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Abstract A series of novel chalcone derivatives bearing the 2,4-thiazolidinedione-3-acetic acid moieties (8a~8p) were
synthesized, and evaluated for their anti-bacterial activity. The results demonstrated that some compounds presented good
antimicrobial activities against four multidrug-resistant clinical isolates, among which compounds 8g, 8i, 81 and 8m with
minimum inhibitory concentration (MIC) value of 4 ng/mL showed as active as the standard drug, norfloxacin, against methi-
cillin-resistant S. aureus. None of the compounds exhibited obvious activity against the Gram-negative bacteria E. coli 1356 at

NOTE

64 ng/mL.
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8a: R=H, 8b: R=4-F, 8¢c: R=4-Cl, 8d: R = 4-Br, 8e: R = 4-NO,, 8f: R = 4-OCHj3, 8g: R = 2,4-Cl,, 8h: R = 2,4-(OCH3),,

8i: R = 2,4,6-(0OCH3)3, 8j: R = 2-F, 8k: R = 2-Cl, 8I: R = 2-Br, 8m: R = 2-OCHj3, 8n: R = 3-Cl, 80: R = 3-Br, 8p: R = 3-OCH3
Reagents and conditions: (a) 4-methylbenzaldehyde, EtOH/H,O, KOH, r.t.; (b) NBS, CCls, AIBN, hv, 2 h; (c) EtOH, piperidine/CH3;COOH,
reflux, 4 h; (d) K,COs3, acetone, reflux, 4 h; (e) BrCH,CO,Bu-t, K,COs3, acetone, reflux, 2 h; (f) CF;COOH, CH.Cly, r.t., 3 h

Scheme 1

FI-IR1730 BLTAM 3 66 B o 58 (KBr JE)7); '"H NMR
fl BRUKER AV-300 ZYRZHEILHRACGN 2 (TMS A b,
CDCl; X DMSO-ds & % #); ESI-MS H Agilent
1100LC/DAD/MSD Ry AH 8 33 ot ik 196 A% TG 38 20 #r
{X74 Perkin-Elmer 204Q %¢; 451k Bio-RAD 680 Y.
A T A4 AR B CP 4.
1.2 HEMBIEK
12,1 (E)-1-BRAR KA -3-(4-F 3
(2a~2p)Hg4 A%

FERM 2a~2p FHAS AU 2 2 15 56 F 2R
WEAE T/ A R P =0 v 1 31,
122 (E)-3-(4-3% F 3R ) 1-BOR R -2- 7 4 - 1-BF)
(3a~3p)aIa %,

7E 25 mL O E ECHIEH A 1 mmol [¥ 2 /K B Ay
A1) 2, 1.3 mmol ) N-VRACTE I BE L 2 (NBS), 10 mL JHr
7811 CCl, FME = THE(AIBNYES K F, BIel T
RN 2 h, AHIEER, R AR R GH LR
ok, g, 13 A AR A 3a~3p, T 2.

& 3¢: F5% 93%. mp. 160~162 C; 'H NMR
(CDCls, 300 MHz) &: 4.72 (s, 2H, CH,), 7.60 (d, J=15.6
Hz, 1H, CH=CH), 7.92 (d, J=15.6 Hz, 1H, CH=CH),
7.01~8.06 (m, 8H, ArH).

¥k )-2- 8 M -1- 7
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123 &M (2)-5-(4-FEF T 3K)-2,4-Regdbr —
BR(6) 89 A~ A%,

4 12 mmol X2 FIEIK H 1 (4), 10 mmol [1) 2,4-WE
ke FE(S) I E 25 mL JE/K ZEEH, SRS INATE /K IR
e FIVKEEER 75 S 9, PRI 4 h, WEIREE, B
DUEHIE A T E 1A 1.98 g, 7% 90%, m.p. 302~
304 CCOCBME!: m.p. 301~303 C).

124 (2)-5-{4-[4-((E)-3- BMR-3-BARFIR-1- A M )
FF AT I F AR -2, 42K by, — B (Ta~Tp) 896~ A%,

AL 10 mL T I 25 mL 1 BRI, i
A 1 mmol "Fa[4& 3, 1 mmol FI4LE4 6 M 1.5 mmol ¥
TR, [BIREN 4 h, WA S0, 28R R
JE MGG & LR R, P iR, R & Eh K vk
BWIR, TCKBRIREE Tt i, bk, MGG 193
L. SREENT ST D) - V(R =60 © 111383k
FO AR Ta~Tp. AP WA Ta (077K 105 S
B R FF 82%. mp. 150~152 C; 'H NMR
(DMSO-d, 300 MHz) J: 4.88 (s, 2H, CH,), 7.72 (d, J=
15.3 Hz, 1H, CH=CH), 7.89 (s, 1H, CH), 7.91 (d, J=15.3
Hz, 1H, CH=CH), 6.92~8.15 (m, 13H, ArH), 10.37 (s,
1H, NH); IR (KBr) v: 3306 (NH), 1736 (C=0), 1668 (C=
0), 1598 (C=C) 1595 (C=C) cm '; MS m/z: 442 ([M+
17%). Anal. caled for CoHoNO,S: C 70.73, H 4.34, N 3.17,
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S 7.26; found C 70.81, H 4.13, N 3.28, S 7.31.

1.2.5 2-[(2)-5-{4-[4-((E)-3-BAR-3-BARF - 1-AM
H)FFRA]F T A )-2,4- 8 vk bt —FR-3- 2] T BR
(8a—~8p) 4y &A%,

25 mL WEJELHS, A 1 mmol tb&EH 7, 1.5
mmol I JC/KBRIR AT 10 mL, [H 0.5 h. %
HEZW, W2 mmol IRABRAUTEE, S0 CFHFE2
h, IR EE, WIEZERER. REMANEE LR
Bis, HEFEa IR, A KU PIIK, TR R
Z A SUR LGN 1P EIT &S nI)EE S E P WERTIE N7/ R TR
A AR E B AR 20% — 5l SR I — &
KEH(V o v=1:4), EXMN 3 h 5, HEZERER
FMEAT D BRI, I 5 mL K, FEAEAGYTE, Hil
JE, JKVEUEDE, T8, RG> R CBER T, Mk T
FRAF & 8a~8p. &) 8a~8p M=K, I T K
B s an R

8a: 7 88%. m.p. 198~200 ‘C;'H NMR (DMSO-
de, 300 MHz) d: 4.77 (s, 2H, CH,), 4.87 (s, 2H, CH,), 7.69
(d, J=15.6 Hz, 1H, CH=CH), 7.89 (d, J=15.6 Hz, 1H,
CH=CH), 7.92 (s, 1H, CH), 7.06~8.13 (m, 13H, ArH),
13.08 (s, 1H, COOH); IR (KBr) v: 3053 (OH), 1736 (C=
0), 1678 (C=0), 1595 (C=C) cm '; MS m/z: 500 ([M+
177). Anal. caled for C,5H, NOgS: C 67.32, H 4.24, N 2.80,
S 6.42; found C 67.43, H 4.32, N 2.68, S 6.35.

8b: 7% 86%. m.p. 208~210 C; '"H NMR (DMSO-
de, 300 MHz) d: 4.76 (s, 2H, CH,), 4.86 (s, 2H, CH,), 7.69
(d, J=15.6 Hz, 1H, CH=CH), 7.90 (d, J=15.6 Hz, 1H,
CH=CH), 7.92 (s, 1H, CH), 7.06~8.24 (m, 12H, ArH),
13.15 (s, 1H, COOH); IR (KBr) v: 3060 (OH), 1736 (C=
0), 1680 (C=0), 1596 (C=C) cm '; MS m/z: 518 ([M+
17). Anal. calcd for CosH,FNOS: C 64.98, H 3.90, N
2.71, S 6.20; found C 64.92, H4.13, N 2.83, S 6.15.

8c: P& 86%. m.p. 252~254 ‘C; 'H NMR (DMSO-
de, 300 MHz) d: 4.76 (s, 2H, CH,), 4.86 (s, 2H, CH,), 7.70
(d, J=15.6 Hz, 1H, CH=CH), 7.88 (d, J=15.6 Hz, 1H,
CH=CH), 7.92 (s, 1H, CH), 7.06~8.15 (m, 12H, ArH),
13.10 (s, 1H, COOH); IR (KBr) v: 3048 (OH), 1739 (C=
0), 1682 (C=0), 1597 (C=C) ecm '; MS m/z: 535 ([M+
177). Anal. caled for CogH,0CINOS: C 62.98, H 3.78, N
2.62, S 6.00; found C 62.92, H3.91, N 2.55, S 5.93.

8d: /7% 84%. m.p. 251~253 “C; '"HNMR (DMSO-
de, 300 MHz) d: 4.82 (s, 2H, CH,), 4.91 (s, 2H, CH,), 7.75
(d, J=15.6 Hz, 1H, CH=CH), 7.93 (d, J=15.6 Hz, 1H,
CH=CH), 7.96 (s, 1H, CH), 7.10~8.12 (m, 12H, ArH),
13.14 (s, 1H, COOH); IR (KBr) v: 3058 (OH), 1735 (C=
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0), 1674 (C=0), 1596 (C=C) cm'; MS m/z 579 ((IM+
177). Anal. calcd for CosHyBrNOGS: C 58.14, H 3.49, N
2.42,S 5.54; found C 58.01, H 3.42, N 2.56, S 5.63.

8e: & 92%. m.p. 249~251 ‘C; 'H NMR (DMSO-
ds, 300 MHz) §: 4.73 (s, 2H, CH,), 4.87 (s, 2H, CH,), 7.75
(d, J=15.6 Hz, 1H, CH=CH), 7.90 (d, J=15.6 Hz, 1H,
CH=CH), 7.91 (s, 1H, CH), 7.06~8.37 (m, 12H, ArH),
13.11 (s, 1H, COOH); IR (KBr) v: 3049 (OH), 1741 (C=
0), 1683 (C=0), 1598 (C=C) cm™'; MS m/z 545 ((IM+
17). Anal. caled for CosHyN,OgS: C 61.76, H 3.70, N
5.14, S 5.89; found C 61.88, H3.61, N 5.26, S 5.73.

8f: & 86%. m.p. 238~240 ‘C;'H NMR (DMSO-
ds, 300 MHz) 6: 3.85 (s, 3H, OCHs), 4.77 (s, 2H, CH,),
4.86 (s, 2H, CH,), 7.65 (d, J=15.6 Hz, 1H, CH=CH),
7.84 (d, J=15.6 Hz, 1H, CH=CH), 7.92 (s, 1H, CH),
7.05~8.14 (m, 12H, ArH), 13.09 (s, 1H, COOH); IR
(KBr) v: 3062 (OH), 1734 (C=0), 1678 (C=0), 1593
(C=C) ecm'; MS m/z 530 ((M+1]"). Anal. calcd for
CyH23NO-S: C 65.77, H 4.38; N 2.64, S 6.06; found C
65.83, H4.32, N 2.78; S 5.99.

8g: 7 82%. m.p. 224~226 C;'H NMR (DMSO-
ds, 300 MHz) d: 4.79 (s, 2H, CH,), 4.87 (s, 2H, CH,), 7.24
(d, J=15.6 Hz, 1H, CH=CH), 7.42 (d, J=15.6 Hz, 1H,
CH=CH), 7.08~7.79 (m, 11H, ArH), 7.93 (s, 1H, CH),
13.17 (s, 1H, COOH); IR (KBr) v: 3051 (OH), 1739 (C=
0), 1685 (C=0), 1597 (C=C) cm '; MS m/z 569 ([M+
179). Anal. caled for CogH;oCLNOGS: C 59.16, H 3.37, N
2.46, S 5.64; found C 59.01, H 3.28, N 2.59, S 5.68.

8h: % 91%. m.p. 206~208 C; 'H NMR (DMSO-
ds, 300 MHz) o: 3.83 (s, 3H, OCH3), 3.87 (s, 3H, OCHj),
4.77 (s, 2H, CH,), 4.85 (s, 2H, CH,), 7.24 (d, J=15.6 Hz,
1H, CH=CH), 7.53 (d, J=15.6 Hz, 1H, CH=CH),
6.60~6.69 (m, 11H, ArH), 7.91 (s, 1H, CH), 13.08 (s, 1H,
COOH); IR (KBr) v: 3065 (OH), 1737 (C=0), 1674 (C=
0), 1592 (C=C) ecm™'; MS m/z 560 ((M+1]"). Anal.
calcd for C;pHysNOgS: C 64.39, H 4.50, N 2.50, S 5.73;
found C 64.26, H 4.43, N 2.44, S 5.87.

8i: 73 89%. m.p. 212~214 °C;'H NMR (DMSO-
ds, 300 MHz) 0: 3.70 (s, 6H, 2>XOCH3), 3.83 (s, 3H,
OCHs,), 4.79 (s, 2H, CH,), 4.85 (s, 2H, CH,), 6.94 (d, J=
15.9 Hz, 1H, CH=CH), 7.18 (d, J=15.9 Hz, 1H, CH=
CH), 6.31~7.67 (m, 10H, ArH), 7.93 (s, 1H, CH), 13.08
(s, 1H, COOH); IR (KBr) v: 3055 (OH), 1738 (C=0),
1681 (C=0), 1594 (C=C) cm '; MS m/z 590 ((M+17").
Anal. caled for C3HpNOoS: C 63.15, H 4.62, N 2.38, S
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5.44; found C 63.23, H4.57,N 2.27, S 5.16.

8j: % 84%. m.p. 198~200 ‘C;'H NMR (DMSO-
ds, 300 MHz) J: 4.78 (s, 2H, CH,), 4.86 (s, 2H, CH,), 7.25
(d, J=16.2 Hz, 1H, CH=CH), 7.53 (d, J=16.2 Hz, 1H,
CH=CH), 6.96~7.76 (m, 12H, ArH), 7.93 (s, 1H, CH),
13.13 (s, 1H, COOH); IR (KBr) v: 3060 (OH), 1736 (C=
0), 1680 (C=0), 1596 (C=C) cm™'; MS m/z 518 ([M+
1]+). Anal. calcd for C,gHyFNOgS: C 64.98, H 3.90, N
2.71, S 6.20; found C 64.88, H 4.12, N 2.79, S 6.17.

8k: 7% 88%. m.p. 194~196 C; 'H NMR (DMSO-
ds, 300 MHz) §: 4.79 (s, 2H, CH,), 4.87 (s, 2H, CH,), 7.26
(d, J=15.6 Hz, 1H, CH=CH), 7.59 (d, J=15.6 Hz, 1H,
CH=CH), 7.01~7.77 (m, 12H, ArH), 8.07 (s, 1H, CH),
13.14 (s, 1H, COOH); IR (KBr) v: 3048 (OH), 1739 (C=
0), 1682 (C=0), 1597 (C=C) cm™'; MS m/z 535 ((M+
17). Anal. caled for CogH,0CINOS: C 62.98, H 3.78, N
2.62, S 6.00; found C 62.86, H 3.82, N 2.53, S 5.97.

8I: 73 90%. m.p. 208~210 C;'H NMR (DMSO-
ds, 300 MHz) J: 4.79 (s, 2H, CH,), 4.89 (s, 2H, CH,), 7.75
(d, J=15.6 Hz, 1H, CH=CH), 7.97 (d, J=15.6 Hz, 1H,
CH=CH), 7.09~8.16 (m, 12H, ArH), 7.31 (s, 1H, CH),
13.13 (s, 1H, COOH); IR (KBr) v: 3058 (OH), 1735 (C=
0), 1674 (C=0), 1596 (C=C) cm™'; MS m/z 579 (M+
17). Anal. calcd for CosH,oBrNOGS: C 58.14, H 3.49, N
2.42,'S 5.54; found C 58.05, H 3.52, N 2.47, S 5.67.

8m: 7% 87%. mp. 192~ 194 C; 'H NMR
(DMSO-d,, 300 MHz) J: 3.86 (s, 3H, OCHs3), 4.80 (s, 2H,
CH,), 4.87 (s, 2H, CH,), 7.20 (d, J=15.9 Hz, 1H, CH=
CH), 7.55 (d, J=15.9 Hz, 1H, CH=CH), 7.04~7.74 (m,
12H, ArH), 7.94 (s, 1H, CH), 13.14 (s, 1H, COOH); IR
(KBr) v: 3062 (OH), 1734 (C=0), 1678 (C=0), 1593
(C=C) cm'; MS m/z 530 ((M+1]"). Anal. calcd for
CyH3NOS: C 65.77, H 4.38; N 2.64, S 6.06; found C
65.80, H 4.42, N 2.73; S 5.95.

8n: 7% 93%. m.p. 220~222 ‘C; 'H NMR (DMSO-
ds, 300 MHz) d: 4.80 (s, 2H, CH,), 4.89 (s, 2H, CH,), 7.54
(d, J=15.6 Hz, 1H, CH=CH), 7.95 (d, J=15.6 Hz, 1H,
CH=CH), 7.10~8.12 (m, 12H, ArH), 8.19 (s, 1H, CH),
13.13 (s, 1H, COOH); IR (KBr) v: 3048 (OH), 1739 (C=
0), 1682 (C=0), 1597 (C=C) cm '; MS m/z 535 ((M+
179). Anal. caled for CpsH,0CINOGS: C 62.98, H 3.78, N
2.62, S 6.00; found C 62.91, H 3.89, N 2.58, S 5.93.

80: 7% 89%. m.p. 226~228 C;'H NMR (DMSO-
ds, 300 MHz) J: 4.78 (s, 2H, CH,), 4.88 (s, 2H, CH,), 7.73
(d, J=15.6 Hz, 1H, CH=CH), 7.93 (d, J=15.6 Hz, 1H,
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CH=CH), 7.07~8.14 (m, 12H, ArH), 8.30 (s, 1H, CH),
13.11 (s, 1H, COOH); IR (KBr) v: 3058 (OH), 1735 (C=
0), 1674 (C=0), 1596 (C=C) cm™'; MS m/z 579 ((IM+
177). Anal. calcd for CosHyBrNOGS: C 58.14, H 3.49, N
2.42, S 5.54; found C 58.13, H 3.47, N 2.50, S 5.57.

8p: & 95%. m.p. 190~192 C;'H NMR (DMSO-
ds, 300 MHz) ¢: 3.85 (s, 3H, OCHj3), 4.79 (s, 2H, CH,),
4.89 (s, 2H, CHy), 7.72 (d, J=15.6 Hz, 1H, CH=CH),
7.86 (d, /=15.6 Hz, 1H, CH=CH), 7.05~8.14 (m, 12H,
ArH), 7.94 (s, 1H, CH), 13.14 (s, 1H, COOH); IR (KBr) v:
3062 (OH), 1734 (C=0), 1678 (C=0), 1593 (C=C)
cm s MS m/z 530 ([M~+1]"). Anal. caled for CpoHp3N-
0,S: C 65.77, H 4.38, N 2.64, S 6.06; found C 65.81, H
4.29,N2.57;S6.11.

1.3 fEiEtEaynis

PRI Ak: 4 s (R BR IR (S, aureus 4220) A2 TE
BEERTR(S. mutans 3056) KA (E. coli 1356) i FH
SR VY PR 4 (775 %5 BK B (methicillin-resistant S. aureus)fll
T s % ) 4 B €6, %] 25 BK 181 (quinolone-resistant S. aureus).

AR 7 1:2 I OCk[11], CAVE 3 A (norfloxa-
cin) AN M VG K (oxacillin A BHPEXS I 2454, A2 48454
/MR EE(MIC, pg/mL). 6 B4 (0 4 BRI )
gL b, RS TR A It S 8g, 8i, 81 Al
8m filt 1 4 22 B 24 T )35 P E
2 ZR51HE
21 &

TR 3a~3p SRR, RN A NBS
BEAT WRAR. HH T SCRR AR 28 S W 38 9 4 B it 2k )
R BT LLBAN I IF AR e 5 N I ek PR T RV, R
JEIANBE e 4 RN, T HLAR ARS8 I NBS (1, 1351
[ — ik 3a~3p ARSI BT Y, K5
WRG AR S R, A5 BAE 2 M A se2tife. Jak
FEFFDE T 2EAT SN, NBS BEMUFRACR Y, 4 NBS A
WO 1.3 equiv.i, TG WA AR, HRNEIS AT G
i, ;AL 90% /A, AR SO RIS A B A,
QOGBS TN RN BAh, I B VAR
FRUT G N AT RCR AN W, XA REL FIDGAE —
FEFRRE b REMEA IS SN R A K.

TEALEY) 8a~8p G L, JHAH] CICH,CO,-
CoHs BETUBEME — I N _E [0 H, R =W, $
AR B S5 PR (1) BrCH,CO,Bu-r AR I,
RNIGFIEAT, B H CF,COOH /K MRlsEE, Wi [N
HATR 2, T H R NI [R)RE, SRR, S AR B
i B
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H AR A PR 6 2 (ORI BT BR TR (S, aureus 4220). A%
JEBEERTE(S. mutans 3056) KWGHFR(E. coli 1356)(1)3%
PEMNR A R IR 1 022 [ PHPETRE, IR o WA
FF 42 P PR 4 7 €67 25 BR 1R (methicillin-resistant S. aureus)
T M U R 4 B (4 A 4 3K B (quinolone-resistant S.
aureus)Tf IS5 R ILEE 2.

R 1 ALGY Ta~Tp A 8a~8p [MHUEITETEG/INMIHIKE,
pg/mL)

Table 1 Inhibitory activity (MIC, pg/mL) of compounds 7a~
7p and 8a~8p against bacteria

Compd. S. aureus 4220  S. mutans 3056  E. coli 1356

Ta~Tp >64 >64 >64
8a >64 >64 >64

8b >64 >64 >64

8c >64 >64 >64

8d >64 >64 >64

8e >64 >64 >64

8f >64 >64 >64

8g 8 32 >64
8h >64 >64 >64

8i 8 32 >64

8j >64 >64 >64

8k >64 >64 >64

8l 16 32 >64
8m 8 8 >64
8n >64 >64 >64
80 >64 >64 >64
8p >64 >64 >64

Norfloxacin 2 1 16

Oxacillin 1 1 >64

WIS PSS SRR, BEMEE] — i N _F 4R
BRI 1 (8] 44 7a~Tp £ 64 pg/mL K5 T B JCHU R
PE. ALE4) 8g, 8i Fl 8m LR R I, % <e v (13 4 BR
(S, aureus 4220)1 )5/ MUK IE 8 ng/mL, {HAIA
W b R R M AR, [RIFE, 8g, 8i A 8m X AR JEHEEK
B(S. mutans 3056) LRI —EMBIEH, SRt
TEPERH S, T 4 i (R 25 BR B0 LR A A P I U AR
T AR TERERRTA. JaAh, R <o o 10 7] 26 3K BRI AR TR K
B PEIT: 8g>7g, 8i>7i Al 8m>7m, i HHBEM ¢
Tl N bR RE W] WA B S ISV R RS R (R
b8 4. BT EH KA 1356()8 12 = GBI
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2 LAY 8g, 8i, 811 8m ot 2 T 2 45 % PV R IS
PR/ NIERR E, pg/mL)”

Table 2 Inhibitory activity (MIC, pg/mL) of compounds 8g, 8i,
8l and 8m against clinical isolates of multidrug-resistant gram-
positive strains

Compd. 3163/1 = 3506 3505 e 3519
8g 4 8 >64 >64

8i 4 4 8 4

8l 4 4 32 16

8m 4 4 4 8
Norfloxacin 8 4 >64 >64

Oxacillin >64 >64 1 1

© 2012 Chinese Chemical Society & SIOC, CAS

“MRSA 3167, methicillin-resistant S. aureus CCARM 3167; MRSA 3506,
methicillin-resistant S. aureus CCARM 3506; QRSA 3505, quinolone-resistant
S. aureus CCARM 3505; QRSA 3519, quinolone-resistant S. aureus CCARM
3519.

BB/ IR BE I8 KT 64 pg/mL.

) 22 N 25 IR A5 R EoR, BTl 4 AMe S Ybt
TR 40 D P <8 €0 8 26 3K AT (1) e /N UK RO B 4
pg/mL, WEVES RGP EAT Y, 20 16 f5UL TR MEPE K,
B4 8i FH 8 1AL WA U I <0 B (571 26 BR AT PRV 1k 7
[M(MIC=4~8 pg/mL), 55T RKM:FEMRMIC=1 pg/mL).
FANKIN, LAY 8g A 81 XiFifis FF 4L it AR 4 3 € ] 285 Bk
AT (103 A S S T s ) 45 o € A 2 K AT, 17 8
8m X PP 22 F i 24 o 2 BH 1 AR (RIS T I 2

=N
PAR
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