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The aim of the work. Among all the representatives of four generations of fluoroquinolones ciprofloxacin (CIPRO) and 

norfloxacin (NOR) remain widely used and prescribed antibiotics in clinical practice. However, the problem of re-

sistance towards them is gradually increasing. Thus, our investigation is dedicated to chemical modification of C-7 

position of Ciprofloxacin and Norfloxacin ring as a promising solution to combat antibiotic resistance and open a 

pathway towards convenient synthesis of new fluoroquinolones derivatives. 

Materials and methods. The subjects of the research were N-piperazine-substituted ciprofloxacin and norfloxacin. The 

methods of molecular docking and organic synthesis were applied in the study. The structures of the obtained com-

pounds were confirmed by 1H NMR, 13C NMR, 19F NMR, LC/MS, IR, UV spectroscopy. The antimicrobial activity was 
measured by the method of double serial dilutions against Staphylococcus aureus (ATCC 25923), Escherichia coli 

(ATCC 25922), Bacillus subtilis (ATCC 6633), Pseudomonas aeruginosa (ATCC 27853), Candida albicans (NCTC 

885-653) and diffusion in agar method against clinical strains.

The results. 7-(4-(2-Cyanoacetyl)piperazin-1-yl)-1-R-6-fluoro-4-oxo-1,4-dihydroquinoline-3-carboxylic acids were 
synthesized and their structures were confirmed. The obtained compounds showed the antibacterial activity on the ref-

erence level for double dilution method and exceeded control for “well” method.

Conclusions. The current investigation revealed the promising route for the expanding of the existing fluoroquinolones 
diversity. Pharmacodynamics and pharmacokinetics changes could be achieved by chemical modifications of C-7 posi-

tion of the initial ring. Further research utilizing the obtained compounds as starting ones opens a promising way to 
novel active molecules synthesis and combating the problem of antibiotic resistance
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1. Introduction

The World Health Organization refers to the prob-

lem of antibiotic resistance as of one of the huge threats 

to global health and security [1]. Due to its appearance 

hospital stays become longer, medical costs and mortali-

ty level are increased [2]. All over the world people are 

influenced by antibiotic resistance as an economic bur-

den that decreases the total quality of their lives [3].  

Altogether such an extremely negative impact of 

antibiotic resistance on the health and economic systems 

definitely needed to be combated. For this purpose now-

adays there are at least two global strategies. Firstly, the 

methods to control the spread of antibiotic resistance 

towards existing medicines must be created and implied 

in the health care systems of all countries. Secondly, the 

scientific community has to intensify the development 

and implementation of new biologically active molecules 

that can become novel potent antimicrobials [4].  

The second issue is currently under investigation 

by medicinal chemists and also appears to have two sug-

gestions to solve it. On the one hand, totally new com-

pounds can be created by the powers of organic synthe-

sis. In this case preliminary molecular docking studies 

appear to be a helpful tool in order to predict probable 

mechanisms and types of biological activity. Combina-

tion of these two processes – prediction and purposeful 

synthesis – allows obtaining novel promising molecules 

without even the slightest hint of resistance towards 

them. On the other hand, one can modify the existing 

compounds that are already well-known for their anti-

bacterial properties and change their structures in a 

desirable way. 

Talking about fluoroquinolones we must admit 

that existing now four generations were created using the 

second approach. Furthermore, the investigations in this 

area are still in progress [5]. 
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It is worth to mention that fluoroquinolones pos-

sess the unique mechanism of action. Their targets in the 

bacterial cell are enzymes topoisomerase IV, which is 

responsible for the organization of the spatial arrange-

ment of the chromosome within the bacterium and the 

division of chromosomes in the process of cell division, 

and DNA gyrase, which is responsible for the process of 

supercoiling of bacterial DNA [6]. That means that re-

sistance towards this class of antibiotics may occur due to 

two mechanisms: modification of the targets (mutations in 

both the DNA gyrase and topoisomerase IV genes) and 

active excretion of medicine from a microbial cell. 

However, even in such a situation antibiotic re-

sistance to fluoroquinolones, especially towards repre-

sentatives of second generation Ciprofloxacin and Nor-

floxacin, becomes a major clinical issue that increases 

throughout the world [7, 8]. 

Therefore, continuing our investigations in the ar-

ea of quinolone chemistry [9–11] and using previous 

synthetic experience we decided to accept such challeng-

ing task and find a way to modify Ciprofloxacin and 

Norfloxacin in order to fight the problem of antibiotic 

resistance. 

The aim. To synthesize the C-7 substituted deriv-

atives of Ciprofloxacin and Norfloxacin that could be 

further utilized in the processes of novel fluoroquin-

olones creation, provide molecular docking studies for 

these novel structures and check the changes in their 

antimicrobial activity comparing to the parent structures. 

 

2. Planning (methodology) of research 

From the chemist’s viewpoint fluoroquinolones 

are attractive molecules due to the wide variety of possi-

ble structural modifications. However, the C-7 position 

plays a key role in their binding to cell targets, therefore, 

helping to overcome resistance. Additionally, the binding 

to human topoisomerase IIα is also mediated by the C-7 

substituent. 

Thus, the obvious pathway towards new fluoro-

quinolones synthesis is the substitution of Nitrogen in 

piperazine ring. It should be mentioned that there is evi-

dence about the antimicrobial potency of 4-(2-

cyanoacetyl)piperazin-1-yl moiety [12–14]. This infor-

mation lead us to the idea of relatively easy and conven-

ient way towards 7-(4-(2-cyanoacetyl)piperazin-1-yl)-1-

R-6-fluoro-4-oxo-1,4-dihydroquinoline-3-carboxylic 

acids synthesis. 

Moreover, we should emphasize that these scaf-

folds reveal high synthetic potential and could be further 

utilized for other modifications, especially for cyclization 

reactions with a formation of variety of heterocyclic 

rings (Fig. 1). 

In order to design the experiment rationally at first 

we decided to use in silico molecular docking studies to 

predict possible mechanisms of the antimicrobial effect and 

suitability of the chosen structural modification route. 

At the second stage we planned to utilize and 

compare two synthetic techniques as the target com-

pounds can be obtained by two-step or one-step ap-

proach. We decided to try them both and compare their 

efficacy, ‘greenness’ and suitability in order to choose 

the best option. 

 
Fig. 1. Synthetic potential of the target scaffolds 

 

At the final stage the antimicrobial screening was 

planned in order to check the activity of the synthesized 

compounds and plan further investigations. 

 

3. Materials and methods 

Molecular docking studies 

For receptor-oriented flexible docking, the Auto-

dock 4.2 software package was used. Ligands were pre-

pared using the MGL Tools 1.5.6 program. The Ligand 

optimization was performed using the Avogadro pro-

gram. To perform calculations in the Autodock 4.2 pro-

gram the output formats of the receptor and ligand data 

were converted to a special PDBQT format. In our previ-

ous studies, a similar software package was used  

[15, 16]. The active macromolecule centers of antibacte-

rial targets (Staphylococcus aureus DNA Gyrase PDB 

ID: 2XCR; Mycobacterium tuberculosis topoisomerase II 

PDB ID:5BTL; Streptococcus pneumoniae topoisomer-

ase IV PDB ID: 4KPF) from the Protein Data Bank 

(PDB) were used for docking. The receptor maps were 

made in MGL Tools and AutoGrid programs. Water 

molecules, ions, and the ligand were removed from the 

PDB file. 

The following docking parameters were deter-

mined:  

the maximum RMS tolerance for the conforma-

tional cluster analysis – 2 Å; 

the free energy coefficient for torsional degrees of 

freedom – 0.2983; 

the cluster tolerance – 2 Å; 

the external grid energy – 1000;  

the maximum initial energy – 0; the maximum 

number of retries – 10 000;  

the number of individuals in the population – 150;  

the maximum number of energy evaluations – 

2500000; 

the maximum number of generations – 27000;  

the number of top individuals to survive to the 

next generation – 1; 

the rate of gene mutation – 0.02; the rate of cross-

over – 0.8; 

the crossover mode – arithmetic; the α-parameter 

of Gauss distribution – 0; 

the β-parameter of Gauss distribution – 1. 

The visual analysis of complexes of substances in 

the active centers for bacterial targets (PDB ID: 2XCR, 

5BTL, 4KPF) was performed using the Discovery Studio 

Visualizer program. 
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Experimental chemical part 

The starting fluoroquinolones, ethyl 2-cyanoacetate 

and solvent are commercially available and, as well as sol-

vents, were purchased by Sigma Aldrich company and were 

used without further purification. 

All NMR spectra were recorded on a Varian MR-

400 spectrometer with standard pulse sequences operat-

ing at 400 MHz for 1H NMR, 101 MHz for 13C NMR and 

376 MHz for 19F NMR. For all NMR spectra, DMSO-d6 

was used as solvent. Chemical shift values are referenced 

to residual protons (δ 2.49 ppm) and carbons (δ 39.6 ppm) 

of the solvent as an internal standard. Elemental analysis 

was performed on a EuroEA-3000 CHNS-O Analyzer. 

Melting points were determined with a Buchi B-520 

melting point apparatus. LC/MS spectra were recorded 

on a ELSD Alltech 3300 liquid chromatograph equipped 

with a UV detector (max 254 nm), API-150EX mass-

spectrometer and using a Zorbax SB-C18 column, Phe-

nomenex (100×4 mm) Rapid Resolution HT Cartrige 

4.6x30mm, 1.8-Micron. Elution started with 0.1 M solu-

tion of HCOOH in water and ended with 0.1 M solution 

of HCOOH in acetonitrile used a linear gradient at a flow 

rate of 0.15 ml/min and an analysis cycle time of 25 min. 

IR spectra in KBr pellets were recorded on a Perkin–

Elmer 298 spectrophotometer in KBr pellets. UV/Vis 

spectra of 0.06 mmol solutions in MeOH were recorded 

on a Specord 200 spectrometer. 

General procedure for the synthesis of 7-(4-(2-

cyanoacetyl)piperazin-1-yl)-1-R-6-fluoro-4-oxo-1,4-

dihydroquinoline-3-carboxylic acid (two-step ap-

proach) 

Synthesis of N-(сyanoacetyl)imidazole (c) 

To the DMF (100 ml) solution of 2-cyanoacetic 

acid (100 mmol) CDI (120 mmol) was added. The reac-

tion mixture was heated at 80 °C with stirring for 1 h. 

After cooling, 50 ml of water was added. The precipitate 

that formed was filtered off, washed with water. 

Yield 12 g (89 %). Mp=145–150 °C. 1H NMR 

spectrum δ, ppm 1H NMR (400 MHz, DMSO-d6) δ 8.20 

(1H, s, H Ar), 7.52 (1H, d, J=7.5 Hz, H Ar), 7.15 (1H, d, 

J=7.5 Hz, H Ar), 3.94 (2H, s, CH2). LC/MS m/z (Irel, %): 

135 [M+H]+ (100). Calculated, %: C, 53.33; H, 3.73; N, 

31.10; O, 11.84. Found, %: C, 53.38; H, 3.70; N, 31.12; 

O, 11.80. 

Synthesis of 7-(4-(2-cyanoacetyl)piperazin-1-yl)-1-R-

6-fluoro-4-oxo-1,4-dihydroquinoline-3-carboxylic acids 1,2 

To the DMF (100 ml) solution of 1-R-6-fluoro-4-

oxo-7-(piperazin-1-yl)-1,4-dihydroquinoline-3-carboxylic 

acid (30 mmol) N-(сyanoacetyl)imidazole (c) (90 mmol) 

was added. The reaction mixture was refluxed with stirring 

for 4-5 h. After cooling, the precipitate that formed was 

filtrated, washed with MeOH (50 ml) and recrystallized 

from MeOH. Compounds 1,2 were obtained as white solids 

with yields 89 % and 90 % respectively. 

General procedure for the synthesis of 7-(4-(2-

cyanoacetyl)piperazin-1-yl)-1-R-6-fluoro-4-oxo-1,4-dihy- 

droquinoline-3-carboxylic acid (one-step approach). 

To the DMF (100 ml) solution of 2 1-R-6-fluoro-4-

oxo-7-(piperazin-1-yl)-1,4-dihydroquinoline-3-carboxylic 

acid (30 mmol) ethyl 2-cyanoacetate (90 mmol) was added. 

The reaction mixture was refluxed with stirring for 4 h. 

After cooling, the precipitate that formed was filtered off, 

washed with MeOH (50 ml) and recrystallized from MeOH. 

Compounds 1, 2 were obtained as white solids with yields 

of 77 and 85 % respectively. 

7-(4-(2-Сyanoacetyl)piperazin-1-yl)-1-ethyl-6-

fluoro-4-oxo-1,4-dihydroquinoline-3-carboxylic acid (1) 

Two-step approach: yield 10.32 g (89 %). 

One-step approach: yield 8.93 g (77 %). 

Mp=245–250 °C. 1H NMR δ, ppm (400 MHz, 

DMSO-d6) 15.31 (1H, s, COOH), 8.96 (1H, s, H Ar), 

7.94 (1H, d, J=13.2 Hz, H Ar), 7.19 (1H, d, J=7.3 Hz, H 

Ar), 4.59 (2H, q, J=7.1 Hz, CH2 (Et)), 4.12 (2H, s, 

CH2(CN)), 3.68 (2H, t, J=5.2 Hz, CH2 (piperazine)), 3.58 

(2H, t, J=5.1 Hz, CH2 (piperazine)), 3.38 (2H, s, CH2 

(piperazine)), 1.42 (3H, t, J=7.1 Hz, CH3). 
13C NMR (101 

MHz, DMSO-d6) δ 176.11, 166.04, 161.72, 153.98, 

151.50, 148.59, 145.04, 144.93, 137.07, 119.45, 116.09, 

111.34, 111.11, 107.06, 106.16, 49.23, 49.05, 45.01, 

41.34, 24.78, 14.34. 19F NMR (376 MHz, DMSO-d6) δ -

123.90 (dd, J=13.0, 7.1 Hz). LC/MS m/z (Irel, %): 387.2 

[M+H]+ (100). IR spectrum (KBr), ν, cm-1: 3427 (OH, 

st), 2953, 2924 (C=C, st), 2256 (CN, st), 1697 (C=O 

carboxylic, st), 1662 (C=O amide, st), 1449, 1480 (C=C 

phenyl, st), 1247 (C-O, st), 1028 (C=C, ). UV/Vis spec-

trum (MeOH), λmax nm (ε): 235 (12000), 280 (58000), 

319 (12000), 332 (10200). Calculated, %: C, 59.15; H, 

4.900; F, 4.89; N, 14.58; O, 16.50. Found, %: C, 59.06; 

H, 4.96; F, 4.92; N, 14.50; O, 16.56. 

7-(4-(2-Сyanoacetyl)piperazin-1-yl)-1-cyclopropyl-

6-fluoro-4-oxo-1,4-dihydroquinoline-3-carboxylic acid (2) 

Two-step approach: yield 10.44 g (90 %).  

One-step approach: yield 9.86 g (85 %). 

Mp=252–256 °C. 1H NMR δ, ppm (400 MHz, 

DMSO-d6) 15.14 (1H, s, COOH), 8.63 (1H, s, H Ar), 7.88 

(1H, d, J=13.1 Hz, H Ar), 7.55 (1H, d, J=7.4 Hz, H Ar), 

4.13 (2H, s, CH2 (CN)), 3.81 (1H, tt, J=7.3, 3.9 Hz, CH 

(cyclopropyl)), 3.70 (2H, t, J=5.1 Hz, CH2 (piperazine)), 

3.60 (2H, t, J=5.0 Hz, CH2 (piperazine)), 3.41 – 3.30 (4H, 

m, CH2 (piperazine)), 1.30 (2H, dd, J=7.5, 5.4 Hz, CH2 

(cyclopropyl)), 1.25 – 1.14 (2H, m, CH2 (cyclopropyl)). 
13C NMR (101 MHz, DMSO-d6) δ 176.31, 165.83, 

161.73, 148.03, 144.67, 139.10, 118.85, 116.02, 111.13, 

110.94, 106.59, 49.15, 48.89, 44.98, 41.33, 35.84, 24.75, 

7.57. 19F NMR (376 MHz, DMSO-d6) δ -124.11. LC/MS 

m/z (Irel, %): 398.2 [M+H]+ (100). IR spectrum (KBr), ν, 

cm-1: 3438 (OH, st), 2944, 2861 (C=C, st), 2261 (CN, st), 

1740 (C=O carboxylic, st), 1650 (C=O amide, st), 1452 

(C=C phenyl, st), 1244 (C-O, st), 1025 (C=C, ). UV/Vis 

spectrum (MeOH), λmax nm (ε): 230 (10500), 280 

(47000), 319 (15000), 332 (14800). Calculated, %: C, 

60.30; H, 4.81; F, 4.77; N, 14.06; O, 16.06. Found, %: C, 

60.34; H, 4.77; F, 4.75; N, 14.10; O, 16.04 

Experimental microbiological part 

Method of Double Serial Dilutions 

The method of double serial dilutions was used in 

the course of the study [17,v18]. Solutions of the synthe-

sized compounds in DMF were prepared at a concentra-

tion of 1 mg/ml.  

According to the WHO recommendations the fol-

lowing test-strains were used: Staphylococcus aureus 

ATCC 25923, Escherichia coli ATCC 25922, Bacillus 

subtilis ATCC 6633, Pseudomonas aeruginosa ATCC 

27853, Candida albicans NCTC 885-653. 
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The antimicrobial properties were studied by per-

forming two dilutions of test samples in 2 ml of meat 

peptone broth (MPB medium No. 1) (a total of 10 tubes). 

A separate pipette was used for each dilution. After that, 

0.2 ml of microbial suspension of each test strain with 

the appropriate number of microbial cells was added to 

each tube. Additionally the control was prepared: 2 tubes 

with 2 ml of used medium in each – control of medium; 

2 tubes with 2 ml of used medium with 0.2 ml of micro-

bial suspension of each test strain – growth control of test 

microorganisms. 

The tubes were placed in a thermostat for 18– 

24 hours. The results were determined visually by the 

presence or absence of turbidity. The concentration of the 

compound in the last tube with a clear medium (no visi-

ble to the naked eye growth of the test strain) corre-

sponded to the MIC. In the control of the test microor-

ganism growth it should be observed; medium control 

must be sterile. 

Experiments with C. albicans were performed by 

double dilution of test samples in 2 ml of dextrose broth 

Saburo (a total of 10 tubes). A separate pipette was used 

for each dilution. After that, 0.2 ml of the microbial sus-

pension of the test strain with the appropriate number of 

microbial cells was added to each tube. Additionally the 

control was prepared: 2 tubes with 2 ml of used medium 

in each – control of medium; 2 tubes with 2 ml of used 

medium with 0.2 ml of suspension of the test strain – 

growth control. 

The tubes were placed in a thermostat for 18– 

24 hours. The results were determined visually by the 

presence or absence of turbidity. The concentration of the 

compound in the last tube with a clear medium (no visi-

ble to the naked eye growth of the test strain) corre-

sponded to the MIC. In the control of the growth it 

should be observed; medium control must be sterile. 

The obtained data were analyzed by variation sta-

tistics. The significance level p≤0.05 was accepted. 

Diffusion in Agar Method 

The antimicrobial activity of the compounds syn-

thesized was studied in vitro by the method of diffusion 

into agar (the method of “wells”), the principle of which 

is to measure the zone of growth retardation of microor-

ganisms [17, 18].  

The antimicrobial activity was determined imme-

diately after samples preparation. The studies were per-

formed under aseptic conditions. Pure reference cultures 

were used as test cultures: gram-positive culture of 

Staphylococcus aureus ATCC 25923, as well as gram-

negative culture of Escherichia coli ATCC 25922 and 

culture of yeast-like fungi Candida albicans ATCC 885-

653. In addition, clinical strains of Staphylococcus aure-

us, Escherichia coli and Candida albicans were used in 

the experiment.  

One-day suspensions of bacterial microorganisms 

in physiological solution were used. The microbial load 

was 107 microbial cells in 1 ml of nutrient medium. Mol-

ten agar gel (bottom layer, V=10 ml) was used as the 

non-inoculated medium for the Petri dishes mounted on a 

horizontal surface, and meat-peptone agar (V=14–15 ml) 

was used as the inoculated medium. Sterile metal thin-

walled cylinders (diameter – 8.0±0.1 mm, height – 

10.0±0.1 mm) were used to form the holes. Prior to in-

troduction into the wells, the test substances were dis-

solved in dimethyl sulfoxide (DMSO).  

The results were recorded by measuring the growth 

retardation zone of microorganisms. Measurements were 

performed with an accuracy of 1 mm, focusing on the com-

plete absence of visible growth. The value of the zone of 

growth retardation of pure DMSO was subtracted from the 

results of analysis of model samples. The antimicrobial 

activity of experimental samples was evaluated by the di-

ameter of the growth retardation zone of microorganisms: 

sample; growth retardation zones with a diameter of 11–15 

mm were evaluated as low sensitivity of the culture to the 

concentration of the active antimicrobial substance; zones of 

growth retardation with a diameter of 16–25 mm – as an 

indicator of the sensitivity of the strain of the microorganism 

to the test sample; the growth retardation zone, the diameter 

of which exceeded 25 mm, indicates a high sensitivity of 

microorganisms. 

 

4. Results  

Based on the results of the molecular docking we 

calculated the scoring function indicating the enthalpy 

contribution to the value of the free binding energy (Af-

finity DG) for the best conformation positions; the values 

of the free binding energy and binding constants (EDoc, 

kcal/mol and Ki (uM, micromolar) for a definite confor-

mational position of the ligand, which allowed us to 

evaluate the stability of complexes formed between lig-

ands and the corresponding targets (Table 1). 

 

Table 1 

The values of Affinity DG, free binding energy, and binding coefficients for the best conformational positions of 

the test compounds in combination with biotargets (PDB ID: 2XCR, 5BTL, 4KPF) 

Molecule 

2XCR 5BTL 4KPF 

Affinity 

DG, 

kcal/mol 

EDoc, 

kcal/mol 

Ki, uM mi-

cromolar 

Affini-

ty DG, 

kcal/ 

mol 

EDoc, 

kcal/ 

mol 

Ki uM 

micromo-

lar 

Affini-

ty DG, 

kcal/ 

mol 

EDoc, 

kcal/

mol 

Ki, uM 

micromo-

lar/ 

millimolar 

1  –7.3 –4.51 497.66 uM –7.4 –5.15 168.54 uM –7.2 –4.56 457.42 uM 

2 –7.8 –4.71 352.12 uM –7.0 –5.34 121.01 uM –6.8 –4.18 867.01 uM 

NOR –7.2 –4.30 708.28 uM –7.8 –5.25 142.92 uM –7.4 –4.78 315.73 uM 

CIPRO –7.2 –5.10 183.79 uM –7.5 –5.51 91.69 uM –7.4 –5.38 113.52 uM 

 

Two synthetic routes (Fig. 2, 3) towards 7-(4-(2-

cyanoacetyl)piperazin-1-yl)-1-R-6-fluoro-4-oxo-1,4-dihy- 

droquinoline-3-carboxylic acids (1, 2) were used and the 

preference was made for the one-step approach (Fig. 3).  
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The structures of the obtained compounds were de-

termined using elemental analysis, 1H NMR, 13C NMR,  
19F NMR, LC/MS, IR-, UV- spectroscopy. 

According to the results obtained by method of dou-

ble serial dilutions the antimicrobial and antifungal activity 

of the synthesized compounds was at the control level.  

Diffusion in agar method gave promising re-

sults against both reference and clinical strains of  

S. aureus and E. coli represented in Table 2. Growth 

retardation zone exceeded 25 mm which corresponds 

to the high sensitivity of microorganisms towards 

tested compounds. 

 

Table 2 

Activity of the synthesized compounds against reference and clinical strains 

Compound 

Growth retardation zone, mm 

Reference strains Clinical strains 

S aureus АТСС 25923 
E coli 

АТСС 25922 

С albicans АТСС 

885-653 
S aureus E coli С albicans 

1 36.8±1.3 40.4± 1.9 20.8±1.8 31.4±1.8 30.2±1.7 14.9±1.6 

2 34.2±1.6 39.3±1.7 21.9±1.5 28.6±1.8 30.8±1.3 17.8±1.6 

Control 24.2±1.8 24.7± 1.6 20.5±1.34 24.3±1.7 24.4±1.8 20.9±1.6 

 

5. Discussion 

Inhibitory activity of the tested molecules against 

antibacterial targets (PDB ID: 2XCR, 5BTL, 4KPF) can 

be achieved by the formation of complexes between 

them, the stability of which is provided mainly by energet-

ically favourable geometric arrangement of ligands in 

active sites, formation of hydrogen bonds and interstitials, 

donor-acceptor interactions between them. As a result, the 

thermodynamic probability of such binding is confirmed 

by the negative values of the scoring function Afinity DG 

(kcal/mol), the calculated values of free binding energy 

EDoc (kcal/mol) and the binding constants Ki (uM). 

The obtained results revealed the fact that scoring 

functions do not always correlate with the values of free 

energies and binding constants, so in choosing the most 

promising compounds it is better to use comprehensive 

approach according to which ‘hit molecules’ possess 

minimal free energy values and constants (Table 1). 

Based on the initial structures we can assume that 

the preservation of the fluorine atom in the 6th position 

and the piperazine system in the 7th position with its 

subsequent substitution contribute to improved affinity. It 

should be mentioned that similar way towards new fluo-

roquinolones was previously described by authors [5]. 

Such in silico results led us to the idea that our 

target compounds could be further utilized for other 

modifications. According to the molecular docking that 

appears to be a promising way to combat antimicrobial 

resistance with modified fluoroquinolones that was our 

main aim. 

That is why we need to develop the convenient 

synthetic procedure that will give sufficient yields of the 

target products being at the same time cost-effective and 

also environmentally friendly. 

Among the possible synthetic routes at first the 

two-step procedure depicted on the Fig. 2 was used. 

 

Fig. 2. Two-step approach to 7-(4-(2-cyanoacetyl)piperazin-1-yl)-1-R-6-fluoro-4-oxo-1,4-dihydroquinoline-3-

carboxylic acids (1 – ethyl, 2 – cyclopropyl) 

 

It allows us to obtain target compounds 1 and 2 

with 89 % and 90 % yield (after purification) respec-

tively. However, it was associated with wide number 

of reagents and solvents that is against to the general 

principles of green chemistry [19, 20]. Additional 

amount of reagents was used for recrystallization. 

Also it was necessary to purify the intermediate N-

(сyanoacetyl) imidazole c, which led to the prolonga-

tion of the procedure. 

These issues were the reason to look for other op-

tions, mainly for one-step procedure, based on the exper-

imental results for similar researchers [9, 11]. 
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At the next step of the research the reaction condi-

tions were developed for the straight interaction of the 

initial fluoroquinolones with ethyl 2-cyanoacetate excess 

(Fig. 3). It appeared that under almost the same heating 

in DMF for 4 hours target compounds 1 and 2 were 

formed with 77 % and 85 % yield (after purification) 

respectively. Altogether though both synthetic methods 

gave the resulting compounds with the same structure 

and properties, the second procedure is definitely more 

easy and suitable.  

The total time and the amount of the reagents 

needed are much smaller, which can be additionally 

proved by the calculations of the E-factor for the com-

pound 1 synthesis (Table 3).  

 

 
Fig. 3. One-step synthesis of the target compounds 1,2 

 

Table 3 

E-factors for the two-step and one-step synthetic procedures for compound 1 

Compound 
Two-step ap-

proach 

One-step ap-

proach 

The first step 

2-cyanoacetic acid 

85.06 g/mol 

100 mmol 

8.5 g 

– 

CDI 

162.15 g/mol 

120 mmol 

19.5 g 

– 

DMF 100 ml (94.45 g) – 

The second step 

1-ethyl-6-fluoro-4-oxo-7-(piperazin-1-yl)-1,4-dihydroquinoline-3-carboxylic 

acid 1 

319.33 g/mol 

30 mmol 

9.6 g 

319.33 g/mol 

30 mmol 

9.6 g 

N-(сyanoacetyl)imidazole 

135 g/mol 

90 mmol 

12.1 g 

– 

Ethyl 2-cyanoacetate – 

112.11 g/mol 

90 mmol 

10.1 g 

DMF 100 ml (94.45 g) 100 ml (94.45 g) 

MeOH 100 ml (79.18 g) 100 ml (79.18 g) 

Total amount 305.7 g 193.3 g 

Yield of product 

89 % 

386.38 g/mol 

10.3 g 

77 % 

386.38 g/mol 

8.9 g 

Amount of wastes 295.4 g 184.4 g 

E-factor 28.7 20.7 

 

As the obtained compounds (1,2) revealed antimi-

crobial and antifungal activity at the control level in dilution 

method and exceeded control in ‘well’ method, one can 

assume that such structural modification is highly promising 

and can be also considered as a first step for further changes.  

Before utilizing other chemical methods, it would 

be reasonable to provide further docking studies and 

check the properties of possible substituents and their 

influence on binding modes of the initial fluoroquin-

olones molecules.  

Study limitations. There are some limitations for 

the serial dilution method, which could influence the ob-

tained results. This technique is performed in a stepwise 

manner with extended period of the study. This limits the 

efficiency because the prepared environments must be uti-

lized immediately. 

Prospects for further research. The 4-(2-

cyanoacetyl)piperazin-1-yl moiety opens further opportuni-

ties to introduce different heterocyclic fragments in the 

initial fluoroquinolone ring. As now we have developed  

convenient method towards 7-(4-(2-cyanoacetyl)piperazin-

1-yl)-1-R-6-fluoro-4-oxo-1,4-dihydroquinoline-3-carboxylic 

acids, our further steps are going to be concerned with cy-

clization reactions based on the new substituents. It is also 
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advisable to expand the range of microorganisms that will 

be used through our next screenings. 

 

6. Conclusions 

Novel scaffolds for future synthesis of ciprofloxacin 

and norfloxacin hybrids – 7-(4-(2-cyanoacetyl)piperazin-1-

yl)-1-R-6-fluoro-4-oxo-1,4-dihydroquinoline-3-carboxylic 

acids were designed and investigated.  

1. The molecular docking studies for the designed 

compounds showed Affinity DG (kcal/mol) and the cal-

culated values of free binding energy EDoc on the level 

of Ciprofloxacin and Norfloxacin. 

2. The efficient and simple method for the synthesis 

of novel 7-(4-(2-cyanoacetyl)piperazin-1-yl)-1-R-6-fluoro-

4-oxo-1,4-dihydroquinoline-3-carboxylic acids was devel-

oped. The structure and purity of the obtained compounds 

were confirmed by 1H NMR, 13C NMR, 19F NMR, LC/MS, 

UV-, IR- spectroscopy. 

3. The antibacterial research of 7-(4-(2-cyano- 

acetyl)piperazin-1-yl)-1-R-6-fluoro-4-oxo-1,4-dihydroquino- 

line-3-carboxylic acids revealed antimicrobial and antifungal 

activities at the reference level for double dilution method and 

exceeded control for “well” method. This fact proves their 

ability to be further utilized against drug-resistant bacteria. 
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