 (C-13),
85.0 (C-14), 31.7 (C-15), 21.0 (C-16), 50.4 (C-17),
18.0 (C-18), 16.9 (C-19), 77.9 (C-20), 21.0 (C-21),
78.4 (C-22), 27.3 (C-23), 42.4 (C-24), 71.3 (C-25),

29.7 (C-26), 28.9 (C-27), VA I %#k 5 SCiik [12] 41’
T35, % oK e i S TR B

Shidasterone (2) [ {UAR ;433 CH,,04;
ESI-MS m/z: 463 [M + H]", 485 [M + Na]", 501 [M +
K], 461 [M — HJ, 496 [M + CI]; '"H NMR (CD,OD,
600 MHz): & 3.82 (1H, m, H-2), 3.92 (1H, m, H-2),
5.80 (1H, d, J = 2.4 Hz, H-7), 0.84 (3H, s, H-18),
0.95 (3H, s, H-19), 1.21 (3H, s, H-21), 3.92 (1H, m,
H-22), 1.24 (3H, s, H-26), 1.23 (3H, s, H-27); "C
NMR (CD,0D, 150 MHz): & 37.4 (C-1), 68.7 (C-2),
68.5 (C-3), 32.9 (C-4), 51.8 (C-5), 206.5 (C-6), 122.1
(C-7), 168.0 (C-8), 35.1 (C-9), 39.3 (C-10), 21.8
(C-11), 32.3 (C-12), 48.6 (C-13), 85.3 (C-14), 31.7
(C-15), 21.5 (C-16), 51.8 (C-17), 18.1 (C-18), 24.4
(C-19), 77.0 (C-20), 20.7 (C-21), 85.5 (C-22), 28.4
(C-23), 39.6 (C-24), 81.8 (C-25), 28.4 (C-26), 29.0
(C-27)o LA I BH 55 SCHik [13] 1B — 3%, 5@
shidasterone,

FHERE 3) H @R ; 0 F X C3H 055
ESI-MS m/z: 479 [M + Na]’, 495 [M + K], 455 [M —
HJ, 491 [M + CI]"; '"H NMR (CD,0D, 600 MHz):
3 0.77, 0.81, 0.90, 0.93, 0.96, 0.99, 1.15 (4% 3H, s,
7 x CH,), 5.23 (1H, m, H-22); "C NMR (CD,0D,
150 MHz): 5 38.4 (C-1), 27.4 (C-2), 78.3 (C-3), 39.1
(C-4), 55.5 (C-5), 18.1 (C-6), 32.1 (C-7), 41.3 (C-8),
48.0 (C-9), 36.8 (C-10), 23.1 (C-11), 122.2 (C-12),
143.8 (C-13), 41.5 (C-14), 27.4 (C-15), 23.1 (C-16),
46.2 (C-17), 41.3 (C-18), 47.2 (C-19), 30.3 (C-20),
33.5 (C-21), 32.6 (C-22), 30.3 (C-23), 16.3 (C-24),
14.9 (C-25), 18.8 (C-26), 26.4 (C-27), 180.5 (C-28),
32.6 (C-29), 23.1 (C-30). VA b %4 55 3k [14]
T —3, 208 W FFHIUR IR

5t B R 88-3-0-B-D-flt Ifs #] &) 18 B8 B8 H-6'-0-
s 4) F1 88 K 5 43 F 20 CyHgOs; ESI-MS
m/z: 669 [M + Na]', 685 [M + K]', 645 [M — HJ, 682
[M + CI]; '"H NMR (CD,0D, 600 MHz): & 0.81 (3H,
s, H-25), 0.84 (3H, s, H-26), 0.90 (3H, s, H-29), 0.93
(3H, s, H-24), 0.94 (3H, s, H-30), 1.04 (3H, s, H-23),
1.15 (3H, s, H-27), 5.23 (1H, t, J = 3.6 Hz, H-12), 4.38
(1H, d, J = 7.8Hz, GlucA H-1"), 3.76 (3H, s, GlucA
6'-OMe); "C NMR (CD,0D, 150 MHz): & 39.7 (C-1),
26.4 (C-2), 91.4 (C-3), 40.6 (C-4), 57.0 (C-5), 19.3
(C-6), 33.9 (C-7), 40.6 (C-8), 49.0 (C-9), 37.9 (C-10),
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24.0 (C-11), 123.7 (C-12), 145.2 (C-13), 42.9 (C-14),
28.9 (C-15), 24.5 (C-16), 47.7 (C-17), 42.8 (C-18),
47.3 (C-19), 31.6 (C-20), 34.0 (C-21), 33.9 (C-22),
28.5 (C-23), 17.0 (C-24), 15.9 (C-25), 17.7 (C-26),
26.4 (C-27), 181.8 (C-28), 33.8 (C-29), 24.0 (C-30),
107.0 (GlucA C-1'), 75.3 (GlucA C-2'), 77.3 (GlucA
C-3"), 73.2 (GlucA C-4'), 76.6 (GlucA C-5"), 171.4
(GlucA C-6'), 52.8 (GlucA 6'-OMe). LA #8573
1R [15] HeiE—3%, S0 S FFHURIR-3-O-B-D- ML I 7
IR 1T -6"-0-H iR

¥ 5E Va BEE (6) H AR 41 =X
CHO,; ESI-MS m/z: 809 [M + HJ', 831 [M + Na]’,
847 [M +K]", 807 [M — HJ, 843 [M + CI]; 'H NMR
(CD,0D, 600 MHz): & 5.38 (1H, d, J = 8.1 Hz,
H-1"), 5.26 (1H, brs, H-12), 4.38 (1H, d, J = 7.8 Hz,
H-1'), 3.84 (1H, d, J = 9.7 Hz,H-2"), 3.82 (1H, d, J =
11.7 Hz, H-6a"), 3.78 (3H, s, -OCH,), 3.68 (1H, m,
H-4"), 3.52 (1H, H-6b"), 3.42 (1H, H-3"), 3.36 (1H,
H-5"), 3.36 (1H, H-4"), 3.35 (1H, H-3"), 3.24 (1H,
H-5"), 3.14 (1H, H-2), 2.87 (1H, dd, J = 13.7, 3.9 Hz,
H-18), 1.16 (3H, s, H-30), 1.06 (3H, s, H-23), 0.95
(3H, s, H-29), 0.94 (3H, s, H-27), 0.92 (3H, s, H-24),
0.85 (3H, s, H-25), 0.80 (3H, s, H-26); "C NMR
(CD;0D, 150 MHz): § 37.9 (C-1), 28.5 (C-2), 91.1
(C-3), 40.2 (C-4), 57.0 (C-5), 19.3 (C-6), 42.6 (C-7),
40.7 (C-8), 49.9 (C-9), 34.9 (C-10), 24.0 (C-11),
123.8 (C-12), 144.8 (C-13), 39.8 (C-14), 28.9 (C-15),
24.0 (C-16), 48.0 (C-17), 43.0 (C-18), 47.3 (C-19),
31.5 (C-20), 34.0 (C-21), 33.5 (C-22), 27.0 (C-23),
66.0 (C-24), 17.0 (C-25), 17.8 (C-26), 26.3 (C-27),
178.1 (C-28), 33.2 (C-29), 24.6 (C-30), 107.0 (C-1"),
75.3 (C-2"), 73.9 (C-3"), 73.2 (C-4"), 78.6 (C-5"), 171.4
(C-6"), 52.8 (C-OMe), 95.7 (C-1"), 76.6 (C-2"), 78.3
(C-3"), 71.2 (C-4"), 77.5 (C-5"), 62.5 (C-6"), LI I
Bt 5 SR [15) 0B —20 S AT S i Va R

N-Ia= P B2 B LR BZ (6)  JuCuilbiRYy; o1
T3 C4HoNO,; ESI-MS m/z: 314 [M + H]', 336 [M +
Na]’, 352 [M + K]", 312 [M — HJ, 348 [M + CI] ;
'H NMR (CD,0D, 600 MHz): & F&llZ25C:6.99 (2H,
d, J=8.3Hz, H-2, 6), 6.68 (2H, d, J = 8.4 Hz, H-3, 5),
2.68 (2H, t, J = 7.5 Hz, H-7), 3.39 (2H, t, J = 7.5 Hz,
H-8); FI#MEETT: 7.35 (1H, d, J = 1.9 Hz, H-2"), 3.82
(3H, s, 3'-OMe), 6.73 (1H, d, J = 8.2 Hz, H-5"), 6.91

(1H, dd, J = 1.9, 8.2 Hz, H-6'), 6.60 (1H, d, J = 12.7 Hz,
H-7"), 5.80 (1H, d, J = 12.7 Hz, H-8'); "C NMR
(CD;0D, 150 MHz): 8 il ot :131.2 (C-1), 130.7
(C-2, 6), 116.2 (C-3, 5), 156.9 (C-4), 35.6 (C-7), 42.4
(C-8); P BRMEEATIC: 128.5 (C-17), 113.9 (C-2'), 148.5
(C-3"), 56.4 (3'-OMe), 148.6 (C-4"), 115.8 (C-5"),
124.8 (C-6'), 138.4 (C-7"), 121.6 (C-8"), 170.3 (C-9"),
DLl 5 50k [16-17] $i3E — 35, 5508 A N-Jii =X
i 25 g s

N-JR =X B 22 Bk -3-FF S B B AR (7) 1tk
K; 43 F 2 C,H,NOs; ESI-MS m/z: 344 [M + HY',
366 [M + Na]", 342 [M — HJ, 378 [M + CI] ; '"H NMR
(CD,0D, 600 MHz): & & fi% ¥ J£:6.74 (1H, d, J =
1.8 Hz, H-2), 6.69 (1H, d, J = 8.0 Hz, H-5), 6.59 (1H,
dd, 7= 8.0, 1.8 Hz, H-6), 2.69 (2H, t, J = 7.4 Hz, H-7),
3.40 (2H, t, J = 7.4 Hz, H-8); B&ABEEAIC.7.34 (1H,
d, J = 1.8 Hz, H-2'), 6.73 (1H, d, J = 8.2 Hz, H-5"),
6.91 (1H, dd, J = 1.8, 8.2 Hz, H-6"), 6.59 (1H, d, J =
12.7 Hz, H-7"), 5.81 (1H, d, J = 12.7 Hz, H-8"), 3.75
(3H, s, 3-OMe), 3.80 (3H, s, 3'-OMe); "C NMR
(CD,0D, 150 MHz): 8 e FioT:131.9 (C-1), 113.3
(C-2), 148.4 (C-3), 145.9 (C-4), 116.1 (C-5),
122.1(C-6), 35.9 (C-7), 42.3 (C-8); bl & Bt 2 JC.
128.4 (C-1"), 113.9 (C-2'), 148.5 (C-3'), 148.8 (C-4"),
115.8 (C-5"), 124.8 (C-6'), 138.4 (C-7"), 121.4 (C-8"),
170.2 (C-9'), 56.3 (3'-OMe), 56.2 (3-OMe). UL [
55 5 SCHR [18] il — 3, 48 g N-ITTC o] 20 7 -3 -
FH AL R e o

N-I2 = B 28 B E B AR (8) HEmR; 0+
3 CgH,NO,; ESI-MS m/z: 314 [M + H]', 336 [M +
Na]’, 352 [M + K]', 312 [M — HJ, 348 [M + CIJ ;
'H NMR (CD,0D, 600 MHz): & &l 5.7C:7.01 (2H,
m, H-2, 6), 6.72 (2H, d, J = 8.5 Hz, H-3, 5), 2.73 (2H,
t,J=7.4 Hz, H-7), 3.45 (2H, t, J = 7.4 Hz, H-8); [i%}
FEEIC:7.05 (1H, s, H-2"), 3.80 (3H, s, 3'-OMe), 6.78
(1H, d, J = 8.2 Hz, H-5"), 6.97 (1H, d, J = 8.2 Hz,
H-6"), 7.45 (1H, d, J = 15.7 Hz, H-7"), 6.41 (1H, d, J =
15.7 Hz, H-8'); °C NMR (CD,OD, 150 MHz): & [
Ji¢ B 9T 131.2 (C-1), 130.7 (C-2, 6), 116.2 (C-3, 5),
156.9 (C-4), 35.7 (C-7), 42.2 (C-8); bl &} Wt 2 oT.
128.1 (C-1"), 111.6 (C-2"), 149.1 (C-3"), 56.3 (3'-
OMe), 149.6 (C-4"), 115.8 (C-5"), 123.1 (C-6"), 142.0
(C-7"), 118.6 (C-8'), 169.1 (C-9). DA I ¥t 5
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R [17, 19] #1B —30, %56 A N-I B B L i e .

N-I= =X P 22 B-3-FF R E B AR (9) Mk
XK 43 F2 CoH,yNOy; ESI-MS m/z: 344 [M + HY',
366 [M + Na]’, 342 [M — H], 378 [M + CI] ; '"H NMR
(CD,0D + CDCl,, 600 MHz): & &R0 :6.71 (1H,
d, J=1.9 Hz, H-2), 6.73 (1H, d, J = 8.0 Hz, H-5), 6.63
(1H, dd, J = 1.9, 8.0 Hz, H-6), 2.74 (2H, t, J = 7.4 Hz,
H-7), 3.48 (2H, t, J = 7.4 Hz, H-8); BBLEEHAIC: 6.99
(1H, s, H-2), 6.77 (1H, d, J = 8.1 Hz, H-5"), 6.96 (1H,
d, J = 8.1 Hz, H-6'), 7.42 (1H, d, J = 15.7 Hz, H-7"),
6.31 (1H, d, J = 15.7 Hz, H-8'), 3.83 (3H, s, 3'-OMe),
3.79 (3H, s, 3-OMe); "C NMR (CD,0OD + CDCI,,
150 MHz): & [ % B JC:131.3 (C-1), 112.7 (C-2),
148.1 (C-3), 145.1 (C-4), 115.6 (C-5), 121.7 (C-6),
35.7 (C-7), 41.9 (C-8); B & Mt 5. J6:127.6 (C-1"),
110.0 (C-2"), 148.4 (C-3"), 148.8 (C-4"), 115.9 (C-5"),
122.6 (C-6"), 141.5 (C-7"), 118.3 (C-8'), 168.4 (C-9"),
56.1 (3'-OMe), 56.1 (3-OMe). L) %5 3Cik [18,
20] H2E —2, % N-F P2 k-3 - F S i e .

(9E)-811,12- = E-+ /\EB G B 10)  h
RYy ;50 F 3K CgH,,05; ESI-MS m/z: 353 [M + Nal',
329 [M — HJ, 365 [M + CI]; '"H NMR (CD,OD,
600 MHz):  2.26 (2H, t, J = 7.4 Hz, H-2), 1.28-1.59
(20H, m, -CH,-), 4.03 (1H, m, H-8), 5.69 (2H, dd,
J=6.0, 11.6 Hz, H-9, H-10), 3.90 (1H, m, H-11), 3.45
(1H, m, H-12), 0.90 (3H, t, J = 5.9, 8.1 Hz, H-18); °’C
NMR (CD,0D, 150 MHz): § 177.8 (C-1), 35.0 (C-2),
26.1 (C-3), 30.2 (C-4), 30.5 (C-5), 26.2 (C-6), 38.3
(C-7), 73.2 (C-8), 131.0 (C-9), 136.6 (C-10), 76.5
(C-11), 75.8 (C-12), 33.1 (C-13), 30.2 (C-14), 30.4
(C-15), 33.5 (C-16), 23.7 (C-17), 14.4 (C-18), L) I~
B 5 Sk [21] 8 — 20 58588 (9E)-8,11,12-—=
PRI BRI TR

OE)81L12-= £ &E-+ )\ ik /& B B 8 11
FEA K 5 43 F 32X CoH,Os; ESI-MS mi/z: 367 [M +
Na]’, 343 [M — HJ, 379 [M + CI]’; '"H NMR (CD,0D,
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