Diterpenoid Alkaloids of Aconitum vulparia Rchb.
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From the roots of Aconitum vulparia Rchb., collected in Priim (Germany), a new norditer-
penoid alkaloid, named alexhumboldtine, has been isolated along with the known norditer-
penoid alkaloids lappaconitine, anthranoyllycoctonine, lycoctonine, puberaconitine, ajacine,
and septentriodine. The structure of alexhumboldtine was established on the basis of 'H, °C,
DEPT, homonuclear 'H COSY, NOESY, HSQC, and HMBC NMR studies. From the aerial

parts of the plant another norditerpenoid alkaloid, aconorine, has been isolated.

Key words: Diterpenoid Alkaloids, Aconitum vulparia, Alexhumboldtine

Introduction

Aconitum (wolfsbane) species are very toxic
plants due to thei diterpenoid alkaloid content.
These alkaloids are neurotoxic agents, caus-
ing bradycardy, muscle system spasms, hypoten-
sion, and death by arrest of respiration. Aconi-
tum preparations have been used in very diluted
forms as cardiotonics, febrifuges, sedatives, and
anodynes. Today Aconitum is very popular in ho-
moeopathy and is included in many pharmaceuti-
cal products (Bisset, 1981; Benn and Jacyno, 1983;
Mericli A. H. et al., 2004 ). In continuation of our
investigations on Aconitum species (Mericli A.
H. et al., 1996a, b, 2000a, b, 2006a, b; Ulubelen et
al., 1996) we now report the alkaloid contents of
Aconitum vulparia Rchb. (syn. A. lycoctonum L.,
A. septentrionale Koellee). This plant has exten-
sively been investigated for its diterpenoid alka-
loid constituents by a number of workers (Joshi
et al., 1988, 1994; Csupor et al., 2004, 2007; De la
Fuente and Ruiz-Mesia, 1994; Khairitdinova et al.,
2008; Zinurova et al., 2000; Yunusov et al., 2000;
Chen and Katz, 1999; Usmanova et al., 1996; Ross
et al., 1993; Sayed et al., 1992; Villar del Fresno
and Cabo, 1973). A new norditerpenoid alkaloid,
alexhumboldtine (1), has been isolated along with
the already known norditerpenoid alkaloids lap-
paconitine (2), anthranoyllycoctonine (3), lycoc-
tonine (4), puberaconitine (5), ajacine (6), and

septentriodine (7) from the roots of A. vulparia.
The aerial parts contain another norditerpenoid
alkaloid, aconorine (8) (Pelletier et al., 1979, 1980,
1981, 1988; Dequan and Das, 1983; Tel'nov et al.,
1975). Alexhumboldtine (1) is dedicated to the
Alexander von Humboldt Foundation, Germany,
for giving A. H. M. the opportunity to do research
several times in Germany.

Material and Methods
General

Optical rotations were measured on a Perkin
Elmer Model 241 polarimeter (Foster City, CA,
USA). NMR spectra were recorded on a Bruker
500 MHz spectrometer (Bremen, Germany). LC-
mass spectra were determined on a Finnigan MAT
90 spectrometer (San Jose, CA, USA). Vacuum
liquid chromatography (VLC) was carried out
with AL,O; (EM 1085) and SiO, 60 G (7731) from
Merck (Darmstadt, Germany). Chromatographic
separations on a chromatotron were carried out
on rotors coated with an 1 mm thick layer of
AL O; 60 GF-254 (1092) or SiO, 60 PF-254 (7749)
from Merck. Thin layer chromatograms were run
using the solvent systems toluene/EtOAc/dieth-
ylamine (7:2:1, 7:4:1, or 7:4:2, v/v/v) and CHCly/
MeOH/NH,OH (5:3:1, v/v/v).

© 2012 Verlag der Zeitschrift fiir Naturforschung, Tiibingen - http://znaturforsch.com



104

Plant material

The roots (270 g) and aerial parts (520 g) of Ac-
onitum vulparia Rchb. were collected and identi-
fied by one of us (H. B.) in Priim (Germany) at an
elevation of 500 m, in July 2006. A voucher speci-
men (No. ISTE 85264) has been deposited in the
herbarium of the Faculty of Pharmacy, Istanbul
University, Istanbul, Turkey.

Extraction and isolation

The crude alkaloidal extract (10.75 g) obtained
from 270 g roots was first separated by VLC on
a neutral AL,O; column with petroleum ether/
CHCl;/MeOH mixtures. VLC fractions 37-44
(CHCIy/MeOH, 96:4 to 90:10, v/v) (622 mg) were
combined and chromatographed on a SiO, ro-
tor with petroleum ether/CHCl;/MeOH mixtures.
Fractions 43—-45 from this rotor were combined
(417 mg) and chromatographed on a ALO; ro-
tor with petroleum ether/CHCl;/MeOH mix-
tures. Fractions 41-42 from the Al,O;rotor were
combined (25 mg) and chromatographed on a
Sephadex LH-20 column with MeOH, and alex-
humboldtine (1, 17 mg) was obtained. Fractions
5-12 were combined (90 mg) and purified by pre-
parative TLC on SiO, with toluene/EtOAc/dieth-
ylamine (7:2:1, v/v/v), and a mixture of lappaco-
nitine (2) and anthranoyllycoctonine (3) (28 mg),
lycoctonine (4, 22 mg), puberaconitine (5, 10 mg),
and ajacine (6, 11 mg) was obtained. Lappaconi-
tine (17 mg) and anthranoyllycoctonine (11 mg)
were purified on a Sephadex LH-20 column with
MeOH. From fraction 4 of the Al,O; rotor, sep-
tentriodine (7, 5 mg) was obtained.

The crude alkaloidal extract (0.625 g) obtained
from 520 g aerial parts of A. vulparia was first
separated by VLC on a SiO, column with petro-
leum ether/CHCl;/MeOH mixtures. VLC fraction
39 (CHCly/MeOH, 95:5, v/v) (103 mg) was sepa-
rated on a Sephadex LH-20 column with MeOH,
and aconorine (8, 23 mg) was obtained.

All known compounds were identified by com-
parison of their 'H and “*C NMR data and Co-
TLC behaviour with those of authentic samples.

Results and Discussion

A novel norditerpenoid alkaloid, designated
alexhumboldtine (1), from the roots of A. vulpar-
ia, collected at an altitude of 500 m in Priim (Ger-
many), has been isolated exhibiting [a]}) +21.25°

S. Kurtoglu et al. - Alkaloids of Aconitum vulparia

(0.16, CHCI;). The molecular formula, C,sH,)NO;
(LC-MS, m/z 466 [M+H]"), was derived for the
alkaloid by HRMS m/z 466.27865 [M+H]" (calcd.
466.25122) and confirmed by 'H,”C NMR spec-
tral and DEPT data. The IR spectrum showed
hydroxy and aldehyde group absorptions at 3400
and 1730 cm™, but no aromatic absorptions. A
completely decoupled “C NMR spectrum con-
firmed 25 carbon atoms of the molecule. The *C
NMR and DEPT spectra showed three signals
for quaternary carbon atoms at o 76.7, 51.9, and
37.7 ppm; eleven signals for methine groups at dc
179.8, 87.6, 83.7, 82.6, 82.0, 69.7, 52.6, 45.4, 42.5,
42.1, and 37.7 ppm; seven signals for methylene
groups at J. 65.7, 56.4, 56.4, 33.0, 30.9, 29.6, and
26.6 ppm; and four signals for methyl groups at o
57.9, 56.4,56.3, and 56.1 ppm (Table I).

Table 1. '"H and *C NMR data of alexhumboldtine (1)
and “C NMR data of aconitilearine (9) for comparison
[6 in ppm (J in Hz)].

Position 1 9
O Oc dc
1 18 3.38 dd (9, 6) 87.6d 82.6d
2 20 1.79 m 296t 28.6t
2B 1.47 m
3 3a 1.82m 309t 336t
3B 242 m
4 - 37.7s 38.5s
5 1.87m 42.5d 432d
6 4.15 dd (1, 6) 82.0d 83.3d
7 2.14d (1) 52.6d 52.3d
8 - 76.7 s 73.4s
9 1.80 m 454d 432d
10 1.46 m 42.1d 44.6 d
11 - 519s 489 s
12 12a 242 m 26.6 t 28.8t
12b 1.50 m
13 2.42m 37.7d 38.0d
14 3.66t (5) 83.7d 84.0d
15 15a 1.73m 330t 338t
15b 2.63 dd (12, 14)
16 3.57 dd (7, 12) 82.6d 83.8d
17 2.87s 69.7d 64.7 d
18 18a 3.31d (10) 657t 67.71
18b 3.66d (10)
19 19a 1.79 m 56.4t 90.5d
19b 331m
20  20a 2.86 m 56.4t 511t
20b 2.86 m
21 9.22s 179.8d 13.0q
OCH;-1 3.38s 56.1q 55.8q
OCH;-6 3.34s 579 q 579 q
OCH;-14 3.34s 56.4 q 579 q
OCH;-16 3.30s 56.3 q 56.3 q
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Diterpenoid alkaloids usually belong to one of
two main groups, those with a C,, lycoctonine/
aconitine-type skeleton with characteristic meth-
oxy groups and those derived from a C,, atisine-
type skeleton with an exocyclic methylene group
(Joshi and Pelletier, 1999). The 'H NMR spec-
trum of alexhumboldtine (1) proved the presence
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of four methoxy groups, therefore it should be
a C,y norditerpenoid alkaloid. The most impor-
tant point is the presence of an aldehyde group
in the molecule. Aldehyde signals at Jy 9.22 ppm,
s and J. 179.8 ppm, d indicate the presence of a
N-CH,-CHO structure in the molecule as in the
case of the diterpenoid alkaloids chellespontine

Table II. Summary of COSY, NOESY, and HMBC correlation data of alexhumboldtine (1).

Position COSY NOESY HMBC
H-15 H-2a, H-28 H-2a, H-28, H-10, H-12b, H-21 C-3, C-10, OCH,-1
H-20 H-1, H24, H-30, H34  H-18, H-34 C-4, C-5, C-10
H-3a H-2a, H-28, H-38 H-19a -
H-3p H-2a, H-2p, H-3a H-2a, H-18b C-1, C-2, C-19
H-5 H-6 H-2p, H-6, H-9, C-18a, C-19b C-17, C-18, C-19
H-6b H-5 H-5, H-7, H-18a, H-18b, H-19b, OCH;-6 OCH;-6
H-7 H-6, H-17 H-6, H-15b, H-17, H-19b, OCH;-6 C-9, C-17
H-9 H-10, H-14 H-5, H-10, H-12a, H-14 C-7, C-12, C-13, C-14, C-16
H-10 H-9, H-12b H-18, H-9, H-12a, H-14, OCH,-16 .
H-12a H-12b, H-13 H-12b, H-13, H-14 -
H-12b H-10, H-12a H-1p, H-12a, H-13, H-16, H-17 C-14, C-16
H-13 H-12a, H-14 H-12a, H-12b, H-14, H-16, OCH-16 C-14, C-15, C-16
H-14 H-9, H-13 H-9, H-10, H-12a, H-13 C-16, OCH;-14
H15a H-15b H-16, OCH;-14 C-7, C-16
H-15b H-15a, H-16 - C-7, C-16
H-16 H-15b H-7, H-12b, H-13, H-15a, OCH;-16, H-17 C-12, C-14, OCHs-16
H-17 H-5 H-7, H-12b, H-16, H,-20, H-21 C-5, C-6, C-10, C-19
H-18a H-18b H-5, H-6, H-18b, H-19a, OCH;-6 C-3, C-19
H-18b H-18a H-3p, H-6, H-18a, H-19a, H-19b C-3,C-5, C-19
H-19a H,-20 H-3a, H-18a, H-18b, H,-20 C-3, C-18, C-20
H-19b H,-20 H-6b, H-7, H-18a, H-18b, H,-20 C-3, G5, C-17
H,-20 H-19a, H-19b, H-21 H-17, H-19a, H-19b, H-21 C-17, C-19, C-21
H-21 H,-20 H-1, H-17, H-20 C-11, C-20
OCH;-1 - H-17, H-21 C-1
OCH;-6 - H-18a C-6
OCH;-14 - H-15a C-14
OCH;-16 - H-10, H-13, H-16 C-16
OCHj OCHj
B3 Rl 13
12 16 12 e T 16
H3C% -'II:"“OCH:S cho// --IIIIIOCH3
0 ’—,‘1 //2 14
\ VI a2
Iy, R ,..m\\\\\‘““ 15 /”/,,' 2 “““‘““\\\ 15
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Fig. 1. Chemical structures of alexhumboldtine (1) and aconitilearine (9).
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and consorientealine (Desai et al., 1993; Mericli
F. et al., 2001). Except for the aldehyde group,
there were six O-bearing C atoms present as
shown by the signals at J. 87.6, 83.7, 82.6, 82.0,
76.7, and 65.7 ppm, four of them carrying MeO
groups, the other two, therefore, should have OH
groups. Four methoxy groups (dy 3.30 ppm, 3H s;
3.34 ppm, 6H s; 3.38 ppm, 3H s; d- 56.3 ppm, q;
56.4 ppm, q; 57.9 ppm, q; 56.1 ppm, q) could be as-
signed at C-16 (dy 3.57 ppm, dd, J = 7 and 12 Hz;
dc 82.6 ppm, d), C-14 (54 3.66 ppm, t, J = 5 Hz;
dc 83.7 ppm, d), C-6 (64 4.15 ppm, dd, J = 1 and
6 Hz; . 82.0 ppm, d), and C-1 (J, 3.38 ppm, dd,
J =9 and 6 Hz; 6. 87.6 ppm, d), respectively. The
two OH groups should be located on C-18 (Jy
3.31 ppm, d,J = 10 Hz; . 65.7 ppm, t) and C-8 (d
76.7 ppm, s). Alexhumboldtine (1) is very similar
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