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Abstract— Treatment

of 1-ethyl-6-fluoro-1,4-dihydro-4-oxo0-7-(1-piperazinyl)-1,8-naphthyridine-3-

carboxylic acid (Enoxacin) with alkyl(or aryl) isothiocyanates which obtained from alkyl(or aryl)
amines afforded six 1-ethyl-6-fluoro-1,4-dihydro-4-oxo0-7-(1-alkylthiocarbamylpiperazinyl)-1,8-naphth-
yridine-3-carboxylic acids and five 1l-ethyl-6-fluoro-14-dihydro-4-oxo-7-(1-arylthiocarbamyl piperazi-
nyl)-1,8-naphthyridine-3-carboxylic acids. The compounds synthesized were evaluated for their anti-
microbial activities, in vitro, against Escherichia coli 6-PE-4, Bacillus subtilis 74-51, Proteus vulgaris
78645, Klebsiella pneumoniae JYA-78314, Staphylococcus aureus 79110 and Pseudomonas aeruginosa

8765-1 P,.

Keywords [ ] Enoxacin derivatives, antimicrobial activities.
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3 spectrum® pebiTh

Norfloxacin®] piperazine”] 2] 4 N $}#]ol} %377}
5% pefloxacin,” norfloxacin-N-doxalate, norflo-
xacin acetonyl” 3 “14}te] ofe} N-x]&H4"* = no-
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1% quinolone analogues®l] ™3 A& Alxsly,
$4 238k 3h7#]) enoxacing lead compound®.
sted AN 9|l =417 1-
ethyl-6-fluoro-1,4-dihydro-4-oxo-7-(4-substituted
thiocarbamyl-1-piperazinyl)-1,8-naphthyridine-3-car-
boxylic acids 115-& A& §F, 159 345
st v HEsch

Azl alkylisothiocyanates'¥:= alkylamines
& NaOH 8- Foll A CS,9} uH-5-4]17] 2 ethyl ch-
loroformate®. 23t ¥ $F7] F/3le] ARy

15) 1
T

thiocarbamyl 7| &

(Scheme D), aryl isothiocyanates aromatic ami-

nesell CS, 3 NH,OHE uh&A17]3 Pb(NOs) .2 A
23 & 557 FF3ted Ak (Scheme ID).
£224ql  1-ethyl-6-fluoro-1,4-dihydro-4-oxo-7-

(4-substitutedthiocarbamyl-1-piperazinyl)-1,8-naph-
thyridine-3-carboxylic acid¥ CHCl;$} EtOH &34
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gdstglEel| Wd SFAUYE Escherichia coli,
Staphylococcus aurveus, Bacillus subilis, Klebsiella
pneumoniae, Proteus vulgaris R Pseudomonas aeru-
ginosas AYTFTE 3k AAufx] 3] A6 2)s}e]
Hiwg ddsEs sk

k=

H

% o

WS amined YREE dho
dubHol ujel A3 alkyl isothiocyanates(1-6) 6

A|¥E amine %

%3} aryl isothiocyanates(7-11) 5%-& 7}7} enoxacin
[ 1-ethyl-6-fluoro-1,4-dihydro-4-oxo-7-(1-piperazi-
nyl)-1,8-naphthyridine-3-carboxylic acid]®} ®Fg-A|
7 11%9} thiocarbamyl piperazinyl-1,8-naphthyri-
dine-3-carboxylic acids(12-22)& 3H4ds}oict

2 Aol T FPEES] dFATAE QA
WA s Aeel] ofaled Al Azt FHE(12), 1-
ethyl-6-fluoro-1,4-dihydro-4-oxo-7-(1-methylthiocar-
bamyl-1-piperazinyl)-1,8-naphthyridine-3-carboxyli-
cacid ¥ 3§HE(19), 1-ethyl-6-fluoro-1,4-dihydro-4-
ox0-7[1-(p-chlorophenyl) thiocarbamyl-1-piperazi-
nyl]-1,8-naphthyridine-3-carboxylic acid?} 713 7}
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1-Ethyl-6-fluoro-1,4-dihydro-4-oxo-7-[ 4-methyl-
thiocarbamyl-1-piperazinyl]-1,8-naphthyridine-3-car-
acids(12) — 1-Ethyl-6-fluoro-1,4-dihydro-4-
0x0-7-(1-piperazinyl)-1,8-naphthyridine-3-carboxylic
acid 144g(45m mol)-& CHCI-EtOH(3 : 1)8-)
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Table III—Antimicrobial activities of compounds [12]-[221*

(MIC, pg/mi)

S /U\J COOH

RNHLN N

CH 2CH;y
N s Escherichia  Bacillus Proteus Klebsiella Staphylococcus  Pseudomonas
o. of Strains : o . . :
compounds R coli subtilis vulgaris preumoniae  aureus acruginosa
6-PE-4 74-51 78645 JYA-78314 79110 8765-1 P,
12 -CH, 3.90 0.13 0.98 3.90 0.98 62.50
13 -CH,CH,4 7.81 0.25 0.98 7.81 1.95 62.50
14 -CH,CH,CH;, 7.81 0.49 7.81 0.98 7.81 125
15 -CH(CH.), 15.62 049 0.98 15.62 0.25 125
16 -(CH,):CH, 1.95 0.98 15.62 0.98 0.98 62.5
17 -CH,CH(CH,), 15.62 7.81 15.62 31.25 7.81 62.5
18 -C¢Hs 7.81 1.95 31.25 1.95 31.25 31.25
19 -CsH/(Cl(p-) 1.95 0.25 0.98 0.49 3.90 31.25
20 -CeH,CHy(p-) 7.81 0.98 7.81 3.90 31.25 125
21 -C¢H,OC,Hx(p-) 7.81 0.98 31.25 15.62 62.50 62.5
22 -B-naphthyl 31.25 31.25 250 15.62 125 >125
Enoxacin 1.95 0.25 1.95 0.13 0.49 7.81
*Cultivated for 24 hrs at 37C
(C=0), 1550, 1490(aryl C=C), 1220(C=S)cm ! e 94
NMR(CDCl;+ DMSO-ds) : & 1.40(t, 3H, J=7 Hg, T55 1 81%
CH.CH,), 2.50(s, 3H, N-CH3), 4.55(q, 2H, J=7 Hg, mp : 186~ 1887C
-CH,CH3), 8.0(d, 1H, J=14 Hz, F-C=C-H), 8.95(s, TLC : [silica gel 200 um ; CHCl; : MeOH : to-

1H, N=C-H)

Anal. Calcd. for C;HyN;O,SF : C 5191, H 5.09,
N 17.81, Found : C 52.17, H 5.25, N 18.06.

oo} Eolgh ¥ o 2 alkyl thiocarbamylpiperazi-
nyl-1,8-naphthyridine-3-carboxylic  acids(12-17)&
At om 1 Aag Table Io EA13RCh

1-E thyl-6-fluoro-1,4-dihydro-4-0x0-7-[ 4-( p-ethox-
yphenylthiocarbamyl)-1-piperzinyl]-1,8-naphthyri-
dine-3-carboxylic acid(21) — 1-Ethyl-6-fluoro-1,4-di-
hydro-4-oxo-7-(1-piperazinyl)-1,8-naphthyridine-3-
carboxylic acid 1.44g(4.5m mol)& CHCI-EtOH £
] 100 mlel] =2l % p-ethoxyphenylisothiocyanate
1.60g-¢ EtOH 10 m/ell =59l 2-8-8 30%-7kol] ZH=
alrkaled A rhghct

4~547F 7t mE
AeF
A AZ ¥, DMFe 4] ) A 3

FAA e
Fajo] 4oi2 A|7istn

s

< SHEA o,
1 & AFA}S ether®
e AR 2

H;0(10:10:5:2)]1 Ri=0.74

IR(KBr) : 2970, 2920(aliphatic C-H), 1715, 1635
(C=0), 1520, 1490(aryl C=C), 1240(C=S)cm™!

NMR(CDCL+DMSO-ds) & 1.40(t, 3H, J=7Hg,
N-CH.CH:), 445(q, 2H, J=7Hz, N-CH:.CH;), 6.
75~7.25(m, 4H, phenyl-H), 8.05(d, 1H, J=14 Hg,
F-C-C-H), 895(s, 1H, N=C-H)

Anal. Caled. for CpHyFN:O,S: C 57.72, H 5.21,
N 14.03, Found : C 5798, H 535, N 14.31

o]e} Folglh Wl o 2 aryl thiocarbamylpiperazi-
nyl-1,8-naphthyridine-3-carboxylic acid(18-22) & %
Aslglen] 1 A2 Table o) EA]slc)

In vitro antibacterial activity — o 3| vl] 2] 3] A of]
olate] Havtg oA x5 sk 2oy
polyethylene glycol 400(°]s} PEG)el| 34d33t&
(12-22) % tween 80 4= ZA s} )73, A
FgEe] &9l FHFFEE 1mid 500 ugo g

luene .
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