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Abstract—Two new oxidovanadium(V) complexes, [VO(L1)(L)] (I) and [VO(L2)(L)] (II), where L1 and L2

are the dianionic form of N'-(2-hydroxy-5-methoxybenzylidene)pivalohydrazide (H2L1) and N'-(2-hydroxy-
3-methoxybenzylidene)pivalohydrazide (H2L2), respectively, and L is the monoanionic form of 8-hydroxy-
quinoline (HL), were prepared and characterized by elemental analysis, infrared and electronic spectra, and
1H NMR spectra. Structures of the complexes were further confirmed by single crystal X-ray determination
(CIF files CCDC nos. 1477854 (I), 1477856 (II)). H2L1 and H2L2 coordinate to the V atoms through the phe-
nolate O, imino N, and enolate O atoms. 8-Hydroxyquinoline coordinates to the V atoms through bidentate
ON donor set. The V atoms of the complexes are in octahedral coordination with the oxo group furnished the
octahedral geometry. The complexes show effective antibacterial activity against Bacillus subtilis.
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INTRODUCTION

In recent years, metal complexes with Schiff base
ligands have received remarkable attention in biologi-
cal and medicinal chemistry [1–4]. Vanadium com-
plexes have been reported to have interesting biologi-
cal activities such as normalizing the high blood glu-
cose levels and acting as models of haloperoxidases
[5–7]. In addition, vanadium complexes have shown
effective antibacterial activities [8–10]. Recently,
vanadium complexes with biological properties have
received particular attention [11–13]. In order to
explore new vanadium-based materials, in the present
paper, two new oxidovanadium(V) complexes,
[VOL1L] (I) and [VOL2L] (II), where L1 and L2 are the
dianionic form of N'-(2-hydroxy-5-methoxyben-
zylidene)pivalohydrazide (H2L1) and N'-(2-hydroxy-
3-methoxybenzylidene)pivalohydrazide (H2L2), respec-
tively, and L is the monoanionic form of 8-hydroxy-
quinoline (HL), are presented.

 

1 The article is published in the original.
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EXPERIMENTAL
Materials and measurements. Commercially avail-

able 5-methoxysalicylaldehyde, 3-methoxysalicylal-
dehyde and pivalohydrazide were purchased from
Aldrich and used without further purification. 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.
Infrared spectra were recorded on a Nicolet AVATAR
360 spectrometer as KBr pellets in the 4000–400 cm–

1 region. UV-Vis spectra were recorded on a Lambda
900 spectrometer. 1H NMR spectra were recorded on
a Bruker 300 MHz spectrometer. Thermal stability
analysis was performed on a Perkin-Elmer Pyris Dia-
mond TG-DTA thermal analyses system.

Synthesis of complex I. 5-Methoxysalicylaldehyde
(0.1 mmol, 15.2 mg) and pivalohydrazide (0.1 mmol,
11.6 mg) were dissolved in methanol (15 mL). The
mixture was stirred at room temperature for 30 min to
give a colorless solution. To the solution was added
with stirring a methanolic solution (10 mL) of 8-
hydroxyquinoline (0.1 mmol, 14.5 mg) and
VO(Acac)2 (0.1 mmol, 26.5 mg). The mixture was fur-
ther stirred at room temperature for 30 min to give a
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 anhy-
drous CaCl2. The yield was 62%.

IR data (KBr; νmax, cm–1): 3049, 2962, 2929, 1600,
1548, 1467, 1402, 1322, 1270, 1222, 1163, 1102, 1023,
969, 834, 789, 752, 626, 554, 482. UV-Vis data in ace-
tonitrile (λ, nm (ε, M–1 cm–1)): 242 (21230), 335
(3850), 515 (2930). 1H NMR (300 MHz; d6-DMSO;
δ, ppm): 9.20 (s., 1H, ArH), 8.55 (s., 1H, CH=N),
8.35 (d., 1H, ArH), 7.75–7.55 (m., 3H, ArH), 7.43 (s.,
1H, ArH), 7.09 (d., 1H, ArH), 6.95 (d., 1H, ArH),
6.75 (d., 1H, ArH), 3.76 (s., 3H, OCH3), 0.78 (s., 9H,
CH3).

Synthesis of complex II was carried out and crystal-
lized by the same method as described for complex I
with 5-methoxysalicylaldehyde replaced with 3-me-
thoxysalicylaldehyde. The yield was 54%.

IR data (KBr; νmax, cm–1): 3054, 2966, 2929, 1602,
1557, 1503, 1479, 1443, 1383, 1330, 1263, 1218, 1096,
1033, 976, 867, 826, 752, 652, 610, 554, 498, 440. UV-
Vis data in acetonitrile (λ, nm (ε, L mol–1 cm–1)): 243
(21200), 277 (9170), 347 (4120), 537 (2640). 1H NMR
(300 MHz; d6-DMSO; δ, ppm): 9.20 (s., 1H, ArH),
8.56 (s., 1H, CH=N), 8.12 (t., 1H, ArH), 7.75 (m.,

For C22H22N3O5V
Anal. calcd., %: C, 57.52; H, 4.83; N, 9.15.
Found, %: C, 57.37; H, 4.96; N, 9.07.

2H, ArH), 7.60 (m., 1H, ArH), 7.43 (q., 1H, ArH),
7.22 (m., 2H, ArH), 7.00 (m., 1H, ArH), 3.71 (s., 3H,
OCH3), 0.78 (s., 9H, CH3).

X-ray crystallography. Diffraction intensities for
the complexes were collected at 298(2) K using a
Bruker D8 VENTURE PHOTON diffractometer with
MoKα radiation (λ = 0.71073 Å). The collected data
were reduced using SAINT [14], and multi-scan
absorption corrections were performed using SAD-
ABS [15]. Structures of the complexes were solved by
direct methods and refined against F 2 by full-matrix
least-squares methods using SHELXTL [16]. All of
the non-hydrogen atoms were refined anisotropically.
Hydrogen atoms were placed in idealized positions
and constrained to ride on their parent atoms. Crystal-
lographic data for the complexes are summarized in
Table 1. Selected bond lengths and angles are given in
Table 2.

Supplementary material for structures has been
deposited with the Cambridge Crystallographic Data
Centre (CCDC nos. 1477854 (I), 1477856 (II);
deposit@ccdc.cam.ac.uk or http://www.ccdc.cam.
ac.uk).

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 compounds were
determined by a colorimetric method using the dye
MTT (3-(4,5-di-methylth-iazol-2-yl)-2,5-diphenyl
tetrazolium 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 quantity of sterilized liquid LB medium.
Suspension of the microorganism 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 Peni-
cillin as a positive reference and with the solvent con-
trol (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 com-
plexes. The absorbance at 492 nm of each well was
measured with an ELISA plate reader. The IC50 value
was defined as the concentration at which 50% of the
bacterial strain could survive.

For C22H22N3O5V
Anal. calcd., %: C, 57.52; H, 4.83; N, 9.15.
Found, %: C, 57.63; H, 4.92; N, 9.23.
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RESULTS AND DISCUSSION

The hydrazone ligands H2L1 and H2L2 were pre-
pared by the reactions of pivalohydrazide with
5-methoxysalicylaldehyde and 3-methoxysalicylalde-
hyde, respectively, in methanol. The two complexes
were prepared by the reaction of the hydrazone
ligands, 8-hydroxyquinoline and VO(Acac)2 in meth-
anol. Crystals of the complexes are soluble in DMF,
DMSO, methanol, ethanol, and acetonitrile.

Molecular structures of complexes I and II are
shown in Fig. 1. The V atoms in the complexes are in
octahedral coordination, with the phenolate O, imino
N and enalate O atoms of the hydrazone ligands, and

the phenolate O atom of 8-hydroxyquinoline ligand
defining the equatorial plane, and with the pyridine N
atom of 8-hydroxyquinoline and the oxo group locat-
ing at the axial positions. The V atoms deviate from the
least-squares plane defined by the corresponding
equatorial atoms by 0.326(1) Å for I and 0.299(1) Å for
II. The coordinate bond lengths in the complex are
similar to those observed in vanadium complexes with
hydrazone ligands [17, 18]. The distortion of the octa-
hedral coordination can be observed from the coordi-
nate bond angles, ranging from 74.67(8)° to 105.49(8)°
for I and from 74.75(5)o to 100.30(7)° for II for the
perpendicular angles, and from 154.51(8)° to
176.81(10)° for I and from 153.77(6)° to 175.70(6)° for

Table 1. Crystallographic data and refinement parameters for complexes I and II

Parameter
Value

I II

Mr 459.37 459.37

Crystal color, habit Brown, block Brown, block

Crystal size, mm3 0.16 × 0.15 × 0.13 0.27 × 0.27 × 0.26

Crystal system Triclinic Triclinic

Space group P1 P1

a, Å 9.3020(7) 9.6589(11)

b, Å 10.9857(8) 9.8704(11)

c, Å 11.9207(10) 11.8473(13)

α, deg 64.245(2) 90.085(2)

β, deg 76.340(3) 106.511(2)

γ, deg 85.890(2) 103.538(2)

V, Å3 1065.45(14) 1050.0(2)

Z 2 2

ρcalcd, g cm–3 1.432 1.453

μ, mm–1 0.505 0.512

F(000) 476 476

Number of unique data 3954 3852

Number of observed data (I > 2σ(I)) 2885 3538

Independent parameters 284 284

R1, wR2 (I > 2σ(I)) 0.0458, 0.1088 0.0299, 0.0791

R1, wR2 (all data) 0.0723, 0.1216 0.0331, 0.0822

Goodness of fit on F 2 1.023 1.064

Largest difference peak and hole, e Å–3 0.294 and –0.202 0.186 and –0.375
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Table 2. Selected bond distances (Å) and angles (deg) for complexes I and II

Bond d, Å Bond d, Å

I

V(1)–O(1) 1.8459(18) V(1)–O(2) 1.9361(17)

V(1)–O(4) 1.8423(19) V(1)–O(5) 1.580(2)

V(1)–N(1) 2.078(2) V(1)–N(3) 2.376(2)

II

V(1)–O(1) 1.8558(12) V(1)–O(2) 1.9388(11)

V(1)–O(4) 1.8511(11) V(1)–O(5) 1.5843(13)

V(1)–N(1) 2.0903(13) V(1)–N(3) 2.3735(14)

Angle ω, deg Angle ω, deg

I

O(5)V(1)O(4) 102.03(10) O(5)V(1)O(1) 98.70(10)

O(4)V(1)O(1) 105.49(8) O(5)V(1)O(2) 99.14(9)

O(4)V(1)O(2) 88.38(8) O(1)V(1)O(2) 154.51(8)

O(5)V(1)N(1) 99.04(10) O(4)V(1)N(1) 154.79(9)

O(1)V(1)N(1) 84.67(8) O(2)V(1)N(1) 74.67(8)

O(5)V(1)N(3) 176.81(10) O(4)V(1)N(3) 75.79(8)

O(1)V(1)N(3) 84.19(8) O(2)V(1)N(3) 78.55(7)

N(1)V(1)N(3) 82.54(8)

II

O(5)V(1)O(4) 100.15(6) O(5)V(1)O(1) 100.30(7)

O(4)V(1)O(1) 99.81(5) O(5)V(1)O(2) 97.43(7)

O(4)V(1)O(2) 95.90(5) O(1)V(1)O(2) 153.77(6)

O(5)V(1)N(1) 97.39(6) O(4)V(1)N(1) 161.08(5)

O(1)V(1)N(1) 83.88(5) O(2)V(1)N(1) 74.75(5)

O(5)V(1)N(3) 175.70(6) O(4)V(1)N(3) 75.84(5)

O(1)V(1)N(3) 82.07(5) O(2)V(1)N(3) 81.58(5)

N(1)V(1)N(3) 86.41(5)
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Fig. 1. Molecular structures of I (a) and II (b), showing the atom-numbering scheme. Displacement ellipsoids are drawn at the
30% probability level.
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Table 3. Antibacterial results (IC50, μg mL–1)

Compound
Gram-positive Gram-negative

B. subtilis S. aureus E. coli P. aeruginosa

I 5.72 >50 >50 >50
II 6.83 >50 >50 >50
Penicillin G 2.35 0.75 17.51 17.49
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II for the diagonal angles. The dihedral angles between
the C(1)–C(6) benzene ring and the C(14)–
C(22)/N(3) aromatic plane are 76.2(3)° for I and
85.8(3)° for II. In the crystal structures of the com-
plexes, molecules are stacked by weak π···π interac-
tions (Fig. 2).

The ν(C=N) absorptions are observed at 1600 cm–1

for I and 1602 cm–1 for II [19]. The intense bands
indicative of the C=O vibrations and the sharp bands
indicative of the N–H vibrations are absent in the
complexes, indicating the enolization of the hydra-
zone ligands. The weak peaks in the low wave numbers
in the region 400–650 cm–1 may be attributed to V–O
and V–N bonds in the complexes. Complexes I and II
exhibit typical bands at 969 and 976 cm–1, respectively,
which are assigned to the V=O vibrations [20].

The UV-Vis spectra of the complexes were
recorded in 10–5 mol L–1 in acetonitrile, in the range
200–600 nm (Fig. 3). The weak bands centered at
335 nm for I and 347 nm for II are attributed to intra-
molecular charge transfer transitions from the
pπ orbital on the nitrogen and oxygen to the empty
d orbitals of the metal [21]. The intense bands
observed at 242 nm for the complexes are assigned to
intraligand π–π* transition [21]. The bands centered
at 515 nm for I and 537 nm for II are attributed to the

ligand-to-metal charge transfer transitions
(LMCT) [22].

The complexes were screened for antibacterial
activities against two Gram-positive bacterial strains
(B. subtilis and S. aureus) and two Gram-negative bac-
terial strains (E. coli and P. aeruginosa) by MTT
method. The IC50 values of the complexes against the
bacteria are presented in Table 3. Penicillin G was
tested as a reference drug. Complexes I and II exhib-
ited effective activities against B. subtilis, while no
activity against S. aureus, E. coli, and P. aeruginosa.
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