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Abstract—Two new oxidovanadium(V) complexes, [VO(L)(Ehp)] (I) and [VO(L)(Aha)] (II), where L is the
dianionic form of 4-bromo-N'-(4-oxopentan-2-ylidene)benzohydrazide (H2L), Ehp is the monoanionic
form of 2-ethyl-3-hydroxy-4H-pyran-4-one (HEhp), and Aha is the monoanionic form of acetohydroxamic
acid (HAha), 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 diffraction
(CIF files CCDC nos. 1477847 (I), 1477850 (II)). H2L coordinates to the V atom through the two enolic O
atoms and the imino N atom. The ligands Ehp and Aha coordinate to the V atoms through bidentate OO
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
Among various metal complexes, those derived

from Schiff bases have received much attention in bio-
logical and medicinal chemistry [1–4]. Vanadium
complexes have been reported to have interesting bio-
logical activities such as normalizing the high blood
glucose levels and acting as models of haloperoxidases
[5–7]. In addition, vanadium complexes have shown
effective antibacterial activities [8–10]. Recently, our
research group has reported a few vanadium com-

plexes with biological properties [11–13]. In order to
explore new vanadium-based materials, in the present
paper, two new oxidovanadium(V) complexes,
[VO(L)(Ehp)] (I) and [VO(L)(Aha)] (II), where L is
the dianionic form of 4-bromo-N'-(4-oxopentan-2-
ylidene)benzohydrazide (H2L), Ehp is the monoan-
ionic form of 2-ethyl-3-hydroxy-4H-pyran-4-one
(HEhp), and Aha is the monoanionic form of aceto-
hydroxamic acid (HAha), were prepared, character-
ized and studied on their antibacterial activity.

 

EXPERIMENTAL
Materials and measurements. Commercially avail-

able 4-bromobenzohydrazide 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

1 The article is published in the original.
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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. Ther-
mogravimetric (TG) analysis was performed on a Per-
kin-Elmer Pyris Diamond TG-DTA thermal analyses
system.

Synthesis of complex I. 4-Bromobenzohydrazide
(0.1 mmol, 29.7 mg), HEhp (0.1 mmol, 14.0 mg), and
VO(Acac)2 (0.1 mmol, 26.5 mg) were dissolved in
methanol (15 mL). The mixture was stirred at room
temperature for 30 min to give a brown solution. After
keeping the solution in air for a few days, brown block-
shaped single crystals suitable for X-ray crystal struc-
ture determination were obtained. The crystals were
isolated by filtration and dried in a vacuum desiccator
containing anhydrous CaCl2. The yield was 41%.

IR data (KBr; νmax, cm–1): 3120, 3072, 2926, 2856,
1598, 1538, 1483, 1442, 1390, 1335, 1260, 1187, 1131,
1097, 1016, 1020, 980, 949, 835, 785, 721, 638, 591,
533, 468, 437. UV-Vis data in acetonitrile (λ, nm (ε, L
mol–1 cm–1)): 273 (17150), 331 (6560). 1H NMR
(300 MHz; DMSO-d6; δ, ppm): 8.48 (d., 1H, ArH),
7.72–7.62 (m., 4H, ArH), 6.70 (d., 1H, ArH), 5.63 (s.,
1H, CH), 3.35 (s., 3H, CH3), 3.02 (q., 2H, CH2CH3),
2.17 (s., 3H, CH3), 1.35 (t., 3H, CH2CH3).

Synthesis of complex II. 4-Bromobenzohydrazide
(0.1 mmol, 29.7 mg), HAha (0.1 mmol, 7.5 mg) and
VO(Acac)2 (0.1 mmol, 26.5 mg) were dissolved in
methanol (15 mL). The mixture was stirred at room
temperature for 30 min to give a brown solution. After
keeping the solution in air for a few days, brown block-
shaped single crystals, suitable for X-ray crystal struc-
ture determination, were obtained. The crystals were
isolated by filtration and dried in a vacuum desiccator
containing anhydrous CaCl2. The yield was 55%.

IR data (KBr; νmax, cm–1): 3321, 3057, 3002, 2960,
2926, 1597, 1545, 1492, 1390, 1328, 1285, 1125, 1010,
962, 838, 798, 727, 681, 622, 579, 567, 486. UV-Vis
data in acetonitrile (λ, nm (ε, L mol–1 cm–1)): 275
(18535), 345 (9400), 454 (6,365). 1H NMR
(300 MHz, DMSO-d6; δ, ppm): 13.86 (s., 1H, NH),
7.77 (d., 2H, ArH), 7.66 (d., 2H, ArH), 5.54 (s., 1H,
CH), 3.32 (s., 3H, CH3), 2.19 (s., 3H, CH3), 2.12 (s.,
3H, CH3).

For C19H18N2O6BrV
anal. calcd., %: C, 45.53; H, 3.62; N, 5.59.
Found, %: C, 45.38; H, 3.73; N, 5.46.

For C14H15N3O5BrV
anal. calcd., %: C, 38.55; H, 3.47; N, 9.63.
Found, %: C, 38.72; H, 3.54; N, 9.49.

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
SADABS [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. The amino hydrogen atom in
complex II was located from a difference Fourier map
and refined isotropically. The remaining hydrogen
atoms were placed in idealized positions and con-
strained to ride on their parent atoms. Crystallo-
graphic data for the complexes are summarized in
Table 1. Selected bond lengths and angles are given in
Table 2.

Crystallographic data for structures I and II has
been deposited with the Cambridge Crystallographic
Data Centre (CCDC nos. 1477847 (I), 1477850 (II);
deposit@ccdc.cam.ac.uk or www: 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.

RESULTS AND DISCUSSION
The complexes were prepared by the reaction of

4-bromobenzohydrazide with VO(Acac)2 and HEhp
or HAha in methanol. The ligand L was formed by the
condensation reaction of 4-bromobenzohydrazide
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with acetylacetone. Crystals of the complexes are sol-
uble in DMF, DMSO, methanol, ethanol, and aceto-
nitrile.

Molecular structure of complex I is shown in
Fig. 1a. The V atom in the complex is in octahedral
coordination, with the two enalate O atoms and the
imino N atom of L, and the phenolate O atom of Ehp
ligand defining the equatorial plane, and with the car-
bonyl O atom of Ehp ligand and the oxo group locating
at the axial positions. The V atom deviates from the
least-squares plane defined by the equatorial atoms by
0.313(1) Å. The coordinate bond lengths in the com-

plex are similar to those observed in vanadium com-
plexes with hydrazone ligands [17, 18]. The distortion
of the octahedral coordination can be observed from
the coordinate bond angles, ranging from 75.8(2)° to
102.1(2)° for the perpendicular angles, and from
154.1(2)° to 176.3(3)° for the diagonal angles. The
dihedral angle between the C(1)–C(6) and C(13)–
C(17)/O(5) planes is 99.0(3)°. In the crystal structure
of the complex, molecules are stacked via weak π···π
interactions along the y axis (Fig. 2a).

Molecular structure of complex II is shown in
Fig. 1b. The V atom in the complex is in octahedral

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

Parameter
Value

I II

Mr 501.20 436.14

Crystal color, habit Brown, block Brown, block

Crystal size, mm3 0.28 × 0.26 × 0.22 0.23 × 0.23 × 0.18

Crystal system Monoclinic Orthorhombic

Space group P21/n Pbca

a, Å 12.054(1) 17.639(3)

b, Å 7.657(2) 8.252(1)

c, Å 22.582(2) 23.627(4)

β, deg 90.629(2)

V, Å3 2084.2(6) 3439.2(10)

Z 4 8

ρcalcd, g cm–3 1.597 1.685

μ, mm–1 2.431 2.929

F(000) 1008 1744

Number of unique data 3009 3040

Number of observed data (I > 2σ(I)) 1567 2011

Number of parameters 264 223

Number of restraints 0 1

R1, wR2 (I > 2σ(I)) 0.0794, 0.1948 0.0469, 0.0794

R1, wR2 (all data) 0.1617, 0.2275 0.0919, 0.0916

Goodness of fit on F2 1.029 1.082

Largest peak and deepest hole, e Å–3 0.413, –0.345 0.388, –0.222
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coordination, with the two enalate O atoms and the
imino N atom of L, and the deprotonated hydroxyl O
atom of Aha ligand defining the equatorial plane, and
with the carbonyl O atom of Aha ligand and the oxo
group locating at the axial positions. The V atom devi-
ates from the least-squares plane defined by the equa-
torial atoms by 0.273(1) Å. The coordinate bond
lengths in the complex are comparable to those of
complex I, and also similar to those observed in vana-
dium complexes with hydrazone ligands [17, 18]. The

distortion of the octahedral coordination can be
observed from the coordinate bond angles, ranging
from 75.89(11)° to 107.58(11)° for the perpendicular
angles, and from 154.54(11)° to 170.41(13)° for the
diagonal angles. The dihedral angle between the
C(1)–C(6) and O(3)/C(14)/N(3)/O(4) planes is
69.8(4)°. In the crystal structure of the complex, mol-
ecules are linked through intermolecular N–H···O
hydrogen bonds (N(3)–H(3A) 0.90(1), H(3A)···O(5)i

2.26(3), N(3)···O(5)i 3.046(5) Å, N(3)–H(3A)···O(5)i

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) 1.934(6) V(1)–O(2) 1.883(6)

V(1)–O(3) 1.875(5) V(1)–O(4) 2.272(4)

V(1)–O(6) 1.571(6) V(1)–N(2) 2.055(6)

II

V(1)–O(1) 1.946(2) V(1)–O(2) 1.877(2)

V(1)–O(3) 2.191(3) V(1)–O(4) 1.870(3)

V(1)–O(5) 1.589(3) V(1)–N(2) 2.031(3)

Angle ω, deg Angle ω, deg

I

O(6)V(1)O(3) 99.6(2) O(6)V(1)O(2) 98.0(3)

O(3)V(1)O(2) 102.1(2) O(6)V(1)O(1) 100.7(4)

O(3)V(1)O(1) 92.3(2) O(2)V(1)O(1) 154.1(2)

O(6)V(1)N(2) 99.2(3) O(3)V(1)N(2) 159.3(2)

O(2)V(1)N(2) 83.7(2) O(1)V(1)N(2) 75.8(2)

O(6)V(1)O(4) 176.3(3) O(3)V(1)O(4) 76.86(18)

O(2)V(1)O(4) 81.7(2) O(1)V(1)O(4) 80.7(2)

N(2)V(1)O(4) 84.40(19)

II

O(5)V(1)O(4) 94.79(14) O(5)V(1)O(2) 98.49(13)

O(4)V(1)O(2) 107.58(11) O(5)V(1)O(1) 100.61(13)

O(4)V(1)O(1) 87.46(11) O(2)V(1)O(1) 154.54(11)

O(5)V(1)N(2) 99.94(13) O(4)V(1)N(2) 159.48(12)

O(2)V(1)N(2) 84.38(11) O(1)V(1)N(2) 75.89(11)

O(5)V(1)O(3) 170.41(13) O(4)V(1)O(3) 76.10(11)

O(2)V(1)O(3) 81.72(10) O(1)V(1)O(3) 82.21(10)

N(2)V(1)O(3) 89.63(11)
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147(4)°; N(3)–H(3A) 0.90(1), H(3A)···O(1)i 2.47(3),
N(3)···O(1)i 3.228(4) Å, N(3)–H(3A)···O(1)i 142(4)°;
i 3/2 – x, 1/2 + y, z) to form chains along the y axis
(Fig. 2b).

The sharp and medium band at 3321 cm–1 for the
spectrum of II is due to the vibration of the N–H
group. The ν(C=N) absorptions are observed at
1598 cm–1 for I and 1597 cm–1 for II [19]. The intense
bands indicative of the C=O vibrations are absent in
the complexes, indicating the enolization of the

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 980 and 962 cm–1, respectively,
which are assigned to the V=O vibrations [20].

The UV-Vis spectra of complexes I, II (Fig. 3) were
recorded in 10–5 mol L–1 in acetonitrile, in the range
200–600 nm. The weak bands centered at 331 nm for
I and 345 nm for II are attributed to intramolecular
charge transfer transitions from the pπ orbital on the

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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nitrogen and oxygen to the empty d orbitals of the
metal [21]. The intense bands observed at 275 nm for
the complexes are assigned to intraligand π–π* transi-
tion [21].

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. Complex I and II exhibited

Fig. 2. Crystal packing of I (a) and II (b), viewed along the y axis. Hydrogen bonds are shown as dashed lines. 
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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 2.81 >50 >50 >50

II 18.96 >50 >50 >50

Penicillin G 2.35 0.75 17.51 17.49
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effective activities against B. subtilis, while no activity
against S. aureus, E. coli and P. aeruginosa. Obviously,
complex I is more effective against B. subtilis than
complex II. Interestingly, the IC50 value of complex I
(2.81 μg mL–1) is similar to that of Penicillin G
(2.35 μg mL–1).

TG analysis was conducted from 50 to 1000°C
under air atmosphere at a heating rate of 10°C/min to
examine the stability of the complexes (Fig. 4). The
decomposition of I started at 170°C and completed at
485°C. The observed weight loss of 81.9% is close to
the calculated value (81.8%) with the final product of
V2O5. The decomposition of II started at 140°C and
completed at 485°C. The observed weight loss of
78.5% is close to the calculated value (79.1%) with the
final product of V2O5.
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