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Isolation of Norditerpenoid Alkaloids from Flowers of Aconitum lycoctonum
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The structures of two new lycoctonine-type alkaloids having an acetoxy group at C-6, 6-O-acetylde-
methylenedelcorine (1) and 6-O-acetyl-14-O-methyldelphinifoline (2), isolated from the flowers of Aconitum
lycoctonum, were determined by spectroscopic analysis. In addition, 14-O-methyldelphinifoline (4),

gigactonine (5), and lycoctonine (6) were obtained.

In the course of our continuing investigation of the
European aconites and after having studied the alkaloids
of seeds and roots of Aconitum lycoctonum L. (Ranuncu-
laceae),! we now report the isolation of diterpenoid alka-
loids from the flowers of this plant collected in the Engadin
Valley (Switzerland) near Sils-Maria. As far back as 1884,
Dragendorff and Spohn2a2° jsglated from the roots of this
species the alkaloids lycoctonine (6), lycaconitine (7), and
its dimer myoctonine. More recently Beul® found in the
seeds and roots from plants collected in the Engadin Valley
gigactonine (5), demethylenedelcorine (3), 14-O-methyldel-
phinifoline (4), and pseudokobusine, besides lycoctonine (6)
and lycaconitine (7). She did not find myoctonine. Although
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aconitine, one of the main alkaloids of the European species
Aconitum napellus L. was used medicinally as an anti-

pyretic and analgesic until recent times, A. lycoctonum
found medicinal use only in ancient times and became
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Table 1. 3C NMR Shifts of Compounds 1—4

carbon 1(DEPT) 3 (DEPT) 2 4 (DEPT)L

c1 84.0 (d) 84.2 (d) 72.3 72.6 (d)
c-2 26.0 () 25.6 () 29.4 29.2 ()
c-3 31.9 (1) 32.0 (¥) 27.2 27.5 (1)
C-4 38.6 (s) 38.5 (s) 38.3 37.5(s)
c-5 51.7 (d) 54.3 (d) 472 49.9 (d)
C-6 81.1 (d) 80.8 (d) 80.4 80.7 (d)
c-7 88.9 (s) 87.2(s) 88.4 87.9 (s)
c-8 77.1(s) 783 (s) 785 79.3 (s)
c-9 43.3 (d) 44.1 (d) 436 44.1 (d)
C-10 45.8 (d) 45.6 (d) 43.4 435 (d)
c-11 485 (s) 48.2 (s) 49.1 49.0 (s)
c-12 28.8 (1) 28.9 () 30.8 30.6 ()
c-13 37.5(d) 37.0 (d) 37.0 36.9 (d)
c-14 84.4 (d) 84.2 (d) 84.9 84.8 (d)
c-15 38.0 (t) 36.6 (t) 38.6 36.6 (t)
C-16 82.2 (d) 82.3 (d) 82.7 82.6 (d)
c-17 66.0 (d) 65.9 (d) 67.0 66.8 (d)
c-18 78.6 (1) 79.2 (1) 78.2 78.9 (1)
c-19 52.8 (t) 53.5 (t) 57.6 57.8 ()
c-20 51.1 () 51.7 (t) 50.4 50.5 (t)
c-21 14.1 (q) 14.8 (q) 13.7 13.7 (q)
OCHa-1 55.6 (q) 55.8 (q)

OCH3-14 57.7 (q) 57.8 (q) 57.4 57.7 (q)
OCH3-16 56.3 (q) 56.3 (q) 56.3 56.2 (q)
OCH3-18 59.4 (q) 59.6 (q) 59.4 59.6 (q)
OCOCHg-6 1724 (s) a

21.5 (q) 216

2 Peak not observed.

obsolete a long time ago.® The toxic effect of its main
alkaloids is curariform, acting on the muscular endplates.*
From the review article of Jacyno,® it is evident that the
acute toxicity of the A. lycoctonum alkaloids is much lower
than that of the diterpenoid alkaloids from A. napellus. In
the present paper two new norditerpenoid alkaloids, 6-O-
acetyldemethylenedelcorine (1) and 6-O-acetyl-14-O-meth-
yldelphinifoline (2), along with the known alkaloids, 14-
O-methyldelphinifoline (4), gigactonine (5), and lycoctonine
(6), were isolated from the flowers of A. lycoctonum and
identified by spectroscopic analysis. Gigactonine (5) was
found to be the main base of the flowers. The three known
alkaloids were identified by direct comparison (NMR, TLC)
with authentic samples.t

The base peak [M + Na]* at m/z 532.63 recorded by LCQ
MS, and the 27 signals exhibited by the 3C NMR spectrum
(Table 1) of 1 suggested the molecular formula C,7H43NOg
of a norditerpenoid alkaloid. The 'H NMR spectrum
indicated the presence of an N-ethyl group (6 1.04, 3H, t,
J = 7.1 Hz), an ester methyl group (6 2.04, 3H, s), and four
methoxyl groups (6 3.25, 3.28, 3.32, 3.40, each 3H, s). DEPT
experiments revealed the presence of four quaternary, one
carboxyl, nine methine, seven methylene, four methoxyl,
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and two methyl carbons. The four quaternary carbons at
0 38.6 (C-4), 48.5 (C-11), 77.1 (oxygenated C-8), and 88.9
(oxygenated C-7) suggested that this compound is a lycoc-
tonine-type alkaloid.® A one-proton triplet (6 3.69, J = 4.7
Hz) assigned to H-14p revealed that there was an a-OCH3;
group at C-14 and no oxygenated substituent at C-9 or
C-13. The 3C NMR chemical shifts of 1 are similar to those
reported for demethylenedelcorine (3) except for C-5, C-7,
C-8, and C-15, and the acetoxy group.! The difference in
the C-15 chemical shifts of demethylenedelcorine (3) and
its 6-O-acetyl derivative 1 is notable. A similar difference
in the C-15 shifts has been reported for demethylene-
deltamine and its 6-O-acetyl derivative demethylenedelta-
line.” In the 'H NMR spectrum, a one-proton singlet
observed at 6 4.32 in 3 was shifted downfield to ¢ 5.31 in
1. This provided evidence of an acetoxy group at C-6 in 1,
which hence was determined to be 6-O-acetyldemethylene-
delcorine.

The new compound 2 was isolated as a colorless, oily
alkaloid. The molecular formula, C,sH41NOg, was derived
from MS and NMR spectra. The 'H NMR spectrum
exhibited the presence of an N-ethyl (6 1.10,3H,t,J=7.2
Hz), three methoxy groups (6 3.32, 3.35, 3.40, each 3H, s),
and an ester methyl group (6 2.05, 3H, s). The 13C NMR
signal at 6 72.3 ppm indicated an a-OH group at C-1.%
Comparison of the 3C NMR spectra of 2 and 14-O-
methyldelphinifoline (4) revealed that compound 2 had an
extra acetoxy group, because the chemical shifts of 2 were
similar to those of 4 except for C-5, C-15, and an extra ester
methyl carbon.” Due to the small amount of sample, the
ester carbonyl carbon was not observed in the 13C NMR
spectrum of 2. Similar to compound 1, alkaloid 2 was also
characterized by the appearance of the signals at ¢ 5.48
(1H, s, H-6a) and 3.74 (1H, t, J = 4.6 Hz, H-14p) in the 'H
NMR spectrum, which suggested an acetoxyl at C-6 and a
methoxyl group at C-14. Therefore, the structure of com-
pound 2 was found to be 6-O-acetyl-14-O-methyldelphini-
foline.

Experimental Section

General Experimental Procedures. NMR spectra were
recorded in CDClI; on a Bruker 200 spectrometer (200.13 MHz
for 'TH NMR and 50.32 MHz for ¥C NMR) with TMS as
internal standard. Mass spectra were obtained on a Finnigan
LCQ-G2 spectrometer, positive ions were used (ESI). Chro-
matographic separations were carried out by preparative TLC
on Si gel 60 Fzs4 plates (0.25 mm) and Al,O3 60 Fus. plates
(0.25 mm).

Plant Material. The plant material was collected by one
of us (A. K.) in the Engadin Valley near Sils-Maria, Switzer-
land, in August 1998. A voucher specimen (7688Va2) is
deposited in the herbarium of the Natural Products Research
Laboratory, Dr. Alfred Katz, Basel, Switzerland.

Extraction and Separation. The dried and powdered
flowers (20 g) of A. lycoctonum were extracted as described
earlier® to give 174 mg of a basic extract. Purification of this
extract was accomplished by repeated preparative TLC on Si
gel [cyclohexane—EtOH—MeOH (4:4:2), CHCI;—CH3;0H (8.5:
1.5)] and Al,O;3 [cyclohexane—EtOAc—EtOH (6:3.5:0.5), cyclo-
hexane—CHCI;—EtOH (2.2:7.5:0.3)]. Five alkaloids, 6-O-
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acetyldemethylenedelcorine (1, 3.5 mg), 6-O-acetyl-14-O-
methyldelphinifoline (2, 1.2 mg), 14-O-methyldelphinifoline (4,
3.8 mg), gigactonine (5, 11.8 mg), and lycoctonine (6, 3.5 mg),
were isolated.

6-O-Acetyldemethylenedelcorine (1): colorless oil; *H
NMR and *H—'H COSY (CDCls, 200 MHz) ¢ 2.97 (1H, dd, J
= 6.8, 11.8 Hz, H-1), 2.12 (1H, m, H-2a), 1.94 (1H, m, H-2),
1.70 (1H, m, H-3a), 1.35 (1H, m, H-3f), 1.66 (1H, br s, H-5),
5.31 (1H, s, H-6a), 2.99 (1H, t, J = 4.6 Hz, H-9), 1.98 (1H, m,
H-10), 2.41 (1H, dd, J = 6.0, 12.6 Hz, H-12a), 1.86 (1H, m,
H-128), 2.37 (1H, dd, J = 4.7, 7.2 Hz, H-13p), 3.69 (1H, t, J =
4.7 Hz, H-14p), 1.52 (1H, dd, 3 = 5.7, 16.3 Hz, H-15a), 2.87
(1H, dd, J = 9.3, 16.3 Hz, H-15p), 3.17 (1H, dd, J = 6.9, 9.1
Hz, H-16a), 2.72 (1H, s, H-17), 3.33 (1H, d, J = 12.6 Hz,
H-18a), 3.16 (1H, d, J = 12.6 Hz, H-18b), 2.69 (1H, d, J = 11.0
Hz, H-19a), 2.49 (1H, dd, J = 1.8, 11.0 Hz, H-19b), 2.94 (1H,
dg, J = 6.7, 14.2 Hz, H-20a), 2.98 (1H, m, H-20b), 1.04 (3H, t,
J = 7.1 Hz, H-21), 3.25 (3H, s, OCH3-1), 3.40 (3H, s, OCH3;-
14), 3.32 (3H, s, OCHj5-16), 3.28 (3H, s, OCH3-18), 2.04 (3H, s,
OCOCHj3-6); 13C NMR data, see Table 1; LCQ MS (MeOH) m/z
533.60 [M + H + Na]* (73), 532.63 [M + Na]* (100), 510.64
[M + H]* (34), 509.66 [M]* (56), 508.73 (66), 450.69 [M + H —
ACOH]" (6), 449.65 [M — AcOH]" (10), 448.73 (16).

6-O-Acetyl-14-O-methyldelphinifoline (2): colorless oil;
1H NMR (CDCls, 200 MHz) ¢ 1.10 (3H, t, J = 7.2 Hz, H-21),
2.05 (3H, s, 6-OCOCHpg), 1.43—-2.10 (9H, m, 2H-2, 2H-3, H-5,
H-10, 2H-12, H-15a), 2.46 (1H, t, J = 5.4 Hz, H-138), 2.54 (1H,
d,J =11.6 Hz, H-19b), 2.67 (1H, d, J = 11.6 Hz, H-19a), 2.85—
3.00 (4H, m, H-158, H-17, 2H-20), 3.07—3.29 (4H, m, H-9,
H-160, 2H-18), 3.31 (3H, s, OCH;-16), 3.35 (3H, s, OCHj3-18),
3.40 (3H, s, OCHs-14), 3.70 (1H, m, H-15), 3.74 (1H, t, J = 4.6
Hz, H-14p5), 5.48 (1H, s, H-60); °C NMR data, see Table 1;
LCQ MS (MeOH) m/z 519.63 [M + H + Na]* (70), 518.61 [M
+ Na]* (100), 496.83 [M + H]" (6), 436.78 [M + H — AcOH]"
(13), 435.69 [M — AcOH]" (5), 434.78 (8).
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