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COSY: Correlation spectroscopy

DEPT: Distortionless enhancement by polarization transfer
EI-MS: Electron ionization-mass spectrometry
EtOAc: Ethyl acetate

EtOH: Ethanol

Fr.: Fraction

HMBC: Heteronuclear multiple bond correlation
HMQC: Heteronuclear multiple quantum correlation
HPLC: High performance liquid chromatography
HR-ESI-MS: High resolution-electrospray ionization-mass spectrometry
IR: Infrared absorption spectrometry

J: Coupling constant

MeOH: Methanol

MPLC: Medium pressure liquid chromatography
NMR: Nuclear magnetic resonance

NOESY: Nuclear Overhauser effect spectroscopy
ODS: Octadecylsilyl

PDA: Photodiode array detector

TIC: Total ion current

TLC: Thin layer chromatography

UV: Ultraviolet

XIC: Extracted ion current
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YA LT IXF VT (Solidago altissima L) 1L, ¥ T7FRT7x /X0 U)E
DEFALEFEARTHY (Fig. 1).D IRD L 9 RIPRBAFHEZ < T, U213 (M
FHRNPOWESF 10 B FA—MLET) ZRGEL, EiFX05~25 A— b, X
BRICEEND Y | AEFFZBRWTHlE L2e vy, BEEICITRO0NREH D . 5y
T LI LIERAEH D, BETEIZH > TELH, EBIZHEO TS EiCimm»n
R TnE | XD RN EEFOEN RS KE < MBFICmN I Iz Tha<
05, WHITELS THE DV, SBEITOTNTH S, ({EFIFHEEE T+t
F A= AEITIESBE, LIXULIER D IRY | =AIBIRICR X 5, 1E81X 10
H2b 11 ATHY | EICERICEZHOEAOEILE DT, T 2 L IKAE
DEEZ DT TFEFNTE DL, 2

AREwiE, AT AV BIFFEDO WD D DIFAEY & LT, M. TURIZ/oAmN & A
FLBUETIE, AAREEOWIH, LF, 22/l & Bx 2GR TIEAE L TV D,
W) A BT TETF VT OPENRE) LT DX, @V AEREM S KO T
2L DMNEGHME N2, 7 L X —Rh BRI I o THE PO Y O R % Bl
L. ABGEHAET D EEZLNTNS, Y ZOX el 2T UXT
VU DEVVEFE )X, TERAEY) ORI BB 2 AT RN S BT B E
Tl FEARAMIC X D ERERE IR D EFEORIEIZET 2 ERICB N T, #H
HFEEARAEMICERE STV e, BUEIL, AR ER LRI A N A T S
AU, BEEXPRAGKEIC®RE STV D,

—H. A Z AT IETF Y X, SRR IRREED BT 7o RRIET:
DB BIE, DIREN TH D, A X T U X F V7 ORI L FRINFSEIE
20 HEACRE TR T, R 7T LY 21D Ty B Ky Fu
Ry, 0 T IR A REFER, 2 T — A MbE P OHEE £/ 7
NN BROEAFT AR OFERRESNLTWD, 70 £, Z095HD
WL O DILEMB L REOREMIX. EVBOMBEAERMIZEDL S Z & B3Rg
SINTWD, FlziX, BE—MEYEMEAEIERIZES VT, Morimoto (£, A #7
TUXTFIIIEENDL 7 L VT /LD kolavenic acid 73, /NAFE > I

7 (Spodoptera litura F., ¥ T \Z LD WY~ A EHE (Ipomoea batata, t IV 77
FEY ~OBELZIHITDHZ EEHLMNT LT, P Bosio Hidk, £ 77X
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T NG (Trichoplusiani, Y IR OAGFFREZZE L AL T SEHILEWB, A
2TV HETFY 7EHHAD MeOH 35 L U n-hexane I E 5D Z & 2
SN LTz, 20 MR AA/ERICRB W CIE, Shiojiri HiX, BEA X AT U X F
7 IEI R DFEFEIER Y & XA X (Glycinemax, ~ AR} I[ZIRETHE . NAE
YA MVICEDABENEDTHI L, BT LAY 7 TR FHOEEN
FLEEHLNIT LT, 0 e, A X DT UET Y URER RO RIER
DERET D LR, MrhOXA AYR=VEOGHELRMNT 22 &
ERHINT LT, D EBIC, TOMOEMFEMAENOFE LT, ¥4 207
TEFYINIZEENDLRY T EF L AEEWD dehydromatricaria lactone 35 X T
cis-dehydromatricaria ester ™ & T (barnyard millet. A4 FF}) oL % A (Lactuca
sativa, 7 %) OHEITHT D EBEEEARE SN TWD, 102D

FHIX. ZOLO YA X AT OXF Y UOEYMFEAMERICER L, Z0
M2 LRI 5 (SRS Z2RET D) 2 &, £lo, BEHEOHMSE TH
HEIEOMRIZISHT HZ E2E ML TWD, ZORIEREE LT, A58 T,
AL ATUETF Y OICEEND IR ED OB EZH LT 52 8 2R
Tee, BHC, ABRE TR, A 407 0 5F > ol FICE £ 5 S
DIHL, REWLFOBLEN BN ED 7 L e X DT V" UHB IO
NI TEFLACEDZMRICHBEL . N0 OMELZ{/FEAT MLT—
23 X OB b MBI D & | L LTS,

Fig. 1. S. altissima L. in the field photo by Nishidono Yuto
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Jra DT AR, METEU EOMMICE D IR TEY O —
CTHY 2P Zoicid, BEIEEME, 844 RE/ET I =2, fifa

. PUEA BIEME, FIEETENE, PUETEM:. PUESEMER & BT
1y - EFANEEZ R T b ONH 5, 323

JLa BT NANRAT T R S (C1-C10) 3B LN ALoMIgHE 7y (C-
11-C16) 2B 56 THY . FRD D 4 SDDORFE (C-17-C-20) IX, THY
Lo afr, SAL. 8AL, INLITHES LTS (Fig. 2), P £/-. ZLuZ U7
S DNLRRERE, A/B BRI GIBONRELE IS KON 8L & 9D X F/LHED
BIRICE > THEEN D, DFE V| He-19/H-10—H3-17/H3-20 DELEIZHED X
trans-cis (TC). trans-trans (TT). cis-cis (CC). cis-trans (CT) O 4FD 7 L a X
VTNRUNERIND (Fig. 3), @ I HIZ, CCHLE CT R TIX, cis-A/B ERD
SERRLEIC L 5T 2003y Tk A—ay (A7 RMEBIOIERT oA

RE) DEETDRREERH D, Lo LR s, ZHAE TO X Bk saiE s

DFERNG ., cis-A/IBEBRO AL T A— a0k, CCHITIIATaA R4, CT
WRTCIHIEAT oA RETHDL Z ERRIN TS (Fig. 4), 43439

F72. 1979 42 Rogers HIZ L > TEIIESNDET, Z—74OHk b7
7= clerodin |23 DX SAAABLEN G- 2 5N T\, 7 La X T RO
Mo S ARECE 20X, IRELAAE LTz (Fig 2), 37 & 2 C. BETI, BELZBS
<7z, clerodin & [A] Uit SARBLE &2 K> {L AW % neo-clerodane (LLRITD ent-
clerodane). clerodin & ¥ D #fixt SAAKEL & DL E W) % ent-neo-clerodane (VLD
clerodane) & X925 HiENE BN TWD (Fig. 3), ¥

INFETICHBEESN =7 v a X o UT XD H 5 75% trans-A/B B &



L, DIEFEEALEDEE, SALDAF LI (C-17) & 9 LD A F LI (C-20) D
BAtRIZ, cis THDH Z EDHER SN TWD, P F 7o M AAERBLE DV T neo-
7 Lag T ent-neo-7 L X L0 BEINTEERTH SV Zh b ORERIL,
CT BUD ent-neo-7 La XU, 7 ba Xy U7 /" UHHIZEBWT, EFICHZ
SNEEETCH DL Z LB L TS,

X 7B D Solidago JEIX. 7 vua X VT NN_UFHOEEREIR E U CHESE
ENTEY, ¥ v 2T UETF Y UhbIE 20 HALEFIT, W< OO CT
LD ent-neo-7 LV F L DT N UEADBEBES LTINS, D FEFT DI, 7
La X T NRVAIZER LI v A X AT U X T VU OFEMI IR 5E 0N 5
i SN TWRWZ &2 E 2 AW ORI R 2 R A LT,

Clerodane skeleton Clerodin

Fig. 2. Structure of clerodane diterpene



trans-Clerodane diterpenes cis-Clerodane diterpenes

TC (trans—cis) type TT (trans—trans) type CC (cis—cis) type CT (cis—trans) type

Fig. 3. Stereochemical configuration of the four types of clerodane skeletons
The neo-clerodane (ent-clerodane) diterpenes are shown. For the ent-neo-clerodane

(clerodane) diterpenes, the configuration is reversed at all positions.

«—
Steroidal conformation Non-steroidal conformation
CC type
— \
Steroidal conformation Non-steroidal conformation

CT type

Fig. 4. The cis-A/B ring conformation of cis-clerodane diterpenes



B H EA ST O - HEE

YA BT UXTFY OO TEHERL LSO (534 g) %, n-hexane THiH]
L. n-hexane fliti#) 13.5¢ #1547, D55, 109g ZNAtH, WitH7 v~ F 75
7 4 =B LU HPLC (ST L, 7B, RS2 Z L2k v SO LEw 1-
SEBLISEO Y La X DT R UMY B - EERE LT (Fig. 5). £72.
2FEOBEHLAY 6 B L OVT ONAEELZSGET 5 & & iz, HFHEAXT MLT
— A EXEROLD LT 52 L2k, 8 FMOBEALAM %, solidagolactone
1 (8). 7' solidagolactone II (9). '"!) solidagolactone VIII (10), '*!¥)solidagolactone
VII (11), "9 solidagolactone (12), "V solidagonic acid (13). *» kolavenic acid (14).
42) 2-oxo-solidagolactone (15) *¥ & [F]7E L7z,

Py .
O < ¥ senecioyloxy
o (Sen)

(I) Methacryloyloxy
(Met)
1: R=Sen 3:R=Sen 4: R =Sen 0
2: R = Met 8: R=Tig 10: R=Tig
6: R=Tig 9: R=Ang 11: R = Ang )
7:R=Ang “ )
(0] ™ Tigloyloxy
(Tig)
(0]
Cl) Angeloyloxy
X
WHW (Ang)
0
(]

# )J\ Acetoxy
~0

13: R = Acetoxy 15
14:R=H

Fig. 5. Structures of isolated clerodane diterpenes 1-15



FHH LAY ORERER L OBRR L& DR EUGET

LAWY 1 IZIEDREEME ([a]p® + 60.8 in EtOH) % /R HEADOMHIRME & L5
HA7=, HR-ESI-MS A7 hUIZEBWT, #1142 B — 27 [M—-H] 23 m/z
401.2682 (caled for CasH3704, 401.2697) (ZBIHI SN2 &2 n, 2D+ %
CasHigO4 ERE L72, '"HNMR 2227 ML LV 7ODAFILHE [6450.84(d, J=
7.5 Hz), 1.03 (s). 1.24(s). 1.56 (brs), 1.88(s). 2.15(s). 2.19(d. J=1.1Hz)], 1
OOBEFLAF 71 b [0 496 (dd, J=29, 29 Hz)], 3 >DA L7 ¢ 4
7’1 b [0n 5.49 (brd, J=5.7Hz), 5.58 (brs). 5.70 (br)] OIFLENH SN2 -
72 (Table 1), 2D 9 H, du2.15H-4") BLWN1.88(H-5) D2>DOF 1 ho v
TR LW 6 5.58 (H-2") DA VT 4 M7 v by 7 F /L%, senecioyloxy
DIFEZRB L=, ¥ ®IZ, {LAEW 1 @ BC NMR A7 hVIL 25 DA —R
VITFNVERL, EDI B 5OF senecioyloxy 5 [6c 165.9 (C-1"). 156.0 (C-3"),
116.7 (C-2"), 27.4 (C-4"), 20.1 (C-5"] (ZEID ¥ THiiz, ¥ 5% D20 DH—7R
>3 7 F UL, DEPT 8L HMQC A7 hLVOFNTHRE R & HbHE, WL RF
DOVERFE 1 D, WRkIRFE 4 > (AL 7 4 M2 22 5T, AT LV UVRFES O,
AFUIRFS D (A7 4 M2 2%5L), AFAVESSERRE L, KMbd
MIOAREIFIEEIL 7 TH Y | senecioyloxy &, 4 DDA VT ¢ UMERFE, 1 DOH
IVIRFIIVIRFEIL S DO AFIE R D D720, Y D2 SDOARfAFIEIL, 2O
DG DAL A~ L2,

WIZ, ZHAHD NMR AT MLF—2IT %, 2 IRJE NMR A7 [ LT —
DT AT -T2 ZAH ALEW 11E, 4 DD A F LI (C-17-C-20) 2fEA Lz
6/6 fier A/B B (C-1-C-10) BL N C-11-C-16 b2 52 G 7 L a Xy
TN THDZENRHALNIIR ST, 4400, SOL, 8L, 9NLIZ A FIVEDBFES
L7z 6/6 fge A/B BROFAEIL, H-10/Ha-1/H2-2/H-3 fi] 35 X O H-6/Ho-7/H-8/H3-17
Moo COSY AHEH. H-10 725 C-8 B LN C-9, 4 (LD A F /L H (Hs-18) 726 C-3—
C-5. 5NED A FHE (Hi-19) 725 C-4-C-6 B LN C-10, 8 (LD A F /L5 (Hz-17)
N C-7-C-9, 9 LD A F/LHE (H3-20) 726 C-8—C-10 ~® HMBC (Fig. 6) |4k
S&E ., ML N7, ¥FIZ, H3-19/C-10 @ HMBC X, {LAEW 1137 L u X B
EATDHIEEREAS T, P 2, MBS OREE (C-11-C-16) 1X, Ha-12 2>
5 C-13/C-14/C-16, H3-16 75 C-12/C-13/C-14, H-14 7>5 C-12/C-15/C-16 ~D

7



HMBC & . Hy-11 8L O Ha-12 ] COSY FHEHIZ X v #eSr. S 7= (Fig. 6), x4
(2. H-11 7*5 C-9, H-6 7»5 C-1"~0 HMBC (X, T E4 C-9 & C-6 (ZHIEHHES
fir & senecioyloxy &2 EAR L TWH Z & &R LTz,

LA 1 DARRISLARALE X, NOESY A7 MBI v 7V v T EE DR
BUZ L - THERR L 72 (Fig. 6). A/B BRAE G TROFRIARELE L, H-10 & 57D A
TV (H3-19) O NOESY FHBEG cis BdiE ERE L, DAL T H A —T 3
X, H-10 D243 dd THY . 2DOH v 7V T EED 12.9 Hz (H-1ax & D
axial-axial &7 > 7Y > 7)) 3 LN 2.6 Hz (H-1¢q & O axial-equatorial 77 7"V > ")
ThHIENDIFRAT A FMELIRE LT, B, cis-AB BN AT 1A Ko
V7 F A= a O, H-10 1E H-1ax B LUV H-1¢q &89 60°D —mHifAE AL, J
EHI45HZIZ/2 5 Z EMHESN TN D950 A F LV (H-19) & H-10,
H-11, H-12 ® NOESY AHEHIX, 52D A F /L H: (C-19), H-10, {4 (C-11-C-16)
N BEROFR—HIZH Y MEL (C-11-C-16) 7Y axial if, 9 (LD A F /LI (C-20) A
equatorial /L CHDH Z L E MR L7, E7o, 8 LD AT I/LE (C-17) D equatorial
BriE (X, Hs-17/H3-20 35 X OV H3-17/H-11 @ NOESY FHEHIC L > THESL L. 6 LD
senecioyloxy &%, H-6 7’1 h DK N dd THY , £DH v 7V U T ER
23 2.9 Hz (H-7ox & @ equatorial-axial 77~ 7'V 7)) BL N 2.9 Hz (H-7eq & D
equatorial-equatorial 7 v 7'V 7)) T 2D Z &b axial BlE & RE LTz, A%
(2. H-14/H-12 ® NOESY AHES/5 C-13, C-14 MO " HEAILT EBE &5 0 Y
Tr= (Flg 6) ZNHDOFERID . ALAW 11X Fig. 517 LT & 9 22 S KL E

VIENREEZEUEE AT A8 D ent-neo-7 Ve XV T LR
[solidagolactone I1 (9)., [o]p'”+69.5] &Il d 5 Z L2k 74979 Z i fidiE
% 5R. 6R. 8R. 9R, 10S LRE L=, Ko T, {LEW 1 DL % (+)-(5R, 6R, 8R,
9R, 108)-6-senecioyloxy-ent-neo-cleroda-3,13E-dien-15-oic acid & iz L7z,

bW 2 1T\ AOHKRYE & L THE B, HR-ESI-MS A7 hLZENT,
m/z 387.2518 (caled for C24H3504, 387.2541) (280 1A 4> ¥ —2 [M—H] %
RLTEZ EMD, % CuHz04 EIRE LT, {LEW 2 D 1 T NMR AR
7 MVIE, BIRDTINTXRVIEPFET LI L ERWT, LB 1 Db DL
¥H2L L TV /= (Table 1), HR-ESI-MS 3 KT 2 k5t NMR AX7 L OfiEATHE J
6. AEEW) 2 121, senecioyloxy 21218 %2 T, methacryloyloxy & 23F7E L CTU»
DT ENP BN 572, Methacryloyloxy &%, 4 DD I —AKR T 7 F v [dc



166.8 (C-1), 136.9(C-2"), 125.2(C-3'), 18.5(C-4")] {2z, *Y6n1.91 (3H, brs,
H-4") OB =V AF T kv 7)) 616.03 (1H, brs, H-3'a) 35 L8 5.50 (1H,
brs. H-3'b) DAL 7 4 M7 0 by P AVOHFEEICIVRIE L, ¥ £,
ZOTUINAF UL, H-6 05 C-1"~D HMBC (2 X > T, 6 fLiZfES LT
52 ENBELMNT/ o7 (Fig. 6), £7-. NOESY fHBd. » v 7'V > JE#k, et
FEZfRMT LTRSS, BB 2 ONMEFIMEEW 1 LRI TH D Z & AR S
Nize LIz2o T ALAEY 2 O % (+)-(5R,6R,8R,9R,10S)-6-methacryloyloxy-ent-
neo-cleroda-3,13E-dien-15-oic acid & #ESN7 L7-,

5 g/
< >

Fig. 6. Key '"H-'H COSY correlations (bold dark lines), HMBCs (red arrows), and

NOESY correlations (blue arrows) of compounds 1 and 2



Table 1. "H NMR (500 MHz) and '*C NMR (125 MHz) spectroscopic data of compounds
1 and 2 in CDCI3

. 2
Position =~ S, mult (J in Hz) dc Sy, mult (J in Hz)
1 21.9 1.91 overlap® 21.8 1.84m
1.64m 1.67m
2 26.6 1.93 overlap® 26.4 2.01 overlap®
1.84 m 1.95 overlap®
3 124.6 5.49 brd (5.7) 124.4 5.49 brd (5.7)
4 138.1 138.0
5 42.9 42.9
6 73.4 4.96 dd (2.9, 2.9) 74.8 4.98 dd (2.6, 2.6)
7 31.6 1.78 m 31.4 1.80 m
1.55 overlap® 1.61 ddd (14.9, 3.0, 3.0)
8 32.0 1.96 overlap® 31.9 1.92 overlap®
9 38.5 38.5
10 44.7 1.51dd (12.9,2.4) 44 .4 1.55 overlap®
11 34.3 1.37 ddd (13.1, 13.1, 3.5) 34.1 1.38 ddd (13.7, 13.3, 3.8)
1.99 overlap® 1.99 overlap®
12 35.6 2.26 ddd (13.2, 13.2, 4.6) 35.6 2.27ddd(13.1, 13.1,4.4)
2.07 ddd (13.2, 13.2, 3.4) 2.08ddd(13.1, 13.1, 3.4)
13 164.6 164.3
14 114.7 5.70 brs 114.9 5.70 brs
15 171.2 171.8
16 19.5 2.19d (1.1) 19.5 2.20d (1.1)
17 15.3 0.84d (7.5 154 0.85d (6.8)
18 18.3 1.56 brs 18.3 1.54 brs
19 24.8 1.24s 24.6 1.25s
20 285 1.03s 28.6 1.04s
I 165.9 166.8
2! 116.8 5.58 brs 136.9
3 156.0 125.2 6.03 brs
5.50 brs
4 20.1 2.15s 18.5 1.91 brs
5! 27.4 1.88s

2 Signals are overlapped, and the multiplicities could not be discerned.
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b 3 ITEAOIRYE & L THE L7, HR-ESI-MS A7 MUIZEIT 5
m/z 423.2513 [M + Na]* (caled for C2sH3sO4Na, 423.2506) Ol oy A 4 v —7
D551 % CosHaeO04 & ITE L T2, ﬂ:/\% 3 LA 1 o 'H B LU C NMR
AT VOIS LAY 3 121X, senecioyloxy &35 LN 4 DD A F/LEEN
fEA L7z 6/6 Mgt A/B fﬁm:ﬁ“ﬁ“é &l biT, M Y ofEEMEE 1 &
oD Z ERIBE T (Tables 1 38X TN2), H—AR > o7 F )L [6c174.0 (C-15),
171.1 (C-13), 115.2(C-14), 73.1 (C-16)] BXL P71 h> v 7 F )L [6n 5.85 (1H,
brs. H-14) 476 2H. d. J=1.7Hz, H-16)] 2%, 2 &KICNMR 227 kLT

2D E LAY 3 OMEH S OME L LT, o, B-FEafnT7 7 b AL L
7o ¥ F o, UV RN (213 nm) 38 X OVIR WA (1749 em™) 1, o, B-4~fidl
M7 7 b OFEEZFF L, 3D 0T 7 b=y NI, HMBC (H-12/C-
13 38 LU Ha-11/C-9) & 'H-'HCOSY #HBd (H2-11/H2-12) 725, C-11 & C-12 225
HTTF LTV TPENLT C9 OB oTWND I ERHLNI/R-T-
(Fig. 7)o AMEEW ORI SARELE X, NOESY AHRR LU v 7'V » 7 EEIZ &
STHEL L, ZDONAKIIEAEW 1 LRIUTHoTz, &5, {LEW 3 Otk
BLiElX. ZOENXE ([a]p® +44.8) %, FMEEEH T 2BEH O ent-neo-7 L 1
X T W [solidagolactone I1(9). [a]p!”+69.5] & LLik L. 5R. 6R. 8R. 9R,
10S LWREL, "9 T o5T (bEW 3 OHEEL (+)-(5R,6R,8R,9R,105)-6-
senecioyloxy-ent-neo-cleroda-3,13-dien-15,16-olide & filexr L7z,

A 4 1T EAOMKRYE & L TH 6172, HR-ESI-MS A7 R LIZEBWN T,
m/z 439.2447 [M + Na]" (calcd for C2sH3s0sNa, 439.2455) DEE )y 1A A B —7
D SN2 En, 1% CsHieOs EHEE LT=, LAY 4 D NMR A
7 MVT—HF, 3B I N4 O I By 7 MEEERN T, BB XZH LA
W3 L—E L7 (Table 2), {LAWIITBITDHA LT 4 L MEAF 2 [dc 124.6 (C-
3)] BLOA VT ¢ UEIRFE [oc 137.9 (C-4)] 23, LEW 4 TiX, AF A
F 2 [dc 57.5 (C-3)] BLOWLIKRSE [oc 61.7 (C-4)] THYH ., ORI XV
FRIL, C3-C4 = RFI VEOHFAELZ TR LT, AMEEWOMRELEIZEE L T,
SO0, 607, 847, 9L, 10 MO NAKFLEII{LAW 3 LRI L CThH D Z & 53 NOESY
AT MVE OGN o7, £, H3 O EENIL brs THY . /IS J
i (H-2ax & @ equatorial-axial 77 > 7'V > 773 X TN H-2¢q & @ equatorial-equatorial
Ny TV T) R L2 END, 3, 4T VBRI, B-ALE EE LT, 2B,

11



o-TRFVIEDEA, H3 D JEIZFNSHz THHZ ENRENTWND, D &5
(2. H-3/Hz-2 & H3-18/H3-19 @ NOESY #HBI2 6| 3, 4-T7R % T ERDY B Bl CFF
95 2 ENEMT BN (Fig. 7). &ZIZ, KMEEWOIEE ([o]p” -21.0) %
X R A IE AT I X 0 S S LARECE S E S TR Y EUEE AT D ent-
neo-7 L a X 7 L [solidagolactone VIII (10). [a]p® —27.4] & th#Ed 2% =
IR D ., MERINAARLE A 3S, 4R, 5S. 6R, S8R, 9R, 10S LRE LTz, 19 L
72035 T ALEY) 4 DRETE % (—)-(3S,4R,55,6R,8R,9R,10S)-3,4-epoxy-6-senecioyloxy-
ent-neo-clerod-13-en-15,16-olide & #2177,

Yy Y
> <
OW ° OW

Fig. 7. Key '"H-'H COSY correlations (bold dark lines), HMBCs (red arrows), and

NOESY correlations (blue arrows) of compounds 3 and 4

et 5 ITEAOMRYE L L TH LI, HR-ESI-MS A7 KL D m/z
383.2191 [M + Na]" (calcd for C22H3,04Na, 383.2193) DEEELIy A A2 B — 27 i)
HZ D5 F % CooH30s ERE LTz, 'HNMR A7 MUIZEIT D 6n 2.07 (s,
H3-2)], C NMR A7 hUIZEIT D 6c 170.7 (C-1') B I 21.5 (C-2") DAl
HI72 s 7 b | acetoxy FEDAIFIEZ MENL L7- (Table 3), 4%V @ 20 O 1 —R
YT FME ALE 14 OO L DWIRIZ LY | o, B-AEIFIT 7 R (C-13-
C-16), =F L7 U v (C-11 BEDNC-12), 4 DD A FIVENFES LTz 6/6 #i
& A/B B (C-1-C-10 & C-17-C-20) EHEJIL7=, 2 KL NMR A7 KL OFRAT
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FERIE. ZoHERE XL, H-11 5 C-9 BXOH-7 »»5 C-1'"~? HMBC IZ,

RIS 5> (C-11-C-16) & acetoxy ZENAZAEIL C9 & C-7 ITHAELTWHZ &

Zoe L7 (Fig.8), S HIZ, NOESY #HB & v 7V » FTEE NG ALEW S &

IEEW1-4TIX. 7 La X o BEOSARELEN R 5 Z LB LM -7 (Fig.
8), H-10 @ axial (71E, WE&HEEXN dd THY ., £ JEMN 12.2 Hz (H-1x & D
axial-axial 7 v 7'V > 7)) B LN 2.1 Hz (H-1¢q & @ axial-equatorial 77 >~ 7° U > 7))
ThHoHZEMBIRE LT, H-10 & H-2,/H-8. H-8 & H-6,/H-7 ® NOESY #HE
T, 26 5 o07r FUoN ABRIZEWT, FA—mEFELTNWDL I EE
IR L. SNALOD A FIVHE (H3-19) & 9L A FVEE (Hz-20) OFRSIE. b o
2ODAFNEN G TORKEICHHZ L E2RR LT, Lo T, THICHELT
VW% acetoxy A&l axial iz, A/B BEfi ¥ IL trans BliE . equatorial fi2.0D Hi-17 (8 {iZ
DA FNIEE) & axial (\LD H3-20 (O 2D A F LK) (X eis BB DR TH D Z Ln
HOMNIoTe, 70, Iy 7Y U7 ERIT, 2 OMRRLE 2 R LT, &
B2, ALEY) 5 ORSLARRCE X, £ OFEEE ([a]p® —60.7) % . BEEN DAL
EEAT D neo-7 L X7 X [solidagonic acid methyl ester, [o]p'® —83.4]
ST HZ 2L, SR, TR, 8S. 9R, 10R ERE LTz, %P Lz~ T, fk
EW 5 OIS % (-)-(5R,TR,8S,9R,10R)-7-acetoxy-neo-cleroda-3,13-dien-15,16-olide &

e L7=,

— 0O
S

Fig. 8. Key '"H-'H COSY correlations (bold dark lines), HMBCs (red arrows), and

NOESY correlations (blue arrows) of compound 5
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Table 2. "H NMR (500 MHz) and '*C NMR (125 MHz) spectroscopic data of compounds
3 and 4 in CDCl3

. 4

Position =5~ S, mult (J in Hz) dc Sy, mult (J in Hz)

1 21.8 1.92m 18.9 1.76 overlap®
1.63m 1.40 m

2 26.6 2.04m 27.2 2.10 m
1.87 overlap® 1.62 m

3 124.6 5.50 brd (5.7) 57.5 2.75 brs

4 137.9 61.7

5 42.8 40.3

6 73.0 4.97dd (2.9, 2.9) 71.9 5.35dd (4.6,2.9)

7 31.6 1.77m 324 1.72 overlap®
1.60 overlap® 1.53 overlap®

8 31.8 1.97 m 32.8 2.01lm

9 384 38.2

10 44.8 1.52 overlap® 453 1.21 overlap®

11 33.7 2.08 m 34.6 1.98 m
1.51 overlap® 149m

12 23.2 2.50 ddd (16.3, 12.5, 4.4) 234 2.42 ddd (16.3, 12.3, 4.5)
2.34 ddd (16.3, 12.1, 4.3) 2.28 ddd (16.3, 12.6, 4.0)

13 171.1 170.7

14 115.2 5.85 brs 115.3 5.85 brs

15 174.0 173.9

16 73.1 4.76d (1.7) 73.0 4.75d (1.7)

17 15.3 0.86d (6.9) 15.7 0.88d (6.9)

18 18.3 1.56 brs 21.8 1.31 brs

19 24.8 1.20s 26.6 1.20s

20 28.3 1.05s 27.8 1.03s

I 166.8 166.1

2! 116.5 5.58 brs 117.1 5.74 brs

3 156.3 156.0

4 20.2 2.15s 20.2 2.20s

5! 27.4 1.88s 27.5 191s

2 Signals are overlapped, and the multiplicities could not be discerned.
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Table 3. 'H NMR (500 MHz) and '*C NMR (125 MHz) spectroscopic data of compound

5 in CDCl3
Position  dc oun, mult (J in Hz)
1 17.9 1.58 overlap® (2H)
2 26.6 2.11m
2.00 m
3 120.0 5.16 brs
4 144.4
5 37.3
6 39.8 2.15dd (14.7, 2.6)

1.40 dd (14.7, 3.6)

7 74.8 5.14ddd (3.4, 3.4, 3.4)
8 38.1 1.65m
9 38.3
10 46.3 1.43dd (12.2,2.1)
11 36.2 1.71m
155m
12 22.4 2.23 m (2H)
13 170.5
14 115.2 5.85 brs
15 174.0
16 73.0 4.74d (1.7)
17 12.1 0.92d (6.9)
18 18.0 1.59 brs
19 21.3 1.20s
20 19.5 1.04s
1’ 170.7
2 21.5 2.07s

2 Signals are overlapped, and the multiplicities could not be discerned.
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fEEm6 BELONT X, HAOHNKYE L L CTHE S, NMR A7 FL=2
FESEEE 1L, BE&N @ 6pB-tigloyloxy kolavenic acid (6a) 35 X U 6B-angeloyloxy kolavenic
acid (7a) (2L < —EL (Tables 4 B3LONS5), B ALEW 6 BN T BRENEN
6a BLW 7a LRICILEMTHDLZ L EZRB LI, LLAERL, (LEWMD
NOESY A7 hLid, #iE STV AHHEE (6a 38 KT 7a) OMXILIRRLE &
JELTEY, Z0Z L, Kurisawa HIZL-> ThEGE ST, ¥ 22T,
NOESY A7 b7 —Z Z fEFEMNC AT L72fE R . H-10/H3-19/H-12 O
NOESY fHBANHI 6T o7, 2dBs, T O OMEIE, 7T ADERY 4k
FHTdALEWE A S ) —v-di FTHET D Z LI K> TR L2, H-10/Hs-
19/H>-12 @ NOESY #HES1%, H-10, H3-19 3 L OMAIEH (C-11-C-16) 2% B BRD[A]—
WHIWCGAET DI L, 7L a X U FENIEATa A NMED cis I ThHDH Z L &R
242D Tho7= (Fig.9), MAZ T, NOESY A7 kL JENE, hv 7V
TEBEY ., ALEW 6 BEL OV T O ARELE X, (LAWMW1 LRI THDHZ &
B LM oTm, EoT, 6a BEW Ta OREEIL, (H)-(5R,6R,8R,9R,105)-6-
tigloyloxy-ent-neo-cleroda-3,13 E-dien-15-oic acid (6) ¥ X (+)-(5R,6R,8R,9R,105)-
6-angeloyloxy-ent-neo-cleroda-3,13 E-dien-15-oic acid (7) (ZZ KR ST,

Revised structures

Fig. 9. Stereochemical revisions of 6a and 7a to CT type from TC type
Key NOESY correlations are indicated by the blue arrows.
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Table 4. Comparison of the 'H and '*C NMR chemical shifts between isolated compound

6 and known compound 6a

Position dc on, mult (J in Hz)
6 6a 6 6a
1 21.9 21.8
2 26.6 26.5
3 124.3 124.2 5.49brd (J=5.2) 5.39 br
4 138.3 138.2
5 43.0 429
6 74.5 74.4 4.98 brs 4.87 brs
7 31.6 31.5
8 32.0 31.9
9 38.6 38.5
10 445 444
11 343 34.6
12 35.7 35.5
13 164.4 162.9
14 114.9 116.2 5.70 brs 5.54 brs
15 171.5 172.2
16 19.6 194 219d(J=11) 2.14d (J=1.5)
17 15.4 15.3 0.84d (J=6.8) 0.85d (J=16)
18 18.4 18.2 1.54 brs 1.51s
19 24.8 24.7 1.25s 1.25s
20 28.6 285 1.04s 1.03s
I 167.7 167.5
2! 129.2 129.1
3 136.8 136.7 6.7809 (J=6.8,1.2) 6.62d (J=6)
4 14.5 14.3 1.77d (J=6.8) 1.75 (J=16)
5! 12.3 12.1 1.79d (=12 1.72 brs
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Table 5. Comparison of the 'H and '*C NMR chemical shifts between isolated compound

7 and known compound 7a

Position dc on, mult (J in Hz)
7 7a 7 7a
1 21.7 21.6
2 26.5 26.5
3 124.5 124.5 548d (J=5.7) 5.40 br
4 138.1 138.0
5 42.9 42.9
6 74.0 74.0 5.02 brs 4.92 brs
7 31.7 31.6
8 31.9 31.9
9 38.5 38.4
10 44 4 443
11 34.2 34.2
12 35.6 35.5
13 164.4 162.9
14 114.8 115.6 5.70 brs 5.55 brs
15 171.3 172.1
16 19.5 19.4 219d(J=12) 214d(J=15)
17 15.5 15.5 0.85d(J=6.9) 0.85d (J=16)
18 18.3 18.3 1.56 brs 1.54 brs
19 24.7 24.7 1.25s 1.26s
20 28.6 28.5 1.03s 1.03s
1’ 167.1 167.0
2 128.3 128.3
3 137.6 137.5 59909q(J=7.2,17) 590d(=6)
4 154 15.3 1.98d(J=7.2) 1.82d (J=6)
5 20.7 20.7 1.82 brs 1.78 brs
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HIUET BCNMR 7 I By 7 MEIZESL 7 La &

B HE DR AR E DR E

JvaX omEHEO T e v TS UiE 'THNMR A7 RV EIZEBWTE
RHZEMEN, ZOZ X MMr D T FNDh T v TEREREHT S Z
EMTERNT &R0, NOESY A7 hMUZEITAMBEHBITE 202 Lo
RDHTO, FERE LT, 7 ba X B OMEMAREZ NMR A2 kLT
— X DRHTIZEES & RIET 2 D1, WEERGAERZ, 2D K5 7okt & Bk
L., Z2vaZ VT " HHONARRREDE D Y TOMEWD UL LIRS S
NTEOH ., AFEIZBNTH, 2 00O La X 7 )L ONAREED
WETZAT o Tc, ERECSAEE A ET D HED 1 28 LT, Hifba X fitfd
FENT DN DT HIVD M, AFEIL, REREERESDINEND L7720, LAMED
BWRNTIE TH D LITEWEE, £ 2T, RIZ, ABFETIE, NOESY A7 |
VT — X DFREFTCHS G X BB EMEIT 21T, 7 L e ¥ AR ORI

BERET DICODOHELRNL LT, BRI, BEEL 7227 L e ¥ DT L
VHEHEBERORER IR La X DT SO BC NMR AR LT — A %
T 52 LI2L D (Figs. 10 BLN D)4 FEEHD 7 La X VT 48 (Fig.
3) ZXBIT 25 BCNMR 7 2 B> 7 MED/SH — 2 ZHest LTz,

O, A/B ERAEAESOAR SRR E 2DV T, Manabe B3, cis-7 L2 X
T IR UHHD SAALOD A FIVEE (C-19) 1F dc 20 ppm L D EOVEEIR, RIS oc 25
ppm ST SN DI L, trans-7 L a X T )~ UHE TR, oc 11-19
ppm THRHEN D EHE Lz, 9 AT, BB s va X o o7 8
D BC NMR A7 [V & FERIZART L7 fE 5. SN2 A F U (C-19) 23 dc 25
ppm fHTICHRIHEND DI, cis-7 La X T ARVFEDH S CT ROATH
D, CCHRITIX, SALDAFILIHE (C-19) 1E, 5c30-35ppm (ZHILD Z &N 50
W27 o, FT-. trans-7 L a X T IOLRUFE T, C-17 & C-20 OFEXI AR
BLE DD BT, SALD A F IV (C-19) X 20 ppm fHTIZELAL7E (Table 6),

WIZ BB L NINLD A FLEE (C-17 B X OV C-20) DEIFRIZ DUV T, Nogueira
Hi%. C-17 & C-20 1D BCNMR 7 2 V7 MEDZE (Adcaocir) 2. C-17 &
C-20 2 trans BLi& DYETiE, CT AL E TT R CTENZE4K 11 ppm & 6 ppm ThH
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HZ &, C-17 & C20 W cis BLE DA (TC BB LN CC ) Tk, A/BERES
HOFRABEICE D ST, 2 ppm LT THDH Z & &2t Lz, ) ARWFFET
X, AET 2IEMEE O LT 21T o Tofb S, 8 LD A F IV (C-17) &
9 (LD A FIVHE (C-20) DEIGRN cis DA (TC ELEB L CC &), Adcro-ci7 1.
A/B BRI OSAARLEICBE D B9, £ 3 ppm LATIZ/2 5 Z E R LNIT -
7= (Table6), F7=, ZOFERIF, FEAED 7 L X VT VR FTHE
TH DN, SALD A F IV (C-17) & cis DEARICH D& IEE TALICAT 5 TC
AULEM T, C1T D7 I AN 7 MEXRESEY 7 P22 L1280 Adc-
crr MK 8ppm 1272 V) HENL LT- X — 2 &~ LW RS B 7= (Table 6),

BCNMR 7 2 V7 M, SN E TOEBMBEORELZ T, $lo, yRED
FEICLD BCNMR 7 2 h vy 7 MEDOEESEY 7 ME, y-3— 3 2 HEEM
I LD NRERERICENT S L SN TWD, W TCRBIONTT Y (trans-A/B
5%). CT %! (non-steroidal cis-A/B 58), CC %! (steroidal cis-A/B Bg) Ti&, A/B IR
DAL T F A= a YNRRY . SO AF IV (C-19) & y-T—3 2 AR
ERTIRFBEIGEVNH D720, C-19 D BCNMR 7 2 Ly 7 MEF R 5 E
(TC 2LF L ONTT B349 20 ppm. CT 2349 25 ppm, CC %1% 30 ppm DL k) Z7R
LizEEZ2oNn5, 9 Iz T, 8§D AF VI (C-17) & cis DRERIZH B iEH#
HKZE2 TAUCHET D TCHRULEW D C-17 D7 I ANy 7 MEOERSEY 7 b,
y-A—Y a2 HAEHICE A b DEB X LND, £, C-17 & C-20 DELEX, TC
B ¥ TN CC BTl equatorial-axial fdiE, TT % Tl axial-axial Bdf&, CT & Tix
equatorial-equatorial FLE ToH Y . Z AL H DNAKIZIKSF LT Adcoo-ci7 172 D MHE
(TCRIB XN CC UL 3ppm LA, TT AUEHK 6 ppm, CT /X 10 ppm UL E) %7K
LicEtExbND,

X512, THNMR AT MUZEWT, cis-ent-neo-7 L a X LT )L~ FHD
9 ALD A F VI (H3-20) X, cis-neo-7 L X T )W UEDORGT B ATV
B (0n 0.84) BIEMIEY 7 ML I v 7 ME (6 1.08) ZoRd &9 Hf
ZEHH D, D LnLeRS, NMR ALY hLD7r 2 vy 7 MEIZLEW O
KINCARBELE AR L2V o, ZOMFEHREITZ T AN 720, o xIZBE LT,
Table 7 1%, cis-Z L a & T LR UFHDKGTELE DN ent-neo E 721X neo DT
NTH-TH, 9D AF IV (H3-20) D712 b 7 F Ly CCHRITIE 6y 1.0
ppm AT, CTHITIZ 0n 1.0 ppm UL E TSN Z L 2R LTV S,
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Table 6. '*C NMR spectroscopic data for the methyl groups of representative clerodanes

Type- dc in ppm (CDCl3)
label Compounds C17 C-19 C20 Adcocir
TC-1  Solidagolactone (12) 16.0 199 18.2 2.2
TC-2  Solidagonic acid (13) 122 215 197 7.5
TC-3  Kolavenic acid (14) 16.1 20.0 18.4 2.3
TC-4  2-Oxo-solidagolactone (15) 158 183 17.8 2.0
TC-5  Crotodictyo H 39 16.9 20.8 17.9 1.0
TC-6  16,18-Dihydroxykolavenic acid lactone 57 15.0 203 18.0 3.0
TC-7  Echinophyllin C%3® 172 221 195 2.3
TC-8  6a-Hydroxyannonene 15.6 223 17.7 2.1
TC-9  12(S)-Hydroxycleroda-3,13-dien-16,15-olide ** 16.1 202 17.8 1.7
TC-10 7a-Hydroxy kolavelool ¢V 124 21.8 202 7.82
TC-11 3,12E-Kolavadien-15-oic acid-16-al ¢ 162 19.7 179 1.7
TC-12 Lasianthin % 12.0 19.0 18.1 6.1°
TC-13  15-Oxo-echinophyllin A ¢ 6% 164 213 187 2.3
TC-14  Stachysperoxide ®9 125 203 194 6.9°
TT-1  (5R,85,95,10R)-Cleroda-3,13E-dien-15 oic acid > 14.8 20.6 204 5.6
TT-2  8S-Kolavenol % 149 181 204 5.5
TT-3  8S-Kolavic acid 18-methyl ester ¢ 151 20.7 21.8 6.7
TT-4  Methyl (5R,8S5,9S,10R)-clerod-3-en-15-oate ¥ 14.8 20.6 20.4 5.6

TT-5  (55,8R,9R,108,135)-Methyl-2-oxo0-3-cleroden-15-oate ) 143  18.7 20.0 5.7

CC-1  15-Acetoxy-3-ene-cis-clerodan-18-o0l 7 159 350 17.4 1.5
CC-2  Amphiacric acid A7 16.1 335 18.1 2.0
CC-3  Amphiacrolide G "V 157 313 179 2.2
CC-4  15,18-Diacetoxy-3-ene-cis-clerodane 7” 159 346 17.4 1.5
CC-5  13-Hydroxy-cis-ent-cleroda-3,14-diene 3> 158 33.0 173 1.5
CC-6  Linarenone A ™ 16.1 31.8 18.2 2.1
CC-7  Linarenone E 7 16.5 319 18.6 2.1
CC-8  15-Methoxyfloridolide A 7 15.8 332 18.0 2.2
CC-9  15(16)-Peroxy-3, 13-clerodadien-18-oic acid 7% 159 334 18.0 2.1
CC-10 epi-Populifolic acid ™ 16.0 33.0 174 1.4
CC-11  Scapanacin C 7 159 334 179 2.0
CC-12  Schizopleurolide A 7" 16.5 356 17.8 1.3
CT-1 Solidagolactone III (8) 153 247 284 13.1
CT-2  Solidagolactone II (9) 153 247 283 13.0
CT-3 Solidagolactone VIII (10) 157 265 27.6 11.9
CT-4  Solidagolactone VII (11) 158 26.6 27.6 11.8
CT-5  Macranthin H®> ") 11.0 258 30.0 19.0

CT-6 Methyl (55,85,95,10R)-cleroda-3,13E-dien-15 oate >3 154 277 26.4 11.0
® The compounds have a substituent at the C-7.
b Recorded in methanol-ds

¢ Recorded in pyridine-ds
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TC-5 TC-6

TC-9 TC-10 TC-11 TC-12

TT-1 TT-2

TC-14 TT-3 TT-4 TT-5

Fig. 10. Structures of representative known trans-clerodanes
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CC-1 CC-2 CC-3 CC-4

CC-5 CC-6 CC-7 CC-8

CC-10 CC-11

CC-12 CT-5 CT-6

Fig. 11. Structures of representative known cis-clerodanes
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Table 7. "H NMR spectroscopic data (6 in ppm, CDCl3) for the methyl group (H3-20) of

the cis-clerodane skeletons

Types Compounds On
CC-1  neo 15-Acetoxy-3-ene-cis-clerodan-18-ol 7% 0.72
CC-2  ent-neo Amphiacric acid A7) 0.83
CC-3  ent-neo Amphiacrolide G 7V 0.82
CC-4  neo 15,18-Diacetoxy-3-ene-cis-clerodane 7% 0.72
CC-5 neo 13-Hydroxy-cis-ent-cleroda-3,14-diene > 0.77
CC-6  neo Linarenone A 7% 0.56
CC-7  neo Linarenone E 7% 0.66
CC-8  neo 15-Methoxyfloridolide A 7> 0.80
CC-9 neo 15(16)-Peroxy-3, 13-clerodadien-18-oic acid 7 0.77
CC-10 neo epi-Populifolic acid 7> 0.81
CC-11 ent-neo Scapanacin C 7 0.79
CC-12 ent-neo Schizopleurolide A 77 0.80
CT-1 ent-neo  Solidagolactone 111 (8) 1.06
CT-2  ent-neo Solidagolactone II (9) 1.05
CT-3  ent-neo Solidagolactone VIII (10) 1.04
CT-4  ent-neo Solidagolactone VII (11) 1.02
CT-5  ent-neo Macranthin H>"® 1.07

CT-6  neo Methyl (55,85,95,10R)-cleroda-3,13E-dien-15 oate >  1.03
2 Recorded in methanol-ds.
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INOORERIZESE AFEHO 7 Lu X B ORI IAE E 2 R ET D 7
DO BCNMR 7 I BNy T7 "oXZ— % IRO LD ITHENL L= (Fig. 12), 2RI
2. trans-7 L a X VT VS UCFAORHB I I IV T RoRE— L LT,
TC AL, 20 ppm fF3TIZ S LD A FIVH (C-19) DMFAE L. Adcao-ci7 23 3.0 ppm LA
TTHDZ &, TTAUL, 20 ppm FFIUTIT 5 LD A F/LHE (C-19) MTFELE L. Adcao.
cr I 6ppm THDHZ EEZW LN LTz, RIT, cis-Z La X VT D
Y r I vy 7 hoxgZ— 8 LT, CC X, 5 AL A FLEE (C-19) 28
330 ppm LA BICHERR TE | Adcaoc17 23 3.0ppm LLFTH D Z &, CT HUIX. oc25-
30 ppm fHUTIZ 52 E 9 (LD A FLEL (C-19 B LN C-20) AFERTE . Adcaoctr
23100ppm A ETH DL Z E X BT LT,

TC (trans—cis) type TT (trans—trans) type CC (cis—cis) type CT (cis—trans) type

TC -C-19 at around & 20 ppm CC -C-19 at over than 6. 30 ppm
*A8cz0-c17 < 3.0 ppm *Adcp0 c17 < 3.0 ppm

TT -C-19 at around & 20 ppm CT -C-19 and C-20 at around 8. 25-30 ppm
*ABcz0 17 = 6.0 ppm *Adp0 c17 > 10.0 ppm

Fig. 12. Empirical rules for distinguishing the four types of clerodane diterpenes

AWFFEZ BV CNSEE DSET 1T > TALEW 6 D SALD A FLHE (C-19) D
BCNMR 7 2 /vy 7 MELE 6c 24.8 ppm. Adcao-c17 1% 13.2ppm TdH U (Table 4),
BT D SHLD A FVHE (C-19) D BCNMR 7 2 L7 M 5c 24.7 ppm,
Adc20-c171% 13.1 ppm To o7z (Table 5), ZALHD BCNMR 7 I 1L 7 /3K
—F, TCHE D G CT BOFBIC—HT 5720, KERPNG S, BEFLEY
D TCH (6a 5L 7a) 7°5 CT R (6 BLNT) ~DNMKEEDOUET IR &
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Ny 510, ANV—NEBFEMO 7 La X o DT _UEICER LR, S
WEIE DUGT DB EHER S N DA HAH STz, 1213, solidagocanin
ABIOBIITCHOZ vaX o o7y b UTHEERESNZ, ™ Ll
RN, ZHEDILEWD 5 LD A F R (C-19) D& 2 7 M, £ 25
ppm. Adcao-ci7 1, 10 ppm LA ETH Y (Table 8), Z DT I W)V T h/XE—
T, TCHEL XV & CT BUIZ—23 5, Lo T, solidagocanin A 35 X TN B DKM
WL, TCHRICR<  CTRITH D REMEN H D (Fig. 13), I, tinotufolin B |,
CTRDI7 v DT AXre LTRESNTEY 207 I vy 7 ME,
5c¢16.0 (C-17), 33.4(C-19), 18.0(C-20) TH D, %0 ZnHid, CT A TiH/e< CC
RIS T D5 TH D, F7-. tinotufolin B @ CC M EMIKTH 5D 5-epi-
hardwickiic acid D7 I L7 MELIFEAE—KTDHZ L5 (Table 8), 8V
tinotufolin B O {A#EEIX, CT BT/ < CCHRITH 5 AlREMED R 7 (Fig.
13), 2B, ZNHORIBIE, PBCNMR O I By 7 MEIZES S PRIZE S
RN, BEWETEMERET 2720121, SORDIERBIMLELEEZ HND,

e
Proposed structures of Predicted structures of
solidagocanin A (R : Tig) and B (R : Ang) solidagocanin A (R : Tig) and B (R : Ang)
—>
Proposed structure of Predicted structure of
tinotufolin B tinotufolin B

Fig. 13. Structures of some known clerodanes
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Table 8. >*C NMR chemical shifts of some known clerodanes

Position Solidagocanin A Solidagocanin B

Tinotufolin B

5-epi-Hardwickiic acid

O 0 3 O i AW =

—_
— O

[0 T S T NG S N T T e e e T e T
ST T T T O 0 00NN W

34.2
26.5
124.2
138.2
42.9
74.4
31.5
31.9
38.5
44.4
21.8
35.6
164.3
115.0
172.3
19.5
154
18.3
24.7
28.6
167.6
129.1
136.8
14.4
12.2

34.2
26.5
124.5
138.0
42.9
74.0
31.6
31.9
38.4
443
21.6
35.6
164.2
115.0
172.0
195
154
18.3
24.7
28.6
167.1
128.3
137.7
155
20.7

16.9
24.5
142.4
137.8
40.3
36.8
28.7
37.9
36.3
45.5
38.5
18.1
125.7
111.0
138.4
142.7
16.0
173.7
33.4
18.0

16.8
24.0
138.3
138.6
36.2
36.9
28.5
37.7
40.2
45.3
38.3
18.0
125.6
110.9
138.8
142.6
15.9
168.5
335
17.9
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A ZAT VLTV UM n-hexane fllt L0 | 5 OFLEW A ET 15
MO LaZd DT SR W, MEERE LT,

ZOHH, FbEW1-4 1%, IEFITHRNAREE TH D CT WD ent-neo-7 L
RY DTN ERIE LT, £lol 2 SOBEREE Y OSLIFREE 2451 NMR
AR NVT—Z ORI L OB LM E I E D & neo-TC B/~ & ent-neo-
CT AZEET Lz,

AFEFEDO 7 La X T R ORI NARELE 2 R ET D728 3C NMR 7
SHNYT MR — RN LT,

ML LT I AN T AN E— o7 va X U7 W RUCEICEAT
HZ LT, MAEDOURT N ME I SN AIbEmE R LT,
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FIRT BF L ALEWIT. REBHIC 1 DU FoRE—REZBEESEIT
TNX NI EETLEMD I TATHS, 32 R T7TEF L2 &) AR,
BTN IEMTH D0, HEORF-RKIFBEHR G2 BZOR Y ~ =7 TR
. TEFULUHGE 1 DULEERWEL ORITRECRBEY OLE 1B W
TH, EEMICERA I TWS, 2 RN 72T L ALEMICET 260581, %
S OIRF e b P & EIER 7 AR B ERIRSREIC L o T, KV REIZR B DI
D BUROIEFZHIFZCIE. R TR F L ALEWA, FUEE. GERE. mRk
#. PLO o, PO, MR T, PLoA VA, PUE. PLEE. IR, Bi#
R BRERAMIEREAE L TCWAD ZEEH LN L, ¥ E, (LR
[ZkoT, . =4, MR, WL B v, REREW. WEAME S
TeIRFEPH O AEMIT 2,500 2B DRV T2 T L ALEMNEEND Z ENHAL
IR oTz, 28 2D HH . 2,000 LRV T T LALEWIZ,. B YR
UaXR, X 7F o 21 B oFt 24 BomEEY CRE I TEY . 1,100 &
B2 2b0l%, ¥7RHEY TRRLINTND, )

WS ONDORY T EF L ALEWIL, FEDOERBICIREMIZOMLTEY
B LR~ — I — L BRI ST 5, B2 X RIS VT,
T UBRBIOT aXREMIL, ChARY) T TF L iAbEmE R b —ROICERT
5—J7. &7 BE¥ TlX. Anthemideae 3. Astereae 1# . Heliantheae 1 % [{EV T,
FEAECHRY TEFLALEMINEENR2NT L Z LT, F 7 BHEMITIL,
SRR T T LV ALEMINEGEND LRI NTND, ¥ F2, 78
OB NWTIX, FA 7 = 258K Y 78T L b5 ML, Heliantheae 1H D
HEZ IARIEIZ L 540, Anthemideae 135 JX TN Astereae 1 OAEM 213, AR
BENRNWZEREPRBEEINTND, ¥ FHIT, ZOXIRRITEF LV
MO F RS E 2. YA X DT IOEF Y IICEENDEIRY T
TF LAY OREEERIAT D L L bic, D OB RS E I 5
T HZ LRl AT,
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B H EA ST O - HEE

YA BT UXTFY OO TEHER LSO (534 g) %, n-hexane THiH]
L. n-hexane fliti#) 13.5¢ #1547, D55, 109g ZNAtH, WitH7 v~ F 75
74 =B LU H HPLC (2L, o, K2 Z&ickv, 3 Mosbew
16-18 Z Z e SFED AR Y 7B F L % Hifjf - #EUhE L7 (Fig. 14), STEORE
FMEEIL BFFEARY NVT— X2 2RO L O L35 Z 12XV | (22,82)-
10-isobutyryloxy matricaria ester (19). 3¢ (2Z,82)-10-tigloyloxy matricaria ester (20).
1 (27,82)-10-angeloyloxy matricaria ester (21). 'V cis-dehydromatricaria ester (22), %"
trans-dehydromatricaria ester (23) 3 & [RIE L 7=,

—0
16: R = Tig 18: R = Met
17:R=Ang 19: R = iBut 0’2 N = =
20: R=Tig
21: R=Ang
23
o< by
5 o 0 g o}
2' 1 / ; :O
4 g 0o © o) ©
Tigloyloxy Angeloyloxy Methacryloyloxy Isobutyryloxy
(Tig) (Ang) (Met) (iBut)

Fig. 14. Structures of isolated compounds 16-23
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H_H AL e ORERE

ARWFFETIL, F G 16-18 DIEIEZEIT HEE. MS A7 Lz HEE
HLAEMD 7 7 7 A vRE—=EFRH LT, £7. BEEEAEMTH D (22,82)-
10-angeloyloxy matricaria ester (21) ZHHfE L. £ ® HR-ESI-MS A7 UIZEIF
BT TT A "oRE— BT LT (Fig. 15), TORER, NPT 4 TA A T—
RIZEWT, m/z 290.1375 OT E=7 LA A2 [M + NHa]" B3I mi/z
2731115 D71 fiAbA F B —2 [M+H]" RENFNEERELSTFA A4 E
— I BIO~A =5ty T A A e—2r  LTRIES N, £z, Fe >
TTA M, A E LT, mlz273.1115 D7 1 s AbSy A 42 )5 angeloyloxy
£ (100 Da) BWBEL 727 7 7 A A A (mlz 173.0610) DERLDEGE S 41
2o miz173.0610 1%, EABK THL~Y NI DY T Z AT WVZHEKRT HHDOTH
STz, TILHORER XV | acyloxy matricaria esters D7 7 7 A > MEAE LT,
TINFRVEBBEET 222Xk, RITEFLUOERKICHERT T T
AV MMIUE—=TPRERT D2 ENRH LN T,

KIZ, LR HR-ESI-MS 704231 D fifdT s R ds L UG NMR A~2 kb
T =X OFITIZIESE | A 16-18 DG AL LTz,

290.1375
M+ NH,J*

273.1115
M +H]*

, 173.0610

O ¢ [M+H-=CgHgO,l* 173.0610
159.0447[
/ o 1 Ll Ll - Ll 1

I LI Ll
100 150 200 250 300 350 m/z

Fig. 15. Mass spectra and fragmentation pathways of (2Z,82)-10-angeloyloxy

matricaria ester (21)
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BB 16 ITEEDOHKRWE & L TH L, HR-ESI-MS A7 hLIZEWT,
[C1sH1404+H]" (ZXind % m/z259.0954 D72 ki Ab53+A 4> [M+H]" &
L7cZ &nn, 3% CisHisOs EIRTE LTz, £72, m/z159.0441 DT Z 7 A
kA A DBIER S, miz 259.0954 6T v A UL (100 Da) 2SiEE L 7= 2
R ENT- (Fig. 16), m/z 159.0441 D7 7 7 A v b A A L TBEA LAY 21
£V, 14 Da (CHy) /haWZ &b, fLEW 16 ODRFERIZ, ~ NV BV T T2
FoThDHIEDNRBEINT, ZOHEFRIZ, NMR A2 MLT — X2 L0 IREE
SH B ZORRIT ALEW 16 OREN~ NI DI T IZ7 7 FoThHI L%
TR L7Z (Fig. 17), F72, TUNAAFTVRIL, 5 2O D —R v 7 F v [6c167.8
(C-1), 128.3(C-2"). 138.0(C-3"). 14.4(C-4). 12.1(C-5")] DIFEMN D, tigloyloxy
FTH D LEE L (Table9), W 'HNMR A7 hUIZEIT 5 on 1.80 (3H. dq.
H-4) & 1.85(3H. quin, H-5") ®2 5D E =L AF LT kv 7 F I 6u6.91
(1H, qq. H-3) OF L7 ¢ MW7 a b, tigloyloxy EDIE(E &2 BAFIF 72,
F72. HMBC A7 hUIZEIT 2 H-10 25 C-1'~DFHEIIX, tigloyloxy 523 C-
10 ITfEALTWD 2 &R LTz (Fig 17), &2, H-3 & H-5 @ NOESY HE
BLOHS EHIDH TV U7 EE J=11.0Hz) "D, ~ VAUV TT7 K
VONARELE # 4Z B L ON8Z LIRE LTz, Lo T, LAY 16 DiEIEE (42,82)-
10-tigloyloxy matricaria lactone & fESZ L 7=,

L& 1T FHAOMKME E LTH oz, 2 FRBLIUMS 777 2 |
WNEZ—= A 16 LT A E—E L, 1 kot NMR A7 huid, B 5HE
BILDOFEZBRN T, /LA 16 EFELIL TW e, 2 b OfERIT, L& 17
tigloyloxy 2k & VTR DL T INAXRTELZBET L~ NI BV T Mo THHT &
R LTz, £7o, KFEART MVT —Z OEFTIZE D  ALAE 17 14, tigloyloxy
F:7N angeloyloxy JEIZEH LI2/LEMTH H Z L 3H 5072 5 72, Angeloyloxy
ROWEEIL. SOOI —HR 7TV [6c167.7(C-1"), 127.5(C-2"), 138.7(C-3"),
15.9 (C-4'), 20.6(C-5)] BL N3 H>DF 1 k> 7 F /L [6u2.00(3H, dq. H-4").
1.91 BH. quin, H-5"), 6.10 (1H, qq. H-3")] =% 2 (Table 9), *» HMBC A~
7 NIV X o THENL &7z (Fig. 17), ##IZ. NOESY fHEEE 1 v 7' U >
TEERLO ACEM1T O~ NI BV T Z 7 N UEONRELEE, (LAY 16 &
RUTHDZ ENHELMNI2>T- (Fig. 17), X > T ALEW 17 D&% (42,82)-

10-angeloyloxy matricaria lactone & #ENr. L 72,
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259.0954
M+ H]*

159.0441

276.1218
[M + NH,J*

. 159.0441

4>_<O v [M+H-CgHgO,
% o

16

™ - .l T
100 150 200 250 300 350 m/z

Fig. 16. Mass spectra and fragmentation pathways of a compound 16

Fig. 17. Key '"H-'H COSY correlations (bold dark lines), HMBCs (red arrows), and
NOESY correlations (blue arrows) of compounds 16 and 17

e 18 ITRBEOMIKYE & L TH O, £ D5 FRIEL, HR-ESI-MS A
7 FUIZBWT, [CisHi404 + HIY 71 kb FA F 2 E—2 [M + H]Y 23
m/z 259.0956 T SN2 Z LM BIRIE LTe, AT, m/iz 173.0610 D7 Z 7 A
VN ARSI, e ARG AT b T v F U (86 Da) 8
B L 7= 2 & DRIB S T2, m/z 173.0610 D7 T 7 A v b A A 3BEF LAY
21 & —E L7, BBEL =7 2ovAd S VR EA Y 21 @ angeloyloxy &
(100 Da) £V % 14 Da (CHy) /hEWZ EMBHB I/ > 7= (Fig. 18), Z OFEHR
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L. {bE% 18 73, methacryloyloxy. crotonyloxy. isocrotonyloxy 7 &% 7 3/ /LA
FURKELTCEL. ~ MV BV TZRATATHDLI EaRmB Lz, TV AAF
FEOMEIX, £ NMR A7 hL7—Z(T LD | methacryloyloxy 2T 5 &k
& L7z, Methacryloyloxy £:1%. dc 167.1(C-1), 135.9(C-2'), 126.1(C-3"), 18.3(C-
4" DIFEIZ L > THENL L. *Y 6u 1.96 BH, brs, H-4) OE=/LAF L7 a ko
BILO2o2o0A V7 4 M1 b [6u 6.15 (IH, brs, H-3'a), 5.60 (1H, quin,
H-3'b)] OIFELEIC L - CTHEfFTF Bz (Table 10), “+*) H-10 726 C-1"~? HMBC
X2 DT VA XN C-10 IZHEE L TWD Z & &/R LT (Fig. 19), &% I2,
C-2, C3HIBLIVC-8, COMD _HEEGDREILX. Iy TV U TEBRENE
N 11.6Hz & 11.0Hz THDHZ b, 2Z, 8Z LEIV YT, LE=N-T, LA
Y18 O % (2Z,87)-10-methacryloyloxy matricaria ester & fgN7 L 7=,

276.1229
[M + NH,]*

259.0956
M+ H]*

rrrrrrrrrrrrrrrrrr . 173.0610
v [M+H=-C,HO,]*

173.0610

100 150 200 250 300 350 m/z

Fig. 18. Mass spectra and fragmentation pathways of a compound 18

Fig. 19. Key '"H-'H COSY (bold dark lines) correlations and HMBCs (red arrows) of

compound 18
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Table 9. 'H NMR (400 MHz) and '*C NMR (100 MHz) spectroscopic data for
compounds 16 and 17 in CDCl;

. 17
Position — s lt (J in Hiz) 5 om mult(Jin Hz)
1 168.5 168.5
2 121.0 6.29dd (J=5.4,0.8) 121.0 6.29dd (J=5.4,0.8)
3 142.4 7.41d(J=5.4) 142.4 7.41d(J=5.4)
4 156.5 156.5
5 93.8 547d(J=26) 93.7 5.47d(J=26)
6 89.4 89.5
7 96.9 96.8
8 111.9 5.91ddt(J=11.0,26, 1.5) 111.9 5.91ddt(J=11.0,2.6,1.5)
9 139.0 6.18dt(J=11.0,6.5) 139.0 6.19dt(J=11.0,6.5)
10 62.4 4.96dd (J=6.5,15) 620 4.96dd(J=65,15)
ik 167.8 167.7
2’ 128.3 127.5
3 138.0 6.91qq(J=7.1,14) 138.7 6.10qq(J=7.3, 1.5)
4 144 180dq@J=71,11) 15.9 2.00dq (J =7.3, 1.5)
5 121 1.85quin(J=1.1) 20.6 1.91quin (J=1.5)

Table 10. 'H NMR (400 MHz) and '3*C NMR (100 MHz) spectroscopic data for
compound 18 in CDCl3

Position oc on, mult (J in Hz)
1 164.7
2 121.8 6.27 ABq (J = 11.6)
3 131.4 6.24 ABqd (J =11.6, 0.7)
4 78.9
5 84.8
6 79.7
7 81.3
8 111.3 5.81dtd (J=11.0,1.5,0.7)
9 141.0 6.25dt(J=11.0,6.5)
10 62.6 4.93dd (J=86.515)
1 167.1
2! 135.9
3 126.1 6.15brs
5.60 quin (J=1.1)
4' 18.3 1.96 brs
1-OCHj3 51.8 3.79s
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HIED SRR LSRRI E R

3HOFALAEW 16-18 a5 TR ) 72 F L U HHOHEE A A K % Fig. 20 12
R, FZRMEMICEENDRY TRHF L UKL, RIS, A LA Y L
YBRD AP ALICIRIOT B F LV UREREEA L TEREND 7 LRV IRNG A
BREND, ¥ 7L _XUBBIT, 612 AVATHSTL, Tk Ry LU
LR BT EF LA NTHICT 2T T B F L IALEMIT R D, Bt
t U BEY) Co D Daucus carota >0 A2-7 v F L —EBEB LN AT F 25
—ERHBE S, TOREDRH LN o723 %0 T Ry LXUBEME Co
R T7EF L ~OEGROFEMIL, REHTH D, FZ, CoBR Y TEF L
BT, Cis HIBRAD HEREEOFF OREZ UMW 5 Z LIk TESK S
L AREMEDS B\ \DS . T AN B O AR BIFNE NG R K 12 RE < 4 DD B kol
BRIZEXD2H0%00, 9-VRXFFF—8, T Faltb—8, /v —-t

—RRALDSERERC L 2 D Z LI KD EBERIL R DD LN TR,
82 Z o IZES L T, Bohlmann & Burkhardt (%, Cis AiBEAS 8L & 9 (DRI
JR 2B LRIl 5 2 & T, AT AT ADBRIND Libimfd T 72, o)
Jente & Richter 1Z. Cio R U 7B F L v DAEARKD C18 BIERAD/SA ¥ — - £

—W AR T 5 2 L 2SR LRWVRERZHRE LTV D, 7 KEIZ, Kb
IZHe “ AT ARIZE Y, ~ NV DV T2 AT ABIOR~Y NI AT T2 h
DIOLIZT A X VIENEASND EEZBND, P ZNE T, v B
T AT IO N0 L2 KR, = 2T AL D AR AET D 2 L IR &
IWTWTEN, RO LSRR~ N Y 777 M AZBWTS fFET D
RHTH -7, AWFFEICBNT, 10 fLCT7 A XV REGT Lo~ I BT
77 br16 BEO 17 ZHEE - HERELZHERIT, ~ IV T T2 FrD
10 iz ZKkfgfl, = AT AT 2GR FET H 2 & 2me LT,

WIZ, 2B DRY 7T U ALEM DT A I EFRIZ-DV T, Bohlmann
Hix. 27 B D Chrysothamnus parryi 7> % 7 2@ 10-acyloxy matricaria esters
ZHEE - ERE L, 2O DILEWDS Chrysothamnus }E IZHFEE) T D FIRENE
WD Z xR THE bz, TOFEMOMERDOIOITIL, B2 DFAEN ML
EThDHERRT, 3 22T, AFETIE, ZhooBEbamE a7 R
W % ALEWDARIEE DX, (2Z,82)-10-acyloxy matricaria esters % 1 {44
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(Group I), (2Z,8Z)-matricaria ester 33 X O (2Z,82)-10-acyloxy matricaria esters @[]
)5 % & TeREY) (Group II). (2Z,827)-10-acyloxy matricaria esters % 14 ¢ 4E4) (Group
) ® 3 SO7N—T7\Z5F LT (Table 11), ZDO#EHE, (2Z,82)-matricaria ester
(T30 T LEDOF 7 BHERICEEN TN D~ TUI0MLS T A e A4
H~ NU B YT AT VX, Baccharis J&, Chrysothamnus J&. Solidago J& DR E
DEFEDO X 7 FHEMIZ LE ENRWZ ERNH LN o 7=, FIRFIZ, (2Z,82)-
10-acyloxy matricaria esters % & TeAE¥)IL. Chrysothamnus JEIZ[RE & 720N Z & A3H
SN otz, £, KU TEFLUOEHE - #ERENRRES L TND
Chrysothamnus J& D3~ T OFEMIL. (2Z,82)-10-acyloxy matricaria esters % &3¢ =
EDRW BN/ o T=—J5 T, Solidago J&\ZIX S. decurrens. S. odora. S. virgaurea
D (2Z,8Z)-matricaria ester & 3 TEY) & | S. altissima & S. canadensis O (2Z,87)-
10-acyloxy matricaria esters % & {MHEM DO E HFNAFEL TWD Z ENHAL NI -
oo TNHDOFRERIT, F 7 BHEDICEBIT 2R T BF L U HOFES TR
EHFHTALOTHY, RY TF LV HHEIZER LT Solidago JEFEY) D %53 HF
I - T, G REDTAEZA LI TE LSRN H LS Z L 2RI LT,

Oleic acid B-oxidation or H*
Linoleic acid Oxidative cleavage o 1
— (N
L A2 Acetylenase | HO
i o}
o ! Esterification . Lactonization
X . \

; OH K
Crepenynic acid !

\ 4
L A Desaturase ; 0 ©
: /o o

— o Matricaria ester Matricaria lactone
A '
- oH '
7 : Hydroxylation Y
Dehydrocrepenynic acid v Esterification |
: v v
v = — /T N\
AN o | 4 N\ 2
NP 0 o
7 "OH RO /0 RO o
18-21 16, 17

Fig. 20. Predictable biosynthesis pathway for some polyacetylenes from S. altissima L.
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Table 11. Distribution of (2Z,8Z)-matricaria ester and its 10-acylated products in
Asteraceae plants

Group I? Group II° Group I1I°
Baccharis Chrysothamnus Aster
B. eleagnoides® C. parryi®® A. bellidiastrum®® E. philadelphicus!t?
A. ptarmicoides®” E. speciosus'®
Chrysothamnus
C. nauseous® Baccharis Felicia
B. pedunculata®® F uliginosa"¥
Solidago B. subdentata®®
S. altissima Grindelia
S. canadensis*? Calotis G. paludosa'>
C. erinacea'” G. robusta"®
Chrysoma Matricaria
C. pauciflosculosa™? M. decipiens"”
M. oreades'®
Conyza M. perforata"?
C. canadensis'®? M. songarica'®
C. pallidifloral®
Printzia
Diplopappus P, pyrifolia'*"
D. fruticosus'*Y
Stenactis
Erigeron S. annua'®
E. acris'®
E. annuus' Solidago
E. apiculatust® S. decurrens®®)
. breviscapus®” S. odora'®®
. canadensis'%®) S. virgaurea'?®

E
E
E. karwinskyanus'®®
E. multiradiatus''® Tripleurospermum
E. naudini‘t? T. inodorum?*?®
2 Plants containing only 10-acyloxy (2Z,8Z)-matricaria esters.
®Plants containing 10-acyloxy (2Z,8Z)-matricaria esters and (2Z,8Z)-matricaria ester.
¢ Plants containing only (2Z,8Z7)-matricaria ester.

38



FBIE /R

A Z AT VLT M T n-hexane flI K 0 3O LAY & G e 8 T
DR Y T F L SHE B - ERE LT,

TALEM 16 3L ON1T OEEZ 10T I NAAXVEEFET A~ NI BT
F7 b ERE L, ZOZ LI, ~ NV AU T T Fod 1062 KEEEL, —
AT AT D AEB R DFIET D 2 L BRIE LT,

HEEL7ZAR Y 72 F U O AR & LT (2Z,82)-matricaria ester (.
30 FELL EO % 7 BHEMIC & E 5 —F7 T, Z O TH 5 10-acyloxy (2Z,82)-
matricaria esters (%, Baccharis J&. Chrysothamnus J&. Solidago J& DEFED 7 F}
M LG ENRNWZ EEZBH LN LT, F72. Solidago JEIZIX. S. altissima
& S. canadensis O (2Z,87)-10-acyloxy matricaria esters % & $oHi4) & | S. decurrens.

S. odora. S.virgaurea ? (2Z,87)-matricaria ester % & {MAEM O E HF NIFEL TV 5D
ZEEHLMNT L,
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T laR— i DO D S v IR EED D3 Mo ATk L
THEMND 2 WIMRER 22T S0 OER %2 RIETEHEORKTHY . b0
FMAEERZHE Y “RAREEDIX, 7TLvar I L emiing, 2 v A4 2 h7 U
XF VU DREPEE LT DIE, @O AEENER L UMRZEIT X5 5y VEY) 2
FEMEICINZ . 207 La Ny —3 R L o> THBE O O E 2 L, EF S
EEATLHEDEZEZBNTND, oD

A BT UETFY UNLBRBESIALEMOT L a X — IR DN T,
1978 &, Ichihara %13, (4Z)-dehydromatricarialactone 33 & OF cis-dehydromatricaria
ester (22) 2N T DR % 10 ppm DOPRSE THI 66% il T2 Z & A LM LT,
F, ZnbobEY L i LT, (2Z,82)-10-angeloyloxy matricaria ester (21) 1%
I EmZA L TBY, HEEEZ R L 2 2O{bamE s, B4 207
DAFITOT LuanNy =l THRERRI T EF LU THLARMEND D
Tl EwE L7, 191980 4, Kobayashi &%, cis-dehydromatricaria ester (22) 73
5~10 ppm DT, trans-dehydromatricaria ester (23) 2% 10~15 ppm DR T,
A 2 (Oryza sativa, A FF) OGE OREZHK 50%HEFET LD &, cs-
dehydromatricaria ester (22) B2 A X DT VX TV UDOEEWEM T D7 5% 7
(Ambrosia artemisiifolia, 7 F}) 3 X NA A% (Miscanthus sinensis, A *F}) @
IR IHIT D 2 E AL Lz, P F 7. cis-dehydromatricaria ester (22)
IEHEEEFICK 6 ppm OIBE CTIHFEL. ZOfEIT. HEIZAEFT T2 ORIES
WA B IS EZ KIET DI+ RE TH D729, cis-dehydromatricaria ester
22) HBA ZHTIEF I IDT LS —iEk o EEAERYE (7L n s
Iy ELTRHRELRE, P Mz T, Kobayashi &%, (2Z,82)-10-angeloyloxy
matricaria ester (21) & A ROLNE TR LT, FHWRELEEMSEZ R LIERERND
v A BT UHET Y UL (2Z,87)-10-angeloyloxy matricaria ester (21) & cis-
dehydromatricaria ester (22) @ 2 FFHDO R Y 72 F L AbaWa ARk L, fAEY) D
AFEEEFET L2 LT, HAEME RS2 LRl T2, 1999 4£1Z13, Sawabe &
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T, V¥ RYE DOREIZXT 5 dehydromatricaria lactones, cis-dehydromatricaria
ester (22) DFRVLETEME L | solidagonic acid (13) 35 L O (2Z,82)-10-angeloyloxy
matricaria ester (21) OFFWLEIEMEZ#®E L=, 2

Z DX HIZ. cis-dehydromatricaria ester (22) 3 X ONZ ORI HEAL AN A X
TUSEFIIOT LuanNy—ERIIRESFETLLEVOMRERH L —T57, Ito
SlX. BAZ BT UET Y UL S 472 cis-dehydromatricaria ester (22) @D 1=
BEKHIZB T DIREITIEF IR | AR O LEITHB W T, BT 5t
A S HT T EF YT O EMEFEMET, FERIOTZEA LRI SN &
ERNSRE IR T 72, 2 F£72. Kobayashi © &, REEICHEGwRAIT TR, 12 21
BT UEFTY TR L REDOIEMNRS & LT cis-dehydromatricaria ester (22) @
T LRGN SR OB G- % DT OW T, FEM e EmI T T
AYAJAR

KIS DIEMER Sy 2 RIET A ik L LTI mWEIEE (ke o HA B &
o720 OHEYIEYE; specific activity) Z R IAEEW L IRKE T D HENH Y | KFE
T AP ORGEROSVMEEWE R TL I LR TE 5, £z, HEDOHR
ZolEE T, mOAEEE (EVMORNERESH D OEYIENE; total activity =
concentration or content / specific activity) ZFFobA5W) % HEES 5 HFiE Tl 1bd
MOEMENTOIENE LRI K > TRIEHENRRE D . ZDLEWM D FE DB
GUR T TREBICHBENAT L LN TE D, OB ZhFET,. TLrrsiy
NVERRT DT, EIT MW HIEREZ AT bW ERR T LFENRLE S
AT E 7273, Hiradate b, BIEMEOEBERIEEDO 1 > THD | FEE, AIEMEIC
FOSHERIZE Y, =%V T (Spiraea thunbergii Sieb., /X7 Fl) OFEH /2R
R E RS> & L C cis-cinnamoyl glucosides & [FIET 5 Z E N TX 722 & =Wl
L7 13

ZOEIBREROL L, FEHEI. EA DT UEF Y UDOT L uy—DRE
D=8, RIEEOBAN DM EEDLZ L, DV, BA X I T IUXTFT I UIC
HENDIEMDOERESHTE XOZEN S O R E R ETENE 2 (R FE 3
52 LT, mWAEREEZR D (Y OTEMHICHT 275N REW) (LG % FE
T L alBTe, Flo, ZOMBIZESE, W DD DOBERELIToTZ,
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oA MERERIR Y TR L OVER AT

TABZITUET YT OH TN GBIV n-hexane flH#) % HPLC B X O
LC-MS Z#ricfi L7z (Figs. 21 B LT 22), H#rid. B Ok~ 72 kAR
FEW) % [RITE T 5 DI EGE R 5 T o 72, 133139 Z o, LC-MS @ TIC Ti,
cis-3 X O trans-dehydromatricaria esters (22 33 X OV 23) 13T, 2D 7 T &
DALE ORI LRI L D UV RIS ATh - 7o, B - #EE L
fbEIcHkT o —27 2RETDHE L HIC, FEERD MS A7 FLB IO
PREFFRICIE S & iR OB OIS 2 T E L7z (Table 12),

RIZ, ZHD DAY MVIZEBIT L FEERE— 72O T, EESIT 1T 72
(Table 13), Z DR, trans-7 L X DT U8 (13 BL N 14) OEHEN
ZNENFI10%BL30%THY, TNETICEERRTE L THLN TV
RITEF VALY SPRICEZAE L TN ZERH LMo T,

254 nm 2 10
jl QNl 23
10 15 20 25 30 35 (min)
230 nm 23
10
2 8
9
10 15 20 25 30 35 (min)
330 nm 10
2 9
. A% 5 Ak
10 15 20 25 30 35 (min)

Fig. 21. HPLC chromatograms of the extract of the underground parts of S. altissima L.

The peak numbers in the figure correspond to the compounds listed in Table 12.
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Positive scan mode

9
vrie A M

2) XIC:[CooHsOs + NHJ(¥10) 1 |

3 XICICH O, + HI(¥ 107 3¢ 2

4) XIC:[C15Hy60, + HI*( 200) A

5) XIC:[C16H;60, + HI*(x 2) ?\]]OL

6) XIC:[C5H3605 + NH,]*( % 10) l]kxzj(l

7) XIC:[C,,H3,0, + NaJ*(x 100) 13

8

8) XIC:[Cy5H360, + NH,]*(* 10) N\_g/k24

9) XIC:[CpoH300, + H]*(* 20) LJZAZ\
10 15 20 25 30 35 (min)
Negative scan mode 23

8

1) TIC

2) XIC:[Cp,H340, = HI” A

3) XIC:[Cy4H360, — HI7(* 10) J]SL

4) XIC:[CysH350, = HI7( X 4) lelWAZl

5) XIC:[CygH3,0, ~ H] (% 2) ZJO\

6) XIC:[CoH3,0, = HI- 23[L

25

7) XIC:[Cy16H3,0, — HI7(X 2) A

8) XIC:[C,gH3,0, — H]"(x 10) i
10 15 20 25 30 35 (min)

Fig. 22. TIC and XIC chromatograms of the n-hexane extract of the underground parts
of S. altissima L. operated in positive and negative scan modes

The peak numbers in the figure correspond to the compounds listed in Table 12.
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Table 12. Characterization of major compounds in the n-hexane extract of the

underground parts of S. altissima L.

I;?zk tr(min) m/z Abundant ions Formula  Compounds Remarks
1 21.9  334.2374 [M + NH4]* C20H2803  Compound (15) Isolated
2 22.0  Not detected Compound (22) Isolated
3 22.1 259.0954 [M+ H]* Ci5H1404  Compound (16) Isolated
4 224 259.0949 [M + H]* CisH1404  Compound (17) Isolated
5 23.6  259.0956 [M + H]* Ci5H1404  Compound (18) Isolated
6 23.7  Not detected Compound (23) Isolated
7 23.8  261.1131 [M + H]* CisH1604  Compound (19) Isolated
8 23.9 361.2365 [M—-H] C22H3404  Compound (13) Isolated
9 248  273.1114 [M + H]* C16H1604 Compound (20) Isolated
10 252 273.1113 [M+ H]* C16H1604 Compound (21) Isolated
11 257  434.2904 [M + NH4]* C2sH3605  Compound (10) Isolated
12 26.2  434.2914 [M + NH4]* C2s5H3605  Compound (4) Isolated
13 26.4  383.2191 [M + NaJ* C2»H3,04 Compound (5) Isolated
14 269  434.2912 [M + NH4]* C2sH3605s  Compound (11) Isolated
15 28.0  387.2517 [M—-H] C24H3604  Compound (2) Isolated
16 28.9  401.2690 [M—-H] CasH3304  Compound (6) Isolated
17 29.3 401.2694 [M—-H] C25H3304  Compound (1) Isolated
18 29.6  418.2900 [M + NH4]* CasH360s  Compound (8) Isolated
19 29.8  418.2904 [M + NH4]* CasH360s  Compound (3) Isolated
20 29.9  279.2305 [M-H] CigH3202  Linoleic acid Identified
21 30.0 401.2697 [M—-H] C2sH3304  Compound (7) Isolated
22 30.1 303.2308 [M + H]* Cy0H300, Compound (12) Isolated
23 30.2 303.2311 [M—-H] C20H320, Compound (14) Isolated
24 30.4  418.2907 [M + NH4]* CasH360s  Compound (9) Isolated
25 31.9  255.2300 [M—-H] Ci6H3202  Palmitic acid Identified
26 32.7  281.2460 [M—-H] CigH3402  Oleic acid Identified

Table 13. The content of major constituents in the n-hexane extract and dry weight of

the plant
Peak Compounds Wavelength Content Content
No. (nm) (% extract) (% dry weight)
2 cis-Dehydromatricaria ester (22) 254 1.87 0.047
8 Solidagonic acid (13) 230 9.68 0.245
9 (272,82)-10-Tigloyloxy matricaria ester (20) 254 1.01 0.025
10 (2Z,82)-10-Angeloyloxy matricaria ester (21) 254 4.52 0.114
23 Kolavenic acid (14) 230 27.6 0.697
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o H YRR PR EEE

A BT UEF I UDOT LuN—IEE EMREEEN) X L2 2B
FOA BV T F3A4 7T AGEZHNCEMI LT, WTFEED THDH L H R L
MY THDA X VT T4 7 7 A (Lolium multiflorum, A 28 13, —%
FIRES R L ETE TR ORI EICH BTN D, B FRig 23 (R4 Xk 912, &
AFZ AT UETF Y R FER KD n-hexane ML, L ¥ AGH ORI LV
2 — b DR & A ERENIHE U, miREORE TIE REBL Y 2 —
FDORSINENEI 47%F L 30%I2HEAD Lz, Wi, it ol ali& E
EHICTHET MG frET 5720, it oxtic+ 2RE TEERIE
Wy DIEME 2 54 U 7=, B 21X, cis-dehydromatricaria ester (22) & A fld n-hexane
Tt H 1.87% (K92%) ToH 72728, cis-dehydromatricaria ester (22) DHEYIEL
R ETEMEIL, n-hexane flH# 40, 80, 160 mg/dish (Z& F415 0.8, 1.6, 3.2
mg/dish D=L TR L7z, 58l L 72L& D 5 b | cis-dehydromatricaria ester (22)
DB, L X ANEHORIB LY 2 — S ORISR U TR PLETE
%~ L7z (Fig. 23), (2Z,87)-10-angeloyloxy matricaria ester (21) [X# R L 7= 3 5D
RIETLZZAGE DY 2— FNOREEZ DT NCHE L, &EIRED solidagonic
acid(13) 1%, Y2 — M EROESZD LD /7=, —J7. (2Z,82)-10-tigloyloxy
matricaria ester (20) 33 X U\ kolavenic acid (14) 1Z3Ffi L 72 W LD EIZRBWT
HURBL OV 22— FOREZRE L2072, 25 OfERFE L O n-hexane fil
Hi# & cis-dehydromatricaria ester (22) OFEEIEMEMZIEF—H LRI, n-
hexane filltH# D L & Z G125 2 fW R PR ETE PRI 13, cis-dehydromatricaria
ester (22) MRKEZLFHLTWDZ ENRHLNTR -T2,

Stevens |X. (2Z,87)-matricaria ester 73 L % AR O %R % 10 ppm T, 50%FHE 7
HZEEWRE LT, M) L LR b, ABFRIZEVTIL, (2Z,87)-matricaria ester
REAREWKE L TERIEEY 20 BXLO 21) OREEMIL, 2L T,
FEFIZTH Mo T2, WD Z OFRERIX, 10-acyloxy FEDOFEN, L X RN IZHT 5
ABFHEEEZIERTSE TN 2L E2RLTEY  MoRY 7EF L FH16-19
DU Z 2 OEFTITK T D OLEIEMEICRESFH LW & 2B
77z, F7z. trans-dehydromatricaria ester (23) 1%, cis-dehydromatricaria ester (22)
ERRREE DA R T AAFIEEZ R T Z ERREINTWNS, 1D Lo T,
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AFFEIZEB VT G | trans-dehydromatricaria ester (23) 73, cis-dehydromatricaria ester
(22) ERFRE DOREEMEEZRT Z & DHERI 4125 23, cis-dehydromatricaria ester
(22) WP D trans-dehydromatricaria ester (23) D& H ®EICAH S T HRE T
%, R AETEMEZ R SR WEER G B 72729 | n-hexane fll ) OFEY AL R R
EIEMEIZ RIS trans-dehydromatricaria ester (23) D AF 513/ S W EFERRAT T T2,

RIS, AZ VT T4 7T ZGMITKT DR L FIEE 2784 L 72 (Fig.
24), n-Hexane iM%, 41 Z VT 74 77 ZAYHEDORE LR =2 — FORLE
EHERFOICIHE LI, A X2 VT T4 77 AR, VZ AY) & ik LT,
A TRV R RS E S, REfIHRE TIIRB L0 2 — F DRk
BNENENIET O 17%B LT 2% Lc, FliL72 k& D 55, cis-
dehydromatricaria ester (22) (£, A X V7 T A T T AGEHE DY = — FORE %
ERTFHIIZPAE L, cis-dehydromatricaria ester (22) 3 X U solidagonic acid (13) 1.
RO E % A EEAFHICBEE L7z, (2Z,87)-Acyloxy matricaria esters (20 35 TN 21)
T B L7Z 3 DORETNTUTBNWT, A2 VT T4 7T ADROEEE
PN ILE Lz, W12, kolavenic acid (14) 1ZFHl L7 X TOREEIZB VT,

ERNEAEEEEZ RIS R olc, T OFERE LT cis-dehydromatricaria
ester (22) DR ML FTEMDS n-hexane D & D L 1ZIE—F L HERNP D n-
hexane flltH¥ DA 2 VT T A 77 2T DAEM R BAETEMEIZIL, cis-
dehydromatricaria ester (22) 2" K& < &5 L TWDH Z &AL NIRRT,

ZIHDOFERIX, cis-dehydromatricaria ester (22) 73, mWRIEMELEW TH D
LB, MWATEREE T IEMTHH Y . BA X DT U ETF VU ORI
RHEERICHEE T2 2R Lc, L L2anb, EERO HEKPIZBIT S
cis-dehydromatricaria ester (22) DO¥RFEIZIEFITIK LS | BEFHED O E DAL EY
LS THEEND Z LI, FLALRVWZ ERRESINTND, P LoT,
cis-dehydromatricaria ester (22) M+ 5 Z LIZ XV | B ORR & B
T DENIEEORENL, v A X DT ULF DT LaXv— BT,
FIZRERTH D EE X BT,

T L aR—OEHEE L LT, I, NIC X 2%, EEREO S, R
NHEOBH, EREZBELCT ey I e BT Lk mFEICEEY
BLEHZDZENTEDLZLITMA, HEAMMICEEL G2 5 2 & CHIER
(CHE I ERE G A D ZENTEL, ™ vA X AWT VLT Y UICEEND T
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%45 @ 5 5| kolavenic acid (14) I EPLEEIE M, 1% (2Z,82)-10-angeloyloxy
matricaria ester (21) [ZHTETEMEZ R L, ' cis-dehydromatricaria ester (22) 1% 11
WAEDCHELERIFTZEnHEIN TS, B F, B X BT UXF VY
ERIEED “WRIRRPEY) % &1 S. canadensis L%, *V vA X BT I XF V7 LIH
FRICIEKIFFET, 3 —u o X7 U7 2 SO REI L LT THY | 1
TLarIANENSLT, T A% 2 7 —RHIRFEEM O A ZLSE, 12k
MY OFERE D 2 v =—JEZ M+ 5 2 & 49 LEICAFT 2K DOER
BLOWRIEELZRE T 22 & W) RS Tnd, 2 oWEIx, A ¥
AT UEFI DT Ly —|Z8BWT, cis-dehydromatricaria ester (22) % &9
7o ZRARBEE L., it Tﬁ B 52 D127 Tl EOMRE 8
WEMC b B2 5252 LI . TR BRI |5 % 5 2 5 v REE
NoHI &, F£, NI iofﬁ%’@éf’i’ﬁ*' T D AREtEn H D Z L &R
L TCW5, Lo T, 5%, 7 bar I IVOBFREMIIR 5 EER 7252 80T
Mz T, HEAEMRICH T 2 ELMAT LN, v A DT IXFYODT
La Sy — T BRI O N D EE X BT
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n-Hexane extract cis-Dehydromatricaria ester (22)

140 1 4 140 -
S 120 ab a S 120 A
S 100 - S 100 -
o bc b o
5 80 - c be s 80
S 60 - c & 60 -
£ £
g 40 4 g 40 A
- 20 A — 20 A
0 0 -
Conc. (mg/dish)y 0 40 80 160 0 40 80 160 Conc. (mg/dish) 0 0.8 1.6 3.2 0 0.8 16 3.2
Parts Root Shoot Parts Root Shoot
Solidagonic acid (13) (2Z, 82)-10-Tigloyloxy matricaria ester (20)
140 1 4 ab 140 -
R ab a ab .
S 120 1 b ab . S 120 4
S 100 - 5 100 A
(5] (5]
s 80 4 5 80 4
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S 40 A S 40 -
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3 20 - 20 A
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Conc. (mg/dish) 0 4.0 8.016.0 0 4.0 8.016.0  Conc. (mg/dish) 0 0.4 0.8 1.6 0 04 08 16
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(27, 82)-10-Angeloyloxy matricaria ester (21) Kolavenic acid (14)
140 - ab 140 -
— a ab a —
S 120 1 . A S 120 4
S 100 - b b S 100 -
o o
B 80 4 5 80 A
S 60 S 60
£ £
5] 40 A ) 40 4
g &
i 20 A - 20 A
0 0 A
Conc. (mg/dish) 0 2.0 4.0 8.0 0 2.0 4.0 80 Conc. (mg/dish) 0 12.024.048.0 0 12.024.048.0
Parts Root Shoot Parts Root Shoot

Fig. 23. Effects of the n-hexane extract and major constituents on the root and shoot
lengths of lettuce seedlings
The values are expressed as means + standard deviation. Different letters represent
significant differences between treatments (p < 0.05, one-way ANOVA via Tukey’s

multiple comparison test).
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n-Hexane extract cis-Dehydromatricaria ester (22)
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(27, 82)-10-Angeloyloxy matricaria ester (21) Kolavenic acid (14)
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Fig. 24. Effects of the n-hexane extract and major constituents on the root and shoot

lengths of Italian ryegrass seedlings

The values are expressed as means + standard deviation. Different letters represent

significant differences between treatments (p < 0.05, one-way ANOVA via Tukey’s

multiple comparison test).
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SHIUET /R

YA XD TUXETF Y THFED n-hexane fHEMICEB I D EELS E LT,
solidagonic acid (13). kolavenic acid (14). (2Z,82)-10-tigloyloxy matricaria ester (20).
(2Z,87)-10-angeloyloxy matricaria ester (21), cis-dehydromatricaria ester (22) % [A]/E
L. ZhHOEFEZH LN LT,

A ZATUETF Y UM T n-hexane flitEIE, LA ABIRT A 7T 2D
I LT, RAEEEZ R T E 2L MM LT,

FEERS ORI ETE 2 RRIICHE L, LA ABIOA 2 T T
AT T ARS8 AZ HTUXTF Y T HUNE Y OREY) R P E TR
F1Z, cis-dehydromatricaria ester (22) |ZHET 25 Z L2 LM LT,

AAFFEORE RIS L OBEOHE NS | cis-dehydromatricaria ester (22) 73, ZEfE
RITIBNT, FEERT BRI I T T EEN R BIIRERN Th D 2 & DRI
SNz, £, 4%, FEMRDO HEAYRISH T B2 M52 28, &
ABZHTUOEFITOT L —ORRICORND &z bz,
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FZFIL. AR WNC, B A X DT U XF YT (Solidago altissima L.) &I
T HHEYEHEAERCRER—EWRHEAER 7 & A Ok A 18 7l
WZEH LT, 8%, ZOX 5 AWM BN 2T 5720, £, A5 0
WHRICICH T 2728, Z ORI E LT, G 21TV AMEMIZE £
A IRHEY OREZ A LN THZ 2B E L,

BB TII A Z AT UETFY TN O ISTEOLEW 1-15 Z HEEL |
bW 1-4 %, FEFITHINAEE THHH L CT 2D ent-neo-7 L X
TARU LG S &, LW TCRID neo-7 L u B DT )L~ LIRE LT,
£ ALEY 6 B LT ORG24 NMR A7 hLT — X 36 LUNEEE
DFFITIZIED E | neo-TC BN 5 ent-neo-CT BUZHET LTz, B2, AWFFETH
BEL 72t LOBERMOREN 27 La X o DT LU0 BCNMR 7 I
N T MEERNTT 52 EICE 0 4D La i o DT s ORISR E
FRET HT20OD BCNMR 7 I N7 "3 — % ffsn Uiz, £ LT, g
L7 I ANT T R =V RO La X o U U8 L, SER
WG OUGET L L HERI S D BEF b & & A L7z,

BOETIE, BA AT UETFY TN, 3O LAY 16-18 25 T
SFEDARY T vF L F16-23 ZHEE - HEIRELTL, 2D 5B, 10407 b
FXVIEEAT LNV BV T T bUOFEEZ, v NI AT T2 Frd 10
frz Kb, =27 AT 2GR B FEET D2 L amme Lz, £/,
(2Z,8Z)-matricaria ester (%, 30 fELL LD ¥ 7 BMIcE EN D — 5T, ZORH
Y T& % 10-acyloxy (2Z,87)-matricaria esters X, Baccharis J&. Chrysothamnus J&
Solidago JB DD X 7 FHEMIZ LIxE EN2 W2 2B 6T Lz, AT,
Solidago J&\Z1X. S. altissima & S. canadensis O (2Z,87)-10-acyloxy matricaria esters
EofEY) & S. decurrens, S. odora. S.virgaurea O (2Z,8Z)-matricaria ester % &
LY OM T NFIELTND I EEH LN L, 5%, 10-acyloxy (2Z,82)-
matricaria esters (275 H L7z Solidago JEHEW) DRIIIIFEIZ K- T, FEMl 72 Rkt oy
AW ONITE LR S D,

BT, BB ER LUV R CHEE - ERE LI ke E T A
ZATUEFYIOT Luy—llT L8825, £7 . FEY ORI
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TN L OEESITZITV, BA X AT I XF Y UHTES n-hexane flitH#)1C
BT D EHERS & LT, solidagonic acid (13). kolavenic acid (14). (2Z,87)-10-
tigloyloxy matricaria ester (20), (2Z,87)-10-angeloyloxy matricaria ester (21), cis-
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T U T U O AR R ETE X, FEIT, cis-dehydromatricaria ester (22)
IZHRT 22 2B 6N LT, £ LT, 26 DFRREB L OB OHE # 5%
Z.. cis-dehydromatricaria ester (22) 23, ERERIZIHBWT, FEERIZ, BEPHEWIZ &
T EEN R EBIIRENTH D Z &, FEMS O HEAMMRIIS T 228 %
RIS D ENCA X I T IOXFT I TDOT L as/Xy—OBfRIZOI N 5 Al RENE
NoHZ EERL,

BREZHB U T, FEZX, BAZ DT UXTF Y UM N OFEM R B SR & i
L. 8 FOFLEWE ST 23 FOLEW & HEE - IIERET DL &bz, v
OO RSy ORED R L ETEEEZ A S0 Lz, 72, S o AbBOERIC
EOE | AR IO BLR 0 b R R R A fLH L7z, ABFFET
BONTRERIZ. B X DT UEF YO 2T 5 EWAREAEH O (R
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SR DER

— ) 72 SEBR T

BEJCEEIX, DIP-370 et (AARERA S, o, BA) Z HWTHIEL
7z UV A7 FVX UV-1800 73 tds (RNt B R ERT, . AA) 2
WTHIE L7z, IR 222 kUL, IRAffinity-1S (B E A SERUWERT) 2 V¢,
CHCIL3 ik, 0.20 mm (KBr) OEEE /L THIE L7z, NMR A7 hLid,
JNM-ECZ500R spectrometer & 7= 1% INM-ECS400 NMR spectrometer ( H AN 8 11k
=t BUL, BAR) TRiekL7c, ZOFE, CDCh &gt LTEHHAL, 7I
7 ME, WEEAEL LCTT T AF LT 2k 5 ppm (0) THE LT,
R L OV EL TLC X, TLC T A7 L— b~ U A7V 60 FasaE 721 TLC H
T AT L — K RP-18Fasss (A V7 RS, ¥y a&y b, RAY) ZH0
THEM L7, TLC L — F EORAR Y ML, 254nm £721X 365nm @ UV IZ X -
THitH L. sulfuric acid/p-anisaldehyde/ethanol (1:1:18, v/v/v) ZFMEZE: . NET 5
&R b L7c, MPLC X, 2= =Y VT L IT L ATV T LE
7ol =/"—H /L ODS-SM 1 7 & (ke KBk, AA) ZEH L,
Yamazen Pump 540 (1L #EMEREH) 2 WTEE L7, & I4E HPLC 1.
Cosmosil 5Cis MS-II 7 7 A (10 mmi.d. x250mm, 5Spm. T4 74 7 A7 AL
f, EB, BA) ZfEH L, SPD-20A Prominence UV/Vis fi Hi#5 % i X 72 Shimadzu
Prominence HPLC ¥ 27 A (R EEEERT) 1280 Fhi L7, iR &I,
254 nm [ZRRE LT,

FER B & OV

v A X AT IXTF VT (Solidago altissima L., %7 Fl) 1%, 2020 4 7 AT
i K FIEHAMEPE (GPS coordinates: 34°58'45.1"N, 135°57'51.8"E) L UZ DA
W DZEZ P TR L 7=, L ¥ A (Lactuca sativa L. Green-wave, ¥ 7 F}) 5
FOA B VT T4 77 A (Lolium multiflorum Lam. Wase-fudo, - #F}) OFdE1-
%, Z XA RS OB, BAR) 26lEA LTz, 2O, KRB Len
AT, T T AT ARG U, BA) RTITE L7 A v DRGSR
At (KB, BA) 22BHEA L7,
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FhHF KOV HL A

YA BT OLFOMTHEREZLIZH D (534 g) 2L, =IET n-
hexane (1Lx3, & 1 H) IZIR{EL CTHIH L7-, BET, B2 5 L. n-hexane
it 13.5 ¢ 21872, 205 bO— (109 g) &, CHCh ZEHikeE3T5Y
NTFNAT LT a~ T T77 40—k, 9 DD (Fr. 1-9) #15%7-, Fr. 2
(665.0mg) % . n-hexane-EtOAc (5:1, v/v) OIRAEEEZRHIRE LT, YU A7
JVIEAE MPLC IZff: L, 22 (89.2 mg) 3L U233 (11.3 mg) #157=, Fr. 3 (652.5 mg)
Z n-hexane-EtOAc (5:1, v/v) DIRGHHE 2K E LT, ¥V B 7 /VIEFMH MPLC
(L L, Fr.3-1-3-5 #4537, Fr.3-3(327.5mg) %. 85% MeOH-H,0 (v/v) Z¥&H
L35 ODS il MPLC (Zfit L, 21 (298.9 mg) #4557, F£7-. [FEDOLRMUET
T, Fr. 4 (296.0 mg) 7°H 7 DD43 %4572 (Fr. 4-1-4-7), Fr. 4-2 (71.6 mg) Z* &
512t 243 EL HPLC (65% aq. CH3CN, S mL/min) THEI L. 18 (tz=9.5 min, 2.2
mg). 19 (tz=10.1min, 0.8 mg), 20 (tz=11.3 min, 33.1mg) =757z, Fr.6(1.24g)
Z 85% MeOH-H:0 (v/v) Z¥#H#E &9 % ODS #itH MPLC (Zflt L. 6 DD 5y
8. D955 Fr. 6-1 (13.2 mg) & & 62k 470 HPLC (65% aq. CH3CN, 5
mL/min) TR L. 17 (tz=7.3 min, 2.5mg) %#437=, Fr.6-2 (384 mg) =& %y
Ht HPLC (95% aq. CH3CN, 5 mL/min) TH;R L, 12 (tz = 6.6 min, 20.4 mg) %15
7. Fr.8(3.16g) % 95% MeOH-H,O (v/v) Z¥AHR L 9% ODS ¥l MPLC (Zfit
L. 6 DD %437~ [Fr.8-1-8-4, Fr.8-5(14, 1.54g), Fr.8-6], Fr.8-1(46.8mg)
% & 512% 243 EUHPLC (65% aq. CH3CN, 5 mL/min) THH L, 16 (tz="7.1 min,
0.6 mg) #1%7=, Fr. 8-2 (1552 mg) %#. 85% MeOH-H:O (v/v) Z&EHIKE LT,
ODS i MPLC (2 XY S HICBE L. 5 2Dyl #4157~ (Fr.8-2-1-8-2-5), &5
2. & I /3HEU HPLC (85% aq. CH3CN, SmL/min) CTHHEII$T 25 Z L2k v, Fr.8-2-
3(34.7mg) 75 3 (tg=9.7min, 4.9mg) B L 8 (tg=9.1 min, 8.6 mg), Fr. 8-2-
4 (53.9mg) 775 9 (tg=10.6 min, 42 mg) #157=, Fr.9(3.35¢g) % 85% MeOH-
H,O (viv) ZIEHIR E 3% ODS WA MPLC (ZfF L. 6 D4y [Fr. 9-1, Fr. 9-2
(13. 0.81g). Fr.9-3-Fr.9-5] %#%%7-, Fr.9-1(277.9 mg) % . ODS i#Hd MPLC [70%
CH3;CN-H0 (viv)] {2 X V3| L, 7 D5y E%4%7- (Fr.9-1-1-Fr. 9-1-7), Fr.9-1-
3 (66.4 mg) % & 52 243U HPLC (70% aq. CH;CN, 5 mL/min) THR L, 15
(tr=15.7 min, 2.1 mg) %47/, Fr.9-1-6 (33.8 mg) % & 5|2 2 4Bt HPLC (85%
aq. CHsCN, 5mL/min) THH L, 10 (tz=5.3 min, 13.8 mg). 4 (tz=5.5min, 3.3
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mg). 5(tg=5.7min, 6.2mg), 11 (tz=5.9min, 13.7mg) % 4%37=, Fr.9-3(722.2 mg)
% ODS 77 A [CH3;CN-H,O. 85:15 (v/v)] Z M\ 7= MPLC IZFF L. 5 DD57H
Z1$72 (Fr.9-3-1-9-3-5), & 512, & I43HUHPLC (85% CH3CN in H,0) THEHJ
HZ LKV, Fr. 9-3-2 (49.0 mg) 75 2 (tg = 9.7 min, 19.6 mg) BL D 6 (tr =
11.3min, 19.5mg), Fr.9-3-5(67.0mg) 75 1 (tg=11.8 min, 5.5mg) B 7 (tr
=12.9 min, 44.7 mg) %157,

(+)-(5R,6R,8R,9R,105)-6-Senecioyloxy-ent-neo-cleroda-3,13 E-dien-15-oic acid (1)
Colorless oil; [a]p* +60.8 (¢ 0.10, EtOH); UV (MeOH) Amax (log €) 218 (4.5) nm; IR, Vimax
2972, 1693, 1645, 1230, 1153, 1076 cm™!; 'H NMR (500 MHz, CDCls), Table 1; *C
NMR (125 MHz, CDCls), Table 1; HR-ESI-MS, Table 12.

(+)-(5R,6R,8R,9R,10S)-6-Methacryloyloxy-ent-neo-cleroda-3,13E-dien-15-oic acid (2)
Colorless oil; [a]p* +26.1 (¢ 0.13, EtOH); UV (MeOH) Amax (log &) 211 (4.2) nm; IR, Vimax
2972, 1701, 1638, 1300, 1196, 1172 cm™'; '"H NMR (500 MHz, CDCls), Table 1; 1*C
NMR (125 MHz, CDCl;), Table 1; HR-ESI-MS, Table 12.

(+)-(5R,6R,8R,9R,10S)-6-Senecioyloxy-ent-neo-cleroda-3,13-dien-15,16-olide (3)
Colorless oil; [0]p* +44.8 (¢ 0.10, EtOH); UV (MeOH) Amax (log €) 213 (4.5) nm; IR, Vinax
2972, 1782, 1749, 1699, 1653, 1231, 1153, 1076, 1036 cm™'; 'H NMR (500 MHz, CDCl3),
Table 2; *C NMR (125 MHz, CDCls), Table 2; HR-ESI-MS, Table 12.

(—)-(3S5,4R,5S,6R,8R,9R,10S5)-3,4-Epoxy-6-senecioyloxy-ent-neo-clerod-13-en-15,16-
olide (4)

Colorless oil; [0]p?® —21.0 (¢ 0.10, EtOH); UV (MeOH) Amax (log &) 213 (4.4) nm; IR, Vimax
2965, 1782, 1749, 1699, 1637, 1221, 1152, 1080, 1036 cm™'; 'TH NMR (500 MHz, CDCls),
Table 2; *C NMR (125 MHz, CDCls), Table 2; HR-ESI-MS, Table 12.

(-)-(5R,7R,8S,9R,10R)-7-Acetoxy-neo-cleroda-3,13-dien-15,16-olide (5)
Colorless oil; [0]p* —60.7 (¢ 0.10, EtOH); UV (MeOH) Amax (log €) 208 (4.2) nm; IR, Vinax

2947, 1782, 1749, 1732, 1638, 1250, 1165, 1026 cm™'; 'H NMR (500 MHz, CDCl;),
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Table 3; 3C NMR (125 MHz, CDCls), Table 3; HR-ESI-MS, Table 12.

(+)-(5R,6R,8R,9R,108)-6-Tigloyloxy-ent-neo-cleroda-3,13 E-dien-15-oic acid (6)
Colorless oil; [0]p®® +35.9 (¢ 0.12, EtOH); UV (MeOH) Amax (log ) 218 (4.5) nm; IR, Vmax
2969, 1694, 1647, 1267, 1260, 1159, 1146, 1074 cm™!; 'H NMR (500 MHz, CDCls),
Table 4; 13C NMR (125 MHz, CDCls), Table 4; HR-ESI-MS, Table 12.

(+)-(5R,6R,8R,9R,105)-6-Angeloyloxy-ent-neo-cleroda-3,13 E-dien-15-oic acid (7)
Colorless oil; [a]p* +30.6 (¢ 0.12, EtOH); UV (MeOH) /max (log €) 218 (4.4) nm; IR, Vimax
2978, 1728, 1701, 1643, 1238, 1163, 1044 cm™!; '"H NMR (500 MHz, CDCl;), Table 5;
13C NMR (125 MHz, CDCl3), Table 5; HR-ESI-MS, Table 12.

Solidagolactone III (8)

"H NMR (500 MHz, CDCls), du 1.90 (1H, m, H-1a), 1.61 (1H, H-1b), 2.05 (1H, m, H-
2a), 1.88 (1H, m, H-2b), 5.50 (1H, brd, J = 5.3 Hz, H-3), 4.98 (1H, dd, J = 2.9, 2.9 Hz,
H-6), 1.76 (1H, m, H-7a), 1.59 (1H, H-7b), 1.98 (1H, m, H-8), 1.51 (1H, H-10), 2.09 (1H,
m, H-11a), 1.52 (1H, H-11b), 2.51 (1H, ddd, J = 16.3, 12.5, 4.4 Hz, H-12a), 2.35 (1H,
ddd, J=16.3, 12.1, 4.3 Hz, H-12b), 5.86 (1H, brs, H-14), 4.77 (2H, d, /= 1.7 Hz, H-16),
0.86 (3H, d, J=7.2 Hz, H-17), 1.54 (3H, brs, H-18), 1.21 (3H, s, H-19), 1.06 (3H, s, H-
20), 6.78 (1H, qq, J= 6.8, 1.2 Hz, H-3"), 1.77 (3H, d, /= 6.8 Hz, H-4"), 1.79 (3H, d, J =
1.2 Hz, H-5"); 3C NMR (125 MHz, CDCl3), 5c 21.8 (C-1), 26.4 (C-2), 124.3 (C-3), 138.0
(C-4), 42.9 (C-5), 74.1 (C-6), 31.5 (C-7), 31.8 (C-8), 38.5 (C-9), 44.6 (C-10), 33.6 (C-
11),23.2 (C-12),171.0 (C-13), 115.2 (C-14), 174.0 (C-15), 73.1 (C-16), 15.3 (C-17), 18.3
(C-18), 24.7 (C-19), 28.4 (C-20), 167.5 (C-1"), 129 (C-2"), 136.9 (C-'3), 14.4 (C-4"), 12.1
(C-5"); HR-ESI-MS, Table 12.

Solidagolactone II (9)

"H NMR (500 MHz, CDCl3), du 1.89 (1H, m, H-1a), 1.63 (1H, m, H-1b), 2.03 (1H, m,
H-2a), 1.86 (1H, m, H-2b), 5.50 (1H, brd, /= 5.4 Hz, H-3), 5.02 (1H, dd, /= 2.9, 2.9 Hz,
H-6), 1.79 (1H, m, H-7a), 1.59 (1H, H-7b), 1.94 (1H, m, H-8), 1.51 (1H, H-10), 2.11 (1H,
m, H-11a), 1.53 (1H, H-11b), 2.5 (1H, ddd, /= 16.3, 12.5, 4.0 Hz, H-12a), 2.34 (1H, ddd,
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J=16.3, 12.1, 4.0 Hz, H-12b), 5.85 (1H, brs, H-14), 4.76 (2H, d, J = 1.7 Hz, H-16), 0.87
(3H, d, J = 6.9 Hz, H-17), 1.56 (3H, brs, H-18), 1.22 (3H, s, H-19), 1.06 (3H, s, H-20),
6.00 (1H, qq, J = 7.2, 1.7 Hz, H-3'), 1.98 (3H, d, J = 7.2 Hz, H-4"), 1.83 (3H, brs, H-5');
13C NMR (125 MHz, CDCls), dc 21.6 (C-1), 26.4 (C-2), 124.6 (C-3), 137.8 (C-4), 42.9
(C-5), 73.6 (C-6), 31.6 (C-7), 31.8 (C-8), 38.4 (C-9), 44.5 (C-10), 33.6 (C-11), 23.2 (C-
12), 171.0 (C-13), 115.2 (C-14), 174.0 (C-15), 73.0 (C-16), 15.3 (C-17), 18.3 (C-18), 24.7
(C-19), 28.3 (C-20), 167.0 (C-1"), 128.1 (C-2'), 138.0 (C-3'), 15.6 (C-4'), 20.7 (C-5'); HR-
ESI-MS, Table 12.

Solidagolactone VIII (10)

"H NMR (500 MHz, CDCls), du 1.79 (1H, m, H-1a), 1.40 (1H, m, H-1b), 2.08 (1H, m,
H-2a), 1.63 (1H, m, H-2b), 2.76 (1H, brs, H-3), 5.41 (1H, dd, /= 2.9, 2.9 Hz, H-6), 1.72
(1H, m, H-7a), 1.53 (1H, H-7b), 2.03 (1H, m, H-8), 1.20 (1H, H-10), 1.99 (1H, m, H-11a),
1.51 (1H, H-11b), 2.43 (1H, ddd, J = 16.3, 12.3, 4.5 Hz, H-12a), 2.29 (1H, ddd, /= 16.3,
12.6, 4.0 Hz, H-12b), 5.86 (1H, brs, H-14), 4.76 (2H, d, /= 1.7 Hz, H-16), 0.88 (3H, d, J
=17.5 Hz, H-17), 1.30 (3H, brs, H-18), 1.21 (3H, s, H-19), 1.04 (3H, s, H-20), 6.91 (1H,
qq, J =6.9, 1.2 Hz, H-3"), 1.82 (3H, d, /= 6.9 Hz, H-4"), 1.90 (3H, d, /= 1.2 Hz, H-5");
B3C NMR (125 MHz, CDCl3), éc 19.1 (C-1), 27.9 (C-2), 57.4 (C-3), 61.8 (C-4), 40.3 (C-
5), 73.0 (C-6), 32.3 (C-7), 32.7 (C-8), 38.2 (C-9), 45.0 (C-10), 34.5 (C-11), 23.4 (C-12),
170.7 (C-13), 115.3 (C-14), 173.9 (C-15), 73.1 (C-16), 15.7 (C-17), 21.6 (C-18), 26.5 (C-
19), 27.6 (C-20), 167.6 (C-1"), 129.4 (C-2"), 137 (C-3"), 14.5 (C-4"), 12.2 (C-5"); HR-ESI-
MS, Table 12.

Solidagolactone VII (11)

"H NMR (500 MHz, CDCls), du 1.79 (1H, H-1a), 1.40 (1H, m, H-1b), 2.08 (1H, H-2a),
1.62 (1H, m, H-2b), 2.76 (1H, brs, H-3), 5.45 (1H, dd, J=2.9, 2.9 Hz, H-6), 1.72 (1H, H-
7a), 1.53 (1H, H-7b), 2.01 (1H, H-8), 1.21 (1H, H-10), 1.99 (1H, H-11a), 1.5 (1H, H-11b),
2.43 (1H, ddd, J=16.3, 12.3, 4.5 Hz, H-12a), 2.29 (1H, ddd, J = 16.3, 12.6, 4.0 Hz, H-
12b), 5.85 (1H, brs, H-14),4.77 (2H, d, /= 1.7 Hz, H-16), 0.89 (3H, d, /= 6.9 Hz, H-17),
1.31 (3H, brs, H-18), 1.22 (3H, s, H-19), 1.03 (3H, s, H-20), 6.08 (1H, qq, /= 7.2, 1.7 Hz,
H-3"), 2.05 (3H, d, J= 7.2 Hz, H-4"), 1.97 (3H, brs, H-5"); *C NMR (125 MHz, CDCl5),
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dc 19.0 (C-1), 27.8 (C-2), 57.3 (C-3), 61.7 (C-4), 40.4 (C-5), 75.6 (C-6), 32.6 (C-7), 32.9
(C-8), 38.3 (C-9), 45.2 (C-10), 34.5 (C-11), 23.4 (C-12), 170.6 (C-13), 115.3 (C-14),
173.7 (C-15), 73.0 (C-16), 15.8 (C-17), 21.7 (C-18), 26.6 (C-19), 27.6 (C-20), 167.0 (C-
1), 128.7 (C-2'), 137.7 (C-3'), 15.8 (C-4"), 20.7 (C-5'); HR-ESI-MS, Table 12.

Solidagolactone (12)

'"H NMR (500 MHz, CDCl3), du 1.55 (1H, m, H-1a), 1.52 (1H, H-1b), 2.09 (1H, m, H-
2a), 1.97 (1H, m, H-2b), 5.19 (1H, brs, H-3), 1.74 (1H, m, H-6a), 1.18 (1H, m, H-6b),
1.49 (1H, H-7a), 1.43 (1H, H-7b), 1.45 (1H, H-8), 1.32 (1H, m, H-10), 1.67 (1H, m, H-
11a), 1.51 (1H, H-11b), 2.30 (1H, ddd, /= 16.3, 12.3, 4.0 Hz, H-12a), 2.20 (1H, ddd, J =
16.3,12.3, 4.6 Hz, H-12b), 5.83 (1H, brs, H-14), 4.74 (2H, d, /= 1.7 Hz, H-16), 0.81 (3H,
d, J= 6.3 Hz, H-17), 1.59 (3H, brs, H-18), 1.01 (3H, s, H-19), 0.78 (3H, s, H-20); 1*C
NMR (125 MHz, CDCl), oc 18.3 (C-1), 26.8 (C-2), 120.2 (C-3), 144.4 (C-4), 38.2 (C-
5), 36.7 (C-6), 27.3 (C-7), 36.3 (C-8), 38.7 (C-9), 46.5 (C-10), 22.3 (C-11), 35.3 (C-12),
171.2 (C-13), 115.0 (C-14), 174.1 (C-15), 73.1 (C-16), 16.0 (C-17), 18.0 (C-18), 19.9 (C-
19), 18.2 (C-20); HR-ESI-MS, Table 12.

Solidagonic acid (13)

'H NMR (500 MHz, CDCls), 6n 1.60 (2H, H-1), 2.07 (1H, H-2a), 2.00 (1H, H-2b), 5.17
(1H, brs, H-3), 2.13 (1H, dd, J = 14.7, 2.7 Hz, H-6a), 1.40 (1H, dd, J = 14.7, 3.4 Hz, H-
6b), 5.13 (1H, ddd, J = 3.4, 3.4, 3.4 Hz, H-7), 1.67 (1H, m, H-8), 1.44 (1H, H-10), 1.54
(1H, m, H-11a), 1.42 (1H, H-11b), 1.97 (2H, H-12), 5.69 (1H, brs, H-14), 2.18 (3H, d, J
= 1.4 Hz, H-16), 0.92 (3H, d, J=7.1 Hz, H-17), 1.59 (3H, brs, H-18), 1.19 (3H, s, H-19),
0.99 (3H, s, H-20), 2.07 (3H, s, H-2"); 3C NMR (125 MHz, CDCls), éc 18.0 (C-1), 26.7
(C-2), 120.2 (C-3), 144.5 (C-4), 38.4 (C-5), 39.9 (C-6), 75.3 (C-7), 38.2 (C-8), 37.4 (C-
9), 46.3 (C-10), 37.3 (C-11), 36.1 (C-12), 164.0 (C-13), 115.0 (C-14), 172.0 (C-15), 19.6
(C-16), 12.2 (C-17), 18.1 (C-18), 21.5 (C-19), 19.7 (C-20), 170.5 (C-1"), 21.3 (C-2'); HR-
ESI-MS, Table 12.

Kolavenic acid (14)
"H NMR (500 MHz, CDCls), du 1.57 (1H, H-1a), 1.45 (1H, H-1b), 1.98 (2H, H-2), 5.2
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(1H, brs, H-3), 1.71 (1H, m, H-6a), 1.18 (1H, m, H-6b), 1.43 (2H, H-7), 1.48 (1H, H-8),
1.32 (1H, dd, J = 12.0, 1.3 Hz, H-10), 1.53 (1H, H-11a), 1.40 (1H, H-11b), 2.04 (1H, H-
12a), 1.96 (1H, H-12b), 5.68 (1H, brs, H-14), 2.17 3H, d, J= 1.2 Hz, H-16), 0.81 (3H, d,
J=6.0 Hz, H-17), 1.58 (3H, brs, H-18), 1.00 (3H, s, H-19), 0.73 (3H, s, H-20); 3C NMR
(125 MHz, CDCls), dc 18.3 (C-1), 27.0 (C-2), 120.5 (C-3), 144.5 (C-4), 38.2 (C-5), 36.8
(C-6),27.5 (C-7), 36.4 (C-8), 38.8 (C-9), 46.5 (C-10), 36.4 (C-11), 35.0 (C-12), 164.8 (C-
13), 114.9 (C-14), 172.4 (C-15), 19.6 (C-16), 16.0 (C-17), 18.1 (C-18), 20.0 (C-19), 18.4
(C-20); HR-ESI-MS, Table 12.

2-Oxo-solidagolactone (15)

"H NMR (500 MHz, CDCl3), du 2.43 (1H, dd, J = 17.5, 14.0 Hz, H-1a), 2.27 (1H, H-1b),
5.73 (1H, brs, H-3), 1.87 (1H, m, H-6a), 1.37 (1H, m, H-6b), 1.53 (2H, H-7), 1.49 (1H,
H-8), 1.84 (1H, m, H-10), 1.63 (1H, m, H-11a), 1.58 (1H, H-11b), 2.31 (1H, H-12a), 2.13
(1H, H-12b), 5.83 (1H, brs, H-14), 4.72 (2H, d, J= 1.2 Hz, H-16), 0.85 (3H, d, /= 6.3
Hz, H-17), 1.90 (3H, brs, H-18), 1.14 (3H, s, H-19), 0.87 (3H, s, H-20); *C NMR (125
MHz, CDCl), dc 34.6 (C-1), 199.7 (C-2), 125.5 (C-3), 172.4 (C-4), 39.9 (C-5), 35.5 (C-
6), 26.8 (C-7), 36.1 (C-8), 38.7 (C-9), 45.8 (C-10), 35.0 (C-11), 21.9 (C-12), 170.0 (C-
13), 115.3 (C-14), 173.8 (C-15), 73.0 (C-16), 15.8 (C-17), 19. (C-18), 18.3 (C-19), 17.8
(C-20); HR-ESI-MS, Table 12.

(42,82)-10-Tigloyloxy matricaria lactone (16)
Yellow oil; 'H NMR (400 MHz, CDCl;), Table 9; '3*C NMR (100 MHz, CDCls), Table 9;
HR-ESI-MS, Table 12.

(47,82)-10-Angeloyloxy matricaria lactone (17)
Yellow oil; "TH NMR (400 MHz, CDCl;), Table 9; '*C NMR (100 MHz, CDCls), Table 9;
HR-ESI-MS, Table 12.

(27,87)-10-Methacryloyloxy matricaria ester (18)
Pale brown oil; 'H NMR (400 MHz, CDCIl3), Table 10; *C NMR (100 MHz, CDCl;),

Table 10; HR-ESI-MS, Table 12.
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(22,82)-10-Isobutyryloxy matricaria ester (19)

"H NMR (400 MHz, CDCls), éu 6.26 (2H, ABq, H-2, 3), 5.80 (1H, dtd, J=11.0, 1.6, 0.7
Hz, H-8), 6.20 (1H, dt, J=11.0, 6.5 Hz, H-9), 4.85 (2H, dd, J = 6.5, 1.6 Hz, H-10), 2.58
(1H, sep, J=7.0 Hz, H-2"), 1.19 (6H, d, J = 7.0 Hz, H-3', H-4"), 3.79 (3H, s, OCH3); 1*C
NMR (100 MHz, CDCl3), oc164.7 (C-1), 121.8 (C-2), 131.4 (C-3), 79.6 (C-4), 84.9 (C-
5), 78.9 (C-6), 81.3 (C-7), 111.2 (C-8), 141.2 (C-9), 62.2 (C-10), 176.8 (C-1"), 33.9 (C-
2"),19.0 (C-3', C-4'), 51.8 (OCH3); HR-ESI-MS, Table 12.

(272,82)-10-Tigloyloxy matricaria ester (20)

"H NMR (400 MHz, CDCls), éu 6.25 (2H, ABq, H-2, 3), 5.80 (1H, dtd, /= 11.0, 1.5, 0.6
Hz, H-8), 6.24 (1H, dt, J=11.0, 6.5 Hz, H-9), 4.91 (2H, dd, J = 6.5, 1.5 Hz, H-10), 6.90
(1H, qq, J=17.1, 1.4 Hz, H-3"), 1.80 (3H, dq, J=7.1, 1.1 Hz, H-4"), 1.85 (3H, quin, J =
1.1 Hz, H-5"), 3.79 (3H, s, OCH3); *C NMR (100 MHz, CDCl3), dc 164.7 (C-1), 121.8
(C-2), 131.3 (C-3), 79.7 (C-4), 84.9 (C-5), 78.9 (C-6), 81.4 (C-7), 111.0 (C-8), 141.5 (C-
9), 62.0 (C-10), 167.7 (C-1"), 128.2 (C-2"), 138.0 (C-3"), 14.4 (C-4'), 12.1 (C-5"), 51.8
(OCHs); HR-ESI-MS, Table 12.

(27,872)-10-Angeloyloxy matricaria ester (21)

'"H NMR (400 MHz, CDCls), én 6.26 (2H, ABq, H-2, 3), 5.80 (1H, dtd, J=11.0, 1.5, 0.6
Hz, H-8), 6.26 (1H, dt, J=11.0, 6.5 Hz, H-9), 4.93 (2H, dd, /= 6.5, 1.5 Hz, H-10), 6.11
(1H, qq, J = 7.3 1.5 Hz, H-3"), 2.00 (3H, dq, J = 7.3, 1.5 Hz, H-4"), 1.93 (3H, quin, J =
1.5 Hz, H-5"), 3.79 (3H, s, OCH3); '*C NMR (100 MHz, CDCl3), éc 164.7 (C-1), 121.8
(C-2),131.3 (C-3), 79.7 (C-4), 84.9 (C-5), 78.9 (C-6), 81.4 (C-7), 111.1 (C-8), 141.4 (C-
9), 62.0 (C-10), 167.6 (C-1), 127.4 (C-2"),138.8 (C-3"), 15.9 (C-4"), 20.6 (C-5"), 51.8
(OCH3); HR-ESI-MS, Table 12.

cis-Dehydromatricaria ester (22)

'"H NMR (400 MHz, CDCls), éu 6.29 (1H, d, J = 11.4, H-2), 6.17 (1H, dd, J = 11.4, 0.6
Hz, H-3), 2.02 (3H, d, J = 0.6 Hz, H-10), 3.79 (3H, s, OCH3); *C NMR (100 MHz,
CDCl), 6c 164.6 (C-1),121.6 (C-2), 132.5 (C-3), 86.2 (C-4), 64.8 (C-5), 72.2 (C-6), 70.9
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(C-7), 58.4 (C-8), 80.8 (C-9), 4.86 (C-10), 51.8 (OCH3); EI-MS: m/z; 172 [M]".

trans-Dehydromatricaria ester (23)

"H NMR (400 MHz, CDCl3), du 6.37 (1H, d, J=15.9 Hz, H-2), 6.75 (1H, dd, J = 15.9,
0.4, H-3), 2.02 (3H, d, J = 0.4 Hz, H-10), 3.78 (3H, s, OCH3); *C NMR (100 MHz,
CDCl3), dc 166.7 (C-1), 1123.6 (C-2), 33.6 (C-3), 83.0 (C-4), 64.7 (C-5), 71.5 (C-6), 71.1
(C-7), 58.1 (C-8), 80.6 (C-9), 4.2 (C-10), 52.1 (OCH3); EI-MS: m/z; 172 [M]".

SIMT A E SR
HPLC Z3#1i%, CBM-20A communication bus module, LC-20AD binary pump,

DGU-20A3 degasser, SIL-20AC auto sampler, CTO-10A column oven, SPD-M20A
PDA %fifix 72 HPLC v A7 A (Rt EEERUER) A L TEmB L, 7
n~ k777 4 —47BElE, Waters Atlantis T3 % 7 2 (i.d. 2.1 mm x 150 mm, 5 um,
U4 — = ZAFAE ., ITr— R v Fa—tvY) ZHNT, BT AR
JE: 40 °CTITo 72, BEVHIL, (A)SmMEET =0 MFKE B) 7k =
N UG 22 BIRETEEE T, 0-30min, linear gradient from 10% to 100% B, 3040
min, isocratic at 100% B & L7z, ¥ii# (L 0.2 mL/min, PDA (% 190-800 nm %
TWE L72, HPLC ¥ A7 AT ESI Zfifi .72 IT-TOF-MS (FR=Nath EE B
T LTz, BSINT A—H(F, YV —RBEAHSKV(RYT 4 TA T E—F)
FTBSKVRATT A TAAE—NR), ¥ TV —{RE:200°C, X774
W—H AYiE s 1.5 L/min, §28: 4 AJF: 110 kPa. curved desolvation line 33 X OF heat
block & : 200 °CIZERE L7z, MS OHTIIAR Y T 4 7B L ORI T 4 7 A4 4 E
— T, m/z 150 725 1500 ETAF ¥ > Lz, 7—F G L APIZIE, LCMS
solution version 3.80 software package % {4 /] L 7=,

E =T

n-Hexane filli#%) % IEMEIZFF 8 L. MeOH (2 0.1 mg/mL OJRE T L=, =
DR % 0.45 pm Millipore 7 4 VX —2 = k (7 RN\ T v 7 FIFERASTL,
HH, HA) TAi L., Ak 1 L % HPLC-PDA v A7 AZIEA L=, HEfEL 7=
{bE¥% MeOH IZ¥ME L, Z A2 e A AR L C 0.05-50 pg/mL OFi[FH T IE
WSR2 157, EAREREIC X 0 EERZER L. 230 nm ((EEW 13 B LD
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14) £7213 254 nm (LAY 20-22) OZFNTNOE— 7 HEEEEICH LT
v b Uiz, SRR, Dle b b ST OB SR Lz,

TE = PH T P

VEABIOA Z VT T4 7 7 A0 S%, 90 mm ¥ ¥ —LIZBWT, A
K 3mL Tl 572 A E T, 224 24 I F LTV 48 IRfE], BT C %
HEIHETZ, 30mm ¥y — LIZEBWT, A% MeOH % 7213 n-hexane (25 L 7=
AUEHAE 250 pL CYRE S, FofRth. 500 pL ORI KEZFEE, BELME TS
Wiz, AR EICHEE, BBV — &2 XT 7 0 L ATERB%., 20 °C. BFAT T
TEFE L, VARTABKR, A X VT T4 7T A132 B, B THL OR
BLOva—boRSZMEL, MIELEESZar be— b LTKMAEL
b O LT 2 2 L2V | AR L ETEME 258 L 7o, RIER D FEBR A AT
LC3EAT- 7=,

LA AT

NAFTT A OFERIT, FH) + FEHERZ T L7z, IBM SPSS Statistics (ver.
27.0) HWT, &7 —#IZx L CT—ohl@Em Bt 217y, Tukey {EIZ LV %
B L2, pED0.05 L TOLDERFE L HR LT,
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