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Abstract—Various antibacterial fluoroquinolone compounds are synthesized by the direct amination of 7-halo-
6-fluoroquinolone-3-carboxylic acids with a variety of piperazine derivatives and (4aR,7aR)-octahydro-1H-
pyrrolo[3,4-b]pyridine using microwave under different reaction conditions. Solvent free high yield microwave 
synthesis of antibacterial fluoroquinolone compounds is convenient, rapid and environmentally friendly 
method. 
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1 The text was submitted by the authors in English.   

INTRODUCTION 

Fluoroquinolones compose the class of synthetic 
antibacterial agents widely used for treatment of 
infectious diseases [1, 2]. These compounds exhibit 
high activity against gram-negative and comparatively 
moderate activity against gram-positive bacteria. 
Mechanism of their action is based on inhibition of an 
enzyme essential for bacterial DNA replication called 
DNA gyrase [3]. Some fluoroquinolones demonstrate 
anticancer and anti-HIV activities [4–6]. 

Unfortunately fluoroquinolones exhibited some 
characteristic side effects. Therefore structure modifica
-tion of the fluoroquinolone skeleton became an 
objective of synthesis of their new efficient derivatives 
for prevention of hospital-acquired infections induced 
by fluroquinolone-resistant pathogens [7–9] and other 
sides of biological activity [10–13].  

Herein we present a facile and high yield synthesis 
of fluoroquinolone antibacterials by two‐component 
condensation of a variety amines and some 7-halo-6-fluoro-
quinolone-3-carboxylic acids under microwave irradiation. 

RESULTS AND DISCUSSION 

Fluoroquinolones were prepared by the direct 
amination of 7-halo-6-fluoroquinolone-3-carboxylic acids 
1a–1d with (4aR,7aR)-octahydro-1H-pyrrolo[3,4-b]-

pyridine and piperazine derivatives 2a–2d under 
heating in an oil bath or microwave irradiation 
(Scheme 1). Synthesis of enrofloxacin 3c by the two-
component reaction of the acid 1a (1 mmol) and                    
N-ethyl piperazine 2c (1.5 mmol) was selected as a 
model process for optimization of the reaction 
conditions (Tables 1 and 2). On the basis of 
accumulated data microwave irradiation under solvent-
free condition demonstrated the highest efficiency.  

According to the above data reactions of 1a–1d 
with a range of amines 2a–2d under the optimized 
conditions were carried out. Condensation of 1a–1d 
and 2a–2d gave the products 3 in high yields over 
relatively short reaction time under microwave 
irradiation. Purity of all products was higher than 93% 
(HPLC). Melting points of the products 3 were close to 
those reported earlier [14–21] and their structures were 
confirmed by FT-IR, 1H and 13C NMR spectra. 

EXPERIMENTAL 

All analytical grade chemicals were obtained from 
Sigma-Aldrich and used without further purification. 
Melting points were determined on a Stuart SMP3 
melting point apparatus. FT-IR spectra were recorded 
for KBr disks on a Tensor 27 Bruker spectrophoto-
meter. 1H NMR spectra were measured on a Bruker 
300 spectrometers (DMSO-d6). Microwave irradiation 
was carried out in a MicroSYNTH, Milestone srl 
reactor, 800 W. 

DOI: 10.1134/S1070363216120525 



RUSSIAN  JOURNAL  OF  GENERAL  CHEMISTRY   Vol.  86   No.  12   2016 

MIRZAIE et al. 2866 

Typical experimental procedure. A mixture of 6-
chloro-4-cyclopropyl-7-fluoro-1-oxo-1,4-dihydronaph-
thalene-2-carboxylic acid 1a (1 g, 3.5 mmol) with N-
ethylpiperazine 2c (0.6 g, 5.25mmol) was loaded in a 
small flask fitted with a micro condenser, placed in the 
microwave reactor and irradiated for 25 min at 150°C 
under solvent free conditions. The reaction progress 
was monitored by TLC. Upon completion of the 
process, addition of hot absolute ethanol (10 mL) to 
the reaction mixture was followed by filtration. The 
filtrate was concentrated and stored at room tempera-
ture for precipitation. The solid was filtered off and 
recrystallized from absolute ethanol to give compound 
3c.  

1-Cyclopropyl-6-fluoro-4-oxo-7-(piperazin-1-yl)-
1,4-dihydroquinoline-3-carboxylic acid (3a). Yield 
90%, mp 256–258°C (255–257°C [15]). FT-IR spec-
trum, ν, cm–1: 3533, 3335, 3033, 2912, 1705, 1623, 
1494, 1447, 1383, 1271, 1144, 1024, 804. 1H NMR 
spectrum, δ, ppm: 1.15–1.20 m (2H, CH2), 1.30–1.35 
m (2H, CH2), 2.90 t (J = 6.0 Hz, 4H, 2CH2), 3.22 t (J = 
6.0 Hz, 4H, 2CH2), 3.75–3.85 m (1H, CH), 7.47 d (J = 
9.0 Hz, 1H, C8H), 7.75 d (J = 15.0 Hz, 1H, C5H), 8.58 
s (1H, C2H). 13C NMR spectrum, δ, ppm: 7.9, 36.2, 
45.8, 51.1, 106.9, 107.1, 111.4, 118.7, 139.6, 146.1, 
148.2, 154.0, 165.6, 176.6. 

1-Cyclopropyl-6-fluoro-7-(4-methylpiperazin-1-
yl)-4-oxo-1,4-dihydroquinoline-3-carboxylic acid 

O

1: X = Cl, R1 = cyclopropyl, R2 = H (a), X = F,  R1 = cyclopropyl, R2 = OCH3 (b), X = F,  R1 = R2= CH(CH3)CH2O (c),

X = F,  R1 = R 2= (d).
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Scheme 1. Microwave-assisted synthesis of antibacterial fluoroquinolones. 
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(3b). Yield 89%, mp 247–249°C (248–250°C [14]). 
FT-IR spectrum, ν, cm–1: 3428, 3093, 2935, 1729, 
1626, 1507, 1469, 1378, 1299, 1142, 1007, 885. 1H 
NMR spectrum, δ, ppm: 1.17 s (2H, CH2), 1.32 d (J = 
9.0 Hz, 2H, CH2), 2.23 s (3H, NCH3), 2.20–2.35 m 
(4H, 2CH2), 3.00–3.10 m (4H, 2CH2), 3.75–3.85 m 
(1H, CH), 7.47 d (J = 6.0 Hz, 1H, C8H), 7.75 d (J = 
12.0 Hz, 1H, C5H), 8.62 s (1H, C2H). 13C NMR spec-
trum, δ, ppm: 8.0, 31.2, 36.3, 45.9, 49.4, 106.0, 107.1, 
111.0, 118.0, 139.6, 146.1, 148.3, 151.0, 166.3, 176.7. 

1-Cyclopropyl-7-(4-ethylpiperazin-1-yl)-6-fluoro-
4-oxo-1,4-dihydroquinoline-3-carboxylic acid (3c). 
Yield 93%, mp 214–217°C (219–221°C [14]). FT-IR 
spectrum, ν, cm–1: 3533, 3335, 3033, 2912, 1738, 
1627, 1470, 1381, 1337, 1254, 1154, 1022, 803. 1H 

NMR spectrum, δ, ppm: 1.05 t (J = 7.0 Hz, 3H, CH3), 
1.10–1.35 m (4H, 2CH2), 2.42 q (J = 6.0 Hz, 2H, 
NCH2), 2.50–2.60 m (8H, 4CH2, overlapped with 
solvent), 3.75–3.85 m (1H, CH), 7.55 d (J = 6.0 Hz, 
1H, C8H), 7.88 d (J = 15.0 Hz, 1H, C5H), 8.65 s (1H, 
C2H), 15.23 br.s (1H, COOH). 13C NMR spectrum, δ, 
ppm: 8.0, 12.4, 36.2, 40.7, 49.8–52.4, 106.5, 107.1, 
111.3, 118.8, 139.5, 145.5, 148.1, 155.0, 166.3, 176.5. 

1-Cyclopropyl-6-fluoro-7-{hexahydro-1H-pyrrolo-
[3,4-b]pyridin-6(2H)-yl}-4-oxo-1,4 dihydroquinoline-
3-carboxylic acid (3d). Yield 84%, mp 257–259°C 
(256–258°C [16]). FT-IR spectrum, ν, cm–1: 3504, 
3308, 3076, 2938, 1719, 1629, 1549, 1509, 1412, 
1336, 1180, 1108, 888. 1H NMR spectrum, δ, ppm: 
1.10–1.35, 1.55–1.70, 2.50–2.60, 3.30, 3.33–3.55,                  
3.63–3.75, 6.91, 7.65, 8.49. 

1-Cyclopropyl-6-fluoro-7-{hexahydro-1H-pyrrolo-
[3,4-b]pyridin-6(2H)-yl}-8-methoxy-4-oxo-1,4-dihydro-
quinoline-3-carboxylic acid (3e). Yield 83%, mp 240–
243°C (238–242°C [20]). FT-IR spectrum, ν, cm–1: 
3529, 3470, 3033, 2929, 1708, 1624, 1517, 1457, 1353, 
1324, 1186, 1047, 805. 1H NMR spectrum, δ, ppm: 0.81–
1.25 m (4H, 2CH2), 1.63–1.85 m (4H, 2CH2), 2.60–
2.70 m (2H, CH2), 3.10–3.20 m (1H, CH), 3.37 s (3H, 
OCH3), 3.60–3.65 m (1H, CH), 3.70–3.80 m (1H, CH), 
3.82 –3.97 m (2H, CH2), 4.04–4.19 m (2H, CH2), 7.63 
d.d (J = 12.0, 3.0 Hz, 1H, C5H), 8.64 s (1H, C2H), 
15.15 br.s (COOH). 13C NMR spectrum, δ, ppm: 8.8, 
17.2, 20.9, 34.6, 39.1, 41.1, 41.8, 54.4, 62.3, 106.8, 
117.6, 134.9, 137.1, 140.6, 150.8, 151.7, 154.0, 166.3, 
176.4. 

9-Fluoro-3-methyl-7-oxo-10-(piperazin-1-yl)-3,7-
dihydro-2H-[1,4]oxazino[2,3,4-ij]quinoline-6-carbo-
xylic acid (3f). Yield 91%, mp 263–265°C (257–260°C 

Solvent T, °C Time, h Yield, % 

Methanol 30 12 68 

Methanol 45 12 73 

Methanol 55 11 74 

Methanol Reflux 10 81 

Ethanol 30 11 76 

Ethanol 50 10 85 

Ethanol 60 10 85 

Ethanol Reflux 10 88 

Butanol 50 9 73 

Butanol 75 8 81 

Butanol 90 8 89 

Butanol Reflux 6 90 

Water 40 10 73 

Water 55 10 75 

Water 70 10 80 

Water Reflux 9 85 

DMSO 50 7 73 

DMSO 80 7 82 

DMSO 120 6 85 

DMSO Reflux 5 91 

Solvent free 80 6 26 

Solvent free 120 5 43 

Solvent free 150 5 63 

Table 1. Optimization of synthesis of enrofloxacin 3c under 
conventional heating  

Solvent Time, min Isolated yield, % 

Methanol 35 84 

Ethanol 35 87 

Butanol 25 88 

CH2Cl2 40 77 

CHCl3 37 82 

DMSO 25 89 

Water 40 85 

Solvent free 25 93 

Table 2. Solvents effect under microwave irradiation in 
synthesis of enrofloxacin 3c  
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[19]). FT-IR spectrum, ν, cm–1: 3255, 3092, 2968, 
1723, 1573, 1454, 1392, 1254, 1023, 1011, 805. 1H 
NMR spectrum, δ, ppm: 1.44 d (J = 6.0 Hz, 3H, CH3), 
2.80–2.85 m (4H, 2CH2), 3.18–3.25 m (4H, 2CH2, 
overlapped with solvent), 4.37 d (J = 12.0 Hz, 1H, 
CH2, diastereotopic proton), 4.58 d (J = 12.0 Hz, 1H, 
CH2, diastereotopic proton), 4.85–4.95 m (1H, CH), 
7.51 d.d (J = 12.0, 6.0 Hz, 1H, C5H), 8.91 s (1H, C2H). 
13C NMR spectrum, δ, ppm: 18.4, 46.6, 52.0, 55.2, 
68.4, 103.6, 107.1, 120.0, 125.2, 132.3, 140.5, 146.5, 
154.0, 166.5, 176.7. 

9-Fluoro-3-methyl-10-(4-methylpiperazin-1-yl)-7-
oxo-3,7-dihydro-2H-[1,4]oxazino[2,3,4-ij]quinoline-
6-carboxylic acid (3g). Yield 83%, mp 248–252°C 
(250–257°C [19]). FT-IR spectrum, ν, cm–1: 3419, 
3335, 3043, 2968, 1714, 1622, 1523, 1469, 1371, 
1255, 1146, 1056, 804. 1H NMR spectrum, δ, ppm: 
1.44 d (J = 9.0 Hz, 3H, CH3), 2.22 s (3H, NCH3), 2.35–
2.50 m (4H, 2CH2), 3.20–3.40 m (4H, 2CH2), 4.35 d.d 
(J = 12.0, 3.0 Hz, 1H, CH2, diastereotopic proton), 4.59 
d.d (J = 12.0, 3.0, 1H, CH2, diastereotopic proton), 4.85–
4.98 m (1H, CH), 7.52 d (J = 12.0 Hz, 1H, C5H), 8.95 
s (1H, C2H), 15.17 br.s (1H, COOH). 13C NMR 
spectrum, δ, ppm: 18.4, 46.5, 50.5, 55.2, 55.7, 68.4, 
103.5, 107.0, 119.8, 125.2, 132.5, 140.5, 146.5, 154.2, 
166.5, 176.7. 

(S)-9-Fluoro-3-methyl-7-oxo-10-(piperazin-1-yl)-
3,7dihydro-2H-[1,4]oxazino[2,3,4-ij]quinoline-6-
carboxylic acid (3h). Yield 87%, mp 257–260°C (263–
265°C [21]). FT-IR spectrum, ν, cm–1: 3255, 3092, 
2968, 1723, 1573, 1454, 1392, 1254, 1023, 1011, 805. 
1H NMR spectrum, δ, ppm: 1.45 d (J = 6.0 Hz, 3H, 
CH3), 2.75–2.85 m (4H, 2CH2), 3.15–3.25 m (4H, 
2CH2, overlapped with solvent), 4.30–4.40 m (1H, 
CH2, diastereotopic proton), 4.52–4.62 m (1H, CH2, 

diastereotopic proton), 4.85–4.95 m (1H, CH), 7.51 d 
(J = 12.0 Hz, 1H, C5H), 8.92 s (1H, C2H). 13C NMR 
spectrum, δ, ppm: 18.4, 45.8, 51.0, 55.2, 68.5, 103.6, 
107.2, 120.2, 125.2, 132.3, 140.5, 146.5, 154.2, 166.5, 
176.7. 

(S)-9-Fluoro-3-methyl-10-(4-methylpiperazin-1-
yl)-7-oxo-3,7-dihydro-2H-[1,4]oxazino[2,3,4-ij]quino-
line-6-carboxylic acid (3i). Yield 89%, mp 223–225°C 
(225–226°C [17]). FT-IR spectrum, ν, cm–1: 3251, 
3079, 2973, 1721, 1539, 1517, 1439, 1394, 1289, 1087, 
1004, 801. 1H NMR spectrum, δ, ppm: 1.44 d (J =                
6.0 Hz, 3H, CH3), 2.22 s (3H, NCH3), 2.35–2.50 m 
(4H, 2CH2), 3.20–3.30 m (4H, 2CH2), 4.36 d.d (J = 
12.0, 3.0 Hz, 1H, CH2, diastereotopic proton), 4.59 d.d 

(J = 12.0, 3.0 Hz, 1H, CH2, diastereotopic proton), 4.85–
4.95 m (1H, CH), 7.48 d (J = 12.0 Hz, 1H, C5H), 8.94 
s (1H, C2H), 15.15 br.s (1H, COOH). 13C NMR spec-
trum, δ, ppm: 18.4, 46.5, 50.5, 55.2, 55.7, 68.4, 103.8, 
107, 120, 125.2, 132.3, 140.4, 146.5, 154.2, 166.5, 176.7. 

(S)-10-(4-Ethylpiperazin-1-yl)-9-fluoro-3-methyl-
7-oxo-3,7-dihydro-2H-[1,4]oxazino[2,3,4-ij]quino-
line-6-carboxylic acid (3j). Yield 91%, mp 225–228°C 
(229–230°C [18]). FT-IR spectrum, ν, cm–1: 3432, 
3042, 2975, 1714, 1623, 1529, 1478, 1306, 1243, 
1200, 1010, 743. 1H NMR spectrum, δ, ppm: 1.05 t                   
(J = 6.0 Hz, 3H, CH3), 1.45 d (J = 9.0 Hz, 3H, CH3), 
2.35–2.40 m (2H, CH2, overlapped with solvent), 2.40–
2.60 m (4H, 2CH2), 3.15–3.20 m (4H, 2CH2), 4.37 d      
(J = 12.0 Hz, 1H, CH2, diastereotopic proton), 4.57 d       
(J = 9.0 Hz, 1H, CH2, diastereotopic proton), 4.91 d 
(1H, J = 6.0 Hz, CH), 7.56 d (J = 12.0 Hz, 1H, C5H), 
8.94 s (1H, C2H). 13C NMR spectrum, δ, ppm: 12.2, 
18.4, 46.5, 50.5, 53.4, 55.3, 68.5, 103.0, 107.0, 125.2, 
126.8, 132.3, 140.0, 146.7, 154.0, 166.5, 176.6. 

 (3S)-9-Fluoro-10-{hexahydro-1H-pyrrolo[3,4-b]-
pyridin-6(2H)-yl}-3-methyl-7-oxo-3,7-dihydro-2H-
[1,4]oxazino[2,3,4-ij]quinoline-6-carboxylic acid 
(3k). Yield 89%, mp 264–268°C (265–268°C [16]). 
FT-IR spectrum, ν, cm–1: 3319, 3044, 2932, 1719, 
1622, 1527, 1472, 1357, 1191, 1087, 1045, 862. 1H 
NMR spectrum, δ, ppm: 1.30–1.70 m (4H, 2CH2), 1.45 
d (J = 6.0 Hz, 3H, CH3), 2.10–2.20 m (1H, CH), 2.80–
2.90 m (1H, CH), 3.15–3.40 m (4H, 2CH2), 4.00–4.15 
m (2H, CH2), 4.23 d (J = 12.0 Hz, 1H, CH2, dia-
stereotopic proton), 4.59 d (J = 12.0 Hz, 1H, CH2, 

diastereotopic proton), 4.80–4.92 m (1H, CH), 7.47 d 
(J = 15 Hz, 1H, C5H), 8.85 s (1H, C2H). 

CONCLUSIONS 

A facile high yield synthesis of fluoroquinolone 
antibacterial agents by direct amination of 7-halo-6-
fluoroquinolone-3-carboxylic acids with amines under 
microwave irradiation is developed. Presence of a 
solvent is essential for oil bath heating but under 
microwave irradiation it shows the adverse effect.  

ACKNOWLEDGMENTS 

We acknowledge the financial support from 
Payame noor University of Mashhad, and TEMAD 
Pharmaceutical Ingredients Company in Iran for their 
support. 



CONVENTIONAL AND MICROWAVE-ASSISTED SYNTHESIS  

RUSSIAN  JOURNAL  OF  GENERAL  CHEMISTRY   Vol.  86   No.  12   2016 

2869 

REFERENCES 

 1. Fernandes, P.B., Shipkowitz, N., Bower, R.R., Jarvis, K.P., 
 Weisz, J., and Chu, D.T., J. Antimicrob. Chemother., 
 1986, vol. 18, no. 6, p. 693. doi 10.1093/jac/18.6.693  
 2.  Stein, G.E. and Goldstein, E.J., Clin. Infect. Dis., 2006, 
 vol. 42, no. 11, p. 1598. doi 10.1086/503907  
 3.  Llorente, B., Leclerc, F., and Cedergren, R., Bioorg. 
 Med. Chem., 1996, vol. 4, no. 1, p. 61. doi 10.1016/ 
 0968-0896(96)83749-7  
 4.  Wentland, M.P., Lesher, G.Y., Reuman, M., Gruett, M.D., 
 Singh, B., Aldous, S.C., Dorff, P.H., Rake, J.B., and 
 Coughlin, S.A., J. Med. Chem., 1993, vol. 36, no. 19,     
 p. 2801. doi 10.1021/jm00071a010  
 5.  Elsea, S.H., Osheroff, N., and Nitiss, J.L., J. Biol. 
 Chem., 1992, vol. 267, no. 19, p. 13150. 
 6.  Oh, Y.S., Lee, C.W., Chung, Y.H., Yoon, S.J., and  
 Cho, S.H., J. Heterocycl. Chem., 1998, vol. 35, no. 3,     
 p. 541. doi 10.1002/jhet.5570350309  
 7.  Karlowsky, J.A., Adam, H.J., Desjardins, M., Lagacé-
 Wiens, P.R., Hoban, D.J., Zhanel, G.G., Baxter, M.R., 
 Nichol, K.A., Walkty, A., and Alliance, C.A.R.,                   
 J. Antimicrob. Chemother., 2013, vol. 68, no. suppl 1,     
 p. i39. doi 10.1093/jac/dkt025  
 8.  Gootz, T.D. and Brighty, K.E., Med. Res. Rev., 1996, 
 vol. 16, no. 5, p. 433. doi 10.1002/(SICI)1098-1128
 (199609)16:5<433::AID-MED3>3.0.CO;2-W  
 9.  Aubry, A., Pan, X.-S., Fisher, L.M., Jarlier, V., and 
 Cambau, E., Antimicrob. Agents Chemother., 2004,     
 vol. 48, no. 4, p. 1281. doi 10.1128/AAC.48.4.1281-1288.2004  
10.  Mitscher, L.A., Chem. Rev., 2005, vol. 105, no. 2,          
 p. 559. doi 10.1021/cr030101q  

11.  Sriram, D., Aubry, A., Yogeeswari, P., and Fisher, L., 
 Bioorg. Med. Chem. Lett., 2006, vol. 16, no. 11,                   
 p. 2982. doi 10.1016/j.bmcl.2006.02.065  

12.  Dubar, F., Anquetin, G., Pradines, B., Dive, D., Khalife, J., 
 and Biot, C., J. Med. Chem., 2009, vol. 52, no. 24,               
 p. 7954. doi 10.1021/jm901357n  

13.  Shindikar, A.V. and Viswanathan, C., Bioorg. Med. 
 Chem. Lett., 2005, vol. 15, no. 7, p. 1803. doi 10.1016/
 j.bmcl.2005.02.037  

14.  Grohe, K. and Heitzer, H., Liebigs Annalen der Chemie, 
 1987, vol. 1987, no. 1, p. 29. doi 10.1002/
 jlac.198719870106  

15.  Petersen, U., Grohe, K., and Kuck, K.H., U.S. Patent  
 4563459, 1986. 

16.  Petersen, U., Schrock, W., Habich, D., Krebs, A., 
 Schenke, T., Philipps, T., Grohe, K., Endermann, R., 
 Bremm, K.-D., and Metzger, K.-G., U.S. Patent 
 5480879, 1996. 

17.  Van, Z.W.J., Marx, A.F., Koger, H.S., and Booy, J., 
 European Patent 0368410, 1990. 

18.  Hayakawa, I., Atarashi, S., Imamura, M., Yokohama, S., 
 Higashihashi, N., Sakano, K., and Ohshima, M., U.S. 
 Patent 4985557, 1991. 

19.  Hayakawa, I., Hiramitsu, T., and Tanaka, Y., Chem. 
 Pharm. Bull., 1984, vol. 32, no. 12, p. 4907. doi 
 10.1248/cpb.32.4907  

20.  Tuberculosis, 2008, vol. 88, no. 2, p. 127. doi 10.1016/
 S1472-9792(08)70016-7 . 

21.  Guruswamy, B. and Arul, R., Lett. Drug Design & 
 Discovery, 2013, vol. 10, no. 1, p. 86. doi 10.2174/ 
 157018013804142492  


		2017-03-07T11:43:54+0300
	Preflight Ticket Signature




