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e & /RERGTE ¥R & B AT S Ak @ R e AEIKEEE

ik Eeel F 454 ¢ IR F E B A s ¢
BEGiE (il FIH- % b pgeed x| g R e
(“FBINRZEZG 250 29 FeRe B 450001)
(B 50 5 258 2 A MEVEN T A P R BT L I 450001)

WE AT A5 13 MnE A REIRTAEY, HEME SRS HEE 'H NMR. °C NMR Al HRMS #47 T #iiE. {4
AMIUBETE VPN S R EOR, A EANMEA YN T 2 KBRS A8 B BRI (ATCC 29213)F I HY K 45 R # i) v 4.
BBV, N 11 BRIGE i R A 0 AR 4 3R R A BRI (MRS A) I RIS iR 5 ML & T E—5 02
RCMPE. #dE BoR, KA AL SN T MRSA I BT B &1, Fo(B)-2-1R-N-{4-[3-(2- ML BE 1) P M e 2 o
£} BRI (SK)XT MRSA B2 o &, H/MITBEIREMIC) N 4 pg/mL. RN T, SHLEY Sk i3
TP, 4R E R a5k AIEAE 1000 pg/mL R E T T LMt LV EAEETE. g6 EiR B
BT, mEuER REH Sk VE TR MRSA 254 BA i — B 0F 5T I E.
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Synthesis and Antibiotic Activity Study of Pyridine Chalcone Deriva-
tives against Methicillin-Resistant Staphylococcus aureus

Zhang, En**" Wang, Mingming* Xu, Shuaimin“ Wang, Shang* Zhao, Di“

Bai, Pengyan” Cui, Deyun’ Hua, Yonggang” Wang, Ya'na“

Qin, Shangshang™®*“* Liu, Hongmin®”

(“ Institute of Drug Discovery and Development, School of Pharmaceutical Sciences, Zhengzhou University,
Zhengzhou 450001)
(® Collaborative Innovation Center of New Drug Research and Safety Evaluation, Henan Province, Zhengzhou 450001)

Abstract A series of pyridine chalcone derivatives were designed and synthesized. The structures were confirmed by 'H
NMR, *C NMR and HRMS. In vitro biological activity evaluation results showed that five of the compounds exhibited good
biological activity against gram positive bacteria staphylococcus aureus (ATCC 29213). Further antibiotic activity of these five
compounds against 11 clinical isolated methicillin-resistant staphylococcus aureus (MRSA) were evaluated. The results
showed that four of the compounds exhibited good antibacterial activity against MRSA. (E)-2-Bromo-N-{4-[3-(pyridin-2-yl)-
acryloyl]phenyl}acetamide (5k) showed the most effective activity (minimum inhibitory concentration, MIC=4 pg/mL). In
terms of hemolytic activity evaluation, compound Sk showed virtually no toxicity even in 1000 pg/mL concentration. To sum
up, pyridine chalcone Sk was potential for further antibiotic study as anti-MRSA agent.

Keywords pyridine chalcone; methicillin-resistant Staphylococcus aureus; antibiotic activity; hemolytic activity

T FR 4 PE PR 4 3 €258 ) BR TR (MRS A) H 1961 “E 1 1K e BRAE RS, GRIEIT FME. MRSA £ B Z5HLH|
WG LSRN, FEIRR B RRETE, HIBE NG FEAEFE HE: — RS TSI 2536, &g
FEC e A SR ) B L S TR ). MRSA B BRI 2538, & FAME E R RS G EOPBP)MSE, $3 PBP &
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FEHEHERRAMSE SRS TR MRSA 193 F AL
75 N B AN B S B B A A R, S BOR R
MRSA Fie G ) 3207 R %, EAGERIGIT T
AN RE A S EUR B AET.. MRSA HifuE R Il2 Hitd,
FLAE 5 [ 5t DA\ B 38 BE A5 4R, 2003 455 [ 25 B 5100
PEWRGRIVES MRSA BH I HRREIE 64.4%°. I
KA TRYT MRSA K A2V Bt 254, (2
R HATEEECSH MRSA XHHEAK 259 H B 24511
FoEl [FE A ) LR AR B R UL, BRI A
e thi 2. RIIR R H 8 MRSA 1 254 1)
W B A L

B A S B e — R E B RIR ), TRARET
A AR A Y, A ORI A o A0 S S R A% i e
BT, TR T R, SR NEMEATZW
AWEENE, WPE. PUS. PLEE. PR, JUEK
09 T A RFA S B af- AR, A
DL 4 B A 1) 53 e M A (B 1 Joi v R S ) AT SR 4
I SR AET ) RN, BT A R ER 4 R B A
BIRAF N, 1FNIERY, BI/RE T 5 2 0 1 5 4]
FHZE A WEFN RIF IR S B R B ) &5 i, AR )ik
Pl ek 5 A B Sk R B 0 e B s T 1 A K T 2K
frAE1S 8, Licochalcone A 2 M H 38 B 4> B 15 3 2%
IREA SR, T 4 R T H B /K A X MRSA Al
PR 43 B85 1) 73 i 55 3% T 243 10 R W sk e 1 kg /0 00 1 IR
(MIC)EZ14 13 pg/mL, XFBRZERE ) MIC {572 25 png/
mL"7; Cationic Chalcone Antibiotics 78 &35 & [ Jig iy %%
HEAR B &R BAATAEY), HXP MRSA ) MIC {54 1
pg/mL, F KPR A HE(ATCC 25922) A B i1 250U
(MIC Ay 2 pg/mL)!"; S A REIZEAL A Asebogenin
Xof 4 3 (R AT ER 1A AT MRSA 1) MIC {543 514 10 1 4.5
ng/mL"(E 1).

1 &R511R

TE 1T HA BT T A A Y B A e TR T R v
(2 R EAATAE & BRIl 1, BRATA T 13 A
MEnE 2 R EAAT AP, J1R R LA RIFHT MRSA &
BT B A . A s 2k LABUAR 2K 2 R A i e F
NIEM G T 5 B 4 A A BUR T 28 vy, 159 31 i
& F2H) Sa~5m (Scheme 1). & 0 BRERME DR H, JR
K25, th&WR&HET '"H NMR, °C NMR Fl
HRMS 34T 7 25 H i E.

B2t TAL S Sa~5m HHAT T ¥ IPUEE MV
#r, 2B SEE I R A SLI8 = AR P23 (CLST) M07-A9 Fr
T, 39 EURR v R PR 2 22 B P TR 4 B €58 4 BRI (ATCC
29213)F1H 2% [CFH 1 1K 3245 B (ATCC  25922), KH
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Cationic chalcone antibiotics 78

B 1 EABUREE RS SRR A
Figure 1 Some chalcone compounds with antibiotic activity

R RZEN B VIR MIC. F%3 M f% (Linezolid) Fl
25 % K5 B (meropenem, MEM)#i% A4y S 56 2H ) BH 44 %o} F&
250, SERRAERWE 1 iR, SRR EY 5a, 5i, 5j,
Sk AT St T 5 2% TRPH A T 46 €0 81 6 BR B R I L R
B A0 A1) 5 P, X T 2 I 9 M B OK I 32 A 1R (ATCC
25922)F 64 pg/mL HIKEE T EAMHIER. Az E
WE R LI G 51 BG4 2 05 %) 3K A 1
AYNFEYEMIC N 16 pg/mL), F LM IE 2 2 AT 449
Sa, 5j, Sk Al Sm tH 57 HXT &3 (AR A BR 1 (ATCC
29213) B AF M B AI(MIC A 32 pg/mL). $RT, thér
W) Sb~Sh A1 51 A 57~ 0 T4 0 €075 4 Bk B A
PEGE MIC H#R>64 pg/mL). WIPIEPELE LR, %R
L e 2 2K TR AT A A0 B 22 PG PE M T L 2 QR M
I H BT SR A 2K

FEWITH AR b, SGERUT 11 BRIGE S i F AR
PG ARG B (0 A BRI (MRSA) IR KR, L&Y 5a, 5i,
5j, 5k Al 5Sm HEAT [ E— BRI R, SR 2
Fizs. LAY 5a, 5, 5§, Sk Al Sm #RFRIH BT 05
(MRSA)EPE. A ANDSATS2, AT T v i ik 4 2 £
B A BR# (ATCC 29213), X 5 ™MEA Y% MRSA Eor
FEAFRARENE T, X 5 AMEAYI MICs, (8~16 pg/mL)
FIMICgo (16~32 pg/mL)#RZE B T 4T MRSA (1) R £F4f
FEH, L RMEY 5k, L&Y 5a, 5i, 5k Al Sm 5T
# MRSA HIPTE BITE 0TI R B H BT w 254
TRV B AR, (RS TIRR YR =M. i
&Y 5k X B R (MRSA) B30 B R (MICs, A 8
pg/mL) 5 AR M AH 24 (MICso Y 4 pg/mL).
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N 5a: R' = p-NH,, R2=H, n=1; 5f. R'=p-NH,, R®=H, n=3;

C"M%LN : h ~ | D g2 Bb:R'=pNHy RZ=3-F, n=1; 5g: R'=p-NH,, R2=H, n = 4:

H 5c:R'=p-NHy, R2=5-Br,n=1; 5h:R'=0-NH,, R2=H,n=1;

5a ~ 5i 5d: R"=p-NH, R®=6-Br,n=1; 5i:R'=m-NH,, R2=H,n=1

5e: R' = p-NH,, R2=H, n=2;
N %
LU0 3 OT0 070 C
: e e e -
5j Br 5k c M 51 a A 5m
BR 1 1b&W 5a~5m & ik
Scheme 1 Synthetic route of compounds 5a~5m
F£1 LB 5a~5m /N IEIRE (ug/mL)”
Table 1 MIC data (ug/mL) of compounds 5a~5m
~ I R UK TR R ~ I R BBUR TR AR ~ I R UK TR AR
e WwEY WEH)

ATCC 29213 ATCC 25922 ATCC 29213 ATCC 25922 ATCC 29213 ATCC 25922
5a 32 >64 5f >64 >64 5k 32 >64
5b >64 >64 5g >64 >64 51 >64 >64
5¢ >64 >64 5h >64 >64 5m 32 >64
s5d > 64 > 64 5i 16 >64 F 42 e 0 2 —
5e > 64 > 64 5j 32 > 64 EB R — <0.125

B AR 7 R PR S A K AR 2 AR B B R 25 < AR
F2 LAY 5a, 50, 55, Sk F Sm i/ NIEE A E (MIC) [P 52 F MICsg, MICoq 25 H(ug/mL)
Table 2 MIC, MICsy, MICy, data (ug/mL) of compounds 5a, 5i, 5j, 5k and 5m
MIC (MRSA)

& MICso* MICyq
wa i° o i 4 5¢ 6 Ui 8¢ 9 10¢ 11¢ %0 %

5a 16 16 16 16 16 16 16 16 16 16 32 16 16

5§ 16 16 16 8 64 16 32 32 16 16 32 16 32

5j >64 >64 >64 >64 >64 64 64 2 >64 >64  >64 >64 >64 >64

5k 8 8 8 4 16 8 16 8 8 8 16 8 16

5m 16 16 16 8 32 16 16 8 8 16 16 16 16

FEERWRE Y >64 >64 >64 >64 >64 >64 >64 >64 >64 >64 025 >64 >64

s 4 2 0.5 >64  >64 < >64 >64  >64 >64  >64 025 >64 >64

F s iz 4 4 1 2 4 4 4 4 4 4 2 4 4

CAE— RSB P BRI S0%KLH AT FRAE K I MIC; * 78 —HbSE 3 b e 90%%T H AT BRAE IR MIC; © i H UM MR 4 B (6T 6 R 8 I PR 40 B R 1045 51

PR R 2.

3T AN IR B Ak A 0 3 A T 4 €0 6] 28] BR A 470 1) 9
PEIREIR, 1b&Y) 5a, 55, 5k, 51 Al 5m- #52 d ke et
WE 2 C TR AT A4S B, FE X AT A0 2 25 ) o7 2 B L
AREIIERE IR 206, 7 Z IR E 2K BT A4 2 3 i
PN MRSA FIVEYE. WAL EH) Sa X 4 o (078 % BR 1A
AMHIE L TAb &%) Sb~5g HHaf LUE Y, B nass
A B DRI FH 1 2% i A A AT A bk g P 8 %o 4 B 9 12
HERAAEM . @ L&Y 5a, 511 Sm 5 HATE
PR M ELR AT DA H, A1 nEL i R T A e X A i
FH % R0 i) o7 ML P R IS 3 A A EL A R A ) 0 o 4 L

Chin. J. Org. Chem. 2017, 37, 959~966

© 2017 Chinese Chemical Society & SIOC, CAS

H R AR S, SHERT MRSA BTG4 R
I3HT, IR FPUE 23 A AR BT g5 N 11 1
WARE R, AERM RSN 1, 2, 3 /11 SHEEARG
th &%) 5a 1 50 6T MRSA FIPLESE REH, 538 B
FER A EXTH MIC JLT%A W, mikad 5i,
5k, Sm X MRSA FIHMITE &5 R HrmI 45, 2K b H
EE, AW 5 A FAEHEPT MRSA 5077, SR1M 24 A vy
NIRRT, WA sk RKFEREMITE &
THPUMRSA LR R, I H MIC E 5/ ] LA F 4
pg/mL.

961

http://sioc-journal.cn/



BIHE

R

RT IR Z BN E DT, AT EY)
Sk FHELA0 M AT RSN SRR VRN, 8 LG M5
wE 2 R, “ib &Y 5k KIRELE 2 pg/mL F] 1000
pg/mL 2 [A], HXTLL4up AR /N, RIEfL &4 Sk 7RI
KT MIC K E 1000 pg/mL i, AR X FHAL
1%L R A . SEE6 45 FHEsE, &) Sk X
MM FIEIRG, RWED Sk A — N 224
FHl.

I 5k
100

Hemolysis rate/%
[ee]

B2 fb&aw) Sk LA EE s R
Figure 2 Toxicity against RBCs of 5k

2 Zhig

BT — RN HIEE R ERAT A, o AR E
VNS HEEAT TI5E, RIS/ & 4 B i R 25
Fk MRSA FZGBH2AEME. 3G P se b 45 L L&)
Sa, 5i, 5j, Sk F1 Sm X 55 2% [ RH P2 R B A B i
WEE, Z BRI ELE 64 pg/mL WIE T X T 22 K
PEIBEATEE R PE. BhAh, (LAY 5a, 5i, 5§, 5k f
Sm TEXT 11 BRIG AR 7> 25 T 245 B bk MRSA (40 il 3 v
A SR, BT RR 2 HR I H A LB PR 25
(R EBEMAHER)EFwEE. K, aw
5k XHIRER 2 E5H0 11 # MRSA £ MICs, 7 LLiE ] 8
pg/mL, FEBAPEXS IR 22, a9 Sk 21410
AR SR, 2 ERMELEIRE N 1000 pg/mL (1)
M, WILPAFEIA SN, XKL 2 eE
1378 KT HL B AR B R B (MIC), I il 75 e HL % 1 it
MRSA Il 3E— 5B T ).

3 MY
3.1 UEE5EF

¥ 5 3 3R A% (Bruker DPX400), Jii 3% 1% (Waters-Mi-
cromass A F Q-Tof FAHEAX), JiE#s 78 RANCR L),
S BT FH A JE A ek e S 2 B AT R AR W B R B
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W), B AR5 B P ek 1 A 4l ek I
W T E T RAL B
3.2 XWHE
3.2.1  (E)-4-R K -(2-wvx 2K 73 Hi B (3a) 49 & A%,
SEALHI(370 mg, 9.25 mmol) T HL [ [B JE B
(250 mL), INAZK(50 mL), FEiRBEEE FIsm; R E 5
LT 2B (1a) (1.00 g, 7.40 mmol) Al 2-AtIE F i (2a)
(722 pL, 7.58 mmol)JA 100 mL 4EEMA, A 218
(50 mL)MEFE 2z Ak REEARVEG, R % IE R R E
JEIG AL /s) B iR S A AT B A, RN 58
YRR N 4ksE RN, 41 6 h 5, H)EGIE(TLC)RN
V(AR - MR OB =1 18R RN B4, 1F1E
SN, K SN AR AR NVK K (50 mL)H, At KB 35 0[]
i, dhiE, JEUPKIEE P, BT, 1935
LAY 3a (1.48 g), WHR N 89%. 'H NMR (400 MHz,
DMSO-dy) d: 8.68 (d, J=4.7 Hz, 1H), 8.13 (d, J=15.4
Hz, 1H), 7.95~7.84 (m, 4H), 7.63 (d, J=15.4 Hz, 1H),
7.45~7.38 (m, 1H), 6.66 (d, J=8.6 Hz, 2H), 6.25 (s, 2H);
BC NMR (101 MHz, DMSO-ds) d: 185.79, 154.11,
153.32, 149.87, 140.59, 137.07, 131.13, 125.55, 125.05,
124.38, 124.29, 112.82.
3.2.2  (E)-3-AH-(2-7 £ ) K 7 M BR(3b) A9 A %
BAER 3a AR, YRR GEE, R 64%.
'H NMR (400 MHz, CDCLy) 6: 8.68 (d, J=4.0 Hz, 1H),
8.06 (d, J=15.3 Hz, 1H), 7.78~7.70 (m, 2H), 7.47 (dd,
J=17.7, 4.1 Hz, 2H), 7.40~7.36 (m, 1H), 7.29 (t, J=3.4
Hz, 1H), 7.25 (s, 1H), 6.90 (dd, J=7.9, 2.3 Hz, 1H), 3.87
(s, 2H); *C NMR (101 MHz, CDCl;) §: 190.58, 153.29,
150.13, 146.86, 142.45, 138.90, 136.86, 129.49, 125.81,
125.32, 124.33, 119.68, 119.13, 114.51.
3.2.3  (E)-2-A A -(2- £ ) K 7 M BR(30) i A %
HAER 3a AR, YRR GEE, WA 68%.
'H NMR (400 MHz, DMSO-dy) o: 8.68 (d, J=4.7 Hz,
1H), 8.20 (d, J=15.3 Hz, 1H), 7.97 (dd, J=8.2, 1.0 Hz,
1H), 7.89 (d, J=3.5 Hz, 2H), 7.63 (d, J=15.3 Hz, 1H),
7.51~7.36 (m, 3H), 7.36~7.24 (m, 1H), 6.83 (d, J=7.7
Hz, 1H), 6.64~6.55 (m, 1H); “C NMR (101 MHz,
DMSO-dg) d: 190.40, 153.18, 152.12, 149.90, 140.99,
137.09, 134.51, 131.19, 126.52, 124.42, 124.38, 117.22,
116.97, 114.56.
324 (E)-3-& K -(G-wtwr ) K A M ER(3d) 89 & &
BAER 3a AR, rPYhs G iEE, RN 72%.
'H NMR (400 MHz, DMSO-d¢) d: 8.99 (d, J=1.8 Hz,
1H), 8.59 (dd, J=4.7, 1.4 Hz, 1H), 8.32 (d, J=8.0 Hz,

Chin. J. Org. Chem. 2017, 37, 959~966
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1H), 7.99 (dd, J=23.1, 12.0 Hz, 3H), 7.65 (d, J=15.6 Hz,
1H), 7.48 (dd, J=7.8, 4.9 Hz, 1H), 6.65 (d, J=8.4 Hz,
2H), 6.22 (s, 2H); *C NMR (101 MHz, DMSO-dy) o:
130.95, 125.05, 124.35, 123.82, 112.72.
3.2.5 (E)-3-&H-(4-mtvg 1)K 7 M BR (3e) 89 & Ak,

BAER 3a G H, FYvE G EE, RN 62%.
'H NMR (400 MHz, DMSO-d,) d: 8.65 (d, J=5.4 Hz,
2H), 8.09 (d, J=15.6 Hz, 1H), 7.96 (d, J=8.7 Hz, 2H),
7.80 (d, J=5.9 Hz, 2H), 7.56 (d, J=15.6 Hz, 1H), 6.65 (d,
J=8.7 Hz, 2H), 6.26 (s, 2H); “C NMR (101 MHz,
DMSO-d) 0: 185.46, 154.24, 150.23, 142.31, 138.47,
131.40, 126.84, 124.87, 122.29, 112.75.
3.2.6 (E)-4-F A -(3- A-2-wbg 2K 7 M B8R (36) 89 &
R

BRI 3a AR, ey aiE ik, &N 58%.
'H NMR (400 MHz, DMSO-ds) &: 8.55 (d, J=4.5 Hz,
1H), 8.16 (d, J=15.3 Hz, 1H), 7.90~7.71 (m, 4H), 7.55
(dt, J=8.6, 4.4 Hz, 1H), 6.66 (d, J=8.7 Hz, 2H), 6.29 (s,
2H); *C NMR (101 MHz, DMSO-d) J: 185.31, 157.85,
154.29, 146.12, 141.09, 131.64, 131.16, 126.91, 126.51,
124.81, 124.34, 112.90.
3.2.7 (E)-4- R Fh-(5-i%-2-mtwg &) 3K 7 b B8R (3g) 49 &
R

BRI 3a AR, ey aiE g, N 78%.
'H NMR (400 MHz, CDCl5) &: 8.71 (d, J=2.3 Hz, 1H),
8.10 (d, J=15.2 Hz, 1H), 7.99 (d, J=8.7 Hz, 2H), 7.85
(dd, J=8.3, 2.4 Hz, 1H), 7.67 (d, J=15.2 Hz, 1H), 7.34
(d, J=8.3 Hz, 1H), 6.70 (d, J=8.7 Hz, 2H), 4.22 (s, 2H);
C NMR (101 MHz, CDCly) &: 187.74, 152.12, 151.45,
151.22, 139.81, 139.36, 131.42, 128.19, 126.33, 126.04,
121.14, 113.94.
3.2.8 (E)-4- R -(6-i%-2-wt7g ) K 7 M5 57 (3h) 49 &
R

BAER 3a G H, YvE G EE, RN 74%.
'H NMR (400 MHz, CDCl;) §: 8.11 (d, J=15.1 Hz, 1H),
7.99 (d, J=8.6 Hz, 2H), 7.67~7.52 (m, 2H), 7.45 (d, J=
7.8 Hz, 1H), 7.37 (d, J=7.4 Hz, 1H), 6.70 (d, J=8.6 Hz,
2H), 4.24 (s, 2H); *C NMR (101 MHz, CDCl;) d: 187.65,
15491, 151.49, 142.58, 139.24, 139.02, 131.50, 128.41,
128.11, 127.15, 123.90, 113.94.
32.9 (E)-2-R-N-{4-[3--stng 2 )A B A E AL T
Bt iz (5a) 69 & A&

H B3R AY 3a (100 mg, 0.446 mmol ) FIER 2 (74
mg, 0.535 mmol) T 5. [ [EJEHHH(S mL), 285 A TR i
(135 mL), =¥ FHHE; 285 ImL 355 85 1) SO Ak &
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FENLEY) 4 (40.3 uL, 0.535 mmol), A 5 H JFR [R5 (1
EMAR NEE YEIR. £ 0.5 h J5, TLC [V B @ (4
TR R =1 180, SRR MTES, A 3 mL VKKE
KM, Bk 10 min J5, & RHUE, EUHIKOKEEZH
P, EATFHERERMLEY) 5a (119 mg), Sa AT 14,
WEN 79%. mp. 137~138 ‘C; 'H NMR (400 MHz,
CDCLy) ¢: 8.70 (d, J=3.9 Hz, 1H), 8.51 (s, 1H), 8.18~
8.08 (m, 3H), 7.82~7.68 (m, 4H), 7.48 (d, J=7.7 Hz,
1H), 7.31 (ddd, J=7.6, 4.8, 0.9 Hz, 1H), 4.23 (s, 2H); "°C
NMR (101 MHz, CDCl;) 6: 188.86, 164.07, 153.11,
150.13, 142.66, 141.01, 136.98, 134.34, 130.22, 125.52,
125.23, 124.49, 119.37, 42.89. HRMS (ESI) calcd for
C16H14CIN,O, [M+H]": 301.0744, found 301.0744.
3.2.10  (E)-2- #-N-{4-[3-(3- A g -2- ) A M Bt A
F A TR (5b) 89 A A%

BAER Sa AR, FY ks Bk, 1R
78%. m.p. 157~158 ‘C; '"H NMR (400 MHz, CDCl;) 6:
8.43 (d, J=4.4 Hz, 1H), 8.39 (s, 1H), 8.10 (dd, J=24.8,
12.0 Hz, 3H), 7.98 (dd, J=15.3, 1.1 Hz, 1H), 7.66 (d, J=
8.7 Hz, 2H), 7.48~7.33 (m, 1H), 7.28 (dt, J=8.5, 4.3 Hz,
1H), 4.16 (s, 2H); *C NMR (101 MHz, CDCl;) J: 188.57,
164.04, 158.58, 145.75, 141.89 141.04, 134.69, 134.30,
130.27, 126.46, 125.95, 123.93, 119.39, 42.89. HRMS
(ESI) caled for C¢H;3CIFN,O, [M+H]+: 319.0650, found
319.0648.

3.2.11  (E)-{4-[3-(5-i% -2-wkug H )7 M Bk AL ]-2- ROK
A B IR (5¢) 89 & A%

BAER Sa WAL, PR E AR K, RN
75%. m.p. 226~227 ‘C; "H NMR (400 MHz, DMSO-d;)
8: 10.70 (s, 1H), 8.81 (d, J=2.2 Hz, 1H), 8.22~8.10 (m,
4H), 7.92 (d, J=8.4 Hz, 1H), 7.80 (d, J=8.7 Hz, 2H), 7.69
(d, J=15.4 Hz, 1H), 4.33 (s, 2H); "C NMR (101 MHz,
DMSO-dg) o: 187.62, 165.24, 151.71, 150.72, 143.10,
141.25, 139.74, 132.40, 130.01, 126.28, 125.69, 121.21,
118.85, 43.59. HRMS (ESI) caled for Ci¢H,3BrCIN,O,
[M~+H]": 378.9849, found 378.9850.

3212 (E)-{4-[3-(6-i% -2-vt o 2 ) 7A M BE & ]-2- K
H ) T B (5d) 89 A A%

BAER Sa WA, PV s AR K, RN
73%. m.p. 225~226 ‘C; "H NMR (400 MHz, DMSO-d;)
8:10.73 (s, 1H), 8.13 (d, J=8.6 Hz, 2H), 8.08 (d, J=15.4
Hz, 1H), 7.96 (d, J=7.5 Hz, 1H), 7.87 (t, J=7.7 Hz, 1H),
7.81 (d, J=8.6 Hz, 2H), 7.69 (d, J=7.8 Hz, 1H), 7.64 (d,
J=15.4 Hz, 1H), 433 (s, 2H); “C NMR (101 MHz,
DMSO-dg) 0: 187.59, 16527, 154.27, 143.18, 141.66,
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140.62, 140.46, 13231, 130.08, 128.96, 126.29, 124.33,
118.88, 43.62. HRMS (ESI) caled for C;¢H;3BrCIN,0,
[M+H]": 378.9849, found 378.9850.

3.2.13  (E)-3-#-N-{4-[3-2-rg )M dt AL R &)
7 Btz (5e) 69 & &

BRI Sa AR, ey G, N 78%.
m.p. 74~75 ‘C; '"H NMR (400 MHz, CDCl;) ¢: 8.62 (d,
J=3.9 Hz, 1H), 8.15 (s, 1H), 8.02 (dd, J=11.9, 10.7 Hz,
3H), 7.74~7.59 (m, 4H), 7.41 (d, J=7.7 Hz, 1H), 7.28~
721 (m, 1H), 3.81 (t, J=6.4 Hz, 2H), 2.81 (t, J=6.4 Hz,
2H); *C NMR (101 MHz, CDCl;) J: 189.08, 168.25,
153.13, 150.10, 142.56, 142.15, 137.07, 133.63, 130.25,
125.53, 125.39, 124.54, 119.26, 40.49, 39.64. HRMS (ESI)
caled for C;7H;,CIN,O, [M—|—H]+: 315.0900, found
315.0898.

32.14  (E)-4- F-N-{4-[3-(2-=t g &) T Bt AL R &)
T BB (56) 89 & A%

BRI Sa AR, s G EE, RN 78%.
m.p. 155~156 ‘C; 'H NMR (400 MHz, CDCl;) &: 8.69
(d, J=4.1 Hz, 1H), 8.11 (t, J=12.4 Hz, 3H), 7.99 (s, 1H),
7.82~7.66 (m, 4H), 7.48 (d, J=7.7 Hz, 1H), 7.31 (dd, J=
7.1, 5.1 Hz, 1H), 3.66 (t, J=6.1 Hz, 2H), 2.62 (t, J=7.0
Hz, 2H), 2.25~2.15 (m, 2H); *C NMR (101 MHz,
CDCly) d: 188.99, 170.44, 153.15, 150.10, 142.48, 142.40,
137.04, 133.44, 130.27, 125.50, 125.40, 124.49, 119.04,
44.37, 34.19, 27.70. HRMS (ESI) calcd for C,gH;3CIN,0,
[M+H]": 329.1057, found 329.1056.

3.2.15 (E)-5-#-N-{4-[3-(2-"t=g 2 ) A M Bt A R &)
TR (5g) 09 B PR

BRI Sa AR, ey EE g, N 72%.
m.p. 67~68 C;'H NMR (400 MHz, CDCl;) d: 8.68 (d,
J=4.0 Hz, 1H), 8.17~7.91 (m, 4H), 7.82~7.62 (m, 4H),
7.47 (d, J=17.7 Hz, 1H), 7.30 (dd, J=7.0, 5.1 Hz, 1H),
3.56 (d, J=5.3 Hz, 2H), 2.44 (t, J=6.6 Hz, 2H), 1.86 (s,
4H); *C NMR (101 MHz, CDCl;) J: 188.00, 170.13,
152.14, 149.10, 141.48, 136.01, 132.33, 129.24, 124.46,
124.36, 123.48, 118.01, 43.54, 35.66, 30.81, 21.60. HRMS
(ESI) caled for Ci9H,,CIN,O, [M+H]+: 343.1213, found
343.1216.

3.2.16 (E)-2-#-N-{2-[3-(2-=rg ) Mm L E &)
T BERE(5h) 69 4 A&

BRI Sa AR, ey aiE g, N 79%.
m.p. 157~158 ‘C; "H NMR (400 MHz, CDCl;) J: 12.43
(s, 1H), 8.72 (dd, J=12.7, 6.3 Hz, 2H), 8.18 (dd, J=20.0,
11.3 Hz, 2H), 7.84~7.73 (m, 2H), 7.62 (t, J=7.9 Hz, 1H),
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7.48 (d, J=7.7 Hz, 1H), 7.33 (dd, J=7.2, 4.9 Hz, 1H),
7.29~7.21 (m, 2H), 4.23 (s, 2H); *C NMR (101 MHz,
CDCly) d: 193.32, 165.66, 152.76, 150.24, 143.62, 140.01,
137.05, 134.92, 131.24, 126.29, 125.85, 124.73, 123.87,
123.52, 121.09, 43.30. HRMS (ESI) caled for CH,4Cl-
N,O, [M+H]": 301.0744, found 301.0746.

3.2.17  (E)-2-5-N-{3-[3-(2-"tv & )7 W Bt AL R A )
B (51) 59 B m%,

BAER Sa AR, e hsEd g, W 65%.
m.p. 117~118 °C; "H NMR (400 MHz, CDCl;) 6: 8.63 (d,
J=3.5 Hz, 1H), 8.36 (s, 1H), 7.99 (t, J=15.4 Hz, 3H),
7.83 (d, J=17.5 Hz, 1H), 7.70 (dd, J=20.0, 11.5 Hz, 2H),
7.44 (dd, J=13.8, 7.4 Hz, 2H), 7.28~7.21 (m, 1H), 4.16
(s, 2H); “C NMR (101 MHz, CDCl;) o: 189.78, 164.21,
153.01, 150.19, 143.25, 138.64, 137.32, 137.01, 129.64,
125.58, 125.42, 125.27, 124.73, 124.61, 120.04, 42.88.
HRMS (ESI) caled for C6H,4CIN,O, [M+H]": 301.0744,
found 301.0747.

3.2.18 (E)-N-{4-[3-(2-vr g )R M Bt A R L) T Hk
Jiz (55) 69 B Ak,

BAER Sa W& R, P RO REE, RN
84%. m.p. 183~184 C; 'H NMR (400 MHz, CDCl;) ¢:
8.69 (s, 1H), 8.10 (t, J=11.2 Hz, 3H), 7.98 (s, 1H), 7.73
(dd, J=33.0, 11.1 Hz, 4H), 7.48 (d, J=7.3 Hz, 1H), 7.30
(d, J=6.0 Hz, 1H), 2.22 (s, 3H); °*C NMR (101 MHz,
CDCLy) 0: 189.02, 168.74, 153.22, 150.14, 142.54, 142.49,
136.99, 133.40, 130.24, 125.45, 125.40, 124.46, 118.98,
24.77. HRMS (ESI) caled for C;¢H;sN,O, [M+H]":
267.1134, found 267.1132.

3.2.19  (E)-2-i%-N-{4-[3-(2-" & )79 M Bt AL 3R A )
C B (5K) &9 A ik,

BRI Sa BB, Y G g, W& 84%.
m.p. 185~186 C; 'H NMR (400 MHz, DMSO-dy) J:
10.80 (s, 1H), 8.70 (d, J=3.6 Hz, 1H), 8.16 (t, J=11.4 Hz,
4H), 7.92 (d, J=3.2 Hz, 3H), 7.81 (d, J=8.2 Hz, 2H), 7.72
(d, J=15.4 Hz, 1H), 7.45 (d, J=4.1 Hz, 1H), 4.11 (s, 2H);
BC NMR (101 MHz, DMSO-ds) o6: 187.79, 165.42,
152.77, 149.93, 143.14, 142.49, 137.26, 132.53, 129.98,
125.06, 124.92, 124.78, 118.78, 30.29. HRMS (ESI) calcd
for C6H,4BrN,O, [M+H]": 345.0239, found 345.0239.
3.220 (E)-2-#-N-{4-[3-(vg-3-A)m Bt 2 R AL )
T B (51) 89 B m%,

BAER Sa AR, s d g, W 85%.
m.p. 242~243 ‘C; '"H NMR (400 MHz, DMSO-dy) o:
10.71 (s, 1H), 9.03 (d, J=1.3 Hz, 1H), 8.62 (d, J=3.8 Hz,

Chin. J. Org. Chem. 2017, 37, 959~966



Chinese Journal of Organic Chemistry

1H), 8.36 (d, J=8.0 Hz, 1H), 8.21 (d, J=8.7 Hz, 2H), 8.10
(d, J=15.7 Hz, 1H), 7.78 (dd, J=14.9, 12.3 Hz, 3H), 7.51
(dd, J=17.9, 4.8 Hz, 1H), 4.34 (s, 2H); °C NMR (101
MHz, DMSO-ds) o: 187.32, 16525, 150.92, 150.30,
143.02, 140.06, 135.06, 132.53, 130.57, 130.09, 123.90,
123.78, 118.74, 43.61. HRMS (ESI) caled for CiH,4Cl-
N,O, [M+H]": 301.0744, found 301.0742.

3221 (E)-2-8-N-{4-[3-(ez 2 )Ammm AR A T
Bz (5m) 89 A 5k,

BRI Sa AR, ey EaE g, N 87%.
m.p. 224~225 ‘C; 'H NMR (400 MHz, DMSO-d;) 6
10.76 (s, 1H), 10.76 (s, 1H), 8.67 (d, J=4.9 Hz, 2H), 8.20
(d, J=8.6 Hz, 2H), 8.16 (d, J=15.9 Hz, 1H), 7.84 (d, J=
5.0 Hz, 2H), 7.80 (d, J=8.5 Hz, 2H), 7.66 (d, J=15.7 Hz,
1H), 4.33 (s, 2H); *C NMR (101 MHz, DMSO-dy) o:
187.46, 165.28, 150.31, 143.20, 141.88, 140.54, 132.31,
130.21, 126.27, 122.48, 118.76, 43.61. HRMS (ESI) calcd
for C16H14CIN,O, [M+H]": 301.0744, found 301.0743.
3.3 HHIEMIFEN
33.1 FIHBAE HMH

B2l KA (Thermo); ZE#) % 44 HRA0-HA2(F5 it
HATA); [EEFRK ZMY-1102C(7 5 48 4k 28 % & 2
A); R IRTT RS (EE Eeppendorf); Hzhir\E
NEFRKE# MI-T8A BI(H FE B4R ZR B % A F]); 96
FLEH RIS IR (NEST); —20 ‘CUK#H BCD-232 HY(fH3E
s, —80 CHEMIGIRIKAE (2 E Thermo Scientific Inc.);
K- (MHA) SRR 7258, K#-iE0I(MHB) R 75
FRdE, 5 E - DURES (LB FR 52447 A AL ot B i 2
HEVEARERTE LA
332 BB RHFNE R DIPHKE

PR 2 I BH MR 1) 4 75 (08 %) BR B (ATCC  29213)
22 IR (R K B 35485 B (ATCC 25922) 9T bt 4, Sk
I EfE R S HESEE CLSI M07-A9 ik A RE 1)
W R BRI EL A Y Sa~5Sm (15 NI E
(MIC)HE, 4353 LA 13 PRI 2 R A I 1 o B e A0 B e
M. (F4E T 37 °C 250 rpm fEIRIEAK T1155% 6 h fi
HAKZE 1X10° CFUML. & i@ 18 97 £ (ATCC
29213, MRSA A MHB; ATCC 25922 y LB/ B &
10° CFU/mL. FiH K F5 I 259 (5a~5m) ] TC B 7K ¥ i
A IE TR FE B ARE DN A #5701 — 80 CUKAE N it A7 4 .
SEIGTFUR, Yot 200 uL ALEPREIfg 2 NN 96 FLAR
L A G R R IR AT R AR, B, K 100
uL B RE 4T 10° CFU/mL B BINN CLZ 86 T R B 4T 125
245 96 FLHH. 37 CHEFE 16~20 h. U /NI IR E
(MIC)Z5 5, LA AR W52 BT fi 56 4 400 i 248 A1 26 K P ik B
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e AZAFAL A DI MIC.
333 ‘rmpisfn FNE

SR FE i B G 2T 44 G A = 1 40 25 15 21 1) 20 40 i (Red
blood cells, RBCs), K JG B 2 Ifl FH i iR 2% b 5 VA i (PBS)
SR E AR R(5%), [ 96 FLARF A 150
uL ] 5% AL A MR, BES NN 50 pl R i A
Ao, BF X BRI B 44 5 FE 43 04 50 uL PBS & VA1
0.1%I R F7 I8 X-100. 5 96 FLEHN 37 CIHEIGES 72456
BE 1 h, WESHE, ¥ 96 FLH 3500 r/min &0 5 min.
Wt 100 uL B35 2 5 —F 319 96 fLik 4, T-EEFRiX 540
nm KA OD {&. 2040 M ¥ 1L 3R (%) = (4 —
Ap) (Aot — A0) X 100%. A AFFIZGHN IR, Ao FEH
PEXT BRI G, Ao A IFLIE X-100 A0 FE 5 4295 1ML
F1RJ IS 1k St FR L P R i B 1230,

4 BIi#1 8 (Supporting Information) L&) 3a~3h
Sa~5m IR HES S FIAZ GRS, 1% Lkl a] DL 4 25 M\
AF] WX 3k (http://sioc-journal.cn/) b F %,
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