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Synthesis and Antibacterial Activity of Thienyl Chalcone Derivatives
Bearing Piperazine Moiety

Tang, Yanling’ Li, Minxin Yang, Xiaobi Gao, Hui Mao, Zewei*
(College of Pharmaceutical Science, Yunnan University of Chinese Medicine, Kunming 650500)

Li, Yongkun'

Abstract Chalcone derivatives are a kind of 1,3-diphenylacrylketone compounds with a broad range of biological activities.
A series of new thienyl chalcone derivatives bearing piperazine moiety have been designed and prepared based on the principle
of bioisosteres and molecular hybridization. Their antibacterial activities against Staphylococcus aureus Rosenbach, Esche-
richia coli and Bacillus subtilis were evaluated. The results showed that thienyl chalcone derivatives exhibited good selective
inhibitory activities against the three tested strains, respectively. Especially, (£)-1-[4-(4-methylcinnamatemethylpiperazinyl)-
phenyl]-3-(thien-2-yl)propyl-2-ketene (4b) and (E)-1-{4-[4-(2-oxophenethyl)piperazinyl]phenyl}-3-(thien-2-yl)propyl-2-kete-
ne (4e) were found to be very sensitive to Bacillus subtilis, and the minimum inhibitory concentration (MIC) is 4.0 pg/mL
against Bacillus subtilis.

Keywords thiophene; chalcone; antibacterial activity; MIC
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Figure 1 Candidate drugs of chalcones

I E VR VF 2 T R IR VI R A Sk e,
InZEE 3R B R & RN I7 24830, 443K P& A LG,
BE SRR SE 2 B A IR A AR 4y 1 A
TH A B WAIRIN, ARAEAE BT AEHRE R 2t
JEBE, 455 2R B ORI 5 T RE1S B B A AU AR P A
&Y. EHE R AR T — RABEG . BRI A
WER AT R BRAT AR, 2930 SEI0 R BRSNS A
BRI BA B I E T (Scheme 1, A). 7k BUEESIx &
BH B RO MRy o TR I ML 7 /)X R 2R AT AR AT 1 R L
REHETT, KIS E V0 5 o8 (38 %) BR 1A L 3R
KIGRA B i T) T A PP 278 R < B €0 6 BR T

2 I AR B ()G PE(Scheme 1, B).

Chalcones with antibacterial activity ~ Antibacterial quinolone drugs

A thienyl chalcone

B 1 Wy B R ERAT AR B S

Scheme 1 Synthetic strategy of thienyl chalcone derivatives
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N-77 FERIGE v B DR (R 3 1) A2 0 1 A g PRI A%
R, WA IR T4 7. IR RIRZ
M EH S B, I EAARMER RIS 2, W
D B (C) RSP (D) (Scheme 1). 7ERT R 78,
AT N-J5 BRI AR SRR =i AT T R ROR
RWETE. SRR, ERIFMRmG ., BRI 2R 2455
KRR T ol N N-J7HEIRE 5, HAYENY
A ISR UCL A, St R B A R 7 R ER AT A
WEAT TR, RIGZA G B A R 20 iR s 1
PRI, BTk, AR AEY i S A A
TEPENE G5 PEE TR, KRR BTG 5] N 3 ey A K W O3
T, DU BRI AR A s MR S S A& .

AHEFE AR AN 4- 500K SRR, 20 B A
B 4-IREER TG, fi5 2-BEy PR R & )
A g DR v ] A R P A Wy 7 /KB (2), B Je i NH
HHTHTAEA, ARAEREIT 16 DNRISCHRIRIE MATAEY)
3~5(Scheme 2, % 1), HEEHZ4 'THNMR, "C NMR Al
HRMS FHE. VAR E . AEHEDE. Sty 24
PEXTHR, K H K-B 400§ BUE I 1 AT A% 4 5 0
I EK B (Staphy- lococcus aureus Rosenbach) Kty
(Escherichia coli) MV 2F fUAT 1R (Bacillus subtilis) 4
BRIV 1, ﬁlyﬁfjéA%Wxﬁlﬁé?ﬁnﬁfﬁTmﬁ
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Scheme 2 Synthesis of thienyl chalcone derivatives
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Table 1 Structures of title compounds

Compd. R Yield/%
3a CH; 89
3b CICH, 77
3c CICH,CH, 82
3d CH,=CH 74
3e CH,=C(CHs;) 83

(e}
4a /\O )L%
—0
4b }/._//_QM 78
0
4c F3c©~w 80
4d NC@N 82
o)
4e Ej)K 70
0
4f ﬁ 75
F
5a Hac@N 83

5h F@w 79
5¢ Br@w 71

5d F3CO

86

82

.

Se FsC 72

:

WIFRATT 22 H AR FE 20 e A 2 34T &, RELCE
B, BEEEE TARURES, IR 4-500K SR Z B
JRNERL 4-WRIEZR ZHR(L), TS 2-MEmy HIE & 2 40
& A BOIR AR E gy KR (2), #JE XS NH BEATATAE
1. BT R SARIR AN, H s MY #R AR
1.2 mEEM

PLERID R ERRID R S0 2P YEXT 2,
KH K-B 4R 3 HUEMAR T8 & ufh &9 i )
SEMEVPAN L S AN B TEPE. BB MR S s R F Bk
(Staphylococcus aureus Rosenbach) < K W 1% #i
(Escherichia coli) k¥ 2F #1 K W (Bacillus  subtilis). I
REE R WA 2.
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BRBHTEXT 25 LA, B ARG S 100 fEFRE 2
1000 £ 7R85 FIHI B BBl 350/ T 7 mm. 218 24 20 523000
T, %22 ML REIR, 2.5 mg/mL ) 3a. 4f. 5e 1
[ s %o < 4 0 1 267 3R BT SR S 2 FOAT T b BE URR, L
SRICIIE TG E; 4a. 4f. 5a. 5b Al 5d 1 [E] I XA 2 24
MR SR e A T vh BEBBURK, VRS MRS, 3by 3d Y
X Al B 2 SRR IR P B RURR, HVERIVE VR 5 4b K de S50
il B 2 RUFT BT oo B UK, F R T PR IR 0, de BRI
PR, ANELS Al B 25 FLAT B A0 /1) BE AR 5, (RIS ) <6
BT A BR R B K e A 1 2 R A . A
K&, ARG YIRS RS PR 1 3 A B 13 B T
P, XA RE S B SEHA K.

b5, M T B E PR 11 ML SR AR
PR EEMIC)™, ZER WL 3. LSRR, &Y
3a. 3b. 3d. 4a. 4b. de. 4f. 5a. 5b. 5d fl5e 11 |
A s Bl B 2F A TR A B BE 1R 58, b 4b AT e
HIRARIN IR LA 4.0 pg/mL, o HAR 58 A0 3 %
P LG 3a. e Se X4 H 4 47 BR B ) SR AR R VR
FEYIN 64 pg/mlL, 4F S 4 35 (056 4 BR B 1) S5 (LG B A 5
N 32 pg/mL, RN HEBERINERE 1, (G 4e. Sa F
5d % K5 W AR 200y 32, 32, 16
ng/mL, 05 A8 AR,

2 i

AR SR AR ) L S A RIS M U 45 A SR T B
JREE, WA AT 16 AN WL SCHERHRIE 3T BRI HUAR
WEWY 25 R BRATAEY) 3~5, FEAT LA MEET T RAE. R
K-B 409 8L AR T H ba ik & 20 1 BB G R R I
PRI, 5 EoR, ZIMA W BAT B AN S 1,
HALEY) 4b T de XIAS B LEAUAF B S AR B IR BN 4.0
pg/mL.

3 ZWERSY
3.1 UHF5EH

Bruker AM 400 IR HEAL, TMS HHHR; Au-
toSpec Premier P776 Y XU & £ = f5 Y W T 151X ;
YXQ-LS-50S 1T B2 % 77 KB #%; CHA-S B iRH IR
PR 2%, MGC-250 BOERRELFRF. i A RA I N
AT, R SR el AT 4T AL B
32 EYER
3.2.1 4-%RF AR TEA(1)H A A%

HY 4-54 2. H(2.76 g, 20 mmol)FI T /K IREE(3.44 g,
40 mmol) T 100 mL FERLIEH, MMA 60 mL 52
VIR, FRINATC/KBRIREH(5.52 g, 40 mmol), FF7EMH
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K2 AEAFKRE N AP0 EA% (mm)

Table 2 Inhibition zone diameters (mm) of compounds with different concentrations

e S R ] BR R Fili 5 25 FAT PN RN
2.5 mg/mL 0.25 mg/mL 2.5 mg/mL 0.25 mg/mL 2.5 mg/mL 0.25 mg/mL
2 9.6 6.7 8.9 7.1 8.4 6.7
3a 12.6 7.5 13.8 7.9 8.1 —
3b 8.2 — 13.4 8.1 9.7 7.2
3¢ — — 8.5 6.6 9.2 7.1
3d — — 11.9 7.6 8.6 6.8
3e — — 9.8 7.0 8.1 —
4a 8.0 6.6 13.1 8.2 10.4 8.2
4b 9.4 7.1 18.4 9.3 9.9 8.7
4c 7.6 — 9.6 7.0 10.1 7.2
4d — — 9.7 7.5 8.4 6.8
4e 11.9 7.9 19.0 9.4 11.3 7.6
4f 13.7 8.2 14.1 7.7 10.4 7.8
5a 9.5 6.9 12.8 7.0 11.8 7.1
5b 8.6 - 11.5 7.9 10.6 7.6
5¢ 9.7 6.9 9.0 7.4 10.7 7.5
5d 9.6 7.0 12.6 7.7 13.1 8.3
Se 12.9 7.2 12.8 8.1 9.7 7.0
Ofloxacin 35.1 249 453 31.2 42.6 30.2
Levofloxacin 38.2 26.4 47.8 34.5 46.8 327
Moxifloxacin 39.7 29.5 44.6 32.9 44.1 31.8
=7 SRRTERE.

3 HHEYIN MIC {E (ng/mL)*
Table 3 MIC of some compounds (pg/mL)

e  EROMEKE MEFATE KRG E

3a 64 16

3b — 16 —

3d — 32 —

4a — 16 —

4b — 4.0 —

4e 64 4.0 32

4f 32 16 —

5a — 32 32

5b — 32 —

Se 64 32 —

5d — 32 16
Ofloxacin 0.50 0.25 0.063
Levofloxacin 0.25 0.13 0.031
Moxifloxacin 0.063 0.25 0.031
¢ RIR YA IR ISR AR S

FInFAE 12 he #EOE(TLOM N R N 5E R 5,
KBIEIN 200 mL GK/K i HE 10 min, A K EE AT
L ghiE, AR KRR (50 mL X 3), FAETRE %
wOER, AT A E T T — 2 .
322 (E)-1-(4-9% "% 2 R AK)-3-(Fvp-2- 2 ) 7 -2- 1 B
(2)89 & Rk,

FREX 3R & H1b &40 1 (2.04 g, 10 mmol) A1 2-1E
Wy (1,12 g, 10 mmol) i T~ 100 mL [EJEHHH A+, Fhn
A 30 mL FREZVAfE, TEOKKIG T orfieinN 3 g S
[k, 4k S h, I EATH R =R, TLC Rl M 58
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B, A 60 mL #7K, FEH =S FHE(DCM)ZEEL(20
mL X 3). AHUH A oK RS T8 5l g, Bk
FRARINE 50% LI /K VR L 45 fh AR B 3 k. Gt
—palifl, BTN PR

323 HARZ4 3~5 694K

FREL 90 mg (0.3 mmol) .54 2 JiF 25 mL [FJiEHE
A, KRN 10 mL 67K DCM, 138 mg (1 mmol)
K,CO; 0.5 mmol %4, T3 T &M 3~12h. TLC
Kl 2 B 58 s, i 10 mL 5% NaOH ZKiE i +E 30
min. DCM ZE(10 mL X 3), fHUHZTC KRBT 15
JE B IRGE, BRARMEAEEHT(LL 2% CH;0H/DCM ¥k
JBt7) 7 B 49 30 B AR &4,

(E)-1-[4-(4- £, 5 FE R e 2k ) 28 Jik -3 -1 oy -2- 6 ) T -2-
J#5Hid(3a): "H NMR (400 MHz, CDCl3) §: 7.98 (d, J=8.9
Hz, 2H), 7.92 (d, J=15.3 Hz, 1H), 7.38 (d, J=5.2 Hz,
1H), 7.35 (d, J=15.2 Hz, 1H), 7.31 (s, 1H), 7.05~7.07
(dd, J=3.6, 3.7 Hz, 1H), 6.90 (d, J=8.9 Hz, 2H), 3.78 (t,
J=5.0 Hz, 2H), 3.64 (t, J=4.8 Hz, 2H), 3.40 (t, J=5.4
Hz, 2H), 3.36 (t, J=5.4 Hz, 2H), 2.13 (s, 3H); °C NMR
(100 MHz, CDCl;) &: 187.54, 169.19, 153.69, 140.81,
135.94, 131.56, 130.66, 128.96, 128.35, 128.31, 120.84,
113.98, 47.56, 47.34, 45.81, 41.00, 21.38; HRMS-ESI
caled for C1oHagN,0,S 340.1245, found 340.1240.

(E)-1-[4-(4-5 £, Tt 3 R W J25 ) A JE -3 - (W Wy -2- 25 ) A -
2-4%(3b): '"H NMR (400 MHz, CDCl;) 6: 7.97(d, J=9.0

http://sioc-journal.cn/ 111
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Hz, 2H), 7.91 (d, J=15.3 Hz, 1H), 7.38 (d, J=5.1 Hz,
1H), 7.34 (d, J=15.2 Hz, 1H), 7.31 (d, J=3.5 Hz, 1H),
7.06 (dd, J=3.7, 3.6 Hz, 1H), 6.89 (d, J=9.0 Hz, 2H),
4.10 (s, 2H), 3.76 (s, 2H), 3.67 (s, 2H), 3.42 (s, 2H), 3.36
(s, 2H); °C NMR (100 MHz, CDCLy) J: 187.50, 165.29,
153.52, 140.72, 135.97, 131.60, 130.61, 129.10, 128.36,
120.74, 114.11, 47.56, 47.14, 4572, 41.75, 40.83;
HRMS-ESI caled for C;9H;oN,O,SCl 374.0856, found
374.0851.

(E)-1-[4-(4- S TR Tt L WIR 158 55 ) 2R ik -3 - (1 3 -2- 6 7 -
2-#l(3¢): '"H NMR (400 MHz, CDCl3) 6: 7.96 (d, J=8.3
Hz, 2H), 7.91 (d, J=15.2 Hz, 1H), 7.37 (d, J=5.0 Hz,
1H), 7.33 (d, J=15.0 Hz, 1H), 7.30 (s, 1H), 7.05 (dd, J=
3.8, 3.6 Hz, 1H), 6.88 (d, J=8.8 Hz, 2H), 3.85 (t, J=7.0
Hz, 2H), 3.77 (t, J=4.7 Hz, 2H), 3.62 (t, J=4.7 Hz, 2H),
3.33~3.39 (m, 4H), 2.84 (t, J=6.8 Hz, 2H); “C NMR
(100 MHz, CDCl;) o: 187.43, 168.33, 153.53, 140.71,
135.89, 131.55, 130.59, 128.92, 128.33, 120.74, 113.93,
47.42, 4723, 44.95, 41.19, 39.89, 36.00; HRMS-ESI calcd
for CoH,N,0,SC1 388.1012, found 388.1008.

(E)-1-[4-(4- TR 15 R IR g ) R i )-3- (B oy - 2- 1 ) A -
2-#BA(3d): 'H NMR (400 MHz, CDCl3) 6: 7.96 (d, J=
8.9 Hz, 2H), 7.90 (d, J=15.3 Hz, 1H), 7.29~7.37 (m,
3H), 7.03~7.06 (m, 1H), 6.87 (d, J=7.3 Hz, 2H), 6.53~
6.60 (m, 1H), 6.29~6.34 (m, 1H), 5.73 (d, J=10.5 Hz,
1H), 3.81 (s, 2H), 3.70 (s, 2H), 3.38 (t, J=3.8 Hz, 4H); °C
NMR (100 MHz, CDCly) 6: 187.47, 165.53, 153.57,
140.72, 135.88, 131.52, 130.61, 128.83, 128.71, 128.52,
128.31, 128.30, 127.15, 120.75, 113.86, 47.48, 47.18,
45.22, 45.00, 41.45; HRMS-ESI calcd for C,yH;)N,O,S
352.1245, found 352.1238.

(E)-1-[4-(4-5 T I TR BE Wk e 5 ) 2R ik 1-3- (W Wy -2- 5 )
Pj-2-}fi(3e): '"H NMR (400 MHz, CDCl;) 6: 7.96 (d,
J=8.8 Hz, 2H), 7.91 (d, J=15.3 Hz, 1H), 7.37 (d, J=5.1
Hz, 1H), 7.37 (d, J=15.3 Hz, 1H), 7.05 (dd, J=3.7, 3.7
Hz, 1H), 6.90 (d, J=8.9 Hz, 2H), 5.23 (s, 1H), 5.06 (s,
1H), 3.72 (s, 4H), 3.34 (s, 4H), 1.96 (s, 3H); °C NMR
(100 MHz, CDCly) d: 187.48, 171.29, 153.73, 140.73,
140.07, 135.90, 131.52, 130.59, 129.01, 128.32, 128.29,
120.76, 116.07, 114.13, 47.71, 20.51; HRMS-ESI calcd for
C,Hy,N,0,8 366.1402, found 366.1401.

(E)-1-{4-[4-(2- A F -2- 5 W7 B 20 6 ) R 1 k) 2R
Fey-3-(MEWY-2-35) P -2- 4 i (4a): '"H NMR (400 MHz,
CDCly) d: 7.98 (d, J=9.0 Hz, 2H), 7.92 (d, J=15.3 Hz,
1H), 7.31~7.38 (m, 3H), 7.07 (dd, J=3.6, 3.7 Hz, 1H),
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6.91 (d, J=9.0 Hz, 2H), 4.23 (q, J=7.2 Hz, 2H), 3.44 (t,
J=5.0 Hz, 4H), 3.27 (s, 2H), 2.75 (t, J=5.1 Hz, 4H), 1.30
(t, J=7.1 Hz, 3H); °*C NMR (100 MHz, CDCl;) J: 187.58,
170.18, 154.14, 140.98, 135.74, 131.43, 130.69, 128.42,
128.33, 128.17, 121.06, 113.75, 60.87, 59.44, 52.69, 47.35,
14.37; HRMS-ESI calcd for C,;H,4N,0;S 384.1508, found
384.1502.

(E)-1-[4-(4- PFERR 7 15 FR S IR 18 k) 8 ik -3 - (g W)y -
2-FE) A -2-)7 i (4b): "H NMR (400 MHz, CDCl;) 6: 7.97
(d, J=9.0 Hz, 2H), 7.92 (d, J=15.3 Hz, 1H), 7.71 (d, J=
16.0 Hz, 1H), 7.50 (d, J=8.2 Hz, 2H), 7.30~7.38 (m,
5H), 7.06 (dd, J=3.7, 3.6 Hz, 1H), 6.89 (d, J=9.0 Hz,
2H), 6.45 (d, J=16.0 Hz, 1H), 3.80 (s, 3H), 3.56 (s, 2H),
3.38 (t, J=5.0 Hz, 4H), 3.59 (t, J=5.0 Hz, 4H); *C NMR
(100 MHz, CDCly) o: 187.43, 167.51, 154.18, 144.62,
140.92, 140.62, 135.62, 133.53, 131.36, 130.63, 129.62,
128.30, 128.18, 128.12, 121.00, 117.64, 113.58, 62.63,
52.81, 51.75, 47.38; HRMS-ESI calcd for CygH,sN,O3SNa
(M+Na)" 495.1718, found 495.1713.

(E)-1-{4-[4-(4- = 5 H B R ) Wk e ik R ik 3 -3 (18
Wy-2-38) H-2-4 i (4c): '"H NMR (400 MHz, CDCl;) 6
7.98 (d, J=9.0 Hz, 2H), 7.94 (d, J=15.3 Hz, 1H), 7.61 (d,
J=8.1 Hz, 2H), 7.49 (d, J=8.0 Hz, 2H), 7.32~7.38 (m,
3H), 7.07 (dd, J=3.6, 3.6 Hz, 1H), 6.91 (d, J=9.0 Hz,
2H), 3.61 (s, 2H), 3.40 (t, J=5.0 Hz, 4H), 2.61 (t, J=5.1
Hz, 4H); *C NMR (100 MHz, CDCl;) d: 187.53, 124.21,
142.31, 140.97, 135.72, 131.44, 130.68, 129.31, 128.35,
128.17, 125.42, 125.38, 125.35, 121.04, 113.67, 62.47,
52.87, 47.45; HRMS-ESI calcd for C,sH,4FsN,OS (M+
H)" 457.1561, found 457.1560.

(E)-1-{4-[4-(4- 5= 7 2o ) R 1 ik ) Ok } -3 (Mg Wy -2-
)N -2-4EH(4d): 'TH NMR (400 MHz, CDCl;) d: 7.97 (d,
J=9.0 Hz, 2H), 7.92 (d, J=15.3 Hz, 1H), 7.62 (d, J=8.3
Hz, 2H), 7.48 (d, J=8.3 Hz, 2H), 7.31~7.37 (m, 3H),
7.06 (dd, J=3.6, 3.6 Hz, 1H), 6.90 (d, J=9.0 Hz, 2H),
3.59 (s, 2H), 3.38 (t, J=5.0 Hz, 4H), 2.59 (t, J=5.0 Hz,
4H); C NMR (100 MHz, CDCLy) J: 187.43, 154.09,
143.88, 140.87, 135.68, 132.26, 131.43, 130.62, 129.55,
128.32, 128.18, 120.92, 113.63, 62.38, 52.83, 47.37,
HRMS-ESI caled for C,sH,3N;OSNa (M + Na) ©
436.1460, found 436.1454.

(E)-1-{4-[4-(2- 5 0 3 K 2, 58 ) Wk e k| 2 k-3 (W
Wy-2-36) H-2-4 i (4e): '"H NMR (400 MHz, CDCl;) 6
8.02 (d, J=7.1 Hz, 2H), 7.99 (d, J=9.0 Hz, 2H), 7.93 (d,
J=15.2 Hz, 1H), 7.58 (d, J=7.4 Hz, 1H), 7.49 (d, J=15.2
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Hz, 1H), 7.47 (s, 1H), 7.32~7.38 (m, 3H), 7.07 (dd, J=
3.6, 3.6 Hz, 1H), 6.93 (d, J=9.0 Hz, 2H), 3.89 (s, 2H),
3.47 (t, J=5.0 Hz, 4H), 2.77 (t, J=5.1 Hz, 4H); °C NMR
(100 MHz, CDCly) d: 196.20, 187.58, 154.17, 140.98,
135.74, 133.54, 131.43, 130.70, 128.76, 128.41, 128.34,
128.25, 128.17, 121.07, 113.73, 64.37, 53.23, 47.37,
HRMS-ESI caled for C,sHy4N,O,SNa (M + Na) *
439.1456, found 439.1459.
(E)-1-{4-[4-(4'- 5 -2- 0. 2 2, Fk )W 1 36 1 5 0 L -
3-(HEWy-2-F5) i -2-J7 i (4f): 'TH NMR (400 MHz, CDCl5)
J: 8.05~8.12 (m, 2H), 7.96~8.01 (m, 2H), 7.93 (d, J=
15.2 Hz, 1H), 7.32~7.40 (m, 3H), 7.07~7.19 (m, 3H),
6.93 (dd, J=9.0, 8.9 Hz, 2H), 3.87 (s, 1H), 3.84 (s, 1H),
3.46 (s, 4H), 2.77 (s, 4H); *C NMR (100 MHz, CDCl;) o:
194.76, 187.55, 167.27, 164.73, 154.11, 140.94, 135.76,
132.46, 131.43, 131.09, 131.00, 130.67, 128.46, 128.33,
128.19, 121.03, 115.95, 115.74, 113.74, 114.50, 53.17,
47.36; HRMS-ESI caled for CsH,FN,0,S M+ H)©
435.1543, found 435.1538.
(E)-1-{4-[4-(4- FF 5 Z gk T 5 ) R W ik ] 2 6k ) -3-( 1
Wy-2-FE) A -2-J7(5a): 'H NMR (400 MHz, CDCl;) 6:
7.87 (d, J=9.0 Hz, 2H), 7.85 (d, J=15.3 Hz, 1H), 7.60 (d,
J=8.2 Hz, 2H), 7.22~7.31 (m, 5H), 7.00 (dd, J=3.6, 3.7
Hz, 1H), 6.79 (d, J=9.0 Hz, 2H), 3.38 (t, J=4.9 Hz, 4H),
3.09 (t, J=5.2 Hz, 4H), 2.35 (s, 3H); *C NMR (100 MHz,
CDCly) d: 187.63, 153.47, 144.17, 140.83, 136.10, 132.50,
131.63, 130.65, 129.95, 129.33, 128.39, 128.37, 127.98,
120.83, 114.40, 47.39, 45.81, 21.65; HRMS-ESI calcd for
Cy4H24N,05S,Na (M+Na)™ 475.1126, found 475.1122.
(E)-1-{4-[4-(4- 5 25 Tl 15 525 ) WIR e 5 ] O e 1 -3- (1 5y -
2-3E)H-2-1 8 (5b): 'H NMR (400 MHz, CDCl;) 6: 7.94
(d, J=8.8 Hz, 2H), 7.91 (d, J=15.4 Hz, 1H), 7.81 (d, J=
5.1 Hz, 1H), 7.78 (d, J=5.0 Hz, 1H), 7.39 (d, J=5.0 Hz,
1H), 7.33 (s, 1H), 7.31 (d, J=13.2 Hz, 1H), 7.24 (t, J=8.5
Hz, 2H), 7.07 (dd, J=3.9, 3.9 Hz, 1H), 6.86 (d, /=8.9 Hz,
2H), 3.44 (t, J=4.8 Hz, 4H), 3.17 (t, J=5.2 Hz, 4H); °C
NMR (100 MHz, CDCly) 6: 187.50, 166.72, 164.17,
153.35, 140.71, 136.03, 131.61, 130.60, 130.51, 129.35,
128.36, 120.72, 116.69, 116.47, 114.43, 47.31, 45.71;
HRMS-ESI caled for CyH, FN,O3S,Na (M + Na) *
479.0875, found 479.0873.
(E)-1-{4-[4-(4- TR PR Rk Tt 5t ) Wik 1 5t ) 240 ik ) -3-(1E W)y -
2-3E)H-2-1 8 (5¢): 'TH NMR (400 MHz, CDCLy) §: 7.88
(d, J=9.0 Hz, 2H), 7.85 (d. J=15.3 Hz, 1H), 7.63 (d, J=
8.8 Hz, 2H), 7.58 (d, J=8.8 Hz, 2H), 7.32 (d, J=5.1 Hz,
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1H), 7.26 (s, 1H), 7.25 (d, J=15.2 Hz, 1H), 7.00 (dd, J=
3.6, 3.6 Hz, 1H), 6.79 (d, J=9.0 Hz, 2H), 3.38 (t, J=4.8
Hz, 4), 3.10 (t, J=5.0 Hz, 4H); >C NMR (100 MHz,
CDCly) 6: 187.62, 153.38, 140.79, 136.16, 132.67, 131.71,
130.65, 129.50, 129.37, 128.41, 120.76, 114.64, 47.43,
45.76; HRMS-ESI calcd for C,3HyBrN,Os;S;Na (M—+
Na)" 539.0075, found 539.0080.

(E)-1-{4-[4-(4- = %5 FF 4 2 2R Tt I 255 ) W 1 36 ] K
Fy-3-(MEWY-2-35) P -2-45 B (5d): '"H NMR (400 MHz,
CDCLy) 6: 7.95 (d, J=8.9 Hz, 2H), 7.92 (d, J=15.3 Hz,
1H), 7.85 (d, J=8.8 Hz, 2H), 7.38 (d, J=9.0 Hz, 2H), 7.33
(d, J=15.2 Hz, 1H), 7.07 (dd, J=3.6, 3.7 Hz, 1H), 6.87
(d, J=9.0 Hz, 2H), 3.45 (t, J=4.9 Hz, 4H), 3.18 (t, J=5.1
Hz, 4H); °C NMR (100 MHz, CDCl5) §: 187.51, 153.36,
152.56, 140.71, 136.06, 134.01, 131.64, 130.58, 130.00,
129.44, 128.38, 121.08, 120.71, 114.49, 47.36, 45.73;
HRMS-ESI caled for CyH,F3N,048,Na (M + Na) -
545.0793, found 545.0787.

(E)-1-{4-[4-(4- = L 5= 2% Bl 9 ik ) UR Wk Bk ] R
Fey-3-(MEWy-2-35) P -2- 4% B (Se): 'H NMR (400 MHz,
CDCly) 6: 7.88 (d, J=9.0 Hz, 4H), 7.85 (d, J=15.4 Hz,
1H), 7.76 (d, J=8.3 Hz, 2H), 7.32 (d, J=5.1 Hz, 1H), 7.30
(s, 2H), 7.25 (d, J=15.3 Hz, 1H), 7.00 (dd, J=3.6, 3.6 Hz,
1H), 6.80 (d, J=9.0 Hz, 2H), 3.39 (t, J=4.8 Hz, 4H), 3.15
(t, J=5.2 Hz, 4H); *C NMR (100 MHz, CDCl;) J: 187.65,
153.37, 140.78, 136.21, 131.72, 130.65, 129.65, 128.42,
128.40, 126.54, 126.51, 120.76, 114.62, 47.52, 45.78;
HRMS-ESI caled for C,4H, F3N,038:Na (M + Na) *
529.0843, found 529.0841.

3.3 EVEMENE

PORTE LG, W15 B8R 438 E Il RS2
EFRUEL P42 (CLST) M02-A12 #2156 /732, H K-B
A0 A BRI S A B BB, JF4% CLSI MO7-A10 ¥
S, F B G B ORE 1R I 4K B A 0 1 R B, F 4% CLSI
M100-S28 #i 5 AT i & 4%
33.1 AMELRBERGHE

% I8 CLSI S£538777%, BLi Mueller-Hinton (MH)3E

BIE TR, mRZRVRKWE, BINKEER 9 cm “FAR.

FRIZGEAE L AR, N B RE IR B 746
76 35 CTEIERFE 20 h. HEFAPEEAFR L
SAHFREE, B2 O KRN M-HRzY, TIERRE
JRH135 C TR 8 h. MR &R 0.5 Z IR E+%H.
3.3.2  ApE B MK

Be il 2.5 mg/mL SIS, RHE RG] 2 Mok 10
. 100 % 1000 fis BIFE S, K KO 1R % FH 254
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A (B4R 6.35 mm, PR/KE: 20 ul) 73 BINAS AR FE 1
FEMVER IR 2 he 4% CLSI MO02-12 #85E J7iE, Kri &
WIIENRATT 9 om [EAREFRIE AR L, FHTEHE B FH
W& 2548 . 76 35 ClEES TR T H 7% 18 h, REXR
FAUERR = R 28 O = 40 v Bl B A%, (R DA R
AL ERERYE. F RIRA A TR, DUE
HEL KR AR R AT IR, RSP AT IE 3 Wk, B 3
PRG-I A.

KRS HEMEERE ATCC25923 . KR4 #
ATCC25922 i 1 1 el 1 56 45 SR b A7 o 4 s
3.3.3 AR K E A9 MK

VERE AR IR 2 (5 RE, TCHIFRRE 2 fi5. 4 f5. 8
AL 10 MR IR FEIOFE S AW, 1% CLST MO7-A10 £
SERRVET I, B ORISR 1 09548 CK
PR MH 3585 R 287K ) A1 A, IR
A, ¥ 0.5 2 KM R 2R 10 15, LLZSkifh
AOTBCEA 2 pL) BB JE I R, BeRh T B R
[, 35 C NEIEEFE 20 h. F-PARCE T T8 ORI
FIWTARIE 28 55, TSR B AR WILFAS BB AE KT LRI S VA VR
WRE, RN ARAM B I EE(MIC). RESFATIE 3 ¥k, HX
3 YAREE T 1A

K& EHBRE ATCC29213, K4 #
ATCC25922 % MIC 056 25 F 347 o 42 1 .

44 Bh#1 B} (Supporting Information) FiH & L &4
f¥) '"H NMR #1 °C NMR J% HRMS # &, X 2epklnl A
B 2% WA T 335 (http://sioc-journal.cn/)_F T #K.
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