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A B S T R A C T

Four new mononuclear cis-dioxidomolybdenum(VI) complexes with the general formula [MoO2LD], where
H2L= tridentate aroylhydrazone and D=MeOH, pyridine (py), imidazole (im) and 3-picoline (β-pic) have been
synthesized by the reaction of bis(acetylacetonato)dioxomolybdenum(VI) with hydrazone derived from 2-hy-
droxy-3-methoxybenzaldehyde and 3-methoxybenzhydrazide in presence of nitrogen containing bases. The
synthesized aroylhydrazone and the complexes were analysed by CHN analysis, electronic and FT-IR spectral
studies, molar conductivity measurements, 1H NMR spectroscopy and cyclic voltammetry. The molecular and
crystal structures of all the four complexes were elucidated by single crystal X-ray diffraction analysis. All the
complexes adopt a distorted octahedral environment around the molybdenum centre with a cis oxo configuration
coordinated by the enolized dianionic form of the hydrazone ligand, L2− in a tridentate manner through two
deprotonated hydroxyl groups and one azomethine nitrogen atom. The structural analysis also revealed that the
molybdenum coordination preferences in conjunction with the ligand donor capabilities offers a supplementary
sixth coordination site for all the complexes which could be easily coordinated by competitive ligands such as
solvents or N-bases by simply modifying the reaction conditions such as solvent, reaction time etc. Furthermore
the in vitro cytotoxicity of the synthesized aroylhydrazone and all the complexes were assayed against lymphoma
ascites cell line.

1. Introduction

Aroyl hydrazones are a good series of versatile organic ligands
characterized by the azomethine group and are being capable of
binding metal ions, especially transition metal ions leading to metal
complexes with intriguing properties. Metal complexes of aroyl hy-
drazones have played a significant role in the research area of model
systems of biochemical interest [1,2], catalysis [3–5], non-linear optics
[6], analytical chemistry [7–9] etc. Among the different transition
metals, the coordination chemistry of molybdenum has gained sub-
stantial attention as it is an essential trace metal of considerable im-
portance in life science owing to its ability to form many complexes
with versatile organic ligands. The coordination chemistry of mo-
lybdenum has been taken heed of by the scientific community in the
last two decades due to its flexibility in possessing stable and accessible
oxidation states oscillating between +4 and +6 via a+ 5 intermediate
during turn over [10], as well as being able to form stable complexes

with N, O or S donor atom ligands [11–14]. Molybdenum(VI) ions
normally form complexes consisting of two terminal O atoms which
commonly exhibit cis orientation [15]. The most important role of
molybdenum in living organism is as a metal heteroatom at the active
site of certain coordinatively unsaturated molybdenum containing en-
zymes like oxotransfer molybdoenzymes, sulfite and aldehyde oxidase,
xanthine oxidase, xanthine dehydrogenase and nitrate reductase
[16–18].

In recent years, a number of molybdenum(VI) complexes with aroyl
hydrazones of salicylaldehyde derivatives has been reported [19–26].
The investigation of these types of complexes have been stimulated by
the fact that, coordination compounds of molybdenum can catalyse a
variety of industrially important chemical reactions such as epoxidation
and hydroxylation of olefins [27], oxidation of alcohol [28] and oxygen
atom transfer reaction [29,30]. Dibasic tridentate ligands together with
two terminal oxygen atoms normally form five-coordinate complexes
when reacting with the molybdenum(VI) moiety, but the molybdenum
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ion usually completes its accustomed sixth coordination site through
dimerization (either bridged through oxo oxygen atom or one com-
plexing ligand) [13,31], by adopting a solvent molecule, or by co-
ordinating to N-containing bases like pyridine, picoline etc or through
polymerisation [32].

In context of the present study it is relevant to mention that al-
though the cytotoxicity studies of molybdenum complexes with several
organic ligands have been reported [33–35], to the best of our knowl-
edge the information available concerning the cytotoxicity of the di-
oxidomolybdenum(VI)-aroylhydrazone complexes are very much lim-
ited. Hence, it is considered to be worthwhile and interesting to
evaluate the antitumour activity of the aroylhydrazone and its mo-
lybdenum complexes. Herein we report the synthesis, structure and
characterization of four new dioxidomolybdenum(VI) complexes
[MoO2L(MeOH)] (1), [MoO2L(py)] (2), [MoO2L(im)] (3) and [MoO2L
(β-pic)] (4) (where py=pyridine, im= imidazole, β-pic= β-picoline/
3-picoline) by the reaction of [MoO2(acac)2] with tridendate ONO
donor aroyl hydrazone (H2L) derived from 2-hydroxy-3-methox-
ybenzaldehyde and 3-methoxybenzhydrazide along with special re-
ference to their in vitro cytotoxicity. The complexation of MoO2

2+

moiety with the ligand leaves an accessible coordination site that can
act as a potential substrate binding site. In order to investigate the effect
of different monodentate donor molecules at the sixth coordination site
to the overall structure and cytotoxicity of the complexes formed,
several reagents such as methanol, pyridine, β-picoline and imidazole
were used to complete this labile coordination site.

2. Materials and methods

2.1. Materials

All chemicals used were of Analar quality and procured commer-
cially. 3-Methoxybenzhydrazide, [MoO2(acac)2], pyridine, imidazole
and β-picoline were obtained from Sigma Aldrich, 2-hydroxy-3-meth-
oxybenzaldehyde from Alfa Aesar and were used as supplied. Solvent

methanol was purchased from Spectrochem and was used without
further purification.

2.2. Synthesis

2.2.1. Synthesis of the aroylhydrazone ligand: 2-hydroxy-3-
methoxybenzaldehyde-3-methoxy-benzohydrazone, (H2L)

2-Hydroxy-3-methoxybenzaldehyde, 0.152 g (1.0mmol) in 20ml
methanol was added to a methanolic solution of 0.166 g (1.0mmol) of 3-
methoxybenzhydrazide. The solution mixture was refluxed with vig-
orous stirring for 3 h resulting in a light yellow colored solution. The
solution was then allowed to stand at room temperature. After 4 days a
light yellow crystalline compound was obtained which was filtered,
washed with methanol and dried in air (Scheme 1). Yield: 0.18 g, 63%;
1H NMR (DMSO-d6, δ ppm): 3.8 (3H, OeCH3), 3.8 (3H, OeCH3), 6.8–7.5
(7H, aromatic), 8.6 (1H, HC=N), 10.9 (eOH), 12.0 (1H, NeNH).

2.2.2. Synthesis of cis- dioxidomolybdenum(VI) complexes
2.2.2.1. (3-Methoxysalicylaldehyde-3-methoxy-benzylhydrazonato)
methanol dioxidomolybdenum(VI), (1). To 0.300 g (1.0 mmol) of the
aroylhydrazone, H2L in 20ml methanol, 0.326 g (1.0 mmol) of
[MoO2(acac)2] was added. The solution mixture was then refluxed
with vigorous stirring for 3 h resulting in a golden yellow colored
solution. The solution was then allowed to stand at room temperature.
Orange needle shaped crystals were isolated after few days, filtered and
washed with methanol and dried in air. Yield: 0.19 g, 43%; 1H NMR
(DMSO-d6, δ ppm): 3.8 (3H, OeCH3), 3.8 (3H, OeCH3), 7.0–8.2 (7H,
aromatic), 8.9 (1H, HC=N).

2.2.2.2. (3-Methoxysalicylaldehyde-3-methoxy-benzylhydrazonato)
pyridine dioxidomolybdenum(VI), (2). To a methanolic solution of the
aroylhydrazone, H2L (0.300 g, 1.0mmol), methanolic solution of
[MoO2(acac)2] (0.326 g, 1.0mmol) was added. The solution mixture
was refluxed with vigorous stirring for half an hour to get a clear orange
colored solution. To this solution, 0.30ml (1.0 mmol) of pyridine was

Scheme 1. Synthesis of the aroylhydrazone and the molybdenum complexes.
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