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Synthesis and antitumor activities of fluoroquinolone C-3 isosteres ( VIII) : s-tri-

azole sulfide-one thiosemicarbazone derivatives from pefloxacin
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Abstract To improve the antitumor activity of fluoroquinolones for a promising development of druggability,
twelve novel fluoroquinolone C-3 s-triazole sulfide-one thiosemicarbazone derivatives (6a-61) were designed and
synthesized with a functionalized sulfide-one thiosemicarbazone as a modified side-chain for the C-3 bioisteric
s-triazole ring of pefloxacin (1). The structures were characterized by elemental analysis and spectral data. The in
vitro antitumor activity of novel compounds against SMMC-7721, L.1210 and HL60 cell lines was evaluated. The
preliminary pharmacological results demonstrated that the title compounds exhibited more significantly
antiproliferative activity than either the parent 1 or the corresponding sulfide-one intermediates (5a-51). In parti-
cular, compounds bearing a hydroxyl group or a fluorine atom attached to benzene ring were comparable to the
control doxorubicin with an ICy, value of micro-molar concentration, respectively. It suggests that an azole ring
modified with functional side-chain instead of the C-3 carboxylic group is favorable to the improve ment of antitu-

mor activity.
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Scheme 1  Synthetic route of the title compounds 6a-61 from pefloxacin (1)

a:KSCN,HCI-H, O, reflux;b: NaOH, H, O, reflux ; ¢ : Ar-COCH, Br, EtOH, reflux ; d ; Thiosemicarbazide , HOAc , reflux
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Table 1 Physical constants and spectral data of sulfide-one compounds 5a-51

. Elemental analysis ( Caled. )/% MS (m/z)
Compd. Yield/% mp/°C
C H N [M+H]*(Caled. )
5a 86.4 186-188 61.82(61.64) 5.21(5.37) 16.83(16.59) 507 (506. 61)
5b 82.0 192-194 60. 65(60.43) 5.32(5.45) 15.87(15.66) 537(536.63)
5c 73.5 176-178 60.57(60.43) 5.28(5.45) 15.83(15.66) 537(536.63)
5d 64.5 205-207 59.97(59.76) 5.38(5.21) 16.34(16.08) 523(522.61)
Se 58.6 192-194 59.68(59.76) 5.06(5.21) 16.31(16.08) 523(522.61)
5f 85.3 215217 58.76(58.90) 5.15(4.94) 15.50(15.26) 551(550.62)
5g 75.2 193-195 59.56(59.35) 5.38(5.51) 15.02(14.83) 567(566. 66)
5h 70.3 218-220 58.92(58.68) 5.07(5.29) 15.42(15.21) 553(552.63)
5i 76.5 182-184 62.50(62.29) 5.42(5.61) 16.37(16. 14) 521(520.63)
5j 83.6 202-204 59.72(59.53) 4.87(5.00) 16.25(16.02) 525(524.60)
5k 73.0 172-174 57.86(57.72) 4.62(4.84) 15.76(15.53) 541(541.05)
51 82.1 216-218 56.78(56.61) 4.63(4.75) 17.53(17.77) 552(551.60)
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Table 2 Physical constants and spectral data of the target compounds 6a-61

. Elemental analysis ( Caled. )/% MS (m/z)
Compd. Yield/% mp/°C
C H N [M+H]* (Caled. )

6a 57.8 216-218 56.17(55.94) 5.41(5.22) 21.93(21.74) 580(579.73)

6b 61.5 224-226 55.42(55.16) 5.07(5.29) 20.86(20. 67) 610(609.75)

6¢ 52.6 206-208 55.38(55.16) 5.47(5.29) 20. 83(20.67) 610(609.75)

6d 48.6 203-205 54.67(54.44) 5.27(5.08) 21.38(21.16) 596(595.73)

Ge 45.6 195-197 54.68(54.44) 5.27(5.08) 21.38(21.64) 596(595.73)

6f 62.5 237-239 54.16(53.92) 4.71(4.85) 20.44(20.21) 624(623.74)

6g 52.4 213-215 54.68(54.44) 5.16(5.36) 19.84(19.70) 640(639.78)

6h 51.6 241243 53.96(53.75) 5.36(5.15) 20.37(20.15) 626(625.75)

6i 57.2 213-215 56.81(56.64) 5.18(5.43) 21.44(21.23) 594(593.75)

6j 63.4 226-228 54.53(54.26) 4.74(4.89) 21.36(21.09) 598(597.72)

6k 47.8 205-207 52.96(52.80) 4.58(4.76) 20.70(20.53) 614(614.17)

61 61.7 209211 52.16(51.91) 4.53(4.68) 22.65(22.42) 625(624.72)

Table 3 'H NMR data of the target compounds 6a-61
Compd. "H NMR (400 MHz,DMSO-d; )

6a 1.36(3H,t,/=7.0 Hz,CH; ) ,2.32(3H,s,N-CH; ) ,3. 14-3. 57 (8H, m, piperazine-H ) ,4. 48 (2H,q,J =7.0 Hz,CH, ) ,4.72
(2H,s,SCH,),7.19(1H,d,J=6.8 Hz,8-H) ,7.55-7.71 (3H,m,Ph-H) ,7.84 (1H,d,J =13.2 Hz,5-H) ,7.86 (1H,s,NH) ,
8.04 ~8.06(2H,m,Ph-H) ,8.36,8.31(2H,2s,NH, ) ,8.78(1H,s,2-H) ,13. 78 (1H,s,NH)
1.38(3H,t,/=7.0 Hz,CH;) ,2.28(3H,s,CH; ) ,3. 18-3. 68 (8H, m, piperazine-H) ,3. 86 (3H,s,0CH; ) ,4.49(2H,q,/=7.0

6b Hz,CH,) ,4.77(2H,s,SCH, ) ,7.08 (2H,d,J =8.6 Hz,Ph-H) ,7.21 (1H,d,J =6.8 Hz,8-H),7.94(1H,d,J =13.2 Hz,5-
H),7.87(1H,s,NH) ,8.03(2H,d,/=8.6 Hz,Ph-H) ,8.34,8.38(2H,2s,NH, ) ,8. 77(1H,s,2-H) ,13. 76 (1H,s ,NH)

6c 1.37(3H,t,/=7.0 Hz,CH; ) ,2.26(3H,s,CH; ) ,3. 17-3. 58 (8H, m, piperazine-H) ,3. 88 (3H,s,0CH; ) ,4. 46(2H,q,/ =7.0
Hz,CH, ) ,4.78(2H,s,SCH, ) ,7.23-7.65(4H,m,Ph-H and 8-H) ,7.95(1H,d,J=13.2 Hz,5-H) ,7. 06-8. 86 (2H, m,NH and
Ph-H) ,8.32,8.36(2H,2s,NH, ) ,8.81(1H,s,2-H) ,13. 76 (1H,s,NH)

6d 1.38(3H,t,/=7.0 Hz,CH;) ,2.27(3H,s,CH; ) ,3. 23-3. 64 (8H,m, piperazine-H) ,4. 47(2H,q,/ =7.0 Hz,CH, ) ,4. 81 (2H,

s,SCH,),6.89(2H,d,J=8.8 Hz,Ph-H),7. 18(1H,d,J = 6.8 Hz,8-H) ,and 8-H),7. 93-7. 96 (2H, m,Ph-H and 5-H) ,7. 87
(1H,s,NH) ,8.31,8.35(2H,2s,NH, ) ,8. 78 (1H,s,2-H) ,10. 54(1H,s,0H) ,13. 77(1H,s,NH)




55 46 55 4 1]

R B B R C-3 BRI AR & TR G P (VD). 35 = PR BR R4 R IE BT AN 419

( Continued )

Compd.

"H NMR (400 MHz, DMSO-d, )

6e

6f

6g

6h

6i

6j

6k

61

1.37(3H,t,J =7.0 Hz,CH, ) ,2. 26(3H,s,CH, ) ,3. 18-3. 62 (8H, m, piperazine-H) ,4. 47(2H,q,J =7.0 Hz,CH, ) ,4. 82 (2H,
s,SCH, ) ,7.16-7.23(4H,m,Ph-H and 8-H) ,7. 86(1H,s,NH) ,7. 88-7.95(2H,m,Ph-H and 5-H) ,8. 31,8. 34(2H,2s,NH, ) ,
8.81(1H,s,2-H),10.56(1H,s,0H) ,13. 76(1H,s,NH)

1.36(3H,t,/=7.0 Hz,CH; ) ,2. 28(3H,s,CH; ) ,3. 16-3. 57(8H,m, piperazine-H ) ,4. 48 (2H,q,J =7. 0 Hz,CH, ) ,4. 80(2H,
s,SCH,) ,6.23(2H,s,0CH,0) ,7.24-7. 35 (3H,m, Ph-H and 8-H) ,7. 86 (1H,s,NH) ,7.95(1H,d,J = 13.2 Hz,5-H) ,8.07
(1H,s,Ph-H) ,8.33,8.37(2H,2s,NH, ) ,8. 78 (1H,s,2-H) ,13. 77(1H,s,NH)

1.37(3H,t,/ =7.0 Hz,CH; ) ,2. 32(3H,s,CH, ) ,3. 17-3. 63 (8H,m, piperazine-H) ,3. 85,3. 87 (6H,25,20CH, ) 4. 46 (2H,, q,
J=7.0 Hz,CH, ) ,4. 82(2H,s,SCH, ) ,7. 32-7. 42(3H,m, Ph-H and 8-H) ,7.87 (1H,s,NH) ,7.96 (1H,d,J = 13.2 Hz,5-H)
8.05(1H,s,Ph-H) ,8.34,8.30(2H,2s,NH, ) ,8.81(1H,s,2-H) ,13.77(1H,s,NH)

1.36(3H,t,/=7.0 Hz,CH;) ,2.28(3H,s,CH; ) ,3. 15-3. 65(m,8H, piperazine-H) ,3. 86 (3H,s,0CH; ) ,4. 48 (2H,q,/=7.0
Hz,CH, ) ,4.78(2H,s,SCH, ) ,7.27-7. 46 (m,3H, Ph-H and 8-H) ,7.88 (1H,s,NH),7.95 (1H,d,J = 13.2 Hz,5-H) ,8.07
(1H,s,Ph-H) ,8.32,8. 28 (2H,2s,NH, ) ,8. 83 (1H,s,2-H) ,10. 67 (1H,s,0H) ,13. 76 (1H, s, NH)

1.36(3H,t,/ =7.0 Hz,CH, ) ,2.24,2. 40 (6H,2s,2CH, ) ,3. 07-3. 53 (8H, m, piperazine-H) ,4. 46 (2H, q,J =7.0 Hz,CH, ) ,
4.78(2H,s,SCH, ) ,6.87(2H,d,J =8.2 Hz,Ph-H) ,7.31 (1H,d,J =6.8 Hz,8-H) ,7.92(1H,d,J = 13.2 Hz,5-H) ,7. 86 (1H,
s,NH),7.94(2H,d,J =8.2 Hz,Ph-H) ,8.31,8. 28(2H,2s,NH, ) ,8. 75(1H,s,2-H) ,13. 76 (1H,s,NH)

1.38(3H,t,/=7.0 Hz,CH;) ,2.26(3H,s,CH; ) ,3. 15-3. 58 (8H, m,8H, piperazine-H ) ,4. 48 (2H,q,J =7.0 Hz,CH, ) ,4. 82
(2H,s,SCH, ) ,7.25(2H,d,J =8.2 Hz,Ph-H) 7. 36 (1H,d,/ =6. 8 Hz,8-H) ,7.88(1H,s,NH) ,7.95(1H,d,J = 13.2 Hz,5-
H),8.12(2H,d,/ =8.2 Hz,Ph-H) ,8.33,8.36(2H,2s,NH, ) ,8. 83(1H,s,2-H) ,13. 77(1H,s,NH)

1.36(3H,t,J =7.0 Hz,CH, ) ,2.25(3H,s,CH, ) ,3. 13-3. 56 (8H, m, piperazine-H) ,4. 46(2H,q,J =7.0 Hz,CH, ) ,4. 80 (2H,
s,SCH,),7.23(2H,d,J =8.5 Hz,Ph-H) ,7.34(1H,d,/ =6. 8 Hz,8-H) ,7.85(s,NH),7.91 (1H,d,J = 13.2 Hz,5-H) ,8.07
(d,J=8.5 Hz,2H,Ph-H) ,8.30,8. 34(2s,2H,NH, ) ,8. 81 (s,1H,2-H) ,13. 76 (1H,s, 1 H,NH)

1.39(3H,t,/=7.0 Hz,CH;) ,2.28(3H,s,CH; ) ,3.24-3. 67 (8H,m, piperazine-H) ,4. 52(2H,q,/=7.0 Hz,CH, ) ,4. 86 (2H,
s,SCH,),7.36(1H,d,J =6.8 Hz,8-H) ,7.56(2H,d,J =8.5 Hz,Ph-H),7.88 (1H,s,NH),7.97 (1H,d,J = 13.2 Hz,5-H)

8.12(2H,d,J=8.5 Hz,Ph-H) ,8.35,8. 38 (2H,2s,NH, ) ,8.85(1H,s,2-H) ,13. 78(1H,s,NH)
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Table 4  Antiproliferative activity of compounds (5a-51 and 6a-61)
against SMMC-7721, 11210 and HL60 tumor cells

a S 2k i N CA = . 1C50/ ( pmol/L)

MWHTIL%EE(% PEZE IR, 12 A 33 ¥y = Compd. ST 10 o5
T A P v ()44 (Sa ~ 51) 1 12 4> C-3 1 = i fit Pk 7 5a/6a 33.7/10.6 42.8/17.6 48.3/27.6
R B FEFNR B b 54 (6a ~61) X 3 Fiik i i yeg 5b/6b 38.6/14.2 51.6/15.3 43.4/20.6
p Sl N b 2 e v B 5¢/6¢ 27.6/8.7 38.5/12.7 34.2/11.6
S L T DORTRIRT 2L
PR =R IR 0] VE Ry C-3 BRILAFHEIAR , w15 5e/6e 21.7/3.2 26.2/7. 4 26.8/5.2
HOOE RAI) S S R RS Sver W53 s2Te 4sam
N s T 47 4 i S ¢ 5g/6g 36.2/15.7 47.3/16.2 42.8/20.7
Rfﬁﬂjﬁiﬁﬁﬁﬁfﬂﬁiﬁ%%@%ﬂ%ﬁ L J‘%E 5h/6h 22.6/3.8 27.5/1.2 25.8/4.7
P, Al B 2R A R A B - A& b b 5i/6i 41.6/14.8 47.8/15.2 45.8/18.6
Je I P i T LA IR A s 1, N kAL 5/6j 18.4/2.7 21.6/5.2 19.3/4.5
A A A . . 5k/6k 41.7/16.3 52.4/18.6 45.2/23.5
/” V1 6d .6e ‘6‘h HIFORIEAL 5 ) 65 11 105, DI F 51/61 45.2/21.7 56.8/23.5 48.7/20. 4

B IR G, HE P 5 X R 2y Pl R A Y, B AR Doxorubicin 2.8 1.6 3.0
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