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SRR, (AW S BABSRMIPITE T3SS T UE AW MslEE, a1, 3. 4 B —E MNP0 T3SS e, il IR
FAPEFERR bl Y6 R LR BT B R G 25 0 it T b2 i B R R i
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Chemical constituents from whole herbs of Eclipta prostrata and active
components inhibit T3SS of Salmonella
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Abstract: Objective To investigate the chemical constituents and anti-T3SS activity from whole herbs of Eclipta prostrata.
Methods The chemical constituents were systematically separated and purified by Sephadex LH-20, Silica gel, MPLC and HPLC
column chromatography, and identified based on their MS and NMR data. The anti-T3SS activities of compounds 1—18 on
Salmonella were detected by SDS-PAGE assay. Results Eighteen compounds were obtained from the extracts of E. prostrata and
identified as orobol (1), 3’-O-methyl orobol (2), wedelolactone (3), isodemethyl wedelolactone (4), luteolin (5), 5'-(4-hydroxy-
1-butyn-1-y1)[2,2'-bithiophene]-5-carboxaldehyde (6), o-terthienyl (7), a-formylterthienyl (8), o-terthienyl methanol (9), 5-
(methoxymethyl)-2,2":5",2"-terthiophene (10), 5-hydroxymethyl-(2,2":5',2")-terthienyl acetate (11), [2,2":5',2"-terthiophen]-5-yl
methyl 2-methylbutanoate (12), 5-hydroxymethyl-(2,2":5',2"")-terthienyl angelate (13), 5-hydroxymethyl-(2,2":5',2"")-terthienyl tiglate
(14), (2)-5'-(3-buten-1-ynyl)-[2,2'-bithiophene]-5-methanol-2-methylcrotonate (15), (£)-5'-(3-buten-1-ynyl)-[2,2'-bithiophene]-5- methanol-
2-methylcrotonate (16), 5'-(3-buten-1-yn-1-yl)-[2,2"-bithiophene]-5-methanol-5-acetate (17), and 5'-hydroxymethyl-5-(3-buten-1-ynyl)-
2,2'-bithiophene (18), respectively. Conclusion Compounds 6, 15 and 16 are isolated from this plant for the first time. Compound 5 has
significant anti-T3SS activity against the effector protein secretion, meanwhile, compounds 1, 3 and 4 showed certain activity, which provide

a theoretical basis for the folk use of E. prostrata as purulent, hemostatic, heat dysentery, antibacterial and anti-infective drugs.
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PUEE )T IR R T YL () — FPop g, FEANRE
Wi 20 B AR A B0 T, P IF A0 s o 1 )25 70 A
T, BRHEEURTE. XeHDR T EES5HEE
VA FEON, REENUAB BRI, 7E1E E 40 A A A
W R HETHIRE DA AT 1A B AL RE
IR ARG BT, B A R, 4 il &
GG s A2, T ORI 9 AR R 3 R4
H AR 433 R 4R (type 111 secretion system, T3SS)
FBFEUY TTBEAE N IV 2 3 2= B PE B0m B i 211
B RG, WONPIRE IV EEEARB. B,
T3SS il 7 A B C B N T6 T 86 e 1R — o ik
1, FEM 2517 B A Lo A il 2 R E,
I BARIR)T . B 28 T E S5
ZMIH, PRIV R IR L T RIRFE,
J2& T3SS Ml EEAYE). Zhang S5O 5T R I
JETEARME Y E A b o B 20 A B Ae 0% 40 )
WITEXS HeLa 40MRIIR2E, TRIP/NR 3200116
JEY, R—FIETER T3SS #H15: Vikram S5
MG R R AT TS, R R A H Vb [
J1% SPI-1, REFEACDITHEEE JMBURETE. M2
AR Rk ivb 118 T3SS 1My, COgEsk
S PR RIETT B . R PUAH R T 245 B 77 V2

ARPRBAFIARE 50 Fhafifgi et ir 7 i)
TR, R IS i FEAR B e A S M A R D
[T T3SS B AEARIMW, ~ZPUEIAYRKILT
RO, RN . BERg Eclipta prostrata L.
esRE R, —FARAR, NABFE, 5
TR . WRGTHLIX, EREZ 0 Am, &M
WP R, O RRY, BRI KA
Y EAHM . bR A #R DR BB PR g
DR, SRR N FE RS iy 8 P e 0 P
U G PERC Sy, AR SIS0 i 4 BRI AT T
B 0o, AR 18 MEAYD, ol NE D
S Corobol, 1), 3-O-HEEFHIZE (3'-O-methyl
orobol, 2). /M5 NI (wedelolactone, 3). %
FIZ I 25 NS (isodemethyl wedelolactone, 4). A
FREZER (luteolin, 5). 5-(4-F83-1-T He-1-35)[2,2-
Ik 1€ Wy ]-5- B ( 5'-(4-hydroxy-1-butyn-1-yl)[2,2'-
bithiophene]-5-carboxaldehyde , 6 ). o~ — Bk & Wy
(o-terthienyl, 7). a- —HcBEW H % (a-formyl-

terthienyl , 8 ). o- — Bk ME Wy HH ¥ ( a-terthienyl
methanol, 9). 5-F 4V H 3&-2,2":5",2"- = BXIgEWy [5-
(methoxymethyl)-(2,2":5",2")-terthiophene, 10]. 5-#2
F5-(2,215',2")- = HKBEW) 4B [5-hydroxymethyl-
(2,2":5',2")-terthienyl acetate, 11]. [(2,2":5",2")-=Hk
WEW ]-5-28 FH2E-2-F L Tl ([(2,2:5",2")-terthiophen]-
5-ylmethyl 2-methylbutancate , 12 ) . 5- ¥& F 2 -
(2,2:5'2")- W& Wy 4 4 MR FE [5-hydroxymethyl-
(2,2":5',2")-terthienyl angelate , 13]. 5- % H & -
(2,2:5'2")- W& Wy 2 & MR FE [5-hydroxymethyl-
(2,2":5',2")-terthienyl tiglate, 14]. (Z)-[2,2'-BXMEW}]-5-
R -5-3- T M -1- B R )2- B OE R MR
( (Z)-5'-(3-buten-1-ynyl)-[2,2"-bithiophene]-5-methanol-
2-methylcrotonate, 15). (E)-5'-(3- 1 }&-1-HL3£)-[2,2'-
WE Wy -5- F g -2- W IR (B BRI ((E)-5'-(3-buten-1-
ynyl)-[2,2"-bithiophene]-5-methanol-2-methylcrotonate,
16). 5'-(3- T Mi-1-J-1-38)-[2,2'- IR HE Wy ]-5- H i -5-
Z. g C 5'-(3-buten-1-yn-1-yl)-[2,2"-bithiophene]-5-
methanol-5-acetate, 17) 1 5-¥8 B 3&-5-3- T #-1-
e FE )-2,2"- B ME Wy [5'-hydroxymethyl-5-(3-buten-1-
ynyl)-2,2"-bithiophene, 18], HH L5 6. 15. 16
BN YIRS b oy BT R Pias S e A AL
EYL 3. 4 05 BAHMRIDTTE T3SS B AEA D
WHRENE, Hr ey 5 RIH ReRTTE g,
1 IXFEEHH

400 MHz. 600 MHz #ZHiILARPIE (FE[E
Bruker A#)); SBS-100 #(3% i1 H 273 IS 4R 2%
CEEP UGS ARRARD: 7 i B & RosAH
A (SEHE Agilent BHEA ] D; il £ 284 i R0BUH
A (SEE Waters AF]); P HIBAH IR Gt
+ BUCHI A#]); BSA-2245W RiF KT (f[H
Sartorius A ] ); TU-1810 BV 4] W Ia /b it
CAb 53 M il HACER A DD s BER BB A (2
Bio-Rad A#]); HIKAX (3£ Bio-Rad AF]); i
REH CEERRFARARD: BikRos. B
BE (M REHA R A D MR ik CH
BILAERIFRARA R #HEERK (GE
Healthcare A #]); =& LR (TCA, Aladdin A F]);
cytosporone B (CsnB, LiFHEMSEZ AR, CAS
321661-62-5; 7= fh4mis BP4078): RAHAER (f&[E
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Merck A ] ) SLEGFH A4y 51 ORI E Tl A
A]); ESI-MS i (3£ Finnigan A F]).

PR R R ITH  (Salmonella
enterica Serovar Typhimurium UK-1,8956) FH3E[E V.
FIZACIN LR ZE G, 80 CARAE T AL = .

MR B LR FIRE Ik, B E R
EWEYHATMES CFR RS ENEY E
prostrata L. ¥,

2 Fk
21 REES5SEH

TR 7 45 1.0 kg, FriEJE F 95% L EEK
PRI, $EHL 3 IR, G REGH, 35 CIUEIK
G2 T8 QAT FH 95% F I /KA WR 200 mL
ARHERYI G, NN 100 mL Ay EkEAT A EL, 3t
L 4~5 ], HIFERM, 35 CHUEKRAFAET,
15 217 R AE B R B ZE ) . R RE AR L) R
R Z.TR-7K (12 1) ZEHL 3~4 K, 35 CIJERSEE
T3 BIEE IR B8 2B K LT -

B ZBEREEY) (13.5 @) 47 SRR I At i
Iy, PRSI, AIRSNAS Fr. A~D. Fr. B (2.652)
I 5 G IEARRE I RE (a0 . ] SR R A i 43 B9 3
53] 7 A4y Fr. BI~B7. Fr. B5 (100.7 mg) £1E
AR A B DU Y - TE R R (20 2 150 0 1)
HATEREE Ve, RIEEZE AN (TLC) KL R,
E BB R &Y 4(4.5 mg) . Fr. B6(38.4 mg)
2 IEAHRE R A R, DU R - S E 4B (100 ¢
1-10 1 1D BEEEGENL, BEMEED 6 (1.9 mg); Fr. B7
(11.5 mg) & IEMEERAE G, -5 O
(50 1 1551 1D 3 EfFEMLEY 3 (4.5 mg).

7y Fr. D (2.25 g) FRRIEATH PR ALt
R, CEFRE-FEE (D2 WM, R¥E TLC
¥ 45 545 51 Fr. D1~D3. Fr. D1 (559.3 mg) &
JE A (RP-18) 37355, L 10%~100% i
o BE e i 3615 8 3 A4 43 Fr. D1-1~D1-3, Fr. D1-2
(56.8 mg) 2 IEAHAE R AE (i LU Jih ik - B 1R 2 I
(20 : 10 © 1) FATHEEEBEL, 45 TLC fill & JF
R4y, BELEY 1 (47mg). 5 (124 mg).
Fr. D3 (112.6 mg) £ SEPERE AL thil (I 43
&, BIFEFR I35 3 AN 5 Fr. D3-1~D3-3,
Fr. D3-2 (285 mg) A IEAHRERAT (5, i
BEIR <.l (10 1 BREEGENL, 198G 2 (3.6 mg).

A TR ALY (8.8 g) 27 MBI FE (0 i
o, DLEHRE-FHEE (10 2) P, MRS TLC

K 4s 5, &35~ Fr. 1~3. Fr.2 (3.0 g) &M%
BEAE AR, & WA (10 2) W, G3FEA
Fr. 2A~2E. Fr.2C (67.7 mg) £ IEAHRERHFE (Bi LA
A HEE-ER (100 @ 110 © 1) BAEEPERL, 5% Fr.
2C1~2C4 3t 4 NSy, Fr.2C3 (60.3 mg) 42
#% 7% HPLC [Z.ff5-7K (85 :15), 4 mL/min] 755,
B31bE 13 (3.3 mg, r=13.2 min). 14 (4.5 mg,
rR=12.7min). 18 (2.3 mg, r=15.1 min). 11 (3.2
mg, tr=8.1 min) 110 (1.5 mg, tr = 8.8 min).
Fr.2D (278.4 mg) Z% RpEE AL (A, —&H
fo-FHEE (10 2) ¥, 49 4147, Bl Fr.2D1~
2D9. Fr.2D7 (23.5 mg) £ IEAHREER A RE LA i
Fk-BHE 2.6 (10 0—10 : 1) ¥elii, AR¥E TLC Kl
ZER, BEEY 8 (23 mg). Fr.2D8 (32.3 mg)
28 IEAHRE AT (3 LUA T -BE R .1 (12 0—0 ¢
1) ¥, &IFEEY 7 (4.6 mg) 19 (3.5mg).

Fr. 3 (556.9 mg) 2 1EAHAER AT €3k LA i k-
BERR 2 Fg (100 © 1—10 © 1) BREEVEML, 753 Fr. 3A~
3C. Fr.3B £&2f#i4% HPLC [Z/5-/K (80 : 20D,
4 mL/min] 7}, 84054 17(3.3 mg, tr = 6.1 min)-
15 (3.2 mg, r=12.3 min). 16 (1.9 mg, & =13.5 min)
12 (22 mg, =156 min),
2.2 TEMEREN

PR AR A T A FEYD T T3SS #/1E
M SipA. B. C. D 7ilt, LA TCA-AEH (20 CLR
1) VIER /IR, ¥ EAAYEE T SDS-PAGE
R, JRE ARSI R IR B WA Y . B
Tk B 28 CIHLBEFRM S enterica Serovar
Typhimurium UK-1,8956 F¥SIN L-FaT iR BE (0.2%)
1) LB 357 AL M0RE 100 fi5, IOAFES (24BN 100
umol/L) J&, 737 “C. 220 r/min 444 F553% 5~6 h,
PN DMSO AHAE Xt BE4H, A CsnB HI1E I FH
PEXTHRAL . 7E 4 CEOJa N IR 9 I E
F, NN 100%TCA 7EVK_EJ#CE 30 min {5 5 HUTHE,
f£ 4 ‘C. 12000 r/min &> 10 min, #%F TCA J5,
JEN 400 pL UKAEEPES . 76 12 000 r/min B5.0 15
min, S4B, FFAEETEIA 20 pL B 1X
loading buffer, 7£ 95 “CIEIE N 5 min ff 8 145,
HEE FIAE i 8 uL H#E1T SDS-PAGE £l .
3 H#HR
31 LHHEFE

&Y 1: FEMA; ESI-MS m/z 287.2 [M+
H]*, B @ X2 T i8N 2865 43T 3N CisHi00s;
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'H-NMR (400 MHz, CDCl3) §: 8.02 (1H, s, H-2), 7.02
(1H, d, J = 1.7 Hz, H-2"), 6.86 (1H, dd, J = 8.2, 1.8
Hz, H-6'), 6.83 (1H, d, J = 8.1 Hz, H-5'), 6.33 (1H, d,
J = 2.1 Hz, H-8), 6.21 (1H, d, J = 2.2 Hz, H-6);
3C-NMR (400 MHz, CDCl3) o: 180.8 (C-4), 164.5
(C-7), 163.5 (C-5), 158.3 (C-9), 153.4 (C-2), 145.4
(C-4"), 144.8 (C-3"), 123.4 (C-3), 122.4 (C-1"), 120.3
(C-6"), 116.0 (C-2), 114.9 (C-5"), 104.9 (C-10), 98.7
(C-6), 93.4 (C-8). LA X 5 STHRRIE S A —F 13,
M A 1 AEBIGE .

&Y 2: FEMAK; ESI-MS m/z 301.4 [M+
HY*, W #8X 431 &N 3005 797N CisH1206;
'H-NMR (400 MHz, CDCls) 8: 8.11 (1H, s, H-2), 7.18
(1H, d, J = 1.8 Hz, H-2), 7.0 (1H, dd, J = 8.2, 2.0 Hz,
H-6'), 6.88 (1H, d, J = 8.2 Hz, H-5'), 6.37 (1H, d, J =
2.1 Hz, H-8), 6.25 (1H, d, J = 2.1 Hz, H-6), 3.91 (3H,
s, 3'-OCH3); 3C-NMR (400 MHz, CDCls) 6: 180.8
(C-4), 164.9 (C-7), 162.1 (C-5), 158.3 (C-9), 153.6
(C-2), 147.4 (C-3"), 146.5 (C-4'), 123.3 (C-3), 122.4
(C-1"), 121.5 (C-6'), 114.8 (C-5"), 112.6 (C-2'), 104.8
(C-10), 98.8 (C-6), 93.4 (C-8), 55.1 (3'-OCH3). Ll L
B 50 IE FEA— ), MEENEY 2 N
3-O-HEFHEH .

& 3: FEMAK; ESI-MS m/z 3153 [M+
HYY, #EfHX 1 &N 3145 793N CisHi007;
IH-NMR (400 MHz, CDCl3) d: 8.14 (1H, s, H-10),
7.59 (1H, s, H-13), 6.67 (1H, d, J = 2.1 Hz, H-6), 6.65
(1H, d, J = 2.1 Hz, H-8), 3.72 (3H, s, 7-OCH3):
3C-NMR (400 MHz, CDCl;) ¢6: 166.4 (C-7), 161.5
(C-1), 159.4 (C-9), 156.8 (C-5), 156.8 (C-3), 150.8
(C-15), 1477 (C-11), 146.7 (C-12), 1158 (C-14),
106.5 (C-10), 103.6 (C-2), 100.1 (C-13), 99.0 (C-8),
98.9 (C-4), 92.4 (C-6), 55.9 (7-OCH3). LA F¥i3kE 5
HRFR T A — 04, WS e S ) 3 I TR

&) 4: FEKEK; ESI-MS m/z 301.3 [M+
HY*, #iE X 41 FiEA 3005 43132 A CisHsO7;
'H-NMR (400 MHz, CDCl3) ¢: 8.15 (1H, s, H-10),
7.60 (1H, s, H-13), 6.69 (1H, d, J = 2.2 Hz, H-8), 6.68
(1H, d, J= 2.2 Hz, H-6); 3*C-NMR (400 MHz, CDCl5)
d: 163.4 (C-7), 160.5 (C-1), 159.3 (C-9), 156.8 (C-3),
156.7 (C-5), 150.8 (C-15), 147.7 (C-11), 146.6 (C-12),
115.8 (C-14), 106.6 (C-10), 103.6 (C-2), 100.0 (C-13),
99.4 (C-8), 98.9 (C-4), 93.7 (C-6). LA ¥t 5 kR

TEHRA Y, MY 4 R F PRI A
IS .

&Y 5. WERAR; ESI-MS m/z 287.2 M+
H]", A% 70 F RN 2865 70T 3N CisHigOss
'H-NMR (400 MHz, CDCl3) 6: 7.29 (1H, dd, J = 8.2,
2.2 Hz, H-6'), 7.27 (1H, d, J= 2.0 Hz, H-2'), 6.81 (1H,
d, J=9.0 Hz, H-5"), 6.43 (1H, s, H-3), 6.33 (1H, d, J =
2.0 Hz, H-8), 6.10 (1H, d, J= 2.0 Hz, H-6); '3C-NMR
(400 MHz, CDCl3) &: 182.4 (C-4), 164.9 (C-9), 164.7
(C-2), 161.8 (C-5), 158.0 (C-7), 149.6 (C-4"), 145.6
(C-3"), 122.3 (C-1"), 118.9 (C-6'), 115.4 (C-5"), 112.7
(C-2"), 103.9 (C-10), 102.4 (C-3), 98.7 (C-6), 93.6
(C-8)o DA il 15 STkl B A — 515, #hs et
G S ARBEE.

A& 6: IKRAMHKA; ESI-MS m/z 263.1 [M+
HIY, #iE X FHERN 2625 557NN
C13H100:S2: 'H-NMR (400 MHz, CDCls) d: 9.86 (1H,
s, 5-CHO), 7.67 (1H, d, J= 4.0 Hz, H-3), 7.23 (1H, d,
J = 4.0 Hz, H-4) 7.20 (1H, d, J = 3.8 Hz, H-3"), 7.10
(1H, d, J = 3.9 Hz, H-4"), 3.85 (2H, dd, J = 10.7, 5.1
Hz, H-9), 2.76 (2H, dd, J = 11.1, 5.3 Hz, H-8);
13C-NMR (400 MHz, CDCl3) 6: 146.5 (C-5'), 140.3
(C-2), 137.2 (C-2'), 1343 (C-4), 126.9 (C-4"), 125.0
(C-3"), 1243 (C-3), 122.4 (C-5), 93.4 (C-7), 74.8
(C-6), 60.9 (C-9), 24.2 (C-8). LA_FH¥5 15 ik 8 3
A=, M EEY) 6 N 5-(4-FRHE-1-T -1-
5 [2,2"-BRME) ]-5-1% o

& T FEMAK; ESI-MS m/z 249.4 M+
HI*, B AN TR EA 2485 43 TN CiaHsSs;
'H-NMR (400 MHz, CDCl3) ¢: 7.18 (2H, dd, J = 3.6,
1.0 Hz, H-3, 3"), 7.23 (2H, dd, J = 5.1, 1.1 Hz, H-5,
5", 7.08 (2H, s, H-3', 4"), 7.03 (2H, dd, J = 5.1, 3.6
Hz, H-4, 4"); 3BC-NMR (400 MHz, CDCls) §: 137.1
(C-2,2"),136.2 (C-2', 5"), 127.9 (C-4, 4"), 124.5 (C-5,
5"), 124.3 (C-3', 4", 123.7 (C-3, 3"). LA %03 5 ~C ik
RIEFEA—FT, BMUEEENED TN o- —HRHEDS

tEY) 8: AEF R A; ESI-MS m/z 2772 [M+
H", B AT 50 T8N 276; 43T 50N Ci3HsOSs;
'H-NMR (400 MHz, CDCl3) d: 9.86 (1H, s, H-6), 7.68
(1H, d, J = 4.0 Hz, H-4), 7.29 (1H, d, J = 4.0 Hz,
H-5"), 7.27 (1H, d, J = 3.8 Hz, H-3), 7.25 (1H, d, J =
3.9 Hz, H-3"), 7.24 (1H, d, J = 3.9 Hz, H-3'), 7.14
(1H, d, J = 3.9 Hz, H-4"), 7.06 (1H, dd, J = 5.0, 3.7
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Hz, H-4"); '3C-NMR (400 MHz, CDCl3) ¢0: 182.4
(C-6), 146.8 (C-2), 141.6 (C-5), 139.2 (C-2"), 137.4
(C-4), 136.4 (C-5"), 134.5 (C-2"), 128.1 (C-4"), 126.9
(C-5"), 125.4 (C-3"), 124.7 (C-4), 124.5 (C-3"), 124.0
(C-3) DA HuiR 5 S AR — 08, i e it
EY) 8 N o- = IEMENY FHE

WA 9: KEF kA ESI-MS m/z 279.1 [M+
HI", WMo FiEN 278 4 FAKA
C13H10083; 1H-NMR (400 MHZ, acetone-d6) o0: 7.23
(1H, d, J = 5.1 Hz, H-5"), 7.18 (1H, d, J = 3.6 Hz,
H-3), 7.08 (1H, d, J = 3.8 Hz, H-3"), 7.06 (1H, d, J =
3.9 Hz, H-4'), 7.04 (1H, d, J = 3.5 Hz, H-3"), 7.03
(1H, dd, J = 5.1, 3.8 Hz, H-4"), 6.92 (1H, d, J = 3.6
Hz, H-4), 481 (2H, s, H-6); '3C-NMR (400 MHz,
acetone-ds) 0: 143.1 (C-5), 137.4 (C-2), 137.1 (C-2"),
136.3 (C-5'), 136.1 (C-2"), 127.9 (C-4"), 126.2 (C-4),
124.3 (C-3'), 124.3 (C-4"), 124.3 (C-5"), 123.8 (C-3),
123.3 (C-3"), 60.2 (C-6). LA LZE 5 3CERIfEFEA
— U0, WEEENEY) 9 a- —BRMEDY FIRE.

WA 10: ERFEERIAR; ESI-MS m/z293.4 M+
HIY, WEMXN 2 FRERN 292; 55+ NN
C14H120S3; 'H-NMR (400 MHz, acetone-ds) J: 7.46
(1H, dd, J = 5.1, 1.0 Hz, H-5"), 7.31 (1H, dd, J = 0.8,
3.6 Hz, H-3), 7.23 (1H, d, J = 3.8 Hz, H-4), 7.20 (1H,
d, J = 3.8 Hz, H-3"), 7.17 (1H, d, J = 3.6 Hz, H-3"),
7.11 (1H, dd, J = 5.0, 3.6 Hz, H-4""), 7.01 (1H, d, J =
3.6 Hz, H-4), 4.60 (2H, s, H-6), 3.35 (3H, s, H-7);
IBC-NMR (100 MHz, acetone-ds) J: 144.2 (C-5"),
141.2 (C-5), 137.3 (C-2), 136.1 (C-2"), 136.0 (C-2),
128.1 (C-4"), 127.2 (C-4), 125.0 (C-5"), 124.5 (C-3"),
124.4 (C-4"), 124.0 (C-3), 123.3 (C-3"), 68.5 (C-6),
56.9 (C-7). LA EHH 5 SCHRARIE FE A —F 1), s
TEALE) 10 2 5-H AT H 3E-2,2":5" 2"- X HES .

AW 11: KRR ESI-MS m/z321.4 M+
HI", W& MX 9 FRENRN 320 55+ N
CisH120,S3; '"H-NMR (400 MHz, acetone-de) 6: 7.47
(1H, dd, J = 5.1, 1.0 Hz, H-5"), 7.33 (1H, d, J = 3.6,
1.0 Hz, H-3"), 7.23 (1H, d, J = 3.9 Hz, H-3), 7.23
(1H, d, J = 3.8 Hz, H-4'), 7.19 (1H, d, J = 3.6 Hz,
H-3), 7.13 (1H, d, J = 3.7 Hz, H-4), 7.12 (1H, dd, J =
5.1, 3.6 Hz, H-4"), 5.25 (2H, s, H-6), 2.06 (3H, s,
H-8); 3C-NMR (100 MHz, acetone-de) J: 170.1 (C-7),
138.0 (C-5), 137.3 (C-2), 136.5 (C-5"), 136.3 (C-2),

136.2 (C-2"), 129.3 (C-4), 128.2 (C-4"), 125.1 (C-5"),
124.8 (C-3"), 124.6 (C-4'), 124.1 (C-3"), 123.4 (C-3),
60.0 (C-6), 19.9 (C-8). LA b%#i 5 SCilif i A —
HUSL, M EAAY 110N SR E-(2,21:5',2)-—
HXIEDY 2.8 .

WA 12: FEEERA; ESI-MS m/z363.1 [M+
HI", WMo FREN 362 7 FRKA
C18H180283: 1H-NN[R (400 MHZ, acetone-dé) 0. 745
(1H, d, J = 5.1 Hz, H-5"), 7.32 (1H, d, J = 3.6 Hz,
H-3"), 7.23 (1H, d, J= 3.9 Hz, H-4'), 7.23 (1H, d, J =
3.9 Hz, H-3"), 7.19 (1H, d, J = 3.7 Hz, H-3), 7.13 (1H,
d, J = 3.7 Hz, H-4), 7.11 (1H, dd, J = 5.1, 3.7 Hz,
H-4"), 5.29 (2H, s, H-6), 2.46 (1H, m, H-8), 1.71 (2H,
m, H-9), 1.14 (2H, t, J = 3.5 Hz, H-10), 0.88 (3H, d,
J=4.4Hz, H-11); BC-NMR (100 MHz, acetone-ds) J:
175.5 (C-7), 138.3 (C-5), 136.5 (C-5"), 136.5 (C-2"),
135.6 (C-2), 135.6 (C-2"), 129.1 (C-4), 128.2 (C-4"),
124.8 (C-3"), 124.8 (C-5"), 124.6 (C-4"), 124.1 (C-3"),
123.3 (C-3), 59.9 (C-6), 40.6 (C-8), 26.5 (C-9), 16.0
(C-10), 10.9 (C-11). LA %l 5 SCRk R iE F A —
R0, SR 12 N[2,2:5,2"- ZIEIEEVY]-5-
B 2-H R TR

B 13: KR EHA; ESI-MS m/z361.5 M+
HI", @M o FHREN 3605 55 F KN
CisH1602S3; '"H-NMR (400 MHz, acetone-ds) &: 7.46
(1H, d, J = 5.1 Hz, H-5"), 7.32 (1H, d, J = 3.6 Hz,
H-3"), 7.22 (1H, d, J = 3.8 Hz, H-3"), 7.22 (1H, d, J =
3.9 Hz, H-4'), 7.20 (1H, d, J = 3.7 Hz, H-3), 7.16 (1H,
d, J = 3.7 Hz, H-4), 7.11 (1H, dd, J = 5.0, 3.6 Hz,
H-4"), 6.19 (1H, qd, J= 7.2, 1.4 Hz, H-4""), 5.36 (2H,
s, H-1""), 1.98 (3H, dd, J = 7.2, 1.5 Hz, H-5""), 1.89
(3H, s, H-6""); '3C-NMR (100 MHz, acetone-ds) J:
166.9 (C-2"), 138.2 (C-5), 138.1 (C-4""), 137.7 (C-2"),
136.5 (C-2"), 136.3 (C-2), 135.6 (C-5'), 129.1 (C-4),
1282 (C-4"), 127.4 (C-3"), 125.1 (C-5"), 124.7
(C-4"), 124.6 (C-3"), 124.1 (C-3"), 123.4 (C-3), 59.9
(C-1"), 19.8 (C-6"), 15.1 (C-5""). LA_F 3 5 SRk
EHEA— R, S EAEY 13 N 5-FF H k-
(2,2":5",2")-ME Wy 2 A R s

WHEY 14: BRI ERAR; ESI-MS m/z361.5 M+
HI", M5 FREN 360 70 F KA
Clngeozss; 1H-NMR (400 MHZ, acetone-dé) 0. 7.45
(1H, dd, J = 5.1, 0.9 Hz, H-5"), 7.31 (1H, dd, J = 3.6,



FES 20224FE87 $53% H 168  Chinese Traditional and Herbal Drugs 2022 August Vol. 53 No. 16

« 4945 «

0.8 Hz, H-3"), 7.22 (1H, d, J = 3.8 Hz, H-3'), 7.22
(1H, d, J = 3.8 Hz, H-4'), 7.19 (1H, d, J = 3.6 Hz,
H-3), 7.14 (1H, d, J = 3.6 Hz, H-4), 7.11 (1H, dd, J =
5.0, 3.6 Hz, H-4"), 691 (1H, qd, J = 7.0, 1.3 Hz,
H-4""), 533 (2H, s, H-1""), 1.83 (3H, t, J = 1.0 Hz,
H-6"") 1.81 (3H, dd, J = 7.0, 0.9 Hz, H-5""); 3C-NMR
(100 MHz, acetone-ds) 6: 166.8 (C-2""), 138.3 (C-5),
137.7 (C-2), 137.7 (C-4""), 136.5 (C-2"), 136.3 (C-2),
135.6 (C-5"), 129.1 (C-4), 128.2 (C-3""), 128.1 (C-4"),
124.7 (C-4"), 124.7 (C-5"), 124.6 (C-3'), 124.0 (C-3"),
123.4 (C-3), 60.2 (C-1""), 13.5 (C-5""), 11.3 (C-6"").
DL E s 5 SRR IE B A —E R, W e S 14
9 5-FR (2,225 21)-IE gy I R TG

WA 15: BEEEHAR; ESI-MS m/z329.1 M+
HIY, M MR FRER 328; 1A
CisH160,S5; TH-NMR (400 MHz, acetone-dg) 0:7.22
(1H, d, J = 3.6 Hz, H-3), 7.22 (1H, d, J = 3.9 Hz,
H-3"), 7.22 (1H, d, J = 3.9 Hz, H-4"), 7.15 (1H, d, J =
3.6 Hz, H-4), 6.90 (1H, dd, J = 7.0, 1.4 Hz, H-4"),
6.17 (1H, dd, J = 17.5, 11.3 Hz, H-3"), 5.77 (1H, dd,
J =175, 1.9 Hz, H-4"a), 5.65 (1H, dd, J = 11.3, 1.9
Hz, H-4"b), 5.34 (2H, s, H-1""), 1.80 (3H, dd, J = 7.0,
1.0 Hz, H-5""), 1.83 (3H, t, H-6""); '3C-NMR (400
MHz, acetone-de) J: 166.7 (C-2""), 139.1 (C-5), 137.7
(C-4""), 133.4 (C-5"), 133.3 (C-2"), 129.1 (C-4), 128.2
(C-3"), 127.1 (C-4"), 124.5 (C-4"), 124.4 (C-3"), 124.1
(C-3), 122.1 (C-2), 116.7 (C-3"), 93.0 (C-2"), 82.1
(C-1"), 60.1 (C-1"), 13.5 (C-5""), 11.2 (C-6""). LA E
Him 5 ORI E B A —E22, WS EEY) 15
(2)-[2,2"- B BEWF 1-5- FHBE-5"-(3- ] M-1-hhFE)-2- 2 &
PR TS -

A 16: ERFEENKR; ESI-MS m/z329.1 M+
HI", W& MX 9 FREHRN 328; 44+ N
Ci1sH1602S2; '"H-NMR (400 MHz, acetone-dg) 6: 7.23
(1H, d, J = 3.1 Hz, H-3), 7.22 (1H, d, J = 3.8 Hz,
H-3"), 7.22 (1H, d, J = 3.9 Hz, H-4"), 7.17 (1H, d, J =
3.6 Hz, H-4), 6.17 (1H, dd, J = 17.5, 11.3 Hz, H-3"),
6.13 (1H, dd, J=7.4, 1.4 Hz, H-4""), 5.77 (1H, dd, J =
17.5, 1.9 Hz, H-4"a), 5.65 (1H, dd, J = 11.3, 1.9 Hz,
H-4"b), 5.36 (2H, s, H-1""), 1.98 (3H, dd, J = 7.2, 1.5
Hz, H-5""), 1.88 (3H, m, H-6""); '3C-NMR (100 MHz,
acetone-ds) o: 166.8 (C-2"), 138.2 (C-5), 138.1
(C-4), 133.4 (C-5"), 133.3 (C-2"), 129.2 (C-4), 127.4

(C-3"), 127.1 (C-4"), 124.1 (C-3), 124.1 (C-3"), 124.0
(C-4"), 121.6 (C-2), 116.7 (C-3"), 93.0 (C-2"), 82.5
(C-1"), 59.8 (C-1""), 19.8 (C-6""), 15.0 (C-5""). LA
Bl 5 R IRIE A S, S EAY 16
(E)-5'-(3- T fi5-1-He 3)-[2,2"- BE W -5- H B -2- FH FE 12
A 7{:

WEWI1T: FEFEERAR; ESI-MS m/z289.3 M+
HI", WMo FiEN 288 4+ FAXA
C15H120282: 1H-NN[R (400 MHZ, acetone-dé) 0: 722
(1H, d, J = 3.9 Hz, H-3'), 7.22 (1H, d, J = 3.8 Hz,
H-4), 7.21 (1H, d, J = 3.6 Hz, H-4), 7.13 (1H, d, J =
3.6 Hz, H-3), 6.17 (1H, dd, J = 17.6, 11.3 Hz, H-3"),
5.76 (1H, dd, J = 17.5, 2.0 Hz, H-4"a), 5.65 (1H, dd,
J =113, 2.0 Hz, H-4"b), 5.25 (2H, s, H-6), 2.05 (3H,
s, H-8); 3C-NMR (400 MHz, acetone-ds) 6: 170.0
(C-7), 138.8 (C-5), 133.6 (C-5'), 133.3 (C-2"), 129.3
(C-4), 127.1 (C-4"), 124.1 (C-3), 124.1 (C-3"), 124.0
(C-4"), 121.6 (C-2), 116.7 (C-3"), 92.9 (C-2"), 82.7
(C-1"), 59.9 (C-6), 19.8 (C-8). LA %5 CilikkiE
FEAR—FPY, MUE G 1T N 5'-(3-T Mi-1-F-1-
5)-[2,2- HKBEWy )-5- U IE-5- £ B

EY)18: KR EHA; ESI-MS m/z247.1 M+
HI", #EMAX o FHREN 2465 57N
C13H100S2; 'H-NMR (400 MHz, acetone-de) J: 7.21
(1H, d, J = 3.8 Hz, H-3), 7.17 (1H, d, J = 3.9 Hz,
H-3'), 7.17 (1H, d, J = 3.9 Hz, H-4'), 6.94 (1H, d, J =
3.7 Hz, H-4), 6.16 (1H, dd, J = 17.6, 11.3 Hz, H-3"),
5.84 (1H, dd, J = 11.3, 2.0 Hz, H-4"a), 5.76 (1H, dd,
J=17.6,2.0 Hz, H-4"b), 4.78 (2H, s, H-6); '*C-NMR
(100 MHz, acetone-ds) 0: 147.1 (C-5), 146.9 (C-5"),
139.2 (C-2"), 135.7 (C-2), 133.3 (C-3), 127.0 (C-4"),
125.0 (C-4), 124.1 (C-3'), 123.4 (C-4'), 116.7 (C-3"),
92.8 (C-2"), 82.5 (C-1"), 59.0 (C-6). LA_EH ¥ 55 30k
RIEFEA—F2), MEENEY) 18 v 5-F2 H K-
5-(3- T M- 1-hR3E)-2,2 - B ES
32 1 T3SS EMETFIELER

ML SDS-PAGE tuillvb 1) B+ /188 H 73 WA 1
B, TEIEAEY) 1~18 KT T3SS B /& H i
P, KIMEY S X8 1EE (SipA. B. C. D)
R WA I I R IV E R, (& 1. 3. 458
P — 5 A EE A o WRBERRFE SR S5 R (K]
D, AWEW S XFEE )8 E 4 W A A 2R EEAE
KM 7E 100 pmol/L B , 8 3 011 25 7 85 1 (1) 70 5
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Wh; FLC-YPITHHEE& H; M-Marker

A-inhibitory results of compounds 1—9  B-inhibitory results of compounds 10—18 C-chemical structure of compound 5 D-compound 5 inhibited

the secretion of SPI-1 effectors in a dose-dependent manner. SipA/B/C/D SPI-1 effector proteins; FliC-flagellar filament protein; M-marker

1 SDS-PAGE JE&MLEY) 1~18 3Fi0i1E T3SS FNER B HIHIE M
Fig. 1 Secretion inhibition of compounds 1-18 on salmonella T3SS virulence protein detected by SDS-PAGE

25 pmol/L I, x5 Jy 8 H ) 73 AT A — R 40
HAGEH T A FUC 73, B, (&9 s ]
EJ9 T3SS I 71 4K SERE 7T
4 g
[ FH 22 A il oy B T IR ML R« TS AR
B E S A E T 18 M RARL SN
g5k, LB 6. 15, 16 NE IXMIZIEY 4y B 1S
#; FH SDS-PAGE VEXHE &) 1~18 #4T T3SS
MRS, KO EY 1. 3~5 BAPLITH
T3SS it Hrh b &9 5 B BRI T3SS itk
RFCARFE TR AR 2, It
BNV RARBOENESE T THEY), N
TR AR R AL 1 B St .
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