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Abstract
Two new oxidovanadium(V) complexes, [VOL1L] (1) and [VOL2L]·CH3OH (2·CH3OH), where L1 and L2 are the dian-
ionic form of N’-(3-bromo-2-hydroxybenzylidene)picolinohydrazide (H2L1) and 2-chloro-N’-(2-hydroxy-3-methoxy-
benzylidene)benzohydrazide (H2L2), respectively, and L is the monoanionic form of 2-hydroxybenzohydroxamic acid 
(HL), were prepared and characterized by elemental analysis, infrared and electronic spectroscopy. Structures of the 
complexes were further confirmed by single crystal X-ray determination. The V atoms in the complexes are in octahedral 
coordination. The hydrazone ligands coordinate to the V atoms through the phenolate O, imino N, and enolate O atoms. 
The hydroxamate ligand coordinates to the V atom through the carbonyl and hydroxy O atoms. The complexes show 
effective antibacterial activity against B. subtilis, S. aureus and E. coli. The presence of Cl substitute group in the complex 
may enhance the antibacterial activity. 
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1. Introduction
Schiff bases and their metal complexes have received 

considerable interest in coordination, catalytic, biological 
and medicinal chemistry.1 Vanadium acts as essential role 
in humans and many living organisms. The biological and 
pharmacological effects of vanadium element include co-
ordination capability and chemical similarity between va-
nadate and phosphate.2 Some inorganic vanadates show 
insulin-mimetic properties, as well as antitumor activities. 
A number of vanadium complexes with various types of 
organic ligands are reported to possess interesting antidia-
betic activity.3 In pursuit of new vanadium compounds 
with decreased toxic side effects and enhanced bioavail-

ability, a great number of organic ligands and vanadium 
complexes have been investigated.4 The metal complexes 
of vanadium have the ability to normalize blood glucose 
level, thus, they can act as models of the haloperoxidases.5 
Moreover, the metal complexes of vanadium possess inter-
esting antimicrobial activities.6 In recent years, much at-
tention has been focused on the biological properties of 
vanadium complexes.7 Some metal complexes of vanadi-
um with hydrazone ligands have been reported for their 
antibacterial activities by our research group.8 In pursuit of 
new vanadium-based biocidal agents, we report here two 
new vanadium(V) complexes, [VOL1L] (1) and [VOL2L] · 
CH3OH (2 · CH3OH), with the hydrazone ligands 
N’-(3-bromo-2-hydroxybenzylidene)picolinohydrazide 
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(H2L1) and 2-chloro-N’-(2-hydroxy-3-methoxyben-
zylidene)benzohydrazide (H2L2), and 2-hydroxybenzohy-
droxamic acid (HL). 

2. Experimental
2. 1. Materials and Measurements

3-Bromo-2-hydroxybenzaldehyde, 2-hydroxy-3-me-
thoxybenzaldehyde, picolinohydrazide and 2-chlorobenzo-
hydrazide were purchased from Aldrich and used as ob-
tained. Other solvents and reagents were made in China and 
used as received. C, H and N elemental analyses were per-
formed with a Perkin-Elmer 240 elemental analyzer. Infra-
red spectra were recorded on a Nicolet AVATAR 360 spec-
trometer as KBr pellets in the 4000–400 cm–1 region. UV-
Vis spectra were recorded on a Lambda 900 spectrometer. 

2. 2. Synthesis of Complex 1
3-Bromo-2-hydroxybenzaldehyde (0.10 mmol, 20.0 

mg) and picolinohydrazide (0.10 mmol, 13.7 mg) were 
dissolved in ethanol (15 mL). Mixture was stirred at room 
temperature for 30 min to give a colorless solution. To the 
solution an ethanolic solution (10 mL) of VO(acac)2 (0.10 
mmol, 26.5 mg) and 2-hydroxybenzoic acid (0.10 mmol, 
15.3 mg) was added with stirring. Mixture was further 
stirred at room temperature for 30 min to give deep brown 
solution. After keeping the solution in air for a few days, 
brown block-shaped single crystals, suitable for X-ray 
crystal structure determination were obtained. The crys-
tals were isolated by filtration and dried in a vacuum des-

iccator containing anhydrous CaCl2. Yield 33% (177 mg). 
IR data (KBr; νmax, cm–1): 3453, 3272, 1607, 953. UV-Vis 
data in ethanol (λ, nm (ε, M–1 cm–1)]: 275 (18,200), 305 
(17,325), 326 (16,312), 402 (4,535), 580 (1,105). Anal. Cal-
cd. for C20H14BrN4O6V (%): C, 44.72; H, 2.63; N, 10.43. 
Found (%): C, 44.60; H, 2.75; N, 10.32. 

2. 3. Synthesis of Complex 2
3-Bromo-2-hydroxybenzaldehyde (0.10 mmol, 20.0 

mg) and 2-chlorobenzohydrazide (0.10 mmol, 17.0 mg) 
were dissolved in ethanol (15 mL). Mixture was stirred at 
room temperature for 30 min to give a colorless solution. 
To the solution an ethanolic solution (10 mL) of VO(acac)2 
(0.10 mmol, 26.5 mg) and 2-hydroxybenzoic acid (0.10 
mmol, 15.3 mg) was added with stirring. Mixture was fur-
ther stirred at room temperature for 30 min to give deep 
brown solution. After keeping the solution in air for a few 
days, brown block-shaped single crystals, suitable for 
X-ray crystal structure determination were obtained. The 
crystals were isolated by filtration and dried in a vacuum 
desiccator containing anhydrous CaCl2. Yield 41% (227 
mg). IR data (KBr; νmax, cm–1): 3465, 3252, 1618, 953. UV-
Vis data in ethanol (λ, nm (ε, M–1 cm–1)]: 272 (19,530), 290 
(18,620), 335 (9,755), 420 (1,272), 570 (1,533). Anal. Cal-
cd. for C23H21ClN3O8V (%): C, 49.88; H, 3.82; N, 7.59. 
Found (%): C, 50.12; H, 3.97; N, 7.45. 

2. 4. X-ray Crystallography
Diffraction intensities for the complexes were collect-

ed at 298(2) K using a Bruker D8 VENTURE PHOTON dif-

Table 1. Crystallographic data and refinement parameters for complexes 1 and 2 · CH3OH

Parameters	 1	 2 · CH3OH

Molecular formula	 C20H14BrN4O6V	 23H21ClN3O8V
Mr	 537.20	 553.82
Crystal color, habit	 Brown, block	 Brown, block
Crystal system	 Monoclinic	 Monoclinic
Space group	 P21/c	 P21/c
a, Å	 10.811(1)	 11.972(1)
b, Å	 17.282(1)	 9.583(1)
c, Å	 12.535(1)	 21.101(1)
β, º	 95.810(1)	 103.792(1)
V, Å3	 2330.0(3)	 2351.1(3)
Z	 4	 4
ρcalcd, g cm–3	 1.531	 1.565
μ, mm–1	 2.182	 0.591
F(000)	 1072	 1136
Number of unique data	 4028	 4378
Number of observed data (I > 2σ(I))	 3038	 3261
Independent parameters	 293	 332
Restraints	 1	 1
R1, wR2 (I > 2σ(I))	 0.0664, 0.1683	 0.0568, 0.1581
R1, wR2 (all data)	 0.0899, 0.1838	 0.0802, 0.1731
Goodness of fit on F2	 1.040	 1.066
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fractometer with MoKα radiation (λ = 0.71073 Å). The col-
lected data were reduced using SAINT,9 and multi-scan ab-
sorption corrections were performed using SADABS.10 
Structures of the complexes were solved by direct methods 
and refined against F2 by full-matrix least-squares methods 
using SHELXTL.11 All of the non-hydrogen atoms were re-
fined anisotropically. The amino H atoms were located from 
different Fourier maps and refined isotropically, with N–H 
distances restrained to 0.90(1) Å. The other hydrogen atoms 
in both compounds were placed in idealized positions and 
constrained to ride on their parent atoms. Crystallographic 
data for the complexes are summarized in Table 1. 

2. 5. Antibacterial Assay
The antibacterial activity of the complexes was tested 

against B. subtilis, S. aureus, E. coli, and P. aeruginosa using 
LB medium (Luria-Bertani medium: Tryptone 10 g, Yeast 
extract 5 g, NaCl 10 g, distilled water 1000 mL, pH 7.4). 
The IC50 (half inhibitory concentration) of the test com-
pounds were determined by a colorimetric method using 
the dye MTT (3-(4,5-di-methylthiazol-2-yl)-2,5-diphen-
yltetrazolium bromide). 

A stock solution of the synthesized compound (1000 
μg mL–1) in DMSO was prepared and graded quantities of 
the test compounds were incorporated in specified quanti-
ty of sterilized liquid LB medium. Suspension of the mi-
croorganism was prepared and applied to 96-well assay 
plate with serially diluted compounds to be tested. 10 μL of 
tested samples at pre-set concentrations were added to 
wells with penicillin as a positive reference and with the 
solvent control (5% DMSO) in medium and incubated at 
37 °C for 24 h. 

After 24 h exposure, 10 μL of PBS (phosphate buff-
ered saline 0.01 mol L–1, pH 7.4) containing 4 mg mL–1 of 
MTT was added to each well. After 4 h, the medium was 
replaced by 150 μL DMSO to dissolve the complexes. The 
absorbance at 492 nm of each well was measured with an 
ELISA plate reader. The IC50 value was defined as the con-
centration at which 50% of the bacterial strain could sur-
vive. 

3. Results and Discussion
3. 1. Chemistry

The hydrazone ligands H2L1 and H2L2 were prepared 
by the reactions of 3-bromo-2-hydroxybenzaldehyde with 
picolinohydrazide, and 2-hydroxy-3-methoxybenzalde-
hyde with 2-chlorobenzohydrazide, respectively in etha-
nol. The two complexes were prepared by the reaction of 
the hydrazone ligands with VO(acac)2 and 2-hydroxyben-
zohydroxamic acid in ethanol (Scheme 1). Crystals of the 
complexes are soluble in DMF, DMSO, methanol, ethanol, 
and acetonitrile. 

3. 2. Structure Description of the Complexes
Molecular structures of complexes 1 and 2 are shown 

in Figs. 1 and 2, respectively. Selected bond lengths and 
angles are given in Table 2. The V atoms are in octahedral 
coordination, with the phenolate O, imino N and enalate 
O atoms of the hydrazone ligands, and the hydroxy O 
atom of 2-hydroxybenzohydroxamate ligand defining the 
equatorial plane, and with the oxido O atom and the car-
bonyl O atom of the 2-hydroxybenzohydroxamate ligand 

Scheme 1. The synthetic method of the complexes.
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locating at the axial positions. The V atoms deviate from 
the least-squares planes defined by the corresponding 
equatorial atoms by 0.265(1) Å for 1 and 0.277(1) Å for 2. 
The coordinate bond lengths in the complexes are compa-
rable to each other, and similar to those observed in vana-
dium complexes with hydrazone ligands.12 The distortion 
of the octahedral coordination can be observed from the 
coordinate bond angles, ranging from 75.01(15)º to 
103.70(16)º (1), and 74.98(11)º to 103.59(13)º (2), for the 
perpendicular angles, and from 154.74(16)º to 170.84(17)º 
for (1), and from 157.06(11)º to 170.22(13)º (2), for the 
diagonal angles. The dihedral angles between the two aro-
matic rings of the hydrazone ligands are 7.2(5)° for 1 and 

Table 2. Selected bond distances (Å) and angles (º) for complexes 1 
and 2 · CH3OH

1
V1–O1	 1.878(4)	 V1–O2	 1.959(4)
V1–O3	 1.854(3)	 V1–O4	 2.217(4)
V1–O6	 1.588(4)	 V1–N1	 2.072(4)
O6–V1–O3	 95.90(18)	 O6–V1–O1	 100.01(19)
O3–V1–O1	 103.70(16)	 O6–V1–O2	 97.29(18)
O3–V1–O2	 92.62(15)	 O1–V1–O2	 154.74(16)
O6–V1–N1	 98.64(18)	 O3–V1–N1	 161.95(16)
O1–V1–N1	 84.28(16)	 O2–V1–N1	 75.01(15)
O6–V1–O4	 170.84(17)	 O3–V1–O4	 75.41(14)
O1–V1–O4	 85.08(15)	 O2–V1–O4	 80.47(14)
N1–V1–O4	 89.39(14)		

2 · CH3OH
V1–O1	 1.859(2)	 V1–O2	 1.971(2)
V1–O3	 1.868(3)	 V1–O4	 2.153(3)
V1–O6	 1.593(3)	 V1–N1	 2.090(3)
O6–V1–O1	 99.44(14)	 O6–V1–O3	 95.72(13)
O1–V1–O3	 101.74(12)	 O6–V1–O2	 95.01(13)
O1–V1–O2	 157.06(11)	 O3–V1–O2	 94.40(11)
O6–V1–N1	 103.59(13)	 O1–V1–N1	 84.32(11)
O3–V1–N1	 158.58(12)	 O2–V1–N1	 74.98(11)
O6–V1–O4	 170.22(13)	 O1–V1–O4	 87.93(11)
O3–V1–O4	 76.37(10)	 O2–V1–O4	 80.09(11)
N1–V1–O4	 83.41(11)		

Table 3. Hydrogen bond distances (Å) and bond angles (º) for the complexes

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

1
O5–H5∙∙∙O2i	 0.82	 2.42	 3.051(5)	  134.4
O5–H5∙∙∙N3i	 0.82	 2.04	 2.780(6)	 150.7

2 · CH3OH
N3–H3∙∙∙O5ii	 0.898(10)	 2.50(4)	 3.196(4)	 134(4)
O7–H7∙∙∙O8iii	 0.82	 1.84	 2.621(4)	 159.8
O8–H8∙∙∙N2iv	 0.82	 2.10	 2.874(4)	 157.9
C7–H7A∙∙∙O6v	 0.93	 2.53	 3.1762(3)	 127
C18–H18∙∙∙O5vi	 0.93	 2.58	 3.4652(4)	 160
C19–H19∙∙∙O6vii	 0.93	 2.56	 3.4513(4)	 160

Symmetry codes for i): 1 – x, – y, 1 – z; ii): – x, 1 – y, – z; iii): – x, ½ + y, ½ – z; iv): 1 – x, –½ + y, ½ – z; v): 1 – x, 
1 – y, – z; vi): – x, 2 – y, – z; vii): x, 1 + y, z. 

Fig. 1. Molecular structure of complex 1, showing the atom-num-
bering scheme. Displacement ellipsoids are drawn at the 30% prob-
ability level. 

Fig. 2. Molecular structure of compound 2 · CH3OH, showing the 
atom-numbering scheme. Displacement ellipsoids are drawn at the 
30% probability level.
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88.9(6)° for 2. In the crystal structures of the complexes, 
molecules are linked through hydrogen bonds (Table 3), to 
form three dimensional networks (Figs. 3 and 4). 

3. 3. IR and UV-Vis Spectra of the Complexes
The ν(C=N) absorptions are observed at 1607 cm–1 

for complex 1 and 1618 cm–1 for complex 2.13 The intense 
bands indicative of the C=O vibrations are absent in the 
complexes, indicating the enolization of the hydrazone li-
gands. The sharp bands indicative of the N–H vibrations 
are located at 3272 cm–1 for complex 1 and 3252 cm–1 for 
complex 2. The weak peaks in the low wave numbers in the 

region 450–700 cm–1 may be attributed to V–O and V–N 
bonds in the complexes. Complexes 1 and 2 exhibit typical 
bands at 953 cm–1, which are assigned to the V=O vibra-
tions.14 

The UV-Vis spectra of the complexes were recorded 
in 10–5 mol L–1 in ethanol, in the range 200–800 nm. The 
weak bands centered at 326 nm for complex 1 and 335 nm 
for complex 2 are attributed to intramolecular charge 
transfer transitions from the pπ orbital on the nitrogen and 
oxygen to the empty d orbitals of the metal.15 The intense 
bands observed at about 275 nm for the complexes are as-
signed to intraligand π–π* transition.15 The bands cen-
tered at 580 nm for complex 1 and 570 nm for complex 2 
are attributed to the ligand-to-metal charge transfer tran-
sitions (LMCT).16

3. 4. Antibacterial Activities
The complexes were screened for antibacterial activ-

ities against two Gram-positive bacterial strains (B. subtilis 
and S. aureus) and two Gram-negative bacterial strains (E. 
coli and P. aeruginosa) by MTT method. The IC50 values of 
the complexes against the bacteria are presented in Table 4. 
Penicillin G was tested as a reference drug. Complex 1 ex-
hibited effective activity against B. subtilis, and weak activ-
ity against S. aureus, while no activity against Gram-nega-
tive bacteria E. coli and P. aeruginosa. Complex 2 exhibited 
effective activity against B. subtilis and S. aureus, weak ac-
tivity against E. coli, while no activity against P. aeruginosa. 
In general, complex 2 has stronger activity against B. subti-
lis, S. aureus and E. coli than complex 1, which might be 
caused by the existence of the biological active substitute 
group, Cl. Both the free hydrazones H2L1 and H2L2, and 
the hydroxamic acid HL have no or very weak activities on 
the bacteria. VO(acac)2 has weak activities on B. subtilis, S. 
aureus and E. coli, and no activity on P. aeruginosa. 

Fig. 3. Crystal packing structure of complex 1, viewed along the a 
axis. Hydrogen bonds are shown as dashed lines.

Fig. 4. Crystal packing structure of compound 2 · CH3OH, viewed 
along the c axis. Hydrogen bonds are shown as dashed lines.

Table 4. Antibacterial results (IC50, μg mL–1)

Compound	         Gram-positive	                      Gram-negative
	 B. subtilis	 S. aureus	 E. coli	 P. aeruginosa

1	 5.32	 13.0	 >50	 >50
2	 3.10	 2.56	 21.7	 >50
H2L1	 35.6	 >50	 >50	 >50
H2L2	 22.7	 32.9	 >50	 >50
HL	 >50	 >50	 >50	 >50
VO(acac)2	 16.7	 25.3	 38.2	 >50
Penicillin G	 2.35	 0.75	 17.5	 17.5

4. Conclusion
Two new oxidovanadium(V) complexes were ob-

tained and structurally characterized. The complexes show 
superior antibacterial activities against B. subtilis, S. aureus 
and E. coli than the free ligands and VO(acac)2. Complex 2 
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has similar activities against B. subtilis when compared 
with penicillin G. The presence of Cl substitute group in 
the complex may enhance the antibacterial activity. 

5. Supplementary Materials
X-ray crystallographic data for the complexes have 

been deposited with the Cambridge Crystallographic Data 
Centre (The Director, CCDC, 12 Union Road, Cambridge, 
CB2 1 EZ, UK; e-mail: deposit@ccdc.cam.ac.uk; http://
www.ccdc.cam.ac.uk; fax: +44-(0)1223–336033) and are 
available free of charge on request, quoting the deposition 
number CCDC 1914265 for 1, and 1914266 for 2.
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Povzetek
Sintetizirali smo dva nova oksidovanadijeva(V) kompleksa, [VOL1L] (1) in [VOL2L] · CH3OH (2 · CH3OH), kjer sta L1 
in L2 dianionski obliki N’-(3-bromo-2-hidroksibenziliden)pikolinohidrazida (H2L1) in 2-kloro-N’-(2-hidroksi-3-metok-
sibenziliden)benzohidrazida (H2L2) ter L monoanionska oblika 2-hidroksibenzohidroksamske kisline (HL). Kompleksa 
smo okarakterizirali z elementno analizo, infrardečo in elektronsko spektroskopijo. Strukturi kompleksov sta bili potr-
jeni tudi z monokristalno rentgensko analizo. V kompleksu je V atom koordiniran oktaedrično. Hidrazonski ligand se 
koordinira na V atom preko fenolatnega O, iminskega N in enolatnega O atoma. Hidroksamatni ligand se koordinira na 
V atom preko karbonilnega in hidroksilnega O atoma. Kompleksa izražata antibakterijsko aktivnost proti B. subtilis, S. 
aureus in E. coli. Prisotnost Cl skupine na ligandu verjetno ojača antibakterijsko aktivnost.
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