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NEW NORDITERPENOTD ALKALOIDS 
FROM THE ROOTS 

OF ACONITUM GENICULATUM 
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West China University of Medical Sciences, Chengdu 610041, China 
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Four new norditcrpenoid alkaloids, geniculatines A (l), B (4), C (7) and D (S), were isolated 
from the roots of Aconiturn geniculuturn Fletcher, and their structures were elucidated by 
spectral methods. 

Keywords: Aconitum geniculatum; Ranunrulareae: Norditerpenoid alkaloid; Gcniculatine A; 
Geniculatine B; Gcniculatine C; Geniculatine D 

INTRODUCTION 

Aconitum geniculatum Fletcher, nativc to China, grows in northeast part of 
Yunnan province. Hao et al. [l] reported seven norditerpenoid alkaloids, 
yunnaconitine, crassicauline A, vilmorrianine C, talatisamine, chasmanine, 
8-deacetylyunnaconitine and geniconitine isolated from this plant. In our 
continuing investigation of Aconitum geniculatum, the known norditer- 
penoid alkaloids, yunnaconitine, foresaconitine, vilmorrianines A and C, 
austroconitine B, 8-acetyl-l4-benzoylneoline, indaconitine, 8-acetyl-14- 
benzoylchasmanine, 14-acetylsachaconitine, sachaconitine, karacoline, cam- 
maconine, talatisamine, isotalatizidine and chasmanine [2] ,  as well as four 
new norditerpenoid alkaloids, geniculatines A (I) ,  B (4), C (7). and D (8) 
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wcrc isolated. I n  this paper we report the structurc determination o f  thesc 
ncw alkaloids. 

RESULTS AN11 DJSCUSSION 

Thc molecular formulae of the new alkaloids. geniculatine .4 ( 1 ) .  
CWHI:NO~, B (4), C37H47N09. C (7), C14H47N0c~. and D (8).  
C;II14iNOx, wcrc determined from their El mass. ‘ H -  and ”C-KMR 
spectra. Their ‘I-I-and I3C-NMR spectra showed characteristic signals 01’ 
the uconitine-type norditerpenoid alkaloids [3.4]. 

The NMR spectrum of geniculatine A (1) exhibited the presence of a n  .V- 
ethyl group (SH 1.14. 3H. t. J =  7.2 Hz; (5,. 48.2 t and 12.8 q ) ,  three Inethoxyl 
gro~ips  (hkl 3.1 7. 3.30 and 3.37. each 3H, s ;  bc 56.6 q.  57.9 q and 59.1 (1). a n  
acetyl group ( h f l  1.42, 3H. s: hc 169.7 s and 21.6 q )  anti an anisoyl group ( h f I  
3.84, 3H. s: 6.90 and 7.89. each 7H. AA‘BB‘ system. d. .I = 8.8 HY): A(- 165. I 

55.3 q (4’-OCH;). The ‘ H  NMR spectrum of geniculatine A ( 1  1 also gave ;i 

signal at hH 5.04 (‘H. t. J -  5 .013~)  attributable t o  the H-14 i [3.4]. Its ‘ I 1  
N M R  spectrum displayed the 3H singlet at h 1.42 and the IH triplet 
( , I -  5.0 H L )  at h 5.04. suggesting the presence of the 8-OAc and 14-OAs 
moiety [4-61. (’omparison o f  the ‘ H -  and ”C-NMR spectra ofgeniculatinc 
A ( I )  with those of 8-acetyl-14-benzoyl neoline (2) [3] (Tab. I )  clearly 
indicated that the new alkaloid is derivative of 2 possessing an anisoyl group 
a t  C.‘-14(~ inste:id of. 21 benzoyl group. Treatment of 1 with I004 Na011 
mcthanol w l u l i o n  gave neoline ( 3 )  [;I. 

The NMK spectrum o f  gcniculatinc R (4) gave signals a t  h k ,  I  . I5  (3H, t .  

J - 6.8 IIz), hc. 38.2 t and 12.9 q for  an n’-cthyl group. 6H 3.26. 3.3 I and 3.3 I 
(cach 3H, s); 6, 56.0 q, 57.9 q and 59.1 q for  threc niethoxyl g r o q s .  and 

165.8 s (COO). 172.5 s (C-1’). 112.0 d (C-2’). 148.5 d (C-3’). 152.9 s (C-4’). 

veratroyl group. In its NMR spectrum, the 1H triplet ( J - 4 . 6  Hz)  ;it 

b 5.15 was assigned as the H-14,9 [3].  Compared with 14-benzoyl ncoline (5)  
141, thcir I 3 C  NMR data (Tab. I) are very sirnilar. except for thc ester 
groups. IIydrolysis of geniculatinc B (4) with 10%, 1CaOH methanol solution 
afl‘cmled neolinc ( 3 )  [3] .  

The NMR spectrum of geniculatine C (7) showed the presence o f  an A T -  
ethyl group (1511 1.13, 3H. t .  J =  7.2Hz: ($(, 48.4 t i jnd 12.7 q) .  tWo aliphatic 

\ (COO). 121.5 s (C-l’), 131.6 d (C-2’, 6’). 113.6 d (C-3’. 5’). 163.3 5 (“-4’). 

61, 3.91 (6H. s). 6.87, 7.62 (each l H ,  d. . I - R . ~ H z ) .  7.56 ( I H .  s), (’c 

110.3 d (C-5’). 123.5 d (C-6’), 55.8 q (3’-OCHj), 56.1 q (4’-OCH>) for ;I 
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TABLE I ‘k NMR data of compounds 1 , 2  [3], 4, 5 [7], 7 and 8 

Carbon no. 1 2 4 5 7 8 

I 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
NCHZCH, 
NCH2CH3 
la-OCH3 
6 o - 0 C H 3 

16P-OCH3 
18-OCH3 
o=c 
1‘ 
2’ 
3’ 
4’ 
5’ 
6‘ 
3’-OCH3 
4’-OCH? 
O=C-CH? 
O=C-CH, 

72.0 
29.3 
29.9 
38.0 
44.1 
83.7 
47.9 
85.7 
43.2 
42.9 
49.6 
29.3 
38.8 
75.4 
38.6 
82.7 
62.9 
79.8 
56.6 
48.2 
12.8 

57.9 
56.6 
59.1 

165.1 
122.5 
131.6 
113.6 
163.3 
113.6 
131.6 

55.3 
169.7 
21.6 

~ 

- 

72.2 
29.5 
30.1 
38.9 
44.4 
84.0 
48.2 
85.9 
43.5 
43.2* 
49.9 
29.5 
38.2* 
75.7 
38.9 
82.8 
63.0 
79.9 
56.9 
48.3 
13.0 

57.9 
56.6 
59.1 

166.0 
130.3 
129.7 
128.4 
133.0 
128.4 
129.7 

- 

- 
~ 

169.6 
21.6 

72.0 
29.3 
30.8 
38.0 
44.3 
83.3 
53.1 
74.7 
45.8 
43.6 
49.7 
29.5 
37.6 
76.7 
42.5 
81.9 
63.2 
80.0 
56.8 
48.2 
12.9 

57.9 
56.0 
59.1 

165.8 
122.5 
112.0 
148.5 
152.9 
110.3 
123.5 
55.8 
56.1 

- 

- 
- 

72.0 
29.3 
29.9 
38.1 
44.4 
83.3 
52.9 
74.8 
46.0 
43.6 
49.6 
29.5 
37.4 
76.9 
42.5 
81.9 
63.3 
80.0 
56.9 
48.2 
13.0 

57.9 
56.0 
59.1 

166.0 
130.1 
129.5 
128.4 
132.9 
128.4 
129.5 

- 

- 

- 
- 

71.9 
26.5 
29.6 
37.0 
41.2 
24.8 
43.1 
86.3 
41.2 
40.5 
48.8 
29.0 
39.0 
75.8 
38.4 
82.8 
63.2 
78.6 
56.3 
48.4 
12.7 
- 
- 

56.6 
59.3 

164.7 
123.2 
111.4 
148.5 
152.9 
110.1 
123.2 
55.8 
55.9 

171.2 
21.5 

85.7 
25.4 
31.8 
38.2 
45.8 
24.9 
45.6 
72.7 
46.8 
45.8 
48.7 
21.6 
37.5 
75.4 
38.4 
82.0 
62.6 
70.1 
52.9 
49.4 
13.4 
56.4 

56.3 

166.2 
122.6 
11 2.2 
148.6 
152.9 
110.2 
123.3 
55.9 
55.9 

~ 

- 

- 
- 

*Assignments in Ref. [3] may be interchangeable 

methoxyl groups (6, 3.23, 3.33, each 3H, s; Sc 56.6 q, 59.3 q), the acetyl 
group (&I 1.77, 3H, s; 6~ 171.2 s, 21.5 q), and a veratroyl group (aH 6.85, 

3.91, each 3H, s; bC 164.7 s (COO), 123.2 s (C-I!), 111.4 d (C-27, 148.5 s (C- 

OCH3). Only one secondary hydroxyl group in 7 was located at C-1 due to 
the chemical shifts of the C-4 (6, 37.0 s) and C-I1 (& 48.8 s) (Tab. I) [3,4]. 
Assignments of two aliphatic methoxyl groups at C-16 and C-18 were 
carried out mainly based on biogenesis [3,4] and the triplet signal at Sc 78.6 

lH, t , J = 8 . 4 H ~ ;  7.44, lH, d, J=I .SHz;  7.57, lH ,dd , J=8 .4 ,  1.8Hz; 3.90, 

3’), 152.9 s (C-4’), 110.1 d (C-5/), 123.2 d (C-67, 55.8 q (3’-OCH3), 55.9 q (4’- 
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(Tab. I)  attributable to C-18. The key point for structural clucidation o f  
geniculatine C (7) was the location of two ester groups. Because the ‘H 
NMR spectrum of 7 exhibited the I H  triplet (.1-4.6 Hz) at & 4.79. 
attributable to the H-14,8, one of two ester groups is probably at C-14. The 
remaining ester group was located at C-8 due to the presence of 
the downshifted signal at 6c 86.3 s. Finally. a substitution relationship of 
the 8-OVr and 14-OAc groups, as in ezochasmacontine (6) [3] ,  was de- 
termincd owing to the absence o f  the signal at about h l l  1.3 for the 8-OAc 
group. 

The N M R  spcctrum of geniculatine D (8) showed signals at h F I  1.07 (3H. 
t .  ./= 6.6 Hz); h ( ,  49.4 t and 13.4 q for an N-ethyl group, OH 3.27, 3.34 (each 
3H. s). bc. 56.3 (1. 56.4 q for two aliphatic niethoxyl groups, CiH 6.88 ( i  H. d,  
./=8.4Hz). 7.52 (IH, br.s), 7.63 ( IH,  dd, J = 8 . 4 ,  l .hHz) ,  3.93 (6H, s); hc 
166.3 s (COO), 122.6 s (C-l’), 112.2 d ((2-a’), 148.6 s (C-3’), 152.9 s (C-4’). 
110.2 d (C-5’). 123.3 d (C-6’). 55.9 q (3’-OCH3), 55.9 q (4’-OCH:) for the 
veratroyl group. The IH triplet (./=4.6Hz) at 1 5 , ~  4.84 in the ‘ € 3  NMR 
spectrum of 8 was assigned to the H-143. indicating that it had a veratroyl 
group at C- 14. Two aliphatic niethoxyl groups at C- I and C- 16 were located 
on basis of a characteristic fragment ion peak at r 7 2 i :  540 (M-31, 100) in 
the MS spectrum of 8 [6] and the biogenetical consideration for the 
norditerpenoid alkaloids [3,4], respectively. Only one primary hydroxyl 
~ r o ~ i p  should bc located at  C-18 due to the triplet signal at 70.1 (Tab. I ) .  
In  addition. according to the biogenetical relationship of the norditerpenoid 
alkaloids [3,4]. the remaining tertiary hydroxyl group also was assigned 
at C-8 (hc 72.7 s) (Tab. I). Thus, the structure of geniculatine D was deduced 
215 8 .  

EXPERIMEKI‘AL SECTION 

General Experimental Procedures 

The IR were recorded on Perkin-Elmer 983 spectrophotometer. The OR 
wcrc taken on a Perkin-Elcmcr 241 polarimeter. The EIMS were measured 
on a VG Auto spec 3000 instrument, 70eV. The ‘H- and “C-NMR spectra 
were recorded on Bruker AC-E 200 spectrometer with TMS as internal 
standard. Silica gel GFZ54 and H (Qingdao Sea Chemical Factory, China) 
were used for TLC, Chromatodron and CC,  respectively. Spots on TLC 
plates were detected under UV light (254nm) and with modified 
Dragendorff’s reagent. 
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6 

R1 R2 
1 Ac As 
2 Ac Bz 
3 H  H 
4 H Vr 
5 H Bz 

CH,O' 7 

Plant Material 

Plants were collected in Huize county of Yunnan province, China, at an 
altitude 3200 m, and authenticated by Professor Wu, Kunming Institute of 
Botany, Chinese Academy of Sciences, where a voucher specimen has been 
deposited. 

Extraction and Isolation of Alkaloids 

The total alkaloids (96.0 g), which were obtained from the air-dried roots 
(13kg) of this plant by using an ion exchange method [ 2 , 7 ] ,  were divided 
into four parts: A (pH 1 : 12.5 g), B (pH 5 : 3.0 g), C (pH 7.5 : 39.0 g) and D 
(pH 12: 3.0 g), by pH gradient separation. 
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C C '  of part A using CHC13-MeOH (98 : 2) led to fractions .4 (0.8 g). 
which was chromatographed on a Chromatodron eluting with cther 
petroleum (3 : I j to give geniculatine A (1) (34mg) and geniculatiiic C. ( 7 )  
( 2 0  in@. CC of part €3 using hcxaiic - acetone (9 : 1 ) containing O.S"<i, 
diethylamine afforded fractions C (0.6 g), U ( 6 5  nig) and geniculatine D (8) 
(48 mg). C X  of fractions I) using CMCI3- MeOH (98 : 2) gave geniculatine 
B (4) ( 3 5  mg). Separation and identification (TLC. MS, 'H-and "C-NMR) 
of all of the known alkaloids see Ref. [2] .  

Geniculatine A (1)  White amorphous substance. [n.ID+ 19.3 (c  0.5. CHCII). 
EIMS /?I/: (Ynj: 613 ( M t .  3). 596 (M-OH, 8). 554 (M-OAc. 6), 135 (OAS. 
15). 57 (100). 'H NMR: 6 1.14 (3H, t. J = 7 , 2 H z ,  NCH2Cf43). 1.42 (3H, S. 

OAc). 3.17, 3.30. 3.37, 3.X4 (each 3H, s, 4 x OCH,), 4.04 ( I H ,  d, J = 5 , 4 H 7 .  
H - W ) ,  5.04 ( I H .  t, ./=5.0Hz, H-I4A), 6.90. 7.98 (each 2H, AA'BB' systcni, 
cl, ,/:- 8.8 Hz, H -Ar). "C NMK: Table I .  
Geniculatine B (4) White amorphous substance, [n.],,427.0 ( c ,  0 . 5 .  CHC'I?). 
IK  XE;LcrnP' : 3460 (OH), 1720 (COO), 1284. ElMS 1 1 7 ! 1  ("10): 601 (M ' . 
13). 584 (M-OH, 39), 165 (28), 43 (100). IH NMR: 6 1.15 (3H, t. ./=6.X Hz, 
A'CI-I?CHi), 3.26, 3.31. 3.31 (each 3H. S. 3 x OCH3), 3.91 (6H. S. two 
mmiatic methoxyl groups), 5.15 ( IH ,  t,  J = 4 . 6 H z ,  H-I4d), 7.56 ( 1 1 1 ,  5. }-I- 
2'). 6 87, 7.62 (each IH, ABq, J :  8.4Hz. H-5' and H-6'). I3C NMR: Table I .  
Geniculatine C (7) White amorphous substance, [ t ~ ] ~  + 50.0 ( (  0.70. 
CHC3) .  I K  AX::crn- I : 3470, 1745, 1716, 12x0, 1120. E lMS /PT:: ('!A)): 613 
( M  ' . 4), 596 (M-OH, 81). 554 (M-OAc. 4). 135 ( 0 . 4 h .  18). 43 (100). ' H  
NMR: h 1.13 (3H, t. J d . 2 H z .  NCH2CH-3). 1.77 (311. S. OAC). 1.23. 3.33 
(cach 3H, s, 2 Y OCH3). 3.90. 3.91 (each 3H. s, two aromatic methoxyl 
groups), 4.79 ( I H ,  1, J = 4 . 6 H 7 ,  H-I4y), 7.44(1H, d, J =  1.8H7. H-2'), 6.85. 
7.57 (cach IH. ABq, J = 8 . 4 H z ,  H-5' and H-6'). I3C N M R :  Table I .  
Geniculatine D (8) White amorphous substance, [n],,+ 7.30 ( r  0.6, CHC'I?). 
I R  X:y;cmPl : 3464, 1745, 1720, 1280, EIMS 111:: ('Yn): 571(M-. h), 540 
( M  - OCH3, loo), 492 (20). 'H NMR: 61.07 (3H. t. . I -  6.6 Hz: NCHlCH;). 
3.27. 3.34 (cach 3H, s. 2 x OCH3), 3.93 (6H. s. two aromatic methoxyl 
g1-0~1ps),4.84(1t-I, t , J = 4 . 5 H ~ .  H-14R), 7.52(II-l, d. J -  I .6Hz. H-2'1, 6.88. 
7.63 (cach IH. A R q ,  J =  8.4Hz, H-5' and H-6'). " C  N M R :  Table I .  
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