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Synthesis and antitumor activity of fluoroquinolone C-3 isostere V:

ciprofloxacin acylhydrazone derivatives
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Abstract To explore an efficient strategy for the transformation of antibacterial fluoroquinoles into antitumor
fluoroquinolones and their structure-activity relationship, an acylhydrazone as bioisostere of the C-3 carboxylic
group, twelve novel fluoroquinolone C-3 acylhydrazones 3a-31 were synthesized from ciprofloxacin, respectively. The
structures were characterized by element analysis and spectral data. The in vitro antitumor activity against SMMC-
7721, L1210 and HL60 cell lines exhibited more significantly inhibitory activity than the parent, in which com-
pounds with electron-withdrawing group were comparable to doxorubicin. SAR showed that compounds with elec-
tron-withdrawing group had more potency than those with electron-donating group, after reduction of acylhydra-
zone moiety, antitumor activity disappeared. Thus, it is necessary for an acylhydrazone as a bioisostere of the C-3
carboxylic group to develop antitumor fluoroquinolone lead compounds.
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Scheme 1  Synthetic route for ciprofloxacin acylhydrazone derivatives 3a-31
a:80% N, H, -H, O, reflux;b: Ar-CHO, EtOH, reflux ;¢ : NaBH, , MeOH , rt
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RO WK-1B 807 4 5 P8 Bruker 22
7] Esquire LC 7 ffi 4% ; Bruker AM-400 %I 4% w4 4t
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2.2 fLFE

(BRAR) R P B 1-28 & KR-6-F-T-%k h-1-K -k wh4
(1H)-BA-3-%F BEAZ (3a ~ 31) 69 4 mx a3l ik

&Y 2 1.0 (3.0 mmol ) # T JE/K L (15 mL)
mh A S I3 A 1 AR Rl AR AR R (3. 0 mmol ) 1
VKR (0.1 mL) , 813 10 h, JCE By WA, 2298, 2Bk
Yo FTO/K 2Tl DMF-Z B 5 285 &, 15 ¥ €0 [ 1k B bR ik
EAN BB 3a ~ 31,

EPEIRA W E AR (3a), IR 86% ,mp:243 ~ 245
°C;"H NMR ( DMSO-d, ) 8: 13.23 (s, 1H, CONH) , 8.73 (s,
1H,2-H) ,8.44(s,1H,N=CH),7.92(d,] = 13.2 Hz,1H,5-
H),7.78 ~7.46(m,6H,8-H,Ph-H) ,3. 81 ~3.78 (m, 1H,1'-
H),3.28(1,] =6.2 Hz,4H,2 x2"-H) ,2.65(1,] =6.2 Hz,
4H 2 x3"-H) 1. 16-1.27(m,4H,2 x 2 x2/-H) ; MS (m/z) ;
434[M + H] ¥ ; Anal. caled. for C,,H,,FN;0,(% ) :C 66. 50,
H 5.58,N 16. 16;Found:C 66.74 ,H 5. 36 ,N 16. 38,

2.1

12 AR DL SCHR 3 T8 1 26 9 v A2 It h 61 )
(3a ~31) FFH18 0 M T HAROC AR

1 EMEE

APt 3a ~ 31 (il & EEER 1o SRINTD 2
1 ZPHERRIR ML 2 S U T 4 4 21
PSP 3a ~ 31 Ho BERA L9 35,3k 31
LM EAHIE SRR AL L) 4a 4b de,

3a-31
3a R=H 3g R =3, 4, 5-(CH;0);
3b R =2-OH 3h R =4-F
3¢ R=2-OCH; 3i R=4-Cl
3d R =4-OCH,4 3j R=4-NO,
3e R=3,4-(0OCH,0) 3k R=3-NO,
3f R=3-OCH;-4-OH 3l R=2-NO,
4a R =4-NO, 4b R =3-NO,
4c R =2-NO,

2-F A PEIR A Y R B (3b) R 82% ,mp:218 ~
220 C ;'H NMR( DMSO-d, ) §:13. 18 (s,1H, CONH) , 11. 32
(s,1H,0H),8.73(s,1H,2-H),8.32(s,1H,N=CH),7. 86
(d,J=13.2 Hz,1H,5-H),7.53(d,J =7.2 Hz,1H,8-H),
7.36 ~6.68(m,4H,Ph-H) ,3.82 ~3.80(m,1H,1'-H) ,3.35 ~
3.28(m,4H,2 x2"-H),2.57 (br,4H,2 x 3"-H), 1. 17-1.23
(m,4H,2 x 2'-H); MS (m/z):450 [M + H]"; Anal.
caled. for Cy, Hy, FN,O, (%) : C 64.13, H 5.38, N 15.58;
Found:C 64.37,H5.17,N 15.80,

2-FRAE T EIR A ZBAR (3¢), LK 72% , mp:
152 ~ 154 °C ;'"H NMR ( DMSO-d, ) §:13.07 (s, 1H,CONH) ,
8.67(s,1H,2-H),8.28(s,1H,N = CH),7.87(d,J =13.2
Hz,1H,5-H),7.56(d,J =7.2 Hz,1H,8-H),7.38 ~6.72
(m,4H,Ph-H) ,3.87(s,3H,0CH,) ,3.82 ~3.76(m,1H,1'-
H),3.34 ~3.25(m,4H,2 x2"-H) ,2. 58 (br,4H,2 x 3"-H) ,
1.20 ~1.24(m,4H,2 x2'-H) ; MS (m/z):464[M + H] *;
Anal . caled. for C,sH,,FN;O, (% ): C 64.78, H 5.65, N
15. 11;Found:C 65.03,H 5. 28 ,N 15. 31,

4-FAK R TER R Z B (3d) R 86% , mp:
166 ~ 168 °C ;'H NMR ( DMSO-d, ) §:13.05 (s, 1H, CONH) ,
8.68(s,1H,2-H),8.26(s,1H,N=CH),7.84(d,J =13.2
Hz,1H,5-H),7.57(d,J =7.2 Hz,1H,8-H),7.43 ~ 6. 68
(m,4H,Ph-H) ,3.85(s,3H,0CH,) ,3.83 ~3.75(m,1H,1'-
H),3.32 ~3.24(m,4H,2 x2"-H) ,2. 63 (br,4H,2 x3"-H) ,
1.22 ~1.27(m,4H,2 x2'-H) ; MS (m/z):464[M + H] *;
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Anal. caled. for C,5 Hyg FN;O; (% ): C 64.78, H 5.65, N
15. 11 ;Found : C 64. 93 H 5. 47 N 15. 28,

3 4-(ZA R TR K F B A Y ZBAR (3e), PR
93% ,mp:251 ~253 °C ;'H NMR(DMSO0-d, )5:13.24(s,1H,
CONH) ,8.69(s,1H,2-H),8.35(s,1H,N=CH),7.86(d,
J=13.2 Hz, 1H,5-H),7.53 ~7.02 (m,4H,8-H, Ph-H) ,
6.12(s,2H,0CH,0),3.81 ~3.77(m,1H,1’-H),3.36 ~
3.28(m,4H,2 x2"-H) ,2. 57 ~2.52(m,4H,2 x3"-H) ,1.22 ~
1.27(m, 4H,2 x 2'-H); MS (m/z): 478 [M + H]";
Anal. caled. for C,s H,,FN;O, (% ). C 62.89, H 5.07, N
14. 67 ;Found :C 63. 10,H 4. 89 ,N 14. 84,

3-WAR KA LR TR A EBRE (3), IR
87% ,mp:219 ~221 °C ;'H NMR(DMS0-d, )8:13.21(s,1H,
CONH) ,10.87(s,1H,0H) ,8.87(s,1H,2-H) ,8.28(s,1H,
N=CH),8.04(d,J=13.2 Hz,1H,5-H),7.60 ~6.85(m,
4H,8-H,Ph-H),3.87 (s,3H,CH,0),3.83 ~3.80 (m, 1H,
1'-H),3.35 ~3.26 (m,4H,2 x 2"-H) ,2. 58 ~2.53 (m,4H,
2x3"-H),1.20 ~ 1.26 (m,4H,2 x 2'-H) ; MS (m/z) : 480
[M+H]";Anal caled. for C,s H,(FN;O, (% ):C 62.62, H
5.47 N 14. 61 ;Found: C 62. 83 ,H 5.36 N 14.78.,

3,4,5-Z T AR FTEIR R Z B (3g) ,IF 75%,
mp:179 ~ 181 °C;'H NMR ( DMSO-d, ) §:13.12 (s, 1H,
CONH) ,8.82(s,1H,2-H),8.37(s,1H,N=CH) ,7.96(d,
J=13.2 Hz,1H,5-H) ,7.82(d.J =7.2 Hz,1H,8-H) ,7. 46
(s,2H,Ph-H) ,3.86,3.88(2s,9H,3 x CH;0),3.81 ~3.76
(m,1H,1"-H) ,3.34 ~3.18 (m,4H.,2 x 2"-H) ,2. 56 ~ 2. 53
(m,4H,2 x3"-H) 1. 18 ~1.24(m,4H,2 x 2/-H) ; MS (m/
z):524[M + H]"; Anal. calced. for C,,Hs, FN;O5 (% ) : C
61.94 ,H5.78,N 13. 38 ;Found:C 62. 12,H 5. 56 ,N 13. 62,

4-F-FK PR R ZBAFE (3h) K 86% ,mp:213 ~
215 °C;'H NMR ( DMSO-d, ) 8:13. 17 (s, 1H, CONH) , 8. 86
(s,1H,2-H) ,8.38 (s, 1H,N = CH),8.03 (d,J = 13.2 Hz,
1H,5-H),7.96(d,J =7.5 Hz,2H,Ph-H) ,7.83(d,J =7.2
Hz,1H,8-H),7.68(d,J =7.5 Hz,2H,Ph-H) ,3.80 ~3.78
(m,1H,1"-H) ,3.38 ~3.22(m,4H,2 x 2"-H) ,2. 67 ~2.58
(m,4H, 2 x3"-H),1.23 ~1.25(m,4H,2 x2'-H) : MS (m/
z):452[ M + H] " ; Anal. caled. for C,,H,, F,N;0, (%) : C
63.85,H 5.13,N 15. 51 ; Found:C 64.02 ,H 5.31 N 15. 74,

4-F- R PR F Y B BAE (31) K T4% ,mp: 157 ~
159 °C;'H NMR ( DMSO-d, ) §:13. 13 (s, 1H, CONH) , 8. 82
(s,1H,2-H),8.35(s,IH,N=CH),8.02(d,J =13.2 Hz,
1H,5-H),7.87(d,J =7.5 Hz,2H,Ph-H) ,7.81(d,J = 7.2
Hz,1H,8-H),7.66(d,J =7.5 Hz,2H,Ph-H) ,3.76 ~3.72
(m,1H,1"-H) ,3.36 ~3.20 (m,4H,2 x 2"-H) ,2. 63 ~ 2. 56
(m,4H,2 x3"-H) ,1.21 ~1.24(m,4H,2 x2'-H) ; MS (m/
z):468 [M + H] " ; Anal. caled. for C,, Hy, CIFN;0, (% ) : C
61.60 ,H 4.95,N 14. 97 ; Found:C 61.78 ,H 4. 82 N 15. 13,

47K TR R EBAF (3§), WEK 92% , mp.

263 ~265 °C ;'H NMR ( DMSO-d, ) :13.21(s,1H,CONH) ,
8.86(s,1H,2-H) ,8.47(s,1H,N = CH) 8. 12(d, ] = 13.2
Hz,1H,5-H).8.04(d,J=7.5 Hz,2H, Ph-H).7.86(d,J =
7.2 Hz,1H,8-H) ,7.73(d,J =7.5 Hz,2H, Ph-H) ,3.78 ~
3.81(m,1H,1’-H),3.37 ~3.25(m,4H,2 x 2"-H) ,2. 66 ~
2.63(m,4H,2 x3"-H),1.23 ~1.25(m,4H,2 x 2'-H) ; MS
(m/z) :479[M + H] " ; Anal. calcd. for C,,H); FN,0, (% ) : C
60.25 H 4.85 N 17. 56 Found: C 60. 41 ,H 4. 73 N 17. 74,
3-AER-R P BA IR R B B AF (3K), XK 85% , mp:
232 ~234 °C;'"H NMR (DMSO-d, ) 8:13. 16 (s, 1H, CONH)
8.82(s,1H,2-H) ,8.44 (s, 1H,N = CH),8.15(d, J = 13.2
Hz,1H,5-H),8.07(d,J =7.5 Hz,2H,Ph-H) ,7.88(d, ] =
7.2 Hz,1H,8-H),7.75(d,J =7.5 Hz,2H, Ph-H) ,3.76 ~
3.69(m,1H,1"-H),3.36 ~3.27 (m,4H,2 x 2"-H) ,2. 65 ~
2.54(m,4H,2 x3"-H) ,1.21 ~1.26(m,4H,2 x2/-H) ; MS
(m/z) :479[ M + H] ™ ; Anal. calcd. for C,, H,; FN,O, (% ) : C
60.25.H 4.85 N 17. 56 Found: C 60. 47 ,H 4.97 N 17. 68.,
2-FER-R P B W Z B (31), iR 81% , mp:
213 ~215 °C ;'H NMR ( DMSO-d, ) §:13.24(s,1H,CONH) ,
8.87(s,1H,2-H),8.41(s,lH,N=CH),8.09(d,/J=13.2
Hz,1H,5-H),8.02(d,J =7.5 Hz,2H,Ph-H) ,7.85(d, ] =
7.2 Hz,1H,8-H),7.68(d,J =7.5 Hz,2H, Ph-H) ,3.76 ~
3.71(m,1H,1"-H) ,3.40 ~3.31 (m,4H,2 x 2"-H) ,2. 68 ~
2.62(m,4H,2 x3"-H) ,1. 19 ~ 1.25(m,4H,2 x 2’-H) ; MS
(m/z):479[M + H] " ; Anal. calcd. for C,,H); FN,0, (% ) : C
60.25 H 4.85 N 17. 56 Found: C 60. 38 ,H 4. 68 .N 17. 72,

N'-F5 3 130 5 -6- F-T-9k A-1- 2k -vhopk 4 (1H) -
R -3- ¥ BEbH(4a,4b dc) 694K,

N'-FHEE RN VD B R 3(1.0 g,2. 1 mmol ) BiF T
THIEE(20 mL) Hb, ks 1808 i i S5 4 o Y ) ST BN
(76.0 mmg,2. 1 mmol ) AR (10 mL) , ¥ IRFEFE 2 h, I &
TR IMAZER/K (10 mL) 23 HER B W), K C IR Ak
Z pH 5.0, INAGE S G MR I 6, i U8 VB T ke =K i ik
% pH 8.0, BT L EK, 18, K. FHTOK S REE S &,
T A B AR S PR IR 4a,4b dc,

N'-(4-78 35 5F 3K )-1-38 & 2R-6-B-T-9k -1 -3 -k ok 4
(1H)-B1-3-7 B it (da) , I % 81% , mp: 215 ~ 217 C;
'"H NMR(DMSO-d, )8 13. 18 (s, 1H, CONH ) ,8.78 (s, 1H, 2-
H).8.36 (s, 1H,N =CH),7.85(d,J =13.2 Hz, 1H,5-H) ,
7.82 ~7.58(m,5H,8-H,Ph-H) 4. 56 (br. s, [H,NH) ,3.78 ~
3.74(m,1H,1'-H) ,3.55(s,2H,NCH, ) ,3. 31 ~2.62(m,8H,
piperazine-H) ,2.27 (s,3H, NCH, ), 1.32 ~ 1. 16 (m, 4H,
CH,CH,); MS (m/z): 481 [ M + H]"; Anal caled. for
C, H, FN,0, (%) : C 59.99, H 5.24, N 17.49; Found: C
60.18 H 5.42 N 17.71,

N'-(3-#5 2 F ) -1-38 & K -6-A-T-9k -1- K & k4
(1H)-BA-3-%F B: Bk (4b) , WL XK 74% , mp: 204 ~ 206 C;
'"H NMR(DMSO-d, ) 8: 13. 17 (s, 1H, CONH) , 8. 82 (s, 1H,2-
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H),8.35(s,1H,N = CH),7.84(d,J = 13.2 Hz, 1H,5-H),,
7.80 ~7.61(m,5H,8-H,Ph-H) ,4. 57 (br. s, [H,NH) ,3. 80 ~
3.76(m, 1H,1'-H) ,3. 57 (s,2H,NCH, ) ,3. 35 ~2.58 (m,8H,
piperazine-H) ,2.29 (s,3H, NCH; ), 1.34 ~ 1. 18 (m, 4H,
CH,CH, ); MS (m/z). 481 [ M + H]"; Anal caled. for
C, H FN,0,(%): C 59.99, H 5.24, N 17.49; Found: C
60.16,H5.07,N 17.68,

N'-(2-75 & F ) -1-30 3 -6-F0-T-9% F-1- K -5 k4
(1H)-8A-3-F Bk B+ (4c) , % 72% , mp: 216 ~ 218 C;
"H NMR(DMSO-d, )8:13.22 (s, 1H, CONH) ,8.78 (s, 1H,
2-H),8.32(s,IH,N=CH),7.80(d,/J=13.2 Hz,1H,5-
H),7.83 ~7.64(m,5H,8-H, Ph-H) ,4.58 (br. s, 1H,NH) ,
3.83 ~3.77(m,1H,1'-H) ,3.54(s,2H,NCH, ) ,3. 37 ~ 2. 62
(m,8H, piperazine-H) ,2.32(s,3H,NCH; ) ,1.36 ~1.22(m,
4H,CH,CH, ) ; MS (m/z):481 [ M + H] " ; Anal. caled. for
CH, FN,0, (%) : C 59.99, H 5.24, N 17.49; Found: C
60.25,H5.04,N 17.73,

3 HBhEIETEEN

XA BT 12 SNV R (3a ~31) Hirfk
B3 A N -(fH3ER ) RN T 2L (4a,4b,
dc) HATHUMIETE PEVEANT B 5 LR AL A 4 A R
i RSB IR 24 ) 8 R (DOX) S EHA N Vb &
(CFX) A DMSO it i, 1.0 x 10 ™ mol/L ¥ Jif (¥ fi
F5 8, FHI RPMI 1640 # B8 1) iy 75 1k B, 4% SCHk [ 7 ]
) 5%, R R 6 A6 40 i (SMMC-7721 ) | BR 1 i
S 4 A (L1210 ) FIN 155 40 e ( HL6O ) (1) - %541
A (1C5,) B R WK 1,

Table 1 Inhibitory activities of acylhydrazones(3a-31) against SMMC-

7721 ,1.1210 and HL60 tumor cells
1C5y/ ( mol/L)

Compd.

SMMC-7721 L1210 HL60
3a 25.6+1.6 32.9+2.4 37.6 £2.5
3b 18.3+1.5 27.3+2.4 30.7 +2.8
3c 28.4+2.3 37.8+3.0 38.7+2.6
3d 30.5+2.7 38.8+3.2 42.4 £2.7
3e 20.6 2.1 28.6+1.8 27.4 2.2
3f 28.4+1.8 37.3+2.7 40.5£2.3
3g 35.1+2.7 47.8 £3.5 48.0£2.5
3h 27.6+1.3 38.7+3.0 42.5£2.7
3i 27.6+1.3 38.7+3.0 42.5£2.7
3j 10.5+1.2 18.4+1.4 23.6+2.2
3k 15.3+1.4 20.5+2.6 27.3+1.5
31 9.6+1.0 23.6+1.6 28.8+1.3
4a >100 >150 >150
4b > 100 > 150 > 150
4c >100 >150 >150
DOX 1.8£0.5 3.7+0.7 3.2+0.4
PFX > 150 > 150 > 150

DOX ;: Doxorubicin ; PFX ; Profloxacin

RSN g T e 45 R (% 1) KRBT, 12 APk
Ji BARAL G X6 3 Tl 36 96 A4 6 R 410 1) 3 P
( <50.0 pwmol/L) FSRAK T Bl 25 2 B3 1, (H 1Y
BEWRTHNIE 1( > 150 wmol/L) , Ji H X} Ji
S 40 A ( SMMC-7721 ) fg 400 il 37 P w85 F % 11 0t
g (L1210 F1 HL6O ) Y G ¥, R T — % 1Y
VEREME . WIAE ARG R B, O R R Y AR O
Ry W H, 5 AT i R, TR R e e g 0 P i
A BRSBTS 1 X AT BB R
TR GBS TG AL I A0 W N = C 0Lk 5 [R] s, B
Wy R BERSEAN , Bl AR AU SR B 1 oK, 06
AR AT R SR X s R o A il e AR (L
P1(3j,3k,31) , Hoid 7 ik E A ) (4a,4b, 4¢) 11
TR WA, ZR IR 06 P 5 BE I N = C
XUHEAH G o FH G AT 25 M, Eh 40 A 24 s i T &
JRAT IR 25 R v T O B O C-3 SRR EENY
IR S A HE A Y
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