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Abstract: Objection To study the diterpenoid alkaloids and their chemotaxonomic significance in Aconitum paniculigerum, in
order to facilitate the identification and classification of this plant species. Methods Total alkaloids from A. paniculigerum were
separated and purified using silica gel column chromatography. The structures of the isolated compounds were identified by
HR-ESI-MS, 1D NMR and 2D NMR spectroscopic techniques. Additionally, the chemotaxonomic significance of these compounds
was explored through network analysis. Results A total of fifteen diterpenoid alkaloids and one isoquinoline alkaloid were isolated
from A. paniculigerum and identified as paniculine A (1), hypaconitine (2), sachaconitine (3), talatisamine (4), aconitine (5), neoline
(6), beiwudine (7), 12-epi-acetyldehydronapelline (8), 12-epi-19-dehydrolucidusculine (9), 15-acetylsongoramine (10), 12-epi-15-
acetylnapelline (11), 12-epi-napelline (12), songorine (13), yesoxine (14), mesaconitine (15) and glaucine (16). Conclusion Compound
1 was a new natural product, and the other compounds were isolated from this plant for the first time. Among them, compound 7 had a
limited distribution within the Aconitum genus and can serve as a potential chemotaxonomic marker for distinguishing A. paniculigerum
from other similar species, demonstrating significant chemotaxonomic value.
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53 J& Aconitum L2 EEF} (Ranunculaceae)
M AANEEE, 5 KL 400 Fi 2 FEAEE AR
KW, Tz AT ARG XM, Hodr, drE 2
5B RERNFENER L —, CRMED
200 M5k JEAEYIR . Sk SR AR Y DR HL 2 1 R
AV 25 A E T 52 B2 R Bk @M
() B PE 2 SRR T AR 7y, JCH AR A —
A BR . W02 Sk A Caconitine ) . 1 3k
(mesaconitine). X %3kH% (hypaconitine), X4t
i AR A R A M, R T A RSt
IR iR, HEMRSFEOETE. RES LM
MEAEZIN RN, HENEARP RS EAR
BN E. EhEESF, SLEEYEHT
BT GRRE . BRITH . P XU S 1, 3
ARG FAAUESE, 5k JB A K A B R 73
BAEPR. BUR. CMm S mER, NEiid
YIis RS2 it 1 = E i s,

[543k Aconitum paniculigerum Nakai /& —Ff
AR EIGHER 2 FAEREY), ST TR
PR AR SRRV AR ERE), FEAL G v,
ERL 77 4 DA B SIS B AN R], [ 5 Sk i AR 2
el “RD” M2y, AN B, FHAHRIUAH
R, MRIR, 2R, AREU. (SEHZZY) 10E
HIhfe B AR XGRS AT ER e, HarE A sh
G T IR HE Sk R G B HHRIE,  AHIE T 0T [
5SS B AT TR, L HAR 2 By B
133 16 MEAYD, 70 5 A 5 HE 2 5 FH (paniculine A,
1) WELHR Chypaconitine, 2). 3% & 26 T
(sachaconitine, 3). J&HiFH (talatisamine, 4).
13 3.8 Caconitine, 5)+ JE& ¥4 & (neoline, 6)- beiwudine
(7). 12-epi-acetyldehydro-napelline (8). 12-epi-19-
dehydrolucidusculine (9 ) . 15-acetyl-songoramine
(10). 12-epi-15-acetyl-napelline (11). 12-F KKk
i (12-epi-napelline, 12). 4R (songorine, 13).
yesoxine (14). 5 3kHH (mesaconitine, 15). ¥F
PSENY (glaucine, 16). Hrh, 1b&W 1 NE KM
Y ERE, LAY 2~16 BIAE IR EEDY)
BRIl N TR T R IE S AR S g
(3 HhAr, DARS HABAR IR Z A RS K B
KER, ROPFTIER FHED B AT 77028,

SINTRE AR YRR R AR AR P A oy, IR
BEERETNPRE SEY 1T a3
1 {UEEMH

Bruker Avance 400. 600MHz & REILHRAY (4
Bruker A #); ACQUITY UPLC/Xevo G2 QTOF
B RO R B A (E[E Waters AF]D; EYELA
OSB-2200 Y fig#4 7% KA C_EiE 5% B A PR A 7]D;
DLSB-2/20 BUMIKIR A HMIEI R (LTI
BERAHIRATD; SHZ-D (1D MYHEIEHKIEZL
AR (RTASRAES B IR A FD ;s G KT
fegE (Rl —ERIAERA R A R, ZF-20D 24
FE =AM e 0 CRilg =0 R O ACES )
HZK-FA110S YT RF (REEER TR AR
AFD; EEEAISER GF R TERAFD;
FEEIEER (BB THR A,

ASIGHEYIF I TAARR T EAHKE A G
B, A R B P O i B i A e D g L
BimEs N EERSLERESS L A
paniculigerum Nakai, ¥4 (CL20200629) &
R IE R Rl 5 TR AR
2 REESENE

BHE S Sk (10 kg) BUART-HEAHEE, {6 FH 95%
LIEVIRIRIL 6 IR (4dIKD, ¥ITH LRI &
HIUEIRSR, HFRDAEDIRE (1kg). fHIEK
(5 L) ¥R B, MM pH 2~3, B
Ji 43 TS ek IR AN R 2 R AR R X ) IR B K
W, A 2HELEDIIGE 7o A8 PR EUKCKS BR 1 1)
BRI 2 pH 9~10, FINA 5 H B EUE
13 A (50 @) o A S - F B (100 & 1~
10 DR R FEHE DL B AL 60~80 H IEAH
TR fRAE bl o BE VB, 7531 3 AN Fr. A~C. Fr.
A CRHTERAE T R, Doqms- S ke
ZJE (70:1:02~3:1:0.2) &IFMEERE:fiL
BEATRAREBEML, 193] 4 A5 Fr. Av~Ago Fr. Acfif
FHA Ik -BER L B8-— % (65 :1:01~1:1:
0.1) YERFEIH, £ 100~200 H IEARERF: (i
I EAS3) Fr. Apa~Fr. Ars, Fr. Api~Fr. Apsix 54
o>y AT A R PE AR R - — S - —
M (60 :1:0.1~3:1:0.1). Ayiilk-EEER 2. hs-
T (55:1:01~2:1:01). & FHkE-HE
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(60 : 1~10 : 1) A Mifk-BEIR 4 PE-— 2% (50 :
1:01~1:1:01), Z&Hke-FEE (50 0 1~10:
1), £ 200~300 HIEMEERAERERE 5 e, Hi
Fr. A 73 B R SGEY) 10 (11 mg), Fr. A 70 515
Btk &2 (92mg), Fr. Az S8 2LEY 8 (5
mg), Fr. A EE2IbEY 4 (10 mg) 116 (7
mg), Fr. Aus B EMLAEY 7 (10 mg). Fr. A
DUAT i k- — S pe- 2% (45:1:02~3:1:
0.2) NEIH, £ 200~300 H IEAHRERAFE tAikh
FELRIE, S2MLE 9 (6mg), Fr. Ag LLA i fik-Ft
FR 2 lE-— 2% (35 01 :0.4~1:1:0.1) AWsEhH,
REMLAEY 11 (20 mg) 114 (20 mg). Xf Fr. A
43T 100~200 H IEAHRER A, DL H -
HE (50 @ 1~5: 1) BREEVEIN, JE&E A s 2k
E415 (8.19). Fr. B RAFEEMTELEE, &
AR (45 0 1~5 1 1) #HT 200~300 H IE
FHRERAE (Bt 73 85, 438 Fr. By Al Fr. Byo Fr. By fif
FA A i Bk -BE 82 O Fg- 2% (30:1:01~1:1:
0.1) NiRtahAH, Fr. Bz LA iHEE-TA - — 2l (25 :
1:01~1:1:01) NahH, RELEMERE:
BB B, i3 RS9 3(15 mg) A1 5(25 mg).
Fr. C & IEAHAER A (i, DL S0 FF e- R (30 - 1~
1:D KWW, B33 3 N4 Fr. Ci~Cso X 3
ARG IEAHRER AL (RS 7 B, Fr. Co ik A i k-
T (20 1 1~3 D DM, /21 EY 6(20 mg),
Fr. Co fl Fr. Co i — & i e-HlE (201 1~1: D)
R RE LW, wiE s EEsam 1 (169, &
HorBEEEML Y 12 (20mg) F113 (20 mg).
3 HmExE

WG 1: ToEERREAE (SR - 4
1); mp 204.6~207.0 ‘C, HR-ESI-MS m/z: 298.222 9
[M+H]*, 735K CoHzzNO. 3L 541 1D NMR
AIHSQC A%, 31 HA LN (51 4.85, 2H,
m; dc 110.3 t, 146.3 s) 1 1 ANFHIEE (0w 0.95, 3H, s;

— IH-'H COSY

~~ X HMBC

dc 29.0 q). ZEEHIF BBC-NMR F1 HSQC % 4 #r
AL ZEYIEE 20 MRIET, BT Bl LA
F4h, HAMEFEHE 7 NWFRE (6c 19.7, 26.9,
29.8, 33.9, 34.1, 36.3, 62.9). 7 MNMKHFHE (5c 42.2,
445, 59.8, 61.3, 65.2, 67.7, 75.6) LAK 3 MERE (dc
38.1, 40.7, 49.7). VL LfE BIRZMMEW RIS E
B Coo- —WEAEMI. 4567, #FHha 1
MNEHE. 5O R EY) spirasine IXFHLL, KILH
SERIRAL, XAFETIREDD LA BERZ LA R
Bk o AR R NE R P AR R E A 22 2 MEJR
¥, HAE C9f7E 6c65.3(d) [HmEHEshE 5c 59.8
(d), 7EC-12 fi7 E 6c 53.4 (d) [ =IHBENE oc 42.2
(d), FIHEM C-11 7 pREE NI . 46
HMBC K3 3E47 041, on 4.03 (1H, t) 5 C-8 (6c
40.7 s). C-9 (5c 59.8 d). C-10 (dc 49.7 s). C-12 (dc
42.2 d). C-13 (6c 29.8 t). C-16 (dc 146.3 s) 1E7EAH
X, BHHFRFEAL T C-11 7. 7F NOESY Klifi H-5
5 H-9, H-9 5 H-11 AHC R OH-11 9 o Y.
T WA 1 B AR Co- —HiEWi, CHK
Z 0wk I X OB A AT S T A B A
Yt g U0-100, R, gAML AEWIAEDR, HENAL
G 1 BA 5 AR s A YR A ] 2 5 R
B BT RRIERE, AW 1 Mdsie (B D,
I 42 N B AE S B . PV spirasine IXiE4T
b, BEULEY 1, BACH FRE R IEEE -
KA FOIEIS — 4 ARG ER o A R
1T THh7E, WER 1 FoR.

WEY 2: 73\ CasHasNOwo, H KK
HR-ESI-MS m/z: 616.313 8 [M+H]*, 5y WK 2.
IH-NMR (400 MHz, CDCls) d: 8.02 (2H, dt, J = 1.5,
7.8 Hz, H-2', 6), 7.56 (1H, tt, J = 1.5, 7.4 Hz, H-4"),
7.44 (3H,t,J = 7.7 Hz, H-3', 5'), 4.86 (1H, brd, J = 4.8
Hz, H-14B), 4.44 (1H, dd, J = 3.0, 5.4 Hz, H-15p), 4.34
(1H, d, J = 2.7 Hz, 15-OH), 3.95 (1H, brd, J = 6.4 Hz,

#~ X\ NOESY

1 LAY 1 MEHRMXE 'H-'H COSY. HMBC #1 NOESY #Hx%
Fig. 1 Chemical structure and key ‘H-'H COSY, HMBC and NOESY correlations of compound 1
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# 1 KA1 REEEHE (400/100 MHz, CDCls)
Table1 'H-NMR and *C-NMR data of compound 1 (400/100 MHz, CDCls)

DA Jc OH TR Jc OH
lo 269t 1.42 (overlapped) 11 67.7d 4,03 (t,J=5.1H2z)
1B 1.80 (overlapped) 12 42.2d 2.31 (overlapped)
2a 19.7t 1.42 (overlapped) 13a 29.8t 0.98 (overlapped)
2B 1.63 (m) 13b 1.91 (m)
3a 341t 1.42 (overlapped) 14 445d 1.80 (overlapped)
3B 1.27 (m) 15a 339t 2.16 (dt, J=17.9, 2.3 Hz)
4 38.1s 158 2.24 (dt, J=17.9, 2.3 Hz)
61.3d 1.48 (s) 16 146.3 s
65.2d 3.14 (m) 17 110.3 t 4.85 (m)
7a 36.3t 1.54 (dd, J = 13.3,2.5 Hz) 18 29.0q 0.95 (s)
7B 1.68 (dd, J = 13.3, 2.5 Hz) 19a 629t 2.34 (d, J=12.4 Hz)
40.7 s 19b 2.47 (d, J=12.4 Hz)
59.8d 1.35(d, J =2.0 Hz) 20 75.6d 2.31 (overlapped)
10 49.7s

2 R = OMe; Ry=H; R3= OMe; Ry= OMe; Rs= OAc; Rg= OH; R;= OBz; Rg= OH; R=H

3 Ry= OMe; R,= H; R3=H; R4= H; Rs= OH; Rg= H; R;= OH; Rg= H; Rg= Me

4 R|= OMe; R,=H; R3= OMe; Ry= OMe; Rs= OH; Rg=H; R;= OH; Rg= H; Ro= Me

5 R|= OMe; R,= OH; R;= OMe; R4= OMe; Rs= OAc; Rg= OH; R= OBz; Rg= OH; Ry= Me
6 R,= OH; Ry= H; Ry= OMe; Ry= OMe; Rs= OH; Rg= H; R;= OH; Rg= H; Rg= Me

; 8 R,= OAc; R= OH 10 11 R = OAc
9 R,=OH; Ry= OAc 12R,=OH
MeO

AcO

13 14 15 16

2 k&Y 2~16 MILEH
Fig. 2 Chemical structures of compounds 2—16

H-6p), 3.72 (3H, s, -OMe), 3.95 (1H, brs, 13-OH), 3.60  3.14 (3H each, s, 3X-OMe), 2.33 (3H, s, -NCHa),
(1H, d, J = 8.4 Hz, H-18a), 3.06 (1H, d, J = 8.4 Hz,  1.36 (3H, s, OCOCH3s-8): BC-NMR (100 MHz,
H-18b), 3.30 (1H, brd, J = 5.3 Hz, H-160), 3.27,3.26,  CDCls) o: 84.9 (C-1), 26.3 (C-2), 34.6 (C-3), 39.3
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(C-4), 48.0 (C-5), 83.2 (C-6), 44.6 (C-7), 91.9 (C-8),
44.0 (C-9), 41.1 (C-10), 50.0 (C-11), 36.3 (C-12), 74.2
(C-13), 78.9 (C-14), 79.0 (C-15), 90.2 (C-16), 62.4
(C-17), 80.2 (C-18), 56.1 (C-19), 42.7 (C-21), 56.6
(1-OMe), 58.1 (6-OMe), 61.1 (16-OMe), 59.1
(18-OMe), 172.5 (OCO-8), 21.5 (OCOCH;-8), 166.2
(OCO-14), 129.9 (C-1"), 129.7 (C-2', 6"), 128.7 (C-3,
5", 133.3 (C-4"). il HdR & ikt LA — 302,
W e A 2 IR Sk

& 3: 13 CuHxNOs, H MK
HR-ESI-MS m/z: 392.853 8 [M+H]*, £ty WA 2.
'H-NMR (400 MHz, CDCls) ¢: 4.78 (1H, d, J = 3.9
Hz, 14-OH), 4.12 (1H, dd, J = 3.0, 4.9 Hz, H-14p),
3.60 (1H, s, 6-OH), 3.40 (1H, brd, J = 10.3 Hz, H-16),
3.33, 3.24 (3H each, s, 2X-OMe), 3.11 (1H, s, H-17),
3.07 (1H, dd, J =10.9, 6.6 Hz, H-1), 2.34 (2H, m,
H-21), 2.17 (2H, m, H-2), 2.02 (1H, m, H-9), 1.95
(1H, m, H-13), 1.81 (1H, d, J = 6.6 Hz, H-5), 1.67
(1H, m, H-3a), 1.19 (1H, m, H-3b), 1.40 (1H. m,
H-10), 1.03 (3H, t, J = 7.1 Hz, -NCH,CH3), 0.76 (3H,
s, H-18); 13C-NMR (100 MHz, CDCl3) §: 86.8 (C-1),
25.3 (C-2), 38.1 (C-3), 34.8 (C-4), 51.0 (C-5), 26.4
(C-6), 47.2 (C-7), 73.1 (C-8), 47.2 (C-9), 37.7 (C-10),
49.1 (C-11), 27.9 (C-12), 45.9 (C-13), 75.8 (C-14),
38.6 (C-15), 82.4 (C-16), 62.7 (C-17), 26.4 (C-18),
57.0 (C-19), 49.6 (C-21), 13.8 (C-22), 56.5 (1-OMe),
56.6 (6-OMe). iR % 48 SCHifox bl R AR — 21231,
WA 3 N E ST .

WEY 4: T3 CuHoNOs, H K
HR-ESI-MS m/z: 422.251 8 [M+H]*, Z5#4 W& 2.
'H-NMR (400 MHz, CDClIg) 6: 4.81 (1H, brs, 14-OH),
4.12 (1H, t, J = 5.3 Hz, H-14), 3.61 (1H, s, 6-OH),
3.40 (1H, brd, J = 10.7 Hz, H-16), 3.35, 3.31, 3.27
(3H each, s, 3X-OMe), 3.15 (1H, s, H-17), 3.05
(1H, d, J = 9.0 Hz, H-18a), 2.98 (1H, d, J = 9.0 Hz,
H-18b), 2.37 (2H, m, H-21), 2.08 (1H, m, H-9), 2,02
(1H, m, H-13), 1.81 (1H, d, J = 6.4 Hz, H-5), 1.44
(1H, m, H-10), 1.07 (3H, t, J = 7.2 Hz, -NCH,CH):
3C-NMR (100 MHz, CDCls) 6: 86.5 (C-1), 26.0
(C-2), 32.9 (C-3), 38.8 (C-4), 47.7 (C-5), 24.8 (C-6),
45.9 (C-7), 73.0 (C-8), 47.1 (C-9), 46.2 (C-10), 48.8
(C-11), 27.8 (C-12), 36.0 (C-13), 75.7 (C-14), 38.4
(C-15), 82.4 (C-16), 63.1 (C-17), 79.6 (C-18), 53.5

(C-19), 49.7 (C-21), 13.8 (C-22), 56.5 (1-OMe), 56.6
(16-OMe), 59.6 (18-OMe). _iRHdiss k%) Eb A
— M, WA 4 PSR

WEY) 5: T3 CaHaNOwu, K
HR-ESI-MS m/z: 646.322 1 [M+H]*, £t LK 2.
'H-NMR (400 MHz, CDCls) ¢6: 8.02 (2H, brd, J = 7.0
Hz, H-2', 6", 7.57 (1H, brt, J = 7.4 Hz, H-4"), 7.45
(3H, brt, J = 7.6 Hz, H-3', 5"), 4.86 (1H, d, J = 5.0 Hz,
H-14p), 4.46 (1H, dd, J = 5.4, 2.8 Hz, H-15), 4.38
(1H, d, J = 2.8 Hz, 15-OH), 4.03 (1H, brd, J = 8.4 Hz,
H-6), 3.94 (1H, brs, H-3), 3.74, 3.29, 3.26, 3.16 (3H
each, s, 4X-OMe), 3.62(1H, d, J = 9.0 Hz, H-18a),
2.71 (1H, d, J = 9.0 Hz, H-18b), 3.33 (1H, d, J = 5.4
Hz, H-16), 3.10 (1H, brs, H-1), 2.83 (1H, brs, H-7),
1.38 (3H, s, 8-OCOCHj3), 1.09 (3H, t, J = 7.1 Hz,
-NCH,CH3); 3C-NMR (100 MHz, CDCls) J: 82.6
(C-1), 35.9 (C-2), 71.6 (C-3), 43.2 (C-4), 46.8 (C-5),
83.5 (C-6), 44.8 (C-7), 92.1 (C-8), 44.3 (C-9), 41.0
(C-10), 50.1 (C-11), 33.7 (C-12), 74.2 (C-13), 79.0
(C-14), 79.0 (C-15), 90.1 (C-16), 61.2 (C-17), 76.9
(C-18), 49.1 (C-19), 47.2 (C-21), 13.4 (C-22), 56.1
(1-OMe), 582 (6-OMe), 61.3 (16-OMe), 59.3
(18-OMe), 173.1 (OCO-8), 21.6 (OCOCH3-8), 166.2
(OCO0-8), 129.9 (C-1%), 129.7 (C-2', 6"), 128.8 (C-3,
5", 133.4 (C-4"). bl % 4 SCwkoxnt b AR — 3509,
W e AW 5 53K

&Y 6: 13 CauaHoNOs, H M K;
HR-ESI-MS m/z: 438.285 9 [M+H]*, 45k LI 2.
'H-NMR (400 MHz, CDCl3) 6: 4.20 (1H, t, J = 5,4
Hz, H-14), 4.16 (1H, brd, J = 6.5 Hz, H-6), 3.65 (1H,
brs, H-1), 3.33, 3.33, 3.32 (3H each, s, 3X-OMe),
3.63 (1H, d, J = 8.1 Hz, H-18a), 3.24 (1H, d, J = 8.1
Hz, H-18b), 2.69 (1H, d, J = 10.5 Hz, H-19a), 2.32
(1H, d, J = 10.5 Hz, H-19b), 2.66 (1H, brs, H-17),
1.98 (1H, brs, H-7p), 1.86 (1H, m, H-2), 1.50 (1H, m,
H-2b), 1.55 (2H, m, H-3), 1.11 (3H, t, J = 7.2 Hz,
-NCH;CH3); 3C-NMR (100 MHz, CDCls) §: 72.3
(C-1), 29.4 (C-2), 29.8 (C-3), 38.2 (C-4), 45.0 (C-5),
83.2 (C-6), 52.3 (C-7), 74.4 (C-8), 48.4 (C-9), 40.5
(C-10), 49.6 (C-11), 29.5 (C-12), 44.2 (C-13), 76.1
(C-14), 43.0 (C-15), 82.0 (C-16), 63.8 (C-17), 80.4
(C-18), 57.1 (C-19), 48.4 (C-21), 13.2 (C-22), 58.0
(OMe-6), 56.4 (OMe-16), 59.3 (OMe-18). _FiA%dE
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28 SCHR T LI AR — 502, e et S 6 N JE R .
tEY 7: 13 CaHaNOs, FEH)K;

HR-ESI-MS m/z: 556.289 7 [M+H]*, 454 WK 2.
'H-NMR (400 MHz, CDCls) ¢: 8.07 (2H, brd, J = 8.2
Hz, H-2', 6'), 7.57 (1H, brt, J = 7.4 Hz, H-4"), 7.46
(3H, brt, J = 7.7 Hz, H-3', 5"), 6.16 (3H, t, J = 6.4 Hz,
H-7), 5.05 (1H, brs, H-14), 5.04 (1H, brs, H-15), 4.56
(1H, d, J = 6.3 Hz, H-6), 4.37 (1H, s, H-17), 3.69,
3.37, 3.27, (3H, s, 3X-OMe), 3.16(1H, d, J = 9.1 Hz,
H-18a), 3.05 (1H, d, J = 9.1 Hz, H-18b), 2.93 (1H, d,
J = 5.8 Hz, H-16), 2.69 (1H, m, H-10), 2.30 (1H, s,
H-5), 2.05 (2H, m, H-12), 1.02 (3H, t, J = 7.2 Hz,
-NCH,CH3); 3C-NMR (100 MHz, CDCls) ¢: 86.5
(C-1), 24.5 (C-2), 32.9 (C-3), 38.0 (C-4), 47.7 (C-5),
74.5 (C-6), 124.0 (C-7), 138.6 (C-8), 42.9 (C-9), 47.7
(C-10), 50.7 (C-11), 39.1 (C-12), 76.7 (C-13), 74.9
(C-14), 83.5 (C-15), 94.5 (C-16), 92.8 (C-17), 79.1
(C-18), 52.2 (C-19), 49.3 (C-21), 13.2 (C-22), 57.1
(1-OMe), 61.7 (16-OMe), 59.6 (18-OMe), 166.8
(OCO0-14), 130.1 (C-1'), 130.0 (C-2, 6), 128.7 (C-3',
5%, 133.4 (C-4"). IR EGHHLZ SCHRAT bl J AR — S ],
WU E AL AW 7 N beiwudine.

WwEY) 8: TLMRY), ¥ 30 CasHazNOas
HR-ESI-MS m/z: 400.252 0 [M+H]*, Z5# L& 2.
IH-NMR (400 MHz, CDCls) ¢: 5.19, 5.18 (1H each,
brs, -C=CH,), 4.17 (1H, dd, J = 8.0, 3.9 Hz, H-120),
4.01 (1H, d, J = 4.9 Hz, H-1p), 3.68 (1H, s, H-19),
2.86 (1H, dd, J = 8.9, 4.7 Hz, H-13), 2.73 (1H, brs,
H-20), 2.85 (1H, m, H-21a), 2.67 (1H, m, H-21b),
2.14 (3H, s, OCOCHs;-12), 1.00 (3H, t, J = 7.2 Hz,
-NCH,CHs), 0.81 (3H, s, H-18); *C-NMR (100 MHz,
CDCls) ¢: 67.8 (C-1), 29.8 (C-2), 24.8 (C-3), 37.9
(C-4), 48.5 (C-5), 24.0 (C-6), 46.0 (C-7), 50.0 (C-8),
34.7 (C-9), 52.0 (C-10), 32.1 (C-11), 67.4 (C-12), 42.7
(C-13), 32.1 (C-14), 77.3 (C-15), 152.0 (C-16), 114.1
(C-17), 19.1 (C-18), 93.0 (C-19), 65.8 (C-20), 48.4
(C-21), 144 (C-22), 1711 (OCO-12), 218
(OCOCH3-12). iR #a £ Sk Xy b F A — 201,
W e &4 8 N 12-epi-acetyldehydronapelline.

WwEY) 9: TRy, 73 CaaHasNOas
HR-ESI-MS m/z: 400.2480 [M+H]*, Z5t4 LA 2.
IH-NMR (400 MHz, CDCI3) ¢: 5.55 (1H, t, J = 2.0
Hz, H-15), 5.15 (2H, brs, H-17), 4.17 (1H, t, J = 7.0

Hz, H-12), 4.02 (1H, d, J = 5.3 Hz, H-1), 3.67 (1H, s,
H-19), 2.85 (1H, dd, J = 8.5, 4.6 Hz, H-13), 2.73 (1H,
s, H-20), 2.14 (3H, s, OCOCHz-15), 0.99 (3H, t, J =
7.2 Hz, -NCH2CHa), 0.80 (3H, s, H-18); 13C-NMR
(100 MHz, CDCl3) d: 67.7 (C-1), 29.9 (C-2), 24.8
(C-3), 37.9 (C-4), 45.9 (C-5), 24.0 (C-6), 48.5 (C-7),
49.9 (C-8), 34.6 (C-9), 51.9 (C-10), 30.9 (C-11), 67.4
(C-12), 42.8 (C-13), 32.1 (C-14), 77.2 (C-15), 148.5
(C-16), 114.0 (C-17), 19.1 (C-18), 92.9 (C-19), 65.7
(C-20), 48.4 (C-21), 14.3 (C-22), 171.2 (OCO-15),
21.8 (OCOCH3-15), i 4 28 Sk it b Sk A —
;s A& 9 A 12-epi-19-dehydro-
lucidusculine.

WEY) 10: REOHIR, 43T 3 CauHaiNOas
HR-ESI-MS m/z: 398.897 8 [M+H]*, £t LK 2.
'H-NMR (400 MHz, CDCls) 6: 5.65 (1H, t, J = 2.5
Hz, H-15), 5.26 (1H, s, H-17a), 4.96 (1H, s, H-17b),
3.99 (1H, d, J = 5.3 Hz, H-1), 3.72 (1H, s, H-19), 3.17
(1H, d, J = 4.3 Hz, H-13), 2.86 (1H, s, H-20), 2.15
(3H, s, OCOCH3-15), 0.99 (3H, t, J = 7.2 Hz, -NCH,CHj),
0.81 (3H, s, H-18); 3C-NMR (100 MHz, CDCly) ¢:
67.8 (C-1), 29.5 (C-2), 24.6 (C-3), 38.0 (C-4), 48.2
(C-5), 24.1 (C-6), 46.2 (C-7), 49.4 (C-8), 32.9 (C-9),
51.7 (C-10), 32.8 (C-11), 208.5 (C-12), 53.2 (C-13),
34.7 (C-14), 77.1 (C-15), 144.4 (C-16), 113.2 (C-17),
19.0 (C-18), 92.9 (C-19), 66.0 (C-20), 48.4 (C-21),
14.3 (C-22), 170.7 (OCO-15), 21.6 (OCO-CH3-15). k-
TR HHE 22 SRS EE R AR — B0, e S 10
A 15-acetylsongoramine.

tAEY) 11 T30 CuHsNOs, H R
HR-ESI-MS m/z: 402.2659 [M+H]*, 45ty L& 2.
'H-NMR (400 MHz, CDCls) §: 5.55 (1H, brs, H-17a),
5.20 (1H, brs, H-17b), 5.12 (1H, brs, H-15), 4.15 (1H,
m, H-12), 3.89 (1H, dd, J = 6.0, 7.0 Hz, H-1), 3.29
(1H, brs, H-20), 2.82 (1H, dd, J = 4.1, 9.0 Hz, H-13),
2.10 (3H, s, OCOCHs-15), 1.03 (3H, t, J = 7.2 Hz,
-NCH,CHs), 0.74 (3H, s, H-18); *C-NMR (100 MHz,
CDCls) ¢: 69.6 (C-1), 31.6 (C-2), 35.9 (C-3), 33.9
(C-4), 48.4 (C-5), 23.8 (C-6), 43.7 (C-7), 50.2 (C-8),
38.3 (C-9), 52.6 (C-10), 30.2 (C-11), 66.9 (C-12), 43.8
(C-13), 32.7 (C-14), 76.9 (C-15), 149.5 (C-16), 113.9
(C-17), 26.6 (C-18), 58.3 (C-19), 66.1 (C-20), 51.0
(C-21), 135 (C-22), 171.0 (OCO-15), 218
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(OCOCH3-15). [ ik #4228 SRR AT bb e A — 5200,
W E AL A 11 N 12-epi-15-acetylnapelline .

e 12: AEREK, 413 CrpHiNOs;
HR-ESI-MS m/z: 360.256 4 [M+H]*, 4544 WK 2.
IH-NMR (400 MHz, CDCls) d: 5.14 (1H, brs, H-17a),
4.96 (1H, brs, H-17b), 4.04 (1H, brs, H-15), 3.95 (1H,
m, H-12), 3.69 (1H, dd, J = 6.0, 8.0 Hz, H-1), 3.34
(1H, brs, H-20), 2.14 (1H, d, J = 4.9 Hz, H-7), 1.51,
1.12 (1H each, d, J = 12.0, 12,0 Hz, H-14), 1.26 (3H,
t, J = 7.2 Hz, -NCH.CH3), 0.71 (3H, s, H-18);
3C-NMR (100 MHz) ¢: 68.8 (C-1), 30.3 (C-2), 36.5
(C-3), 35.6 (C-4), 47.4 (C-5), 23.2 (C-6), 44.5 (C-7),
49.7 (C-8), 39.9 (C-9), 53.7 (C-10), 29.9 (C-11), 67.3
(C-12), 43.6 (C-13), 32.3 (C-14), 76.2 (C-15), 152.1
(C-16), 113.2 (C-17), 25.6 (C-18), 57.2 (C-19), 66.3
(C-20), 54.6 (C-21),10.3 (C-22). iR %¥EL: k%t
bl AR — S50, et e A B 12 D 12-3R B 3K

e 13: AR, 413 CpHuNOs;
HR-EI-MS m/z: 358.232 5 [M+H]*, &5H WK 2.
IH-NMR (400 MHz, CDCls) &: 5.29 (1H, brs, H-17a),
5.19 (1H, brs, H-17b), 4.34 (1H, brs, H-15), 3.84 (1H,
dd, J = 6.8, 9.2 Hz, H-1), 3.44 (1H, brs, H-20 ), 3.33
(1H, dd, J = 17.3, 7.0 Hz, H-11a), 3.05 (1H, d, J = 3.9
Hz, H-13), 2.53, 2.43 (1H, each, m, H-21), 2.49, 2.21
(1H each, m, H-19), 2.34 (1H, dd, J = 11.4, 7.1 Hz,
H-11p), 2.15, 1.93 (1H each, m, H-2), 1.73 (1H, dd,
J=11.4, 7.1 Hz, H-9), 1.59 (1H, dt, J = 13.4, 3.1 Hz,
H-3p), 1.45 (1H, dd, J = 12.5, 4.1 Hz, H-14), 1.34
(1H, m, H-30), 1.06 (3H, t, J = 7.2 Hz, -NCH,CHy),
0.76 (3H, s, H-18); 3C-NMR (100 MHz, CDCls) ¢:
70.5 (C-1), 31.8 (C-2), 32.3 (C-3), 34.2 (C-4), 49.3
(C-5), 23.3 (C-6), 43.6 (C-7), 52.3 (C-8), 35.3 (C-9),
50.1 (C-10), 38.3 (C-11), 210.2 (C-12), 53.9 (C-13),
37.5 (C-14), 77.4 (C-15), 151.1 (C-16), 111.6 (C-17),
26.2 (C-18), 57.4 (C-19), 66.2 (C-20), 51.1 (C-21),
13.7 (C-22). L iR%qds 2 SCikxd b A —F(2Y,
WA 13 WRER .

wEY 14: AR, 75T CasHsNOg;
HR-ESI-MS m/z: 446.245 9 [M+H]*, Z5H4 W& 2.
IH-NMR (400 MHz, CDClIs) §: 5.04 (1H, dd, J = 7.9,
4.1 Hz, H-13), 4.79 (1H, d, J = 10.2 Hz, H-1), 4.15
(1H, s, H-20), 3.21, 2.46 (1H each, d, J = 5.3, 5.3 Hz,
H-17), 2.66 (1H, dd, J = 14.2, 7.8 Hz, H-6p), 2.47,

2.31 (1H each, m, H-19), 2.24 (3H, s, -NCH3), 2.04
(3H, s, OCOCHz-1), 2.03 (3H, s, OCOCH;-13), 2.21
(1H, d, J = 5.6 Hz, H-7), 1.20 (1H, m, H-6a), 0.70
(3H, s, H-18); 3C-NMR (100 MHz, CDCls) §: 73.0
(C-1), 26.1 (C-2), 37.1 (C-3), 34.2 (C-4), 51.7 (C-5),
22.9 (C-6), 41.3 (C-7), 44.4 (C-8), 47.9 (C-9), 45.3
(C-10), 22.8 (C-11), 44.0 (C-12), 69.9 (C-13), 40.0
(C-14), 76.9 (C-15), 62.3 (C-16), 46.3 (C-17), 26.4
(C-18), 51.7 (C-19), 69.6 (C-20), 44.0 (C-21), 170.0
(OCO-1), 21.3 (OCOCHs-1), 170.6 (OCO-13), 21.4
(OCOCH3-13). _IR%dEE STk LEIEA—E(A, i
WAL & 14 2N yesoxine.

&Y 15: AERR, 45 F3 CssHasNOuw;
HR-ESI-MS m/z: 632.310 1 [M+H]*, £t LK 2.
'H-NMR (400 MHz, CDCls) §: 8.02 (2H, dt, J = 1.2,
7.0 Hz, H-2', 6), 7.57 (1H, tt, J = 1.2, 7.4 Hz, H-4"),
7.45 (3H, tt, J = 1.2, 7.7 Hz, H-3', 5), 4.85 (1H, brd,
J = 5.1 Hz, H-140), 4.45 (1H, dd, J = 3.0, 5.4 Hz,
H-15p), 4.34 (1H, d, J = 3.0 Hz, 15-OH), 4.02 (1H,
brd, J = 6.4 Hz, H-60), 3.92 (1H, brs, 13-OH), 3.74
(1H, overlapped, H-3), 3.73, 3.29, 3.27, 3.15 (3H, 5, 4 X
-OMe), 3.62 (1H, d, J = 9.1 Hz, H-18a), 3.53 (1H, d,
J = 9.1 Hz, H-18b), 3.32 (1H, brd, J = 4.8 Hz, H-16a),
3.09 (1H, dd, J = 6.2, 9.6 Hz, H-1), 3.05 (1H, brs,
H-17), 2.33 (3H, s, -NCH3), 1.37 (3H, s, OCOCH3-8);
3C-NMR (100 MHz, CDCls) ¢: 83.3 (C-1), 35.9
(C-2), 71.8 (C-3), 43.6 (C-4), 46.7 (C-5), 82.5 (C-6),
44.4 (C-7), 92.0 (C-8), 43.8 (C-9), 41.0 (C-10), 50.1
(C-11), 34.2 (C-12), 74.2 (C-13), 79.0 (C-14), 79.0
(C-15), 90.1 (C-16), 62.3 (C-17), 76.4 (C-18), 49.6
(C-19), 42,5 (C-21), 56.5 (1-OMe), 58.1 (6-OMe),
61.2 (16-OMe), 59.2 (18-OMe), 172.6 (OCO-8), 21.6
(OCOCH3-8), 166.2 (OCO-14), 129.9 (C-1'), 129.7
(C-2', 6, 128.8 (C-3', 5'), 133.4 (C-4"). LiR¥i4E
2 SCHRN PSR — B2, e e & 15 R 5
LA o

&Y 16: R EAE (& -AHED,
ﬁ%fﬁ C21H25NO4; HR-ESI-MS m/z: 356.224 1 [M+
H]*, 4544 L 2. 'H-NMR (400 MHz, CDCls) 6: 8.04
(1H, s, H-11), 6.73 (1H, s, H-8), 6.53 (1H, s, H-3),
3.86, 3.85, 3.81, 3.60 (3H each, s, 4X-OMe), 2.47
(3H, s, -NCH3); 3C-NMR (100 MHz, CDCl3) d: 144.5
(C-1), 152.2 (C-2), 1105 (C-3), 29.5 (C-4), 53.4
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(C-5), 43.8 (C-6), 34.4 (C-7), 111.0 (C-8), 148.2
(C-9), 147.7 (C-10), 111.8 (C-11), 124.6 (C-1a), 128.8
(C-1b), 127.1 (C-3a), 62.6 (C-6a), 129.2 (C-7a), 124.1
(C-11a), 60.3 (C-1), 559 (C-1), 56.0 (C-1), 56.1
(C-1). _idHmas SOkt LS A — B3, wiehf s Ak
1 16 il B S .
4 RESIFEHLF
41 WMREE

AU E Y BT TS, LL “Aconitum”
MR sER, % Scifinder. Web of Science. 1 [E Y

EEEHAR N A WAV S VM AT R R
AT, FEGIERE FIC AT NSk g b2 Ak
AW AT s, FIH Cytoscape 3.10.2 BRI T
1 MBIz ok R I8, DTG 7R T A
WEPHEAFE MR At Ol W& 3 fos, W
0 (5] P AR R AT 70 N R 4 1 Sk b 4 B AS B AL &
Y, BRI B R iz A SR 2 1) 5 Sk R )
t E W B % . T HERI S HE (A 2 1 Sk SR A A
MRS (AtaE: BHEkR; B &L R;
gefh: MG R, K HihE SRR R

A o -
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A. S i
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F = . .4.-'e
A.vilmorinianum v -ii A
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Fig. 3 Compounds-species network
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