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Diterpenoid alkaloids from the roots of Aconitum forrestii Stapf

LIU Wei, REN Jia-li, LI Xin-yu, CHEN Lin, HUANG Shuai
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Abstract : To find new compounds in Aconitum forrestii Stapf and enrich the diversity of chemical composition. A new diterpe-
noid alkaloid along with thirteen known diterpenoid alkaloids were isolated from the ethanol extract of the roots of A. forrestii
by silica gel column chromatography. Their structures were identified as 8-0-methyl-14-0-anisoylchasmanine (1), 14-ace-
toxy-8-0-methylsachaconitine (2) ,14-acetyltalatizamine (3) ,talatisamine (4) ,chasmanine (5) ,ezochasmanine (6) ,cras-
sicautine (7) ,geniculatine C (8) , cammaconine (9) ,vilmoraconitine (10) ,aconitramine A (11) ,vilmorrianine G (12),
hemsleyaconitine G (13) and heterophylloidine (14) by means of spectroscopic methods such as HR-ESI-MS, 1D and 2D
NMR. The protective activity against adriamycin induced H9¢2 myocardial cell injury of all compounds have been investiga-
ted,and the results showed that compounds 3,10,11 and 12 had a certain protective effect.
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Fig. 1 The chemical structures of compounds 1-14
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T RIAFEAEFRIERR (1 712 em™ ) , LA 1 1G'H
FEC NMR $E (W3 1) RBULFAE 1A N-2.3E(8y
1.08,3H,t,/ =7. 1 Hz;5,2.56.2.51,% 1H,m; 5,
49.1t,13.6 q), il 5 F~H IS5, 3. 14(3H,s) .
3.26(3H,s) f13.31(9H,s) |,1 N KHFEEI 5,
6.91(2H,d,J =8.9 Hz);5,8.02(2H,d,J=8.9

— 'H-'H cosy
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Hz) ;6,,3.85(3H,s) ;8. 166.5 s.163.1 s,123.6 s,
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1 H-18(68, 3.31 s) /335 C-1(6.85.6 d) .C-6(5,
83.3d).C-8(5,78.5s).C-16(8. 83.2d) fi1 C-18
(8. 80.4 t) A AHIC, PR B 4~ F A 3 43 0 T
C-1.C-6.C-8.C-16 F11 C-18, 1M H-14(6,4.99,1H,
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DN SR BH T A IR (As) MEHETE C-14 {2, (L& 1
FY LR B3 1A & B 8OR NOESY gk, H-1 A
H-5 H-1 #1 H-3 D)}z H-6 F1 HO (A CIEER] 1 1-
OCH, #16-OCH, & o #%1, H-14(5,4.99,1H,t,J
=4.9 Hz) G B Y H-14 Y92 g-14 54, it LA
14-0As #4128 a-f9 84, A, H-16 F1 H-17 Z [8] 1) 4H
RIETEW] 16-0CH, 2 g #4954, Ktk i T4 &)
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x1 L&Y 1 BEEEE('H NMR 400 MHz;"”C NMR:100 MHz,CDCI,)

Table 1 NMR data of compound 1 ('H NMR:400 MHz;"C NMR:100 MHz,CDCI, )

Position Sc Sy (J =Hz) Position Sc Sy (J =Hz)
1 85.6 d 3.05 dd(9.6,6.3) 17 61.3 d 2.75 s
2a 26.5t 2.34 m 18a 80.4 t 3.13 d(8.3)
2B 1.90 m 18b 3.66 d(8.3)
3a 35.0t 1.64 m 19a 54.1t 2.47 overlapped
38 1.64 m 198 2.54 overlapped
4 39.1s - 2la 49.1t 2.56 m
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%3¢ 1 ( Continued Tab. 1)
Position S¢ Sy (J =Hz) Position Sc Sy (J =Hz)
5 48.5d 2.07 d(6.6) 21b 2.5 m
6 83.3d 4.09 d(6.6) 22 13.6 q 1.08 t(7.1)
7 48.6 d 2.41 s 1 - OMe 56.4 q 3.26 s
8 78.5 s - 6 — OMe 58.7 q 3.31s
9 45.7d 2.44 overlapped 8 — OMe 48.6 q 3.14 s
10 38.1d 2.49 overlapped 16 — OMe 56.3 q 3.31s
11 50.8 s - 18 — OMe 59.2 q 3.31s
12« 29.7 t 1.93 overlapped 14 - 0CO 166.5 s -
128 2.49 overlapped 1 123.6 s -
13 45.2.d 1.93 overlapped 2'/6' 131.9d 8.02 d(8.9)
14 76.0 d 4.99 t(4.9) 3'/5' 113.6 d 6.91 d(8.9)
15a 35.6t 2.12 dd(14.3, 8.9) 4' 163.1 s -
158 2.19 dd(14.3,7.3) 4’ — OMe 55.5 q 3.85s
16 83.2d 3.34 overlapped
a2 AR A, HR-ESI-MS: m/z 56.3(q, 1-OMe ) , 56. 6 (q, 16-OMe ), 59. 6 (q, 18-

448.563 1[M + H]" ;4313 CyH, NOs.,'H NMR
(400 MHz,CDCL,)8:0.75(3H,s,H-18) ,1. 04 (3H,
t,J=7.1Hz,H-22),3.11,3.25,3.31 (4 3H,s,3 x
OMe) ,2. 01 (3H, s, 14-OAc) ;"> C NMR (100 MHz,
CDCL,)5:86.1(d,C-1),27.1(t,C2),38.0(t,C-3),
34.5(s,C4),50.8(d,C-5),24.6(t,C-6),40.1(d,
C-7),78.0(s,C-8),43.3(d,C9),45.3(d,C-10),
49.3(s,C-11),29.2(t,C-12),38.2(d,C-13),76.0
(d,C-14),35.7(t,C-15),83.5(d,C-16),61.5(d,
C-17),26. 6 (q,C-18),57.0(t,C-19),49. 4 (t, C-
21),13.4(q,C22),56.4(q,1-OMe) ,48.3 (q, 8-
OMe) ,56.4(q,16-OMe) ,171.7 (s,14-MeCO) ,21. 5
(q,14-MeCO) . Lk b%¥s 530wk ™ 34— 5, #ofk
W) 2 % E R 14-acetoxy-8-0O-methylsachaconitine
HEW3 HEIEE KK HR-ESI-MS: m/z
464.303 0[M + H] " ;4= C,H, NO,,'"H NMR
(400 MHz, CDCl,)8:1. 04 (3H,t,J =7.1 Hz, H-
22),3.20.3.25.3.27(4 3H,s,3 x OMe), 2. 03
(3H,s,14-0Ac) ;°C NMR(100 MHz,CDCl,)5:85.9
(d,C-1),26.3(t,C-2),32.8(t,C-3),38.7(s,C4),
45.5(d,C-5),25.1(t,C-6) ,46.4(d,C-7),73.8(s,
C-8),46.1(d,C9),45.1(d,C-10),48.9(s,C-11),
28.6(t,C-12),35.6(d,C-13),77.1(d,C-14) ,41.0
(t,C-15),81.7(d,C-16),62.2(d,C-17),79.7(t,C-
18),53.2(t,C-19),49.5(t,C21),13.7(q,C-22),

OMe) ,170.8(s,14-MeCO) ,21.5(q,14-MeCO) , Lk
EHE S Sk A B, A 3 K 14-
acetyltalatizamine ,

a4 HETCEKHAK; HR-ESI-MS: m/z
422.290 1[M + H]*;4+= C,,H,NO,,'H NMR
(400 MHz,CDCl,)6:1.02(3H,t,/=7.1 Hz,H22) ,
3.21,3.26,3.31(4% 3H,s,3 x OMe) ;°C NMR (100
MHz,CDCl,)8:86.4(d,C-1),25.9(t,C-2),37.8(t,
C-3),34.6(s,C4),50.9(d,C-5),24.8(t,C-6),
45.1(d,C-7),72.9(s,C-8),47.1(d,C9),46.0(d,
C-10),48.8(s,C-11),27.8(t,C-12),37.7(d, C-
13),75.7(d,C-14) ,38.5(1,C-15) ,82.4(d,C-16) ,
63.0(d,C-17),79.6(t,C-18),53.3(t,C-19),49.6
(t,C-21),13.8(q,C-22),56.4(q,1-OMe) ,56.6(q,
16-OMe) ,59.6(q,8-OMe) , Lk b%¥s 5 3cik' " 3%
A—F, LAY 4 %580 talatisamine

wEW S HAEIEEK AR ; HR-ESI-MS: m/z
452.308 7[M + H] " ;4 F= C,sH, NO,,'"H NMR
(400 MHz, CDCl,)§:1. 06 (3H,t,J =7.1 Hz, H-
22),3.23,3.30,3.30,3.32( 4 3H,s,4 x OMe) ;°C
NMR (100 MHz, CDCl;)8:86.4(d,C-1),26.1(t,C-
2),35.4(1,C-3),39.6(s,C4),48.8(d,C-5),82.5
(d,C-6),52.8(d,C-7),72.7(s,C-8),50.4(d, C-
9),45.8(d,C-10),50.5(s,C-11),28.5(t,C-12),
38.1(d,C-13),75.7(d,C-14) ,39.0(t,C-15),82.2
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(d,C-16),62.8(d,C-17),80.9(t,C-18) ,54.0(t,C-
19),49.5(1,C21),13.9 (q, C22),56. 6 (q., 1-
OMe) ,57.5(q,6-OMe) ,56.3(q,16-OMe) ,59.4(q,
18-OMe) . DA b3da 5 Scmik' ™ HeA—2k, Btk &9
5 %% N chasmanine,

wEwme HEILEIEHK; HR-ESI-MS: m/z
468.298 3[M + H]* ;43 F= C,.H, NO,.'H NMR
(400 MHz, CDCL,) 8:1. 07 (3H,t,J =7.1 Hz, H-
22),3.23,3.30,3.30,3.32(4% 3H,s,4 x OMe) ;°C
NMR (100 MHz,CDCl,)§:83.2(d,C-1),33.9(t,C-
2),72.2(d,C-3),43.5(s,C4) ,48.6(d,C-5),82.3
(d,C-6),52.4(d,C-7),72.6(s,C-8),48.9(d, C-
9),38.1(d,C-10),50.2(s,C-11),28.1(t,C-12),
45.3(d,C-13),75.5(d,C-14) ,39.1(t,C-15),82.0
(d,C-16) ,62.2(d,C-17) ,77.5(1,C-18) ,47.4(t,C-
19),49.1(t,C21),13.7(q,C22),56.4(q,1-
OMe) ,57.3 (q,6-OMe ) ,56. 0 (q,16-OMe),59.2
(q,18-OMe) o A b %4 5 3Cilik'™ 36 A —5%, itk
AH) 6 %58~ ezochasmanine

wEm 7 HETE IRk K ; HR-ESI-MS: m/z
632.3529[M + H]*;4rF=t C, HyNO,,.'"H NMR
(400 MHz, CDCI, ) 8:1. 09 (3H,t,J =7.1 Hz, H-
22),2.98,3.23,3.26,3.29,3.52,3.85(4% 3H,s,6
x OMe),8. 00 (2H,d,J =8.9 Hz, H-2'/6'),6.91
(2H,d,J =8.9 Hz,H-3'/5");”C NMR (100 MHz,
CDCL,)6:83.2(d,C-1),33.5(t,C-2),71.9(d, C-
3).,43.2(s,C4) ,48.2(d,C-5) ,82.7(d,C6) ,48.7
(d,C-7),78.7(s,C-8),46.1(d,C-9),35.9(d, C-
10),50.8(s,C-11),36.8(t,C-12),75.4(s,C-13) ,
79.2(d,C-14) ,41.6(1,C-15) ,83.9(d,C-16) ,61.2
(d,C-17),77.5 (t,C-18),47.8(t,C-19),48.8(t,
C21),13.5(q,C22),56.0(q,1-OMe) ,58.7(q,6-
OMe) ,58.8(q,8-OMe) ,59.0(q,16-OMe ) ,59.2(q,
18-OMe) , 166. 4 (s, 14-0COAs ) ,123. 2 (s, C-1")
131.9(d,C-2'76") ,113.6(s,C-3'/5") ,163.3(s, C-
4'),55.5(q,4'-OMe) . LI F%d 5 ek fAk—
UG Y T %58 R crassicautine .

WEW 8 HEIEEA A ; HR-ESI-MS: m/z
614.334 4[M + H]";4+F= C,H, NO,.'H NMR
(400 MHz, CDCl,)6:1.16(3H,t,J =7.2 Hz, H-
22).3.27.3.37.3.94.3.95 (% 3H,s,4 x OMe) ,
1.81(3H,s,14-0Ac) ;°C NMR (100 MHz,CDCI;)§:
72.3(d,C-1),26.8(1,C2),29.8(1,C-3).37.3 (s,

C4),41.5(d,C-5),25.0(t,C-6),43.5(d,C-7),
86.6(s,C-8),41.5(d,C9),40.8(d,C-10),49. 1
(s,C-11),29.2(t,C-12),39.3(d,C-13),76.0(d,
C-14),38.6(t,C-15),83.2(d,C-16),63.4(d, C-
17),78.9(t,C-18),56.6(t,C-19) ,48.6(t,C-21),
13.0 (g, C-22),56. 8 (q, 16-OMe ), 59. 5 (q, 18-
OMe) ,171. 3 (s, 14-MeCO ) ,21. 6 (q, 14-MeCO ) ,
164.9 (s, 0COVr) ,123.6 (s, C-1"),111.8(d, C-
2'),148.8(s,C-3"),153. 1 (s,C4"),110.4(d, C-
5),123.4 (d,C-6"),56.1(q,3"-OMe) ,56. 1(q,4'-
OMe) . L b %#s 5 30wk ™ A — 3, ik &4 8
W€ M geniculatine C,

wEW9 HEICEIEHAK; HR-ESI-MS : m/z
408.273 8[M + H] " ;4L C,H,,NO,,'H NMR
(400 MHz, CDCl,)8:1. 04 (3H,t,J =7.1 Hz, H-
22),3.25.3.32(4% 3H,s,2 x OMe) ;" C NMR ( 100
MHz,CDCI,)8:86.4(d,C-1),25.9(t,C-2),32.3(t,
C3),39.2(s,C4),46.0(d,C-5),24.7(t,C6),
45.9(d,C-7),73.1(s,C-8),47.1(d,C9),37.7(d,
C-10),48.9(s,C-11),27.8(t,C-12),45.7(d, C-
13),75.7(d,C-14) ,38.4(1,C-15),82.3(d,C-16),
63.1(d,C-17),68.9(t,C-18),53.1(t,C-19),49.6
(t,C-21),13.8(q,C-22),56.6(q,1-OMe) ,56.4(q,
16-OMe) . L b #5530k ™ A — 3, ik &9
9 U 4E N cammaconine ,

LEWI0  Jotake il (A NE =10:1)
HR-ESI-MS:m/z 372.244 6[M + H]";45F= C,,
H,,NO,,'H NMR (400 MHz, CDCL,)§:0. 74 (3H,s,
H-18),1.03(3H,t,J =7.1 Hz,H-22),3.25,3.34
(% 3H,s,2 x OMe) ;°C NMR (100 MHz, CDCI,)$:
80.1(d,C-1),25.0(t,C2),38.1(t,C-3),35.2(s,
C4),48.8(d,C-5),26.4(1,C-6),42.8(d,C-7),
41.2(s,C-8),40.1(d,C-9),45.1(d,C-10),51.5
(s,C-11),29.7(t,C-12),46.9(d,C-13),211.3(s,
C-14),30.6(t,C-15),79.7(d, C-16),77.4(d, C-
17),26.6 (q,C-18),57.1(t,C-19),50.4(t,C21),
13.5(q,C-22),55.9(q,1-OMe) ,56. 8 (q,16-OMe) ,,
DAb B 5 Semk Y AR — B, b A 10 M Ny
vilmoraconitine .

w&EW 11 JC AR 1A ; HR-ESI-MS: m/z
402.276 0[M + H] " ;4F5L C,H,,NO,,'H NMR
(400 MHz, CDCl,)§:1.05(3H,t,J =7.2 Hz, H-
22),3.27 3.29 3.37(4 3H,s,3 x OMe) ;" C NMR
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(100 MHz, CDCl,)8:79.9(d,C-1),24.5(t,C-2),
33.1(t,C-3),39.4(s,C4),44.3(d,C-5),26.4(t,
C-6),43.0(d,C-7),41.0(s,C-8),40.1(d,C9),
45.1(s,C-10),51.2(s,C-11),29.6(t,C-12),46.9
(d,C-13),211.1(s,C-14),30.5(t,C-15),79. 8(d,
C-16),79.6(d,C-17),77.8 (t,C-18),53.5(t,C-
19),50. 4 (t,C21),13.5(q,C-22),55.9(q, 1-
OMe) ,56.8 (q,16-OMe) ,59. 6 (q,18-OMe) , L/ I
B 5 ek AR — B kA 11 K E N ac-
onitramine A ,

wEWMI12 HOTE KK HR-ESI-MS: m/z
376.249 1[M + H]" ;575 C,H,NO,,'H NMR
(600 MHz, CDCl,) §:1. 09 (3H, s, H-18),3. 12,
3.23.3.37 (4 3H,s,3 x OMe),7.20 (1H, s, H-
19);"C NMR (150 MHz, CDCl,)5:84.8(d,C-1),
26.0(t,C2),32.7(1,C-3),45.8(s,C4),46.7(d,
C-5),25.1(t,C6),47.4(d,C-7),77.3(s,C-8),
45.3(d,C9),46.3(d,C-10),48.3(s,C-11),27.9
(t,C-12),37.7(d,C-13),75.3(d,C-14) ,32.0(t,C-
15),82.1(d,C-16),61.9(d,C-17),23.0(q,C-18),
169.2(d,C-19),56.2(q,1-OMe) ,48.6(q,8-OMe) ,
56.6(q,16-OMe) . LI b %# 5 3¢k ™ A —3,
A& 12 %52 M vilmorrianine G,

wEw 13 Jo R W Ak ; HR-ESI-MS: m/z
404.279 8[M + H]* ;4= C,,H,,NO, ,'H NMR
(400 MHz, CDCl, ) 8:1.05(3H,t,J =7.1 Hz, H-
22),3.24 3.30.3.39( 4 3H,s,3 x OMe) ;”C NMR
(100 MHz, CDCl, ) 8:84.9(d,C-1),26.1(t,C-2),
33.8(t,C-3),37.6(s,C4),137.4(s,C-5),119.0
(d,C-6),22.3(1,C-7),46.9(1,C-8) ,48.5(s,C9),
37.3(d,C-10),40.9(s,C-11),36.4(t,C-12),49.0
(d,C-13),218.2(s,C-14) ,37.5(t,C-15),80. 1(d,
C-16),50.5(t,C-17),78.6(t,C-18),54.5(t, C-
19),52.7(t,C21),12.5(q,C22),54. 8 (q, 1-
OMe) ,56.1(q,16-OMe ) ,59.4(q,18-OMe) , Ll I~
B 530wk A3 Bk A 13 %5 4 hems-
leyaconitine G,

a4 H TR A ; HR-ESI-MS . m/z
384.220 2[M + H]*;4F= C,H,NO,,'H NMR
(400 MHz,CDCI,)8:1.45(3H,s,H-18),2.02(3H,
s,2-0Ac),2.33(3H,s,H-21);"”C NMR (100 MHz,
CDCL,)8:35.9(t,C-1),71.0(d,C-2) ,43.4(t,C-3),
36.9(s,C4),63.2(d,C-5),203.7(s,C-6),50.5(t,

C-7),41.9(s,C-8),59.3(d,C9),44.6(s,C-10),
22.8(t,C-11),52.9(d,C-12) ,211.8(s,C-13),50.5
(d,C-14) ,44.0(t,C-15) ,142.3(s,C-16),110.7(t,
C-17),31.3(q,C-18),60.5(t,C-19),68.6(d, C-
20),43.4(q,C21),170.0(s,2-MeCO) ,21.7(q,2-
MeCO) o DL $u¥ 5 ek 34 — 2k, s fb & 9
14 % 4 heterophylloidine,,
3.2 EMMRER

ZEREW AL S W EAE 40 pmol/L 15,310
11 F1 12 R — 2 B OR3P 16 1, 40 B A7 05 3240
W4 69.92% 64.90% \74.86% F169.90% ( [ 55 %
(A LAE TR 2R 61.49% )
4 ZEig

A TR VL Sk TR PR SEAT 1 il 2B Pk
BT IR, L B AR B 1 AN E Y 5 Sk iR Cp-—
i AE YA 13 N2 R G Y. BRI S Y
ZERZEAIYE K9 A1 gAY Co- AP 2
FHEAY Coo- ZHEAEDITR 1 A 7,17 IREAL C -0
AR 1 N E T Co- il AR BRIEE Y
4 F19 Sb, HARAE Y3 E AR 43 2545
E| 2T RARES N ] N EE DS i b W S e B (Bl
Coo- A=W Cop- 2 EH08, 5 1 VLS 3k
(A2 BT G AR S AR A, Ay T B VT 1 3k 25 5500 o
LML T — 2K . RIRT B2 T A YR A R
Y510 HOe2 WO JLAH MLH3 40 1) P 470355 P , e BT Uk
JE 40 pmol/L B A543 .10 11 F 12 FHH T —
FE M ORPIEYE . BRI e PR RE S U /D AL T 254 )
VE RSB0 WU 73 587 25 R ABIFFE il 25 W i 1Y
TPt TR,
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