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Synthesis, antibacterial and antitumor activities of 1-cycloproyl-6-fluoro-7-
( hydrazone) -quinolin-4( 1 H) -one-carboxylic acids
GAO Liuzhou', XIE Yusuo', HUANG Wenlong®, HU Guoqiang' "

! Institute of Chemical Biology, Henan University, Kaifeng 475001;
*Center of Drug Discovery, China Pharmaceutical University, Nanjing 210009, China

Abstract To discover novel antibacterial and antitumor lead compounds derived from fluoroquinolone carboxylic
acids, aryl hydrazone moiety as an isosteric replacement of the C-7 piperazine group of ciprofloxacin, fifteen new
1-cyclopropyl-6-fluoro-7 -arylidenehydrazino-quinolin4 ( 1H) -one-3-carboxylic acids (4a-40) as title compounds
were designed and synthesized, respectively. The structures were characterized by elemental analysis and spectral
data. The in vitro antibacterial assay of the title compounds against S. aureus and E. coli bacterial strains exhibited
poorer activity than parent ciprofloxacin, however, the results of antitumor activity against SMMC-7721, 1.1210 and
HL60 cell lines demonstrated stronger inhibitory activity than parent ciprofloxacin, especially compounds with
electron-withdrawing aryl groups were comparable to doxorubicin. It suggests that it is favorable for an improve-
ment of antitumor activity to introduce a functional arylhydrazone group instead of piperazine ring into the 7-posi-
tion of fluoroquinolone skeleton.
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R F TR —— 4R 5 1 A 0 MR 25 4 Y 22
VEFSE i, H —FTE DN REM 51 | B A R,
AR R A T RE R R A R 2 L (B
70 T AP A5 T 2R A A 7 5 R L2 A R e
TGRS Y, R B RMROC R BT THRR
BrEcs . SAHIMTI R 2R ET C3 RIS
RE9ARAL, X C-7 MR A9 A2 L, I BT C-3
PR B A7 AE X 7T PP R0 U 1 R AR A6 B T B

(o] (0]
Ar. N‘II\{I g
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Hirfba® 4a ~do G MUILERL 1. WY
ERRTASRBRER 1 5 1k [R] it % A2 BR 69 g A0 C-7

LT
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N,H,-H,0

reflux
H

R = CgH;
R = 4-CH;0-C4H,

R = 2-CH;0-C¢H,

R = 3-CH;0-4-OH-C H;
R = 3, 4-(CH,0)-C4H;

R =3, 4, 5-(CH;0);-C¢H,
R = 4-CH,-CgH,

da-do R = 4-F-CgH,

Scheme 1  Synthetic route of compounds 4a-40

2 H=EEH
2.1 MEL5XR

b G WK-1B B s A A2 5 78 Bruk-
er /A ] Esquire LC B i 1% 1% ; Bruker AM-400 %1%
BESEARAL(TMS Sy N F7 ) ; 32 [E PE PE2400- 1l ST &R
AT FRPTRREREE (1) Dy i & Tl 9%, 7-ff 3-6-
F-METEER-3-WEA 2 fRAT S8 ] By kA, e
R Ry T 5
2.2 1-32 A" AR-6--T-BF k4 (1H) -BA-3-4
B (3)

BEEBEF (2,10.0 g,34. 4 mmol ) 7ATF 6 mol/L
FRERIKIE W (200 mL) , F NV A P40 4 [ 37 F b
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R W8 5 BT IR A B Ak & 4 2 3o B B AL B R T
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C-3/C-7 FETEFIRNUR I 2EH ( 1) R HE C7
FRFREERSY AT C3 BRI R oM EA M C3 R,
BHAR THRDE (D) R -7 SRR
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TEERFR A 38 A TR %) K f 1) 7 - 3 S s i R -3 - 4R
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R =4-Cl-C¢H,

R =4-O,N-C¢H,

R =4-HOOC-C¢H,
R = pyridin-4-yl

R = pyridin-3-yl

R = furan-2-yl

R = thiophen-2-yl

ZREMHE . BUEZERRVE A, nsK 100 mL F5E &
ATEPER G 1 hy U8, UE W =K pH 7.0,
UEEE A I AR, 5% AL NI RIS R T 1R
PIEA, FHE &R EERTE 60 CRLE 1 h, i
UE VRV ERER R pH 7.0, UEEE AR R BA, T
f o M K CBE-DMF B 45 5, 15 8 645 &
(3) % 56% ,mp:216 ~218 °C ;'H NMR ( DMSO-
dy) 8:14.48 (1H, br. s, COOH), 10.36 ( 1H, s,
NH),8.64(1H,s,2-H),8.15(1H,d,J =13.2 Hz,
5-H),7.84(1H,d,J =6.2 Hz,8-H) ,4. 16 (2H, s,
NH,),3.34 ~3.42(1H, m, 1’-H), 1.24 ~ 1.16
(4H,m,2'-H,3"-H) ; MS (m/z) ;278 [M + H] *;
Caled. for C;H,FN,0,:277. 26,
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1-3R R 2R-6-8-7-( 55 F SUBFIR) &k4 (1H) -
BR-3-% B4 (4a ~40) A& Rl ik

R (3,0.5 ¢,1.8 mmol ) 535 FEE(1. 8
mmol ) 7EFC/K LFE (10 mL) HHfit ¢ 8137 e iz 12 b,
UEEE TS A B [, T K £ BE-DMF 8 45 &, 15IR
B 45 4a ~do,

1-37 & AR-6-3-T-( N'-3K F U BF A& ) & k4
(1H)-BA-3-%8 (4a)  IE 84% ,mp:235 ~237 C;
'"H NMR (DMSO-d) 6:14.68 (1H, br. s, COOH),
10.53(1H,s,NH) ,8.67 (1H,s,2-H) ,8.42(1H,s,
CH=N),8.27(1H,d,J =13.2 Hz,5-H),7.84
(1H,d,J =6.2 Hz,8-H),7.65 ~7.32(5H, m, Ph-
H),3.32 ~3.28(1H,m,1'-H),1.27 ~ 1. 18 (4H,
m,2'-H, 3"-H); MS (m/z): 366 [M + H]";
Caled. 365.37; Anal. Caled. for C,, H,y, FN;0,: C
65.75,H 4.41,N 11.50; Found C 65.94 H 4.28,
N 11.73,

1-37 8 25-6-3-7-( V-3¢ ¥ £OR F SUBEHA ) %
k4 (1H)-BA-3-% 8 (4b) WK 87% ,mp.238 ~
240 °C ;' H NMR ( DMSO-d, ) §:14.73 (1H, br. s,
COOH), 10.56 (1H, s, NH),8.76 (1H,s,2-H),
8.46(1H,s,CH=N),8.34(1H,d,J =13.2 Hz,5-
H),7.87(1H,d,J =6.2 Hz,8-H),7.66 ~7.46
(4H,m, Ph-H) ,3.87 (3H,s, OCH,),3.37 ~3.32
(1H,m,1'-H),1.28 ~1.21 (4H, m,2'-H,3'-H) ;
MS (m/z): 396 [ M + H]"; Caled. 395.39;
Anal. Caled. for C,;H,(FN;0,:C 63.79,H 4.59, N
10. 63 ;Found C 64.02,H 4.37 N 10. 84,

1-37 R 2 -6-3-7-(N'-AR F 8K F SUBE IR ) &
wh4(1H)-BA-3-%8 (4¢)  TEK 73% , mp:216 ~
218 °C;' H NMR ( DMSO-d, ) &:14.68 (1H, br. s,
COOH), 10.54 (1H,s, NH),8.78 (1H,s,2-H)
8.45(1H,s,CH=N),8.36(1H,d,J =13.2 Hz,5-
H),7.88 (1H,d,J =6.2 Hz,8-H),7.64 ~7.25
(4H,m, Ph-H),3.89 (3H,s, OCH, ) ,3.36 ~ 3.27
(1H,m,1'-H),1.32 ~1.25(4H, m,2'-H,3'-H) ;
MS (m/z): 396 [ M + H]"; Caled. 395.39;
Anal. Caled. for C,, H i FN,0,:C 63.79,H 4.59, N
10. 63 ;Found C 63.93,H 4. 44 N 10. 80,

1-37 Rk -6--7-[ V'-(4-72 K-3-F A IL) K
SUBE AR ]-vE k4 (1H)-BA-3-% 82 (4d) WX
87% ,mp: 246 ~ 248 °C;' H NMR ( DMSO-d, ) §:

14.75(1H,br. s,COOH) ,10. 23,10. 56 (2H, s, OH,
NH),8.84 (1H,s,2-H),8.47 (1H,s,CH = N),
8.38(1H,d,J =13.2 Hz,5-H),7.87(d,J =6.2
Hz,8-H),7.68 ~7.42(m,3H,Ph-H) ,3.86(s,3H,
OCH;),3.37 ~3.31 (m,1H,1'-H) ,1.34 ~1.22
(1H, m,4H,2'-H,3"-H); MS (m/z) : 412 [ M +
H] " ; Caled. 411. 39; Anal. Calcd. for C,, H FN,O;
C 61.31,H4.41,N 10.21;Found C 61.54 ,H 4.28,
N 10. 45,

1-2R AR 6-B-7-[N'-(3,4-—A L F L) KT
U ] ok 4 (1H) -8 3-8 (de) LR 9I1% ,
mp > 260 °C;'H NMR ( DMSO-d, ) &:14.77 (1H,
br. s,COOH),10.58 (1H,s,NH),8.86 (1H, s, 2-
H),8.45(1H,s,CH =N),8.37(1H,d,J =13.2
Hz,5-H),7.85(1H,d,J =6.2 Hz,8-H),7.64 ~
7.38(3H,m,Ph-H) ,6.13(2H,s, 0CH,0) ,3. 36 ~
3.34(1H, m,1’-H),1.31 ~1.21 (4H,m,2'-H,3'-
H); MS (m/z):410 [M + H]"; Caled. 409. 38;
Anal. Caled. for C,, H,,FN,0,:C 61.61,H 3.94 N
10. 26 ;Found C 61.83 ,H 4.15,N 10. 48,

1-2R A -6-7-T7-[ N'-(3,4,5- =8 &) K¥F L
B ) ok4 (1H)-BA-3-% 8% (4f) IR 82% ,
mp:243 ~ 245 °C;' H NMR ( DMSO-d, ) §:14.75
(1H,br. s,COOH) ,10.54(1H,s,NH) ,8.87(1H,s,2-
H),8.43(1H,s,CH=N),8.36(1H,d,J =13.2 Hz,
5-H),7.86(1H,d,J =6.2 Hz,8-H),7.58(2H, s, Ph-
H),3.86,3.88(9H,2s,3 x OCH, ) ,3.42 ~3.36(1H,
m,1’-H),1.35 ~1.26 (4H,m,2'-H,3"-H) ; MS ( m/
z):456 [ M + H]"; Caled. 455.45; Anal. Calcd. for
C,,H,,FN,0,: C 60.66, H 4.87, N 9.23; Found C
60. 87 ,H 4.69,N 9.46,

1-2R 7 3R -6-F-T-(N'-x5 1 KR F SUBF AL ) %
wh4(1H)-BA-3-% 82 (4g)  ULH 72% , mp:226 ~
228 °C ;' H NMR ( DMSO-d,) &:14.73 (1H, br. s,
COOH),10.52 (1H, s, NH),8.85(1H,s,2-H),
8.37(1H,s,CH =N),8.25(1H,d,J =13.2 Hz,5-
H),7.84 (1H,d,J =6.2 Hz,8-H),7.66 ~7.25
(4H,m,Ph-H),3.38 ~3.32(1H, m,1'-H),2.27
(3H,s,CH,;),1.28 ~1.17(4H, m,2’-H,3'-H) ; MS
(m/z): 380 [ M + H ]"; Caled 379.39;
Anal. Caled. for C,,H,; FN,0,:C 66.48 , H 4.78 N
11. 08 ;Found C 66.71,H 4.55 N 11.31,
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1-3R A -6-F-T- (V-3 5K F B ) -5vik4
(1H)-BA-3-3% B8 (4h) U & 88% , mp: 253 ~
255 °C;'H NMR ( DMSO-d, ) &:14.81 (1H, br. s,
COOH),10.63(1H,s,NH) ,8.87(1H,s,2-H) ,8.43
(1H,s,CH =N),8.27(1H,d,J =13.2 Hz,5-H),
7.86(1H,d,J =6.2 Hz,8-H),7.74 ~7.58 (4H, m,
Ph-H) ,3.44 ~3.35(1H,m,1'-H) ,1. 31 ~1.26(4H,
m,2"-H, 3-H); MS (m/z): 384 [M + H]";
Caled. 383.36; Anal. Caled. for C,,H,sF,N;0,;: C
62.66,H 3.94, N 10.96; Found C 62.83, H 4. 15,
N 11. 18,

1-3R R 2 -6-F-T- (V- 34 R F BHAL ) -vik4
(1H)-89-3-% 82 (4i) I F 76% , mp: 218 ~
220 °C;'H NMR ( DMSO-d,) &:14.76 (1H, br. s,
COOH),10.58 (1H,s,NH) ,8.86(1H,s,2-H),8.41
(1H,s,CH =N),8.25(1H,d,J =13.2 Hz,5-H),
7.83(1H,d,J =6.2 Hz,8-H),7.68 ~7.52(4H, m,
Ph-H),3.42 ~3.30(1H,m,1'-H) ,1.28 ~1.22(4H,
m,2'-H, 3-H); MS (m/z): 400 [M + H]";
Caled. 399. 81; Anal. Caled. for C,, H,;CIFN,0,. C
60.08,H 3.78, N 10.51; Found C 60.24, H 4.62,
N 10.74,

1-37 7 JR-6-3-7-( V'-35 2 R R F SUBF AL ) %
k4 (1H)-8A-3-% 8 (4j) UL 93% , mp:256 ~
258 °C;' H NMR ( DMSO-d,) §:14.95 (1H, br. s,
COOH), 10.66 (1H,s,NH),8.93 (1H,s,2-H),
8.48(1H,s,CH=N),8.34(1H,d,J =13.2 Hz,5-
H),7.88 (1H,d,J =6.2 Hz,8-H),7.76 ~7.63
(4H,m,Ph-H) ,3.46 ~3.42(1H,m,1'-H) ,1. 35 ~
1.28(4H, m,2'-H,3'-H) ; MS (m/z) : 411 [ M +
H] " ;Caled. 410. 36 ; Anal. Calcd. for C,yH s FN,O;
C58.54,H 3.68,N 13.65;Found C 58.76,H 3. 85,
N 13. 84,

1-3R R K -6-F-T-(N'-3F AR T XL ) %
w4 (1H)-BA(4k) 3K 88% ,mp;245 ~247 C;
'"H NMR(DMSO-d,) &:15.17,13.36 (1H,2br. 5,2
x COOH) ,10.68 (1H,s,NH),9.16(1H,s,2-H),
8.63(1H,s,CH=N),8.47(1H,d,J =13.2 Hz,5-
H),8.28 ~7.64 (5H, m, Ph,8-H),3.47 ~3.43
(1H,m,1'-H),1.43 ~1.26 (4H,m,2'-H,3'-H) ;
MS (m/z); 410 [ M + H ]"; Caled. 419.38;
Anal. Caled. for C,, H( FN;O05: C 61.61,H 3.94, N

10. 26 ;Found C 61.83,H 3.77,N 10. 50,

1-2R 7 2k -6- -7-(N'-wkwg 4-F SUBFIR ) -4 vik-
4(1H)-8A(41)  IL# 86% ,mp >260 C;'H NMR
(DMSO- d) 6:15.12(1H,s,COOH) ,9. 13(1H,s,
2-H),8.85(2H,d,J=7.6 Hz,Py-H) ,8.64(2H,d,
J=7.6 Hz,Py-H) ,8.54 (1H,s,CH = N), 8.43
(1H,d,J=13.2 Hz,5-H) ,8.06(1H,d,J =6.2 Hz,
8-H),3.48 ~3.44(1H,m,1’-H) ,1.37 ~1.32(4H,
m,2'-H, 3-H); MS (m/z):367 [M + H]";
Calcd. 366. 35; Anal. Caled. for C,y H;s FN,O,: C
62.29,H 4.13,N 15.29; Found C 62.46,H 4.33,
N 15.51,

1-2R 7 2 -6--7-(N'-whng -3- 9 SUBE AL ) ook -
4(1H)-87(4m) UILZE 81% ,mp >260 °C ;'H NMR
(DMSO-d) §:15.12(1H,s,COOH) ,9.07 (1H,s,
2-H),8.89(2H,d,J=7.6 Hz,Py-H) ,8.67 ~8.52
(3H,m,Py-H,CH=N),8.41(1H,d,J =13.2 Hz,
5-H),7.94(1H,d,J =6.2 Hz,8-H) ,3.45 ~3.38
(1H,m,1’-H),1.35 ~1.28 (4H,m,2'-H,3'-H) ;
MS (m/z): 367 [ M + H]"; Caled. 366.35;
Anal. Caled. for Cy HsFN,0,:C 62.29,H 4.13, N
15.29;Found C 62.54 ,H 3.96,N 15. 48,

1-37 7 R -6-F-7- (V' -2kvigg-2-F SRR ) -4 o4
(1H)-8A(4n) mp:253 ~255 °C;'H NMR ( DMSO-
dg) 6:14.93 (1H,s,COOH),9.13 (1H,s,2-H),
8.48(1H,m,CH=N),8.38(1H,d,J=13.2 Hz,5-
H),7.86 ~7.23(4H,m,8-H,furan-H) ,3.42 ~3. 35
(IH,m,1’-H),1.33 ~1.26 (4H,m,2'-H,3'-H) ;
MS(m/z):356 [ M + H] " ; Caled. 356. 33 ; Anal.
Calcd. for C,yH,,FN,0,:C 60.85,H 3.97,N 11. 83;
Found C 61.05,H 3.84 ,N 11. 68,

1-2R 7 2R -6- -7-(N'-Emp-2-F SUBHIR ) -4 oik-
4(1H)-8A(40) mp:247 ~249 °C;'H NMR ( DM-
SO-dy) 6:14.96 (1H,s, COOH),9.03 (1H, s, 2-
H),8.57(1H,m,CH=N),8.44(1H,d,J=13.2
Hz,5-H),8.17 ~7.36 (4H, m,8-H, thiophene-H) ,
3.44 ~3.37(1H,m,1’-H) ,1.38 ~1.25(4H,m,2’-
H,3’-H) ;MS(m/z) :372[ M + H] " ; Calcd. 371. 39;
Anal. Caled. for C,gH, FN,0,S.C 58.21,H 3.80,N
11.31;Found C 58.43 ,H 3.72,N 11. 52,

2.3 WA FeHY B E N K
2.3.1 REFE XGRS SHERLEY
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(4a ~40) X FR PNV A (CFX) , A DMSO fig
A 128 me/L R , R A U A Rk
MEEST 4 EEEEFRE (S. aureus ATCC25923)
MR35 A i (E. coli ATCC25922 ) FAR Sh Ik 41
BRI (MICs) , 455K, 15 MHirtbk &0
MICs ¥ KT 16. 0 mg/L, HATHIE R TR E
BTEPE (MIC<2.0 mg/L) ,

2.3.2 HMmERE 15 NHIR LS Y (4a ~4o)
Joxt R ot B ERZE A 8 25 P 25 3 ( DOX) S BHAR FR
VLR, B DMSO Eig 1.0 x 10 = mol/L ¥k & f i
W, F RPMI 1640 F% B 3 i 75 W E (0.1, 1.0,
10.0,30.0,50. 0 mol/L) , ¥ SCRk[ 7 ] A 77 1 2 ik
174 B XF A8 40 M (SMMC-7721 ) | BRI 20
JiL (L1210 ) F1A 5 15 40 AL ( HL60 ) f =~ e il v
JE(IC,)  ZERWE L,

Table 1 /n vitro antitumor activity of compounds 4a-40 against SMMC-
7721,11210 and HL60 tumor cells

1C5y/ ( umol/L)
Compd.
SMMC-7721 L1210 HL60

4a 11.3+1. 4 20.6 +1.8 25.7 2.4
4b 13.6£1.5 24.6 £2.3 28.5+1.7
4c 10.7 £1.2 14.6 1.4 17.8 £ 1.5
4d 7.3+0.6 8.7+1.0 15.6+1.4
4e 26.8 £2.0 29.3+1.8 32.6£2.4
4f 31.8+£2.6 35.7+2.3 37.6£2.3
4g 26.5 1.8 31.5+£2.6 34.6£2.7
4h 6.3+0.6 8.8+0.7 10.5+1.1
4i 18.6 1.7 23.4+1.2 27.8£1.6
4j 2.7+0.3 5.8+0.5 7.4+£0.5
6k 3.1+0.2 4.6+0.4 5.6+0.3
61 2.7+0.3 5.8+0.5 7.4+£0.5
6m 3.6+0.2 7.3+0.4 8.6+0.5
4n 3.8+0.5 6.6 0.4 7.8+0.6
40 6.4+0.3 8.7+0.6 11.2+1.3
DOX 2.8+0.6 2.4+0.3 3.5+0.4
CFX >100 >100 >100

DOX ; Doxorubicin ; CFX ; Ciprofloxacin

RSN I A 25 2R (R 1) B, 15 A~ H iR
TP RO IR T 1k B SRS T} HE B 25 2% (HL
I1C5o/NT 40.0 wmol/L, 1 M58 T BHK 25 ¥ 35 3 10
B (1C5, =100 pmol/L) , {8 C-7 WR W& 3 {77 7E R}
OB I M A0 SRR, (EXHR R R TS M R B X
AR RN, ASE B ARG W RIHT I I 1 5w

SCHRGE Y C-3/C-7 XUBR A T P He TG B3 1
AR 3K — 5 R C-3 FREIF AR R T PP
T BT ELROE E . WP RO R R, L5517
IR i B A R T R T A (AN
FIEREE) AL & W) /R 58 B0 i R T 1 s JE
ATF AR (AN nE | nk m sy 45 ) B ACAY 1L
Y HAUR T M B E TR . R BT,
5 R PR R R -, DT AT 488 15 07 i S e LB Y
SR, AT 51 S RUR T B R e 2
AN R S R RN R BT A M .
1, SR C-7 WR R L A e AR 1 P A (I 18 24
XA, AT ISR B R DD RE S BN, AT, C3 R
H LA e+ L B A AR AT E AR — 4R

£ % x ik
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