Synthesis, Antimicrobial Activity and Docking Studies
of Novel 8-Chloro-quinolones
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This paper presents experimental data regarding the synthesis of several quinolone derivatives. These
compounds have been analyzed through physico-chemical techniques (elemental analysis, *H-NMR, 3C-
NMR, FT IR). The quinolone compounds were evaluated for “in vitro” activity by determination minimum
inhibitory concentration against a varia of microorganisms. Molecular, topological, conformational
characteristics on 3D quinolones optimized structure were calculated using Spartan 14 Software. 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, which is potentially able to improve quinolone biological activity.
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Drugs belonging to the quinolone compounds are
characterized by a quicker biological activity and a broad
antibacterial spectrum [1-6]. They are active on both gram
positive and gram negative bacteria, as well as on recently
discovered bacteria with intercellular development
(Legionella, Mycoplasma, etc), or even on acid-resistant
bacteria (M. tuberculosis and M. leprae). The area of use of
quinolones has expanded from urinary infections to
systemic acute and chronic infections (lung and bronchus
infections, osteitis, septicemia and endocarditis, chronic
infections (chronic bronchitis, purulent osteoarthritis,
chronic prostatite, cystitis and chronic sinusitis). Compared
to beta-lactamic antibiotics (penicillin, cephalosporin) they
are easily absorbed by the digestive system, allowing for
oral intake and avoiding parental administration. They also
have an excellent tissue distribution and concentration,
which justifies their area of applicability. Antimicrobial
agents belonging to the class of quinolones have a clear
advantage over beta-lactamic antibiotics because the risk
of resistance by plasmid replication is extremely low.
Resistance to bacteria is a threat to virtually all antibacterial
agents and quinolones are no exception. However, 4-oxo-
1,4-dihydro-quinolones have proven to be less affected by
this phenomenon, compared to other antibacterial agents.
Because 4-0x0-1,4-dihydro-quinolones are relatively new
chemotherapy agents, the existence of new resistance
mechanisms could be just a matter of time. Still, the
existence of pathogenous bacteria puts constant pressure
on researchers to develop new compounds that are less
affected by resistant bacteria [7-16].

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 Varian
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
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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

Synthesis of 1-ethyl-6-fluoro-7-(pyrrolidin-1-yl)-1,4-
dihydro-4-oxo-quinoline-3-carboxylic acid(FPQ35)[18,19]
A mixture of 1-ethyl-6-fluoro-7-chloro-1,4-dihydro-4-oxo-
quinoline-3-carboxylic acid (QA)[17] (4 R,.=F) (scheme
1) (2.69 g, 0.01 mol), pyrrolidine (3.556 g, .05 mol) and
DMF (30 mL) was stirred 5 hours at 70-80°C. The resulting
precipitate was filtered off. The crude product was
recrystallized from DMF to yield FPQ35 (5:R.=F) (mp:
336.6-337.9°C; yield 50 %). *H-NMR: tabie 3; “C-RIMR: table
5; FT-IR(soIid in ATR, v cm?): 3044m; 2976m; 2902m;
2852m; 1702s; 1629vs; 1561m; 1515vs; 1492vs; 1462vs;
1409s; 1387s; 1358vs; 1327s; 1287m; 1241s; 1195s;
1142m; 1103m; 1050m; 1005s; 947m; 892m; 868m; 805s;
747Tm. Elemental Analyses: Calculated for; C .H 7FN 0,
C, 63.15%: H, 5.63%; N, 9.21%; Found: C, 63.28%: H, 5.97%;
N, 9.28%.

In the same way, was synthesized the compound -
ethyl-6-chloro-7-(pyrrolidin-1-yl)-1,4-dihydro-4-oxo-
quinoline-3-carboxylic acid (6CIPQ35) [20] (5:R =Cl)(mp:
312.2-315.5°C; yield 75 %).'H-NMR: table 3; FT-fR(soIid in
ATR,icm*):3057m; 2929s; 2846m; 1708s; 1614vs; 1558m:;
1530m; 1510s; 1467vs; 1442s; 1402s; 344sm; 1273m:;
1252m; 1217m; 1177m; 1111m; 1095m; 1027m; 995m:;
933w; 873w; 809m; 748w; 649m.Elemental Analyses:
Calculated for: C._H 7CIN 0.: C,59.90%; H, 5.34%; N, 8.73%.
Found: C, 59.719% H. 5.23%; N, 8.74%.

SyntheSIs of 1- ethy/ _6-fluoro-7- (pyrrolidin-1-yl)-8-chloro-
1,4-dihydro-4-oxo-quinoline-3-carboxylic acid (FPQ-36) To
a solution of FPQ-35 (6:R.=F) (3.04 g; 0.01 mol) in CHClI,
(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-36 (6: R, = F) (mp
214.5-217.8°C, yield 65%).:H-NMR: table 3; *C-NMR: table
5; FT-IR-table 6. Elemental Analyses: Calculated for:
C,H,FCIN,O.. C, 56.73%; H, 4.76%; N, 8.27%. Found: C,
56:69%; H, 4.80%; N, 8.20%.
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In the same way, was synthesized the compound I-
ethyl-6,8-dichloro-7-(pyrrolidin-1-yl)-1,4-dihydro-4-oxo-
quinoline-3-carboxylic acid(6CIPQ-36) (6 R,=Cl) (mp 200-
203.3°C, yield 67%).H-NMR: table 3; FT-IR- table 6;C-NMR
(CDCI,+TFA, 6 ppm): 175. 94(C 4); 169. 81(C 19);
153.64(C-2); 144.21(Cq); 137.98(C-7): 136.09(C-9):
127. 29(C 5); 126.96(C-3); 108.08(C-10); 95.22(C-8);
55.82(C-20, C-23); 48.13(C-17); 42.76(C-21, C-22);
16.37(C-18). Elemental Analyses: Calculated for:
C 6H CLN,O.: C, 54.10%; H, 4.54%; N, 7.89%. Found: C,
54°01%; H, 4%60%; N, 7.88%.

SyntheSIs of 1- ethyl 6-fluoro-7-(piperazin-1-yl)-1,4-
dihydro-4-oxo-quinoline-3-carboxylic acid(NF)[18] A
mixture of 1-ethyl-6-fluoro-7-chloro-1,4-dihydro-4-oxo-
quinoline-3-carboxylic acid (QA) (4:R F) [17] (2.7 9,0.01
mol) and piperazine x 6 6H,0 (10. ‘?5 g, 0.05 mol) and
DMSO (30 mL) was stirred 4t 120-130°C for 2.5 h. The
mixture was concentrated to give crude quinolone. The
crude product was dissolved sodium hydroxide 2N and
then was precipitated to pH 7.2 with acetic acid 10 %. The
resulting precipitate was filtered off and 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 NF
(Norfloxacine) (7:R,=F) (mp 218.3-220.6°C; yield 65%).
H-NMR: Table 4; 1#¢.NMR: Table 5; FT- |R(SO|Id in ATR, v
cm?): 3272w; 3050w; 2947w; 2831w; 1710m:; 1616vs;
1583m; 1519m; 1477vs; 1374s; 1353m; 1330s; 1252s;
1198m; 1176w; 1124w; 1103w; 1039w; 921w; 867w;
847w; 822w; 807w; 750w; 735w. Elemental Analyses:
Calculated for: C, H. FN O C, 60.18%; H, 5.68%; N, 13.16%.
Found: C, 60.11%: H, 5.70%; N,13.15%.

In the same way, was synthe5|zed the compound I-
ethyl-6-chloro-7-(piperazin-1-yl)-1,4-dihydro-4-oxo-
quinoline-3-carboxylic acid (NCIX)[18](7 R.=CI) (mp
226.8-228.51C; yield 66%), *H-NMRtable 4 “C-NMR(dmso-
d6, & ppm, T=333K): 176.02(C-4); 165.72(C-19); 154 19(C-
9); 148.95(C-2); 139.19(C-7); 127.21(C-5); 126.41(C-10);
120.56(C-3); 107.80(C-8); 51.95(C-12, C-16); 48.88(C-17);
45.45(C-13, C-15); 14.15(C-18). FT-IR(solid in ATR, v cmr
1: 2979m; 2913m; 1620vs; 1605vs; 1578s; 1547m; 1471s;
1448s; 1416m; 1397m; 1378s; 1361m; 1348m; 1322s;
1281m; 1258s; 1234m; 1203m; 1161m; 1148m; 1123m;
1003w; 926m; 841w; 822w; 741w;708m. Elemental
Analyses: Calculated for: C, H CIN 0,: C, 57.23%; H,
5.40%; N: 12.51%. Found: C, 57.18%; H, 5.60%; N, 12.49%.

Synthesis of 1-ethyl-6-fluoro-7-(4-acetyl-piperazin-1-yl)-
1,4-dihydro-4-oxo-quinoline-3-carboxylic acid (AcNF)
[18,21] Acetyl chloride (30 mL) was added to a solution of
NF (7:R,=F) (3.19 g; 0.01 mol) in acetic acid(30 mL) and
then the mixture was stirred 4 hours 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 AcNF (8:R.=F). (mp 297.8-
299.9°C, yield 59%). *H-NMR(dmso-d6, 6ppm JHz, T=333
K): 8. 92(s 1H, H-2); 7.94(d, 1H, H-5, *J(F-H%)=13.5 Hz);
7.19(d, TH, H-8, “(F-H)= 7.4 Hz); 458(q, 2H, H-17, 7.1);
3.66(m, 4H, H-12, H-16, syst. A.B.); 3.32(bs, 4H,H-13,H-15,
syst. A B.);1.43(t, 3H, H-18, 7.1§. FT-IR(solid in ATR, v cm
1): 3037w; 2978w; 2952w; 2870w: 2842w; 1718m;
1626vs; 1505m 14745 1433vs 13785 13585 1297m;
1264m; 1245vs; 1212m; 1193s; 1139m; 1103m; 1032m;
974m; 917m; 891m; 848w; 826m; 804m; 748m.
Elemental Analyses Calculated for: C_H, FN 0, C,
59.83%; H, 5.58%; N, 11.63%. Found: C, 59.549%: H,’s.85%:
N, 11.69%.
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In the same way, was synthesized the compound I-
ethyl-6-chloro-7-(4-acetyl-piperazin-1-yl)-1,4-dihydro-4-
oxo-quinoline-3-carboxylic acid (AcNCIX) (8 R=Cl). (mp
306-310°C, yield 54%.) *H-NMR(dmso-d6, & ppm J Hz,
T=333K): 14.99(bs, 1H, HOOC, deuterable) 8.97(s, 1H,
H-2): 8.29(s, 1H, H-5); 7.35(s, 1H, H-8); 4.58(q, 2H, H-
17,7.1); 3.67(m, 4H, H-13, H-15, syst. A B ); 3.19((m, 4H,
H-12, H-16, syst. AB) 2.07(s, 3H, acetylf 1.44(t, 3H, H-
18, 7.1). FT-IR(solid in ATR, v cm): 3062w; 2982w;
2927w; 2845w; 1721vs; 1652vs; 1610vs; 1541m; 1526m;
1508m; 1462vs; 1444vs; 1381m; 1346m; 1301m; 1283m:;
1241s; 1198s; 1142m; 1119m; 1090w; 1050w; 994m:;
976m; 916m; 901m; 852m; 806m; 685m. Elemental
Analyses: Calculated for: C.H CIN O,: C, 57.22%; H,
5.34%; N, 11.12%. Found: C, 57.34%; H, 5:66%; N, 11.16%.

Synthesis 0f1-ethyl-6-fluoro 7-(4- acety/ piperazin-1-yl)-
8-chloro-1,4-dihydro-4-oxo-quinoline-3-carboxylic acid
(AcFPQ50)2 56 mL SO,Cl, was added to a solution of AcNF
(8:R,=F) (3.61g; 0.01 moI) 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 AcFPQ50 (9:R.=F),
mp 255.7-258.2°C, yield 65%).H-NMR(dmso-d6, & ppm J
Hz, T=333 K):14.80(bs,1H,H-19,deuterable);.89(s,1H,H-
2);8.03(d,1H, H-5,3J(F-H5)=11.9 Hz); 4.85(q, 2H,H-
17,7.1);3.32(bs, 2H,H-12,H-16); 3.26(bs,2H, H-13,H-15);
2.07(s, 3H,H-acetyl); 1.42(t,3H,H-18,7.1).2C-NMR(dmso-
d6,appm,T=333K): 175.93(C-4); 168.62(C-19); 165.20(C-
CO acetyl); 155.90(d,C-6,J(F-C%)=249.5Hz); 152.80(C-2);
143.36(d,C-7,2J(F-C")=14.2Hz); 136.29(C-9); 123.87(C-
10); 119.72(C-8); 111.06(d,C-5,2J(F-C%)=22.8Hz); 107.66(C-
3); 53.19(C-17); 50.93(d,C-12 or C-16,*J(F-C*%10)=4,8Hz);
50.70 (d,C-16 or C-12*J(F-C*12)=4.8 Hz); 46.49(C-13 or
C-15); 41.53(C-15 or C-13);21.38(C-CH, acetyl); 15.88(C-
11).FT-IR(solid in ATR, v cm™): '3034w; 2848w;
1723m;1640s; 1616s; 1502m 1483m; 1431vs; 1384m;
1354m; 1298m; 1283w; 12505; 1203m; 1262w; 1114w;
1089w;1043w;992m;946m;884m 835w; 802m; 732w.
Elemental Analyses: Calculated for: C_H CIFN 0, C,
54.62%; H, 4.84%; N, 10.62%. Found: C, 54.73%: H, 4.79%:
N, 10.64%.

In the same way, was synthesized the compound 1-
ethyl-6,8-dichloro-7(4-acetyl-piperazin-1-yl)-1,4-dihydro-4-
oxo-quinoline-3-carboxylic ac:d(AcBCIPQSO) (9: R.=Cl)
(mp 260.1-263.7°C, yield 65%). *H-NMR(dmso-d6, & ppm
J Hz,7=333K):14.48(bs, 1H, H-19); 8.93(s,1H,H-2);
8.20(s,1H, H-5); 8.25(s, 1H, H-8); 4.80(q, 2H, H-17,7.1);
3.90+3.45(m, 4H, H-13, H-15); 3.25(m, 4H, H-12, H-16);
2.07(s, 3H, CH, acetyl) 1.40(t, 3H, H- 18,7.1).18C-
NMR(dmso- d6 Y ppm, T=333K): 175. 71(C 4); 168, 50(C-
CO acetyl); 164. 99(C-19); 153.06(C-2); 150.62(C-9);
138.48(C-7); 130.86(C-8); 125.79(C-5); 124.83(C-10);
121.85(C-3); 108.63(C-8); 3.08(C-13 or C-15); 50.18(C-12
or C-16); 49.80(C-17); 46.54(C-12, C-16); 41.56(C-13 or C-
15); 21.28(C-15); 15.53(C-18). FT-IR(solid in ATR, v cm?):
2979m; 2913m; 1620vs; 1605vs; 1578s; 1547m; 1471s;
1448s; 1416m; 1397m; 1378s; 1361m; 1348m; 1322s;
1281m; 1258s; 1234m; 1203m; 1161m; 1148m; 1123m:;
1003w; 926m; 841w; 822w; 741w; 708m. Elemental
Analyses: Calculated for: C _H CI2N304 C, 52.44%; H,
4.65%; N, 10.19%. Found: C, 52.48%;"H; 4'59%; N, 10.24%.

Synthesis ofl-ethyl-6-fluoro 7- (p/perazm -1- yl) -8-chloro-
1,4-dihydro-4-oxo-quinoline-3-carboxylic acid (FPQ50) A
solution of AcFPQ50 (9:R.=F) (1.6 g, 0.003 mol) with NaOH

35% (30 g) was heated under reflux temperature, 6 h. At
the end of the reaction, the compound was precipitated to
pH 7.0 with acetic acid 30%. The resulting precipitate was
filtered off and then was recrystallized from DMF to yield
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FPQ50 (10:R.=F) (mp 227-230°C; yield 63%). *H-NMR:
table 4; #C- NI\?IR table 5; FT-IR- table 6. Elemental Analyses
Calculated for: C.,H,_CIFN.O.: C, 54.32%; H, 4.84%; N,
11.88%. Found: C, 5438%: H, 4.86%: N, 11.90%.

In the same way, was synthe3|zed the compound I-
ethyl-6,8-dichloro-7-(piperazin-1-yl)-1,4-dihydro-4-oxo-

quinoline-3-carboxylic aCId(6ClPQ50) (10:R.=CI) (mp
228.2-230.4°C; yield 58.6%). *H-NMR: table 4; ?:T IR-table
6. Elemental Analyses: Calculated for: C, H,.CI,N,O,: C,
51.91%; H, 4.63%; N, 11.35%. Found: C, 51:88%; H, 4.65%;
N, 11.39%.

Biological Assays: The quinolone derivatives were
evaluated for ,,in vitro” activity by determining minimum
inhibitory concentration against a variety of bacteria: E.
ColiATCC8739, S. aureus ATCC6538 and P aeruginosaATCC
9027, by agar dilution method [22].

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 quinolone derivatives (fig.1)
followed a Gould-Jacobs cyclization process (Schemel).
Appropriate unsubstituted aniline (1) is reacted with
diethylethoxymethylene malonate (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
quinolone which is usually accomplished by reaction with
diethyl sulphates to produce the ginolone-3-carboxylate
ester (3). The final manipulation is 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
diethyl sulphates in presence of alkali, for example the
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reaction can conveniently be carried out in aqueous 40 %
sodium hydroxide solution. The displacement of 7-chloro
group with heterocyclic yielded compound (5) and
compound (7). 8-Chloro-quinoline-3-carboxylic acid (6)
was synthesized from 8-unsubstituted quinoline-3-
carboxylic acid (5) by chlorination with sulfuryl chloride.
When, R, = piperazine, is necessary to protect the nitrogen
atom from piperazine group. After chlorination and
hydrolysis is obtained the final compound (10).

These novel quinolone derivatives have been analysed
by physico-chemical techniques (elemental analysis, *H-
NMR, #C-NMR, FT IR).

Quninolone derivatives have been evaluated for “in vitro”
activity by determining minimum inhibitory concentration
against of bacteria Escherichia coli, Staphylococcus aureus
and Pseudomonas aeruginosa, by agar dilution method
(Table 1). After analyzing chemical structure-biological
activity relationships, it was observed that the presence of
chlorine in 8 position of the quinolones core, leads to
increased antimicrobial activity against Staphylococcus
aureus for the compounds having pyrrolidinyl moiety in 7-
position:FPQ 36 and 6CIPQ36. The presence of the chlorine
atom in 8 positions of the 7-piperazinyl quinolones (FPQ
50 and 6CIPQ50) leads to decrease the activity against all
the tested strains.

In addition, a study of the molecular and structural
characteristics and properties has been achieved using
Spartan 14 software. For each structure of the analyzed
class, the 3D structure used for calculations was generated
and its geometry has been optimized by energy
minimization, in order to obtain the most stable conformer
(fig. 2and fig. 3). For these conformers, the most important
topological, conformational characteristics and QSAR
properties has been calculated: weight, no. of conformers
and tautomers, area, volume, ovality, polarizability, log P,
energy of solvation, dipole moment, energy of the HOMO
and LUMO orbitals, angles and distances, dihedral angles
(table 2). These properties were discussed in order to
assess the flexibility and the binding ability of studied
conformers to bind to the receptor protein. NMR and IR
spectra of the quinolone compounds have been calculated
with Spartan 14 software. After analyzing the experimental
and calculated spectra (H-NMR, C-NMR, IR) the correlation
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Compound Minimam inhibitory concentration (MIC) { pg'ml)
Escherichia coli Staplplococcis aurea Preiidomonas gerugineig
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Fig. 3. Optimized geometry of 7-piperazinyl-quinolones
between experimental and calculated data has been
observed (table 3-6, fig. 4- 6).

The docking studies have been carried out using CLC
Drug Discovery Workbench Software. The score and
hydrogen bonds formed (table 7) with the amino acids
from group interaction are used to predict the binding
modes, the binding affinities and the orientation of the
docked quinolones at the active site of the protein. The
protein-ligand complex (fig. 7-10) have been realized based
on the 2.1A Crystal Structure of S. AUREUS GYRASE
Complex with GSK299423 and DNA who was available
through the Protein Data Bank (PDB entry 2XCS). The result
of molecular docking study, as shown in figure 7 and figure
8, for quinolone FPQ 36, compound with the better activity
in vitro against Staphylococcus aureus ATCC 6538 (MIC=

Fig. 4 Calculated and measured H-NMR spectra of FPQ36 and
6CIPQ36 (a) FPQ36 experimental spectra; (b) FPQ36 calculated
spectra (c) 6CIPQ36 experimental spectra; (d) 6CIPQ36 calculated
spectra

T A

g

0.25 pg/ml) reveals docking score -33.20 (table 7) and b |‘ I

shows the occurance of three hydrogen bonds with ARG
1122 (3.109 A) and ASP 1083 (2.688 and 3.200 A). The
better score docking have been obtained from quinolone
FPQ 50 (-37.80) (MIC= 0.32ug/mL against Staphylococcus
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Fig. 5 Calculated and measured C-NMR spectra of FPQ36 and
6CIPQ36 (a) FPQ36 experimental spectra; (b) FPQ36 calculated

spectra
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Fig. 5 Calculated and measured C-NMR spectra of
FPQ36 and 6CIPQ36 (c) 6CIPQ36 experimental
spectra; (d) 6CIPQ36 calculated spectra
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Table 3

CALCULATED AND MEASURED 'H-NMR SPECTRA OF 7- PYRROLIDINYL-QUINOLONES

CALCULATED AND MEASURED *H-NMR SPECTRA OF 7-PIPERAZINYL-QUINOLONES

!j:j%]/&m I
L% -4
as &
li:" Enin FBg A b
Experusemal daa Calonlaesd Expersnenral data Calculasd
'H-XAIR dara H-XMR dara H-XMR i F) TH-KME = A
(dirrias- i, [deisn-48, idaien-88, {CIDN;-TFA
8 prpmi, JHE) i pgan, STH2) i ppen. JH2) b ppin, THZY
BE56 s H-I) Sdd (w H-2p EE3Mu, IH, H-I) 230s, 19, H-23 | E BS{s, LH, H-I) Sa THH-2 |00 LH H-2)  |9.2% 0 IH, B-I)
784, TE, H.5 AP and 1M, H5) | TR, TH H-S, LAE. Baod 1 oH- |E14s, [H, -5 03, 1M H-5) Eis, [H, 1-5] 9 L, 1M H-5%
HE=13.5 Hr) B3 68 E1]
G&0d, 1H, H-8 "XF-| 5 &N4\H H-4 |- - GE3u, IH, H-8) 570s, ITH H-AY |- -
H= 11} He 69}
A 4T 2N 1T, 000 Ay N1 4 TR, T BT, T 488g MH- |453g M LT NAllg BLHAT (S0Ng I BT, |ASNg 2H M1
17 T1) .1}
A MNm, £H H-20, H- 3. 040m 43 1.6¥m XA H-23, 00w JH B |168m 44 H-20, |30 45 H-20, |1 538{m 43 H-20, |2 3=, 4H, H-H1,
| -1, H-23) H-30, s A By 231, H-23 H-23) L] H-23) H-23]
21 %m, #H H-2, B | S6im 4H 1Lm SH H-21, H-23, 1. Tm 4H B [0.00m 4H H-21. |1 Tfm 4H H-28, [208m, 4 H-21. | i 8=, 4H, H-31,
= H-1, H-22) i R 21, H-22) H-Z1) H-2) H-2h H-21
1830 ¥H. H-1E, T.1) | LTHIHH-LE] | 1L&8Ki, TH, B-15, 7.1} 1.0, 53 H- | 1.482it, 7H, H-15, L &84, 5H, H-1B} | 168 3H H-15, |12Xig 34 H-18)
1E) 1) 1.1}
Table 4

; By v pra e —"
TH-MDR drran-d4, dain
fppm, SHad & prem,, S Hizx)
B520s, L H-Z) 550 (51H|EEM:, IH 1) 95808, 100 H-2H 8555, 14, H-2) is My, ILH-Z) |3536 ITHLH-Z) |53, [H, M2
HI)
T.ES{d [HH-5 \XF- 18 (AIH | RN, [H E-5 AXF- E&3d, IH, B- | 3.2s, 1H, H-5) Fi I4w, 16, H-5) |86 1H H-5) |§0%s, H H-5L
H'i=11.55x) B Hp=11 & Bz 5}
TANd LH -8, AF-HTe | T15d, 11, - 136s, 1M, H-8) Tife 1L HE |-
1.330) 1-8)
458y THHAT, 7.3) |1 7Mg IH |[£B4ig, ZH HAT. 71} 41Eg TH B- [45%g SLHAT, [383g, 30, B-17) |4.7%g B H-1T, [417g, T HAT)
BT 5] 11 m
1. 1%m 4H H-11, H-18, |2 T8m4H. |}3&m. 44 H-11 H-15) 28Vm 4H, H- | 306m 48 H-12, [26%m, 4H, H-12, [338m 4H B-1L | 1AYm, dH H-11
spe A H-12 H-14) 1.1, H-143 H-16, ot A8k (H-16) H-14, memt AgB00  [H-140
LEMm, & H-13, 13, |2T8mad, |21BMm, 4 H-I5 H-13)  |2310m, 4H, H- | 25000m, 95 H-13, |28200m 48 H-13, | 2880m, &5, H-13, | 1EMim, 4H, H-13,
wpE AE H13B-15) 1%, H-13) H-15, st 4B [HAL5) H-15, mak A7B:)  |H-15)
LA2ML IBL B4, 720 | L TOLIELH: | 18GE 3B HA18, 7.0) DAL ¥HLH- | LA, FHOBCLE, | LT2Mk JELH-LE) | 138G, FHL BB, | DML JH, B4
1K) 18 10 16
TR | TR e ]
Enponscaid dila | Cakudwed | Espeoctd dis Caloaae Eapmmaesid it Takwlan Enjmaveaid dila Cakcslied
SCHME dish NEHME fhita SKMR i SCHME e
s L gy | Hma-d b e T, ¥ Y L e e S :
FEE T == 174 T3, C, AEF-C7) 1T AN} 173 B, G EF-Cr |
=14 Hzh Wl ]
160 A1) 164 FE-18 16 ANT-TF) b DRC-19)
117 0% KT B0 17 C-83 | 138 R Md C-80F-CT N |2 C-8 AT-CTerm [ 0E [Es1sud e r) RS =]
CHmzat THrs | =251.1 Ha} Fizi =344 Bxl |
4T ARC-2) B4ETC-2) | 151.834C-2) MHEMC-I1p | ML LAy | ediee-E) I =]
HAALC-TANRCY D80T [ 10 LG TANF-C) | T3%E-T) | ML C-T A0 ] [ACT | HITI G AAPET (e Emy
=13 Bk =13 4 Haj Fi =165 Pl Table 5
TIANC-T] 111 mic-m | 17T aNc-a IIReC-R | IrTaNC-E SRl = R R =] [RER t=i]
20ANC-3) FRALIC-1) | 12 A C-10 i) | 110 TRC- 006 [ 11580, C-10, *AT-CMmT. ] L2920, C-10. AAP-C®) [T 160 CALCULATED
=3 Ay Hri =T 1 Hri AND MEASURED
10080 C-5 0P | pnamLic-5) I 110, 114 23500-0) | 11088d G5, UFF-CTmzs 1 |00 150 9NC-E] [FTECR = &) BC-NMR
Srnicind Ea) SPECTRA
WD - 1) B OG- | 110sedc-n Ler-ch 11343058 | IERc-a)y Ay | s T, -8 AT FTER: =]
%] | =23 710 Ci=23.3 P |
§raud, c-8 ArC)  [mssodc-np | 10TAME-1) seAC-1)  [ireamd, con, LnF-Chmnd | aEdcEy | pE0 ey [TRR =]
=iy ) Hrl
MANC-1T) AT | Stamt-a 1) STENC-1T [Sn s C-12CaniNF- 204Cnd, |d3me-T laCLn
iy g Fie CrEp
5108, C-20, 620, |AZNC-20) | S02MAC-,C-10, WEF- | $1ANC-20) [#3C-1T) FERICIT] |53 P10 C-18, €-12 “AF- %m_cu-
HFC) = 5 H) | ) ) iy CHj=d 4 He) T
15 A2 G2 TLNCELE | a0, T2 HAWE-  [&5WC-10, C-15) MAiCEY, |A5AEC-18 151 [Tt
23} | HLaT) L5} ‘Ci5)
T JLNI AR B e J AR ) B2ne-1E L) =
REV.CHIM.(Bucharest)¢ 674 No.3 ¢ 2016 http://www.revistadechimie.ro 443




Table 6
CALCULATED AND MEASURED IR SPECTRA
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Fig. 9 The docked FPQ50

Fig. 8 Hydrogen bonds between the residues of the ARG 1122,
ASP 1083 and FPQ 36 were displayed in dashed lines Fig.10 Hydrogen bonds between the residues of the ASP 1083, ARG

1122, ALA 1118 and the FPQ 50 were displayed in dashed lines

Table 7
THE LIST OF INTERMOLECULAR INTERACTIONS BETWEEN THE LIGAND MOLECULES DOCKED WITH 2XCS

http://www.revistadechimie.ro

C o, SCore Crroup Hydrogen Bond
inleraciion bomad length
NF 35.54 ALA 1120, TYR 1087, SER 10&4, | - W sp'from mperazmne = W sp from GLY 1351 A
MET 1121, ASP 1083, ARG 1122, | 1072
SER 1067, VAL 1071, ALA 1088, | -0 sp? from OO0-N sp? ARG 1122 1631 A
MET 1075, ARG 1068, GLY 1072 - O gp frean COOH-M spf from ARG 1122 | 2702 4
FPQ50 3T7.ED SER 438, ASP 1083, ASP 1115, | -0 sp from COOH{CO) -M sp from ARG | 3067 A
GLY 1117, ALA 11018, ALA 1109, | 1122
ALA 1120, ARG 1122, MET 1121, | -0 sp® frem OOOH (OH)- O sp” from ASP | 2521 A
SER 1084, ASP 1083, TYE 1087, | 1083 )
GLL 1088, WAL 1091 - M sp® from puperarine- W o' fom ALA ZETIA
1118
MCIX .94 GLY 1022, ASP, 1083, SER 1084, | -W sp from mperazme - O sp- from ASP TBAI A
ARG 1122, ALA 1120, ALQA 1119, | 1083
SER. 438, ALA 1118 GLY 1117, | -N sp® from piperaesne — N s pf from ARG | 2809 A
MET 1121, ASP 437, TYR I087, | 1122
EER. 1084 0 sp? from COOHIOH) -N sp? from ALA | 2508 A
1118
-0 sp? froen COOH (OH) O sp¥ from 27404
ALALINIE
SCIQS0 | -34.08 ASP 1083, VAL 1071, GLY 1072, | - N sp'iroen pupesarmne - Nap' from GLY EXCENY
ASP 1073, MET 1121, ALA 10EE, | 1072
ARG 1085 ALA 1063, SER 107§, | - W sp'from mipsrazme - Osp from ALA 2548 A
ALA 1110, ARG 1122, ASF 1083, | 11468
SER. 1084, GLY 1042, HIS 1021,
| ILE 1070, VAL 1071, ALA 1058 |
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FPQas: | -4.87 ASP 1083, MET 1121, ALA 1068, | -0 sp’ from COOH (00) - N sp® of ARG 26T A
WAL 1071, ARG 104% MET 1075, | 1122 )
ASP 1083 GLY 1072, VAL 1071, | -0 sp? froe CO0H - W sp’ of ARG 1122 LTl A
ALA 1130, ARG 1122,
FRQ36 | -33.5) GLY 1117, ALA 1118, ALA 1119, | -0 spe froen COOH{CO) -N sp froen ARG | 3108 4
ALA 1120, SER 438, MET 1121, | 1122
ARG 112X ASPF 1083, TYR 1087, | <0 sp* from COOH (OH)- O sp- trom ASP 1900 A
WAL 1021, SER 1064 1083 Table 7
-0 g froen COOH (OH)- O sp from ASF | 2688 A .
|0E3 (continued)
GCIPQE: | -HH) ASP 1083, S5ER 1084, TYR 1057, [ -0 sp from COOHICO) -N sp” from ARG | 3.006 A
ARG 1122 MET 1121, ALA 1130, | 1122
GLL 1088, VAL 1091, ALLA 1119, | -0 sp? o COOH{OH)- O spf from ASP 1078 A
ALA 1118, GLY 1117 1083
.0 5p? from COOH{OH) O spt from ASP | 2057 A
1063
SClPOgSe | 4223 GLL 1088, VAL 1041, TYR 1037, | -0 sp from COOH{CO) -N epe from ARG | 3071 A
AR 1083, SEE 1084, MET 1111, ) 1122 ]
ARG 1122, ALA 1115 ALA 1120, | -0 sp? fom COO0H (OHF O sp' fom ASP | 3243 A
ALA 1118 SER 438 GLY 1117 1GE3
A0 g from COOH (OH)- O sp* from ASP | 2507 &
1083

aureus ATCC 6538). The result of molecular docking study,
asshowninfigure 9 and figure 10, for FPQ 50, shows three
hydrogen bonds with ASP 1083 (2.921 A), ARG 1122 (3.067
A) and ALA 1118 (2.872 A).

Conclusions

In the present study, we have synthesized new
quinolones and we have investigated their antibacterial
activity. Their structure has been determined and
confirmed by the following physico-chemical methods:
elemental analysis, IR spectral analysis, H-NMR, C-NMR,
thin layer chromatography. For the synthesized quinolone
derivatives, a study of the characteristics and molecular
properties has been conducted using Spartan 14 software.
In the first stage of the study, the 2D and 3D structures has
been generated. The most stable conformer for each
structure was obtained by geometry optimization and
energy minimization. The docking studies have been
carried out using CLC Drug Discovery Workbench Software
in order to predict the binding modes, the binding affinities
and the orientation of the docked quinolones in the
preferred binding site of the protein receptor.
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