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Abstract: To identify an effective structural modification strategy for improving the antitumor activity of
fluoroquinolones, sixteen new 1-cyclopropyl-6-fluoro-7-(4-methyl-piperazin-1-yl)-3-arylidene-2,3-dihydroquinolin-
4(1H)-ones compounds (4a—4p), were designed and synthesized by a condensation reaction of dihydroquinolin-4-
one (3) and aromatic aldehydes, based on the structure of ciprofloxacin (1). Their structures were characterized by
elemental analysis and spectral data, and anti-cell proliferative activities against Hep-3B, Capan-1 and HL60 cell
lines were measured by an MTT assay. Preliminary pharmacological results indicated that the synthesized target
compounds had greater potency than ciprofloxacin (1). SAR revealed that the halophenyl compounds such as
fluorophenyl (4h, 4i), chlorophenyl (4j, 4k) or bromophenyl compounds (41, 4m) and aromatic heterocyclic
compounds such as furanly (4n) or pyridyl compounds (40, 4p) demonstrated better activity than the control
compounds, and the ICy, values of the chlorophenyl compounds 4j and 4k against Capan-1 cell growth were
comparable to that of doxorubicin. Thus, a 3-arylidene as an isostere of the C-3 carboxylic acid group appears to be

beneficial in improving the antitumor activity of fluoroquinolone. Furthermore, an a,f-unsaturated ketone fragment
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used as a potential bioisostere of C-3 carboxylic acid group may warrant further study.

Key words: fluoroquinolone; dihydroquinolinone; unsaturated ketone; bioisostere; antitumor activity
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Figure 1 From the known compounds (A, B, C) to the target

compounds 4
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Scheme 1 Synthetic route of the target compounds 4a—4p from

ciprofloxacin 1
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Table 1 Physical constants and spectral data of intermediates 3 and target compounds (4a—4p)

Compd. Vield/% mp/°C Elemental analysis (%, Calcd.) MS (m/z)
C H N [M+H]" (Calcd.)
4 61.7 132-134 67.54 (67.30) 7.10 (7.31) 14.07 (13.85) 304 (303.38)
4a 70.2 186-188 73.86 (73.63) 6.50 (6.69) 10.95 (10.73) 392 (391.49)
4b 76.6 191-193 71.45 (71.24) 6.55 (6.70) 10.18 (9.97) 422(421.52)
4c 61.8 173-175 71.48 (71.24) 6.58 (6.70) 10.20 (9.97) 422 (421.52)
4d 72.3 166-168 74.28 (74.05) 6.78 (6.96) 10.57 (10.36) 406 (405.52)
4e 65.4 162-164 74.30 (74.05) 6.82 (6.96) 10.62 (10.36) 406 (405.52)
4f 82.7 203-205 69.17 (68.95) 5.85(6.02) 9.80 (9.65) 436 (435.50)
4g 64.2 187-189 67.56 (67.34) 6.56 (6.70) 8.95 (8.73) 482 (481.57)
4h 78.3 203-205 70.64 (70.40) 6.36 (6.15) 10.53 (10.26) 410 (409.48)
4i 64.8 185-187 70.60 (70.40) 5.89 (6.15) 10.48 (10.26) 410 (409.48)
4j 76.5 194-195 67.92 (67.68) 5.78 (5.92) 10.06 (9.87) 426 (425.94)
4k 63.8 182-184 67.90 (67.68) 5.74 (5.92) 10.12 (9.87) 426 (425.94)
41 73.5 207-209 61.53 (61.28) 5.18 (5.36) 9.17 (8.93) 470 (470.39)
4m 68.3 212-214 61.54 (61.28) 5.22 (5.36) 9.18 (8.93) 470 (470.39)
4n 65.3 210-212 66.72 (66.47) 6.26 (6.09) 10.82 (10.57) 398 (397.52)
40 72.6 223-225 70.64 (70.39) 6.57 (6.42) 14.53 (14.28) 393 (392.48)
4p 76.4 226-228 70.62 (70.39) 6.27 (6.42) 14.54 (14.28) 393 (392.48)




TREMIAE: 377 N XL - G RR-4- I AT AL MR vt & S UMORT IS - 2173

Table 2 'H NMR data of intermediates 3 and target compounds (4a—4p)
Compd. "H NMR (400 MHz, DMSO-d,)
3 0.93-1.20 (m, 4H, c-Pr-H), 2.23 (s, 3H, N-CH,), 2.48-2.53 (m, 2H, 3-H), 2.82 (t, J = 6.4 Hz, 4H, piperazine-H), 3.10 (1, J = 6.4 Hz, 4H,

piperazine-H), 3.50-3.68 (m, 3H, 2-H and ¢-Pr-H), 6.15 (d, J = 7.6 Hz, 1H, 8-H), 7.26 (d, J = 13.6 Hz, 1H, 5-H)
1.00-1.21 (m, 4H, ¢-Pr-H), 2.21 (s, 3H, CH,), 2.90-3.15 (m, 8H, piperazine-H), 3.50-3.72 (m, 3H, 2-H and ¢-Pr-H), 7.11-7.32 (m, 6H,

1.00-1.21 (m, 4H, ¢-Pr-H), 2.22 (s, 3H, CH,), 2.92-3.17 (m, 8H, piperazine-H), 3.50-3.71 (m, 6H, 2-H, ¢-Pr-H and OCH,), 6.79-7.35 (m,

1.02-1.21 (m, 4H, ¢-Pr-H), 2.21 (s, 3H, CH,), 2.93-3.16 (m, 8H, piperazine-H), 3.52-3.76 (m, 6H, 2-H, ¢-Pr-H and OCH,), 6.76-7.35 (m,

0.96-1.20 (m, 4H, ¢-Pr-H), 2.21, 2.35 (2s, 6H, 2xCH,), 2.90-3.15 (m, 8H, piperazine-H), 3.51-3.76 (m, 3H, 2-H and c-Pr-H), 6.75-7.50

0.98-1.20 (m, 4H, c-Pr-H), 2.21, 2.36 (2s, 6H, 2xCHy,), 2.93-3.18 (m, 8H, piperazine-H), 3.51-3.78 (m, 3H, 2-H and c¢-Pr-H), 6.78-7.26

1.00-1.23 (m, 4H, c-Pr-H), 2.22 (s, 3H, CHy,), 3.12-3.64 (m, 11H, piperazine-H, 2-H and ¢-Pr-H), 5.92 (s, 2H, OCH,0), 6.77-7.38 (m,

0.93-1.22 (m, 4H, ¢-Pr-H), 2.22 (s, 3H, CH,), 3.00-3.14 (m, 8H, piperazine-H), 3.50-3.72 (m, 12H, 2-H, ¢-Pr-H and 3xOCH,), 6.68 (s,

1.01-1.22 (m, 4H, c-Pr-H), 2.23 (s, 3H, CH,), 3.05-3.24 (m, 8H, piperazine-H), 3.51-3.71 (m, 3H, 2-H and ¢-Pr-H), 7.20-7.38 (m, 5H,

1.00-1.22 (m, 4H, c-Pr-H), 2.23 (s, 3H, CHy,), 3.06-3.25 (m, 8H, piperazine-H), 3.53-3.71 (m, 3H, 2-H and ¢-Pr-H), 7.23-7.40 (m, 5H,

1.01-1.23 (m, 4H, c-Pr-H), 2.23 (s, 3H, CHy,), 3.08-3.26 (m, 8H, piperazine-H), 3.51-3.71 (m, 3H, 2-H and ¢-Pr-H), 7.02-7.38 (m, 5H,

0.92-1.21 (m, 4H, c-Pr-H), 2.21 (s, 3H, CH,), 3.05-3.26 (m, 8H, piperazine-H), 3.51-3.71 (m, 3H, 2-H and ¢-Pr-H), 7.22-7.38 (m, 5H,

1.00-1.22 (m, 4H, c-Pr-H), 2.23 (s, 3H, CH,), 3.12-3.27 (m, 8H, piperazine-H), 3.53-3.71 (m, 3H, 2-H and ¢-Pr-H), 7.05-7.37 (m, SH,

0.98-1.20 (m, 4H, c-Pr-H), 2.22 (s, 3H, CH,), 3.07-3.26 (m, 8H, piperazine-H), 3.51-3.71 (m, 3H, 2-H and ¢-Pr-H), 7.25-7.38 (m, 5H,

1.01-1.21 (m, 4H, ¢-Pr-H), 2.22 (s, 3H, CH,), 3.06-3.24 (m, 8H, piperazine-H), 3.53-3.68 (m, 3H, 2-H and ¢-Pr-H), 7.05-7.46 (m, 3H,

1.03-1.23 (m, 4H, c-Pr-H), 2.23 (s, 3H, CH,), 3.12-3.28 (m, 8H, piperazine-H), 3.55-3.76 (m, 3H, 2-H and ¢-Pr-H), 7.25-8.12 (m, 5H,

4a
Ph-H and 8-H), 7.64 (d, /= 13.6 Hz, 1H, 5-H), 7.92 (s, 1H, 3-=CH)
4b
SH, Ph-H and 8-H), 7.68 (d, J= 13.6 Hz, 1H, 5-H), 7.88 (s, 1H, 3-=CH)
4c
SH, Ph-H and 8-H), 7.66 (d, J = 13.6 Hz, 1H, 5-H), 7.87 (s, 1H, 3-=CH)
4d
(m, 5H, Ph-H and 8-H), 7.64 (d, J = 13.6 Hz, 1H, 5-H), 7.86 (s, 1H, 3-=CH)
Te
(m, 5H, Ph-H and 8-H), 7.68 (d, J = 13.6 Hz, 1H, 5-H), 7.88 (s, 1H, 3-=CH)
4f
SH, Ph-H and 8-H), 7.73(d, J = 13.6 Hz, 1H, 5-H), 7.92 (s, 1H, 3-=CH)
4g
2H, Ph-H), 7.36 (d, /= 7.6 Hz, 1H, 5-H), 7.68 (d, J = 13.6 Hz, 1H, 5-H), 7.85 (s, 1H, 3-=CH)
4h
Ph-H and 8-H), 7.70 (d, J = 13.6 Hz, 1H, 5-H), 8.00 (s, 1H, 3-=CH)
4i
Ph-H and 8-H), 7.72 (d, /= 13.6 Hz, 1H, 5-H), 8.02 (s, 1H, 3-=CH)
4j
Ph-H and 8-H), 7.71 (d, /= 13.6 Hz, 1H, 5-H), 8.00 (s, 1H, 3-=CH)
4k
Ph-H and 8-H), 7.71 (d, J = 13.6 Hz, 1H, 5-H), 7.95 (s, 1H, 3-=CH)
41
Ph-H and 8-H), 7.71 (d, /= 13.6 Hz, 1H, 5-H), 8.01 (s, 1H, 3-=CH)
4m
Ph-H and 8-H), 7.71 (d, /= 13.6 Hz, 1H, 5-H), 7.98 (s, 1H, 3-=CH)
4n
furyl-H, 8-H), 7.68 (d, J= 13.6 Hz, 1H, 5-H), 8.38 (d, /= 6.5 Hz, 1H, furyl-H), 7.93 (s, IH, 3-=CH)
40
8-H, 5-H, 3-=CH and pyridyl-H,), 8.24-9.06 (m, 2H, pyridyl-H)
dp

1.01-1.23 (m, 4H, ¢-Pr-H), 2.23 (s, 3H, CH,), 3.15-3.27 (m, 8H, piperazine-H), 3.56-3.78 (m, 3H, 2-H and ¢-Pr-H), 7.25 (d, /= 7.6 Hz,
1H, 8-H), 7.87-8.93 (m, 6H, 5-H, 3-=CH and pyridyl-H)
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Table 3 The in vitro antitumor activity of the target compounds

4a—4p against the tested cancer cells (n =3, x £ 5)

IC,,/umol-L!

Compd. Ar
Hep-3B Capan-1 HL60

4a CH; 158+14 10.4+0.7 275+1.2
4b 4-CH,0-CH, 25.6+1.7 158+ 1.1 28.6+1.5
4c 2-CH,0-CH, 16.5+1.2 124+1.2 253+1.2
4d 4-CH,-CH, 237+ 1.1 164+1.5 28.6+2.0
4e 3-CH,-C(H, 20.5+ 1.0 13.8+0.7 263+ 1.0
4f 3,4-OCH,0-C(H, 256+1.3 17.6 £ 0.6 316+ 1.5
4g 3,4,5-(CH,0),-CH, 30.6+1.8 215+ 1.7 38.6+2.0
4h 4-F-CH, 8.7+0.6 5.8+0.6 157+1.3
4i 3-F-C(H, 7.6+1.0 6.0+0.7 146+1.4
4j 4-CI-C,H, 5.6+0.5 2.7+0.6 10.6 + 1.0
4k 3-CI-C{H, 6.8+0.7 3.6+0.3 13.6+ 1.1
41 4-Br-CH, 6.8+0.8 7.2+0.6 13.7+1.5
4m  3-Br-CH, 72+05 8.5+0.7 150+1.2
4n 2-Furyl 6.7+0.5 82+0.8 13.8+0.5
40 3-Pyridyl 58+0.6 7.6+0.8 123+0.6
4p 4-Pyridyl 7.0 +0.6 11.5+0.6 15.6+1.0

DOX 3.0+0.6 22+04 3.5+£0.6
1 >100 >100 >100

(doxorubicin, DOX) H] DMSO it % 1.0x102 mol-L' #
£ ) ifs £, FH RPMI-1640 78 2 JT 7K B (50.10.5+
1.0,0.1x10° mol-L"). U A4 K B 1) A\ i Hep-3B
Y N JE R Capan-1 41 i S A 1 IfL975 HL60 41 i 43
A LAEEFL 5 000 A48 JEE AT 96 LR, B FRBE RS, hn
AR B 1) IR AR A A AW, 48R 77 48 h e
FEER A, HAIMAL g L MTT R 100 pL, 4k 4:
BF4nEH LIER. B F R 150 L, %
B %3% 30 min, FBEARCAE 570 nm % K A I I
B o TH 58 ZE 0T 4 PR P O ) 2 R 26 % = [(1-55 5%
S BEAE )0 BRZELIO FE AR 13 100% . SR 5 LA 2454))
T 1) 55 AR K 5 TR B TR (4 ) R A LR BT A, 45K
PS5 78, DA TE 5 H - Ak G xS 56 e 4 A
(2P MBI BE (ICso). AT H SR AEAH R 5 1k F 8 &
HEAT 3 IR, I 445 - DA Mean + SD IR

EETTak: TR ST S & S S RAE; £
AR ST E I B A AR 7 T G B SEIR 5 i S B AR B
o4 BT IR U SR8 BT TN

FIF S ToR) ot i o
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