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A B S T R A C T   

We report herein the design, synthesis and biological evaluation of series of 7-substituted fluoroquinolones with 
pyridoxine derivatives. In vitro screening of antibacterial activity and toxicity of 39 synthesized fluoroquinolones 
defined compounds 7 and 28 as lead compounds for further investigations. On various clinical isolates lead 
compounds 7 and 28 exhibited antibacterial activity comparable with reference fluoroqinolones. Mutagenic 
effects haven’t been observed for these compounds in SOS-chromotest. Compound 7 are non-toxic in vivo on mice 
(LD50 > 2000 mg/kg, oral) and rats (LD50 > 2000 mg/kg, oral). Compound 28 was more toxic (LD50 = 474 mg/ 
kg, oral, mice). Moreover compound 7 showed greater in vivo efficacy compared to ciprofloxacin in a murine 
model of staphylococcal sepsis. Taken together the described active compound are promising candidate for 
preclinical trials.   

1. Introduction 

Nowadays, the increasing emergence of antibiotic resistance in 
pathogenic bacteria is one of the biggest problems of the healthcare 
worldwide [1,2]. Well-known bacteria from the ESKAPE group, Staph
ylococcus aureus, Escherichia coli and Pseudomonas aeruginosa remain the 
main pathogens leading to death driven with bacterial infection. Of 
particular danger to humans are methicillin-resistant strains of S. aureus 
(MRSA), which cause sepsis and severe infections of the skin and soft 
tissues [3]. 

One of the most effective classes of antimicrobial drugs used to the 
date are fluoroquinolones [4]. Most quinolones are bactericidal agents 
their mechanism of action is to disrupt the synthesis of bacterial cell 
DNA via inhibiting two crucial enzymes DNA gyrase and 
topoisomerase-IV [5]. Fluoroquinolones, approved for clinical use since 
the early 1980s (ciprofloxacin, norfloxacin, lomefloxacin, etc.), are 
distinguished by a wide spectrum of antimicrobial action against both 
gram-positive and gram-negative bacteria, as well as mycobacteria, and 

demonstrate good pharmacokinetic properties, which allows them to be 
used for the treatment of infections of various localization [6]. 

There are several synthetic approaches to obtain the new fluo
roquinolone compounds with high antimicrobial activity. Many works 
in this area are based on the modification of the C-7 position of the 
quinolone ring, since numerous experimental studies of the structure- 
biological activity (SAR) relationship have shown that substituents in 
this position have the greatest effect on biological properties of com
pounds [4,6,7]. The most optimal substituents in this position are 
nitrogen-containing heterocycles piperazine and pyrrolidine. Thus, 
piperazine-containing fluoroquinolones have excellent pharmacokinetic 
properties and high activity against gram-negative microorganisms. In 
turn, pyrrolidine-containing fluoroquinolones are very active against 
gram-positive microorganisms, while have a number of disadvantages 
associated with low water solubility and low oral bioavailability. 

One of the strategies for preparing of new fluoroquinolone com
pounds is the addition of various pharmacophore groups or natural 
compounds fragments to the molecule of a known quinolone drug. These 
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fluoroquinolone derivatives with flavonoids [8], aminoglycosides [9], 
1-hydroxybisphosphonates [10], coumarins [11], 3-arylfuran-2 
(5H)-ones [12], 1,2,4-triazole-5(4H)-thione [13], 1,2,3-triazoles [14], 
macrolides [15], benzothiazoles [16], oxazolidinones [17] and a num
ber of others [18,19] have been described. In some cases, such modifi
cations led to an increased antibacterial activity compared to the initial 
fluoroquinolone, a reduced toxicity, or the appearance of a new activity 
unusual for the initial quinolone. 

One of the promising structures for the design of new physiologically 
active compounds is pyridoxine (vitamin B6) plays highly important 
roles in living cells as a key cofactor of many enzymes [20]. Its molecular 
scaffold is a valuable structural platform which has led to the develop
ment of several launched drugs (Pyritinol, Pirisudanol, Cycletanine, 
Mangafodipir) and a wide number of preclinical and clinical drug can
didates. In our group, we have systematically studied chemistry and 
biological activity of pyridoxine derivatives [20]. Among them, a qua
ternary ammonium compounds, quaternary phosphonium compounds, 
sulfanilic acid derivatives have been described [21‒24] (Fig. 2). Some of 
this compounds possess high antibacterial activity against various clin
ical Gram-positive and Gram-negative bacteria with minimal inhibitory 
concentration (MIC) of 0.5–16 μg/ml and low toxicity both in vitro and in 
vivo. 

The present work describes the synthesis and biological evaluation a 
series of novel fluoroqinolones modified on the C-7 position of the 
quinolone ring by pyridoxine derivatives. The relationship between the 
structure of synthesized compounds and their antibacterial activity in 
vitro were investigated by variations of the quinolone and pyridoxine 
fragments, as well as substituents at the acetal carbon atom in the six- 
membered circle of pyridoxine. Identified lead compound inhibited 
growth of clinical Gram-positive and Gram-negative pathogens in vitro 
with MICs of 0.06–32 μg/ml, are non-toxic in vivo on mice (LD50 > 2000 
mg/kg, oral) and rats (LD50 > 2000 mg/kg, oral) and showed greater 
then ciprofloxacin in vivo efficacy in a murine model of staphylococcal 
sepsis. 

2. Results and discussion 

2.1. Chemistry 

The synthesis of the target compounds was based on the alkylation of 
the piperazine nitrogen atom of fluoroquinolones by halo derivatives of 
pyridoxine. The synthesis of pyridoxine derivatives 2a-h, 3–5 was car
ried out in 2–4 stages according to literature methods [22,23,25–27] 
(Fig. 1). 

At first, compounds 6, 8, 10 and 12 were prepared via alkylation of 
commercial fluoroquinolones (ciprofloxacin, norfloxacin, lomefloxacin, 
moxifloxacin) by halo-derivatives of six-membered acetals of pyridoxine 
2a-e in DMF (Scheme 1). Further hydrolytic cleavage of the ketal pro
tective group in compounds 6b, 8b, 10b, 12b under acidic conditions 
gave compounds 7, 9, 11, 13. 

Similarly, the reaction of bromo derivative 3 with fluoroquinolones 
were prepared compounds 14, 16, 18, 20 (Scheme 2). Hydrolytic 
cleavage of the six-membered ketal cycles in acidic condition led to the 
derivatives 15, 17, 19 and 21 in 60–86% yields. 

Also, by the reaction of chloro derivatives 3 and 4 with ciprofloxacin, 
norfloxacin, lomefloxacin, moxifloxacin in DMF at 60 ◦C, compounds 
22–24 and 25–28 were synthesized (Schemes 3 and 4). 

2.2. Primary screening of antibacterial activity in vitro 

The antibacterial activity of synthesized compounds was evaluated 
on various strains of Gram-positive and Gram-negative bacteria. Table 1 
shows the MIC values of compounds in comparison with ciprofloxacin, 
norfloxacin, lomefloxacin and moxifloxacin. 

For six-membered pyridoxine aсetals 6, 8, 10 and 12 containing 
fluoroquinolone fragments, the antibacterial activity were decreased 
with the increasing of alkyl chain length at acetal carbon atom (H,H > H, 
CH3 ~ 2CH3 ~ H, C3H7 > H, C8H17). Compounds without acetal pro
tection groups (7, 11, 9 and 13) have an activity comparable to de
rivatives with hydrogen substituents at acetal carbon (7a, 11a, 9a and 
13a). 

In the case of pyridoxine derivatives containing fluoroquinolone 
fragments in the sixth position (14–21), there was no significant dif
ference in the activity of compounds with a six-membered ketal ring and 
derivatives without protection of ketal groups. Pyridoxine derivatives 
containing ciprofloxacin fragments (14 and 15) or lomefloxacin frag
ments (18 and 19) in the sixth position were less active than derivatives 
at the fifth position 7 and 11. In the case of norfloxacin, the activity of 
derivatives at the sixth position 16 and 17 exceeded the activity of the 
derivative at the fifth position 9. In the case of moxifloxacin, the de
rivatives at the sixth position 20 and 21 had comparable activity with 
the derivatives at the fifth position. 

Regioisomeric derivatives of 6-hydroxymethylpyridoxine (22–24), 
containing fluoroquinolone fragments in the fifth position, had activity 
comparable to derivatives at the sixth position (15, 17, 19, 21) on gram- 
positive bacteria and higher activity on gram-negative ones. 

Among all synthesized compounds, the series of compounds based on 
4-deoxypyridoxine 25–28 showed the highest activity. Among them, 

Fig. 1. Synthesis of halo derivatives of pyridoxine 2–5.  
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Fig. 2. In vivo compound 7 efficacy in comparison with ciprofloxacin in a staphylococcal sepsis (S.aureus N◦ 10) mouse model. Х-axis of a plot – days; y-axis of a plot 
– mortality (number of dead animals); green line - compound 7, blue line-ciprofloxacin, red line - control S.aureus. 

Scheme 1. (a) DMF, ciprofloxacin hydrochloride, KI, NaHCO3, 20 ◦C, 4 h; (b) DMF, norfloxacin hydrochloride, KI, NaHCO3, 80 ◦C, 4 h; (c) DMF, lomefloxacin 
hydrochloride, KI, NaHCO3, 80 ◦C, 4 h; (d) DMF, moxifloxacin hydrochloride, KI, NaHCO3, 80 ◦C, 4 h; (e) H2O, HCl, 25 ◦C, 24 h. 
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derivatives of ciprofloxacin 25 and moxifloxacin 28 turned out to be the 
most active, having activity comparable to that of moxifloxacin and 
ciprofloxacin. 

Thus compounds 6a, 7, 8a, 11, 12a, 12b, 12d, 13, 16, 20, 21, 22, 
24, 25 and 28 with promising activities in the primary assay were 
selected for further in-depth investigation in vitro. 

2.3. In vitro antibacterial activity on clinical strains 

The antibacterial activity of 6a, 7, 8a, 11, 12a, 12b, 12d, 13, 16, 20, 
21, 22, 24, 25 and 28 was further studied on clinical isolates of various 
Gram-positive and Gram-negative bacteria. Ciprofloxacin, norfloxacin, 
lomefloxacin and moxifloxacin were used as reference drugs (Table 7). 

The most active compounds 6a, 7, 12a, 13, 21, 24, 25 and 28 
exhibited antibacterial activity comparable with reference fluo
roqinolones on Gram-positive bacteria, while being less active on Gram- 
negative ones. 

2.4. Cytotoxicity and genotoxicity 

Cytotoxicity of compounds 6a, 7, 8a, 11, 12a, 12b, 12d, 13, 16, 20, 
21, 22, 24, 25 and 28 was evaluated on human embryonic liver cells 
Chang-liver (CHL), human mesenchymal stem cells (MSC) and primary 
human skin fibroblasts (HSF) in comparison with fluoroquinolone anti
bacterials (Table 3). Compounds 6a, 7, 13, 21, 22, 24 and 25 demon
strated the lowest cytotoxicity on all cell lines among the studied 
molecules. Their toxicity was comparable with references fluo
roquinolones. All other compounds were more toxic. 

Thus based on in vitro data of antibacterial activity and toxicity out of 
39 synthesized fluoroquinolones containing a pyridoxine derivatives 
moiety compounds 7 and 28 were selected as lead compounds for 
further investigations. 

Genotoxicity of compounds 7 and 28 was evaluated in Ames test. 
Since compounds demonstrated antibacterial activity on S. typhymuriym 
strains (data not shown), the spot-test modification of the Ames test has 
been used instead of classic technique. For that, the compound solution 
in water was dropped onto 5-mm whatmann disk placed onto agar 
surface. Neither 7 nor 28 led to the increase of revertants amount in the 

Scheme 2. (a) DMF, ciprofloxacin hydrochloride, KI, NaHCO3, 20 ◦C, 4 h; (b) DMF, norfloxacin hydrochloride, KI, NaHCO3, 80 ◦C, 4 h; (c) DMF, lomefloxacin 
hydrochloride, KI, NaHCO3, 60 ◦C, 10 h; (d) DMF, moxifloxacin hydrochloride, KI, NaHCO3, 80 ◦C, 4 h; (e) H2O, HCl, 25 ◦C, 24 h. 

Scheme 3. (a) DMF, ciprofloxacin hydrochloride, KI, NaHCO3, 20 ◦C, 4 h; (b) 
DMF, norfloxacin hydrochloride, KI, NaHCO3, 60 ◦C, 10 h; (c) DMF, moxi
floxacin hydrochloride, KI, NaHCO3, 60 ◦C, 10 h. 
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region of non-lethal concentrations of compounds, allowing suggesting 
them as non-mutagenic in Ames test. 

2.5. In vivo toxicity 

Since in vitro tests revealed a relatively low toxicity of lead com
pounds 7 and 28, acute oral toxicity on mice and rats of these com
pounds were performed. The study was carried out as described in 
section 4.5. 

There was no death after single oral administration of compound 7 in 
dose 2000 mg/kg on mice and rats (LD50 > 2000 mg/kg, Tables 4 and 5). 
No remarkable pathological changes were found in the control and tests 
items groups during necropsy. All organs exhibited normal architecture 
similar to the control group. 

Different picture was observed for compound 28. Single oral 
administration of compound 28 at dose 2000 mg/kg to rats caused 
weakness with complete recovery by the 3rd day in males, and death of 2 
females by the 2nd and 3rd day of observation (Table 6). Necropsy of 
compound 28 treated rat group revealed nephro and hepatotoxicity 
(darkening of liver and kidneys). All other organs exhibited normal ar
chitecture and color similar to the control group. 

Сompound 28 was more toxic on mice. After single oral adminis
tration of compound 28 in doses 2000 and 1000 mg/kg a high mortality 
(>80%) of animals was observed. Further the toxic effect decreased in 
the dose range of 500–125 mg/kg from 50% to 0 (Table 7). The autopsy 

of mice received compound 28 revealed pathology of liver and kidneys 
(change in consistency and color). No remarkable changes were noted in 
the control and test items (only at dose 125 mg/kg) groups at necropsy. 

Thus, compound 7 was considerably less toxic for mice (LD50 >2000 
mg/kg) than compound 28 (LD50 406.3/540.8 mg/kg (male/female)). 
For rats, compound 7 was also to be safer. Therefore, compound 7 was 
chosen for the specific activity in vivo study. 

2.6. In vivo antibacterial activity of compound 7 

In vivo analysis of compound 7 efficacy in comparison with cipro
floxacin was carried out on a model of sepsis in SHK mice. Animals were 
infected by S. aureus N◦ 10 strain intravenously (tail vain). Initially, the 
lowest load of S. aureus which is accompanied by 100% animals death 
(LD100) was determined. The lowest value of LD100 was 750 million 
CFUs/mouse (Table 8). 

To determine the comparative effectiveness of the test compound, 
mice (n = 10) were intravenously infected by LD100 of S. aureus, con
taining 7х108 CFUs in a volume of 0.20 ml. Compound 7 and cipro
floxacin were administered orally at different doses (18; 16; 14; 12; 10; 
8; 6; 4 and 2 mg/kg) 1 h after S. aureus infection. There was negative 
control group of untreated animals infected by S. aureus LD100. From the 
obtained data (Fig. 2) it can be seen that the first cases of death were 
observed at doses 2 and 4 mg/kg on day 5 in the compound 7 group, the 
highest death were seen on days 8–14 after infection. Survival of 100% 
was observed at a doses 16 and 18 mg/kg. It should be noted that even at 
the minimum dose (2 mg/kg), 100% death of animals did not occur even 
by the 14th day of the experiment. ED50 for compound 7 was distin
guished as 7.3 mg/kg. 

The first cases of animal death in the group treated with ciproflox
acin were observed on day 4 at doses of 2–8 mg/kg, the highest death in 
this group occurred between 7 and 14 days after infection. Survival of 
100% was observed at a dose of 18 mg/kg. The ED50 of ciprofloxacin 
determined as 11.2 mg/kg. Thus the ED50 of ciprofloxacin is 1.5 times 
higher than the ED50 of compound 7, assuming 1.5-fold lower efficacy of 
ciprofloxacin. In the negative control group, the animal death was noted 
already from the 4th day and 100% death registered by the 10-12th day. 

2.7. Unraveling the mechanism of antibacterial activity of 7 and 28 

Since DNA gyrase and topoisomerase-IV are the known targets for 
quinolones, the ability of 7 and 28 to inhibit the activity of these en
zymes has been evaluated in vitro on recombinant proteins (see 
Figs. S3–S8 in supplementary). The IC50 values for each compound in 
compare with reference drug are shown in Table 9. 

Both compounds demonstrated the ability to inhibit both DNA gyrase 
and topoisomerase-IV and the mechanism of their antibacterial activity 
apparently is similar to other quinolones. As could be seen from Tables 9 
and 7 seem to inhibit more efficiently the DNA cleavage activity DNA 
gyrase, and is less effective against topoisomerase IV. By contrast, 28 
exhibited abilities to repress both enzymes similar to moxifloxacin. 
These data fit with in vitro activity data, see Tables 1 and 2. 

3. Conclusion 

In conclusion, a diverse library of 39 new 7-substituted fluo
roquinolones with pyridoxine derivatives moieties was synthesized and 
in vitro primary screening against seven Gram-positive and Gram- 
negative bacterial strains was performed. 15 compounds exhibiting 
promising antibacterial activity were selected for further in-depth 
investigation. The evaluation of their antibacterial activity on various 
Gram-positive and Gram-negative clinical isolates and cytotoxicity 
studies on CHL, MSK and HSF cells demonstrated that two lead com
pounds 7 and 28 had comparable toxicity and activity with reference 
fluoroqinolones. Mutagenic effects have’t been observed for these two 
lead compounds in Ames test. Сompounds 7 and 28 demonstrated the 

Scheme 4. (a) DMF, ciprofloxacin hydrochloride, KI, NaHCO3, 60 ◦C, 10 h; (b) 
DMF, norfloxacin hydrochloride, KI, NaHCO3, 60 ◦C, 72 h; (c) DMF, lome
floxacin hydrochloride, KI, NaHCO3, 60 ◦C, 72 h; (d) DMF, moxifloxacin hy
drochloride, KI, NaHCO3, 80 ◦C, 72 h. 

N.V. Shtyrlin et al.                                                                                                                                                                                                                              



European Journal of Medicinal Chemistry 261 (2023) 115798

6

ability to inhibit DNA gyrase and topoisomerase-IV and the mechanism 
of their antibacterial activity apparently is similar to other quinolones. 
In vivo toxicity studies on rats and mice showed that compound 7 are 
non-toxic on mice (LD50 > 2000 mg/kg, oral) and rats (LD50 > 2000 mg/ 
kg, oral). Compound 28 was more toxic (LD50 = 474 mg/kg, oral, mice). 
Therefore, compound 7 was chosen for the in vivo study of specific ac
tivity. In this experiment compound 7 showed greater in vivo efficacy 
compared to ciprofloxacin in a murine model of staphylococcal sepsis. 
Taken together, our data allow to suggest the described active com
pounds are promising candidate for preclinical trials. 

4. Experimental section 

4.1. Chemistry 

1H and 13C NMR spectra were recorded on a “Bruker AVANCE 400” 
at operating frequency 400 and 101.56 MHz, respectively. Chemical 
shifts were measured with reference to the residual protons of the sol
vent (DMSO‑d6, 1H, 2.50 ppm, 13C, 39.52 ppm; CDCl3, 1H, 7.26 ppm, 
13C, 77.16 ppm). Coupling constants (J) are given in Hertz (Hz). The 
following abbreviations are used to describe coupling: s = singlet; d =
doublet; t = triplet; m = multiplet; br s = broad singlet, br m = broad 
multiplet, AB = AB system. Melting points were determined using a 

Stanford Research Systems MPA-100 OptiMelt melting point apparatus 
and are uncorrected. For thin layer chromatography analysis, silica gel 
plates from Sorbfil (Krasnodar, Russia) were used with UV light 
(254 nm/365 nm) or iron (III) chloride as developing agent. Column 
chromatography was performed on silica gel (60–200 mesh) from Acros 
or reversed-phase chromatography on PF-15C18HP column from 
Interchim. 

High-resolution (HRMS) mass spectra were obtained on a quadru
pole time-of-flight (qTOF) AB Sciex Triple TOF 5600 mass spectrometer 
using turbo-ion spray source (nebulizer gas nitrogen, a positive ioniza
tion polarity, needle voltage 5500 V). Recording of the spectra was 
performed in “TOF MS” mode with collision energy 10 eV, declustering 
potential 100 eV and with resolution more than 30 000 full-width half- 
maximum. Samples with the analyte concentration 5 μmol/l were pre
pared by dissolving the test compounds in a mixture of methanol (HPLC- 
UV Grade, LabScan) and water (LC-MS Grade, Panreac) in 1:1 ratio. 

Analytical reversed-phase HPLC was used for determination of un
calibrated purity of the compounds 7 and 28 and conducted using a 
Atlantis T3 C18 column (5 μm, 150*4.6 mm); eluent A, 1.2% solution of 
triethylamine in water; eluent B CH3CN; gradient elution (0 min A:B =
85:15; 15 min A:B = 65:35; 21 min A:B = 65:35) flow rate was 1.0 mL/ 
min. HPLC analysis was performed at 40 ◦C during 21 min at 311 nm. 

Table 1 
Antibacterial activity of fluoroquinolones containing a pyridoxine derivatives moiety.  

Compound MICs (μg/ml) 

Gram-positive bacteria Gram-negative bacteria 

M. luteus B. subtilis S. aureus S. epidermidis P. aerugenosa E. coli S. typhimurium 

6a 16 2 1 0.5 32 8 0.5 
6b 32 2 32 16 >64 64 4 
6c 8 2 8 8 >64 >64 4 
6d 64 2 64 64 >64 >64 4 
6e 64 2 32 64 >64 >64 4 
7 4 2 2 2 >64 2 2 
8a 4 2 2 2 >64 4 2 
8b >64 64 >64 >64 >64 64 >64 
8c 64 8 32 32 >64 >64 16 
8d 64 2 16 32 >64 >64 2 
8e >64 64 >64 >64 >64 >64 >64 
9 32 4 16 32 >64 64 4 
10a 32 4 8 16 >64 16 4 
10b 8 2 16 64 >64 >64 2 
10c >64 2 2 8 16 >64 2 
10d 16 2 16 8 >64 >64 2 
10e >64 >64 >64 >64 >64 >64 >64 
11 0.5 0.5 2 1 4 8 2 
12a 8 2 2 16 64 2 2 
12b 4 2 2 2 >64 >64 4 
12c 4 1 1 4 >64 16 4 
12d 2 2 2 2 >64 >64 4 
12e 16 8 16 32 >64 >64 16 
13 4 2 2 2 >64 >64 4 
14 8 2 8 8 >64 64 4 
15 32 2 64 32 >64 64 4 
16 4 2 2 8 >64 >64 2 
17 8 4 8 32 >64 >64 16 
18 >64 4 64 16 >64 8 2 
19 64 2 2 64 >64 2 2 
20 2 2 2 4 >64 >64 2 
21 2 2 2 2 >64 >64 2 
22 2 4 0.5 8 >64 64 4 
23 16 8 8 16 >64 8 4 
24 2 2 2 2 >64 2 2 
25 0.5 0.5 0.5 0.5 32 1 1 
26 8 2 4 16 >64 2 64 
27 32 1 2 >64 >64 2 2 
28 0.5 0.5 0.5 0.5 1 2 1 
Ciprofloxacin 0.5 0.5 0.5 0.5 1 1 1 
Norfloxacin 8 1 2 1 4 1 1 
Lomefloxacin 1 0.5 0.5 2 4 1 1 
Moxifloxacin 0.5 2 0.5 0.5 4 1 1  
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4.1.1. General procedure for synthesis of fluoroquinolones from 
halogenated pyridoxine derivatives 

To a solution of pyridoxine derivative (1.1 equiv) in 30 ml of DMF 
was added sequentially fluoroquinolone (1.0 equiv), NaHCO3 (2.0–3.1 
equiv) and KI (0.2 equiv) at 20 ◦C. 
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 Table 3 

Cytotoxicity (CC50, μg/mL mean ± SD) of novel pyridoxine-based 
fluoroquinolones.  

Compound СС50, μg/mL 

CHL HSF MSC 

6a 14.94 ± 1.22 40.26 ± 3.59 69.51 ± 4.74 
7 30.95 ± 4.40 34.54 ± 2.31 40.33 ± 4.50 
8a 9.78 ± 0.45 23.40 ± 2.08 21.17 ± 2.21 
11 7.85 ± 1.72 22.31 ± 2.87 13.12 ± 1.79 
12a 2.34 ± 0.29 5.80 ± 0.43 9.62 ± 1.45 
12b 2.85 ± 0.34 3.44 ± 0.44 3.84 ± 0.42 
12d 2.46 ± 0.42 2.34 ± 0.07 2.91 ± 0.67 
13 18.59 ± 1.67 56.69 ± 4.74 48.39 ± 5.74 
16 7.05 ± 0.09 24.86 ± 1.61 16.24 ± 2.19 
20 6.41 ± 0.71 11.29 ± 1.12 7.26 ± 0.99 
21 24.19 ± 2.24 33.85 ± 2.51 31.73 ± 4.12 
22 31.84 ± 2.38 37.95 ± 3.10 52.59 ± 4.10 
24 17.59 ± 2.67 35.19 ± 3.24 20.57 ± 2.67 
25 14.24 ± 1.65 27.62 ± 0.90 25.12 ± 2.04 
28 8.22 ± 1.07 17.65 ± 1.57 12.68 ± 1.14 
Ciprofloxacin 29.34 ± 2.16 52.84 ± 4.05 41.62 ± 3.58 
Norfloxacin 38.15 ± 4.11 38.15 ± 3.69 29.34 ± 2.16 
Lomefloxacin 31.29 ± 3.34 46.16 ± 1.79 35.74 ± 2.11 
Moxifloxacin 34.99 ± 3.52 36.46 ± 2.35 39.41 ± 3.20  

Table 4 
Data of compound 7 acute oral toxicity on mice.  

Sex Dose (mg/kg) Dead/total animals LD50, mg/kg 

Male 2000 0/6 >2000 
Female 2000 0/6  

Table 5 
Data of compound 7 acute oral toxicity on rats.  

Sex Dose (mg/kg) Dead/total animals LD50, mg/kg 

Male 2000 0/6 >2000 
Female 2000 0/6  

Table 6 
Data of compound 28 acute oral toxicity on rats.  

Sex Dose (mg/kg) Dead/total animals LD50, mg/kg 

Male 2000 0/6 >2000 
Female 2000 2/6  

Table 7 
Data of compound 28 acute oral toxicity on mice.  

Sex Dose (mg/kg) Dead/total animals LD50, mg/kg 

Male 2000 6/6 406.3 
1000 6/6 
500 3/6 
250 3/6 
125 0/6 

Female 2000 5/6 540.8 
1000 6/6 
500 2/6 
250 1/6 
125 0/6  

N.V. Shtyrlin et al.                                                                                                                                                                                                                              
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The reaction mixture was stirred at 80 ◦C (for compounds 6a-6e, 14, 
22–20 oС; for compounds 18, 23, 24–27 – 60 oС) for 4 h (for compounds 
18, 23, 25–10 h; for compounds 26–28 – 72 h). Then the solvent was 
evaporated under reduced pressure. After several different workup 
procedures were used. 

4.1.1.1. 1-Cyclopropyl-6-fluoro-7-(4-((8-methyl-4H-[1,3]dioxino[4,5-c] 
pyridin-5-yl)methyl)piperazin-1-yl)-4-oxo-1,4-dihydroquinoline-3-carbox
ylic acid hydrochloride (6a). The reaction was carried out following the 
general procedure with compound 2a (0.50 g, 2.11 mmol), ciprofloxacin 
hydrocloride (0.71 g, 1.93 mmol), NaHCO3 (0.50 g, 5.95 mmol) and KI 
(0.06 g, 0.39 mmol). The dry residue was extracted with ethyl acetate 
and the insoluble part was filtered. The filtrate was dried in vacuo and 
then was washed with acetone. The resulting precipitate was suspended 
in water then equimolar amount of 0.1 M HCl solution added and the 
solvent was removed in vacuo. Yield 34% (0.35 g); light yellow solid; mp 
242–246 oС (decomp). 1H NMR (DMSO‑d6) δ: 1.16–1.19 (m, 2H, CH2 
cyclopropyl), 1.29–1.33 (m, 2H, CH2 cyclopropyl), 2.32 (s, 3H, CH3), 
2.53–2.63 (m, 4H, 2CH2 piperazinyl), 3.24–3.39 (m, 4H, 2CH2 piper
azinyl), 3.47 (s, 2H, CH2N), 3.77–3.83 (m, 1H, CH cyclopropyl), 5.06 (s, 
2H, CH2), 5.34 (s, 2H, CH2), 7.55 (d, 1H, JH-F = 7.4 Hz, СHAr), 7.89 (d, 
1H, JH-F = 13.2 Hz, СHAr), 7.92 (s, 1H, СHAr), 8.65 (s, 1H, СHAr), 15.19 
(br s, 1H, C(O)OH). 13C NMR (DMSO‑d6) δ: 7.50 (s, 2CH2 cyclopropyl), 
18.17 (s, CH3), 35.79 (s, CH cyclopropyl), 49.43 (s, CH2), 51.96 (s, CH2), 
56.18 (s, CH2), 63.57 (s, CH2), 90.79 (s, CH2), 106.39 (s, CAr), 106.72 (s, 
CAr), 110.86 (d, JC-F = 23.1 Hz, CAr), 118.59 (d, JC-F = 7.5 Hz, CAr), 
127.53 (s, CAr), 128.60 (s, CAr), 139.13 (s, CAr), 140.80 (s, CAr), 145.13 
(d, JC-F = 9.6 Hz, CAr), 145.56 (s, CAr), 146.91 (s, CAr), 147.93 (s, CAr), 
152.99 (d, JC-F = 249.4 Hz, CAr), 165.85 (s, C(O)OH), 176.31 (s, C––O). 
ESI-HRMS m/z: [М-Cl]+ 495.2041 (calculated for [C26H28FN4O5]+ - 
495.2038). 

4.1.1.2. 1-Cyclopropyl-6-fluoro-4-oxo-7-(4-((2,2,8-trimethyl-4H-[1,3] 
dioxino[4,5-c]pyridin-5-yl)methyl)piperazin-1-yl)-1,4-dihydroquinoline-3- 
carboxylic acid (6b). The reaction was carried out following the general 
procedure with compound 2b (1.38 g, 5.30 mmol), ciprofloxacin 
hydrocloride (1.77 g, 4.82 mmol), NaHCO3 (1.25 g, 14.94 mmol) and KI 
(0.16 g, 0.96 mmol). The dry residue was extracted with ethyl acetate 
and the insoluble part was filtered. The filtrate was dried in vacuo and 
the product was recrystallized from the mixture acetone: water = 2:1. 
Yield 47% (1.27 g); light yellow solid; mp 243 oС (decomp). 1H NMR 

(CDCl3) δ: 1.14–1.18 (m, 2H, CH2 cyclopropyl), 1.32–1.37 (m, 2H, CH2 
cyclopropyl), 1.53 (s, 6H, 2CH3), 2.36 (s, 3H, CH3), 2.61 (br m, 4H, 2CH2 
piperazinyl), 3.29 (br m, 4H, 2CH2 piperazinyl), 3.44 (s, 2H, CH2N), 
3.50–3.56 (m, 1H, CH cyclopropyl), 5.02 (s, 2H, CH2), 7.32 (d, 1H, JH-F 
= 7.1 Hz, СHAr), 7.92 (s, 1H, СHAr), 7.96 (d, 1H, JH-F = 13.1 Hz, СHAr), 
8.72 (s, 1H, СHPyr), 14.99 (s, 1H, C(O)OH). 13C NMR (CDCl3) δ: 8.35 (s, 
2CH2 cyclopropyl), 18.53 (s, CH3), 24.86 (s, 2CH3), 35.40 (s, CH 
cyclopropyl), 49.95 (d, JC-F = 4.7 Hz, CH2), 52.69 (s, CH2), 57.55 (s, 
CH2), 58.88 (s, CH2), 99.79 (s, C(CH3)2), 104.91 (d, JC-F = 3.0 Hz, CAr), 
108.22 (s, CAr), 112.52 (d, JC-F = 23.5 Hz, CAr), 119.93 (d, JC-F = 7.8 Hz, 
CAr), 126.43 (CAr), 126.72 (s, CAr), 139.17 (s, CAr), 140.42 (s, CAr), 
145.92 (d, JC-F = 10.2 Hz, CAr), 146.30 (s, CAr), 147.53 (s, CAr), 147.70 
(s, CAr), 153.78 (d, JC-F = 251.6 Hz, CAr), 167.12 (s, C(O)OH), 177.21 (s, 
C––O). ESI-HRMS m/z: [М+H]+ 523.2357 (calculated for 
[C28H32FN4O5]+ - 523.2351). 

4.1.1.3. 1-Cyclopropyl-7-(4-((2,8-dimethyl-4H-[1,3]dioxino[4,5-c]pyr
idin-5-yl)methyl)piperazin-1-yl)-6-fluoro-4-oxo-1,4-dihydroquinoline-3- 
carboxylic acid (6c). The reaction was carried out following the general 
procedure with compound 2c (0.38 g, 1.47 mmol), ciprofloxacin 
hydrocloride (0.49 g, 1.34 mmol), NaHCO3 (0.24 g, 2.81 mmol) and KI 
(0.04 g, 0.27 mmol). The dry residue was extracted with ethyl acetate 
and the insoluble part was filtered. The filtrate was dried in vacuo and 
the product was recrystallized from the mixture acetone: water = 2:1. 
Yield 49% (0.33 g); light yellow solid; mp 233 oС (decomp). 1H NMR 
(CDCl3) δ: 1.17–1.20 (m, 2H, CH2 cyclopropyl), 1.33–1.38 (m, 2H, CH2 
cyclopropyl), 1.58 (d, 3H, JH-H = 5.1 Hz, CH3), 2.41 (s, 3H, CH3), 
2.61–2.63 (m, 4H, 2CH2 piperazinyl), 3.28–3.31 (m, 4H, 2CH2 piper
azinyl), 3.43, 3.46 (AB, 2H, JH-H = 13.4 Hz, CH2N), 3.49–3.53 (m, 1H, 
CH cyclopropyl), 5.02, 5.08 (AB, 2H, JH-H = 16.2 Hz, CH2), 5.18 (q, 1H, 
JH-H = 5.1 Hz, CH), 7.30 (d, 1H, JH-F = 7.0 Hz, СHAr), 7.89 (d, 1H, JH-F =

13.1 Hz, СHAr), 7.92 (s, 1H, СHAr), 8.67 (s, 1H, СHAr), 14.95 (s, 1H, C(O) 
OH). 13C NMR (CDCl3) δ: 8.30 (s, 2CH2 cyclopropyl), 18.43 (s, CH3), 
20.76 (s, CH3), 35.39 (s, CH cyclopropyl), 49.91 (d, JC-F = 4.7 Hz, CH2), 
52.62 (s, CH2), 57.59 (s, CH2), 64.49 (s, CH2), 97.21 (s, CH), 104.91 (d, 
JC-F = 3.0 Hz, CAr), 108.09 (s, CAr), 112.34 (d, JC-F = 23.5 Hz, CAr), 
119.78 (d, JC-F = 7.8 Hz, CAr), 126.82 (s, CAr), 128.08 (s, CAr), 139.13 (s, 
CAr), 141.02 (s, CAr), 145.88 (d, JC-F = 10.4 Hz, CAr), 147.26 (s, CAr), 
147.43 (s, CAr), 148.02 (s, CAr), 153.73 (d, JC-F = 251.6 Hz, CAr), 167.00 
(s, C(O)OH), 177.08 (s, C––O). ESI-HRMS m/z: [М+H]+ 509.2200 
(calculated for [C27H30FN4O5]+ - 509.2195). 

4.1.1.4. 1-Cyclopropyl-6-fluoro-7-(4-((8-methyl-2-propyl-4H-[1,3]diox
ino[4,5-c]pyridin-5-yl)methyl)piperazin-1-yl)-4-oxo-1,4-dihydroquinoline- 
3-carboxylic acid (6d). The reaction was carried out following the 
general procedure with compound 2d (1.51 g, 5.27 mmol), ciprofloxacin 
hydrocloride (1.76 g, 4.79 mmol), NaHCO3 (0.85 g, 10.1 mmol) and KI 
(0.16 g, 0.96 mmol). The dry residue was extracted with ethyl acetate 
and the insoluble part was filtered. The filtrate was dried in vacuo and 
the product was recrystallized from the mixture acetone: water = 2:1. 
Yield 26% (0.67 g); light yellow solid; mp 237–239 ◦C. 1H NMR (CDCl3) 
δ: 0.99 (t, 3H, JHH = 7.4 Hz, СH3), 1.13–1.19 (m, 2H, CH2 cyclopropyl), 
1.34–1.37 (m, 2H, CH2 cyclopropyl), 1.49–1.60 (m, 2H, CH2), 1.77–1.89 

Table 8 
Determination of S. aureus N◦ 10 LD100 on SHK micea.  

Dose S.aureus (CFUb/mice) Days (dead/surviving animals) Dead (%) 

1 2 3 4 5 6 7 8 9 10 

5х108 0/10 0/10 0/10 2/8 4/6 5/5 5/5 5/5 5/5 5/5 50 
6х108 0/10 0/10 1/9 2/8 3/7 5/5 6/4 7/3 8/2 8/2 80 
7х108 0/10 0/10 2/8 3/7 5/5 6/4 7/3 9/1 10/0 10/0 100 
8х108 0/10 1/9 2/8/ 3/7 6/4 8/2 9/1 9/1 10/0 10/0 100 

Intact mice 0/10 0/10 0/10 0/10 0/10 0/10 0/10 0/10 0/10 0/10 0  

a The study was carried out at the FSBI Gause Institute of New Antibiotics. 
b CFU - colony-forming units. 

Table 9 
The impact of 7 and 28 on activities of DNA Gyrase and Topoisomerase IV. The 
IC50 values (μg/mL) are shown.  

Compound DNA Gyrase 
DNA cleavage 
activity 

DNA Gyrase DNA 
supercoiling 
activity 

Topoisomerase IV DNA 
decatenation activity 

7 31 ± 2.3 760 ± 15.5 206 ± 6.6 
Ciprofloxacin 80 ± 4.2 391 ± 14.4 41 ± 1.5 
28 >400 52 ± 6.1 16 ± 2.2 
Moxifloxacin >400 40 ± 2.8 12 ± 1.8  
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(m, 2H, CH2), 2.39 (s, 3H, CH3), 2.60–2.62 (m, 4H, 2CH2 piperazinyl), 
3.27–3.29 (m, 4H, 2CH2 piperazinyl), 3.41, 3.45 (AB, 2H, JH-Н = 13.2 
Hz, CH2N), 3.52 (br m, 1H, CH cyclopropyl), 5.00, 5.08 (AB, 2H, JH-Н =

16.2 Hz, CH2), 5.02 (q, 1H, JH-Н = 5.2 Hz, CH), 7.29 (d, 1H, JH-F = 7.0 
Hz, СHAr), 7.84 (d, 1H, JH-F = 13.1 Hz, СHAr), 7.90 (s, 1H, СHAr), 8.63 (s, 
1H, СHAr), 14.94 (br s, 1H, C(O)OH). 13C NMR (CDCl3) δ: 8.26 (s, 2CH2 
cyclopropyl), 13.99 (s, CH3), 17.07 (s, CH2), 18.29 (s, CH3), 35.39 (s CH, 
cyclopropyl), 36.43 (s, CH2), 49.85 (d, JC-F = 4.7 Hz, CH2), 52.59 (s, 
CH2), 57.56 (s, CH2), 64.54 (s, CH2), 99.92 (s, CH), 104.90 (d, JC-F = 2.9 
Hz, CAr), 107.96 (s, CAr), 112.20 (d, JC-F = 23.4 Hz, CAr), 119.63 (d, JC-F 
= 7.8 Hz, CAr), 126.89 (s, CAr), 128.37 (s, CAr), 139.09 (s, CAr), 140.80 (s, 
CAr), 145.84 (d, JC-F = 10.3 Hz, CAr), 147.19 (s, CAr), 147.37 (s, CAr), 
148.07 (s, CAr), 153.68 (d, JC-F = 251.7 Hz, CAr), 166.95 (s, C(O)OH), 
176.99 (d, JC-F = 2.0 Hz, C––O). ESI-HRMS m/z: [М+H]+ 537.2513 
(calculated for [C29H34FN4O5]+ - 537.2508). 

4.1.1.5. 1-Cyclopropyl-6-fluoro-7-(4-((8-methyl-2-octyl-4H-[1,3]dioxino 
[4,5-c]pyridin-5-yl)methyl)piperazin-1-yl)-4-oxo-1,4-dihydroquinoline-3- 
carboxylic acid (6e). The reaction was carried out following the general 
procedure with compound 2e (1.20 g, 3.38 mmol), ciprofloxacin 
hydrocloride (1.13 g, 3.07 mmol), NaHCO3 (0.54 g, 6.44 mmol) and KI 
(0.10 g, 0.61 mmol). The dry residue was extracted with ethyl acetate 
and the insoluble part was filtered. The filtrate was dried in vacuo and 
the product was recrystallized from the mixture acetone: water = 2:1. 
Yield 54% (1.01 g); yellow solid; mp 89–93 ◦C. 1H NMR (CDCl3) δ: 0.86 
(t, 3H, JHH = 6.8 Hz, CH3), 1.15–1.38 (m, 14H, 7CH2), 1.48–1.54 (m, 
2H, CH2), 1.82–1.90 (m, 2H, CH2), 2.41 (s, 3H, CH3), 2.61–2.63 (m, 4H, 
2CH2 piperazinyl), 3.29–3.33 (m, 4H, 2CH2 piperazinyl), 3.41, 3.45 (AB, 
2H, JH-H = 13.2 Hz, CH2N), 3.52 (br m, 1H, CH cyclopropyl), 5.01, 5.09 
(AB, 2H, JH-H = 16.2 Hz, CH2), 5.12 (q, 1H, JH-H = 5.2 Hz, CH), 7.30 (d, 
1H, JH-F = 7.0 Hz, СHAr), 7.88 (d, 1H, JH-F = 13.1 Hz, СHAr), 7.91 (s, 1H, 
СHAr), 8.66 (s, 1H, СHAr), 14.95 (s, 1H, OH). 13C NMR (CDCl3) δ: 8.29 (s, 
2CH2 cyclopropyl), 14.18 (s, CH3), 18.39 (s, CH3), 22.73 (s, CH2), 23.70 
(s, CH2), 29.28 (s, CH2), 29.46 (s, CH2), 29.55 (s, CH2), 31.93 (s, CH2), 
34.44 (s, CH2), 35.39 (s, CH cyclopropyl), 49.90 (d, JC-F = 4.6 Hz, CH2), 
52.62 (s, CH2), 57.60 (s, CH2), 64.58 (s, CH2), 100.13 (s, CH), 104.89 (d, 
JC-F = 2.9 Hz, CAr), 108.06 (s, CAr), 112.32 (d, JC-F = 23.4 Hz, CAr), 
119.75 (d, JC-F = 7.7 Hz, CAr), 126.82 (s, CAr), 128.28 (s, CAr), 139.12 (s, 
CAr), 140.93 (s, CAr), 145.88 (d, JC-F = 10.3 Hz, CAr), 147.30 (s, CAr), 
147.42 (s, CAr), 148.08 (s, CAr), 153.72 (d, JC-F = 251.6 Hz, CAr), 167.00 
(s, C(O)OH), 177.04 (d, JC-F = 2.5 Hz, C––O). ESI-HRMS m/z: [M+H]+

607.3296 (calculated for [C34H44FN4O5]+ - 607.3290). 

4.1.1.6. 1-Ethyl-6-fluoro-7-(4-((8-methyl-4H-[1,3]dioxino[4,5-c]pyridin- 
5-yl)methyl)piperazin-1-yl)-4-oxo-1,4-dihydroquinoline-3-carboxylic acid 
hydrochloride (8a). The reaction was carried out following the general 
procedure with compound 2a (0.50 g, 2.13 mmol), norfloxacin hydro
cloride (0.64 g, 1.94 mmol), NaHCO3 (0.50 g, 5.95 mmol) and KI (0.06 
g, 0.39 mmol). The dry residue was extracted with ethyl acetate and the 
insoluble part was filtered. The filtrate was dried in vacuo and then was 
washed with acetone. The resulting precipitate was suspended in water 
then equimolar amount of 0.1 M HCl solution added and the solvent was 
removed in vacuo. Yield 36% (0.36 g); gray solid; mp 178–182 ◦C 
(decomp). 1H NMR (DMSO‑d6) δ: 1.41 (t, 3H, JH-H = 7.1 Hz, CH3), 2.50 
(s, 3H, CH3), 3.21–3.97 (m, 8H, 4CH2), 4.36 (br s, 2Н, CH2), 4.62 (q, 2H, 
JH-H = 7.0 Hz, CH2), 5.34 (s, 2Н, СН2), 5.44 (s, 2H, CH2), 7.26 (d, 1H, JH- 

F = 7.3 Hz, СHAr), 7.98 (d, 1H, JH-F = 13.1 Hz, СHAr), 8.59 (s, 1H, СHAr), 
8.97 (s, 1H, СHAr). 13C NMR (DMSO‑d6) δ: 14.48 (s, CH3), 42.41 (br s, 
CH2), 46.41 (d, JC-F = 4.5 Hz, CH2), 49.10 (s, CH2), 50.53 (s, CH2), 64.36 
(s, CH2), 91.38 (s, CH2), 106.38 (s, CAr), 107.15 (s, CAr), 111.32 (d, JC-F 
= 22.9 Hz, CAr), 119.85 (d, JC-F = 6.8 Hz, CAr), 137.11 (s, CAr), 143.82 
(br s, CAr), 144.41 (d, JC-F = 10.4 Hz, CAr), 148.63 (s, CAr), 148.65 (s, 
CAr),148.71 (s, CAr), 152.66 (d, JC-F = 249.2 Hz, CAr), 165.99 (s, C(O) 
OH), 176.07 (s, C––O). ESI-HRMS m/z: [М-Cl]+ 483.2044 (calculated 
for [C25H28FN4O5]+ - 483.2038). 

4.1.1.7. 1-Ethyl-6-fluoro-4-oxo-7-(4-((2,2,8-trimethyl-4H-[1,3]dioxino 
[4,5-c]pyridin-5-yl)methyl)piperazin-1-yl)-1,4-dihydroquinoline-3-carbox
ylic acid (8b). The reaction was carried out following the general pro
cedure with compound 2b (1.26 g, 4.78 mmol), norfloxacin 
hydrocloride (1.55 g, 4.35 mmol), NaHCO3 (1.13 g, 13.48 mmol) and KI 
(0.14 g, 0.87 mmol). The dry residue was extracted with ethyl acetate 
and the insoluble part was filtered. The filtrate was dried in vacuo and 
the product was washed with acetone. Yield 24% (0.57 g); light yellow 
solid; mp 218–221 ◦C (decomp). 1H NMR (CDCl3) δ: 1.56 (s, 6H, 2CH3), 
1.57 (t, 3H, JH-H = 7.2 Hz, СH3), 2.43 (s, 3H, CH3), 2.64 (br m, 4H, 2CH2 
piperazinyl), 3.29 (br m, 4H, 2CH2 piperazinyl), 3.48 (s, 2H, CH2N), 
4.30 (q, 2H, JH-H = 7.2 Hz, CH2), 5.01 (s, 2H, CH2), 6.80 (d, 1H, JH-F =

6.8 Hz, СHAr), 7.93 (s, 1H, СHAr), 8.00 (d, 1H, JH-F = 13.0 Hz, СHAr), 
8.64 (s, 1H, СHAr), 15.06 (s, 1H, C(O)OH). 13C NMR (CDCl3) δ: 14.58 (s, 
СH3), 18.27 (s, CH3), 24.86 (s, 2CH3), 49.88 (s, CH2), 50.00 (d, JC-F =

4.8 Hz, CH2), 52.67 (s, CH2), 57.44 (s, CH2), 58.87 (s, CH2), 99.95 (s, C 
(CH3)2), 103.95 (d, JC-F = 3.1 Hz, CAr), 108.47 (s, CAr), 112.88 (d, JC-F =

23.3 Hz, CAr), 120.71 (d, JC-F = 7.8 Hz, CAr), 126.65 (CAr), 127.20 (s, 
CAr), 137.21 (s, CAr), 139.85 (s, CAr), 146.10 (d, JC-F = 10.6 Hz, CAr), 
146.46 (s, CAr), 147.23 (s, CAr), 147.35 (s, CAr), 153.63 (d, JC-F = 251.7 
Hz, CAr), 167.29 (s, C(O)OH), 177.08 (s, C––O). ESI-HRMS m/z: 
[М+H]+ 511.2357 (calculated for [C27H32FN4O5]+ - 511.2351). 

4.1.1.8. 7-(4-((2,8-Dimethyl-4H-[1,3]dioxino[4,5-c]pyridin-5-yl)methyl) 
piperazin-1-yl)-1-ethyl-6-fluoro-4-oxo-1,4-dihydroquinoline-3-carboxylic 
acid (8c). The reaction was carried out following the general procedure 
with compound 2f (0.17 g, 0.66 mmol), norfloxacin hydrocloride (0.21 
g, 0.60 mmol), NaHCO3 (0.16 g, 1.86 mmol) and KI (0.02 g, 0.12 mmol). 
The dry residue was extracted with ethyl acetate and the insoluble part 
was filtered. The filtrate was dried in vacuo and the product was washed 
with acetone. Yield 33% (0.10 g); gray solid; mp 188–192 ◦C (decomp). 
1H NMR (CDCl3) δ: 1.57–1.61 (m, 6Н, 2CH3), 2.47 (s, 3H, CH3), 2.65 (br 
m, 4H, 2CH2 piperazinyl), 3.30 (br m, 4H, 2CH2 piperazinyl), 3.47 (br 
m, 2H, CH2N), 4.31 (br m, 2Н, CH2), 5.04, 5.10 (AB, 2Н, JH-H = 16.0 Hz, 
СН2), 5.20 (br m, 1H, CH), 6.81 (br s, 1H, СHAr), 7.97 (br s, 1H, СHAr), 
8.03 (d, 1H, JH-F = 13.0 Hz, СHAr), 8.65 (s, 1H, СHAr), 15.06 (s, 1H, C(O) 
OH). 13C NMR (CDCl3) δ: 14.59 (s, CH3), 18.01 (s, CH3), 20.76 (s, CH3), 
49.94 (d, JC-F = 7.8 Hz, CH2), 50.00 (s, CH2), 52.66 (s, CH2), 57.44 (s, 
CH2), 64.50 (s, CH2), 97.44 (s, CH), 104.01 (d, JC-F = 1.8 Hz, CAr), 
108.56 (s, CAr), 112.96 (d, JC-F = 23.3 Hz, CAr), 120.84 (d, JC-F = 7.6 Hz, 
CAr), 127.15 (s, CAr), 128.98 (s, CAr), 137.22 (s, CAr), 140.10 (s, CAr), 
146.09 (d, JC-F = 10.8 Hz, CAr), 146.95 (s, CAr), 147.26 (s, CAr), 148.32 
(s, CAr), 153.66 (d, JC-F = 251.9 Hz, CAr), 167.27 (s, C(O)OH), 177.13 (d, 
JC-F = 1.8 Hz, C––O). ESI-HRMS m/z: [М+H]+ 497.2200 (calculated for 
[C26H30FN4O5]+ - 497.2195). 

4.1.1.9. 1-Ethyl-6-fluoro-7-(4-((8-methyl-2-propyl-4H-[1,3]dioxino[4,5- 
c]pyridin-5-yl)methyl)piperazin-1-yl)-4-oxo-1,4-dihydroquinoline-3-car
boxylic acid (8d). The reaction was carried out following the general 
procedure with compound 2g (0.49 g, 1.76 mmol), norfloxacin hydro
cloride (0.57 g, 1.60 mmol), NaHCO3 (0.42 g, 4.96 mmol) and KI (0.05 
g, 0.32 mmol). The dry residue was extracted with ethyl acetate and the 
insoluble part was filtered. The filtrate was dried in vacuo and the 
product was washed with acetone. Yield 31% (0.26 g); gray solid; mp 
221–224 ◦C (decomp). 1H NMR (CDCl3) δ: 1.02 (t, 3H, JH-H = 7.3 Hz, 
CH3), 1.50–1.66 (m, 5H, CH3 + CH2), 1.82–1.96 (m, 2H, CH2), 2.56 (s, 
3H, CH3), 2.69 (br m, 4H, 2CH2 piperazinyl), 3.33 (br m, 4H, 2CH2 
piperazinyl), 3.44–3.59 (br m, 2Н, CH2N), 4.32 (q, 2H, JH-H = 7.1 Hz, 
CH2), 5.09 (br m, 1H, CH), 5.07, 5.13 (AB, 2Н, JH-H = 16.5 Hz, СН2), 
6.82 (d, 1H, JH-F = 6.5 Hz, СHAr), 8.05 (s, 1H, СHAr), 8.05 (d, 1H, JH-F =

12.4 Hz, СHAr), 8.67 (s, 1H, СHAr), 15.04 (s, 1H, C(O)OH). 13C NMR 
(CDCl3) δ: 14.05 (s, CH3), 14.61 (s, CH3), 17.11, 17.76 (s, CH2 + CH3), 
36.43 (s, CH2), 49.90 (s, CH2), 49.96 (d, JC-F = 5.0 Hz, CH2), 52.68 (s, 
CH2), 57.37 (s, CH2), 64.58 (s, CH2), 100.26 (s, CН), 104.02 (d, JC-F =

3.0 Hz, CAr), 108.57 (s, CAr), 112.99 (d, JC-F = 23.6 Hz, CAr), 120.88 (d, 
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JC-F = 7.9 Hz, CAr), 127.84 (s, CAr), 129.60 (s, CAr), 137.22 (s, CAr), 
139.52 (s, CAr), 146.08 (d, JC-F = 10.4 Hz, CAr), 146.74 (s, CAr), 147.28 
(s, CHAr), 148.54 (s, CAr), 153.67 (d, JC-F = 251.4 Hz, CAr), 167.31 (s, C 
(O)OH), 177.14 (s, C––O). ESI-HRMS m/z: [М+H]+ 525.2513 (calcu
lated for [C28H34FN4O5]+ - 525.2508. 

4.1.1.10. 1-Ethyl-6-fluoro-7-(4-((8-methyl-2-octyl-4H-[1,3]dioxino[4,5- 
c]pyridin-5-yl)methyl)piperazin-1-yl)-4-oxo-1,4-dihydroquinoline-3-car
boxylic acid (8e). The reaction was carried out following the general 
procedure with compound 2h (0.48 g, 1.39 mmol), norfloxacin hydro
cloride (0.45 g, 1.27 mmol), NaHCO3 (0.33 g, 3.92 mmol) and KI (0.04 
g, 0.25 mmol). The dry residue was extracted with ethyl acetate and the 
insoluble part was filtered. The filtrate was dried in vacuo and the 
product was washed with acetone. Yield 20% (0.15 g); gray solid; mp 
185–190 ◦C (decomp). 1H NMR (CDCl3) δ: 0.88 (t, 3H, JH-H = 6.4 Hz, 
CH3), 1.17–1.45 (m, 10H, 5CH2), 1.46–1.65 (m, 2H, CH2), 1.58 (t, 3H, 
JH-H = 7.2 Hz, CH3), 1.82–1.96 (m, 2H, CH2), 2.49 (s, 3H, CH3), 
2.64–2.68 (br m, 4H, 2CH2 piperazinyl), 3.20–3.39 (br m, 4H, 2CH2 
piperazinyl), 3.46, 3.49 (AB, 2Н, JH-H = 14.0 Hz, CH2N), 4.31 (q, 2H, JH- 

H = 7.2 Hz, CH2), 5.05 (t, 1H, JH-H = 5.4 Hz, CH), 5.04, 5.11 (AB, 2Н, JH- 

H = 16.4 Hz, СН2), 6.81 (d, 1H, JH-F = 6.6 Hz, СHAr), 7.98 (s, 1H, СHAr), 
8.03 (d, 1H, JH-F = 13.0 Hz, СHAr), 8.66 (s, 1H, СHAr), 15.07 (s, 1H, C(O) 
OH). 13C NMR (CDCl3) δ: 14.24 (s, CH3), 14.61 (s, CH3), 17.72 (s, CH3), 
22.79 (s, CH2), 23.68 (s, CH2), 29.33 (s, CH2), 29.49 (s, CH2), 29.59 (s, 
CH2), 31.98 (s, CH2), 34.41 (s, CH2), 49.91 (s, CH2), 49.94 (br s, CH2), 
52.68 (s, CH2), 57.35 (s, CH2), 64.59 (s, CH2), 100.47 (s, CН), 104.03 (d, 
JC-F = 2.4 Hz, CAr), 108.54 (s, CAr), 112.96 (d, JC-F = 23.3 Hz, CAr), 
120.85 (d, JC-F = 7.9 Hz, CAr), 127.53 (s, CAr), 129.79 (s, CAr), 137.22 (s, 
CAr), 139.38 (s, CAr), 146.06 (d, JC-F = 10.3 Hz, CAr), 146.69 (s, CAr), 
147.28 (s, CAr), 148.56 (s, CAr), 153.65 (d, JC-F = 251.6 Hz, CAr), 167.31 
(s, C(O)OH), 177.13 (d, JC-F = 1.8 Hz, C––O). ESI-HRMS m/z: [М+H]+

595.3290 (calculated for [C33H44FN4O5]+ - 595.3290). 

4.1.1.11. 1-Ethyl-6,8-difluoro-7-(3-methyl-4-((8-methyl-4H-[1,3]dioxino 
[4,5-c]pyridin-5-yl)methyl)piperazin-1-yl)-4-oxo-1,4-dihydroquinoline-3- 
carboxylic acid hydrochloride (10a). The reaction was carried out 
following the general procedure with compound 2a (0.54 g, 2.30 mmol), 
lomefloxacin hydrochloride (0.81 g, 2.09 mmol), NaHCO3 (0.54 g, 6.47 
mmol) and KI (0.07 g, 0.42 mmol). The dry residue was extracted with 
ethyl acetate and the insoluble part was filtered. The filtrate was dried in 
vacuo and then was washed with acetone. The resulting precipitate was 
suspended in water then equimolar amount of 0.1 M HCl solution added 
and the solvent was removed in vacuo. Yield 27% (0.31 g); yellow solid; 
mp 167–173 ◦C (decomp). 1H NMR (DMSO‑d6) δ: 1.45 (t, 3H, JH-H = 6.8 
Hz, CH3), 1.50–1.62 (br m, 3H, CH3), 2.58 (s, 3H, CH3), 3.32–3.93 (m, 
7H, 3CH2 + CH), 4.20–4.28 (br m, 1H, CH2), 4.53–4.64 (m, 2H, CH2), 
4.79–4.91 (br m, 1H, CH2), 5.33–5.53 (m, 3H, CH2), 5.71–5.75 (br m, 
1H, CH2), 7.87 (d, 1H, JH-F = 11.1 Hz, СHAr), 8.78 (s, 1H, СHAr), 8.93 (s, 
1H, СHAr), 12.14 (s, 1H, NH). 13C NMR (CDCl3) δ: 13.87 (s, CH3), 14.62 
(s, CH3), 15.98 (d, JC-F = 4.5 Hz, CH3), 47.04 (br s, CH2), 48.48 (br s, 
CH2), 50.39 (br s), 53.18 (br s), 53.73 (d, JC-F = 15.5 Hz, CH2), 60.62 (br 
s), 64.30 (s), 91.49 (s, CH2), 107.02 (d, JC-F = 22.4 Hz, CAr), 107.12 (s, 
CAr), 121.34 (d, JC-F = 8.1 Hz, CAr), 123.05 (s, CAr), 127.12 (d, JC-F = 6.0 
Hz, CAr), 132.16 (t, JC-F = 12.9 Hz, JC-F = 12.9 Hz, CAr), 137.10 (br s, 
CAr), 137.81 (s, CAr), 144.94 (s, CAr), 146.20 (dd, JC-F = 250.9 Hz, JC-F =

4.6 Hz, CAr), 149.07 (s, CAr), 151.34 (s, CAr), 154.40 (dd, JC-F = 248.2 Hz, 
JC-F = 4.6 Hz, CAr), 165.44 (s, C(O)OH), 175.48 (s, C––O). ESI-HRMS m/ 
z: [М-Cl]+ 515.2106 (calculated for [C26H29F2N4O5]+ - 515.2101). 

4.1.1.12. 1-Ethyl-6,8-difluoro-7-(3-methyl-4-((2,2,8-trimethyl-4H-[1,3] 
dioxino[4,5-c]pyridin-5-yl)methyl)piperazin-1-yl)-4-oxo-1,4-dihy
droquinoline-3-carboxylic acid (10b). The reaction was carried out 
following the general procedure with compound 2b (1.18 g, 4.48 mmol), 
lomefloxacin hydrochloride (1.58 g, 4.07 mmol), NaHCO3 (1.06 g, 12.6 
mmol) and KI (0.14 g, 0.82 mmol). The dry residue was extracted with 

ethyl acetate and the insoluble part was filtered. The filtrate was dried in 
vacuo and the product was washed successively with acetone and water. 
Yield 66% (1.55 g); yellow solid; mp 184–186 ◦C (decomp). 1H NMR 
(CDCl3) δ: 1.19 (d, 3H, JH-H = 6.2 Hz, CH3), 1.53 (s, 6Н, 2СН3), 
1.50–1.55 (br m, 3Н, CH3), 2.20–2.28 (m, 1Н, СН), 2.36 (s, 3H, CH3), 
2.59–2.71 (m, 2H, CH2), 3.10–3.13 (br m, 1H, CH2), 3.23–3.30 (br m, 
2H, CH2), 3.33–3.36 (br m, 1H, CH2), 3.08, 3.94 (AB, 2H, JH-H = 13.0 
Hz, CH2), 4.39–4.49 (m, 2Н, CH2), 4.84, 5.16 (AB, 2Н, JH-H = 16.7 Hz, 
СН2), 7.83–7.88 (m, 2H, 2СAr), 8.55 (s, 1H, СAr), 14.66 (s, 1H, C(O)OH). 
13C NMR (CDCl3) δ: 14.75 (s, CH3), 16.37 (d, JC-F = 4.7 Hz, CH3), 18.52 
(s, CH3), 24.57 (s, C(СН3)2), 24.95 (s, C(СН3)2), 50.31 (br s, CH2), 51.21 
(br s, CH2), 53.27 (s, CH2), 54.65 (d, JC-F = 16.5 Hz, CH2), 56.02 (br s, 
CH), 57.61 (br s, CH2), 59.03 (s, CH2), 99.57 (s, C(СН3)2), 107.96 (s, 
CAr), 108.21 (d, JC-F = 23.2 Hz, CAr), 121.15 (d, JC-F = 8.5 Hz, CAr), 
126.33 (s, CAr), 127.03 (s, CAr), 127.16 (d, JC-F = 6.2 Hz, CAr), 134.39 (t, 
JC-F = 13.6 Hz, JC-F = 13.6 Hz, CAr), 140.61 (s, CAr), 145.85 (dd, JC-F =

248.6 Hz, JC-F = 6.4 Hz, CAr), 146.13 (s, CAr), 147.40 (s, CAr), 150.00 (s, 
CAr), 155.11 (dd, JC-F = 251.7 Hz, JC-F = 6.4 Hz, CAr), 166.59 (s, C(O) 
OH), 176.21 (s, C––O). ESI-HRMS m/z: [М+Н]+ 543. 2414 (calculated 
for [C28H33F2N4O5]+ - 543.2414). 

4.1.1.13. 7-(4-((2,8-Dimethyl-4H-[1,3]dioxino[4,5-c]pyridin-5-yl) 
methyl)-3-methylpiperazin-1-yl)-1-ethyl-6,8-difluoro-4-oxo-1,4-dihy
droquinoline-3-carboxylic acid (10c). The reaction was carried out 
following the general procedure with compound 2f (0.48 g, 1.93 mmol), 
lomefloxacin hydrochloride (0.68 g, 1.75 mmol), NaHCO3 (0.46 g, 5.44 
mmol) and KI (0.06 g, 0.35 mmol). The dry residue was extracted with 
ethyl acetate and the insoluble part was filtered. The filtrate was dried in 
vacuo and the product was washed successively with acetone and water. 
Yield 21% (0.19 g); yellow solid; mp 195–202 ◦C (decomp). 1H NMR 
(CDCl3) δ (mixture of diastereomers): 1.19–1.25 (m, 3H, CH3), 1.56 (t, 
3Н, JH-H = 6.9 Hz, CH3), 1.61 (d, 3H, JH-H = 5.0 Hz, CH3), 2.24–2.35 (m, 
1Н, СН), 2.47 (s, 3H, CH3), 2.60–2.79 (m, 2H, CH2), 3.06–3.22 (m, 2H, 
CH2), 3.22–3.43 (m, 3H, CH2), 3.91–4.03 (m, 1H, CH2), 4.40–4.52 (m, 
2Н, CH2), 4.97 (t, 1Н, JH-H = 16.6 Hz, CH), 5.13–5.37 (m, 2Н, СН2), 
7.92–8.01 (m, 2H, 2СHAr), 8.60 (s, 1H, 1СHAr), 14.64 (s, 1H, C(O)OH). 
13C NMR (CDCl3) δ (mixture of diastereomers): 14.51 (br s, CH3), 15.03 
(br s, CH3), 16.47 (d, JC-F = 4.8 Hz, CH3), 18.48 (s, CH3), 18.49 (s, CH3), 
20.79 (s, CH3), 50.08 (br s, CH2), 50.50 (br s, CH2), 51.30 (br s, CH2), 
53.34 (s, CH2), 53.46 (s, CH2), 54.74 (d, JC-F = 16.3 Hz, CH2), 56.06 (s), 
56.11 (s), 57.70 (br s, CH2), 64.40 (s, CH2), 65.01 (s, CH2), 97.10 (s, СН), 
97.23 (s, СН), 108.18 (s, CAr), 108.48 (d, JC-F = 23.4 Hz, CAr), 121.42 (d, 
JC-F = 8.1 Hz, CAr), 127.11–128.06 (m, CAr), 134.29–134.69 (m, CAr), 
141.06 (s, CAr), 141.35 (s, CAr), 146.02 (dd, JC-F = 247.9 Hz, JC-F = 6.5 
Hz, CAr), 147.08 (s, CAr), 147.16 (s, CAr), 148.02 (s, CAr), 150.09 (s, CAr), 
155.24 (dd, JC-F = 251.7 Hz, JC-F = 6.5 Hz, CAr), 166.75 (s, C(O)OH), 
176.37 (s, C––O). ESI-HRMS m/z: [М+H]+ 529.2257 (calculated for 
[C27H31F2N4O5]+ - 529.2257). 

4.1.1.14. 1-Ethyl-6,8-difluoro-7-(3-methyl-4-((8-methyl-2-propyl-4H- 
[1,3]dioxino[4,5-c]pyridin-5-yl)methyl)piperazin-1-yl)-4-oxo-1,4-dihy
droquinoline-3-carboxylic acid (10d). The reaction was carried out 
following the general procedure with compound 2g (0.49 g, 1.76 mmol), 
lomefloxacin hydrochloride (0.62 g, 1.60 mmol), NaHCO3 (0.42 g, 4.96 
mmol) and KI (0.05 g, 0.32 mmol). The dry residue was extracted with 
ethyl acetate and the insoluble part was filtered. The filtrate was dried in 
vacuo and the product was washed successively with acetone and water. 
Yield 24% (0.22 g); yellow solid; mp 204–205◦С. 1H NMR (CDCl3) δ 
(mixture of diastereomers): 1.02 (t, 3H, JH-H = 7.4 Hz, CH3), 1.20 (t, 3Н, 
JH-H = 6.5 Hz, CH3), 1.48–1.63 (m, 5H, CH3+CH2), 1.80–1.94 (m, 2Н, 
CH2), 2.20–2.34 (m, 1Н, СН), 2.42 (s, 3H, CH3), 2.58–2.78 (m, 2H, CH2), 
3.01–3.20 (br m, 2H, CH2), 3.29–3.44 (m, 3H, 2CH2), 3.90–4.04 (m, 1H, 
CH2), 4.37–4.54 (m, 2Н, CH2), 4.91–5.37 (m, 3Н, CH+СН2), 7.91–7.94 
(m, 2H, 2СHAr), 8.58 (s, 1H, СHAr), 14.65, 14.66 (s, 1H, C(O)OH). 13C 
NMR (CDCl3) δ (mixture of diastereomers): 14.08 (s, CH3), 14.55 (s, 

N.V. Shtyrlin et al.                                                                                                                                                                                                                              



European Journal of Medicinal Chemistry 261 (2023) 115798

11

CH3), 15.09 (s, CH3), 16.47 (d, JC-F = 4.7 Hz, CH3), 17.14 (s, CH2), 17.16 
(s, CH2), 18.48 (s, CH3), 18.50 (s, CH3), 29.81 (s, CH2), 50.10 (br s, CH2), 
50.52 (br s, CH2), 51.30 (br s, CH2), 53.37 (s, CH2), 53.49 (s, CH), 54.73 
(d, JC-F = 16.6 Hz, CH2), 56.11 (br s, CH), 57.70 (br s, CH2), 64.50 (s, 
CH2), 65.10 (s, CH2), 99.82 (s, СН), 99.94 (s, СН), 108.19 (s, CAr), 
108.49 (d, JC-F = 23.3 Hz, CAr), 121.42 (d, JC-F = 8.6 Hz, CAr), 
127.20–127.32 (m, CAr), 127.67 (s, CAr), 127.92 (s, CAr), 128.20 (s, CAr), 
134.26–134.75 (m, CAr), 141.07 (s, CAr), 141.37 (s, CAr), 145.94 (dd, JC- 

F = 248.2 Hz, JC-F = 6.7 Hz, CAr), 147.17 (s, CAr), 147.25 (s, CAr), 148.05 
(s, CAr),148.08 (s, CAr), 150.09 (s, CAr), 155.24 (dd, JC-F = 251.6 Hz, JC-F 
= 6.7 Hz, CAr), 166.75 (s, C(O)OH), 176.38 (s, C––O). ESI-HRMS m/z: 
[М+H]+ 557.2570 (calculated for [C29H35F2N4O5]+ - 557.2570). 

4.1.1.15. 1-Ethyl-6,8-difluoro-7-(3-methyl-4-((8-methyl-2-octyl-4H-[1,3] 
dioxino[4,5-c]pyridin-5-yl)methyl)piperazin-1-yl)-4-oxo-1,4-dihy
droquinoline-3-carboxylic acid (10e). The reaction was carried out 
following the general procedure with compound 2h (0.78 g, 2.24 
mmol), lomefloxacin hydrochloride (0.79 g, 2.04 mmol), NaHCO3 (0.53 
g, 6.31 mmol) and KI (0.07 g, 0.41 mmol). Yield 39% (0.50 g); mp 
192–196 ◦C (decomp). The dry residue was extracted with ethyl acetate 
and the insoluble part was filtered. The filtrate was dried in vacuo and 
the product was washed successively with acetone and water. 1H NMR 
(CDCl3) δ (mixture of diastereomers): 0.79–0.98 (br m, 3H, CH3), 
1.12–1.45 (m, 13Н, CH3+5CH2), 1.46–1.61 (m, 5H, CH3+CH2), 
1.73–1.98 (m, 2Н, CH2), 2.19–2.34 (m, 1Н, СН), 2.41 (s, 3H, CH3), 
2.55–2.79 (m, 2H, CH2), 3.01–3.17 (br m, 2H, CH2), 3.21–3.44 (m, 3H, 
2CH2), 3.90–3.99 (m, 1H, CH2), 4.38–4.52 (m, 2Н, CH2), 4.91–5.38 (m, 
3Н, CH+СН2), 7.91–7.94 (m, 2H, 2СHAr), 8.59 (s, 1H, СHAr), 14.68 (s, 
1H, C(O)OH). 13C NMR (CDCl3) δ (mixture of diastereomers): 14.20 (s, 
CH3), 14.48 (br s, CH3), 15.02 (br s, CH3), 16.43 (d, JC-F = 4.5 Hz, CH3), 
18.46 (s, CH3), 22.74 (s, CH2), 23.69 (s, CH2), 29.28 (s, CH2), 29.46 (s, 
CH2), 29.55 (s, CH2), 31.93 (s, CH2), 34.45 (s, CH2), 50.07 (br s, CH2), 
50.49 (br s, CH2), 51.27 (br s, CH2), 53.32 (s, CH2), 53.44 (s, CH2), 54.72 
(d, JC-F = 16.3 Hz, CH2), 56.05 (br s, CH), 57.68 (br s, CH2), 64.46 (s, 
CH2), 65.07 (s, CH2), 99.96 (s, СН), 100.08 (s, СН), 108.02 (s, CAr), 
108.34 (d, JC-F = 23.2 Hz, CAr), 121.25 (d, JC-F = 8.7 Hz, CAr), 
127.15–127.29 (m, CAr), 127.63 (s, CAr), 127.86 (s, CAr), 128.15 (s, CAr), 
134.26–134.60 (m, CAr), 141.02 (s, CAr), 141.31 (s, CAr), 145.87 (dd, JC- 

F = 246.1 Hz, JC-F = 6.1 Hz, CAr), 147.08 (s, CAr), 147.16 (s, CAr), 147.99 
(s, CAr),148.02 (s, CAr), 150.06 (s, CAr), 155.17 (dd, JC-F = 251.6 Hz, JC-F 
= 6.1 Hz, CAr), 166.71 (s, C(O)OH), 176.28 (s, C––O). ESI-HRMS m/z: 
[М-Cl]+ 627.3348 (calculated for [C25H28FN4O5]+ - 627.3353). 

4.1.1.16. 1-Cyclopropyl-6-fluoro-8-methoxy-7-(1-((8-methyl-4H-[1,3] 
dioxino[4,5-c]pyridin-5-yl)methyl)octahydro-6H-pyrrolo[3,4-b]pyridin-6- 
yl)-4-oxo-1,4-dihydroquinoline-3-carboxylic acid hydrochloride (12a). 
The reaction was carried out following the general procedure with 
compound 2a (0.50 g, 2.11 mmol), moxifloxacin hydrochloride (0.84 g, 
1.92 mmol), NaHCO3 (0.50 g, 5.95 mmol) and KI (0.06 g, 0.38 mmol). 
The dry residue was extracted with ethyl acetate and the insoluble part 
was filtered. The filtrate was dried in vacuo and then was washed with 
acetone. The resulting precipitate was suspended in water then equi
molar amount of 0.1 M HCl solution added and the solvent was removed 
in vacuo. Yield 26% (0.30 g); yellow solid; mp 121–127 ◦C (decomp). 1H 
NMR (DMSO‑d6) δ: 0.92–1.23 (m, 4H, 2CH2), 1.40–1.52 (m, 1H), 
1.57–1.72 (m, 3H), 2.02–2.13 (m, 1H), 2.21 (s, 3H, CH3), 2.35–2.46 (m, 
1H), 2.57–2.65 (m, 1H), 2.95–3.02 (m, 1H), 3.12, 3.80 (AB, 2Н, JH-H =

13.7 Hz, СН2), 3.46–3.53 (m, 1H), 3.56 (s, 3H, CH3), 3.66–3.73 (m, 1H), 
3.76–3.91 (m, 2H), 4.07–4.16 (m, 1H), 4.83, 4.97 (AB, 2Н, JH-H = 16.0 
Hz, СН2), 5.19, 5.23 (AB, 2Н, JH-H = 5.7 Hz, СН2), 7.63 (d, 1H, JH-F =

14.1 Hz, СHAr), 7.85 (s, 1Н, СHAr), 8.64 (s, 1Н, СHAr), 15.20 (s, 1H, C(O) 
OH). 13C NMR (DMSO‑d6) δ: 8.54 (s, CH2), 9.39 (s, CH2), 18.12 (s, CH3), 
21.74 (s, CH2), 23.03 (s, CH2), 37.03 (s), 40.62 (s), 49.79 (s), 52.87 (d, 
JC-F = 4.1 Hz), 53.29 (d, JC-F = 5.9 Hz), 54.13 (s), 61.22 (s), 62.24 (s), 
63.45 (s), 90.61 (s, CH2), 106.25 (s, СAr), 106.41 (d, JC-F = 24.3 Hz, CAr), 

116.74 (d, JC-F = 8.8 Hz, CAr), 128.26 (s, CAr), 128.65 (s, CAr), 134.52 (s, 
CAr), 137.18 (d, JC-F = 10.7 Hz, CAr), 140.51 (s, CAr), 145.22 (s, CAr), 
146.81 (s, CAr), 150.11 (s, CAr), 152.82 (d, JC-F = 249.3 Hz, CAr), 165.89 
(s, C(O)OH), 175.92 (s, C––O). ESI-HRMS m/z: [М-Cl]+ 565.2457 
(calculated for [C30H34FN4NO6]+ - 565.2462). 

4.1.1.17. 1-Cyclopropyl-6-fluoro-8-methoxy-4-oxo-7-(1-((2,2,8-trimethyl- 
4H-[1,3]dioxino[4,5-c]pyridin-5-yl)methyl)octahydro-6H-pyrrolo[3,4-b] 
pyridin-6-yl)-1,4-dihydroquinoline-3-carboxylic acid (12b). The reaction 
was carried out following the general procedure with compound 2b 
(1.30 g, 4.92 mmol), moxifloxacin hydrochloride (1.96 g, 4.48 mmol), 
NaHCO3 (1.17 g, 13.88 mmol) and KI (0.15 g, 0.90 mmol). The dry 
residue is extracted with ethyl acetate, the insoluble matter is filtered 
off, the filtrate is dried to dryness and purified by column chromatog
raphy (eluent CHCl3:C2H5OH = 7:1). Yield 25% (0.70 g); light yellow 
solid; mp 110–112 ◦C (decomp). 1H NMR (DMSO‑d6) δ: 0.90–1.05 (m, 
2H, CH2), 1.11–1.25 (m, 2H, CH2), 1.45 (s, 3H, CH3), 1.48 (s, 3H, CH3), 
1.50–1.58 (m, 1H), 1.61–1.75 (m, 3H), 2.12–2.22 (m, 1H), 2.35 (s, 3H, 
CH3), 2.32–2.45 (m, 1H), 2.62–2.75 (m, 1H), 3.05–3.08 (m, 1H), 3.19, 
3.72 (AB, 2Н, JH-H = 13.6 Hz, СН2), 3.55–3.59 (m, 1H), 3.56 (s, 3H, 
CH3), 3.65–3.77 (m, 2H), 3.85–4.05 (m, 2H), 4.72, 4.97 (AB, 2Н, JH-H =

16.6 Hz, СН2), 7.76 (d, 1H, JH-F = 14.1 Hz, СHAr), 7.86 (s, 1Н, СHAr), 
8.75 (s, 1Н, СHAr), 15.07 (s, 1H, C(O)OH). 13C NMR (DMSO‑d6) δ: 9.36 
(s, CH2), 9.83 (s, CH2), 18.47 (s, CH3), 22.57 (s, CH2), 23.91 (s, CH2), 
24.62 (s, CH2), 24.85 (s, CH3), 37.58 (s), 40.53 (s), 49.68 (s), 52.10 (d, 
JC-F = 6.1 Hz), 54.39 (d, JC-F = 6.5 Hz), 55.16 (s), 58.79 (s), 61.24 (s), 
62.24 (s), 99.65 (s, C(CH3)2), 107.63 (s, СAr), 108.04 (d, JC-F = 24.0 Hz, 
CAr), 118.18 (d, JC-F = 9.0 Hz, CAr), 126.37 (s, CAr), 127.29 (s, CAr), 
134.63 (s, CAr), 137.64 (d, JC-F = 10.9 Hz, CAr), 140.00 (s, CAr), 146.19 
(s, CAr), 147.33 (s, CAr), 149.65 (s, CAr), 153.51 (d, JC-F = 250.6 Hz, CAr), 
167.22 (s, C(O)OH), 176.80 (s, C––O). ESI-HRMS m/z: [М+H]+

593.2770 (calculated for [C32H38FN4O6]+ - 593.2775). 

4.1.1.18. 1-Сyclopropyl-7-(1-((2,8-dimethyl-4H-[1,3]dioxino[4,5-c]pyr
idin-5-yl)methyl)octahydro-6H-pyrrolo[3,4-b]pyridin-6-yl)-6-fluoro-8- 
methoxy-4-oxo-1,4-dihydroquinoline-3-carboxylic acid (12c). The reac
tion was carried out following the general procedure with compound 2f 
(0.48 g, 1.93 mmol), moxifloxacin hydrochloride (0.77 g, 1.76 mmol), 
NaHCO3 (0.46 g, 5.45 mmol) and KI (0.06 g, 0.35 mmol). The dry res
idue was extracted with ethyl acetate and the insoluble part was filtered. 
The filtrate was dried in vacuo and the product was washed with 
acetone. Yield 38% (0.39 g); yellow solid; mp 120–130 ◦C (decomp). 1H 
NMR (CDCl3) δ (mixture of diastereomers): 0.91–1.07 (m, 2H, CH2), 
1.11–1.28 (m, 2H, CH2), 1.52–1.59 (m, 3H), 1.62–1.80 (m, 3H), 
2.15–2.27 (m, 1H), 2.38, 2.40 (s, 3H, CH3), 2.62–2.75 (m, 1H), 
3.01–3.15 (m, 1H), 3.17–3.25 (m, 1H), 3.57, 3.57 (s, 3H, CH3), 
3.57–3.78 (m, 4H), 3.84–3.93 (m, 1H), 3.95–4.03 (m, 1H), 4.77–5.15 
(m, 3Н), 7.79 (d, 1H, JH-F = 14.1 Hz, СHAr), 7.90, 7.91 (s, 1Н, СHAr), 
8.76 (s, 1Н, СHAr), 15.04 (s, 1H, C(O)OH). 13C NMR (CDCl3) δ (mixture 
of diastereomers): 9.40 (s, CH2), 9.45 (s, CH2), 9.80 (s, CH2), 9.83 (s, 
CH2), 18.40 (s, CH3), 20.73 (s, CH3), 20.76 (s, CH3), 22.62 (s, CH2), 
22.68 (s, CH2), 23.93 (s, CH2), 23.96 (s, CH2), 37.56 (s), 37.64 (s), 40.53 
(s), 49.59 (s), 49.71 (s), 51.72 (d, JC-F = 4.6 Hz), 52.05 (d, JC-F = 3.9 Hz), 
54.32 (d, JC-F = 7.3 Hz), 54.55 (d, JC-F = 5.9 Hz), 55.13 (s), 55.46 (s), 
61.21 (s), 61.32 (s), 61.98 (s), 62.36 (s), 64.20 (s), 64.63 (s), 97.12 (s, 
CH), 97.17 (s, CH), 107.70 (s, СAr), 107.72 (s, СAr), 108.08 (d, JC-F =

24.1 Hz, CAr), 108.14 (d, JC-F = 24.1 Hz, CAr), 118.22 (d, JC-F = 8.9 Hz, 
CAr), 118.37 (d, JC-F = 8.9 Hz, CAr), 127.70 (s, CAr), 127.79 (s, CAr), 
127.93 (s, CAr), 134.63 (s, CAr), 137.59 (d, JC-F = 10.8 Hz, CAr), 137.63 
(d, JC-F = 10.9 Hz, CAr), 140.43–140.67 (m, CAr), 146.93 (s, CAr), 147.00 
(s, CAr), 147.97 (s, CAr), 147.98 (s, CAr), 149.71 (s, CAr), 153.51 (d, JC-F =

250.7 Hz, CAr), 153.61 (d, JC-F = 250.6 Hz, CAr), 167.24 (s, C(O)OH), 
176.84 (s, C––O), 176.86 (s, C––O). ESI-HRMS m/z: [М+H]+ 579.2610 
(calculated for [C31H36FN4O6]+ - 579.2613). 
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4.1.1.19. 1-Сyclopropyl-6-fluoro-8-methoxy-7-(1-((8-methyl-2-propyl- 
4H-[1,3]dioxino[4,5-c]pyridin-5-yl)methyl)octahydro-6H-pyrrolo[3,4-b] 
pyridin-6-yl)-4-oxo-1,4-dihydroquinoline-3-carboxylic acid (12d). The 
reaction was carried out following the general procedure with com
pound 2g (0.49 g, 1.76 mmol), moxifloxacin hydrochloride (0.70 g, 
1.60 mmol), NaHCO3 (0.42 g, 4.96 mmol) and KI (0.05 g, 0.32 mmol). 
The dry residue was extracted with ethyl acetate and the insoluble part 
was filtered. The filtrate was dried in vacuo and the product was washed 
with acetone. Yield 30% (0.29 g); yellow solid; mp 118–120◦С. 1H NMR 
(CDCl3) δ (mixture of diastereomers): 0.89–1.09 (m, 5H, CH2+CH3), 
1.09–1.28 (m, 2H, CH2), 1.43–1.89 (m, 7H), 2.15–2.28 (m, 1H), 
2.36–2.51 (m, 3H), 2.63–2.75 (m, 1H), 3.01–3.27 (m, 2H), 3.57, 3.58 (s, 
3H, CH3), 3.57–3.93 (m, 5H), 3.95–4.04 (m, 1H), 4.76–5.15 (m, 3Н), 
7.79 (d, 1H, JH-F = 14.0 Hz, СHAr), 7.92, 7.93 (s, 1Н, СHAr), 8.77 (s, 1Н, 
СHAr), 15.05 (s, 1H, C(O)OH). 13C NMR (CDCl3) δ (mixture of di
astereomers): 9.31 (s, CH2), 9.45 (s, CH2), 9.82 (s, CH2), 9.85 (s, CH2), 
13.99 (s, CH3), 17.05 (s), 17.46 (s), 17.52 (s), 22.43 (s, CH2), 22.59 (s, 
CH2), 23.76 (s, CH2), 23.88 (s, CH2), 36.30 (s), 37.54 (s), 37.69 (s), 
40.53 (s), 49.77 (s), 50.04 (s), 51.94 (d, JC-F = 6.0 Hz), 52.56 (br s), 
54.16 (d, JC-F = 7.5 Hz), 54.49 (d, JC-F = 5.4 Hz), 54.90 (s), 55.26 (s), 
61.33 (s), 61.41 (s), 62.16 (s), 62.43 (s), 64.29 (s), 64.73 (s), 100.17 (s, 
CH), 100.28 (s, CH), 107.75 (s, СAr), 107.77 (s, СAr), 108.13 (d, JC-F =

24.1 Hz, CAr), 108.18 (d, JC-F = 24.1 Hz, CAr), 118.36 (d, JC-F = 8.6 Hz, 
CAr), 118.50 (d, JC-F = 8.5 Hz, CAr), 128.65–129.80 (m, CAr), 134.65 (s, 
CAr), 137.53 (d, JC-F = 10.8 Hz, CAr), 137.57 (d, JC-F = 11.0 Hz, CAr), 
140.54–140.67 (m, CAr), 146.14 (s, CAr), 146.25(s, CAr), 148.49 (s, CAr), 
148.56 (s, CAr), 149.74 (s, CAr), 153.53 (d, JC-F = 250.3 Hz, CAr), 153.61 
(d, JC-F = 250.6 Hz, CAr), 167.21 (s, C(O)OH), 176.85 (s, C––O), 176.87 
(s, C––O). ESI-HRMS m/z: [М+H]+ 607.2926 (calculated for 
[C33H40FN4O6]+ - 607.2926). 

4.1.1.20. 1-Cyclopropyl-6-fluoro-8-methoxy-7-(1-((8-methyl-2-octyl-4H- 
[1,3]dioxino[4,5-c]pyridin-5-yl)methyl)octahydro-6H-pyrrolo[3,4-b]pyr
idin-6-yl)-4-oxo-1,4-dihydroquinoline-3-carboxylic acid (12e). The reac
tion was carried out following the general procedure with compound 2h 
(0.49 g, 1.41 mmol), moxifloxacin hydrochloride (0.56 g, 1.28 mmol), 
NaHCO3 (0.33 g, 3.96 mmol) and KI (0.04 g, 0.26 mmol). The dry res
idue was extracted with ethyl acetate and the insoluble part was filtered. 
The filtrate was dried in vacuo and the product was washed with 
acetone. Yield 30% (0.26 g); yellow solid; mp 87–90 ◦C (decomp). 1H 
NMR (CDCl3) δ (mixture of diastereomers): 0.85–0.90 (br m, 3H, CH3), 
0.91–1.08 (m, 2H, CH2), 1.10–1.91 (m, 20H), 2.15–2.31 (m, 1H), 
2.44–2.47 (m, 4H), 2.63–2.75 (m, 1H), 3.02–3.29 (m, 2H), 3.58, 3.59 (s, 
3H, CH3), 3.59–3.93 (m, 5H), 3.95–4.04 (m, 1H), 4.78–5.15 (m, 3Н), 
7.79 (d, 1H, JH-F = 14.0 Hz, СHAr), 7.93, 7.95 (s, 1Н, СHAr), 8.77 (s, 1Н, 
СHAr), 15.03 (s, 1H, C(O)OH). 13C NMR (CDCl3) δ (mixture of di
astereomers): 9.35 (s, CH2), 9.48 (s, CH2), 9.78 (s, CH2), 9.90 (s, CH2), 
14.24 (s, CH3), 17.87 (br s, CH3), 22.52 (s, CH2), 22.68 (s, CH2), 22.79 (s, 
CH2), 23.65 (s, CH2), 23.84 (s, CH2), 23.95 (s, CH2), 29.34 (s, CH2), 
29.44 (s, CH2), 29.55 (s, CH2), 31.97 (s), 34.33 (s), 37.53 (s), 37.66 (s), 
40.53 (s), 49.64 (s), 49.87 (s), 51.67 (d, JC-F = 5.2 Hz), 52.28 (br s), 
54.27 (d, JC-F = 7.2 Hz), 54.57 (d, JC-F = 4.8 Hz), 54.98 (s), 55.37 (s), 
61.28 (s), 61.36 (s), 62.06 (s), 62.35 (s), 64.32 (s), 64.75 (s), 100.23 (s, 
CH), 100.33 (s, CH), 107.73 (s, СAr), 107.75 (s, СAr), 108.10 (d, JC-F =

23.9 Hz, CAr), 108.17 (d, JC-F = 24.2 Hz, CAr), 118.31 (d, JC-F = 8.7 Hz, 
CAr), 118.45 (d, JC-F = 8.8 Hz, CAr), 128.27–129.17 (m, CAr), 134.64 (s, 
CAr), 137.55 (d, JC-F = 11.0 Hz, CAr), 137.59 (d, JC-F = 10.5 Hz, CAr), 
140.51–140.64 (m, CAr), 146.49 (s, CAr), 146.58 (s, CAr), 148.30 (s, CAr), 
148.36 (s, CAr), 149.72 (s, CAr), 153.53 (d, JC-F = 250.6 Hz, CAr), 153.61 
(d, JC-F = 250.4 Hz, CAr), 167.22 (s, C(O)OH), 176.84 (s, C––O), 176.86 
(s, C––O). ESI-HRMS m/z: [М+H]+ 677.3709 (calculated for 
[C38H50FN4O6]+ - 677.3709). 

4.1.1.21. 1-Cyclopropyl-6-fluoro-7-(4-((5-(hydroxymethyl)-2,2,8-tri
methyl-4H-[1,3]dioxino[4,5-c]pyridin-6-yl)methyl)piperazin-1-yl)-4-oxo- 
1,4-dihydroquinoline-3-carboxylic acid (14). The reaction was carried 
out following the general procedure with compound 3 (1.30 g, 4.30 
mmol), ciprofloxacin hydrocloride (1.44 g, 3.91 mmol), NaHCO3 (0.66 
g, 7.82 mmol) and KI (0.13 g, 0.78 mmol). The dry residue was extracted 
with ethyl acetate and the insoluble part was filtered. The filtrate was 
dried in vacuo and the product was recrystallized from the mixture 
acetone: water = 2:1. Yield 44% (0.95 g); light yellow solid; mp 225 ◦C 
(decomp). 1H NMR (CDCl3) δ: 1.13 (br m, 2H, CH2 cyclopropyl), 1.30 (br 
m, 2H, CH2 cyclopropyl), 1.51 (s, 6H, 2CH3), 2.35 (s, 3H, CH3), 2.76 (br 
m, 4H, 2CH2 piperazinyl), 3.26 (br m, 4H, 2CH2 piperazinyl), 3.46 (br 
m, 1H, CH cyclopropyl), 3.81 (s, 2H, CH2N), 4.41 (s, 2H, CH2), 4.91 (s, 
2H, CH2), 7.26 (br s, 1H, СHAr), 7.87 (d, 1H, JH-F = 12.3 Hz, СHAr), 8.64 
(s, 1H, СHAr), 14.90 (br s, 1H, C(O)OH). 13C NMR (CDCl3) δ: 8.30 (s, 
2CH2 cyclopropyl), 18.39 (s, CH3), 24.79 (s, 2CH3), 35.43 (s, CH 
cyclopropyl), 49.62 (s, JC-F = 2.9 Hz, CH2), 52.27 (s, 2CH2), 57.71 (s, 
CH2), 58.99 (s, CH2), 63.07 (s, CH2), 99.65 (s, C(CH3)2), 105.20 (s, СAr), 
108.09 (s, СAr), 112.39 (d, JC-F = 23.4 Hz, СAr), 120.08 (d, JC-F = 7.7 Hz, 
СAr), 125.65 (s, CAr), 130.11 (s, CAr), 139.05 (s, CAr), 145.61 (d, JC-F =

10.2 Hz, СAr), 145.92 (s, CAr), 146.08 (s, CAr), 146.20 (s, CAr), 147.54 (s, 
CAr), 153.73 (d, JC-F = 251.5 Hz, СAr), 167.02 (s, C(O)OH), 177.07 (s, 
C––O). ESI-HRMS m/z: [М+H]+ 553.2462 (calculated for 
[C29H34FN4O6]+ - 553.2457). 

4.1.1.22. 1-Ethyl-6-fluoro-7-(4-((5-(hydroxymethyl)-2,2,8-trimethyl-4H- 
[1,3]dioxino[4,5-c]pyridin-6-yl)methyl)piperazin-1-yl)-4-oxo-1,4-dihy
droquinoline-3-carboxylic acid (16). The reaction was carried out 
following the general procedure with compound 3 (0.55 g, 1.82 mmol), 
norfloxacin hydrocloride (0.59 g, 1.65 mmol), NaHCO3 (0.28 g, 3.30 
mmol) and KI (0.06 g, 0.33 mmol). The dry residue was extracted with 
ethyl acetate and the insoluble part was filtered. The filtrate was dried in 
vacuo and the product was washed with acetone. Yield 77% (0.69 g); 
white solid; mp 210–213 ◦C (decomp). 1H NMR (CDCl3) δ: 1.51 (t, 3H, 
JH-H = 7.2 Hz, СH3), 1.53 (s, 6H, 2CH3), 2.36 (s, 3H, CH3), 2.77 (br m, 
4H, 2CH2 piperazinyl), 3.27 (br m, 4H, 2CH2 piperazinyl), 3.83 (s, 2H, 
CH2N), 4.27 (q, 2H, JH-H = 7.2 Hz, CH2), 4.43 (s, 2H, CH2), 4.93 (s, 2H, 
CH2), 6.77 (d, 1H, JH-F = 6.8 Hz, СHAr), 7.93 (d, 1H, JH-F = 12.9 Hz, 
СHAr), 8.60 (s, 1H, СHAr), 15.02 (br s, 1H, C(O)OH). 13C NMR (CDCl3) δ: 
14.56 (s, CH3), 18.49 (s, CH3), 24.81 (s, 2CH3), 49.65 (br s, CH2), 49.87 
(s, CH2), 52.27 (s, CH2), 57.76 (s, CH2), 59.02 (s, CH2), 63.06 (s, CH2), 
99.66 (s, С(CH3)2), 104.29 (d, JC-F = 1.9 Hz, CAr), 108.46 (s, CAr), 112.87 
(d, JC-F = 23.2 Hz, CAr), 121.02 (d, JC-F = 7.8 Hz, CAr), 125.64 (s, CAr), 
130.19 (s, CAr), 137.09 (s, CAr), 145.76 (s, CAr), 145.92 (d, JC-F = 10.5 
Hz, CAr), 146.14 (s, CAr), 147.31 (s, CAr), 153.62 (d, JC-F = 251.8 Hz, 
CAr), 167.21 (s, C(O)OH), 177.05 (d, JC-F = 2.0 Hz, C––O). ESI-HRMS m/ 
z: [М+H]+ 541.2457 (calculated for [C28H34FN4O6]+ - 541.2457). 

4.1.1.23. 1-Ethyl-6,8-difluoro-7-(4-((5-(hydroxymethyl)-2,2,8-trimethyl- 
4H-[1,3]dioxino[4,5-c]pyridin-6-yl)methyl)-3-methylpiperazin-1-yl)-4- 
oxo-1,4-dihydroquinoline-3-carboxylic acid (18). The reaction was car
ried out following the general procedure with compound 3 (0.65 g, 2.15 
mmol), lomefloxacin hydrochloride (0.76 g, 1.96 mmol), NaHCO3 (0.33 
g, 3.91 mmol) and KI (0.07 g, 0.39 mmol). The dry residue was extracted 
with ethyl acetate and the insoluble part was filtered. The filtrate was 
dried in vacuo and the product was washed successively with acetone, 
ethanol and water. . Yield 72% (0.81 g); white solid; mp 210–213 ◦C 
(decomp). 1H NMR (DMSO‑d6) δ: 1.21 (d, 3H, JH-H = 5.9 Hz, CH3), 1.42 
(t, 3H, JH-H = 6.5 Hz, CH3), 1.48 (s, 3H, СH3), 1.49 (s, 3H, СH3), 
2.26–2.33 (m, 4H, СH3+CH), 2.60–2.69 (br m, 2H, CH2), 3.05 (br m, 1H, 
CH2), 3.16 (br m, 1H, CH2), 3.25–3.34 (br m, 2H, CH2), 3.39, 4.25 (AB, 
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JH-H = 11.8 Hz, CH2), 4.46, 4.54 (AB, JH-H = 12.8 Hz, CH2), 4.52–4.61 
(br m, 2H, СH2), 4.93, 4.99 (AB, JH-H = 16.5 Hz, CH2), 7.82 (d, 1H, JH-F 
= 11.8 Hz, CHAr), 8.91 (s, 1H, CHAr), 14.81 (br s, 1H, C(O)OH). 13C NMR 
(DMSO‑d6) δ: 14.34 (s, CH3), 15.90 (d, JС-F = 4.9 Hz, СH3), 18.23 (s, 
СH3), 24.24 (s, С(СH3)2), 24.76 (s, С(СH3)2), 50.06 (br s, CH2), 50.50 
(br s, CH2), 53.70 (d, JС-F = 15.9 Hz, CH2), 55.74 (br s, CH2), 56.08 (s, 
CH), 57.00 (br s, CH2), 57.92 (s, CH2), 58.42 (s, CH2), 99.14 (s, 
С(СH3)2), 106.83 (d, JС-F = 23.3 Hz, CAr), 106.97 (s, CAr), 120.43 (d, JС- 

F = 8.2 Hz, CAr), 126.31 (s, CAr), 127.21 (d, JС-F = 7.5 Hz, CAr), 129.90 (s, 
CAr), 133.57 (t, JС-F = 14.0 Hz, JС-F = 14.0 Hz, CAr), 143.81 (s, CAr), 
144.67 (s, CAr), 145.92 (d, JС-F = 250.1 Hz, JС-F = 6.2 Hz, CAr),146.53 (s, 
CAr), 151.15 (s, CAr), 154.52 (dd, JС-F = 249.3 Hz, JС-F = 6.2 Hz, CAr), 
165.45 (s, C(O)OH), 175.49 (s, C––O). ESI-HRMS m/z: [М+H]+

573.2519 (calculated for [C29H35F2N4O6]+ - 573.2519). 

4.1.1.24. 1-Cyclopropyl-6-fluoro-7-(1-((5-(hydroxymethyl)-2,2,8-tri
methyl-4H-[1,3]dioxino[4,5-c]pyridin-6-yl)methyl)octahydro-6H-pyrrolo 
[3,4-b]pyridin-6-yl)-8-methoxy-4-oxo-1,4-dihydroquinoline-3-carboxylic 
acid (20). The reaction was carried out following the general procedure 
with compound 3 (0.45 g, 1.49 mmol), moxifloxacin hydrochloride 
(0.59 g, 1.35 mmol), NaHCO3 (0.23 g, 2.71 mmol) and KI (0.05 g, 0.27 
mmol). The dry residue is dissolved in chloroform and purified by col
umn chromatography (eluent ethyl alcohol/chloroform = 1:3).Yield 
42% (0.35 g); light yellow solid; mp 138–140 ◦C (decomp). 1H NMR 
(CDCl3) δ: 0.88–1.04 (m, 2Н, CH2), 1.12–1.25 (m, 2Н, CH2), 1.46–1.57 
(br m, 1Н), 1.50 (s, 3H, CH3), 1.51 (s, 3H, CH3), 1.64–1.76 (br m, 2Н), 
2.34 (s, 3H, CH3), 2.30–2.45 (br m, 2Н), 2.60–2.71 (br m, 1Н), 
3.37–3.49 (m, 2Н), 3.56 (s, 3H, CH3), 3.59–3.74 (br m, 2Н), 3.79–3.84 
(m, 1Н), 3.97–3.99 (m, 2Н), 4.08–4.12 (br m, 1Н), 4.31, 4.36 (AB, 2H, 
JH-H = 13.2 Hz, CH2), 4.87, 4.92 (AB, 2H, JH-H = 16.0 Hz, CH2), 7.72 (d, 
1H, JH-F = 14.0 Hz, СHAr), 8.73 (s, 1H, СHAr), 15.02 (br s, 1H, C(O)OH). 
13C NMR (CDCl3) δ: 9.28 (s, CH2), 9.89 (s, CH2), 18.38 (s, CH3), 22.95 (s, 
CH2), 24.03 (s, CH2), 24.68 (s, С(CH3)2), 24.85 (s, С(CH3)2), 36.92 (s), 
40.47 (s), 47.43 (s), 49.25 (br s), 55.28 (d, JC-F = 7.5 Hz), 57.63 (s), 
58.95 (s), 61.19 (s), 61.33 (s), 61.41 (s), 99.57 (s, С(CH3)2), 107.60 (s, 
CAr), 107.97 (d, JC-F = 24.2 Hz, CAr), 118.34 (d, JC-F = 8.7 Hz, CAr), 
125.61 (s, CAr), 128.57 (s, CAr), 128.63 (s, CAr), 130.05 (s, CAr), 132.14 
(d, JC-F = 9.9 Hz, CAr), 134.58 (s, CAr), 137.63 (d, JC-F = 10.6 Hz, CAr), 
140.54 (d, JC-F = 7.0 Hz, CAr), 145.82 (s, CAr), 149.69 (s, CAr), 153.52 (s, 
JC-F = 251.0 Hz, CAr), 167.14 (s, C(O)OH), 176.74 (d, JC-F = 2.7 Hz, 
C––O). ESI-HRMS m/z: [М+H]+ 623.2876, (calculated for 
[C33H40FN4O7]+ - 623.2876). 

4.1.1.25. 1-Cyclopropyl-6-fluoro-7-(4-((5-hydroxy-2,4-bis(hydrox
ymethyl)-6-methylpyridin-3-yl)methyl)piperazin-1-yl)-4-oxo-1,4-dihy
droquinoline-3-carboxylic acid hydrochloride (22). The reaction was 
carried out following the general procedure with compound 4 (0.71 g, 
2.79 mmol), ciprofloxacin hydrocloride (0.93 g, 2.54 mmol), NaHCO3 
(0.66 g, 7.87 mmol) and KI (0.08 g, 0.51 mmol). The dry residue was 
extracted with ethyl acetate and the insoluble part was filtered. The 
filtrate was dried in vacuo and the product was recrystallized from the 
mixture acetone: water = 2:1. After recrystallization to the resulting 
precipitate was suspended in water then equimolar amount of 0.1 M HCl 
solution added and the solvent was removed in vacuo. Yield 65% (0.90 
g); light yellow solid; mp 190–195 ◦C (decomp). 1H NMR (DMSO‑d6) δ: 
1.16–1.20 (br m, 2H, CH2 cyclopropyl), 1.28–1.34 (m, 2H, CH2 cyclo
propyl), 2.66 (s, 3H, CH3), 3.48 (br m, 4H, 2CH2 piperazinyl), 3.63 (br 
m, 4H, 2CH2 piperazinyl), 3.84 (br m, 1H, CH cyclopropyl), 4.69 (s, 2H, 
CH2), 4.95 (s, 2H, CH2), 4.97 (s, 2H, CH2), 7.59 (d, 1H, JH-F = 7.4 Hz, 
СHAr), 7.91 (d, 1H, JH-F = 13.3 Hz, СHAr), 8.66 (s, 1H, СHAr). 13C NMR 
(DMSO‑d6) δ: 7.48 (s, 2CH2 cyclopropyl), 19.28 (s, CH3), 35.80 (s, CH 
cyclopropyl), 49.44 (d, JC-F = 4.6 Hz, CH2), 51.60 (s, CH2), 53.41 (s, 
CH2), 56.17 (s, CH2), 63.26 (s, CH2), 106.49 (d, JC-F = 3.1 Hz, СAr), 
106.72 (s, CAr), 110.85 (d, JC-F = 23.0 Hz, СAr), 118.68 (d, JC-F = 7.7 Hz, 
СAr), 127.72 (s, CAr), 135.03 (s, CAr), 139.08 (s, CAr), 144.39 (s, CAr), 

144.95 (d, JC-F = 10.2 Hz, СAr), 147.91 (s, CAr), 148.79 (s, CAr), 149.44 
(s, CAr), 152.97 (d, JC-F = 249.6 Hz, СAr), 165.82 (s, C(O)OH), 176.31 (s, 
C––O). ESI-HRMS m/z: [М-Cl]+ 513.2149 (calculated for 
[C26H30FN4O6]+ - 513.2144). 

4.1.1.26. 1-Ethyl-6-fluoro-7-(4-((5-hydroxy-2,4-bis(hydroxymethyl)-6- 
methylpyridin-3-yl)methyl)piperazin-1-yl)-4-oxo-1,4-dihydroquinoline-3- 
carboxylic acid hydrochloride (23). The reaction was carried out 
following the general procedure with compound 4 (0.80 g, 3.15 mmol), 
norfloxacin hydrocloride (1.02 g, 2.86 mmol), NaHCO3 (0.75 g, 8.87 
mmol) and KI (0.10 g, 0.57 mmol). The dry residue is suspended in water 
and refluxed. The insoluble part is filtered off and dried in vacuo. To the 
residue water and concentrated hydrochloric acid were added until the 
solution is homogenized. The resulting solution is dried in vacuo and to 
the residue DMF is added. The undissolved part is separated, dissolved in 
water, and an equimolar amount of sodium bicarbonate is added. The 
formed precipitate is filtered off, suspended in water, and equimolar 0.1 
M hydrochloric acid is added until the solution is homogenized. Then 
the solvent was removed in vacuo. Yield 85% (1.31 g); beige solid; mp 
215–218 ◦C (decomp). 1H NMR (CDCl3) δ: 1.41 (t, 3H, JH-H = 7.1 Hz, 
СH3), 2.69 (s, 3H, CH3), 3.50–3.90 (br m, 8H, 4CH2 piperazinyl), 4.61 
(q, 2H, JH-H = 7.1 Hz, CH2), 4.77 (br s, 2H, CH2), 4.98 (s, 4H, 2CH2), 
7.25 (d, 1H, JH-F = 7.2 Hz, СHAr), 7.96 (d, 1H, JH-F = 13.0 Hz, СHAr), 
8.96 (s, 1H, СHAr). 13C NMR (CDCl3) δ: 14.51 (s, СH3), 15.50 (s, CH3), 
46.88 (br s, CH2), 49.23 (s, CH2), 50.97 (s, CH2), 51.41 (s, CH2), 55.83 (s, 
CH2), 58.56 (s, CH2), 106.69 (br s, CAr), 107.20 (s, CAr), 111.49 (d, JC-F 
= 23.2 Hz, CAr), 120.01 (d, JC-F = 7.6 Hz, CAr), 125.09 (CAr), 137.16 (s, 
CAr), 143.94 (d, JC-F = 10.3 Hz, CAr), 144.10 (s, CAr), 146.91 (s, CAr), 
148.81 (s, CAr), 151.46 (s, CAr), 152.75 (s, JC-F = 249.3 Hz, CAr), 166.11 
(s, C(O)OH), 176.23 (s, C––O). ESI-HRMS m/z: [М-Cl]+ 501.2144 
(calculated for [C25H30FN4O6]+ - 501.2144). 

4.1.1.27. 1-Cyclopropyl-6-fluoro-7-(1-((5-hydroxy-2,4-bis(hydrox
ymethyl)-6-methylpyridin-3-yl)methyl)octahydro-6H-pyrrolo[3,4-b]pyr
idin-6-yl)-8-methoxy-4-oxo-1,4-dihydroquinoline-3-carboxylic acid hydro 
chloride (24). The reaction was carried out following the general pro
cedure with compound 4 (1.24 g, 4.88 mmol), moxifloxacin hydro
chloride (1.94 g, 4.44 mmol), NaHCO3 (1.16 g, 13.8 mmol) and KI (0.15 
g, 0.89 mmol). The dry residue is suspended in water and refluxed. The 
insoluble part is filtered off, suspended in acetone and refluxed. The 
residue is filled with water and concentrated hydrochloric acid is added 
until the solution is homogenized. The resulting solution was dried to 
dryness and purified by reverse phase column chromatography (eluent 
water-acetonitrile 5:1). Yield 10% (0.28 g); light yellow solid; mp 
195–200 ◦C (decomp). 1H NMR (DMSO‑d6) δ: 0.88–1.24 (br m, 4H, 
2CH2), 1.57–1.87 (br m, 4Н), 2.62 (s, 3H, CH3), 2.71–2.85 (br m, 1Н), 
2.93–3.22 (br m, 2Н), 3.62 (s, 3H, CH3), 3.66–3.84 (br m, 2Н), 
3.94–4.30 (br m, 5Н), 4.45–5.00 (br m, 6Н, 3CH2), 7.71 (d, 1H, JH-F =

13.8 Hz, СHAr), 8.68 (s, 1H, СHAr). 13C NMR (DMSO‑d6) δ: 8.78 (s, CH2), 
9.11 (s, CH2), 16.17 (s, CH3), 21.43 (CH2), 35.73 (s), 40.56 (s), 50.80 (s), 
55.16 (s), 59.42 (br s), 61.89 (s), 106.44 (s, CAr), 106.49 (d, JC-F = 23.2 
Hz, CAr), 117.80 (d, JC-F = 7.8 Hz, CAr), 134.45 (s, CAr), 136.49 (d, JC-F =

10.6 Hz, CAr), 141.28 (br s, CAr), 147.14 (m, CAr), 150.37 (s, CAr), 150.75 
(br s, CAr), 152.94 (d, JC-F = 249.3 Hz, CAr), 165.79 (s, C(O)OH), 176.05 
(br s, C––O). ESI-HRMS m/z: [М-Cl]+ 583.2563 (calculated for 
[C30H36FN4O7]+ - 583.2563). 

4.1.1.28. 1-Cyclopropyl-6-fluoro-7-(4-((5-hydroxy-4,6-dimethylpyridin-3- 
yl)methyl)piperazin-1-yl)-4-oxo-1,4-dihydroquinoline-3-carboxylic acid 
hydrochloride (25). The reaction was carried out following the general 
procedure with compound 5 (1.10 g, 5.29 mmol), ciprofloxacin hydro
cloride (1.77 g, 4.81 mmol), NaHCO3 (1.25 g, 14.91 mmol) and KI (0.16 
g, 0.96 mmol). The dry residue is suspended in water and refluxed. The 
insoluble part is filtered off and dried in vacuo. To the residue water and 
concentrated hydrochloric acid were added until the solution is 
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homogenized. The resulting solution is dried in vacuo and to the residue 
DMF is added. The undissolved part is separated, dissolved in water, and 
an equimolar amount of sodium bicarbonate is added. The formed 
precipitate is filtered off, suspended in water, and equimolar 0.1 M 
hydrochloric acid is added until the solution is homogenized. Then the 
solvent was removed in vacuo. The residue is refluxed with ethanol. The 
undissolved part is separated and dried to dryness. Yield 46% (1.12 g); 
beige solid; mp > 190 ◦C (decomp). 1H NMR (DMSO‑d6) δ: 1.13–1.17 (br 
m, 2H, CH2 cyclopropyl), 1.28–1.33 (m, 2H, CH2 cyclopropyl), 2.50 (s, 
3H, CH3), 2.59 (s, 3H, CH3), 3.37–3.50 (br m, 4H, 2CH2 piperazinyl), 
3.55–3.66 (br m, 4H, 2CH2 piperazinyl), 3.77–3.82 (br m, 1H, CH 
cyclopropyl), 4.51 (s, 2H, CH2N), 7.58 (d, 1H, JH-F = 7.3 Hz, СHAr), 7.93 
(d, 1H, JH-F = 12.9 Hz, СHAr), 8.49 (s, 1H, СHAr), 8.68 (s, 1H, СHAr). 13C 
NMR (DMSO‑d6) δ: 7.99 (s, 2CH2 cyclopropyl), 14.32 (s, CH3), 15.86 (s, 
CH3), 36.33 (s, CH cyclopropyl), 46.99 (s, CH2), 51.23 (s, CH2), 53.84 (s, 
CH2), 107.07 (s, СAr), 107.38 (s, СAr), 111.68 (d, JC-F = 22.7 Hz, СAr), 
119.93 (d, JC-F = 7.5 Hz, СAr), 127.24 (s, CAr), 135.21 (s, CAr), 139.44 (s, 
CAr), 142.24 (s, CAr), 144.16 (d, JC-F = 10.3 Hz, СAr), 145.30 (s, CAr), 
148.77 (s, CAr), 152.62 (s, CAr), 153.31 (d, JC-F = 249.6 Hz, СAr), 166.50 
(s, C(O)OH), 176.79 (s, C––O). ESI-HRMS m/z: [М-Cl]+ 467.2089 
(calculated for [C25H28FN4O4]+ - 467.2089). 

4.1.1.29. 1-Ethyl-6-fluoro-7-(4-((5-hydroxy-4,6-dimethylpyridin-3-yl) 
methyl)piperazin-1-yl)-4-oxo-1,4-dihydroquinoline-3-carboxylic acid hy
drochloride (26). The reaction was carried out following the general 
procedure with compound 5 (1.00 g, 4.81 mmol), norfloxacin hydro
cloride (1.55 g, 4.37 mmol), NaHCO3 (1.14 g, 13.55 mmol) and KI (0.15 
g, 0.87 mmol). The dry residue is suspended in water and refluxed. The 
insoluble part is filtered off and dried in vacuo. To the residue water and 
concentrated hydrochloric acid were added until the solution is ho
mogenized. The resulting solution is dried in vacuo and to the residue 
DMF is added. The undissolved part is separated, dissolved in water, and 
an equimolar amount of sodium bicarbonate is added. The formed 
precipitate is filtered off, suspended in water, and equimolar 0.1 M 
hydrochloric acid is added until the solution is homogenized. Then the 
solvent was removed in vacuo. Yield 47% (1.01 g); beige solid; mp 
295–300 оC (decomp). 1H NMR (DMSO‑d6+D2O) δ: 1.37 (br m, 3H, 
СH3), 2.46 (s, 3H, CH3), 2.55 (s, 3H, CH3), 3.40–3.63 (m, 8H, 4CH2 
piperazinyl), 4.39 (br m, 2H, СH2), 4.54 (s, 2H, CH2N), 7.07 (d, 1H, JH-F 
= 3.8 Hz, СHAr), 7.73 (d, 1H, JH-F = 12.8 Hz, СHAr), 8.35 (s, 1H, СHAr), 
8.68 (s, 1H, СHAr). 13C NMR (DMSO‑d6+D2O) δ: 15.02 (s, CH3), 15.12 
(s, CH3), 16.28 (s, CH3), 47.39 (s, CH2), 50.74 (s, CH2), 52.18 (s, CH2), 
54.66 (s, CH2), 107.22 (s, CAr), 107.55 (s, CAr), 112.45 (d, JC-F = 23.0 Hz, 
CAr), 120.94 (d, JC-F = 7.7 Hz, CAr), 126.96 (s, CAr), 135.44 (s, CAr), 
138.02 (s, CAr), 143.40 (s, CAr),145.00 (d, JC-F = 10.2 Hz, CAr), 146.64 (s, 
CAr), 149.20 (s, CAr), 153.59 (s, CAr), 153.84 (d, JC-F = 250.3 Hz, CAr), 
168.16 (s, C(O)OH), 177.03 (s, C––O). ESI-HRMS m/z: [М-Cl]+

455.2089 (calculated for [C24H28FN4O4]+ - 455.2089). 

4.1.1.30. 1-Ethyl-6,8-difluoro-7-(4-((5-hydroxy-4,6-dimethylpyridin-3-yl) 
methyl)-3-methylpiperazin-1-yl)-4-oxo-1,4-dihydroquinoline-3-carboxylic 
acid hydrochloride (27). The reaction was carried out following the 
general procedure with compound 5 (0.50 g, 2.40 mmol), lomefloxacin 
hydrochloride (0.85 g, 2.18 mmol), NaHCO3 (0.57 g, 6.77 mmol) and KI 
(0.07 g, 0.44 mmol). The dry residue is suspended in water and refluxed. 
The insoluble part is filtered off and dried in vacuo. To the residue water 
and concentrated hydrochloric acid were added until the solution is 
homogenized. The resulting solution is dried in vacuo and to the residue 
DMF is added. The undissolved part is separated, dissolved in water, and 
an equimolar amount of sodium bicarbonate is added. The formed 
precipitate is filtered off, suspended in water, and equimolar 0.1 M 
hydrochloric acid is added until the solution is homogenized. Then the 
solvent was removed in vacuo. The residue is refluxed with ethanol. The 
undissolved part is separated and dried to dryness. The residue is 
recrystallized from a mixture of methanol-water (10:1). Yield 14% (0.13 

g); beige solid; mp 230–250 оC (decomp). 1H NMR (DMSO‑d6) δ: 1.45 (t, 
3H, JH-H = 6.9 Hz, СH3), 1.60 (br s, 3Н, СН3), 2.59 (s, 3H, CH3), 2.66 (s, 
3H, CH3), 3.16–3.89 (m, 7H, CH piperazinyl + 3CH2 piperazinyl), 
4.32–4.45 (br m, 1H, CH2), 4.53–4.65 (br m, 2Н, СH2), 4.98 (br m, 1H, 
CH2), 7.89 (d, 1H, JH-F = 11.6 Hz, СHAr), 8.74 (br s, 1H, СHAr), 8.95 (s, 
1H, СHAr), 10.93 (br s, 1Н, ОН). 13C NMR (DMSO‑d6) δ: 13.89 (s, СH3), 
14.24 (s, CH3), 15.22 (s, CH3), 15.92 (d, JC-F = 4.6 Hz, CH3), 46.99 (br s), 
49.87 (br s), 50.13 (br s), 53.16 (s), 53.69 (d, JC-F = 15.5 Hz, CН2), 60.55 
(s), 107.02 (d, JС-F = 22.4 Hz, CAr), 107.13 (s, CAr), 121.35 (br s, CAr), 
126.45 (s, CAr), 127.12 (d, JС-F = 6.5 Hz, CAr), 132.13 (br m, CAr), 134.89 
(br s, CAr), 141.64 (s, CAr), 145.41 (s, CAr), 146.19 (d, JС-F = 254.4 Hz, 
CAr), 151.32 (s, CAr), 152.43 (s, CAr), 154.40 (d, JС-F = 249.5 Hz, CAr), 
165.40 (s, C(O)OH), 175.48 (s, C––O). ESI-HRMS m/z: [М-Cl]+

487.2151 (calculated for [C25H29F2N4O4]+ - 487.2151). 

4.1.1.31. 1-Cyclopropyl-6-fluoro-7-(1-((5-hydroxy-4,6-dimethylpyridin-3- 
yl)methyl)octahydro-6H-pyrrolo[3,4-b]pyridin-6-yl)-8-methoxy-4-oxo-1,4- 
dihydroquinoline-3-carboxylic acid hydrochloride (28). The reaction was 
carried out following the general procedure with compound 5 (0.50 g, 
2.40 mmol), moxifloxacin hydrochloride (0.96 g, 2.18 mmol), NaHCO3 
(0.57 g, 6.77 mmol) and KI (0.07 g, 0.44 mmol). The dry residue is 
suspended in water and refluxed. The insoluble part is filtered off and 
dried in vacuo. To the residue water and concentrated hydrochloric acid 
were added until the solution is homogenized. The resulting solution is 
dried in vacuo and the residue was washed with ethanol. Yield 50% 
(0.63 g); yellow solid; mp 230–250 оC (decomp). 1H NMR (DMSO‑d6) δ: 
0.80–1.30 (m, 4Н, 2CH2), 1.40–1.61 (m, 1Н), 1.63–1.87 (m, 2Н), 
1.89–2.14 (m, 1Н), 2.50 (s, 3H, CH3), 2.64 (s, 3H, CH3), 2.74–2.90 (m, 
1Н), 3.00–3.29 (m, 2Н), 3.63 (s, 3H, CH3), 3.71–4.86 (m, 7Н), 7.68 (br s, 
1H, СHAr), 8.66 (s, 1H, СHAr), 8.75 (br s, 1H, СHAr). 13C NMR 
(DMSO‑d6+D2O) δ: 10.46 (br s, CH2), 15.50 (s, CH3), 16.59 (s, CH3), 
22.58 (CH2), 25.43 (CH2), 37.17 (s), 42.83 (s), 55.05 (s), 63.33 (s), 
106.57 (s, CAr), 107.60 (d, JC-F = 23.8 Hz, CAr), 118.69 (d, JC-F = 9.3 Hz, 
CAr), 127.46 (s, CAr), 135.88 (br m, CAr), 138.37 (d, JC-F = 10.8 Hz, CAr), 
142.99 (d, JC-F = 7.2 Hz, CAr), 144.72 (s, CAr), 148.01 (s, CAr), 151.80 (br 
s, CAr), 154.47 (s, CAr), 154.97 (d, JC-F = 251.6 Hz, CAr), 170.12 (s, C(O) 
OH), 176.70 (d, JC-F = 3.5 Hz, C––O). ESI-HRMS m/z: [М-Cl]+ 537.2508 
(calculated for [C29H34FN4O5]+ - 537.2508). HPLC analysis: retention 
time 16.88 min; purity 98.57%. 

4.1.2. General procedure for removal of ketal protection from pyridoxine- 
containing fluoroquinolones 

The solution of pyridoxine-containing fluoroquinolones (1.0 equiv) 
in 20 ml of water was added 1 ml of concentrated HCl and stirred for 24 
h at 25 ◦C. The solution was neutralized to pH = 6 with NaHCO3. The 
precipitate was filtered and washed with 10 ml of water and 10 ml of 
acetone (for compounds 7, 9 and 15) or ethanol (for compound 13). 
After washing the precipitate was added an equimolar amount of 0.1 N 
HCl solution and then the solvent was removed in vacuo. 

4.1.2.1. 1-Cyclopropyl-6-fluoro-7-(4-((5-hydroxy-4-(hydroxymethyl)-6- 
methylpyridin-3-yl)methyl)piperazin-1-yl)-4-oxo-1,4-dihydroquinoline-3- 
carboxylic acid hydrochloride (7). The reaction was carried out following 
the general procedure with compound 6b (0.15 g, 0.28 mmol). Yield 
86% (0.13 g); beige solid; mp > 190 ◦C (decomp). 1H NMR (DMSO‑d6) δ: 
1.19 (br m, 2H, CH2 cyclopropyl), 1.31 (br m, 2H, CH2 cyclopropyl), 
2.67 (s, 3H, CH3), 3.54–3.90 (m, 9H, 4CH2 piperazinyl + CH cyclo
propyl), 4.77 (br s, 2H, CH2), 4.96 (s, 2H, CH2), 7.60 (br s, 1H, СHAr), 
7.95 (d, 1H, JH-F = 13.0 Hz, СHAr), 8.67 (s, 1H, СHAr), 8.80 (s, 1H, СHAr). 
13C NMR (DMSO‑d6) δ: 7.59 (s, 2CH2 cyclopropyl), 15.09 (s, CH3), 35.96 
(s, CH cyclopropyl), 46.10 (s, CH2), 50.58 (s, CH2), 52.40 (s, CH2), 55.41 
(s, CH2), 106.79 (s, СAr), 106.91 (s, СAr), 111.16 (d, JC-F = 23.2 Hz, СAr), 
119.31 (d, JC-F = 8.1 Hz, СAr), 126.36 (s, CAr), 134.62 (s, CAr), 139.01 (s, 
СAr), 143.52 (d, JC-F = 10.4 Hz, СAr), 145.10 (s, CAr), 148.18 (s, CAr), 
152.38 (s, CAr), 152.76 (d, JC-F = 248.9 Hz, СAr), 165.77 (s, C(O)OH), 
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176.32 (s, C––O). ESI-HRMS m/z: [М-Cl]+ 483.2044 (calculated for 
[C25H28FN4O5]+ - 483.2038). HPLC analysis: retention time 8.45 min; 
purity 98.24%. 

4.1.2.2. 1-Ethyl-6-fluoro-7-(4-((5-hydroxy-4-(hydroxymethyl)-6-methyl
pyridin-3-yl)methyl)piperazin-1-yl)-4-oxo-1,4-dihydroquinoline-3-carbox
ylic acid hydrochloride (9). The reaction was carried out following the 
general procedure with compound 8b (0.20 g, 0.39 mmol). Yield 70% 
(0.14 g); light yellow solid; mp 230–232 ◦C (decomp). 1H NMR 
(DMSO‑d6) δ: 1.41 (t, 3H, JH-H = 7.1 Hz, СH3), 2.64 (s, 3H, CH3), 
3.32–3.92 (m, 8H, 4CH2 piperazinyl), 4.62 (q, 2H, JH-H = 7.1 Hz, CH2), 
4.69 (s, 2H, CH2), 4.95 (s, 2H, CH2), 7.27 (d, 1H, JH-F = 7.2 Hz, СHAr), 
7.97 (d, 1H, JH-F = 13.1 Hz, СHAr), 8.73 (s, 1H, СHAr), 8.97 (s, 1H, СHAr). 
13C NMR (DMSO‑d6) δ: 14.45 (s, CH3), 15.77 (s, CH3), 46.48 (s, CH2), 
49.13 (s, CH2), 50.71 (s, CH2), 52.87 (s, CH2), 55.50 (s, CH2), 106.51 (s, 
CAr), 107.19 (s, CAr), 111.45 (d, JC-F = 22.7 Hz, CAr), 119.94 (d, JC-F =

7.5 Hz, CAr), 126.33 (s, CAr), 135.64 (br s, CAr), 137.14 (s, CAr), 143.61 
(s, CAr), 143.93 (d, JC-F = 10.1 Hz, CAr), 144.16 (s, CAr), 148.76 (s, CAr), 
152.00 (s, CAr), 152.69 (d, JC-F = 249.1 Hz, CAr), 166.02 (s, C(O)OH), 
176.18 (s, C––O). ESI-HRMS m/z: [М-Cl]+ 471.2044 (calculated for 
[C24H28FN4O5]+ - 471.2038). 

4.1.2.3. 1-Ethyl-6,8-difluoro-7-(4-((5-hydroxy-4-(hydroxymethyl)-6- 
methylpyridin-3-yl)methyl)-3-methylpiperazin-1-yl)-4-oxo-1,4-dihy
droquinoline-3-carboxylic acid hydrochloride (11). The reaction was 
carried out following the general procedure with compound 10b (0.50 g, 
0.91 mmol). Yield 60% (0.29 g); yellow solid; mp 201–216 ◦C (decomp). 
1H NMR (DMSO‑d6) δ: 1.45 (t, 3Н, JH-H = 6.3 Hz, CH3), 1.46 (d, 3H, JH-H 
= 6.5 Hz, CH3), 2.50 (s, 3H, CH3), 2.90–3.74 (m, 7Н, СН + 3CH2), 4.11 
(br s, 1H, CH2), 4.52–4.78 (m, 3Н, 2CH2), 4.87, 4.91 (AB, 2Н, JH-H =

13.7 Hz, СН2), 7.89 (d, 1H, JH-F = 11.5 Hz, СHAr), 8.31 (s, 1H, СHAr), 
8.95 (s, 1H, СHAr), 9.92 (br s, 1H, OH), 14.82 (s, 1H, C(O)OH). 13C NMR 
(CDCl3+DMSO‑d6) δ: 11.53 (s, CH3), 14.11 (d, JC-F = 5.0 Hz, CH3), 
15.95 (s, CH3), 46.21 (br s), 47.42 (br s), 49.14 (s), 51.86 (d, JC-F = 15.4 
Hz, CH2), 52.38 (br s), 53.80 (s), 56.39 (br s), 105.19 (d, JC-F = 19.7 Hz, 
CAr), 105.30 (s, CAr), 119.33 (d, JC-F = 8.7 Hz, CAr), 125.30 (d, JC-F = 6.7 
Hz, CAr), 130.81 (t, JC-F = 15.0 Hz, JC-F = 15.0 Hz, CAr), 135.98–138.02 
(m, CAr), 144.36 (dd, JC-F = 251.3 Hz, JC-F = 5.5 Hz, CAr), 144.39 (br s, 
CAr), 148.77 (br s, CAr), 149.45 (s, CAr), 152.63 (dd, 1JC-F = 249.6 Hz, 
3JC-F = 5.5 Hz, CAr), 163.61 (s, C(O)OH), 173.70 (s, C––O). ESI-HRMS 
m/z: [М-Cl]+ 503.2101 (calculated for [C25H29F2N4O5]+ - 503.2101). 

4.1.2.4. 1-Cyclopropyl-6-fluoro-7-(1-((5-hydroxy-4-(hydroxymethyl)-6- 
methylpyridin-3-yl)methyl)octahydro-6H-pyrrolo[3,4-b]pyridin-6-yl)-8- 
methoxy-4-oxo-1,4-dihydroquinoline-3-carboxylic acid hydrochloride 
(13). The reaction was carried out following the general procedure with 
compound 12b (0.65 g, 1.08 mmol). Yield 62% (0.40 g), light green 
solid, mp > 175 ◦C (decomp). 1H NMR (DMSO‑d6) δ: 1.01–1.14 (m, 4Н, 
2CH2), 1.47–1.49 (m, 1Н), 1.63–1.77 (m, 3Н), 2.51 (s, 3H, CH3), 
2.65–2.75 (m, 2Н), 3.02 (m, 1Н), 3.61 (s, 3H, CH3), 3.61–3.84 (m, 3Н), 
4.07–4.16 (m, 3Н), 4.07 (br s, 1Н), 4.77, 4.84 (AB, 2H, JH-H = 14.0 Hz, 
CH2), 7.66 (d, 1H, JH-F = 13.9 Hz, СHAr), 8.26 (s, 1H, СHAr), 8.66 (s, 1H, 
СHAr), 15.11 (br s, 1H, C(O)OH). 13C NMR (DMSO‑d6) δ: 8.99 (s, CH2), 
35.48 (s), 40.59 (s), 53.00 (s), 55.46 (br s), 61.70 (br s), 106.38 (s, CAr), 
106.46 (d, JC-F = 23.3 Hz, CAr), 117.65 (br s, CAr), 134.42 (s, CAr), 
136.55 (d, JC-F = 10.5 Hz, CAr), 141.24 (s, CAr), 150.30 (s, CAr), 151.17 
(br s, CAr), 152.94 (s, JC-F = 249.3 Hz, CAr), 165.76 (s, C(O)OH), 175.99 
(d, JC-F = 2.5 Hz, C––O). ESI-HRMS m/z: [М-Cl]+ 553.2457 (calculated 
for [C29H34FN4O6]+ - 553.2457). 

4.1.2.5. 1-Сyclopropyl-6-fluoro-7-(4-((5-hydroxy-3,4-bis(hydrox
ymethyl)-6-methylpyridin-2-yl)methyl)piperazin-1-yl)-4-oxo-1,4-dihy
droquinoline-3-carboxylic acid hydrochloride (15). The reaction was 
carried out following the general procedure with compound 14 (0.91 g, 
1.65 mmol). Yield 76% (0.69 g); light yellow solid; mp 212–215 ◦C 

(decomp). 1H NMR (DMSO‑d6) δ: 1.18 (br m, 2H, CH2 cyclopropyl), 
1.30–1.34 (m, 2H, CH2 cyclopropyl), 2.44 (s, 3H, CH3), 3.44 (br m, 4H, 
2CH2 piperazinyl), 3.66 (br m, 4H, 2CH2 piperazinyl), 3.84 (br m, 1H, 
CH cyclopropyl), 4.48 (s, 2H, CH2), 4.62 (s, 2H, CH2), 4.80 (s, 2H, CH2), 
5.90 (br s, 1H, OH), 7.60 (br s, 1H, СHAr), 7.91 (d, 1H, JH-F = 12.9 Hz, 
СHAr), 8.65 (s, 1H, СHAr), 9.69 (br s, 1H, OH), 15.10 (br s, 1H, C(O)OH). 
13C NMR (DMSO‑d6) δ: 7.62 (s, 2CH2 cyclopropyl), 19.26 (s, CH3), 35.97 
(s, CH cyclopropyl), 46.60 (s, CH2), 51.15 (s, CH2), 55.92 (s, CH2), 56.03 
(s, CH2), 106.80 (s, СAr), 111.13 (d, JC-F = 23.6 Hz, СAr), 119.18 (d, JC-F 
= 7.7 Hz, СAr), 133.50 (s, CAr), 134.00 (s, CAr), 139.05 (s, CAr), 143.85 
(d, JC-F = 10.1 Hz, СAr), 145.67 (s, CAr), 148.08 (s, CAr), 150.07 (s, CAr), 
152.81 (d, JC-F = 249.5 Hz, СAr), 165.81 (s, C(O)OH), 176.32 (s, C––O). 
ESI-HRMS m/z: [М-Cl]+ 513.2149 (calculated for [C26H30FN4O6]+ - 
513.2144). 

4.1.2.6. 1-Ethyl-6-fluoro-7-(4-((5-hydroxy-3,4-bis(hydroxymethyl)-6- 
methylpyridin-2-yl)methyl)piperazin-1-yl)-4-oxo-1,4-dihydroquinoline-3- 
carboxylic acid hydrochloride (17). The reaction was carried out 
following the general procedure with compound 16 (0.39 g, 0.72 mmol). 
Yield 97% (0.38 g); white solid; mp 227–230 ◦C (decomp). 1H NMR 
(DMSO‑d6) δ: 1.41 (t, 3H, JH-H = 7.0 Hz, СH3), 2.45 (s, 3H, CH3), 3.51 
(br m, 4H, 2CH2 piperazinyl), 3.70 (br m, 4H, 2CH2 piperazinyl), 4.57 (s, 
2H, CH2), 4.62 (br m, 4H, 2CH2), 4.80 (s, 2H, CH2), 7.26 (d, 1H, JH-F =

7.1 Hz, СHAr), 7.94 (d, 1H, JH-F = 13.1 Hz, СHAr), 8.96 (s, 1H, СHAr), 
9.75 (br s, 1H, OH), 15.27 (br s, 1H, C(O)OH). 13C NMR (DMSO‑d6) δ: 
14.52 (s, CH3), 19.23 (s, CH3), 46.42 (d, JC-F = 3.7 Hz, CH2), 49.15 (s, 
CH2), 51.07 (s, 2CH2), 55.80 (s, CH2), 55.96 (s, CH2), 56.58 (s, CH2), 
106.44 (br s, CAr), 107.17 (s, CAr), 111.41 (d, JC-F = 22.7 Hz, CAr), 
119.87 (d, JC-F = 7.5 Hz, CAr), 133.61 (CAr), 134.26 (s, CAr), 137.13 (s, 
CAr), 138.43 (s, CAr), 144.01 (d, JC-F = 10.4 Hz, CAr), 145.79 (s, CAr), 
148.70 (s, CAr), 150.19 (s, CAr), 152.67 (s, JC-F = 249.4 Hz, CAr), 166.05 
(s, C(O)OH), 176.15 (d, JC-F = 2.0 Hz, C––O). ESI-HRMS m/z: [М-Cl]+

501.2144 (calculated for [C25H30FN4O6]+ - 501.2144). 

4.1.2.7. 1-Ethyl-6,8-difluoro-7-(4-((5-hydroxy-3,4-bis(hydroxymethyl)-6- 
methylpyridin-2-yl)methyl)-3-methylpiperazin-1-yl)-4-oxo-1,4-dihy
droquinoline-3-carboxylic acid hydrochloride (19). The reaction was 
carried out following the general procedure with compound 18 (0.33 g, 
0.58 mmol). Yield 88% (0.27 g); yellow solid; mp 185–187 ◦C 
(decomp).1H NMR (DMSO‑d6) δ: 1.45 (t, 3H, JH-H = 6.9 Hz, CH3), 1.49 
(d, 3H, JH-H = 6.4 Hz, CH3), 2.44 (s, 3H, СH3), 3.33–3.79 (br m, 7H, 
3CH2+CH), 4.44, 4.72 (AB, 2H, JH-H = 14.4 Hz, CH2), 4.56–4.64 (br m, 
2H, СH2), 4.62 (s, 2H, СH2), 4.80 (s, 2H, CH2), 7.91 (d, 1H, JH-F = 11.5 
Hz, CHAr), 8.95 (s, 1H, CHAr), 9.72 (br s, 1H, OH), 14.80 (br s, 1H, C(O) 
OH). 13C NMR (DMSO‑d6) δ: 13.09 (s, CH3), 15.90 (d, JС-F = 4.6 Hz, 
СH3), 19.20 (s, СH3), 47.03 (br s), 50.11 (br s), 53.07 (d, JС-F = 11.5 Hz, 
CH2), 53.70 (d, JС-F = 15.5 Hz, CH2), 55.81 (s), 55.96 (s), 57.85 (s), 
107.04 (d, JС-F = 23.0 Hz, CAr), 107.15 (s, CAr), 121.35 (d, JС-F = 8.5 Hz, 
CAr), 127.13 (d, JС-F = 6.3 Hz, CAr), 132.40 (t, JС-F = 14.2 Hz, JС-F = 14.2 
Hz, CAr), 133.58 (s, CAr), 134.18 (s, CAr), 138.53 (s, CAr), 145.77 (s, CAr), 
146.30 (dd, JС-F = 251.4 Hz, JС-F = 5.6 Hz, CAr), 150.15 (s, CAr), 151.34 
(s, CAr), 154.46 (dd, JС-F = 249.3 Hz, JС-F = 5.3 Hz, CAr), 165.41 (s, C(O) 
OH), 175.50 (s, C––O). ESI-HRMS m/z: [М-Cl]+ 533.2206 (calculated 
for [C26H31F2N4O6]+ - 533.2206). 

4.1.2.8. 1-Cyclopropyl-6-fluoro-7-(1-((5-hydroxy-3,4-bis(hydrox
ymethyl)-6-methylpyridin-2-yl)methyl)octahydro-6H-pyrrolo[3,4-b]pyr
idin-6-yl)-8-methoxy-4-oxo-1,4-dihydroquinoline-3-carboxylic acid hydro 
chloride (21). The reaction was carried out following the general pro
cedure with compound 20 (0.20 g, 0.32 mmol). Yield 55% (0.11 g); 
white solid; mp 172–174 ◦C (decomp).1H NMR (DMSO‑d6) δ: 0.94–1.05 
(m, 2H, CH2), 1.06–1.18 (m, 2H, CH2), 1.56–1.68 (m, 1Н), 1.74–1.94 
(m, 3Н), 2.41 (s, 3H, CH3), 2.73–2.83 (m, 1Н), 3.21–3.46 (m, 2Н), 3.61 
(s, 3H, CH3), 3.78–3.92 (m, 2Н), 4.08–4.19 (m, 3Н), 4.50, 4.66 (AB, 2H, 
JH-H = 14.0 Hz, CH2), 4.59, 4.62 (AB, 2H, JH-H = 14.5 Hz, CH2), 4.79 (s, 
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2H, CH2), 7.68 (d, 1H, JH-F = 13.8 Hz, СHAr), 8.67 (s, 1H, СHAr), 9.96 (br 
s, 1H, OH). 13C NMR (DMSO‑d6) δ: 8.87 (s, CH2), 9.16 (s, CH2), 18.52 (s, 
CH3), 19.53 (s, CH2), 21.70 (s, CH2), 34.93 (s), 40.66 (s), 48.82 (s), 
49.54 (br s), 53.96 (d, JC-F = 6.6 Hz), 55.65 (br s), 55.88 (s), 60.77 (s), 
61.83 (s), 106.44 (s, CAr), 106.51 (d, JC-F = 23.4 Hz, CAr), 117.95 (d, JC-F 
= 8.8 Hz, CAr), 134.36 (br s, CAr), 134.43 (s, CAr), 135.40 (br s, CAr), 
136.39 (d, JC-F = 10.7 Hz, CAr), 137.78 (br s, CAr), 141.49 (d, JC-F = 6.9 
Hz, CAr), 145.41 (s, CAr), 150.39 (s, CAr), 150.74 (s, CAr), 153.03 (s, JC-F 
= 249.9 Hz, CAr), 165.83 (s, C(O)OH), 176.05 (d, JC-F = 2.6 Hz, C––O). 
ESI-HRMS m/z: [М-Cl]+ 583.2563 (calculated for [C30H36FN4O7]+ - 
583.2563). 

4.2. Antibacterial activity 

The antibacterial activity of all obtained compounds was carried out 
againts the following Gram-positive bacteria: methicillin sensitive 
Staphylococcus aureus ATCC 29213, Micrococcus luteus (clinical isolate), 
Staphylococcus epidermidis (clinical isolate), Bacillus subtilis 168 and 
Gram-negative bacteria: Pseudomonas aeruginosa АТСС 27853, Escher
ichia coli АТСС 25922 and Salmonella typhimurium TA100. Additionally 
antimicrobial susceptibility of compounds 6a, 7, 8a, 11, 12a, 12b, 12d, 
13, 16, 20, 21, 22, 24, 25 and 28 were tested on a number of various 
clinical isolates of methicillin-resistant Staphylococcus aureus, Staphylo
coccus auricularis, Staphylococcus haemolyticus, Staphylococcus epider 
midis and Staphylococcus intermedius, Enterococcus faecalis, Pseudomonas 
aeruginosa, Klebsiella pneumoniae, Escherichia coli, Cedecea davisae and 
Enterobacter aerogenes, which were obtained from bacteriology labora
tory of Republic Clinical Hospital (Kazan, Russia) 

The bacterial strains were stored in 10% (V/V) glycerol stocks at 
− 80 ◦C and freshly streaked on full Muller-Hinton (MH) agar plates 
(Sigma aldrich) and grown overnight at 37 ◦C before use. Fresh colony 
was grown overnight in MH-broth and then used to adjust an optical 
density of 0.5 McFarland (equivalent to 108 cells/mL) in 0.9% NaCl 
solution that was used as a working suspension. Salmonella typhimurium 
TA1535/pSK1002 was used for SOS-chromotest. S. typhimurium 
TA1535, TA1537, TA98, TA100, TA102 were used in Ames test. Bacteria 
were maintained and grown on the LB medium containing ampicillin at 
final concentration of 100 μg/mL. For the biofilm assay the previously 
developed BM broth (glucose 5 g, peptone 7 g, MgSO4 × 7H2O 2.0 g and 
CaCl2 × 2H2O 0.05 g in 1.0 L tap water) where all strains formed rigid 
biofilms in 2 days was used. For differential CFUs count of E.coli, P. 
aeruginos and S.aureus, the Endo-agar (Sigma aldrich), Cetrimide agar 
(Sigma aldrich) and Salt-mannitol agar (peptones 10 g, meat extract 1 g, 
NaCl 75 g, D-mannitol 10 g, agar-agar 12 g in 1.0 L tap water) were used, 
respectively. 

The MIC of compounds was determined by the broth microdilution 
method in 96-well microtiter plates (Eppendorf) according to the 
EUCAST rules for antimicrobial susceptibility testing [28]. The bacterial 
culture adjusted to 3–9 × 105 cells/ml in the MH broth was seeded into 
96-well polystyrol culture plates (Eppendorf). The concentrations of 
substances to be tested ranged from 0.25 to 64 μg/ml for. ATCC and 
0.03–64 μg/ml for clinical isolate. The minimal inhibitory concentration 
was determined as the lowest concentration of compound for which no 
visible bacterial growth could be observed after 24 h of incubation. 

4.3. Cytotoxicity and genotoxicity 

The cytotoxicity of compounds 6a, 7, 8a, 11, 12a, 12b, 12d, 13, 16, 
20, 21, 22, 24, 25 and 28 was evaluated on CHL (human liver cells), 
MSC (human mesenchymal stem cells) and HSF (primary human skin 
fibroblasts) by MTT assay. Cells were cultured in a-MEM supplemented 
with 10% fetal bovine serum, 2 mM L-glutamine, 100 μg/mL penicillin 
and 100 μg/mL streptomycin. Cells were seeded in 96-well plates at the 
density of 20 000 cells per well and grown overnight at 37 ◦C and 5% 
CO2 in humidified atmosphere. Then the medium was changed to the 
fresh one containing compounds to be tested in concentration of 0. 

2–100 μg/mL. After 72 h of cultivation the cultural fluid was discarded 
and MTT solution (in Dulbecco’s phosphate-buffered saline) was added 
to the fresh media until final concentration of 0.5 mg/mL. In 2 h The 
liquid was replaced by dimethyl sulfoxide (Sigma-Aldrich, St.Louis, MO) 
to dissolve formazan crystals, and absorption was measured on Tecan 
Infinite 200Pro at 557 nm with reference 700 nm. Based on data ob
tained, the CC50 values (concentrations decreasing the proliferative ac
tivity by 2-fold) were calculated. 

The Ames test was carried out using S. typhimurium TA98, TA100, 
TA102 strains as described in Ref. [29] as the spot test modification due 
to compounds toxicity to S. typhimurium. For that, 5 μl of sample (10 
mg/mL solution in water) was dropped onto 5-mm filter disk placed on 
the top agar surface. The amount of revertants was then calculated by 
using the in-house developed software [30]. The tested compound was 
considered to be mutagenic if the count of revertants in the experiment 
was increased at higher concentrations of compound [31]. As a negative 
control, a pure water was used. 

4.4. In vivo toxicity 

Male and female F1 С57BL/6*CBA mice (weighing 18–22 g) for 
acute oral toxicity study were purchased from the Federal Research 
Center Institute of Cytology and Genetics, Siberian Branch of the Russian 
Academy of Sciences. CD-1 female mice, weighing about 34.30 ± 3.20 g 
between 2 and 3 months of age obtained from Nursery for laboratory 
animals "Pushchino"(Russia), were used for acute cutaneous toxicity 
study. All animals acclimatized for 2 weeks before the experiment. An
imals were kept in polypropylene cages (6 animals per cage), main
tained under standard conditions (12 h light and 12 h dark cycle; 22 ±
3 ◦C and 30–70% relative humidity). They were given standard pellet 
diet and water ad libitum throughout the course of the study. Randomly, 
they were assigned into groups comprising 6 animals per group. Prior to 
treatment, animals were weighed, marked. Animals were observed two 
times once daily. All surviving animals were euthanized with CO2 
inhalation at the end of the study on day 14, and their vital organs were 
individually observed for overt pathology by necropsy. All experimental 
procedures were performed in accordance with the Ethical Principles in 
Animal Research and were approved by the Local Ethics Committee of 
the Kazan Federal University. 

For acute oral toxicity study prior to treatment, animals were fasted 
for 3 h with free access to water. Compounds 7 and 28 were dissolved in 
distilled water and administered to the mice by oral gavage. An equal 
number of animals (mice) served as a control group, and the control 
animals received an equal volume of distilled water. Dosage precision 
was regulated by the variable volume of the drug solution administered 
(normalized to the animal’s body weight) at a constant concentration of 
the solution.At the end of the exposure period, residual test substances 
were removed by water. 

Clinical signs related with a drug-toxicity and the changes in the 
general behaviors of the animals were monitored and recorded every 1 h 
for the first 6 h after treatment, and then once daily over 14 days. 
Attention was given to changes in skin, fur, mucous membrane, eyes, 
respiration, behavior patterns, body weight, food and water consump
tion. Individual body weights were checked immediately before drug 
treatment and then at day 1, 3, 7, and 14 thereafter. 

4.5. In vivo antibacterial activity 

SHK mice between 2 and 3 months of age obtained from "Central 
Nursery of the Russian Academy of Medical Sciences "Kryukovo". 

All animals were given standard pellet diet and water ad libitum 
throughout the course of the study. Randomly, they were assigned into 
groups comprising twelve animals per group. Prior to treatment, animals 
were weighed, marked, and allowed for overnight fasting with free ac
cess to water. Animals were randomly assigned to two groups of each sex 
(n = 10) on the basis of their individual body weights. After quarantine 
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period (14 days), healthy animals were used for this study. All experi
mental procedures were performed in accordance with the Ethical 
Principles in Animal Research and were approved by the Local Ethics 
Committee of the FSBI Gause Institute of New Antibiotics. 

The strain of S. aureus N◦10 sensitive to fluoroquinolones was used as 
an infectious agent (this strain was adapted to mice and obtained from 
"FSBI Gause Institute of New Antibiotics" collection). Mice were infected 
intravenously. Initially, for this line of mice, lethal doses (LD100) of S. 
aureus were encountered intravenously. Accounting for the death of 
mice was observed daily for 10 days. 

To determine the comparative effectiveness of the test compounds 
mice (n = 10) were infected intravenously at LD100 in a volume of 0.25 
ml. Compound 7 and ciprofloxacin were administered orally at doses 
(18; 16; 14; 12; 10; 8; 6; 4 and 2 mg/kg) 1 h after infection. As a control 
dose in the experiment, there was a group of untreated animals infected 
with S. aureus at LD100. The animals were observed for 14 days the death 
of experimental animals was recorded daily. 

4.6. Investigation of the mechanism of antibacterial activity 

The impact of 7 and 28 on the S. aureus topoisomerase IV and DNA 
gyrase was assessed by using decatenation kit (Cat. SAD4001), S. aureus 
DNA gyrase supercoiling assay kit (Cat. SAS4001) and S. aureus DNA 
gyrase cleavage assay kit (Cat. SAGC001) (Inspiralis, Norwich, UK) ac
cording to the protocols recommended by manufacturer. The final 
concentrations of compounds were 8–800 μM for 7 and ciprofloxacin as 
reference, and 0.4–400 μM for 28 and moxifloxacin. 

4.7. Statistics and data analysis 

All experiments were performed in biological triplicates (i.e. newly 
prepared cultures and medium) with three repeats in each run. The data 
were analyzed and graphically visualized using GraphPad Prism version 
6.00 for Windows (GraphPad Software, USA, www.graphpad.com). 
Сomparison against negative control using the non-parametric Krus
kal–Wallis one-way analysis of variance test has been performed in each 
experiment. Significant differences against respective controls were 
considered at p < 0.05 and are specified in the corresponding figure 
captions. 
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