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Abstract

A methyl maltolate (Hmm) coordinated oxidovanadium(V) complex [VOL1(mm)] (1), and a mononuclear ethyl maltolate (Hem) coordinated oxidovanadium(V) complex [VOL2(em)] (2), where L1 and L2 are the dianionic form of N’-(2-hydroxy-5-methylbenzylidene)-3-trifluoromethylbenzohydrazide (H2L1) and N’-(2-hydroxy-5-methylbenzylidene)-4-trifluoromethylbenzohydrazide (H2L2), respectively, have been prepared. The hydrazones and the complexes were characterized by elemental analysis, FT-IR and UV-Vis spectra. Structures of H2L1 the two complexes were further characterized by single crystal X-ray diffraction. The two complexes have similar structures, with the V atoms in octahedral coordination. The hydrazones behave as NOO tridentate ligands with the V atoms. Both complexes have interesting properties on the catalytic epoxidation of cyclooctene. 
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1. Introduction
In organic chemistry and chemical industry, oxidation is one of the most important reaction types. However, most oxidation reactions are difficult in the absence of catalysts. In the last few years, the catalytic oxidation of organic substrates by transition metal complexes has become an important research area in organic synthesis and bioinorganic modeling of oxygen transfer metalloenzymes.1 A number of metal complexes with different types of ligands have been used as homogenous or heterogeneous catalysts in various oxidation systems.2 Among the complexes, those with Schiff base ligands are of particular interest because of their facile preparation and wide biological, catalytic and magnetic applications.3 Catalytic epoxidation of olefins is an important reaction in oily and industrial chemistry. Increasing catalytic activity and selectivity is one of the challenges in chemical science. Recent reports indicated that vanadium complexes have effective catalytic ability in the oxidation of olefins and sulfides.4 Methyl maltol and ethyl maltol are food additive. In recent years, limited work has been reported that maltolate coordinated vanadium and molybdenum complexes have catalytic properties.5 Aiming at obtaining new and efficient catalysts for the epoxidation of olefins, in this work, two new oxidovanadium(V) complexes, [VOL1(mm)] (1) and [VOL2(em)] (2), where L1 and L2 are the dianionic form of N’-(2-hydroxy-5-methylbenzylidene)-3-trifluoromethylbenzohydrazide (H2L1) and N’-(2-hydroxy-5-methylbenzylidene)-4-trifluoromethylbenzohydrazide (H2L2), respetively (Scheme 1), and mm is methyl maltolate, em is ethyl maltolate, are presented. 
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Scheme 1. The hydrazones H2L1 and H2L2.

Experimental
Materials and Methods
5-Methylsalicylaldehyde, 3-trifluoromethylbenzohydrazide, 4-trifluoromethylbenzohydrazide and VO(acac)2 were purchased from Alfa Aesar and used as received. Methyl maltol and ethyl maltol were obtained from Aladin Chemical Co. Ltd. Reagent grade solvents were used as received. Microanalyses of the complexes were performed with a Vario EL III CHNOS elemental analyzer. Infrared spectra were recorded as KBr pellets with an FTS-40 spectrophotometer. Electronic spectra were recorded on a Lambda 900 spectrometer. 1H NMR and 13C NMR spectra were recorded on a 500 MHz Bruker Advance instrument. The catalytic reactions were followed by gas chromatography on an Agilent 6890A chromatograph equipped with an FID detector and a DB5-MS capillary column (30 m × 0.32 mm, 0.25 μm). The X-ray powder diffraction patterns of the complexes were recorded on a Bruker AXS D8 Advance diffractometer. 
Synthesis of N’-(2-hydroxy-5-methylbenzylidene)-3-trifluoromethylbenzohydrazide (H2L1)
5-Methylsalicylaldehyde (10 mmol, 1.36 g) and 3-trifluoromethylbenzohydrazide (10 mmol, 2.04 g) were refluxed in methanol (50 mL). The reaction was continued for 1 h in oil bath during which a solid compound separated. It was filtered and washed with cold methanol. The crude product was recrystallized from methanol and dried over anhydrous CaCl2. Yield: 2.7 g (84%). IR data (KBr pellet, cm-1): 3197 ν(N–H), 1649 ν(C=O). UV-Vis data in methanol (nm): 218, 290, 300, 337, 433. Analysis: Found: C 59.45, H 4.14, N 8.76%. Calculated for C16H13F3N2O2: C 59.63, H 4.07, N 8.69%. 1H NMR (d6-DMSO, 500 MHz) δ (ppm): 12.22 (s, 1H, NH), 10.87 (s, 1H, OH), 8.63 (s, 1H, CH=N), 8.28 (s, 1H, ArH), 8.25 (d, 1H, ArH), 7.98 (d, 1H, ArH), 7.80 (t, 1H, ArH), 7.39 (s, 1H, ArH), 7.12 (d, 1H, ArH), 6.85 (d, 1H, ArH), 2.26 (s, 3H, CH3). 13C NMR (d6-DMSO, 126 MHz) δ (ppm): 161.32, 155.30, 150.49, 148.54, 133.84, 132.27, 131.83, 129.87, 129.03, 128.42, 127.94, 124.10, 122.82, 118.37, 116.27, 19.91. Single crystals suitable for X-ray diffraction were obtained by slow evaporation of the methanol solution containing the compound. 
Synthesis of N’-(2-hydroxy-5-methylbenzylidene)-4-trifluoromethylbenzohydrazide (H2L2)

This compound was prepared by similar method as described for H2L1, with 3-trifluoromethylbenzohydrazide replaced by 4-trifluoromethylbenzohydrazide (10 mmol, 2.04 g). Yield: 2.8 g (87%). IR data (KBr pellet, cm-1): 3201 ν(N–H), 1657 ν(C=O). UV-Vis data in methanol (nm): 220, 290, 301, 339, 435. Analysis: Found: C 59.52, H 4.16, N 8.62%. Calculated for C16H13F3N2O2: C 59.63, H 4.07, N 8.69%. 1H NMR (d6-DMSO, 500 MHz) δ (ppm): 12.24 (s, 1H, NH), 10.91 (s, 1H, OH), 8.63 (s, 1H, CH=N), 8.15 (d, 2H, ArH), 7.93 (d, 2H, ArH), 7.38 (s, 1H, ArH), 7.11 (d, 1H, ArH), 6.85 (d, 1H, ArH), 2.25 (s, 3H, CH3). 13C NMR (d6-DMSO, 126 MHz) δ (ppm): 161.62, 155.34, 148.78, 136.69, 132.26, 131.79, 131.53, 129.17, 128.54, 127.93, 125.49, 118.30, 116.27, 19.87. 
Synthesis of the Complex [VOL1(mm)] (1)
  The hydrazone H2L1 (1.0 mmol, 0.32 g), methyl maltol (1.0 mmol, 0.13 g) and VO(acac)2 (1.0 mmol, 0.26 g) were refluxed in methanol (30 mL). The reaction was continued for 1 h in oil bath to give a deep brown solution. Single crystals of the complex were formed during slow evaporation of the reaction mixture in air. The crystals were isolated by filtration, washed with cold methanol and dried over anhydrous CaCl2. Yield: 0.27 g (53%). IR data (KBr pellet, cm-1): 1607 ν(C=N), 1264 ν(C–Ophenolate), 1133 ν(N–N), 972 ν(V=O). UV-Vis data in methanol (nm): 247, 272, 325, 408. Analysis: Found: C 51.41, H 3.26, N 5.54%. Calculated for C22H16F3N2O6V: C 51.58, H 3.15, N 5.47%. 1H NMR (d6-DMSO, 500 MHz) δ (ppm): 9.20 (s, 1H, MMH), 8.43 (s, 1H, CH=N), 8.14 (s, 1H, ArH), 8.12 (d, 1H, ArH), 7.93 (d, 1H, ArH), 7.73 (t, 1H, ArH), 7.62 (s, 1H, ArH), 7.42 (d, 1H, ArH), 6.80 (d, 1H, ArH), 6.68 (d, 1H, MMH), 2.33 (s, 3H, CH3), 2.24 (s, 3H, CH3). 13C NMR (d6-DMSO, 126 MHz) δ (ppm): 175.54, 167.77, 161.71, 158.37, 157.96, 155.59, 145.81, 136.63, 134.24, 132.65, 131.95, 130.86, 130.19, 129.92, 129.53, 128.15, 124.90, 122.73, 118.90, 118.14, 19.87, 15.08.
Synthesis of the Complex [VOL2(em)] (2)
  This complex was prepared by similar method as described for 1, with H2L1 replaced by H2L2 (1.0 mmol, 0.32 g), and with methyl maltol replaced by ethyl maltol (1.0 mmol, 0.14 g). Yield: 0.25 g (48%). IR data (KBr pellet, cm-1): 1607 ν(C=N), 1268 ν(C–Ophenolate), 1124 ν(N–N), 969 ν(V=O). UV-Vis data in methanol (nm): 255, 270, 325, 412. Analysis: Found: C 52.61, H 3.38, N 5.40%. Calculated for C23H18F3N2O6V: C 52.48, H 3.45, N 5.32%. 1H NMR (d6-DMSO, 500 MHz) δ (ppm): 9.18 (s, 1H, EMH), 8.45 (s, 1H, CH=N), 8.06 (d, 2H, ArH), 7.83 (d, 2H, ArH), 7.65 (s, 1H, ArH), 7.43 (d, 1H, ArH), 6.82 (d, 1H, ArH), 6.68 (d, 1H, MMH), 2.33 (s, 3H, CH3), 2.13 (q, 2H, CH2), 1.13 (t, 3H, CH3). 13C NMR (d6-DMSO, 126 MHz) δ (ppm): 175.78, 167.56, 161.83, 158.47, 155.69, 154.70, 153.20, 136.68, 134.58, 133.67, 133.19, 130.08, 129.91, 128.80, 125.65, 124.35, 118.92, 115.58, 21.30, 20.78, 10.81. 
Crystal Structure Determination
Data were collected on a Bruker SMART 1000 CCD area diffractometer using a graphite monochromator Mo Kα radiation (λ = 0.71073 Å) at 298(2) K. The data were corrected with SADABS programs and refined on F2 with SHELXL software.6 Structures of H2L1 and the complexes were solved by direct methods and difference Fourier syntheses. All non-hydrogen atoms were refined anisotropically. The N and O attached H atoms were located from a difference Fourier map and refined with N–H and O–H distances restrained to 0.90(1) and 0.85(1) Å, respectively. The remaining hydrogen atoms were placed in calculated positions and included in the last cycles of refinement. The trifluoromethyl groups in H2L1 and complex 1 are disordered over two sites, with occupancies of 0.55(1) and 0.45(1), and 0.71(1) and 0.29(1), respectively. Crystal data and details of the data collection and refinement are listed in Table 1. 
Table 1. Crystallographic Data for H2L1 and the Complexes 

	Parameters
	H2L1
	1
	2

	Empirical formula
	C16H13F3N2O2
	C22H16F3N2O6V
	C23H18F3N2O6V

	Formula weight
	322.28
	512.31
	526.33

	Crystal system
	Monoclinic
	Monoclinic
	Triclinic

	Space group
	P21/c
	P21/c
	P-1

	a [Å]
	11.7599(7)
	12.163(1)
	7.503(1)

	b [Å]
	15.0697(8)
	7.652(1)
	11.877(1)

	c [Å]
	8.7575(4)
	24.871(2)
	13.302(1)

	α [º]
	90
	90
	107.289(1)

	β [º]
	95.259(1)
	100.430(1)
	93.212(1)

	γ [º]
	90
	90
	90.773(1)

	V [Å3]
	1545.45(14)
	2276.5(4)
	1129.5(2)

	Z
	4
	4
	2

	ρcalcd. [g cm–3]
	1.385
	1.495
	1.548

	μ [mm–1]
	0.117
	0.501
	0.507

	F(000)
	664
	1040
	536

	Measured reflections
	16591
	12860
	6007

	Independent reflections
	2876
	4244
	4154

	Observed reflections (I > 2σ(I))
	2192
	2423
	2751

	Parameters
	243
	341
	316

	Restraints
	50
	54
	18

	Final R indices [I > 2σ(I)]
	0.0437, 0.1110
	0.0788, 0.2237
	0.0507, 0.1144

	R indices (all data)
	0.0596, 0.1234
	0.1359, 0.2663
	0.0905, 0.1355

	Goodness-of-fit on F2
	1.012
	1.041
	1.029


Catalytic Epoxidation Process
A mixture of cyclooctene (2.76 mL, 20 mmol), acetophenone (internal reference) and the complex as the catalyst (0.05 mmol) was stirred and heated up to 80 ºC before addition of aqueous tert-butyl hydroperoxide (TBHP; 70% w/w, 5.48 mL, 40 mmol). The mixture is initially an emulsion, but two phases become clearly visible as the reaction progresses, a colorless aqueous one and a colorful organic one. The reaction was monitored for 5 h with withdrawal and analysis of organic phase aliquots (0.1 mL) at required times. Each withdrawn sample was mixed with 2 mL of diethylether, treated with a small quantity of MnO2 and then filtered through silica and analyzed by GC.
Results and Discussion
Synthesis
The hydrazones H2L1, H2L2 and the complexes were synthesized in a facile and analogous way (Scheme 2). 
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Scheme 2. The synthesis procedure of the hydrazones and the complexes. H2L1: X = CF3, Y = H; H2L2: X = H, Y = CF3; 1: X = CF3, Y = H, Z = Me; 2: X = H, Y = CF3, Z = Et. 
The hydrazones act as tridentate dianionic NOO donor ligands toward the VO3+ cores. The complexes were obtained from refluxing mixtures of the hydrazones with VO(acac)2 in the presence of methyl maltol or ethyl maltol, in 1:1:1 molar proportion in methanol. H2L1 and the complexes were isolated as single crystals from the reaction mixtures by slow evaporation at room temperature. Crystals of H2L1 and the complexes are stable at room temperature and are found to be fairly soluble in most of the common organic solvents such as methanol, ethanol, acetonitrile, DMF and DMSO. 
The experimental X-ray powder diffraction patterns of the bulk samples of the complexes agree well with the simulated patterns calculated from single crystal X-ray diffraction (Figures 1 and 2). The results prove the purity of the bulk samples. 
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Figure 1. Experimental and simulated powder XRD patterns of complex 1. 
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Figure 2. Experimental and simulated powder XRD patterns of complex 2. 
IR and Electronic Spectra
The IR spectra of the hydrazones show band centered at about 3200 cm-1 for ν(N–H) and 1649-1657 cm-1 for ν(C=O).7 The peaks attributed to ν(N–H) and ν(C=O) are absent in the spectra of the complexes as the ligands bind in dianionic form resulting in losing proton from carbohydrazide group. Strong bands observed at 1607 cm-1 for the complexes are attributed to ν(C=N), which are located at lower frequencies as compared to the free hydrazones.8 The vanadium complexes exhibit characteristic bands at about 970 cm-1 for the stretching of V=O bonds.9 Based on the IR absorption, it is obvious that the hydrazones exist in keto-amino tautomer form in free, and in imino-enol tautomeric form in the complexes. This is not uncommon in the coordination of the hydrazone compounds.10 
Electronic spectra of the complexes recorded in methanol displays weak absorption bands centered at about 410 nm, which are assigned as charge transfer transitions of N(pπ)–M(dπ) LMCT. The medium absorption bands centered at 320 nm for the complexes are assigned as charge transfer transitions of O(pπ)–M(dπ) LMCT.11 The absence of bands due to d-d transition supports the existence of V(V) ions.12
Description of the Structure of H2L1
The perspective view of H2L1 is shown in Figure 3. Selected bond lengths and angles are listed in Table 1. The hydrazone molecule adopts an E conformation with respect to the C=N bond. The dihedral angles between the mean plane of the central N–N=C spacer unit and the C1-C6 and C9-C14 benzene rings are 20.3(3) and 9.3(3)°, respectively, while the dihedral angle between the two aromatic rings is 12.2(4)°. An intramolecular N–H⋯O hydrogen bond makes an S(6) ring motif. In the crystal, the molecules are linked by N–H···O and C–H···O hydrogen bonds (Table 2), to form one-dimensional chain along the c axis (Figure 4). The molecules are further linked by three π···π stacking interactions involving pairs of benzene rings with the ring-centroid separations of 3.806-4.147 Å. 
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Figure 3. ORTEP plots (30% probability level) and numbering scheme for H2L1. 
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Figure 4. The molecular packing diagram of H2L1, viewed down the b axis. Hydrogen bonds are shown as dashed lines. 
Description of the Structures of the complexes

The perspective views of the vanadium complexes 1 and 2 are shown in Figures 5 and 6, respectively. In each complex, the coordination geometry around the V atom reveals distorted octahedral environment with NO5 chromophore. The hydrazone behaves as a dianionic tridentate ligand binding through the phenolate oxygen (O2), the enolate oxygen (O1) and the imine nitrogen (N1), and occupies three positions in the equatorial plane. The fourth position of the equatorial plane is occupied by the deprotonated hydroxyl oxygen (O5) of the MM or EM ligand. The carbonyl oxygen (O4) of the MM or EM ligand occupies one axial position of the octahedral coordination, and the other axial position is defined by the oxido group (O3). The vanadium atoms are found to be deviated from the mean equatorial planes defined by the four donor atoms by 0.308(1) Å for 1 and 0.293(1) Å for 2. The V–O4 bond lengths are longer than the normal single bond lengths (2.267(4) Å and 2.253(2) Å against 1.9–2.0 Å). This shows that the carbonyl oxygen is loosely attached to the V center. This is due to the trans effect generated by the oxido group. The V–O bond lengths of 1.57-1.94 Å and the V–N bond lengths of 2.09-2.10 Å are similar to other vanadium(V) complexes.4e,13 The C7–O1 bond lengths in the complexes are 1.299(6) Å and 1.322(4) Å, respectively, which are longer than that observed in H2L1, and are closer to single bonds rather than C=O double bonds. However, the shorter lengths compared to C–O single bond may be attributed to extended electron delocalization in the ligands.14 Similarly shortening of C7–N2 bond lengths (1.28-1.29 Å, instead of 1.34 Å in H2L1) together with the elongation of N1–N2 bond lengths (1.39-1.41 Å) also supports the electron cloud delocalization in the ligand systems. The hydrazone ligands form a five- and a six-membered chelate rings with the V atoms. The five-membered metallacycle rings are thus rather planar, but the six-membered metallacycle rings are clearly distorted. The two benzene rings form dihedral angles of 5.1(4)º for 1 and 2.8(5)º for 2. The trans angles in both complexes are in the range 153.1(2)–174.5(2)º, indicating considerable distortion of the coordination octahedron around each V center. 

In the crystal packing diagram of complex 1, the molecules are linked by C–H···O hydrogen bonds (Table 2), to form one-dimensional chain along the b axis (Figure 7). The molecules are further linked by five π···π stacking interactions involving pairs of V-O1-C7-N2-N1, V-O4-C19-C18-O5, O6-C17-C18-C19-C20-C21 and C1-C2-C3-C4-C5-C6 rings with the ring-centroid separations of 2.826-4.850 Å. In the crystal packing diagram of complex 2, the molecules are linked by C–H···O hydrogen bonds (Table 2), to form one-dimensional chain along the b axis (Figure 8). The molecules are further linked by nine π···π stacking interactions involving pairs of V-O1-C7-N2-N1, V-O4-C19-C18-O5, V-O2-C14-C9-C8-N1, O6-C17-C18-C19-C20-C21 and C9-C10-C11-C12-C13-C14 rings with the ring-centroid separations of 2.856-4.951 Å. 
Table 2. Selected Bond Lengths (Å) and Angles (º) for H2L1 and the Complexes
	
	H2L1
	1
	2

	V–O1
	
	1.929(4)
	1.937(2)

	V–O2
	
	1.831(4)
	1.837(3)

	V–O3
	
	1.582(5)
	1.582(3)

	V–O4
	
	2.264(4)
	2.253(2)

	V–O5
	
	1.857(4)
	1.867(2)

	V–N1
	
	2.088(5)
	2.100(3)

	C8–N1
	1.279(3)
	1.285(8)
	1.281(4)

	N2–C7
	1.340(3)
	1.300(8)
	1.289(4)

	N1–N2
	1.388(2)
	1.391(6)
	1.392(4)

	C7–O1
	1.227(2)
	1.294(7)
	1.322(4)

	O3–V–O2
	
	101.3(2)
	100.8(2)

	O3–V–O5
	
	99.2(2)
	98.2(1)

	O2–V–O5
	
	99.9(2)
	98.9(1)

	O3–V–O1
	
	97.2(2)
	95.0(1)

	O2–V–O1
	
	153.1(2)
	155.5(1)

	O5–V–O1
	
	96.2(2)
	97.3(1)

	O3–V–N1
	
	99.2(2)
	101.2(1)

	O2–V–N1
	
	83.3(2)
	83.6(1)

	O5–V–N1
	
	160.3(2)
	159.7(1)

	O1–V–N1
	
	74.6(2)
	75.0(1)

	O3–V–O4
	
	174.7(2)
	173.5(1)

	O2–V–O4
	
	83.4(2)
	84.7(1)

	O5–V–O4
	
	77.4(2)
	77.5(1)

	O1–V–O4
	
	79.3(2)
	80.9(1)

	N1–V–O4
	
	83.6(2)
	82.7(1)


Table 3. Hydrogen Bond Distances (Å) and Bond Angles (°) for H2L1 and the Complexes 

	D–H∙∙∙A
	d(D–H)
	d(H∙∙∙A)
	d(D∙∙∙A)
	Angle (D–H∙∙∙A)

	H2L1
	
	
	
	

	O2–H2A∙∙∙N1
	0.86(1)
	1.90(2)
	2.665(2)
	148(4)

	N2–H2B∙∙∙O1i
	0.90(1)
	1.99(2)
	2.879(2)
	165(4)

	C8–H8∙∙∙O1i
	0.93
	2.52(2)
	3.263(3)
	138(5)

	1
	
	
	
	

	C2–H2∙∙∙O6ii
	0.93
	2.50(2)
	3.315(3)
	147(5)

	C20–H20∙∙∙O4iii
	0.93
	2.52(2)
	3.316(3)
	143(5)

	2
	
	
	
	

	C2–H2∙∙∙O6iv
	0.93
	2.60(3)
	3.429(4)
	149(6)

	C8–H8∙∙∙O3v
	0.93
	2.54(3)
	3.133(4)
	122(5)

	C10–H10∙∙∙O3vi
	0.93
	2.52(3)
	3.390(5)
	156(6)

	C20–H20∙∙∙O4vii
	0.93
	2.46(3)
	3.287(4)
	149(65)


Symmetry codes: i): x, 1/2 – y, –1/2 + z; ii): 1 – x, 1 – y, – z; iii): 1 – x, 2 – y, – z; iv): 1 – x, – y, 1 – z; v): 2 – x, 1 – y, 1 – z; vi): 1 + x, y, z; vii): 2 – x, – y, 1 – z. 
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Figure 5. ORTEP plots (30% probability level) and numbering scheme for complex 1. 
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Figure 6. ORTEP plots (30% probability level) and numbering scheme for complex 2. 
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Figure 7. The molecular packing diagram of complex 1, viewed down the b axis. Hydrogen bonds are shown as dashed lines. 
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Figure 8. The molecular packing diagram of complex 2, viewed down the b axis. Hydrogen bonds are shown as dashed lines. 
Catalytic Epoxidation Results
The two complexes were dissolved in the organic phase before addition of aqueous TBHP at 80 ºC. The complexes as catalysts are mainly confined in the organic phase because the aqueous phase was colorless and the organic phase was colorful. TBHP was mainly transferred into the organic phase under the conditions. Thus, we analyzed the reactant and products in the organic layer. Cyclooctene and cyclooctene oxide are not significantly soluble in water, therefore the determination of the epoxide selectivity (epoxide formation/cyclooctene conversion) is expected to be accurate. For the cyclooctene epoxidation by using aqueous TBHP, with no extra addition of organic solvents, the present study shows effective property. Kinetic profiles of the complexes 1 and 2 as catalysts are presented in Figure 9. No induction time was observed. Before 90 min of the reaction, the cyclooctene conversions of both complexes are similar. But after 90 min, complex 2 is better than complex 1. The cyclooctene conversions for complexes 1 and 2 are 93% and 96% at 5 h, and the selectivity values toward cyclooctene oxide are 75% for 1 and 77% for 2. The catalytic properties of the studied complexes are comparable to the vanadium and molybdenum complexes reported previously.15 
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Figure 9. Kinetic monitoring of cis-cyclooctene epoxidation with TBHP–H2O in the presence of the complexes. 

Conclusion
In summary, two new methyl maltolate and ethyl maltolate coordinated oxidovanadium(V) complexes derived from similar tridentate hydrazones N’-(2-hydroxy-5-methylbenzylidene)-3-trifluoromethylbenzohydrazide and N’-(2-hydroxy-5-methylbenzylidene)-4-trifluoromethylbenzohydrazide were prepared and structurally characterized. The hydrazone ligands coordinate to the V atoms through the NOO donor set. The maltolate ligands coordinate to the V atoms through the carbonyl and phenolate O atoms. The V atoms in both complexes are in octahedral coordination. The complexes have effective catalytic epoxidation properties on cyclooctene. 
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