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Study on Diterpenoid Alkaloids in Aconitum carmichaeli from Guizhou Province

YIN Tianpeng, LUO Zhihui, WANG Min, WANG Ze (Zhuhai Campus of Zunyi Medical University & Zhuhai
Key Laboratory of Fundamental and Applied Research in Traditional Chinese Medicine, Guangdong Zhuhai
519041, China)

ABSTRACT OBIECTIVE: To study the diterpenoid alkaloids in Aconitum carmichaeli from Guizhou province, and to provide
reference for the further enrichment of chemical constituents of plants from the genus Aconitum and the development and utilization
of A. carmichaeli from Guizhou province. METHODS: The root tuber of 4. carmichaeli from Guizhou province was collected. The
total alkaloids of 4. carmichaeli roots were extracted by acid extraction and alkali precipitation method. The diterpenoid alkaloids
were obtained by isolating and purifying total alkaloids extract with silica gel column chromatography. The structures of the isolated
compounds were elucidated on the basis of NMR and MS analysis. RESULTS & CONCLUSIONS: Fifteen diterpenoid alkaloids,
including 12-epi-15-O-acetyl-17-benzoyl-16-hydroxy-16, 17-dihydronapelline ( I ), songorine ( I ) , songoramine ( 1l ) , 10-aconifine
(IV) ,hypaconitine( V ) , deoxyaconitine( VI ) , aconitine ( VI ) , mesaconitine (VI ) , 14-benzoyltalasamine (IX ) , talatisamine( X ) , neoline
( XI ), 6-epi-chasmanine ( XII ) , isotalatizidine ( XIII ) , sachaconitine ( XIV )and kalakoline ( XV ) were identified form A. carmichaeli
roots from Guizhou Province. Compounds IX and XII were isolated from this specie for the first time.
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] ) ; G3250AA TOF %I MS 1% ( 5 [ Agilent 23 7] ) ; UP-
HW- T1-90T R4 KHL (PN B Al B A FRA R .
1.2 K5

P RE R (RS - 100~200 H .300~400 H) .G %
R ZTREC AR (5 S e b 1) & bt I A
M LR CHR R BE T O V2K (B b
ali, R AR A B A Al 5 A& (CDCL, 77 3 Jig
HEZRHEA BRA R 5 ol b SR U0 (A4 B
il RS R B 0.85 g, MMPKEEFR 10 mL 7K 40 mL %5 i,
TN 40 % AL BRI 20 mL $E4], A5 HTR; BUATIR 1 mL,
110.6 mol/L 5% 2 mL, fin/K Z 10 mL, BI75) ; 5286 F 7K
etk
1.3 Zhtt

B3 JRZ5 M F 201 7T4F 7 A RETF NG L &, &
BRI RL S TR B R B S W B E R}
B3 B S 3k (4. carmichaeli Debx.) AR o FrAs (4w
51201 7-ac-1) A7 T8 L ERMRFIRIGILIX
2 FiEEHR
2.1 B TREEWRER D RIRBS S

K A RRAER TR . B S HAR 5.0 kg, 5B
WYREJS R0 0.1 mol/L $hR 20 L A B L EL, HE B
TR A s VA 1k CLARBAR B A S8 e W ) o B
PRI, L) 25% 2K T pH 2 9, A Z R 10 L2E
BEEHBK. AIFCIROBE)Z , WEA S , 15548
o S AR B (154 g) o BB AEYIRE , AR
(100~200 H, FRDFEFE, 21 7AE R (100~200 H) A2
B, LS - (100 1—1: 1, 77V, B Ia) ) kR JE 1
Mo SRFHM)Z @R (TLC) 3% W e i 72 , A IR AH R 41
g3, R IRAR 9 AR 43 (FrA~Frl) .

HUFrA 4143 (0.8 g) , &k fi (300~400 H , T [A]) 4
EHT, LG -2 R . TR- — M (60:2:1-50:10: 1)
KRR, 18 4bA W 1 (15 mg) . BUFB2H43 (0.2 ),
ZRERCREJZMT , LA - 2R 2 TG- . 2 W (60:2: 1—
50:10: 1)BREEVENL , #5659 1T (300 mg) . 1 (42 mg) .
VI(22 mg)., BUFrD4H 43 (0.8 g) , & RERA:ZEHT, LA
lik- 2, 18- 2 (40: 2:1-25:25: 1) BEEE VR , 15
A VI(17 mg) . XV (16 mg) . BUFrE 2143 (0.6 g) , %
Tk JZ AT, LAAT Sl k- 2R TR - — L e (40:2: 1—
25:25: 1) BAREVENL , f51L &9 V (31 mg) . BUFrF 414>
(0.9 @), &Rk A ZHT, IFA O BE- T IR-— 2 (50:5:1—
25:25: DR EEVEL, 19 E G VI (12 mg) . BUFrG 4143
(1.2 ), ARERA)ZN, LA -2 /R O BR- — O MK
(40:5:1-25:25: BV, M3 59 XT (25 mg) . XII
(21 mg) ., BWFrHA /(2.2 g) , RREATZ AT, LAAG il k-
LRS- i (40:5:1—25: 25 1) BB BRI, 184L 54
V(9 mg) . IX(31 mg) . XIV(27 mg)., HUFrIZH53(2.6 g),
ZRE AT JZMT, U k- R O BR- — LB (40:5: 1—
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25:25: ) FREVER , A5 X (9 mg) NI (16 mg) .
22 UEYHNEHERE

M4 FRAL P 5, 8 1k NMR S 239 MS Ze B AR
XI5 B AN 16 M G Wi TEE A S o

EW 1 kR, =08 CoHuNO[ 43
55 %% 55 11k 1 3% (HR-ESI-MS) J&i fif [t (m/z) + 52 4
540.294 9[M+H]", i14{E 540.296 1], 'H-NMR (CDCl,,
500 MHz) 64:8.04(d, J=7.4 Hz, 2H, H-2'/6' ) , 7.56 (t,
J=74Hz,1H,H-4"),7.45(t,J=7.4 Hz,2H,H-3'/5" ),
4.98(s, 1H,H-15),4.63(d,J=4.0 Hz, 1H, H-12) , 4.60 .
4.56 (d,J=8.4 Hz, 4 1H,H-17) ,4.17(dd, J=10.8.6.5
Hz,1H,H-1),3.76(brs, 1H,H-20),2.04(s,3H,OAc-15),
0.73 (s, 3H,Me-18) , 1.04 (t,J=7.2 Hz, 3H, NCH.CH,) .
“C-NMR (CDCl;, 125 MHz) é¢: 70.4 (d, C-1) , 31.0 (t,
C-2),38.4(t,C-3),33.8(s,C-4),52.5(d,C-5),23.3(t,
C-6),42.3(d,C-7),51.1(s,C-8),51.8(d,C-9),42.9(s,
C-10),20.3(t,C-11),70.9(d,C-12),45.6(d,C-13),27.8
(t,C-14),86.1(d,C-15),77.8(s,C-16),69.7(t,C-17) ,
26.1(q, C-18) , 56.8(t, C-19) , 67.1(d, C-20) , 21.6(q,
OAc-15) ,172.0 (s, OAc-15) , 166.6 (s, OCO-17) , 130.1
(s,C-1"),129.7(d,C-2'/6" ), 128.6(d,C-3"/5" ), 133.3
(d,C-4"). Ph %5 SCmfAE 5], B iz &
W A 12-epi-15-O-acetyl-17-benzoyl-16-hydroxy-16, 17-
dihydronapelline.

EW I A EmR, 5+ h C.HaNOs. 'H-NMR
(CDCl;, 400 MHz) 84:5.27 .5.19 (brs, % 1H,H-17) , 4.34
(s, 1H,H-15) , 3.82(dd,J=9.0.6.8 Hz, IH, H-1) , 3.44
(brs, 1H,H-20), 1.06 (t,J=7.2 Hz, 3H,NCH,CH,) , 0.75
(s,3H,Me-18). “C-NMR(CDCl;, 100 MHz)d.: 70.4(d,
C-1),31.7(t,C-2),37.4(t,C-3),34.3(s, C-4) ,49.2(d,
C-5),23.3(t,C-6),43.6(d,C-7),50.0(s,C-8),35.3(d,
C-9),52.5(s,C-10),38.3(t,C-11),210.3(s,C-12),53.9
(d,C-13),31.5(t,C-14),77.4(d,C-15),151.0(s,C-16) ,
111.6(t, C-17),26.2(q, C-18),57.5(t, C-19) , 66.1 (d,
C-20),51.2(t,C-21),13.6(q,C-22) . A FHdE5 k4R
TA[6]—3, B EZ A AR R R

A : A EmR, 53+ CHeNOs. 'H-NMR
(CDCls, 500 MHz) 6y:5.30.5.19 (brs, 4 1H, H-17) , 4.38
(m, 1H, H-15),3.98(d,J=5.4 Hz, 1H, H-1) , 3.70 (brs,
1H, H-20) , 1.02 (t, J=17.2 Hz, 3H, NCH.CH,) , 0.83 (s,
3H, Me-18) . "“C-NMR (CDCl;, 125 MHz) §c: 67.9 (d,
C-1),29.8(t,C-2),24.4(t,C-3),37.9(s,C-4),48.6(d,
C-5),24.1(t,C-6),46.1(d,C-7),50.2(s,C-8),31.5(d,
C-9),51.8(s,C-10),31.3(t,C-11),208.9(s,C-12),53.2
(d,C-13),37.5(t,C-14),77.1(d,C-15),149.7(s,C-16) ,
112.1(t, C-17),19.0 (q, C-18) , 93.1 (t, C-19) , 66.3 (d,
C-20),48.4(t,C-21),14.4(q,C-22) . VA F¥d -5 k4
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TE[6]—3, B2 1A G Songoramine.,

AN 1k K, 5 F X h CuHeNOw,
'H-NMR (CDCl;, 500 MHz) d+4: 8.02 (d, J=7.2 Hz, 2H,
H-2'/6" ), 7.59(t,J=7.5 Hz, 2H, H-4' ), 7.46 (t, J=1.6
Hz,2H,H-3'/5"),5.36(d,J=5.2 Hz, 1H,H-14) ,4.49(d,
J=5.2Hz,1H,H-15),4.01(d,J=6.3 Hz,1H,H-6),3.63,
3.46(ABq,J=8.9 Hz, 4% 1H,H-18),3.73.3.28.3.26 .3.15
(s, 4 3H,4 x OMe) , 3.26 (brs, 1H, H-16) , 1.39(s, 3H,
OAc-8),1.29(t,J=17.2 Hz, 3H,NCH,CH;) . "“C-NMR %
PR 1. DA B 5 ScikiaE [7]— 8, i s ez &
Y1k 10-5558 53

&Vt E &, 5+ XN CHsNOy,
(HR-ESI-MS m/z: 52l {& 616.314 O[M+H] ", i % {4
616.312 2), 'H-NMR (CDCl;, 400 MHz) dy: 7.96 (d, J=
7.6 Hz,2H,H-2'/6" ), 7.50(t,J=17.1 Hz, 1H,H-4" ) ,7.38
(t, J=7.6 Hz, 2H, H-3'/5" ) , 4.81 (d, J=4.6 Hz, 1H,
H-14),4.38(m,J/=2.4 Hz,1H,H-15),4.29(m, 1H,H-6) ,
3.89.3.54(ABq,J=8.4 Hz, % 1H,H-18),3.24(d,J=4.8
Hz,1H,H-16),3.66.3.20.3.20.3.09(s, 4% 3H,4 x OMe),
2.27(s,3H,NCH,), 1.30(s, 3H, OAc-8) . "“C-NMR %4
LR 1o DA B 5 SRR [8]— 3, iU e i b &

AE VL e, 5 F X8 CuHeNOw.
'H-NMR (CDCl;, 400 MHz) 64: 8.02 (d, J=7.6 Hz, 2H,
H-2'/6" ) ,7.57(t,J=7.2 Hz, I1H,H-4' ), 7.45(t,J=1.6
Hz,2H,H-3'/5"),4.87(d,J=4.9 Hz,1H,H-14) ,4.45(d,
J=4.7Hz,1H,H-15),3.97(d,J=6.6 Hz, 1H,H-6),3.63
3.10(ABq,J=8.5 Hz, 4% 1H, H-18) , 3.32(d,J=5.2 Hz,
1H, H-16) , 3.73.3.28.3.27.3.15(s, % 3H, 4 x OMe) ,
3.04(dd,J=10.0.6.3 Hz, 1H,H-1),1.37(s,3H, OAc-8) ,
1.08(t,J=17.2 Hz,3H,NCH,CH,) . “C-NMR %4} WL % 1.
DL B 5 SRR A [8]— 2, i s e iz S B RS

&V a9 7 X8 CuHeNOL.
'H-NMR (CDCl;, 500 MHz) 64: 8.00 (d, J=7.2 Hz, 2H,
H-2'/6" ), 7.55(t,J=7.0 Hz, 1H, H-4' ), 7.43(t,J=17.8
Hz, 2H, H-3'/5" ), 4.84(d, J=5.0 Hz, 1H, H-14) , 4.42
(dd,J=5.2.2.4 Hz, 1H,H-15) ,4.01(d, J=6.4 Hz, 1H,
H-6) ,3.57.3.43 (ABq, J=8.8 Hz, % 1H, H-18) , 3.74 .,
3.28.3.25.3.14(s, 4 3H,4 x OMe), 1.24(s,3H,0Ac-8),
1.08(t,J=7.2 Hz, 3H,NCH.CH;) , “C-NMR % #}& W, &
1o DA 8RS SCIRIGE [7]— 3, e iz 59 h

LA Ak R, 5 F X h CuHeNO.
'H-NMR (CDCl;, 400 MHz) 64: 8.02 (d, J=7.5 Hz, 2H,
H-2'/6"),7.57(t,J=7.4 Hz,2H,H-4' ), 7.45(t,J=7.6
Hz,2H,H-3'/5"),4.86(d,J=4.8 Hz,1H,H-14),4.45(d,
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J=4.8 Hz,1H,H-15),4.03(d,J=6.2 Hz, 1H,H-6) , 3.28
(d,J=4.9 Hz,1H,H-16),3.64.3.54(ABq,/=8.8 Hz, 4%
1H, H-18),3.73.3.29.3.27.3.15(s, %4 3H, 4 x OMe) ,
2.33(s,3H,NCH,), 1.32(s, 3H, OAc-8) . "C-NMR % ##
DR 1, DL SRR B [8]— 3, M e iz &)
R S

WEWIX: A Em K, 70 Fh CuHieNOs. 'H-NMR
(CDCl;, 500 MHz) ,84:7.99(d,J="7.2 Hz,2H,H-2' /6" ),
754 (t,J=17.5 Hz, 1H, H-4' ) , 7.43 (t, J=7.8 Hz, 2H,
H-3'/5"),5.15(t,J=5.1 Hz, 1H,H-14),3.12.3.01(ABq,
J=8.8 Hz, % 1H, H-18),3.30.3.30.3.17 (s, % 3H, 3 x
OMe), 1.07(t,J=7.2 Hz, 3H, NCH.CH,) . "C-NMR %}
PR 1, DA B S SCkiaE [9]— 2, s iz ik &
¥1°4 14-benzoyltalatisamine ,

EW X A Em K, 5+ h C.HyoNOs. 'H-NMR
(CDCl, 500 MHz) d,i: 4.84 (s, IH, OH-14) ,4.14(m, 1H,
H-14),3.12.3.00(ABq,J=9.0 Hz, % 1H, H-18) ,3.35,
3.30,3.27(s, 4% 3H, 3 x OMe) , 1.06 (t,J=7.2 Hz, 3H,
NCH.CH;) . “C-NMR U L4 1. L8R 5 SCikdi
TE[10]—2, s e iz e & ISR

A& X - [k, 4+ XA CuHeNOs.
'H-NMR (CDCl;, 400 MHz) d4: 4.20 (t, J=4.8 Hz, 1H,
H-14),4.15(d,J=6.6 Hz,H-6),3.63.3.24(ABq,J=8.0
Hz, 4% 1H,H-18),3.30.3.30.3.29(s, % 3H, 3 x OMe) ,
1.06 (t,J=7.2 Hz, 3H, NCH,CH;) . "“C-NMR % #& .3
1o DL ESdE 5 SCRaE [ 11—, i L iz 5 oh Je
LIS E

& X : 8K, 4 F 208 CsHuNO.
'H-NMR (CDCl;, 500 MHz) 6 : 4.06 (brs, 1H, H-6) , 3.91
(t,J=4.8 Hz, 1H,H-14) ,3.42.2.87(ABq,J=8.4 Hz, 4%
1H, H-18) , 3.30.3.28.3.23.3.20 (s, % 3H, 4 x OMe) ,
0.97(t,J=7.2 Hz, 3H,NCH.CH,) . “C-NMR %4} Wl %
Lo VA EEE 5 SCkIGE [12]—2, i s e ik 900 6-
REHE T,

& X : 1Ak, 5 F X8 CaHaNOs,
'H-NMR (CDCl;, 400 MHz) 64 4.19 (t, J=4.8 Hz, 1H,
H-14),3.70(m, 1H,H-1),3.31.3.29(s, 4% 3H, 2 x OMe),
3.12.2.97(ABq,J=8.8 Hz, % 1H,H-18),1.08(t,/J=7.2
Hz,3H,NCH.CH,). “C-NMREHEWF 1. UL FEIRY
SCHRARAA[13]— 2, s e iz e B9 S FE o

AP XIV R B AR, 2 1 28 CxHaNOs,
'H-NMR (CDCl;, 500 MHz) 6y: 3.62 (m, 1H, H-1) , 3.34,
3.26(s, 4% 3H,2 x OMe) ,4.13(t,J=4.8 Hz, 1H,H-14) ,
1.04(t,J=17.2 Hz, 3H,NCH.,CH,) , 0.77 (s, 3H, Me-18) .
“C- NMR ¥ W32 1. DL s 5 SCmk s3] —5k,
TS EZA G R AT et

AW XV Lk, 43+ 2 C.HNO, (HR-

FPEZG 2019455 30 55 224



ESI-MS m/z: SE{E 378.243 S[M+H]", 11 378.246 6)..

'H-NMR (CDCls, 500 MHz) 6 4: 4.15 (t, J=4.8 Hz, 1H,

H-14),3.66(m, 1H,H-1),3.26(s, 3H,OMe-16) , 1.06(t,

J=17.2 Hz, 3H, NCH,CH;) , 0.82 (s, 3H, Me-18) ., "“C-

NMR EH iL22 1, DL B35 5 SOk [13]— 2, i 4

TEZAE W R Z AR S

x1 LEWN~XVH "C-NMR## (CDCL)
Tab 1 "C-NMR spectral data of compounds IV - XV
(CDCL)

WEFHES NV oW X X2 X
798d 85.0d 854d 83.5d 833d 858d 86.5d 72.2d 8554 7234 86.7d 7254
337¢ 263¢ 264¢ 358¢ 359t 263t 260t 293¢ 259¢ 296t 263t 296¢
T1.5d 348¢ 353¢ 714d T13d 327¢ 329¢ 299¢ 328¢ 267t 379¢ 313¢

1
2
3
4 325 392s 3925 4325 4365 3865 3885 381s 3865 372s 3465 3285
5 422d 48.1d 488d 462d 46.7d 45.1d 46.1d 448d 464d 46.7d 509d 4654
6
7
8
9

Xﬂn XI]I* XN; X\x

832d 83.1d 834d 823d 825d 250t 249t 83.1d 824d 249t 252t 25.0¢
434d 4454 453d 448d 444d 46.0d 459d S21d S14d 439d 4584d 45.04d
8985 9195 92.1s 9175 9205 738s 73.0s 743s T43s TA2s T3.0s T43s
539d 438d 447d 443d 43.6d 453d 47.1d 483d 49.6d 45.1d 47.1d 46.6d

10 845 41.0d 4104 41.0d 409d 452d 37.7d 403d 462d 41.6d 37.6d 4404
1 5585 4995 S0.0s 502s S50.0s 4885 4895 4955 4995 4865 4955 4885
12 468t 362t 368t 334t 342t 285t 278t 294¢ 283t 285t 278¢ 288t
13 T48s T4ls T43s T4ls T42s 46.6d 377d 448d 374d 400d 458d 402d
14 77.1d 7904 7914 790d 790d 77.0d 758d 76.0d 75.7d 7584 75.7d 7574
15 784d 789d 7904 79.0d 790d 383t 385t 429¢ 374¢ 424¢ 385t 423¢
16 89.8d 90.1d 9034 90.1d 90.1d 823d 824d 81.8d 8234 820d 823d 82.0d
17 629d 62.1d 61.5d 612d 623d 624d 63.1d 63.8d 643d 64.0d 62.6d 63.3d
18 76.7¢ 80.1t 804t 764¢ 764t 79.6¢ 796t 803¢ 785t 79.0t 263q 30.1q
19 498¢ 560t 534t 491t 536t S31t 533¢ 570t 539t 565t 569¢ 60.3¢
21 498t 42.6q 494 474¢ 426q 4940 497¢ 43¢ 496t 485t 49.0¢ 482¢
2 122q 135q 133q 136q 138q 13.01q 13.7q 13.1q 13.7q 13.0¢
OMe-1 56.1q 565q S64q 559q 56.5q 56.0q 56.6q 564 q 56.5q

OMe-6 583q 579q $92q 92q $92q 5659 579q 5734
OMe-16 6129 60.9q 612q 6l4q 61.2q 563q 563q 56.6q 563q 564q 563q
OMel$  $92q 590 582q 583q 583q 95q 5964 $92q $92q 954
OAc-8 17255 17235 17265 17535 17265
25q 213q 216q 24q 2bg

0CO-14 16645 166.05 166.25 166.1's 166.25 166.7s
I 129.85 129.85 123.05 130.0s 12995 130.65
206 129.8d129.6d 129.8d 129.8d 129.7d 129.5d
35 1289d128.6d 12884 128.7d 1288d 1284d
4 133.6d133.2d 1334d 13344 13344 132.7d

T2 % R “C-NMR M3 100 MHz; #3758 “C-NMR I 30050
4 125 MHz

Note: * means "C-NMR data were measured at 100 MHz; # means
“C-NMR data were measured at 125 MHz

AW T~ XV gty WK 1.
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