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[ Abstract | Objective: To investigate the diterpenoid alkaloids from the roots of Aconitum Penduli Radix
and their bioactivities. Method: The compounds were isolated by positive-phase silica gel column
chromatography, Sephadex LH gel column chromatography and semi-preparative HPLC. The structures of the
isolated compounds were determined with chemical and spectroscopic methods. The cytotoxic activities were
assessed by MTT. Result: From the roots of Aconitum Penduli Radix, 8 diterpenoid alkaloids were isolated and
identified as 3-deoxyaconitine (1), 3-acetylaconitine (2), aconitine (3), hypaconitine (4), 8-O-methyl-14-
benzoylaconine (5), spicatine A (6), aldohypaconite (7), hokbusine A (8). Compound 3 showed the potent
cytotoxicity against A549 and 1299 lung cancer cells and compounds 2, 4-8 showed the lower cytotoxicity.
Conclusion; Diterpenoid alkaloids are the main and effective chemical components from from Aconitum Penduli
Radix. Specifically, compounds 6-8 were obtained from the roots of Aconitum Penduli Radix for the first time.
Compounds 2-8 showed a certain cytotoxicity.
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BB A 8 A T AR, 43 ol 3- i A
Skt (1) ,3-Z B3k ik (2) , k6 (3) , Rk 6l
(4), 8-O-methyl-14-henzoylaconine (5 ), spicatine A
(6) ,aldohypaconite(7) ,hokbusine A(8) , H.H16 ~8
H WM ZAE Y o s 2] R e 2 ~8 #HAT T
PR W PEVEOY
1 ##

400 Y% f SLIRAX (18 B AR & 5e 2x \l ) 2695 7l
1o RCHURH A 35 AL (36 [ Waters 24 F ) 5 X-4B A fif
JE AL B A AR AR ), ZF7C B = 5 50 )
BeAS (b B AR TR AR AR 3 T ), AR A3 Ak R
(100 ~200 H ,200 ~300 H ¥ BiEHEAR L), 2
TN R B MEBE I (£ B GE A H) ), YMC-Pack R&D
ODS-A k| & 0% 4+ (20 mm x 250 mm,5 pm) , 7l
il kR AR G (5 B ek 1)), B R (i 4l , Rt
B WA R HoAl 500 25 Sy 23 A 4

2R F 2013 4R 6 AR ABRIEE K H &, 2Bk
rh R 2% g T 2 05 0 HOUEE E AR B LI I E
T BB PR Aconitum penduluml FIAR ,
2 RBESH

B EE TR AR 1.8 kg By iR f5, I 8 ff it 1y
80% L WM AR A i F2 4 Y, AR 2 b, B IR B, U
JEZE IR RS o IR B W T SRR /K W (pH 2)
w3 A B, BOKORE K I 2 pH 10, =
A BE A, A MU R 48 T 1R A5 B S A P58 (20 ¢) .

B DB 20 g, 28 6k IS A €6 135 A 7l k- 7 T -
ZOHE(30: 1501 ~ 15150, 1) B BEVEBEL, 75 5] 8 A
o (Fro 1 ~8), Fr. 1 AR AR LG 1(10
mg) o Fr.2 [ 52 28 5k A 68 3% A0 i k-9 B - — 2
(20:1:0. 1 ~1:1:0. 1) BB EE VR, 15 2L G54 2 (10
mg) ,3(9 mg) ,4(8 mg) . Fr.3 ZEMH 0%, A
I E-TN - — e (200 1:0.1 ~1:1:0. 1) BREEPE M,
BE S AHD(Fr.3.1 ~3.5),Fr. 3.3 L2 H &
SROME B 5 Ay i T - = S HY - (5050 1) 45 B Uk
38 5(13 mg) . Fr.5 282446 £ = S0 AH (70% H
7K # 2L &4 6(50 mg) ,7(8 mg) ,8(5 mg) .
3 HEHMETE

ey 1 MR CE T ), CH,NO,,
mp 179 ~180 °C ,ESI-MS m/z630 [M +H] ", F#&
I o ROk F W AL 2 854 iz A B S 3R
L3 Bl R BR A 28 22 o e O R e T, L RE (B4 — 3L

(ML e a), HEMEGE B A AT
R, ORI 5 5 Ry 3 A Sk i

ka2 T (P E) ,mp 194 ~196 C,
C,H,yNO,, ESI-MS m/z 688 [M + H] " ,'H-NMR
(CDCl,,400 MHz) 6:3.08 (1H,dd,J =10.6,6.8
Hz,H-1),2.08(1H,m,H-28),2.32(1H,m,H2a) ,
4.91(1H,dd,J =13.8,5.3 Hz,H-38),2.25(1H,m,
H-58) ,4.05 (1H,d,J =6.8 Hz,H-68) ,2. 73(1H,br
s,H-7),2.7(1H,m,H9) ,2.20(1H,m,H-10) ,2. 11
(1H,m,H-12¢),2.88(1H,dd,J =12.2,5.7 Hz H-
128),4.85(1H,d,J =5.2 Hz, H-148) ,4.43 (1H,
dd,J=5.2,2.7 Hz,H-158) ,3.30(1H,d,J =5.3 Hz
H-16),2.82(1H,s,H-17) ,4.04(1H,d,J =8.0 Hz,
H-188),3.78 (1H,d,J = 8.4 Hz, H-18a),2.25
(1H,d,J =11.0 Hz H-198),2.49(1H,d,J =11.0
Hz H-19«),1.08 (3H,t,J =7.1 Hz, N-CH,-CH,) ,
2.41(1H, m, N-CH,a-CH, ) ,2.94 (1H, m, N-CH,-
CH,),1.36 (3H, s, C-8-COCH, ) ,2.04 (3H, s, C-3-
COCH,) ,3.17(3H,s,C-1-OCH,) ,3.17(3H,s, C-6-
OCH,),3.71(3H,s,C-16-0CH, ) ,3.23(3H,s,C-18-
OCH,),8.03 (2H,d,J =7.1 Hz, H2',6"),7.54
(1H,t,J =7.3 Hz,H4"),7.43 (2H,t,]J =7.5 Hg,
H-3",5");" C-NMR ( CDCI,, 100 MHz) §:83.7 ( C-
1),32.1(C-2),71.8 (C-3),42.5(C-4),46.1(C-
5),82.2(C-6),45.5(C-7),92.1(C-8) ,44.8(C-9),
40.7(C-10),49.9(C-11),36.6 (C-12),74.3 (C-
13),79.0 (C-14),78.9(C-15),90.3(C-16),61.3
(C-17),71.7(C-18),49.3 (C-19),47.3 ( N-CH,-
CH,),13.6 (N-CH,-CH,),172.6 (C-8-CO-CH,),
21.4 (C-8-CO-CH,), 170.5 ( C-3-CO-CH, ), 21.5
(C-3-CO-CH, ), 56.6 (1-OCH,),58.5(6-0CH,),
60.9 (16-OCH,), 58.9 (18-OCH,), 166.3 ( Ar-
C0),130.0(C-1"),129.8(C-2",6"),128.8(C-3",
5'),133.5(C-4") , s EdE 5 SCER [T ] Bs —
BT EA Y 2 O 3-2 B S Sk e

k&3 k(=& k) ,Cy HyNO,,,
mp 202 ~203 C, ESI-MS m/z 646 [M +H]", F
B o LR B W A 2R g5 i B 5 5 sk
Bl 6T 8 28 Z2 b R O ) SR O, HE RE (B 1 — S (witfk
AW R ), HEAMR G G WIS AR T R, il
P o 5 Sk

k&4 Lk (HEE),CyHyNO, mp
183 ~ 185 °C ,ESI-MS m/z 616 [ M + H] " ,'H-NMR
(CDCl,,400 MHz) 8:3.01 (1H,dd,J =10.1,6.5
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Hz,H-1),1.99(1H,m,H-2B8) ,2.21 (1H,m,H-2a) ,
1.62 (2H,dd,J =9.3,4.4 Hz,H-3),2.06(1H,d,
J=6.7 Hz,H-58) ,3.89 (1H,d,J =6.8 Hz,H-68),
2.86(1H,br s,H-7),2.90(1H,dd,J =7.2,4.9 Hz,
H9),2.15(1H, m, H-10),2.15 (1H, m, H-12a) ,
2.86(1H,dd,J=12.2,5.7 Hz H-128) ,4.85(1H ,d,
J=4.9 Hz,H-14B) ,4.45 (1H,dd,J =5.4,2.9 Hz,
H-158),3.30(1H,d,J=5.3 Hz H-16) ,3.04(1H,br
s,H-17),3.61 (1H,d, J = 8.4 Hz, H-183), 3. 08
(1H,d,J=8.4 Hz,H-18a) ,2.35(1H,d,J =11.0 Hz
H-198),2.51 (1H,d, J = 11.0 Hz H-19a), 2.31
(3H,s,N-CH,),3.26(3H,s,C-1-OCH,) ,3. 26 (3H,
s,C-6-0CH,) ,3.71(3H,s,C-16-0CH, ) ,3. 13 (3H,
s, C-18-OCH, ), 1.35 (3H, s, C-8-COCH, ), 8.01
(2H,d,J =8.0 Hz,H2',6"),7.55(1H,t,J =7.6
Hz,H4'),7.43 (2H,t,J =7.6 Hz, H-3",5") ;" C-
NMR (CDCI,, 100 MHz) §:85.3(C-1),26.6(C-2),
35.1(C-3),39.5(C4),48.4(C-5),83.4(C-6),
44.7(C-7),92.1(C-8),44.0(C-9),41.3(C-10),
50.1(C-11),36.5(C-12),74.3(C-13),79.1 ( C-
14),79.0(C-15),90.3 (C-16),62.4 (C-17),80. 4
(C-18),56.2(C-19),42.9 (N-CH, ), 172.7 ( C-8-
CO-CH,), 56.8 (1-OCH, ), 58.2 (6-OCH, ), 61.2
(16-OCH,) ,59.3(18-0CH,) ,166. 4 ( Ar-CO) ,130.0
(C-1'),129.8(C-2",6"),128.9 (C-3",5'),133.5
(C-4") o B 4 (s Bs 5 Sk [ 8-9 ] iy %4l
— LS BB 4 IR S

e S5 [, C,,H,NO, 6 ESI-MS m/z
618 M + H] " ,'"H-NMR ( CDCl,,400 MHz) §:3.19
(IH,br t,J =6.0 Hz,H-1),1.92 (1H, m, H28) ,
2.36(1H,m,H-2a),3.87(1H,dd,J =7.7,4.7 Hz,
H-3),2.10 (1H,m,H-5) ,4.06 (1H,d,J =5.9 Hz,
H-68) ,2.84(1H,brs,H-7) ,2.59(1H,t,J =6. 0 Hz,
H-9),2.06 (1H, m, H-10),2.07 (1H, m, H-12a) ,
2.80(1H,m, H-128) ,4.86 (1H,d,J =5.0 Hz, H-
14B) ,4.57(1H,d,J =6.0 Hz,H-158) ,3. 19(1H,m,
H-16),2.91 (1H,br s,H-17),3.54 (1H,d, J =8.7
Hz,H-188),3.62 (1H,d,J =8.7 Hz, H-18a),2.50
(1H,m,H-198) ,2.73(1H,m,H-19«) ,1. 15 (3H,t,
J =7.0 Hz, N-CH,-CH, ), 2.55 (1H, m, N-CH,a-
CH,),3.01 (1H,m,N-CH,B-CH,) ,3.29(3H,s,C-1-
OCH,),3.18 (3H,s, C-5-0CH, ) ,3.32 (3H, s, C-6-
OCH,) ,3.75(3H,s,C-16-OCH, ) ,3.35(3H,s, C-18-
OCH,),8.04 (2H,d, J =7.3 Hz, H2',6"),7.56

.50 -

(1H,t,J =7.3 Hz,H4'),7.45 (2H,t,J =7.7 Hz,
H-3',5");"” C-NMR (CDCIl,, 100 MHz) §:82.3 (C-
1),32.9(C-2),71.6(C-3) ,43.1(C4) ,45.0(C-5),
83.1(C-6),45.5 (C-7),82.4(C-8),42.5(C9),
41.4(C-10),50.6 (C-11),36.1(C-12),74.7 ( C-
13),79.3 (C-14) ,77.1(C-15),93.3 (C-16),61.5
(C-17),77.6 (C-18),47.7 (C-19),13. 1 ( N-CH,-
CH,) ,49.1(N-CH,-CH,),55.8 (1-OCH,),58.6(6-
OCH,),49.9 (q, 8-OCH, ), 62.4 (16-OCH, ), 59. 1
(18-OCH,), 166.2 ( Ar-CO),130.1(C-1"),129.7
(C-2',6"),128.3 (C-3',5"),132.9(C4"), k&Y
5 1R RO 5 Sk [ 8 ] i s — B, BT L S e Ak
¥ 5 24 8-0-methyl-14-benzoylaconine

&6 HekEk,C,H,NO, K ESI-MS m/z
632[ M + H]*,"H-NMR ( CDCl, ,400 MHz) §:3. 16
(1H,t,J=6.4 Hz,H-1),1.89(1H,dt,J =13.3,5.0
Hz,H-28),2.34 (1H,dt,J = 13.3,6.4 Hz,H-2a) ,
3.83(1H,dd,J =8.3,4.6 Hz,H-3),2.09(1H,m,H-
5),4.07(1H,d,J =6.0 Hz,H-6),2.71 (1H, m, H-
7),2.63(1H, m,H9),2.07 (1H, m, H-10),2. 11
(1H,m,H-12a) ,2.57(1H,m,H-128) ,4.83(1H,d,
J=5.1Hz, H-148) ,4.57 (1H,d,J = 6.0 Hz, H-
158),3.28 (1H,m,H-16),2.91 (1H, br s, H-17) ,
3.52(1H,d,J =8.7Hz,H-188) ,3.60 (1H,d, ] =8.7
Hz,H-18a),2.45(1H, m, H-198) ,2.78 (1H, m, H-
19a),1.12 (3H,t,J = 7.0 Hz, N-CH,-CH, ) , 2. 49
(1H,m,N-CH,a-CH,) ,2.95(1H, m,N-CH,3-CH,) ,
0.59 (3H,t,/ =6.8 Hz,0-CH,-CH,),3.29 (1H,m,
0-CH,a-CH, ), 3.47 (1H, m, O-CH,B-CH, ), 3.27
(3H,s,H-1-OCH, ) ,3.27 (3H, s, H-6-OCH, ) , 3. 75
(3H, s, H-16-OCH, ), 3.32 (3H, s, H-18-OCH, ) ,
8.04(2H,d,J=7.5 Hz,H2",6"),7.56 (1H,t,J =
7.3 Hz,H-4'),7.45 (2H,t,J =7.7 Hz,H-3",5"),
4.07 (1H,d,J =6.0 Hz,H-68) ;" C-NMR ( CDCL,,
100 MHz) §:82.5(C-1),33.2(C-2),71.6(C-3),
43.0 (C4),45.1(C-5),83.4 (C-6),45.5(C-7),
82.2(C-8),43.0(C-9),41.4 (C-10),50.6(C-11),
36.2 (C-12),74.7 (C-13),79.5(C-14) ,78.4(C-
15),93.3(C-16),61.2(C-17),76.9 (C-18),47.4
(C-19),13.2 ( N-CH,-CH, ), 48.9 ( N-CH,-CH, ) ,
15.3( 0-CH,-CH, ), 57.2 ( 0-CH,-CH,),55.8 (1-
OCH,),58.6(6-OCH,) ,62.4(16-0OCH,),59.1 (18-
OCH,),166.2 (Ar-CO),130.3(C-1"),129.7(C-2",
6'),128.3 (C-3',5'),132.9(C-4"), tb&W 6 W)
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RS SCHER 10 ] M s — 3, X2tk 6 9 6
spicatine A,

a7 AR, CLH,NO, ,mp 262 ~264
°C ,ESI-MS m/z 630[ M + H] * ,'"H-NMR ( CDCl, ,400
MHz) ,5:3.12(1H brt,/ =6.4 Hz H-1),1.48(1H,
m,H-28),1.94 (1H, m, H-2a),1.61 (2H,dd, ] =
11.5,4.9 Hz,H-3),2.35 (1H,d,J =6.8 Hz,H-5) ,
4.07 (1H,d,J =6.8 Hz,H-68),2.69 (1H,br s, H-
7),2.85(1H,dd,J =6.3,4.9 Hz,H9) ,2.22(1H,
m,H-10),2. 10 (1H, m, H-12/) ,2.83 (1H,dd, J =
12.2,5.7 Hz H-128),4.89 (1H,d, J = 4.9 Hz, H-
148) ,4.50 (1H,dd,J =5.4,2.7 Hz,H-158),3.37
(1H,d,J =5.1 Hz H-16),3.94 (1H, br s, H-17) ,
3.72(1H,d,J =8.7 Hz,H-188) ,3. 18(1H,d,J =8.7
Hz,H-18«),3. 16 (1H,d,J = 13.6 Hz H-198),3.73
(1H,d,J =13.6 Hz H-19«) ,8.09 (1H,s,N-CHO) ,
3.22(3H,s, H-1-OCH, ) ,3.30 (3H, s, H-6-OCH, ) ,
1.34 (3H, s, C-8-COCH, ), 3.78 (3H, s, H-16-
OCH,),3.14(3H,s,H-18-0CH,) ,8.04 (2H,d, J =
7.4 Hz,H-2",6"),7.59 (1H,t,J =7.2 Hz,H4"),
7.46 (2H,t,J=7.7 Hz,H-3",5") ;"C-NMR (CDCI,,
100 MHz) 5:82.8(C-1),24.9(C-2),33.1 (C-3),
37.8(C-4),48.3(C-5),81.6(C-6),50.7(C-7),
90.5(C-8),43.1(C9),40.1(C-10),49.0(C-11),
34.5(C-12),74.1 (C-13),78.8(C-14),78.6 (C-
15),90.0(C-16),58.2(C-17),79.6 (C-18),44.4
(C-19),163.0 ( N-CHO),55.4 (1-OCH, ) ,57.7 (6-
OCH,),61.1 (16-OCH,),59.2 (18-OCH,),130.3
(C-1'),129.6 (C-2",6"),128.7 (C-3",5"),133.4
(C-4"),166.2 (Ar-CO),21.3 (-COCH,),172.2 (-
COCH,) . k&M 7 P 5 5 SCHR [ 8,11 ] (Y %k
i —30, BT LS E ARG 7 2 aldohypaconite,

a8 HEaBA,CLH,NO,, ,mp 140 ~ 144
°C ,ESI-MS m/z 604[ M + H] * ,'"H-NMR ( CDCl, ,400
MHz) ,5:3.22(1H brt,J =6.4 Hz H-1),2.02(1H,
m,H-28),2.34(1H, m,H2a),3,75 (1H,dd,J =
8.2,5.0 Hz,H-3),2.10 (1H,m,H-5) ,4.03 (1H,d,
J=7.0 Hz,H-68),2.85(1H,brs,H-7),2.58(1H,t,
J=6.0 Hz,H-9) ,2.07(1H,m,H-10) ,2.07 (1H, m,
H-12a),2.70(1H, m, H-128) ,4.82 (1H,d,J =5. 1
Hz,H-148) ,4.52 (1H,d,J =6.0 Hz,H-158),3.25
(1H,m,H-16),2.87 (1H,br s,H-17),3.61 (1H,d,
J=8.7 Hz, H-188),3.55 (1H,d, J = 8.7 Hz, H-
182),2.50 (1H, m, H-198),2.73 (1H, m, H-19a) ,

2.38 (3H,s,N-CH,) ,3.28(3H,s,H-1-OCH, ) ,3. 28
(3H,s,H-6-OCH, ) ,3.12(3H, s, H-8-0CH, ) ,3.71
(3H, s, H-16-0CH, ), 3.30 (3H, s, H-18-OCH, ) ,
8.01(2H,d,J=7.4 Hz,H2",6"),7.54 (1H,t,] =
7.5 Hz,H-4"),7.43 (2H,t,J =7.4 Hz,H3",5");
“C-NMR (CDCIl,,100 MHz) §:82.7(C-1),34.0(C-
2),71.7(C-3) ,43.7(C-4) ,45.8(C-5) ,83.3(C-6) ,
41.6(C-7),82.5(C-8),45.4(C-9),41.9(C-10),
50.7(C-11),36.4(C-12),75.1 (C-13),79.7 ( C-
14),77.8(C-15),93.4(C-16),62.6 (C-17),76.7
(C-18),50.1 (C-19), 42.8 ( N-CH, ), 56.5 ( 1-
OCH,),58.8 (6-0CH,),50.0 (8-OCH,),62.9 (16-
OCH,),59.4 (18-OCH, ), 130.6 ( C-1"),130.0 ( C-
2',6"),128.7 (C-3",5"),133.3(C-4"),166.4 ( Ar-
CO). theaW 8 My Bk B 5 SCmk [ 12 ] Y % dls —
T LA &Y 8 Y5 SN hokbusine A,
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