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Synthesis and antitumor activity of pefloxacin C-3 methylene rhodanine

devatives

ZHANG Huili', LU Guangli®*, HUANG Wenlong’, HU Guoqiang' **
"School of Pharmacy, Zhengzhou University of Industrial Technology, Zhengzhou 451150;° School of Business, Henan University,
Kaifeng 475001 ;° Center of Drug Discovery, China Pharmaceutical University, Nanjing 210009, China

Abstract To further explore an efficient strategy for the construction of antitumor fluoroquinolone molecules from
antibacterial fluoroquinolone drugs, twelve new title compounds, 1-ethyl-6-fluoro-7-( 4-methyl-piperazin-1-yl) -3-
(3-substituted-rhodanin-5-ylidene) methyl-quinolon-4( 1H) -ones( 6a-61) , was designed and synthesized with o,
B-unsaturated ketone scaffold and a rhodanine ring as an isostere and fused modified group, respectively, from
pefloxacin (1), and their structures were characterized by elemental analysis and spectral data. The in vitro anti-
cell proliferative activity of the title compounds against the tested A549, Hep-3B and HL60 cancer cells exhibited
more significant potency than parent 1. In particular, halogenated phenyl title compounds ( 6d, 6e, 6f) displayed a
comparable activity to comparison doxorubicin against A549 cells and low cytotoxicity against normal Vero
cells. Thus, a methylene rhodanine scaffold as a bioisostere of the C-3 carboxylic acid group have shown to be
beneficial to improving the antitumor activity.
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Scheme 1  Synthetic route of the title compounds 6a—61
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WK b i R A R A BR A A
2.2 FA K

1-Z K -6-5-7-(4-F J vk k-1-28 ) -3k vk 4-
(1H)-R-3-F 8% (3) 89 6m%,

BRI B 48.0 g (146.0 mmol ) ¥ T 21 K
150 mL #, T AV E K 40 mL FIE A5 250 mL, i
BEFE MRS IMAL G P 2(15 g,43. 0 mmol ) 4y 1 h,
O SN R ISRHF R (TLC) ik 73 A AL
HH, HIZKBE S 3 U, JEK NaySO, T4 ik, ks
BT ER AR TCK S - R SR (1: 1) IR G
0] 100 mL J A , I AGE S P 2k RS, 0. 5 b
PR, FE 2 T IR B A A 3, 1R 41.6%
mp:235 ~237 °C (229 ~233 C"°) ;"H NMR (400
MHz, CDCl,-d; ) 6:10.84 (1H, s, 3-CHO ), 8. 82
(1H,s,2-H),7.84(1H,d,J =13.0 Hz,5-H),7. 36
(1H,d,J=8.0 Hz,8-H) ,4.46(2H,q,J =8.0 Hz,
CH,) ,3.46 ~3.28(4H,m,piperazine-H) ,2. 48 ~2. 66
(4H, m, piperazine-H) ,2.38 (3H, s, N-CH, ), 1.47
(3H,t,/ =8.0 Hz,CH, ) ;MS m/z:318[ M +H] ",

1-2 6 T-(4-F Kokl ) 3-(3- T
S T-5-LF k) Evk4-(1H) -5 (6a ~ 61) 5 5%,

M v I -3-FP R (3,1.0 g, 3.2 mmol) 575
JE R JCK LR BN (0. 52 g,6. 4 mmol) MLES} T
5a ~51(3.2 mmol ) {R YN A B VKSR (15 mL)
v R BN i G B R DR SR 6 he g
FEZE BRI ), R AR W0 N 25 85 17K 50 mL ¥ fif, 1]
R TR . IR K pH 8.0, 5K
eI (30 mL x 3) , f Fl & #h K PE %, oK it
FREAT % . #Lh FHJCK S BE-DMF B 45 &), 15 4
B HERY) 6a ~ 61,

1-Z 3 -6-F-7-(4-F J vk -1-2k ) -3-(3-3K k-
St T5-XF AR ) -k ok4-(1H) -8 (6a) it X
64.4% ,mp:255 ~257 °C ;'H NMR (400 MHz, CDCL,-
dy) 6:7.85(1H,d,J =13.0 Hz,5-H) ,7.75(1H,s,
2-H),7.51 ~7.26(6H,m,Ph-H and 3-CH=) ,6. 66
(1H,d,J=8.0 Hz,8-H) ,4.20(2H,q,J =8.0 Hz,
CH,),3.27 (4H, br, piperazine-H) ,2. 65 (4H, br,
piperazine-H) ,2.40 (3H, s, N-CH, ), 1. 58 (3H, t,
J=8.0 Hz, CH, ); MS m/z; 509 [M + H]";
Anal. Caled. for C,H,sFN,0,S,:C 61.40% ;H 4.95;
N 11. 01 ;Found :C 61.63% ;H 4.76;N 11. 24,

1-2 A -6-FT-(4-F Aok 1 -2) B-[3-(4-F
AR -5 TS5-LF AR ] &vk4-(1H) - (6b)
I % 57.0% , mp: 254 ~ 256 °C;'H NMR (400
MHz,CDCl;-d;) 6:8.68(1H,s,2-H) ,7.82(1H,d,
J=13.0 Hz,5-H),7.54 (1H,s,3-CH=),7.34 ~
7.05(5H, m,Ph-H and 8-H) ,4.40(2H,q,J =8.0
Hz,CH, ) ,3.28 (4H, br, piperazine-H) , 2. 50 (4H,
m, piperazine-H) ,2. 38 (3H, s, N-CH, ) ,2.25 (3H,
s,Ph-CH;) ,1.42(3H,t,/ =8.0 Hz,CH;) ;MS m/z;
523[M + H] " ; Anal. Calcd. for C,, H,; FN,0,S,: C
62.05% ;H 5.21; N 10.72; Found:; C 62.31% ; H
5.38;N 10.95,

1= b T~ (4T o el ) 3-[ 3-(4-
FEE RS TS T R ]k ot (1H) -
(6c) UL 53.0% ,mp >260 °C;'H NMR (400
MHz,CDCl;-d;) 6:7.98 ~7.77(2H, m,2-H and 5-
H),7.54(1H,s,3-CH=),7.27 ~6.70(5H, m, Ph-
H and 8-H) ,4.22(2H,q,J =8.0 Hz,CH,),3.85
(3H,s,OCH,),3.30 (4H, m, piperazine-H ) , 2. 67
(4H,m, piperazine-H) ,2.41 (3H,s,N-CH; ), 1. 59
(3H,t,/=8.0 Hz,CH, ) ;MS m/z:539[ M + H] " ;
Anal. Caled. for C,,H,,FN,0,S,:C 60.20% ;H 5. 05
N 10. 40 ;Found : C 60.44% ;H 5. 18 ;N 10. 67,

1-Z 3k -6-3-7-(4-F Fvkk-1-8 ) -3-[ 3-(4- 2
FIAR) -G T-5-LF AR ] R ok4-(1H) -5 (6d)
% 51.0% , mp > 260 °C;'H NMR (400 MHz,
CDCl,-d;) 6:8.70 (1H,s,2-H) ,7.81 (1H,d, J =
13.0 Hz,5-H) ,7.53(1H,s,3-CH=),7.43 ~7.05
(5H,m,Ph-H and 8-H) ,4.40(2H,q,J =8.0 Hz,
CH,),3.27 (4H, br, piperazine-H) ,2.51 (4H, m,
piperazine-H) ,2.26 (3H, s, N-CH, ), 1.42 (3H, t,
J=8.0 Hz, CH; ); MS m/z; 527 [M + H]";
Anal. Caled. for C, H,, F,N,0,S,: C 59.30% ; H
4.59; N 10.64; Found: C 59.55%; H 4.38;
N 10. 85,

1- T 3 -6-8-7-(4-F F gk k-1-25 ) -3-[ 3-(4-&
FIR)-5e T -5-XF Ak ] Rok4-(1H) -8 (6e) 1L
% 54.0% ,mp >260 °C;'H NMR (400 MHz, CDCI,-
dy) 8:7.94 ~7.72(2H,m,2-H and 5-H) ,7.46(1H,
s,3-CH=),7.43 ~6.65(5H, m, Ph-H and 8-H),
4.17(2H,q,J =8.0 Hz,CH,) ,3. 27 (4H, br, pipera-
zine-H) ,2. 67(4H, m, piperazine-H ) ,2. 39 (3H, s, N-
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CH,),1.52(3H,t,J =8.0 Hz,CH, ) ; MS m/z.:543
[M+H]"(¥Cl);Anal. Caled. for C,H,, CIFN,0,S, :
C 57.50% ; H 4.45; N 10.32; Found: C 57.73% ; H
4.32;N 10.57,

1-Z35-6-3-7-(4-F Jvkvk-1-38 ) -3-[3-(4-i8
FAR) -GS T-5-LF k] -k ok4-(LH) -8R (6f)
% 48.0% , mp > 260 °C;'H NMR (400 MHz,
CDCl,-d;) 6:8.75(1H,s,2-H),7.80(1H,d, J =
13.0 Hz,5-H),7.75(2H,d,J =9.0 Hz, Ph-H),
7.56(1H,s,3-CH=),7.37 ~7.17(3H, m, Ph-H
and 8-H) ,4.44 (2H,q,J =8.0 Hz,CH,),3.84 ~
3.52(4H, m, piperazine-H) ,3.52 ~3.32 (4H, m,
piperazine-H) ,2.36 (3H, s, N-CH, ), 1.43 (3H, t,
J=8.0 Hz,CH; ) ; MS m/z:587 and 589[ M + H] "
(Br and * Br) ; Anal. Caled. for C,,H,, BrFN,0,S, :C
53.15% ;H 4. 123N 9. 54 ;Found : C 53.36% ;H 3.90;
N9.76,

12 6o fT-(4-F Rkl -26) 3-[3-(3- 2
PR ) 25 TS5 S R ] koikd-(1H) -
(6g) U 42.0% ,mp:252 ~254 °C;'H NMR
(400 MHz, CDCl;-d;) &:8.71(1H,s,2-H),7.90 ~
7.74(5H,m,Ph-H and 5-H),7.55(1H,s,3-CH=),
7.07(1H,br,8-H) ,4.39(2H, br,CH, ) ,3.34 ~3.29
(4H,m, piperazine-H) ,2. 62 ~2.53 (4H, m, pipera-
zine-H) ,2.29(3H,s,N-CH, ) ,1.42(3H,t,J =8.0
Hz,CH,) ; MS m/z:577[M + H] " ; Anal. Calcd. for
C, H,, F,N,0,S,.: C 56.24% ; H 4.20; N 9.72;
Found;C 56.47% ;H 4.38;N 9.95,

1236 BT (4 k] ) 3-( 2 -
5-X WA ) -wEk-4-(1H) -8 (6h)  I{LH 42.0% ,
mp >260 °C ;'H NMR (400 MHz, DMSO-d, ) §:8. 63
(1H,s,2-H),7.85(1H,d,J =13.0Hz,5-H) ,7. 40
(1H,s,3-CH=),7.16 (1H,d, J = 8. 0Hz,8-H) ,
4.40(2H, br, CH, ), 3.34 (4H, br, piperazine-H ) ,
2.53 (4H, br, piperazine-H) ,2.35 (3H, s, N-CH, ),
1.41(3H,t,J =8.0 Hz,CH, ) ; MS m/z:433 [ M +
H] " ; Anal. Calcd. for C,, H,, FN,0,S,:C 55.54% ; H
4.89;N 12.95;Found:C 55.76% ;H 4.76;N 13. 16,

1-Z35-6-3-7-(4-F Aok a-1-4 ) 3-(3-F 4
et TS-X P AR ) -k ok4-(1H) -8 (61) I
54.0% , mp: 244 ~ 246 °C;'H NMR (400 MHz,

DMSO-d,) 6:8.68 (1H,s,2-H) ,7.80(1H,d, J =
13.0Hz,5-H) ,7.57(1H,s,3-CH=),7.05(1H,d,
J=8.0 Hz,8-H) ,5.92(2H,s,NH, ) ,4.38(2H, q,
J=8.0 Hz,CH,) ,3.27(4H,br, piperazine-H) ,2. 51
(4H,br, piperazine-H) ,2.25(3H,s,N-CH, ), 1. 42
(3H,t,/=8.0 Hz,CH,) ; MS m/z;448[ M + H] *;
Anal. Caled. for C,,H,,FN;0,S,:C 53.67% ;H 4.95;
N 15.65;Found;:C 53.9276% ;H 4. 77 ;N 15. 87,

1- 0 6 FT-(4-F okl -2 ) 3-(3-5 7
A TS5-XF ) -kokk4-(1H)-8(6j) ik
46.0% ,mp:252 ~254 °C ;'H NMR (400 MHz, CDCI,-
dy) 6:8.70(1H,s,2-H),7.95(1H,d,J =13.0 Hz,5-
H),7.46(1H,s,3-CH=),6.95(1H,d,J =8.0 Hz,8-
H),4.22(2H,q,J =8.0 Hz,CH,),3.29 (4H, m,
piperazine-H) ,2. 88 (1H, m, c-Pr-H) ,2. 66 (4H, br,
piperazine-H) ,2. 40(3H,s,N-CH, ) ,1. 57 (3H,t,/J =
8.0 Hz,CH,),1.17 ~1.06(4H ,m,c-Pr-H) ; MS m/z:
473[ M + H]"; Anal. Calcd. for C,, H, FN,0,S,: C
58.45% ;H 5.33;N 11.85;Found;C 58. 67 ;H 5. 14;N
12.06,

1-Z 5 -6--7-(4-F ok a-1-2£ ) -3-(3-A F
H-Ge S TS5-XOF ) kek4-(1H) -BA (6k) UK
46.0% ,mp > 260 °C;'H NMR (400 MHz, DMSO-
d,) 5:8.66(1H,s,2-H),7.81(1H,d,J =13.0 Hz,
5-H),7.52(1H,s,3-CH=),7.05(1H,d,J =8.0
Hz,8-H) ,4.66 (2H,s,CH,) ,4.38 (2H,q,J =8.0
Hz,CH,),3.30 (4H, m, piperazine-H ) , 2. 66 (4H,
br, piperazine-H) ,2.36 (3H,s,N-CH, ), 1. 42 (3H,
t,/=8.0 Hz, CH,); MS m/z:491 [M + H]";
Anal. Caled. for C,,H,;FN,0,S,:C 53.86% ;H 4.73;
N 11.42;Found:C 54.08 ;H 4. 56 ;N 11. 65,

12 A6 R (47 Aok ) B-(3-F -
Gk 752 T )k oHA-(LH)-8 (6) K
52.0% , mp; 225 ~ 227 °C;'H NMR (400 MHz,
CDCl,-d;) 6:7.90(1H,d,J =13.0 Hz,5-H) ,7. 61
(1H,s,2-H),7.43 (1H,s,3-CH=),7.38 ~ 6. 64
(6H,m, Ph-H and 8-H) ,5.23 (2H,s,CH,),4.12
(2H,q,J =8.0 Hz,CH,),3.26 (4H, br, piperazine-
H),2.72 (4H, br, piperazine-H ) ,2.37 (3H, s, N-
CH,),1.48(3H,t,J =8.0 Hz,CH,) ; MS m/z.523
[M + H]"; Anal. Caled. for C, Hy FN,O0,S,: C
62.05% ; H 5.21; N 10.72; Found: C 62.31; H
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5.03;N 10.96,
2.3 RSN Lm IR IE S EE

XA 12 A~ HAREA 4 6a ~ 61 X i B
KB 25B 5 R (DOX) S EHA KL HP & (1) A
DMSO P2 5% 1.0 x 10> mol/L ¥ B 09 1 55 W, FH
RPMI 1640 3535 i B B A e 5 (0.1.1.0 5.0,
10. 0.,50. 0 nmol/L) B A fitislif o BORHEi A K 1Y
NAE/IN 20 1 i 968 200 L ( AS49) 98 21 it ( Hep-
3B) A I 21 i (HL6O ) 1 P 25 A B 20 Jifa 240
L (Vero) ¥k, 4351 Lh B:£L 6 000 >4t ff 42 T 96
LR, K PR E , aralmA Ead ki . dke s

Fr 48 h Je i dk. BALIMA 1 ¢/L MTT 5
100 pL, k24537 4 b Je 5 Ll FLImA
FIZE AN 150 pL, B84k i5 30 min, ARG AE
570 nm PR AR R R o T A% N S0 A
JELAHR A AW AR (% ) = (1 - LR L/ X
MRZ SR ) x 1000 FR 5 DA 25 5k 1 1) 97 %4
[IERORR7I31 M O E D TR (2 4 IR I 2719585 IV
T, AT 25 (s A 5 ok S 96200 M 1)~ 2
MAIHE (1Cs) o BT A LI AEAR R 25 14 H A itk
113 AR IR 1,

Table 1  Anti-proliferative activity of the title compounds 6a—61 against the tested cells

1C5y/ ( mol/L)

Compd. Ar
A549 Hep-3B HL60 Vero
6a CgHs 10.6£1.2 25.7+1.8 28.6 2.0 57.6 £2.4
6b 4-CH;-CgH, 17.6 1.5 27.6£1.4 30.6£2.3 63.2+1.8
6¢ 4-CH;0-C4H, 18.3+1.4 32.6+2.3 35.0+£2.7 61.5+2.4
6d 4-F-C¢H, 4.7 0.5 8.6x1.0 7.8x1.0 53.6+2.8
6e 4-Cl-CqH, 2.6x0.4 4.2+0.5 10.4 0.7 47.6 £2.5
6f 4-Br-C4H, 6.7+0.7 11.6£1.2 13.5+1.2 53.0+2.5
6g 3-CF;-CgHy 8.2+0.5 16.8 1.6 18.4+1.6 50.8 £3.7
6h H 20.5x1.6 26.8£1.8 23.8x1.5 60.5+3.0
6i NH, 12.6 £0.7 11.6 £0.6 16.8 1.4 52.8£2.6
6j c-Pr 16.7 1.5 32.5+2.4 21.7+1.5 57.8 £2.4
6k HO,CCH, 25.8£2.1 35.8+£3.0 38.6£2.5 67.8 +4.2
61 benzyl 22.5x1.6 31.7+2.6 35.4 3.0 64.7 £3.2
Doxorubicin 2.5+0.6 2.7+0.5 4.2+0.5 3.8+0.6
Pefloxacin >100 >100 >100 67.2+£3.6

3 GRS

D 2 (D) 81 A ) 3 Sk ik
&Y 1 N AR JFOFIBRAS 3 2,3- S0
VT, 755 TR £ TR 4 G A5 3 S0 4 R -3- PP, AR
Ja PSP A AT B A N B 3, %A
5 R CIR4e & RV A SR S X oK, 2 2
U 5 R A -3 TR R RE RS o (R, 3
AL TR 25 o S B I AL 7 ) C-3 T i
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