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EES

WE  MNAWES k(Aconitum leucostomum Vorosch.)H 4> B5 %] 13 AN wEE0%, XA HR-ESI-MS, 1D NMR #il 2D
NMR SERE SR E T ENTEH. i — A8 Cis W EWm: 57, HAaovCmibsdy. FRn5% 7 IHidf
12 MEEVRT T SER I 3 W4 AR GG, 45 SRR AL G W e T 2 2 e BRURT R 2 Sk RS ME AU (ECsp < 1
mg/cm?), HUE N-acetylsepaconitine, ¥ % B A1 N-25 2 Bk 1% 1 3 (ECsp<2 mg/em?).
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Diterpenoid Alkaloids from Aconitum leucostomum and
Their Antifeedant Activity
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Abstract A new C,g diterpenoid alkaloid, leucostonine (1), was isolated from the whole plant of Aconitum leucostomum
Vorosch., together with twelve known diterpenoid alkaloids. Their structures were elucidated on the basis of extensive spec-
troscopic analysis, including HR-ESI-MS, 1D NMR and 2D NMR spectra. 12 compounds were tested for their antifeedant
activity against larvae of Spodoptera exigua Hiibner. Anthranoyllycoctonine and avadharidine showed considerable potent
antifeedant activity (ECso<1 mg/em?), followed by N-acetylsepaconitine, finaconitine and N-deacetylappaconitine (ECsy<2

mg/cm?).

Keywords aconitum; Aconitum leucostomum; diterpenoid alkaloid; leucostonine; antifeedant activity

AR A I B A AR, RN SCRA
HRL B, POOBKHE . PR, SRR AR
LA 2 AP A YIS T MR 2 AT 90, 2y
MEL KR, REBM CHEERHR Ak
(Aconitum leucostomum Vorosch.) NE R L EEY),
FEAG T EGEE. HRPaAEE(LY), mpE i
WA AR B (AT 258D 08, Mk SKTERREE 5
RIRIENE SRR SR, HoR¥. 3K 3 K5, #
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ESI-MS. IR. 1D NMR fll 2D NMR %53 i 35 AR DL & &
SCHR LSS E S T EAMMARE D, Hb—1 Rk
S B A= Y0 leucostonine (1), 4 12 MEEMLED)
BHE 7 A Cig B nGEPR: acosepticine (2), MEZH%
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(leucostine, 3), # & 7€ (lappaconidine, 4), Hl & 7
(lapaconine, 5), N-acetylsepaconitine (6), #% 2 il
(finaconitine, 7)1 N-2 Z. Bt 5 % & (N-deacetylappa-
conitine, 8), 4 N Cyo M 5 EMHE: acosanine (9), del-
phatine (10), %15 1% 4 i B8 (anthranoyllycoctonine, 11)
FZR 5 3k 5E (avadharidine, 12), PAN—A> Cyo B —#54EW)
BB 2 5 (denudatine, 13). AR5 7 H 12 Mud
Wkt SR AT HU AR Vs .

1 HR510R

W& 1 A tE A, MR SR, @il HR-
ESI-MS B o] iz &9 5 7308 CyuH3sNOs (m/z:
394.2584 [M+H]", calcd for 394.2593). IR itk otk &
W1 PR HE(3392 cm ). S5 &AW 1 1) 'H NMR.
BC NMR EiEF DEPT i, #HHEHE MR LIEoy
1.09 (t, J=7.2 Hz, 3H); dc 50.6 t, 13.9 q], Pi & IE[oy
3.40 (s, 3H), dc 57.8 q; 0y 3.35 (s, 3H), dc (56.4 q)]. #H—
#43Hr °C NMR 5 DEPT B AT 514 &4 1 ik 18
ARIEF, 430058 6 ANEH (S 24.0, 29.4, 29.9, 36.4,
37.3 A1 53.6), 9 MR EE(Sc 33.7, 37.1, 40.4, 43.3, 47.0,
65.0, 72.6, 82.8 1 85.0)F1 3 NZh (5 49.2, 77.4 F1 86.2),
HEMZ AL A PIRLA Cop B i AR, °C NMR %8 nT
HLED 1 E A B EHBARIIRAE S, BRI
FELLAR, HEWAL S 1 hIE S 3 AR HMBC K
(B 2y, B H IS S [0n 3.40, 3.35 (each s, 3H)]%
W5 C-14 (5¢c 85.0)F1 C-16 (Oc 82.8)A AL %, A% 2

OCH;

AR HIAL T C-14 F1 C-16 £, 204 HMBC K3,
H-2 (04 1.55)F1 H-5 (04 1.85)5 C-1 (5¢ 72.6)FH #H=%, [F]
I5F, #£ "H NMR 1 H-1 (6y 3.64)8— A5 5lg H C-1
WHEEHE N 6c 72.6, AIHT C-13ER —A a TR FR LD,
HE—20H HMBC K3, H-6a (04 1.43)F1 H-15a (dy
2.92)5 C-7 (6c 86.2)F HHIE, H-6 (91 1.43; 5y 2.43), H-10
(0 1.79) R H-14 (6 3.72)5 C-8 (6 77.4)H imFEM >, W]
DABA 2 A R AN R AL T C-7 Rl C-8 7. NOESY Kii%
i H-1 1 H-10, H-10 A1 H-14, H-16 Al H-17 A 4%, 7]
PLHE— 2D 5E C-1 MIFRIENIIZ A a AL, C-14 i FHAR L
N o WY, T C-16 7 AR N pRRY. ZE BRI, fhh
P01 58 % %€ 4 leucostonine (1) (B 1).

WA 2~13 ROFIED, GPE T 5 TS
PEXTHE KB4 5E N acosepticine (2), ML B (3)7,
252 @), #il254(5)P, N-acetylsepaconitine (6)!'",
LM, N-E2FEE SRR (8)!'Y, acosanine (9)!'Y,
delphatine (10)"), & i Mt 5 4 fm i (D)™, % 13 3k &
(12) VR = (13)10, b, (b A2, 4~7,9, 12 /1
13 N IR ZAEY 4y B3 3.

KA G RREE R T A Sk 7 Crg, 4 4
Co 1 1A Coo il A= WIHH NS Bl S R MR (Spodoptera exigua
Hiibner) 3 W4 dUA4E &g 1, DL SKBECH TR, 45 5800
® 2. NEPHUEH, Cis ZiAEMmmt, i1 )
&5 6, 7 F1 8 (ECso<2 mg/em?), H KR 2, 4
Al 1 (ECso=8~21 mg/em?®), tb&W) 3 FEAKAIENE
(ECs5o>30 mg/em?); It UK Cg B il A= M0 )

0
OH OH
NH
12
H

B AR Sk > B AR R s AR

Figure 1 Diterpenoid alkaloids isolated from Aconitum leucostomum

F)CH3
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1 AW 1 R IR B EE (400 MHz for 'TH NMR, 100 MHz for *C NMR, CDCl;)
Table 1 NMR spectroscopic data of compound 1 (400 MHz for "H NMR, 100 MHz for *C NMR, CDCl,)

No. 'H NMR C NMR No. 'H NMR C NMR
1 3.64 br.s 72.6d 13 2.43¢ 37.1d
2 1.55%(a, B) 294t 14 3.72t(4.8) 85.0d
3 1.61°(B) 15 1.61°(B)
1,98 (a) 240t 2.92° () 36.4t
4 1.98¢ 33.7d 16 3.26t(8.4) 82.8d
5 1.85m 40.4d 17 2.63 br.s 65.0d
6 1.43d (14.4) (o) 19 2.53d(11.2) (o)
2.43°(B) 373t 3.16dd (4, 11.2) () 5361
7 — 86.2's 21 2.92¢ 50.6 t
8 — 77.4s 22 1.09t(7.2) 139¢q
9 2.20dd (4.8,7.2) 47.0d 14-OCH; 340s 57.8q
10 1.79 m 43.3d 16-OCH; 335s 56.4 q
11 — 49.2's
12 1.63 m(a)
1.98° (5) 299t
¢ Overlapped signals.
2 MRS Sk ik AR YRR SR AR BE I
Table 2 Antifeedant activities of the diterpenoid alkaloids iso-
lated from A. leucostomum against Spodoptera exigua Hiibner
(n=3)
ECs/(mgecm ?) ECsy/(mgecm ?)
— MH COosY Compd. (95% confidence limit) Compd. (95% confidence limit)
~ HMBC 1 20.75(14.09, 30.54) 8 1.88(1.12, 3.18)
2 8.59(5.98,12.36) 9 6.34 (2.66, 15.09)
B2 &1 K554 HMBC 5 "H-"H COSY #5%¢ 3 >30 10 6.75 (3.01, 15.12)
Figure 2 Key HMBC and 'H-'H COSY correlations of com- 4 17.65(11.10, 28.07) 11 0.73 (0.33, 1.62)
pound 1 5 ntf 12 0.84 (0.49, 1.45)
6 (0.85,1.73) 13 >60
7 1.45(0.75,2.81) Aconitine  0.02 (0.01, 0.11)

B3 a1 rocHE NOESY AHK

Fiture 3 Key NOESY correlations of compound 1
TEEVETEREAT T FCARAE. J34b, 1 Cio i EWHR, 1L
YA 12 KRS R AGR(ECs o<1 mg/
cm?), T 9 A1 10 FIFEFAHXT B ZE(ECso~T7 mg/em?), X
Y] C-18 AL 75 AP & oK F AT AL i B QR i
PET e BORFEM. Coo i EWIIN 13 X EH SR A
A IS M (ECso > 60 mg/em?).

2 S
Ve

Wil FE4R X (Brucker AVANCE DRX-400 1 600), i#
T ROB B35 A (ACQUITY UPLC I-Class) 5 P2 AT &

2.1
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“ nt: not test (insufficient compound available).

ATH (8] 154 (Xevo G2-S QTof) (waters A ), Z~T
Y (Netzsch Jupiter STA 449C), #7214k
X (Thermo Fisher Nicolet 6700), H & % Jig ¥ 1X
(Perkin-Elmer 341). ZHTH YMC AHEERIERL, EHT
AR EHEERE AR A 2230 ), BT AR G AT HGE
By A T, HAilkii s iirat.
2.2 I

FII %3k T 2015 4F 8 H R E T g ¥ w &,
EH R [ R 2 e B A A Bl 5% O DR E 9 LR
Sk(Aconitum leucostomum Worosch. ), £ fi(No. C. Ren
& L. Wang 735) A7 T H [E R e e pg i ) .

23 REOS57E

T A Sk el BB (10 k)R iEE, 0.1 mol/L
ERERVIZ 6 X, BIK 3 d, JERIRIE, FIEABEREN KIS
WRZERYE, FHE/KELE pH 9~10, ] CH,CL, %
G, BRRS L, 34k, GHFERGR, BUERYE, 504
YR (40 g).
1841
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SAEVIR A (40 )& RERAEEHT[100~200 H A
iz 400 g, —EFE-HEE(1% = L&), Vi V=100 :
1—0 : 1B, PlE TLC &SN A~A,
@A%%

Ay FB o AT AT E AT (A T B - TN R (1% — 2 1%),
ViV=60:@1—4 : 1JHEMSRHD AL MAD A, 4
97 A BRERFE ENT A MEE-TNEH(1% = 48%), Vi v=
40 18 D 1HEMAEMLAEY 3 (22 mg)Fl 4 (14 mg); 4
oy Al2éé%ﬂﬁf}?*ﬁ[Eiﬂa%—ﬁi@ﬂ(l%:ZE&) V.=
20 : VBB FEBELAS 2] Ay 1 AjLs BN SY,
Ao Zﬂﬁﬁﬁ[ﬁ/ﬂﬂ%‘ﬁ@ﬂ(l%glﬂk), Viv=15: 1]k
A &9 1 (27 mg)f 2 (15 mg); SAHRERAEZ Hr (F
BE-K, V:V=1: 9)43 FEHS AL EY S (4 mg).
Ao T BRERAE ET A BTN B (1% = 4 8%), Vi V=
40 11 1 1JBEMAE Asy BT Ay AN Y, Ay 0 20
A BT [ k- B (1% 2, V' V=15:1-1":
1LY 6 (13 mg); [AHRER AL ZEHT(FFEE-/K,
ViV=6 4 EHN A L ED T (19 mg). Az il
zéﬁiwfﬂﬁ[aﬂa&& W% = &), V: V=20 ":

1HEMARR] Ay ~Ass AN, F A K P
i%ﬁé As, BEILEY) 8 (14 mg); As, %Bﬁééﬁiﬁﬁi)%’
A B/ (1% Z8%), Vi V=20:1-1 " 111834
A9 (12 mg) A1 10 (26 mg); ZH7> A2 %EiMfF M4
HEBE-TRER(1% = 280, V - V=20 : 1155, FHAmEE
AR EMT (& -HEE, Vi V=15 DAtk &Y 11
(23 mg); Ay i ERERATET (AR -FEE, Vo v=
45 1 0—0 © DERFEVEIAFE] Ay, A1 Ay PN, Ay
SAHKE T (FFEE-K, VD V=4 DISLEY 12 (22 mg),
P E AR E T (E A -HEE, VD V=20 D EH
55 Ay 134G 13 (16 mg).

leucostonine (1): FH A, m.p. 258.6~259.1 C;
[a]? —24 (c 0.30, CHCly); "H NMR (400 MHz, CDCl5) 5%
C NMR (100 MHz, CDCL)##E .2 1; IR (KBI) Vipax:
3392, 2934, 2819, 2671, 1631, 1602, 1492, 1463, 1384,
1347, 1329, 1299, 1214, 1118, 1098, 1062, 1033, 1010,
997, 978, 961 cm™'. HR-ESI-MS calcd for Cp,H3cNOs
[M+H]" 394.2593, found 394.2584.

24 EREM

SRR, EIREONQRTED) C, BEN 70%~
80%, J:HHAN 14 1 10 h (L : DYIZ&M FimgE, Phikdh
R —8. YLK 6 h (9 3 840 sk 47

K H Gonzalez-Coloma 25U 15 (1)1 43 - Rl vk
ITiE RN e FHATFLE R B e H i B E A 2 em
(RHRE, ERTAE 15 pl 25 PR 4 )58 2 i
CRPREZED). 23 70K A R o R R b B2 i A T ELAR

1842 http://sioc-journal.cn/
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15 em BFIERFRILA, RRUA XSS, BEILBON 6 kL
6 h g, AL E S =R, 24 h 5 AR 7
e Bam, HHUTFARTHEERER: FR%=(CK
—T)/CK X 100%. i CK Ax Lt Fr B &, T
’é@“ﬁu&t@éﬂnﬂ#ﬂxﬁﬁi\.

X T FR>50% 4k & PR ECso {A (51 50%4™
A I, ECso M E Ji%: WIS IR, K
FABE EFRREVE L — RYVRBE 2530, 4% BTk 77 ikt
175, M iamaA, THEAE R, il v REE
i 26 TS AR BL ) ECso {H.

8 B A1 Bl (Supporting Information) IR, HR-ESI-MS,
1D NMR #12D NMR K3, IR RAT EL A 37 WA FI A
¥l (http://sioc-journal.cn/) | N %K.
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