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Herein we report the synthesis of different derivatives of (fluoro)quinolones norfloxacin, ciprof-

loxacin and pipemidic acid, by incorporating (benzoylamino)methyl on the free nitrogen of the pyperazi-

nyl moiety. The compounds were structurally characterized by 1D and 2D NMR, FTIR and high-

resolution mass spectroscopy. In addition, their physicochemical properties were a matter of interest to be 

correlated with their structure and antimicrobial activity in vitro. Their antimicrobial activities were 

screened against Gram-positive, Gram-negative bacteria and C. albicans. Higher distribution coefficients 

and consequently lower water solubility were determined for all synthesized compounds than the ones of the 

corresponding leading compounds. Inconsequential correlations between the lipophilicity of the compounds 

and MIC were observed, suggesting that passive diffusion is not the only mechanism for their penetration in-

to bacterial cells. Further studies are needed to determine how substitutions in the (fluoro)quinolone moiety 

affect the primary target(s), substrate behavior in respect to bacterial transporters and overall bioavailability. 

 

Keywords: (benzoylamino)methyl; quinolones; structure; physicochemical properties;  

antimicrobial activity   
 

 
СИНТЕЗА, ФИЗИЧКОХЕМИСКА КАРАКТЕРИЗАЦИЈА И АНТИБАКТЕРИСКА АКТИВНОСТ  

НА НОВИ (БЕНЗОИЛАМИНО)МЕТИЛНИ ДЕРИВАТИ НА ХИНОЛОНИ 

 
Во трудот е прикажана синтеза на различни деривати на (флуоро)хинолони со 

инкорпорирање на (бензоиламино)метилна група на слободниот азот од пиперазинскиот фрагмент 
кај норфлоксацинот, ципрофлоксацинот и пипемидинската киселина како водечки соединенија. 
Синтетизираните соединенија беа структурно карактеризирани со помош на 1D и 2D NMR, FTIR и 
масена спектрометрија со висока резолуција. Дополнително беа определени физичкохемиските 
особини на новосинтетизираните соединенија и корелирани со нивната структура и антимикро-
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бната активност in vitro. Антимикробната активност на новите соединенија беше испитувана на 
Gram-позитивни и Gram-негативни бактерии и на C. albicans. Сите новосинтетизирани соеди-
ненија покажаа повисок коефициент на распределба и соодветно пониска растворливост во вода 
во однос на водечките соединенија. Корелациите меѓу липофилноста на синтетизираните 
соединенија и минималната инхибиторна концентрација (MIC) не беа статистички значајни, што 
укажува на тоа дека пасивната дифузија не е единствениот механизам со кој тие  пенетрираат во 
бактериските клетки. Потребни се понатамошни истражувања за да се испита како супституциите 
во (флуоро)хинолонското јадро влијаат врз примарната цел(и), супстратното однесување во однос 
на бактериските транспортери и севкупната биорасположливост.  

 

Клучни зборови: (бензоиламино)метил; хинолони; структура; физичкохемиски својства; 

антимикробна активност 
 

 

1. INTRODUCTION 

 

Quinolones are synthetic antibiotics, repre-
senting a very fast growing group of antimicrobial 
agents. Since the discovery of the first one, 4-
quinolone (naphthyridine carboxylic acid), two 

major groups of quinolones have been developed: 
quinolones, identified by the presence of a nitrogen 
at position 8, and naphthyridines, with a carbon 
and associated group at position 8 of the basic 
structure [1]. Their antibacterial activity, originat-
ing from the combination of bacterial cell penetra-

tion and DNA gyrase inhibitory activity, depends 
not only on the bicyclic heteroaromatic system 
combining the 1,4-dihydro-4-pyridine-3-carboxylic 
acid moiety and an aromatic ring, but also on the 
nature of the peripheral substituents and their spa-
tial relationships. To date, over 10,000 quinolone 

molecules have been synthesized in attempts to 
provide many of the attributes of an ideal antibi-
otic: high potency, broad spectrum of activity, 
good bioavailability, convenient administration, 
high serum levels, large volume of distribution and 
potentially low-incidence of side effects.  

With the introduction of fluoro substituent at 

C-6 in the bicyclic heteroaromatic pharmacophore, 

fluoroquinolones were created, with increased 

activity against the enzyme target DNA gyrase and 

penetration into the bacterial cell. The SAR studies 

revealed that the fluorine atom and the 1-alkyl, 1,4-

dihydro-4-oxo-quinolone-3-carboxylic acid skele-

ton of fluoroquinolone are responsible for potency, 

represented in binding not only to DNA gyrase, but 

also to type-II-isomerase and topoisomerase IV 

[2]. The quinolones were further enhanced by the 

addition of corresponding groups to the N-1, C-5 

and C-7 positions of their respective basic mole-

cule. The addition of piperazine to C-7 position 

(e.g. norfloxacin (NOR), ciprofloxacin (CIPRO), 

pipemidic acid (PIPEM)) improved activity against 

Gram-negative microorganisms, suggesting that 

the piperazine ring may play a role in inhibiting 

efflux mechanisms [3]. In addition to piperazine at 

the C-7 position, a cyclopropyl group was intro-

duced to the N-1 position as in CIPRO, resulting in 

considerably more potent and broader antibacterial 

activity than earlier fluoroquinolones [4]. Several 

N-4 pyperazinyl derivatives of fluoroquinolones 

were also synthesized as broad spectrum antibacte-

rials, such as benzenesulfonamidefluoroquinolones 

[5]. In addition, N-4 piperazinylaralkyl [6] or 

cephalosporin fluoroquinolone [7] derivatives were 

introduced showing to be effective as potential 

antimicrobial agents. The synthesis of some N-

Mannich bases was also reported, revealing com-

pounds with better inhibitory activities against 

certain bacterial strains [8–10] and with anti-HIV 

and antifungal activity [11] in addition to antibac-

terial. N-Mannich bases are of particular interest in 

drug chemistry because of their potential to be 

used as prodrugs of NH-acidic drugs containing 

amide, imide, ureide and amine moieties [12–17]. 

With respect to the amines, N-Mannich bases are 

useful when an increase in their lipophilicity is 

required. Lipophilicity of the quinolone amines as 

an important factor in the quinolones intestinal 

absorption is considered responsible for the poor 

relationship between in vivo and in vitro activity of 

quinolones [18]. In these compounds, N-Mannich 

base formation could suppress the pKa, which 

means that an important proportion could remain 

unionized at physiological pH, resulting in im-

proved permeability and thus bioavailability.  

In this paper, the synthesis of novel deriva-

tives of leading (fluoro)quinolones NOR, CIPRO 

and PIPEM is presented. In addition to the structural 

characterization of these novel compounds, distribu-

tion behavior of these compounds between n-oc-

tanol and buffer solution (pH 7.4), solubility in wa-

ter and pH 7.4 and pK values were a matter of inter-

est to be correlated with their structure and antimi-

crobial activity in vitro against Gram-positive and 

Gram-negative bacteria and C. albicans. 
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2. EXPERIMENTAL 

 

2.1. Materials 
 

All of the chemicals and solvents used were 

purchased from commercial sources and were of the 

highest pure form. Melting points (uncorrected) 

were determined on a Mel-Temp II® in open glass 

capillaries. The compounds were structurally char-

acterized by different spectroscopic techniques: The 

1D (1H, 13C {1H}, DEPT) and 2D (COSY, HSQC, 

HMBC) NMR spectra were recorded on a Bruker 

Advance II+ 600 MHz BioSpin GmbH (Rheinstet-

ten, Germany) in DMSO-d6 as solvent and tetrame-

thylsilane as an internal standard. CDCl3 was added 

to 5d to increase solubility. Chemical shifts are ex-

pressed in δ ppm, the coupling constants J are ex-

pressed in hertz. Signals were abbreviated as s, sin-

glet; d, doublet; t, triplet; m, multiplet and bs, broad 

singlet. Infrared spectra (Atr) were measured on a 

Perkin-Elmer System 2000 FT-IR. High-resolution 

mass spectra were made on an FT-ICR BrukerDal-

tonics Apex II on ESI-MS High resolution mode 

and Q-TOF premier (MICROMASS) spectrometer 

(ESI mode). The reaction monitoring and assess-

ment of the purity of compounds were performed by 

TLC (Silica gel 60 F254 plates, Fluka, Sigma-

Aldrich ChemieGmbh Munich, Germany), where 

the spots were visualized by exposure to a UV lamp 

at λmax 254 nm. Yields are of purified products and 

were not optimized. NOR (1), CIPRO (2) and PI-

PEM (3) were purchased from Fluka (Sigma-

Aldrich ChemieGmbh Munich, Germany). [(Ben-

zoylamino) methyl]triethylammonium salts 4a-d 

were prepared as [(3-chlorobenzoylamino) methyl] 

triethylammonium chloride, as reported in Breznica-

Selmani et al. [19]. 
 

2.2. General procedure for synthesis of  

(benzoylamino)methyl derivatives of NOR (5a-e) 
 

To separated mixtures of 1 (1 equiv.) and 

4a-e (1.5 equiv) in 10 ml DMSO, triethylamine 

(TEA) was added and allowed to stir for 3 h at 35 

°C. Afterwards, water was added until a white 

precipitate occurred. The precipitate was collected 

by filtration under pressure, washed with water and 

dried at room temperature until obtaining white-

yellow crystals. The products were re-crystallized 

by dissolving in DMSO and precipitation with wa-

ter. For each product, the reactions were monitored 

with TLC (mobile phase CHCl3:MeOH, 3:1). Yields 

of purified products were from 82% to 96.4%. 

2.2.1. Synthesis of 1-ethyl-6-fluoro-7-{4[(benzo-

ylamino)methyl]piperazin-1-yl}-4-oxo-1,4-dihyd-

roquinoline-3-carboxylic acid (5a) 
 

Compound 5a was prepared using the above 

general procedure in 96% yield; Mp 190–192 ºC; 

Mw 452.48 g/mol; FT-IR-ATR: 3252.09 cm–1 and 

3045.29 cm–1 ν(N-H); 2951.51 cm–1 and 2848.08 

cm–1 v(С-H); 1616.62 cm–1 (Amide I); 1522.94 cm–1 

(Amide II). 1H NMR (600 MHz, DMSO-d6): δ 

1.38 (t, J = 7.5 Hz, 3H, CH3), 2.75 (m, 4H,H3'), 

3.31 (m, 4H, H2'), 4.23 (d, 2H, J = 7.0 Hz, CH2N), 

4.57 (q, 2H, J = 7.5 Hz, CH3CH2), 7.20 (d, 1H, 
4JH,F = 7.5 Hz, H8), 7.40 (m, 2H, ArH3, ArH5), 7.5 

(m, 1H, ArH4), 7.80 (d, 1H, 3JH,F = 13.5 Hz, H5), 

7.90 (m, 2H, ArH2, ArH6), 8.85 (t, 1H , J = 7.0 

Hz, NH), 8.91 (s, 1H, H2), 15.40 (br s, 1H, OH); 
13C NMR (125 MHz, DMSO-d6) : δ 14.5 (CH3), 

49.5 (2C3'), 49.51 (2C2'), 60.5 (CH2N), 106.0 (d, 
3JC,F = 3.0 Hz, C8), 107.4 (C3), 111.3 (d, 2JC,F = 

23.0 Hz, C5), 119.3 (d, 3JC,F = 9.5 Hz, C4a), 127.5 

(ArC2, ArC6), 128.5 (ArC3, ArC5), 131.6 (ArC4), 

134.3 (ArC1), 137.4 (C8a), 145.7 (d, 2JC,F = 10.0 

Hz, C7), 153.8 (d, 1JCF = 250.0 Hz, C6), 166.4 

(COOH), 167.4 (CONH), 176.2 (d, 4JC,F = 2.5 Hz, 

C4); Anal. Calc. for C24H25 FN4O4: C, 63.71; H, 

5.57; F, 4.20; N, 12.38; O, 14.14; HRMS (ESI, 

pos) (m/z): 453.1932 [M+H] +, 475.1752. [M+Na]+, 

C24H25 FN4O4. 

 

2.2.2. Synthesis of 1-ethyl-6-fluoro-7-{4-[(4-me-

thylbenzoylamino)methyl]piperazin-1-yl}-4-oxo-1,4-

dihydroquinoline-3-carboxylic acid (5b) 
 

Compound 5b was prepared using the above 

general procedure in 86% yield; Mp 231 ºC; Mw 

466.5 g/mol; FT-IR-ATR: 3266.13 cm–1 and 3053.87 

cm–1 ν(N-H); 2951.51 cm–1 and 2848.08 cm–1 v(С-H); 

1736.25 cm–1 (Amide I); 1645.76 cm–1 (Amide II).1H 

NMR (600 MHz, DMSO-d6): δ 1.39 (t, 3H, J = 7.0 

Hz, CH2CH3), 2.34 (s, 3H, ArCH3), 2.71 (m, 4H, 

H3'), 3.31 (m, 4H, H2'), 4.22 (t, 2H, J = 6.0 Hz, 

CH2N), 4.56 (q, 2H, J = 7.0 Hz, -CH2CH3), 7.15 (d, 

1H, 4JH,F = 7.0 Hz, H8), 7.27 (d, 2H, J = 8.0 Hz, 

ArH3, ArH5), 7.78 (d, 2H, J = 8.0 Hz, ArH2, ArH6), 

7.88 (d, 1H,3JHF = 13.5 Hz, H5), 8.92 (s, 1H, H2), 

15.40 (br s, 1H, OH); 13C NMR (125 MHz, DMSO-

d6): δ 14.4 (CH2CH3), 21.1(ArCH3), 49.46(2C3'), 

49.50 (2C2'), 60.4(CH2N), 107.1(C3), 111.2 (d, 2JC,F 

= 23.5 Hz, C5), 119.3(d, 3JC,F = 7.5 Hz, C4), 127.4 

(ArC2,ArC6), 129.0 (ArC3, ArC5), 131.5 (ArC1), 

137.3 (C8a), 141.4 (ArC4), 145.6 (d,2JC,F = 10.0 Hz, 

C7), 153.0 (d, 1JC,F = 250.0 Hz, C6), 166.3 (COOH), 

167.2(CONH), 176.2 (d, 4JC,F = 2.5 Hz, C4); Anal. 

Calc. for: C25H27 FN4O4: C, 64.37; H, 5.83; F, 4.07; 
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N, 12.01; O, 13.72; HRMS (ESI, pos) (m/z): 

489.1908 [M+Na]+, C25H27 FN4O4. 

 

2.2.3. Synthesis of 1-ethyl-6-fluoro-7-{4-[(3-me-

thylbenzoylamino)methyl]piperazin-1-yl}-4-oxo-1,4-

dihydroquinoline-3-carboxylic acid (5c) 
 

Compound 5c was prepared using the above 

general procedure in 94% yield; Mp 199–200 ºC; 

Mw 466.5 g/mol; FT-IR-ATR: 3258.55 cm–1 and 

3048.47 cm–1 ν(N-H); 2915.96 cm–1 and 2848.08 

cm–1 v(С-H); 1729.79 cm–1 (Amide I); 1645.76 cm–1 

(Amide II). 1H NMR (600 MHz, DMSO-d6): δ 

1.39 (t, 3H, J = 7.0 Hz, CH2CH3), 2.36 (s, 3H, 

ArCH3), 2.72 (m, 4H, H3'), 3.32 (m, 4H, H2'), 4.22 

(d, 2H, J = 7.0 Hz, CH2N), 4.56 (q, 2 H, J= 7.0 Hz, 

CH2CH3), 7.15 (d, 1H, 4JH,F = 8.0 Hz, H8), 7.35–

7.37 (d, 2H, ArH3, ArH4), 7.67 (m, 1H, ArH6), 

7.70 (br s,1H, ArH2), 7.88 (d, 1H, 3JH,F= 13.0 Hz, 

H5), 8.93 (s, 1H, H2), 15.36 (br s, 1H, OH); 13C 

NMR (125 MHz, DMSO-d6): δ 14.4 (CH2CH3), 

21.0 (ArCH3), 49.1 (CH2CH3), 49.37, 49.44, 49.5 

(2C', 2C3'), 60.4 (CH2N), 107.0 (C3), 111.2 (d, 
2JC,F = 25.6 Hz, C5), 119.2 (d, 3JC,F = 8.0 Hz, C4a), 

127.9 (ArC2), 128.2 (ArC5), 131.9 (ArC4), 134.2 

(ArC1), 137.2 (C8a), 137.6 (ArC3), 145.5 (d, 2JC,F 

= 11.5 Hz, C7), 152.8 (d, 1JC,F = 250.0 Hz, C6), 

166.2 (COOH), 167.2 (CONH), 176.2 (d, 4JC,F = 

2.5 Hz, C4); Anal. Calc. for C25H27 FN4O4: C, 

64.37; H, 5.83; F, 4.07; N, 12.01; O, 13.72; HRMS 

(ESI, pos) (m/z): 489.1908 [M+Na]+, C25H27 

FN4O4. 

 

2.2.4. Synthesis of 1-ethyl-6-fluoro-7-{4-[(2-chlo-

robenzoylamino)methyl]piperazin-1-yl}-4-oxo-1,4 -

dihydroquinoline-3-carboxylic acid (5d) 
 

Compound 5d was prepared using the above 

general procedure in 91% yield; Mp 150–152 ºC; 

Mw 486.92 g/mol; FT-IR-ATR: 3271.48 cm–1 and 

3045.29 cm–1 ν(N-H); 2957.97 cm–1 and 2844.8 

cm–1 v(С-H); 1729.79 cm–1 (Amide I); 1616.67cm–1 

(Amide II). 1H NMR (600 MHz, DMSO-d6/CDCl3 

ca. 4:1): δ 1.43 (t, 3H, J=7.5 Hz, CH3), 2.79 ( m, 

4H, H3'), 3.33 (m, 4H, H2'), 4.22 ( d, 2H, J = 7.0 

Hz, CH2N), 4.56 (q, 2H, J = 7.0 Hz, CH3CH2), 

7.12 (d, 1H, 3JH,F = 7.9 Hz, H8), 7.36 (ddd, 1H, J = 

7.5, 7.5, 1.5 Hz, ArH4), 7.39–7.45 (3H, ArH3, 

ArH5, ArH6), 7.87 (d, 1H,3JH,F = 13.2 Hz, H5), 

8.82 (t, 1H, J = 7.5 Hz, NH), 8.91 (s, 1H, H2), 

15.36 (br s, 1H, OH); 13C NMR (125 MHz, 

DMSO-d6/CDCl3 ca. 1:4): δ 14.3 (CH3), 49.0, 

49.1, 49.4 (2C2', 2C3'), 60.2 (CH2N), 105.4 (d, 
3JC,F = 3.5 Hz, C8), 107.1 (C3), 111.2 (d, 2JC,F = 

23.0 Hz, C5), 119.2 (d, 3JC,F = 8.0 Hz, C4a), 127.1 

(ArC3), 128.7 (ArC6), 130.7 (ArC4), 137.2 

(ArC2), 137.1 (C8a), 145.5 (ArC1), 148.5 (C2), 

145.5 (d, 2JC,F = 10.0 Hz, C7), 152.9 (d, 1JC,F = 

251.0 Hz, C6), 166.2 (COOH), 167.3 (CONH), 

176.2 (d, 4JC,F = 2.5 Hz, C4); Anal. Calc. for C24H24 

ClFN4O4: C, 59.2; H, 4.97; Cl, 7.28; F, 3.90; N, 

11.51; O, 13.14; TOF-MS-ES+ (m/z): 487.1550 

[M+H] +, 509.1430 [M+Na]+, C24H24ClFN4O4.  

 

2.2.5. Synthesis of 1-ethyl-6-fluoro-7-{4-[(3-chlo-

robenzoylamino)methyl]piperazin-1-yl}-4-oxo-1,4-

dihydroquinoline-3-carboxylic acid (5e) 
 

Compound 5e was prepared using the above 

general procedure in 92% yield; Mp 199–200 ºC; 

Mw 486.92 g/mol; FT-IR-ATR: 3266.15 cm–1 and 

3051.93 cm–1 ν(N-H); 2954.74 cm–1 and 2848,02 

cm–1 v(С-H); 1733.02 cm–1 (Amide I); 1629,6 cm–1 

(Amide II). 1H NMR (600 MHz, DMSO-d6): δ 

1.38 (t, 3H, J = 7.5 Hz, CH3), 2.72 (m, 4H, H3'), 

3.31 (m, 4H, H2'), 4.33 (d, 2H, J = 7.0 Hz, CH2N), 

4.56 (q, 2 H, J = 7.0 Hz, CH2CH3), 7.20 (d, 1H, 
4JH,F = 7.2 Hz, H8), 7.51 (dd, 1H, J = 7.5 Hz, 

ArH5), 7.61 (dd, 1H, J = 7.5,1.5 Hz, ArH4), 7.84 

(br d, 1H, J = 7.5 Hz, ArH6), 7.85 (d, 1H,3JH,F = 

13.5 Hz, H5), 7.92 (dd, 1H, J = 1.5 Hz, ArH2), 

8.91 (s, 1H, H2), 8.98 (t, 1H, J = 7.5 Hz, NH), 

15.10 (br s, 1H OH); 13C NMR (125 MHz, DMSO-

d6): δ 14.4 (CH3), 49.1 (CH2CH3), 49.38, 49.46, 

49.49 (2C2', 2C3'), 60.6 (CH2N), 105.9 (d, 3JC,F = 

3.0 Hz, C8), 107.2 (C3), 111.2 (2JC,F = 23.0 Hz, 

C5), 119.2 (3JC,F = 7.7 Hz, C4a), 126.4 (ArC6), 

127.2 (ArC2), 131.3 (ArC4), 133.3 (ArC3), 136.2 

(ArC1), 137.2 (C8a), 145.6 (d, 2JC,F = 10.0 Hz, C7), 

152.9 (1JC,F = 251.0 Hz,C6), 166.2 (CONH), 165.8 

(COOH), 176.2 (d, 4JC,F = 2.5Hz, C4). Anal. Calc. 

for: C24H24ClFN4O4 C, 59.2; H, 4.97; Cl, 7.28; F, 

3.90; N, 11.51; O 13.14; HRMS (ESI, pos) (m/z): 

509.1362 [M+Na]+, C24H24ClFN4O4. 

 

2.3. General procedure for synthesis of 

(benzoylamino)methyl derivatives of CIPRO (6a-d) 
 

At the beginning, a mixture of 2 (1 equiv.) in 

10 ml of water and 4a-e (1.5 equiv.) separately in 

10 ml of water was prepared. To the mixture, TEA 

was added until pH 11 was achieved, followed by 

stirring 24 h at 35 °C. Afterwards, the reaction 

mixture was extracted with dichloromethane 

(DCM) (3 × 25 ml). The DCM extract was collect-

ed, washed successively with water brine, dried 

over Na2SO4, filtered and concentrated in vacuo to 

give a white solid, which was purified by dissolv-

ing in DMSO and precipitation with water. For 

each product, the reactions were monitored with 
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TLC (mobile phase CHCl3:MeOH, 3:1). Yields of 

purified products were from 71.7% to 98.2%. 

 

2.3.1. Synthesis of 1-cyclopropyl-6-fluoro-7-{4-

[(benzoylamino)methyl]piperazin-1-yl}-4-oxo-1,4-

dihydroquinoline-3-carboxylic acid (6a) 
 

Compound 6a was prepared using the above 

general procedure in 96.4% yield; Mp212–214 °C; 

Mw 464.49 g/mol; FT-IR-ATR: 3433.6 cm–1 and 

3387.1 cm–1 ν(N-H); 2989.37 cm–1 and 2831.04 cm–1 

v(С-H); 1717.06 cm–1 (Amide I); 1661.17 cm–1 (Am-

ide II). 1H NMR (600 MHz, DMSO-d6): δ 1.10 (m, 

2H, CH2), 1.32 (m, 2H, CH2), 2.79 (m, 4H , H3'), 

3.29 (m, 4H, H2'), 4.29 (d, 2H, J = 6.0 Hz, CH2N), 

3.55 (m, 1 H, CH), 7.46 (d, 1H, 4JH,F  = 7.6 Hz, 

H8), 7.35 (dd, 2H, J = 8.0 Hz, ArH3, ArH5), 7.42 

(dd, 1H, J = 8.0 Hz, ArH4), 7.81 (d, 2H, J = 8.0 

Hz, ArH2, ArH6), 7.85 (d, 1H,3JH,F=13.2 Hz, H5), 

8.23 (t, 1H, J = 6.5 Hz, NH), 8.66 (s, 1H, H2), 

15.24 (br s, 1H, OH); 13C-NMR (125 MHz, 

DMSO-d6): δ 7.6 (2CH2), 35.1 (CH), 49.2 (2C2', 

2C3'), 60.6 (CH2N), 104.8 (d, 4JC,F = 4.0 Hz, C8), 

111.5 (2JC,F=25.0 Hz, C5), 119.0 (d, 3JC,F= 8.0 Hz, 

C4a), 127.0 (ArC2, ArC6), 127.9 (ArC4), 131.1 

(ArC3, ArC5), 133.9 (ArC1), 138.8 (C8a), 145.5 

(2JC,F = 10.5 Hz, C7), 147.1 (C2), 153.0 (d, 
1JC,F=250.0, C6), 166.7 (COOH), 168.1 (CONH), 

176.6 (d, 4JC,F = 2.5 Hz, C4); Anal. Calc. for: 

C25H25FN4O4: C, 64.64; H, 5.42; F 4.09; N, 12.06; 

O, 13.78; HRMS (ESI, pos) (m/z): 465.1932 

[M+H]+, 487.1752 [M+Na]+, C25H25FN4O4. 

 

2.3.2. Synthesis of 1-cyclopropyl-6-fluoro-7-{4-

[(4-methylbenzoylamino)methyl]piperazin-1-yl}-4-

oxo-1,4-dihydroquinoline-3-carboxylic acid (6b) 
 

Compound 6b was prepared using the above 

general procedure in 71.7% yield; Mp 218–219 °C; 

Mw 478.52 g/mol; FT-IR-ATR: 3275.6 cm–1 and 

3036.02 cm–1 ν(N-H); 2954.99 cm–1 and 2841.54 

cm–1 v(С-H); 1736.25 cm–1 (Amide I); 1626.05 cm–1 

(Amide II). 1H NMR (600 MHz, DMSO-d6): δ 

1.15 (m, 2H, CH2), 1.30 (m, 2H, CH2), 2,35 (s, 3H, 

CH3), 2.72 (m, 4H, H3'), 3.32 (m, 4H, H2'), 4.21 

(d, 2H, J = 6.0 Hz, NCH2), 3.81 (m, 1H, CH), 7.55 

(d, 1H, 4JH-F = 7.5 Hz, H8), 7.27 (d, 2H, J = 8.0 Hz, 

ArH3, ArH5), 7.80 (d, 2H, J = 8.0 Hz, ArH2, 

ArH6), 7.88 (d, 1H,3JHF = 13.5 Hz, H5), 8.80 (t, 

1H, J = 6.5 Hz, NH), 8.65 (s, 1H, H2), 15.24 (br s, 

1H, OH); 13C NMR (125 MHz, DMSO-d6): δ 7.6 

(2CH2), 21.0 (CH3), 35.9 (CH), 49.4 (2C2',2C3'), 

60.4 (CH2N), 106.5 (d, 3JC,F = 3.5 Hz, C8), 

106.7(C3), 111.5 (d, 2JC,F = 23.0 Hz, C5), 118.6(d, 
3JC,F = 9.0 Hz, C4a), 127.4 (ArC2, ArC6), 128.4 

(ArC3, ArC5), 131.4 (ArC1), 139.3 (C8a), 141.4 

(ArC4), 145.3 (2JC,F = 10.0 Hz, C7), 153.0 (d, 1JC,F 

= 250.0 Hz, C6), 166.1 (COOH), 167.1 (CONH), 

176.4 (d,4JC,F = 2.5Hz, C4); Anal. Calc. for: C26H27 

FN4O4: C, 65.26; H, 5.69; F, 3.97; N, 11.71; O, 

13.37; HRMS (ESI, pos) (m/z): 501.1908 

[M+Na]+,C26H27 FN4O4. 

 

2.3.3. Synthesis of 1-cyclopropyl-6-fluoro-7-{4-

[(3-methylbenzoylamino)methyl]piperazin-1-yl}-4-

oxo-1,4-dihydroquinoline-3-carboxylic acid (6c) 
 

Compound 6c was prepared using the above 

general procedure in 87.2% yield; Mp 212–214 °C; 

Mw 478.52 g/mol; FT-IR-ATR: 3298.57 cm–1 and 

3010.09 cm–1 ν(N-H); 2948.5 cm–1 and 2835.06 

cm–1 v(С-H); 1716.6 cm–1 (Amide I); 1626.05 cm–1 

(Amide II).1H NMR (600 MHz, DMSO-d6): δ 1.16 

(m, 2H, CH2), 1.30 (m, 2H, CH2), 2.35 (s, 3H, 

CH3), 2.72 (m, 4H, H3'), 3.32 (m, 4H, H2'), 4.21 

(d, 2H, J = 6.0 Hz, NCH2), 3.82 (m, 1H, CH), 

7.35–7.37 (m, 2H, ArH4, ArH5), 7.56 (d, 1H, 4JH,F 

= 7.5 Hz, H8), 7.67 (br s, 1H, ArH2), 7.68 (m, 1H, 

ArH5), 7.90 (d, 1H, 3JH,F = 13.5 Hz, H5), 8.65 (s, 

1H, H2), 8.82 (t, 1H, J = 6.5, Hz, NH), 15.24 (br s, 

1H, OH); 13C NMR (125 MHz, DMSO-d6): δ 7.6 

(2CH2), 21.0 (CH3), 35.9 (CH2), 49.35, 49.39, 

49.41 (2C2', 2C3'), 60.4 (CH2N), 106.7 (C3), 111.5 

(d, 2JC,F = 23.0 Hz, C5), 118.6 (d, 3JC,F = 9.0 Hz, 

C4a), 124.5 (ArC6), 127.9 (ArC2), 128.2 ( ArC5), 

131.9(ArC4), 134.3(ArC1), 137.6 (ArC3), 139.3 

(C8a), 153.0 (d, 1JC,F = 250.0 Hz, C6), 145.3 (2JC,F 

= 10.0 Hz, C7), 166.0 (COOH), 167.1 (CONH), 

176.4 (d, 4JC,F = 2.5Hz, C4); Anal. Calc. for: C26H27 

FN4O4: C, 65.26; H, 5.69; F, 3.97; N, 11.71; O, 

13.37; HRMS (ESI, pos) (m/z): 479.2089 [M+H]+, 

501.1908 [M+Na]+, C26H27FN4O4. 

 

2.3.4. Synthesis of 1-cyclopropyl-6-fluoro-7-{4-

[(2-chlorobenzoylamino)methyl]piperazin-1-yl}-4-

oxo-1,4-dihydroquinoline-3-carboxylic acid (6d) 
 

Compound 6d was prepared using the above 

general procedure in 98.2% yield; Mp 149 °C; Mw 

498.93 g/mol; FT-IR-ATR: 3541.82 cm–1 and 

3254.27 cm–1 ν(N-H); 2925.19 cm–1 and 2864.48 

cm–1 v(С-H); 1717.47 cm–1 (Amide I); 1663.15 cm–1 

(Amide II).1H NMR (600 MHz, DMSO-d6): δ 1.14 

(m, 2H, CH2), 1.28 (m, 2H, CH2), 2.75 (m, 4H, 

H3'), 3.31 (m, 4H, H2'),3.77 (m, 1H, CH), 4.17 (d, 

2H, J = 6.0 Hz, NCH2), 7.39 (dd, 2H, J = 8.0 Hz, 

ArH4), 7.42–7.52 (3H, ArH3, ArH5, ArH6), 7.53  

(d, 1H, 4JH,F = 7.5 Hz, H8), 7.84 (d, 1H,3JH,F = 13.5 

Hz, H5), 8.23 (t, 1H, J = 6.5 Hz, NH), 8.62 (s, 1H, 

H2), 15.2 (br s, 1H, OH); 13C NMR (125 MHz, 
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DMSO-d6): δ 8.0 (2CH2), 35.1 (CH),49.6 (2C3'), 

49.8, 49.9 (2C2'), 60.7 (NCH2N), 106.7 (d, 3JC,F = 

3.5, C8), 107.1 (C3), 111.5 (d, 2JC,F = 23.0, C5), 

119.0 (d, 3JC,F = 8.0, C4a), 127.6 (ArC5), 129.3 

(ArC6), 130.0 (ArC3), 130.1 (ArC4) 131.2 (ArC5), 

139.6 (C8a), 145.6 (2JC,F = 10.0, C7), 153.0 (d, 1JC,F 

= 250.0, C6), 166.7 (COOH), 167.8 (CONH), 

176.6 (d, 4JC,F = 2.5Hz, C4); Anal. Calc. for: 

C25H24ClFN4O4: C, 60.18; H, 4.85; Cl, 7.11; F, 

3.81; N, 11.23; O, 12.83; TOF-MS-ES+ (m/z): 

521.1069 [M+Na]+, C25H24ClFN4O4.  

 
2.4. General procedure for synthesis of (ben-

zoylamino)methyl derivatives of PIPEM (7a-d) 
 

To separated mixtures of 3 (1 equiv.) and 

4a-e (1.5 equiv.) in 10 ml DMSO, TEA was added 

and allow to stir for 3 h at 35 °C. Afterwards, wa-

ter was added until a white precipitate was formed. 

The precipitate was collected by filtration under 

pressure, washed with water and dried at room 

temperature to obtain white-yellow crystals. The 

products were re-crystallized by dissolving in 

DMSO and precipitation with water. For each 

product, the reactions were monitored with TLC 

(mobile phase CHCl3:MeOH, 4:1). Yields of puri-

fied products were from 79.38% to 98.4%. 

 
2.4.1. Synthesis of 8-ethyl-2-{4[(benzoylamino) 

methyl]piperazin-1-yl}-5-oxo-5,8-dihydropyrido 

[2,3-d]pyrimidine-6-carboxylic acid (7a) 
 

Compound 7a was prepared using the above 

general procedure in yield 81%; Mp 193–194 °C; 

Mw 436.46; FT- IR-ATR 3274.71 cm–1 ν(N-H); 

2818.99 cm–1 v(С-H); 1723.33 cm–1 (Amide I); 

1629.6 cm-1 (Amide II).1H NMR (600 MHz, 

DMSO-d6): δ 1.34 (t, 3H, J = 7.5 Hz, CH3), 2.64, 

3.86, 3.95 (4H, H2' or H3'), 4.25(d, 2H, J = 6.5 Hz, 

NCH2), 4.28 (q, 2 H, J = 7.5 Hz, CH2CH3), 7.32 

(dd 2H, J = 8.0 Hz, ArH5), 7.39 (dd, 4H, J = 8.0 

Hz, ArH3), 7.78 (d, 2H, J = 8.0 Hz, ArH2), 8.63 (t, 

1H, J = 6.5 Hz, NH), 8.71 (s, H2), 9.07 (s, 1H, 

H5), 15.20 (br s, 1H, -OH); 13CNMR (125 MHz, 

DMSO-d6): δ14.6 (CH3), 43.9 (2C2' or 2C3'), 46.3 

(CH3CH2), 49.7, 49.4 (2C3' or 2C2'), 60.7 (NCH2), 

108.6 (C4a), 109.9 (C7), 127.4 (ArC2, ArC6), 

128.3 (ArC5, ArC3), 131.4 (ArC4), 134.1 (ArC1), 

149.9 (C2), 155.3 (C8a), 160.3 (C3), 160.7 (C5), 

166.1 (COOH), 168.2 (CONH), 177.3 (C5); Anal. 

Calc. for C22H24N6O4: C, 60.54; H, 5.54; N, 19.25; 

O, 14.66; HRMS (ESI, pos) (m/z): 459.1525 

[M+Na]+, C22H24N6O4. 

 

2.4.2. Synthesis of 8-ethyl-2-{4-[(4-

methylbenzoylamino)methyl]piperazin-1-yl}-5-

oxo-5,8-dihydropyrido[2,3-d]pyrimidine-6-

carboxylic acid (7b) 
 

Compound 7b was prepared using the above 

general procedure in yield 75.8%: Mp190–192 ºC; 

Mw 450.49; FT-IR-ATR 3295.12 cm–1 ν(N-H); 

2818.99 cm–1 v(С-H); 1740.08 cm–1 (Amide I); 

1644.73 cm–1; (Amide II).1H NMR (600 MHz, 

DMSO-d6): δ 1.34 (t, 3H, J =7.0 Hz, CH2CH3), 

2.33 (s, ArCH3), 2.64, 3.95 (m, 8H, H2', H3'), 

4.21(d, 2H, J = 6.0 Hz, CH2N), 4.38 (q, 2H, J = 7.0 

Hz, CH2CH3), 7.25 (d, 2H, J = 8.0 Hz, ArH3), 7.76 

(d, 2H, J = 8.0 Hz, ArH2), 8.94 (s,1H, H2), 9.19 

(s,1H, H5), 14.8 (br s, 1H, OH); 13C NMR (125 

MHz, DMSO-d6): δ14.3 (CH2CH3), 21.0 (ArCH3), 

45.8 (CH2CH3), 49.3, 49.6 (2C2',2C3'), 60.4 

(CH2N), 108.5 (C4a), 109.6 (C7), 127.4 (ArC2, 

ArC6), 128.8 (ArC3, ArC5), 134.1 (ArC1), 141.3 

(ArC4), 150.8 (C2), 155.2 (C8a), 160.3 (C3), 160.6 

(C5), 165.4 (COOH), 167.0 (1C, CONH), 177.2 

(C5); Anal. Calc. for C23H26N6O4: C, 61.32; H, 

5.82; N, 18.66; O, 14.21; HRMS (ESI, pos) (m/z): 

473.1907 [M+Na]+, C23H26N6O4. 

 

2.4.3. Synthesis of 8-ethyl-2-{4-[(3-

methylbenzoylamino)methyl]piperazin-1-yl}-5-

oxo-5,8-dihydropyrido[2,3-d]pyrimidine-6-

carboxylic acid (7c) 
 

Compound 7c was prepared using the above 

general procedure in yield 88.9%; Mp 132 °C; Mw 

450.49; FT- IR-ATR 3501 cm–1 and 3288.55 cm–1 

ν(N-H); 2944.77 cm–1 and 2845.04 cm–1 v(С-H); 

1723.64 cm–1 (Amide I); 1644.73 cm–1; (Amide II). 
1H NMR (600 MHz, DMSO-d6): δ (ppm) 1.33 (t, 

3H, J = 7.5 Hz, CH2CH3), 2.32 (s, 3H, ArCH3), 

2.62, 3.89, 3.96 (m, 8H, H2', H3'), 4.22 (d, 2H, J = 

7.0 Hz, NHCH2), 4.35 (q, 2 H, J = 7.0 Hz, 

CH2CH3), 7.31–7.32 (2H, ArH4, ArH5), 7.64 (m, 

1H, J = 8.0 Hz, ArH6), 7.67 (br s, 1H, ArH6), 8.77 

(t, 1H, J=7.0 Hz, NH), 8.93 (s,1H, H2), 9.14 (s,1H, 

H5), 14.8 (br s, 1H, OH); 13C NMR (125 MHz, 

DMSO-d6): δ 14.4 ( CH2CH3), 21.0 (ArCH3), 45.9 

(CH2CH3), 43.7, 49.3, 49.5 (4C, C2', C3'), 60.4 

(1C, NCH2N), 108.5 (C4a), 109.5 (C7), 124.5 

(ArC6), 127.9 (ArC2), 128.2 (ArC5), 131.9 

(ArC4), 134.1 (ArC1), 137.6 (ArC3), 150.7 (C2), 

155.1 (C8a), 160.2(C5), 160.5 (C3), 165.3 

(COOH), 167.2 (CONH), 177.1 (C5), Anal. Calc. 

for C23H26N6O4 C, 61.32; H, 5.82; N, 18.66; O, 

14.21; HRMS (ESI, pos) (m/z): 473.1907 [M+Na]+, 

C23H26N6O4. 
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2.4.4. Synthesis of 8-ethyl-2-{4-[(2-

chlorobenzoylamino)methyl]piperazin-1-yl}-5-oxo-

5,8-dihydropyrido[2,3-d]pyrimidine-6-carboxylic 

acid (7d) 
 

Compound 7d was prepared using the above 

general procedure in yield 79.38%; Mp 198–199 

°C; Mw 470.91; FT- IR-ATR 3301 cm–1 and 

3288.55 cm–1 ν(N-H); 2944.77 cm–1 and 2845.04 

cm–1v(С-H); 1720.67 cm–1(Amide I); 1634.4 cm–1 

(Amide II). 1H NMR (600 MHz, DMSO-d6): δ 

(ppm) 1.35 (t, 3H, J = 7.5 Hz, CH3), 2.66, 2.68, 

3.92, 3.98 (m, 8H, H2', H3'), 4.20 (d, 2H, J = 7.0 

Hz, NHCH2), 4.39 (q, 2 H, J = 7.0 Hz, CH3CH2), 

7.37 (m, ArH), 7.40–7.44 (m, 2H, ArH, ArH), 7.48 

(m, 1H, ArH), 8.80 (t,1H, , J = 7.0 Hz, NH), 8.97 

(s,1H, H7), 9.21 (s,1H, H5), 14.83 (br s, 1H, -OH); 
13C NMR (125 MHz, DMSO-d6): δ 14.4 (CH3), 

45.9 (CH3CH2), 43.86, 43.94, 49.1, 49.3 (4C, C2', 

C3'), 60.2 (CH2N), 108.52 (C4a), 109.5 (C7), 

127.1, 128.8, 129.5, 129.6, 130.7 (ArC2, ArC3, 

ArC4, ArC5), 137.0 (ArC1), 150.8 (C2), 155.1 

(C8a), 160.2(C5), 160.6 (C3), 165.33 (COOH), 

167.3 (CONH), 177.16 (C5); Anal. Calc. for 

C22H23ClN6O4 C, 56.11; H, 4.92; Cl, 7.53; N, 

17.85; O, 13.59; TOF-MS-ES+ (m/z): 471.1554 

[M+H]+, C22H23ClN6O4. 

 

2.5. Determination of physicochemical properties 
 

2.5.1. Determination of solubility 
 

Solubility of the newly synthesized (ben-

zoylamino)methyl derivatives of (fluoro)quinolones 

was determined in water (Swexp) and in phosphate 

buffered saline (PBS) pH 7.4 (S7.4exp) using a static 

equilibrium method [20]. An excess of the com-

pounds was exposed to the solvents; accordingly, 

the mixtures were allowed to be stirred in a thermo-

static water bath at 37 ± 1 ºC (Haake, SWB 20, 

Waltham, MA, USA) and the samples were assayed 

once every 4 h until the results were replicated three 

consecutive times. After these times, the supernatant 

solutions, obtained by ultracentrifugation at 12,000 

rpm for 15 minutes, were filtered to ensure that they 

were free of particulate matter before sampling. The 

drug concentration was quantified by UV absorption 

at λmax 271–275 nm for NOR and CIPRO derivatives, 

and 263–271 nm for PIPEM derivatives, respectively 

(Shimadzu UV–1800, Japan). The whole procedure 

was light-protected. Sodium thiosulfate was added to 

the medium when PBS was used to prevent oxida-

tion. All solubility experiments were repeated at least 

three times, and the mean values were considered the 

measured results. The logScalc (logSwcalc and logS7.4calc) 

was calculated by online ChemAxon’s software for 

fast and accurate predictions of basic physicochemi-

cal properties such as logP, logD, pKa and logS 

(www.chemaxon. com/products/calculator-

plugins/property-predictors/; www. chemicalize. 

org/). ChemAxon’s aqueous solubility predictor is 

based on the topology of the molecules.  

 

2.5.2. Determination of distribution coefficient 

 

The experimental distribution coefficient be-

tween n-octanol and PBS (pH 7.4) (D7.4exp) was 

determined by shaking flask method, described 

also by Abuo-Rahma et al. [8]. Stock solutions of 

(benzoylamino)methyl derivatives of (fluoro)quin-

olones in PBS were prepared in concentration of 

app. 0.2 mg/ml for all tested compounds, respec-

tively. Afterwards, equal volumes of each solution 

and n-octanol were mixed, vortexed for 3 min and 

agitated for 12 h in a shaking water bath at 25 ± 

0.1 oC. The test tubes were protected from light by 

wrapping in aluminum foil. Before a distribution 

coefficient was determined, the organic and aque-

ous phase was mutually saturated by shaking for 

24 h at the temperature of the experiment. After 

equilibration, the octanol phase was removed with 

a Pasteur pipette and both phases were assayed 

spectrophotometrically at λmax 270–280 nm for 

NOR and CIPRO derivatives, and 260–270 nm for 

PIPEM derivatives, respectively, to determine the 

concentration of the compounds. The experimental 

distribution coefficient D7.4 was determined from 

equation: 
 

D7.4 = Ci – Cw/Cw* Vw/V0 

 

where Ci represents the total concentration of solute 

in both phases after distribution, Cw the solute con-

centration in the aqueous phase after distribution; 

Vw represents the volume of the aqueous and Vo the 

volume of the organic phase. All distribution coeffi-

cient determinations were made in triplicate. The 

logD7.4calc and logP were calculated by online Che-

mAxon’s software www.chemaxon.com/pro-

ducts/calculator-plugins/property-predictors/; www. 

chemicalize.org/, where logP predictions are com-

posed of the molecules’ atomic increments and the 

applied modifications include the redefinition of 

selected atom types to accommodate electron delo-

calization and the addition of contributions of ionic 

forms. The logP value of zwitterions is calculated 

from the logD at the isoelectric point. Also, the 

effect of hydrogen bonds on logP is considered if 

the formation of a six membered ring between 

suitable donor and acceptor atoms can take place. 
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As the logD values are pH-dependent, the logD 

calculation relies on the pKa prediction process.  

 

2.5.3. Determination of pKa 
 

The method was firstly evaluated by titration 

of phosphoric acid during which its experimental 

pKa values were evaluated from the second-

derivative, being 2.16, 6.9 and 10.94. These values 

were in agreement with the pKa values of phosphor-

ic acid specified by Sigma Aldrich (2.15, 7.02 and 

12.32) and literature data for phosphoric acid (2.2, 

7.2 and 12.3). The pH meter was calibrated with 

NBS standard buffers pH 4.001 and pH 7.001. The 

(fluoro)quinolone derivatives were dissolved 

(0.001M) separately in a mixture of acetonitrile and 

water (1:4) and the solutions were mixed with a 

magnetic stirrer during the titration. Titration was 

carried out in triplicate at ambient temperature of 23 

± 1 ºC to ensure reproducibility. NaOH or HCl solu-

tion was added drop-wise in a volume of 0.05 ml. 

To reach a reasonably stable pH, sufficient time was 

allowed for reading (app. 10–15 s) before the next 

acid/base addition. After each experiment, the pH 

probe was thoroughly washed with Milli-Q water and 

calibrated by standard buffers to eliminate asym-

metry potentials that would possibly be generated by 

temporary exposure to a strong acid or base. The 

titrant solutions of NaOH and HCl (0.01 M) were 

used and standardized by potassium acid phthalate 

and sodium carbonate. The exact concentrations were 

determined to be 0.009725 M and 0.00978 M for 

NaOH and HCl, respectively. The pKacalc was calcu-

lated by online ChemAxon’s software (www.che-

maxon.com/products/calculator-plugins/property-pre-

dictors/; www.chemicalize. org/), which predicts the 

pKa values of all proton receiving or donating atoms 

in a molecule. The prediction is made on the basis of 

the partial charge distribution calculated on the fly.  

 

2.6. Antimicrobial screening 
 

All of the synthesized (fluoro)quinolone de-

rivatives were screened for their antimicrobial 

activities against Gram-positive (Staphylococcus 

aureus ATCC 29213, Staphylococcus epidermidis 

ATCC 12228, Staphylococcus aureus-MR, Strep-

tococcus pneumonia ATCC 6305, Enterococcus 

ATCC 29212) and Gram-negative bacteria (Esche-

richia coli ATCC 25922, Klebsiella pneumonia 

ATCC 700603, Pseudomonas aeruginosa ATCC 

27853, Bacteroides fragilis ATCC 23745) and 

Candida albicans ATCC 10231 by the convention-

al agar diffusion and dilution methods. All bacteria 

strains were supplied from Microbiologics USA, 

except Staphylococcus aureus-MR that was clini-

cally isolated and supplied from the Institute of 

Microbiology and Parasitology, Faculty of Medi-

cine, Ss. Cyril and Methodius University. The sus-

pension of each microorganism was prepared to 

0.5 and 2 standards for bacteria (except for Bacte-

riodes fragilis as anaerobic bacteria for which the 

suspension was 3 McFarland) and Candida albi-

cans, respectively. The tested compounds as well 

as references (NOR, CIPRO and PIPEM) were 

dissolved in DMSO to an initial concentration of 

20 mg/ml for both NOR and CIPRO and 40 mg/ml 

for PIPEM. 

For the agar diffusion method, all bacterial 

strains were inoculated on Muller-Hinton agar 

(Oxoid, UK), while Candida albicans was inocu-

lated on blood agar medium (Oxoid, UK). Inocula-

tion was performed by sterile swabs and the plates 

were left to dry for 15 minutes. With the aid of a 

cork-porer, wells of about 6 mm diameter and 4 

mm deep were formed. Each compound and the 

references, 80 µl each, were put in the wells, with 

each well containing each antimicrobial diluted in 

DMSO and DMSO alone as a control. The com-

mercial disks of NOR, CIPRO and PIPEM, with a 

concentration of 10, 10 and 20 µg, respectively, 

were used as controls. 

For the agar dilution method, Petri dishes 

contained different concentrations of the tested 

compounds in blood agar medium. The dilutions of 

the compounds with blood agar medium were 

made to obtain the required concentrations in a 

range between 4.00–0.125 µg/ml, 16.00–0.03 

µg/ml and 16.00–0.125 µg/ml for NOR, CIPRO 

and PIPEM derivatives, respectively. Such pre-

pared plates were inoculated as macrocolonies with 

the bacteria and Candida albicans, respectively, 

and incubated at 37 ºC for 24 h. Afterwards, the 

minimum inhibitory concentration (MIC) was de-

termined, with the lowest concentration of the test 

compound resulting in no visible growth on the 

plate. 

 

2.7. Statistics 
 

To reveal a correlation between the experi-

mental and calculated values of the physicochemi-

cal parameters, a linear regression was performed. 

Between the antibacterial activities (logMICs) and 

physicochemical properties of the synthesized 

compounds, the parabolic relation was fitted, ap-

plying the following general regression: 
 

Y = alogX3 + blogX2 + clogX + d 

http://www.chemicalize/
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where Y = logMIC; logX = log of the physico-

chemical parameter; a, b, c and d are constants. For 

the statistical operations, statistical program IBM 

SPSS 19.0 was used. 

 
3. RESULTS AND DISCUSSION 

 

3.1. Synthesis 
 

In accordance with the previous findings 
[21], the free secondary amine group of piperazinyl 
moiety of quinolones offered an easy way for the 
incorporation of (benzoylamino)methyl functions, 
resulting in the synthesis of novel compounds in 
excellent yields. With the aim to incorporate (ben-
zoylamino)methyl functions on the free nitrogen of 
the 7-pyperazinyl group of the different (fluo-
ro)quinolones, NOR, CIPRO and PIPEM, the syn-
thetic route outlined in Scheme 1 was used. Differ-
ent derivatives of [(benzoylamino)methyl]triethyl-
ammonium chlorides, which were used for (ben-
zoylamino)methylation of the leading (fluo-
ro)quinolones, were prepared according to the 
previously developed method [22]. The advantages 
of the (benzoylamino)methylation procedure used 
in the study included convenient conditions for the 
synthesis, fast proceeding of the reaction, relatively 
uncomplicated isolation and high yields of the 
products (72–98%). Also, the (benzoylamino) 

methylation regents were prepared in relatively 
high yields (70–80%) and used without purifica-
tion, with spectroscopic specification [19]. Prepa-
ration of the NOR derivatives 5a-e proceeded by 
stirring a mixture of NOR (1) (1.0 equivalent) and 
[(benzoylamino)methyl]triethylammonium salts 
4a-d (1.5 equivalents) in dimethyl sulfoxide 
(DMSO) using triethylamine (Et3N) as a base, 
resulting in products with high yields, 82.0% to 
96.4%.  

 

 
Scheme 1. Synthesis of compounds 5a-e, 6a-d and 7a-d 

 
     T a b l e  1  

 

Leading (fluoro)quinolones, (benzoylamino)methyl functions  

and the synthesized (fluoro)quinolone derivatives 
 

 

Compound 
 

X Y R R1 R2 R3 

1 (NOR) =C(H)− =C(F)− −C2H5 – – – 

2 (CIPRO) =C(H)− =C(F)− cyclopropyl – – – 

3 (PIPEM) =N− =N− −C2H5 – – – 

4a – – – H H H 

4b – – – H H −CH3 

4c – – – H −CH3 H 

4d – – – H Cl H 

4e – – – Cl H H 

5a =C(H)− =C(F)− −C2H5 H H H 

5b =C(H)− =C(F)− −C2H5 H H −CH3 

5c =C(H)− =C(F)− −C2H5 H −CH3 H 

5d =C(H)− =C(F)− −C2H5 H Cl H 

5e =C(H)− =C(F)− −C2H5 Cl H H 

6a =C(H)− =C(F)− cyclopropyl H H H 

6b =C(H)− =C(F)− cyclopropyl H H −CH3 

6c =C(H)− =C(F)− cyclopropyl H −CH3 H 

6d =C(H)− =C(F)− cyclopropyl H Cl H 

7a =N− =N− −C2H5 H H H 

7b =N− =N− −C2H5 H H −CH3 

7c =N− =N− −C2H5 H −CH3 H 

7d =N− =N− −C2H5 H Cl H 
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(Benzoylamino)methyl derivatives of CIPRO 

6a-d were also obtained in relatively high yields, 

71.7% to 98.2%, by addition of the appropriately 

substituted [(benzoylamino)methyl] triethylammo-

nium chlorides (4a-d) (1.5 equivalents) to a stirred 

solution of CIPRO (2) (1.0 equivalent) in water in 

presence of Et3N. Reaction of PIPEM (3) and 

(benzoylamino)methyl reagents 4a-d (1.5 equiva-

lents) in dimethylformamide (DMF), with subse-

quent adding of Et3N, resulted in the synthesis of 

the final compounds 7a-d, in yields between 79.4 

and 98.4%.  
The structure assignments of 5a-e, 6a-d and 

7a-d were confirmed by different spectroscopic 
methods. The 1H-NMR spectra were identified by 
their chemical shifts, multiplicities and coupling 
constants. In general, 1H NMR spectra showed the 
characteristic chemical shifts for the (fluoro)quin-
olone nucleus. It showed the absorption character-
istic for the piperazine 8 protons, appeared either 
as a multiplet or two multiplets in the range of 
2.71–3.3 ppm. The doublet signal at a range of 
6.8–7.2 ppm with JH–F of about 7.5 Hz is character-
istic for H-8; the doublet signal at a range of 7.8–
8.1 ppm with JH–F of about 9.5–23 Hz is character-
istic for H-5 and the singlet signal characteristic for 
H-2 at about 8.85–8.95 ppm. The signals of four 
aromatic protons at 7.34–7.9 ppm were also ob-
served as well as doublet (2H) for the –N–CH2–N– 
at 4.23 ppm, 7.0 Hz. In 13C-NMR spectra of all 
(benzoylamino)methyl derivatives of the leading 
(fluoro)quinolones, absorption corresponding to 
the signal at 60.5 ppm (–N–CH2–N–) confirmed 
that the substitution was accomplished. 

 
3.2. Physicochemical properties 

 

3.2.1. Solubility 
 

The two key properties that contribute to the 

water solubility of drugs are their ability to ionize 

and participate in hydrogen bonding interactions. 

As is already known, (fluoro)quinolones are fairly 

insoluble in water. Due to the presence of basic 

amine and carboxylic acid, they possess zwitteri-

onic character. At acidic pH, both amine and acidic 

groups are protonated providing the molecule posi-

tive charge. At high pH values, amine group is in 

the free base form, while the carboxyl group exists 

as a carboxylate anion, providing the overall mole-

cule negative charge. Therefore, the (fluoro)quin-

olones tend to be more soluble in water at acidic 

and/or basic pH [23]. 

All of the synthesized compounds and the 

leading (fluoro)quinolones in our study were eval-

uated for their solubility in water (Swexp) and phos-

phate buffer solution (PBS) pH 7.4 (S7.4exp). The val-

ues of solubility were also calculated by online com-

putational method (http://www.chemicalize.org). The 

calculated values along with the experimental data 

are listed in Table 2. 
The water solubility of the synthesized deriv-

atives, experimentally determined, was lower than 
that of the leading compounds, ranging from 0.005 
(5b) to 0.030 mg/ml (5d) for NOR derivatives, 
0.024 (6b) to 0.055 mg/ml (6d) for CIPRO deriva-
tives and from 0.005 (7b, 7c) to 0.020 mg/ml (7a) 
for PIPEM derivatives, respectively. As one can 
notice, NOR and CIPRO substituted with (4-
methylbenzoylamino)methyl in the piperazinyl moi-
ety (5b and 6b) show the lowest water solubility 
comparing to the corresponding leading compounds, 
while it slightly increases with the presence of chlo-
rine atom as in (3-chlorobenzoylamino)methyl (5e) 
and (2-chlorobenzoylamino)methyl (5d and 6d) 
derivatives of NOR and CIPRO, respectively. Con-
sidering the solubility in PBS (pH 7.4), similar 
values for NOR derivatives were observed, ranging 
from 0.011 mg/ml (5e) to 0.036 mg/ml (5d), all 
being lower than the solubility of NOR (0.447 
mg/ml). Similar results for the derivatives of 
CIPRO were observed, where all compounds 
showed lower solubility than the solubility of the 
leading compound (0.114 mg/ml), ranging from 
0.009 mg/ml to 0.058 mg/ml. Among PIPEM de-
rivatives, no significant difference in solubility in 
PBS (pH 7.4) was observed (ca 0.01 mg/ml), being 
lower than that of PIPEM used in a form of trihy-
drate (0.848 mg/ml).  

The experimentally determined solubility 
data for the leading compound NOR are in agree-
ment with the pharmacopeia and literature data that 
point to very slight water solubility (0.1–1 mg/ml) 
and sharp increase in solubility at pH below 4 and 
above 10 due to the amphoteric nature [24]. How-
ever, there is no agreement between the predicted 
and experimentally determined data for solubility 
both in water and PBS (pH 7.4) for this leading 
compound. Similarly, PIPEM in the form of trihy-
drate, as used for synthesis, exhibits very slight 
water solubility (0.1–1 mg/ml) and solubility in pH 
7.4, dissolving itself in dilute solutions of acids and 
of alkali hydroxides. These data correlate with the 
data for the solubility of PIPEM obtained in our 
study, unlike predicted and experimentally deter-
mined values for water solubility and solubility in 
pH 7.4, respectively, that show weak correlation. 
Considering CIPRO, it must be noticed that the 
experimental values for solubility in a form of 
hydrochloride (as used for the synthesis) are pre-
sented in Table 2. As already known, CIPRO is 
almost insoluble in water (0.08 mg/ml at 30 ºC) 
[25] and at pH 4–5 it shows the highest solubility 
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(>40 mg/ml), but the last solubility corresponds to 
the hydrochloride form of CIPRO, if the pH value 
is adjusted with hydrochloric acid. In neutral pH, 
CIPRO is almost insoluble, whereas solubility 
increases with increasing pH value (app. 30 mg/ml 
at pH 11). Literature data point to 10–30 mg/ml 
water solubility for CIPRO HCl and 0.16–0.17 
mg/ml solubility in PBS with pH ranging from 6.8 
to 7.5 [26]. These data are in agreement with the 
experimental values for solubility of CIPRO ob-
tained in the actual study. However, when compar-
ing the predicted and experimental solubility data 
for CIPRO HCl obtained in this study, a weak cor-
relation was observed, as for the other leading 
compounds. 

To determine the relationship between the ex-
perimental and calculated values of solubility in pH 
7.4 for all (fluoro)quinolone derivatives synthesized 
in our study, a simple regression analysis was per-
formed. Weak correlations for the leading com-
pounds and corresponding derivatives were observed 
(R² = 0.519 for NOR, R² = 0.0004 for CIPRO and R² 
= 0.634 for PIPEM, respectively) (Fig. 1a). However, 

stronger correlations between logSwexp and logSwcalc 

were observed, especially for CIPRO and PIPEM and 
their derivatives (R² = 0.678 for NOR, R² = 0.928 for 
CIPRO and R² = 0.955 for PIPEM derivatives, re-
spectively) (Fig. 1b). 

One can assume that to these results many 

factors can contribute aside from the zwitterionic 

character of the (fluoro)quinolones, such as pres-

ence of additional acceptor groups that interact 

with the solvent forming hydrogen bonds, the size 

of donors and acceptors, which also affects the 

ability for hydrogen bonding, as well as the melt-

ing points of the compounds. As previously report-

ed [23], high melting points, generally above 200 
oC, indicate that the crystal forms of the com-

pounds are very stable, thus contributing to lower 

water solubility of (fluoro)quinolones. The lower 

melting points observed for 5d, 6d and 5e (not 

higher than 200 oC) in comparison with those of 

other corresponding derivatives and leading com-

pounds and in this respect, their higher water solu-

bility, are in agreement with these observations. 

 
T a b l e  2 

  

Solubility of (benzoylamino)methyl derivatives of NOR, CIPRO and PIPEM 

 
Com-

pounds 

Swcalc 

(mg/ml) 
logSwcalc

c logS7.4calc
c 

Swexp 

(mg/ml) 

S7.4exp 

(mg/ml) 
logSwexp

c
 logS7.4exp

c
 

NOR < 0.06 –2.2 –2.17 0.4975 0.4470 –5,800 –5,854 

5 a 0.01–0.06 –4.21 –2.69 0.0098 0.0337 –7.664 –7,127 

5 b > 0.01 –4.69 –3.16 0.0047 0.0158 –7.996 –7,470 

5 c > 0.01 –4.69 –3.16 0.0095 0.0150 –7.691 –7,490 

5d > 0.01 –5.33 –2.28 0.0296 0.0362 –7.216 –7,128 

5e > 0.01 –5.33 –2.67 0.0240 0.0116 –7.307 –7,623 

CIPROa < 0.06 –2.77 –2.76 11.2405 0.1140 –4,530 –6,529 

6a > 0.01 –4.76 –2.19 0.0343 0.0581 –7.131 –6,902 

6b > 0.01 –5.24 –2.69 0.0245 0.0089 –7.290 –7,730 

6c > 0.01 –5.24 –2.68 0.0289 0.0086 –7.219 –7,745 

6d > 0.01 –5.43 –2.26 0.0552 0.0124 –6.956 –7,604 

PIPEMb < 0.06 –1.75 –1.73 0.4720 0.8480 –5,879 –5,624 

7a < 0.06 –3.78 –1.88 0.0200 0.0162 –7.339 –7,430 

7b 0.01-0.06 –4.26 –2.37 0.0049 0.0129 –7.963 –7,543 

7c 0.01-0.06 –4.26 –2.37 0.0046 0.0079 –7.990 –7,756 

7d 0.01-0.06 –4.45 –2.48 0.0097 0.0094 –7.686 –7,699 

aIn a form of ciprofloxacine hydrochloride;  

bin a form of pipemidic acid trihydrate;  

cSolubility is expressed in mol/l 
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Fig. 1a. Correlation between calculated (logS7.4calc) and experimental (logS7.4exp) values for 5a-e (A), 6a-d (B) and 7a-d (C) 

 

 

 
Fig. 1b. Correlation between calculated (logSwcalc) and experimental (logSwexp) values for 5a-e (A), 6a-d (B) and 7a-d (C) 
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3.2.2. pKa values 

 

As previously mentioned, (fluoro)quin-

olones have zwitterionic nature in physiological 

pH, which is reflected in their solubility, lipo-

philicity and acidity/basicity. To determine the pKa 

of all synthesized compounds and parent NOR, 

CIPRO and PIPEM, a potentiometric titration and 

for analysis, second-derivative method were used. 

As reported by [27], the second-derivative method, 

widely used to determine the pKa’s of most drugs, 

is the most convenient for the determination of pKa 

among the three most applicable (Gran’s plot, sec-

ond-derivative and the least-square non-linear re-

gression), because it is independent of titrate and 

titrant concentrations. It should be pointed out that 

the pKa is assigned a maximum error of ±0.30 pH 

units when it approaches either end of the titration 

curve. This is based on the maximum difference 

between the experimental and actual pKa of phos-

phoric acid. The second-derivative method plots 

Δ2pH/ΔV2 vs. V; where V is the volume of titrant 

(acid/base) added and ΔV is the constant volume 

increment. On the titration curve, a plot of pH vs. 

V, the inflections occur at both equivalence points 

and pKa value where the value of Δ2pH/ΔV2 equals 

zero. As a result, the pKa may be readily determined 

by inspection of the second-derivative plot. The 

results for the pKa values of the leading and synthe-

sized compounds are presented in Table 3. 
The experimental values obtained for the lead-

ing compounds as well as calculated ones did not 
differ significantly from those reported in the litera-
ture: 2.75±0.40, 3.11+0.30, 6.10±0.19, 6.34±8.75, 

8.60±0.10, 8.76±0.25, 10.56+0.30 for NOR [27, 28], 
2.74±0.40, 3.01±0.30, 5.9, 6.14±0.13, 6.30, 
8.70±0.009, 8.76±0.25, 8.89, 10.58±0.3 for CIPRO 
[27–29] and 5.25±0.012, 5.42±0.05, 5.59±0.02, 
6.15±0.06, 6.16, 6.30, 8.18±0.09, 8.33±0.01, 
8.90±0.04 for PIPEM [28, 30], respectively. Consid-
ering the pKa values of the newly synthesized com-
pounds, high correlation between the experimental 
and calculated pKa values for each compound was 
observed (0.873≥R2≤0.998). 

 

3.2.3. Distribution coefficient 
 

The experimental distribution coefficients 

between octanol and PBS pH 7.4 (D7.4exp) for the 

newly synthesized compounds (5a-e, 6a-d and 7a-

d) were also determined. The same was performed 

for NOR, CIPRO and PIPEM as leading com-

pounds. The calculated values of distribution 

(logD7.4calc) and partition coefficients (logP), which 

were determined using computational method de-

veloped by ChemAxon (http://www.chemicalize. 

org//), are listed in Table 3 along with the experi-

mental values logD7.4exp. The experimental distribu-

tion coefficients of NOR and CIPRO derivatives 

were higher than those of the corresponding leading 

compounds, with the logD7.4exp of NOR derivatives 

ranging from –0.81 to 0.58 (vs. logD7.4exp –0.89 for 

NOR) and of CIPRO derivatives from –0.45 to 0.67 

(vs. logD7.4exp –1.08 for CIPRO). Considering deriv-

atives of PIPEM, logD7.4exp values higher than the 

one of PIPEM for 7c (logD7.4exp 0.34) and 7e 

(logD7.4exp –0.06) were observed (vs. logD7.4exp –0.90 

for PIPEM). 

 
 

T a b l e  3 
 

logD7.4exp, logD7.4calc, logP and pKa of (benzoylamino)methyl derivatives of NOR, CIPRO and PIPEM 
 

Compound LogD7.4exp logD7.4calc LogP pKaexp pKacalc pIexp pIcalc 

NOR –0.89 –0.92 –0.92 5.5; 6.22; 8.69 5.77; 8.68 5.86 7.37 

5a   0.30   1.18 2.67 4.9; 6.97; 8.55 4.28; 5.79; 14.82 5.93 5.18 

5b –0.18   1.70 3.18 4.43; 6.42; 7 4.31; 5.79; 15.05 5.42 5.13 

5c –0.36   1.60 3.18 6.75; 7.41; 8.92 4.30; 5.79; 14.89 7.08 5.20 

5d   0.58 –1.35 3.29 4.46; 6.29; 9.2 4.18; 5.78; 14.39 5.37 5.19 

5e –0.81 –1.31 3.42 4.91; 6.35; 7 4.25; 3.61; 13.61 5.63 4.87 

CIPRO –1.08 –2.4 –0.81 2.58; 5.58; 9.84 5.76; 8.68 4.08 7.37 

6a   0.15 –1.82 2.77 4.85;6.36;7.52;9.155 4.28; 5.77; 14.82 5.60 5.17 

6b –0.29 –1.31 3.28 3.58; 6.35; 7.06;8.82 4.31; 5.78; 15.05 4.96 5.19 

6c     0.67 –1.31 3.28 4.29; 6.58; 8.67; 4.28; 5.78; 14.89 5.43 5.17 

6d –0.45 –1.22 3.53 5.32; 6.4; 8.52 3.67; 5.76; 13.43 5.86 4.87 

PIPEM –0.90 –2.85 –2.85 4.72; 6.3; 7.93 1.24;  5.31; 8.57 5.51 7.09 

7a –0.98 –2.3 –2.30 5.99; 7.1; 9.16 4.26; 5.35; 14.82 6.54 4.95 

7b –1.11 –1.79 –1.79 5.68; 6.88; 8.1 4.29;  5.35; 15.05 6.28 4.96 

7c   0.34 –1.79 –1.79 6.35; 5.23; 9.2 4.28;5.35; 14.89 5.79 4.96 

7e –0.06 –1.7 –1.70 6.6; 5.96; 5.3 3.65; 5.32; 13.43 5.63 4.63 

http://www.chemicalize/
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To reveal a correlation between the experi-
mental and calculated values, a linear regression 
was performed. Weak correlation (R2 = 0.244) 
between the calculated logP and the experimental 
values logD7.4exp for all synthesized compounds 
was observed (Fig. 2A), with R2 = 0.046 for NOR, 
R2=0.332 for CIPRO and R2 = 0.261 for PIPEM 
derivatives, respectively. Similarly, when consider-
ing correlation between the logD7.4calc and 
logD7.4exp values, low correlation was observed for 
all synthesized compounds (R2 = 0.086) (Fig. 2B) 

and for the corresponding derivatives, separately 
(R2 = 0.031 for NOR, R2 = 0.333 for CIPRO and R2 

= 0.264 for PIPEM derivatives, respectively. 

 

 
A 

 

 
B 

Fig. 2. Correlation between:  logD7.4exp and logP (A) and 

logD7.4exp and logD7.4calc (B) for all (fluoro)quinolone derivatives 

 
Similar data were reported from other re-

searchers as well [8]. One of the reasons for this 
weak correlation may be the zwitterionic nature of 
the (fluoro)quinolones at physiological pH. It is 
clear that at pH corresponding to the isoelectric 
point, zwitterions and neutral molecules are pre-
sent at their highest concentrations. Therefore, this 
ratio is a remarkably important feature to describe 
the lipophilicity of (fluoro)quinolones [31]. Our 
results revealed that the isoelectric points of the 
synthesized compounds are around pH 5–6. Ac-
cording to Kujawski et al. [32, 33], predicted logP 
is calculated only for neutral compounds. This may 
be a reason for the flimsy correlation between the 
predicted and experimental values. Programs for 
calculating logP are based on breaking molecules into 

fragments and summing these constant fragment 
values plus certain correction factors. Considering 
that, polyprotic equation becomes more complicated 
and potentially accumulates errors due to the logP 
and pKa predictions. Consequently, all revealed facts 
from above may contribute to poor correlation be-
tween experimental and calculated values. 
 

3.3. Antibacterial screening 
 

The antimicrobial activities of the synthe-
sized quinolone derivatives were screened against 
Gram-positive (S. aureus ATCC 29213, S. epider-
midis ATCC 12228, S. aureus-MR (clinically iso-
lated), S. pneumonia ATCC 6305, Enterococcus 
ATCC 29212) and Gram-negative bacteria (E. coli 
ATCC 25922, K. pneumonia ATCC 700603, P. 
aeruginosa ATCC 27853, B. fragilis ATCC 23745) 
and C. albicans ATCC 10231 by the conventional 
agar diffusion and dilution methods, with NOR, 
CIPRO and PIPEM as reference compounds. The 
diameters of the zones of inhibition (mm) along 
with the minimum inhibitory concentrations 
(MICs) are presented in Table 4. 

All NOR derivatives showed similar anti-

bacterial activities to NOR (the parent compound) 

in vitro. Specifically, compounds 5a and 5b 

showed higher activity against S. aureus compared 

to 5c, 5d and 5e, while activities against other bac-

teria were similar for all NOR derivatives. CIPRO 

derivatives exhibited good activity against Gram-

positive, including methicillin resistant S. aureus 

and Gram-negative bacteria, although this was 

lower than that of CIPRO. Antibacterial screening 

of compounds against S. aureus, S. aureus-MR, K. 

pneumonia, P. aeruginosa and Enterococcus re-

vealed that compounds 6a and 6b have higher in 

vitro antibacterial activities compared to 6c and 6e, 

with compound 6b showing the same activity as 

the leading compound CIPRO in respect to S. au-

reus-MR, S. epidermidis, Enterococcus, S. pneu-

moniae, E. coli and K. pneumoniae. The inhibition 

zones and MICs of compounds 7a-d indicate that 

they retained antibacterial activity of the parent 

compound PIPEM.  

Similar to their leading compounds, all syn-
thesized compounds showed no significant activity 
against C. albicans. 

Considering literature data [3], the addition 
of an alkyl group or some type of bulky (5- or 6-
membered rings) on nitrogen linked to carbon at 
position 7 in the quinolone moiety resulted in in-
creased activity against aerobic Gram-negative and 
Gram-positive bacteria, prolonging elimination 
half-life and increasing bioavailability. It was also 
observed that increased bulkiness/hydrophobic 
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T a b l e  4 
 

The diameter of the zone of inhibition (mm) and minimum inhibitory concentrations (MICs mg/ml)  

of synthesized (fluoro)quinolone derivatives 
 

Com-

pounds 

Inhibition 

zone  

(mm) 

MIC 

(mg/l) 

Inhibition 

zone 

(mm) 

MIC 

(mg/l) 

Inhibition 

zone 

(mm) 

MIC 

(mg/l) 

Inhibition 

zone 

(mm) 

MIC 

(mg/l) 

Inhibition 

zone  

(mm) 

MIC 

(mg/l) 

 S. aureus S. aureus MR S. epidermidis Enterococcus S. pneumoniae 

NOR 25 0.25 22 0.5 30 0.03 13 2 15 1 

5a 21 0.5 22 1 24 0.25 10 4 13 >4 

5b 22 0.5 22 1 22 0.50 10 4 14 2 

5c 20 1 21 1 22 0.50 8 >4 12 >4 

5d 19 1 19 1 20 1 6 >4 10 >4 

5e 20 1 20 1 21 0.50 7 >4 12 >4 

CIPRO 28 ≤0.03 28 ≤0.03 33 ≤0.03 21 1 31 0.5 

6a 28 0.06 28 0.125 32 0.12 22 1 31 0.5 

6b 26 0.06 28 ≤0.03 33 ≤0.03 21 1 30 0.5 

6c 23 0.25 26 0.25 29 0.12 16 4 26 1 

6d 22 0.5 24 0.5 27 0.5 15 4 26 1 

PIPEM 6 8 6 >16 6 >16 6 >16 6 >16 

7a 6 >16 6 >16 6 >16 6 >16 6 >16 

7b 11 >16 11 >16 6 >16 6 >16 6 >16 

7c 11 8 11 >16 6 >16 6 >16 6 >16 

7d 13 8 13 >16 6 >16 6 >16 6 >16 

 E. coli K. pneumoniae P. aeruginosa B. fragilis C. albicans 

NOR 38 0.06 23 0.5 26 0.25 10 n.t. 10 >4 

5a 33 0.25 20 >4 15 2 15 n.t. 13 >4 

5b 35 5 20 >4 18 1 14 n.t. 13 >4 

5c 33 0.25 18 >4 18 1 9 n.t. 13 >4 

5d 32 0.25 18 >4 15 2 9 n.t. 9 >4 

5e 31 0.25 20 >4 15 2 13 n.t. 9 >4 

CIPRO 45 ≤0.03 29 0.25 35 0.25 18 n.t. 8 ≤16 

6a 40 ≤0.03 27 0.25 31 0.5 16 n.t. 8 ≤16 

6b 42 ≤0.03 24 0.25 29 1 9 n.t. 6 ≤16 

6c 39 ≤0.03 23 1 26 2 9 n.t. 6 ≤16 

6d 39 ≤0.03 22 2 26 2 7 n.t. 7 ≤16 

PIPEM 6 2 10 >16 6 >16 9 n.t. 6 >16 

7a 6 8 6 >16 6 >16 8 n.t. 6 >16 

7b 6 4 6 >16 6 >16 8 n.t. 6 >16 

7c 6 4 6 >16 6 >16 6 n.t. 6 >16 

7d 6 4 6 >16 6 >16 6 n.t. 6 >16 
 

n.t.: not tested 
 

 

substituents at C-7 provided protection from the 

bacterial efflux transporters, thus reducing the 

possibility for bacterial resistance in wild-type 

bacterial strains [34, 35]. 

As confirmed in previous studies [34, 36, 37], 

moxifloxacin (MOXI) and trovafloxacin (TROVA) 

are the currently available agents with the greatest 

bulk at this position, being least affected by exporter 

proteins. Research data [35] also showed that benzyl 

substitution at C-7 markedly affected the pharmaco-

logical profile of CIPRO with respect to recognition 

by efflux transporters and cellular accumulation. 

These findings were not confirmed in our study, 

having in regard the similar or lower antimicrobial 

activity against most of the tested strains of the syn-

thesized compounds in comparison with the leading 

ones. In addition, substitutions and myriad modifi-

cations in the quinolone core, specifically at position 

C-7, may change the primary target. Namely, as 

Brighty and Gootz pointed out, if CIPRO, TROVA, 

gemifloxacn (GEMI) and NOR select first a parC 

mutation, the primary target of MOXI and gatiflox-

acin (GATI) is gyrA [23]. 

 
3.4. Correlation between physicochemical  

properties and MIC 
 

The correlation between logSwexp and log-

MIC for NOR derivatives was strong in respect to 

all tested microorganisms, ranging from R2 = 0.844 

to R2 = 0.999 for S. aureus and E. coli, respective-

ly. In the case of CIPRO derivatives, moderate to 

strong correlation was found between logSwexp and 

logMIC (0.404 ≤ R2 ≥ 0.949 for Enterococcus/S. 
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pneumonia and S. epidermidis, respectively) and 

no correlation in respect to E. coli (Table 5a). Also, 

no correlation was seen between logSwexp and log-

MIC for PIPEM derivatives, except a moderate one 

in the case of S. aureus (R2 = 0.489) and a strong 

one in the case of E. coli (R2 = 0.999). The correla-

tion between the logSwcalc and logMIC was strong 

in respect to all tested bacteria when considering 

NOR derivatives (0.85 ≤ R2 ≥ 0.995), except for E. 

coli. For CIPRO derivatives, strong correlation in 

respect to P. aeruginosa only and moderate for the 

others (except for E. coli) was observed, while for 

PIPEM derivatives, specifically, strong correlation 

in respect to E. coli only were observed, being 

moderate in respect to S. aureus and showing an 

absence of correlation when considering other 

bacteria (Table 5a).   

In general, the correlation between logS7.4exp 

and logMIC was similar for NOR (0.609 ≤ R2 ≥ 

0.999), CIPRO (0 ≤ R2 ≥ 0.916) and PIPEM de-

rivatives (0 ≤ R2 ≥ 0.965) with the correlation be-

tween logSwexp, logSwcalc, logS7.4calc and logMIC, 

respectively, except for the higher correlation for 

PIPEM derivatives in the case of S. aureus (R2 = 

0.891) (Table 5a).     

It is expected that in non-polar media, such 

as lipids in the cell membrane, the solubility of 

neutral molecules is higher, so they can easily pass 

through cell membranes and show good bioavaila-

bility. In contrast, zwitterions, such as (fluo-

ro)quinolones, have a greater affinity for polar 

environments and penetrate easily through pores in 

bacterial cell walls, after which they readily bind to 

bacterial gyrase [8, 31]. This can explain relatively 

high correlation between logSwexp and logS7.4exp and 

logMICs of the synthesized compounds for most of 

the tested bacteria.  

For NOR derivatives, strong correlation be-

tween logMIC and logP and logD7.4calc, respective-

ly, was observed for all tested bacteria (Table 5b). 

However, when considering correlation between 

experimental logD7.4exp and logMIC for the same 

derivatives, high correlation in respect to E. coli 

only was obtained (R2 = 0.997). For CIPRO deriva-

tives, strong correlation between logMIC and logP 

and logD7.4calc, respectively, in respect to P. aeru-

ginosa only (R2 = 0.926) was detected. This was in 

agreement with the correlation of the experimental 

logD7.4exp and logMIC for this strain (R2 = 0.977). 

For PIPEM derivatives, strong correlation only in 

respect to E. coli was observed (R2 = 0.946) when 

correlating logMIC and logP and logD7.4calc, re-

spectively. However, no correlation was observed 

between logD7.4exp and logMIC for this strain (Ta-

ble 5b). 

These inconsequential correlations suggest 

that the lipophilicity of the (fluoro)quinolones is not 

the only factor that affects their activity, indicating 

that passive diffusion is not the only way to cross 

the cell membrane and accumulate in bacterial cells. 

A similar effect was observed in previous studies, in 

which a weak correlation was reported between the 

hydrophobicity and MIC of mixofloxacin for two 

Gram-positive bacteria (Str. pneumonia and S. au-

reus-MR) [38] as well as non-proportional correla-

tion between lipophilicity and inhibition of target 

enzyme (DNA gyrase) and MIC of several (fluo-

ro)quinolones [39]. The opposite effect was ob-

served in a study of Piddock and Johnson [40], who 

found that with a decrease in hydrophobicity, there 

was a decrease in the concentration accumulated. 

However, it must be noticed that in their study, the 

accumulation of ten fluoroquinolones, including 

CIPRO and NOR, for only S. pneumonia, two wild-

type fluoroquinolone-susceptible capsulated and one 

non-encapsulated strains, was evaluated. As an ex-

planation for this inconsequential correlation, sever-

al factors could be considered, such as steric effects 

and electronic factors, solubility effect, compound 

permeability/mechanism of its transport, affinity of 

the compound for its target enzyme, binding and 

packaging of the molecules on the active site of the 

enzyme, molecular mass, etc. It is well-known, for 

example, that electronic factor and steric effect have 

a significant impact on the protonation of N-4 pi-

perazinyl group [41]. 

The logD7.4 of almost all (fluoro)quinolones 

are nearly less or close to zero and are not too dis-

similar from each other (except TROVA). Interest-

ingly, the true partition coefficients tend to be low-

er in the second generation (except ofloxacin, pe-

floxacin and amifloxacin), and appear to be higher 

in members of the third and fourth generations. A 

similar trend is revealed in the permeability and 

thus systemic bioavailability after oral administra-

tion, expressed in area under curve plasma concen-

tration vs. time (AUC) [38]. Although it is a fully 

validated parameter, it has been shown that the 

AUC/MIC ratio often correlates to antibacterial 

effects in a preclinical model of infection [42]. 

How modifications in the structure of the (fluo-

ro)quinolones synthesized in this study will affect 

bioavailability (AUC) and in this respect MIC in 

vivo remains to be determined.   

Parabolic curve among Mw and logMIC for 

NOR derivatives (5a-e) resulted in a strong corre-

lation for S. aureus MR (R2 = 0.999), Enterococcus 

(R2 = 0.999), K. pneumonia (R2 = 0.999) and S. 

epidermidis (R2 = 0.968) and moderate in respect 

to other strains (0.577 ≤ R2 ≥ 0.8571) (Table 5b). A 

http://www.ncbi.nlm.nih.gov/pubmed/?term=Piddock%20LJ%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Johnson%20MM%5Bauth%5D
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weaker correlation between these parameters was 

obtained in the case of CIPRO derivatives for most 

of the test strains (0.586 ≥ R2 ≤ 0.817), with higher 

correlation for P. aeruginosa (R2 = 0.926). The 

same was observed for PIPEM derivatives, as out-

lined in Table 5b. 
 

 

T a b l e  5a 
 

Correlation (R2) between antimicrobial activity and solubility of the (fluoro)quinolone derivatives 
 

 

Strain 

 

logSwexp logS7.4exp logSwcalc logS7.4calc 

NOR  

deriv. 

CIPRO 

deriv. 

PIPEM 

deriv. 

NOR  

deriv. 

CIPRO 

deriv. 

PIPEM 

deriv. 

NOR  

deriv. 

CIPRO 

deriv. 

PIPEM 

deriv. 

NOR  

deriv. 

CIPRO 

deriv. 

PIPEM 

deriv. 

S. aureus 0.844 0.710 0.489 0.919 0.762 0.891 0.85 0.811 0.583 0.850 0.858 0.583 

S. aureus-MR 0.997 0.818 0 0.999 0.574 0 0.997 0.646 0 0.997 0.694 0 

S. epidermidis 0.971 0.949 0 0.995 0.746 0 0.960 0.817 0 0.990 0.845 0 

Enterococcus 0.997 0.404 0 0.999 0.531 0 0.997 0.583 0 0.997 0.642 0 

S. pneumoniae 0.997 0.404 0 0.868 0.531 0 0.857 0.583 0 0.857 0.642 0 

E. coli 0.999 0 0.999 0.609 0 0.965 0.576 0 0.936 0.577 0 0.565 

K. pneumoniae 0.997 0.616 0 0.995 0.684 0 0.997 0.75 0 0.997 0.791 0 

P. aeruginosa 0.931 0.721 0 0.995 0.916 0 0.995 0.926 0 0.997 0.962 0 

 

 

T a b l e  5b  
 

Correlation (R2) between antimicrobial activity and lipophilicity and molecular weight  

of the (fluoro)quinolone derivatives 
 

 

Strain 

 

logD7.4exp 
logD7.4calc logP logMw 

NOR  

deriv. 

CIPRO 

deriv. 

PIPEM 

deriv. 

NOR  

deriv. 

CIPRO 

deriv. 

PIPEM 

deriv. 

NOR  

deriv. 

CIPRO 

deriv. 

PIPEM 

deriv. 

NOR  

deriv. 

CIPRO 

deriv. 

PIPEM 

deriv. 

S. aureus 0.273 0.714 0.755 0.998 0.8108 0.583 0.850 0.811 0.583 0.850 0.811 0.583 

S. aureus-MR 0.442 0.406 0 0.987 0.6463 0 0.999 0.646 0 0.999 0.646 0 

S. epidermidis 0.545 0.301 0 0.991 0.817 0 0.957 0.817 0 0.968 0.817 0 

Enterococcus 0.442 0.740 0 0.987 0.5833 0 0.999 0.583 0 0.999 0.583 0 

S. pneumoniae 0.243 0.740 0 0.999 0.5833 0 0.857 0.583 0 0.857 0.583 0 

E. coli 0.997 0 0.087 0.951 0 0.946 0.577 0 0.946 0.577 0 0.802 

K. pneumoniae 0.442 0.631 0 0.987 0.75 0 0.999 0.750 0 0.999 0.750 0 

P. aeruginosa 0.395 0.977 0 0.995 0.9265 0 0.951 0.926 0 0.842 0.926 0 

 

 

The correlation of molecular size and MIC 

was the issue that drew the attention of several 

other researchers. In a study of Piddock and John-

son [40], with an increase in the molecular weight 

of the free form of each fluoroquinolone, there was 

a decrease in the concentration accumulated in 

wild-type or efflux mutant S. pneumonia. In addi-

tion, a linear relationship between the steady-state 

concentration and the molecular size of the fluoro-

quinolones was observed. Out of ten fluoroquin-

olones, the exception was grepafloxacin (GREPA), 

with a high molecular weight, similar to that of 

TROVA and MOXI, but a high concentration ac-

cumulated. All of these observations can explain 

the relatively strong to moderate correlation be-

tween the molecular weight and potency of the 

synthesized (fluoro)quinolone derivatives observed 

in this study. 

 

4. CONCLUSION 

 

Novel (benzoylamino)methyl derivatives of 

(fluoro)quinolones were synthesized in one step 

and high yields, starting from the leading com-

pounds NOR, CIPRO and PIPEM, respectively. 

Addition of (benzoylamino)methyl functions in the 

piperazinyl ring of the leading compounds by sub-

stitution of hydrogen atom at position 4 resulted in 

the formation of zwitterionic compounds in phys-

iological pH, with lower water solubility and in pH 

7.4 and, consequently, higher lipophilicity than 

that of the leading compounds, respectively. In-
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creased bulkiness at position C-7 in the quinolone 

moiety and higher lipophilicity of the synthesized 

compounds have been shown not to increase anti-

microbial activity of the leading compounds, point-

ing out that passive diffusion is not the only mech-

anism for penetration into bacterial cells. How 

substitutions in the (fluoro)quinolone moiety affect 

the primary target(s), substrate behavior in respect 

to bacterial efflux and/or influx transporters and 

overall bioavailability remains to be determined. 
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