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Phytotoxic eremophilane sesquiterpenes isolated from Ligularia cymbulifera
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Abstract : Sesquiterpenes were the main allelopathic active ingredients in Ligularia plants and often exhibit phytotoxic activi-
ty. In order to find the major compounds from allelochemicals for developing the eco-friendly natural herbicides ,the phytotoxic
eremophilane sesquiterpenes in Ligularia cymbulifera were studied. Thirteen eremophilane sesquiterpenes were isolated and
purified by several chromatographic techniques from the root of L. cymbulifera. Their structures were identified by physico-
chemical property and analysis of spectroscopic data,including a new eremophilane sesquiterpenes, ligulacymlactam A (1),
together with twelve known ones ,3B-angeloyloxy-88-hydroxyeremophil-7 (11 ) -ene-12 ,8a(1483,6a) -diolide (2) ,88-hydroxy-
eremophil-7(11)-en-12,8a-olide (3) ,108-hydroxy-83-methoxyeremophilenolide (4) ,68,8B-dihydroxyeremophil-7(11)-en-
12 ,8a-olide (5),88-H-eremophil-3,7 (11)-dien-12,8a; 15, 6a-diolide (6) ,8B-hydroxyeremophil-3,7 (11 )-diene-8ar, 12
(6a,15)-diolide (7) ,8B-methoxyeremophil-3,7 (11 )-diene-8ar, 12 (6, 15 ) -diolide (8) , eremophil-7 (11 ) -ene-12, 8,
14,6a-diolide (9) ,88-hydroeremophil-7(11)-en-128,8a(148,6a) -diolide (10) ,3-( methacryloyloxy ) furanoeremophilan-
15,6a-olide (11) ,furanoeremophilan-14 ,6a-olide (12) ,108-hydroxy-68-isobutyrylfuranoeremophilane (13). The phytotoxic

activities against A. thaliana of compounds 1-13 were measured by agar germination method. None of them showed inhibitory
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activities on seed germination,but some of them could promote the germinate time earlier than blank about 1-2 days. As well

as,all compounds showed weak root growth inhibitory activity, and compound 13 was the most active compound ( EC,, =

44.15 +5. 21 pg/mL). Further structure-activity relationship analysis suggests that the furanermophilane sesquiterpenes

which containing the 10-position hydroxyl group and the 6-position side chain substitution have potential to be the lead com-

pound for eco-friendly natural herbicides.

Key words : Ligularia cymbulifera ;eremophilane sesquiterpenes ; phytotoxic activity ;structure-activity relationship
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255} ( Compositae ) 22 & J& ( Ligularia ) ) 2 Fh il
Yy, N 22 5 (L. virgaurea) , K225 ( L. macro-
phylla) FE;H5EE (L. sagitta) 35 BLH B R 19 AL )2k
YERL A Bl S & WA o 2 X S A ) vh 2201
PCRGH RISy, B AR L . R
P52 (L. cymbulifera) 32 53 A5 T8 W th ik , £&
7B AR BRI HBIX 2 000 ~4 000 m f) & L e L
FAEA, S LR R R
SEE TR AE A 0 R b R B S A5 2l R ik
fr2 1100 bisabolane 52 g2 Fl pyrrolizidinge
PEIER A TR RN AR S B AR B - 4 43
BRI 1) Z2 b B AT AR T T R A6 R e S A 2 il
IR AE R AR S A5 2w AR AT GRS SE
B WO R R AR PR J] ] g b, AR S i e A i) o
PN E) B A AR 4 - B i 2 AN AR G, DT RS B o'
M2 E AR AERE T 1L K 4 2R S e o T3k
T2 VR AE A ST R A 58 PR AL, o 156 FH
TIFRA S AP R R IR =R (1) e A5 9, A S
ARSI ST vh B R ) EEE T B R AR B A
S
1 #R5FEZ®
1.1 XF5RH

Jasco P-1020 FEGIY ( H A4S Jasco 22 H]) 3 Shimad-
zu UV2401PC 22 4P 634 ( H 78 Shimadzu 2 ] ) ;
Bruker Tensor 27 {8 B M- 7% # 21 #p Y 1% 4% ( KBr J&
i, P8 IE Bruker 232 5] ) 5 X4 K7 o i SO6 s e
AL R AL A BRA ) s Waters Xevo TQS mass
spectrometer Jii 1% (¥ ( 3£ Waters /> &) ) ; Bruker

AVANCE TIIT 800 MHz I #1 Bruker DRX-500 MHz 7
BREAEHRAX (TMS Sy AR, 78 Bruker 24 w]) 5 Agi-
lent 1200 0B AH 151X (52 [ Agilent A7) ;SW-
CI-2FD ¥tk T AE &5 (SW-CI2FD, 5 M 1 3¢ /R ¥ ik
WAAMRAT) ;s 7 K- (JA2103, | i BIAT K 25
PR A R A W) 5 K (LDZX-75KB, |1 H
%) s TYXH-1 g ivs i & % ( BT BR i T4 R A
A) s Milli-Q A10 B4 /K A% ( 3€ [ Millipore 22 7] ) ;
BCD-480WLLSSDOCY A VKA ( 5 & ¥ IR L5 A7 B2
") s AT (LT/ACR-2002, Jb 5t 5 22 ARk
AFR2vH]) , XSELECT CSH Prep C %4 (19 mm
x 150 mm,5 wm; % /K> Waters A H]) ; MCI GEL F
Ji§ (CHP-20P,70 ~150 wm, H A =2£{LT.) ; Sepha-
dex LH-20 3 P K& M BE 52 (40 ~ 70 pum, iy i
Amersham 2\ ) ; ¥ 2 635 £E M (GF254 , 75 & 1
WAL ) s #EJE M i g (60 ~ 80,100 ~ 200,200 ~
300 H, ¥ Bl 1)) s A LG an £ s R
AN BE TR R IR BN AR A 3 Ry A3 A
gl (E 258 AL A R A R ik i . &
i (BT r T 3R A BR A 7)) 5 B A58 0 10% H,S0,
MO BRI, [T MS 1537 45 (M5524, PUA% 35 48
Bar( L) ASARAF) o
1.2 &%t

S 225 ( Ligularia cymbulifera) F 2015 4£ 8 A
KA H = B LA X, A AR A B B AR )
WE5E B 4= V¢ &I AF 58 51 48 %€, Rk Ax A (KIB
H20150913 ) 775 78 Hh B4 B B B A W) F 53 BT AL 40 Ak
FHVERRAE Y T RS A E R A= . U
It (Arabidopsis thaliana) F- 1>}y Columbia B 4= A
1.3 HEWHRBSBAE

FHSEE TR AR 15. 0 ke By iE, 28 95% WIS
(MeOH) a1t 4 B, 9 MR i A28 1.3 kg IRH
KRG SR S e % HUAs 800 g, 100 ~200 H
RIS R A 5 24T H s i A 2 AT, 23 5 PE,
CH,Cl,: Me,CO(1:0.9:1,1:1.0:1,V/V) Fl MeOH
BEBEVRE, R T TLC X 448 23 HEAT K, 5 - AH ]
WS HAE S (Fr. A ~E) , Fr. A(CH,Cl,,145 ¢)
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2 Hh 4 MCI A2 JZ BT ( MeOH: H,0,20: 80—100:
0,V/V), 53 30% ~80% VEI AL f5 28 ik I At 2
Br (PE: Me,CO,100: 1—20: 1,V/V) , TLC Kl 4 3
1B /AAMBSY Fr. Al ~ A8, Fr. A3(1.4 g) /M2
FEEHT(CH,CL,: Me,CO,1:0 9:1 1:1.0:1,V/V) Fl
HPLC ( MeOH: H,0,65: 35—80: 20, V/V) #4li{b 154k
A¥1(6.2 mg) 2(9.0 mg) 7(7.1 mg) F1 8(8.5
mg) . Fr. B(127 g) Ze+ R4l 2 MCI 43247 (MeOH:
H,0,20: 80—100: 0,V/V) , TLC ¥ I 45 /\AMHE
4% Fr. Bl ~ B8, Fr. B2 (4.3 g) &Ik 2 BT
(MeOH) i1 HPLC ( MeOH: H,0,65: 35—80: 20, V/
V) alif i3 549 5(6.7 mg) \10(19. 1 mg) \11(6.3
mg) F112(127 mg) . Fr. B3(12.0 g) 73 & kAT
JEHT(CH,CL,: Me,CO,50: 1—2:1,V/V) S H 2
Br(MeOH) 1 HPLC ( CH,CN: H,0,50: 50—80: 20,
V/V) @354 3(7. 6 mg) (4(12 mg) 6(8.5
mg) 9(6.2 mg) F113(680 mg) .
1.4 #EYHFEEIRE
KBBR8 &0k ik &9 1 ~ 13 7E
6.25.12.5.25 50,100,200 400 pg/mL ¥ B R X 8
BRI & FARAE K RS2 o SO SISOk i i
I 1 REFANR T (A. thaliama) 7, & T 1.5 mL
BDAE TR (A 2/3 40) ,InA 1 mL 75% (V/V)
1) LA, BT IR L Z 3% 2 min, F5 L VEW ;N
A1 mL 5% WA, & T RN L ED 2
min, 3 FIHWG A 1 mL JC K Z£ 18K, e vk %
P2 min, 35 [, A SISV TR 3 IR, 1%
A RETHEELF R F R0 DI T mL T,
KREOEET 4 CUGETRE3 R(FL) . BE
29 em PUBEEERE IR ILK B I HE T /B A5 2 0 15
RALA YR HPLC 2lifb 240 > 98% ,Hf 1 Bk &
Ji5 H DMSO 52 B i , P FH JC TR 78 18 7K e il g 100
mg/mL (£ ( DMSO ¥R B <0.8% ) , U & F-20 C
KA A H o A MS B3R KT, H1 2 50 Cg
PRI B P, #i R 22 AN ] v 55 (400
200.100.,50.25.12.5.6.25 pg/mL) . KM
A5 mL & FARAS [F) R B AR A A P 00 [EL iR MS %
FRIFAE AL B SR M A S mL % 0.8% DM-
SO [ 1A MS 5552 HAE R 28 AN RR A . 1 [T iR MS
KR ER W E W A5 K A A i 3R o
TS RE S A R I B L5 % 20 Kb 1,
FHAEF RS CT B 1K 5328 K AN TR E T,
KIUAEE 23 °C MR 18 °C )R 12/12 h( R/

M) R 150 uM - m? - s AIRHBE 65% ., T
BLMCE SR, BERE 24 h eI SO TR R PR &
%G = MTIHEE/20 x 100% . 4k BB AR K
=1 mm WM ES T %, >95% IR TR K =
1 mm JaiBi k. a5 % IR L 95% B Fh—F i % Bt
SR FE ARG R HIR L, = (1B
PP R R E0/20) x 100% o 453 SRR A il
KoLy = (1-AhFR A B AR Ko/ B S B AR ) x
100% , AR HE R A K BiC A, B —H AL Bl
ABCH 3 ML, B AR EE DL R BENL T IR E R
AT o TR & AR B 3 ) B e Ay
I + FRER 2 (v £5) o B SPSS 3155 50% 4
RO (ECy, ) MO 1E

2 TPER
2.1 EMERETE
wEWM1 HETERK K ; mp. 192 ~194 C,

e [aly +132.67 (¢ 0.10,CH,0H) , 4
54y PE R 1 HR-EI-MS: m/z 280.190 6 [M + H] "
(caled for C,qH,sNO,,280. 190 7) #Wr H. o 10 K
CiHysNO, AN R 5. IR Silk s 4> T AR 7E
o, B AP BERE (1 718 em™) JHEE A3 (3 500
em” f13 238 em™ ) FHHEMA] .'H NMR 3% 504 (WL 1)
BREEY 1A 1A BRI 3L 2 A4~ g i 3% (Hop
— AR AR ) (1N E R T AR
ANE N HAE5."C NMR (W% 1) 2R 16 4~
Wef55 , 454 DEPT §5 vl IH)E Ry 4 ANHEE(CH AP 14>
S AL 5 48.9) 5 AN L 1 SR 2 A
AT (S, 89.5,C-8;72.5,C-10) 4 Mt (5
1 ANERIE 5. 172.4,C-12 F1 1 ASPUHUACBUEETS 5 6.
149.6,C-7;128.9, C-11 ), ZE &R M aFx" ,'H
NMR %1 0.91 (3H,s,5-Me) f10.79 (3H,d, ] =
8.0 Hz,4-Me) kbW~ 355, LK 2. 47 (1H ,d,
J = 14.4 Hz,H-6a) f12.09(1H,d,J = 14.4 Hz)
Ab1 6 3 H {55 7R A0 & T 68 0 A ot 2%
L C NMR & 8. 128.9(s,C-11) , F1149. 6 (s,
C-7)ib Yy 2 A~ (55 M'H NMR 3 1 5, 1. 69
(3H,s,11-Me) &b i) 345 S H2 8 A 1 A PUHUR XL
AT P — 24557 C NMR 3 8, 172.4 (s, C-
12) A R FEAT 5 DL SRR BE 4347, i Ak & 45
4 eremophilane-12 ,8-lactam U 215 18 B A B 30,
A4 1 /9 H f1°C NMR %, 2B 52
LAY 4 A MFER C IR FEOm2m A A
WAAR . ANFEFET LG 10 8 AL f 7 (ifkfs =
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5] 7% 5 5. 89. 5(s,C-8) ,6. 149. 6(s,C-7) I
1 8 i) OCH, k{55 M A5 S Win m s s, 44
G TG 14 CHysNO, fb G 4 o Cy
H,,0,) #EAL 59 4 v C 35 iy O JRFHEfb &4 1
gl NH B U (LI 1) 25 2D 3% IS

H AR 3 HE—AF 52 ' H-"H COSY . HMBC F1 ROESY
f S MR 5 A 2 R . H-"H COSY 3§45 i
H-1/H-2/H-3 (M52, HMBC jE & 5y, 8. 42
(s)5 C-7.8 11,12 #H3E;8,, 4. 18(s) 5 C-1.2.9,
10 #H;8-OMe {55 8,2.91(s) Lﬁ C-8 F%;11 i

LY C-7 11 12 AH5G;5 P AL C4 .5 .6 A5G4
AEH LN 5 C-3 4 .5 #H3¢, ROESY i [&]H H-14
H-18.68 126 H-15 Fl H-38 .6a. H-14 4 ¢;10-OH
F18-OMe \H-14 'H-68 . H-9B #H 3¢, i L & i1k &
Yy B #LRIY eremophilane-12 ,8-lactam BU% 241k AH
XA ILE 1) o 25 BTk, Ak G R — A8
eremophilane-12 ,8-lactam B3 - 15 A= ¥y 03, #% Ay %%
N llgulacymlactam A, L&Y 1 TR 45 X% E B
e 5 BORE AT O AR TR M M 2 T AR
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Fig. 1  Structures of compounds 1-13 ( * new compound)

= IH-'H-COSY

/7 N\HMBC

¥~ \ROESY

2 &AW1 RYKE H-"H COSY( - ) JHMBC(—) #1 ROESY (<) #3%
Fig.2 Key'H-'H COSY ( - ) ,HMBC (—) and ROESY (<) correlations of compound 1

=1 &1 BZEEEE('H NMR 800 MHz; " C NMR ;200 MHz,DMSO-d, )

Table I NMR data of compound 1 ('H NMR ;800 MHz;"C NMR ;200 MHz, DMSO-d, )
Position (5 in ppm) (8 in ppri}i.]in Hz)
1 34.7(t) al.20~1.23(d,15.2)
B1.55~1.60(td,13.6,4.8)
2 22.0(t) al.43(brd,12.8)
B1.24~1.25(m)°
3 29.8(t) al.14 ~1.19(m)
B1.27~1.31(m)*
4 33.1(d) al.25~1.27(m)¢
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2:5% 1( Continued Tab. 1)

Position o O
(8 in ppm) (8 in ppm,J in Hz)
5 45.7(s)
6 29.6(1) a2.47(d,14.4)
£2.09(d,14.4)
7 149.6(s)
8 89.5(s)
9 43.6(1) @2.12(d,14.4)
B1.85(d,14.4)
10 72.5(s)
11 128.9(s)
12 172.4(s)
13 8.4(q) 1.69(s)
14 15.1(q) 0.91(s)
15 16.6(q) 0.79(d,8.0)
NH 8.42(s)
8-OMe 48.9(q) 2.91(s)
10-OH 4.18(s)

T ERE TR,

Note :“Signals are overlapped.

wE®2 HERAE;ESI-MS:m/z 377 [M
+H]*, 47k CyH, 0,,'H NMR (500 MHz,
CDClL,) 6:6.03 (1H,dq,J = 7.8 Hz,H-3'),5.40
(1H,br s,H-3a) ,5. 00 (1H,br s,H-68) ,2.54 (1H,
brs,H4a),2.30(1H,m, H-108) ,2.24 (1H, m, H-
9a),1.97(3H,dq,J = 8.5 Hz,H4') ,1.96(3H,s,
H-13),1.90 (1H, m, H-18) , 1.85 (3H, br s, H5') ,
1.76(1H,m,H-1a) ,1. 60( 1H,m,H-98) ,1. 44 (1H,
m,H-2a),1.40(3H,s, H-14) ,1.39 (1H,m, H2b) ;
5 NMR(125 MHz,CDC, )8:20.5(t,C-1),25.0(t,
C2).64.7(d,C-3).42.4(d,C4) ,44.2(s,C5),
83.4(d,C-6),152.5(s,C-7).103.6(s,C-8) ,35. 4
(1,C-9) ,34.8(d,C-10),127.0(s,C-11) ,171. 6 (s,
C-12),8.8(q,C-13),23.0(q, C-14),172.2 (s, C-
15),166.8 (s,C-1"),139.5(s,C-2"),127.4 (d, C-
3'),20.6(q,C4"),15.7(q,C-5") . Z5 30wk X
He, % 52 1Z Ak & W) N 3B-angeloyloxy-83-hydroxyere-
mophil-7(11) -ene-12,8a(148,6a) -diolide

WEM3  TEFORCARES & ESI-MS: m/z 251
[M+H]*, 5 F= % C.H,0,.'H NMR (500 MHz,
CD,0D)5:2.81(1H,d,J = 13.5 Hz, H-6a),2.28
(1H,d,J = 13.5 Hz,H-68) ,2. 19(1H,d,J = 13.5
Hz,H98),2.04(1H,d,J = 13.5 Hz,H9q), 1.8l
(3H,d,J = 1.5 Hz,H-13),1.75 (1H, m, H-18)

1.57~1.45(1H, m,H-2a ) , 1. 41 ~ 1.24 (3H, over-
lap,H-28, 38, 4a), 1. 20 (2H, overlap, H-la, 3 ) ,
1.03(3H,s,H-14),0.82(3H,d,J = 6.0 Hz, H-
15);”C NMR (125 MHz,CD,0D)8:26.4(t,C-1),
21.6(t,C2),29.5(t,C-3),31.1(d,C4) ,45.6(s,
C-5),72.2(t,C-6),160.7(s,C-7),104.0(s,C-8),
40.8(t,C-9),35.4(d,C-10),123.4(s,C-11),174. 1
(s,C-12),8.3(q,C-13),21.4(q,C-14) ,16. 1 (q,C-
15) . 25 ScHk™ xf b, B %k A YR 8B
hydroxyeremophil-7 (11 ) -en-12 ,8-olide

wEm4  HEOERIRSE S ESI-MS : m/z 281
[(M+H]" 47k CH,0,,'"H NMR (500 MHz,
CD,0D)§:2.59(1H,d,J = 13.0 Hz,H-6«) ,2.47
(1H,d,J = 13.0 Hz,H-68) ,2.39(1H,d,J = 15.0
Hz,H9«),2.35(1H,d,J = 15.0 Hz,H-98),1. 86
~1.83(1H,m,H-1a),1.81(3H,d,J = 1.0 Hz,H-
13),1.69 ~1.65(1H,m,H-2¢) ,1.52 ~1.39(5H, o-
verlap, H-18,28,3,4),1.06 (3H, s, H-14), 0. 83
(3H,d,J = 7.0 Hz,H-15),3.34(3H,s,8-OMe) ;
“C NMR (125 MHz, CD,0D) §:35.4 (t,C-1),23.2
(t,C-2),31.6(1,C-3),34.7(d,C4) ,47.6(s,C-5),
31.0(t,C-6),158.4(s,C-7),107.5(s,C-8) ,44. 1
(t,€9),75.5(s,C-10),126.8(s,C-11) ,174. 2 (s,
C-12),8.4(q,H-13),15.3(q,H-14),17.0(q, H-



Vol. 34

Wi S SR B R TR I P O A e 2 A e i 575

15),53.1(q,8-OMe) . Z53CHk""7 %1, % %4k
A ¥4 108-hydroxy-8B8-methoxyeremophilenolide ,

EWms HEaERIRES S ESI-MS: m/z 267
[M+H]" 47k CH,0,,"H NMR (500 MHz,
CD,0D)6:4.50(1H,s,H-6) ,2.25(1H,d,J = 14.0
Hz,H98),2.01 (1H,d,J = 14.0 Hz,H9«),1.82
(1H,br d,J = 11.0 Hz,H-10),1.79(3H,d,J =
1.0 Hz, H-13),1.63 (1H, m, H-18), 1.57 ~ 1.24
(6H, overlap, H-1¢t,2,3,4a),0.99 (3H, s, H-14) ,
0.80(3H,d,J = 6.5 Hz, H-15);"” C NMR (125
MHz,CD,0D)§:25.8(t,C-1),20.4(t,C-2),31.0(t,
C-3),29.2(d,C4),43.1(s,C-5),69.0(d,C-6),
160.4(s,C-7),105.6(s,C-8),39.3(t,C-9),33.9
(d,C-10),121.6(s,C-11),171.4(s,C-12),8.4(q,
C-13),16.8 (q, C-14),15.2(q, C-15), & 5 X
wRU L, ik SR 68, 8B-dihydroxyeremo-
phil-7(11)-en-12 ,8a-olide,,

wEWme JLPURSS i ESI-MS: m/z 261 [M
+H]*, 47k C H,,0,,'H NMR (500 MHz,
CDCL,)6:6.81(1H,t,J = 3.2 Hz,H-3),5.14(1H,
brs,H-68) ,4.65(1H,dd,/ = 9.0,3.0 Hz,H-88),
2.40(1H,m,H-2a),2.20(1H,m,H98),2. 16(1H,
m,H-28),2.10 (1H, m, H-108),2.04 (1H, m, H-
18),1.99(3H,d,J = 2.5 Hz,H-13),1. 74 (1H,m,
H-1a),1.41(3H,s,H-14),1.02(1H,m,H9«) ;" C
NMR (125 MHz, CDCl,)8:21.6(t,C-1),21.9(t, C-
2),137.0(d,C-3),130.4(s,C4),43.7(s,C-5),
82.4(d,C-6),160.2(s,C-7),81.9(d,C-8),33.0
(t,€9),33.4(d,C-10),125.5(s,C-11),174.5(s,
C-12),9.7(q,C-13),26.7 (q, C-14),168.5 (s, C-
15) . S5 3Chk™ X b, %2 %Ak & 1) 8B-H-ere-
mophil-3,7(11)-dien-12,8a;15,6a-diolide,,

WEW T HEIBURDIRSS by ESI-MS: m/z 277
[M+H]" 47k CH,,0,,'"H NMR (500 MHz,
CD,0D)§:6.85(1H,t,J = 3.5 Hz,H-3),5.28(1H,
dd,J = 2.0 Hz,H-68),2.32 ~2.37(1H,m,H-28) ,
2.26 ~2.30(1H, m,H2a),2.19 ~2.22(1H, m, H-
18),2.13 ~2.17(1H,dd,J = 13.0,5.0 Hz,H-98) ,
2.03~2.08(1H, m,H-108),1.87(3H,d,J = 2.0
Hz,H-13) ,1.65(1H,m,H-1a) ,1.40(3H,s,H-14) ,
1.35(1H,t,J = 13.0 Hz, H9«);"” C NMR (125
MHz,CD,0D)§:22.5(t,C-1),22.8(t,C-2),139.0
(d,C-3),130.9(s,C4),45.2(s,C-5),83.9(d, C-

6),156.3(s,C-7),104.7(s,C-8),37.5(t,C9),
34.9(d,C-10),126.7 (s, C-11),173.0 (s, C-12),
9.0(q,C-13),27.1(q,C-14),170.8(s,C-15), &
S3CHR 0 e, %2 %A A 9 88-hydroxyeremo-
phil-3,7(11) -diene-8a,12 (6,15 ) -diolide ,

wEW8  HEPRLRE 5 ; ESI-MS: m/z 291
[M+H]", 4%k C H,;0,.,'H NMR (500 MHz,
CD,0D)é8:6.83(1H,t,J = 3.5 Hz,H-3),5.08(1H,
dd,J = 2.0 Hz,H-68),2.37 ~2.42(1H,m,H-28) ,
2.30 ~2.33(1H, m,H-2a) ,2.20 ~2.23(1H, m, H-
18),2.19(1H,dd,J = 13.0,5.0 Hz,H-98),2.07
(1H,m,H-108),1.90(3H,d,J = 2.0 Hz,H-13),
1.69 ~1.73(1H,m,H-1«) ,1.40(3H,s,H-14) ,1. 34
(1H,t,J = 13.0 Hz,H98),3.35(3H,s,8-OMe) ;
“C NMR (125 MHz,CD,0D)§:22.4(t,C-1),22.7
(t,C2),138.0(d,C-3),130.0(s,C4),45.0(s,C-
5),83.2(d,C-6),155.6(s,C-7),105.6(s,C-8),
36.5(t,C9),33.4(d,C-10) ,128.6(s,C-11),172. 8
(s,C-12),9.3(q,C-13),26.9(q,C-14),169.8 (s,
C-15),51.6(q,8-OMe) , 2 53CHk " %t b, %52 1%
1bE %4 8B8-methoxyeremophil-3,7 (11 ) -diene-8ar, 12
(6a,15) -diolide,,

WEWMY  TOFORCIRL, fh s ESI-MS: m/z 263
[M+H]" 47k CH,0,,'"H NMR (500 MHz,
CD,0D)6:4.97(1H,br d,J = 1.2 Hz,H-68) ,4. 69
(1H,m, H-88),2.27 (2H, overlap, H93,4a) ,2. 03
(1H,m,H-108),1.91(3H,d,J = 2.0 Hz,H-13),
1.85(2H, overlap, H-38,la) , 1. 68 (1H, br d,J =
2.0 Hz,H-18),1.51(1H,dd,J = 13.0,5.0 Hz, H-
9a),1.41 ~1.48(2H,overlap, H-2«,30¢) ,1. 32 (1H,
m,H-2B),1.27 (3H,s, H-14) ;" C NMR (125 MHz,
CD,0D)6:19.3 (t,C-1),20.8(t,C-2),24.7(t,C-
3),40.7 (d,C4),44.7(s,C5),82.1(d,C-6),
154.6(s,C-7),77.5(d,C-8),33.0(t,C-9),35.2
(d,C-10),126.0(s,C-11),173.5(s,C-12) ,9.2(q,
C-13),20.1(q,C-14),174.5(s,C-15), &5 X
MR B, %52 1% Ak A W) R eremophil-7 (11) -ene-
12 ,8a,148,6«a-diolide,

HEMI0 ToEFORDIRSE &5 ESI-MS :m/z 279
[M+H]" 47k CH, 0, ,"H NMR (500 MHz,
CDCL;) 6:5.08 (1H, br s, H68),2.28 (1H, m, H-
108) ,2.27 (2H, overlap, H4«,98) ,1.95 (3H, s, H-
13),1.91(1H, m,H-1a) , 1. 82 (2H, overlap, H9¢,
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3a),1.73(1H,brd,J = 11.7 Hz,H-2&) ,1. 47 (2H,
overlap,H-33,18) ,1.31 (1H,m,H-28) ,1. 32(3H,s,
H-14) ;”C NMR (125 MHz,CDCl;)6:19.2(t,C-1),
21.0(t,C-2),24.2(1,C-3),40.7(d,C4) ,44.6(s,
C-5),82.4(d,C6),152.8(s,C-7),103.2(s,C-8),
36.5(t,C9),35.0(d,C-10),127.5(s,C-11),171. 1
(s,C-12),9.0(q,C-13),20.3(q,C-14),175. 1 (s,
C-15) . 25 3CHk™ % b, %2 % & 8-
hydroeremophil-7 (11 ) -en-123,8a( 148,6a) -diolide ,

wEWIL PRk ES & ESI-MS: m/z 353
[M+Nal]*, /+F5H CH,0,,'"H NMR (500 MHz,
CD,0D)§:7.16(1H,br s, H-12) ,6.07,5. 64( 4% 1H,
brs,H-3"),5.48(1H,br s,H-3),5. 18 (1H, br s, H-
6B),2.72(1H,br s,H4a) ,2. 72(2H, m,H9) ,2. 41
(1H,m,H-108),2.13 (1H, m, H-1b) ,2.02 (3H, s,
H-13),1.94(3H,s,H4"),1.89(1H,m,H-2b),1. 86
(1H,m,H-=2a),1.51(3H,s,H-14),1.53 (1H, m, H-
la);”C NMR (125 MHz, CD,0D)§:23.1(t,C-1),
23.4(1,C-2),67.8(d,C-3),44.6(d,C4),42.2(s,
C-5),84.3(d,C-6),121.0(s,C-7),152.8(s,C-8),
25.8(t,C9),38.2(d,C-10) ,115.3(s,C-11),140. 1
(d,C-12),8.3(q,C-13),23.7(q,C-14),175.6 (s,
C-15),168.0(s,C-1"),137.8(s,C2"),126.4(t,C-
3'),18.6(q,C4") . 530" %1, Bk s
W & 3-( methacryloyloxy ) furanoeremophilan-15, 6a-
olide ,

wEWw12  [HEOEERCRES & ESI-MS : m/z 269
[M+Na] ", 2+ K C H,0,,'H NMR (500 MHz,
CDCL,)8:7. 11 (1H, s, H-12) ,6.80(2H,t,J = 3.6
Hz,H-3),5.33 (1H, br s, H68),2.72 (1H, m, H-
4),2.52(1H,dd,J = 15.0,3.0 Hz, H-98),2.42
(2H,m,H-2),2.30(2H, m, H-9«,108) ,2. 16 (1H,
m,H-18),2.02(3H,d,J = 1.5 Hz, H-13),1.76
(1H,m,H-1a),1.41 (3H,s,H-14) ;" C NMR (125
MHz,CDCL,)8:20.7(t,C-1),19.0(t,C2),23.4(t,
C-3),41.6(d,C4),41.7(s,C-5),82.4(d,C-6),
120.3(s,C-7),151.4(s,C-8),25.3(t1,C-9),37.2
(d,C-10),114.7(s,C-11),138.5(d,C-12),8.7(q,
C-13),19.0 (q, C-14),177.3 (s, C-15) , £ 53¢
R S L, KA S YN furanoeremophilan-14
6a-olide

wEW13  [HEPRCIRE, & ESI-MS : m/z 305
[M+H]* 4F= K C,H,0,.,'"H NMR (500 MHz,

CD,0D)68:6.69 (1H,d,J = 1.8 Hz,H-12),6.42
(1H,s,H-68),2.55(1H,dd,J = 17.0,6.5 Hz, H-
968),2.43(1H,m,H-2"),2.35(1H,dd,J = 17.0,
6.5 Hz, H9« ), 1.98-1.90 (1H, m, H-108), 1.96
(3H,s,H-13),1.46 ~ 1.36 (3H, overlap, H-3«, 4x,
la),1.36 ~ 1. 10 (3H, overlap, H-2,38,18), 1. 09
(6H,d,J = 7.5 Hz,H-3",4") ,0.95(3H,s,H-14) ,
0.78(3H,d,J = 6.8 Hz, H-15);" C NMR (125
MHz,CD,0D)§:27. 1(t,C-1),20.4(t,C-2),29.7(t,
C-3),31.7(d,C4),40.8(s,C-5),69.5(d,C-6),
116.4(s,C-7),152.4(s,C-8),26.0(t,C9),36.5
(d,C-10),119.9(s,C-11),138.5(s,C-12),8.3(q,
C-13),17.7(q,C-14) ,15.4(q,C-15),176. 2 (s, C-
1'),34.6(s,C2"),19.4(q,C-3"),19.0(q,C4"),
22 530K 3 L, 5 1% AR A R 108-hydroxy-68-
isobutyrylfuranoeremophilane ,
2.2 EYEEEER

BERR 24 b GEAT R TR AR HER RIS 1
~ 13 TR B I 257 BE A8 (i Ao 74 350 6 & A 1) 1) 42
o tbEW 2 TEAFIKIE <50 ng/mL i), &9
9 10 13 7EAb PR E <25 pg/mL B, b &9 3.5 7
AP <12. 5 pg/mlL B, il Al B A (4 [ 5
2 AN IRAREATRZA 1 ~2 Ko PL12.5 pg/mL 4b 3
WRE A A 2. 3.5.9 10 13 LbHRS () Fh 1l & 4>
TR R] b2 0 FREH AN [ R EE AR T (DLIE 3) o
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Fig. 3 Promoting effect of compounds 2,3,5,9,10,13

on A. thaliana seed germination
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Fig. 4 Inhibitory effects of compounds 1-13 against seed growth of A. thaliana
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