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A new series of fluoroquinolone compounds have been obtained by Gould-Jacobs method. The compounds
have been characterized by physic-chemical methods (elemental analysis, FTIR, NMR, UV-Vis) and by
antimicrobial activity against Gram-positive and Gram-negative microorganisms. For the synthesized
compounds have been performed calculations of characteristics and molecular properties, using Spartan’14
Software from Wavefunction, Inc. Irvine, CA. and molecular docking studies using CLC Drug Discovery
Workbench 2.4 software, to identify and visualize the most likely interaction ligand (fluoroquinolone) with

the receptor protein.
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Infectious diseases are the second leading cause of
death worldwide [1] Treatment of infectious diseases
becomes more difficult when common pathogens such
as Staphylococcus aureus, Pseudomonas aeruginosa, and
Mycobacterium tuberculosis develops resistance to drug
that were effective at one time. Antibiotics are a special
class of therapeutic agents whose misuse affects not only
the individual patient but also the entire community. This is
due to the fact that, at some point after the widespread
introduction and use of new antibiotics, appear almost
inevitable antibiotic-resistant bacteria that occur in
significant waves (both in veterinary and human
populations). The apparition of antibiotic resistance is
inevitable [2, 3]. The question itis not if it develop resistance
to a new antibiotic, the question it is when will develop the
resistance to this new antibiotic. A survey conducted in
the 2011, against on 21 antibiotics released starting from
2000, highlighted that the two directions of discovery and
development of new antibiotics, natural products and
products obtained through chemical synthesis, are still
valid. From class of natural products were highlighted two
drug: daptomycin (lipopeptide) and retapamulin (Terpenoid
pleuromutilin). Out of the 9 antibiotics obtained by
chemical synthesis, released in the past 12 years, one
belongs to the oxazolidinone class (linezolid) and the other
8 antibiotics belong to the class of fluoroquinolones.

Experimental part

Melting points were determined in opened capillary on
Melting point apparatus OptiMelt and are uncorrected.
Progress of the reaction was followed by TLG on Merck
silica gel 60F,,, plates eluted with the solvent system:
tetrahydrofuran dioxan: ammoniac (60:20:30) (v.v.v).'H-
and “C-NMR spectra were recorded in CDCI,, DMSO-d,
and trifluoroacetic acid, on two instruments Varlan \arian
Gemini 300 BB (operatlng at 300 MHz for proton and 75
MHz for carbon) and UNITY 400 Plus(operating at 400 MHz
for proton and 100 MHz for carbon).Tetramerthylsilane as
internal standard was the reference for the chemical shifts.
All chemical shifts are given in the delta scale (ppm vs
internal TMS). FT IR was recorded on an instrument Bruker
Vertex 70 with diamond optic. UV-Vis was recorded on an
instrument UV -Vis LAMBDA 12. Elemental analysis was
performed on a Perkin Elmer CHNS/O Analyzer 2400 Series
Il.
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Synthesis of 1-ethyl-6-fluoro-7-(piperidin-1-yl)-1,4-
dihydro-4-oxo-quinoline-3-carboxylic acid.(FPQ32) [7]. A
mixture of 1-ethyl-6-fluoro-7-chloro-1,4-dihydro-4-oxo-
quinoline-3-carboxylic acid (4) [18] (scheme 1) (2.69 g,
0.01 mol), piperidine (4.25 g, 0.05 mol) and DMF (30 mL)
was stirred 5 hours at 110-120°C. After 5 h was added H,0
(30 mL) and acetic acid (pH=7) and the resultlng
precipitate was filtered off. The crude product was
recrystallized from DMF to yield FPQ32 (mp 202.4-204.4°C;
yield 60%) 'H-NMR(dmso-d6, & ppm, J Hz): 8.91(s, 1H, H-
2); 7.83(d, 1H, H-5, 3)(F-H)=13.5 Hz); 7.12(d, 1H, H-8, *J(F-
H)=7.0 Hz); 4.57(q, 2H, H-17, 7.1); 3.28(t, 4H, 2H-20, 2H-
24, 4.5); 1.71(bs, 4H, 2H-21, 2H-23); 1.63(bs, 2H, H-22);
1.42(t, 3H, H-18, 7.1).C-NMR(dmso-d6, & ppm): 176.01(C-
4); 166.01(C-19); 152.84(q, C-6, J(F-C®)=248.2 Hz);
148.23(C-2); 146.12(d, C-7, J(F-C")=9.5 Hz); 137.17(C-9);
118.75(d, C-10, J(F-C")=8.1 Hz); 110.93(d, C-5, J(F-
C°)=22.7 Hz); 106.90(C-3); 105.49(C-8); 50.63(d, C-20, C-
24, J(F-C?)= %) (F-C*)=4.4 Hz); 48.91(C-17); 25.27(C-21,
C-23); 23.54(C-22); 14.21(C-18).FT-IR(solid in ATR, v cmr
1): 3050w; 3001w; 2942m; 2923sh; 2852w; 1730s; 1614s;
1550w; 1520m:; 1474vs; 1442vs; 1376m; 1352m; 1299m:;
1264s; 1246vs; 1218m; 1198m; 1151w; 1134w; 1114m:;
1110m; 1090m; 1069w; 1040w; 974w; 950m; 921w;
887w; 863m; 835w; 823w; 806m; 750m; 712w; 698w;
665w; 636W.

Synthesis of 1-ethyl-6-fluoro-7-(piperidin-1-yl)-8-chloro-
1,4-dihydro-4-oxo-quinoline-3-carboxylic acid (FPQ-33) To
a solution of FPQ-32(3.18 g; 0.01 mol) in CHCI, (50 mL)
was added 2.56 mL SO,Cl,, and the mixture was stirred at
room temperature. Aftér 30 min the mixture was washed
with water. The CHCI, layer was dried over Na,SO,, and
evaporated to dryness The crude qumolone was
recrystallized from DMF to yield FPQ-33 (mp 187-190°C,
yield 60%).*H-NMR(dmso-d6, & ppm, J Hz): 8.89(s, 1H, H-
2); 7.97(d, 1H, H-5, 3J(F-H%)=12.0 Hz); 4.84(q, 2H, H-17,
7.1); 3.26(m, 4H, H-20, H-24); 1.66(m, 6H, H-21, H-22, H-
23); 1.40(t, 3H, H-18, 7.1).2C-NMR(dmso-d6, & ppm):
175.91(C-4); 165.20(C-19); 155.90(d, C-6, J(F-C®)=250.0
Hz); 152.41(C-2); 144.55(d, C-7, 2J(F-C")=14.3 Hz);
136.42(C-9); 123.09(d, C-10, 3J(F-C¥)=7.7 Hz); 118.83(C-
8);110.79(d, C-5, 2J(F-C%)=23.0 Hz); 107.73(C-3); 53.04(C-
17); 52.10(d, C-20, C-24, 4J(F-C® #)=5.1 Hz); 25.98(C-21,
C-23); 23.50(C-22); 15.63(C-18).FT-IR(solid in ATR, v cmr
1): 3057m; 2929s; 2846m; 1720vs; 1615vs; 1557sm;
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1491s; 1437vs; 1378m; 1347m; 1248m; 1214m; 1150w;
1090m; 1034w; 926m; 885w; 806m; 782w; 736w;
647w.Elemental Analyses Calculated for: C H CIFN,0
C.57.88%: . 5.149%: N. 7945 Found: C. 57,181, 5409
N, 7.79%.

Synthesis of 1-ethyl-6-fluoro-7-(4-acetyl-3-methyl-
piperazin-1-yl)-1,4-dihydro-4-oxo-quinoline-3-carboxylic
acid (AcFPQZ27) starting from 1-ethyl-6-chloro-7-(3-
methyl-piperazin-1-yl)-1,4-dihydro -4-oxo-quinoline-3-
carboxylic acid (FPQ27)[19] Acetyl chloride (30 mL) was
added to a solution of FPQ 27 (3.31 g; 0.01 mol) in acetic
acid(30 mL) and then the mixture was stirred 4 h at reflux
temperature. At the end of the reaction, the mixture was
cooled and was poured onto 200 mL of water. The
precipitate formed was filtered off, washed with water,
and after drying, was recrystallized from DMF to yield
ACFPQ 27. (mp 247,5-248,9°C, yield 54%.). *H-NMR(dmso-
dé, & ppm, J Hz): 8.93(s, 1H, H-2); 7.89(d, 1H, H-5, *J(F-
H%)=13.3 Hz); 7.17(d, 1H, H-8, “J(F-H%)= 3.0 Hz); 4.57(q,
2H, H-17, 7.1); 4.31(m, 1H, H-22); 3.63+3.86(m, 6H, H-
piperazine); 2.50(s, 3H, H-26); 2.07(d, 3H, H-24, 6.5); 1.42(t,
3H, H-18, 7.1). ®C-NMR(dmso-d6, & ppm): 176.08(C-4);
168.32(C-25); 166.03(C-19); 152.73(d, C-6, J(F-C%)=247.5
Hz); 148.41(C-2); 145.76(d, C-7, 2)(F-C")=9.9 Hz); 137.15(C-
9); 121.47(d, C-10, 3J(F-C)=7.7 Hz); 111.13(d, C-5, 2)(F-
C%)=22.7 Hz); 107.07(C-8); 105.92(C-3); 49.02(C-
piperazine); 42.31(C-piperazine); 52.99(C-17); 21.49(C-
26); 15.21(C-24); 14.30(C-18). FT-IR(solid in ATR, v cm™):
3030w; 2974m:; 2835w; 1720s; 1627vs; 1520m; 1472vs;
1426vs; 1377m; 1348m; 1322s; 1281m; 1250m; 1125w;
1082m; 1040w; 994w; 967m; 807m; 754m; 595m.
Elemental Analyses: Calculated for: C. H CIFN 0, C,
60.79%; H, 5.91%; N, 11.19%. Found: C, 65.31%: H, 5.20%;
N, 11.08%.

Synthesis of 1-ethyl-6,8-dichloro-7(4-acetyl-3-methyl-
piperazin-1-yl)-1,4-dihydro-4-oxo-quinoline -3-carboxylic
acid (AcFPQ29) 2.56 mL SO,Cl, was added to a solution of
AcFPQ27 (3.75g; 0.01 mof) in DCIE (150 mL), and the
mixture was stirred at 40-50°C. After 2 h the mixture was
washed with water. The organic layer was dried over
Na,SO,, and evaporated to dryness. The crude quinolone
was recrystalllzed from DMF to yield AcFPQ29 (mp 262.7-
264.8 °C, yield 52%). *H-NMR(CDCI,+tfa, & ppm, J Hz):
8.97(s, 1H, H-2); 8.01(d, 1H, H-5, 3J(F- i—l5) 11.8 Hz); 4.57(q,
2H, H-17, 7.1);3.80+3.05(m, 7H, H-piperazine); 2.36(m,
1H, H-23); 2.21(s, 3H, H-27); 1.46(t, 3H, H-18, 7.1); 1.41(d,
3H, H-25, 6.4).%C-NMR(CDCI,+tfa, o ppm) 176.68(C-4);
170.55(C-4); 166.37(C-19); 153, 82(d, C-6, J(F-C®)=256.4
Hz); 151.78(C-2); 143.68(d, C-7, 2J(F-C7):14.6 Hz);
136.27(C-9); 125.45(C-8); 112.19(d, C-5, 2J(F-C%)=23.3 Hz);
109.15(C-10); 108.43(C-3); 55.16(C-21); 53.78(C-20);
50.46(C-23); 45.41(C-24); 50.89(C-17); 20.49(C-27);
16.08(C-25); 15.29(C-18).FT-IR(solid in ATR, v cm™):
3026w; 2990w; 2861w; 1724s; 1633vs; 1616vs; 1555m;
1529w; 1489m; 1427vs; 1387s; 1369s; 1336s; 1291m:;
1252m; 1232s; 1212s; 1167m; 1119w; 1099m; 1042m;
1005m; 985m; 918m; 899w; 886m; 803m; 740w.
Elemental Analyses: Calculated for: C H CIFN 0, C,
56.81%; H, 5.24%; N, 9.94%. Found: C,56.90% H, 5.£8%; N
10.04%.

Synthesis of 1-ethyl-6-fluoro-7-(3-methyl-piperazin-1-yl)-
8-chloro-1,4-dihydro-4-oxo-quinoline-3- carboxylic acid.
HCI (FPQZ29)[14] A solution of AcFPQ29 (1.2 g, 0.003 mol)
with HCI conc. (30 mL) was heated under reflux
temperature, 6 hours and then was evaporated to dryness.
The crude compound was recrystallized from DMF  to
yield FPQ29.HCI (mp 280-283°C; yield 40%). ‘H-
NMR(dmso-d6, & ppm, J Hz): 8.52(s, 1H, H-2); 7.90(d, 1H,
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H-5, 3)(F-H®)=12.3 Hz); 4.57(q, 2H, H-17, 7.1); 4.24(m, 1H,
H-22); 3.60+3.00(m, 6H, H-piperazine); 2.07(d, 3H, H-24,
6.5); 1.42(t, 3H, H-18, 7.1).2*C-NMR(dmso-d6, & ppm):
175.87(C-4); 168.14(C-19); 156.25(d, C-6, J(F-C®)=252.2
Hz); 152.19(C-2); 143.25(d, C-7, 2J(F-C")=14.6 Hz);
136.37(C-9); 123.63(d, C-10, 2J(F-C¥)=5.6 Hz); 120.34(C-
3); 110.85(d, C-5, 2J(F-C°)=24.5 Hz); 106.56(C-8); 54.47(C-
21); 53.92(C-17); 52.04(C-22); 47.17(C-piperazine);
43.89(C-piperazine); 15.70(C-24); 15.19(C-18).FT-IR(solid
in ATR, v cm™): 3058w; 2935w; 2891w; 2752m; 2770s;
2458s; 1723s; 1612s; 1556w; 1508s; 1494s; 1441vs;
1400m; 1376m; 1306m; 1253m; 1200w; 1088m; 1038w;
976w; 931m; 887m; 808m; 735w.Elemental Analyses:
Calculated for: C_H. CI FNO C, 50.51%; H, 4.99%; N,
10.39%. Found: C,50.71%; H,’5.18%; N, 10.21%.

Synthesis of 1-ethyl-6- fluoro-7- -(4- methy/ piperazin-1-yl)-
1,4-dihydro-4-oxo-quinoline-3-carboxylic
acid(Pefloxacine)(PF) [7] A mixture of 1-ethyl-6-fluoro-7-
chloro-1,4-dihydro-4-oxo-quinoline -3-carboxylic acid (4)
[18] (2.7 g, 0.01 mol) and 4-methyl-piperazine (5.00 g, 0.05
mol) and pyridine (30 mL) was stirred at reflux for 8 h. The
mixture was concentrated to give crude quinolone. The
crude product was dissolved in acetic acid 10 % and then
was precipitated to pH 7.2 with sodium hydroxide 2N. The
resulting precipitate was filtered off. And then was
recrystallized from DMF to yield PF (pefloxacine) (mp
269.2-271.8°C; yield 66%). *H-NMR(dmso-d6, & ppm, J Hz,
T=333K): 15.20(bs, 1H, H-9, deuterable); 8.91(s, 1H, H-
2); 7.91(d, 1H, H-5, 3J(F-H%)=13.4 Hz); 7.16(d, H-8, 4J(F-
H&)=7.3 Hz); 4.57(q, 2H, H-10, 7.1); 3.34(m, 2H, H-12, H-
15, syst A.B,); 3.18(s, 3H H-16); 2.52(m, 2H, H13 H-14,
syst. AB.); 143(t 3H, H-11, 7.1). FT-IR(solid in ATR, v cm
1): 3057w; 3011w; 2966w; 2915m; 2934m; 2884m;
2844m; 2805w 17325 16145 1520m 1473vs 1440vs;
1401m; 13725; 12915; 12495; 11995; 1137s; 1103m;
1079m; 1056w; 1040m; 1007m; 951m; 928m; 890m;
853w; 832m; 804w; 749m; 705w.

Synthesis of 1-ethyl-6-fluoro-7-(4-methyl-piperazin-1-yl)-
8-chloro-1,4-dihydro-4-oxo-quinoline-3-carboxylic - acid
(FPQ 51) 2.56 mL SO,Cl, was added to a solution of PF
(3.33g; 0.01 mol) in chforoform (150 mL), and the mixture
was stirred at 40-50°C. After 2 h the mixture was washed
with water. The organic layer was dried over Na,SO,, and
evaporated to dryness. The crude qumolone was
recrystallized from DMF to yield FPQ51, mp 219.6-221.5°C,
yield 58%). *H-NMR(dmso-d6, & ppm, J Hz, T=333K):
8.90(s, 1H, H-2); 8.00(d, 1H, H-5, 3J(F-H%)=12.1 Hz); 4.83(q,
2H, H-10, 7.1); 3.32(m, 2H, H-16, H-12); 2.53(m, 4H, H-13,
H-15); 2.26(s, 3H, H-14"); 1.41(t, 3H, H-11, 7.1). ®C-
NMR(dmso-d6, & ppm): 175.88(d, C-4, 4J(F-C*)=2.4 Hz);
165.06(C-9); 155.80(d, C-6, J(F-C®)=251.3 Hz); 152.42(C-
2); 143.70(d, C-7, 2J(F-C")=15.2 Hz); 136.48(C-1a);
123.53(d, C-4a, 3J(F-C*)=7.1 Hz); 118.93(C-8); 110.79(d,
C-5, 2J(F-C%)=23.7 Hz); 107.72(C-3); 54.90(C-14"); 52.96(C-
10); 50.49(d, C-16, C-12 *J(F-C'®)=4.9 Hz); 45.80(C-13, C-
15); 15.54(C-11). FT-IR(solid in ATR, v cm?): 3055m;
2968w; 2931m; 2860w; 2843m; 2799m; 2758m; 1716vs;
1617s; 1557s; 1531m; 1489s; 1439vs; 1371m; 1353m;
1286m; 1251m; 1210m; 1150m; 1134m; 1090m; 1075m;
1039m; 1006m; 978w; 944w; 929m; 915m; 887m; 837w;
805m; 738m. Elemental Analyses: Calculated for:
CH CIFNO C, 55.51%; H, 5.21%; N, 11.42%. Found: C,
55.49%; H,’5.18%; N, 11.50%,

B/olog/ca/ Assays The quinolone derivatives were
evaluated for in vitro activity by determining minimum
inhibitory concentration against a variety of bacteria: E.
coli ATCC8739, S. aureus ATCC6538 and P aeruginosa ATCC
9027, by agar dilution method [21].
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Molecular mechanics calculations: Molecular,
topological, conformational characteristics on 3D
quinolones optimized structure were calculated using
Spartan 14 Software

Docking studies: Molecular docking approach, using
CLC Drug Discovery Workbench Software was conducted
in order to achieve accurate predictions on optimized
conformation for both, the quinolone (as ligand) and their
target receptor protein to form a stable complex.

Results and discussions

The synthesis of the novel quinolones (table 1) followed
a Gould-Jacobs cyclization process [17-20] (scheme 1).
Appropriate unsubstituted aniline (1) is reacted with
diethylethoxymethylenemalonate (EMME) to produce the
resultant anilinomethylenemalonate. A subsequent
thermal process induces Gould-Jacobs cyclization to afford
the corresponding 4-hidroxy-quinoline-3-carboxylate ester
(2). The following operation is the alkylation of the
guinolone which is usually accomplished by reaction with
a suitable alkyl halide or dialkyl sulphates to produce the
ginolone-3-carboxylate ester (3). The final manipulation is
acid or basic hydrolysis to cleave the ester generating the
biologically active free carboxylic acid (4).The biologically
active free carboxylic acid (4) was also obtained from the
corresponding 4-hidroxy-quinoline-3-carboxylate ester (2)
by alkylation with dialkyl sulphates in presence of alkali..
The displacement of 7-chloro group with a heterocyclic,
yielded compounds (5). 8-Chloro-quinoline-3-carboxylic
acid (8) was synthesized from 8-unsubstituted quinoline-
3-carboxylic acid (5) by chlorination with sulfuryl chloride
(when R,=4-methyl-piperazine). When, R, = 3-methyl-
plperazme or piperazine, is necessary t0 protect the
nitrogen atom from piperazine group. After chlorination and
hydrolysis is obtained the final compound (8) (R, = 3-
methyl-piperazine, or piperazine).

F
:@\ 1. BIME
cl MH2 2. Doarterm

1. DESMNaDH 40

The structure of fluoroguinolone derivatives has been
confirmed by physico-chemical techniques: elemental
analysis, H-NMR, #C-NMR, FT IR and UV-Vis. The
introduction of chlorine atom in 8 position of the quinolone
compound was proved by *H-NMR spectra, by the
disappearance of the proton characteristic signal of the
proton from 8 position of unsubstituted compounds

=H): & ppm =7.12 (NF) [20], 7.16 (PF), 7.1(FPQ27)
[15] 7.12 (FPQ 32), 7.13 (Q 83) [17], 7.1 (FPQ 35 [20],
7.16 (FPQ 25) [18] and by UV-Vis spectra (table 3). UV
absorption spectra study was carried out using solutions
with concentration of 10pug/mL in chloroform, and for FPQ
27 and FPQ 29 compounds in DMSO. Interpretation of the
UV absorption spectrum of the 8 chloroquinolone
compounds: FPQ 50, FPQ 51, FPQ 29, Q 85, FPQ 33, FPQ
30, FPQ 28, FPQ 36, has been made in comparison with
that of the 8-unsubstitued-quinolone compounds: NF, PF,
FPQ27,Q 83, FPQ 32, FPQ 24, FPQ 25, FPQ 35 respectively,
shows that: the presence of the quinolone nucleus
determines in chloroform the appearance of electronic
transitions in the field of 260-300 nm and 310-360 nm and
the introduction of chlorine atom in 8 position produces a
batocroma displacement of the entire spectrum.

The quinolone compounds were evaluated for in vitro
activity by determining minimum inhibitory concentration
against Escherichia Coli ATCC 8739, Staphylococcus Aureus
ATCC 6538 and Pseudomonas aeruginosa ATCC 9027, by
agar dilution method [21] (table 3). After analyzing
chemical structure-biological activity relationships, it was
observed that the presence of chlorine in 8 position of the
quinolones compounds, leads to increased the
antimicrobial activity for the compounds having piperidinyl,
morpholinyl and pyrrolidinyl moiety in 7-position For 7-
piperazinyl quinolones, the chlorine atom from 8-position
leads to decreased the activity against all the tested strains.
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Table 1 0
THE STRUCTURE OF THE FLUOROQUINOLONE

COMPOUNDS F | COA
R+ f‘ld
Rg Cdfis
Compound Rr Rz
NF:1-Ethyl-6-flucre-7-(piperazin-1-y1)-1 4-dihydro-4-oxo-guinoline- piperazinyl H
S-carboxylic acid[20]
FPQ50:1-Ethyl-6-fluoro-7-(piperazin-1-y1)-8-chlore- 1 4-dihydro-4-oxo piperazinyl 1
-quinoline-3-carboxylic acid[20]
PF:1-Ethyl-6-fluoro-7-(4-methyl-piperazin-1-y1)-1,4-dihydro-4-oxo 4-methyl- piperazinyl H
-quinoline-3-carboxylic acid
FP(Q)51:1-Ethyl-6-fluoro-T7-(4-methyl-piperazin-1-y1)-8-chloro-1 4-dihydro 4-methyl- piperazinyl 1
-4-oxo-guinecline-3-carboxylic acid
FPQ217:1-Ethyl-6-fluoro-7-3-methyl-piperazin-1-y1)-1 4-dihydro-4-oxo S-methyl- piperazinyl H
-gquinoline-3-carboxylic acid[19]
FP(219.HCI: 1-Ethyl-6-fluoro-7-(3-methyl-piperazin- 1 -y1)-8-chloro- S-methyl- piperazinyl 1
1.4-dihydro-4-oxo-quinoline-3-carboxylic acid HCL
FPQ35:1-Ethyl-6-fluoro-T-(pyrrolidin-1-y1)-1 4 -dihydro-4-oxo-quinoline prrrolidinyl H
-3-carboxylic acid[20]
FPQ36:]:1-Ethyl-8-flucro-7-(pyrrolidin- 1 -y1)-8-chloro-1_4-dibydro-4-oxo prrrolidinyl C1
-quinoline-3-carboxylic acid[20]
FPQ32:1-Ethyl-6-fluoro-7-(piperidin-1-y1)-1 4-dihydro-4-oxo-guinoline piperidinyl H
-3-carboxylic acid
FP(Q33::1-Ethyl-6-fluoro-7-{piperidin-1-y1)-8-chloro-1 4-dihydro-4-oxo piperidinyl 1
-gquinoline-3-carboxylic acid
Q83:1-Ethyl-6-flucro-7-(4-methyl-piperidin-1-y1)-1 4-dihydro-4-oxo- 4-methyl-piperidinyl H
guincline-3-carboxylic acid[17]
Q85:1-Ethyl-6-flucro-7-(4-methyl-piperidin-1-y1}-8-chloro-1 4-dihydro 4-methyl-piperidinyl 1
-4-oxo-guinoline-3-carboxylic acid[17]
FP()24:1-Ethyl-6-fluoro-7-(3-methyl-piperidin-1-y1)-1 4-dihydro-4-oxo 3-methyl-piperidinyl H
-gquinoline-3-carboxylic acid[18]
FPQ30:1-Ethyl-6-fluoro-7-(3-methyl-piperidin-1-y1}-2-chloro-1,4- 3-methyl-piperidinyl 1
dihydro-4-oxo-quinoline-3-carboxylic acid[19]
FPQ215:1-Ethyl-6-fluoro-7-({morpholin-1-y1)-8-chloro- 1 4-dibydro- morfolinyl H
4-oxo-quinoline-3-carboxylic acid[18]
FP()218:1-Ethyl-6-fluoro-7-({morpholin-1-y1)-8-chloro- 1 4-dibydro- morfolinyl 1
4-oxo-quinoline-3-carboxylic acid[15, 19]
Table2
CHARACTERISTIC ABSORPTION BAND OF THE FLUOROQUINOLONE COMPOUNDS IN CHLOROFORM ("‘DMSO)
Characteristic bands [nm] Ahbzorbance Characteniztic bands Ahzorbance A
[nma] [nm]
TF FEGD
184.33 12250 300.6%9 0.78017 15.36
321.02 0.35548 342.58 0.32716 2136
BF FPQ 51
18439 1.3644 18511 0.8311% 1420
321.1% 0.38586 H5.06 (0.33143 21.87
FPQIT FPQIT
18762 | 0.15411 29607 | (0.40968 8.43
FEQ 55 FEQ 36
290.8% 21271 301.5% 0.73634 10.70
314.88 0.34363 342353 (.18883 2747
355.08 041813 364.39 0.130004 11.31
FPQ 32 FPQ 33
18883 14631 10208 0.8347 3.52
186.63 14715 285,03 (0.83413 12.38
315.65 0.39844 341.54 0.34626 16.2%
Q33 Q33
18763 14249 301.8% (0.81140 14.30
321.03 (.3803% 342.29 20187 2126
FPQ 24 FPQ 30
28732 (.85341 302.26 0.50543 1454
320.51 0.24348 342.53 (0.31868 1202
FPQ 23 FPQ 28
2183.74 13744 298908 0.7840% 1524
32102 0.40963 33439 0.32626 1387
334.33 040951 34553 0,34632 5.63
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Compound Minimum inhibitory concentration (MIC) ( pg/ml)
Escherichia coli Staphylococcus Pseudomonas
ATCC 8739 aureus ATCC 6538 Aeruginasa
ATCC 9027

NF =008 0352 032
FP 50 200 400 18

FF = 00% 118 112
FP) 51 200 4,00 3z Table 3
FEQIT 2.00 4.00 1.00 ANTIBACTERIAL ACTIVITY IN VITRO
FP 30 030 171 433
FP(} 35 31733 200 132
FP() 38 16 033 18
FP(} 32 1600 =0 123 200
FP(} 33 3300 =0, 123 113

Q3 32 =0, 173 ]

Q3 128 =0, 125 128
FP 24 178 I 178
FP(} 50 178 <0125 178
FPQI3 200 200 178
FP(IE 1600 031 ]

The molecular modeling study has been performed using
SPARTAN'14 software package [22]. In this study, the DFT/
B3LYP/6-31 G™ level of basis set has been used for the
computation of molecular structure, vibrational frequencies
and energies of optimized structures. In order to perform
structure-activity relationship (SAR) studies, some
electronic properties, such as HOMO (Highest Occupied
Molecular Orbital) and LUMO (Lowest Unoccupied
Molecular Orbital) energy values, HOMO and LUMO orbital
coefficients distribution, molecular dipole moment, and
molecular electrostatic potential (MEP), have been
calculated. Frontier molecular orbital analysis: Molecular
orbital analysis Frontier molecular orbital’s (FMOs) play

crucial role in the chemical stability of a molecule and in
the interactions between atoms. They are considered to
be effective in determining the characteristics of the
molecules such as optical properties and biological
activities. Among these, the highest occupied molecular
orbital (HOMO) and the lowest unoccupied molecular
orbital (LUMO) are the most important. The HOMO
represents the ability of a molecule to donate an electron,
while the LUMO is an electron acceptor. [23, 24]. The
HOMO and LUMO surfaces of 8-chloro-fluoroguinolone
compounds, calculated at the B3LYP/6-31G* level can be
seen in figure 1 for the gas phase.

1 i
_ HOMO FPQ30 _ HOMO FPQ51 HOMO FPQ 29 HOMO FPQ 28
R
LUMO FPQ 50

Fig. 1. HOMO, LUMO
surfaces of 8-chloro-
fluoroquinolone

L
r Fg
[ ]

compounds
HOMO FPQ 36
1 X
I I~ .
1 = 2
LUMO FPQ 33 LUMO Q 385 LUMO FPQ 30 LUMO FFQ 36
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Table 4
FRONTIER MOLECULAR ORBITAL ENERGIES OF
QUINOLONE COMPOUNDS (eV)

PQ15

Compound Ermono Ermuo AErman
—HOMO | | | | | | ]

WF 376 14 135 NE FPQ 50 PF FPQ3I
FEQ 30 B00 107 308 ¢ p

PF 377 143 3 & g 1 ﬁ.g __
FPQ 31 5% 157 382 i -% ~ 4 | % ¥ SO [ i )
FFQ 27 576 140 436 "B |~
FFQ 1D B0l 106 103 i ' . i : i X
FFQ 37 536 187 EE]
TP 33 B33 03 178 FPQ27 FPQ 29 Q8 Q85

05 536 187 EE] ’

o)) AR 03 178 e ) ! : ) {
FPQ 4 534 187 137 1 S i sl | TRV 1€ 4
FFQ 30 B33 106 377 ". Ty ( S
FFQ 23 B2 138 ERES . L ! '

FPQ 10 WE! q07 I77 FPQ 24 FPQ 30 FPQ 32_ FPQ 13
FFQ 33 37T 139 138 1
FFQ 36 A E! 157 117 ) W )
| - | % J i /" w' - 1
— .- &

FPQ 18 FPQ 35 FPQ 36

Fig. 2. Electrostatic potential MEP of fluoroquinolone compounds

Tipand NF the Tigaud MF
P

GLY A3
w B CLLI43E
.:.1.;-:!..-4-"- oy

& FHE 1173

Lremd

|:::J.Ia-c [T mn rampannd FH D0
The frontier orbital gap helps to characterize chemical
reactivity of the molecule (table 4). HOMO and LUMOs
determine the way in which it interacts with other species.
The introduction of the electron-withdrawing substituent
(chlorine) at position C 8 in quinolone compounds
decreases the HOMO-LUMO gap as compared to their
corresponding 8-unsubstituted quinolone compounds.
Molecular Electrostatic Potential (MEP): Molecular
electrostatic potential (MEP) have been evaluated using
B3LYP method with the basis set 6-31G* to investigate the
chemical reactivity of a molecule. The MEP is especially
important for the identification of the reactive sites of
nucleophilic or electrophilic attack in hydrogen-bonding
interactions and for the understanding of the process of
biological recognition [23,24]. An electrostatic potential
map for quinolone compound shows hydrophilic regions
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Fig. 3. Molecular docking studies
with 2XCS receptor

= Thiwkimp paesal all yuimedans rormpomaniz with 20053

inred (negative potential) and blue (positive potential) and
hydrophobic regions in green (fig. 2).

Molecular Docking The docking studies have been
carried out using CLC Drug Discovery Workbench Software.
The score and hydrogen bonds formed with the amino acids
from group interaction atoms are used to predict the binding
modes, the binding affinities and the orientation of the
docked quinolone compound (fig.3d) in the active site of
the protein-receptor (table 5). The protein-ligand complex
have been realized based on the X-ray structure of S. Aureus
DNA GYRASE, who was downloaded from the Protein Data
Bank (PDB ID: 2XCS) [25].

The result of molecular docking study for quinolone
FPQ 30, compound with a good activity in vitro against
Staphylococcus Aureus ATCC 6538 (MIC < 0.125 pg/mL)
and with a good activity against MRSA [19], reveals docking
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score -48.72 (RMSD 0.16) and shows the occurrence of
one hydrogen bonds with GLU 435 (2.597 A) (fig.3e). The
orientation of the FPQ 30 is the same of NF(Norfloxacine).
Same orientation show also the compounds: FPQ 50, FPQ
32, FPQ 33, FPQ 27, FPQ 29, FPQ24, FPQ 25 and FPQ 28
(Fig.3a). Docking score of NF compound is - 47.02 (RMSD
0.66). NF shows the occurrence of two hydrogen bonds
with GLU 435 (3.028 A), and ASP 437 (3.244 A) (fig.3c).
The better score docking have been obtained from
quinolone Q83: - 51.79 (RMSD 0.71). Q83 shows the
occurrence of one hydrogen bonds with ARG 458 (3.034
A) (fig.3f), and its orientation is the same of PF (Pefloxacine)
(fig.3b). Compound Q83 shows also a good activity in vitro
against Staphylococcus Aureus ATCC 6538 (MIC <
0.125ug/mL). The same orientation show also the
compounds: FPQ 51, Q 85, FPQ 35, and for FPQ 36.
Docking score of PF is -50.26 (RMSD 0.07).PF shows the
occurrence of one hydrogen bond with ARG 458 (2.809 A).
(fig.3d).

Conclusions

In the present study, we have reported the synthesis of
some quinolone compounds. The quinolones were
evaluated for their antibacterial activity against Gram-
positive and Gram-negative microorganisms. The results
indicated that the synthesised compounds showed
significant antimicrobial activities. In silico molecular
docking simulation was performed to position all quinolone
compounds into the preferred binding site of the protein
receptor S. Aureus DNA GYRASE, to predict the binding
modes, the binding affinities and the orientation. The
docking studies revealed that the all compounds showed
good docking score. The docking score is a measure of
the antimicrobial activity of the studied compounds.

Acknowledgements: This paper has been financed through the
NUCLEU Program, which is implemented with the support of ANCSI,
project no. PN 09-11 01 01 and PN 09-11 01 09.

References

1.*** World Health Organization: The world health report 2004-
changing history, http: //www.who.int/whr/2004/en/index.html
2.WALSH C.T., WENCEWICZ T.A., The Journal of Antibiotics, 67,
2014, p. 7.

3.BROWN E.D.,WRIGHT, G.D., Nature , 529, 2016, p. 336.

4.CHU D.T.W,, FERNANDES P, Advances in drug research, Academic
Press, ISBN 0-12-013321-0, London ;San Diego ; New York. 21, 1991,p.
39.

5.BRIGHTY K., GOOTZ T., The Quinolones Third Edition, Vincent
Andriole, Academic Press, ISBN 978-0-12-059517-4.2000, p. 33.

822 http://www.revistadechimie.ro

6.LESHER G. Y., FOELICH E. J., GARNETT M. D., BAYLEY J. H.,
BRUNDAGE P R., J. Med. Chem. 5, 1962 , p. 259.

7.KOGAH., ITOH A., MURAYAMA S., J. Med. Chem., 23, 1980, p. 1358.
8.CHU D.T.W., FERNANDES P, CLAIBORNE A.K., PIHULEAC E.,
NORDEN C.W., MALECZKA J.R.E., PERNET A.G., J. Med. Chem., 28,
1985, p.1564.

9.DOMAGALA J.M., HEIFETZ C.L., MICH T.F,, NICHOLS J.B., J. Med.
Chem., 29,1986, p. 445.

10.EGAWA H., KATAOKA M., SHIBAMORI K., MIYAMOTO J.N.,
MATSUMOTO J., J. Heterocyclic Chem., 24, 1987, p. 181.
11.COOPER C.S., KLOCK PL., CHU D.T.W.,, FERNANDES PB., J. Med.
Chem, 33, 1990, p. 1246.

12.COOPER C.S., KLOCK PL., CHU D.T.W.,, HARDY D.J., SWANSON
R.N.; PLATTNER J.J., J. Med. Chem., 35,1992, p. 1392.
13.DOMAGALA J.M., HAGEN S.E., HEIFETZ, C.L., HUTT M.O., MICH
T.F, SANCHEZ J.P, TREHAN AK., J. Med. Chem., 31, 1988,p. 503.
14. DOMAGALA J.M., BRIDGES A.J., CULBERTSON T.P, GAMBINO L.,
HAGEN S.E., KARRICK G., PORTE, K., SANCHEZ, J.P, SESNIE J.A., J.
Med. Chem., 3, 1991, p. 1142.

15.HUANG X., BAO Y., ZHU S., ZHANG X., LAN S., WANG T.,
Bioorg.Med.Chem.Lett., 18, 2015, p. 3928.

16.MA Z., LYNCH A.S., J. Med.Chem., 59, 2016, p. 3469.

17.PINTILIE L., ONISCU C., VOICULESCU G., DRAGHICI C., CAPROIU
M.T., ALEXANDRU N., PARASCHIV I., DAMIAN E., DOBROVOLSCHI D.,
DIACONU L., Rom. Biotechnological Letters, 8, 2003, p.1197.
18.PINTILIE, L., NEGUT C., ONISCU, C., CAPROIU M.T., NECHIFOR
M., IANCU L., GHICIUC, C., URSU R., Rom. Biotechnological Letters,
14, 2009, p. 4756.

19.PINTILIE, L., DOROBAT, O., CAPROIU, M.T., MAGANU, M., Rev.
Chim. (Bucharest), 65,no. 10, 2014, p. 1176.

20.PINTILIE, L., STEFANIU, A., NICU A.l., CAPROIU M.T., MAGANU
M.,Rev. Chim. (Bucharest), 67, no. 3, 2016, p. 438.

21.BUIUC D., Microbiologie clinica, 1998, vol.l, p.438. Editura Didactica
si Pedagogica, Bucuresti

22.%** Spartan’14 Wavefunction, Inc. Irvine, CA

23.GAUTAM B.P, DANIR.K., PRASAD R.L., SRIVASTAVA M., YADAV R A.,
GONDWAL M., Pharm Anal Acta., 6, 2015, http://dx.doi.org/10.4172/
2153-2435.1000418.

24.LASRI J., EITAYEB N.E., ISMAIL A.l., Journal of Molecular Structure,
1121, 2016, p. 35.

25. BAX D.B., CHAN PF., EGGLESTON D.S., FOSBERRY A., GENTRY
D.R., GORREC F, GIORDANO I., HANN M., HENNESSY A., HIBBS M,
HUANG J., JONES E., JONES J., BROWN K.K., LEWIS C.J., MAY E.W,
SAUNDERS M.R., SINGH O., SPITZFADEN C.S., SHEN C., SHILLINGS A,
THEOBALD A.T., WOHLKONIG, A., PEARSON N.D., GWYNN M.N.,
Nature, 466, 2010, p. 935.

Manuscript received: 08.08.2017

REV.CHIM.(Bucharest)¢ 69¢ No. 4 ¢ 2018



