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A new germacrene-type sesquiterpenoid from Elephantopus
tomentosus L.
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Abstract: Fifteen compounds were isolated from the 95% ethanol extract of the whole plant of Elephantopus
tomentosus L. by silica gel column chromatography, Sephadex LH-20 column chromatography, MCI column chro-
matography and semi-preparative HPLC methods. Their structures were identified on the basis of physicochemical
properties, and spectral data (UV, IR, NMR, MS and CD) analysis as tomenlephanlide A (1), molephantinin (2),
molephantin (3), 8-O-methacryloylelephanpane (4), apigenin (5), tricin (6), 2-phenyl acetamide (7), 3,4-dihydroxy-
benzoic acid methyl ester (8), caffeic acid methyl ester (9), caffeic acid ethyl ester (10), (+)-(45)-(2E)-4-hydroxy-2-
nonenoic acid (11), £-4-hydroxyhex-2-enoic acid (12), 1 H-indole-3-carboxylic acid (13), 1H-indole-3-carbaldehyde
(14) and isohematinic acid (15). Among them, compound 1 is a new germacrene-type sesquiterpenoid, 5-15 were
obtained from E. tomentosus L. for the first time. It was the first time the absolute configuration of compound 2
was reported. Compound 1 showed weak cytotoxicity against gastric cancer cells (SGC-7901).
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SRt JH B AR ) 4 20 30 RFR, FENH
P FR, 433 At IE B (Elephantopus scaber L.) F [ 4%
Wi % (Elephantopus tomentosus L.), Y2 4 71 24 75 1 fH
PRSI AE N A E R TR E R 256,
B MAEIGES AR B8 DU A F L X, HE (R
TR 25 BN BRI B R R B Zh L TE
IT S ] SFIE IR TS AR BT D R e g
P& MR R R A R R =R, E
AL AR 2P0 L s VIR | SR SER . AR A
(7] B AL 47 E B PR A0 2 B4y EAT TR AT, R S R
R PR S 57 o DN BB U MO T R R i SR i B2 IR,
A48 K4 3 B A 2 By, AR SO0 AR I L 95% 2
B R BV I 7 Ay AT TR 9E . N {E IR B2 2 1%
LB FEGERAL 7 B A5 2 15 MU A, 38 4465210
4Ry 3 AN EIR 2 A B R 2 N IR R, R e
N EAAEHIEE N R A (1) RBHAE T (2). AfEHAE
HEL (3).8-O-methacryloylelephanpane (4). /732 % (5)-
HfE 2 (6) 5 LA (7). )57 LR H R (8) MnHEfR
g (9) W HEES £ FE (10) (+)-(4S)-(2E)-4-$2 e 2- T fis
B2 (11)E-4-F2 5175 le-2- @ R (12)3-M5] Bk FE R (13).
3-W5 W I (14) F S 2T R (15). HP &Ml
HALED, AW 5~15 9 R B 1 iH B w535
B3], FFERIRE THAEY 2 AT &Y
1~4 34T TR vR O, RIS 1 B A TSR
O 0

HFER5TR
1 SHETE
a1 Atk ERR AR, HET P, [of

+66 (c 0.1, MeOH). %4} 254 nm | &7~ NGB, 10%
W R £ W ¥ WD #4 2 A% 1 (105 °C), UV &R 1
205 nm A B KIS, TR S H R AR 0E (3 443 em™).
BRHE (17481 731 cm™) WU (1 697.1 648 cm™) Z55E 4]
FRAE RS % ; HR-ESI-MS 25 H m/z: 401.157 4 [M+Na]”
(T 516 401.157 6, C,H,,0,Na), #7543 7 20h C, 1,0,
ANEAIFEHN 8. £ CD,OD H, iZAW A4 'HNMR (% 1)
R OR 3N ALE S 6, 1.91 (3H, s, H-19).1.89 (3H,
d, J = 6.9 Hz, H-20).1.62 (3H, s, H-15); 3 41V 1 3£ 5
550,242 (1H, d, J = 13.7 Hz, H-1a).2.54 (1H, d, J =
13.7 Hz, H-1b).2.67 (1H, d, J= 13.7 Hz, H-3a).1.89 (1H,
d, J=13.7 Hz, H-3b).2.73 (1H, dd, J = 16.1, 1.8 Hz, H-
92).2.66 (1H, dd, J = 16.1, 1.8 Hz, H-9b); 4 M /X I 3L
551 0,4.24 (1H, d, J = 3.3 Hz, H-5).4.32 (1H, dd, J =
6.1, 3.3 Hz, H-6).3.95 (1H, m, H-7).5.12 (1H, dt, J =
11.4, 3.2 Hz, H-8); 2 4L J# Jii 715 5 6, 5.21 (1H, s, H-

14a). 5.39 (1H, s, H-14b). 5.73 (1H, d, J = 2.0 Hz, H-
132).6.13 (1H, d, J = 2.0 Hz, H-13b) L M AEK I XA 1
AN BB R T15 5 0, 7.01 (1H, qq, J = 6.9, 1.3 Hz, H-
18). "C NMR (1) i 45 H 20 M LR (55, 4 &
HSQC i & = b &1 &4 740k 2 A BRI 1% O,
171.9 (C-12). 167.7 (C-16), 4 ™ ¥ Bk 6. 107.4 (C-2)~
104.2 (C-10).138.9 (C-11).129.8 (C-17) F 1 N&EH T Hk
0. 79.4 (C-4); 5 AN HH BTk 6. 52.1 (C-1).49.7 (C-3)~
35.2 (C-9).125.0 (C-13).121.7 (C-14); 5 AN IK H 5E 65 6.
86.2 (C-5).81.5 (C-6).41.2 (C-7).76.8 (C-8)~139.8 (C-
18); 3 /™ F & B 6. 32.0 (C-15). 12.3 (C-20). 14.7 (C-
19). @ L EEE, AT S 1 (B D) A
WEESAL G Y. 78 'H-"H COSY (| 2), 727E 54
H it #8 & & 4t (H-5/H-6, H-6/H-7, H-7/H-8, H-8/H-9,
H-18/H-20). il it 4> #r HSQC 1 HMBC i, & #ltk &
Y1 5A6E YD 4 (R RE S JE 5 AR, FE X RIE T
MFWEH DT H-BAMGEGES, £ 7 —AHFEE
5. HMBC i (K 2) x5, 1.89 (H-20)56.167.7 (C-
16)+ 129.8(C-17). 139.8(C-18). 14.7 (C-19) #H 3=, M 1]
52 1% H AR C-18 0. [RIE, B T &1 1P
[ 458 (K1), NOESY i (K&l 3) W=, H-5 5 H,-15,
H-8 5 H-6.H-9 # 5%, H-9 5 H-7 #H 5%, H-13 5 H-7
K, RIS LA R 54454 M F . R
P Beecham #L ), o- 0 FH 2 -y P G 2 (4] 7E 254 nm
B 32 A 1E 1) Cotton R SE, i iE He 46 %0 #4) B4 2 2R V3R
45.58.6R.7S (K 4). [FIN}, RHE T2 H 17
[B3LYP-D3(BJ)/6-31G*] it | 1 ) ECD i, 45 R 7w
&Y T E ECD & S50 & 7 1 i seie th kv &
B (B 4), #E—PUESE T &M 1A H A

= HL.H!COSY -~ HMBC

= H!-H!COSY -~ HMBC

'H-'H COSY and key HMBC correlations of com-
pounds 1 and 2

Figure 2
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Figure 3 Key NOESY correlations of compounds 1 and 2
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Figure 4 Calculated/experimental electronic circular dichroism (ECD) and circular dichroism (CD) of compounds 1-2

&2 AtEIRG & (PR, BT H I, [a]h
+65 (¢ 0.1, MeOH). %4254 nm F B8 NEEEE, 10%
W R £ B W0 # B ER €4 (105 °C), UV & 7R 7
213 nm 4 A & KW dc, IR B b B R 3
(3420 cm™). B 3 (1768, 1715 cm™). XU (1697,
1 645 cm™) &5 Jk [ 7 A R Y Ug ; HR-ESI-MS 25 H m/z:
383.150 4 [M+Na]” (I 5 {f 383.147 1, C,,H,,0.Na), {2
w0 C,H,, 0, AEAIEE N 9. 7E CD,OD H1, i%
HEYHTHNMR (R 1) i 2t 4 M IEREE S0,
1.85 (3H, s, H-19).1.84 (3H, d, J = 6.3 Hz, H-20).2.03
(3H, s, H-15).1.76 (3H, s, H-14); 2 41 W B 3£ A (5 5 o,
2.66 (2H, m, H-9).6.21 (1H, d, J = 2.0 Hz, H-132).5.78
(1H, d, J = 2.0 Hz, H-13b); 7 MK H A5 5 5, 5.90
(1H, s, H-1).6.45 (1H, s, H-3).5.56 (1H, s, H-5).4.27
(1H, d, J = 3.2 Hz, H-6).3.49 (1H, m, H-7).5.28 (1H,
dt, J=10.5, 4.3 Hz, H-8).6.97 (1H, qq, J = 6.1, 1.6 Hz,
H-18). "C NMR (& 1) 45 i 20 M LR G 5, 456
HSQC 5 /n b &M 2 & 7 20k A5G 3 AR Bk 2
B 6. 198.1 (C-2)~ 171.8 (C-12)- 167.8 (C-16), 4 4™ ) Bt
5. 164.8 (C-4). 138.2 (C-10). 136.3 (C-11). 129.3 (C-
17); 2 AN R 3T O, 45.9 (C-9)126.8 (C-13); 7 MK
FEBR 5. 129.2 (C-1)-134.7 (C-3).73.6 (C-5)-83.8 (C-6)-

50.8 (C-7)~73.4 (C-8).139.8 (C-18); 4 /> F 3t 5. 18.8
(C-14).21.2 (C-15). 14.5 (C-19).12.1 (C-20). LL L%
PR, B2 R B AR s R & 9, B
545 M3 (A IE R ) AR, XRRAE T AT ¥
C, fLER T —/NHIE, HMBCHE IR J, 1.84 (H-20) 5
5. 167.9 (C-16)+129.3 (C-17)~139.8 (C-18).18.8 (C-19)
AHSE, 58 1% W AR C-18 L. 45 H 5 SCHR!M R iE
1 B IH T (molephantinin) — F{, {H I 4 X #) 7Y 3
AK€ . NOESY i, H-1 5 H,-15#1 %, H-6.H-9 5
H3-14 #1 5%, H-6 5 H-8.H-5.H-3 #] 5%, H-5 5 H-7 |
5%, H-3 5 H-5.H-6.H-7.H-9 #1 % . 1R #i& Beecham #
DU 3 o= I FR i -p- P T ik A 7E 254 nm B IR 9
Cotton RN, W€ H A #45 y 4R\6R 7S8R (Kl 4).
) B, R B T A 2% F B U7 3% [B3LYP-D3(BJ)/6-
31G*] i HE T 2 ECD ¥, 45 R ERIUL A2 it H
ECD i £k 54044 2 (1 5256 #h 2w & i (K 4), 13—
WAESE T A& 2 (A e B
2 YHEREIEM

KA MTT i, WK T &9 1~4 /N i 4i
Ml SGC-7901 WA R B & 1 . AR BoR, &M 1 1E
50 pumol-L™ 7 & N %t SGC-7901 41 il A 1 59 f 41 i 5
PE, HH L0 54.48% . L&) 2~47E 100 pmol-L™
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Table 1 'H NMR (600 MHz in CD,0D) and "C NMR (150 MHz
in CD,0D) data of compounds 1 and 2

1 2
No. 5, (J in Hz) o | 5, (J in Hz) 5,
1 242d(13.7) 21| 1 5905 129.2
2.42d(13.7)
2 - 1074 2 - 198.1
3 267d(13.7) 497 3 645s 134.7
1.89d (13.7)
4 - 794 4 - 164.8
5 424d(33) 82| 5 5565 73.6
6 432dd(6.1,33) 85| 6 427d(3.2) 83.8
7 395m 412 7 349m 50.8
8 5.12dt(114,32) 768| 8 528dt(105,43) 73.4
9 273dd(16.1,1.8) 352| 9 266m 45.9
2.66 dd (16.1, 1.8)
0 - 1042 10 - 138.2
- 1389 11 - 136.3
2 - 1719 12 - 171.8
13 5.73d(2.0) 1250 13 621d(2.0) 126.8
6.13d (2.0) 578 d (2.0)
14 521s 121.7] 14 1765 18.8
539s
15 1.62s 320( 15 2.03s 212
16 - 167.7) 16 - 167.8
17 - 1208 17 - 129.3
18 7.01qq(6.9,13) 1398 18 697qq(6.1,1.6) 139.8
19 191s 147 19 1855 14.5
20 1.89d(6.9) 123 20 1845 12.1

75 R X+ SGC-7901 41 i 5 HA . A4 4E A .

SLIGER S
Bio-Rad FTS-65A 41 4O 1% 1 (Bio-Rad, 3 H),
UV2501 54366 A% (Shimadzu, H A), Bruker AM
600 %Y ¥ 1 3t 4R 4 (Bruker, ¥ 1), Q-TOF SYNAPT
HDMS Jii i {% . Waters 2535 7 semi-PHPLC (it & 2489
B UV KL 2%) (Waters, 32 [H), YMC-Pack ODS-A & i
FE (5 pm, 30 mm x 250 mm.).YMC-Pack ODS-A {f il fi:
(5 pum, 20 mm x 250 mm). YMC-Pack ODS-A & il ¥F
(5 um, 10 mm x 250 mm) (YMC, H A%), Buchi Heating
Both 11490 A jig % 7% R AX (Buchi, Hfi £), #  1 F E
J&z (60~100 H, 100~200 H, 200~300 H, 300~400 H)
AN 2 0 R RER GF254 (75 Byilg AL T) ), A S
i %% (ILMVAC, 1% %), SHB-B 75 ¥F /K K EL 2 42 (46
PN 3R T 52 A R A &), TY02S B4 40 o b A (Ab 5T
HWAARARD, Bk HEE A 2 R R
R IR |, o B R 38 o i 4 (db st 4k
TJ), HI Z I EREFR X (Biotek, 3% [F), BE-9008 [ b
PCTEIR R % (T 7 H AR DURACES i 1E A PR 2 =),
CKX41 &% (OLYMPUS, HA), i TAE G (bt
RIS IR AX 3% ) 3 A PR A ), MCO-15AC 41 iR W% &

1 (SANYO, HA). 4182 DMSO.DMEM X5 7% 3 |
Jif 4= ML3% (FBS) (Gibeo EMIHARA IR \)), B i 41 i
(SGC-7901) (H [ = B} 2 Bt FEAith 2= 2 it 7 v [ ¢ 52
6 20 i ¥ 95 3L 7 ), Pen Strep (AL i R 3K F R
PR 7)), Ji 5 2K (insulin, SIGMA 2w, 35 ), 4 ff 149 5
SRR (MTT, KEE S EYHARGRAF).

HAEHAHE T 20184F 5 HR A A RE, &)1
Hh B2 2091 5 Bt Hh 24 SRR T 9T P B s T AT 1 5 N A
BN B A Y A TEHUAR & Elephantopus tomentosus L.
FHEAE . 34 (SCI-NCL003130-3) I A7 T [H EE 2
R b 24 st 58 I B b S Y e
1 RIS

146 M JH 54> 5015 kg, K3 #E 5 FH 10 5 & 11 95%
SRR AR E 2 IR, B K 2 h, A FERR B, 80 IR
413 95% LT IR 830 g, 4y UFE ZZ 1K, 4 H
FHTE R CBEANIE T BEEAT ZEHL, 15 20 I K AL
Fr. A (350 g), TR B8 # A7 Fr. B (117 g), 1E T BE#AL
Fr. C (150 g), /K# A7 Fr. D (185 g)»

WL 2. 1% 2.6 3547 Fr. B (117 g) 28R B R (0 1% 43 55,
DL S B - BE R 45 (1002 0~0:100) B & He i, 38
it TLC & JEAH LA 73 43 3] Fr.B,~Fr.B, 3£ 7 N 77«
Fr.B, (51.3 g) & MCI#: 3%, DLHEE-7K R4t (60:40~
100:0) ¥/, i@t TLC & IF13 2 Fr.B,, ~Fr.B,, 2L 3/
W4 o Fr.B,, (32.9 g) &rERAF B IE 4 58, UL & H
fie— Y 248 (100:0~0:100) Bf BE ¥e i, it TLC &
I3 FIFr.B,, ,~Fr.B,, JE8Mi4r. Fr.B,, (2.0 g) &F
1 4 5 OB (50% R EE/0.1% F R K) 138 Fr.B, , ,~
Fr.B,, L6 N4 5. Fr.B,, . (305 mg) 4l 4wk
WA (25% 2 6/0.1% H R K) 52579 (3.1 mg).
A9 10 (3.3 mg) ML G 11 (22.5 mg); ¥4 Fr.B, .,
(104 mg) FH il 2% & ROBAH (30% £ MK5/0.1% H R 7K)
ai Ak 15 314k A 90 12 (4.1 mg) AL 44 14 (5.8 mg);
Fr.B,, ¢ (507 mg) 241 % i XU (37% £J%5/0.1% H
iz 7K) B EMLEY 5 (2.4 me) AL & P13 (5.4 mg) AiiL
A W15 (5.0 mg); ¥ Fr.B, ., (507 mg) -1 4% = 20
A (18% £ J1E/0.1% H R /K) 2tk 3L 591 (28.4 mg).
A2 (4.1 mg) L5476 (7.8 mg); Fr.B, ,, (129 mg)
282 11 £ 1 UM (32% 2 BE/0.1% W R K) 15 24L&
Y13 (12.1 mg) MLAY) 4 (10.0 mg); Fr.B, ,, (324 mg)
% Sephadex LH-20 #F & 3% (MeOH/CH,CL=1:1) ¥ /it
DA% 2 2 ) % v RO (31% U 6/0.1% H R /K) 15 3
&7 (3.2 mg) M4 8 (10.5 mg).
2 SFEHEE

wEWM1 aE e R, 5T PR, L5
254 nm R R NS BE, 10% WA B2 20 5 9 0in 4
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ER L (105 °C), UV 2R 7E 205 nm 4b A 57 KR I, TR K
e BORA FRRE (3 443 em™) BRI (1 74841 731 em™).
RUEE (16971648 em™) 55 FE [ K¢ iF W Ui % ; HR-ESI-
MS 45 tH m/z: 401.157 4 [M+Na] " (it % {f 401.157 6,
C,,H,,0,Na), #& 71 4> T 3 N C, H,,0,, N1l A 8.
'H NMR (600 MHz, CD,0D) #1"”C NMR (150 MHz,
CD,OD) ##& W3 1.

EWm2 OEEHIRE & (TR, I T R, %45
254 nm N SR NS BE, 10% MR AR R £ B 78 W #48 kF
4, (105 °C), UV 28 7E 213 nm &b i KW, TR &
b R (3420 em™)HRIE (176841 715 em™).
B (16971645 cm™) %5 FE [R5 iF W U I ; HR-ESI-
MS % i m/z: 383.150 4 [M+Na] " (it 5 {8 383.147 1,
C,H,,0,Na), $& 75 7> T A C,H,,0,, NHLFIE K 9.
'H NMR (600 MHz, CD,0OD) #1"”C NMR (150 MHz,
CD,OD) ##& W3 1.

wEW3 AosRg & (FED, % T W EE, HR-
ESI-MS m/z: 387.141 8 [M+Na] " (it 5 14 387.142 0,
C,,H,,0,Na), #5773 C,,H,,0,. 'HNMR (600 MHz,
CD,0D) ¢, 6.46 (1H, s, H-1), 6.23 (1H, d, J = 2.2 Hz, H-
13a), 6.19 (1H, s, H-19a), 5.97 (1H, s, H-3), 5.80 (1H, d,
J=2.2 Hz, H-13b), 5.73 (1H, m, H-19b), 5.57 (1H, s, H-
5), 5.29 (1H, m, H-8), 428 (I1H, d, J = 3.2 Hz, H-6),
3.51 (1H, m, H-7), 2.68 (2H, m, H-9), 2.03 (3H, d, J =
1.3 Hz, H-18), 1.96 (3H, s, H-14), 1.76 (3H, s, H-15);
“C NMR (150 MHz, CD,0OD) 6. 133.4 (C-1), 195.4 (C-
2), 129.3 (C-3), 159.2 (C-4), 73.8 (C-5), 81.3 (C-6), 49.6
(C-7), 72.4 (C-8), 45.4 (C-9), 137.0 (C-10), 133.0 (C-
11), 169.6 (C-12), 128.5 (C-13), 19.1 (C-14), 20.3 (C-
15), 165.7 (C-16), 135.7 (C-17), 126.8 (C-18), 18.5 (C-
19). PAEEE 5 Skl s AR — 5 S e G
)3 4 A AR iH B

wEMm4a HERKR, BT HE, #0512
C,,H,,0,. 'H NMR (600 MHz, CD,0OD) 4, 6.28 (1H, d,
J=2.1 Hz, H-18a), 6.23 (1H, s, H-13a), 5.88 (1H, d, J =
2.1 Hz, H-18b), 5.81 (1H, s, H-13b), 5.40 (1H, s, H-
15a), 5.24 (1H, s, H-15b), 5.13 (1H, d, J = 10.8 Hz, H-
8), 4.53 (1H, d, J = 4.0 Hz, H-5), 4.42 (1H, dd, J = 6.7,
4.0 Hz, H-6), 3.49 (1H, m, H-7), 2.77 (1H, d, J= 12.9 Hz,
H-9a), 2.68 (1H, d, J = 12.9 Hz, H-9b), 2.58 (1H, d, J =
13.5 Hz, H-1a), 2.54 (1H, d, J = 14.5 Hz, H-3a), 2.46 (1H,
d,J=13.5 Hz, H-1b), 2.00 (3H, s, H-19), 1.95 (1H, d, J =
14.5 Hz, H-3b), 1.19 (3H, s, H-14); "C NMR (150 MHz,
CD,0D) J,. 50.0 (C-1), 108.5 (C-2), 49.6 (C-3), 80.1 (C-
4), 88.9 (C-5), 80.5 (C-6), 40.2 (C-7), 77.0 (C-8), 35.1

(C-9), 142.1 (C-10), 137.8 (C-11), 170.6 (C-12), 127.1
(C-13), 21.5 (C-14), 122.0 (C-15), 166.8 (C-16), 137.5
(C-17), 127.5 (C-18), 18.6 (C-19). Ll | ¥4 5 S k!
e 18 B AR — B, W% E A W) 4 9 8-O-methacry-
loylelephanpane,

HEMS FOKOKR, T T EE, HR-ESI-MS m/z:
269.044 4 [M-H] (7151 269.045 0, C,.H,0,), £l 7
T A~ CH,0,. 'HNMR (600 MHz, CD,0D) ¢,
12.97 (1H, s, 5-OH), 7.92 (2H, d, J = 8.3 Hz, H-2',6"),
6.92 (2H, d, J = 8.3 Hz, H-3',5"), 6.78 (1H, s, H-3), 6.46
(1H, d, J = 2.1 Hz, H-8), 6.17 (1H, d, J = 2.1 Hz, H-6);
"CNMR (150 MHz, CD,0D) §. 164.8 (C-2), 103.5 (C-3),
181.8 (C-4), 161.5 (C-5), 99.0 (C-6), 163.7 (C-7), 94.1
(C-8),157.4(C-9),103.5(C-10),121.2(C-1'),161.4(C-4"),
128.5 (C-2',6"), 116.0 (C-3",5"). LA _E %k 5 e k4R

TERA 3, SR G S AR

a6 KR, T HEL, HR-ESI-MS m/z:
329.066 1 [M-H] (151 329.066 1, C,,H,,0,), #Eill 73
T NCH,,0, 'HNMR (600 MHz, DMSO-d,) 6, 12.97
(1H, s, 5-OH), 7.32 (2H, d, J = 8.3 Hz, H-2',6'), 6.99
(1H, s, H-3), 6.55 (1H, d, J = 2.0 Hz, H-8), 6.19 (1H, d,
J = 2.0 Hz, H-6), 3.82 (6H, s, H-3',5'OCH,); "CNMR
(150 MHz, DMSO-d,) d,. 164.6 (C-2), 103.6 (C-3), 181.8
(C-4), 157.4 (C-5), 99.0 (C-6), 163.6 (C-7), 94.3 (C-8),
161.4 (C-9), 120.4 (C-10), 139.8 (C-1"), 164.3 (C-4"),
104.3 (C-2',6"), 148.2 (C-3',5"). VL _F##E 5 k4R
ERA—H, MEEEM6 NETFE R,

wEMT Lk AR, 5T T K, HR-ESI-
MS m/z: 137.023 8 [M-H] (it 514 137.023 9, C,H,0,),
e 43 7 35 N CH,0,. 'H NMR (600 MHz, CD,0D)
d,9.69 (1H, s, H-7), 7.31 (1H, d, J = 8.0 Hz, H-6), 7.29
(1H, d, J = 2.0 Hz, H-2), 6.90 (1H, d, J = 8.0 Hz, H-5);
C NMR (150 MHz, CD,0D) d,. 130.7 (C-1), 115.2 (C-
2), 153.9 (C-3), 147.3 (C-4), 116.2 (C-5), 126.5 (C-6),
193.0 (C-7). bA b 5 SCmkl 40 2 R — 3%, # %
ENAEYT IR LA .

wEM8 HOTEMM R, 5T HEE, N5
T3 N CH,0,. '"HNMR (600 MHz, CD,0D) §,, 7.54~
7.56 (2H, m, H-2,6), 6.83 (1H, d, J = 8.7 Hz, H-5), 3.89
(3H, s, H-OCH,); "C NMR (150 MHz, CD,OD) §,. 123.2
(C-1), 113.6 (C-2), 148.6 (C-3), 152.6 (C-4), 115.8 (C-
5), 123.2 (C-6), 168.7 (C-7), 168.7 (OCH,). LA _E % #5
5 RS B A — B, S e A 8 N 3.4- Rk
KRR H R, 4 5 ) LR H R .

wEHM BoE (P, 5 T HEE, HR-
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ESI-MS m/z: 193.034 1 [M-H] (it % {4 193.050 1,
C,,H,0,), #el 4 1h €, ,H,,0,- 'HNMR (600 MHz,
CD,0D) 4, 7.54 (1H, d, J = 16.0 Hz, H-7), 7.03 (1H, d,
J=2.0 Hz, H-2), 6.94 (1H, dd, J = 8.2, 2.0 Hz, H-6), 6.77
(1H, d, J = 8.2 Hz, H-5), 6.26 (1H, d, J = 16.0 Hz, H-8),
3.78 (3H, s, H-OCH,); "C NMR (150 MHz, CD,0D) 6,
127.6 (C-1), 114.7 (C-2), 146.9 (C-3), 149.6 (C-4), 115.0
(C-5), 122.9 (C-6), 146.8 (C-7), 116.4 (C-8), 169.8 (C-
9),52.0 (OCH,). LA I Hdli 55 SOk i Fe A — £, i
YSTEAE Y 9 MHERR F T .

&0 AEKR, 5T I, HR-ESI-MS
m/z: 207.065 5 [M-H] (i+%518207.065 7, C, H,,0,), #E
M4y ¥~ CH,0,. 'HNMR (600 MHz, CD,0OD) J,,
7.53 (1H, d, J = 16.0 Hz, H-7), 7.03 (1H, d, J = 2.0 Hz,
H-2), 6.94 (1H, dd, J = 8.2, 2.0 Hz, H-6), 6.76 (1H, d,
J = 8.2 Hz, H-5), 6.25 (1H, d, J = 16.0 Hz, H-8), 6.25
(3H, t,J = 7.1 Hz, H-11), 4.21 (2H, q, J = 7.1 Hz, H-10);
“C NMR (150 MHz, CD,0D) §,. 127.7 (C-1), 115.2 (C-
2), 146.8 (C-3), 149.6 (C-4), 116.4 (C-5), 122.9 (C-6),
146.9 (C-7), 115.0 (C-8), 169.3 (C-9), 61.4 (C-10), 14.6
(C-11). DL R%dE 5 SCRPY 18 B A — 2, s sE i
E D10 HIHERR 216 o

e Lok, 5% T FEE, HR-ESI-MS
m/z: 171.101 3 [M-H] (i %8 171.102 1, C,H,,0,), #f
M4y ¥ X8 C,H,,0,. 'H NMR (600 MHz, CD,0D) 4,
6.91 (1H, dd, J = 15.6, 1.7 Hz, H-3), 5.97 (1H, dd, J =
15.6, 1.7 Hz, H-2), 4.22 (1H, m, H-4), 1.20~1.65 (8H,
m, H-5~H-8), 0.92 (3H, t, J = 7.0 Hz, H-9); °C NMR
(150 MHz, CD,0D) 4, 170.3 (C-1), 152.6 (C-2), 121.1
(C-3), 71.9 (C-4), 37.9 (C-5), 26.2 (C-6), 32.9 (C-7),
23.7(C-8), 14.4 (C-9). DA b #¥s 5 SCmkP 4 ii 3 A —
B}, MEENLEY N (+)-(49)-QE)-4-F2 K= -2-F

ka®w12 LR, BT HEE, WS X0y
C,H,,0,- 'HNMR (600 MHz, CD,0OD) §,, 6.89 (1H, dd,
J=15.6,5.0 Hz, H-3), 5.97 (1H, dd, J = 15.6, 1.7 Hz, H-
2), 4.15 (1H, m, H-4), 1.58 (2H, m, H-5), 0.96 (3H, t,
J = 7.5 Hz, H-CH,); "C NMR (150 MHz, CD,0OD) 6,
170.4 (C-1), 121.6 (C-2), 152.0 (C-3), 72.9 (C-4), 30.5
(C-5), 10.0 (C-6). LA I % 15 SC iR i i B A — 3,
S B A Y 12 9 E-4-F2 N B -2-05 1R

eaMm13 Btk K, 5% T HE, HR-ESI-MS
m/z: 160.040 0 [M-H] (i % {8 160.039 9, C,HNO,),
HEW 42 C,HNO,. 'H NMR (600 MHz, CD,0D)
d, 8.07 (1H, d, J = 7.5 Hz, H-5), 7.94 (1H, s, H-2), 7.43

(1H, d, J = 7.5 Hz, H-8), 7.16~7.20 (2H, m, H-6,7);
C NMR (150 MHz, CD,0D) 4. 133.3 (C-2), 108.9 (C-
3), 127.6 (C-4), 122.0 (C-5), 123.6 (C-6), 123.3 (C-7),
112.9 (C-8), 138.2 (C-9), 169.4 (C-10). LA - %¥5 5
BRI He AR — B, MO E A Y13 9 3-MI W R .

wE®14 AR, T PR, #5750
N C,H,NO. 'H NMR (600 MHz, CD,0D) 6,, 9.92 (1H,
s, H-CHO), 8.30 (1H, d, J = 8.1 Hz, H-4), 8.08 (1H, s, H-
2), 7.51 (1H, d, J = 8.1 Hz, H-7), 7.28 (2H, m, H-5,6);
"C NMR (150 MHz, CD,OD) 6. 138.7 (C-2), 120.9 (C-
3), 122.3 (C-4), 123.6 (C-5), 124.2 (C-6), 112.5 (C-7),
185.1 (C-8). LA b %l 55 SCHRPIHR I8 A — B, T %
TEAL ) 14 35| Wk F S

wEW1s Atk 5T R, #E57X
N C,HNO,. 'H NMR (600 MHz, CD,0D) 4, 2.66
(2H, m, H-3), 2.56 (2H, m, H-3"), 1.90 (3H, s, H-4');
“C NMR (150 MHz, CD,0D) 6. 176.3 (C-3"), 174.6 (C-
5), 174.3 (C-2), 150.0 (C-3), 140.2 (C-4), 33.1 (C-3"),
20.3 (C-3"), 8.4 (C-4"). LA L ¥0¥5 5 ST kPR 18 3 A —
/, M AEMIS AR Mg RR.
2 SEMEMNK

K MTT 48 AL & 40 1~4 %8/ B 9 40
SGC-7901 IZM M F oG e . UG R 228 =LA L HK
4 90% 40 M, LAEEFL 5x10° />4 i 2 &) 32 T 96 4L
B, BEAL 100 pL, B 37 °C.5% CO, 55 F7 46 H 15 7% 24 h
BE AL 7 2 0 A AN 28 2520 (B AR S 53 il ol
12.5.25.50.100 pmol-L™), &M & # 6 N 5L, £ 4l
O 17 a2 E R 1| | NG DA 7. | I §5 4 =
24 h)E, W B3, BESLEES NN 10 pL ) MTT, 4k 2
WHE 4 he WFETERE, W EIE, A DMSO 150 uL,
FHBEFRAY 2218 PR A 10 min, T 490 nm A0 I FL % ' & 3
TR RS

YE& Badk: 40U 7 DTt T 7 Rk VB AR &I IR g
O f 28 Fi, TR BT SEIR B AR R T i U Ok KA R
BT AR S O T AL B R SO R RS S e
JIHZEAE i B U B HCT AR sk b B A 22 B S T
Z 545 el .

FUIEE RS BTG A1 3 75 B ASAELER 7 1 5%
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