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Abstract: To expand an efficient strategy for the conversion of antibacterial activity of fluoroquinolones into
an antitumor activity, sixteen new compounds, 1-cyclopropyl-6- fluoro-7-(4-methyl-piperazin-1-yl)-3-(5-arylidene-
thiazol-4(5H)-one-2-yl)-quinolon-4(1H)-ones (7a-7p), were designed and synthesized with a thiazolone ring and
an arylidene moiety as an isostere and modified group, respectively, from ciprofloxacin. Their structures were
characterized by elemental analysis and spectral data. The in vitro antitumor activity of the synthesized compounds
were measured using Hep-3B, Capan-1 and HL60 cell lines and were found to be more potent than ciprofloxacin.
Meanwhile, the SAR revealed that the halogenated phenyl compounds such as fluorophenyl (7h, 7i), chlorophenyl
(7j, 7k) or bromophenyl compounds (71, 7m), and aromatic heterocyclic substitution such as furyl (6n) or pyridyl
compounds (60, 6p) displayed better activity than the control compounds, especially the ICy, values of pyridyl
compounds 60 and 6p against Capan-1 cell growth was comparable to doxorubicin. Thus, an arylidene-modified
thiazolone scaffold as the replacement of the C-3 carboxylic acid group appears to be an alternative route for an
improved antitumor activity of fluoroquinolones.
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Scheme 1 The synthetic route for preparation of the target compounds 7a-7p
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Table 1 Physical constants and spectral data of intermediates 4, 5, 6 and target compounds (7a-7p)

Compd. Yield% mp/°C Elemental analysis (%, Calcd.) MS (m/z)
C H N [M+H]"(Calcd.)
4 45.6 234-236 63.02 (62.78) 5.92 (6.15) 16.53 (16.27) 345 (344.39)
5 73.8 186-188 60.24 (59.98) 5.63 (5.87) 15.78 (15.54) 361 (360.46)
6 64.7 218-220 60.20 (59.98) 5.06 (5.29) 14.23 (13.99) 401 (400.48)
Ta 57.8 226-228 66.53 (66.38) 5.38 (5.16) 11.72 (11.47) 489 (488.59)
7b 62.3 231-233 64.03 (64.85) 5.04 (5.25) 11.04 (10.80) 519 (518.61)
Te 452 204-206 64.07 (64.85) 5.09 (5.25) 10.62 (10.80) 519 (518.61)
7d 55.6 194-196 67.13 (66.91) 5.65 (5.41) 11.38 (11.15) 503 (502.62)
Te 432 182-184 67.16 (66.91) 5.16 (5.41) 11.41 (11.15) 503 (502.62)
7t 72.6 246-248 63.38 (63.15) 4.48 (4.73) 10.76 (10.52) 533 (532.60)
7g 57.3 214-216 62.52 (62.27) 5.24 (5.40) 9.94 (9.68) 579 (578.67)
7h 57.2 243-245 64.26 (64.02) 4.64 (4.78) 11.28 (11.06) 507 (506.58)
7i 52.4 213-215 64.23 (64.02) 4.53 (4.78) 11.32 (11.06) 507 (506.58)
7j 73.2 216-218 62.25 (62.00) 4.42 (4.63) 10.52 (10.71) 523 (523.03)
7k 442 193-295 62.23 (62.00) 4.87 (4.63) 10.94 (10.71) 523 (523.03)
71 65.7 212-214 57.42 (57.15) 4.05 (4.26) 10.15 (9.87) 567 (567.48)
7m 52.4 190-192 57.36 (57.15) 4.44 (4.26) 10.07 (9.87) 567 (567.48)
n 67.6 226-228 62.58 (62.75) 4.73 (4.84) 11.56 (11.71) 479 (478.55)
70 63.8 235-237 63.64 (63.79) 4.76 (4.94) 14.54 (14.30) 490 (489.58)
p 70.3 241-243 64.03 (63.79) 4.78 (4.94) 14.56 (14.30) 490 (489.58)
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Table 2 '"H NMR data of intermediates 4, 5, 6 and target compounds (7a-7p)

Compd. "H NMR (400MHz, DMSO-d)
4 1.15-1.32 (m, 4H, c-Pr-H), 2.24 (s, 3H, N-CH,), 2.61-3.68 (m, 9H, piperazine-H and ¢-Pr-H), 7.23 (s, 1H, NH), 7.56 (d, J= 5.6 Hz, 1H,
8-H), 7.78 (d, /= 13.0 Hz, 1H, 5-H), 7.96, (s, 1H, NH), 8.86 (s, 1H, 2-H)
5 1.16-1.32 (m, 4H, c-Pr-H), 2.24 (s, 3H, N-CH;), 2.64-3.72 (m, 9H, piperazine-H and c-Pr-H), 7.62 (d, J = 5.6 Hz, 1H, 8-H), 7.82 (d,
J=13.2 Hz, 1H, 5-H), 8.88 (s, 1H, 2-H), 9.37, (s, 1H, NH), 9.58 (s, |H, NH)
6 1.13-1.28 (m, 4H, c-Pr-H), 2.23 (s, 3H, N-CH,), 2.62-3.68 (m, 9H, piperazine-H and c-Pr-H), 4.27 (s, 2H, SCH,), 7.57 (d, J= 5.6 Hz,

1H, 8-H), 7.76 (d, J = 13.2 Hz, 1H, 5-H), 8.86 (s, 1H, 2-H)

Ta 1.18-1.32 (m, 4H, c¢-Pr-H), 2.24 (s, 3H, CH,), 2.63-3.66 (m, 9H, piperazine-H and c-Pr-H), 7.36-7.74 (m, 6H, Ph-H and 8-H), 7.82 (d,

J=13.2Hz, 1H, 5-H), 8.16 (s, 1H, CH=), 8.87 (s, 1H, 2-H)

7b 1.21-1.35 (m, 4H, c-Pr-H), 2.25 (s, 3H, CH,), 2.65-3.74 (m, 9H, piperazine-H and c-Pr-H), 3.87 (s, 3H, OCH,), 7.56-7.76 (m, 5H, Ph-H
and 8-H), 7.86 (d, J=13.2 Hz, 1H, 5-H), 8.18 (s, 1H, CH=), 8.89 (s, 1H, 2-H)

Tc 1.23-1.37 (m, 4H, ¢-Pr-H), 2.25 (s, 3H, CH,), 2.65-3.72 (m, 9H, piperazine-H and ¢-Pr-H), 3.88 (s, 3H, OCH,), 7.46-7.78 (m, 5H, Ph-H
and 8-H), 7.87 (d, J = 13.2 Hz, 1H, 5-H), 8.17 (s, 1H, CH=), 8.87 (s, 1H, 2-H)

7d 1.20-1.35 (m, 4H, ¢-Pr-H), 2.23, 2.26 (2s, 6H, 2xCH,), 2.62-3.70 (m, 9H, piperazine-H and c¢-Pr-H), 7.36-7.76 (m, 5H, Ph-H and 8-H),
7.86 (d,J=13.2 Hz, 1H, 5-H), 8.16 (s, 1H, CH=), 8.86 (s, 1H, 2-H)

Te 1.23-1.32 (m, 4H, c-Pr-H), 2.24, 2.27 (2s, 6H, 2xCH,), 2.64-3.68 (m, 9H, piperazine-H and c-Pr-H), 7.46-7.78 (m, 5H, Ph-H and 8-H),
7.84 (d,J=13.2 Hz, 1H, 5-H), 8.17 (s, 1H, CH=), 8.86 (s, 1H, 2-H)

7t 1.25-1.37 (m, 4H, c¢-Pr-H), 2.26 (s, 3H, CH,), 2.66-3.74 (m, 9H, piperazine-H and ¢-Pr-H), 6.26 (s, 2H, OCH,0), 7.58-7.82 (m, 4H,
Ph-H and 8-H), 7.94 (d, /= 13.2 Hz, 1H, 5-H), 8.18 (s, 1H, CH=), 8.92 (s, 1H, 2-H)

7g 1.26-1.38 (m, 4H, c-Pr-H), 2.26 (s, 3H, CH,), 2.68-3.77 (m, 9H, piperazine-H and c-Pr-H), 3.87, 3.92 (s, 9H, 3xOCH,), 7.68-7.85 (m,
3H, Ph-H and 8-H), 7.93 (d, /= 13.2 Hz, 1H, 5-H), 8.17 (s, 1H, CH=), 8.89 (s, 1H, 2-H)

7h 1.27-1.38 (m, 4H, c-Pr-H), 2.28 (s, 3H, CH,), 2.72-3.78 (m, 9H, piperazine-H and c¢-Pr-H), 7.72-8.03 (m, 5H, Ph-H and 8-H), 8.06 (d,

J=13.2Hz, 1H, 5-H), 8.21 (s, IH, CH=), 8.94 (s, 1H, 2-H)

7i 1.26-1.37 (m, 4H, c-Pr-H), 2.27 (s, 3H, CH,), 2.73-3.76 (m, 9H, piperazine-H and c-Pr-H), 7.68-8.02 (m, 5H, Ph-H and 8-H), 8.05 (d,

J=13.2 Hz, 1H, 5-H), 8.20 (s, 1H, CH=), 8.93 (s, 1H, 2-H)

7j 1.25-1.36 (m, 4H, c-Pr-H), 2.25 (s, 3H, CH,), 2.68-3.76 (m, 9H, piperazine-H and c-Pr-H), 7.74-7.85 (m, 5SH, Ph-H and 8-H), 8.03 (d,

J=13.2Hz, 1H, 5-H), 8.18 (s, 1H, CH=), 8.91 (s, 1H, 2-H)

7k 1.25-1.37 (m, 4H, c-Pr-H), 2.26 (s, 3H, CH,), 2.66-3.77 (m, 9H, piperazine-H and c-Pr-H), 7.72-7.83 (m, 5H, Ph-H and 8-H), 8.05 (d,

J=13.2Hz, 1H, 5-H), 8.17 (s, 1H, CH=), 8.89 (s, 1H, 2-H)

71 1.24-1.37 (m, 4H, c-Pr-H), 2.25 (s, 3H, CH,), 2.73-3.78 (m, 9H, piperazine-H and c-Pr-H), 7.76-7.87 (m, 5H, Ph-H and 8-H), 7.96 (d,

J=132Hz, 1H, 5-H), 8.18 (s, [ H, CH=), 8.93 (s, 1H, 2-H)

7m  1.25-1.37 (m, 4H, ¢-Pr-H), 2.26 (s, 3H, CH,), 2.68-3.75 (m, 9H, piperazine-H and c-Pr-H), 7.73-7.84 (m, SH, Ph-H and 8-H), 7.93 (d,

J=13.2 Hz, 1H, 5-H), 8.16 (s, lH, CH=), 8.95 (s, 1H, 2-H)

Tn 1.28-1.40 (m, 4H, 2'- and 3'-H), 2.28 (s, 3H, CH,), 2.75-3.82 (m, 9H, piperazine-H and 1'-H), 7.12-8.07 (m, 4H, furyl-H, 8- and 5-H),

8.23 (s, CH=), 8.46 (d, J = 6.5 Hz, 1H, furyl-H), 9.14 (s, 1H, 2-H)

70 1.31-1.42 (m, 4H, 2'- and 3'-H), 2.33 (s, 3H, CH,), 2.76-3.85 (m, 9H, piperazine-H and 1'-H), 7.62-8.16 (m, 3H, pyridyl-H, 8- and 5-H),
8.26-8.67 (m, 2H, pyridyl-H and CH=), 8.86-9.17 (m, 3H, pyridyl-H and 2-H)

7p 1.33-1.45 (m, 4H, 2'- and 3'-H), 2.36 (s, 3H, CHy,), 2.78-3.86 (m, 9H, piperazine-H and 1'-H), 7.68 (d, J = 5.6 Hz, 1H, 8-H), 8.27-8.84
(m, 3H, CH= and pyridyl-H), 8.95-9.24 (m, 3H, pyridyl-H and 2-H)
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Table 3 The in vitro antitumor activity of the title compounds

7a-Tp against the tested cancer cells (z = 3). DOX: Doxorubicin

Compd. Ar IC5,/umol - L'

Hep-3B Capan-1 HL60
7a  CH; 10.7£1.2 6.7+0.6 18.6+1.6
7b  4-CH,0-CH, 15214 11.6+1.2 21.8+1.7
7¢  2-CH,0-CH, 8.4+1.0 5.6+0.6 126+ 1.0
7d  4-CH,CH, 165+1.6 126+15  246+23
Te 3-CH,-C(H, 13614 10.7+0.8 18.7+1.6
7f 3,4-OCH,0-CH, 138+ 1.5 6.4+0.8 204+ 1.7
7g  3,45-(CH,0)-CH, 145+14 128+13 245+2.6
7h  4-F-CH, 3504  25+03 8.7+ 1.0
7i 3-F-C(H, 2.8+0.5 1.7£0.3 73+0.8
7j 4-CI-C(H, 32+04 32+04 105+1.2
7k 3-CI-CH, 3.6+0.5 28+0.3 8.6+ 1.1
71 4-Br-CH, 2.7+03 3.6+0.5 8.6+12
7m  3-Br-CH, 3.6£0.6 3.1+04 78+1.0
n  2-Furyl 4.0+0.6 3.7+0.5 53+0.7
70  3-Pyridyl 1.5+£0.2 0.6+0.1 1.8+£0.3
7p  4-Pyridyl 1.7+0.3 0.8 +0.06 25+£0.4
4 >100 >100 >100
5 >100 >100 >100
6 >70 >50 >70

DOX 28+04 20£0.3 3.6+0.5
1 >100 >100 >100

7K 200 mL Vi &3 PE R, B 1 ho RO UE, SR
2K pH 9.0~10.0, 5CE BT [ 44, o 38, Kok 2
P, T, K CBEE S, R s 6.
1.4 1- IR E-6-R-7-4-FA R IRME-1-5)-3-[5-FFX
B -EME-4(SH)-F-2-5)-E M -4(1LH)-J (7a~7p) &K
WE Ak e (1.0 g, 2.5 mmol) 5 ¥ AKX 2
IR4M (0.41 g, 5. 0 mmol) A1 7% 7 lE ( 3.0 mmol) &K I
A F 15 mL oK EEER 1, TR G SRS T8 70 1 [ e
SR 20 ho Yk R 28 BRIE R, FRARP) N2 B F7K 50 mL,
F ik & /K pH 9.0~10.0, — & H % #2 B (3%25 mL),
MR R K PRV, K BRIR A T8 o AR il (Vg
Viaw=5:1) gith, 13 &3 O R B b9 7Ta~Tp.
2 {RSMTLRR BRI TR E M

XA BRI 16 A C-3 T A M RN R B AR 4k & 9
Ta~Tp M5 IR ¥b & (ciprofloxacin, CFX) 145 #4)
AL 29 % F L (doxorubicin, DOX) fl DMSO
BC A% 1.0 1072 mol - L 94 £ 1) it % ¥, F RPMI-1640 #i
BRI E (50.10.5.1.0.0.1x10° mol - L"), HUXS
H A K AP Hep-3B 41 - A\ Ji g% Capan-1 41

L J N il HL60 4 fd 73 1) AR FL 5 000 A~ 4H i #%
Tl T 96 FLAR, Br R BRBG, IONAS [A) 9 B 1 H ik 44
&R, SREERE IR 48 h e LR LI
1g-L ' MTT ¥ 100 puL, k48598 4 h 5 37 BiE W
LI —HI LT AR 150 pL, 545 % 30 min, FRGFR
AXAE 570 nm P A A0 I FE R BEAR . T B8 2E 0 4
JIE ) 1 ) 5 ) R Qo= [ (1 - S 8 4L W ' FE 4B )0 AL
W BEAR] =< 100% . SR J5 LA & 285 W) FE 1 0 B30 AE X 2%
WRPET B0 2 A L A [5] V5, 159 B -2 5 #%, DAL
T B 25 ARk A A ) S 6 9 4T PR ) 2 B o o
(ICso)o FITE SRS TE AR [F] 5 AF T B AT 3 IR, A4
H Pl mean £ SD £~
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