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it '"H NMR. *C NMR. HRMS #ATEME. VS TENRE R L, BErL SR RE O (X citr)s KRG E S
SR (X, oryzae)s MHHH I H (R. solanacearum)#R I H — 2 HIAMHITEME. b, (AW Fas Foo Fio MHHE R 2000 B
K ECso {058 16.31 9.9+ 15.9 pg/mL, T % B8 245 -l #4(54.9 ng/mL); th&4 Fys Fyn Fys X 7KRS A R 1 H) ECso
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Syntheses and Biological Activities of 1,4-Pentadien-3-one
Derivatives Containing Thioether Triazole Moiety
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Abstract A series of novel 1,4-pentadien-3-one derivatives containing thioether triazole units were synthesized by introduc-
ing triazoles bearing thiol groups into the structures of 1,4-pentadien-3-one. The structures of the newly synthesized
compounds were assigned via 'H NMR, *C NMR and HRMS. Bioassays indicated that some of the compounds showed
potential antibacterial activities against X. citri, X. oryzae and R. solanacearum. Among them, compounds F4, F¢ and Fi¢
demonstrated appreciable inhibitory effect against Xanthomonas axonopodis pv. citri, with half-maximal effective concentra-
tion (ECsg) values of 16.3, 9.9 and 15.9 pg/mL, which were better than commercial agent bismerthiazol (54.9 pg/mL).
Compounds Fy, F; and F,5 demonstrated appreciable inhibitory effects against Xanthomonas oryzae pv. Oryzae with ECs, val-
ues of 9.6, 19.2 and 21.3 pg/mL, which were better than commercial agent bismerthiazol (69.3 pg/mL). Compounds F; and Fg
also demonstrated appreciable inhibitory effects against Ralstonia solanacearum with ECs, values of 14.2 and 14.5 pg/mL,
which were better than commercial agent bismerthiazol (82.6 pg/mL). The possible mechanism of the antibacterial activity of
the target compound F¢ against Xanthomonas axonopodis was investigated through scanning electron microscopy.

Keywords 1,4-pentadien-3-one; thioether triazole; biological activity; scanning electron microscope
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1,4- 1 45 -3- B 2R A0 & W) 2 — Fh B 21K R AR =4,
HA ZRAD G, ok i FomEt. Mgt
RUSFngrEl g Wk, iz AR A
MR S R A S NE] 1,4-8 2
1-3-MRA A, Wit& s T — R 1,4- 8 0-3-1
Ha e 2RATAEY). A iE A4S AR BN 50
mg/L I, %RV E VIR /INEE IR B B (Gibberella) B
PR 25 993 B (Fusarium  oxysporium) F1 ¢ BI85 1% 95
(Cytospora mandshurica) B — € FIHIVER . 5k%5 T
BV BT — RV RS K = REN 1,4- 1 0%-3-
FRRTAEYD, JFE I EAT HVRT AR 5t 2 Yo T 0 AH 2 75 A0 T
AEE NN, 25 R R EZGFIREEA 100 pg/mL i,
H oA B R R PR B R A AR G 4R .

=AM N M EEN LTS BN EY,
FE & 25 MR 25 S5 U A B T 2 N, it
El415] U617 e D181 o 19171 5, (20
&, R WA = EM BRI RERE: 25w
(Paclobutrazol) « A ¥& M (Propiconazole) 1 JV. fi&
(Imibenconazole) 2 P 1= 1 (£ 45 2 &5 1R — R 51 &5
1,2,4- — W 5 JE& 5 Bk 11 2 Mo R ) S T A2 40, 2R 003 P
A REY: K EWAE 200 pg/mL WA, XA
H5t P2 995 TR AN 7K A 1 P A B 300t A P A o i 12
MRS A R T — RIS I L 2-TkJk-
1,2,4- = W-3-B AT A4, PR GE R 25 SRR i 7
WIEH 50 mg/L I, #B53 H RSP0 T oK /N3R5 T A
SR SO TR AR I L PR B 1

AR S PR IR, K S I = e 5] N F
LA-J Jf-3-BAZE R, AR 16 /NS Bitik = ei 1,4-1%
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ORI PR C, HERRBH—IRERBAH G153
HEA D, D 5 1,2- 95 28R AR SsOR AR i ) 4
E, ft)a 59k B KA R BAZ 2] H b6 &4 Fi~
Fig (5 %2k WL Scheme 1).
1.2 HEYIKILEHIFRIE

CLHAME A F3 400, %3 "TH NMR. HRMS i
B 3 T8, 7 TH NMR & E T, 6 7.75 HL g
J& T E 8 2 A, 6 7.73 IS JE T 5 A K
W E eI, 6 7.72 HBLBUE & T 1,418 4%-3- 5 fi7
I, o 7.68 HILXUEHE T 1,4-% = 8-3-F1 1
A1 FIds A, 6 7.57 HEBLSUE & T8 3,4- = L RIR
k6 AL, 6 7.50 HIELXUE A JE T 3,4- ~HHRIF E
SHAIHIA, 6 7.27 ISR T 3,4- HERIA | 2
REA, 6 7.23 HILIEITJE T &4 KHF B 3'MA, o
7.20 LA A J& T & S KR B S'IIE, 6 7.06 H IR
HJE T 1,4-5 —Ja-3-Ff 2 A7 4 £7 FImsE A, o 5.86
HELHRETE T = EEEMEA, § 4.34 thfﬂ:ﬂéﬂ)%
TEE EWHERE, 6 3.50 B =BH)E T8
%%%%ﬁzmﬁﬂﬁﬁﬁ%?%%%ajzmﬁﬂ
BIE IR T A, 0 2.26 HILHIEH)E T HEKEA.

SH

BrCHchzBr
acetonltnle/KZCO3

F1~Fe

F1: R= Ph, Fz: R= thiophen-2-yl; F3: R= 3,4-(CH3)206H3; F4: R= 4-N0206H4; F5: R= 4-C|C6H4, Fe: R= 4-FCGH4;
F7: R= 2,4-(CH30)206H3; Fg: R= 3-02NCGH4; Fg: R= 2-C|CGH4, F10: R= 4-CH3OC6H4; F11: R= 4-methylthiazol-5-
y|, F12: R= furan-2-yl; F13: R = 3,4-(CH30)2C6H3; F14: R = 4-BTCGH4; F15: R = 2,4-C|2C6H3; F1G: R= 4-CH3C6H4

B 1

HARE A Fy—~Fog 115 RS 2K

Scheme 1 Synthetic routes of target compounds F;~F
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7t HRMS & F, HER =90 HRMS [M-+H] Szl i
AFRRTHEAR R — 8, REWEL0.0030 W, FH—P
WESE T BRI AR 45 54,
1.3 AN
13.1 BARMLAa 40 &t

HARLEY) Fi~Fie PIETEENRRSE R (R 1)EMH,
FI A A AT 15027 B KR At 1 R A
73 B YA — 52 HAMTE R Foh IR EE A 100 pg/mL B,
WA Fyn Fon Frg S5 HHAE 1592995 B 1061 26 et o)
FRZG AR I4(59.5%), (L& Fiv Fiu Fis S5 X0KRE A
At TRT P00 ) 6 Tk ot B 24 1 b 1 (56.0%), 16 &4 Fas
Fo XF 0 5L 75 G 05 B 100 400 1) 22 35 b ak o) e 245 i el e
(61.1%).

132 BARLASHandptadnimd Fi

AR ity 245 W AG MR o B 24 751), 638 20 A0 & P sk AT 40
M A7 TR 7K 1 A9 A1 R 08 B 35 5 17 1) ECso
EIR, 4585 F%£ 2~4. 3R 2 wH, FrllHisb &
VIR OZ B ECso [EYII0 T X R 25 A, Hoepr
WA Fyan Fos Fou Fron Fig 1 ECso fH 5 71108 16.31 9.9,
16.4.17.3.15.9 pg/mL, T 5FHE 250 Hi14:(54.9 pg/mL).
B 3 mlA, Frill B AR A YK S B AR B ECso
{EST X B2 A e, oL 54 Fys Fas Fis 1 ECso
B3 38 9.619.2.21.3 png/mL, AT % HE 24 -4 18(69.3
pg/mL). B3 4 RIAL Bl H BRGS0 A A 5 1
ECso (B30T 5 R 2G5 A, o fb &4 Fa Fg 1] ECso
G5y HN 142 14.5 ug/mL, T X} I8 24 -4l 14 (82.6
pg/mL).

R HASEY Fr~Fie FINGEE PEEH]2/%)

Table 1 Antibacterial activities (inhibition rate/%) of target compounds F;~F

X citri X oryzae R. solanacearum
Compound R

100 pg/mL 50 pg/mL 100 pg/mL 50 pg/mL 100 pg/mL 50 pg/mL

F, Ph 47.0*1.6 36.5+4.0 89.5+0.9  743%0.1 545134 49.8+5.3
F, Thiophen-2-yl 424+23 39.0+5.0 34.710.6 1.510.2 32.8+2.1 28.3%0.1
F; 3,4-(CH;),C¢H; 574+4.1 41.9+2.7 17.7£0.8 10.6t1.4 759+1.5 624104
F, 4-NO,C¢H,4 723£53 62.8+2.8 58.0+0.5 4l1.6x12 51.610.1 479+0.5
4-CICeH, 68.01£0.9 52.3+25 60.5+1.1 48.8%£0.5 483124 352+1.6
Fs 4-FC¢H,4 82.5+0.2 78.6+2.9 59.0+4.7  50.6x3.0 76.8+54 66.3+3.5
F; 2,4-(CH;0),C¢H; 71.3£0.9 63.5+04 70.0+04  62.9%£0.9 53.2+0.6 50.0+3.2
Fs 3-NO,CeHy 66.916.4 57.1x1.1 60.1x1.6 51.7£1.38 50.5+3.8 41.7£5.2
Fy 2-CICeH4 72.614.3 64.1+22 56.2+4.7 47.6%2.6 41.6x0.9 35.2+0.5
Fyo 4-CH;0C¢Hy 70.9£2.9 64.5+54 61.71+0.9 57.4%£2.6 483x2.5 324+35
Fu 4-Methylthiazol-5-yl ~ 63.3%+5.6 56.5+1.2 46912.8 44.7%0.8 449+1.6 36.3+1.3
Fi, Furan-2-yl 553+1.3 48.1%£2.5 68.61+42  56.7%0.2 37.4x0.7 2321438
Fi3 3.,4-(CH50),C¢H; 38.514.0 25.0x1.6 662104  60.4%£3.9 548+1.9 42.1%£1.3
Fi4 4-BrCqHy 73.616.1 65.8+2.7 6221+0.7 549104 50.2+0.1 47.1£7.2
Fis 2,4-Cl,CeH; 56.7+2.4 457149 61.7104  549%0.6 559+1.1 42.4+0.6
Fi6 4-CH;CeH, 77.4£4.0 68.7+14 53.0x1.9 44.6%0.6 51.0+1.8 33.9+23
Bismerthiazol’  — 59.5+7.7 49.5+57 56.0+1.2  33.8%2.0 61.1+6.2 49.5+5.3

“ Average of three replicates; * The commercial bactericides (bismerthiazol) was used for comparison of antibacterial activity.

R2 o> HERLE XA 2 B ECso {8 ¢

Table 2 ECs, values of some compounds against X. citri

Compound R Toxic regression equation r ECso/(ugemL ™"
F4 4-O,NC¢Hy y=0.7252x+4.1219 0.9871 16.3+2.5
Fs 4-CIC¢Hy y=0.9076x+3.6020 0.9559 3474123
Fe 4-FC¢H, y=0.9529x+4.0511 0.9581 9.9+2.1
F; 2,4-(CH;30),CeH3 y=0.6956x+4.1554 0.9889 16.4+1.0
Fg 3-0,NCgH, y=0.9427x+3.5545 0.9965 342424
Fo 2-CIC¢Hy y=0.8344x+3.9314 0.9978 19.1+2.7
Fyo 4-CH;0C¢H, y=0.7527x+4.0683 0.9897 17.34+2.8
Fu 4-BrCg¢H, y=0.8865x+3.8683 0.9899 18.9+2.8
Fys 4-CH;C¢Hy y=0.9412x+3.8669 0.9965 159+1.9
Bismerthiazol” — y=0.8357x+3.5466 0.9876 549+14
“The commercial bactericides (bismerthiazol) was used for comparison of antibacterial activity.
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K3 AR H bR A Y KR AR R ) ECso H ¢
Table 3 EC;, values of some compounds against X. oryzae
Compound R Toxic regression equation r ECs/(ugemL™")
F, Ph y=1.0838x+3.9378 0.9488 9.6+1.9
Fs 4-CIC¢H, »=0.7955x+3.7062 0.9066 423405
F, 2,4-(CH;0),C¢H; »=0.8195x+3.9491 0.9250 19.24+0.8
Fy 3-O,NCeH, »=0.8219x+3.6715 0.9099 413+1.4
F1o 4-CH;0C¢Hy4 »=0.8897x+3.6013 0.9524 373+1.5
Fi, Furan-2-yl »=0.9935x+3.5123 0.9899 314+22
Fi3 3,4-(CH;0),C¢H; »=0.9779x+3.5713 0.9402 289+1.4
Fi4 4-BrC¢H, »=0.8431x+3.6698 0.9886 37.84+0.8
Fis 2,4-Cl,C¢H; y=0.4375x+4.4190 0.9756 21.3+0.8
Bismerthiazol” — y=2.8364x+0.5935 0.9897 69.31+2.0

“ The commercial bactericides (bismerthiazol) was used for comparison of antibacterial activity.

R4 HER YIRS RRE ) ECso 18

Table 4 ECj, values of some compounds against R. solanacearum

Compound R Toxic regression equation r ECso/(ugemL™")
| O 3,4-(CH;),C¢H; y=0.7267x+4.1628 0.9547 142433
Fs 4-FCgH, y=0.8243x+4.0431 0.9917 14.5+49
Bismerthiazol” — y=0.9991x+3.2599 0.9399 82.6+0.9

“ The commercial bactericides (bismerthiazol) was used for comparison of antibacterial activity.

RIER 1~4 Fmvlmm, Ko Birb ey BEAHR
AR S . MR R T R MR A
4-NO,C¢H,+ 4-FCeH,. 4-CH;0CgH,. 4-CHCeH4 I, H
B A B W05 A A7 15 20 95 B B0 LB AR G () et v 1,
F4v Fg. Fion Fi6 1 ECso fH 217N 1631 9.9, 17.3. 159
pg/mL, SO0 X 2G5 i AG e, G HCEE A Ph.
2,4-(CH;0),C¢Hs. 3,4-(CH;0),C¢Hs. 2,4-CLCH; I, H
Bl &0t 7K A0 B R 30 EH AR 2 R R, G
Fi» Fo. Fi3. Fis 0 ECso {3518 9.6+ 19.2. 28.9. 21.3
pg/mL, ¥ 00 T o6 B2 50 RS e 2 HOAR R 4] A
3,4-(CH3),CeHs+ 4-FCeHy B, HFRA WX 0 B 5 il
B 7 I AR S (A GE M, U0 Fay Fe B9 ECso {4 HIA
14.2. 14.5 pg/mL, AT %5 B 24570 - Al .

1.3.3  EHARMA 4 Fo 344G 3 95 7% B (X, citri)tE A AL
a5 524

S BRI B (X, citrd) R TR
LRI, A AR A 2R, KN —, BT
#E, 25 ng/mL Fe 24040 F2 5 20 TR A 4 799 i 14 UL 20 AR B
B, AR TIEILR; 50 pg/mL Fg 25 A0 FR /5 14 1A 41 i %
AN [F) R B PRI 2R, At Py 25

2 Zhig

DI . BOGE . 1,2- R S e A =
MESENJEORE, 2N ROSE R 16 AN BT Y S BRI — I
1 4-I% )f5-3-FASRAT AN, AP i vl AR B
BRI T 7K 1 AR T3 B RO 575 A
AT E M. 80 e & 0k =Rl
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K&

Figure 1 SEM images for X. citri after incubated in different
concentration of compound Fg

(a) c(Fg)=0 pg/mL, (b) c(Fs) =25 ng/mL, (c) c(Fg)=50 pg/mL

ECs BT X REZG Al $938 A Se g R i) 2Rk
R AR A 5 0 9 TR (1 400 T L 1 A2 o B A 24 R ) 4
M, SR SR AN TE B, T S0 R 1 H 1.

3 SNy
31 B 5EHHA

Bruker ASCEND 400 %400 MHz)#% b 3 L3RI A
[P0 A LR B (TMS) A N A%, Hiit Bruker /A #]]; Thermo

Scientic Q Exactive =70 # IS (HRMS, FEER G H /K
BHEARAA); X-4 BEF BHEUE S A AL R
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X R A F]); Sartorius HL T AT (15 [E 3§ 2 FIHT£E H]);
QY-20 Y = H &AM A (LT 2 5 HAEs ) ). 1,2-
TR G AUREE T R IR A R A F]; K
G AR EA AT BTl ik AL B
(1A BT 15 S IROCHR[25]; HIER C. DL E 1A RO
Z [ CHR[26, 27].

3.2 BirkEM Fi~Fis IERK

£ 100 mL (O EJEFRS A 0.5 g HiEfk B
(3.8 mmol)+ 1.3 g K,CO5 (9.6 mmol)F1 60 mL N,N- . F 3
L fZ(DMF), %838 EE 0.5 h, SRIGZE AN 1.1 g d]
& E (3.2 mmol) ) DMF ¥, 4k&:ditt 6~8h. #Z M
WE(TLO) BRIEF S B, 2 M 45 o, 2 1k e B, M i
100 mL (7K 8, LFR CBRZEI(25 mL), & ANLZ,
FAML A 2R 7K WEVR (40 mL X 3). /KRB T4 %
B LW, S, S ERAS 2 B EY
F;~F.

1-(4-(2-((4- R FL-5- FF -4 H-1,2,4- = M3 FE) B 3L )
LATE) IR I )-5- TR I -1,4- 1 05 -3- T (Fy): 2 €8 [ 4,
& 60%. m.p. 130.2~131.4 ‘C; '"H NMR (400 MHz,
DMSO-dg) d: 7.80 (d, J=6.3 Hz, 2H), 7.76 (d, J=5.8 Hz,
2H), 7.72 (t, J=5.8 Hz, 2H), 7.46 (t, J=6.8 Hz, 1H), 7.42
(t, J=5.5 Hz, 2H), 7.31 (d, J=7.0 Hz, 1H), 7.20 (d, J=7.1
Hz, 1H), 7.07 (d, J=7.6 Hz, 1H), 7.02 (d, J=7.9 Hz, 1H),
5.87 (s, 2H), 4.32 (t, J=6.3 Hz, 2H), 3.49 (t, J=6.3 Hz,
2H), 2.28 (s, 3H); *C NMR (100 MHz, DMSO-d;) o:
188.82, 160.58, 153.87, 151.15, 143.16, 142.74, 135.28,
130.95, 130.89, 129.45, 128.97, 128.05, 126.25, 124.01,
115.46, 66.82, 30.11, 10.25; ESI-HRMS caled for
C,,H,30,N,S [M+H]™ 407.15362, found 407.15302.

1-(4-(2-((4- R F-5- 1 F -4H-1,2,4- = M -3-F5) B )
R FE ) TR L )-5-(WE Wy -2-F5)-1,4- 1% 45 -3-BH (F,): ¥t
44, UK 51%. m.p. 147.4~148.8 ‘C; 'H NMR (400
MHz, DMSO-dy) 8: 7.95 (d, J=5.8 Hz, 1H), 7.77 (d, J=
5.9 Hz, 1H), 7.75 (d, J=5.5 Hz, 1H), 7.74 (d, J=5.8 Hz,
1H), 7.69 (d, J=5.9 Hz, 1H), 7.59 (d, J=6.4 Hz, 1H), 7.25
(d, J=5.9 Hz, 1H), 7.19 (t, J=7.5 Hz, 1H), 7.05 (d, J=7.2
Hz, 2H), 6.96 (d, J=6.8 Hz, 1H), 5.86 (s, 2H), 4.34 (t, J=
6.4 Hz, 2H), 3.50 (t, J=6.3 Hz, 2H), 2.29 (s, 3H); °C
NMR (100 MHz, DMSO-ds) J: 188.12, 160.55, 153.84,
151.11, 142.75, 140.34, 135.69, 132.86, 130.95, 130.51,
129.21, 128.08, 125.23, 123.79, 115.44, 66.84, 30.16,
10.24; ESI-HRMS calcd for C,yoH,;0,N4S, [M—i—H]+
413.11004, found 413.10922.

1-(4-(2-((4- R F-5- 1 F -4H-1,2,4- = M -3-F5) B 36
LRI ) R HE)-5-(3,4- W R IR IE)-1,4- 11 i -3 (F 5):
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O E K, BE 34%. mp. 90.2~91.8 “C; "H NMR (400
MHz, DMSO-dy) J: 7.75 (d, J=6.1 Hz, 1H), 7.73 (d, J=
5.4 Hz, 1H), 7.72 (d, J=6.6 Hz, 1H), 7.68 (d, J=5.9 Hz,
1H), 7.57 (d, J=6.4 Hz, 1H), 7.50 (d, J=6.8 Hz, 1H), 7.27
(s, 1H), 7.23 (d, J=5.8 Hz, 1H), 7.20 (d, J=7.0 Hz, 1H),
7.06 (d, J=7.8 Hz, 2H), 5.86 (s, 2H), 4.34 (t, J=6.4 Hz,
2H), 3.50 (t, J=6.4 Hz, 2H), 2.30 (s, 3H), 2.27 (s, 3H),
2.26 (s, 3H); “C NMR (100 MHz, DMSO-d;) J: 188.76,
160.52, 153.84, 151.09, 143.00, 142.77, 139.78, 137.36,
132.87, 130.87, 130.56, 129.89, 128.12, 126.68, 125.19,
124.13, 11548, 66.87, 30.22, 19.91, 19.79, 10.23;
ESI-HRMS calcd for C,,H»,0,N,S [M+H]" 435.18492,
found 435.18408.

1-(4-(2-((4- R F-5- 1 FL4H-1,2,4- = M -3-F5) B 3 )
CRFE) IR IE)-5-(4- T B 2R 3E)-1,4- T M5 -3- TR (F): P (R
A, WR: 34%. mp. 137.2~138.5 C; 'H NMR (400
MHz, DMSO-dy) &: 8.33 (d, J=7.5 Hz, 2H), 8.10 (d, J=
7.3 Hz, 2H), 7.87 (d, J=6.0 Hz, 2H), 7.80 (d, J=6.8 Hz,
2H), 7.59 (d, J=6.4 Hz, 1H), 7.26 (d, J=6.0 Hz, 1H), 7.11
(d, J=17.8 Hz, 2H), 5.90 (s, 2H), 4.38 (t, J=6.3 Hz, 2H),
3.54 (t, J=6.4 Hz, 2H), 2.33 (s, 3H); °C NMR (100 MHz,
DMSO-dg) o: 188.68, 160.77, 153.85, 151.11, 148.43,
144.05, 141.89, 139.92, 131.07, 129.94, 129.80, 127.93,
124.51, 124.02, 115.53, 66.87, 30.14, 10.24; ESI-HRMS
caled for CyH»O,NsS [M+ H] " 452.13870, found
452.13791.

1-(4-(2-((4- 5 JE-5- F -4 H-1,2,4- = M -3- ) B 3
ORI FRHL)-5-(4-F R IE)-1,4- 0 I -3-BH(Fs): Tl
&, WE: 54%. mp. 165.8~167.1 ‘C; 'H NMR (400
MHz, DMSO-dy) J: 7.84 (d, J=6.6 Hz, 2H), 7.78 (d, J=
6.1 Hz, 2H), 7.75 (d, J=6.0 Hz, 1H), 7.54 (d, J=6.5 Hz,
2H), 7.39 (d, J=6.1 Hz, 1H), 7.22 (d, J=6.0 Hz, 1H), 7.08
(d, J=7.9 Hz, 2H), 7.04 (d, J=7.7 Hz, 1H), 5.89 (s, 2H),
436 (t, J=6.4 Hz, 2H), 3.52 (t, J=6.3 Hz, 2H), 2.31 (s,
3H); C NMR (100 MHz, DMSO-dy) J 188.74, 160.62,
153.85, 151.12, 143.36, 141.25, 135.33, 134.27, 130.95,
130.64, 129.49, 128.01, 126.82, 124.06, 115.49, 66.84,
30.14, 10.24; ESI-HRMS calced for CpH,,0,N,CIS [M+
H]" 441.11465, found 441.11404.

1-(4-(2-((4- R Fe-5- 1 F 4H-1,2,4- = M 355 ) B 3 )
LRI TR FE)-5-(4- T AT )-1,4- TR —)5-3-B(Fg): 75 (0 [
&, WK 50%. mp. 122.5~123.7 ‘C; 'H NMR (400
MHz, DMSO-dy) &: 7.87 (d, J=6.0 Hz, 1H), 7.85 (d, J=
6.9 Hz, 1H), 7.80 (d, J=6.8 Hz, 1H), 7.75 (d, J=6.0 Hz,
3H), 7.34 (d, J=6.9 Hz, 1H), 7.30 (d, J=6.2 Hz, 2H), 7.20
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(d, J=7.0 Hz, 1H), 7.06 (d, J=7.9 Hz, 2H), 5.86 (s, 2H),
434 (t, J=6.4 Hz, 2H), 3.51 (t, J=6.3 Hz, 2H), 2.30 (s,
3H); *C NMR (100 MHz, DMSO-d;) 6: 188.75, 160.59 (d,
J=247.0 Hz), 153.84, 151.09, 143.15, 141.49, 131.98,
131.29, 130.90, 128.06, 126.13, 124.07, 116.58, 116.36,
115.50, 66.88, 30.21, 10.24; ESI-HRMS calcd for Cy,Ha,-
O,N,FS [M+H]" 425.14420, found 425.14322.

1-(4-(2-((4- R F-5- 1 F -4H-1,2,4- = M -3-F5) B )
CAKE) I )-5-(2,4- — AR R IR R )-1,4- 18 — 0 -3- T
(F7): BEE R, UE: 31%. mp. 132.5~134.1 'C; 'H
NMR (400 MHz, DMSO-dq) d: 7.89 (d, J=6.9 Hz, 1H),
7.73 (d, J=6.4 Hz, 2H), 7.67 (d, J=6.0 Hz, 1H), 7.58 (d,
J=6.4 Hz, 1H), 7.24 (d, J=6.0 Hz, 1H), 7.15 (d, J=6.9
Hz, 1H), 7.08 (d, J=7.9 Hz, 1H), 7.04 (s, 1H), 6.73 (d, J=
7.9 Hz, 1H), 6.63 (d, J=7.7 Hz, 1H), 5.86 (s, 2H), 4.35 (t,
J=6.4 Hz, 2H), 3.90 (s, 3H), 3.84 (s, 3H), 3.50 (t, J=6.3
Hz, 2H), 2.30 (s, 3H); *C NMR (100 MHz, DMSO-d;) o:
188.64, 163.33, 160.43, 160.31, 153.84, 151.10, 142.29,
137.52, 130.79, 130.48, 128.16, 124.90, 123.72, 116.42,
115.45, 106.77, 98.85, 66.84, 56.25, 55.99, 30.19, 10.24;
ESI-HRMS caled for C,yH»O4N,S [M+H]" 467.17475,
found 467.17401.

1-(4-(2-((4- R FE-5- FF -4 H-1,2,4- = M -3-FE) B 3L )
A HE) R IE)-5-(3- B 2K FE)-1,4- 10— Hs-3- B (Fg): P €0
A, We: 40%. mp. 128.4~130.0 ‘C; 'H NMR (400
MHz, DMSO-dq) 0: 8.63 (s, 1H), 8.28 (d, J=7.9 Hz, 1H),
8.25 (d, J=7.7 Hz, 1H), 7.89 (t, J=7.1 Hz, 1H), 7.83 (d,
J=6.9 Hz, 1H), 7.79 (d, J=6.1 Hz, 2H), 7.74 (d, J=6.0
Hz, 1H), 7.55 (d, J=6.5 Hz, 1H), 7.22 (d, J=6.0 Hz, 1H),
7.08 (d, J=17.9 Hz, 2H), 5.87 (s, 2H), 4.35 (t, J=6.4 Hz,
2H), 3.50 (t, J=6.3 Hz, 2H), 2.30 (s, 3H); *C NMR (100
MHz, DMSO-ds) o: 188.73, 160.71, 153.85, 151.11,
148.83, 143.77, 140.21, 137.21, 134.89, 131.00, 130.91,
128.63, 127.98, 124.97, 123.97, 123.30, 115.51, 66.87,
30.16, 10.24; ESI-HRMS calcd for C5,H,,04NsS [M+H]"
452.13870, found 452.13766.

1-(4-(2-((4- R FE-5- 1 -4 H-1,2,4- = W3- FE) B 3L )
LAKE) TR HE)-5-(2- KT )-1,4- 1 I -3-BH (Fy): Tl
K, UK 29%. mp. 155.9~157.1 ‘C; 'H NMR (400
MHz, DMSO-dj) d: 8.05 (d, J=7.9 Hz, 1H), 7.95 (d, J=
6.1 Hz, 1H), 7.86 (d, J=6.1 Hz, 1H), 7.75 (d, J=6.0 Hz,
2H), 7.57 (d, J=6.4 Hz, 1H), 7.52 (t, J=6.3 Hz, 1H), 7.47
(t, J=6.6 Hz, 1H), 7.45 (d, J=6.0 Hz, 1H), 7.12 (d, J=7.9
Hz, 1H), 7.07 (d, J=7.7 Hz, 2H), 5.87 (s, 2H), 4.35 (t, J=
6.4 Hz, 2H), 3.51 (t, J=6.3 Hz, 2H), 2.30 (s, 3H); "°C
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NMR (100 MHz, DMSO-d) J: 188.49, 160.74, 153.85,
151.10, 144.02, 137.08, 134.61, 132.97, 132.22, 131.03,
130.54, 128.69, 128.21, 128.19, 127.92, 124.84, 115.53,
66.87, 30.17, 10.24; ESI-HRMS calcd for C,,H»,0,N,CIS
[M+H]" 441.11465, found 441.11404.

1-(4-(2-((4- R Fe-5- 1 F 4H-1,2,4- = M 3-F5) B )
LR TR ) R HL)-5-(4- F A B DR R )-1,4- 1] 0 -3- T (F )
WK, BE: 62%. mp. 138.3~139.9 ‘C; 'H NMR
(400 MHz, DMSO-d;) d: 7.76 (d, J=6.4 Hz, 3H), 7.74 (d,
J=6.0 Hz, 2H), 7.71 (d, J=6.0 Hz, 1H), 7.22 (d, J=6.5
Hz, 1H), 7.18 (d, J=6.6 Hz, 1H), 7.06 (d, J=7.8 Hz, 2H),
7.03 (d, J=7.7 Hz, 2H), 5.87 (s, 2H), 4.34 (t, J=6.4 Hz,
2H), 3.82 (s, 3H), 3.51 (t, J=6.4 Hz, 2H), 2.29 (s, 3H); "°C
NMR (100 MHz, DMSO-d) d: 188.65, 161.66, 160.47,
153.86, 151.13, 142.74, 142.55, 130.84, 130.80, 128.13,
127.83, 124.09, 124.08, 115.44, 114.95, 66.81, 55.84,
30.11, 10.24; ESI-HRMS calcd for Co3H,s05N,S [M+H]"
437.16419, found 437.16360.

1-(4-(2-((4- R FE-5- F -4 H-1,2,4- = W3-8 ) i L )
LRI HHE)-5-(4- FF FHEWEMR-5-FE)-1,4- 1% )5 -3-TH (Fyy):
B E R, R 42%. mp. 144.4~1459 C; 'H NMR
(400 MHz, DMSO-d) d: 9.12 (s, 1H), 7.89 (d, J=6.5 Hz,
1H), 7.76 (d, J=6.0 Hz, 2H), 7.72 (d, J=7.9 Hz, 1H), 7.26
(d, J=6.1 Hz, 1H), 7.06 (d, J=7.8 Hz, 2H), 6.91 (d, J=
7.9 Hz, 1H), 5.87 (s, 2H), 4.34 (t, J=6.4 Hz, 2H), 3.50 (t,
J=6.4 Hz, 2H), 2.57 (s, 3H), 2.30 (s, 3H); *C NMR (100
MHz, DMSO-ds) 6: 187.84, 160.63, 156.81, 155.35,
153.85, 151.11, 143.20, 132.03, 131.07, 129.22, 128.15,
128.02, 123.77, 115.44, 66.85, 30.15, 15.97, 10.24; ESI-
HRMS caled for C,0H»O,NsS, [M+H]" 428.12094,
found 428.12033.

1-(4-(2-((4- R Fe-5- 1 F4H-1,2,4- = M 355 ) B )
LR FE) ZRIE)-5-(WR IR -2-38)-1,4- T —45-3- (Fyp): T8
A, R 50%. m.p. 150.4~151.9 C; '"H NMR (400
MHz, DMSO-dy) 6: 7.91 (d, J=6.5 Hz, 1H), 7.76 (d, J=
6.0 Hz, 2H), 7.69 (d, J=5.9 Hz, 1H), 7.60 (d, J=6.4 Hz,
1H), 7.23 (d, J=6.2 Hz, 1H), 7.05 (d, J=7.5 Hz, 2H), 7.01
(t, J=7.9 Hz, 1H), 6.97 (d, J=7.0 Hz, 1H), 6.69 (d, J=7.9
Hz, 1H), 5.88 (s, 2H), 4.34 (t, J=6.4 Hz, 2H), 3.51 (t, J=
6.4 Hz, 2H), 2.30 (s, 3H); *C NMR (100 MHz, DMSO-d;)
J: 188.15, 160.55, 153.86, 151.51, 151.13, 146.51, 142.79,
130.97, 129.46, 128.05, 123.92, 123.46, 117.00, 115.42,
113.53, 66.82, 30.14, 10.24; ESI-HRMS caled for
CaoHy 05N,S [M+H]" 397.13289, found 397.13223.

1-(4-(2-((4- 5 FE-5- T -4 H-1,2,4- = M3 ) B 3
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LSRR ) I )-5-(3,4- — WA R IR R )-1,4- 1 — 0 -3- T
(Fp3): A, % 41%. mp. 101.1~102.3 C; 'H
NMR (400 MHz, DMSO-dq) d: 7.75 (d, J=6.1 Hz, 2H),
7.72 (d, J=5.5 Hz, 1H), 7.67 (d, J=5.9 Hz, 1H), 7.41 (s,
1H), 7.33 (d, J=7.0 Hz, 1H), 7.25 (d, J=6.9 Hz, 1H), 7.20
(d, J=6.9 Hz, 1H), 7.06 (d, J=7.8 Hz, 2H), 7.03 (d, J=
7.6 Hz, 1H), 5.87 (s, 2H), 4.34 (t, J=6.4 Hz, 2H), 3.85 (s,
3H), 3.82 (s, 3H), 3.51 (t, J=6.3 Hz, 2H), 2.30 (s, 3H); "°C
NMR (100 MHz, DMSO-ds) J: 188.63, 160.47, 153.85,
151.54, 151.12, 149.46, 143.23, 142.42, 130.82, 128.15,
128.04, 124.46, 123.97, 123.68, 115.45, 112.12, 110.98,
66.84, 56.08, 56.06, 30.17, 10.24; ESI-HRMS calcd for
CoyHy,04N,S [M+H]" 467.17475, found 467.17389.

1-(4-(2-((4- A F-5- 1 L -4H-1,2,4- = M -3-F5) B )
LRI )R )-5-(4-TRIKFL)-1,4- 1% —H5-3- B (Frq): P ER
A, R 43%. mp. 185.0~186.4 C; 'H NMR (400
MHz, DMSO-d) d: 7.79 (d, J=6.1 Hz, 3H), 7.73 (d, J=
5.5 Hz, 3H), 7.67 (d, J=5.8 Hz, 2H), 7.39 (d, /=6.1 Hz,
1H), 7.21 (d, J=6.8 Hz, 1H), 7.07 (d, J=7.7 Hz, 2H), 5.87
(s, 2H), 4.35 (t, J=6.4 Hz, 2H), 3.51 (t, J=6.4 Hz, 2H),
2.31 (s, 3H); °C NMR (100 MHz, DMSO-d) J: 188.74,
160.63, 153.84, 151.09, 143.36, 141.34, 134.61, 132.42,
130.94, 130.85, 128.03, 126.89, 124.18, 124.07, 115.50,
66.87, 30.19, 10.24; ESI-HRMS calcd for C»,H,,0,N4BrS
[M+H]" 485.06414, found 485.06293.

1-(4-(2-((4- R F-5- 1 F -4H-1,2,4- = M -3-F5) B )
LR IR ) AR I )-5-(2,4- SR TR )-1,4- 1 05 -3- 1 (F15):
WA, JTE: 35%. mp. 165.1~166.6 ‘C; 'H NMR
(400 MHz, DMSO-d;) J: 8.07 (d, J=7.8 Hz, 1H), 7.88 (d,
J=6.1 Hz, 1H), 7.84 (d, J=6.6 Hz, 1H), 7.75 (d, J=6.1
Hz, 2H), 7.73 (s, 1H), 7.55 (d, J=6.4 Hz, 1H), 7.53 (d, J=
6.4 Hz, 1H), 7.09 (d, J=7.9 Hz, 1H), 7.06 (d, J=7.8 Hz,
2H), 5.86 (s, 2H), 4.34 (t, J=6.4 Hz, 2H), 3.51 (t, J=6.3
Hz, 2H), 2.30 (s, 3H); *C NMR (100 MHz, DMSO-d;) o:
188.39, 160.78, 153.84, 151.08, 144.20, 135.85, 135.81,
135.39, 132.08, 131.04, 130.01, 129.93, 128.68, 128.46,
127.90, 124.84, 115.55, 66.88, 30.19, 10.24; ESI-HRMS
caled for C,H, 0,N4CL,S [M~|—H]+ 475.07568, found
475.07510.

1-(4-(2-((4- R F-5- 1 e -4H-1,2,4- = M -3-F5) B )
LA )RR )-5-(4- H L ORI )-1,4- 11 0 -3l (Fp6): 35
O E A, W 63%. mp. 169.0~170.8 ‘C; 'H NMR
(400 MHz, DMSO-dq) d: 7.77 (d, J=6.0 Hz, 1H), 7.75 (d,
J=6.1 Hz, 2H), 7.73 (d, J=5.5 Hz, 1H), 7.69 (d, J=5.9
Hz, 2H), 7.30 (d, J=6.0 Hz, 2H), 7.27 (d, J=6.2 Hz, 1H),
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7.22 (d, J=6.0 Hz, 1H), 7.07 (d, J=7.7 Hz, 2H), 5.87 (s,
2H), 4.35 (t, J=6.4 Hz, 2H), 3.51 (t, J=6.4 Hz, 2H), 2.36
(s, 3H), 2.31 (s, 3H); *C NMR (100 MHz, DMSO-dj) o:
188.77, 160.54, 153.84, 151.10, 142.88, 142.78, 140.90,
132.55, 130.89, 130.07, 128.98, 128.11, 125.34, 124.11,
115.47, 66.86, 30.19, 21.55, 10.24; ESI-HRMS calcd for
Ca3Hps0,N,S [M+H]" 421.16927, found 421.16855.

3.3 BRMAYRINEE ML

SR EE, DG B /KRS 1 Al i AN
LT Al B A DN 5, D P Ak A Ay S 56 0k HE 24 554,
7E100 150 pg/mL < FE TR, MR H bR &9 4R 40
TR,

VLR AG 2708 R 7K A 0 A1 AR 0 5 A g
AR E SRR e 3R HE(NA, 5.0 g B AR, 1.0 g2 ERH, 3.0
g ‘FIAE, 10.0 g % BE, 15.0 g FAEAT 1000 mL —7kIK)
AR R L8R, SRIEE T 26~28 “CIHHE G4 B 5
FRPRFRE K BETE. RIS &I ORIV, K
Hl R 72 Wz 7R 3E(NB, 5.0 g EAME, 1.0 g BELEER,
3.0 g FE, 10.0 g Hi & AT 1000 mL — /K )& RS 5%
b fE26~28 “C. 180 r/min TEIRIEAK TR 5725
SRR KA.

Bk A VA 2GR 100 AT 50 pg/mL KR JE,
23 SE T mL A F%EH 4 mL NB AR 32 3L 18,
T IS E 40 pL & A ARG TR B KRS B R
T R0 1 1) NB A BE =B IR, T 26~
28 C. 180 r/min HIRFEIRIRGHGTE 24 h. 1E/ LR
T b, WE 595 nm BEAKAINZ TCH NB ARG 7R 1)
ODsos 1B, LA 52 AN B2 [ B ODsos {H.

1 IE ODsos fH =75 B B5 753 ODsos— JE A 15 752 ODsos
PN (%) = (1 IF Ja X B B 752 L B ODsos — 2 IE 5 2
Br 7755 ODsos)/ IR IE Ji 0 BB 75 35 B OD {E X 100%.
34 FEBEBEREEE

T 1.5 mL A2 Z 0 BOW AR 50298 B (X citri)
BT 2 mL B0, (K B 0(6000 1/min)Z) 1 min,
fEHTE B0 E], N 1 mL BERR 22 I W(PBS, pH
=7.2)LAVE B TR, SRS FIINN 1.5 mL PBS SR,
kiR ER, RGN HIRLEY Fe 253 HK
FESr R 25 F150 ug/mL, 4% AR IR AN I 5 7 AR
(DMSO0) 10 uL, =i E 8~10 hi*Y,

WLE B G BV 1 mL T 2 mL 20 PG B0
(6000 r/min)%) 1 min, fFAH R 25O, 725 HIGW, T
JERRH 1 mL PBS 5 3 IRLABE 2257, A 1
mL 2.5%J% B8 [F 5 Wl 2 8~10 h il %4 C), F 2
[ 2, A 1 mL PBS ¥R 3 Ik LAvE 251 1,
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A3 B 1 mL 30%- 50%+ 70%- 90%- 100% (3 ¥X)Z
BEMR AT /K B 3 (R IR B #4) 10~15 min), BisK/G
FEGE TR IETIRIA R TR 2 hy TIREAR RZEHKS
FEL W54 5 AT F 85 (Nova Nano SEM 450)l4.

45 Bh#1 B} (Supporting Information)

Hh ) R H ARk

AW HNMR, ° C NMR, HRMS i &, X esptRla] bl
G 9l AT 9 328 (http://sioc-journal.cn/)_F R %K.
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