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T 1| 5 SKAR o A A # B = 5 & 4R

FEr  E & F A

TG ANE#® T TFRE

(HEHARTIRAYFELSRE s ARl e 5 TR B B 650091)

B )k (Aconitum duclouxii LevL)IJBRIRF ) BAFEN T 4 b A 06k, RATDUCBAEEEAR, w2 Hi
T L XORTIN SRR AR, K LGP 085 5E D - ducloudine A(5% 5 5E HY) (1), ducloudine B(5E 55 £))
(2), 14-0-4WcJe W (3 kig(4). bty 1 A0 2 Do v, (a3 0 N ZAaY)+ r A3 2. (a1
12 [T A0 MG S50 R I, 6 5 B8 41 I (HL-60, A549, SMMC-7721, MCF-7, SW480)44) B A7 1A E KA
151 (ICs0>40 pmol/L).

REEE Nk, HEAEMR; ducloudine A; ducloudine B; 40 i & vE

Two New Diterpenoid Alkaloids from the Roots of
Aconitum duclouxii Levl

Cai, Le
Liu, Yanxiong
(Key Laboratory of Medicinal Chemistry for Nature Resource, Ministry of Education, School of Chemical Science and

Yin, Tianpeng Lei, Gang Dong, Jianwei

Ding, Zhongtao™

Technology, Yunnan University, Kunming 650091)

Abstract Two new C-19-diterpenoid alkaloids, ducloudines A (1) and B (2), together with two known alkaloids of
14-acetylneoline (3) and aconitine (4), were isolated from the roots of Aconitum duclouxii Levl. The structures of new alka-
loids were established on the basis of spectral data (HR-MS, X-ray crystallographic analysis, 1D- and 2D-NMR). Cytotox-
icities of compounds 1 and 2 were tested against five cancer cell lines (HL-60, A549, SMMC-7721, MCF-7, SW480). Results

showed that compounds 1 and 2 had no cytotoxic effects on these five tumor cells (IC5o>40 pmol/L).
Keywords Aconitum duclouxii; diterpenoid alkaloids; ducloudine A; ducloudine B; cytotoxicity

3L & (Aconitum) (E A FALAT 400 Py, iz
P AT AL BRI, LR gt . BRANFNALSE 9. i
FERFAT (R 2047 200 Fft, IXHA ATZ) 76 M2 A1 LM
i BRI KRR T RS R . )1y
Sk(Aconitum duclouxii Levl.) %3k @Y, 4T 2800~
3400 m UL, FEEL ABRIIEARIR], EENT &
A RENMISI . S P BREE. AAgl
PO A s 2, A P, — R ZERAZ,
VeI, WL BN IE ME, K2 6 em, #i
292 em. A M B SRR T2 AT, AR
Fy PEIG ARE. ERREE. SFEEAY. R =2
TR E R BT RIS R BT

* E-mail: ztding@ynu.edu.cn

TP = N S A 28 R A A 2, AL T
1984 4, TS RPIR T 2 852 T A ik
VIR LSRN S, JE R A )1 kAl
SR T B RGE. T BT RKOX — = R
IR, RGBS DT T = Sk I 2 B
gy, MM ESE T 4 DA, B 2 Mk s
) ducloudine A (1)#1 ducloudine B (2), LA 2 A4tk
G 14-0- LB R 7 3V 12 ki (4), HRib &4 3 4
ER/ NI DR s E X x| N A=/ W I AN ET 2|
3 M S 56 SR W ILXS 5 R R 40 e (HL-60, AS549,
SMMC-7721, MCF-7, SW480)34) A7 A4 E KM%
(ICsp>>40 umol/L).
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B1 E1~4 s

Figure 1 Structures of compounds 1~4

1 ZR5WE

a1 kAt IGE R AR, H HR-ESIMS WoR
Y5 7N CiHpNOy (m/z: 6003160 [M+H]',
caled. 600.3173). 1 [ NMR 4 WoRn & — AR L
[0y 1.08 (t, J=7.2 Hz, 3H); dc 13.02 q, 48.70 t], =4 H
S E[0y 3.13, 3.25, 3.45 (s, each 3H); d¢c 57.80 q, 58.09 q,
59.13 q], — N LEEEE[oy 1.43 (s, 3H); dc 21.46 q, 172.34
PR — R [0y 7.38 (t, J=8.0 Hz, 2H), 7.50 (t, J=
8.0 Hz, 1H), 7.96 (d, J=8.0 Hz, 2H,); ¢ 128.60 (d, 2C),
129.63 (d, 2C), 129.89 s, 133.21 d, 165.94 s], Fl4 19 4
B, A AERIERTL A 1 —A o ZiiZEYhR. PC

NMR #5278 1 7 A8 IRE 50 71.97 d, 75.64
d, 76.19 d, 79.80 t, 84.10 d, 88.94 d, 92.01 s). C-8 [{Ifk*#
R — M ) Cro- 24 — s AWk A I KA T 619
FEAM R 1 C-15 A SEIUR, H OH-8 FiE#
AEEEP. &5 13k )5 kPR EL AP NMR %
PECILLER, FIWTIL A S AR BN T C-1, C-6, C-14,
C-16 11 C-18. Z< LAY OH-14 A% & [H ) HMBC %
HAEAE H-14 [0y 5.00 (t, J=4.8 Hz) A2 A EHL (R B
% (5c 165.94 s)FIHIZ(E 2). 3 AL BT C-6,
C-16 F1 C-18 £ H N 7E HMBC i H Wl %¢ 5] OCH;-6 (dy
3.13, s), OCH;-16 (5 3.45, s), OCH;-18 (dy 3.25, )73
5 C-1 (6¢ 71.97 d), C-16 (5 88.94 d)F1 C-18 (5¢ 79.80 t)
A 2). "TH NMR i i Z B3 R (A6 24 82 1)
FANIRE T 6 0.6 Zidh, HE—BAESE T AW S C-8 A
O B — R B R R LB AE AR F) 5 C-14 4
T A B SR, 32 BZEER I R R M. OH-1
N o K EARYE C-1 IALZERI R (e T1.97) e 1), AR
P SCHR, #5 OH-1 4 B RIRL, C-1 AL B AE O 68 /2
A1, 10 OH-1 45 5 o KT C-1 AL 2ENLFELE 6 72 T
Bl ROESY ([ 2)Hh #1745 W i) H-9 [0y 2.67 (t, J=5.6
Hz)]5 H-6 [0y 4.00 (d, J=6.4 Hz)]{#15%, H-2'A1 H-6'
[0n 7.96 (d, J=8.0 Hz)]55 H-15 [0y 4.31 (d, J=6.0 Hz)][{]
A2 T OCH;-6 A1 OH-15 ¥k o KL, #A5, X Ait
(B 3) M2l AR S T IRA TS AV 1 25N, 22 ik
fiffizg 1 FI45H, fr44 4 ducloudine A.

F£1 1AW 11 NMR $4E(CDCls)
Table 1 NMR speetral data of 1 (CDCl;)

Position oy (Jin Hz) oc Position oy (Jin Hz) oc

1 3.64~3.66 (m) 71.97d 17 2.80~2.82 (m) 62.74 d
1.56~1.58 (m) 3.50 (ABg, 8.0)

2 1.53~1.54 (m) 30.04¢ 18 3.04 (ABg, 8.0) 7980
1.91~1.93 (m) 2.56 (ABq, 12.4)

3 1.64~1.66 (m) 29.52¢ 19 2.27 (ABq, 12.4) S6.31t

2.73~2.75 (m)

4 38.08 s 21 2.36~2.38 (m) 48.70 t

5 2.20 (d, 6.4) 43.64d 22 1.08 (t, 7.2) 13.02 q

6 4.00 (d, 6.4) 84.10d 15-OH 431(d, 2.8)

7 2.82~2.84 (m) 43.69 d 6-OCHj, 3.13 (3H, s) 58.09 q

8 92.01s 16-OCH3; 3.45 (3H, s) 57.80 q

9 2.67(t, 5.6) 43.55d 18-OCH;, 3.25(3H, s) 59.13 q

10 2.00~2.02 (m) 43.01d 8-OCOCH;3; 172.34 s

11 49.22's 8-OCOCH;3; 1.43 (3H, s) 21.46 q
2.13 (dd, 4.0)

12 2.1 (dd. 4.0) 29.39t 14-0CO 165.94 s

13 2.51(t,5.6) 38.33d I 129.89 s

14 5.00 (t, 4.8) 75.64 d 2,6 7.96 (d, 8.0) 129.63 d

15 4.31(d, 6.0, 2.8) 76.20d 35 7.38 (t, 8.0) 128.60 d

16 3.23 (d, 6.0) 88.94 d 4' 7.50 (t, 8.0) 133.21d

Chin. J. Org. Chem. 2013, 33, 2528~2532 © 2013 Chinese Chemical Society & SIOC, CAS http://sioc-journal.cn/ 2529
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B2 a1 32 'H-"H COSY (smmm), HMBC (©~ )FH
ROESY ()%

Figure 2 The key 'H-'H COSY (mmmm) HMBC (~~ ™\) and
ROESY (»"™) correlations of 1

1bE 4 2 1 HR-ESIMS 2730 T304 C3HyyNOy,
(m/z: 537.2928 [M]", caled. 537.2938). 2 [¥] NMR ¥ &
IRIEH ARG HOy 1.14 (t, J=7.2 Hz, 3H); 6c 12.98
q, 48.34 t], —/NH4E Koy 3.23 (s, 3H), 3.32 (s, 6H); ¢
57.94 q, 58.41 q, 59.16 q], W/ LWt [oy 2.14, 2.17 (s,
each 3H); 5c 20.88 q, 21.14 q, 170.27 s, 170.34 s]. 4 19

AN, A RTINS 2 S A Co B i ZE .
&4 2 1 NMR 8880 1 80, 3R e A 14 ARABL)
UARALE. &9 2 (1) C-8 AL A LA &4 1 1)
Wi T 16 ppm, KW OH-8 WA SIEHLAED. A
LA S OH-14 F1 OH-15 AHi%E 23T HMBC i H-14
[On 4.74 (t, J=4.8 Hz)] S EEEEIR(Sc 170.27 s)fHC, H-15
[0n 5.15 (d, J=8.5 Hz)| 5t ALK (¢ 170.34 $)FHIC(E 4).
Fram B 2 (& 2)80 1 (3R 1) NMR Eidls A 01, L&) 2
K] C-15 F C-16 AL 2= A RS AHRAL S 1 430 17 e 37 or
BT 687, WEY 2+ H-15 F1 H-16 I & 5 b
W LAY 1 R, #E OH-15 IRy B Fg 7.
W SCHER[1I0] R LRI, G 2 SCaiED
15-B-hydroxyneolin ] NMR £fJE &1, 0F—20 |
OH-15 MBSy BT, ik, et &9 2 s,
44} ducloudine B.

B3 a1 gl X Ararair

Figure 3 X-ray structure of 1

F2 1AW 2 I NMR $4E(CDCls)
Table 2 NMR spectral data of 2 (CDCl;)

Position oy (Jin Hz) oc Position oy (Jin Hz) oc
1 3.67~3.69 (m) 72.07d 15 5.15(d, 8.5) 68.15d
1.53~1.55 (m)
2 1.571.59 (m) 29.89t 16 3.39(dd, 8.5, 1.5) 81.78 d
1.87~1.89 (m)
3 1.24~1.26 (m) 29.26 t 17 2.58~2.60 (m) 62.57d
3.63 (ABg, 8.0)
4 3794 s 18 322 (ABq, 8.0) 80.07 t
2.31 (ABq, 10.4)
5 2.21(d, 6.4) 4433d 19 2.67 (ABq, 10.4) 56.69 t
2.57~2.59 (m)
6 4.16 (dd, 6.4) 82.91d 21 2.51~2.53 (m) 48.34d
7 2.11~2.13 (m) 52.49d 22 1.14 (t, 7.2) 12.98 q
8 75.31s 6-OCH; 3.32 (3H, s) 57.94 q
9 2.31~2.33 (m) 46.61d 16-OCH3; 3.23 (3H, s) 58.41 q
10 1.91~1.93 (m) 43.12d 18-OCH3; 3.32 (3H, s) 59.16 q
2530 http://sioc-journal.cn/ © 2013 Chinese Chemical Society & SIOC, CAS Chin. J. Org. Chem. 2013, 33, 2528 ~2532



Chinese Journal of Organic Chemistry

ARTICLE

Position oy (Jin Hz) Jc Position oy (Jin Hz) oc
11 49.27 s 14-OCOCH; 170.27 s
2.11~2.13 (m)
12 1.91~1.93 (m) 29.78 t 14-OCOCH; 2.07 (3H, s) 20.88 q
13 2.61~2.63 (m) 38.08d 15-OCOCH; 170.34 s
14 4.74 (t,4.8) 75.31d 15-OCOCH; 2.14 (3H, s) 21.14q

B4 a2 EER 'H-"H COSY (mmmm), HMBC () #
ROESY () A%

Figure 4 The key 'H-'H COSY (mmmm), HMBC (™) and
ROESY (»"™) correlations of 2

&Y 3 F 4 5 CAIGE, GBI S OSCHEREL
P, CKe o % el 14-0- L8 1 3) S
LAk ().

KM MTS ¥, BL 5 FR MR 41 fd (HL-60, AS549,
SMMC-7721, MCF-7, SW480)X AL &4 1 #1 2 BE4T T 40
pmol/L & S5 [R1 B I8 41 B SEBG WD 0, A6 b 5 0 T
JIP 98 40 2B KRR BIIE . 50% 2847 (AL & W0 3E B 1
WL, 5 B B2 W R AZ B AT L, S 45
R WX A AR 5 bR 40 L (HL-60, A549,
SMMC-7721, MCF-7, SW480)14) 5 A {44 b A= KA 3% 1
(IC50>40 pmol/L).

2 ZHE|S
2.1 EREEFIRT

Bruker AV-500 RZHESCARPIE(TMS 4 N FR);
Agilent G3250AA LC/MSD TOF JFiili; XT-4 LGk
RALERJETFARALIE); JASCO DIP-370 HEUF e 64X
Bio-Rad FTS-135 ML AR GHEACNE IR (KBr ),
Waters 600 -7l £ = SBUAH €43, Spherisorb® ODS2 43
Hr4E(5 pm, 4.6 mm X 250 mm), Spherisorb® $10 ODS2 i
HFE(S pm, 20 mm X250 mm); R WA Sephadex
LH-20 (PR (Eifg) A PR A \); RP-18 (Merck
ALY, KT R i R )2 S AT A IR (7 AL T
).
22 1EYIRE

FEPIFRE S )23 F 2012 4F 12 HIEE T A2 FE K
BT RRNIEL, JFE = Ko A dn B B Bl W88 e
KNk (Aconitum duclouxii Levl.)[HR. A A{RAE T

Chin. J. Org. Chem. 2013, 33, 2528~2532
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T NFHE T AR TIRAYN Y BT = (AT
2012-bew-1).
23 RBHE

I )1 5 Sk P HUAR T3 T4 6.5 kg, ¥t a
0.5% R IR UETR I, IR LAZUK I pH 29, AR L
BEASH, IR IRAR N 1R LR 13 B B E 515 g
MRBAEERAEZEN, RHEU-FREREWV . V=
100 © 1>1 @ DERFEBENL, &5 SFBCE AR [R5 15
B 13 MR (Fr.A1~Fr.A13). Fr.A3 (2.3 @& kERH 2
B, KR A mBE-AE 0 V=50 : 11 @ )BEEE SN,
23] 5 ANEB(Fr.A31 ~Fr.A35). £k BRERFE T &
Sephadex LH-20 #EAEZHT(NER) 7 B 4ith, 15805
P 1 (25.0 mg), 2 (30.0 mg). Fr.A4 (2.5 Q)& R AL 2T,
KA BN - V=40 : 11 : DB, 53
6 M5 (Fr.A41~Fr.Ad6). & FRERKEZ M 2L &
) 3 (10.3 mg), 4 (560.7 mg).

24 HMEE

Ducloudine A (1): I EEEM A, mp. 95~97
C, [a]d —3.8 (¢ 0.10, CHCL); 'H NMR (400 MHz,
CHCL)F1 3C NMR (100 MHz, CHCL)% W% 1; IR
(KBr) v: 3460, 2922, 2856, 1716, 1644, 1455, 1372, 1277,
724, 455 cm™'; HR-ESIMS caled for C3,Hy 014 [M+H]"
600.3173, found 600.3160.

Ducloudine B (2): m.p. 83~85 C; [aly +38.7 (¢
0.22, CHCL); 'H NMR (400 MHz, CHCl;)f1 *C NMR
(100 MHz, CHCL;)%(#is WL 3% 2; IR (KBr) v: 3439, 2932,
2823, 2352, 1735, 1633, 1453, 1373, 1239, 1102, 722, 611
cm !, HRIMS caled for C,HyOp0 537.2928, found
537.2938.

14-0- 4Bt e B712(3): Fta e JEf R, mp. 190~
192 °C; 'H NMR (400 MHz, CDCly) §: 1.05 (t, J=7.2 Hz,
3H, NCH,CH3), 1.99 (s, 3H, COCH3), 3.21 (s, 3H, OCH3),
3.25 (s, 3H, OCH3), 3.27 (s, 3H, OCH3), 4.04 (d, J=6.4
Hz, 1H, 6-H), 4.78 (t, J=4.8 Hz, 1H, 14-H), 3.27, 3.56
(ABq, J=8.8 Hz, 2H, 18-H); *C NMR (100 MHz, CDCl5)
8: 72.08 (d, 1-C), 29.33 (t, 2-C), 29.91 (t, 3-C), 38.07 (s,
4-C), 44.43 (d, 5-C), 83.30 (d, 6-C), 52.64 (d, 7-C), 74.65

2531
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(s, 8-C), 46.11 (d, 9-C), 43.32 (d, 10-C), 49.64 (s, 11-C),
29.57 (t, 12-C), 36.63 (d, 13-C), 77.07 (d, 14-C), 42.63 (t,
15-C), 81.93 (d, 16-C), 63.25 (d, 17-C), 80.11 (t, 18-C),
56.92 (t, 19-C), 48.25 (t, 21-C), 13.03 (g, 22-C), 172.40 (s,
14-COCH;), 21.28 (q, 14-COCH3), 57.93 (q, 6-OCH;),
56.07 (q, 16-OCHj3), 59.16 (q, 18-OCH;). NMR i ¥4 5
SCHR[11]HRIE  14-0- 41 Je B BEAR — 3, U8 e %Ak
EYIH 14-0- 218 5.

B3 Ag(4): AETEE R A, mp. 188~190 C; 'H
NMR (400 MHz, CDCly) 6: 1.03 (t, J=7.2 Hz, 3H,
NCH,CHj3), 1.32 (s, 3H, COCH3), 3.11 (s, 3H, OCHj3), 3.19
(s, 3H, OCHj3), 3.22 (s, 3H, OCHj3), 3.42 (s, 3H, OCH,),
481 (d, J=4.8 Hz, 1H, 14-H), 3.44, 3.58 (ABq, J=8.8
Hz, 2H, 18-H ), 7.38~7.98 (m, 5H, J54.); >C NMR (100
MHz, CDCLy) 6: 83.32 (d, 1-C), 35.84 (t, 2-C), 70.96 (d,
3-C), 43.11 (s, 4-C), 46.63 (d, 5-C), 82.31 (d, 6-C), 44.66
(d, 7-C), 91.94 (s, 8-C), 44.15 (d, 9-C), 40.77 (d, 10-C),
59.87 (s, 11-C), 33.71 (t, 12-C), 74.02 (s, 13-C), 78.87 (d,
14-C), 78.78 (d, 15-C), 89.95 (d, 16-C), 61.07 (d, 17-C),
76.13 (t, 18-C), 48.86 (t, 19-C), 46.88 (t, 21-C), 13.31 (q,
22-C), 172.55 (s, 8-COCH3), 21.35 (q, 8-COCHs), 55.87
(q, 1-OCH3), 57.95 (q, 6-OCH;), 60.91 (q, 16-OCH,),
59.01 (q, 18-OCHj3), 165.99 (s, Ar-CO), 129.71 (s, 1'-C),
129.55 (d, 2'-C, 6'-C), 128.61 (d, 3'-C, 5'-C), 133.26 (d,
4'-C). NMR 18504 5 SCRR[ 1213008 2 Skl A — 2, %
LS ey SEED S
2.5 EMIFIE

MTS LRI 87 4 BB ok B 10% 6 2 1
(13572 (DMEM 2% RMPI1640)Hc 5 A 41 i Bk,
LLEEFL 5000~10000 41 fEzmh#) 96 fLAR, REFLIATH
100 pL, BIAASFIAL A 5 v (18] 2 < B 40 pmol/L 11,
TEAZAR 0T 88 40 i A= KA HIE S0% P R4k &4 5
AN E HE B S ), BEFLZARRN 200 uL, BEFpALEE
B 3N AL. 37 CHiFR48 h )i, W SALN B IR IS,
BEALIN MTS ¥ 20 uL BLKKE TR 100 pL. 4REE0F H
1~4 h, {fRNFEHEAT. EFE 490 nm K, B
il (Bio-Rad 680) 1S HL & FL G A, k&5 4, LA
WRE R REARAR, 20 LA 35 26 0 DAL b 22 1) 40 A AE K i
2k, W A7 (Reed and Muench V) V1AL A7) 1Cs,

2532 http://sioc-journal.cn/
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1H.
2.6 ducloudine A BYE & X 75N E

TEAT TR/ 2,18 LT v A7) PR S 77 2 14, 433
POk Bl SR K/ 0.25 mmx0.22 mmx0.20 mm,
2 RHER P2,2,2) a=1.22790(16) nm, b=1.4538(2) nm,
c¢=1.7247(2) nm, V'=3.0788(7) nm’, D¢yea=1.294 mg/m’,
4=0.071073 nm, x=0. 094 mm ', F(000)=1288, I'=
293(2) K, WAERTH SECh 5515, FOTATH A% 2982,
WA EIET F AR/ 3Rk, i o —13<
h<l4, —15<k<17, —20<I<18, FJGfE1F{H R N
0.0622, R(all)} 0.1262, GOF >} 1.02. ducloudine A ] X
SR CIF SCAFBAF T D [E SR X 5 AT S 2 b
>, CCDC %54 952321.
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