
Full Terms & Conditions of access and use can be found at
http://www.tandfonline.com/action/journalInformation?journalCode=gcoo20

Download by: [Mizoram University] Date: 28 December 2015, At: 14:38

Journal of Coordination Chemistry

ISSN: 0095-8972 (Print) 1029-0389 (Online) Journal homepage: http://www.tandfonline.com/loi/gcoo20

Synthesis, crystal structures, and antimicrobial
activities of hydrazone complexes of vanadium(V)

Shu-Jing Li, Ke Li, Xin-Jian Yao & Xiao-Yang Qiu

To cite this article: Shu-Jing Li, Ke Li, Xin-Jian Yao & Xiao-Yang Qiu (2015) Synthesis, crystal
structures, and antimicrobial activities of hydrazone complexes of vanadium(V), Journal of
Coordination Chemistry, 68:16, 2846-2857, DOI: 10.1080/00958972.2015.1056171

To link to this article:  http://dx.doi.org/10.1080/00958972.2015.1056171

Accepted author version posted online: 09
Jun 2015.
Published online: 10 Jul 2015.

Submit your article to this journal 

Article views: 70

View related articles 

View Crossmark data

http://www.tandfonline.com/action/journalInformation?journalCode=gcoo20
http://www.tandfonline.com/loi/gcoo20
http://www.tandfonline.com/action/showCitFormats?doi=10.1080/00958972.2015.1056171
http://dx.doi.org/10.1080/00958972.2015.1056171
http://www.tandfonline.com/action/authorSubmission?journalCode=gcoo20&page=instructions
http://www.tandfonline.com/action/authorSubmission?journalCode=gcoo20&page=instructions
http://www.tandfonline.com/doi/mlt/10.1080/00958972.2015.1056171
http://www.tandfonline.com/doi/mlt/10.1080/00958972.2015.1056171
http://crossmark.crossref.org/dialog/?doi=10.1080/00958972.2015.1056171&domain=pdf&date_stamp=2015-06-09
http://crossmark.crossref.org/dialog/?doi=10.1080/00958972.2015.1056171&domain=pdf&date_stamp=2015-06-09


Synthesis, crystal structures, and antimicrobial activities of
hydrazone complexes of vanadium(V)

SHU-JING LI†, KE LI†, XIN-JIAN YAO† and XIAO-YANG QIU‡*

†School of Chemistry & Chemical Engineering, Zhoukou Normal University, Zhoukou, PR China
‡Department of Chemistry, Shangqiu Normal University, Shangqiu, PR China

(Received 4 December 2014; accepted 6 May 2015)

Two hydrazone ligands, (E)-N′-(3-bromo-2-hydroxybenzylidene)-2-methoxybenzohydrazide (HLa)
and (E)-N′-(2-hydroxy-3-methylbenzylidene)-2-methoxybenzohydrazide (HLb), were prepared and
characterized by IR, UV–vis, and 1H NMR spectroscopy. The corresponding vanadium(V) com-
plexes, 2[VOLaL]·CH3OH (1) and [VOLbL] (2), where L is the monoanionic form of benzohydrox-
amic acid (HL), were prepared and characterized by IR and UV–vis spectroscopy, and single-crystal
X-ray diffraction. Complex 1 crystallizes as the monoclinic space group P21/c, with unit cell dimen-
sions a = 14.4161(16) Å, b = 14.0745(16) Å, c = 24.069(2) Å, β = 96.247(2), V = 4854.5(9) Å3,
Z = 4, R1 = 0.0541, wR2 = 0.1423, Goof = 1.032. Complex 2 crystallizes in the orthorhombic space
group Pbca, with unit cell dimensions a = 13.5906(6) Å, b = 18.1865(11) Å, c = 18.4068(11) Å,
V = 4549.5(4) Å3, Z = 8, R1 = 0.0549, wR2 = 0.1397, Goof = 1.054. X-ray analysis indicates that the
complexes are mononuclear octahedral vanadium(V) complexes. The thermal behavior of the com-
plexes was investigated. The hydrazone ligands and their complexes were also evaluated for their
antibacterial (Bacillus subtilis, Staphylococcus aureus, Escherichia coli, and Pseudomonas fluores-
cence) and antifungal (Candida albicans and Aspergillus niger) activities using the MTT (3-(4,5-
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dimethylthiazol-2-yl)-2,5-diphenyl tetrazolium bromide) assay. The two complexes have moderate to
good activities against B. subtilis and S. aureus, and 1 has moderate activity against E. coli.

Keywords: Hydrazone; Vanadium complex; Mononuclear complex; Crystal structure; Antimicrobial
activity

1. Introduction

Hydrazones are a class of biologically active compounds prepared by condensation of carbonyl-
containing compounds with hydrazides. These compounds have attracted considerable attention
for their antibacterial [1–3], antifungal [4, 5], and antitumor [6, 7] activities. Hydrazone com-
pounds bearing electron-withdrawing groups result in an improvement in their antimicrobial
activities [8, 9]. Rai and coworkers reported that a series of fluoro-, chloro-, bromo-, and iodo-
substituted compounds have significant antimicrobial activities [10]. Vanadium complexes with
Schiff bases and hydrazones have also been reported to have interesting antibacterial activities
[11–14]. As continuation of work on the exploration of complex-based antimicrobial agents, in
this article, two hydrazones, (E)-N′-(3-bromo-2-hydroxybenzylidene)-2-methoxybenzohydrazide
(HLa) and (E)-N′-(2-hydroxy-3-methylbenzylidene)-2-methoxybenzohydrazide (HLb), were pre-
pared. The corresponding vanadium(V) complexes were also synthesized and structurally charac-
terized, 2[VOLaL]·CH3OH (1) and [VOLbL] (2), where L is the monoanionic form of
benzohydroxamic acid (HL); their antimicrobial activities were investigated.

HLa HLb HL
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N N
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2. Experimental

2.1. Materials and methods

Vanadyl acetylacetonate and the other organic reagents were purchased from Sigma-Aldrich
and used as received. All other reagents were of analytical reagent grade. Elemental
analyses of C, H, and N were carried out in a Perkin–Elmer automated model 2400 Series
II CHNS/O analyzer. FT-IR spectra were obtained on a Perkin–Elmer 377 FT-IR spectrome-
ter with samples prepared as KBr pellets. UV–vis spectra were obtained on a Lambda 900
spectrometer. Thermogravimetric analyses were performed by means of a Perkin–Elmer
Pyris Diamond TG-DTA from 25 and 800 °C. X-ray diffraction was carried out on a Bruker
APEX II CCD diffractometer.

2.2. Synthesis of the hydrazones

The hydrazones were synthesized as follows. To a stirred methanolic solution (30 mL) of
2-methoxybenzohydrazide (0.02 mol) was added a methanolic solution (20 mL) of
3-bromosalicylaldehyde or 3-methylsalicylaldehyde (0.02 mol). The mixtures were stirred
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for 30 min at room temperature and left to slowly evaporate to give colorless crystalline
products, which were recrystallized from methanol and dried under vacuum in the presence
of anhydrous CaCl2.

For HLa: Yield 83%. IR data (cm−1): 3447, 3311, 1659, 1605, 1516, 1473, 1393, 1344,
1283, 1235, 1174, 1135, 1011, 939, 793, 750, 667, 552, 518. UV–vis data (MeOH, λmax,
nm): 292, 328. Anal. Calcd for C15H13BrN2O3: C, 51.6; H, 3.7; N, 8.0. Found: C, 51.7; H,
3.9; N, 7.9%. 1H NMR (300 MHz, d6-DMSO): δ 12.58 (s, 1H), 11.91 (s, 1H), 8.54 (s, 1H),
7.69 (dd, J = 7.6, 1.7 Hz, 1H), 7.63 (dd, J = 7.9, 1.3 Hz, 1H), 7.55 (m, 1H), 7.47 (dd,
J = 7.7, 1.4 Hz, 1H), 7.20 (d, 1H), 7.09 (t, 1H), 6.91 (t, 1H), 3.90 (s, 3H). For HLb: Yield
87%. IR data (cm−1): 3453, 3305, 1651, 1608, 1525, 1470, 1398, 1353, 1292, 1245, 1172,
1152, 1020, 973, 888, 745, 521. UV–vis data (MeOH, λmax, nm): 292, 332. Anal. Calcd for
C16H16N2O3: C, 67.6; H, 5.7; N, 9.8. Found: C, 67.4; H, 5.6; N, 10.0%. 1H NMR
(300 MHz, d6-DMSO): δ 11.90 (s, 1H), 11.75 (s, 1H), 8.51 (s, 1H), 7.68 (dd, J = 7.6,
1.7 Hz, 1H), 7.54 (m, 1H), 7.3–7.0 (m, 4H), 6.85 (t, 1H), 3.90 (s, 3H), 2.04 (s, 3H).

2.3. Synthesis of the complexes

The hydrazone compounds (0.1 mmol each) and vanadyl acetylacetonate (0.1 mmol) were
mixed in methanol (10 mL). The mixture was boiled under reflux for 1 h and then cooled
to room temperature. Single crystals of the complexes, suitable for X-ray diffraction, were
grown from the solution upon slow evaporation within a few days. The crystals were iso-
lated by filtration, washed with methanol, and dried in vacuum containing anhydrous
CaCl2.

Table 1. Crystallographic and refinement data for 1 and 2.

Complex 1 2

Formula C45H38Br2N6O13V2 C23H20N3O6V
Formula weight 1132.51 485.36
Crystal shape/color Block/brown Block/brown
T (K) 298(2) 298(2)
Crystal dimensions (mm3) 0.20 × 0.18 × 0.17 0.30 × 0.27 × 0.22
Crystal system Monoclinic Orthorhombic
Space group P21/c Pbca
a (Å) 14.4161(16) 13.5906(6)
b (Å) 14.0745(16) 18.1865(11)
c (Å) 24.069(2) 18.4068(11)
β (°) 96.247(2)
V (Å3) 4854.5(9) 4549.5(4)
Z 4 8
Dcalc (g cm−3) 1.550 1.417
μ (Mo Kα) (mm−1) 2.100 0.480
F(0 0 0) 2280 2000
Measured reflections 48,421 14,676
Unique reflections 9023 4233
Observed reflections [I ≥ 2σ(I)] 6815 3076
Minimum and maximum transmission 0.6788 and 0.7167 0.8693 and 0.9017
Parameters 622 303
Restraints 44 1
Goodness of fit on F2 1.032 1.054
R1, wR2 [I ≥ 2σ(I)]a 0.0541, 0.1423 0.0549, 0.1397
R1, wR2 (all data)

a 0.0756, 0.1608 0.0796, 0.1598

a
R1 ¼ Fo � Fc=Fo;wR2 ¼

P
wðF2

o � F2
c Þ=

P
wðF2

o Þ2
h i1

2
.
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For 1: Yield 51%. IR data (cm−1): 3201 (m), 1606 (s), 1559 (w), 1525 (m), 1485 (w),
1450 (m), 1395 (w), 1341 (s), 1287 (w), 1252 (m), 1100 (w), 968 (s), 913 (w), 742 (w),
696 (w), 595 (m). UV–vis data (CH3CN, λmax, nm): 273, 337, 445. Anal. Calcd for
C45H38Br2N6O13V2: C, 47.7; H, 3.4; N, 7.4. Found: C, 47.9; H, 3.4; N, 7.3%. For 2: Yield
45%. IR data (cm−1): 3434 (w), 3213 (w), 1602 (s), 1559 (s), 1510 (s), 1482 (m), 1433 (w),
1393 (w), 1358 (m), 1338 (m), 1272 (s), 1247 (s), 1152 (w), 1023 (w), 977 (s), 928 (w),
911 (w), 871 (m), 751 (s), 702 (s), 604 (s), 576 (m), 461 (w). UV–vis data (CH3CN, λmax,
nm): 269, 333, 434. Anal. Calcd for C23H20N3O6 V: C, 56.9; H, 4.2; N, 8.7. Found: C,
56.8; H, 4.1; N, 8.5%.

2.4. X-ray crystallography

X-ray diffraction was carried out with a Bruker APEX II CCD area diffractometer equipped
with MoKα radiation (λ = 0.71073 Å). The collected data were reduced with SAINT [15]

Table 2. Selected bond distances (Å) for 1 and 2.

1

V1–O1 1.860(3) V1–O2 1.945(3)
V1–O4 1.850(3) V1–O5 2.192(3)
V1–O6 1.584(3) V1–N1 2.079(3)
V2–O7 1.866(3) V2–O8 1.957(3)
V2–O10 1.852(3) V2–O11 2.179(3)
V2–O12 1.581(3) V2–N4 2.072(3)
C8–N2 1.295(6) C8–O2 1.297(5)
C30–N5 1.292(6) C30–O8 1.290(5)
O6–V1–O4 97.64(15) O6–V1–O1 98.44(16)
O4–V1–O1 107.58(13) O6–V1–O2 97.86(15)
O4–V1–O2 87.47(12) O1–V1–O2 156.04(14)
O6–V1–N1 102.06(15) O4–V1–N1 155.05(13)
O1–V1–N1 84.62(13) O2–V1–N1 74.86(13)
O6–V1–O5 173.51(15) O4–V1–O5 76.06(12)
O1–V1–O5 85.09(13) O2–V1–O5 80.51(12)
N1–V1–O5 83.64(12) O12–V2–O10 96.38(16)
O12–V2–O7 100.34(17) O10–V2–O7 104.44(14)
O12–V2–O8 98.33(16) O10–V2–O8 91.17(14)
O7–V2–O8 154.04(14) O12–V2–N4 99.51(16)
O10–V2–N4 160.27(14) O7–V2–N4 84.18(14)
O8–V2–N4 75.05(13) O12–V2–O11 172.84(16)
O10–V2–O11 76.69(13) O7–V2–O11 83.34(14)
O8–V2–O11 80.21(13) N4–V2–O11 86.93(13)

2

V1–O1 1.849(2) V1–O2 1.981(2)
V1–O4 2.211(2) V1–O5 1.854(2)
V1–O6 1.589(3) V1–N1 2.065(3)
C8–N2 1.308(4) C8–O2 1.285(4)
O6–V1–O1 99.86(13) O6–V1–O5 96.93(12)
O1–V1–O5 108.42(11) O6–V1–O2 100.27(12)
O1–V1–O2 152.79(11) O5–V1–O2 87.07(10)
O6–V1–N1 98.66(12) O1–V1–N1 84.12(11)
O5–V1–N1 157.97(11) O2–V1–N1 74.91(10)
O6–V1–O4 173.30(11) O1–V1–O4 83.07(11)
O5–V1–O4 76.40(9) O2–V1–O4 78.98(9)
N1–V1–O4 87.61(10)

Vanadium(V) with tridentate hydrazone 2849
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and a multi-scan absorption correction was performed using SADABS [16]. The structures
of the complexes were solved by direct methods and refined against F2 by full-matrix least-
squares using SHELXTL [17]. All non-hydrogen atoms were refined anisotropically. The
amino hydrogens were located from electron density maps and refined isotropically. The
remaining hydrogens were placed in calculated positions and constrained to ride on their
parent atoms. There are 44 restraints in the refinement of 1, which arises from the isotropic
treatment of carbons C37, C39, C40, C41, C42, C43, and C45 with relative high thermal
ellipsoids, and from the restriction (0.90(1) Å) of the amino N–H bond lengths. The crys-
tallographic data and refinement parameters for the compounds are listed in table 1.
Selected bond lengths and angles are listed in table 2.

2.5. Antimicrobial assay

The antibacterial activities of the hydrazone ligands and the vanadium complexes were tested
against Bacillus subtilis, Staphylococcus aureus, Escherichia coli, and Pseudomonas fluores-
cence using MH (Mueller–Hinton) medium. The antifungal activities of the compounds were
tested against Candida albicans and Aspergillus niger using RPMI-1640 medium. The MIC
values of the tested compounds were determined by a colorimetric method using the dye
MTT [18]. A stock solution of the compound (150 μg mL−1) in DMSO was prepared and
varying amounts (75, 37.5, 18.8, 9.4, 4.7, 2.3, 1.2, and 0.59 μg mL−1) were added to the
appropriate sterilized liquid medium. A specified quantity of the medium containing the
compound was poured into micro-titration plates. A suspension of the microorganism was
prepared to contain approximately 1.0 × 105 cfu mL−1 and applied to micro-titration plates
with serially diluted compounds in DMSO to be tested and incubated at 37 °C for 24 h and
48 h for bacterial and fungi, respectively. The MIC values were visually determined on each
of the micro-titration plates and 50 μL of PBS (phosphate-buffered saline 0.01 mol L−1,
pH = 7.4) containing 2 mg mL−1 MTT was added to each well. Incubation was continued at
room temperature for 4–5 h. The content of each well was removed, and 100 μL isopropanol
containing 5% 1 mol L−1 HCl was added to extract the dye. After 12 h of incubation at room
temperature, the optical density was measured with a microplate reader at 550 nm.

3. Results and discussion

3.1. Synthesis and characterization

HLa and HLb were readily prepared by condensation of a 1:1 M ratio of 2-methoxybenzo-
hydrazide with 3-bromosalicylaldehyde and 3-methylsalicylaldehyde, respectively, in
methanol. Complexes 1 and 2 were prepared by reaction of the hydrazone ligands with
vanadyl acetylacetonate in methanol, followed by recrystallization. Elemental analysis
results of the complexes are in accord with the molecular structures proposed by X-ray
crystallography.

3.2. Spectroscopic studies

In IR spectra of the hydrazone ligands and the complexes, the weak and broad bands
centered at ~3440 cm−1 are assigned to O–H stretches. The weak and sharp bands located
at ~3310 cm−1 for the hydrazone ligands and 3210 cm−1 for the complexes are assigned to

2850 S.-J. Li et al.
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N–H stretches. The position of the bands demonstrates that the N–H hydrazone protons are
engaged in hydrogen bonding. The intense bands at 1659 cm−1 for HLa and 1651 cm−1 for
HLb arise from ν(C=O) vibrations, whereas the bands at ~1606 cm−1 can be assigned to
ν(C=N). The absence of ν(C=O) bands for the complexes indicates enolization of the amide
functionality occurs upon coordination of the ligands to the V(V) center. Strong bands at
1603 cm−1 for 1 and 1602 cm−1 for 2 are observed, which can be attributed to the asym-
metric stretching vibration of the conjugated CH=N–N=C–O groups, characteristic for
coordination of the enolate form of the ligands. The strong ν(V=O) bands at 968 cm−1 for 1
and 977 cm−1 for 2 could be clearly observed for both complexes [19].

In electronic spectra of the complexes, the lowest energy transitions at 445 nm for 1
and 434 nm for 2 can be attributed to LMCT transitions, since charge transfer occurs from
the oxygen’s p-orbital occupied by the lone pair of the ligand to the empty d-orbital of

Figure 1. (a) A perspective view of V1 of 1 with the atom-labeling scheme. Thermal ellipsoids are drawn at the
30% probability level and (b) A perspective view of V2 and the methanol of 1 with the atom-labeling scheme.
Thermal ellipsoids are drawn at the 30% probability level.

Vanadium(V) with tridentate hydrazone 2851
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vanadium. The other strong bands in the 320–340 nm range for both complexes are similar
to the absorption bands in spectra of the corresponding hydrazone ligands, so they are
attributed to intra-ligand π → π* transitions of the ligands. The other mainly LMCT and to
some extent π → π* bands are at 273 nm for 1 and 269 nm for 2, due to the oxygen donors
bound to vanadium(V) [19].

3.3. Structure description of the complexes

The molecular structures of 1 and 2 are shown in figures 1and 2, respectively. The asym-
metric unit of 1 contains two vanadium complexes and one methanol of crystallization. The
coordination geometry around vanadium is distorted octahedral with the tridentate hydra-
zone coordinated meridional, forming five- and six-membered chelate rings with bite angles
of 74.86(13)° (1) and 74.91(10)° (2) (N1–V1–O2), and 84.62(13)° (1) and 84.12(11)° (2)
(N1–V1–O1), respectively, typical for this type of ligand system [20]. Each chelating hydra-
zone ligand lies in a plane with one hydroxylato ligand which lies trans to the hydrazone
imino N. One carbonyl of the benzohydroxamate ligand trans to the oxo group completes
the distorted octahedral coordination sphere at a rather elongated distance of 2.2 Å, due to
the trans influence of the oxo group. This is accompanied by a significant displacement of
vanadium from the plane defined by the four basal donors toward the apical oxo oxygen by
0.29(1) Å. The hydrazones coordinate in their doubly deprotonated enolate form, consistent
with the observed O2–C8 and N2–C8 bond lengths of 1.297(5) and 1.295(6) Å in 1, and
1.285(4) and 1.308(4) Å in 2, respectively. This agrees with reported bond lengths for vana-
dium with the enolate form of this ligand type [20–22]. In the crystal packing structure of
1, hydrazone molecules are linked by methanol molecules through intermolecular hydrogen
bonds of N–H⋯O, O–H⋯N, and N-H⋯N, leading to the formation of 2-D layers parallel to
the bc direction (figure 3). In the crystal packing structure of 2, hydrazone molecules are
linked through intermolecular hydrogen bonds of N–H⋯N, leading to the formation of 1-D
chains along the a axis (figure 4).

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

2852 S.-J. Li et al.
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3.4. Thermogravimetric analyses of the complexes

TG curves of 1 and 2 are shown in figures 5 and 6, respectively. Complex 1 decom-
poses in two steps, one step from 183 to 233 °C and the second step from 233 to
423 °C. The first step represents the loss of the benzohydroxamate ligand, with a mass
loss of 24.3%, in accord with the calculated value of 24.7%. The second step repre-
sents the loss of the hydrazone ligand and formation of V2O5. The total mass loss of
83.3% agrees well with the calculated value of 83.5%. Complex 2 decomposes in two
steps, one step from 168 to 260 °C and the second step from 260 to 514 °C. The first
step represents the loss of the benzohydroxamate ligand, with a mass loss of 28.3%, in
accord with the calculated value of 28.0%. The second step represents the loss of the
hydrazone ligand and formation of V2O5. The total mass loss of 82.5% agrees well
with the calculated value of 81.9%.

Figure 3. Molecular packing structure of 1 with hydrogen bonds shown as dotted lines.

Vanadium(V) with tridentate hydrazone 2853
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3.5. Antimicrobial activity

The hydrazone ligands and their vanadium complexes were screened for antibacterial activi-
ties against two Gram (+) bacterial strains (B. subtilis and S. aureus) and two Gram (−)
bacterial strains (E. coli and P. fluorescence) using the MTT method. The MIC (minimum

Figure 4. Molecular packing structure of 2 with hydrogen bonds shown as dotted lines.

2854 S.-J. Li et al.
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Figure 5. TG curve of 1.
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Figure 6. TG curve of 2.

Table 3. Antimicrobial activities of the hydrazone ligands and their
vanadium complexes.

Minimum inhibitory concentrations (μg mL−1)

Compound B. subtilis S. aureus E. coli

HLa 9.4 9.4 18.8
HLb 9.4 18.8 37.5
1 4.7 9.4 75
2 9.4 37.5 >150
Penicillin G 2.3 4.7 >150

Vanadium(V) with tridentate hydrazone 2855
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inhibitory concentration, μg mL−1) values of the compounds against four bacteria are listed
in table 3. Penicillin G was used as the standard drug control. The hydrazone compounds
show moderate activities against the bacteria B. subtilis, S. aureus, and E. coli and no activ-
ity against P. fluorescence. The two complexes have moderate to good activities against B.
subtilis and S. aureus. Complex 1 has moderate activity against E. coli, while 2 has no
activity. Both complexes have no activity against P. fluorescence. In general, 1 has stronger
activities against B. subtilis, S. aureus, and E. coli than 2. The ligands and complexes show
no activity against P. fluoresence and two fungal strains (C. albicans and A. niger).

Supplementary material

CCDC – 1036936 for 1 and 1036937 for 2 contain the supplementary crystallographic data
for this paper. These data can be obtained free of charge at http://www.ccdc.cam.ac.
uk/const/retrieving.html or from the Cambridge Crystallographic Data Centre (CCDC), 12
Union Road, Cambridge CB2 1EZ, UK; Fax: +44(0)1223-336033 or Email: deposit@
ccdc.cam.ac.uk.
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