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Synthesis and Bioactivity of Water-soluble Fused s-Triazolo-
thiadiazole Systems (ll): Fluoroquinolone Piperazine Derivatives
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Abstract To discover the novel bioactivities of quinolone derivatives substituted by a fused heterocyclic
ring at the 3-position, the key intermediate of 3-(1-amino-5-mercapto-1H-1,3,4-triazol-2-yl)-7-chloro-1-
cyclopropyl-6-1,4-dihydroquinolin-4-one (4) was synthesized via a three-step procedure starting from
7-chloro-1-cyclopropyl-6-fluoro-4-oxo- 1,4-dihydroquinoline-3-carboxylic acid (1). Compound 4 was sub-
jected to cyclocondensation with isonicotinic acid under microwave irradiation (MWI) to yield the fused
system of 7-chloro-1-cyclopropyl-6-fluoro-3-[2-(pyridin-4-yl)-[1,3,4]-triazol o[ 2,1-b] [ 1,3,4] thiadiazol -4-yl]-
1,4-hydroquinolin-4-one (5) in a higher yield than that of the classical thermal heating. However, it was sur-
prisingly to find that condensation of the corresponding esters of 1 with hydrazine hydrate produced an un-
expected product of pyrazoloquinolone 3 instead of its hydrazide 2. The following selective nucleophilic
substitution of halogens at the quinolone framework of compound 5 with substituted piperazine under cata-
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lyst of PEG-600 and inorganic base gave the corresponding fluorinated free bases 6 successfully, which
were subsequently transformed to the corresponding 6sHCI salts by the treatment with hydrochloride. The
structures of new compounds synthesized were characterized by elemental analysis and spectral data, and
their in vitro antibacterial and anticancer activities against the three cancer cell lines of CHO, HL60 and
L1210 along with the two microorganisms of S. aureus and E.coli were also evaluated, respectively. The
bioactive assay revealed that compounds 3 and 6, especially 6a and 6d exhibited a significant antitumor ac-
tivity against HL60 with the |Csp values from 50.0 to 8.0 umol/L. More interestingly, although the title com-
pounds 6 showed a poorer inhibitory activity than ciprofloxacin, they had a stronger inhibitory activity
against gram-negative E.coli than that of gram-positive S. aureus. Thus, the fused heterocycle-based substi-

tuted quinolones are valuable for further study.

Keywords quinolone; s-triazole; s-triazolothiadiazole; bioactivity evaluation
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Table 1 Growth inhibitory activities of novel compounds
against L1210, HL60 and CHO tumor cell lines

ICso/(molsL 1)

No.
L1210 HLG0 CHO
2 >150 >150 >150
3 75.4 88.6 68.4
4 >150 >150 >150
5 >100 >100 >100
CPX >100 >100 >100
6a 46.8 54 25.7
6b 36.5 24.6 46.8
6c 50.0 325 46.2
6d 12.7 7.6 32.6
6e 40.6 15.7 324

1.3 SMAEEMEITEM

XA 5 AN HIRMEEY) 6a~6e 1E AR,
CPX fEXTHE, FiACHY 128 mg/mL 1) DMSO ¥, K HIbs
B A W R BRI e 3L X 4 R (Saureus
ATCC25923), K115 45 [ (E.coli ATCC 25922)f#) 44
ANEAAN KR EE(MICs), IV A A 4 R 40 R v
P, G WK 2.

E2 (bW 6a—6e (MRSNTRTETE

Table 2 The in vitro antibacterial activity of compounds 6a~
6e (MICs/ugemL ™Y

No. Organism

S aureus E. coli

6a 25 32
6b 10 >64
6c 16.0 >64
6d 4.0 32
6e 16 64
CPX 0.25 0.03

#* 1KW, 6a—6e il 3% Lik 3 Fhiud: i 4i bk
B B EHREE, 3L 6a~6e [ 1Cs #4<50.0 pmolsL ?,
1M HoXF HL60 Hfilid P f s, JUH: 6a Fl 6d (1) 1Cso )<
8.0 pmoleL %, HAT W] BAMHITEME( Cso>100 pmoleL ™).
24 R RNIEY, PR 151 6a~6e BN #2
BF 1 K P 22 45 B TR (B, coli) (1 411G P4 AN B Skt B ER T 7
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221 1-FAAE-6-A-T-A-4-BAAXK-14- = B -Fok-3-F
BLIBE(2)

FRI%Y) 1 (14.0 g, 50.0 mmol), 80 %t 7K & 11 (10.0 g,
100.0 mmol)F1JE/K 2 FE (100 mL) IR & SN 4 [Pl S
12 he B RO, SRR K (200 mL), JESE
Ay A, KEETRPE, TR RS ZBE-DMFE (51 1,
VI VIS, e s A 2, R 64%, m.p.
205~207 C; '"H NMR (DMSO-dg, 400 MHz) §: 10.62
(brs, 1H, NH), 8.37 (s, 1H, H-2), 7.68 (d, J=13.3 Hz, 1H,
H-5), 7.58 (d, J=7.4 Hz, 1H, H-8), 4.68 (s, 2H, NH,),
3.68~3.94 (m, 1H, NCH), 1.06~1.18 (m, 4H, 2X CH,);
IR (KBr) v: 3367, 3036, 1724 1557, 1276, 867 cm *; MS
m'z. 295 (M), 277, 260, 237, 209. Anal. cacd for
C1sHuCIFN;0,: C 52.80, H 3.75, N 14.21; found C 52.94,
H 3.62, N 14.44.

222 53 AE-8A-T-A-2, 5-=F-vkwk F[4,3-¢] B k-
3-BA(3)

MBS NRIREE 2 BACHNIPRIE 1, #&hl#% 2
HFEIFE?, A DMF H4hdh, fSamagiin 3, ek
76%, m.p. 264~266 °C; 'H NMR (DM SO-ds, 400 MHz)
5: 11.63 (brs, 1H, NH), 8.42 (s, 1H, H-2), 7.76 (d, J=13.4
Hz, 1H, H-5), 7.62 (d, J=7.6 Hz, 1H, H-8), 3.66~3.86
(m, 1H, NCH), 1.08~1.16 (m, 4H, 2X CH,); IR (KBI) v:
3370, 3035, 1728, 1558, 1262, 882 cm *; MS m/z: 278
(M"), 249, 221, 186. Andl. calcd for Ci3HoCIFNZO: C
56.23, H 3.27, N 15.13; found C 56.40, H 3.15, N 15.26.
223 1-3R A& -6-A-7-5-3- (4 A5 E[1,24]- =
v -3- K )eAobk-4( 1H)- R (4)

LS 2 S J5UkE, 3 SCHRIL0) AR I il 2% 77 v
DMF FE 45 i3 P R 44 4, % 62%, m.p. 295~297 C;
H NMR (DM SO-dg, 400 MHZ) J: 13.65 (s, 1H, SH), 8.47

(s, 1H, H-2), 7.76 (d, J=13.3 Hz, 1H, H-5), 7.62 (d, J=
7.4 Hz, 1H, H-8), 6.24 (s, 2H, NH,), 3.64~3.88 (m, 1H,
NCH), 1.04 ~ 125 (m, 4H, 2 X CH,); *C NMR
(DM SO-dg, 400 MHz): 178.16 (C-4), 168.15 (C-5), 153.54
(C-6), 147.46, 147.46 (C'-3 and C-2), 145.36 (C-7), 140.24
(C-8a), 121.37 (C-4a), 112.68 (C-5), 107.35, 107.64 (C-3
and C-8), 36.78, 7.64 (cyclopropyl-C); IR (KBr) v: 3357,
3045, 1726, 1664, 1552, 1457, 1184 cm %, MS m/z: 351
(M), 317, 237, 209. Anal. calcd for CyH;CIFN5OS: C
47.80, H 3.15, N 19.91; found C 47.96, H 3.05, N 20.12.
224 1-3R A HK-6-A-7-R-3-(6-L 7% -4- 3L -[1,2,4]- =4
F[3,4-b][1,3,4]F —=-3- 3 ) ohk-4(1H)-FA (5)

&% 4 (35 g, 10.0 mmol), 5 4% (1.8 g,
15.0mmol)F1 POCI5 (50 mL)1) s Wi A Pl ARl e .
6 h. JRH RO RI 2T, BeRPn/K(200 mL), HRIR
ERAL, BESES AR AR, K. KL 85% L
L, AR 5, E 32%.

i R A ] (0 FORE LG T 0 S N TR A ) BT 5
T A, FH 500W 1) Dy 2 AN [B] Wi i 52 FH 5 min(iE &
ANERN), JEARREE b, A3 A 5, i 55%,
m.p. 255~257 ‘C; '"H NMR (DMSO-ds, 400 MHz) o:
8.82 (d, J=6.0 Hz, 2H, 2XH"-2), 8,58 (s, 1H, H-2), 8.46
(d, J=5.4 Hz, 2XH"-3), 7.82 (d, J=13.3 Hz, 1H, H-5),
7.67 (d, J=7.4 Hz, 1H, H-8), 3.66~3.84 (m, 1H, NCH),
1.08~1.27 (m, 4H, 2XCH,); IR (KBr) v: 3345, 3028,
1717, 1668, 1557, 1256, 886 cm -, MS m/z 438 (M), 410,
375, 278, 122, 104. Anal. calcd for CyHy,CIFNgOS: C
54.74, H 2.76, N 19.15; found C 54.82, H 2.62, N 19.33.
225 1-3F A -6 A -7-Tk % -1- £ -3-(6-7h 72 -4- A -
[1,2,4]- = »4 5 [3,4-b][1,3,4] "8 — =4 -3- 2L ) v obk -4(1H)- R
2 AR 3 (6a)

&Y 5 (22 g, 5.0 mmol), TE/KIREE(LS3 g, 15
mmol), PEG 600 (1.0 mL) A& o /K i # (1.4 g, 10 mmol)
#£ DMSO (5 mL)A1 — F 215 mL) |9 & W 10 h. [0
WS T S A SN (IR, 5 A I £ 57K (100 mL),
JEAE TR [ A4 A A 6%0K LR K B R,
DS B ARG 1 h, 98, IRV 2K AL, [ A
AKVE P, TR 20 6a. ] 6.0 molsL* Eh R
WAl TN CIEARRE RS2 85%, INAGAR, A,
R R RS AR EAR, CmEDRT, T, S A
AR K 6a thIR 2R, WK 46%, m.p. 278~280 C;'H
NMR (D,O, 400 MHz) §: 8.87 (d, J=6.0 Hz, 2H, 2X
H"-2), 8.66 (s, 1H, H-2), 854 (d, J=5.4 Hz, 2H, 2X
H"-3), 7.74 (d, J=13.3 Hz, 1H, H-5), 7.64 (d, J=7.4 Hz,
1H, H-8), 3.32~3.86 (m, 9H, NCH and 4X NCH,), 1.14~
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1.36 (m, 4H, 2X CH,); *C NMR (DM SO-dg, 400 MHz) &
177.38, 178.47 (C-4 and C-8), 166.35 (C-3), 157.27
(C"-2), 150.48, 149.56 (C-6 and C'-3), 145.42, 145.86
(C-6 and C-2), 144.38, 14654 (C-7 and C-2), 136.47
(C-8a), 118.26 (C-4a), 110.68 (C-5), 106.44, 106.38 (C-3
and C-8), 50.16, 48.42 (piperazinyl-C), 34.72, 7.46 (cyclo-
propyl-C); IR (KBr) v: 3354, 3036, 1728, 1667, 1557,
1247 cm b, MS miz 488 (M), 460, 453, 431, 122, 104.
Anal. calcd for CyuHyFNgOS*HCI: C 54.91, H 4.22, N
21.34; found C 54.86, H 4.15, N 21.40.
226 1- 3 AHK-6-#-7-(4- F hokk-1-4)-3-(6-71L72-4-
A -3 = e FH[3,4-0][1,3,4]"E = vk -3- 3L ) ok -4(1H)- BR 25
B4 2k (6b)

fuciil % 6asHCI AR, H 1-H IR AR IR
WETEAR ) 6beHCI, W% 55%, m.p. 266~267 C; H
NMR (D,O, 400 MHz) &: 8.85 (d, J=6.0 Hz, 2H, 2X
H"-2), 8.66 (s, 1H, H-2), 852 (d, J=5.2 Hz, 2H, 2X
H"-3), 7.78 (d, J=13.3 Hz, 1H, H'-5), 7.66 (d, J=7.4 Hz,
1H, H"-8), 3.32~3.88 (m, 9H, NCH and 4X NCH,), 2.44
(s, 3H, N-CHj), 1.12~1.38 (m, 4H, 2X CH,); IR (KBr) v:
3364, 3056, 2964, 1725, 1668, 1557, 1176 cm *; MS m/z
502 (M), 474, 430, 370, 326, 122, 104. Anal. cacd for
CosHasFNgOSPHCI: C 55.71, H 4.49, N 20.79; found C
55.68, H 4.62, N 20.94.
227 1-3F A HK-6-A-7-(4- T A kH-1-2)-3-(6-72 -4-
A -3 = e FH[3,4-0][1,3,4]"E = vk -3- 3L ) ok -4(1H)- BR 25
B4 2k (60)

fuiil 2% 6asHCI FFIMFLT, M 1-LIEWRIE IR
WEFFR Y 6CeHCI, W% 62%, m.p. 262~264 C; H
NMR (D,O, 400 MHz) &: 8.84 (d, J=6.0 Hz, 2H, 2X
H"-2), 8.60 (s, 1H, H-2), 8.38 (d, J=5.4 Hz, 2H, 2X
H"-3), 7.74 (d, J=13.4 Hz, 1H, H-5), 7.62 (d, J=7.4 Hz,
1H, H-8), 3.36~3.94 (m, 9H, NCH and 4 X NCH,), 2.26~
2.42 (m, 2H, N-CH,CH3), 1.14~1.35 (m, 7H, 2X CH, and
CHa); IR (KBr) v: 3416, 3027, 2945, 1717, 1668, 1556,
1455, 1136 cm 1, MS m/z : 516 (M), 488, 474, 384, 340,
122, 104. Anal. calcd for CysHosFNgOS*HCI: C 56.47, H
4.74, N 20.26; found C 56.60, H 4.58, N 20.46.
228 1-3A#HK-6-A-7-(3- F AokH-1-1)-3-(6-74L7% -4-
H -3 = vk F[3,4-b][1,3,4] %8 = -3- H ) ok -4(1H)- BF 2
B4 % (6d)

il 2% 6asHCI FHFIMIFLT, H 2-FIENRIE AR IR
BET bR 6deHCI, Y%K 46%, m.p. 259~261 C; 'H
NMR (400MHz, D,0) 4: 8.88 (d, J=6.0 Hz, 2H, 2X
H"-2), 857 (s, 1H, H-2), 8.46 (d, J=5.4 Hz, 2H, 2X

H"-3), 7.62 (d, J=13.3 Hz, 1H, H-5), 7.55 (d, J=7.5 Hz,
1H, H-8), 3.42~3.88 (m, 8H, NCH, CH and 3XNCH,),
1.20~1.38 (m, 7H, 2X CH,and CH3); IR (KBr) v: 3356,
3047, 2986, 1718, 1664, 1557, 1463, 1134 cm *; MS m/z:
502 (M), 474, 430, 370, 326, 122, 104. Anal. calcd for
CosHasFNgOSPHCI: C 55.71, H 4.49, N 20.79; found C
55.82, H 4.55, N 20.82.

229 1-3KAKE-6-A-7-(3, 4-=F Rk -1-14)-3-(6-71
g -A-Hk -3 = e FH[3,4-b][1,3,4] 2R = v -3- 2L ) epk-A(1H) -
BF) £k B2 #: (6€)

4% 6aHCIAH [ RSP, H 1,2-— FIBENR R AR
DRI A3 b4 6esHCI, W% 45%, m.p. 257~258 °C; 'H
NMR (D,O, 400 MHz) §: 8.87 (d, J=6.0 Hz, 2H, 2X
H"-2), 8.64 (s, 1H, H-2), 857 (d, J=5.4 Hz, 2H, 2X
H"-3), 7.78 (d, J=13.3 Hz, 1H, H-5), 7.60 (d, J=7.5 Hz,
1H, H-8), 3.32~3.87 (m, 8H, NCH, CH and 3XNCH,),
2.36 (s, 3H, NCH3), 1.18~1.37 (m, 7H, 2X CH,and CHs);
IR (KBr) v: 3423, 3056, 2967, 1722, 1666, 1557, 1465,
1128 cm % MS m/z (%): 516 (M), 488, 460, 384, 340,
122, 104. Anal. calcd for CygHosFNgOSPHCI: C 56.47, H
4.74,N 20.26; found C 56.58, H 4.61, N 20.44.

Bt L KOTER AT t I R S A L e b
UL TEIK, MR R T R R RO AT S M 58
JK.
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