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[ Abstract | Objective; To study the chemical compositions of the fat-soluble alkaloids fraction of
Aconitum tanguticum. Method: The fat-soluble alkaloids fraction was isolated and purified by using various
modern chromatographic techniques, and the structures of the compounds were determined through physiochemical
properties, spectral analysis (1D, 2D-NMR and MS) and X-ray single crystal diffraction method. Result; Ten
compounds were obtained from the fat-soluble alkaloids fraction of A. tanguticum, and their structures were
identified as tanaconitine (1), heteratisine (2), 1la, 13a-dihydroxyhetisinone (3), guan-fu base H (4),
B-sitosterol (5), benzamide (6), phthalic acid, butyl isobutyl ester (7), dihydroatisine (8), hetisine (9)
and p-hydroxy phenylethanol (10 ). Conclusion; Compounds 1-4, 8 and 9 were diterpenoid alkaloids;
compounds 3, 6-8 were isolated from the species for the first time. Moreover, the X-ray single crystal diffraction
analysis of compounds 3 and 4 was done for the first time.
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T 0 S R I i T 24, T 24 40 B U, AR
PkRIBERBER D LIEMHY T HF Sk Aconitum
tanguticum e PRGBS, AR, B
5 B35 2 880, B TR 97 A% G i R B, AT T R
B BB A B R gy v R A 2
WF 5% 3 B 50 A W w83 o BAT 22 B PR, 4
BB Hom A AR S T3
SCHR A B 073 185 777 125 ) R0 SCRR il A A ) e
o FE R IR AW, 25 ik, 2T
B B T 33 A A s U X s R
AR T RR A W, I A S 0 A Sk
RV A= Wy R A B AT R4 BT AL H N 8 2
FHE(ICy =0. 11 L™, BT HE 25 2 W 0 1C., = 0. 22
g L7 (EL ML o BT R L8 A4 0T RN 3 28 T S
HR T8 1) 3 22 © 28 A 23 B A5 2 10 A= ) i S TE R R
an T SE o DRk S B H T Sk R R A Y 4
B, I B N b R BT B A B W A SO
53k B BRI AR W0 o 3 AT T RGN . g
BUEE T 10 MEA Y, 4 5 J2& tanaconitine (1),
heteratisine (2 ), 11a, 13a-dihydroxyhetisinone (3 ),
guan-fu base H(4) ,B-% I (5) , &K W EEHE (6) , 4B
K_HRIET R TES(7),dihydroatisine (8) , hetisine
(9) FIXTFRHE A 2B (10) o Hoop Z i Aok 6 1
(G 1~4,8F9),MiLEY 3,6 ~8 JE M
HHEL LM oEAE, BACHE RS LEY 3 fil 4
BT X 5125 T
1

Avance 600 B4 ff 4 il 15 AL (7E [H Bruker 24
A, N #r TMS), 6250 Accurate-Mass Q-TOF LC/MS
JRREA (G Agilent 23 7] ), QP2010 Ultra B AR (4
TE-BUg B A (H AR B A A, Xevo G2-S Q-TOF
UPLC/MS JFi% Y ( 35 [E Waters 2 7 ) , U3000 A =
ROHRH £ 35 A (36 [ 3% 23 /) ), LC3000 24 i 45 i
FHETE AL (b mt BF i E R A R A F] ) |, Gemini E
RUSOEIER X G 2 B A X L Z e R (P ) A
PRZ W] ], N-1100 7Y fig 4% 7% & AX ( H A< EYELA 2%
Al) ,KQ-250DB Y % 4 i 7 i v e AX (B Ll i A
IXASABR AT .

WAL (3% B (200 ~ 300 H, B L T
) AR AR (E LA R A A, Jbs),
RN S RO BEIE ( Sephadex LH-20, iy fit GE 22
Al),0DS (50 wm, H A YMC Co. ), i %0# )2 R
GF,, (20 mm x 20 mm, f& [E Merck /A #]); Welch
ultimate C 4 #7 @ i%H (4.6 mm x250 mm,5 pm),

Welch ultimate ] 45 @ 3% 4% (19 mm x 250 mm, 10
pm) , FH TR By A PR m] $R 4t

WO B oK s A B R T B
FH = SV ATk B L LR SR A A S AL e
T Hr el i KRB FoK (EmE A H) ;=L
WORH FH 3% W A0 S R Fisher 23 ) 7 it s 7K O 3
Wy I 2 7K AT AR R 36 I CIL 28 W) 72 5 ik 651
kg 7 B -V T R VA U, el R LA B R TR

HEL LMW THENT = ILERRARA
w2 [ v BE R A B 2 BT T 4R R O B S
HEEBG L BHYHFH S K A tanguticum )
A
2 REMSEH

HH S L2E (10 kg) B iE 5 H 70% £ B TR
TARIL(3 x2 h) & I B O VR 4 2 TCRER ; TR 2
i K H R M HCL 3 pH 2 2.5, ] s S 46
W, ZE A 20K 98 pH 2 10 AR & P e L IE
TREREE, A3 A I S A AR O, L0 R AR e
VS Tk A W BT 5y 4T g ( G Y B A BGRR 67 ) R K %
PEA W IR 53 190 g (1E T BEAEIUAR AL ) o

IRV PELE D8R 43 (10 g) |, 28 6k AT €83 43
Baifh, =@ P - -2 K (50:1:1 ~8:2:0.2) £
FEVENL, 4530 3 N4 (Fro1 ~3) o Fro 1 #4324
PR A AR AR T Al E- DI R (401 ~ 10 1) BREE R
Wi, 54L& W 1(5 mg) FI Fr. 1-1 $B47, Fr. 1-1 F47
e bR ARAR A AR, A - (301 ~2: 1) B
GEML AL A ) 2(50 mg) o Fr.2 #8402 P R AL SR
FEE S, A mE-I R (1 1) BEE, kB 3
(101 mg)  Fr.3 #5328 PR AL BR AR B3, — &
Be- R (2001 ~ 100 1) B B2 BRI, 13 3] Fr. 3-1 78 53
Fr.3-1 40 fR 2 o Ve S AR A a3, = S0 W e - i
(20: 1) PR, 15465 4 4 (150 mg) .

73 WO Y i v vk AR W R 6L (37 g) , & m Mk
AARER AT 3, — ST - F SR B R B (500 1 ~9:
1) #4465 5(60 mg) A Al 4 34 (Fr. 17 ~
4") o Hor Fro 138 3 25 P A8 A0 48 A % A il k-
PR (1: 1) BEiE, 46 &9 1(17 mg) , Fr. 2" 53 &
RERCAE @3, k-l (31 ~ 12 1) B REVE I, 15
G 6(10 mg) Fl Fr.2'-1 #f43, Fr.2'-1 #4534
Sephadex LH-20 & 5+ {4335 73 55 4l Ak, — 5 W Le-H
B (1 1) VRMBE, 8 Fr.2/-1-1 ¥4, Fr.2'-1-1 #4354
il 28 FE )2 (A, A - R G R (20 1) R IF L 15
AW 7(3 mg) . Fr.3' 5504k BEAE (1S A T k-
CRROTE (31 ~ 12 1) BEEEVR I, 45 Fr. 37-1 4y,
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Fr.3’-1 #7323t Sephadex LH-20 ¥ it 41 4,335 , B fi
VEME, 15 Fr. 37-1-1 & 43, Fr. 3'-1-1 % 4 28 1l %%
HPLC, W Ji-1%0 H1 2 7K (20: 80) %5 FE VeI, 1516 & )
4(t; =12.0 min,15 mg) fl 8 (¢, =19.0 min,3 mg) .
Fr. 4855 2 fk IS FE €83, A i BE-TN B (31 ~0: 1)
BhEEVEE 45 Fr.4'. 1 F1 Fr.4'. 2 B4y, Fr.4'.1
W53 4 Sephadex LH-20 #E Ji A €435 , W2 VE G, 75
WEY 9(8 mg), Fr.4'.2 #/r 4 Sephadex LH-20
EEWEAE g, @ P be-F s (12 1) YR, b &
10(50 mg) .
3 #£HMEE

a1 HEIE KR, HRESIMS (m/z) 43
A X 4y F R M 447.300 8 [ M + H ' ( Cale.
447.3012 ), 4 F & H C,HN,0,,'H-NMR
(CD,0D,600 MHz)8:7.43(1H,s) ,6.60(1H,t,J =
10.2 Hz) ,5.90(1H,m) ,5.44(1H,s),3.54(1H,d,
J=3.0Hz),3.11(1H,m),2.50(1H,m) ,2.43(1H,
$),2.36 (1H,s),2.28 (3H,s), 1.06 (3H, s),
“C-NMR(CD,0D,150 MHz)5:28.6(C-1),20.8(C-
2),30.9(C-3),45.2(C4),72.7(C-5),31.9(C-6) ,
31.3(C-7),44.0(C-8),46.8(C-9),45.6(C-10),
27.8(C-11),35.9(C-12),43.7 (C-13),44.0 ( C-
14),132.9(C-15),146.7(C-16) ,44.5(C-17) ,19.2
(C-18),169.9(C-19) ,80.4(C-20) ,40.3(1'-CH,) ,
54.8(C-2"),36.3(C-3"),47.2(C-3"a),156.3 ( C-
4'),126.1(C-5"),196.5(C-6"),37.5(C-7"),70.2
(C-7'a) o VA EBHE 5 SCHR [ 17 ] BREE A — 3, i
Y EALE Y 1 4 tanaconitine,

a2 HETCERS K, HRESIMS (m/z) 45
WA X 4 R R O 392.243 5[ M + H] ' ( Cale.
392.2437), 4 ¥+ & N C,, H, NO,,'H-NMR
(CD,0D,600 MHz)§8:6.30 (1H,s),5. 12(1H,s),
4.63(1H,s),4.27(1H,s),3.64 (1H,dd,J =1.8
Hz,7.2 Hz) ,3.37(1H,s),1.25(1H,s),0.96 (3H,
m),0.90 (3H,m), “C-NMR(CD,0D, 150 MHz)§:
82.7(C-1),26.4(C-2),36.2(C-3),34.4(C4),
50.9(C-5),71.9(C-6),49.5(C-7),75.4(C-8),
57.4(C9),42.0(C-10) ,48.3(C-11),33.0(C-12),
74.3(C-13),172.9(C-14),28.7(C-15),28.9 ( C-
16),61.7(C-17),25.9(C-18),57.3(C-19) ,48.4
(N-CH,-CH, ), 13.3 (N-CH,-CH, ), 54.8 (OCH, ) ,
DL s 5 SR [ 21 )0 A — 30, B S et &
2 4 heteratisine,,

A3 HEYCRES & HRESIMS (m/z2) 4

.34 .

AH X 4y F B R 328.1909 [M + H]* ( Cale.
328.1913), 4 + = K C, H, NO,.,'H-NMR
(CD,0D,600 MHz)8:4.75(1H,d,J=1.8 Hz) ,4.87
(1H,d,J=3.6 Hz) ,4.57(1H,d,J =1.8 Hz) ,4.34
(1H,d,J=4.8 Hz) ,4.07(1H,m) ,3.90(1H,d, J =
8.4 Hz),3.14(1H,s),2.75(1H,s) ,2.41 (1H,d,
J=13.8 Hz) ,2.21(1H,d,J =2.4 Hz) ,1.56(2H,d,
J=2.4 Hz),1.04(3H,s), "C-NMR (CD,0D, 150
MHz)§:44.4(C-1),212.7(C-2),49.6(C-3),41.8
(C-4),60.0(C-5),64.7(C-6),35.8(C-7) ,44.0(C-
8),54.3(C-9),54.6(C-10),73.5(C-11),51. 1 (C-
12),70.2(C-13),51.7(C-14) ,33.6 (C-15) ,148.0
(C-16),106.2 (C-17),28.2(C-18),64.6 (C-19),
70.0(C-20) . LA b B wE e 5 SR [ 22 ] %) b B A
— %, ¥ % ¥ xkE&E WA 11, 13-
dihydroxyhetisinone ., >4 T #ffi 1A 45 #4) H1 35 3 A4 4 0,
XL 3 #AT T X SRR AT . iz s
WX S m M MSRE TR SR, = BN
P12 11(4), &l = #: a = 6.3121 (3) A, b=
16.949 9(14)A ¢ =8.1211(5)A,8=103.388(5)°,
AR AR V =845.26 (9) A F M N 4r T8 Z =2,
FH L SR AT S A A s SR AR 11,13 5 )R BE345 o # AY
(1) o S5 6 B Bt A X560 42 50 & A 338 43 i 45
K. bH W 3 4 k&XHe Nl lla, 13a-
dihydroxyhetisinone,

weEw 3

E1 EW3IMINENR X BRLTHEN
Fig. 1 Structures and X-ray crystallographic structures of

compounds 3 and 4

k&Y 4 [ s RS (B ), HRESIMS
(m/z) 45 A4 1 i £l 344.259 0[ M ] * ( Calc.
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344.259 0) , 4 1 HC,,H,;NO, ,'H-NMR ( CD, 0D,
600 MHz) 8:8. 62 (1H,s, H20) ,4.97 (1H,br s, H-
17),5.01 (1H, br s, H-17) ,4.13 (1H, m, H-22) ,
4.05(1H,m,H-22),3.85(1H,m,H-21),3.94(1H,
m,H-21),0.98 (3H,s, H-18), "C-NMR ( CD,0D,
150 MHz) 6:42.1(C-1),20.8(C-2),37.3(C-3),
34.6(C-4),46.3(C-5),20.4(C-6),31.8(C-7),
38.8(C-8),41.0(C-9),47.7(C-10),29.0(C-11),
36.0(C-12),26.9(C-13),26.5(C-14),76.1 ( C-
15),156.0(C-16) ,110.8(C-17) ,25.2(C-18),65.2
(C-19),184.3(C-20),60.7(C-21),58.8(C-22),
R Tk 5 S ik OB A7 RO e 1 A B Xof
&Y 4 #1077 X FLB RS 0T, G X
SRS SRR TR T R SRR P21 21 21
(19), S %0:a=7.676 1(1)A b =14.245 6(4)
A,c=17.887 9(6)A, MK FI R .V =1956.05(9)
AR o T8 Z =4, SiARuEdE[23]5 X
ST AT a5 R AL B 4 G IR 2 2 5E Ol guan-
fu base H,

&Y 5 B E R4 & () H-NMR
(CD,0D, 600 MHz) §:3.51 ~3.54(1H, m),5.35
(1H,d,J =5.4 Hz),0.68 (3H,s),1.01 (3H,s),
0.92(3H,d,J=6.6 Hz),0.81(3H,d,J=7.2 Hz),
0.83(3H,d,J=4.2 Hz),0.84(3H,d,J =4.0 Hz),
“C-NMR(CD,0D,150 MHz)§:37.2(C-1),31.9(C-
2),71.8(C-3),42.3(C-4),140.8(C-5),121.7(C-
6),31.9(C-7),31.9(C-8),50.1(C-9),36.1(C-
10),21.1(C-11),39.8(C-12),42.3(C-13),56.8
(C-14),24.3(C-15),28.2(C-16),56.0 (C-17),
11.8(C-18),19.4(C-19),36.5(C-20),18.8 ( C-
21),33.9(C22),26.1(C-23),45.8(C-24),29.1
(€25),19.8(C26),19.0(C-27),23.1(C-28),
12.0(C-29) . LA B 5 SCHR [ 24 ] %f BROEEA — 2,
S 5 R B4 B R

&Y 6 HOJEME K, EI-MS m/z 121
[M]*,'H-NMR(CD,0D,600 MHz)§5:7.88 (2H,d,
J=7.2Hz,H3,7),7.46(2H,t,] =7.8 Hz,H4 ,6) ,
7.55(1H,t,J =7.2 Hz,H-5), “C-NMR ( CD,0D,
150 MHz)6:172.6 (C-1),133.1(C-2),129.7(C-3,
7),128.8(C-4,6),135.1(C-5) . VL I ¥4 5 ik
[25 % BREE A — 30, U3 @ B 6 S 8 H e e

a7 M@K K, H-NMR ( CD,0D, 600
MHz)§:7.73(2H, m,H-3,6),7.68 (2H,m,J =8.5
Hz,H4,5),4.02(2H,d,J =6.6 Hz, H-1'),1.96

(1H,m,H-2"),0.93(6H,H-3",4") ,4.22(2H,t,] =
6.8 Hz,H-1"),1.64 (2H,m,H-2"),1.37 (2H, m, H-
3"),0.93 (3H, m, H4"), "C-NMR ( CD,0D, 150
MHz)5:166.9 (C-la,2a), 131.7 (C-1),131.5(C-
2),131.5(C-4,5),128.6(C-3,6),71.1(C-1"),
27.2(C2"),18.8(C-3",4"),65.0(C-1"),30.0(C-
2"),18.6 (C-3"),13.5(C4"), Db ¥ 4s 55 Sk
[26 ] X BEOEA —F, S S B G 7 MR IR
ET 5T

&Y 8  HATEE RS K, HRESIMS (m/z) 45
HAE X 4 F R S 346.274 5[ M + H] " ( Cale.
346.274 6) , 4+ F A K C,,H,,NO, ,"H-NMR ( CD,0D,
600 MHz)§:1.80(1H,dd,J =6.0 Hz,12.9 Hz, H-
1),0.96 (1H, m, H-1),2.72 (1H, m, H-2), 1. 31
(IH,m,H=2),1.53(1H, m,H-3),1.26 (1H, m, H-
3),0.81 (1H, m, H-5),0.81 (1H, m, H-6),1.34
(1H,m,H-6),0.96 (1H, m,H-7),1.67 (1H, m, H-
7),1.60 (1H, m, H9) ,1.49 (1H, m, H-11),1.30
(1H,m,H-11),2.22(1H,s,H-12),1.30(1H,m, H-
13),1.30(1H, m,H-13),1.98 (1H,t,J = 11.4 Hz,
H-14),1.30 (1H, m, H-14),3.36 (1H, s, H-15) ,
4.94(1H,s,H-17) ,4.89(1H,s,H-17) ,0. 72(3H,s,
H-18),2.38(1H,d,J =10.8 Hz,H-19),2. 13 (1H,
d,J =10.8 Hz, H-19),2.71 (1H, m, H-20) , 2. 49
(1H, m, H20),3.49 (2H,t,J = 6.0 Hz, N-CH,-
CH,0H),2.29 (2H, m, N-CH,-CH,0H) , "“C-NMR
(CD,0D,150 MHz)§:40.1(C-1),22.1(C-2),41.4
(C-3),33.2(C4),49.6(C-5),17.0(C-6) ,31.3(C-
7),37.0(C-8),38.9(C-9),37.5(C-10),26.0 ( C-
11),36.0(C-12),27.4(C-13),27.5(C-14),75.6
(C-15),156.0(C-16),109.0( C-17) ,26.4(C-18),
60.4(C-19),53.8(C-20),58.7 (N-CH,-CH,0H ) ,
61.2 ( N-CH,-CH,0H ), &k ##'H-NMR, "C-NMR,
HSQC,HMBC H1'H-COSY % %} 3 i ¥ 42 6 17 7 4
I8 o LA B 5 SR [ 27 ]k BREE AR — B, i 4 e
4% 8 i dihydroatisine

EW9  HETE R KR, HRESIMS (m/z) %43
B AE X 4> F R R 330.207 2 [ M + H] ' ( Cale.
330.206 9) , 4+ ¥ K C, H,,NO, ,"H-NMR ( CD, 0D,
600 MHz) 8:4.15(1H,m, J = 12.0 Hz, H-2) ,4.01
(1H,s,H-6),4.26 (1H,d,J =9.0 Hz,H-11) ,4.15
(1H,m,H-13) ,4.69 (1H,s,H-17) ,4.86 (1H,s, H-
17),1.06 (3H,s,H-18),2.92(1H, m, H-19) ,3.70
(1H,d,J =12.0 Hz, H-19),4.46 (1H,s, H20),
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“C-NMR(CD,0D,150 MHz)§:31.6(C-1),65.7(C-
2),37.1(C-3),35.1(C-4),57.2(C-5) ,65.8(C-6),
33.3(C-7),42.8(C-8),53.5(C-9),50.1(C-10),
74.3(C-11),49.6 (C-12),70.4 (C-13),50.1 ( C-
14),32.2(C-15),145.8(C-16) ,107.7(C-17) ,28.3
(C-18),60.1(C-19),68.3(C-20), Lk I %45
BRL21 )X BRIEA — 30, WS G 9 1 hetisine,

a4 10 [l A, ESI-MS m/z 139[ M +
H]*,'"H-NMR ( CD,0D, 600 MHz) §:7.04 (2H, d,
J=8.4Hz,H2,6),6.71 (2H,d,J =8.5 Hz, H-3,
5),2.72(2H,t,J =7.2 Hz,H-7),3.69 (2H,t, ] =
7.2 Hz,H-8) , "C-NMR(CD,0D,150 MHz)§:131. 1
(C-1),130.9(C-2,6),116.2(C-3,5),156.9(C4) ,
39.5(C-7),64.7(C-8), LA -4 5 3CHik [ 28 ] xR
FEA B MU EAE W) 10 X R EIR R

[ &% 3Tk ]
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