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Abstract: A Cu(II) complex, [CuL2(Phen)] (1) (HL = 2-

benzoylbenzoic acid, Phen = 1,10-phenanthroline), has been synthesized 

and structurally characterized by elemental analysis and single-crystal X-ray 

diffraction. Structural analysis indicated that the Cu(II) complex (1) belongs 

to the monoclinic system with P21/c space group, and a = 18.955(4) Å, b = 

8.3618(17) Å, c = 27.890(8) Å, β = 131.635(18)°, V = 3303.8(15) Å
3
, Dc = 

1.396 g·cm
-3

, the final R = 0.0505, wR2 = 0.1154 with I≥2σ (I). In Cu(II) 

complex, both the COO
- 
group of L ligand and Phen ligand adopt bidentate 

coordination mode. The Cu(II) center is six-coordinated by two N atoms of 

one Phen ligand and four O atoms of two different L ligands, forming a 

distorted octahedral coordination environment. The Cu(II) complex (1) 

molecules forms a 1D chain structure by π-π stacking effect of neighboring 

benzene rings, and the 1D chains further form a 3D network structure. The 

catalytic activity of [CuL2(Phen)] (1) for the oxidation of benzyl alcohol has 

been tested with O2 as the oxidant. 

 

Keywords:  benzyl alcohol, 2-benzoylbenzoic acid, crystal structure, 
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INTRODUCTION  

 

The research on copper complex has been one of the hot topics in coordination 

chemistry, because they exhibit rich coordination mode [1, 2] and good properties in 

biological activities [3], fluorescence probes [4, 5], electrochemical properties [6], gas 

adsorption [7], catalytic activities [8, 9], and magnetic properties [10]. As an important 

chemical intermediate, benzaldehyde has wide applications in dyes, medicine, resins 

and other industries [11]. The benzaldehyde was prepared traditionally by oxidation of 

benzyl alcohol with toxic metal oxides, peroxides, and so on [12 – 14]. Our goal is the 

synthesis and application of environmental friendly catalyst [15 – 18]. So we present the 

synthesis, structure and catalytic activity of a Cu(II) complex, [CuL2(Phen)] (1) (HL = 

2-benzoylbenzoic acid, Phen = 1,10-phenanthroline) in this paper, which forms a 1D 

chain structure by π-π stacking effect of neighboring benzene rings, and the 1D chains 

further form a 3D network structure. The chemical diagram of the Cu(II) complex is 

shown in Figure 1. 

 

 
 

Figure 1. Chemical diagram of Cu(II) complex  

 

 

EXPERIMENTAL 

 

Materials and methods 

 

2-Benzoylbenzoic acid, 1,10-phenanthroline and Cu(CH3COO)2·H2O were 

commercially chemicals of analysis reagent and purchased from Shanghai Chemical 

Reagent Company. C, H and N were made on an Elementar Vario III EL elemental 

analyzer (Hanau, Germany). Crystal data of [CuL2(Phen)] (1) were collected on a 

Bruker Smart CCD diffractometer (Bruker, Billerica, MA, USA).   

 

Synthesis of [CuL2(Phen)] (1) 

 

The mixture of 2-benzoylbenzoic acid (1.0 mmol, 0.2262 g), NaOH (1.0 mmol, 0.040 g), 

1,10-phenanthroline (0.5 mmol, 0.090 g), and Cu(CH3COO)2·H2O (0.5 mmol, 0.100 g) 

were dissolved in 20 mL water-ethanol (v : v = 1 : 3) solution. The mixture solution was 

stirred and kept reacting at 70 °C for 3 h. Then the blue product was obtained by 
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filtration after the reaction mixture was cooled to room temperature. The blue crystals 

were yielded by slow evaporation of mother liquor for about 20 days. Yield: 62 %. 

Anal. calcd. (%) for [CuL2(Phen)] (1): C, 69.15; H, 3.75; N, 4.03. Found (%): C, 69.36; 

H, 4.07; N, 3.78. 

 

Crystal Data Collection and Handling 

 

A single crystal of [CuL2(Phen)] (1) (0.19 mm × 0.18 mm × 0.17 mm) was chose for  

X-ray diffraction analysis. The crystal data were collected in the range of 3.10 ° ≤ θ ≤ 

25.10 ° at 293(2) K on a Brucker Smart Apex CCD diffractometer (Bruker, Karlsruhe, 

Germany) with graphite-monochromated MoKαradiation (λ = 0.71073 Å) using Olex2 

program [19]. The structure was solved with the SHELXT [20] structure solution 

program using intrinsic phasing and refined with the SHELXL [21] refinement package 

using least squares minimisation. Crystal data and structural refinement for Cu(II) 

complex are given in Table 1. 

 

Table 1. Crystal data and structural refinement for Cu(II) complex 

Empirical formula C40H26CuN2O6 

Formula weight 694.18 

Temperature [K] 293(2) 

Crystal size [mm
3
] 0.19 × 0.18 × 0.17 

Crystal system monoclinic 

Space group P21/c 

A [Å] 18.955(4) 

B [Å] 8.3618(17) 

C [Å] 27.890(8) 

β [°] 131.635(18) 

Volume [Å
3
] 3303.8(15) 

Z 4 

ρcalc [mg∙mm
-3

] 1.396 

Μ [mm
-1

] 0.713  

S 1.098 

F(000) 1428 

Index ranges 

-22 ≤ h ≤ 22,  

-9 ≤ k ≤ 9,  

-33 ≤ l ≤ 33 

Reflections collected 24508 

Independent reflections 5846 [R(int) = 0.0878] 

Data/restraints/parameters 5846/0/442 

Goodness-of-fit on F
2
 1.059 

Final R indexes [I >=2σ (I)] R1 = 0.0505, wR2 = 0.1154 

Final R indexes [all data] R1 = 0.1003, wR2 = 0.1473 

Largest diff. peak/hole [e Å
-3

] 0.29/-0.47 
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Catalytic Test of Benzyl Alcohol Oxidation 

 

Aerobic oxidation of benzyl alcohol catalyzed by Cu(II) complex was performed in a  

10 mL stainless steel autoclave at 130-150 °C under 1 MPa. In a typical reaction, benzyl 

alcohol (21.6 mg, 0.2 mmol), solvent such as tetrahydrofuran, 1,4-dioxane, acetonitrile 

and toluene (1.5 g) and the requisite amount of Cu(II) complex (60 mg) were added into 

the autoclave, and then pure O2 (99.999 %) was purged into the autoclave. The mixture 

was kept at 130-150 °C for 3 h at the stirring speed of 700 rpm. After the reaction, the 

mixture was centrifuged to remove the catalyst, and Na2SO4 was added into the mixture 

to remove a small amount of water. The conversion of benzyl alcohol and the selectivity 

of benzaldehyde were determined by gas chromatography spectrometer equipped with a 

SE-54 column. The external standard method was used for the qualitative analysis. 

 

 

RESULTS AND DISCUSSION 

 

Structural Description of [CuL2(Phen)] (1) 

 

The molecular structure of [CuL2(Phen)] (1) is shown in Figure 2. In the molecule of 

[CuL2(Phen)] (1), there are one Cu(II) ion, one bidentate Phen ligand and two bidentate 

2-benzoylbenzoate. The important bond lengths and bond angles are shown in Table 2. 

The center Cu(II) ion is six-coordinated to two N atoms (N1 and N2) from one bidentate 

Phen ligand, four O atoms (O2, O3, O5 and O6) from two different bidentate 2-

benzoylbenzoate ligands. The coordination geometry around Cu(II) ion is a distorted 

octahedral configuration. In the complex, two bidentate 2-benzoylbenzoate ligands are 

not coplanar because the dihedral angles of benzene ring 1 (C1-C2-C3-C4-C5-C6) and 

benzene ring 2 (C8-C9-C10-C11-C12-C13), benzene ring 3 (C15-C16-C17-C18-C19-

C20) and benzene ring 4 (C22-C23-C24-C25-C26-C27) are 99.1 and 96.9°, respectively.  

 
Figure 2. Molecular structure of [CuL2(Phen)](1)  
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Table 2. Important bond lengths [Å] and bond angles [] for Cu(II) complex 

Bond d Bond d 

Cu1-O2 2.526(3) Cu1-O3 1.952(3) 

Cu1-O5 2.629(3) Cu1-O6 1.939(3) 

Cu1-N1 2.013(3) Cu1-N2 2.006(3) 

C7-O1 1.225(4) C14-O2 1.242(4) 

C14-O3 1.269(5) C21-O4 1.210(5) 

C28-O5 1.236(4) C28-O6 1.272(4) 

Angle ω Angle ω 

O2-Cu1-O5 149.13(9) O3-Cu1-O2 57.38(10) 

O3-Cu1-O5 102.34(10) O3-Cu1-N1
 

172.30(11) 

O3-Cu1-N2 93.44(12) O6-Cu1-O2 99.55(10) 

O6-Cu1-O3 93.02(11) O6-Cu1-O5 55.36(9) 

N1-Cu1-O6 93.24(12) N2-Cu1-O6 169.82(10) 

N1-Cu1-O2 117.02(11) N1-Cu1-O5 84.93(10) 

N2-Cu1-O2 90.56(11) N2-Cu1-O5 115.42(10) 

N2-Cu1-N1 81.01(13)   

 

The [CuL2(Phen)] (1) molecules form 1D chained structure by the π-π stacking effect 

between the neighboring benzene rings of 2-benzoylbenzoate ligands. And the 1D 

chains further form a 3D network structure by the π-π stacking effect of the neighboring 

benzene rings and Phen rings (Figure 3). 

 

 
Figure 3. 3D supramolecular network structure of Cu(II) complex 

 

Catalytic Activities of [CuL2(Phen)] (1) 

 

The catalytic oxidation was carried out in a stainless steel autoclave placed in an oil 

bath and equipped with a magnetic stirrer. The mixture was stirred at defined reaction 

temperatures and pure O2 inside the reactor was used as the oxidant. The oxidation of 
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benzyl alcohol to benzaldehyde was selected as the model reaction to examine the 

performance of Cu(II) complex. Along with the oxidation to benzaldehyde, 

disproportionation and dehydration reactions of benzyl alcohol may also accompany 

depending on the catalyst and reaction conditions yielding toluene and dibenzylether. 

For optimization of reaction conditions, a series of experiments was conducted to 

investigate the factors like solvent and temperature on the reaction. The results are 

shown in Table 3. Four different solvents were selected to preliminary test the oxidation 

of benzyl alcohol without Cu(II) complex catalyst. The benzyl alcohol conversions and 

benzyldehyde selectivities were 11.2, 10.3, 1.5, 1.0 % and 79.1, 89.7, 99.0, 99.0 % 

(Table 3, entry 1-4), respectively. Keeping reactant and catalyst amounts unchanged, 

catalytic conversion of benzyl alcohol and the selectivity of benzaldehyde were studied 

in various solvents at 130 °C. The highest conversion and selectivity were achieved in 

1,4-dioxane (Table 3, entry 5). The conversions of benzyl alcohol in tetrahydrofuran, 

acetonitrile and toluene were 27.7, 5.2, and 4.4 % at 130 °C within 3 h, respectively 

(Table 3, entries 6-8). The selectivities of benzaldehyde were 99, 74.7, and 94.5 % in 

1.4-dioxane, tetrahydrofuran, acetonitrile and toluene, respectively (Table 3, entries 6-

8). The results of the reactions conducted in 1,4-dioxane at various temperatures in the 

range 130-150 °C, keeping reactant and catalyst amounts unchanged (Table 3, entries 5, 

9, 10). The benzyl alcohol conversion increase when increasing the reaction 

temperature. The conversions and selectivities were 74.9 and 84.9 %, 35.2 and 24.7 % 

in 1,4-dioxane for 3 h at 140 and 150 °C, respectively (Table 3, entries 9 and 10). The 

good conversion of benzyl alcohol (53.3 %) and excellent selectivity of benzaldehyde 

(99 %) was achieved when the reaction was carried out at 130 °C in 1,4-dioxane over 

Cu(II) complex. 

 

Table 3. Catalytic performance of the Cu(II) complex in the oxidation of benzyl alcohol 

Entry Solvent Catalyst 
Temperature 

[°C] 

Time 

[h] 

Conversion 

[%] 

Selectivity 

[%] 

1 1,4-dioxane - 130 3 11.2 79.1 

2 tetrahydrofuran - 130 3 10.3 89.7 

3 acetonitrile - 130 3 1.5 99.0 

4 toluene - 130 3 1.0 99.0 

5 1,4-dioxane Cu(II) complex 130 3 53.3 99.0 

6 tetrahydrofuran Cu(II) complex 130 3 27.7 99.0 

7 acetonitrile Cu(II) complex 130 3 5.2 74.7 

8 toluene Cu(II) complex 130 3 4.4 94.5 

9 1,4-dioxane Cu(II) complex 140 3 74.9 35.2 

10 1,4-dioxane Cu(II) complex 150 3 84.9 24.7 

 

 

CONCLUSIONS 

 

A Cu(II) complex with 2-benzoylbenzoic acid and 1,10-phenanthroline was synthesized 

and structurally characterized in this paper. The Cu(II) complex catalyst shows good 

catalytic activity for benzyl alcohol oxidation with conversion of benzyl alcohol      

(53.3 %) and selectivity of benzaldehyde (99 %) at 130 °C in 1,4-dioxane. 
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