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Abstract — The synthesis and antimicrobial activity of N-substituted glycyl derivatives of Norfloxacin were
described. Norfloxacin was treated with chloroacetyl chloride to yield chloroacetyl norfloxacin (1). This com-
pounds was reacted with alkyldiamines to afford bivalent ligand quinolone carboxylic acids (2-6), which was
added to pivaloyloxymethyl chloride to give bivalent ligand pivaloyloxymethyl quinolone carboxylates (7-11).
Chloroacetyl norfloxacin (1) treated with alkylamines to obtain monovalent ligand quinolone carboxylic acids
(12-15), which was reacted with pivaloyloxymethyl chloride to get monovalent ligand pivaloyloxymethy! qui-
nolone carboxylates (16-19). Free carboxylic quinolones (2-6, 12-15) showed little stronger activities to their
pivaloyloxymethyl esters (7-11, 16-19). In monovalent ligand quinolone analogues, longer alkyl chain com-

pounds showed stronger activities than shorter one.
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1. &4

1-1. #HESE9| ' (1)

1-Ethyl-6-fluoro-1,4-dihydro-4-oxo0-7-(4-chloroacetyl-1-
piperazinyl) quinoline-3-carboxylic acid (1)%] ¥4

Norfloxacin 9.60g (30 mmoley 50-55C2] 2XxeijA]

acetic acid(30 mlell 7k 483 F, Aoz Yaska
acetone(15 ml)@}  triethylamine(4.2 ml) 2  chloroacetyl
chloride 2.4 ml(30 mmole)% 7F5ket. Al-2ol|lA] 147 2n}
3 % 1,0 10mS 7k A4E FRe FAe 5T,
E3} acetoned] EFFNoZ 235 AEHTH. FAAEL o
b3} DMPIA AV@Asle] wale] AAA £2hS ik,

Yield : 10.96g (92%) ; mp : 280-281C;

R=0.66(CHCl;:MeOH:Toluene:Diethylamine:H,0=5:5:2.
5:1.9:1); IR(KBr) 2950, 1710, 1650, 1475, 1250 cm’™;
IH-NMR(DMSO-d,), 8 :1.42(t, 3H), 3.70, 3.80(two L.
8H), 4.50(s, 2H), 4.58(q, 2H), 7.22(d, 1H), 7.90(d,
1H), 8.94(s, 1H)

Apal. Caled. for C4H,oCFN;0,

C54.61, H4.80, N10.62

Found C54.85, H4.55, N10.82
1-2. SXEE| &Y (2-19)

1-2-1 Bivalent ligand quinolones (2-11)2| &4

1-2-1-1 Bivalent ligand quinolone carboxylic acids
(2-6)2 &

N,N'-Trimethylene-bis[ 1-ethyl-6-fluoro-1,4-dihydro-4-
ox0-7-(4-glycyl-1-piperazinyl)quinoline-3-carboxylic acid]
(3 A

3}8HE-(1) 3.96 g(10 mmoleyS- acetonitrile(80 md)3} trie-
thylamine(1.5 ml)oll o], 1,3-diaminopropane 0.30 g(5
mmole)S acetonitrile(5 ml)l] EajA]17] 4-E 715led 60-
65°CelA 5-6412F ek WhEAIZIEE. Hy080 m)yE 718
A DAL T8l a, MeOHEH LR 2-33] AlH
g ¥ 2AAES DMFY MeOH E3h4vlE A4}
ulg 2] AAA g 4T

Yield : 3.17g(40%) ; mp : 207-209TC ;

R=0.18(CHCl;:MeOH:Toluene:Diethylamine:H,0=5:5:2.5
:1.9:1); IR(KBr) 3390, 2900, 1720, 1645, 1475, 1260
cm’; 'H-NMR(DMSO-dg),8 : 1.42(t, 6H), 3.23-3.72(m,
26H), 4.60(two q, 4H), 7.10(two d, 2H), 7.70(two d,
2H), 8.96 (two s, 2H)

Anal, Caled. for CyoHF,NgOq

(59.02, H5.80, N14,12

Found C59.57, H5.94, N14.23

o9} FAlg; B 22 ethylenediamine, 1,4-diaminobut-
ane, 1,6-diaminohexane & 1,8-diaminoctanes ARS-3fe
AHE ), @, 5), 6y TP

N,N'-Dimethylene-bis[ 1-ethyl-6-fluoro-1,4-dihydro-4-oxo-
7-(4-glycyl-1-piperazinyl)quinoline-3-carboxylic acid] (2)

Yield : 38% ; mp: 210-212C ;

Rf=0.12(CHC13:MeOH:Toluene:Diethylamine:H20=
5:5:2.5:1.9:1); IR(KBr) 3410, 2940, 1710, 1640, 1480
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ey "H-NMR(DMSO-d), 8 :1.42(t, 6H), 3.35-3.77(m,
24H), 4.58(two q, 4H), 7.18(two d, 2H), 7.88(two d, 2H),
8.92(two s, 2ZH)

N.N'-Tetramethylene-bis[1-ethyl-6-fluoro-1,4-dihydro-4-
0x0-7-(4-glycyl-1-piperazinyl)quinoline-3-carboxylic acid]
@

Yield : 29% ; mp: 192-193C ;

R=0.19(CHCl, :MeOH:Toluene:Diethylamine:H,0=5:5:
2.5:1.9:1); IR(KBr) 3420, 2970, 1725, 1630, 1475cm’
M- NMR  (DMSO-dg), 8 :1.40¢, 6H), 3.41-3.78(m,
28H), 4.50 (two q, 4H), 7.15(two d, 2H), 7.80(two d,
2H), 8.90(two s, 2H)

N,N'-Hexamethylene-bis[1-ethyl-6-fluoro-1,4-dihydro-4-
ox0-7-(4-glycyl-1-piperazinyl)quinoline-3-carboxylic acid] (5)

Yield : 22% ; mp: 236-238TC ;

R=0.13(CHCl;:MeOH:Toluene:Diethylamine:H,0=5:5:2.
5:1.9:1); IR(KBr) 3420, 2960, 1730, 1620, 1480 cm;
"H-NMR(DMSO0-dg), 6 :1.45(t, 6H), 3.28-3.79(m, 32H), 4.60
(two q, 4H), 7.20(two d, ZH), 7.90(two d, 2H), 8.95
(two s, 2H)

N,N'-Octamethylene-bis[1-ethyl-6-fluoro-1,4-dihydro-4-
oxo-7-(4-glycyl-1-piperazinyl)quinoline-3-carboxylic acid] (6)

Yield : 43% ; mp: 216-217C ;

R=0.17(CHCl;:MeOH:Toluene:Diethylamine:H,0=5:5:2.5
: 1.9:1); IR(KBr) 3440, 2950, 1720, 1650, 1490 cm;
'H-NMR(DMSO-dy), & :1.45(t, 6H), 3.33-3.82(m, 36H),
4.60(two q, 4H), 7.20(two d, 2H), 790(two d, ZH),
8.95(two s, 2H)
1-2-1-2 Bivalent ligand pivaloyloxymethyl quinolone
car-boxylates (7-11)2| &M

Pivaloyloxymethyl N N'-gimethylene-bis[1-ethyl-6-fluoro-
1,4-dihydro-4-oxo-7-(4-glycyl-1-piperazinyl)quinoline-3-
carboxy-late] (8)%] A

#3FE-(3) 1.56 g(2 mmole)& DMF (50 ml)l 7F& &
F;skal, K,C042.76 ) B KI(0.66 gre 718k 50-55°C
oAl 2417} Fot WhEAFIet. Pivaloyloxymethyl chloride
0.9 g(6 mmole)> acetone 5mlel] Es)A]7] S-S whgl
ol 7}8te] 80-90 °CellA] 3-4A7t ek, whee-g ziet
23 F 20% NH,CH-) (300 ml)o] dehsle] F1 o
I3k, DMES} MeOH?] E3-4-2 A 2R s}e] w|gpe]
AR EES 29

Yield : 0.86 g(42%) ; mp: 186-188 °C :

R=0.54(CHCl;:MeOH:Toluene:Diethylamine:H,0=5:5:2.5
:1.9:1); IR(KBr) 3420, 2970, 1730. 1630. 1480 cm™:
'H-NMR(DMSO-dg), 6 : 1.20(s, 18H). 140t 6H). 3.21-
3.79(m, 24H), 4.50(two q, 4H), 5.85(s. 4. 7.10 (wo

d, 2H), 7.80(two d, 2H), 8.80(two s, 2H)

Anal, Caled for Cs5HgF,NoOy,y
C59.94, H6.46, N10.97

Found C59.84, H6.32, N11.07

ole} TUE WHoE T (2), @), (8). (6% Y=
2 slod EIME(7), (9), (10), (1) A s

Pivaloyloxymethyl N,N'-dimethylene-bis[1-ethyl-6-fluoro-
14-dihydro-4-ox0-7-(4-glycyl-1-piperazinyl)quinoline-3-
carboxylate] (7)

Yield: 45% ; mp: 201-202TC;

R=0.68(CHCly:MeOH:Toluene:Diethylamine:H,0=5:5:2.
5:1.9:1); IR(KBr) 3400, 2950, 1720, 1620, 1475cm™;
'H-NMR(DMSO-dq), 8 : 1.20(s, 18H), 1.40(t, 6H), 3.21-
3.79(m, 26H), 4.50(two q, 4H), 5.85(s, 4H), 7.15(two
d, 2H), 7.80(two d, 2H), 8.80(two s, 2H)

Pivaloyloxymethyl N,N'-tetramethylene-bis[1-ethyl-6-fluoro-
1,4-dihydro-4-oxo-7-(4-glycyl-1-piperazinyl)quinoline-3-car-
boxylate] (9)

Yield: 47% ; mp: 181-183C;

R=0.60(CHCI];:MeOH:Toluene:Diethylamine:H,0=5:5:2.
5:1.9:1); IR(KBr) 3380, 2980, 1720, 1650, 1480 cm;
'H-NMR (DMSO-d,),8 :1.21(s, 18H), 1.45(t, 6H), 3.24-
3.81(m, 28H), 4.60(two q, 4H), 5.85(s, 4H), 7.20 (two
d, 2H), 7.90(two d, 2H), 8.95(two s, 2H)

Pivaloyloxymethyl N N'-hexamethylene-bis[ l-ethyl-6-fluoro-
1,4-dihydro-4-oxo0-7-(4-glycyl-1-piperazinyl)quinoline-3-car-
boxylate] (10)

Yield : 61%; mp : 203-205 °C;

R=0.73 (CHCly: MeOH:Toluene : Diethylamine : H,0=
5:5:2.5: 1.9:1); IR(KBr) 3400, 2950, 1730, 1650, 1475
em; "H-NMR(DMSO-dg), 8 :1.15(s, 18H), 1.45(1, 6H),
3.23-3.83(m, 32H), 4.60(two g, 4H), 5.85(s, 4H), 7.20
(two d, 2H), 7.90(two d, 2H), 8.95(two s, 2H)

Pivaloyloxymethyl N,N'-octamethylene-bis[1-ethyl-6-fluoro-
1,4-dihydro-4-oxo-7-(4-glycyl-1-piperazinyl)quinoline-3-car-
boxylate] (11)

Yield: 55% ; mp: 202-204TC ;

Rf=0.76(CHCIl;:MeOH:Toluene:Diethylamine:H,O
=5:5:2.5: 1.9:1); IR(KBr) 3400, 2950, 1730, 1620, 1480
ey 'H-NMR(DMSO-dg), 6 :1.20(s, 18H), 1.40(1, 6H),
3.31-3.85(m, 36H), 4.50(two q, 4H), 5.85(s, 4H), 7.20
(two d, 2H), 7.85(two d, 2H), 8.80(two s, 2H)

1-2-2 Monovalent ligand quinolones (12-19) 9| £}

1-2-2-1 Monovalent ligand quinolone carboxylic acids
(12-15)2] &4

1-Ethyl-6-fluoro- 1 4-dihydro-4-oxo-7-(4-N-methylglycyl-
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Table 1. Antimicrobial activities of synthesized compounds

Strains E. Coli S. aureus B. subtilis K. pneumoniae P vulgaris Ps. geruginosa
No. of compounds 7-PE-4 HCA-79110 74-51 JYA-78314 78615 8765-1P,
2 31.25 15.6 15.6 15.6 31.25 31.25
3 62.5 62.5 62.5 31.25 62.5 62.5
4 125 15.6 31.25 31.25 31.25 62.5
5 31.25 15.6 156 31.25 31.25 62.5
6 62.5 62.5 31.25 62.5 31.25 15.6
7 1.95 39 15.6 31.25 15.6 250
8 31.25 31.25 125 62.5 125 250
9 31.25 15.6 15.6 31.25 31.25 62.5
10 62.5 15.6 31.25 62.5 62.5 62.5
i1 15.6 125 156 125 62.5 31.25
12 31.25 15.6 31.25 39 31.25 31.25
13 15.6 7.8 1.95 15.6 1.95 31.25
14 31.25 15.6 7.8 15.6 15.6 15.6
15 31.25 39 39 31.25 7.8 31.25
16 31.25 31.25 15.6 15.6 15.6 125
17 31.25 0.98 3.9 31.25 15.6 125
18 31.25 62.5 15.6 31.25 62.5 62.5
19 62.5 62.5 125 62.5 31.25 250
NOR 39 0.018 0.49 0.25 39 0.49
NOR=Norfloxacin
1-piperazinyl) quinoline-3-carboxylic acid (12)%] Ad 1
(1) 3.96 g(10 mmoleyE DMF(100 myl| 7} & . ]
gk F, ALoA methylamine 1.55 g& 7}kl 2-34]7F ¥ Q A a o e
AT e BN A ¥ AN AAL U b ot
Fal oizkgt ¥, DMFY} MeOH?| E3-4u]2 AR5} " o ® R
orfloxacin 1

v o) AR Eig Aot

Yield : 0.98 g(25%) ; mp: 272-274C

R=0.51(CHCl;:MeOH:Toluene:Diethylamine:H,0=5:5:2.
5:1.9:1); IR(KBr) 3470, 2950, 1740, 1640, 1490, 1260
eml; TH-NMR(DMSO-d,),8 : 1.45(t, 3H), 3.35-3.72(m,
11H), 4.15(s, 2H), 4.65(q, 2H), 7.25(d, 1H), 7.90(d,
1H), 8.95(s, 1H)

Anal, Caled for CoH,;FN,O,

C58.46, H5.90, N14.36

Found C58.42, H5.94, N14.47

o]¢} FY3I HPHL = dimethylamine, ethylamine &
diethylamineS AM23le] 33E (13-15y2 A8k

1-Ethyl-6-fluoro-1,4-dihydro-4-0x0-7-(4-N,N'-dimethyl-
glycyl-1-piperazinyl) quinoline-3-carboxylic acid (13)

Yield: 27% ; mp: > 300C ;

R=0.68(CHCl;:MeOH:Toluene:Diethylamine:H,0=5:5:2.
5:1.9:1); IR(KBr) 3440, 2950, 1710, 1635, 1480 cm;
'H-NMR(DMSO-d,),& : 1.45(t, 3H), 3.30-3.76(m, 14H),
4.15(s, 2H), 4.60(g, 2H), 7.25(d, 1H), 8.00(d, 1H), 9.00
(s, 1H)
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Scheme 1. Synthesis of bivalent ligand quinolone carboxylates
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razinyl) quinoline-3-carboxylic acid (14)

Yield : 37% ; mp: 293-295C ;

R=0.65(CHCl;:MeOH;Toluene:Diethylamine:H,0=>5:5:2.
5:1.9:1); IR(KBr) 3430, 2980, 1710, 1640, 1480 cm™;
'TH-NMR(DMSO-d6),8 : 1.40-1.52(m, 6H), 3.35-3.75(m,
10H), 4.15(s, 2H), 4.60(g, 2H), 7.20(d, 1H), 7.90(d,
1H), 8.95 (s, 1H)

1-Ethyl-6-fluoro-1,4-dihydro-4-o0x0-7-(4-N,N'-
diethylglycyl-1-piperazinyl) quinoline-3-carboxylic acid (15)

Yield: 78% ; mp: 205-207C ;

R;=0.71(CHCl;:MeOH:Toluene:Diethylamine:H,0=5:5:2.
5:1.9:1); IR(KBr) 3400, 2960, 1720, 1630, 1475cm’’;
1H—NMR(DMSO-dé), 8 : 1.32-1.47(m, 9H), 3.32-3.79(m,
12H), 4.20(s, 2H), 4.60(q, 2H), 7.20(d, 1H), 7.90(d,
1H), 8.90 (s, 1H)

1-2-2-2. Monovalent ligand pivaloyloxymethyl quino-
Ione carboxylate (16-19) 2] EH4

Pivaloyloxymethyl 1-ethyl-6-fluoro-1,4-dihydro-4-0xo-7-
(4-N-methylglycyl-1-piperazinyl) quinoline-3-carboxylate (16)
o 4

FHEE(12) 2.34 g(6 mmoleyS DMF(50 ml)el]l 7Le 4
a5k, K,C04(3.3 g) ¥ KI(1.0 gy 7}3ted 50-60Ce]
A 2417F ot WHSAIFIT}. Pivaloyloxymethyl chloride
1.35 g(9 mmoleyS acetone 5mé o] 2471 248 whg-
Eqtelel] 7ste] 80-85CelA 3-44]7F anbate}. &
At 5% %, 20% NHCH (300 mle] dwhs)s
¥4 o33tsl, DMFe} MeOH®| 3-8+l 2 ) dA 5}
n)&le] AR BEE A

o] fe) lll
= (\NJK/C‘ & (\N,LK,N\R
N NS R N N
Hom o |
¥ F
o o o 0
1 12 - 15

R=-CH, R"R=H 12
R =CH, R =CH, 13
R=GH, R =H 14
R=CH,. R =CH 15

KI 6 o
16 =19
R=CH, R =H 16
R =CH, R =CH, 17
R-CH, R =H 18

R=CH, R =CH 19
Scheme 2. Synthesis of monovalent ligand quinolone car-
boxylates

Yield: 1.20 g40%); mp: 175-176C;

R=0.78(CHCl;:MeOH:Toluene:Diethylamine:H,0=>5:5:2.
5:1.9:1); IR(KBr) 3400, 2980, 1720, 1620, 1475 cm’
'H-NMR(DMSO-dg), & : 1.21(s, 9H), 1.40(t, 3H), 3.25-
3.70(m, 11H), 4.50(g, 2H), 5.95(s, 2H), 7.15(d, 1H),
7.80(d, 1H), 8.80 (s, 1H)

Anal, Caled for C,gH3FN,O;

(C59.52, H6.55, N11.11
Found C59.63, H6.23, N11.47

olal FUL WhELE IE (13), (14), (15)& ==
sted #327), 18), (1978 T3t

Pivaloyloxymethyl 1-ethyl-6-fluoro-1,4-dihydro-4-oxo-7-
(4-N,N'-dimethylglycyl-1-piperazinyl)quinoline-3-
carboxylate (17)

Yield : 52% ; mp: 280-283TC;

R=0.90(CHCl;:MeOH:Toluene:Diethylamine:H,0=5:5:2.
5:1.9:1); IR(KBr) 3380, 2980, 1730, 1640, 1480cm™; 'H-
NMR(MDMSO-de), 6 : 1.15(s, 9H), 1.40(t, 3H), 3.30-3.76
(m, 16H), 4.45(q, 2H), 5.98(s, 2H), 7.10(d, 1H), 7.80(d,
1H), 8.70 (s, 1H)

Pivaloyloxymethyl 1-ethyl-6-fluoro-1,4-dihydro-4-oxo-7-
(4-N-ethylglycyl-1-piperazinyl) quinoline-3-carboxylate (18)

Yield : 45% ; mp: 198-201C;

R=0.89(CHCl;:MeOH:Toluene:Diethylamine:H,0=5:5:2.
5:1.9:1); IR(KBr) 3420, 2990, 1720, 1650, 1490cm’! :
'H-NMR (DMSO-dg),8 : 1.15(s, 9H), 1.38-1.51(m, 6H),
3.31-3.74 (m, 10H), 4.45(q, 2H), 6.01(s, 2H), 7.10(d,
1H), 7.80(d, 1H), 8.75(s, 1H)

Pivaloyloxymethyl 1-ethyl-6-fluoro-1,4-dihydro-4-oxo-7-
(4-N,N'-diethylglycyl-1-piperazinyl) quinoline-3-carboxylate
(19) '

Yield : 66% ; mp: 193-195C ;

R=0.86(CHCl;:MeOH:Toluene:Diethylamine:H,0=5:5:2.
5:1.9:1); IR(KBr) 3410, 2995, 1710, 1640, 1480 cm™;
'H-NMR(DMSO-dg), & : 1.20(s, 9H), 1.30-1.49(m, 9H),
3.27-376(m, 14H), 445(q, 2H), 598(s, 2H), 7.15(d,
1H), 7.85(d, 1H), 8.70(s, 1H)
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