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Diterpenoid alkaloids from the aerial parts of Aconitum anthora L.
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Isolation and identification of six diterpenoid alkaloids, from Aconitum anthora L. are described. All proton detected 2D
NMR techniques have been used for unambiguous 'H and '*C chemical shift assignments of guan-fu-base-Y (6). This is
the first investigation of the diterpenoid alkaloids of this plant species.

1. Introduction

The medicinal uses of Aconitum and Delphinium species
(Ranunculaceae) span many centuries. Aconitum prepara-
tions have been used as cardiotonics, febrifugies, seda- < <
tives, and anodynes [1, 2]. Delphinium extracts have been o <\hAeH 0w \Me
employed in analgesic balms and also as sedatives, eme- )
tics and anthelmintics [1, 2]. In our continuing work in
isolating new diterpenoid alkaloids from Aconitum and
Delphinium species, we have developed various methods
for rapid isolation of pure alkaloids [3—6]. Testing of the
pure diterpenoid alkaloids and their derivatives for the car-
diovascular (hypotensive and bradycardic) action has also
been conducted [7, 8].
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2. Investigations, results and discussion

In the present work we have investigated the diterpenoid
alkaloids from the aerial parts of Aconitum anthora L.
(Ranunculaceae), collected in Ardahan-Cildir, Turkey, at
an altitude of 2000 m. This is the first report of the inves-
tigation of the chemistry of alkaloids from A. anthora L.
Dried and powdered aerial parts of A. anthora (400 g)
were extracted with ethanol and the concentrated extract
was processed [9] to give 1.14 g of the crude alkaloidal 5 ISOTALATIZIDINE 6 GUAN-FU-BASE-Y

mixture. By a combination of vacuum liquid chromatogra- 3 . . . .
phy (VLC) [4], centrifugally accelerated radial TLC Table 1: ~C (CDCL), C.hemlcal shift assighments and their
(Chromatotron) [5], and PTLC, we report the isolation HMBC correlation of 6

and identification of six diterpenoid alkaloids: isoatisine C# 8% HMBC
(1), 19-epi-isoatisine (2), a mixture of 20, and 20g-atisines
(3), hetisine (4), isotalatizidine (5) and guan-fu-base-Y (6). I 3096 (1) H-2, H-3,, H-3p, H-20, H-5, H-9
These alkaloids were identified through their NMR spectra 2 6933(d)  H-lg, H-1p, H-3,, H-3g
('H, 13C, DEPT experiments), ESI MS and comparison of 33630 (1 H-2, H-14, H-1p, H-19a, b, H-18

) - ; 4 3691 (s)  H-2, H-5, H-18, H-19
data with those reported in the literature. 5 59.05

: . ; : 05()  H-7, H-3,, H-3p H-9, H-18, H-19a, b

The unambiguous chemical shift assignments for 6 were 6 6348 (d) H-5. H-7. H-9. H-18. H-19ab. H-20
carried out through a study of its all 'H detected 2D NMR 7 3139()  HO H-l5.p ' o
experiments ('H-'H COSY, TOCSY, ROESY, HMQC, 8 44.06 (s) H-6, H-7, H-9, H-15,,p, H-20
HMBC and HMQC-TOCSY) (Tables 1 and 2) and are in 9 53.40 (d) H-5, H-7, H-11, H-12

agreement with structure 6. Guan-fu-base-Y (6) is a rare 10 46.38 (s) H-1q, H-1p, H-2, H-6, H-9, H-11
diterpenoid alkaloid and so far, has been reported in only 11 7559()  H-12, H-13, H-15,

two other Aconitum species [10, 11]. 12 51.71(d)  H-9, H-11, H-13, H-15¢,5, H-17,5
Assignments of '3C and '"H chemical shifts (Tables 1 and 13 80.18 (d) H-9, H-11, H-12, H-17,

2) were accomplished using the two-stage method [12]. In }‘5‘ gg%g Ef)) g; gg g}% ggaﬁ H-20

the first stage, the segments were established by the spin 16 1441 4(s) Hll le H.13, Hig“ 6 Ho17,
systems identified on the basis of scalar coupling in 17 10832 ()  H-12, H-15, v '
TOCSY (total correlation spectroscopy) [13] and HMQC- 18 29.54 (q) H-3, H-5, H-19a, b,

TOCSY [14] spectra. The sequence-specific assignments 19 62.00 (t) H-3,, H-3g, H-5, H-20

of 'H and '’C within a segment were obtained by the 20 69.33()  H-1, H-1p, H-5, H-6, H-13, H-19a, b
"H-'H primary connectivities in the COSY [15] spectrum 21 170.48(s) ~ H-2, H-22

and the '"H-3C correlations in the HMQC [16] spectrum. 22 21.68(q)  —

Then, the overall structure was obtained by the long-range Chemical shifts in ppm downfield from TMS.

IH-13¢ coupling between the segments in the HMBC [17] s = singlet (quaternary carbon), d = doublet (CH), t = triplet (CH), q = quartet (CH).
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Table 2: 'H NMR Chemical shift* assignments of 6 and their COSY and ROESY correlations

Obs.'H (bw) J. Hz) cosy ROESY

H-14 2.95d (15.5) H-15, H-2 H-15, H-2, H-3, H-20
H-1 1.99 m H-14, H-2 H-15, H-5

(overlap H-3,)

H-2 514 brs H-1, H-13 H-34, H-3p H-1p, H-3a, H-5

H-3, 1.87 m H-2, H-3 H-2, H-3p, H-18, H-19
H-3p 1.58 dd (15.5, 4.5) H-2, H-3, H-3,, H-5, H-18

H-5 1.67 s H-6 H-1p, H-2, H-3p, H-6, H-9, H-18
H-6 339 br m H-5, H-7 4, H-20 H-5, H-7, H-9, H-18, H-19,
H-7, 1.87 m H-6, H-7 H-7

H-7g 1.43 dd (14.0,2.3) H-6, H-7, H-6, H-7,, H-9

H-9 2.02m H-11 H-6, H-7

H-11 421d©O) H-9, H-12 H-12, H-15,

H-12 2.51 br m H-11, H-13 H-11, H-13, H-17,
H-13 4.10 br m H-12 H-12, H-15,

H-15, 2.03m H-17,, H-17y H-11, H-12, H-13
H-15p 1.98 m H-17,, H-17, —

H-17, 4.88 brs H-15, 5, H-17, H-12, H-154, H-17,
H-17, 4.69 br s H-15,5, H-17, H-15,.p, H-17,

H-18 1.06 s — H-6, H-19

H-19, 3.19.d (12.0) H-19, H-3,, H-19,, H-20
H-19, 2.73 d (12.0) H-19, H-6, H-18, H-19,
H-20 387s H-6 H-14, H-19,

H-22 207 brs — —

* Chemical shifts of overlapping peaks estimated from HMQC spectrum.

spectrum and the inter-segment 'H-"H NOE connectivities
in the ROESY [18] spectrum, summarized in Table 2.
HMQC data were acquired with GARP [19] decoupling
during acquisition. Quadrature detection in the indirectly
observed dimensions was obtained using TPPI [20] (time
proportional phase increment).

Twenty-two carbons were observed using the 1D 'H-de-
coupled '3C, DEPT and 2D HMQC spectra, which were
determined by their characteristic '"H and '3C chemical

shift patterns as two methyl, six methylene, eight methine
and six quaternary carbons. Inspection of the HMQC-
TOCSY spectrum, shown (Fig.) reveals six segments, one
isolated methine, methylene and a methyl group. Further
inspection of the TOCSY spectrum locates a pair of weak
cross peaks along the resolved proton at 4.21 ppm, which
connects segments 3 and 4. The primary 'H-'H and
'H-13C correlations within the above four spin systems
were obtained using the COSY and HMQC spectra, re-
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Fig.: HMQC-clean-TOCSY spectrum of 6. The identified spin systems are labeled by vertical lines.
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spectively. The assignments for 'H signals were initiated at
the resolved 'H resonances such as CH protons of 5.14,4.21,
4.10 and 3.39 ppm, CH; protons of 4.88 and 4.69 ppm.
Starting at the CH resonance frequency of 5.14 ppm, the
TOCSY and HMQC-TOCSY spectra showed that this
methine scalar-coupled to two pair of CH, protons at
2.95, 1.99 ppm and 1.87, 1.58 ppm (segment 1 in the
Fig.). Thus, the three carbons were assigned to C-2, C-1
and C-3 (69.34, 30.96 and 36.30 ppm), respectively. The
H-3 proton at 1.87 ppm showed ROESY connectivity to
one of the isolated CH, protons (3.21 ppm) which was
assigned as H-19. H-2 has 'H-'3C couplings in the HMBC
spectrum to quaternary carbons at 170.5 and 36.9 ppm
which were assigned to C-21 and C-4, respectively. C-4
also has long range 'H-'3C couplings to H-2, H-3 and to
all four protons in segment 6 which were assigned to H-5,
H-6, and H-7a, H-7p.

H-6 has long range 'H-'C couplings to two quaternary
carbons at 46.38 and 44.06 ppm. The quaternary carbon at
46.38 ppm was assigned as C-10 because it showed long-
range 'H-">C couplings to H-1, H-2, H-3 protons. The
carbon with resonance at 44.06 ppm was assigned to C-8.
This carbon gives long-range 'H-'3C couplings with the
protons in segment 2, which were assigned as H-15 (2.03,
1.98 ppm) and H-17 (4.88, 4.69 ppm), respectively. C-16
was located by the 'H-'3C couplings from H-17 and H-15
protons, which also shows HMBC couplings to protons of
segments 3 and 4. The protons in position 9 to 13 were
assigned based on COSY connectivities within the seg-
ments and 'H-'*C couplings from these protons to C-16,
C-10 carbons. C-14 quaternary carbon was determined ac-
cording to the 'H-"3C couplings from this carbon to
H-17a,b, H-12, H-13, H-15, to H-17a,b, and H-20.

3. Experimental

Melting points are corrected and were determined on a Thomas-Koffler hot
stage equipped with a microscope and a polarizer. HRMS were determined
on a Fisons Auto Spec ETOFFPD FAB* mass spectrometer. 1D NMR
spectra including DEPT were recorded on a Bruker AC-300 spectrometer.
All 'H detected 2D NMR data were acquired at 25° C on a Varian Inova
500 spectrometer (499.8 MHz 'H). Chromatographic separations on a
Chromatotron [5] were carried out on rotors coated with 1 mm layers of
Merck ALO; 60 PF 254, 365 (EM 1104) or 1 mm layers of SiO, (EM
7749).

Aerial parts (400 g dry wt.) of Aconitum anthora L. were collected by G.
Akgiil in Ardahan-Cildir, Turkey, at an elevation of 2000 m, in August
1998. The plant was identified by R. Ilarslan and a voucher specimen is
deposited in the Herbarium of the Faculty of Sciences, Ankara University
(No. Ilarslan 1749), Ankara, Turkey.

Extraction of the powdered plant material with EtOH and processing the
concentrated extract for the isolation of alkaloids [9] yielded 1.14 g of the
crude alkaloidal mixture. This mixture was first fractionated on a VLC [4]
column (90 g, Al,O3 EM 1085) eluting with a solvent gradient of hexane-
CHCl; and MeOH. Twenty five fractions (100 mL each) were collected
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and the fractions thus obtained were combined on the basis of their TLC
similarity. Further fractionations, of the combined fractions, were carried
out on Chromatotron [5] rotors. VLC fractions 5—11 (200 mg, eluted with
hexane- CHCl3, 60:40 to 100% CHCI3) on further fractionation on a basic
alumina rotor of a Chromatotron, eluting with a gradient of hexane, CHCl3
and MeOH gave isoatisine (1, 25 mg). Similarly VLC fractions 12-15
(80 mg, CHCI3/MeOH, 0.5:99.5 to 3:97%, SiO, rotor); 16—18 (250 mg,
CHCI13/MeOH, 4:96 to 10:90%, SiO; rotor); and 19-21 (146 mg, CHCls/
MeOH, 20; 80 to 30:70%, SiO, rotor) gave respectively, 19-epi-isoatisine
(2, 9 mg), 20, and 20g-atisine mixture (3, 54 mg), hetisine (4, 15 mg), iso-
talatizidine (5, 22 mg) and guan-fu-base-Y (6, 43 mg).

Compound 6 was obtained as colorless crystals (acetone) mp 217-219 °C.
HRFABMS m/z 388.21239 [M+H]* for CyH;0NOs. All 'H detected 2D
NMR experiments were carried out on this sample (15 mg in CDCl3).
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