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A novel dimeric diterpenoid alkaloid from the Tibetan medicinal
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Abstract: Two dimeric diterpenoid alkaloids were isolated from the whole plant of Aconitum tanguticum
(Maxim.) Stapf and their structures were elucidated by extensive analysis of 1D, 2D-NMR and HR-MS data. One
is a new compound and named tanguticurine A (1), and the other is the known compound anthoroidine B (2); both
were isolated from this plant for the first time. The antiviral activity of compounds 1 and 2 against HCV and EV71
were also evaluated. It was found that compound 1 had a good inhibitory effect on HCV and EV71 with EC,, values
of 15.5 and 9.7 umol-L", respectively, and showed low cytotoxicity. Therefore, compound 1 is a good antiviral lead

compound and deserves further study.
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Figure 1 Structures of compounds 1 and 2

FER51T18
1 ZHHEE

Tanguticurine A (1) A EIGE MK, i B 1L
B AR B S BH ME . HR-ESI-MS #E W7 5 70k
C,oHyN,O, (m/z 623.384 0 [M+H]"). C NMRAIDEPT
RN, S A TS 104 Co 144 CH. 144
CH, F12 /> CH,. 20 #7H: NMR %8 vl %0, (b 5901 17
e — AR C20 ¥ B A —ws AR N5 5, &
i 1A% (6 7.40, d, J = 2.4 Hz; 5. 169.5 d)- 1 4~
F (04 1.05, 3H, s; 6. 19.0 q)~ 1 N IR P XEE (0, 5.24,
brs; 5c 127.4 d, 149.7 s)~ BL & 14N 20 A2 (B EAE 5 (0
3.52, brs; 6 80.4 d). 4 A 4 ¥ 2 CyHsoN, Oy, HE BT 1%
B2 H 2 A C20 1) A= A% 42 T 8 PR X0 s A= 4)
o 5 21X A W8, trichocarpinine AM % i %X
PEEE X, RBAL AP 1 b C20 i # 5E  —ik ZE WAk Fy
Bt 5 trichocarpinine A 45 14 71 ifg £ e 8 AL W) Bl v B 45
FI—3, % BT B 2D-NMR BAiF o B3 25 1% 28 e Fy
B, BRI C20 AR B, BIRESEETI1
4 C20 ¥ B A B nE A I RRAEAE 5, o 2 1A
HER W CH, 55 (0, 2.55, 1H, d, J = 11.4 Hz; §,, 3.35,
1H, brs; . 63.5 t)« 1 N 3 (6, 1.03, 3H, s; 5 29.2
q) M AN IER M CHE 5 (0 3.75, brs; dc 69.6; dy
3.49, brs; 6. 65.0)0 FRILZ Ah, ZEEH T BOEFI & 1A
g B (0 174.2 )+ 1 NP A B8 (6, 5.88, 1H, d, J =
6.0 Hz; 0. 121.7 d, 142.4 s) Al 1 AN (0, 4.69, 1H,
d,J=6.6 Hz; 5.74.7). 5 CHREHESLL A AT %0, 2% F B
WA BRI B 3R 5 C20 i 75 A2 B i A ) B hetisine 2
K=, HCH A . 214 Y) anthriscifolsine A4
R B 8 %, HEDNZ C20 ALt i BEEZ I C R 5 B
JN4Y, & %) anthriscifolsine A BF#% [ C ¥ ) T % G 2R 40
Ab, B CL1-C12 B W24, C13 (#2455 C11 for i &
o R A RNV B A W, AR A R L —
FTEER— NS EREN )\ T . i HEW ] 7E
HMBC (/& 2) 43|56 4F: H-13'5 C-8', C-11", C-12',
C-14', C-16', C-20'F A3 . FA N W & i T H-12' 5

C-13', C-14', C-15', C-17'# 5% \H-15'5 C-8', C-9, C-
12, C-14', C-16', C-17'#1 5% \H-17"5 C-12', C-15', C-16'
K. ZABOTIEE&H 1A, A B 246, 7]
i 'H-'H COSY Al HMBC % 3iF . Bh Ak, P A~ i A4
B 17 47 5 1707 19 0 R 5% 2, AT B HMBC H
H-17 5 C-16', C-17'#15% \H-17'5 C-16, C-17 # 5< LL J
KA 'H-"H COSY BailE o 14L& W I Sz AR Ak 27 3 1 48
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Figure 2 Key HMBC (H/ X C) and 'H-"H COSY (=== corre-

lations for compounds 1 and 2
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DEPT i 7w, &AM T &54H 91~ C 154 CH.
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(0 2.44, 1H, d, J = 11.4 Hz; §,, 3.33, 1H, brs; o, 64.2; d;,
0.95, 3H, s; o 30.0 q; dy 3.59, 1H, brs; 6. 70.8; oy 3.29,
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Table 1 NMR data assignment of compounds 1 and 2 (600 MHz for '"H NMR, 150 MHz for *C NMR, 1 in CDCl,, 2 in CD,0D, J in Hz).

*Qverlapping
No 2
Jy Se Ccosy HMBC (H—C) Jy Je
1 1.50%(B), 1.65 (m, a) 28.4 (t) 2,5,20 1.47 (m, B), 1.66 (m, a) 29.2
2 1.26 (m, B), 1.55* (a) 20.7(t) H-3p 1.19 (m, B), 1.51* (a) 21.9
3 1.26(m,a), 1.71* (B) 30.6 (t) 2,4,5,19 1.21 (d-like, 13.2, @), 1.73%(B) 31.6
4 - 44.9 (s) - 46.5
5 - 72.5 (s) - 73.0
6 1.52% (a), 1.62* (B) 317 () 5,7,10 1.43 (m, a), 1.72* (B) 32.7
7 171%(B), 1.92 (dd, 14.4, 6.6, a) 311 () 6,8,9,15 1.64 (m, ), 1.93 (ddd-like, 6.6, 32.3
6.6, 6.0, a)
8 - 437 (s) - 45.0
9 1.62* 47.1 (d) 1.58% 48.3
10 - 45.3 (s) - 46.7
11 1.31 (m, ), 1.54% (§) 27.9 (t) 16 1.31 (t-like, 13.8, 11.4, @), 1.59% (B)  28.8
12 2.29 (brs) 343(d) HIl, Hi3e, HI5 2.29 (brs) 35.6
13 1.48 (t,10.8,10.2, p), 43.3 (1) HI12 8,11, 12,16, 20 1.49 (m), 1.82 (m) 443
1.80* (dd-like, 11.4, 2.4)
14 1.60* 44.3 (d) 20 1.52%* 45.7
15 5.4 (brs) 127.4(d) HI2 8,12, 17 5.24 (brs) 128.4
16 - 149.7 (s) - 151.6
17 2.23 (dd-like, 15.6, 7.8) 31.3 (1) H-17' 12, 15,16, 16', 17" 2.22 (dd-like, 7.8, 6.0) 33.1
18 1.05(s) 19.0 (q) 3,4,5,19 1.00 (s) 19.3
19 7.40 (d, 2.4) 169.5(d) H20 4,5,18,20 7.33(d, 2.4) 172.8
20 3.52 (brs) 804 (d) HI4, HI9 1,5,8,19 3.44 (brs) 81.4
' 1.73% (B), 1.82% () 33.4 (1) 2,35 1.77 (m, §), 2.69 (d, 15.6, @) 34.0
2 424 (brs, B, W,,=9.89) 66.5(d) HI'B, H3pB 4.11(d, 3.0, B) 67.8
3 1.54 % (B), 1.88* 39.6 (t) 4 1.45 (m, B), 1.75 (m, a) 40.4
’y - 37.2 (s) - 37.8
5 1.56* 57.4 (d) 1.54 (brs) 59.7
6 3.49 (brs) 65.0(d) H-7' 3.29 (brs) 66.5
7 1.70%(a), 1.82* 382(t) H-6 14' 1.64 (m, @), 1.76 (m, f) 40.6
8 - 39.4 (s) - 40.5
9" 236 (brs, §) 62.9 (d) 5,11, 14", 20" 1.55 (brs, B) 59.7
10 - 48.0 (s) - 46.5
1 - 174.2 (s) 4.94 (s) 93.0
12' 5.88 (d, 6.0) 121.7(d)  HI3', HIS' 13',14', 15, 17" 5.60 (d, 6.6) 121.2
13' 4.69 (d, 6.6) 74.7(d) HI2 8, 11", 12", 14, 16', 20 4.10 (dd, 6.6, 2.4) 70.9
14' 1.57* 47.3 (d) 1.72 (dd-like, 10.8, 5, 4) 48.8
15 2.02(d, 192, 0),2.36(d, 19.2, )  35.9 () 7,8,9,12, 14", 16,17 1.84(d, 18.6, @), 2.17 (brs, f) 375
16' - 142.4 (s) - 145.8
17 2.11 (t-like, 15.0, 7.8) 34.1 (1) H-17 16,17, 12', 15", 16' 2.12 (t-like, 7.8) 35.5
18 1.03(s) 29.2 (q) 3,45 19" 0.95 (s) 30.0
19 2.55(d, 11.4, ), 3.35 (brs, a) 63.5 (t) 2.44 (d, 11.4, B), 3.33 (brs, 0) 64.2
200 3.75 (brs) 69.6 (d) 3.59 (brs) 70.8
2 ALEYEMEAE LIS ER Sy

SR 7R Z R 5 B RN 8 T N E P it
J7R 515 1, 45 3R W7 tanguticurine A (1) L HCV [ ECy,
N 15.5 umol-L"', T EV71 1 ECs, 24 9.7 umol-L™'; BHPE
#j sobosbuvir $it HCV ] EC5, A 1.2 pmol-L, FH 4 24
NITD008 $t EV71 [ EC5, o4 0.78 umol-L. ik 25
$& 71 tanguticurine A X HCV Fl EV71 345 8 4 (1) #1 1
TEH, 2 — AN BUF PR3k S A Y, BAA T4
i (A AN 7. Anthoroidine B (2) X 79 i 75 24
ToAMHIE O HCV ¥ 85 K 45 25 WK 25 50 pmol L,
XTEVT1 e K45 2525 100 pmol-L).

Waters Acquity UPLC/Xevo G2 QTOF & 4 (145
Waters Xevo G2 QTOF Jii i {3 fll Waters Acquity i 154X
AR R 45) (3215 Waters /A 7]); LTQ Orbitray Velos
pro IS A (R 73 B i L PUE P B3, ESTIR) A1 Ulti-
mate 3000 & = B AH 1185 4% (3% [H Thermo Fisher 24
#]); Bruker Avance III 600-NMR spectrometer ( A 45 A
TMS, 1% [F Bruker 23 7); RE-52A Jig # 7% & AX (i
AR ). MR (160~200 H, 200~300
H, & S T, ik E b8 (100~200 H, i
VR SV A IR W), & R0 E R GF,s, (2 1E Merck 2y
#])s PURELAB Plus # 26 /KX (35 [ ¥ /K 2 7); HL #4
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BRFR A (LT AR BRI R AR ), 5418 B B Lo AL
(Eppendorf 22 7]); 5417R 24 ¥ ¥ &5 0> Ml (Eppendorf 2
), ~80 °CUKAFH (H A =¥ A A]); HW-8B 2 1 i &
TER A% (FIHTL A BT AR ); IR & 2 (ALt A5
LR 5 A BR 2 &]); 41 B 1% 9% ML (Thermo Scientific);
96 LI (NUNC); # i #% (Thermo Scientific); # 3% H,
15 3%/, DMEM (Gibco); i 4 IfiL i FBS (Gibeo); ikl
(Gibco); DMSO (Vetec); Renilia-Glo Luciferase Assay
System (Promega); Pen Strep (45 5 PS, Gibco).

T 41 il R Huh7.5.1 AT RS S0 AR RD 4 i
IGHER AL . TIBUI 2800 8 (HCV) )38 5% 2
EV71 3 HiEHE R F 5t
1 REESSE

HE DL THBAET (10 kg), HU#E, 251086
6 fi5 & 70% L FE R HEH 3 %, BIR 2 h, & FF SR BUR,
PR D R R 4 IR o R RER 25 L, nEh
FR AT pH AR % 2.5, F &P B RE AL, A 3F — &P e i
T ET WSO A B 5 Sk R M A7 5 SR /K VA I 2
KT pHAR 2 10, F Z & e 2 L, & IF & Je 28
BB [ 77 G A3 B A0 47 g0 BUH 5 53k 8
VIR AT g, SR A AR A i, & (110~
7:3) BEEEVERL, 192 7 N4> S1~S7. S4 ERER A
WA MR- TR ER (31 1~0: 1) KA BEML, 15 3 S4-1~
S4-4 JL ANy o Sa-4 PR RERAE (I, DA ik 1A
B (5:1~2:1) BREEVERE, 13 24L A1 (7 mg).

HHE DL T4 (25 ke), FLBRE, N8 1%/ 95%
CBERB PR A 3 IR, AR 40 min, & I FRBU, 2 BUR
SR RS R, VR B IR RE R 10 L, i Eh R 1 5
pHAE £ 2.5, F — & e 2L HL, & F — & Be 18 W 1m0 0
S B H E D Sk B H0 ;T A 7K I R I 2= K R 7
pHH % 10.0, H S F A HL, & I = SO e A BUR
[ AR B AR 1.3 g0 BUH T 2k 8458 10 g,
SREMAE 1, S0 - EE-20K (50:1:1~8:2:0.2) #
FEVERG, 1534 N4> S1~S4. S3 [ 2 I IE 5 45 15
k&2 (10 mg).

2 HEHEE

Tanguticurine A (1) [a], +28.38 (¢ 0.21, MeOH);
UV (MeOH) A, /nm 191.2; CD #%: 210 nm 4b W % 3|
— MU Cotton ZL B (de = —4.737 14), 234 nm At W
3| — A IE [ Cotton R M. (de = +3.733 33); () ESI-
MS m/z: 657 [M+Cl]"; (+) HR-ESI-MS m/z: 623.384 0
[M+H]* (Caled. for C,,H;,O,N," 623.384 3), 312.197 0
[M-C, H,NOT* (1), 328.191 1 [M+2H-C,,H,NO]*;
'H NMR 1 3C NMR #5453 1.

Anthoroidine B (2) [a]}, +31.69 (¢ 0.183, MeOH);

UV (MeOH) 4, /nm: 193.6; (=) ESI-MS m/z: 659 [M+
CI]; (+) HR-ESI-MS m/z: 625.402 2 [M+H]" (Calcd. for
C,oHs;O,N,* 625.400 0), 313.205 1 [M-H-C, H,NO]*
(FE£1%), 304.200 2; 'H NMR Al °C NMR #5045 1.2 1.
3 mmREEMNE
31 BFUEPHERIZENE ZS% k775N, K Huh
7.5.1 41 JfL A1 RD 480 M 73 30N & A 10% 6 4 13 1
DMEM #5955 b B F 37 °C 5% CO, s 7= 4 b 15 9%,
O B AR A A 4 B A7 S50 o K R 97 47 Y Huh 7.5.1
4 i (EV71 I35 15 RD 40 ) LLAEFL 3 000 4™ 2 fif 4t
96 LR, B T 37 °C.5% CO, ¥ #MP R FIw. HE
A 5% DMSO (W35 R B BAL &) . S22,
FLINA &AL A% 50 uL, DMEM 50 pL. HEC—%inA
100 uL DMEM {E A4 st B2 . “FAT EE 3 IR .
# 96 FLHBN 37 °C 5% CO, 55 3-8 5 9% 24 ho B
tH 96 FLAk, B T AU N W S i A KR A IF Had s
iR

5 IR, tanguticurine A (1) ¥ & 4 50 umol- L' B
Xf Huh 7.5.1 40 i G 2 1% S 2, 100 pmol- L' % RD 4 fitd
[ # 7% ¥ 100%; anthoroidine B (2) ¥ & 4 50 umol-L"!
fF % Huh 7.5.1 40 B 1 2 4 4 30%, 100 pmol-L' %f RD
S 6 T 75 14
32 BUEYEC,ME HHEiFR4F 1 Huh 7.5.1 401
(EV71 35 {87 FH RD 4 i) BLAEAL 3 000 4™ 4H a4 96 L
. &4 5% DMSO il 10% FBS K35 75 5 F B %1k
G R WA T 96 FLAR 1 52 56 20 &5 AL 4 i 85 7%
B, T A) 96 FLAR H 43 J N A [ B2 1R 4k &9 50 L,
AREELT =L SR =FLIE X IR (A
It B ). ¥ 96 FLBUBEA 37 °C5% CO, 1 7746 h 1%
7% 6~8 ho [f] B fL 4 i N ¥ £ A 100 TCIDs, JFH-1
HCV iR 8 (& %GR BER A 2L K) 50 L (EV71 M5 A8

G R BRI EVTLBDR B2 50 pl), /N O R

&) F37°C.5% CO, 5 F- 4 15 77 48 h (EVT1 & I
[ 24 h). 48 h (24 h) J&, B 96 FLAR, W3+ LIl ¥,
i 4 L H N 100 pL Renilla-Glo™ Luciferase reagent,
FE B E 3~5 min, KB FLH AR 2] 96 5L
B, B Glomax plate reader 5244, 715 ECy;o

zt I 7R« tanguticurine A (1) $T HCV 1 ECy, N
15.5 umol-L"', $#L EV71 ] EC5, N 9.7 umol-L*'; H ¥ 24
sobosbuvir I HCV 1] ECy, A 1.2 pmol-L, BH 4 2
NITD008 $it EV71 ] ECs, 24 0.78 pmol-L"'; anthoroi-
dine B (2) RIS 75 fie K 25 24 < B I 3 B 7R T &% (6F
HCV [ 55 KK FE N 50 pmol-L, XF EV71 [ i Kk B
9100 pmol-L1),
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