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Chemical constituents and bioactivity of Xanthium sibiricum

ZHANG Wen-Zhi*, LI Na, BAI Li-Ming, GAO Hong-Yue, ZHANG Shu-Jun

( College of Chemistry and Chemical Engineering, Qigihar University, Qiqihar 161006, Heilongjiang, China )

Abstract: We studied the chemical constituents and bioactivity of Xanthium sibiricum, and fourteen compounds were
isolated from the PE and EtOAc extract by the methods of column chromatography, thin layer chromatography, semi-pre-
pared HPLC, and recrystallization. The structures were elucidated by the analysis of spectral data and physical-chemical
properties and identified as anisic acid(1), taraxerol(2), lupeol(3), ursolic acid(4), stimastero(5), oleanolic acid
(6) , lasidiol p-methoxybenzoate (7) , lupe-none(8) , xanthatin(9), a-spinasterol(10), quercetin (11), xanthinosin
(12), apigenin(13) and oleanic acid (14); Compounds 2,7,8 were isolated from Xanthium sibiricum for the first
time. The compounds were tested by plate diffusion method for the inhibitory effect of different strains. The results
showed that the compounds taraxerol(2) , lupe-none(8) , xanthatin(9) and xanthinosin(12) displayed antibacterial ac-
tivity to Alternaria solani, Fusarium oxysporum. sp. susumebrium, Botrytis cinerea and Cytospora sp.
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R3] 14 DALE W, 3 0] 55 8 Sy R AR LR TR
(Anisic acid,1) 7 AP FE % ( taraxerol ,2) 2P i &
P (lupeol ,3)  AE SRR (ursolic acid,4) | 5. i B ( sti-
mastero, 5) . 37 Bl R iR ( oleanolic acid, 6) . lasidiol
p-methoxybenzoate (7) . 3 i [ ( lupe-none, 8) &
H-5% (xanthatin ,9) | a-3% £ B ( a-spinasterol , 10) #fft
J% % ( quercetin, 11) %% H-F2 % ( xanthinosin, 12) | Jr
SR &K (apigenin, 13) P ji§ 515 £ BRBE (oleanic acid,
14) . ALEY 2.7 .8 E R MNZAEY) b oy A5 2,

R ¥ DR B Ve TF AR A
P AW RS 2.8.9 12 735 HEAT 6 R 2L
o T P R TR PR 28 , b 4 Al xR 92
BT ZE F 0l IR 0 SR8 2 T A 5 - 1 4
.

1 (L& 5 #

Bii1: BRUKER 2 Rl AM-600 BUAZRESLARIY, w44
WA %L (Waters 2489) , RE-5200 JiE % 7% % X,
Yanako %5 £, BEIZ (200 ~ 300 H ) Ry S PEL T
Jorem e SSRGS S g E TR
P KL AL 2= 10 A W) e A= 7 HPLC (] 63
ali B iR, SRR B ( Cytospora sp.) \FE
Eﬁ%(z‘lltemaria solani) KR ( Botrytis ci-
nerea ) 5. &F JKEEIA 1 ( Bofrytis cinerea) | 5 NG 259
W ( Fusarium oxysporum sp. susumebrium) ./NZZ IREEH
W ( Fusarium graminearum ) 6 F & Fh 47 DA [ A0l K
PSR o 4 W D e Ak 2R 2 J) AR 7 3R
YA T

Fi AT ERT 2013 47 8 Ak A IR JE LA 205 8
G TR IR R A A B e AN B A 4 5 3 R
YEB-( Xanthium sibiricum) .

2 BWE4LH

THEH2E (30.0 kg) 6, 190 L LB
DUMKIZHL 7 d, 45 5 1 200 mL 2, JIli 2 25408 7K
Jai MRV =R TR R 9 R 04 T A5 B, 7531 43
fit PR CTRFNIE T BEAEHUY) , 4300 198.8,160.2
1555 g,

A WhEBEAE IR (198.8 ) HATMEEM 2R 2
P TR A ¥ 700 0 A7 ke M e i i 2 e O ), R
HPLC #ifb 58659 1(20.9 mg) LG 2(14.6

mg) . 3(19.2 mg) FILEH 4(18.7 mg) ,

TR TR (160.2 ¢) HIREBOH: (@t
1T Z e , FIH HPLC gifk, 15 2k5 4 5
(187.2 mg) .6(30.2 mg) 7(11.2 mg) .8(53.7 mg) .
9(84.3 mg) .\ 10(22.9 mg) . 11(12.7 mg) \12(15.5
mg) 13(17.6 mg) 1 14(18.2 mg) ,

3 KR

EW 1 AEKKR(AMEE-ZROEE) , mp
181 ~ 186 °C, 5 % T W .' H-NMR (600 MHz,
MeOD) 8; 7.98 (2H,dd,J=8.5,2.0 Hz,H-2,6),
6.99 (2H,d,J=8.5,2.0 Hz,H-3,5),3.87 (3H,s,
H-OCH, ) ;" C-NMR ( 150MHz, MeOD ) §: 122.6
(C-1),131.4 (C-2),113.3 (C-3),163.7 (C-4),
113.3 (C-5),131.4 (C-6),54.6 (C- OCH;), VA I
Bl 5B 2% (2005 ) X IR, AT S E LA 1 A%t
FHAR R TR

a2 HEOK K (EOAc) , mp 271 ~ 272
C, BT M7 . " H-NMR (600 MHz,CDCl,) &: 5.53
(1H,dd,J=10.5,4.0 Hz,H-21) ,3.20 (1H,t,/=5.2,
11.2 Hz,H-3) ;1.63,2.05(6H,s),0.82,0.85,0.87,
0.95,0.99,1.05 (each 3H,s) ;" C-NMR (150 MHz,
CDCL,) 8:38.0 (C-1),26.1 (C-2),76.2 (C-3),39.2
(C-4),55.9 (C-5),18.8 (C-6),35.1 (C-7),38.8
(C-8),48.9 (C-9),37.5 (C-10),17.4 (C-11),35.8
(C-12),37.7 (C-13),158.1 (C-14),116.9 (C-15),
36.7 (C-16),37.4 (C-17),49.3 (C-18),41.3
(C-19),28.9 (C-20),33.8 (C-21),33.1 (C-22),
28.2 (C-23),15.2 (C-24),15.4 (C-25),29.8
(C-26),25.1 (C-27),29.7 (C-28),33.5 (C-29),
21.6 (C-30) . DA FZ5R 5 R IPKAE(2012) KA —
B, ATHIME S 2 Rl A BETERE,

&Y 3 At IXER kKR (AMEE-4/0%
B&) , 5 T80, A ihEE, 28R LB, mp 216 ~218
°C .,'"H-NMR (600MHz,CDCl,) §: 4.69(1H,d,J=2.5
Hz,H-29b) ,4.57 (1H,d,J=2.5 Hz,H-29a),3.18
(1H,dd,J=5.1,11.2 Hz,H-3),1.69 (3H,s,H-30),
1.04 (3H,s,H-26),0.97 (3H,s,H-25),0.91 (3H,
s,H-23),0.83 (3H,s,H-27),0.79 (3H,s,H-28),
0.76 (3H,s,H-24) ;" C-NMR ( 150MHz, CDCI,) §:
38.7 (C-1),27.5 (C-2),78.8 (C-3),38.9 (C-4),
55.3 (C-5), 18.3 (C-6), 34.2 (C-7),40.8 (C-8),



53 SKICAHSE . A E O ZAE YRS 623
x1 LEHRNER
Table 1  Inhibition rate of compounds
11 # R Inhibition rate ( %)
I JLEL TR

Pathogenic fungi
Taraxerol (2)

TTABEIERE (2)

THE (9)
Xanthatin (9)

P15 TR (8)
Lupe-none (8)

HHEE (12)
Xanthinosin (12)

RPN Alternaria solani 67.2
T M KEEIRE Botrytis cinerea 78.3
YR KB B. cinerea —
SERE LG Cytospora sp. 72.3
N 2596 1 Fusarium oxysporum sp. susumebrium 67.5

INFZ IREERR T Fusarium graminearum —

82.1 66.7 65.2
87.4 78.8 71.7
62.3 76.6 79.4
83.4 68.9 68.1

50.5 (C-9),37.2 (C-10),21.1 (C-11),25.2
(C-12),38.1 (C-13),42.7 (C-14),27.4 (C-15),
25.5 (C-16),42.6 (C-17),48.3 (C-18),47.9
(C-19),150.9 (C-20),29.7 (C-21),40.0 (C-22),
27.9 (C-23),15.4 (C-24),16.1 (C-25),16.0
(C-26),14.6(C-27),18.1 (C-28),109.3 (C-29),
19.4 (C-30) . DA %4 5 5k R 4245 (2015 ) X Ak
A—FSEEY) 3 R R

& 4 HEK K (MeOH) , mp 278 ~ 280
C, %% T H B, H-NMR (600 MHz, DMSO-d,) &:
12.75 (1H,s,H-OH),5.22 (1H,d,J=4.6 Hz, H-
12),3.81 (1H,m,H-3),1.62 (3H,d,J=6.8 Hz, H-
29),1.71(3H,d,J=7.4 Hz,H-30),1.48,1.52,1.56,
1.68,1.70,1.72,1.85 (each 3H,s, H-23 ~ 27);
BC-NMR (150MHz,DMSO-d,) 8: 38.6 (C-1),24.1
(C-2),79.3 (C-3),37.1 (C-4),55.5 (C-5),18.3
(C-6),32.6(C-7),39.8(C-8),47.7(C-9),37.2
(C-10),23.2(C-11),125.9(C-12),138.2(C-13) ,
41.3 (C-14),27.7 (C-15),23.4 (C-16),47.6
(C-17),53.3 (C-18),39.8 (C-19),38.6 (C-20),
30.8 (C-21),34.4 (C-22),28.2 (C-23),16.6 (C-
24),15.4(C-25),17.6 (C-26),23.7(C-27),182.2
(C-28),17.1 (C-29),19.6 (C-30). LA %I 5k
RMEEF(2014) LWESHT , HEWTIL &1 4 S REALR

&Y 5 JoEE S (A MBE-RS R L TE) , mp
167~ 168 C, & % T & 4. W Ed,' H-NMR (600
MHz,CDCl,) &: 5.14 (1H,m,H-6),5.02 (1H,dd,

J=8.4,15.0 Hz,H-22),5.01 (1H,dd,J=15.0,8.4
Hz,H-23),3.57 (1H,m,H-3),1.03 (3H,d, H-21),
1.01 (3H,s,H-19),0.81 (3H,t,/=2.8 Hz,H-29),
0.79 (3H,s,H-27),0.54 (3H,s, H-18) ;" C-NMR
(150MHz,CDCL,) 6; 37.1 (C-1),31.8 (C-2),71.8
(C-3),43.2 (C-4),121.7 (C-5) 140.1 (C-6),40.3
(C-7),31.8 (C-8), 50.2 (C-9),36.5 (C-10),21.2
(C-11),39.8 (C-12), 42.2 (C-13),32.0(C-14),
25.4 (C-15),28.6 (C-16), 56.0 (C-17), 12.2
(C-18),19.2 (C-19),40.1(C-20),21.5(C-21),
138.2(C-22),129.3(C-23),51.3 (C-24),31.8 (C-
25),21.7 (C-26),19.1 (C-27),25.3 (C-28),12.3
(C-29) , 5RAE(2008) HIBFFT 455 — 2k, 7T %
&Y 5 R S,

&Y 6 HEK K (EOAc), mp 278 ~ 280
C, 5% A5, N, H-NMR (600 MHz, CDCI, )
8: 5.25(1H,s,H-12) ,3.22 (1H,dd,J=4.9,5.4 Hz,
H-3),2.82 (1H,dd, J=13.7,4.3 Hz, H-18),1.13
(3H,s,H-27),0.99 (3H,s,H-25),0.93 (3H,s, H-
30),0.91 (3H,s,H-29),0.90 (3H,s,H-24),0.77
(3H,s,H-23),0.75 (3H,s,H-26); “C-NMR (150
MHz,CDCL,) &: 38.5 (C-1),27.2 (C-2),78.7 (C-
3),38.7 (C-4),55.2 (C-5),18.3 (C-6),32.6 (C-
7),39.4 (C-8) ,47.6 (C-9),37.1 (C-10),22.9 (C-
11),122.2 (C-12),143.5 (C-13) ,41.6(C-14) ,27.7
(C-15),23.4 (C-16),46.6 (C-17),41.3(C-18),
45.8 (C-19),30.6 (C-20),33.8 (C-21),32.4 (C-
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22),28.1 (C-23),15.6 (C-24),15.3(C-25),16.8
(C-26),25.9(C-27),183.3(C-28),33.1(C-29),
23.6 (C-30) . LA - %dE 5 WREE 45 (2015) R iE —
R EL A 6 FTHERIR .

G 7T RECEDIRY (EtOAc) , mp 42.9~
48.8 °C ,"H-NMR (600 MHz,CDCI,) 8:8.01 (2H,d,
J=9.0 Hz,H-2",6’),6.89 (2H,d,J=9.0 Hz, H-3',
5'),5.49 (1H,br d,J=4.3 Hz,H-2) ,5.32 (1H,d,J
=4.3 Hz,H-1),3.86 (3H,s,-OCH,),2.42 (1H,m,
H-4),2.32 (1H,m,H-5),2.08 (1H,m,H-10),2.07
(1H,d,H-11),1.70 (3H,br s,H-15),1.08 (3H,s,
H-14) ;®*C-NMR ( 150MHz, CDCl,) &: 77.9 (C-1),
121.4 (C-2),143.1 (C-3),30.3 (C-4),35.9 (C-5),
24.7 (C-6),36.1 (C-7),56.8 (C-8),26.6 (C-9),
24.6 (C-10),21.5 (C-11),25.2 (C-12),24.6
(C-13),22.9 (C-14), 25.8 (C-15),165.5 (C-1"),
123.0 (C-2"), 131.5(C-3"), 113.6 (C-4"),163.3
(C-5'),113.6 (C-6"),131.5 (C-7'),55.5 (C-8'),
DL EE SR RIS (2014) #9408 — 2, HlE s
¥ 7 M lasidiol p-methoxybenzoate

L& 8 HEE i (A BB R S FE) , mp
165 ~ 167 °C,' H-NMR ( 600MHz, CDCL,) §&: 4.57
(1H, brs, J=2.4 Hz, H-29b), 4.69 (1H, brs, J=
2.4 Hz, H-29a), 1.69 (3H, br s, H-30), 1.07
(3H, s, H-26), 1.05 (3H, s, H-23), 1.03 (3H, s,
H-24), 0.96 (3H, s, H-27), 0.93 (3H, s, H-25),
0.80 (3H, s, H-28); “C-NMR (150MHz, CDCI,)
8:39.8 (C-1), 34.2 (C-2), 218.1 (C-3), 47.5 (C-
4),54.9 (C-5), 19.6 (C-6), 33.6 (C-7), 40.7 (C-
8), 50.0 (C-9), 36.9 (C-10), 21.6 (C-11), 25.2
(C-12), 38.1 (C-13), 42.9 (C-14), 27.3 (C-15),
35.5 (C-16), 42.9 (C-17), 48.3 (C-18), 47.8 (C-
19), 150.9 (C-20), 29.8 (C-21), 39.9 (C-22),
26.7 (C-23), 21.0 (C-24), 15.8 (C-25), 15.9 (C-
26), 14.6(C-27), 18.0 (C-28), 109.3 (C-29),
19.2 (C-30), LA FEHE 552/ K5 (2012) 1Y 45
XT R AT E LS 8 PR B

&Y 9 HUlRiE A (EOAc) ,mp 114.5~
115 °C ,'"H-NMR (600 MHz, CDCl,) &; 7.07 (1H,
d, J=16.0 Hz, H-2), 6.28 (1H, dd, J=9.1, 3.4
Hz, H-5), 6.20 (1H, d, J=16.0 Hz, H-3), 6.18
(1H, d, J=3.3 Hz, H-13a), 5.48 (1H, d, J=3.3
Hz, H-13b), 4.29 (1H, dt, J=12.2, 2.6 Hz, H-8) ,

2.80 (1H, ddd, J=16.7, 9.1, 2.5 Hz, H-6a), 2.56
(1H, dt, J=12.2, 2.6 Hz, H-7), 2.38 (1H, ddd,
J=12.8, 3.9, 2.6 Hz, H-9b), 2.30 (3H, s, H-15),
2.20 (1H, ddd, J=16.7, 12.2, 3.3 Hz, H-6b),
1.83 (1H, dt, J=12.8, 3.9 Hz, H-9a), 1.16 (3H,
d, J=7.4 Hz, H-14) ; “C-NMR (150 MHz, CDCI,)
8: 144.8 (C-1), 148.5 (C-2), 124.7 (C-3), 198.5
(C-4), 138.1 (C-5), 27.2 (C-6), 47.4 (C-7),
81.5 (C-8), 36.6 (C-9), 29.1 (C-10), 139.2 (C-
11), 169.7 (C-12), 118.9 (C-13), 18.8 (C-14),
27.9 (C-15) , Z5AKCIA%(2009) , AT %52 AL &
W9 NEHE,

&Y 10 TEEIRG B (G- R
fg), mp 169~171 °C,'H-NMR (600 MHz, CDCI,)
8:5.36 (1H, dd, J=15.0, 8.5 Hz, H-23), 5.18
(1H, dd, J=15.0, 8.5 Hz, H-23), 4.97 (1H, m,
H-7), 3.53 (1H, m, H-3); “C-NMR (150 MHz,
CDCl,) 8: 37.4 (C-1), 31.6 (C-2), 71.2 (C-3),
38.2 (C-4), 40.4 (C-5), 29.9 (C-6), 177.3 (C-
7), 139.6 (C-8), 49.7 (C-9), 34.5 (C-10), 21.7
(C-11), 39.6 (C-12), 43.4 (C-13), 55.2 (C-14),
23.3 (C-15), 28.3 (C-16), 56.2 (C-17), 12.6 (C-
18), 13.3 (C-19), 40.7 (C-20), 21.1 (C-21),
138.1 (C-22), 129.7 (C-23), 51.4 (C-24), 31.8
(C-25), 19.2 (C-26), 21.6 (C-27), 25.3 (C-28),
12.1 (C-29) . M4 SCHREE (B IBEE 45, 2005) | %
EEY 10 Ty -3 55 B,

k&Y 11 AT AR (FE), mp
311.9~314.9 °C ,'"H-NMR (600 MHz, DMSO-d,) &:
12.50 (1H, brs, 5-OH), 10.80 (1H, brs, 7-OH) ,
9.61 (1H, brs, 3’-OH), 9.37 (1H, br s, 3-OH),
9.32 (1H, s, 4’-0H), 7.66 (1H, d, J=2.2 Hz, H-
2'),7.54 (1H, dd, J=8.5, 2.2 Hz, H-6'), 6.89
(1H, d, J=8.5Hz, H-5"), 6.41 (1H, d, J=2.0
Hz, H-8), 6.20 (1H, d, J=2.0 Hz, H-6); "“C-
NMR (150 MHz, DMSO-d,) &: 156.1 (C-2), 135.7
(C-3), 176.1 (C-4), 147.6 (C-5), 98.1 (C-6),
163.2 (C-7), 93.3 (C-8), 160.8 (C-9), 102.9 (C-
10), 121.9 (C-1'), 115.0 (C-2'), 146.1 (C-3"),
115.4 (C-5'), 119.9 (C-6') . L\ MR 54 5%
(2014) M WF 45 1 — 2, nT i L& 11 i

k& 12 LEIERY . H-NMR (600 MHz,
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CDCly) 8: 6.16 (1H, d, J=3.4 Hz, H-13b), 5.53
(1H, dd, J=8.9, 2.9 Hz, H-5), 5.44 (1H, d, J=
3.4 Hz, H-13a), 4.24 (1H, dt, J=12.6, 2.9 Hz, H-
8),2.52 (1H, m, H-6a), 2.19 (1H, m, H-9b),
2.12 (3H, s, H-15), 2.04 (1H, m, H-6b), 1.77
(1H, m, H-9a), 1.15 (3H, d, J=7.3 Hz, H-14);
BC-NMR (150 MHz, CDCl,) & 147.1 (C-1), 34.5
(C-2), 42.8 (C-3), 208.4 (C-4), 122.1 (C-5),
25.8 (C-6), 48.1 (C-7), 82.0 (C-8), 37.0 (C-9),
33.7 (C-10), 138.9 (C-11), 170.2 (C-12), 118.5
(C-13), 18.6 (C-14), 30.2 (C-15), i FHIR S
TR ZE5E (2015) B 25— 20, LW e &9 12
HEHBER,

&Y 13 #EEghis (FEE), mp 348 ~350
C, '"H-NMR (600 MHz, DMSO-d, ) 6: 12.92 (1H,
s, 5-OH), 10.81 (1H, s, 7-OH), 10.37(1H, s, 4'-
OH), 7.92 (2H, d, J=8.6 Hz, H-2'6"), 6.92 (2H,
d, J=8.8 Hz, H-3', 5'),6.77 (1H, s, H-3), 6.48
(1H, d, J=1.9 Hz, H-8), 6.19 (1H, d, J=1.9 Hz,
H-6) ; "C-NMR (150 MHz, DMSO-d,) &: 164.1 (C-
2), 103.2 (C-3), 182.3 (C-4), 160.6 (C-5), 99.1
(C-6), 163.4 (C-7), 94.5 (C-8), 158.2 (C-9),
104.9 (C-10), 121.8 (C-1), 129.0 (C-2'), 116.4
(C-3"), 129.0 (C-6"), 116.4 (C-5'), 160.1 (C-
4"y, PLRBdR S R4 (2015) 3R, A% kG
Y13 WAk ER.

L&Y 14 TCEERIRES & CA - LR OHR)
mp 213~215 °C ,'"H-NMR (600 MHz, CDCl,) &: 4.67
(1H, s, H-29), 4.62 (1H, s, H-29), 4.51 (1H, dd,
J=129, 6.4 Hz, H-3), 2.18 (3H, s, COCH,), 1.67
(3H, s, H-26), 1.05 (3H, s, H-30), 0.99 (3H, s,
H-27), 0.96 (3H, s, H-22), 0.88 (3H, s,H-23),
0.87 (3H, s, H-25), 0.86 (3H, s, H-24), 0.83 (3H,
s, H-28) ;" C-NMR (150 MHz, CDCl,) &: 38.3 (C-
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