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K 4

(FE R TR 5 H 416000)

WE  (EB2S IR WA 2 8 SISO i, A 305 55-2(5H)-WR e I 45 H6) 0. 70 1R 1 2t +-RINA. B B0 ) 77
55 U U i (DN A {2 BEREIM BN ANRL &, Bevk& s 1 7 NS5 G0t Y 3-05 36 -2(S H)-WR MR i — s s v i i & R & ). 1
AMPUBRIE PETR I AL, R 2 B3 Mok 322 B B 22 T T DB S B8 AT B AR A . s PP 1 43
THRADGITIRY], ZRAE YL TP A A N DNA - SRR A B T R ORI, X e85 3R 7870 B,
375 He-2(5 H)-WR i s Vs i 2% 5 AL S A A OB S AT 30k B A 8.

KB 2(SH)-WRMENR; M, e i AT S0

3-Arylfuran-2(5H)-one-fluoroquinolone Hybrids as Multi-target Anti-
bacterial Agents: Design, Synthesis and Its Mechanistic Implication

Wang, Xudong Wei, Wei

Lin, Xiaoyi

Deng, Ruicheng

Zhou, Shasha Zhang, Lei

Xiao, Zhuping™

(College of Chemistry and Chemical Engineering, Jishou University, Jishou 416000)

Abstract Based on the multi-target drug design and hybrid strategy for drug research and development, seven new
3-arylfuran-2(5H)-one-fluoroquinolone hybrids have been designed and synthesized, in which the 3-aryl-4-(2-morpholino-
ethoxy)furan-2(5H)-one (targeting tyrosyl-tRNA synthetase, TyrRS) and fluoroquinolone (targeting DNA gyrase) were
merged. In the antibacterial assay, most of the tested compounds displayed a broad spectrum of activity against microorgan-
isms including Gram-negative bacteria, Gram-positive bacteria and fungi. Furthermore, the enzyme assay and molecular
docking revealed that 3-arylfuran-2(5H)-one-fluoroquinolone is a potent antibacterial agent by disturbing the processes of
bacterial DNA replication and protein synthesis. These excellent results strongly suggest that 3-arylfuran-2(5H)-one-fluoro-
quinolone hybrid deserves to further research as a novel antibiotic.

Keywords 3-arylfuran-2(5H)-one; fluoroquinolone; hybrid; multi-target; inhibitor
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SDRATT “Urgent Need” HIMBUAS; SEEMEGRMI2 2(5H)-WRIG M-S0 VA IR A% S AR 1. A SO0 CARIER)
R — T3] 2020 AERFA HE 10 FhoFTHi e 245 10 1R, DTS OIHEAT T B, AR R R LR L R N4
AR B L HROR P A AT AR R, (A3e 2P fk al~ad. HRHF A b1~bd F1 e3~cd S
X T 2 7 A R R AR A 1) 2 A FIRSCHRARIE T i A B ST ¢ AE 4- VRN
LT OUAT 25 A T B R A2 DU 29T A (1 k. A WE(DMAP) AR T S RIA3 21 H A5~ 4) d1~d7.
B TR AR RS AEA AL, BT 40 & 4 SCHRARIE 1a~ 1k [R5 T 722 LIS /K T REA R 7,
(K254, S0 B A7 5 W $0 R SAR TGO F R 25 AERNAEAE T R v S0 B S A 2 R, S
PE, FEARRRESE PR T B R0 2 R I R L 1K LR CRAF TG R LR, 2K LN P59 IR LR L1
FBL X T 2R R 250, T2 AR R R N AL, T FONAF R G a. NSRS, b TR R A
A BEIRL I IR AR RAG M 251, A #L A AR AR Z AT BORAIE AR, AMUE SRR LR 4
1077~10"7, BRI, AN AIE I 58 AR 10 ) RedE JLT- 4 BEid g, 1M HAE 2 380K O/ LWE KA 73 1 1] Ba 4 4
BT IOR, KPR 2R a2 28 25 ) [ ZISCIRITE G I AL S, fe&) a 7%
A i R 2 R R 2R R 2, SO DR ATz Ok —BAE 50%LLT, HR N A Gt i S NV HLE
P SRR, WEREEFIR O S IR G NY, RVAR
MV IS B 2 SR P PO RO IR, AT RE R I SR LR LRI SR A
M 32 PEUF PR 25, TR ALE Sl f0H) DNA gy- K H S ER4E G RIS E. Ak, %R NAEA TR
rase, LI DNA (G AW HIR A 0K BT I TR N, T3 ) 2 SRRV AL, X
1962 SEHENIRKR LK, CHOAIRR EH ISRy, 2 SR EANH, - AR T TR A R 2 KR IR SR AR S B2
NIRRT, 48 RRAR . B A HE LA SR 52 1 2 A, O BEEATHRF B RSO DMSO. il & B,
AR A g A IO Ik 2 R T K s s 2K 2 7 IS, OV AAF IR, AR L
PE T ANRIRE P R i 2 & d1~a7 &L, 20 4-1%-3-7735-2(5H)-
FERTIWT I AR, AU A HTRIE A s MR e T2V £ e 2 T R T, S S T 1 R e i 5 o
OIENBRN S S A, BT S HERNT SEERT A ¢ S AL R0 Sz AR SCHRIRE 1) IR i M 2 07 .
JRER, BEFIRAR R T RANEA RGN 3-073-2(5H) - LRI REBDR L G R SO ) ) T RERAR 2,
WIS TyrRS IR 20 fEAScd, Bfliaess  FREEAMES FHRAEL, SEID R RN K.
WU 2y v ot B, 2B IR G 2R DNA A RAT L ORI R BER B, ORI 2 01 Bk
gyrase A1 TyrRS HAT XU NG 11 H (K18 21 22 #L 3 2(5H)- 122, A5 B R AN 445 B .
WIS v I 2 S AT ). X BARERET 12 piEEM
PEME R BB RIS FRES: R4 7 B0 R AT T BRI, 4

1 #£B5itp e 1 iR, ARG L SRR . 22 [CR
_ WA, AR 2R BRI T AR R

1.1 WEMER st e o g A b 0 R s
PURTETE, UHREAAY) d6, HON A 22 ORI . w22

BT B 2k (Scheme 1), & ECT 7 A 3-057 K- G 9] 1 87 0 2L 0 S T T B £ R AR O L e

0}

OEt
Brﬁ( Eto)H
1 1 1
RD/\COQH NaOH RD/\COONQ o R (0] NaH
- - s e
R2 R2 (0]

DMSO R?

al~a4
a1R'=H, R?=Cl; a2 R'=R? = CI; a3 R' = R? = OMe; a4 R'= R? = OEt o)

F COOH
o) O, 0 |
— Br — i O N N
oy BT Wi \

(6]
o‘\; —_— = O/\/N\) R3

2 1 2 1
R® R R® R d1~d7
b1 ~ b4 cl~c4 R .
R? (See Table 1 for details)

Scheme 1
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T BRI BH T PR VD AL AT, A 0] i 2%
AP B VRN < € R 2 BR TR IR PR S PR . R i
T 2 TR AT () RT3 B B B AU b b B A
(A G DL T3 A WP 1)(d2 vs d1; d4 vs d3;
d6 vs d5). Ht 3-75E-2(SH)-WRMEE o T 5, AR LA
AR S DG EZL T B AR (A3 vs dl; a4
vs d1); R A PIEPEIY i OMe>OEt>Cl, it 1%
IXFh el R v BRI UE RN 3-A A 4-67% OMe I,
BC AR 23 F A0 A 5 52 A ER 11 T8 RO 5 R B E T g5
*1 OMe ¥ OEt AR, =2 (Al A7 BHF s, SRR )
2RSS, ARTRARS T HZAREANL S, SEOLE
PER B, 24— 20 CLIRIN, i AU A i 3
IR, SECGHETER— DL ALAY d6 15U A fryb A
FI 3-(3,4- F AR L HR)-2 (S H)- MR IR I 1) % 5, bt
RIS P S U

(AR I, o5 e 2R B S S0 A 4 B i)
W, KZHEAEY FLEABRI T — & 1P,
w59 d6 % 1 B ER B [ MICso 4 0.40 pg/mL, Z°4
FEPEST IR VDS 10 19 £, — IR R, UM i 2 — 2%
EREIEAE T 11 2490 b S A B (DNA gyrase Fl4 b 744

fity TV P 20, (E% R T 29 A B
PUEL RGP, PHARAT 0 S0 30 b S A g v A Wl
(RIFIEIVE 2, SR BT Srinivasan 252 HR6E 7-A7 1641
i PR S0 U I 250 7 Y B Bk B A SR A L e Ak
AT 2 WURIFFE R W], b e ke g w] LA SR AT A e S 14T
2 (A R P ARSI A A e R B AR R K
TEEORF 767 PR i K TS0 e A TR FA) 0 G TR P A ]
1T
1.3 MEHIE

X 3-77 K- 2(5H - e I e Vi 1 2% & AL BRI 5T
LEREFWER 2 AE 1), tbE d6 X DNA gyrase Al
TyrRS YA AN FIREEE (A0 IE . B oAk ], 52k
AR DNA gyrase 36 -5 BH 0 BOA U V0 2 JEACKF
S, IR A% G A DR B R T %) B A1 R L )
TyrRS AT K, XEEALAXT TyrRS A RGF 1051k,
VPR T 3-(4-FR Ik )-4- ik chE 24 BE-2(S H)ER
WD, 25 ERTIER, ATRT AN 3-553-2(SH)-W
i — e U e % 5 AR A — 2R ) TyrRS F1 DNA gyrase
IWEZ W=t rnrEEREx/

1 3-77BE-2(5H)- I - G U W e R 8 B B BRI 1 (MIIC )
Table 1 Structures and MICss of the 3-arylfuran-2(5H)-one-fluoroquinolone compounds

MICsy/(pgemL ")

Compd. R! R’ R®
A B C D
d1 H cl CH,CH; 113 8.6 52 2.8
d2 H cl p-CeH,F 3.0 43 0.33 1.4
d3 cl cl CH,CH; >25 6.5 2.9 49
d4 Cl Cl p-CeH,F 13.9 2.8 2.0 5.9
ds OMe OMe CH,CHj >25 26 5.5 3.6
deé OMe OMe p-CeH,F 0.74 0.27 0.28 0.40
a7 OFEt OFEt p-CeH,F 25 0.59 0.71 0.71
BRI A — — — 0.90 0.69 0.48 7.53

“A: KB, ATCC 8739; B: & Hi {0747 BRI, ATCC 5638; C: HilZHE AT, ATCC 9027; D: {0 &FKE, ATCC 10231.

B 1 &Y de (ARIANYAEL(B)K DNA gyrase i A5 Xt b
Figure 1 Representative comparative data for the inhibition of DNA gyrase with compound d6 (A) and Cipro (B)
(A) Lane 1: relaxed pBR322 DNA, lane 2: relaxed pPBR322 DNA and 3U DNA gyrase, lanes 3~8: relaxed pBR322 DNA, 3U DNA gyrase and 0.025,
0.10, 0.40, 0.16, 6.4, 25.6 pg/mL compound d6; (B) lane 1: relaxed pPBR322 DNA, lane 2: relaxed pBR322 DNA and 3U DNA gyrase, lanes 3~8: relaxed
pBR322 DNA, 3U DNA gyrase and 0.025, 0.10, 0.40, 0.16, 6.4, 25.6 pg/mL Cipro
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F2 ML E WX DNA gyrase F1 TyrRS #IH13EHE(ICs0)”
Table 2 In vitro inhibitory activity data (ICsy) of the synthe-
sized compounds against DNA gyrase and TyrRS

ICso/(umoleL™")

dé6 T waEw1
DNA gyrase  4.32+0.05 5.2340.04 —
TyrRS 0.12+0.04 — 0.1040.03

U, 3-(4- R )-4- NI £ 8 -2 (S H) YRR .
1.4 HFE
1.4.1 BAbée5 TyrRS sH3%

¥ HFR 715 TyrRS MHERIN, A A i i S s
i KAEFH S TyrRS FITEPEAL p B3 4, Horp 2(5H)-RE
MR ] B TG 9t M s TR RG0S, s A T B ey i P s
AN 2). S i N1-2K38_ 0 2-H A1 5-H /E A A
SRS ) R L Lys84 Fl Hisd7 () N i 1 A
G B 3.921 F13.255 A(K] 3). AR 5-H 1E N
SR AR 5 HE L His50 (1 N J5U 7 JE B N---H—C &5, B
Kb 3.649 A; J MR 2-CH, 5 His47 JE bR /KAVE M,
[ BN 3 AR N B2 AR S R 5L Pro53 (137 HY LT 1k
F--H—C ##. WRWE EIPRAS N JsF40000Y Gly193 i
His50 7EH, JEMMAS N---H—N & ##(2.437 F13.001 A),
WM IR 30 6 U i BESR IR H R 1~ 5589 Asp195 JE K
—/MigEE C—H---O S8, BN 2.812 A IR FR
B WRMEFR TR EE SR GInl96 AT Gly38 23 5l B P A
C—H--0 &4k, BN 3.528 F1 3.013 A. BRI (K
1-O i1 5-CH, 43 % 5 Tyr36 F1 GIn190 JE %A~ C—H:---0
SUEE(2.835 F12.933 A). 3,4- VAR LA HE B 3 Ik Js )
[R5k 2 (A 47AE 4 A C—H-+-O U5, 534 3.803,
2.703, 3.465 Fl1 3.896 A.

B2 {ba¥ de 5 TyrRS 20 TxH% K A
Figure 2 Binding mode A of compound d6é with TyrRS

1.42 HiMbe45 DNA gyrase XF 3%

WY d6 bbb BB oy T M s SR HL 5
RS B LA (K 4), B 1-N B PR Sk
Dg8, Argd58 Fil Dg9 B — A8 1, #5510
2.591, 1.632 F11.702 A. W A 7] I 5 5% 5 Del2 JE A%
—AN AR A, KO 3.992 A 5). AN, vhErih
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B3 L5 d6 5 TyrRS 20 703K B
Figure 3 Binding mode B of compound d6é with TyrRS

SLEICHR 4-3RFEA 33RILHLE Mn® B AL A, B
0 1.809 F12.177 A, IXEEHHE Ui 3- 05 KE-2(5H)-W g 1l
BTSN EA I A 28 A SR s A K.
b 3-75 FE-2(5H)- WKW ] 5. 7 55 T I 1l 1) S B A P A AL
E d6 SRgLs A OB, FERMAIZET: 3-8 -
2(5H)-WRIR B B CIR IR L 3-F11 4-OCH; 1 b S kA 1A
5% BE Del2 (2.645 A)FI Asnd75 (3.751 A) B 55454

S T DA A% B B A, 3-A1 4-OCH, 7] g2 5 Hm vk 4
K, X —HEE S HUREE AT 45 K —3(d7 vs d6 vs d4
vs d2). 7E 2(5H)-MEIgFRERIEE O Fl 5-H 735 55k E
Asnd75 Fl Argd58 JE BB ) 2.209 A [P N—H:---O &
FggK N 3.713 A () C—H---N &5

y

B4 {4 d6 5 DNA gyrase 73 T A
Figure 4 Binding mode A of compound d6 with DNA gyrase

_

B 5 1LY d6 5 DNA gyrase 7 XK B
Figure 5 Binding mode B of compound d6 with DNA gyrase
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ARCHIE 7 PPEEFIAF 3-75 -2(5 H)-PRIs i — e s
WA AW, A E Y@ TG = T EIMS
A1'H NMR £1E. FEiZRFEYH, KZHMEWH
RIVHAR I IPTBE G PE, B E CPHPERE . 22 K
PERAIECEE. 1 E4) d6 S 3-(3,4- AR IE)-2(5 H)-k
W b b S R A B AR, ORI T R e, R A
LR B A A BRI KA R ] L ER B 1H) MICs
{EH593 0.28, 0.27, 0.74 Fi1 0.40 pg/mL, L5 BH X IEIR
P 5L(0.48, 0.69, 0.90 F17.53 ng/mL)MI L, FoB G PEE
Uf. WUEEAN > FREAT FRE— 2 B0, 3-05-2(SH)-W
T~ s % W #E 7] TyrRS Fil DNA gyrase, G [ B BHrw
PEE TR DNA B, BEMAT b i a1 i A K
FVEGE, S5ESHR MM, AR IZR A G A
PR B 4 A0 IR TR 24 14995 T 1 ) R0 b 5L A R 1)
3 ZHEWH
31 XESIRKH

XT-4 S5E S A A B e A a R A, K
FeHfE); Mariner 5304 ESI JFiis{% (3% [E); Bruker AV-300
WL PR (), B F {3 (SpectraMax® Plus384 Mo-
lecular Devices, 3%[®); WD-9413B ZYEEI % 73T 25t
(AE 3TN — A8 T B A Ak 2% W 50 3% 8 312 1
Aldrich(3E [F) R [E 24 45 b 24 3 A R A 7 (L), J2
HIAERER(200~300 H)AIE 2 EHTHER (GF254) 4 ‘25
R E AR R BR 2 | A2 =,

32 LWHE
321 AR iE

2-(2-75 HE LR IE) 1R TR (al ~a2) & e AN
[F] HUARHE A% 2L R (40 mmol)i%i# T+ 0.1 mol/L NaOH 7K
W, K5 pH R 51 9.0 2 10.0 2 18], ¥R 25K 7551
PR SN, 4TS K L8 (40 mmol)¥s T
DMSO ', MMAR LR Z.BE(44 mmol), ZEif N &MY 3~
4 h, RMN5EEE, LR CHEMiRE, KE, AHLZ A&
ARG PE, TR, WRgE, MRS, Ay
FTE R LB, 152K al~a2, 77 90%~95%.

4-J2H5-3-75 55-2(SH)-PR I I (b1 ~b2) ) & Bid: 7E0K
WA, ¥ 24 mmol NaH A3 10 mL J6 7K PO & iR
(THF)H, A 20 mL %4 10 mmol al~a2 [FJJE/K YA
WKV, W nse ks N 2~7 h, KMV IEEE, A
UK, FCRRAIR, K2R, Friidise, Hhog, Rae
R AR AR b1~Db2.

4-(2- TR L5E HE)-3- 55 KL -2(SH)-MR IR i (e1 ~ 2) 1 &
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B ¥ 5 mmol b1~b2 ¥H#{E 35 mL Jo/KEA, IIA
4.3 mL (50 mmol) 1,2-"JRZHFEF 2.2 mL — ZF%Z(50
mmol), [H[i 3~5 h, RMN5EHE, EUKERENT, DKIf
MR CERAI, T, Weds, PR BT 4l fb [ e 7
(W8 B8 @ V(AR =3 1 2~2 1 3], AR
cl~c2.

3- 05 Hk-4- G T W] & AR RS -2(S H)- W PR 7 (d 1~ d7)
& ;K5 2 mmol c1~¢2, 488 mg DMAP (2 mmol), 332
mg KI (2 mmol)F! 1 mmol ¥P % T DMSO H, 60 CJx
N 48~72 h, RMNSEEE, oK, Bk, FAERAE4l
b, [PEWEHR VD) - VFED) =15 1 1~10 : 1, 0.3%0
%], 32 Hbsfb &4 d1~d7.

3-(4- SR )-4-(2-(4-(1- £ H -3- 12 3 -6- oL -4- s Tk
il -7-H5) R IR - 1- 55 ) 2,580 3 -2(SH)-WR IR i (d 1) 1 €2 ]
1, P5E 52.5%. m.p. 206~208 C; 'H NMR (DMSO-d;,
400 Hz) 6: 1.41 (t, J=7.5 Hz, 3H, CH;), 2.51~2.54 (m,
4H, CH,), 2.70~2.78 (m, 4H, CH,), 2.85~2.90 (m, 2H,
CH,), 4.44 (t, J=5.2 Hz, 2H, CH,), 4.58 (t, J=6.8 Hz, 2H,
CH,), 5.16 (s, 2H, CH,), 7.19 (d, J=6.8 Hz, 1H, ArH),
7.48 (d, J=8.8 Hz, 2H, ArH), 7.94~7.98 (m, 3H, ArH),
8.96 (s, 1H, ArH), 15.37 (s, 1H); EIMS m/z: 554.1 (M—
H) . Anal. calcd for C,3H,,CIFN;Oq4: C 60.49, H 4.89, Cl
6.38, F 3.42, N 7.56; found C 60.41, H 4.82, Cl 6.31, F
3.40, N 7.59.

3-(4- S IR FE)-4-(2-(4-(1-(4- T K Fk )-3- 1R F -6- T -4-
WA PR ] - 7 - YWIR g - 1- 355 ) &40 3%)-2(S H)-WRE IR i (d2): 11
AR, P2 32.7%. mp. 166~168 ‘C; 'H NMR
(DMSO-d, 300 Hz) d: 2.55~2.63 (m, 4H, CH,), 2.76~
2.81 (m, 2H, CH,), 3.05~3.10 (m, 4H, CH,), 4.35~4.39
(m, 2H, CH,), 5.15 (s, 2H, CH,), 6.38 (d, J=7.5 Hz, 1H,
ArH), 7.31~7.55 (m, 5H, ArH), 7.78~7.88 (m, 2H, ArH),
7.91~8.03 (m, 2H, ArH), 8.64 (s, 1H, ArH), 15.10 (s, 1H);
EIMS m/z: 620.6 [M—H] . Anal. caled for Cs3,HyCl-
F,N30¢: C 61.79, H 4.21, C1 5.70, F 6.11, N 6.76; found C
61.62, H4.25,C15.68,F 6.14, N 6.73.

3-(3,4- EHUEKE)-4-2-(4-(1- L HE-3- R H-6- i -4-W
WA - 7- 5 ) DR W - 1- 6 ) £ 4 6 )-2(S H)- R e T (d3): - 1 (%
[, 723 63%. m.p. 165~168 ‘C; 'H NMR (DMSO-dj,
300 Hz) d: 1.41 (t, J=7.0 Hz, 3H, CHj), 2.51~2.58 (m,
4H, CH,), 2.65~2.72 (m, 4H, CH,), 2.73~2.75 (m, 2H,
CH,), 4.43~4.35 (m, 2H, CH,), 4.55~4.62 (m, 2H, CH,),
5.20 (s, 2H, CH,), 7.17 (d, J=7.5 Hz, 1H, ArH), 7.65~
6.71 (m, 1H, ArH), 7.90~7.94 (m, 2H, ArH), 8.31 (s, 1H,
ArH), 8.95 (s, 1H, ArH), 15.35 (s, 1H); EIMS m/z: 589.1
[M—H] . Anal. calcd for C,sHpsCl,FN;O4: C 56.96, H

http://sioc-journal.cn/ 1777
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4.44, C1 12.01, F 3.22, N 7.12; found C 56.90, H 4.49, Cl
12.04, F 3.18, N 7.09.

3-(3.4- UK HE )-4-(2-(4-(1-(4- R K 3k )-3- 32 J: -6-
S -A-EE IR - 7- 5 ) WR W - 1 - 55) 506 )-2(S H)-WR R il (4):
O AR, 755 45%. mp. 212~214 C; 'H NMR
(DMSO-dg, 400 Hz) 6: 2.63~2.67 (m, 4H, CH,), 2.77~
2.83 (m, 2H, CH,), 3.05~3.12 (m, 4H, CH,), 4.38~4.42
(m, 2H, CH,), 5.17 (s, 2H, CH,), 6.39 (d, J=7.2 Hz, 1H,
ArH), 7.50~7.60 (m, 2H, ArH), 7.67 (d, J=8.8 Hz, 1H,
ArH), 7.75~7.82 (m, 2H, ArH), 7.93~8.05 (m, 2H, ArH),
8.15 (s, 1H, ArH), 8.66 (s, 1H, ArH), 15.14 (s, 1H,
COOH); EIMS m/z: 6544 [M—H] . Anal. calcd for
C3H,sCLF,N3Oq: C 58.55, H 3.84, C1 10.80, F 5.79, N
6.40; found C 58.51, H 3.80, C1 10.86, F 5.71, N 6.46.

3-(3,4- AR R IR )-4-(2-(4-(1- & Hk-3-FR -6 T -
A WK ] -7 1 ) R 185 -1- 3 ) £ 4 3% )-2(S H)- K T i (d1S)
o AR, 775 58%. mp. 179~181 C; 'H NMR
(DMSO-ds, 300 Hz) o: 1.41 (t, J=7.1 Hz, 3H, CHj),
2.53~2.61 (m, 4H, CH,), 2.69~2.73 (m, 4H, CH,),
2.83~2.87 (m, 2H, CH,), 3.77 (s, 6H, CHs), 4.32~4.37
(m, 2H, CH,), 4.60 (t, J=6.7 Hz, 2H, CH,), 5.15 (s, 2H,
CH,), 6.99 (d, J=8.6 Hz, 1H, ArH), 7.18 (d, J=7.5 Hz,
1H, ArH), 7.92 (d, J=13.5 Hz, 1H, ArH), 8.96 (s, 1H,
ArH), 15.35 (s, 1H, COOH); EIMS m/z: 580.6 [M—H] .
Anal. caled for C3H3,FN;Og: C 61.95, H 5.55, F 327, N
7.23; found C 61.91, H 5.58, F 3.26, N 7.25.

3-(3,4- - AL IL)-4-2-(4-(1-(4- T 75 Fk)-3- R 3k-
6- Jil, -4~ V5 DB 1 - 7- 56 ) DR W - 1- 9% ) £ 58 3% )-2(S - 19K W Tl
(d6): Fa[EE, 775 70%. m.p. 196~198 C; '"H NMR
(DMSO-dg, 400 Hz) 6: 2.72~2.80 (m, 2H, CH,), 3.04~
3.16 (m, 4H, CH,), 3.79 (s, 6H, CH3), 3.94~4.03 (m, 4H,
CH,), 4.35~4.38 (m, 2H, CH,), 5.13 (s, 2H, CH,), 6.37 (d,
J=6.9 Hz, 1H, ArH), 6.93 (d, J=8.1 Hz, 1H, ArH),
7.48~7.56 (m, 4H, ArH), 7.75~7.82 (m, 2H, ArH), 7.93
(d, J=12.9 Hz, 1H, ArH), 8.76 (s, 1H, ArH), 15.19 (s, 1H,
COOH); EIMS m/z 6463 [M—H] . Anal. caled for
C34H;,F,N;Og: C 63.06, H 4.82, F 5.87, N 6.49; found C
63.04, H 4.86, F 5.85, N 6.53.

3-(3,4- . LR FEAREE)-4-(2-(4-(1-(4- T AR HE)-3-FR k-
6- Jil, -4~ V5 DB ] - 7- 56 ) DR W - 1- 9% ) 20 58 3% )-2(S H - 19K W T
(d7): AFEE, 775 61%. mp. 172~174 C; '"H NMR
(DMSO-dg, 400 Hz) d: 1.27 (t, J=6.6 Hz, 3H, CH3), 1.32
(t, J=7.0 Hz, 3H, CH3), 2.55~2.65 (m, 4H, CH,), 2.75~
2.81 (m, 2H, CH,), 3.02~3.10 (m, 4H, CH,), 3.96~4.03
(m, 4H, CH,), 4.32~4.38 (m, 2H, CH,), 5.11 (s, 2H, CH,),
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6.38 (d, J=6.8 Hz, 1H, ArH), 6.95 (d, J=8.0 Hz, 1H,
ArH), 7.48~7.56 (m, 4H, ArH), 7.75~7.82 (m, 2H, ArH),
8.00 (d, J=12.8 Hz, 1H, ArH), 8.66 (s, 1H, ArH), 15.15 (s,
1H, COOH); EIMS m/z: 674.3 [M—H] . Anal. calcd for
C36H3sFaN30g: C 63.99, H 5.22, F 5.62, N 6.22; found C
63.92, H 5.30, F 5.59, N 6.28.
322 A E MR

B2 R B IFAE Luria-Bertani (LB AR 723,
T B B BOR FE 29 10° cfu/mL(C4IKJE K 106 cfu/mL
i OD600,, 24 0.1, 1 cm b ML) R B 45 121 80n £
96 LB E(FHFLINER 100 pL), BAREFREL N4 EI0 I,
PL 50% - F 3L (DMSO) R 32 il Ak & 1 g 9 4
SFHE, DLAIR T Eb SR R BH PR R R AN )R 5 1) 2 3R
YI[LL 50% DMSO F1 50% i £h 22 vl (PBS) #5711,
PAEEAL 11 pL (B8 N2 96 LA b, BN B2 BRIy
ANPEATIN. FEAIR, K 96 FLBURN 37 “CIifE R 77
FETP R IRIE N ) (BLB 7R 28 CHEFR), LN 25 pL
B 4 mg/mL BEMEEE (MTT)IK) PBS ¥, FAE FAE S
FHEEFE 4 h, B 100 pL + R AN (SDS)ZY
B (10% SDS, 5% A EE, pH My 3.5 240 A5 9% 8~12
h. JHEEFRCAE 570 AT 630 nm XU K R I5E EOGAE (OD)
8, Bl F G

ODy,;;
1%=100——==X100

X

MICs A8 52 R A PRS2 B4 50%
(M d /N JE, S5 1.
323 FEANIZR T

TyrRS [FHEH A R AL A% TyrRS 3 PEIE : K
S WA A BR A TyrRS 72 KA i Rk, SRR
W )77EH SDS-PAGE #tfi taili 7 LA4lifk. % TyrRS
TR e T 9O T ekt SR P S 3-5%
FE-2(5H)-WRI I - JeE T s Sk d6 RN il G,
X H AT TyrRS G PEIE . 75 TyrRS A4 11 Ol
F, i t(RNA 5 PH] AR 3% B2 ok s A
(PG, [ NAE 96 FLIEIEAR T HEAT, HeAN R B (1) 323
YIF1 TyrRS (0.2 nmol/L)7E % il MR A 1% 10 min, R
JEAE 37 CHAT NN B E A RN 22 i v
M. NAR 2 g 100 mmol/L TrisHCL pH 7.9, 16 mmol/L
MgCl,, 50 mmol/L KCI, 3 mmol/L & Z7H# ¥, 5 mmol/L
ATP, 10 pumol/L [HIEKZ M LK 4 mg/mL KHT B
MREG600 tRNA. S W3 YN )5, AR 7%0K
W O N, A HhIE R N (RNA. K
KRB AT I IE DT b (IR, BEMRE S A 40K,
VI TR P P 38355 1 5 AT I N A R 0k B FL A B AL

Chin. J. Org. Chem. 2014, 34, 1773~1779



Chinese Journal of Organic Chemistry

ARTICLE

1Cso AE T8 52 A B P00 B MDA S0% ] 1 5 /N 24
VIR, 45K WK 2.

AR DNA gyrase W PEfIIE: 2 DNA gy-
rase (NEW ENGLAND BioLabs 72\ #))# f it B, 7
DNA @IS e sL s b, M b54 d6 Xf DNA gyrase i 1
IS, HARUR: 4 uL /) SXDNA gyrase W 2% /i
#(35 mmol/L Tris-HCI, 4 mmol/L MgCl,, 24 mmol/L
KCl, 1.75 mmol/L ATP, 2 mmol/L DTT, 0.1 mg/mL BSA,
5 mmol/L spermidine 1 6.5% H i pH 7.5, 25 C)#ift 2
11.3 pL /87K, i 2 pL #4587 DNA, BN 2 uL AN
[l BE ) 22 R0 &40 F1 0.7 uL DNA gyrase (5 U/uL), 37
CEAFF RN 1 h, In20 pL & 45— I REL(V/V=24/1)F1
20 pL #1122 o W [STEB: 40% i #%, 100 mmol/L
Tris*HCI (pH 7.5), 0.5 mg/mL ¥} ¥ F1 1 mmol/L EDTA]
Ll N ARG 1% B Ta R Fik, 50 V HL s, HiJK 3
h, A ZEEEB) R, B BAGBUR BB 1). 1Cs &5
2R P Bl A A 50% I (R fe VAR R, &5 R
W 2.

324 HTHEMFAR

FAMEH AutoGrid 4.2 B/ K d6 73143l 5 DNA
gyrase Al TyrRS BT/ 7 X%, 70 FrH4s L unp 3~
6. T AMBER 33t Koy 1 #E 2 EAT H 3 A%
K153, MKHE R AR ARAE T30 s (00 P A A A B A g 57
T TERHEIX, SZARKE ST RN R 65 AX65 AX65 A,
B TR RS, mEh 0375 A, A
AutoDock FERHNHIF S K+ Zit% H il R T8
1k, KH] Lamarckian #4550 HE LB S, 1HH S
BRI T4 ADT (Auto Dock Tools ZH1F, 1.5.4 JEAS),
R LERIASHL: 50 BRI R i B i
KAEA 2.5X10%, WA KRS 27X 10 k. R4S
RIEPE 0.02, FAFERN 0.8. AT 100 X GA a5,
L1 0y AR S RANFES AT, 1B BT R G,

458448l (Supporting Information) /ML &HH 'H
NMR, "C NMR % EIMS 35, 3864kl n] LA 4 2 A
F1) P9 35 (http://sioc-journal.cn/) b T %
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