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Abstract — Three new diterpenoid alkaloids (1-3), which were named elliotitine A
(1), 8-O-ethylindaconitine (2) and 8-O-ethylbikhaconine (3), along with thirty-three
known compounds, were isolated from the roots of Aconitum elliotii Lauener. Their
structures were elucidated via HR-ESI-MS, 1D and 2D NMR, and X-ray data.
Additionally, the anti-inflammation activities of all compounds were evaluated, no

compound showed significant anti-inflammatory activity.

INTRODUCTION

There are about 350 species of Aconitum in Ranunculaceae in the world, more than half of which were
found in China, widely distributed in temperate regions of the Northern Hemisphere, mainly distributed in
Asia, Europe, and North America. The south of Hengduan Mountains in Southwest China (including West
Sichuan, Northwest Yunnan and East Tibet) is an important distribution area of Aconitum in China.
Aconitum plants, as poisonous plants and medicinal plants, have been widely concerned for a long time.
There are about 36 species of Aconitum plants available for medicine in China according to previous
records.? The main characteristic components of Aconitum plants are diterpenoid alkaloids,® which have
anti-inflammatory,*® immunological,” analgesic,® cardiotonic,® antiarrhythmic,® anti-Alzheimer and other
pharmacological activities.!! Studies on diterpenoid alkaloids in Aconitum plants could contribute to the
development of new natural medicines.?* Aconitum elliotii Lauener, a herbaceous plant belonging to the
family Ranunculaceae, is a species endemic to Motuo and Milin in eastern Tibet. At present, there is no
relevant report on the chemical composition of A. elliotii Lauener. In our present investigation, three new
alkaloids, elliotitine A (1), 8-O-ethylindaconitine (2) and 8-O-ethylbikhaconine (3), with 33 knowns 8-O-

ethylforesticine (4), isoatisinium chloride (5),*° talatisamine (6),'® kongboendine (7),}" crassicauline A
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(8),'® geniconitine (9),Y° 14-acetyltalatizamine (10),%° indaconitine (11),2* yunaconitine (12),'° 6-
epichasmanine (13),%2 condelphine (14),%° isotalatisidine (15), 14-O-anisoylIneoline (16),% franchetine
(17),%*  vilmorisine (18),2* chasmaconitine (19),2> acoforine(20),® sachaconitine (21),2" 14-
benzoylchasmanine (22),% kongboenine (23),% 8-acetyl-14-benzoylchasmanine (24),*8 columbidine (25),%°
14-O-acetylsachaconitine (26),2° 8-O-ethylyunaconitine (27),%° austroconitine B (28),! 8-deacetyl-
yunaconitine (29),% pseudaconine (30),® kongboentine B (31),%* ludaconitine (32),% vilmorrianine C
(33),%8 chellespontine (34),%” pukeensine (35),% atidine (36)%° were isolated from A. elliotii Lauener. Their
structures were determined by spectral methods (HR-ESI-MS, 1D- and 2D-NMR) and X-ray spectroscopy.
Here, the isolation and structure elucidation of those compounds and their anti-inflammatory activity are
reported in this article.

RESULTS AND DISCUSSIONS

Compound 1 was obtained as a colorless amorphous powder. It’s molecular formula was deduced as
C34H4sNOg on the basis of a protonated molecular ion peak at m/z 612.3188 [M + H]" in the HR-ESI-MS
(calcd. for CasHasNOog, 612.3173). The NMR spectrum revealed the presence of an N-ethyl group (on 1.06,
3H,t,J=7.2 Hz; 6c 14.4 q, 46.0 t), three methoxy groups (on 3.28, 3.29, 3.31, each 3H, s; dc 56.4 g, 56.3
g, 59.3 ), an anisoyl ester group (on 6.91, 2H, d, J = 9.0 Hz; 8.05, 2H, d, J = 9.0 Hz; 3.85, 3H, s; dc 166.6
s,123.25,131.8d x 2,113.6d x 2, 163.3 s, 55.6 q), an acetyl group (don 1.44, 3H, s; oc 22.0 ¢, 169.7 s).
The $3C NMR spectra showed the presence of the other 19 carbon resonances, including eleven methines
[oc 92.5, 86.3, 81.4, 78.7, 74.2, 62.5, 50.6, 50.2, 45.0, 41.8, 36.8], five methylenes [oc 79.9, 33.6, 27.8,
25.6, 24.9], and three quaternary carbons [oc 82.6, 46.9, 46.1]. Those spectroscopic data indicated
compound 1 was an aconitine-type Cio-diterpenoid alkaloid.*® In the HMBC spectrum, the long-range
correlations between on 3.31 (3H, s) and d¢ 86.3 (d), on 3.29 (3H, s) and Jc 81.4 (d), on 3.28 (3H, s) and oc
79.9 (t) suggested three methoxy groups to be ascribed to C-1, C-16 and C-18 respectively. The anisoyl
ester group could be assigned at C-14 due to the correlations from H-14 [on 4.97 (1 H, t, J=5.1 Hz)] to oc
166.6. The acetyl group was located at C-8 by the downfield chemical shift of carbon of C-8 (6c 82.6), with
this observations supported by the HMBC correlations among H-7 (on 3.41), H-9 (61 2.37), H-14 (on 4.97)
to C-8.** By comparison of *°C NMR data of 1 with those of the known compound transconitine D,* the
similarity showed that compound 1 and transconitine D have similar structure, except the hydroxy group at
C-8 in transconitine D was replaced by the acetyl group. The stereochemistry of compound 1 was deduced
from the vicinal coupling constants and NOESY experiment (Figure 3). In the NOESY experiment, the
cross-peak between H-1 and H-5, H-16 and H-17 proved the f-orientation of H-1 and 16-OMe. The H-6
was determined to have a S-orientation as well based on the correlation between H-6 and H-9 in the 'H

NOESY spectrum. H-14 at 6y 4.97 (1H, t, J = 5.1 Hz) confirmed the S-position of H-14.% Up to now, the
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absolute configuration of the skeleton of aconitine-type Cio-diterpenoid alkaloid has already been
confirmed by X-ray crystallographic analysis.* Thus, the structure of compound 1 was elucidated as shown
in Figure 2 and named elliotitine A.

Compound 2 was obtained as a white amorphous powder. It’s molecular formula was deduced as
C34H49NOy, on the basis of a protonated molecular ion at m/z 616.3479 [M+H]" in the HR-EMI-MS (calcd.
for C3sH49NOog, 616.3486). The NMR spectra revealed the presence of an N-ethyl group (on 1.08, 3H, t, J
= 6.9 Hz; oc 13.4 q, 48.6 t), four methoxy groups (dn 3.23, 3.26, 3.30, 3.54, each 3H, s; dc 55.9 ¢, 58.7 q,
59.1 q, 58.8 (), an benzoyl group (on 7.44, 2H, t, J = 7.2 Hz; 8.07, 2H, d, J = 7.1 Hz; 7.53, 1H,t,J = 7.8
Hz; oc 166.4 s, 130.7 s, 129.7 d x 2, 128.2 d x 2, 132.7 d), an ethoxy group (J+ 0.54, 3H, t, J = 6.8 Hz; Jc
15.2 g, 55.9 t). Comparing the *C NMR data of 2 with those of ludaconitine,®® a known compound, the
signal of C-8 was shifted from Jc 85.5 in indaconitine to oc 78.3 in 2, which indicated the acetyl group was
replaced by the ethoxy group.*> The HMBC correlation of the ethoxy group (dn 3.35) with C-8 (dc 78.3)
further confirmed the location of the ethoxy group. The relative configuration of compound 2 was deduced
from a NOESY experiment (Figure 3). In the NOESY spectrum of 2, the cross-peak between H-1 and H-5,
H-3 and H-5, H-6 and H-9, H-10 and H-14 indicated that 1-OMe, 3-OH, 6-OMe and the benzoyl group
were a-oriented. Moreover, H-17 was correlated to H-16 suggested 16-OMe was at S-position. Previous
study has shown that the acetyl group at C-8 could be converted to ethoxy group by the substitution reaction
under the condition of ethanol thermal reflux.*® Accordingly, the structure of 2 was established as 8-O-
ethylindaconitine (Figure 2).

Compound 3 was obtained as a white amorphous powder. It’s molecular formula was deduced as
C27H4sNO7, on the basis of a protonated molecular ion at m/z 496.3294 [M+H]* in the HR-EMI-MS (calcd.
for C27H4sNO7, 496.3274). The NMR spectra revealed the presence of an N-ethyl group (on 1.13, 3H, t, J
= 7.3 Hz; 6c 13.9 q, 49.3 ), four methoxy groups (dn 3.31, 3.25, 3.45, 3.33, each 3H, s; dc 59.1 ¢, 56.4 q,
58.8 g, 59.2 q), an ethoxy group (én 1.18, 3H, t, J = 7.0 Hz; 6c 16.1 q, 56.7 t). The four methoxy groups
should be assigned to C-1, C-6, C-14 and C-18 based on the correlations between 1-OMe (Jn 3.31) and C-
1 (6c 85.5 d), 6-OMe (on 3.25) and C-6 (dc 83.0 d), 16-OMe (on 3.45) and C-16 (dc 84.0 d), 18-OMe (dn
3.33) and C-18 (dc 80.1 t). The NMR data of 3 were very similar to those of the known compound
bikhaconine*® except for the hydroxy group at C-8 was instead by the ethoxy group. The full assignment of
3 was based on the 1D and 2D NMR spectral data (Table 1). Accordingly, the structure of 3 was determined
as shown (Figure 2), and it was named 8-O-ethylbikhaconine. Similar to compound 2, compound 3 might
also be an isolation artifact formed during the extraction.

Compound 4 was obtained as a white amorphous powder. Its molecular formula was deduced as C26H43NOe.
It was identified as the known compound 8-O-ethylforesticine*” by 1D and 2D NMR. So far, no NMR data

of this compound has been reported, and we report its *H and **C NMR data for the first time (Table 2).
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Table 1. *H and 3C NMR spectral data for compounds 1-3
(*H: 400 MHz; 3C: 100 MHz, CDCls)

. (1) (2 3
Position
5c 5H(J = HZ) 5(; 5H(J = HZ) 5(; 5H(J = HZ)
1 86.3d 3.245s 82.7d 3.12m 85.5d 3.05*
249t 1.85m 33.41t 1.93m 29.8t 1.28*
2.38m 2.35m 1.42d (7.5)

3 256t 1.66 m 71.8d 3.79m 35.9t 2.32m

2.10m

4 46.1s 43.1s 39.2s

5 50.6d 2.00s 48.7d 2.355s 49.2d 241s

6 78.7d 4.47m 83.2d 4.04d (5.8) 83.0d 4.09d (6.7)

7 50.2d 341s 46.0d 2.09s 495d 2.31s

8 82.6s 78.3s 78.95s

9 41.8d 2.37t(5.1) 4594d 2.681(6.2) 49.2d 2.59 br.s

10 45.0d 1.94d (6.1) 41.3d 2.06 m 415d 1.94 *

11 46.9s 50.7 s 50.7 s

12 27.8t 1.72d (6.8) 35.7t 2.09m 36.6t 1.98 *

2.00d (4.4) 252m

13 36.8d 258 m 75.2s 7745

14 74.2d 4.97t(5.1) 79.4d 4.86 d (4.9) 78.6d 3.88d (4.2)

15 336t 2.54d (5.5) 376t 2.32d (4.8) 36.6t 1.98 *

16 81.4d 3.285s 83.8d 3.421(6.4) 84.0d 3.355s

17 62.5d 3.31* 61.0d 2.72s 62.1d 2.93s

18 79.9t 2.94d (9.0) 77.0t 3.47d (8.7) 80.1t 3.08d (8.5)

3.19d (8.7) 3.57d (8.4) 3.68d (7.3)

19 925d 4.34s 476t 2.89d (9.8) 53.6 t 2.62*

21 459t 2.62d (7.3) 48.6 t 249m 49.3t 2.60 *

2.85d (7.0)

22 144 q 1.06t(7.0) 134q 1.081(6.9) 139¢q 1.131t(7.3)
OMe-1 56.4 q 3.31s 55.9q 3.23s 59.1q 3.31s
OMe-6 58.7q 3.26s 56.4 q 3.25s
OMe-16 56.3q 3.29s 58.8 3.54s 58.8q 345s
OMe-18 59.3¢ 3.28s 59.1¢ 3.30s 59.2¢q 3.33s
OEt-8 55.9t 3.12* 56.7 t 3.52m

3.35d (7.0)
15.2q 0.54 1 (6.8) 16.1q 1.181(7.0)
OAc-8 169.7 s
21.9¢ 1.45s
OBz-14 166.4 s
OAs-14 166.6 s
1 123.2s 130.7 s
2°,6’ 131.8d 8.05d (9.0) 129.7d 8.07d (7.1)
3,5 113.6d 6.91d (9.0) 128.2d 7.441(7.2)

4 163.3 s 132.7d 7.531(7.8)

4’-OMe 55.6 q 3.855s

*means overlapped



872 HETEROCYCLES, Vol. 106, No. 5, 2023

Figure 3. Key NOESY correlations of compounds 1-3

Compound 5 was identifed as isoatisinium chloride®® by compared NMR data with literature, and its
absolute configuration has been unambiguously established by X-ray crystallographic analysis (Figure 4)

for the first time.
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Table 2. *H and 3C NMR spectral data for compounds 4
(*H: 400 MHz; *C: 100 MHz, CDCls)

Position dc on(J = Hz) Position oc on(J = Hz)
1 85.4d 3.01m 14 75.4d 4.03m
2 265t 1.92* 15 36.1t 2.22*
2.33* 16 82.8d 3.30s
3 36.7t 1.62m 17 62.2d 2.85s

4 38.9s 18 82.1t 3.23d (8.1)

5 50.2d 2.37s 3.72d (8.9)
6 72.2d 4.77d (7.1) 19 549t 2.70*
7 48.1d 2.14m 21 49.2t 2.56 *

8 789s 22 13.7¢q 1.091t(6.3)
9 51.7d 2.01d (5.2) OMe-1 56.4 q 3.24s
10 455d 1.83m OMe-16 56.6q 3.37s
11 50.8 s OMe-18 59.4q 3.32s
12 29.9t 1.86 * OEt-8 56.7 t 3.49m
2.28m 3.58m

13 39.8d 2.28m 16.3q 1.15t(7.2)

*means overlapped

Cu1

Figure 4. ORTEP drawing of 5

The inhibitory activities on NO production stimulated by LPS in RAW264.7 macrophage cells of all
compounds were determined by Griess method,*® however, none of those compounds showed obvious

activity.

EXPERIMENTAL

General experimental procedures.

Optical rotations were determined using a PerkinElmer polarimeter (Perkin Elmer Instruments (Shanghai)
Co., Ltd., Waltham, America) with a sodium lamp operating at 598 nm and 20 °C. The HR-ESI-MS data
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were measured using a Q-TOF micro mass spectrometer (Waters, Milford, America). The 1D and 2D NMR
spectra were recorded on a Bruker AV 400 NMR spectrometer (Brock Technology Co., LTD, Karlsruhe,
Germany) with TMS as an internal standard. Thin-layer chromatography silica gel GF 254 plates and silica
gel G and H (200—400 mesh) for column chromatography were purchased from Qingdao Ocean Chemical
Plant (Qingdao, China). TLC plates were precoated with silica gel GF254 (Qingdao Haiyang Chemical Co.,
Ltd., China) and visualized under a UV lamp at 254 nm or by spraying the Dragendorff’s reagent or by
iodine. Unless otherwise specified, the reagents and solvents used in this work were all commercially
available analytical or chemical grades and used directly without any purification.

Plant material.

Aconitum elliotii Lauener was collected from Bomé County, Nyingchi, Tibet, China, in August 2021 and
were identifed by Professor Guo-Dong Li of the Yunnan University of Chinese Medicine. A voucher
specimen (No. 3615HS20210805) was deposited in the School of Life Science and Engineering, Southwest
Jiaotong University.

Extraction and Isolation.

Dried and powdered roots of A. elliotii Lauener (40.0 kg) were extracted with 95% EtOH (3 x 20 L) at
room temperature for seven days. After removal of the solvent by evaporation, the EtOH extract (4.71 kg)
was obtained. The extract was suspended in H>O (5 L) and the pH was adjusted to 2.0 with 3% HCI solution,
and extracted with petroleum ether (3 x 2 L) and EtOAc (3 x 2 L). Then the pH of aqueous layer was
adjusted to 10.0 with 10% ag. NaOH solution and was extracted with CH2Cl> (4 x 2 L). The CH2Cl> extracts
were concentrated to obtain the alkaloid extract (397.39 g). The alkaloid extract was chromatographed on
a silica gel column, eluting with a PE-EtOAc-EtaNH (50:1:0.05-0:1:0.05) gradient system, to give fractions
(Fr.) A (15.23 g), B (55.86 g), C (31.68 g), D (29.8 g), E (2.27 g), F (32.82 g), G (41.34 g) and H (146.44
g) based on TLC analyses. Fr. A was further chromatographed on a silica gel column employing PE-EtOAc-
EtoNH (80:1:0.05-20:1:0.05) as eluent to afford Fr. A-1 (4.89 g), A-2 (1.06 g), A-3 (6.58 g) and A-4 (2.11
g). Fr. A-3 was separated on a silica gel colum (CH2Cl>-MeOH, 120:1-0:1) to obtain compounds 17 (177.6
mg), 18 (48.3 mg), 19 (49.6 mg) and 20 (92.4 mg). Separation of Fr. A-4 by silica gel column
chromatography using CH2Cl>-MeOH (100:1-0:1) as eluent provided compound 5 (103.8 mg). Fr. C and D
were loaded onto a silica gel column and eluted with CH.>Cl>-MeOH (100:1-0:1) to obtain compound 33
(13.8 mg) and compound 36 (196.0 mg). Fr. E was chromatographed on a silica gel column using PE-
EtOACc-Et2NH (100:2:0.5-20:2:0.5) as eluent to give Fr. E-1 (155.6 mg), E-2 (286.7 mg), E-3 (625.3 mg),
E-4 (284.9 mg), E-5 (42.1 mg), E-6 (229.8 mg) and E-7 (228.5 mg). Fr. E-1 were loaded onto a silica gel
column, eluting with CH2Cl>-MeOH (100:1-0:1) to obtain compounds 6 (51.8 mg) and 9 (21.6 mg).
Compounds 7 (38.1 mg), 8 (29.3 mg), 10 (12.8 mg) and 1 (6.8 mg) were obtained by purifying Fr. E-2 by
silica gel column eluting with PE -Et;NH (100:1-20:1). Fr. E-4 was isolated on a silica gel column eluted
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with PE -EtoNH (100:1-10:1) to yield compounds 11 (12.6 mg), 12 (19.5 mg), 13 (20.8 mg), 15 (23.9 mg)
and 16 (12.4 mg). Fr. E-5 and E-6 were subjected to silica gel column and eluted with CH>Cl>-MeOH (90:1-
0:1) to get compounds 14 (24.7 mg), 2 (34.6 mg) and 3 (20.5 mg). Chromatograph of Fr. E-7 over a silica
gel column, using CH2Cl>-MeOH (90:1-0:1) as eluent provided compound 34 (68.2 mg). Fr. F and G were
chromatographed together on a silica gel column with CH>Cl>-MeOH (80:1-0:1) as eluent to give Fr. G-1
(2.569 g), G-2 (12.460 g), G-3 (19.593 g), G-4 (14.926 g), G-5 (8.996 @), G-6 (10.302 g). Further
purification of G-4 and G-5 by silica gel column chromatography using PE-EtOAc-Et:NH (70:1:0.5-
10:1:0.5) as eluent gave compounds 21 (11.4 mg), 22 (9.9 mg), 23 (25.3 mg), 24 (9.4 mg), 25 (17.8 mg),
26 (8.4 mg), 27 (336.1 mg), 35 (11.3 mg); repeated chromatography of Fr. G-4 and G-5 on a silica gel
column (CH2Cl>-MeOH, 60:1-0:1) yielded compounds 28 (11.6 mg), 29 (6.8 mg), 30 (13.0 mg), 31 (24.8
mg), 32 (56.3 mg) and 4 (11.2 mg).

Elliotitine A (1)
White amorphous powder; [a]5 -40.6 (¢ 0.10, CHCIs); HR-ESI-MS m/z 612.3188 [M + H]* (calcd. for

Ca4H1sNQg, 612.3173); H and 3C NMR data see Table 1.

8-O-Ethylindaconitine (2)
White amorphous powder; [a]s +18.0 (c 0.20, CHCIs); HR-ESI-MS m/z 616.3479 [M + H]* (calcd. for

Ca4H19N Oy, 616.3486); 'H and 13C NMR data see Table 1.

8-O-Ethylbikhaconine (3)
White amorphous powder; [a]s +14.4 (c 0.20, CHCIs); HR-ESI-MS m/z 496.3294 [M + H]* (calcd. for

C27HsNOy7, 496.3274); *H and *3C NMR data see Table 1.

8-O-Ethylforesticine (4)
White amorphous powder; [a]5 +8.8 (¢ 0.10, CHCIs); HR-ESI-MS m/z 466.3180 [M + H]* (calcd. for

C26H43sNOg, 466.3169); *H and *3C NMR data see Table 2.

Isoatisinium chloride (5)
Colorless needle crystal; [a]> +110.7 (c 0.40, CH3OH); HR-ESI-MS m/z 344.2596 [M + H]* (calcd. for

C22H3sNO2.Cl, 344.2584).

Single-crystal X-ray crystallography of 5.
The colorless needle crystal of 5 was obtained from dichloromethane at room temperature for several days.

The crystal structure and absolute configuration of 5 were determined by the crystallography data collected
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on a Super Nova, Dual, Cu at zero, and exposed to graphite — monochro mated Mo Ka irradiation. The
crystal was kept at 293.15 K during data collection. Structure determination and refinement were performed
by using SHELXL program. Crystallographic data of 5 was deposited into Cambridge Crystallographic
Data Centre, and can be obtained free of charge from the CCDC Web site (www.ccdc.cam.ac.uk). CCDC
NO. 2244373 contains the supplementary crystallographic data for this paper.

Crystal data of 5: C22H3sNO».Cl (M = 378.94 g/mol), orthorhombic, space group P2:2:21, a = 7.7284(10)
A b=14.1348(19) A, c = 18.518(3) A, V = 2022.9(5) A3, Z = 4, T=293.15 K, un (MoKa) = 0.205 mm %,
Dcalc = 1.244 g/cm?®, Flack parameter = 0.07(5), 6094 reflections measured (6.17° < 20 < 52.744°), 3692
unique (Rint = 0.0470, Rsigma = 0.0866) which were used in all calculations. The final R was 0.0679 (I >
20(1)) and wR? was 0.1737, respectively.

Inhibitory activity of NO production

Inhibitory activities on NO production in RAW264.7 cells of all compounds isolated from Aconitum elliotii
Lauener were assayed according to the procedure described in literature.** RAW264.7 macrophage cells
were seeded in 96-well plates at a density of 8 x 10° cells/mL per well and coincubated with drugs (30
uM/mL) and LPS (1 pg/mL) for 24 h. The amount of NO was assessed by determining the nitrite
concentration in the cultured RAW264.7 macrophages supernatants with Griess reagent. Aliquots of
supernatants (100 pg/mL) were incubated, in sequence, with 50 puL 1% sulfanilamide and 50 pL 0.1%
naphthyl ethylenediamine in 2.5% phosphoric acid solution. The absorbance at 570 nm was read using a

microplate reader.

SUPPLEMENTARY DATA

Supplementary (synthesis of the starting azides, HPLC chromatograms, IR, *H and 3C NMR, MS spectra,
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