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SYNTHESIS, CRYSTAL STRUCTURES,  

AND UREASE INHIBITORY ACTIVITY OF SCHIFF  

BASE COPPER AND NICKEL COMPLEXES* 

Y. Wang** 

Urease inhibitors can inhibit the decomposition rate of urea, and decrease the air pollution caused by 

ammonia. In this paper, three new copper(II) and nickel(II) complexes [Cu2L2(μ1,1-N3)2] (1), [Cu(HL)2]Br2 

(2), and [Ni3L2(DMF)2(μ2–η
1:η1-CH3COO)2(μ1,1-N3)2] (3), where L = 5-bromo-2-(((2-isopropylamino) 

ethyl)imino)methyl)phenolate, HL = 5-bromo-2-(((2-isopropylammonio)ethyl)imino)methyl)phenolate are 

synthesized and characterized. The complexes are characterized by elemental analyses, IR, UV-Vis spectra, 

molar conductivity, and single crystal X-ray diffraction. The X-ray analysis indicates that Cu atoms in 

complexes 1 and 2 are in square pyramidal and square planar coordination, respectively. The Ni atoms in 

complex 3 are in octahedral coordination. The molecules of the complexes are linked through hydrogen 

bonds and π⋯π interactions. The inhibitory effects of the complexes on jack bean urease are studied, which 

show that the copper complexes have a strong inhibitory effect on urease. 

DOI: 10.1134/S0022476621110020 

Keywords: Schiff base, copper complex, nickel complex, X-ray diffraction, urease inhibitory activity. 

INTRODUCTION 

Urea is a major nitrogen-containing soil fertilizer, with an annual production projected to reach 226 million tons in 

2021 [1]. Once deposited in soil, urea quickly hydrolyzes by urease to yield NH3 [2]. This reaction causes a number of 

agronomic, environmental and economic problems and affects the global nitrogen cycle [3-5]. In particular, a too rapid 

increase in soil pH upon urea hydrolysis catalyzed by the urease activity causes the loss of urea nitrogen as gaseous ammonia 

which is toxic to plants and contributes to the production of fine inorganic particulate matter [6, 7]. This process causes the 

tropospheric pollution by NO, NO2, and N2O, which is a greenhouse gas with 300 times the heat trapping capacity of CO2 [8]. 

Urease occurs widely in most bacteria, plants, algae, fungi, and invertebrates [9, 10]. The urease enzyme catalyzes the highly 

efficient decomposition of urea into ammonia with a rate 1014 times faster than that of the non-catalyzed reaction [11]. This 

process is harmful for the health of human beings and environment [12]. The use of inhibitors proves to be a good way to 

solve this problem [13-17]. Recent research indicated that metal complexes had interesting activities on urease [18-20]. 

However, the study on this topic is limited, and no definite relationship between structures and properties is given. Schiff  
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bases are a kind of interesting ligands in the formation of metal complexes, which have received particular attention due to 

their facile synthesis, versatile structures, and good biological activities [21-24]. Schiff base complexes of copper and nickel 

are reported to have urease inhibitory activities [25-27]. In pursuit of exploring novel urease inhibitors, three new copper and 

nickel complexes [Cu2L2(μ1,1-N3)2] (1), [Cu(HL)2]Br2 (2), and [Ni3L2(DMF)2(μ2–η
1:η1-CH3COO)2(μ1,1-N3)2] (3), where 

L = 5-bromo-2-(((2-isopropylamino)ethyl)imino)methyl)phenolate, HL = 5-bromo-2-(((2-isopropylammonio)ethyl)imino) 

methyl)phenolate, are presented. 

EXPERIMENTAL 

General methods and materials. 4-Bromosalicylaldehyde and N-isopropylethane-1,2-diamine were purchased 

(Lancaster) and used as received. All other reagents were of analytical grade. The C, H, and N elemental analyses were 

carried out in a 2400 Series-II CHN analyzer. FTIR spectra were obtained on a Jasco FT/IR-4000 spectrometer with samples 

prepared as KBr pellets. Electronic spectra were obtained with a LAMBDA 35 spectrophotometer. Single crystal X-ray 

diffraction was carried out with a Bruker Apex II CCD diffractometer. Molar conductance was measured with a Shanghai 

DDS-11A conductometer. 

Caution! Although our samples never exploded during handling, azide compounds are potentially explosive. Only  

a small amount of an azide compound should be prepared and it should be handled with care. 

Synthesis of complex 1. 4-Bromosalicylaldehyde (0.20 g, 1.0 mmol) and N-isopropylethane-1,2-diamine (0.10 g, 

1.0 mmol) were dissolved and mixed in methanol (30 mL). The mixture was stirred at room temperature for 10 min to give  

a yellow solution. A methanol solution (20 mL) containing copper bromide (0.22 g, 1.0 mmol) and sodium azide (0.065 g, 

1.0 mmol) was added dropwise to the former solution The color immediately changed to blue. The mixture was further stirred 

at room temperature for 30 min and filtered. The filtrate was kept at ambient temperature. Single crystals of the complex, 

suitable for X-ray diffraction, were grown from the filtrate upon slow evaporation within a few days. The crystals were 

isolated by filtration, washed with methanol, and dried in air. Yield: 0.27 g (69%). Anal. calcd for C12H16BrCuN5O (%):  

C 36.98, H 4.14, N 17.97. Found (%): C 37.21, H 4.22, N 17.86. IR data (KBr, cm–1): 3237, 2046, 1638, 1583, 1515, 1468, 

1455, 1425, 1388, 1367, 1333, 1290, 1201, 1188, 1133, 1062, 988, 933, 917, 862, 783, 732, 621, 602, 536, 506, 463, 447. 

UV-Vis data in methanol (λmax (nm), ε (L ⋅mol–1 ⋅cm–1)): 230, 17230; 248, 16010; 272, 14633; 362, 7025. 

Synthesis of complex 2. 4-Bromosalicylaldehyde (0.20 g, 1.0 mmol) and N-isopropylethane-1,2-diamine (0.10 g, 

1.0 mmol) were dissolved and mixed in methanol (30 mL). The mixture was stirred at room temperature for 10 min to give  

a yellow solution. The solution was added dropwise with a methanol solution (20 mL) containing copper bromide (0.22 g, 

1.0 mmol). The color immediately changed to blue. The mixture was further stirred at room temperature for 30 min and 

filtered. The filtrate was kept at ambient temperature. Single crystals of the complex, suitable for X-ray diffraction, were 

grown from the filtrate upon slow evaporation within a few days. The crystals were isolated by filtration, washed with 

methanol, and dried in air. Yield: 0.16 g (52%). Anal. calcd for C24H34Br4CuN4O2 (%): C 36.32, H 4.32, N 7.06. Found (%): 

C 36.45, H 4.37, N 6.95. IR data (KBr, cm–1): 3215, 1625, 1583, 1519, 1467, 1425, 1410, 1393, 1333, 1299, 1278, 1254, 

1201, 1156, 1130, 1071, 1037, 999, 930, 915, 885, 854, 781, 740, 675, 621, 602, 542, 455, 412. UV-Vis data in methanol 

(λmax (nm), ε (L ⋅mol–1 ⋅cm–1)): 225, 18350; 250, 15670; 270, 13245; 364, 4710. 

Synthesis of complex 3. 4-Bromosalicylaldehyde (0.20 g, 1.0 mmol) and N-isopropylethane-1,2-diamine (0.10 g, 

1.0 mmol) were dissolved and mixed in methanol (30 mL). The mixture was stirred at room temperature for 10 min to give  

a yellow solution. The solution was added dropwise with a methanol solution (20 mL) containing nickel acetate tetrahydrate 

(0.25 g, 1.0 mmol). The color immediately changed to green. Then a few drops of DMF were added, and the mixture was 

further stirred at room temperature for 30 min and filtered. The filtrate was kept at ambient temperature. Single crystals of the 

complex, suitable for X-ray diffraction, were grown from the filtrate upon slow evaporation within a few days. The crystals 

were isolated by filtration, washed with methanol, and dried in air. Yield: 0.15 g (41%). Anal. calcd for C34H52Br2N12Ni3O8 

(%): C 37.37, H 4.80, N 15.38. Found (%): C 37.23, H 4.87, N 15.26. IR data (KBr, cm–1): 3271, 2068, 1656, 1585, 1572, 
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1525, 1427, 1395, 1342, 1290, 1254, 1205, 1190, 1133, 1105, 1073, 996, 979, 968, 925, 911, 864, 804, 785, 730, 672, 615, 

600, 575, 467, 431. UV-Vis data in methanol (λmax (nm), ε (L ⋅mol–1 ⋅cm–1)): 228, 16380; 246, 16870; 307, 5127; 358, 2623; 

408, 1712. 

X-ray structure determination. Single crystal X-ray diffraction data for the complexes were collected on a Bruker 

Apex II CCD diffractometer at 298(2) K with MoKα radiation (λ = 0.71073 Å) by the ω scan mode. The SAINT program was 

used for the integration of the diffraction profiles [28]. The structures were solved by direct methods using the SHELXS 

program of the SHELXTL package and refined by full-matrix least-squares methods with SHELXL (semi-empirical 

absorption corrections were applied using the SADABS program) [29, 30]. The positions of the non-hydrogen atoms were 

located in difference Fourier maps and least-squares refinement cycles, and finally refined anisotropically. All hydrogen 

atoms of the complexes were placed theoretically onto the specific atoms and refined isotropically as riding atoms. 

Crystallographic data and experimental details for structural analyses are summarized in Table 1. Selected bond lengths and 

angles for the complex are listed in Table 2. 

Measurement of the urease inhibitory activity. The assay mixture, containing 25 μL (10U) of jack bean urease 

which was replaced by 25 μL of a cell suspension (4.0×107 CFU/mL) for the urease assay of intact cells and 25 μL of the test 

compound, was pre-incubated for 1.5 h at room temperature in a 96-well assay plate. The urease activity was determined by 

measuring the ammonia production using the indophenol method as described by Weatherburn [31]. 

 

TABLE 1. Crystallographic Data and Refinement Details for the Complexes 

Parameter 1 2 3 

Formula C12H16BrCuN5O C24H34Br4CuN4O2 C34H52Br2N12Ni3O8 

Formula weight 389.75 793.73 1092.83 

Crystal color,  shape Blue,  block Blue,  block Green,  block 

Crystal system Monoclinic Monoclinic Triclinic 

Space group P21/n C2/c 1P

a, b, c, Å 9.6582(12),  14.9942(12), 
10.7013(11) 

22.6497(13),  21.8313(10),
15.2635(12) 

9.8456(13),  11.4288(11), 
11.4800(13) 

α, β, γ, deg 90,  109.207(1),  90 90,  129.232(1),  90 109.496(2),  98.384(2), 
95.295(2) 

V, Å3 1463.5(3) 5846.1(6) 1190.9(2) 

Z 4 8 1 

Dcalcd, g/cm3 1.769 1.804 1.524 

Μ, MoKα, mm–1 4.225 6.243 2.908 

θ range collection, deg 2.43–25.50 1.49–25.50 1.91–25.50 

Min. / max. transmission 0.5007 / 0.5168 0.2937 / 0.3277 0.5671 / 0.6377 

Reflections collected 7632 15472 6213 

Unique 2723 5437 4372 

Observed reflections  
      (I ≥ 2σ(I)) 

2230 3544 3007 

Data/restraints/parameters 2723/0/183 5437/0/323 4372/0/273 

Goodness of fit on F2 1.025 1.084 1.028 

R1, wR2 (I ≥ 2σ(I)) / (all  
      data)a 

0.0364, 0.0893 /  
0.0485, 0.0951 

0.0495, 0.1309 /  
0.0913, 0.1499 

0.0641, 0.1690 /  
0.0957, 0.1953 

 

 

 

a R1 = F0 – Fc/F0, 
2 2 2 2 2 1/2

2 0 c 0
{ ( ) / ( ) } .wR w F F w F= −∑ ∑  
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TABLE 2. Selected Bond Distances (Å) and Angles (deg) of  the Complexes 

1 

Cu1–O1 1.918(3) Cu1–N1 1.942(3) 

Cu1–N2 2.071(3) Cu1–N3 1.985(3) 

Cu1–N3A 2.459(3)   

O1–Cu1–N1 93.08(12) O1–Cu1–N3 89.63(12) 

N1–Cu1–N3 173.79(14) O1–Cu1–N2 176.10(12) 

N1–Cu1–N2 84.35(13) N3–Cu1–N2 92.64(12) 

O1–Cu1–N3#1 95.04(11) N1–Cu1–N3#1 97.19(13) 

N3–Cu1–N3#1 88.13(12) N2–Cu1–N3#1 88.21(12) 
 

 

 

Symmetry code:  #1 1–x, 1–y, 1–z.  

2 

Cu1–O1 1.927(5) Cu1–N1 2.020(6) 

O1–Cu1–O1#1 180 O1–Cu1–N1 91.3(2) 

O1–Cu1–N1#1 88.7(2) N1–Cu1–N1#1 180 

Cu2–O2 1.912(5) Cu2–N3 2.021(6) 

O2–Cu2–O2#2 180 O2–Cu2–N3#2 89.0(2) 

O2–Cu2–N3 91.0(2) N3–Cu2–N3#2 180 
 

 

 

Symmetry codes:  #11–x, 1–y, 1–z;  #2 3/2–x, 3/–y, 1–z.  

3 

Ni1–N1 2.031(5) Ni1–O1 2.033(4) 

Ni1–O2 2.067(4) Ni1–N3 2.107(5) 

Ni1–O4 2.124(5) Ni1–N2 2.152(5) 

Ni2–O3 2.061(4) Ni2–O1 2.067(4) 

Ni2–N3 2.120(5)   

N1–Ni1–O1 88.00(17) N1–Ni1–O2 92.84(18) 

O1–Ni1–O2 93.60(16) N1–Ni1–N3 170.07(19) 

O1–Ni1–N3 82.28(17) O2–Ni1–N3 89.83(18) 

N1–Ni1–O4 86.73(19) O1–Ni1–O4 92.23(18) 

O2–Ni1–O4 174.14(17) N3–Ni1–O4 91.59(19) 

N1–Ni1–N2 82.39(19) O1–Ni1–N2 169.90(17) 

O2–Ni1–N2 83.80(18) N3–Ni1–N2 107.42(19) 

O4–Ni1–N2 90.35(19) O3–Ni2–O3#1 180 

O3–Ni2–O1#1 90.77(16) O3–Ni2–O1 89.23(16) 

O3–Ni2–O1#1 90.77(16) O1–Ni2–O1#1 180 

O3–Ni2–N3#1 89.38(18) O1–Ni2–N3#1 98.85(17) 

O3–Ni2–N3 90.62(18) O1–Ni2–N3 81.15(17) 

N3–Ni2–N3#1 180   
 

 

 

Symmetry code:  #1 1–x, 1–y, 1–z.  
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