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Synthesis and Antibacterial Activities of Osthole Derivatives
Containing (Hetero )arylsulfonylpiperazine
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Abstract In order to obtain antibacterial candidate compounds, the strategy of pharmacophore hybridisation was
adopted to optimize the structure of the previously obtained active compound. Twenty-five osthole derivatives were
designed and synthesized, and confirmed by means of nuclear magnetic resonance hydrogen spectroscopy
('"H NMR) , nuclear magnetic resonance carbon spectroscopy (*C NMR) and elemental analysis. The antibacterial
activities against S. aureus, E. coli, methicillin-resistant S. aureus (MRSA) and fluoroquinolone-resistant E. coli
(FREC) were evaluated, the results showed that the minimum inhibitory concentration (MIC) of compound 4q was
0.5, 1, 2, 2 pg/mL respectively, the MIC of compound 4s was 0.25, 0.5, 1, 2 pg/mL respectively, and the MIC of
compound 4u was 0.5, 2, 1, 4 pg/mL respectively. The inhibitory activities of these compounds against S. aureus
were comparable to the control drug oxacillin, and superior to norfloxacin, and against E. coli, MRSA, and FREC
were superior to the control drugs oxacillin and norfloxacin. The combination of (hetero) arylsulfonylpiperazine and
osthole can effectively enhance antibacterial activities and expand the antibacterial spectrums.
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X
Br
Cys/NaH " Br/ KoCOs B
o 0 o HO ~"o
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H@ rkco, )
NH / K:COs K/ RSO,Cl /Et:N
N 2 3
V\O
DMF DCM

R: 4a, Ph; 4b, 2-CH;Ph; 4¢, 3-CH;Ph; 4d, 4-CH;Ph; 4e, 2-OCH;Ph; 4f, 3-OCH;Ph; 4g, 4-OCH;,Ph; 4h, 2-FPh; 4i, 4-FPh;
4j, 2-CF3Ph; 4k, 3-CF3Ph; 41, 4-CF3Ph; 4m, 2-NO,Ph; 4n, 3-NO,Ph; 40, 4-NO,Ph; 4p, naphthalen-1-yl; 4q, quinolin-8-yl;
4r, 2 3-dihydrobenzofuran-6-yl; 4s, coumarin-6-yl; 4t, benzo[1,2,5]thiadiazol-4-yl; 4u, 1-acetylindolin-5-y1;

4v, thiophen-2-yl; 4w, 2-(methoxycarbonyl) thiophene-3-yl; 4x, 5-chlorothiophen-2-yl; 4y, 3,5-dimethylisoxazol-4-yl.

Scheme 3 Synthetic routes of target compounds 4a—d4y

12,1 #EEIE A K K 6.00 g(24. 56 mmol) I K F %K | 8.93 g(73. 68 mmol) F L Z M2 . 5.89 g
(147. 37 mmol ) E AL AN (4354 60% ) #1100 mL DMF JiITA 250 mL e, In#hzs g, FHE (i
(TLC) BREF SN ERE . TRV ZE R, WHI BRI, INAZEIRKARE, L1 mol/LERERIH T pHIEZES. 5, H
LR OTRZER 3, BIFANLZ, MRS KRR 2, DLIC/KBRER N T, Z8ab il | Wedn I
RERCHEZ M/ B alidl, A5 PR 1 (AR, m. p. 90~91 °C, 53CHk[ 26 |HiiE—3K .

122 HEE2894K K150 g(6.51 mmol) F1IIA 1, 3. 60 g(26. 06 mmol ) JC/K BRI 120 mL DMF
TS0 mL S I, 2 N0, 5 h i, FHEZE 80 'C, LRI N 2. 25 mL(26. 06 mmol ) 1,2- "R Z,
Bi, FHTLC BRER SN ERR . FRIEEo, W E S, INAZRIRKIER:, O OBRZEI3 K, A
BUZ, MU 1T mol/L 3078 | HRL R R S 4 A R RR AN SAL AR /K M A MU, DTG /K B Rl T4
ZeLUE | WA M RERSAEJE Moy B alifh, AR AR 2 A, m.p. 110~112 °C. 'H NMR (400 MHz,
CDCL,), 6: 7.60(d, J=9.4 Hz, 1H), 7.25(d, J=3.7 Hz, 1H), 6.77(d, J=8.6 Hz, 1H), 6.24(d, J=9. 4
Hz, 1H), 5.24(1, J=7.3 Hz, 1H), 4.37(1, J=6.1 Hz, 2H), 3.67(t, J=6.1 Hz, 2H), 3.56(d, J=7. 4
Hz, 2H), 1.83(s, 3H), 1. 65(s, 3H).

123 A3 A& K169 g(5 mmol) a2 2.76 g(20 mmol) Jo/K Bk R #1 A1 20 mL DMF fill A
50 mL M, Z T N RO 0.5 h, FHEEE 50 °C, A L. 72 g(20 mmol) JE/KWRE , LI 1 h. #5112
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N, WHIEZR, MAGE RZZIBK, HCROBRAER 3K, SIFEHUZE, KK THZEE KR tbahK
VWUE , AR BRBREN T4, Ll U8 | Vs Mk A 2 M o s ligh , A3 8) aERs E{A 3, m. p.
104~106 °‘C. 'H NMR (400 MHz, CDCL,), 8: 7.59(d, J=9.4 Hz, 1H), 7.25(d, J=8.6 Hz, 1H), 6.79(d,
J=8.6 Hz, 1H), 6.21(d, J=9.5Hz, 1H), 5.18(t, J=7.5 Hz, 1H), 4. 17(t, J=5.7 Hz, 2H), 3.50(d, J=
7.3 Hz, 2H), 2.96(t, J=4.8 Hz, 4H), 2. 84(t, J=5.7 Hz, 2H), 2. 63(1, J=4.7 Hz, 4H), 1. 81(s, 3H),
1.63(s, 3H), 1.22(dt, J=9.3, 7.1 Hz, 1H).

124  EAF A Y da~dy B9 45K B50.05 g(0. 15 mmol) HPAIIA 3 F1 10 mL — 5 H B h A 50 mL J W I
H, 00, 06 mL(0. 45 mmol) = Z i F1 0. 04 mL(0. 30 mmol) KRS, 25 F#Ef7 0%, F TLC BRER
SRR . ROV EE A, WRATIEE ), BT 2 s aidl, 3k 6 4a. R G BUELGY)
4b~dy. HIREAY) da~dy MFRALEHR S T35 1, 'TH NMR 1 °C NMR £04541) T2 2.

Table 1 Physical properties of compounds 4a—4y

Elemental analysis caled. (%, found)

Compd. Appearance Yield(%) m. p./C c " N
4a White solid 85 154—155 64.71(64.60) 6.27(6.44) 5.80(5.65)
4h White solid 88 109—110 65.30(65.24) 6.50(6.56) 5.64 (5.55)
4c White solid 88 116—117 65.30(65.27) 6.50(6.54) 5.64 (5.62)
4d White solid 88 148—149 65.30(65.07) 6.50(6.61) 5.64 (5.63)
4e White solid 82 165—166 63.26(63.21) 6.29(6.29) 5.46(6.28)
4f White solid 81 88—90 63.26(63.35) 6.29(6.50) 5.46(6.37)
4¢ White solid 83 126—127 63.26(63.22) 6.29(6.37) 5.46(6.44)
4h White solid 73 134—135 62.38(62.37) 5.84(5.91) 5.60 (5.55)
4i White solid 73 135—136 62.38(62.28) 5.84(5.88) 5.60 (5.47)
4j White solid 79 142—143 58.90(58.96) 5.31(5.46) 5.09(4.98)
4k White solid 84 84—86 58.90(58.85) 5.31(5.49) 5.09(5.02)
41 White solid 78 160—161 58.90(58.72) 5.31(5.30) 5.09(5.00)
4m White solid 75 150—151 59.19(59.22) 5.54(5.71) 7.96(8.00)
4n White solid 76 135—136 59.19(59.02) 5.54(5.54) 7.96(7.91)
40 White solid 76 121—122 59.19(59.10) 5.54(5.66) 7.96(7.78)
4p White solid 94 138—139 67.65(67.48) 6.06(6.16) 5.26(5.22)
4q White solid 70 110—111 65.27(65.49) 5.86(5.81) 7.87(7.85)
4r White solid 63 154—155 64.10(64.16) 6.15(6.18) 5.34(5.31)
4s White solid 66 139—140 63.26(63.25) 5.49(5.54) 5.09(5.04)
4t White solid 71 133—134 57.76(57.67) 5.22(5.41) 10.36(10.22)
4u White solid 50 96—97 63.70(63.65) 6.24(6.49) 7.43(7.34)
4v White solid 69 169—170 59.00(59.06) 5.78(5.91) 5.73(5.65)
4w White solid 74 108—109 57.13(56.98) 5.53(5.53) 5.12(5.00)
4x White solid 80 129—130 55.11(54.99) 5.20(5.23) 5.36(5.24)
4y White solid 78 144—145 59.86(59.94) 6.23(6.35) 8.38(8.23)

Table 2 'H NMR and “C NMR data of compounds 4a—dy

Compd. 'H NMR (400 MHz, CDCL,), 6 C NMR(101 MHz, CDCL,), 8
4a  7.71—7.75(m, 2H, ArH), 7.55—7.62(m, 2H, ArH), 7.49—7.53(m, 2H,  161.26, 159.06, 152.82, 143.68, 132.95,
ArH), 7.18—7.28(m, 1H, ArH), 6.72(d, J=8.5 Hz, 1H, ArH), 6.20(d, J=  132.55, 129.08, 127.78, 12622, 121.10,
9.4 Hz, 1H, ArH), 5.11(t, J=7.0 Hz, 1H, HC=C), 408—4.11(m, 2H,  118.00, 113.17 (d, J=54 Hz) , 108.02,
OCH,), 345(d, J=7.1 Hz, 2H, CH,C=), 3.03(s, 4H, piperazine-H), 2.84  66.82, 56.68, 52.69, 46.03, 25.79, 22.01,
(s, 2H, NCH,), 2.68(s, 4H,piperazine-H), 1.77(s, 3H, CH,), 1.58(s, 3H, 18.08
CH,)

Chem. J. Chinese Universities, 2024, 45(7), 20240124 20240124(4/10)



-
Cu

L3 4 Hhw® %R

CHEMICAL JOURNAL OF CHINESE UNIVERSITIES

Continued
Compd. 'H NMR (400 MHz, CDCL,), & C NMR(101 MHz, CDCL,), &
4b  7.84(dd, J=8.2, 1.6 Hz, 1H, ArH), 7.53—7.61(m, 1H, ArH), 7.40—7.44 16132, 159.10, 152.80, 143.78, 138.02,
(m, TH, Arl), 7.25—7.32(m, 2H, ArH), 7.23(d, J=10.1 Hz, 1H, Arll), 13506, 132.93(d, J=8.5 Hz), 13250,
6.68—6.78 (m, 1H, ArH), 6.17—6.20 (m, 1H, ArH), 5.11(t, J=7.4 Hz, 130.29, 129.66, 127.83, 126.28, 126.13,
121.15, 117.91, 113.10, 108.08, 66.88,

1H, HC=C) , 4.08—4.13 (m, 2H, OCH,) , 343 (d, J=7.0 Hz, 2H,
CH,C=), 3.23—2.99 (m, 4H, piperazine-H), 2.81—2.85(m, 2H, NCH,) ,
2.62—2.67 (m, 4H, piperazine-H) , 2.38(s, 3H, CH3) , 1.76 (s, 3H, CH3> s
1.56(s, 3H, CH,)

56.77, 52.92, 45.26, 25.78 (d, J=1.2 Hz) ,
22.00, 20.88, 18.07

dc 751759 (m, 3H, ArH) , 7.33—7.40 (m, 2H, ArH) , 7.21(d, J=8.6 Hz, ~ 101.28, 159.09, 15279, 14372, 139.28,
IH, AtH), 6.71(d, J=8.6 Hz, 1H, ArH), 6.18—6.22(m, 1H, ArH), 5.11 13490, 133.73, 13248, 12892, 128.04,
(t, J=7.1 Hz, 1H, HC=C) , 4.07(t, J=5.3 Hz, 2H, OCH,), 3.44(d, j=72 12625, 12498, 12113, 117.93, 113.10,
Hz, 2H, CH,C=), 3.01 (s, 4H, piperazine-H) , 2.81 (1, J=5.4 Hz, 21,  108:04, 66.84, 56.67, 52.69, 46.05, 25.76,
NCH,) , 2.60—2.70(m, 4H, piperazine-H), 2.38(s, 3H, CH,), 1.75(s, 31, 2200, 21.36, 18.07
CH,), 1.57(s, 3H, CH,)

4d  7.54—7.62(m, 3H, ArH), 7.20—7.30 (m, 3H, ArH), 6.71(d, J=8.6 Hz, 16131, 159.08, 152.80, 143.73, 132.54,
1H, ArH), 6.16—6.23(m, 1H, ArH), 5.11(t, J=7.3 Hz, 1H, HC=C), 4.07  132.02, 129.67, 127.85, 126.24, 121.10,
(t, J=5.5 Hz, 2H, OCH,), 3.44(d, J=7.2 Hz, 2H, CH,C=), 3.00(s, 4H,  117.96, 113.14, 108.03, 66.79, 56.67,
piperazine - H) , 2.81 (d, J=5.6 Hz, 2H, NCH,) , 2.66 (d, J=5.9 Hz, 4H,  52.68, 46.02, 25.77, 22.00, 21.52, 18.08
piperazine-H), 2.39(s, 3H, CH3), 1.76(s, 3H, CH3), 1.57(s, 3H, CH3)

4 7.83(dd, J=7.8, 1.8 Hz, 1H, ArH), 7.57(d, J=9.4 Hz, IH, ArH), 7.49—  161.32, 159.15, 156.96, 152.82, 143.73,
7.51 (m, 1H, ArH), 7.23(d, J=6.5 Hz, 1H, ArH), 6.94—7.03 (m, 2H,  134.64, 132.54, 131.82, 12623, 125.68,
ArH), 6.74(d, J=8.6 Hz, 1H, ArH), 620(d, J=9.4 Hz, 1H, ArH), 5.10—  121.12, 12037, 118.01, 113.12 (d, J=3.4
5.20(m, 1H, HC=C), 4.11(1, J=5.5 Hz, 2H, OCH,), 3.88(s, 3H, OCH,),  Hz), 112.20, 108.08, 66.88, 56.87, 55.90,
347(d, J=72 Hz, 2H, CH,C=), 3.22(d, J=5.1 Hz, 4H, piperazine-H),  53.36, 45.97, 25.80, 22.02, 18.09
2.83(t, J=5.5 Hz, 2H, NCH,), 2.62(d, J=5.2 Hz, 4H, piperazine-H), 1.78
(d, J=1.3 Hz, 3H, CH,), 1.60(s, 3H, CH,)

4 7.56(dd, J=9.5, 1.3 Hz, 1H, ArH), 7.38—7.43(m, 1H, ArH), 7.28—731 16126, 159.89, 152.81, 143.69, 136.27,
(m, 1H, ArH), 7.20—7.24(m, 2H, ArH), 7.07—7.10(m, 1H, ArH), 6.72 13255, 130.13, 12623, 121.10, 119.90,
(dd, J=8.6, 1.2 Hz, 1H, ArH), 6.19(dd, J=9.5, 22 Hz, 1H, ArH), 5.11(1, 11897, 117.99, 113.18, 112.66, 108.02,
J=71.4 Hz, 1H, HC=C) , 4.03—4.12(m, 2H, OCH,), 3.82(s, 3H, OCH,),  66.83, 56.68, 55.64, 52.69, 46.04, 25.78,
3.46(d, J=7.1 Hz, 2H, CH,C=), 3.04(s, 4H, piperazine-H), 2.84(s, 2H,  22.01, 18.08
NCH,), 2.68(s, 4H, piperazine-H), 1.77(s, 3H, CH,), 1.59(s, 3H, CH,)

4g  7.63—7.68 (m, 2H, ArH), 7.56—7.59 (m, 1H, ArH), 7.21(d, J=8.7 Hz,  163.11, 161.28, 159.10, 152.82, 143.69,
1H, ArH), 6.90—7.02(m, 2H, ArH), 6.72(d, J=8.5 Hz, 1H, ArH), 6.14— 132,52, 129.92, 12670, 12622, 12111,
6.25(m, 1H, ArH), 5.11(1, J=7.2 Hz, 1H, HC=C), 4.08(t, J=5.4 Hz, 2H,  118.00, 114.19, 113.15(1, J=2.7 Hz),
OCH,), 3.83(s, 3H, OCH,), 3.46(d, J=7.3 Hz, 2H, CH,C=), 3.00(s, 4H,  108.04, 66.81, 56.67, 55.62, 52.67, 46.02,
piperazine-H) , 2.83 (s, 2H, NCH,) , 2.67 (s, 4H, piperazine-H) , 1.76 (s, 25.76, 22.01, 18.07
3H, CH,), 1.58(s, 3H, CH,)

4h 778 (1, J=7.5 Hz, 1H, ArH), 7.53—7.59 (m, 2H, ArH), 7.16~7.28 (m, 16127, 159.08, 157.73, 152.82, 143.69,
3H, ArH), 6.74(d, J=8.6 Hz, 1H, ArH), 6.20(d, J=9.3 Hz, IH, ArH), 5.12  135.19 (d, J=8.7 Hz) , 132.55, 13131,
(1, J=7.4 Hz, 1H, HC=C), 4.11(1, J=5.4 Hz, 2H, OCH,), 3.46(d, J=7.2 12623, 124.50, 121.12, 118.02, 117.45,
Hz, 2H, CH,C=), 3.21 (s, 4H, piperazine-H) , 2.86 (1, J=5.4 Hz, 2H,  117.23, 113.17, 10805, 66.79, 56.73,
NCH,), 2.68(s, 4H, piperazine-H), 1.78(s, 3H, CH,), 1.59(s, 3H, CH,) 52.88, 45.74, 25.76, 22.01, 18.08

4 772—777(m, 2H, AH) , 7.56(d, J=9.4 Hz, 1H, AH), 7.16—7.25(m, 16055, 164.01, 161.27, 152.81, 143.69,
3H, ArH) , 6.72(d, J=8.6 Hz, 1H, ArH) , 620(dd, J=9.4, 1.4 Hz, 1H, 13255, 131.30(d, J=3.2 Hz), 130.47(d, J=
ArH), 5.12(t, J=7.0 Hz, 1H, HC=C), 4.10(1, J=5.5 Hz, 2H, OCH,), 346 94 Hz), 12624, 12111, 117.97, 11647,
(d, J=7.2 Hz, 2H, CH,C=), 3.03(s, 4H, piperazine-H), 2.84(d, j=6.6 Hz, ~ 11625, 113.17(d, J=49 Hz), 108.00,
2H, NCH,), 2.68 (s, 4H, piperazine-H), 1.77(s, 3H, CH,), 1.58(s, 3H, ~ 00.79. 56.65. 52.61, 46.00, 25.78, 22.01,
CH,) 18.09
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Continued
Compd. 'H NMR(400 MHz, CDCL,), & C NMR(101 MHz, CDCL,), &

4 7.97—8.12(m, 1H, ArH), 7.84—7.91(m, 1H, ArH), 7.67(dd, J=6.6, 2.9 161.30, 159.10, 152.82, 143.73, 137.08,
Hz, 2H, AtH), 7.57 (d, J=9.5 Hz, 1H, ArH), 7.23 (d, J=8.6 Hz, 1H, 132.77, 132.54, 132.19, 131.96, 128.54(d,
Arl), 6.75(d, J=8.6 Hz, 1H, ArH), 6.19(d, J=9.5 Hz, 1H, ArH), 5.13(t,  J=6.8 Hz), 12626, 123.77, 121.14,
J=7.2 Hz, 1H, HC=C), 4.12(t, J=5.5 Hz, 2H, OCH,), 3.46(d, J=7.2 Hz, 117.99, 113.14, 108.08, 66.81, 56.79,
2H, CH,C=), 3.25(t, J=4.7 Hz, 4H, piperazine-H), 2.86(t, J=5.4 Hz, 2H, 52.98, 45.65, 25.75, 22.01, 18.06
NCHZ) , 2.66(t, J=5.0 Hz, 4H, piperazine—H) , 1.78 (s, 3H, CH3) , 1.59(s,
3H, CH,)

4k 7.97 (s, 1H, ArH), 7.91(d, J=7.9 Hz, 1H, ArH), 7.83(d, J=7.8 Hz, 1H, 161.26, 159.04, 152.80, 143.71, 136.62,
ArH), 7.66(t, J=7.9 Hz, 1H, ArH), 7.56(d, J=9.6 Hz, 1H, ArH), 7.21(d, 132,52, 131.98, 131.64, 130.97, 129.96,
J=8.6 Hz, 1H, ArH), 6.71(d, J=8.6 Hz, 1H, ArH), 6.18(dd, J=9.5, 32  129.58(d, J=3.6 Hz), 126.25, 124.65(d, J=
Hz, 1H, ArH), 5.11(t, J=7.4 Hz, 1H, HC=C), 4.09 (t, J=5.4 Hz, 2H, 4.0 Hz) , 121.76, 121.11, 117.94, 113.15
OCH,), 3.45(d, J=7.2 Hz, 2H, CH,C=), 3.05(s, 4H, piperazine-H) , 2.84 (d, J=2.2 Hz) , 108.00, 66.83, 56.65,
(t, J=5.3 Hz, 2H, NCH,), 2.69(t, J=4.9 Hz, 4H, piperazine-H) , 1.76 (s, 52.58, 46.03, 25.73, 22.00, 18.06
3H, CH,), 1.57(s, 3H, CH,)

41 7.85(d, J=8.2 Hz, 2H, ArH), 7.77(d, J=8.2 Hz, 2H, ArH), 7.55(d, J=9.5 161.20, 159.02, 152.83, 143.64, 139.08,
Hz, 1H, ArH), 7.21(d, J=8.8 Hz, 1H, ArH), 6.71 (d, J=8.6 Hz, 1H, 134.76, 134.43, 132.51, 128.24, 126.21
ArH), 6.19(d, J=9.5 Hz, 1H, ArH), 5.11(t, J=7.4 Hz, 1H, HC=C), 4.08 (d, J=1.8 Hz) , 124.50, 121.78, 121.12,
(t, J=5.6 Hz, 2H, OCH,) , 3.45(d, J=7.1 Hz, 2H, CH,C=), 3.06(s, 4H, 117.99, 113.18(d, J=4.0 Hz), 107.99,
piperazine-H) , 2.85(t, J=5.4 Hz, 2H, NCHZ) , 2.69(s, 4H, piperazine-H) , 66.82, 56.63, 52.60, 45.99, 25.72, 22.00,
1.76(s, 3H, CH,), 1.57(s, 3H, CH,) 18.04

4m 7.91(dd, J=7.5, 1.7 Hz, 1H, ArH), 7.63—7.73(m, 2H, Ar-H), 7.55—7.60 161.33, 159.12, 152.81, 148.45, 143.78,
(m, 2H, ArH), 7.23(d, J=8.6 Hz, IH, ArH), 6.75(d, J=8.9 Hz, 1H, 133.86, 132.54, 131.50, 130.89, 130.61,
ArH), 6.19(dd, J=9.4, 1.6 Hz, 1H, ArH), 5.13(t, J=7.3 Hz, 1H, HC=C), 126.29, 124.06, 121.15, 117.97, 113.12,
4.12(t, J=5.5 Hz, 2H, OCH,), 3.46(d, J=7.2 Hz, 2H, CH,C=), 3.29(t, 108.11, 66.80, 56.73, 52.87, 45.96, 25.78,
J=49 Hz, 4H, piperazine—H) , 2.84(t, J=5.5 Hz, 2H, NCHZ) , 2.65(t, J=5.0 22.02, 18.09
Hz, 4H, piperazine-H), 1.78(s, 3H, CH,), 1.59(s, 3H, CH,)

4n 8.54(q, J=2.1 Hz, 1H, ArH), 8.41—8.44(m, 1H, ArH), 8.04(dd, J=7.9, 161.25, 159.03, 152.78, 148.28, 143.71,
1.7 Hz, 1H, ArH), 7.73—7.77(m, 1H, ArH), 7.55(dd, J=9.4, 1.6 Hz, 1H, 137.76, 133.22, 132.50, 130.59, 127.38,
ArH), 7.21—7.24(m, 1H, ArH), 6.71(dd, J=8.6, 1.4 Hz, 1H, ArH), 6.18 126.27, 122.75, 121.12, 117.91, 113.16(d,
—6.21(m, 1H, ArH), 5.11(t, J=7.0 Hz, 1H, HC=C), 4.07(t, J=5.5 Hz, J=4.0 Hz) , 107.99, 66.83, 56.61, 52.52,
2H, OCHZ) , 3.43(d, J=7.2 Hz, 2H, CHZCZ), 3.08(s, 4H, piperazine—H) s 46.12, 25.77, 22.01, 18.08
2.83(t, J=5.5 Hz, 2H, NCHZ) , 2.68(t, J=5.1 Hz, 4H, piperazine—H) , 1.76
(s, 3H, CH,), 1.57(s, 3H, CH,)

4o 8.34—8.36(m, 2H, ArH), 7.90(d, J=8.7 Hz, 2H, ArH), 7.56(d, J=9.5 Hz, 161.20, 159.01, 152.81, 150.19, 143.66,
IH, ArH), 7.21(d, J=8.6 Hz, 1H, ArH), 6.71(d, J=8.6 Hz, 1H, ArH), 6.19 141.54, 13251, 128.92, 126.24, 124.32,
(d, J=9.5 Hz, 1H, ArH), 5.10(t, J=7.3 Hz, 1H, HC=C), 4.08 (1, J=5.2 121.13, 117.94, 113.19(d, J=5.7 Hz),
Hz, 2H, OCH,), 3.44(d, J=7.2 Hz, 2H, CH,C=), 3.08(s, 4H, piperazine- 107.97, 66.86, 56.60, 52.55, 46.05, 25.76,
H), 2.84(dd, J=7.2, 3.9 Hz, 2H, NCH,), 2.69(t, J=5.0 Hz, 4H, piperazine- 22.01, 18.08
H), 1.76(s, 3H, CH,), 1.58(s, 3H, CH,)

4p 8.74(d, J=8.6 Hz, 1H, ArH), 8.14(dd, /=74, 1.3 Hz, 1H, ArH), 8.02 159.08, 143.73, 134.56, 134.33, 13242,
(d, J=8.2 Hz, 1H, ArH), 7.87(dd, J=8.1, 1.6 Hz, 1H, ArH), 7.46—7.64 132.10, 130.62, 129.05, 128.90, 128.06,
(m, 4H, AtH), 7.17(d, J=8.6 Hz, 1H, ArH), 6.68 (d, J=8.6 Hz, 1H, 126.87, 126.25, 125.16, 124.10, 121.15,
ArH), 6.11—6.20(m, 1H, ArH), 5.08(t, J=7.3 Hz, 1H, HC=C), 4.03(t, 117.87, 113.05, 113.02, 108.05, 66.84,
J=5.4 Hz, 2H, OCH,), 3.40(d, J=7.2 Hz, 2H, CH,C=), 3.15(t, J=4.8 Hz, 56.67, 52.84, 45.67, 25.72, 21.97, 18.03
4H, piperazine-H) , 2.76(t, J=5.4 Hz, 2H, NCH,), 2.58(t, J=4.9 Hz, 4H,
piperazine—H), 1.71(s, 3H, CH3), 1.52(s, 3H, CH3)
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Continued
Compd. 'H NMR (400 MHz, CDCL,), 8 C NMR(101 MHz, CDCL,), &
4q  9.01—9.03(m, 1H, ArH), 8.38—8.50(m, 1H, ArH), 8.18(dd, J=8.4, 2.0 161.32, 159.12, 152.79, 151.22, 144.22,
Hz, 1H, ArH), 7.99 (dd, J=8.1, 1.7 Hz, 1H, ArH), 7.55—7.62 (m, 2H, 14374, 136.39(d, J=7.7 Hz), 133.58,
ArH), 7.46—7.50(m, 1H, ArH), 7.18—7.27(m, 1H, ArH), 6.72(d, J=8.6  133.21, 132.50, 128.98, 126.23, 125.48,
Hz, 1H, ArH), 6.17(dd, J=9.5, 2.4 Hz, 1H, ArH), 5.11(t, J=7.2 Hz, 1H, 122.04, 121.11, 117.97, 113.08, 108.08,

HC=C), 4.09(t, J=5.6 Hz, 2H, OCHZ) , 3.43—3.45(m, 6H, piperazine-H+
CHZCZ), 2.81(d, J=5.7 Hz, 2H, NCHZ) , 2.64(s, 4H, piperazine—H) , 1.74
(s, 3H, CH3), 1.54(s, 3H, CHB)

66.75, 56.86, 53.52, 46.31, 25.75, 21.99,
18.06

4r 7.55(dd, J=9.5, 2.1 Hz, 1H, ArH), 7.47—7.54(m, 2H, ArH), 7.19—7.26 164.04, 161.28, 159.09, 152.81, 143.70,
(m, 1H, ArH), 6.81(dd, J=8.3, 2.0 Hz, 1H, ArH), 6.72(dd, J=8.6, 2.0 132.53, 129.45, 128.33, 126.52, 126.23,
Hz, 1H, ArH), 6.18—6.22(m, 1H, ArH), 5.13(t, J=7.4 Hz, 1H, HC=C), 124.98, 121.13, 117.98, 113.16, 109.50,
4.62—4.67 (m, 2H, CH,), 4.09(t, J=5.7 Hz, 2H, OCH,), 3.45(d, J=7.2 108.03, 72.28, 66.84, 56.68, 52.70, 46.05,
Hz, 2H, CH,C=), 3.21(t, J=8.7 Hz, 2H, CH,), 3.00 (s, 4H, pipera- 29.05, 25.75, 22.01, 18.08
zineH) , 2.82(d, J=5.9 Hz, 2H, NCH,), 2.68(s, 4H, piperazine-H), 1.77(s,
3H, CH,), 1.58(s, 3H, CH,)

4s  7.90(d, J=2.1 Hz, 1H, ArH), 7.84(dd, J=8.7, 2.1 Hz, 1H, ArH), 7.72(d,  161.22, 159.08 (d, J=19.4 Hz) , 156.47,
J=9.7 Hz, 1H, ArH), 7.55(dd, J=9.4, 1.9 Hz, 1H, ArH), 7.42(dd, J=8.7, 152.80, 143.67, 142.33, 132.51, 131.81,
1.9 Hz, 1H, ArH), 7.21(dd, J=8.6, 1.8 Hz, 1H, ArH), 6.70(d, J=8.6 Hz, 130.65, 128.00, 126.25, 121.12, 118.95,
IH, ArH), 6.51(dd, J=9.6, 2.0 Hz, 1H, ArH), 6.19(dd, J=9.4, 2.2 Hz, 118.53, 117.93, 113.19(d, J=6.1 Hz),
IH, ArH), 5.10(t, J=7.2 Hz, 1H, HC=C), 4.08(t, J=5.2 Hz, 2H, OCH,), 107.96, 56.61, 52.57, 25.76, 22.01, 18.08
3.44(d, J=7.2 Hz, 2H, CHZC:), 3.06(s, 4H, piperazine—H) , 2.84(s, 2H,
NCHZ), 2.69(s, 4H, piperazine-H), 1.76(s, 3H, CH3), 1.57(s, 3H, CH3)

4 8.17—8.24 (m, 2H, ArH), 7.66—7.72 (m, 1H, ArH), 7.55(d, J=9.5 Hz, 161.23, 159.05, 155.52, 152.80, 149.79,
1H, ArH), 7.20—7.24(m, 1H, ArH), 6.70(d, J=8.6 Hz, 1H, ArH), 6.18 143.65, 13249, 132.34, 130.05, 128.14,
(d, J=9.4 Hz, 1H, ArH), 5.11(t, J=7.6 Hz, 1H, HC=C), 4.07 (t, J=5.4 126.59, 126.20, 121.11, 117.98, 113.15(d,
Hz, 2H, OCH,), 3.43(d, J=7.2 Hz, 2H, CH,C=), 3.34(t, J=4.8 Hz, 4H, J=4.9 Hz) , 108.02, 66.79, 56.74, 53.11,
piperazine—H) , 2.81(t, J=5.3 Hz, 2H, NCHZ) , 2.64(t, J=5.0 Hz, 4H, pipe- 46.15, 25.72, 22.00, 18.05
razine-H), 1.75(s, 3H, CH,), 1.54(s, 3H, CH,)

4u 8.24(d, J=8.5 Hz, 1H, ArH), 7.45—7.60(m, 3H, ArH), 7.20(d, J=8.6 Hz, 169.48, 161.27, 159.14, 152.79, 146.83,
1H, ArH), 6.70(d, J=8.6 Hz, 1H, ArH), 6.16(d, J=9.4 Hz, 1H, ArH), 5.09 143.73, 13245, 132.20, 129.30, 128.44,
(t, J=7.2 Hz, 1H, HC=C), 4.04—4.14(m, 4H, OCH,+CH,), 3.43(d, J=7.2 126.24, 124.07, 121.14, 11795, 116.52,
Hz, 2H, CH,C=), 3.18(t, J=8.6 Hz, 2H, CH,), 2.98(s, 4H, piperazine- 113.07(d, J=1.9 Hz), 108.10, 66.88,
H), 2.79(t, J=5.4 Hz, 2H, NCH,) , 2.62(t, J=4.9 Hz, 4H, piperazine-H) , 56.64, 52.64, 49.10, 46.08, 27.57, 25.74,
2.22(s, 3H, CH,), 1.75(s, 3H, CH,), 1.57(s, 3H, CH,) 24.28, 22.00, 18.06

4v 7.55—7.62(m, 2H, ArH), 7.49(d, J=3.7 Hz, 1H, ArH), 7.22(d, J=8.8 Hz, 161.26, 159.10, 152.82, 143.70, 135.47,
IH, ArH), 7.10(t, J=4.4 Hz, 1H, ArH), 6.73(d, J=8.6 Hz, 1H, ArH), 6.19 132.57(d, J=74 Hz), 13231, 127.73,
(d, J=9.4 Hz, 1H, ArH), 5.12(t, J=7.2 Hz, 1H, HC=C), 4.10(t, J=5.4 126.24, 121.13, 118.01, 113.15, 108.07,
Hz, 2H, OCH,), 3.45(d, J=7.2 Hz, 2H, CH,C=), 3.07(t, J=4.8 Hz, 4H, 66.84, 56.65, 52.55, 46.07, 25.79, 22.02,
piperazine-H) , 2.84(t, J=5.4 Hz, 2H, NCH,), 2.69(t, J=5.0 Hz, 4H, pipera- 18.08
zine-H), 1.77(s, 3H, CH3), 1.59(s, 3H, CH3)

4w 7.56(dd, J=9.5, 1.1 Hz, 1H, ArH), 7.46(d, J=5.3 Hz, 1H, ArH), 7.39(dd, 161.31, 159.90, 159.12, 152.81, 143.76,
J=52, 1.5 Hz, 1H, ArH), 7.22(s, 1H, ArH), 6.74 (d, J=8.6 Hz, 1H, 139.92, 133.99, 132.52, 131.28, 129.18,
ArH), 6.18—6.21(m, 1H, ArH), 5.12(t, J=7.1 Hz, 1H, HC=C), 4.07— 126.27, 121.15, 117.98, 113.11, 108.09,
4.17(m, 2H, OCH,), 3.85(s, 3H, CH,), 3.46(d, J=7.2 Hz, 2H, CH,C=), 66.82, 56.79, 53.04(d, J=3.1 Hz) , 46.14,
3.30(t, J=4.9 Hz, 4H, piperazine-H) , 2.83(t, J=5.2 Hz, 2H, NCH,) , 2.65 25.77, 22.02, 18.08
(t, J=5.0 Hz, 4H, piperazine-H), 1.77(s, 3H, CH,), 1.59(s, 3H, CH,)

4x 7.56(d, J=9.5 Hz, 1H, ArH), 7.28(d, J=4.0 Hz, 1H, ArH), 7.24(d, J=8.3 161.25, 159.09, 152.83, 143.69, 137.56,
Hz, 1H, ArH) , 6.94(d, J=4.0 Hz, 1H, ArH), 6.73 (d, J=8.6 Hz, 1H, 133.59, 132.53, 131.98, 127.14, 126.24,
ArH), 6.19(d, J=9.4 Hz, 1H, ArH), 5.12(t, J=7.2 Hz, 1H, HC=C), 4.10 121.14, 118.00, 113.15, 108.04, 66.84,
(t, J=5.4 Hz, 2H, OCH,), 3.46(d, J=7.2 Hz, 2H, CH,C=), 3.07(t, J=4.8 56.61., 52.49, 46.07, 25.77, 22.02. 18.09
Hz, 4H, piperazine—H) , 2.84(t, J=5.4 Hz, 2H, NCHZ) , 2.69(t, J=5.0 Hz,
4H, piperazine-H), 1.78(s, 3H, CH,), 1.60(s, 3H, CH,)
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Compd. 'H NMR (400 MHz, CDCL,), & C NMR(101 MHz, CDCL,), 8

4y 7.56(d, J=9.4 Hz, 1H, ArH), 7.23(d, J=8.9 Hz, 1H, ArH), 6.74(d, J=8.6 173.76, 161.23, 159.02, 157.94, 152.82,
Hz, 1H, ArH), 6.14—6.24(m, 1H, ArH), 5.13(t, J=7.1 Hz, 1H, HC=C), 143.69, 132.54, 126.26, 121.14, 117.95,
4.12(t, J=5.3 Hz, 2H, OCH,), 3.46(d, J=7.1 Hz, 2H, CH,C=), 3.12(t, J= 113.18, 11290, 108.01, 6691, 56.64,
5.0 Hz, 4H, piperazine-H) , 2.86 (t, J=5.2 Hz, 2H, NCH,), 2.60(t, J=5.2 52.57, 45.45, 25.77, 22.03, 18.08, 12.99,
Hz, 4H, piperazine-H), 2.60(s, 3H, CH,), 2.36(s, 3H, CH,), 1.78(s, 3H, 11.38
CH,), 1.60(s, 3H, CH,)

125 HIFMAWHRE EEN R FRUERERNS. aureus FNE. coli, Tit 25 Bk 2 MRSA FITi F504s 14 R
KIGFFH (FREC) , 8 BB R4 8 B B 4 B HE At . UARIE PG K (Oxacillin) A5 T VD 5 (Norfloxa-
cin) AXTREZG , S RESCER( 27 15, SRR BSL I E Hbr b &9 H0 MIC.

2 GR5H

21 ERSFRIE

Hirb A6 ) s L B TR R 1L A, 2EnCEAEEN) : nCEBEZRR) :n (IR F28)=6:3:1
SN B 3 by, R VISR AT IR 78% 5 A R EIA 2 B S 4544« LA DMF S 1, 78 80 °CF S i
3 h, W ATIA 79% ; & P a3 et 458 . LLDMF Jgi50], 50 “CRUW 1 h, W Jy 88%. #Z%mEdk
PRV TE B ST AL S W) da R B, 76 2L H NMR SR H, 8 7. 75~6. 20 4b A R IR R 528 IR 1 H I
W, &5, 11 &b =Ty S s KL OUEE | i) HR IS, 6 4. 08 AbAY 22 1% —OCH,, 8 3. 45 AL A WUy
S I LM B 9 —CH,,, 6 3. 03~2. 68 4 —NCH, 9 H WU, 8 1. 77 Fil 1. 58 4k 2 2 >—CH, I ;
FEHPC NMR 35 Hr, 8 161, 2 4b Sy B B W e b, 7 B e A RUEE Bk 19 15 5 8457 T 8 108. 02~159. 06
it , —NCH, 5—O0CH, b BB WG T 6 46. 03~66. 82 4k, 6 25. 79 4b S N 3 - —CH, BI15 S,
822. 01 118. 08 &by 2 4~—CH, 5 5% .
22 EIEGHER

W RIS RS R, N OB ARG 4 945, RS DU 1. i E TRt
Fh ., ASEEE N P2 /0. SIS 80 a=1.11483(7) nm, b=1.84930(9) nm, ¢=11.4073(7) nm, a=90°,
B=113.208(7)°, y=90°, u=0. 195 mm™, V=2.1615(2) nm*, Z=4, D =1.427 g/em®, F(000)=968. 0. #h{Ak
SER TR, o FASRBR T A G R 2 IR, SRR INTE R TR WRIEFR AR E Y
R

Fig. 1 Crystal structure of compound 4i
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23 MEARMEMEXER
R 3FTAL, HinbA Y 4% i A i A A IR B e R . 3L, (bG Y 4o, 4q, 4s Flldu X
S. aureus W MIC{H 235120 0.5, 0.5, 0. 25 F10. 5 wg/mL, 5AEMEFERR(0. 5 we/mL) FRL, & TFiGRIDE
(1 pg/mL) ; L& W 4q, 4s Fl du XF E. coli 19 MIC {4351 9 1, 0.5 F1 2 pg/mL, i {7 mk 74 Hk
(16 pg/mL) FIEEFIP £ (4 pg/mL). 535k, RZE B IRLA YR 25 5 MRSA FI FREC A 8 2 i i
YER, PURITE Rt T X IRE , LI &I do, 4q, ds, duFlldy & H .
Table 3 MIC values of different target compounds

MIC/(pg+mL™)

Compd. R
S. aureus E. coli MRSA FREC
4a Ph 128 128 >128 128
4h 2-CH,Ph >128 >128 >128 >128
4c 3-CH,Ph 128 128 >128 >128
4d 4-CH,Ph 32 64 64 64
4e 2-OCH,Ph >128 128 >128 >128
4f 3-OCH,Ph >128 >128 >128 >128
4g 4-OCH,Ph 16 32 32 128
4h 2-FPh >128 >128 >128 >128
4i 4-FPh 32 128 64 >128
4 2-CF,Ph 128 128 >128 >128
4k 3-CF,Ph 64 64 64 64
4] 4-CF,Ph 16 16 16 32
4m 2-NO,Ph >128 >128 >128 >128
4n 3-NO,Ph 64 32 64 64
40 4-NO,Ph 0.5 4 2 16
4p Naphthalen-1-yl >128 >128 >128 >128
4q Quinolin-8-yl 0.5 1 2 2
4r 2,3-Dihydrobenzofuran-6-yl 128 64 128 64
4s Coumarin-6-yl 0.25 0.5 1 2
4t Benzol 1,2,5 Jthiadiazol-4yl 32 32 32 32
4u 1-Acetylindolin-5-yl 0.5 2 1 4
4v Thiophen-2-yl 128 128 128 128
4w 2-(Methoxycarbonyl) thiophene-3-yl 128 >128 >128 >128
4x 5-Chlorothiophen-2-yl 64 64 64 128
4y 3,5-Dimethylisoxazol-4-yl 8 8 16 16
Oxacillin 0.5 16 256 64
Norfloxacin 1 4 128 >128

PR BB ST R, KBRS R BUA B AL & R B A R T T 1, ez U A 5 it
BTG PERZO0TARAL . AR, i) 4d DL T 4b Fl de, A5 4o LT 4n Fl dm, I AT BETEXS (7
A BRI ES LR ZRIR B EEBUC A S BT TS PR R 20T 45 B 2 BUCAY , dnfk 59 4o
(4-NO,) F141(4-CF,) 5 4 ROGFPA sl IRIRAT , RS PRI S YRIPTRETETE L E , W aY) 4q (i
WRER) | 4s (5 ELRFR) Al 4u (M5IWRIE) , 3 AT AE5 AR PR A0 23 IS5 H AT O 5 i S i iR s VA
Yy G(XFE. coli i MIC 2y 32 pg/mL) A EL , 5 (2% ) 7 R THEHEIR 4 (4 e PR 5~ 2R A7 2 WD O 8 105 1k o 2%
PUREH .

3 &

iz 53D IR, XTRTIS RIS AL S A T a5t B HE BT 2545 (%) D5 bt 5L
WRIE I PR TR AT AW . 453K, b B WXT S, aureus, E. coli, MRSA Fl FREC ) & B H v 7E 1)
PO, 76 (5% S REIE LR VR S5 M b, BCFCIE A7 B L L2500 B 255 (A8 X e o v 1k A B
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