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Abstract 

Three mononuclear copper(II) and nickel(II) complexes, [Cu(L1)(NCS)(CH3OH)] (1), [Cu(L2)(NCS)] (2) and [Cu(L2)(N3)] (3), where L1 and L2 are the monoanionic forms of the Schiff bases N'-(pyridin-2-ylmethylene)picolinohydrazide (HL1) and 4-methyl-2-(((pyridin-2-ylmethyl)imino)methyl)phenol (HL2), have been prepared and characterized by elemental analysis, IR and UV-Vis spectra, as well as single crystal X-ray diffraction. The Cu atom in complex 1 is in a square pyramidal coordination, with the three N atoms of the ligand L and the N atom of the thiocyanate ligand in the basal plane, and with the methanol O atom at the apical position. The Cu and Ni atoms in complexes 2 and 3 are in square planar coordination, with the three donor atoms of the Schiff base ligands and the terminal N atoms of thiocyanate and azide ligands. Complexes 1 and 2 inhibit the Jack bean urease with IC50 value of 0.33 ± 0.12 and 0.39 ± 0.10 μmol·L-1, respectively. Molecular docking study was performed to investigate the interaction between the complexes and the enzyme. 
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1. Introduction

Urease is a nickel-containing enzyme, which widely be found in bacteria, fungi, algae, plants, and even in soil. The enzyme catalyzes the hydrolysis of urea to produce NH3 with the rate 1014 times faster than that without urease. This process leads to a significant increase in pH of soil, and damage the plants.1 In human being and animals, urease plays a vital role in peptic ulceration, urinary catheter incrustation, kidney stone, pyelonephritis, urolithiasis, hepatic encephalopathy and arthritis.2 Thus, to control the side effects of the urease is a hot topic in science. Urease inhibitors have been proved to be the best way to control the activity of urease. There are a variety of urease inhibitors have been reported, including inorganic metal salts,3 hydroxamic acid derivatives, triazoles, semicarbazones, Schiff bases, urea derivatives, oxadiazole, etc.4 However, most of them were prevented from application because of their low inhibition efficiency.5 Inorganic urease inhibitors such as the nitrate and chloride salts of copper, have effective activities. However, they are harmful to both soil and living organisms.6 Recent reports indicated that some Schiff base copper(II) complexes have good urease inhibitory activities.7 Khan and co-workers reported that some hydrazones have potential urease inhibitory activity. The diacyl hydrazide group (–NH–N=CH–) in the compounds serves as stabilizing agent in the active site and prevent the binding of substrate. In addition to stabilize the inhibitors, the -NH group of diacyl hydrazide was involved making strong hydrogen bonds with amino acid Arg439 and Ala636 of the urease.8 Considering that copper and nickel complexes with Schiff bases have a wide range of biological applications,9 in the present work, three mononuclear copper(II) and nickel(II) complexes, [Cu(L1)(NCS)(CH3OH)] (1), [Cu(L2)(NCS)] (2) and [Cu(L2)(N3)] (3), where L1 and L2 are the monoanionic forms of the Schiff bases N'-(pyridin-2-ylmethylene)picolinohydrazide (HL1, Scheme 1) and 4-methyl-2-(((pyridin-2-ylmethyl)imino)methyl)phenol (HL2, Scheme 1) are presented. 
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Scheme 1. The Schiff base ligands. 
2. Experimental

2.1. Materials and Measurements

2-Pyridinecarboxaldehyde, 2-picolinyl hydrazide, 5-methylsalicylaldehyde, 2-aminomethylpyridine, copper acetate, copper nitrate, nickel nitrate, ammonium thiocyanate, sodium azide and solvents with AR grade were purchased from Xiya Chemicals Co. Ltd. (China). Elemental analyses for C, H and N were performed on a Perkin-Elmer 240C elemental analyzer. IR spectra were recorded on a Jasco FT/IR-4000 spectrometer as KBr pellets in the 4000–400 cm–1 region. 1H NMR and 13C NMR were recorded on a Bruker 300 MHz instrument. Single crystal X-ray diffraction was carried out on a Bruker SMART 1000 CCD diffractometer. 

2.2. Synthesis of N'-(Pyridin-2-ylmethylene)picolinohydrazide (HL1)
2-Pyridinecarboxaldehyde (1.1 g, 0.010 mol) and 2-picolinyl hydrazide (1.4 g, 0.010 mol) were mixed in methanol (50 mL). The mixture was stirred at ambient temperature for 30 min to give colorless solution. Then the solvent was evaporated to give gummy product, which was re-crystallized from ethanol to give yellow crystalline product of HL1. Yield: 1.8 g (80%). Anal. Calc. for C12H10N4O (%): C, 63.71; H, 4.46; N, 24.76. Found (%): C, 63.53; H, 4.60; N, 24.63. IR data (cm–1): 3290w (NH), 1698s (C=O), 1647m (C=N). 1H NMR (300 MHz, CDCl3): δ 11.18 (s, 1H, NH), 8.89 (d, 1H, PyH), 8.72 (d, 1H, PyH), 8.35 (d, 1H, PyH), 7.90 (t, 1H, PyH), 7.88 (d, 1H, PyH), 7.81 (m, 2H, PyH), 7.62 (m, 1H, PyH), 7.28 (s, 1H, CH=N). 13C NMR (75 MHz, CDCl3): δ 159.79, 152.14, 151.80, 149.56, 148.31, 147.70, 137.14, 136.56, 126.46, 125.98, 122.54, 121.02.
2.3. Synthesis of 4-Methyl-2-(((pyridin-2-ylmethyl)imino)methyl)phenol (HL2)

2-Pyridinecarboxaldehyde (1.1 g, 0.010 mol) and 2-aminomethylpyridine (1.1 g, 0.010 mol) were mixed in methanol (50 mL). The mixture was stirred at ambient temperature for 30 min to give colorless solution. Then the solvent was evaporated to give gummy product, which was re-crystallized from ethanol to give yellow crystalline product of HL2. Yield: 1.9 g (84%). Anal. Calc. for C14H14N2O (%): C, 74.31; H, 6.24; N, 12.38. Found (%): C, 74.45; H, 6.32; N, 12.23. IR data (cm–1): 3378w (OH), 1638m (C=N). 1H NMR (300 MHz, CDCl3): δ 10.32 (s, 1H, OH), 8.72 (s, 1H, CH=N), 8.43 (d, 1H, PyH), 7.71 (t, 1H, PyH), 7.52 (s, 1H, PyH), 7.27 (t, 1H, PyH), 7.15-7.10 (m, 2H, PyH), 6.83 (d, 1H, PyH), 5.21 (s, 2H, CH2), 2.32 (s, 3H, CH2). 13C NMR (75 MHz, CDCl3): δ 161.23, 159.31, 158.27, 148.46, 137.87, 133.53, 132.02, 130.55, 123.72, 121.55, 120.63, 115.91, 64.83, 21.72. 
2.4. Synthesis of Methanol-isothiocyanato-(N'-(pyridin-2-ylmethylene)picolinohydrazido)copper(II) (1)
HL1 (0.023 g, 0.10 mmol), copper nitrate trihydrate (0.024 g, 0.10 mmol) and ammonium thiocyanate (0.0076 g, 0.10 mmol) were mixed in methanol (30 mL). The mixture was stirred at ambient temperature for 30 min to give blue solution. The solvent was slowly evaporated to give single crystals. Yield: 0.013 g (34%). Anal. Calc. for C14H13CuN5O2S (%): C, 44.38; H, 3.46; N, 18.48. Found (%): C, 44.53; H, 3.55; N, 18.37. IR data (cm–1): 3438w (OH), 2081s (NCS), 1645s (C=O), 1598s (C=N), 1560s, 1475w, 1386m, 1332w, 1289w, 1251w, 1167m, 1082m, 1040m, 760w, 688w, 579w, 511w, 472w. 
2.5. Synthesis of Isothiocyanato-(4-methyl-2-(((pyridin-2-ylmethyl)imino)methyl)phenolato)copper(II) (2)
Complex 2 was prepared by the same method as described for complex 1, but with HL1 replaced by HL2 (0.023 g, 0.10 mmol). Yield: 0.016 g (46%). Anal. Calc. for C15H13CuN3OS (%): C, 51.94; H, 3.78; N, 12.11. Found (%): C, 51.77; H, 3.86; N, 11.98. IR data (cm–1): 2078s (NCS), 1629s (C=N), 1528w, 1461m, 1417w, 1385m, 1318w, 1276w, 1215m, 1160m, 1121w, 1071w, 1052m, 842m, 802w, 761m, 709w, 608w, 561w, 525w, 475w.
2.6. Synthesis of Azido-(4-methyl-2-(((pyridin-2-ylmethyl)imino)methyl)phenolato)nickel(II) (3)
Complex 3 was prepared by the same method as described for complex 2, but with ammonium thiocyanate replaced by sodium azide (0.0065 g, 0.10 mmol), and with copper nitrate trihydrate replaced with nickel nitrate hexahydrate (0.029 g, 0.10 mmol). Yield: 0.019 g (58%). Anal. Calc. for C14H13N5NiO (%): C, 51.58; H, 4.02; N, 21.48. Found (%): C, 51.39; H, 3.92; N, 21.37. IR data (cm–1): 2041s (N3), 1627s (C=N), 1530w, 1471m, 1449w, 1387m, 1318w, 1279w, 1222m, 1168m, 1140w, 1118w, 1074m, 1054m, 983w, 822m, 763m, 709w, 610w, 560w, 533w, 464w. 
2.7. X-ray Diffraction

Diffraction intensities for the complexes were collected at 298(2) K using a Bruker SMART 1000 CCD area-detector diffractometer with MoKα radiation (λ = 0.71073 Å). The collected data were reduced with the SAINT,10 and multi-scan absorption correction was performed using the SADABS.11 The structures were solved by direct method and refined against F2 by full-matrix least-squares method using the SHELXL package.12 All of the non-hydrogen atoms were refined anisotropically. Hydrogen atoms were placed in calculated positions and constrained to ride on their parent atoms. The crystallographic data for the complex are summarized in Table 1. Selected bond lengths and angles are given in Table 2. 
Table 1. Crystal data for the complexes
	
	1
	2
	3

	Chemical Formula
	C14H13CuN5O2S
	C15H13CuN3OS
	C14H13N5NiO

	Fw
	378.89
	346.88
	326.00

	Crystal shape/colour
	Block/blue
	Block/blue
	Block/red

	Crystal size (mm)
	0.30 × 0.27 × 0.27
	0.18 × 0.17 × 0.15
	0.15 × 0.13 × 0.13

	T (K)
	298(2)
	298(2)
	298(2)

	λ (Mo Kα) (Å)
	0.71073
	0.71073
	0.71073

	Crystal system
	Triclinic
	Monoclinic
	Triclinic

	Space group
	P-1
	P21/n
	P-1

	a (Å)
	7.0645(10)
	6.9831(12)
	7.3030(11)

	b (Å)
	10.6425(14)
	15.342(1)
	9.0155(10)

	c (Å)
	11.4005(16)
	13.333(1)
	10.5740(12)

	( (º)
	69.749(2)
	90
	88.622(1)

	( (º)
	75.837(2)
	91.873(1)
	77.044(1)

	( (º)
	85.187(2)
	90
	85.605(1)

	V (Å3)
	779.71(19)
	1427.7(3)
	676.5(2)

	Z
	2
	4
	2

	( (Mo Kα) (cm-1)
	1.550
	1.677
	1.601

	T (min)
	0.6534
	0.7523
	0.8130

	T (max)
	0.6796
	0.7871
	0.8349

	Dc (g cm-3)
	1.614
	1.614
	1.601

	Reflections
	4179
	8002
	3662

	Unique reflections
	2885
	2639
	2307

	Observed reflections [I ( 2((I)]
	2354
	1418
	1939

	Parameters
	212
	191
	191

	Restraints
	3
	0
	0

	Goodness of fit on F2
	1.030
	0.984
	1.054

	Rint
	0.0166
	0.1392
	0.0195

	R1 [I ( 2((I)]
	0.0474
	0.0767
	0.0347

	wR2 [I ( 2((I)]
	0.1106
	0.1278
	0.0765

	R1 (all data)
	0.0625
	0.1538
	0.0461

	wR2 (all data)
	0.1194
	0.1490
	0.0820

	∆ρmax/∆ρmin, e Å–3
	1.074/–0.320
	0.437/–0.380
	0.393/–0.288


Table 2. Selected bond lengths (Å) and angles (º) for the complexes
	1
	
	
	

	Cu1–N1
	2.033(3)
	Cu1–N3
	1.938(3)

	Cu1–N4
	2.033(3)
	Cu1–N5
	1.964(4)

	Cu1–O2
	2.365(3)
	
	

	N3–Cu1–N5
	174.99(16)
	N3–Cu1–N1
	90.05(14)

	N5–Cu1–N1
	94.32(15)
	N3–Cu1–N4
	82.31(14)

	N5–Cu1–N4
	93.00(15)
	N1–Cu1–N4
	168.66(13)

	N3–Cu1–O2
	92.76(12)
	N5–Cu1–O2
	89.22(14)

	N1–Cu1–O2
	96.05(11)
	N4–Cu1–O2
	92.69(12)

	2
	
	
	

	Cu1–O1
	1.895(4)
	Cu1–N1
	2.004(5)

	Cu1–N2
	1.921(5)
	Cu1–N3
	1.936(6)

	O1–Cu1–N2
	93.73(19)
	O1–Cu1–N3
	89.7(2)

	N2–Cu1–N3
	176.4(2)
	O1–Cu1–N1
	176.10(19)

	N2–Cu1–N1
	82.4(2)
	N3–Cu1–N1
	94.2(2)

	3
	
	
	

	Ni1–O1
	1.831(2)
	Ni1–N1
	1.842(2)

	Ni1–N2
	1.908(2)
	Ni1–N3
	1.909(3)

	O1–Ni1–N1
	94.84(10)
	O1–Ni1–N2
	178.74(9)

	N1–Ni1–N2
	84.92(10)
	O1–Ni1–N3
	88.10(11)

	N1–Ni1–N3
	176.74(11)
	N2–Ni1–N3
	92.18(12)


2.8. Urease Inhibitory Activity Assay

The measurement of urease inhibitory activity was carried out according to the literature method.13 The assay mixture containing 75 μL of Jack bean urease and 75 μL of tested compounds with various concentrations (dissolved in DMSO) was preincubated for 15 min on a 96-well assay plate. Acetohydroxamic acid was used as a reference. Then 75 μL of phosphate buffer at pH 6.8 containing phenol red (0.18 mmol L-1) and urea (400 mmol L-1) were added and incubated at room temperature. The reaction time required for enough ammonium carbonate to form to raise the pH of the phosphate buffer from 6.8 to 7.7 was measured by a micro-plate reader (560 nm) with the end-point being determined by the color change of phenol-red indicator. 
2.6. Molecular Docking Study

Molecular docking study of the molecules of complexes 1 and 2 into the 3D X-ray structure of the Jack bean urease was carried out by using the AutoDock 4.0 software as implemented through the graphical user interface AutoDockTools (ADT 1.5.2). In the docking, grid box size of 40 × 50 × 58 for the complex points in x, y, and z directions was built, the maps were centered on the original ligand molecule in the catalytic site of the protein. A grid spacing of 0.375 Å and a distances-dependent function of the dielectric constant were used for the calculation of the energetic map. 100 runs were generated by using Lamarckian genetic algorithm searches. Default settings were used with an initial population of 50 randomly placed individuals, a maximum number of 2.5 × 106 energy evaluations, and a maximum number of 2.7 × 104 generations. A mutation rate of 0.02 and a crossover rate of 0.8 were chosen. The results of the most favorable free energy of binding were selected as the resultant complex structures.

3. Results and discussion

3.1. Chemistry
The Schiff bases HL1 and HL2 were readily prepared by the condensation reaction of equimolar quantities of 2-pyridinecarboxaldehyde with 2-picolinyl hydrazide, and 5-methylsalicylaldehyde with 2-aminomethylpyridine, respectively, in methanol. The copper complexes 1 and 2 were prepared by the reaction of equimolar quantities of the Schiff bases, copper nitrate and ammonium thiocyanate in methanol. When copper nitrate was replaced by copper acetate, the same structures can be obtained. The nickel complex 3 was prepared by the reaction of equimolar quantities of the Schiff base, nickel nitrate and sodium azide in methanol. The complexes are soluble in methanol, ethanol, acetonitrile, DMSO and DMF. Single crystals were obtained by slow evaporation of the methanolic solution of the complexes. The free Schiff bases and the complexes are stable in air at room temperature. 
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Scheme 3. The synthetic procedure for the complexes. 
3.2. Structure Description of Complex 1
The molecular structure of the complex is shown in Fig. 1. The Cu atom is five-coordinated in a square pyramidal geometry, with the three nitrogen atoms (N1, N3, N4) of the Schiff base ligand L and the thiocyanate nitrogen atom (N5) defining the basal plane, and with the methanol oxygen atom (O2) occupying the apical position. The distortion of the square pyramidal coordination can be observed by the bond angles around the Cu center. The cis and trans angles in the basal plane are 82.31(14)-94.32(15)º and 168.66(13)-174.99(16)º, respectively. The bond angles among the apical and basal donor atoms are 89.22(14)-96.05(11)º. The Cu-N bond lengths related to the Schiff base ligand are 1.938(3)-2.033(3) Å, and the Cu-N bond length related to the thiocyanate ligand is 1.964(4) Å, which are comparable to the copper(II) complexes with similar ligands.14 The apical bond length of Cu1-O2 is longer than the basal bonds, which is not uncommon for methanol coordinated complexes.15 
In the crystal structure of the complex, two adjacent molecules are linked through intermolecular O‒H···N and O‒H···O hydrogen bonds (Table 3), to form a dimer. The dimers are linked through intermolecular C‒H···O hydrogen bonds (Table 3), to form ladder like chains along the b axis (Fig. 2). Moreover, there are π···π interactions among the molecules (Table 4).
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Fig. 1. A perspective view of the molecular structure of complex 1 with the atom labeling scheme. Thermal ellipsoids are drawn at the 30% probability level. 
[image: image7.png]



Fig. 2. Molecular packing diagram of complex 1, viewed along the c axis. Hydrogen bonds are shown as dashed lines. 
3.3. Structure Description of Complexes 2 and 3
The molecular structures of complexes 2 and 3 are shown in Figs. 3 and 4, respectively. The Cu and Ni atoms are coordinated by the phenolate O, imino N and pyridine N atoms of the Schiff base ligands, and the N atoms of thiocyanate (for 2) and azide (for 3) ligands. The distortion of the square planar coordination can be observed by the bond angles around the metal centers. The cis and trans angles are 82.4(2)-94.2(2)º and 176.1(2)-176.4(2)º for 2, and 84.9(1)-94.8(1)º and 176.7(1)-178.7(1)º for 3, respectively. The Cu-O and Cu-N bond lengths in complex 2 are longer than the Ni-O and Ni-N bond lengths in complex 3. All the bond values are comparable to the copper(II) and nickel(II) complexes with Schiff base ligands.14,16 

In the crystal structure of complex 2, the molecules are stacked with π···π interactions (Table 4, Fig. 5). In the crystal structure of complex 3, two adjacent molecules are linked through intermolecular C‒H···N hydrogen bonds (Table 3), to form a dimer (Fig. 6). Moreover, there are π···π interactions among the molecules (Table 4). 
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Fig. 3. A perspective view of the molecular structure of complex 2 with the atom labeling scheme. Thermal ellipsoids are drawn at the 30% probability level. 
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Fig. 4. A perspective view of the molecular structure of complex 3 with the atom labeling scheme. Thermal ellipsoids are drawn at the 30% probability level. 
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Fig. 5. Molecular packing diagram of complex 2, viewed along the c axis. 
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Fig. 6. Molecular packing diagram of complex 3, viewed along the b axis. Hydrogen bonds are shown as dashed lines. 
Table 3. Hydrogen bond distances (Å) and bond angles (°) for complexes 1 and 3
	D–H∙∙∙A
	d(D–H)
	d(H∙∙∙A)
	d(D∙∙∙A)
	Angle (D–H∙∙∙A)

	1
	
	
	
	

	O2–H2∙∙∙N2i
	0.86(1)
	2.40(3)
	3.038(5)
	132(3)

	O2–H2∙∙∙O1i
	0.86(1)
	2.09(2)
	2.852(5)
	148(3)

	C2–H2A∙∙∙O1
	0.93
	2.48(2)
	3.399(5)
	170(3)

	3
	
	
	
	

	C2–H2∙∙∙N5ii
	0.93
	2.62(3)
	3.510(5)
	161(4)


Symmetry codes: (i) 1 – x, 1 – y, 1 – z; (ii) 1 – x, 1 – y, – z. 

Table 4. π···π interactions of the complexes
	Cg···Cg
	distance (Å)
	Cg···Cg
	distance (Å)

	1
	
	
	

	Cg1···Cg1iii
	3.448(5)
	Cg1···Cg2iii
	3.818(5)

	Cg1···Cg2i
	4.445(5)
	Cg1···Cg3iii
	4.645(5)

	Cg2···Cg2i
	4.938(5)
	Cg2···Cg3iii
	3.636(5)

	Cg4···Cg4i
	3.935(5)
	Cg4···Cg3iii
	4.651(5)

	2
	
	
	

	Cg5···Cg6i
	3.794(4)
	Cg1···Cg2iv
	4.967(4)

	Cg5···Cg8i
	3.507(4)
	Cg1···Cg4iv
	3.569(4)

	Cg6···Cg6i
	3.389(4)
	Cg2···Cg2iv
	3.612(4)

	Cg6···Cg8i
	4.610(4)
	Cg2···Cg4iv
	3.601(4)

	Cg7···Cg8i
	3.721(4)
	Cg3···Cg4iv
	4.823(4)

	3
	
	
	

	Cg9···Cg9i
	3.982(4)
	Cg1···Cg2iii
	4.006(4)

	Cg9···Cg10i
	3.558(4)
	Cg1···Cg4iii
	3.563(4)

	Cg9···Cg12i
	4.776(4)
	Cg2···Cg2iii
	3.479(4)

	Cg10···Cg10i
	4.624(4)
	Cg2···Cg3i
	3.781(4)

	Cg10···Cg12iii
	4.530(4)
	Cg3···Cg4iii
	3.799(4)

	Cg11···Cg12i
	3.638(4)
	
	


Symmetry codes: iii: – x, 1 – y, 1 – z; iv: 2 – x, 1 – y, 1 – z. Cg1, Cg2, Cg3 and Cg4 are the centroids of Cu1-N3-C7-C8-N4, Cu1-N1-C5-C6-N2-N3, N4-C8-C9-C10-C11-C12 and N1-C1-C2-C3-C4-C5 in complex 1, respectively. Cg5, Cg6, Cg7 and Cg8 are the centroids of Cu1-N1-C5-C6-N2, Cu1-O1-C9-C8-C7-N2, N1-C1-C2-C3-C4-C5 and C8-C9-C10-C11-C12-C13 in complex 2, respectively. Cg9, Cg10, Cg11 and Cg12 are the centroids of Ni1-N1-C6-C5-N2, Ni1-O1-C9-C8-C7-N1, N2-C1-C2-C3-C4-C5 and C8-C9-C10-C11-C12-C13 in complex 3, respectively. 
3.4. IR Spectra

The infrared spectra of the free Schiff bases and the complexes were recorded in the region of 4000–400 cm-1 using KBr pellets. There is a weak and sharp band at 3290 cm-1 in the spectrum of HL1, which is assigned to the NH vibration. The broad and weak bands at 3378-3438 cm-1 of HL2 and complex 1 can be assigned to the OH vibrations. The bands at 1647 cm-1 for HL1 and 1645 cm-1 for complex 1 are due to the azomethine group, μ(C=N).17 They are almost in the same frequency, indicates that the imine N atom is not participate in coordination. The intense band for the C=O group is observed at 1698 cm-1 for HL1. The absence of the band in the spectrum of complex 1 indicates that the C=O group turned to other form. The bands at 1638 cm-1 for HL2 and 1627-1629 cm-1 for complexes 2 and 3 are due to the azomethine group.17 The shift to lower frequencies in the spectra of the complexes indicates that the imine N atoms form coordination bonds with the metal atoms. The typical absorption for the thiocyanate ligands in complexes 1 and 2 is observed at 2078-2081 cm-1.18 The typical absorption for the azide ligand in complex 3 is observed at 2041 cm-1.19 
3.5. Urease Inhibitory Activity
Complexes 1 and 2 have excellent inhibitory activity on the Jack bean urease, with IC50 values of 0.33 ± 0.27 and 0.39 ± 0.10 μmol·L-1, respectively, whereas the free Schiff bases HL1 and HL2, and the nickel complex 3 have weak activity (> 50 μmol·L-1). The two copper complexes have better activity than the reference drug acetohydroxamic acid (IC50 = 28.5 ± 2.7 μmol∙L–1) and the copper nitrate (IC50 = 8.6 ± 1.5 μmol∙L–1). The two copper complexes have better activity against urease than the copper(II) complex with the Schiff base ligand N,N’-bis(4-fluorosalicylidene)-1,2-diaminopropane (IC50 = 2.1-3.4 μmol∙L–1),20 and the copper(II) complex with the reduced Schiff base ligand 2,2’-((propane-1,3-diylbis(azanediyl))bis(methylene)diphenol (IC50 = 1.6 μmol∙L–1).21 
3.6. Molecular Docking Study on Complexes 1 and 2
Molecular docking study was performed to study the binding effects between the molecules of complexes 1 and 2 with the Jack bean urease. The binding models of the complexes with the urease are depicted in Figs. 7 and 8. The results indicates that the complex molecules fit well with the active site of the urease. The interactions of the complex molecules with the urease have been established in a variety of conformations because of the flexibility of the molecules and the amino acid residues of the urease. The binding energy is –5.78 kcal/mol for 1 and –5.78 kcal/mol for 2. It is lower than the binding energy of the AHA inhibited model (–5.01 kcal/mol). The negative values reveal that the complex molecules combine well with the center of the urease. 
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Fig. 7. Binding mode of the molecule of complex 1 with Jack bean urease. Left: The enzyme is shown as surface, and the complex is shown as sticks. Right: The enzyme is shown as ribbons, and the complex is shown as a filling model. 
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Fig. 8. Binding mode of the molecule of complex 2 with Jack bean urease. Left: The enzyme is shown as surface, and the complex is shown as sticks. Right: The enzyme is shown as ribbons, and the complex is shown as a filling model. 

4. Conclusion
In summary, the present paper reports the synthesis, crystal structures and urease inhibition of three mononuclear copper(II) and nickel(II) complexes with the tridentate Schiff base ligands N'-(pyridin-2-ylmethylene)picolinohydrazide and 4-methyl-2-(((pyridin-2-ylmethyl)imino)methyl)phenol. The two copper complexes have effective inhibitory activity on Jack bean urease. 
Appendix A. Supplementary material

CCDC – 2160252 (1), 2163190 (2) and 2163191 (3) contain the supplementary crystallographic data for this article. These data can be obtained free of charge at http://www.ccdc.cam.ac.uk/const/retrieving.html or from the Cambridge Crystallographic Data Centre (CCDC), 12 Union Road, Cambridge CB2 1EZ, UK; Fax: +44(0)1223-336033 or E-mail: deposit@ccdc.cam.ac.uk. 
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