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a b s t r a c t 

Involvement of urease in various pathological conditions specifically in gastric and peptic ulcers make 

it an important therapeutic target. In the present study urease inhibition was investigated by newly de- 

signed Schiff bases of levofloxacin. Structure elucidation of these compounds were done by spectral stud- 

ies such as IR, 1 H NMR and 13 C NMR and elemental analysis. In vitro urease enzyme inhibition assay 

revealed the compounds L S01, L S06 and L S07 were found to be the most potent and showed comparable 

IC 50 values 0.58 ±0.11, 0.45 ±0.21 μM and 0.52 ±0.28 μM respectively. The compound LS06 was competi- 

tive inhibitor with Ki value 1.13 μM while the compounds LS01 and LS07 were mixed type of inhibitors 

with Ki values 3.40 and 6.03 μM respectively. Plausible binding mode of competitive inhibitor was pre- 

dicted using molecular docking studies. Ancillary to synthetic studies, density functional theory (DFT) at 

B3LYP/6–31G(d,p) basis sets in ground state is utilized in order to gain optimized geometries of LS01- 

LS09 molecules. Different geometric parameters like molecular electrostatic potential analysis, alignment 

of HOMO and LUMO levels, natural bonding orbital (NBO) analysis and global descriptor of reactivity were 

performed in support of experimental findings. All DFT based computed results showed best agreement 

with experimental finding and suggest that all synthesized compounds are chemically stable. 

© 2021 Elsevier B.V. All rights reserved. 
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. Introduction 

Urease also known as urea amidohydrolase is a metal contain- 

ng enzyme that catalyzes the hydrolysis of urea producing am- 

onia and carbon dioxide. It is ubiquitously found in diverse va- 

ieties of organisms including plant, fungi and algae [ 1 , 2 ]. Urease

roducing bacteria cause an adverse effect on human health. Ure- 

se contributes a major part in the diseases caused by Helicobac- 

er pylori ( H. pylori ) . These bacteria sustain at low pH during colo-

ization causing gastric and peptic ulcers, in occasional cases these 

ay cause cancer [3] . For colonization of bacterium in H. pylori in- 
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ection, urease activity is indispensable as urease knockout bacteria 

osing their ability to establish infection. H. pylori depends on ure- 

se activity for bacterial sustainability at low pH in the stomach, 

onsequently a bacterium can be exterminated at early stages of 

nfection by focusing on urease activity [ 4 , 5 ]. The structure, molec- 

lar weight and amino acid sequence of urease are highly de- 

endent on its source. The bacterial ureases are heteropolymeric 

olecules consisted of three different subunits; α, β and γ while 

he jack bean ureases are homohexameric molecules consisted of 

ix α subunits only. Nevertheless, the active site of the enzyme 

s mainly conserved despite the dissimilarity in the structure of 

oth ureases because the active site is always located on α sub- 

nits consisting of binuclear nickel center [ 6 , 7 ]. Designing of novel

rease inhibitors is of main research interest due to the associa- 

ion of urease with bacterial infections. Current availability of ure- 

se inhibitors is very limited. Nevertheless, different classes of in- 
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Fig. 1. Literature reported and currently designed scaffolds as urease inhibitors. 
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ibitors are available in literature that include phosphate deriva- 

ives (phenylphosphorodiamidates, phosphorotriamides, phospho- 

ylamides) [8] , barbituric acid analogues [9] , thiourea derivatives 

10] , five and six-membered heterocyclics, natural products and 

etal complexes [11] . The structures of some good urease in- 

ibitors previously reported are presented in Fig. 1 . Schiff bases are 

ompounds that contain a special group called imine or azome- 

hine (-CH 

= N ) having carbon nitrogen double bond and are syn- 

hesized by reaction of primary amine and carbonyl compounds. 

chiff bases are very important in both medicine as well as phar- 

aceutical industry due to wide variety of biological activities like 

ntibacterial, antifungal, antiviral, antiproliferative, antipyretic, an- 

imalarial and anti-inflammatory properties [ 12 , 13 ]. The biological 

roperties of Schiff bases are attributed to the presence of lone 

air of electrons present on imine group that can be easily do- 

ated [ 14 , 15 ]. Similarly sulfonamides have also shown pharma- 

ological properties against various therapeutic targets those are 

rom antibacterial to anticancer [ 16 , 17 ]. Urease inhibition by sul- 

onamides [ 18 , 19 ] and Schiff bases [20-24] have been reported in 

iterature. Levofloxacin belongs to fluoroquinolone class of antibi- 

tics that is active against plentiful bacterial infections including 

rinary tract, gastrointestinal tract and respiratory infections [25] . 

t was also reported that levofloxacin exhibited excellent urease in- 

ibitory activities [26] . In recent era high level of resistance shown 

y H. pylori against antibiotics and the reduced patient acquies- 

ence demands new inhibitors with enhanced efficacy and simple 

reatment [ 27 , 28 ]. The work presented herein is directed towards 

icrowave assisted synthesis of Schiff bases of levofloxacin with 

ifferent sulfa drugs. Microwave assisted synthesis is economical 

oreover it is environmental friendly, time saving and cost effec- 

ive. To the best of our knowledge, this is a first report on lev-

floxacin conjugated with sulfa drugs as inhibitors of urease en- 

yme. Due to the involvement of ureases in different pathological 

onditions, the discovery of safe and potent urease inhibitors has 

een an area of challenge in pharmaceutical research. Also, enzyme 

inetics and molecular modeling studies were performed to have 

nsight into detailed inhibition mechanism and binding conforma- 

ion of competitive inhibitor in urease enzyme. To date, there is 

o density functional theory carried out on these compounds. So, 

e performed various DFT based calculations like, molecular elec- 

rostatic potential analysis, natural bonding orbital analysis, global 

escriptor of reactivity and frontier molecular orbital analysis for 
2  

2 
stimating the different reactive sights and stability of newly de- 

igned molecules. 

. Experimental 

Newly designed Schiff bases were synthesized by using high 

urity chemicals originate to Sigma Aldrich, USA, which were pur- 

hased from Hajvery Chemicals, Lahore-Pakistan whereas Milli - Q®

ater system (UK) was employed for high purity water production. 

tructure elucidation of compounds were done by spectral stud- 

es such as IR (FTIR spectrophotometer, Bruker Technologies, USA), 
 HNMR-500 MHz, 13 CNMR-125 MHz (NMR spectrometer, Bruker, 

SA). Elemental analysis (C, H, N and S) was done by HT + elemen- 

al analyser by Thermo Scientific, UK). Gallenkamp apparatus was 

mployed for determination of melting point while for TLC anal- 

sis, pre-coated silica plates (Merck, Germany) were spotted and 

urity of synthesized compounds was confirmed in UV light. 

.1. Synthesis protocol for schiff bases (LS01-LS09) 

In a 100 mL round bottom flask, levofloxacin (1 mmol, 1 eq.) 

nd respective sulfonamides (1 mmol, 1 eq.) were dissolved in 

oiling methanol (20 mL). Then glacial acetic acid (0.5 mL) was 

dded as a catalyst. The reaction mixture was refluxed in a mi- 

rowave oven at medium high power (500 W) till the comple- 

ion of reaction (2 hrs). The progress of reaction was monitored by 

LC using dichloromethane: methanol: ammonia as solvent mix- 

ure in 75: 25: 1 ratio till the appearance of single spot. After 

otal consumption of reactants, the contents were cooled; precip- 

tates were collected and finally washed with cold methanol to 

et the desired product. Purification was achieved by passage of 

issolved product through a short column with silica gel packing 

nd dichloromethane: methanol (75: 25) as solvent system. Details 

hemistry for synthesis of compounds L S01-L S09 explained below. 

.1.1. ( S ) −7-((4-(N-(3,4-dimethylisoxazol-5- 

l)sulfamoyl)phenyl)imino) −9-fluoro-3-methyl-10-(4-methylpiperazin- 

-yl) −2,3-dihydro-7H-[1,4]oxazino[2,3,4- ij ]quinoline-6-carboxylic acid 

LS01) 

Appearance, Pale yellow solid; Yield, 85.73%; M.P., 228 °C; Rf, 

.70; IR (ATR, υ cm 

−1 ): 3420 (sulfonyl-NH), 3254 (carboxylic-OH), 

919 ( = C –H), 2851 (-C-H), 1648 (imine –CH 

= N -), 1596 (–CH 

–CH,
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1 stretch  
tretch aromatic ), 1454 (-C 6 H 5 ), 1363 (-NH- S = O asymmetric stretch ), 

149.30 (–SO 2 –NH symmetric stretch ), 1299, 1197 (C 

–N stretch ), 1088.01 

- S = O ), 1049 (Ar-C-F); 1 H NMR (400 MHz, DMSO–d 6 ): δH (ppm)

1.38 (1H, s, -OH), 10.08 (1H, s, N 

–H), 8.88 (1H, s, = CH 

–N), 7.51

2H, d, J = 8.6 Hz, ArH-), 7.46 (2H, d, J = 7.6 Hz, ArH-), 6.48 (2H, s,

 CH-), 4.88 (1H, s, –CH 

–CH 3 ), 4.40 (2H, d, J = 8, -O-CH 2 ), 3.27 (4H,

, J = 8 Hz, N 

–CH 2 ), 2.46 (4H, t, J = 3.6 Hz, N 

–CH 2 ), 2.22 (3H, s,

 

–CH 3 ), 2.00 (3H, s, CH 3 ), 1.85 (3H, s, CH 3 ), 1.42 (3H, s, CH 3 ); 
13 C

MR (100 MHz, DMSO–d 6 ): δ (ppm) 174.10, 174.13, 164, 157, 156, 

55, 154, 144, 140.62, 140.52, 131.40, 131.25, 124, 122.10, 122.01, 

10, 103.85, 103.65, 68, 55, 54, 50.59, 50.56, 46, 22, 18, 16; Anal. 

alc. for C 29 H 31 FN 6 O 6 S (FW = 610.65 g/mol): C, 57.04; H, 5.12; N,

3.76; S, 5.25%; Found: C, 57.18; H, 5.26; N, 13.67; S, 5.38%. 

.1.2. ( S ) −9-fluoro-3-methyl-10-(4-methylpiperazin-1-yl) −7-((4-(N- 

thiazol-2-yl)sulfamoyl)phenyl)imino) −2,3-dihydro-7H- 

1,4]oxazino[2,3,4- ij ]quinoline-6-carboxylic acid 

LS02) 

Appearance, Yellow solid; Yield, 86.78%; M.P., 252 °C; Rf, 0.72; 

R (ATR, υ cm 

−1 ): 3477.21 (sulfonyl-NH), 3309.06 (carboxylic-OH), 

931.87 ( = C –H), 2811.96 (-C-H), 1646.27 cm 

−1 (imine –CH 

= N -), 

593.74 (–CH 

–CH stretch aromatic ), 1445.67 (-C 6 H 5 ), 1380.10 (-NH- 

 = O asymmetric stretch ),1132.08 (–SO 2 –NH symmetric Stretch ), 1287.75, 

235.56 (C 

–N stretch ), 1075.23 (- S = O ), 1049.67 (Ar-C-F); 1 H NMR

400 MHz, DMSO–d 6 ): δH (ppm) 11.38 (1H, s, -OH), 10.62 (1H, s, 

NH), 8.95 (1H, s, = CH 

–N), 8.76 (6H, m, = CH), 7.48 (1H, s, = CH),

.86 (1H, s, –CH 

–CH 3 ), 4.44 (2H, d, J = 8 Hz, -O-CH 2 ), 3.27 (4H,

, J = 3.6, N 

–CH 2 ), 2.46 (4H, d, J = 3.2 Hz, N 

–CH 2 ), 2.22 (3H, s,

 

–CH 3 ), 1.41 (3H, s, CH 3 ); 
13 C NMR (100 MHz, DMSO–d 6 ): δ (ppm)

74.13, 174.10, 166, 164, 156, 154, 144, 140.62, 140.55, 135, 131.42, 

31.25, 124, 122.10, 122.01, 116, 103.85, 103.65, 68, 55, 54, 50.59, 

0.56, 46, 18; Anal. Calc. for C 27 H 27 FN 6 O 5 S 2 (FW = 598.67 g/mol):

, 54.17; H, 4.55; N, 14.04; S, 10.71%; Found: C, 54.24; H, 4.68; N, 

4.0; S, 10.84%. 

.1.3. ( S ) −9-fluoro-3-methyl-10-(4-methylpiperazin-1-yl) −7-((4-(N- 

pyrimidin-2-yl)sulfamoyl)phenyl)imino) −2,3-dihydro-7H- 

1,4]oxazino[2,3,4- ij ]quinoline-6-carboxylic acid 

LS03) 

Appearance, Yellow solid; Yield, 75.04%; M.P., 180 °C; Rf, 0.75; 

R (ATR, υ cm 

−1 ): 3497.67 (sulfonyl-NH), 3309.63 (carboxylic- 

H), 2937.83 ( = C –H), 2850.49 (-C-H), 1650.73 (imine –CH 

= N -), 

596.22 (–CH 

–CH stretch aromatic ), 1449.47 (-C 6 H 5 ), 1380.88 (-NH- 

 = O asymmetric stretch ), 1134.74 (–SO 2 –NH symmetric Stretch ), 1290.70, 

239.0 0 (C 

–N stretch ), 1078.0 0 (- S = O ), 1045.68 (Ar-C-F); 1 H NMR

400 MHz, DMSO–d 6 ): δH (ppm) 11.39 (1H, s, -OH), 10.59 (1H, 

, -NH), 8.75 (2H, s, = CH 

–N), 8.55 (1H, s, = CH 

–N), 7.49 (4H,

 = 8 Hz, = CH aromatic ), 4.82 (1H, s, –CH 

–CH 3 ), 4.42 (2H, d,

 = 8 Hz, -O-CH 2 ), 3.30 (4H, d, J = 3.6 Hz, N 

–CH 2 ), 2.46 (4H,

, J = 3.2 Hz, N 

–CH 2 ), 2.22 (3H, s, N 

–CH 3 ), 1.41 (3H, s, CH 3 );
3 C NMR (100 MHz, DMSO–d 6 ): δ (ppm) 174.13, 174.10, 164, 156, 

54, 144, 140.62, 140.55, 131.41, 131.27, 124, 122.11, 122.02, 110, 

03.85, 103.65, 68, 55, 54, 50.59, 50.56, 46, 18; Anal. Calc. for 

 28 H 28 FN 7 O 5 S (FW = 593.63 g/mol): C, 56.65; H, 4.75; N, 16.52;

, 5.40%; Found: C, 56.55; H, 4.68; N, 16.68; S, 5.51%. 

.1.4. ( S ) −9-fluoro-3-methyl-10-(4-methylpiperazin-1-yl) −7-((4-(N- 

4-methylpyrimidin-2-yl)sulfamoyl)phenyl)imino) −2,3-dihydro-7H- 

1,4]oxazino[2,3,4- ij ]quinoline-6-carboxylic acid 

LS04) 

Appearance, Pale yellow solid; Yield, 78.91%; M.P., 192 °C; Rf, 

.74; IR (ATR, υ cm 

−1 ): 3493.87 (sulfonyl-NH), 3305.66 (carboxylic- 

H), 2937.54 ( = C –H), 2846.68 (-C-H), 1648.25 (imine –CH 

= N -), 

594.01 (–CH 

–CH stretch aromatic ), 1446.85 (-C 6 H 5 ), 1379.08 (-NH- 

 = O asymmetric stretch ), 1132.71 (–SO 2 –NH symmetric stretch ), 1288.64, 
3 
236.92 (C 

–N stretch ), 1075.40 (- S = O ), 1043.97 (Ar-C-F); 1 H NMR

400 MHz, DMSO–d 6 ): δH (ppm) 11. 38 (1H, s, -OH), 10.60 (1H, 

, -NH), 8.95 (1H, s, = CH 

–N), 8.75 (2H, s, = CH 

–N), 7.50–7.48 (5H,

, = CH), 4.80 (1H, s, –CH 

–CH 3 ), 4.44 (2H, d, J = 8 Hz, -O-CH 2 ),

.30 (4H, d, J = 4.4 Hz, N 

–CH 2 ), 2.46 (4H, d, J = 3.2 Hz, N 

–CH 2 ),

.20 (6H, s, N 

–CH 3 ), 1.42 (3H, s, CH 3 ); 
13 C NMR (100 MHz, DMSO–

 6 ): δ (ppm) 174.13, 174.10, 164, 156, 154, 144, 140.62, 140.55, 

31.40, 131.25, 124, 122.10, 122.01, 110, 103.85, 103.65, 68, 55, 

4, 50.59, 50.56, 46, 18.38, 18.36; Anal. Calc. for C 29 H 30 FN 7 O 5 S

FW = 607.66 g/mol): C, 57.32; H, 4.98; N, 16.14; S, 5.28%; Found: 

, 57.44; H, 4.91; N, 16.28; S, 5.39%. 

.1.5. ( S ) −7-((4-(N-(4,6-dimethylpyrimidin-2- 

l)sulfamoyl)phenyl)imino) −9-fluoro-3-methyl-10-(4-methylpiperazin- 

-yl) −2,3-dihydro-7H-[1,4]oxazino[2,3,4- ij ]quinoline-6-carboxylic acid 

LS05) 

Appearance, Brownish yellow solid; Yield, 86.63%; M.P., 114 °C; 

f, 0.69; IR (ATR, υ cm 

−1 ): 3490.20 (sulfonyl-NH), 3269.12 

carboxylic-OH), 2921.04 ( = C –H), 2839.98 (-C-H), 1649.17 (imine –

H 

= N -), 1588.37 (–CH 

–CH stretch aromatic ), 1459.23 (-C 6 H 5 ), 1369.77 

-NH- S = O asymmetric stretch ), 1132.93 (–SO 2 –NH symmetric stretch ), 

289.28, 1224.10 (C 

–N stretch ), 1074.62 (- S = O ), 1044.23 (Ar-C- 

).; 1 H NMR (400 MHz, DMSO–d 6 ): δH (ppm) 11.38 (1H, s, -OH), 

0.60 (1H, s, -NH), 8.74 (1H, s, = CH), 7.52–7.48 (5H, m, = CH), 4.83

1H, s, –CH 

–CH 3 ), 4.44 (2H, d, J = 8 Hz, -O-CH 2 ), 3.31 (4H, d,

 = 2.8 Hz, N 

–CH 2 ), 2.48 (4H, d, J = 2.4 Hz, N 

–CH 2 ), 2.45 (6H, s,

H 3 ), 2.27 (3H, s, N 

–CH 3 ), 1.41 (3H, s, CH 3 ); 
13 C NMR (100 MHz,

MSO–d 6 ): δ (ppm) 174.13, 174.10, 164, 156, 154, 152, 144, 140.62, 

40.55, 131.40, 131.25, 124, 122.10, 122.02, 110, 103.85, 103.65, 

8, 55, 54, 50.59, 50.56, 46, 22, 18; Anal. Calc. for C 30 H 32 FN 7 O 5 S

FW = 621.68 g/mol): C, 57.96; H, 5.19; N, 15.77; S, 5.16%; Found: 

, 58.06; H, 5.31; N, 15.6; S, 5.24% 

.1.6. (3 S ) −7-[(4-{[(5,6- dimethoxypyrimidin -4- 

l ) amino ]sulfonyl}phenyl)imino] −9-fluoro-3-methyl-10-(4- 

ethylpiperazin-1-yl) −2,3-dihydro-7 H -[1,4]oxazino[2,3,4- ij ]quinoline- 

-carboxylic acid 

LS06) 

Appearance, Pale yellow solid; Yield, 75.80%; M.P., 278 °C; Rf, 

.68; IR (ATR, υ cm 

−1 ): 3446.69 (sulfonyl-NH), 3301.00 (carboxylic- 

H), 2933.34 ( = C –H), 2832.49 (-C-H), 1649.59 (imine –CH 

= N -), 

596.66 (–CH 

–CH stretch aromatic ), 1450.91 (-C 6 H 5 ), 1382.44 (-NH- 

 = O asymmetric stretch ), 1134.64 (–SO 2 –NH symmetric stretch ), 1289.31, 

237.49 (C 

–N stretch ), 1078.96 (- S = O ), 1045.41 (Ar-C-F); 1 H NMR

400 MHz, DMSO–d 6 ): δH (ppm) 11.38 (1H, s, -OH), 10.62 (1H, s, 

NH), 8.95 (1H, s, N 

–H), 8.76 (1H, s, = CH 

–C), 7.50–7.48 (5H, m,

 CH), 4.86 (1H, s, –CH 

–CH 3 ), 4.44 (2H, d, J = 8 Hz, -O-CH 2 ), 3.98

3H, s, 1 x OCH 3 ), 3.82 (3H, s, 1 x OCH 3 ), 3.28 (4H, d, J = 3.6 Hz,

 

–CH 2 ), 2.46 (4H, d, J = 3.2 Hz, N 

–CH 2 ), 2.22 (3H, s, N 

–CH 3 ),

.41 (3H, s, CH 3 ); 
13 C NMR (100 MHz, DMSO–d 6 ): δ (ppm) 174.13, 

74.10, 164, 156, 154, 152, 150, 147, 144, 140.62, 140.55, 131.40, 

31.25, 124, 122.10, 122.02, 103.85, 103.65, 68, 55, 54 (OCH 3 x 2), 

2, 50, 46, 18; Anal. Calc. for C 30 H 32 FN 7 O 7 S (FW = 653.68 g/mol):

, 55.12; H, 4.93; N, 15.00; S, 4.90%; Found: C, 55.28; H, 4.98; N, 

5.16; S, 4.82%. 

.1.7. ( S ) −7-((4-(N-acetylsulfamoyl)phenyl)imino) −9-fluoro-3-methyl- 

0-(4-methylpiperazin-1-yl) −2,3-dihydro-7H-[1,4]oxazino[2,3,4- 

j ]quinoline-6-carboxylic acid 

LS07) 

Appearance, Pale yellow solid; Yield, 73.60%; M.P., 118 °C; Rf, 

.78; IR (ATR, υ cm 

−1 ): 3494.72 (sulfonyl-NH), 3318.35 (carboxylic- 

H), 2935.55 ( = C –H), 2846.67 (-C-H), 1651.03 (imine –CH 

= N - 

, 1595.46 (–CH 

–CH stretch aromatic ), 14 48.4 4 (-C 6 H 5 ), 1378.91 (-NH- 

 = O asymmetric stretch ), 1134.72 (–SO 2 –NH symmetric stretch ),1290.95, 

238.39 (C 

–N ), 1077.52 (- S = O ), 1045.39 (Ar-C-F); 1 H NMR
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400 MHz, DMSO–d 6 ): δH (ppm) 11.40 (1H, s, -OH), 10.60 (1H, s, 

NH), 8.88 (1H, s, = CH 

–N), 8.75 (1H, s, = CH), 7.45–7.42 (4H, m,

 CH), 4.84 (1H, s, –CH 

–CH 3 ), 4.44 (2H, d, J = 8 Hz, -O-CH 2 ), 3.25

4H, d, J = 3.6 Hz, N 

–CH 2 ), 2.50 (4H, d, J = 3.2 Hz, N 

–CH 2 ), 2.42

3H, s, N 

–CH 3 ), 2.24 (3H, s, O = C –CH 3 ), 1.42 (3H, s, CH 3 ); 
13 C NMR

100 MHz, DMSO–d 6 ): δ (ppm) 176, 174, 166, 164, 156, 154, 152, 

46, 144, 140, 131, 130, 127, 125, 124, 122, 121, 112, 110, 103, 68, 55,

4, 50, 46, 18; Anal. Calc. for C 26 H 28 FN 5 O 6 S (FW = 557.60 g/mol):

, 56.01; H, 5.06; N, 12.56; S, 5.75%; Found: C, 56.35; H, 5.31; N, 

2.35; S, 5.84%. 

.1.8. ( S ) −7-((4-(N-carbamimidoylsulfamoyl)phenyl)imino) −9-fluoro- 

-methyl-10-(4-methylpiperazin-1-yl) −2,3-dihydro-7H- 

1,4]oxazino[2,3,4- ij ]quinoline-6-carboxylic acid 

LS08) 

Appearance, Dark brown solid; Yield, 82.94%; M.P., 298 °C; Rf, 

.77; IR (ATR, υ cm 

−1 ): 3392.45 (sulfonyl-NH), 3214.32 (carboxylic- 

H), 1611.97 (imine –CH 

= N -), 1524.93 (–CH 

–CH stretch (aromatic ), 

496.10 (-C 6 H 5 ), 1305.25 (-NH- S = O asymmetric stretch ), 1123.92 (–

O 2 –NH symmetric stretch ), 1229.40, 1174.20 (C 

–N stretch ), 1081.46 (- 

 = O ), 1050.56 (Ar-C-F); 1 H NMR (400 MHz, DMSO–d 6 ): δH (ppm) 

1.39 (1H, s, COOH), 10.64 (1H, s, = CH 

–N), 8.75 (1H, s, = CH 

–C),

.49 (4H, d, J = 8 Hz, = CH), 5.25 (2H, s, NH 2 ), 4.85 (1H, s, –

H 

–CH 3 ), 4.45 (2H, d, J = 8 Hz, -O-CH 2 ), 3.30 (4H, d, J = 3.6 Hz,

 

–CH 2 ), 2.44 (4H, d, J = 3.2 Hz, N 

–CH 2 ), 2.25 (3H, s, N 

–CH 3 ),

.44 (3H, s, -CH 3 ); 
13 C NMR (100 MHz, DMSO–d 6 ): δ (ppm) 174, 

66, 164, 156, 154, 144, 140.65, 140.56, 131.40, 131.25, 124, 122.10, 

22.02, 110, 103.90, 103.66, 68, 55, 54, 50.61, 50.57, 46, 18; Anal. 

alc. for C 25 H 28 FN 7 O 5 S (FW = 557.60 g/mol): C, 53.85; H, 5.06; N,

7.58; S, 5.75%; Found: C, 53.92; H, 5.10; N, 17.75; S, 5.88%. 

.1.9. ( S ) −9-fluoro-3-methyl-10-(4-methylpiperazin-1-yl) −7-((4- 

ulfamoylphenyl)imino) −2,3-dihydro-7H-[1,4]oxazino[2,3,4- 

j ]quinoline-6-carboxylic acid 

LS09) 

Appearance, Bright yellow solid; Yield, 80.00%; M.P., 286 °C; Rf, 

.80; IR (ATR, υ cm 

−1 ): 3499.14 (sulfonyl-NH), 330 0.0 0 (carboxylic- 

H), 2938.47 ( = C –H), 2849.88 (-C-H), 1650.32 (imine –CH 

= N - 

, 1594.49 (–CH 

–CH stretch aromatic ), 1448.64 (-C 6 H 5 ), 1378.02 (-NH- 

 = O asymmetric stretch ), 1134.49 (–SO 2 –NH symmetric stretch ), 1290.67, 

238.28 (C 

–N stretch ), 1077.04 (- S = O ), 1045.60 (Ar-C-F); 1 H NMR

400 MHz, DMSO–d 6 ): δH (ppm) 11.38 (1H, s, COOH), 10.62 (1H, 

, = CH 

–N), 8.95 (2H, s, NH 2 ), 8.76 (1H, s, = CH 

–C), 7.49 (4H, d,

 = 8 Hz, = CH), 4.86 (1H, s, –CH 

–CH 3 ), 4.44 (2H, d, J = 8 Hz, -

-CH 2 ), 3.28 (4H, d, J = 3.6 Hz, N 

–CH 2 ), 2.46 (4H, d, J = 3.2 Hz,

 

–CH 2 ), 2.22 (3H, s, N 

–CH 3 ), 1.41 (3H, s, CH 3 ); 
13 C NMR (100 MHz,

MSO–d 6 ): δ (ppm) 174, 164, 156, 154, 144, 140.65, 140.56, 131.41, 

31.27, 124, 122.11, 122.03, 110, 103.90, 103.66, 68, 55, 54, 50.61, 

0.57, 46, 18; Anal. Calc. for C 24 H 26 FN 5 O 5 S (FW = 515.56 g/mol):

, 55.91; H, 5.08; N, 13.58; S, 6.22%; Found: C, 55.82; H, 5.19; N, 

3.71; S, 6.11%. 

.2. Antiurease assay 

Urease inhibition assay was performed as reported in our ear- 

ier studies [ 24 , 29 , 30 ]. Briefly, the inhibitors (synthesized com-

ounds) and thiourea (positive control) were dissolved in DMSO. 

liquots of 250–0.49 μM of inhibitors (triplicate), 10 μL phosphate 

uffer (K 2 HPO 4 , pH = 6.8–7.0, 50 mmol), 20 μL of jack bean ure-

se (UNI-CHEM, U30550–2E) were incubated at 37 °C for 10 min. 

0 mM substrate (40 μL, urea) was added in each well and in- 

ubated for 10 min. at same temperature. Subsequently, phenol 

eagent (40 μL) and alkali reagent (40 μL) containing 0.1% active 

hlorine was added to each well and placed for 50 min. at room 

emperature. Percentage urease inhibition was determined by us- 

ng below equation after measuring the absorbance of each well 
4 
t 625 nm by employing the Labtech, LT-4500 (UK) micro plate 

eader. 

 Urease inhibition = { 1 − T / C } × 100 

here, T is absorbance of each well containing inhibitor while C is 

bsorbance of blank and results are presented as mean ±SEM. 

IC 50 values of each inhibitor was calculated by regression equa- 

ion where 50% inhibition was observed. For kinetics studies, bind- 

ng mechanism of each inhibitor was carried out at different con- 

entrations (0–20 μM). These five different inhibitor concentrations 

ere reacted with different concentration of substrate (urea, 0.5–

.0 mM) to evaluate whether the inhibitors showed inhibition be- 

avior in competitive, non-competitive (mixed) or uncompetitive 

ay. Primary and secondary Lineweaver Burk plots were drawn to 

etermine the K m (app) , V max (app) and K i (inhibition constant) re- 

pectively by using GraphPad PRISM 7.0. 

.3. Molecular docking studies 

.3.1. Protein structure and newly synthesized compounds 

reparation 

Jack bean urease (PDB ID 4H9M) X-rays structure was down- 

oaded from protein data bank (PDB) ( https://www.rcsb.org/ ). 

he missing hydrogen atoms and side chains were added using 

chrodinger software “protein preparation wizard” utility. All the 

ocrystal ligands and crystalized buffer reagents were removed ex- 

ept the Ni ions present at the catalytic site. Protein structure 

as energy minimized to relieve the steric hindrance among the 

esidues by using OPLS2005 force field. During minimization, the 

tructure was allowed to deviate 0.3 Å from its X-rays conforma- 

ion. Then synthesized compounds were sketched using maestro 

Build” toolbar. The LigPrep tool implemented in Schrodinger soft- 

are was used to generate possible ionization states and different 

onformations of the compound. 

.3.2. Grid generation and docking protocol 

Before docking the competitive inhibitor in the catalytic site of 

rease enzyme, Grid box was generated by setting the size of cu- 

ic box 20 Å in each dimension. X, Y, Z coordinates (17.5, 36.56, 

0.48) were selected as center of the grid box. All other parame- 

ers like cutoff radius scaling and van der Waals factor were used 

ith their default values. Then prepared competitive inhibitor was 

ocked into the urease enzyme grid using GLIDE software. The 

tandard precision mode (SP) was used to identify best plausible 

inding pose. During docking 200 conformations were generated 

n the active site, out of which top five were minimized in binding 

ite and eventually best pose was selected based on the docking 

core. 

.4. Computational studies 

Gaussian 09 program package [31] was employed for the DFT 

alculations of investigated compounds L S01-L S09. B3LYP method 

ombined with 6–31 G(d,p) basis set of density functional theory 

ithout symmetry restriction is applied on all the compound for 

aining optimized geometries. NBO 3.1 package is applied for nat- 

ral bonding orbital analysis at same basis set for investigating dif- 

erent transitions. Alignment of frontier molecular orbitals, global 

ndices of reactivity and molecular electrostatic potential analysis 

as conducted at B3LYP/6–31 G(d,p) for L S01-L S09 compounds in 

rder to check the stability factor associated with DFT based op- 

imized geometries. Gauss View 5 [32] served for input files de- 

igning and interpreting of output results were done by employing 

vogadro and Chemcraft programs [ 33 , 34 ]. 

https://www.rcsb.org/
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Scheme 1. Synthesis of Schiff bases. 
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. Results and discussion 

.1. Chemistry 

The target Schiff bases of levofloxacin with sulfonamide moi- 

ty were prepared by interaction of levofloxacin with sulfa drugs 

uch as sulfafurazole, sulfathiazole, sulfadiazine, sulfamerazine, sul- 

adimidine, sulfadoxine, sulfacetamide, sulfaguanidine and sulfanil- 

mide. The sulfonamide molecules have been attached to ketonic 

roup of levofloxacin using methanol as solvent and acetic acid 

s catalyst in the synthesis of Schiff bases L S01-L S09. The Schiff

ases were obtained in good yield (73.6–92.5%). Synthetic route 

nd structures of Schiff bases are represented in Scheme 1 . All the 

ynthesized compounds were characterized by performing IR, 1 H 

MR and 

13 C NMR spectral studies. In the IR spectra of Schiff bases 

L S01-L S09), the broad band appeared in range of 3392.45–3499.14 

m 

−1 indicating the presence of N 

–H moiety of sulfonamides. The 

road band appeared at 3214.32–3318.35 cm 

−1 represented the 

arboxylic OH group. The peak between 2919.39–2938.47 cm 

−1 

epresented = C –H stretching whereas peaks at 2811.96–2851.65 

m 

−1 represented C 

–H stretching and a sharp band at 1705.15 

m 

−1 presented C = O . When the Schiff base was formed that 

and of keto group disappeared while a very strong band between 

611.97 - 1651.03 cm 

−1 was obtained which confirmed the imine 

- C = N ) formation. The band appeared at 1524.93–1596.69 cm 

−1 

epresented the -CH 

–CH- stretch (aromatic). The broad band at 

445.67–1496.10 cm 

−1 indicated the presence of aromatic ring. A 

and at 1305.25–1382.44 cm 

−1 indicated the presence of –SO 2 –NH 

asymmetric stretch) while a sharp band at 1123.92–1149.30 cm 

−1 

onfirmed –SO 2 –NH (symmetric stretch) of sulfonamide. The peaks 

or C 

–N stretch were obtained at 1174.20–1299.72 cm 

−1 . The peak 
or S = O of sulfonamide was obtained between 1074.62–1088.01 i

Table 1 

IC 50 and kinetics parameters of newly designed Schiff bases. 

Compound IC 50 (μM); mean ±SEM (% inhibition) a V max (app) (μ

LS01 0.58 ±0.11 (95.0) 0.70 

LS02 1.41 ±0.24 (93.9) –

LS03 0.77 ±0.21 (94.0) –

LS04 0.79 ±0.11 (95.0) –

LS05 0.86 ±0.29 (93.2) –

LS06 0.45 ±0.21 (91.1) 9.88 

LS07 0.52 ±0.28 (94.0) 3.16 

LS08 0.79 ±0.21 (95.5) 

LS09 1.65 ±1.21 (88.8) 
d Thiourea 15.51 ±0.11 (92.1) 18.61 

Levofloxacin 3.21 ±0.24 (91.0) –

a Vmax (app) = Maximum velocity of enzymatic activity at 20 μM in
b Km(app) = Michaelis–Menten constant at 20 μM inhibitor concentr
c Ki(μM) = Calculated from secondary Lineweaver Burk plot, d Stand

5 
m 

−1 while the peak for Ar-C-F of levofloxacin was obtained be- 

ween 1043.97–1050.56 cm 

−1 . In 

1 H NMR spectra, Schiff bases 

L S01-L S09) exhibited broad singlet between δ 8.95 - 8.54 and 

.25 ppm assigned to proton of N 

–H of sulfonamides. The singlet at 

2.27 - 2.20 ppm was assigned to proton of CH 3 group attached to 

iperazine moiety while singlet at δ 1.42–1.40 ppm was assigned 

o proton of CH 3 group linked to morpholine moiety. In conjugate 

S01, the singlets at δ 2.00 and 1.85 ppm were assigned to pro- 

ons of CH 3 groups attached to isoxazole moiety. In conjugate LS- 

7, the singlet at δ 2.24 ppm was assigned to proton of CH 3 group 

ttached to carbonyl group (acetyl group) of sulfonamide. In con- 

ugate LS-05, the singlet at δ 2.45 ppm was assigned to proton of 

H 3 group attached to pyrimidine moiety. In addition, all the other 

liphatic and aromatic protons of all conjugates appeared at appro- 

riate values of chemical shifts and integrals as explained in ex- 

erimental section. In 

13 C NMR spectra, conjugates L S01-L S09 ex- 

ibited the characteristics values of shifts at δ 146.35–144.75 ppm 

ssigned to imine carbon (- C = N -). The carbonyl carbon all con- 

ugates exhibited the signal between δ 166.71–164.20 ppm and 

arbonyl carbon of amide group was exhibited at δ 174.64 ppm. 

he signals for carbon of CH 3 groups attached to different moi- 

ties were obtained between δ 22.53, 18.39–18.35, 16.25 ppm for 

ll conjugates. So, 13 C NMR spectral analyses were consistent with 

ssigned structure of all compounds. 

.2. Urease inhibition 

Indophenol method was employed for urease inhibition by 

ewly synthesized Schiff bases after conjugation of levofloxacin 

ith sulfa drugs. Serial dilution in range from 250–0.49 μM 

or each compound and levofloxacin was done for IC 50 calcula- 

ion ( Table 1 ) whereas thiourea was used as standard inhibitor 

f urease. Compounds LS01 (IC 50 = 0.58 ±0.11 μM), LS06 (IC 50 = 

.45 ±0.21 μM) and LS07 (IC 50 = 0.52 ±0.28 μM) were found to be 

ore potent than levofloxacin (a well know urease inhibitor) and 

howed comparable activity against the jack bean urease. The com- 

ounds L S03-L S05 have pyrimidine with or without substitution of 

ethyl group showed a bit high IC 50 than LS06 in which pyrim- 

dine attached to methoxy group ( Table 1 ) whereas acetamide 

roup attached to sulfoxide instead of pyrimidine also showed ex- 

ellent antiurease activities. 

Kinetic studies were performed for three most potent com- 

ounds LS01 (IC 50 = 0.58 ±0.11 μM), LS06 (IC 50 = 0.45 ±0.21 μM) 

nd LS07 (IC 50 = 0.52 ±0.28 μM) by varying their concentration 

0–20 μM) along with different concentration of substrate (0.5–

.0 mM). Enzymatic kinetics determined the inhibition constant 

K i ) and inhibition mode whether the inhibitors under investiga- 

ion are competitive, mixed or non-competitive type. The effect of 

nhibitors (compounds) on V max and K m 

was determined to assess 
M/min) b K m (app) (mM) c K i (μM) Mode of inhibition 

1.44 3.40 Mixed 

– – –

– – –

– – –

– – –

6.92 1.13 Competitive 

1.30 6.03 Mixed 

2.18 18.18 Competitive 

– – –

hibitor concentration. 

ation. 

ard inhibitor of urease. 
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Fig. 2. Mode of inhibition exhibited by LS01, LS06 and LS07 explained by primary (A) and secondary (B) Lineweaver Burk plots. 
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Fig. 3. Docking pose of the competitive inhibitor : A) Best docked pose of competi- 

tive inhibitor LS06 compound (green sticks) in urease enzyme catalytic site B) Sur- 

face representation of catalytic site with docked LS06 compound. Brown spheres 

are representing Ni ions whereas hydrogen bonding is shown with dotted yellow 

lines. Red color is the surface contour map of urease enzyme. 
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he mode of inhibition by Lineweaver Burk plots. K m 

of jack bean 

rease enzyme increases while V max was not effected in the pres- 

nce of LS06 which indicate the competitive mode of inhibition. 

 max and K m 

of urease enzyme were decreased and increased re- 

pectively in the presence of LS01 and LS07 which indicated that 

oth the compounds showed the mixed type of inhibition these 

ompounds could interact at the allosteric site or active site of the 

nzyme. Further inhibition constant (K i ) of each inhibitor (LS01, 

 S06 and L S07) was determined by secondary Lineweaver Burk 

lots. It was concluded from kinetic studies that compound LS06 

as competitive inhibitor with Ki values ( Table 1 ) 1.13 μM while 

he compounds LS01 and LS07were mixed type of inhibitors with 

i values 3.40 and 6.03 μM respectively ( Table 1 ). The enzymatic 

inetics of most active compounds is presented below in Fig. 2 . 

Sulfonamide derivatives serve as an important building 

locks in the drug design, discovery and development pro- 

ess. Ciprofloxacin based sulfonamides [19] has been explored for 

ntiurease activities and most potent compound ( Fig. 1 ) revealed 

he IC 50 value 0.045 μM with mixed type of mode of inhibition. 

iprofloxacin hydrazide and levofloxacin hydroxamic acid ( Fig. 1 ) 

ad shown the IC 50 value 1.22 and 2.20 μM respectively and in 

his reported work no kinetic study was performed to access 

heir binding mode [18] . Whereas in present work levofloxacin 

onjugated to sulfadoxine revealed the IC 50 = 0.45 ± 0.21 μM with 

ompetitive mode of inhibition. 

.3. Docking studies and ADMET properties calculations 

After performing enzyme kinetic assays, the competitive in- 

ibitor LS06 compound was docked at the catalytic site of the ure- 

se enzyme to predict its plausible binding mode. Fig 3 A shows 

hat compound has docked well in the binding pocket in which 

iperazine moiety is directed towards the Ni ion and making an 

lectrostatic interaction. The carboxylate group present at three 

used rings is making the ionic bridge with Arg-439 residue side 

hain. The substituted pyrimidine sulfonamide ring is spotted to- 

ards solvent exposed site of the binding site as shown in the 

urface model of protein ligand complex ( Fig 3 B). As docking score 

anks the binding poses on the quality of interactions each pose is 
6 
aking with protein side chain, in our studies best binding mode 

hown in below mentioned figure yielded −4.77 kcal/mol. 

Physiochemical/pharmacokinetic properties presented in 

able 2 of all synthesized compounds were predicted using 

he Qikprop tool implemented in schrodinger software [35] . Most 

f the predicted values like water solubility, herg channel block- 

ge, blood/brain barrier co-efficient, binding to human serum 

lbumin and CNS values are within acceptable ranges except cell 

ermeability of these compounds. 

.4. Computational studies 

Synthesized compounds L S01-L S09 were initial optimized at 

ethod B3LYP with conjunction of 6–31G(d,p) basis set of DFT. 

he DFT based relaxed geometries (optimized geometries) are dis- 

layed in Fig. 4 . 

.4.1. Frontier molecular orbital (FMO) analysis 

Chemical stability, charge transfer, molecular interactions, elec- 

ronic features and reactivity of good compounds are mostly inves- 
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Table 2 

Calculated ADMET properties of newly designed Schiff bases. 

ID MW (g/mol) HBD HBA QPlogPo/w QPlogHERG QPPCaco2 (nm/s) QPlogBB QPlogKhsa CNS 

LS01 610.659 2 13.25 1.521 −4.923 12.603 −1.329 0.17 −2 

LS02 598.666 1 11.25 1.946 −5.083 12.588 −1.187 0.246 −2 

LS03 593.631 2 13.75 1.021 −5.027 17.437 −1.024 −0.143 −2 

LS04 607.658 2 13.75 1.265 −4.934 20.534 −1.006 −0.029 −2 

LS05 621.685 2 13.75 1.547 −5.466 8.236 −1.690 0.185 −2 

LS06 653.684 2 14.5 1.673 −5.746 10.499 −1.735 0.079 −2 

LS07 557.595 2 12.25 0.663 −4.567 4.931 −1.609 0.014 −2 

LS08 557.598 3 11.25 0.581 −4.664 1.902 −2.186 0.14 −2 

LS09 515.558 3 11.75 0.124 −4.726 4.531 −1.695 −0.133 −2 

MW = molecular weight,. 

HBD = estimated no of hydrogen bond donor,. 

HBA = estimated no of hydrogen bond acceptor,. 

QPlogPo/ w = Predicted octanol/water partition coefficient (recommended rage −2.0 to 6.5),. 

CNS Predicted central nervous system activity on a –2 (inactive) to + 2 (active) scale. 

QPlogHERG = Predicted IC50 value for blockage of HERG K + channels (concern below < −5),. 

QPCaco2 = Predicted Caco2 cell permeability in nm/ sec . (recommended range < 25 poor, > 500 great),. 

QPlogBB = Predicted brain/blood partition coefficient (recommended range −3.0 to 1.2),. 

QPlogKhsa = Prediction of binding to human serum albumin (recommended range −1.5 to 1.5). [36] . 

Fig. 4. Optimized geometries of synthesized compounds calculated at B3LYP/6–31 G (d,p) level of density functional theory. 
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igated by doing frontier molecular orbitals analysis [37] . Moreover, 

ostly chemists and physicist also performed frontier molecular 

rbitals analysis for estimating the geometrical and structural char- 

cteristics of different compounds. Therefore we also used FMOs 

nalysis to unveil the electron density donating and accepting abil- 

ty of our compounds L S01-L S09. Both abilities i.e. electron den- 
7 
ity donating and accepting is estimated with the aid of band gap 

38] . Chemical hardness, electron affinity, ionization potential with 

lectronegativity, chemical potential and global chemical softness 

eatures of L S01-L S09 compounds L S01-L S09 compounds are also 

xplored with aid of key band gap (i.e. HOMO-LUMO energy gap 

y using Eg = ELUMO-EHOMO). Narrow HOMO-LUMO gap grantees 
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Table 3 

Frontier molecular orbitals (HOMO and LUMO) energies, 

energy gap (HOMO-LUMO gap) of studied compounds. 

Compounds E HOMO (eV) E LUMO (eV) E g (eV) 

LS01 −5.46 −1.61 3.84 

LS02 −5.71 −1.99 3.72 

LS03 −5.63 −1.76 3.87 

LS04 −4.76 −1.77 2.99 

LS05 −5.60 −1.73 3.87 

LS06 −5.76 −1.89 3.87 

LS07 −5.69 −1.84 3.85 

LS08 −4.80 −2.09 2.31 

LS09 −5.68 −1.71 3.97 
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 compound to be soft in nature with least stability and high 

eactivity whereas large value of HOMO-LUMO energy gap hav- 

ng compounds are marked as hard in nature with less reactivity 

nd high stability. Alignment of FMOs (Frontier molecular orbitals) 

f all studied compounds L S01-L S09 were estimated at method 

3LYP combined with basis set 6–31G(d,p)/DFT. Table 3 disclosed 

he computed results of FMOs. 

The Eg values of investigated compounds L S01-L S09 are found 

etween 2.31–3.97 eV. All compounds show similar Eg value with 

maller difference. LS08 exhibited lowest HOMO-LUMO gap with 

 value of 2.31 eV and this might due to absence of any addi-

ional functional group whereas highest Eg is seen in the case of 

S09 (Eg = 3.97 eV) among all compounds. Finally, the DFT based 

omputed energy band gap is examined as: LS08 < LS04 < LS02 

 LS01 < LS07 < LS03 = LS05 = LS06 < LS09. Fig. 5 expressed the

OMO and LUMO charge distribution on molecules in which red 

olor indicates negative charge density and similarly green color 

epresents the presence of positive charge density. 
Fig. 5. Frontier molecular orbital (FMOs) representation of a

8 
.4.2. Global reactivity descriptors 

Information regarding chemical stability, charge transfer and 

hemical reactivity of L S01-L S09 is calculated with the aid of global 

ndices of reactivity (details in supplementary data). HOMO-LUMO 

nergies are played a key for estimation of above mentioned prop- 

rties and the results are in Table 4 . 

Ionization potential and electron affinity values ( Table 3 ) of 

 S01-L S09 indicates that our all compounds have electron donat- 

ng potential as compared to electron accepting aptitude. Gener- 

lly positive electron affinity values are seen in L S01-L S09 stud- 

ed compounds which suggest that these compounds are suitable 

andidates for charge transfer reactions. As we earlier mentioned 

hat these compounds are electron donating molecules in nature 

herefore the electron donor capability ( ω-) of studied L S01-L S09 

s larger as compare to electron accepting capability ( ω+ ) and val- 

es in Table 3 supported our notation. Values of chemical softness 

 Table 4 ) of all studied compounds are very close to each other 

hich suggest that studied compounds are potential candidates for 

iological applications with good softness values. A decreasing or- 

er for electronegativity values is observed in studied compound 

hich is: LS02 > LS06 > LS09 > LS07 > LS03 > LS05 > LS01

 LS08 > LS04. Large value of global hardness is observed in all 

tudied compounds which make the base of the chemically hard 

ature of these compounds. Large global hardness as compared to 

lobal softness of L S01-L S09 compounds indicated that these com- 

ounds are chemically stable with least reactivity. Chemical stabil- 

ty factor is also estimated with the aid of chemical potential μ val- 

es. Chemical potential μ has a direct concern with chemical sta- 

ility and inverse concern with reactivity of specie. A descending 

rder for chemical potential is observed in all studied compounds 

 S01-L S09 as: [L S02 ( μ = −3.768 eV)] > [L S06 ( μ = −3.741 eV)]

 [LS09 ( μ = −3.737 eV)] > [LS07 ( μ = −3.709 eV)] > 
ll studied compounds. Iso-surfaces value is 0.02e/ ̊A3. 
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Table 4 

Global electrophilicity ( ω), electron donor capability ( ω-), electron acceptor capability ( ω+ ), global 

hardness ( η), Ionization potential (I), electronegativity ( χ ), and global softness ( σ ), electron affinity 

(A) and chemical potential ( μ). 

I (eV) A (eV) χ H (eV) μ (eV) ω (eV) ω- ω+ σ (e/V) 

LS01 6.604 0.337 3.471 3.134 −3.471 1.922 4.049 0.578 0.160 

LS02 6.798 0.739 3.768 3.030 −3.768 2.344 4.606 0.838 0.165 

LS03 6.813 0.481 3.647 3.166 −3.647 2.101 4.320 0.673 0.158 

LS04 6.004 0.439 3.221 2.782 −3.221 1.865 3.823 0.602 0.180 

LS05 6.763 0.448 3.606 3.157 −3.606 2.059 4.257 0.651 0.158 

LS06 6.874 0.608 3.741 3.133 −3.741 2.234 4.496 0.755 0.160 

LS07 6.867 0.550 3.709 3.158 −3.709 2.178 4.427 0.718 0.158 

LS08 6.001 0.797 3.399 2.602 −3.399 2.221 4.245 0.846 0.192 

LS09 7.112 0.363 3.737 3.374 −3.737 2.070 4.360 0.623 0.148 
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i

LS03 ( μ = −3.647 eV)] > [LS05 ( μ = −3.606 eV)] > 

LS01 ( μ = −3.471 eV)] > [LS08 ( μ = −3.399 eV)] > [LS04 

 μ = −3.221 eV)]. From above order, it is clearly estimated that 

S04 disclosed least value of chemical potential which mean that 

S04 is least stable and reactive compounds among all studied 

ompounds. This fact shows a good coherence with band gap order 

.e. the molecule with narrow HOMO-LUMO energy gap exhibits 

igh reactivity and very small kinetic stability with good softness 

alue. In short, global indices of reactivity indicates that all stud- 

ed compounds L S01-L S09 are stable in nature with good values of 

oftness. In addition, all studied compounds disclosed electron do- 

ating behavior. Overall, all studied compounds are potential can- 

idates for biological application and for charge transfer reactions. 

.4.3. Natural bond orbital (NBO) analysis 

Non-covalent interaction along with hyper-conjugation in a 

ompound is widely estimated with the aid of natural bonding or- 

ital analysis. Intra-molecular hydrogen bonding originates within 

 compound due to presence of partial negative and partial pos- 

tive charge atoms within is also investigated with the usage of 

BO analysis. Moreover, the shifting of charge density from elec- 

ron filled orbital (Lewis type NBOs orbitals) to electron empty 

rbital (Non-Lewis NBOs orbitals) is also estimated with the aid 

f natural bonding orbital analysis. So, motivated from all these 
Fig. 6. DFT based computed MEP of all studied c

9 
nding we also make an attempt to unveil the characteristic re- 

arding NBO analysis of L S01-L S09 compounds at method B3LYP 

ombined with basis set 6–31 G(d,p)/DFT and computed results of 

hese charge density shifting are enclosed in Table 1 S. Eq. (1) helps 

n calculating the interactions and second order Fock Matrix. 

 

2 = q i 
( F i. j ) 

2 

ε j − ε i 
(1) 

Here E2 stands for energy required for system stabilization, qi 

isclosed the occupancy of donor orbital, Fi,j expresses the ele- 

ents of off diagonal NBO Fock matrix and describes diagonal el- 

ments. The results obtained from NBO analysis is tabulated (sup- 

lementary data Table 1 S). Four different types of transition in a 

ompound is observed by using natural bonding orbital analysis 

hich are: σ→ σ ∗, π→ π ∗, L.P → σ ∗ and L.P → π ∗. Stabilization of 

ompound is highly depends on intra-molecular hydrogen bond- 

ng which facilitates a lot regarding charge transfer. The confirma- 

ion of conjugation in a compound is estimated by π→ π ∗ tran- 

ition. The dominant π→ π ∗ transitions in compounds LS01 is π
C27-C32) → π ∗ (C30-C31), in LS02 is π (C10-C11) → π ∗ (C24- 

25), in LS03 is π (C40-C41) → π ∗ (N38-C29), in LS04 is π (C27- 

28) → π ∗ (C29-C30), in LS05 is π (C27-C32) → π ∗ (C30-C31), 

n LS06 is π (C38-C39) → π ∗ (C37-N42), in LS07 is π (C27- 
ompounds at isosurfaces value is 0.02e/ ̊A3. 
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32) → π ∗ (C30-N31), in LS08 is π (C21-C22) → π ∗ (C10-C25) 

nd in compound LS09 is π (C27-C28) → π ∗ (C27-C28) with sta- 

ilization energy of 28.46, 32.55, 34.94, 31.22, 28.03, 31.55, 28.02, 

9.54 and 26.11 Kcal/mol respectively. Large values of stabilization 

nergy in the case of resonance reveal that great delocalization of 

lectron of oxygen or nitrogen bond to the entire system. These 

ransitions are L.P (nitrogen) → π ∗ (carbon) in all compounds with 

tabilization energy of 46.55, 47.41, 47.12, 47.44, 46.99, 47.73, 47.02, 

7.14 and 46.09 Kcal/mol for compounds L S01-L S09 respectively. 

he intra-molecular hydrogen bonding in all compounds is due to 

he delocalization of lone pair of nitrogen to π ∗ (pi anti-bonding 

rbital). In all compounds hydrogen bonding is present and it is 

ntra-molecular in nature. 

.4.4. Molecular electrostatic potential (MEP) analysis 

Molecular electrostatic potential (MEP) analysis aids in explor- 

ng the density plot on the whole compound. Eq. (2) helps in 

omputing the molecular electrostatic potential in all target com- 

ounds. 

 (r) = 

∑ 

( 
ZA 

RA 

− r) − ∫ (p( r / ) / r / − r) d r / (2) 

In above equation, V(r) is basically the MEP (molecular electro- 

tatic potential) and ZA is used to indicate the presence of charge 

ensity over the nucleus. In addition, RA, p(r’) is used to express 

he main electronic density function and similarly r’ stands for 

he integration variable [39] . The sites for electrophilic and nucle- 

philic attack exhibit different color in MEP. Following increasing 

rder is observed for electrostatic potential magnitude; red < or- 

nge < yellow < green < blue [40] . The red color is the preferable

ite for electrophilic attack and similarly blue color is the favorite 

ite for nucleophilic attack. DFT/B3LYP/6–31 G (d,p) functionality is 

ome into use for MEP analysis and results are portrayed in Fig. 5 .

n molecular electrostatic potential plot, the red color is due to 

xygen atoms and blue color area is due to nitrogen, carbon and 

ydrogen atoms. Green area represents the mean potential area 

the area between two extremes). From Fig. 6 , it is cleared that 

ifferent colors are presents on different atoms which suggest that 

ifferent reactive sites are presents in all studied molecules. 

. Conclusion 

In this study, nine Schiff bases were successfully synthesized, 

hysiochemical and spectral analysis were performed to confirm 

heir structures. The compounds were screened for antiurease ac- 

ivities and among the tested compounds, LS06 exhibited lowest 

C 50 value (0.45 ±0.21 μM). Primary and secondary Lineweaver Burk 

lots were drawn to assess the inhibition mechanism, LS06 showed 

he competitive mode of inhibition while LS01 and LS07 revealed 

ixed type of inhibition. Insights of DFT study of these compounds 

nveil their good stability by using different analysis like natural 

onding analysis, global indices of reactivity and molecular elec- 

rostatic potential analysis. 
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