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W B ARAFHBRHAYR AN, x5 KE| Cirsium japonicum ¥ LB LA F R B LITH F
MWHATT ZAAAR . R FERI, R-BRERG B, BBAE BN BB BN FHAMN TR TEs
A F o BAIFE 13 MW, AR Az R SRR K A T L F A ciryneol D
(1). 128,20 (S)-—# KX -24-H5-3-87 (2). 3B-FA-9 (11),12-F3 R =4 (3). HAKEEE
(4). 3p-F&E 2 §-5-%%-7-B0 (5). 3-F4-12 (13)-H-F 5 R I%-11-87 (6). & 28 (7). 3-FA
ABAL-4-FEAR) AL FTHRTE (8). AL RXTRE (9). 44-FAELRAL KT
(10). H#AEF (11). L E®H-3-0-a-L- A F (12) FATF A £ -7-0-2"-0-6"-0- LB -B-D-wtbvh
F A --D-w F AR (13), HF, AW 2. 3. 6. 8. 10, 12/ 13 A G ARMKE T
N BHFE. AT LERER: ciryneolD (1) A S AF A LA KEIBEAIIHER, HP
tFERBIZRB A Valsa mali 8937 %) R k4, ECso 8% 23.2 pg/mL, S E2RTRAE
Curvularia lunata. 3% RJA R E Colletotrichum gloesporioides B % % & &y B Botrytis
cinerea ¥ 30 3 K 4L ELAT B R 497 RI4E R, ECso 10514 27.5. 26.4 #= 81.9 ug/mL.
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Chemical constituents from the aerial parts of Cirsium japonicum

and their antifungal activities
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Research & Development on Botanical Pesticides, Northwest A&F University, Yangling 712100, Shaanxi Province, China)

Abstract: To screen novel botanical fungicides, the investigation on the chemical constituents of the
aerial parts of Cirsium japonicum was carried out. The plant was extracted with methanol. After liquid-
liquid extraction, separation by silica gel and Sephadex LH-20 column chromatography, 13 compounds
were finally obtained from the ethyl acetate phase. By comparing the NMR and MS data of the
compounds with the data in literatures, they were identified as ciryneol D (1), 128, 20(S)-
dihydroxydammar-24-en-3-one (2), 9(11), 12-dienecoleana-3p4-ol (3), taraxasterol (4), 3/-
hydroxystigmast-5-en-7-one (5), 3f-hydroxyl-12(13)-en-olean-11-one (6), p-coumaric acid (7),
obtucarbamate A (8), methyl 4-hydroxybenzoate (9), 4,4'-diphenylmethane-bis(methyl) carbamate (10),
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quercitrin (11), kaempferol-3-0O-a-L-rhamnoside (12) and chrysoeriol-7-0-2'-0-6'-O-acetyl-fS-D-
glucopyranosyl-S-D-glucopyranoside (13). Among them, 2, 3, 6, 8, 10, 12 and 13 were isolated from

this plant for the first time. Ciryneol D (1) showed inhibitory effect against the mycelia growth of five

species of plant pathogenic fungi. Among all the tested microorganisms, compound 1 showed best effect

against Valsa mali with the ECs, value of 23.2 pg/mL. It also exhibited significant inhibition on the

spore germination of Curvularia lunata, Colletotrichum gloesporioides and Botrytis cinerea, with the

ECsq values of 27.5, 26.4 and 81.9 pg/mL, respectively.

Keywords: botanical fungicides; Cirsium japonicum; separation and identification; ciryneol D;

antifungal activity

K Cirsium japonicum DC. 8% F i &
Yy, BAZMAEENE, A ES Aoz
e, R AR EEAFEE MK K
BERCEER . RS AE RIS TR SO R, K
JEZIREEDS, H FT ¢ TR &I 24535 VE I 7T 4l i
IR, A JUIR A 9% R Bl AR 42 B 41 3 it A 1 4
TEUS T O F A ) B R R R 2
W R A, T H R 1) 25 FHANE 3K,
I ZR-E R R A BE A, 28 30 R 3 E 370
AL 7 oy S MBS PEREAT T RG 7T, IUR
g5 RAEW T

1 #MR57EE

11 EfR

KEIH FHL, 2017 4 6 HRETBRIEH
7, VG ALRMBHEOR 2728 B 4% 45 58 9 K Bl
Cirsium japonicum DC., FrABAFT IR ME:
KFEMHED R e R AT WY BB R
BT, R, IRAES
1.2 HidEK

SERFE 1AW Valsa mali Miyabe et Yamada.
FARE R E Curvularia lunata > F R I #
Colletotrichum gloesporioides~ i ¥ 259 &
Verticillium dahliae Kleb F17& fili K 595 & Botrytis
cinerea, Y5 VEILRAMEBHE K R 250 78 i 4l
1.3 &K

Shimadzu LC-6AD = 07 AH L1543 ; Bruker
RPX 500MHz #% i AR B E AL (TMS N Fx);
Thermo LCQ Advantage MAX Jii i1 ; WPR /& 55
I (CEHRE RS A PR A 7]): Sephadex LH-20 (3%
ERRGINE SRRSO

XA IS (azoxystrobin) JR 24 (4L 98%, VL7

IR Y] HRAR): HENTEER (200~300 H,
BEWEEAT) ) AmEE. L8R LB N E
SrHTal.
14 K& FANPUERIHRERE NS

E oK & 2127 (10 kg), #rfE, FH
B R PR 3 k. 1 UE, A IFRRREUK, WEIK
g%, 1SBIFERE . BREERBERS T /KRS, K
KA B 18 S BRZERL,  WRAR A5 247 Bk AH
(121 g) ZFERZHEH (105 g) FI/KH (351 g). BN
IR CEEAH (105 g) F FHBEI AR, IONEEIRBERE, B
THEEE ik, WVEEEAE, Tk bR, RERHER K
A MBS V CRME : V (LBR4E) =10 : 1.
8:1. 6:1. 4:1. 2:1. 1:1. ZRZEAHEERLEE
VEE, WY, WURIKYE, 2 TLC (JBIFHINANFE
EE AT A i RN TR 1) Rl 5 A 9 A R 4 57
333 F1(9.64 g)« F2(10.24 g). F3 (11.21 g).
F4 (5.82 g). F5(1.18 g). F6(5.25g). F7(6.37 g)-
F8 (6.41 g). F9 (7.28 g) A1 F10 (28.02 g) 3£ 10 M
gy . Horh F4 SRR FEBE L [BE i A A v (A
) : V(ZERZEE)=10:1, 5:1. 3:1. 1:1 fiz
R 2181, FLA5E] F4-1 (1.06 g)« F4-2(0.77 g)~ F4-3
(0.62 g)« F4-4(0.58 g)« F4-5(0.46 g) A F4-6 (0.56 g)
6 M. Hrh, F4-2 R LH-20 % &L AT
BT, @REVBY (FE) : V(& F)=1:1]
BRELEY 1 (20.6 mg); F4-3. F4-4 fil F4-5
YRR AR RAL ALV CREE) - V (LR CER) = 5:1]
B3 EY 2 (15.7 mg). 3 (3.2 mg). 4 (9.9 mg).
5 (4.3 mg) fil 6 (15.4 mg). F5 &wERAEN (V (A
HEE) . V(R ZEE) =4:1], BEULEY) T (6.5 mg).
F6 ZRERAERE VL ([V CR ) : V (LR 4.0B8) =
3:1. 1: 1 MR CER], L4925 M F6-1
(1.30 g). F6-2 (0.74 g)« F6-3 (0.57 g). F6-4 (0.67 g)
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MIF6-5(0.72 g)o H:F, F6-3 Al F6-4 K H ODS Jx
FREENT, 2 65%~75% H BE KV W e i ) »
9524 5. 7 WA RN, P R A A 2l
BE1LEY 8 (10.8 mg). 9 (11.2 mg) A1 10 (12.4 mg).
F7. F8 2R LH-20 #i W& A ENT, REZ
HEEVENE, B21H6E%0 11 (22.7 mg). 12 (20.7 mg)
F1 13 (40.7 mg).

1.5 HIEEMNE

1.5.1 IR & E 9 5 H 2 &K #3l1E
F R B 2 A KR B T A R
LR CWEAE S KA KP4 B A G xF 5 Ptk
JE B PSS . & AU S TR 7 B0 10%
{140 PRI Tl 7 3 T 1) s 0T B B 1.00 % 10° pug/mL
MIRE SR VAT . B 1 mL iZAE BRI E] 9 mL
PDA Kige s, IS 2R . B Emaay
FHE 10% F 75 TR 7K 35 A 5 10 1) B 2R 70T PEE e R 24
W, IINF| PDA il B 5T &K B 43 08 600,
300, 150, 75 fi137.5 pg/mL HI& 25 F M. 25 AX
HRZE I NN S5 S 7o DA B g i 24 O 6 R 24
7o R AL R B O (BAR 0.5 cm) 73 Al A T
EHTE, T (25+0.5) C WM hR9E 2~7 d,
eI 2, HT7P X ENEREE
7, THRBE 2K Z, R TR .

152 AU EEARTHLNIEER KH
1 RAEE T AGEIN ORI RO R
SRR TELI Ji TR S B 50 K v B T i R o)
YRR« FH I 50 1 /K e s 7 8 b 1Y) B B R R S
YA s brp 22, W iEW. FHEEACK 3t
5 R B TR T 28 mL 10° N, &
7 BV B S PC )RR B R B T
I, oS T B RERR S, 2
ARFEIRE DN 0. 12.5, 25, 50, 100 Al
200 pg/mL. JREWAE 25 C FHEEER. AR
Mgk RiET 80% UL L4 R, Git
FRCFRA A TR R, VEWIRE, AT HRE
AbFR

2 GR5H

2.1 FEEIXTEZ2 & K HIFIER

AN FS T ZE U 5 i At s o o B 4 4400 o)
RN (R 1) RW: ££1.00 x 10 pg/mL R, KE]f
T EEAH A R R ARG S s IR B 1 2 B K
—EMAMEIER . KM L REN; 2RL
FiE AF 23 B T T e kAR, X e 4
o4 5L TR BT 22 A K A Bk I 50%, RS SRR
993 5 TR BT 22 AR KA 2R s, O 100%.

F1 3 MAFZERGRRT 5 MmR EEE 2% KayHHIER (1.00x10* pg/mL)
Table 1 Inhibitory effect of three extraction solvents on the mycelia growth of five plant pathogenic fungi (1.00x10* pg/mL)

PEUURE

I # Inhibition rate/%

Material ERIE S B SCEb | SR 1 Tl B8 K EHA 1
V. mali C. lunata C. gloesporioides V. dahliae B. cinerea
FiHiT#4H Petroleum ether fraction 63 27 41 45 36
L1 LT EtOAc fraction 100 51 60 53 40
7KAH Aqueous fraction 0 0 0 0 0

22 GMEE

¥ F'™HNMR. "C NMR il ESI-MS %4444
1~13 T T %58, 25 SCEE 7 b
XT, HE HAGE SR LK 1, Hod 1 KRS
FK, 2. 3. 4.5, 6 HIESEER=REZ, 7. 8. 9.
10 A7 BB SRIRZE, 11, 12, 13 NIEHETE K&
HAFHK,

& 1: wOMIRY, ESI-MS (m/z):
363.22 [M+H]", 4+ N C, H3005; H'H
NMR #H1°C NMR i £ 45 55 SCk[10]30E — £,
HOZA G E N ciryneol Do

EY 2. LEEREE, mp. 194~195 C
(CCHRAE"" 194~196 C); ESI-MS (m/z): 459.37
[M+H]", 4 F 30N Cy0Hs00;5; 3 'H NMR A1 BC
NMR BE£0 5 5 SRR 111308 — 2, Mz 5%
TEN 128, 20 (S)- 2RI f5E-24-0d-3-F (125, 20
(8)-dihydroxydammar-24-en-3-one).

&Y 3: AERA, mp. 280~283 C (3CHR
fg1121 280~282 ‘C); ESI-MS (m/z): 425.36
[M+H]', 20 TN C3Hig0; H 'H NMR A1 BC
NMR S50 5 k[ 12]300E — 8, MOzt &6 m %
SEN 3B-FEFE-9 (11),12-FF 8 — 4% (9 (11),12-
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ExX1 ®EY1~13 BLEEHN

Scheme 1 Chemical structure of compounds 1-13

dieneoleana-3p-ol).

th&Y 4: AERAEK, mp.216~219 C (OCHR
131 218~219 ‘C); ESI-MS (m/z): 427.38
[M+H]", 7 F30A C30HsO; H "H NMR #F1 12C
NMR 35 5 SRR 13 ]R8 — 8, iz e s
TE N A TS B (taraxasterol)o

tEY S LEERFEMA, mp. 140~143 C
(CCHRME" 140~142 °C); ESI-MS (m/z): 429.36
[M+H]", 43 F 30N CyoHyg0,; H 'H NMR %A1 BC
NMR 3 i 5 SRR 144008 — 5, Sz s %
JE N 3P-F R 8 -5-0-7-BH (3B-hydroxystigmast-5-
en-7-one).

th&Y 6: EEMAE, mp. 170~172 C (CCHR
fHU%1 170~171 C); ESI-MS (m/z): 441.38
[M+H]*, 7 F3A C3HygO,: H 'H NMR #EA1 BC

NMR 3504 5 TR 151408 — 2, SOz A%
JE N 3B-FRFE-12(13)- 4 -5 R e -11-F1 (38-
hydroxyl-12 (13)-en-olean-11-one).

WEY7: FHEBA, mp. 210~212 C (CCHk
g9 210~212 C); ESI-MS (m/z): 165.04[M+H]",
4 F3N CoHgO5; F 'H NMR /1 °C NMR %
W5 CER16)4RiE — 3, MZEME T NN EFEE
2 (p-coumaric acid)s

&Y 8: AEER, m.p. 220~224 C (SCHR
{1171 222~224 °C); ESI-MS (m/z): 239.11
[M+H]", 13N C;;H|,N,0,: H 'H NMR i fl
BC NMR 5045 5 SCHR[1 713038 — 30, #zia )
Y TE N (3-H AR I S -4 - H R R -2 IR H S
(obtucarbamate A).

&Y 9. AEEMAK, mp. 124~128 C (CCHR
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fHU* 125~128 C); ESI-MS (m/z): 153.04
[M+H]", CgHgO5; FL 'H NMR i Al C NMR i %
P 5 SCHER84RE — 8, Muzb &) % e v it
K HZNE (methyl 4-hydroxybenzoate).

&P 10: AEEAE, mp. 185~188 C (3CHk
1 186~188 ‘C); ESI-MS (m/z): 315.12
[M+H]", 2F30A C7H gN,O,; H 'H NMR %A1
BC NMR 335 5 CBR[ 1930 IE — 2, Huzib &
BENAA-HEBEEE KT (4,4'-
diphenylmethane-bis(methyl) carbamate).

&Y 11: FHEENT, mp. 180~182 C (3CHk
% 180~181 C); ESI-MS (m/z): 448.75
[M+H]", C,;H,0,;; F 'H NMR #£#1 C NMR i
et 5 TR 2014008 — 3, Bz &4 % 58 i B
 (quercitrin).

&Y 12: FEEHAK, mp. 210~214 C CCHR
fH1" 210~212 C); ESI-MS (m/z): 432.75
[M+H]", CyHyO: F: 'H NMR A1 *C NMR i
e 5 SR 1 4R0E — 8 Oz S S e il 4

M -3-0-a-L- R ZHEH (kaempferol-3-0O-a-L-
rhamnoside).

&Y 13: #HEHRAE, mp. 208~212 C (SCHR
{1221 208~210 C); ESI-MS (m/z): 667.85
[M+H]", Cs0H330,7; F 'H NMR %l °C NMR i
5 SCHR22)40E — 8, WO G5 e T
HMZK-7-0-2"-0-6'-0- L1 5 - B-D- Wit Wi ] % 4t - -
D-ML I % 8 (chrysoeriol-7-0-2'-0-6'-O-acetyl-
[S-D-glucopyranosyl-#-D-glucopyranoside).

2.3 WEVIRINEDE M

T 22 O R E 45 R R W] o B
W 2~13 XA IR B T R TS
Y 1 (ciryneol D) % 2 Fh FL B ) B 22 A= K R I HH B
S PRI AR R, e xS0 R A 0 AT 1 A0 o] R
U, ECso fHZIN 23.2 ug/mL, W3 2.

A vkl e 45 KB, ciryneol D Xf FoK
R SR T IR REL R T D R K R T
R 6 5 R AT B AR, e BCso 1E.23 51
N 27.5. 26.4 A1 81.9 pg/mL (3 3).

# 2 Ciryneol D 33 5 #EYIFR EEE 24 KAOHIHEHER
Table 2 Inhibitory effect of ciryneol D on the mycelial growth of five plant pathogenic fungi

wew I SR A HIEATE 95% B {5 X [4]

Compound Fungi Toxicity regression equation * ;5?2%%( ECso/(ug/mL) 95% Confidence limits/(pg/mL)

ciryneol D SRR V. mali y=-1.918 + 1.404x 0.981 23.2 14.4~323
FARBRE C. lunata y=-2.151+1.015x 0.976 131 102~167
SERBIEF A C. gloesporioides y=-3.822 + 1.800x 0.964 133 115~152
T WHERE V. dahliae y=-2.647+ 1.265x 0.990 124 101~150
FeMi KB B. cinerea y=-3.075+ 1.351x 0.967 189 158~229

WE BT azoxystrobin 3 HUEFLL R V. mali y=0.013 +2.661x 0.995 0.980 0.573~1.414

FAREFE C. lunata y=-0.861+0.853x 0.989 10.2 7.67~13.7
SERRIERE C. gloesporioides y=-0.479 +0.891x 0.981 3.45 1.95~4.96
MRS V. dahliae y=-0.944 + 0.853x 0.989 12.8 9.58~17.1
TR BT B. cinerea y=-0.976 + 0.881x 0.998 12.8 9.72~17.0

#&3 Ciryneol D Xt 3 MEYIHR EEEFH L BIFIER
Table 3 Inhibitory effect of ciryneol D on conidial germination of three plant pathogenic fungi

Cﬂcﬁ% i SR P - wAEERE YIE RAL ECy/(ug/mL) . 95% B A5 X ]
ompound Fungi Toxicity regression equation R 95% Confidence limits/(pg/mL)
ciryneol D R C. lunata y=-2.031+ 1411x 0.996 275 19.0~35.3
ERFIENH C. gloesporioides y=-2.171+1.527x 0.981 26.4 18.6~33.5
T KB B. cinerea y=-2.489 + 1.301x 0.992 81.9 66.7~103
WE BT azoxystrobin TSR C. lunata y=0.143 + 1.040x 0.996 0.73 0.543~0.920
ERFIENH C. gloesporioides y=1.043 +0.870x 0.999 0.063 0.034~0.092
FA KB B. cinerea y=0.932 +0.863x 0.998 0.083 0.045~0.122

#L5iTie
R R ET I B A2 Ry BT T RS

BF9E, MBS 13 ML, HERI R
BB S Rk S R S5 T HAL 2
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¥, Hd 2. 3. 6. 8. 10. 12 f1 13 NERMNZ

Y 7 AR IESKEEREERAL &) ciryneol
D (1) K& EH L RSy, X 53
BR8] A 0 T A R 3 2 ol o 2 4B "”?jc@u

ZMAEYER. 5T RE, HAAHGZAHME
) B2 KB, PRIk AN 25 R B £ B
KB b 2H 2 — MR DR R 1R R R 9 AE B

br 7 HEY SR BRI AN, RIREW ) 25
FAAE I R T AR 245 R ) B AR, R i 4y
EF R MBI R GV H Cy, Co, Cpo-f7 13
EAANFBACE, Ul ciryneol A [ Ce-f7 4 Lk
A, Cy, Cio-fiNFEH; ciryneol C 1) Cg-Hily
> Co, Cio-hiNFEEE; ciryneol D ] Cq, Co-Hi N
LA, Co-hiNiE . AW AP E15 3
1 MEYAEYD, AReATHROCR T, HMNC
FR[8]HH A 1 < B b i S A & 400 1 v M s T
PLVEH, ciryneol A, ciryneol C Fl 1-heptadecene-
11, 13-diyne-8, 9, 10-triol (X 2) R B H A [H] 410
g, HH ciryneol C IR G PESR£E, 1508
Cg-r 1 72 35 5 4 Dy U0 T 400 TR 3 2 A6
Mo LR CLEH, UKEERENESHED,
I AE Cg, Co, Co-hr 71 AAS A HUACIE T 22 3
B E M S L A &

R OH

%
OH
%
a. ciryneol A (R'=0Ac); b. ciryneol C (R'=Cl); ¢. 1-heptadecene-
11, 13-diyne-8, 9, 10-triol (R'=OH).

EX 2 KEMRPOBLHE 3 PRIRIE
HEMHHFLERR

Scheme 2 Chemical structures of three polyacetylenes
isolated from roots of Cirsium japonicum
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