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Abstract—A number of 1-ethyl-6-fluoro-1,4-dihydro-4-oxo-7-(4-substitutedcarbamyl-1-piperazinyl)
quinoline [or 1,8-naphthyridine]-3-carboxylic acid and their pivaloyloxymethyl esters were prepa-
red. The compounds synthesized were evaluated for antibacterial activity in vitro against Escherichia
coli, Bacillus subtilis, Proteus vulgaris, Klebsiella pneumoniae, Staphylococcus aureus and Pseudomonas
aeruginosa. Among those 1-ethyl-6-fluoro-1,4-dihydro-4-oxo-7-(4-methylcarbamyl-1-piperazinyl) qui-
noline-3-carboxylic acid [1] and l-ethyl-6-fluoro-14-dihydro-4-0xo-7-(4-methylcarbamyl-1-piperazi-
nyl)1,8-naphthyridine-3-carboxylic acid [6] showed the most potent in wvitro antibacterial activity.

Keywords [] Piperazinyl quinolone derivatives, antibacterial activity.
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Scheme 1.

AlAbsl g3 Q).

olell XA} 5 piperazined] 4Nl X#7)7} &
3% norfloxacin analoguesel] 3 3222 4
=3lgon, B =% 4+ norfloxacin ¥ enoxacing
lead compounds® &} 4N-$13)o)| carbamyl”] &
=318 1-ethyl-6-fluoro-1,4-dihydro-4-oxo-7-(4-subs-
tituted  carbamyl-piperazinyl) quinoline (or 1,8-na-
phthyridin)-3-carboxylic acid 103} 2.9] pivaloylo-
xymethylester 105§ 437 ¥ 259 7382
ZA 51 vu HEsgc

A 8=  N-carbamyl piperazino quinolones:

EtOH-CHCl; 4-v) Z-ol| 4] piperazinoquinolones(nor-
floxacin % enoxacin) ¢l alkylisocyanates& HH-2-A}#
A3kl om, of7)e K,CO; % KI &3} pivaloylo-
xymethyl chlorideE ¥H-&-A]# N-carbamyl piperazi-
noquinolonepivaloyloxymethyl esterZ &Adskgc}
(Scheme 1).

FAsEE N FFAFe

Staphylococcus  aureus, Bacillus subtilis, Klebsiella

Escherichia coli,

pneumoniae X Proteus vulgarisS AF3E2 32
Aoz gl olsted Haws AEES =
At

dn  ng

Alkylisocyanate 5%-& norfloxacin[ 1-ethyl-6-fluoro
-1,4-dihydro-4-oxo-7-(1-piperazinyl) quinoline-3-car-
boxylic acid] ¥ enoxacin [1-ethyl-6-fluoro-1,4-dihy-
dro-4-oxo-7-(1-piperazinyl)-1,8-naphthyridine-3-car-

boxylic acid]® ¥Hg-AlAH 5%¢] 1-ethyl-6-fluoro-14-
dihydro-4-ox0-7-(4-substituted carbamyl-1-piperazin-
yDquinoline-3-carboxylic acid(1-5)¢} 5%2] 1-ethyl-6
-fluoro-1,4-dihydro-4-oxo-7-(4-substituted carbamyl-1
-piperazinyl)-1,8-naphthyridine-3-carboxylicacid (6-10)
& $Astd e, Hell A 4§ N-carbamyl quinolo-
nes(1-10y2 KI % K,CO; £4)3} pivaloyloxy methyl
chloride®} ¥F3-A]7 10%92] N-carbamyl quinolone
pivaloyloxy methyl esters(11-20)2 3434}

TSHE -8 AgolA AT FgEES] dd3F

S+ A A 3 ol o] st A A sHE(1],
1-ethyl-6-fluoro-1,4-dihydro-4-oxo-7(4-methylcarba-
myl-1-piperazinyl) quinoline-3-carboxylic acid ¥ 3}
3+2(6), 1-ethyl-6-fluoro-1,4-dihydro-4-oxo-7-(4-me-
thylcarbamyl-1-piperazinyl)-1,8-naphthyridine-3-car-
boxylic acid7} 7} &8 343§ W Fo, Escheri-
chia colidll W)3tod= 0.98 pg/ml, 1.96 ug/mi, Bacillus
subtiliso 3led= 0.98 pg/ml, 0.25 pg/mi, Klebsiella
pneumoniae] N3tel= 3.91 pg/mi, 7.82 ug/m/ L2
31 Pseudomonas aeruginosa©l] ©i3tod+= 31.25 ug/mi,
62.5 pg/mle] FEN A 2zt Fo] 8- A 3Hc)

FAst B P2 e dAHE Adun
H, A& alkyl7]® ©agrl S48 Aol o}
Ao, tert-butyl®] -4 [5, 10,15, 20]= ¥4 +=
< FHHE HAFYch

dulz o 2 porfloxacing 7| 2722 3= F3E
o] enoxacinA g9 3gEo vzt ofx ¥ FF
5 eRigith

Pivaloyloxy methyl esters(11-20)& o}-23h= free
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carboxylic acid analogues(1-10)¢] ®}3tey thi o
AFHEE BAFg.

N-methylH & ®]£g 5F<9 N-x3} piperazinyl
quinolones”} in vitro AL tha o} in vive
e L JFEE HoFa 9SE Hof A3t
[1,6] 5 %9 3FELS £ in vivo EAo] 7)
ol

SUSHMEOLDs)—33HE(1] 2 [11]& Z=
25g/kg, 50g/kg FAF ATE 25 T AP
A3, A mousert §19lE, 25 F AR e
FAst 7} AV E S o R [AI viRE o) o)
k. 25 F9 AT (119 25g/kg Fo3TFA
7% %7} 5 g/kgell M= 2% Z7HE BelFgdch (1]
o 7AS 273 39 AFE& 25gkgToNA 8% F7,
5.0 g/kg Tl A 4% 712 Jeliglt) o4k
A2 mouse T A ZFFIA] LDy [1]01n
[2]8] A&l A 5.0 g/kg¥el 2 42498 FHelsgich

4 H

oA §3e Gallen Kamp MFZ =438}
A &}x] ¢kgkrh, NMR spectra: Hitachi-60
o7 3}9 3, chemical shift¥ tetramethylsi-
laneS WH-EFEAR 3l 83 (ppm) = FAI8HY
t}. IR spectrat- Nicolet 5-MX& A3}y, dx
FX ol Perkin Elmer 240-A-Z A}8-3}9ict

Thin layer chromatography(TLC)ol|+= silicagel
plate(Merck 60F 254) & Ah8-3tlz, UV lamp ®=
iodine vapor® spots& #<qls}air)

1-Ethyl-6-fluoro-1,4-dihydro-4-0xo-7-(4-methyl ca-
rbamyl-1-piperazinyl) quinoline-3-carboxylic acid(1)

1-Ethyl-6-fluoro-1,4-dihydro-4-oxo-7-(1-piperazi-
nyl)quinoline-3-carboxylic acid[norfloxacin] 5 mmol
(1.6g)2 EtOH-CHCL(1: 1) &v 300 m/d] =9 %+
methylisocyanate 5.5 mmol(0.31g)-2 EtOH-CHCl;(1
S 20miell AR f4-E FEAe A 2047t
Ax F71 ohg 60T 4~5A]12F FAlAleh
AEEEe #9lE AAY F A4S EtOH-
EtOAcell A A AAdste] wispae) AAA Bbg o
et

FE4 1 1.0g(53%), mp . 268~270C
TLC[silicagel 200 ym ; CHCl-MeOH-toleune(2 :

£ A
o[qi
A3

Vol. 35, No. 6, 1991

2 DIRf=040

IR(KBr) 2980, 2950(aliphatic C-H), 1720, 1620(C
=0) 1540, 1520(aro C=C)cm™}

NMR(MDMSO-de) : & 1.42(t, 3H, J=7Hz, N-CH,
CHa»), 2.50(s, 3H, N-CHy), 4.61(q, 2H, J=7 Hz, N-CH,
CHy), 7.20(d, 1H, C*-H), 8.05(d, 1H, J=14 Hz, C5-H),
8.96(s, 1H, C*-H)

Anal. Calcd. for CisHxN4Or 5 C, 5745 H, 559 N,
14.89

Found ; C, 57.19 H, 575 N, 15.14

oo} F-dgt Wy o= S§E[2-5]F Ao,
2 A Table I #A)5k o)

1-Ethyl-6-fluoro-1,4-dihydro-4-0xo-7-(4-methyl ca-
rbamyl-1-piperazinyl)-1,8-naphthyridine-3-carboxylic
acid(6]

1-Ethyl-6-fluoro-1,4-dihydro-4-oxo-7-(1-piperazin-
y1)1,8-naphthyridine-3-carboxylic acid[enoxacin] 1.6
g(5.0 mmol)3} methylisocyanate 0.31g(5.5 mmol)&
Qw2 Agsle] HFR[1)4 9T oz ¥4
st w4 AR Be Agdch

+E%  1.2g(66%) mp s 276~278TC

TLCsilicagel 200 ym ; CHCl;-MeOH-toluene(2 :
2 DRE=042

IR(KBr) 2960, 2930(aliphatic C-H), 1720, 1620(C
=0), 1545, 1515(aro C=C) cm™!

NMR(DMSO-ds) 6 1.41(¢, 3H, J=7 Hz, N-CH; CH5),
2.51(s, 3H, N-CHa»), 4.40(q, 2H, J=7 Hz, N-CH, CHy),
8.12(d, 1H, J=14 Hz, C>-H), 9.00(s, 1H, C%-H)

Anal. Caled. for Ci7HyNsO4F 5 C, 54.11 H, 5.30
N, 1857

Found ; C, 53.85 H, 542 N, 18.34

olel Zalgl whj e 2 N-alkyl carbamyl quinolo-
nes[7-101-% A3t en, = ZAF}E Table I} 3%
Alstsict.

1-Ethyl-6-fluoro-1,4-dihyro-4-oxo-7-(4-methylcar-
bamyl-1-piperazinyl)quinoline-3-carboxylic acid piva-
loyloxymethyl ester (11)

1-Ethyl-6-fluoro-1,4-dihydro-4-oxo-7-(4-methyl ca-
rbamyl-1-piperazinyl) quinoline-3-carboxylic acid(1)
1.88g(5 mmol)-& DMF 150 miel] o)1 K,CO; 2.65
g KI 0.8g2 78 & 1417} 3087t aabsbel. piva-
loyloxymethyl chloride 15g(10 mmol)-& F7}g ¥
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Table I—N-Carbamyl] piperazino quinolones ; 0
0 m coon
RNH-C-N] N7Y %“
CH.CH,
; "
C';“:’d Y Y;ld Ifép T(Il“g) lzzlcvrzzt IR(KBr)cm ! NMR(OMSO-do)$ (ppm)
11 CH; CH 61 200 074 DMF 2970, 2940(ali CH)  1.19(s, 9H, C(CHs)), 140, 3H, N-CH,, CHy)
~ + 1750, 1640(C=0) 448(q, 2H, N-CH, CHs), 5.90(s, 2H, O CH,0)
202 EtOH 1540, 1485(aro C=C) 7.15(s, 1H, C*-H)
7.80(d, 1H, C>-H), 8.70(s, 1H, C*-H)
12 CHs CH 57 224 072 DMF 2970, 2930(ali C-H)  118(s, 9H, C(CHy)s), 140(t, 3H, =N-CH,, CHy)
~ + 1752, 1720, 1620(C=0) 5.89(, 2H, O CH,0), 7.16(s, 1H, C*-H)
226 EtOH 1550, 1485(aro C=C) 7.85(d, 1H, C>-H), 869(s, 1H, C-H)
13 nCH; CH 50 192 078 DMF 2980, 2040(ali C-H)  1.21(s, 9H, C(CHy)), 144(t, 3H, =N-CH,, CHs)
~ + 1750, 1630(C=0) 5.84(s, 2H, O CH;0), 7.16(s, 1H, C*-H)
194 EtOH 1540, 1480(aro C=C) 7.85(d, 1H, C*-H), 8.76(s, 1H, C*-H)
14 i-CH, CH 30 205 072 DMF 2990, 2930(ali C-H)  1.08(d, 6H, CH(CH.)y), 1.20(s, 9H, C(CHs)s)
~ + 1740, 1620C=0) 1.40(t, 3H, =N-CH,CHs), 5.86(s, 2H, O CH, 0)
207 EtOH 1540, 1485(aro C=C) 7.14(s, 1H, C5H), 7.81(d, 1H, C>-H)
8.70(s, 1H, C*-H)
15 t-CH, CH 36 198 077 DMF 2995 2040(ali C-H)  118(s, 9H, C(CHy)), 590(s, 2H, O CH,0)
~ + 1750, 1630(C=0) 7.00(s, 1H, C*-H), 7.80(d, 1H, C*-H)
200 EtOH 1550, 1485@aro C=C) 8.70(s, 1H, C*-H)
16 CH; N 81 216 073 DMF 2980, 2050(ali C-H)  1.20(s, 9H, C(CHy)s), 1.40(t, 3H, =N-CH,, CH.)
~ + 1750, 1705, 1625(C=0) 450(q, 2H, =N-CH, CHy), 5.90(s, 2H, OH;0)
218 EtOH 1540, 1490(aro C=C) 7.95(d, 1H, C°-H), 8.75(s, 14, C*-H)
17 GCHs N 82 219 076 DMF 2980, 2040(ali C-H)  118(s, 9H, C(CH,)s), 1.40(t, 3H, =N-CH,, CH;)
~ + 1752, 1705, 1620(C=0) 590(s, 2H, O CH,0), 7.95(d, 1H, C*-H)
221 EtOH 1550, 1485(aro C=C) 8.74(s, 1H, C2H)
18 n-CH, N 68 194 080 DMF 2990, 2930(ali C-H)  1.20(s, 9H, C(CHy)s), 1.40(t, 3H, =N-CH,, CH;)
~ + 1760, 1630(C=0) 440(q, 2H, =N-CH, CHy), 599, 2H OCH,0)
196 EtOH 1560, 1480(aro C=C) 7.95(d, 1H, C*-H), 8.76(s, 1H, C>-H)
19 i-CH, N 36 188 074 DMF 3000, 2040(ali C-H)  1.20(s, 9H, C(CHy)s), 140¢t, 3H, =N-CH,, CH;)
~ + 1760, 1720, 1640(C=0) 440(q, 2H, =N-CH, CHz), 5.86(s, 2H, OCH0)
190 EtOH 1550, 1485(aro C=C) 7.98(d, 1H, C*-H), 8.78(s, 1H, C:-H)
20 tCHy N 40 198 076 DMF 3000, 2940ali C-H)  1.20(s, 9H, C(CHs)), 1.40(t, 3H, =N-CH,, CH,)
~ + 1760, 1640(C=0) 440(q, 2H, =N-CH, CHj), 5.85(s, 2H, OCH;0)
200 EtOH 1550, 1480(aro C=C) 7.96(d, 1H, C*-H), 8.78(s, 1H, C2H)

a) The developing solvent is a mixture of CHCl,-MeOH-toluene-H,O(10 : 10 :5 : 2)

AT &

T5E 1.5g(51%)
mp ; 200~202C
TLC[silicagel 200 ym ; CHCl;-MeOH-toluene-H,0

(10:10:5: 2)Rf=0.74

IR(KBr) 2970, 2940(aliphatic C-H, 1750, 1640(C
=0) 1540, 1485(aro C=C)cm™!

NMR(DMSO-de) & 1.19¢s, 9H, C(CHs)s), 1.40(t, 3H,
J=17Hz, N-CH,CH,), 4.48(q, 2H, 7 Hz, N-CH, CHs),
590(s, 2H, OCH;0), 7.80(d, 1H, J=14 Hz, C>-H),
8.70(s, 1H, C>-H)
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Table II—N-Carbamyl piperazino quinolones pivaloyloxymethyl esters

0 4
COO-CH, -0~ C C cH
RNH~ c N N Y Ch
CH.CH;
, =
C‘I’\J";"’d R Y leld r:;p T(Il;g lzzzeyzt IR(KBr)cm ! NMR(DMSO-de)8 (ppm)
1 CH, CH 53 268 040 DMF 2980, 2950(ali C-H)  142(s, 3H, =N-CH, CHy), 4.61(q, 2H, =N-CH,-CH)
~ 1720, 1620(C=0)  7.20(d, 1H, C-O), 8.05(d, 1H, C-H)
270 1540, 1520(aro C=C) 896(s, 1H, C*-H)
2 CH, CH 77 293 046 DMF 2980, 2040(ali C-H)  145(t, 3H, =N-CH, CH), 460(q, 2H, =N-CH,-CHy)
~ 1730, 1640C=0)  7.20(d, 1H, C*H), 7.98(d, 1H, C*H)
295 1550, 1520(ar0 C=C) 8.98(s, 1H, C*-H)
3 nGCH, CH 8 234 045 DMF 2095 2950(ali C-H) 145, 3H, N-CH; CHy), 4.62(q, 2H, N-CH, CHy)
~ 1730, 1640C=0)  7.21(d, 1H, C-H), 7.98(d, 1H, C°H)
235 1550, 1525(aro C=C) 899(s, 1H, C-H)
4 iCH, CH 8 226 042 DMF 2995 2950(ali C-H) 1.10(d, 6H, CH(CHy)), 5.44(t, 3H, N-CH, CHy)
~ 1725, 1640(C=0)  461(q, 2H, N-CH, CHy), 7.21(d, 1H, C*-H)
228 1550, 1520(aro C=C) 7.98(d, 1H, C°-H), 8.99(s, 1H, C?-H)
5 tCHy CH 95 250 047 DMF 2990, 2930(ali C-H)  136(s, 9H, C(CHs)), 144(t, 3H, N-CH, CHy)
~ 1720, 1630(C=0)  4.60(q, 2H, N-CH, CHy), 7.21(d, 1H, C*-H)
251 1500, 1480(aro C=C) 7.96(d, 1H, C°-H), 899(s, 1H, C*-H)
6 CH, N 66 276 042 DMF 2960, 2930(ali C-H)  141(t, 3H, =N-CH, CHy), 440(q, 2H, =N-CH, CHy)
~ 1720, 1620C=0)  8.12(d, 1H, C-H)
278 1545, 1515(@aro C=C) 9.00(s, 1H, C*-H)
7 CHs N 77 208 042 DMF 2970, 2040(ali C-H)  141(t, 3H, =N-CH, CHy), 450(q, 2H, =N-CH, CHy)
~ 1720, 1620C=0)  810(d, 1H, C*-H)
300 1550, 1505(aro C=C) 895(s, 1H, C*-H)
8 nCH, N 8 248 042 DMF 2990, 2950(ali C-H)  0.84(t, 3H, N-CHy CH, CHy), 141¢, 2H, N-CH, CHy)
~ 1730, 1630(C=0)  4.50(q, 2H, N-CH, CHy), 8.12(d, 1H, C*-H)
251 1550, 1480(aro C=C) 9.00(s, 1H, C*-H)
9 iCH; N 8 280 050 DMF 2995, 2040(ali C-H) 108(d, 6H, CH(CHy)y), 141¢, 3H, N-CH, CH;)
~ 1720, 1640(C=0)  450(q, 2H, N-CH, CHy), 8.04(d, 1H, C*-H)
282 1540, 1480(aro C=C) 8.98(s, 1H, C%-H)
10 tCHs N 95 250 045 DMF 2980, 2040Gali C-H) 136(s, 9H, C(CHy)s), 141¢t, 3H, N-CH, CHy)
~ 1720, 1630C=0)  448(, 2H, N-CH, CHy), 8.10(d, 1H, C*-H)
252 1540, 1500¢(aro C=C) 8.98(s, 1H, C>-H)

a) the developing solvent is a mixture of CHCl;-MeOH-toluene(2: 2 : 1)

Anal. Caled. for C.H3OqN,F 5 C, 58.90 H, 6.13 N,
1145

Found ; C, 59.17 H, 6.34 N, 11.20

ole} Faldt wyieR[12-15]19 3gE-& ¥
Aem 1 A= Table o] ZEAIsEACE

1-Ethyl-6-fluore-1,4-dihydro-4-oxo-7-(4-methyl ca-
rbamyl-1-piperazinyl)-1,8-naphthyridine-3-carboxylic
acid pivaloyloxymethyl ester(16)

Vol. 35, No. 6, 1991

1-Ethyl-6-fluoro-1,4-dihydro-4-oxo-7-(4-methylcar-
bamyl-1-piperazinyl)-1,8-naphthyridine-3-carboxylic
acid(2) 1.88g(5 mmol)¥} pivaloyloxymethylchloride
15g(10 mmol)-& FAYEZE sl AN FUI¢ %
Wog FHAste] g AAELE Aok

45§ 1.3g(53%) mp ; 220~222C

TLC[silicagel 200 um ; CHCl;-MeOH-toluene-H,0O
(10: 10 :5: 2)Rf=0.72
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+ - H, - gAHE - HA3

Table II—Antibacterial activities of compounds[1-20] (MIC, pg/mi)

Strains Escherichia Bacillus Klebsiella Proteus Staphylococcus  Pseudomonas
subtilis pneumoniae vulgaris aureus aeruginosa
Compds coli 6-PE-4 74-51 JYA-78314 78615 CHA 79110 8765-1 P,

1 0.98 0.98 391 1.96 391 3125

2 1.96 1.96 391 391 7.82 31.25

3 31.25 7.82 1.96 39 15.63 62.5

4 62.5 391 1.96 15.63 15.63 125

5 7.82 391 391 391 7.82 125

6 1.96 0.25 391 1.96 7.82 62.5

7 15.63 1.96 7.82 7.82 7.82 3125

8 125 1.96 391 391 15.63 62.5

9 62.5 39 15.63 1.98 15.63 125

10 7.82 7.82 7.82 1.98 62.5 62.5

11 7.82 15.63 391 15.63 7.82 125

12 15.63 7.82 15.63 15.63 15.63 625

13 62.5 3125 3125 62.5 125 125

14 62.5 15.63 31.25 31.25 125 250

15 391 7.82 391 7.82 7.82 625

16 7.82 391 7.82 15.63 7.82 125

17 15.63 31.25 7.82 31.25 15.63 62.5

18 3125 125 15.63 15.63 15.63 125

19 125 125 3125 62.5 62.5 125

20 15.63 15.63 1.96 7.82 391 625
Norfloxacin 049 0.13 0.25 1.96 0.98 391
Enoxacin 0.98 049 0.25 391 1.96 7.82

IR(KBr) 2980, 2950(aliphatic C-H), 1750, 1705,
1625(C=0), 1540, 1490(aro C=C) cm™!

NMRMDMSO-dg) 6 1.20(s, 9H, C(CHy)), 1.40(t, 3H,
J=7 Hz, N-CH,CHy), 4.50(q, 2H, J=7 Hz, N-CH,CH,),
5.90(s, 2H, OCH0), 7.95(d, 1H, J=14 Hz, C*>-H), 8.75
(s, 1H, C>-H) '

Anal. Caled. for Co3HyOssF 3 C, 56.33 H, 5.92 N,
14.29

Found ; C, 5654 H, 565 N, 14.03

o]9} T3t W o2 N-alkyl carbamylquinolone
pivaloyloxymethylesters(17-20)& #Alslelen =2
ZA3E Table Ilo] EAI3}¢iv)

In vitro antibacterial activity

HA w2 3] Ao olzle] Haubs oA FEE
A 5t9dc}. polyethylene glycol 400(¢]3} PEG)l|
FA3HE(1~20)8 tween 80 A FEaslo] A
A7), AsHEe] felvle) HEFEE 1mi%
500 pgo & 3to] Yoz apgslgic)

g7 APl o| nutrient broth 2mi% st
A71ZzALAE 2mY 7lEte HEFEe AR
3}32 ©]& nutrient broth® HH—’}‘—ﬁ]Q?‘S}?iD}.

7)o A1E 244)7F Holl wiFg 7 Y- 100w
Mg 2miHd HEI F 37CANA 247 wloFs}
9, T Lo e 7 L3R ¥ 4 FES
FA3EE AN vt #RIGR, 7§
331389 8722 norfloxacin, enoxacin ¥ sol-
vent control® Bl #Aslgen] I ZAFE Table
IIIe] FEAJ3l

SHEMMYLDsy)—3H3E [1] 2 [11]8 X8R
sl FAEAE FAs A

ABEYES 7t7 Aelr]d Yo 25g = 50g/
kg/20 mio] HEF FAIARHA|A, 25 F¢ LR
A AgAelA ARSAIZ 23g W29 £ ICRA
mouse(ZHE 5ule]#)dl] AR F AAE FF
stodch
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