+ 2566 - 2554k Acta Pharmaceutica Sinica 2025, 60(8): 2566-2572

WHSEMUERTHAR

BIER " ZE&EFY EENY, AN2R" K B, A2 BT A
(1. J[Rg R E 25 K 225 24 8, T BE RN 450046; 2. R4 FH 251 K TREEARWE 7T A0, TS #8JH 450046)

HHEE: K I #E R  Sephadex LH-20- - il # HPLC &5 £ Flt (385 77 V240 4 1+ 2 250 50% A B $2 B ) & T g s or
B B BEAT A S 44k o 45 G A P B A M T RN I T R R R AT A5 0 25 0, 1R B 19 ML &, 40l R 3,4
F4-(3-F A FE-3- S AR FE)-[ 1, 1-BR 2K -3- R R (1) 2-F2 55 -5-- NI K H IR (2) A ZER (3).3,4- RF T
FETIR (4) K EE-B-D-F & BEE (5) I A H 32 8 G (6)rel-5-(385,8S-dihydroxy-1R,5S-dimethyl-7-oxa-6-oxobicyclo
[3,2,1]-oct-8-yl)-3-methyl-2Z,4 E-pentadienoic acid (7). 6-F255-3-(2-7% £, 3%)-2,4,4- = HEE A O-2,5- 205 -1-H (8) AR E
HAEE )R LFE 10) AP S (A1) 2" F R e A% (12) B 3R 37 ATHE EF (13) . sutchuenmedin A
(14)2"-O- R 2 WE 3LV 278 YO 1T (15) 2,258 2 0U(1,4-Z0RUT 25 2K) (16) 1 H-F5| Wk-3-FF B i% (17)~3-(2-F 3 - TR ) -
3-F2HL-15] WAk -2- i (18).dysodensiol E (19). Hort, (&M 1 NHHL G, f 9 3" 4- 52 5k-4-3-F A 2k -3- A
B)-[1L,1-BEFR]-3-FR R . b &2 N RIRF“W, I &) 3~8 M1 14~19 N MM TS oy B8 8. SR MTT %
43 B A S AT B s TR, BT A5 R R I B B e
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Study on the chemical constituents from the stems and leaves of
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Abstract: Nineteen compounds were isolated from the ethyl acetate fraction of the stems and leaves of Salvia
miltiorrhiza Bge by using various column chromatographic methods, such as silica gel, Sephadex LH-20 and semi-
preparative HPLC. According to their physiochemical properties and spectral data, the structures were further
identified as 3’,4'-dihydroxy-4- (3-methoxy-3-oxopropyl)-[1, 1’-biphenyl]-3-carboxylic acid (1), 2-hydroxy-5-(2'-
hydroxybenzyl) benzoic acid (2), dehydrozingerone (3), 3,4-dihydroxy benzalacetone (4), benzyl alcohol-f-D-
glucopyranoside (5), dehydrololiolide (6), rel-5-(3S5,8S-dihydroxy-1R,5S-dimethyl-7-oxa-6-oxobicyclo[3,2,1]-oct-8-
yl)-3-methyl-2Z,4E-pentadienoic acid (7), 6-hydroxy-3-(2-hydroxyethyl)-2,4,4-trimethylcy clohexa-2,5-dien-1-one
(8), scopoletin (9), esculetin (10), dihydrotanshinone I (11), 2’-deoxythymidine (12), quercetin 3-glucoside (13),
sutchuenmedin A (14), 2" -O-rhamnosylicariside-1I (15), 2,2'-oxybis(1,4-di-tert-butylbenzene) (16), 1H-indole-3-
carbaldehyde (17), 3-(2-oxopropyl)-3-hydroxyind-olin-2-one (18), dysodensiol E (19). Compound 1 was a new
biphenyl lignan, named as 3',4'-dihydroxy-4-(3-methoxy-3-oxopropyl)-[1, 1'-biphenyl]-3-carboxylic acid. Compound
2 was a new natural product and compounds 3-8 and 4-19 were firstly isolated from S. miltiorrhiza. MTT method
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was used to screen the anti-hepatoma activity of all the compounds, and none of them showed obvious effect.

Key words: Salvia miltiorrhiza Bge.; biphenyls; terpenoids; structural identification; anti-hepatoma activity

P2 (Salvia miltiorrhiza Bge.) NETEEL BB 5 8
ZAE R RURRA), DR AR ZE N2, B A
T8 28 1B IR O B T v I P A ) 2, R 2 F A
B, ARG REEM . FIZEFREEXR, £2EH
SRETAR AN 1.3 AW, DN THMERE. RiL
i, — RO DL AR AR ZE 25 |, i #2124 R R AAX
A EL ) 33%, Hb b2 R S, GG R T L R R
IRIEE. W R, S AL G 2 AL & SR A
AR =25 H 5 A6 A [ B AL ) 3% P s 23, 7K P T TR
KPL B RN =k R 2 Rk R, BRAA LA
AR 5 o A ) o s B SR AR SR .
P2 TR A BB (SR, A2
HHER . Nt PRSI SERE R 2, A5k
CAVAT B 77 0038 25 M 45 7 2 1 22 A BE T B, #EAT
ARG B, IE N 2 AR 3 19 MEE Y,
WG SN IREIEY) 1~5), 5 M iEZRILEY) (6~8-
11 £119), 2 & G R BNEY) (9 F110), 3 AR
A (1217 F118), 34N EEI K& (13~15), 141
HHb R R (16). Ho, (&1 AFHEW, (&
W2 R RIRT ), A E ) 3~8 M 14~19 N IR
S EA R R MTT X B B A& AT
oI PN, YIRS I s

FER51T18

&1 e IR B4R, 5 3% T W ¥ . HR-
ESI-MS [M+Na]" m/z 339.084 1 (it % {4 C,,H,,ONa’
339.083 9) H#EW 7> 7 N C . H, O, ANHLFIE 10, IR
e HE R A W) G R AFAEFRHE (3 366 em™) ik Kk
(1697 cm™). 'H NMR (CD,0OD, 500 MHz) i (% 1)
BIR6NHEAES 0,804 (1H, d, J = 1.8 Hz, H-2),
7.60 (1H, dd, J = 8.1, 1.8 Hz, H-6), 7.32 (1H, d, J =
8.1 Hz, H-5), 7.05 (1H, d, J = 1.8 Hz, H-2'), 6.96 (1H,
dd, J=8.1, 1.8 Hz, H-6'), 6.83 (1H, d, J = 8.1 Hz, H-5"),
PN F 3L S5 5 0, 3.27 (2H, t, J = 7.7 Hz, H-7), 2.67
(2H, t,J = 7.7 Hz, H-8), — M & EAF 5 5, 3.65 3H,
s, 9-OCH,); "C NMR (CD,OD, 125 MHz) i (£ 1) 45
& HMBC i 32 2 17 M5 5, WA IR (E
5 9. 175.3 (C-9), 171.5 (C-10), B4 1,3,4- —HUR IR
A5 5 . 140.1 (C-1), 129.7 (C-2), 132.5 (C-3), 141.2
(C-4), 132.5 (C-5), 130.7 (C-6), 133.1 (C-1"), 114.8 (C-
2'), 146.5 (C-3"), 146.7 (C-4"), 116.8 (C-5"), 119.3 (C-6"),

PN F LT 15 5 6, 30.5 (C-7), 36.7 (C-8), — M HI 4
SRR AE 5 6. 50.0 (9-OCH,). £ 'H-"H COSY i i Hi 3
H-7 5 H-8 AH K155, BLWIAALE B IR1R & R4 -CH,-
CH,-. HMBC ¥ "1 47 7£ H-8, 9-OCH, 55 C-9 L & H-7
5 C-3, C-4, C-5 BIAHRAE 5, IERH T 2R 3F C-4 7 IR HH

B A BCAEAE . H2 5 C-10 MR E T B ah—A
PRILIESE C-3 47, H-6 5 C-1"LA Jx H-2', H-6"5 C-1 [/
FAZT, B T A ZRINIE L C-1 F1 C-1AHE, H b
Wik &9 1 g5 an 1 s, w448 37,4'-dihydroxy-4-
(3-methoxy-3-oxopropyl) - [1, 1'-biphenyl] -3-carboxylic
acid.

A0 2 Nk T AR K, HR-ESI-MS [M+Na]™ m/z
267.063 0 (it 518 C,H,,0,Na" 267.062 7) | 53 1 5%
HNCH,0,. IRIGIHE B REH P AEAEREEE (3356 cm™).
BRFEE (1 706 cm™). H #1'H NMR (CD,0D, 500 MHz)
EERHFERINEEFEEAL S, L4 5,7.69 (1H, d,
J = 1.7 Hz, H-6), 7.31 (1H, dd, J = 8.4, 1.7 Hz, H-4),
6.77 (1H, d, J = 8.4 Hz, H-3) N—~1,3.4-=HURKIF I
MEfES, 6, 6.99 (2H, m, H-4,6"), 6.75 (1H, m, H-3"),
6.72 (1H, m, H-5") y—/™ 1,2- BRI 23K B IS
5, 6, 3.85 (2H, s, H-8) A— A 5 "C NMR
(CD,OD, 125 MHz) i (% 1) 45 & HMBC i 3L W %2 £
14N AE 5, AFE— DRSS 6. 173.6 (C-7), PRAK
WS 5 6. 113.9 (C-1), 161.2 (C-2), 117.7 (C-3), 137.2
(C-4), 133.4 (C-5), 131.4 (C-6), 128.9 (C-1"), 156.2 (C-
2", 116.0 (C-3"), 128.4 (C-4"), 120.6 (C-5"), 131.3 (C-6"),
H AP E 161.2 (C-2), 156.2 (C-2") KAk 228 F% A8 HE I
¥) 5 -OH #Hi%, HMBC i # {7 7E H-8 5 C-4, C-5, C-1',
C-2', C-6'WIAH X5 5 Hi5E 1 -CH, 20 7 5 P A R FR
SHLAN 1A%, H-6 5 C-7 2 FEAIE, W5 1 Pt
HEALE C-1 £, 454 HMBC i H-4, H-6'5 C-2'; H-3'5
C-5'; H-5'5 C-3'.C-1'.C-6' 2 I A I FEAH A5 5, ]
& BWA S W EHR A JE, 16&9) 2 % %€ v 2-hydroxy-
5-(2-hydroxybenzyl)benzoic acid, 45 4 1 & 1 7~ 4
SciFinder Z4% FEAS % K Iz A6 &P H BT AUE S & !
SRR, A SO RIRIE T 2 Ak AP0 A% A0 3R 1 S

K MTT v, XA 0 1~ 19 34T 50 3 P
R, 25 FLIE IR, B X HE 4 40 1 B 4 1 2 R 40.50% +
1.429%, 4 P < 0.05 HAHMIIGHE D1 2 > 20% I, 7T 5%
BZ A S VA BB B B s 1, R & 1~19
BIR T B PUTEE . AR NER 2.
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Table 1 'H (500 MHz) and "C (125 MHz) NMR data of com-
pounds 1 and 2 (in CD,0D)

1 2
No.
Oy O Oy O
1 140.1 113.9
2 8.04 (1H,d,J=1.8Hz) 129.7 161.2
3 132.4 6.77 (1H,d,J= 117.7
8.4 Hz)
4 1412 731 (1H,dd,J= 1372
8.4, 1.7 Hz)
5 732 (1H,d,J=8.1Hz) 132.5 133.4
6 7.60 (1H, dd, J=8.1, 130.7 7.69 (1H,d,J= 131.4
1.8 Hz) 1.7 Hz)
7 327 (QH,t,J=7.7Hz)  30.5 173.6
8 267(H,t,J=7.7Hz) 367 3.85(H,s) 35.7
9 175.3
10 171.5
9-OCH, 3.65(3H,s) 50.0
I 133.1 128.9
2! 7.05(1H,d,J=1.8Hz) 114.8 156.2
3’ 146.5 6.75 (1H, m) 116.0
4' 146.7 6.99 (1H, m) 128.4
5’ 6.83 (1H,d,J=8.1Hz) 116.8 6.72 (1H, m) 120.6
6’ 6.96 (1H, dd, J=8.1, 119.3 6.99 (1H, m) 131.3
1.8 Hz)
7
HO /‘SOOH O HO S
3 4
oA
HO— 6"A Y OCH3 3 : ' 3
OH
1 2
'H-'Hcosy — HMBC —

Figure 1 Key 'H-'H COSY and HMBC correlations of compounds
1and2

Table 2 Effects of compounds on proliferation of HepG2 cells.
n=3,x+s. P<0.05 "P<0.01 vs control group (Con)

Group Inhibition rate/% Group Inhibition rate/%
Con 0.058 51 + 0.007 907 10 -9.821 +3.900
5-Fluorouracil 40.50 £ 1.429™ 1 -1.966 £ 0.697 6

1 13.42+3.715" 12 -10.47 + 11.00
2 11.16+£0.830 0™ 13 -0.635 1 +2.435
3 -18.32+12.06 14 -3.091 £2.721
4 1.740 + 2.643 15 -19.97 + 4.682
5 9.566 + 2.906" 16 3.509 + 3.254
6 14.61 +2.489" 17 -5.428 + 1.757
7 10.92 £ 1312 18 19.46 +3.755™
8 -5.658 £ 0.697 8 19 12.48 +5.440™
9 11.86 + 1.155™

FEUE 0 LC52 Y v e i) 4% R i A (Bl AR
JEH B 86 BR A 7]); Thermo Nicolet IS10 £ 4h ¢ B 4%
(3% [# Thermo Fisher 2+ 7]); Bruker AVANCE IIT 500 74
W% 45 3L 421X  Bruker maxis HD ) K 47 i [8] J5f i (4
BrukerA #); (4145 COSMOSIL C18-MS-II (250 mm x

20 mm, 5 pm) (H 4 COSMOSIL 2 #l); 7 2 (0 3 1k i
GF 254 (5 5710 1. ); Sephadex LH-20 % 5 ¥ it
JK¢ (35 1H GE 24 7]); MCI Gel CHP-20 k{0 i 44 8L (H A
= ZE 4L % A F]); Toyopearl HW-40C ( H A< TOSOH A
w)); AL R BRI G (200~300 H, BT ),
FIT FH et A X550 R0 4 A A X R0 35 9 R T ' R Al
TATBRA TP SEIG A0 i A 40 0 (HepG2) 1
H I ZELE R ARG BRA | SEER 254 5-960 K %
WEN H Ei AR ARG RH A TR A A

SZI6 M P2 25T 2020 45 9 H R E I FE r PH T
T3 WL, G B R K R B T R B T AR
¥ NEAHEYI MY S Salvia miltiorrhiza Bge T
FRZEH ) FRAS (20200924B) 17 7E T-30] 7 v [ 25 K 24 v
P T AT E .

1 RESE

W2 T2 30.0 kg, 44 U HE 5 T 50% &
7K PR T 42 B 2 R, B BV Rk 4 43 R (10.8 k),
IR 73 HOH A, WU A T TR S I T BEAR Y,
B34 B AL (30.2 g), LR L BEERAL (239.5 g), IE
T AL (456.1 g) FIKERA .

LR LR ERAL (239.5 g) FH W I v i, 46 ek i A
(200~300 H) ik 73 25, MKk F — &0 B EE (100
0—0:100) 6 3 i, )= KR & IR 43 3 6 M4 7 (Fre
A.1~Fr.A.6). Fr.A.4(57.3 g) & MCIHJEH: 25,
FR I — /K 6 B 1 571 (10:90—100:0) B LA 7 A4
7 (Fr.A.4.1~Fr.A.4.7). Fr.A.4.1 (2.1 g) I Sephadex
LH-20 %A%, 2 F R e i, 2410 & 15 28] 6 4
4% (Fr.A.4.1.1~Fr.A.4.1.6). Fr.A.4.1.1 224045 = 30k
A (FFEE-7K 55:45) il & B B &5 2 (5.28 mg,
t, = 30.5 min) AL 597 (1.62 mg, ¢, = 35.8 min).
Fr.A.4.1.4 _F Toyopearl HW-40C ¥t FE, 4l F I vE i, 33
ERRE IR E 64N (Fr.A4.1.4.1~Fr.A.4.1.4.6),
Fr.A.4.1.4.1 -1l £ = S0 il (R BE-7K 24:76)
#5152 A9 (2.21 mg, t, = 40.2 min) AILE 1
(2.18 mg, £, = 42.5 min). Fr.A.4.1.4.2 4] % 5 200
A (L -7K 60:40) il & 15 214 A4 3 (6.37 mg,
t, = 36.8 min) AL & % 6 (5.02 mg, ¢, = 39.6 min).
Fr.A.4.1.4.4 21 2% = JOHAH B3 (T BE-7K 24:76) fil
%5 BMLEY) 4 (2.17 mg, t, = 25.4 min) A4 &4 10
(3.82 mg, t, = 43.5 min). Fr.A.4.1.4.5 21 % = 300
A (FEE-7K 34:66) il %15 2L &9 5 (16.2 mg,
t, = 18.9 min) AL & ¥ 11 (2.0 mg, ¢, = 27.5 min).
Fr.A.4.1.4.6 21l & s ROAR (1% (2 55-7K 25:75) il
%1533 & Y 8 (14.0 mg, t, = 30.5 min) F{b &9 12
(9.82 mg, t, = 24.5 min). Fr.A.4.1.6 FERH:, K UH
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£ - 2R R (10:01—001), 2R ZEE-FEE (1001
—0: 1) B BRI, W2 AR A I R 8 AN 4 (Fr.
A.4.1.6.1~Fr.A.4.1.6.8), Fr.A.4.1.6.2 2 ¥ 1| #% =1 SO
A (L HE-7K 60:40) il %143 E L5 15 (302 mg,
t, = 45.4 min) 1L 5917 (5.02 mg, t, = 27.4 min). Fr.
A.4.1.6.4 21 £ w5 ROGHAE €l (B EE-7K 240 76) i
#%13E4k & 16 (7.8 mg, t, = 15.8 min). L &4 18
(16.1 mg, t, = 34.5 min) F 1L 54 19 (2.85 mg, ¢, =
24.5 min), Fr.A.4.1.6.5 22l % i RO € it (HF f -
K 45:55) il % 73 B4k & 9 14 (5.2 mg, ¢, = 28.5 min)
AL A913 (24.13 mg, £, = 27.5 min).

2 HEHEE

&M wEEOEDIRE A, T B, 2540254 nm
R R, 10% Wi R £ B v 0O A B G
(105 °C), UV (CH,0H) 4 (log ¢): 219.0 (3.044), IR
(CH,OH) v, 3 3661 697 cm”, HR-ESI-MS [M+Na]"
m/z 339.084 1 (it 5 {4 C,,H,,O,Na" 339.083 9), 'H NMR
FTBEC NMR % W& 1.

WEW2  ERBEERR, T R, 5254 nm N
TN NIEBE, 10% A FR £ BV 0N #AAS L 4 (105 °C),
UV (CH,0H) /__ (log ¢): 212.0 (2.569), IR (CH,0H) v,
3356.1 706 cm’', HR-ESI-MS [M+Na]" m/z 267.063 0
(iF %14 C,,H,,0,Na" 267.062 7), '"H NMR Fl1 °C NMR
s WE 1.

a3 AR R (FEE &), ESI-MS m/z:
193.09 [M+H]"; 4r T\ 4 C H,,0,. 'H NMR (CDCIL,,
500 MHz) 6,;: 7.46 (1H, d, J = 15.9 Hz, H-7), 7.10 (1H,
dd, J = 8.2, 1.8 Hz, H-6), 7.07 (1H, d, J = 1.8 Hz, H-2),
6.94 (1H, d, J = 8.2 Hz, H-5), 6.60 (1H, d, J = 15.9 Hz,
H-8), 3.94 (3H, s, 3-OCH,), 2.38 (3H, s, H-10); "C NMR
(CDCl,, 125 MHz) d.: 126.9 (C-1), 109.3 (C-2), 148.3
(C-3), 146.9 (C-4), 114.8 (C-5), 123.5 (C-6), 143.8 (C-7),
125.0 (C-8), 198.5 (C-9), 27.3 (C-10), 56.0 (3-OCH,).
DA b # s 5 SCERU Y R i IR R AR — 3, MU A
3~ dehydrozingerone .

E&ma wamRY (P& 07). ESI-MS m/z:
179.07 [M+H]"; 4r ¥ A C,(H,,0,. 'H NMR (CD,0D,
500 MHz) d,;: 7.48 (1H, d, J = 15.9 Hz, H-7), 7.08 (1H,
d, J= 1.8 Hz, H-2), 6.95 (1H, dd, J = 8.2, 1.8 Hz, H-6),
6.74 (1H, d, J = 8.2 Hz, H-5), 6.50 (1H, d, J = 15.9 Hz,
H-8), 2.29 (3H, s, H-10); °C NMR (CD,0D, 125 MHz)
de: 127.7 (C-1), 116.6 (C-2), 146.9 (C-3), 149.9 (C-4),
115.3 (C-5), 124.7 (C-6), 146.9 (C-7), 123.5 (C-8), 201.6
(C-9), 27.0 (C-10). LA b Z 4 15 STHRM 4 38 f HE 2 A
— 2, WS e &) 4 9 3,4-dihydroxy benzalacetone.

tEMS otk B A (ZHEETER). ESI-MS
m/z: 271.12 [M+H]"; 73 T ;LA C;H, (O, 'H NMR
(DMSO-d,, 500 MHz) d,;: 7.39 (2H, t, J = 7.3 Hz, H-4,6),
7.33 (2H, t, J = 7.5 Hz, H-3, 7), 7.27 (1H, t, J = 7.2 Hz,
H-5), 5.09 (1H, d, J = 4.8 Hz, -OH), 4.94 (1H, d, J =
4.7 Hz, -OH), 4.89 (1H, d, J = 4.9 Hz, -OH), 4.81 (1H,
d, J = 12.3 Hz, H-1a), 4.56 (1H, d, J = 12.3 Hz, H-1b),
4.52 (1H, t, ] = 5.9 Hz, -OH), 4.22 (1H, d, J = 7.8 Hz, H-
1), 3.69 (1H, m, H-6'b), 3.46 (1H, d, J=11.6, 5.7 Hz, H-
6'a); *C NMR (DMSO-d,, 125 MHz) 6.: 70.1 (C-1),
127.3 (C-2), 128.1 (C-3, 7), 127.6 (C-4, 6), 138.1 (C-5),
102.1 (C-1"), 73.5 (C-2"), 76.7 (C-3'), 69.4 (C-4"), 77.0
(C-5"), 61.1 (C-6")o LA b Z 4 5 SCHRI 4R 38 xof R 2 A
— 5, MU E A S R R -B-D- R B FE T

thae ik (WEE & 7). ESI-MS m/z:
195.10 [M+H]'; 4> ¥ C,\H,,0,- 'HNMR (CD,0D,
500 MHz) 6,: 6.04 (1H, brs, H-7), 2.85 (1H, d, J =
14.5 Hz, H-4a), 2.55 (1H, d, J = 14.5 Hz, H-4b), 2.45
(1H, dd, J = 14.3, 1.9 Hz, H-2a), 2.32 (1H, dd, J = 14.3,
1.9 Hz, H-2b), 1.57 (1H, s, H-9), 1.41 (3H, s, H-11),
1.29 (3H, s, H-10); "C NMR (CD,OD, 125 MHz) 6,
37.0 (C-1), 54.9 (C-2), 207.1 (C-3), 54.9 (C-4), 88.2 (C-
5), 181.3 (C-6), 115.6 (C-7), 173.6 (C-8), 30.2 (C-9),
26.5 (C-10), 27.5 (C-11). LA ¥k 5 ST R o iR
B — B, WUE RS YD 6 vl A 3 N .

WEMT TR (Bl ). ESI-MS m/z:
297.13 [M+H]"; 43 158 C,;H,,0,. 'HNMR (CD,0D,
500 MHz) d,;: 8.01 (1H, d, J = 16.0 Hz, H-4), 6.49 (1H,
s, H-2), 6.43 (1H, d, J = 16.0 Hz, H-5), 3.84 (1H, m,
H-4'), 2.09 (3H, s, 3-CH,), 1.34 (3H, m, 1’-CH,), 1.07
(3H, m, 5’-CH,); "C NMR (CD,0D, 125 MHz) §.: 171.0
(C-1),122.2 (C-2), 148.6 (C-3), 133.5 (C-4), 131.3 (C-5),
89.8 (C-1"), 42.3 (C-2'), 65.2 (C-3"), 41.0 (C-4"), 53.5
(C-5"), 181.1 (C-6'), 82.8 (C-8'), 20.9 (3-CH,), 18.5
(1-CH,), 14.5 (5'-CH,). DA %4 5 SOkl 4 18 % i
B — 5, WM E AP T A rel-5-(38,8S-dihydroxy-
1R, 5S-dimethyl-7-oxa-6-oxobicyclo[3, 2, 1] -oct-8-yl) -3-
methyl-2Z,4E-pentadienoic acid.

WEWS S ERIRE A (FRE 7). ESI-MS m/z:
197.12 [M+H]'; 4> ¥4 C, H,;0,. 'HNMR (CD,0D,
500 MHz) d,: 5.98 (1H, s, H-5), 3.63 (2H, m, H-8), 2.69
(2H, m, H-7), 1.94 (3H, s, H-11), 1.27 (6H, s, H-9, 10);
CNMR (CD,0D, 125 MHz) §.: 183.8 (C-1), 132.3 (C-2),
161.6 (C-3), 41.2 (C-4), 128.4 (C-5), 146.6 (C-6), 35.2
(C-7), 61.0 (C-8), 26.9 (C-9, 10), 12.0 (C-11). VL %
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P 5 SRR TE A B AR — B, MO eS8 M 6-
FE-3-Q-F 2 F)-2,44- = FHEIR E-2,5- T H-1-H

wEwo LUk AR (FEE.E ). ESI-MS m/z:
193.05 [M+H]"; 4+ 7~ C,,H,0,. 'HNMR (CD,0D,
500 MHz) d,;: 7.84 (1H, d, J = 9.6 Hz, H-4), 7.09 (1H, s,
H-5), 6.76 (1H, s, H-8), 6.19 (1H, d, J = 9.6 Hz, H-3),
3.89 (3H, s, 6-OCH,); "C NMR (CD,0D, 125 MHz) d..:
164.0 (C-2), 112.6 (C-3), 146.1 (C-4), 109.9 (C-5), 147.1
(C-6), 152.9 (C-7), 103.9 (C-8), 151.4 (C-9), 112.5 (C-
10), 56.8 (6-OCH,). LA %45 15 S k! 14 3 o) B 5 A
—3, MEENEYINKEE N,

HEW10 B O IIR A& (F RS 0i). ESI-
MS m/z: 179.04 [M+H]"; 4> ¥ L8 CH,0,. 'H NMR
(CD,0D, 500 MHz) d,;: 7.78 (1H, d, J = 9.6 Hz, H-4),
6.93 (1H, s, H-5), 6.74 (1H, s, H-8), 6.17 (1H, d, J =
9.6 Hz, H-3); "C NMR (CD,OD, 125 MHz) 6. 164.3
(C-2), 112.5 (C-3), 146.0 (C-4), 113.0 (C-5), 144.6 (C-
6), 152.0 (C-7), 103.6 (C-8), 150.5 (C-9), 112.8 (C-10).
DA b4 5 SR E o IR AR — B, s A
10 NRE LR

&1 kR (FEE & 47). ESI-MS m/z:
279.10 [M+H]"; 4> 7 A C,(H,0,. 'H NMR (CDCI,,
500 MHz) d,;: 9.20 (1H, d, J = 8.9 Hz, H-1), 8.15 (1H, d,
J=8.7Hz, H-6), 7.62 (1H, d, J = 8.7 Hz, H-7), 7.51 (1H,
dd, J = 8.9, 7.0 Hz, H-2), 7.34 (1H, d, J = 7.0 Hz, H-3),
4.97 (1H, m, H-15a), 4.42 (1H, m, H-15b), 3.63 (1H, m,
H-16), 2.62 (3H, s, H-18), 1.41 (3H, d, J = 6.8 Hz, H-17);
C NMR (CDCl,, 125 MHz) d.: 124.9 (C-1), 130.3 (C-2),
128.8 (C-3), 135.0 (C-4), 124.6 (C-5), 131.9 (C-6), 120.2
(C-7),128.1 (C-8), 125.8 (C-9), 131.8 (C-10), 184.1 (C-11),
175.5 (C-12), 118.3 (C-13), 170.5 (C-14), 81.6 (C-15),
34.7(C-16), 18.8 (C-17), 19.8 (C-18). LA_F-¥¥i 5 k>
TG HEE A — B, HOE A 11 A S S 1

a2 [ EkERE A (FEE &), ESI-MS
m/z: 243.10 [M+H]"; 7+ ¥~ C,,H,,N,0,. 'H NMR
(CD,0D, 500 MHz) d,: 7.81 (1H, d, J = 1.2 Hz, H-3),
6.27 (1H, t, J = 6.27 Hz, H-2"), 4.40 (1H, dt, J = 6.6,
3.5 Hz, H-5"), 3.90 (1H, t, J = 3.4 Hz, H-4"), 3.79 (1H,
dd, J = 12.0, 3.2 Hz, H-6'a), 3.73 (1H, dd, J = 12.0,
3.2 Hz, H-6'b), 2.23 (2H, m, H-3"), 1.87 (3H, s, H-7);
C NMR (CD,0D, 125 MHz) d,.: 152.4 (C-2), 111.5 (C-
3), 138.2 (C-4), 166.4 (C-6), 12.4 (C-7), 88.8 (C-2"),
41.2 (C-3"), 72.2 (C-4), 86.2 (C-5"), 62.8 (C-6"). Lk %
5 SCHRP R o R A — B, MU e S 12 2
I A e A

tAEW13 kR (FEE & 17). ESI-MS m/z:
465.10 [M+H]"; 73+ 7~ C, H,,0,,- 'HNMR (CD,0D,
500 MHz) 6,: 7.71 (1H, d, J = 1.8 Hz, H-2'), 7.58 (1H,
dd, J=8.5, 1.8 Hz, H-6"), 6.87 (1H, d, J = 8.5 Hz, H-5'),
6.37 (1H,d,J= 1.4 Hz, H-8),6.19 (1H, d,J= 1.4 Hz, H-6),
5.24 (1H, d, J = 8.5 Hz, H-1"), 3.70 (1H, dd, J = 12.0,
1.9 Hz, H-6"a), 3.58 (1H, dd, J = 12.0, 5.3 Hz, H-6"b),
3.49 (1H, m, H-2"), 3.44 (1H, t, J = 8.9 Hz, H-3"), 3.36
(1H, dd, J = 11.0, 7.3 Hz, H-4"), 3.21 (1H, ddd, J = 9.0,
5.4, 2.4 Hz, H-5"); "C NMR (CD,0D, 125 MHz) 4.
158.7 (C-2), 135.6 (C-3), 179.5 (C-4), 163.1 (C-5), 99.9
(C-6), 166.0 (C-7), 94.7 (C-8), 159.0 (C-9), 105.7 (C-
10), 123.2 (C-1"), 116.0 (C-2"), 149.9 (C-3"), 145.9 (C-
4", 117.5 (C-5"), 123.1 (C-6'), 104.3 (C-1"), 75.7 (C-2"),
78.1 (C-3"), 71.2 (C-4"), 78.4 (C-5"), 62.6 (C-6"), LA I
Kot 5 SCHRPP R TE X R R AR — B, WS B E13 N
Wi B 2R 3- A B o

a4 BEERE A (FEE.E D). ESI-MS
m/z: 659.23 [M+H]"; 7+ X N C,H,0,,. 'HNMR
(CD,0D, 500 MHz) 6,,: 7.89 (2H, d, J = 8.8 Hz, H-2,6"),
7.10 (2H, dd, J = 8.8 Hz, H-3'.5"), 6.69 (1H, d, J =
10.0 Hz, H-5"), 6.73 (1H, d, J = 10.0 Hz, H-1"), 6.18
(1H, brs, H-6), 5.56 (1H, d, J = 1.2 Hz, H-1""), 4.99
(1H, brs, H-1""), 4.28 (1H, brss, H-2""), 3.89 (3H, s,
4'-OCH,), 3.35~4.00 (7H, m, H-3"",4"",5"" 2" 3" 4"
5""), 1.45 (3H, s, H-4""), 1.43 (3H, s, H-5"), 1.21 (3H, d,
J = 6.2 Hz, H-6""), 091 (3H, d, J = 5.5 Hz, H-6"");
"CNMR (CD,0D, 125 MHz) §.: 158.7 (C-2), 136.7 (C-3),
179.8 (C-4), 160.9 (C-5), 100.6 (C-6), 162.6 (C-7), 106.6
(C-8), 152.4 (C-9), 102.3 (C-10), 123.7 (C-1"), 131.8 (C-
2',6"), 163.6 (C-4"), 115.4 (C-3',5"), 56.0 (4'-OCH,),
115.3 (C-1"), 130.0 (C-2"), 79.0 (C-3"), 28.4 (C-4"),
28.4 (C-5"), 102.5 (C-1""), 79.5 (C-2""), 72.1 (C-3""),
74.0 (C-1""), 70.6 (C-5""), 17.9 (C-6""), 102.1 (C-1""),
70.7 (C-2"""), 72.0 (C-3""), 73.5 (C-4"""), 70.4 (C-5""),
17.9 (C-6"")o LA b & 5 SCHRP i i 0 B A — 3,
WL SE AL AW 14 4 sutchuenmedin A .

tEW1S WEK R (FEE & 1i). ESI-MS m/z:
661.25 [M+H]"; 7+ ¥~ C,,;H,,0,,c 'HNMR (CD,0D,
500 MHz) 6,: 7.83 (2H, d, J = 8.8 Hz, H-2',6'), 7.04
(2H, dd, J = 8.8 Hz, H-3",5"), 6.24 (1H, s, H-6), 5.55
(1H, brs, H-1""), 5.16 (1H, t, J = 6.6 Hz, H-2"), 5.06
(1H, brs, H-1""), 4.36 (1H, brs, H-2""), 3.87 (3H, s,
4'-OCH,), 3.35~4.00 (7H, m, H-3"",4"",5" 2" 3" 4"
5""), 3.31 (1H, m, 1"), 1.69 (3H, s, H-4"), 1.64 (3H, s,
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H-5"), 1.26 (3H, d, J = 5.6 Hz, H-6""), 0.93 (3H, d, J =
5.6 Hz, H-6""); "C NMR (CD,OD, 125 MHz) J.: 158.4
(C-2), 136.3 (C-3), 179.6 (C-4), 160.7 (C-5), 99.3 (C-6),
163.3 (C-7), 107.8 (C-8), 155.6 (C-9), 105.6 (C-10),
124.0 (C-1"), 131.8 (C-2',6"), 163.1 (C-4"), 115.1 (C-3’,
5"), 56.0 (4-OCH,), 22.4 (C-1"), 123.7 (C-2"), 132.4 (C-
3'),25.9 (C-4"), 18.2 (C-5"), 103.6 (C-1""), 78.8 (C-2""),
70.3 (C-3""),74.0 (C-1"""),72.0 (C-5""), 17.9 (C-6""), 102.2
(C-1"""), 72.2 (C-2"""), 72.0 (C-3""), 73.5 (C-4"""), 71.9
(C-5""), 17.8 (C-6""). LA & %4k 5 SCRRDY 4 1 xof 1 g
A5, WS R BEYI N5 N 2"-0- R L8 X
1L,

G116 Ak R (FEE & 47). ESI-MS m/z:
395.33 [M+H]"; 43 12U N C,H,,0. 'H NMR (CDCIL,,
500 MHz) 6, 7.54 (2H, d, J = 8.1 Hz, H-6, 6'), 7.37
(2H, d, J = 1.8 Hz, H-3, 3'), 7.14 (2H, d, J = 8.6, 2.5 Hz,
H-5,5"), 1.34 (18H, s, H-12,13,14,12’,13",14"), 1.29 (18H,
s, H-8,9,10,8',9",10"); "C NMR (CDCl,, 125 MHz) §..:
147.1 (C-1,1"), 147.6 (C-2,2"), 124.5 (C-3,3'), 138.5 (C-4,
4", 123.2 (C-5,5"), 119.1 (C-6,6"), 34.9 (C-7,7"), 31.4 (C-
8,9,10,8,9',10"), 34.5 (C-11,11"), 30.2 (C-12,13,14,12',
137,14%) . LA H0d 5 SRR 0 X BB AR — B, W
TEWA 164 2,2 5AHE W (1,4- 5T H2K).

WEW1T Ak R (FEE. & ). ESI-MS
m/z: 146.06 [M+H] "; 73 7\ C;HNO. 'H NMR
(CD,0D, 500 MHz) J,;: 9.87 (1H, s, H-8), 8.15 (1H, d,
J = 8.15 Hz, H-4), 8.08 (1H, s, H-2), 7.47 (1H, td, J =
7.8 Hz, H-7), 7.27 (H, t, J = 7.2 Hz, H-6), 7.22 (H, d,
J =17.7 Hz, H-5); "C NMR (CD,0D, 125 MHz) ¢, 139.7
(C-2), 120.1 (C-3), 125.7 (C-3a), 125.0 (C-4), 122.4 (C-
5), 123.6 (C-6), 113.1 (C-7), 138.9 (C-7a), 187.4 (C-8).
DA B4 5 SCHRPOHRE X R A — 3, M et A
17 24 1 H-W5| -3 L %

a8 RE GHIRY (FEE B, ESI-MS
m/z: 206.08 [M+H]"; 4 ¥ & C ,H,NO,. 'H NMR
(acetone-d,, 500 MHz) J,;: 7.30 (1H, d, J = 7.4 Hz, H-4),
7.20 (1H, td, J = 7.8, 1.2 Hz, H-6), 6.99 (H, td, J = 7.8,
1.2 Hz, H-6), 6.87 (1H, d, J = 7.8 Hz, H-7), 3.33 (1H, d,
J = 16.6 Hz, H-8a), 3.10 (1H, d, J = 16.6 Hz, H-8b),
2.05 (1H, s, H-10); "C NMR (acetone-d,, 125 MHz) J.:
181.1 (C-2), 74.8 (C-3), 130.7 (C-4), 123.4 (C-5), 124.8
(C-6), 111.2 (C-7), 51.1 (C-8), 207.4 (C-9), 30.4 (C-10),
132.3 (C-11), 143.7 (C-12). DL b %4 5 kPR 38 Xt
ML A — 3, W e A 18 N 3-(2-Fik - TR 46)-3-F2
S5 - TR AR -2 i

&P 19 R E A (B ). ESI-
MS m/z: 253.18 [M+H]"; 7+ F A C ;H,,0,. 'H NMR
(acetone-d,, 500 MHz) J,;: 6.88 (1H, d, J = 4.6 Hz, H-5),
3.37 (1H, dd, J = 10.1, 5.8 Hz, H-9), 2.72 (1H, dd, J =
13.9, 5.8 Hz, H-7a), 2.18 (1H, m, H-7b), 2.15 (1H, m, H-
4), 1.84 (1H, m, H-8a), 1.81 (1H, m, H-2a), 1.79 (1H, m,
H-3), 1.67 (1H, m, H-1a), 1.57 (1H, m, H-12), 1.53 (1H,
m, H-8b), 1.43 (1H, m, H-2b), 1.43 (1H, m, H-1a), 1.02
(3H, s, H-11), 0.91 (3H, d, J = 6.6 Hz, H-13), 0.90 (3H,
d, J = 6.6 Hz, H-14); "C NMR (acetone-d,, 125 MHz)
de: 40.0 (C-1), 27.5 (C-2), 55.9 (C-3), 52.8 (C-4), 151.4
(C-5), 129.8 (C-6), 22.4 (C-7), 27.1 (C-8), 76.1 (C-9),
47.0 (C-10), 19.8 (C-11), 33.2 (C-12), 20.1 (C-13), 22.0
(C-14), 171.6 (C-15). LA _E % 5 SCRRPS i 16 o) 1E
AR, W e G 19 24 dysodensiol E.

3 AT REEMTRE

HepG2 4fl g 2 & 10% Hf 2 1L 3% () DMEM £5 7%
1A, O B KA, DL =T 2> 10° > 28 Jif 432
T 96 FLAR, FFFL 200 pL, f5 40 MG RE J5 | $0 R & 2535 3%
o AP NXTIRYL (Con)4A 24540 (10 pmol- L) FNRH M XF
TR (-5 R E, 10 pmol-L™), 8535 24 h )5, BEFLIIA
20 uL MTT ¥ (5 mg-mL™), k455 3% 4 h, /N0 4
R R, B FLH I 150 uL DMSO, 7E % 10 min, ffi 1L
SEATVR MR . MREEES IR 24 hy MTT A I 2516 & W x4
Ji 35 70 B e, g5 L DLWR O FE (A) B A 38 B8 40 2R
(PR, %) &R, PR = (1-A 4 15/A ) ¥ 100% 0 SL 5 Al 37
ITEE3R.

K H GraphPad Prism 5 % vt 3% {4 i3k A7 £ 4 7 A,
B A B = AR dEZE (v £ 5) Tono BT IESME KT
SRR, 22 i R IEA T Ko ZS N T 2 A
B b5, SR F BRI 25 5 22 43 B (one-way ANOVA), LA
P<0.05 HZERA G FE L.

{2 SUk: BRGSO — R, LA
SERC T, & 8% 50 T AW S8 St S s AL FE; R
Kz RO FREHL A3 B R 25 1 B g SR T — s By o NI R 2
F2 008 S5 v I B (1) i) AT 48 9 9T 5 ST AR A B AE 5 B
e B R AT A 0 B B SR I v R AR A A .

FIEE S PTG 1EH 2 AR R 2 R .
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