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Abstract
Two vanadium(V) complexes derived from the bromo and chloro-substituted hydrazones N’-(4-bromo-2-hydroxy-
benzylidene)-2-chlorobenzohydrazide (H2L1) and N’-(3-bromo-5-chloro-2-hydroxybenzylidene)-3-methylbenzohy-
drazide (H2L2) with the formula [VOL1(OCH3)(CH3OH)] (1) and [VOL2(OCH3)(CH3OH)] (2) were newly synthe-
sized and characterized by IR, UV-Vis and 1H NMR spectroscopy. The structures of H2L1 and the complexes were 
further confirmed by single crystal X-ray diffraction. Both vanadium complexes are mononuclear, with the metal 
atoms coordinated by the hydrazone ligands, methanol ligands, and methanolate ligands, and the oxo groups, forming 
octahedral geometry. The hydrazones and the vanadium complexes were assayed for the antimicrobial activities on 
Bacillus subtilis, Staphylococcus aureus, Escherichia coli, and Pseudomonas fluorescence, and the fungi Candida albicans 
and Aspergillus niger. The existence of the bromo and chloro groups in the hydrazone ligands may improve the anti-
microbial property.
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1. Introduction
Hydrazone compounds and their metal complexes 

have received particular attention due to their interesting 
biological aspects like antibacterial,1 antifungal,2 and an-
titumor.3 It has been proved that the compounds with 
electron-withdrawing substituent groups can enhance 
their antimicrobial ability.4 Rai et al. reported some com-
pounds with fluoro, chloro, bromo, and iodo-substituted 
groups, and their remarkable antimicrobial property.5 

Schiff base complexes of vanadium have potential anti-
bacterial property.6 Recently, our research group has re-
ported some hydrazone vanadium complexes with bromo 
or chloro-substituent groups.7 In pursuit of novel vanadi-
um complex based antimicrobial agents, in this work, the 
bromo and chloro-substituent groups are incorporated 
together in the hydrazone compounds N’-(4-bromo-2-hy-
droxybenzylidene)-2-chlorobenzohydrazide (H2L1) and 
N’-(3-bromo-5-chloro-2-hydroxybenzylidene)-3-meth-
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ylbenzohydrazide (H2L2), and then coordinate with vana-
dium, to form two new new vanadium(V) complexes, 
[VOL1(OCH3)(CH3OH)] (1) and [VOL2(OCH3)(CH3OH)] 
(2). The antimicrobial properties of the compounds are 
presented. 

2. Experimental
2. 1. Materials and Methods

4-Bromosalicylaldehyde, 3-bromo-5-chlorosalicyl-
aldehyde, 2-chlorobenzohydrazide, 3-methylbenzohydra-
zide and VO(acac)2 with AR grade were obtained from 
Sigma-Aldrich. All other chemicals were commercial ob-
tained from Xiya Chemical Co. Ltd. Elemental analyses of 
C, H and N were carried out in a Perkin-Elmer automated 
model 2400 Series II CHNS/O analyzer. The molar con-
ductivity was determined using DDS-11A conductor de-
vice. FT-IR spectra were obtained on a Perkin-Elmer 377 
FT-IR spectrometer with samples prepared as KBr pellets. 
UV-Vis spectra were obtained on a Lambda 35 spectrom-
eter. 1H NMR data were recorded on a Bruker 500 MHz 
spectrometer. X-ray diffraction was carried out on a 
Bruker APEX II CCD diffractometer. Thermal analyses 
were carried out in Schimatzu DT6-60H thermogravi-
metric analyzer.

2. 2. Synthesis osf H2L1

4-Bromosalicylaldehyde (0.010 mol, 2.0 g) and 
2-chlorobenzohydrazide (0.010 mol, 1.7 g) were reacted in 
methanol (50 mL) at room temperature for 30 min. The 
solvent was removed by distillation, and the residue was 
recrystallized from methanol to give colorless crystalline 
product. Yield 92%. Anal. Calc. for C14H10BrClN2O2: C, 
47.55; H, 2.85; N, 7.92. Found: C, 47.37; H, 2.93; N, 7.81%. 
IR data (cm–1): 3433, 3208, 1643, 1614. UV-Vis data 
(MeOH, λmax, nm): 223, 287, 312, 320, 405. 1H NMR (500 
MHz, d6-DMSO): δ 12.32 (s, 1H, OH), 11.31 (s, 1H, NH), 
8.66 (s, 1H, CH=N), 7.69 (d, 1H, ArH), 7.61 (t, 1H, ArH), 
7.53-7.40 (m, 3H, ArH), 7.17 (s, 1H, ArH), 7.12 (d, 1H, 
ArH). 13C NMR (126 MHz, d6-DMSO): δ 164.18, 161.27, 
145.22, 136.73, 134.12, 132.59, 132.26, 129.81, 128.33, 
127.10, 123.35, 122.08, 116.34, 114.91.

Single crystals of the compound H2L1 were obtained 
by slow evaporation of the methanolic solution in air for a 
week.

2. 3. Synthesis of H2L2

3-Bromo-5-chlorosalicylaldehyde (0.010 mol, 2.3 g) 
and 3-methylbenzohydrazide (0.010 mol, 1.5 g) were re-
acted in methanol (50 mL) at room temperature for 30 
min. The solvent was removed by distillation, and the res-
idue was recrystallized from methanol to give colorless 
crystalline product. Yield 95%. Anal. Calc. for C15H12 

BrClN2O2: C, 49.01; H, 3.29; N, 7.62. Found: C, 48.83; H, 
3.22; N, 7.45%. IR data (cm–1): 3430, 3201, 1645, 1613. 
UV-Vis data (MeOH, λmax, nm): 225, 290, 310, 323, 402. 
1H NMR (500 MHz, d6-DMSO): δ 12.51 (s, 1H, OH), 
11.27 (s, 1H, NH), 8.64 (s, 1H, CH=N), 7.82 (d, 1H, ArH), 
7.71 (s, 1H, ArH), 7.55 (s, 1H, ArH), 7.51-7.46 (m, 2H, 
ArH), 7.35 (t, 1H, ArH), 2.38 (s, 3H, CH3). 13C NMR (126 
MHz, d6-DMSO): δ 164.03, 160.15, 145.31, 139.12, 137.06, 
133.39, 132.22, 131.58, 129.74, 129.31, 128.45, 125.67, 
121.17, 114.49, 21.08.

2. 4. Synthesis of Complex 1
H2L1 (0.10 mmol, 35 mg) and VO(acac)2 (0.10 mmol, 

26 mg) were reacted in methanol (10 mL) at reflux for 1 h 
and then cooled to room temperature. Block brown single 
crystals of the complex, suitable for X-ray diffraction, were 
grown from the solution upon slowly evaporation within a 
few days. The crystals were isolated by filtration. Yield 
45%. Anal. calc. for C16H15BrClN2O5V: C, 39.90; H, 3.14; 
N, 5.82; found: C, 39.72; H, 3.26; N, 5.95%. IR data (cm–1): 
3451 (w), 1607 (s), 956 (m). UV-Vis data (MeOH, λmax, 
nm): 275, 331. 1H NMR (500 MHz, d6-DMSO): δ 8.92 (s, 
1H, CH=N), 7.82 (d, 1H, ArH), 7.67 (d, 1H, ArH), 7.58-
7.45 (m, 3H, ArH), 7.19 (s, 1H, ArH), 7.17 (d, 1H, ArH), 
5.28 (s, 3H, CH3), 3.17 (s, 3H, CH3). 13C NMR (126 MHz, 
d6-DMSO): δ 170.71, 163.20, 152.57, 134.30, 131.99, 
131.78, 131.20, 130.75, 130.62, 127.77, 127.12, 122.56, 
119.50, 119.38, 74.43, 48.58. ΛM (10–3 M in methanol): 37 
Ω–1 cm2 mol–1.

2. 5. Synthesis of Complex 2
H2L2 (0.10 mmol, 37 mg) and VO(acac)2 (0.10 

mmol, 26 mg) were reacted in methanol (10 mL) at reflux 
for 1 h and then cooled to room temperature. Block brown 
single crystals of the complex, suitable for X-ray diffrac-
tion, were grown from the solution upon slowly evapora-
tion within a few days. The crystals were isolated by filtra-
tion. Yield 38%. Anal. calc. for C17H17BrClN2O5V: C, 
41.20; H, 3.46; N, 5.65; found: C, 41.32; H, 3.53; N, 5.57%. 
IR data (cm–1): 3445 (w), 1605 (s), 955 (m). UV-Vis  
data (MeOH, λmax, nm): 273, 327. 1H NMR (500 MHz, 
d6-DMSO): δ 8.92 (s, 1H, CH=N), 7.92 (d, 1H, ArH), 
7.85-7.83 (m, 3H, ArH), 7.40–7.27 (m, 2H, ArH), 5.39 (s, 
3H, CH3), 3.17 (s, 3H, CH3), 2.39 (s, 3H, CH3). 13C NMR 
(126 MHz, d6-DMSO): δ171.46, 157.45, 150.84, 137.91, 
135.15, 132.40, 131.19, 130.34, 128.59, 128.55, 125.41, 
122.74, 121.95, 111.95, 75.17, 48.57, 20.93. ΛM (10–3 M in 
methanol): 33 Ω–1 cm2 mol–1.

2. 6. X-ray Crystallography
X-ray diffraction was carried out at a Bruker APEX 

II CCD area diffractometer equipped with MoKα radia-
tion (λ = 0.71073 Å). The collected data were reduced with 
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SAINT,8 and multi-scan absorption correction was per-
formed using SADABS.9 The structures of the complexes 
were solved by direct method, and refined against F2 by 

full-matrix least-squares method using SHELXTL.10 All of 
the non-hydrogen atoms were refined anisotropically. The 
hydrogen atoms bond to N and O atoms were located from 
electronic density maps with O‒H and N‒H groups re-
fined fixing the bond lengths. The Uiso(H) were set to 
1.5Ueq(O) and 1.2Ueq(N). The remaining hydrogen atoms 
were placed in calculated positions and constrained to ride 
on their parent atoms. The crystallographic data and re-
finement parameters for H2L1 and the complexes are listed 
in Table 1. Selected bond lengths and angles are listed in 
Table 2.

2. 7. Antimicrobial Assay
The antibacterial activities of the hydrazone com-

pounds and the vanadium complexes were tested against 
B. subtilis, S. aureus, E. coli, and P. fluorescence using MH 
(Mueller–Hinton) medium. The antifungal activities of the 
compounds were tested against C. albicans and A. niger us-
ing RPMI-1640 medium. The MIC values of the tested 
compounds were determined by a colorimetric method 
using the dye MTT.11 A stock solution of the compound 
(150 μg mL–1) in DMSO was prepared and graded quanti-
ties (75, 37.5, 18.8, 9.4, 4.7, 2.3, 1.2, 0.59 μg mL–1) were 
incorporated in specified quantity of the corresponding 
sterilized liquid medium. A specified quantity of the medi-
um containing the compound was poured into micro-ti-
tration plates. Suspension of the microorganism was pre-

Table 2. Selected bond distances (Å) and angles (°) for the complex-
es

	 1	 2

V1–O1	 1.851(5)	 1.887(5)
V1–O2	 1.961(5)	 1.977(6)
V1–O3	 2.308(5)	 2.329(6)
V1–O4	 1.756(5)	 1.756(5)
V1–O5	 1.573(5)	 1.582(7)
V1–N1	 2.109(6)	 2.138(6)
O5–V1–O4	 101.6(2)	 103.3(3)
O5–V1–O1	 100.1(2)	   98.1(3)
O4–V1–O1	 104.7(2)	 100.9(3)
O5–V1–O2	   97.7(2)	   98.5(3)
O4–V1–O2	   92.6(2)	   96.3(2)
O1–V1–O2	 152.0(2)	 152.5(2)
O5–V1–N1	   95.0(2)	   94.4(3)
O4–V1–N1	 160.0(2)	 160.9(3)
O1–V1–N1	   82.9(2)	   83.5(2)
O2–V1–N1	   74.1(2)	   73.6(2)
O5–V1–O3	 175.6(2)	 175.0(3)
O4–V1–O3	   82.5(2)	   81.3(2)
O1–V1–O3	   80.2(2)	   82.5(2)
O2–V1–O3	   80.4(2)	   79.1(2)
N1–V1–O3	   80.6(2)	   80.8(2)

Table 1. Crystallographic and refinement data for the complexes

Complex	 H2L1	 1	 2

Formula	 C14H10BrClN2O2	 C16H15BrClN2O5V	 C17H17BrClN2O5V
Formula weight	 353.60	 481.60	 495.63
T (K)	 298(2)	 298(2)	 298(2)
Crystal system	 Monoclinic	 Monoclinic	 Monoclinic
Space group	 P21/n	 P21/c	 P21/c
a (Å)	 7.3644(12)	 10.7402(12)	 13.1333(10)
b (Å)	 26.8935(13)	 20.4546(15)	 18.6524(12)
c (Å)	 7.6148(12)	 8.3295(7)	 7.9156(7)
α (º)	 90	 90	 90
β (º)	 112.277(1)	 94.601(1)	 89.986(1)
γ (º)	 90	 90	 90
V (Å3)	 1395.6(3)	 1824.0(3)	 1939.1(3)
Z	 4	 4	 4
Dcalc (g cm–3)	 1.683	 1.754	 1.698
μ (Mo Kα) (mm–1)	 3.138	 2.911	 2.741
F(000)	 704	 960	 992
Measured reflections	 8162	 10588	 13404
Unique reflections	 2587	 3378	 2919
Observed reflections (I ³ 2σ(I))	 1275	 1693	 2030
Parameters	 187	 238	 250
Restraints	 2	 1	 3
GOF	 1.009	 0.979	 1.061
R1, wR2 [I ≥ 2σ(I)]a	 0.0630, 0.1356	 0.0655, 0.1226	 0.0833, 0.1941
R1, wR2 (all data)a	 0.1523, 0.1746	 0.1556, 0.1542	 0.1232, 0.2154

a R1 = ∑||Fo| – |Fc||/∑|Fo|, wR2 = {∑[w(Fo
2 – Fc

2)2]/∑[w(Fo
2)2]}1/2
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pared to contain approximately 1.0 × 105 cfu mL–1 and 
applied to microtitration plates with serially diluted com-
pounds in DMSO to be tested and incubated at 37 °C for 
24 h and 48 h for bacteria and fungi, respectively. Then the 
MIC values were visually determined on each of the mi-
crotitration plates, 50 μL of PBS (phosphate buffered saline 
0.01 mol L–1, pH = 7.4) containing 2 mg of MTT mL–1 was 
added to each well. Incubation was continued at room 
temperature for 4–5 h. The content of each well was re-
moved and 100 μL of isopropanol containing 5% HCl  
(1 mol L–1) was added to extract the dye. After 12 h of in-
cubation at room temperature, the optical density was 
measured with a microplate reader at 550 nm.

3. Results and Discussion
3. 1. Synthesis and Characterization

The hydrazones H2L1 and H2L2 were readily prepared 
by the condensation reaction of a 1:1 molar ratio of 4-bro-
mosalicylaldehyde with 2-chlorobenzohydrazide, and 
3-bromo-5-chlorosalcylaldehyde with 3-methylbenzohy-
drazide, respectively in methanol. Single crystals of H2L1 
were obtained by slow evaporation of its methanolic solu-
tion. However, it is difficult to obtain the single crystals of 
H2L2 even with the attempts of various solvents. The vana-
dium complexes were obtained by the reaction of the hydra-
zones with VO(acac)2 in methanol, followed by recrystalli-
zation. Elemental analyses of the hydrazones and the vana-
dium complexes are in accordance with the molecular 
structures determined by the single crystal X-ray analysis.

3. 2. Spectroscopic Studies
In the spectra of the hydrazone compounds H2L1 

and H2L2, and the vanadium complexes, the weak bands in 
the range 3400–3500 cm–1 are attributed to the vibration of 
the O–H bonds. The sharp bands of the hydrazone com-
pounds H2L1 and H2L2 observed at 3200–3210 cm–1 are 
assigned to the vibration of the N–H bonds. The strong 
absorptions at 1643–1645 cm–1 of the hydrazone com-
pounds are generated by the vibrations of the C=O bonds, 

whereas the bands at 1613–1614 cm–1 by the C=N bonds. 
The absence of the ν(C=O) and ν(N–H) bands, which 
present in the spectra of the hydrazones, implies the eno-
lization of the amide functionality upon coordination to 
the V atoms. The strong absorption bands at 1605–1607 
cm–1 can be assigned to the stretching vibrations of the 
C=N bonds. The typical bands at 955–956 cm–1 for the 
complexes could be clearly identified to the ν(V=O) for 
the complexes.12

In the UV-Vis spectra of the hydrazones and the va-
nadium complexes, the bands at 320-340 nm are assigned 
to the intra-ligand π→π* absorptions. In the spectra of the 
vanadium complexes, the lowest energy transition bands 
observed at 400 nm are due to the LMCT transition as 
charge transfer from p-orbital on the lone-pair of ligands’ 
oxygen atoms to the empty d-orbital of the vanadium at-
oms. The other mainly LMCT and to some extent π→π* 
bands appear at about 275 nm for the vanadium complex-
es are attributed to the oxygen donor atoms bound to V 
atoms.12

The 1H NMR spectra of the hydrazones H2L1 and 
H2L2 exhibit OH(phenolic) resonances at 12.32 and 12.51 
ppm, respectively. Signals for one CH proton at 8.66 ppm, 
and one NH proton at 11.31 ppm for H2L1, and signals for 
one CH=N proton at 8.64 ppm, and one NH proton at 
11.27 ppm for H2L2. Signals for aromatic protons are found 
in the 7.69–7.12 ppm range. Signals for methyl protons of 
H2L2 are found at 2.32 ppm.

3. 3. Structure Description of H2L1

Molecular structure of H2L1 is shown in Figure 1. 
The molecule adopts E configuration about the me-
thylidene group. The distance of the C7–N1 group, 
1.266(8) Å, indicates it a typical double bond. The distance 
of the C8–N2 bond (1.352(9) Å) is shorter, and that of the 
C8–O2 bond (1.222(7) Å) for the –C(O)–NH– unit is lon-
ger than usual, implies the conjugation effects in the hy-
drazone molecule. The bond lengths and angles in this 
compound are within normal values.4a The two aromatic 
rings C1–C6 and C9–C14 form a dihedral angle of 20.5(5)°. 
In the crystal structure of the compound, the molecules 

Figure 1. A perspective view of H2L1 with the atom labeling scheme. Thermal ellipsoids are drawn at the 30% probability level. Hydrogen bond is 
shown as a dotted line.
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are linked through N–H∙∙∙O and non-classical C–H∙∙∙O hy-
drogen bonds (Table 3), to form chains along the a-axis 
direction (Figure 2).

3. 4. Structure Description of the Complexes
Molecular structures of the vanadium complexes 1 

and 2 are shown in Figures 3 and 4, respectively. The coor-
dination spheres around the V atoms are best described as 
distorted octahedral geometry. The hydrazones, act as tri-
dentate ligands, chelate the V atoms in a meridional fash-
ion, generating one five and one six-membered rings with 

bite angles of 73.6(2)–74.1(2)° and 82.9(2)–83.5(2)°, re-
spectively. This is not uncommon for this type of ligand 
systems.13 Each hydrazone ligand lies in a plane with one 
hydroxylato ligand which lies trans to the hydrazone imino 
nitrogen atom. The oxygen atoms of the methanol ligands 
trans to the oxo oxygen atoms complete the distorted octa-
hedral coordination spheres at rather elongated distances 
of 2.306(5)–2.329(6) Å, due to the trans effects of the oxo 
groups. This is accompanied by significant displacements 
of the V atoms of complexes 1 and 2 from the planes de-
fined by the four basal donor atoms toward the apical oxo 
oxygen atoms by 0.295(3) and 0.299(3) Å, respectively. As 

Figure 2. Molecular packing structure of H2L1, with hydrogen bonds shown as dotted lines. 

Figure 3. A perspective view of complex 1 with the atom labeling scheme. Thermal ellipsoids are drawn at the 30% probability level.
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expected, the hydrazone ligands coordinate in their doubly 
deprotonated enolate form which is consistent with the ob-
served O2–C8 and N2–C8 bond lengths of 1.28–1.31 Å 
and 1.29–1.31 Å. This agrees well with reported vanadium 
complexes with the enolate form of this type of ligands.14

In the crystal packing structure of complex 1, the 
molecules are linked by hydrogen bonds (Table 3), leading 
to the formation of dimers (Figure 5). In the crystal pack-
ing structure of complex 2, the molecules are linked by 
hydrogen bonds (Table 3), leading to the formation of 
chains along the c-axis direction (Figure 6).

3. 5. Antimicrobial Activity
The hydrazone compounds and the vanadium com-

plexes were screened for antibacterial activities against two 
Gram (+) bacterial strains (Bacillus subtilis and Staphylo-
coccus aureus) and two Gram (–) bacterial strains (Esche-
richia coli and Pseudomonas fluorescence) by MTT method. 
The MIC (minimum inhibitory concentration, μg mL–1) 
values of the compounds against four bacteria are listed in 

Table 4. Penicillin G was used as the standard drug. Both 
hydrazone compounds show medium activity against B. 
subtilis and S. aureus, weak activity against E. coli, and no 
activity against P. fluorescence. H2L2 has stronger activities 
against the bacteria than H2L1 except for P. fluorescence. 
The vanadium complexes, in general, have stronger activi-
ties against the bacteria than the free hydrazones. The com-
plexes have strong activities against B. subtilis, S. aureus 
and E. coli which are comparable to Penicillin G. Complex 
1 has no activity against P. fluoresence, while complex 2 has 
weak activity. Both complexes have no activity on the fun-
gal strains Candida albicans and Aspergillus niger.

Interestingly, the bromo and chloro-containing hy-
drazone H2L2 is more active than the bromo and me-
thoxy-containing hydrazones N’-(3-bromo-2-hydroxy-
benzylidene)-3-hydroxy-4-methoxybenzohydrazide and 
N’- (3-bromo-2-hydroxybenzylidene)-3,5-dimethoxyben-
zohydrazide.7a Subsequently, the complex 2 with bromo 
and chloro-containing hydrazone ligand is more active 
than the vanadium complex with bromo and methoxy-con-
taining hydrazone ligand on S. aureus and P. fluorescence.7a 

Figure 4. A perspective view of complex 2 with the atom labeling scheme. Thermal ellipsoids are drawn at the 30% probability level.

Table 3. Hydrogen bond distances (Å) and bond angles (°) for the compounds

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

H2L1				  
O1–H1∙∙∙N1	      0.85(1)	      1.86(4)	 2.608(7)	 147(7)
N2–H2∙∙∙O2i	      0.90(1)	      1.91(2)	 2.790(7)	 166(6)
C7–H7∙∙∙O2i	 0.93	 2.51	 3.198(5)	 131(6)
C14–H14∙∙∙O1ii	 0.93	 2.45	 3.295(5)	 150(6)
1				  
O3–H3∙∙∙N2iii	      0.85(1)	      1.92(3)	 2.739(7)	 162(10)
C6–H6∙∙∙O5iv	 0.93	 2.59	 3.446(5)	 154(5)
2				  
O3–H3∙∙∙N2v	      0.85(1)	      1.98(1)	 2.842(8)	 176(3)
C13–H13∙∙∙O5vi	 0.93	 2.56	 3.362(3)	 145(4)

Symmetry codes: (i) ½ + x, ½ – y, ½ + z; (ii) x, y, 1 + z; (iii) 1 – x, –y, 1 – z; (iv) 1 – x, – y, 2 – z; (v) –x, 
1 – y, 1 – z; (vi) –x, 1 – y, 2 – z.
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As compared with the chloro-containing hydrazone 
2-chloro-N’-(3,5-dichloro-2-hydroxybenzylidene)benzo-
hydrazide,7c H2L1 is obviously weak for all the bacteria, 
while H2L2 is similar except for S. aureus, a little weaker 
than the reported one. As for the vanadium complexes, 
complex 1 is similar to the reported vanadium complex 
with chloro-containing hydrazone ligand, while complex 2 
is superior to the reported one against B. subtilis, E. coli 
and P. fluorescence.7c Moreover, when compared with the 
vanadium complexes with chloro and fluoro-containing 
hydrazone ligands, both complexes are to some extent 
have higher MIC values.7b,15

When compared with the vanadium complexes with 
Schiff base ligand 2-(((2-hydroxyethyl)imino)meth-
yl)-6-methylphenol and the pyrone ligands 3-hydroxy2-
methyl-4H-pyran-4-one or 2-ethyl-3-hydroxy-4H-pyran-
4-one,16 and the vanadium complexes with the ligands 
N’-(5-chloro-2-hydroxybenzylidene)pivalohydrazide and 
3-hydroxy2-methyl-4H-pyran-4-one or 2-ethyl-3-hy-
droxy-4H-pyran-4-one,17 the complexes 1 and 2 in this 
work is weaker for the bacteria S. aureus, E. coli, and C. 
albicans.16 The present complexes have higher activities 
against B. subtilis, S. aureus and E. coli, when compared 
with the vanadium complex with the ligands N’-(3-bro-
mo-2-hydroxybenzylidene)picolinohydrazide and 2-hy-
droxybenzohydroxamate. Interestingly, when the ligands 
changed to 2-chloro-N’-(2-hydroxy-3-methoxybenzylide- 

Figure 5. Molecular packing structure of complex 1, with hydrogen 
bonds shown as dotted lines.

Figure 6. Molecular packing structure of complex 2, with hydrogen bonds shown as dotted lines.
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ne)benzohydrazide and 2-hydroxybenzohydroxamate, the 
present complexes have higher activities against B. subtilis 
and E. coli, while lower activities against S. aureus.18

3. 6. TGA Analysis
The thermograms of complexes 1 and 2 are shown as 

Figures 7 and 8, respectively. The decomposition mode of 
both complexes is similar. The neutral methanol ligands 
are removed between 80–120 °C, and the deprotonated 

methanol ligands are removed between 115–120 °C for 
complex 1 and 130–140 °C for complex 2. Then, the com-
plexes continue to decompose between 150–510 °C. The 
residue remained about 510 °C is 17% for complex 1 and 
16% for complex 2, which is in accordance with the ex-
pected amount of V2O5.

Supplementary Data
CCDC 2012695 (H2L1), 1891034 (1) and 2012696 

(2) contain the supplementary crystallographic data for 
the compounds. These data can be obtained free of charge 
via http://www.ccdc.cam.ac.uk/conts/retrieving.html, or 
from the Cambridge Crystallographic Data Centre, 12 
Union Road, Cambridge CB2 1EZ, UK; fax: (+44) 1223-
336-033; or e-mail: deposit@ccdc.cam.ac.uk.
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Povzetek
Sintetizirali smo dva vanadijeva(V) kompleksa z bromo in kloro-substituiranima hidrazonoma N’-(4-bromo-2-hidrok-
sibenziliden)-2-klorobenzohidrazidom (H2L1) in N’-(3-bromo-5-kloro-2-hidroksibenziliden)-3-metilbenzohidrazidom 
(H2L2) s formulo [VOL1(OCH3)(CH3OH)] (1) in [VOL2(OCH3)(CH3OH)] (2) ter ju okarakterizirali z IR, UV-Vis in 
1H NMR spektroskopijo. Strukturo H2L1 in obeh kompleksov smo določili z monokristalno rentgensko difrakcijo. Oba 
vanadijeva kompleksa sta enojedrna, kovinski atom je oktaedrično koordiniran s hidrazonskim ligandom, metanolom in 
metanolatnim ligandom ter okso skupino. Hidrazona in vanadijeva kompleksa smo testirali za antimikrobno delovanje 
na Bacillus subtilis, Staphylococcus aureus, Escherichia coli, Pseudomonas fluorescence, Candida albicans in Aspergillus 
niger. Prisotnost bromo in kloro skupin na hidrazonskem ligandu lahko izboljša antimikrobne lastnosti.
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