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ABSTRACT. Reaction of [MoOs(acac),] (where acac = acetylacetonate) with N’-(2-hydroxy-4-
diethaylaminobenzylidene)-4-hydroxybenzohydrazide (H,L) in methanol afforded a methanol-coordinated
mononuclear molybdenum(VI) oxo complex, [MoO,L(MeOH)]. Crystal and molecular structure of the complex
were determined by single crystal X-ray diffraction method. The complex was further characterized by elemental
analysis and FT-IR spectra. Single crystal X-ray structural studies indicate that the hydrazone ligand coordinates
to the MoO, core through enolate oxygen, phenolate oxygen and azomethine nitrogen. The Mo atom in the
complex is in octahedral coordination. Thermal stability of the complex has also been studied.
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INTRODUCTION

Coordination chemistry of molybdenum(VI) has attracted considerable attention due to its
biochemical significance [1-3] as well as for the efficient catalytic properties in several organic
synthesis procedures [4-7]. Schiff bases are a kind of interesting ligands in coordination
chemistry [8-10]. In recent years, a number of molybdenum(VI) complexes with Schiff bases
derived from salicylaldehyde and primary amines have been reported [11-15]. Hydrazones,
bearing —C(O)-NH-N=CH- groups, are a kind of special Schiff bases, which are of particular
interest in coordination chemistry and biological applications. Molybdenum complexes with
hydrazone ligands have been reported to possess interesting antibacterial activities [16] and
catalytic properties [6, 17]. However, molybdenum(VI) complexes derived from hydrazone
ligands have been much less studied when compared to other types of ligands. In the present
work, we report the synthesis and structure of a new dioxomolybdenum(VI) complex,
[MoO,L(MeOH)], where L is N’-(2-hydroxy-4-diethaylaminobenzylidene)-4-hydroxybenzo-
hydrazide (H,L).
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EXPERIMENTAL
Materials and measurements

Commercially available 2-hydroxy-4-diethylaminobenzaldehyde and 4-hydroxybenzohydrazide
were purchased from Aldrich and used without further purification. [MoO,(acac),] was
purchased from Aladdin (Shanghai). Other solvents and reagents were made in China and used
as obtained. C, H and N elemental analyses were performed with a Perkin-Elmer elemental
analyser. Infrared spectra were recorded on a Nicolet AVATAR 360 spectrometer as KBr pellets
in the 4000—400 cm™ region. Thermal stability analysis was performed on a Perkin-Elmer Pyris
Diamond TG-DTA thermal analyses system.

Synthesis of H,L

2-Hydroxy-4-diethylaminobenzaldehyde (1.0 mmol, 0.19 g) and 4-hydroxybenzohydrazide (1.0
mmol, 0.15 g) were dissolved in methanol (30 mL) with stirring. The mixture was stirred for
about 30 min at room temperature to give a colorless solution. The solution was left still in air to
slow evaporate of most of the solvent, to give crystalline product of H,L. The product was
isolated by filtration and washed with cold methanol. Yield, 93%. Analysis: found: C 65.8%, H
6.5%, N 13.0%. Calculated for C,3H,;N;05: C 66.0%, H 6.5%, N 12.8%.

Synthesis of [MoO,L(MeOH)]

A methanolic solution (10 mL) of [MoO,(acac),] (0.1 mmol, 32.6 mg) was added to a
methanolic solution (10 mL) of H,L (0.1 mmol, 32.7 mg) with stirring. The mixture was stirred
for 20 min to give a deep brown solution. The resulting solution was allowed to stand in air for a
few days. Brown block-shaped crystals suitable for X-ray single crystal analysis were formed at
the bottom of the vessel. The isolated product was washed three times with cold methanol, and
dried in a vacuum over anhydrous CaCl,. Yield, 67%. Analysis: found: C 46.9%, H 4.7%, N
8.8%. Calculated for C;gHy;MoN;Oq4: C 47.0%, H 4.8%, N 8.7%.

X-Ray diffraction

Diffraction intensities for the complex were collected at 298(2) K using a Bruker D8
VENTURE PHOTON diffractometer with MoK ¢ radiation (A = 0.71073 A). The collected data
were reduced using SAINT [18], and multi-scan absorption corrections were performed using
SADABS [19]. The structure was solved by direct method and refined against F~ by full-matrix
least-squares methods using SHELXTL [20]. All the non-hydrogen atoms were refined
anisotropically. The methanol H atom was located from a difference Fourier map and refined
isotropically, with O—H distance restrained to 0.85(1) A. The remaining H atoms were placed in
idealized positions and constrained to ride on their parent atoms. The crystallographic data for
the complex are summarized in Table 1. Selected bond lengths and angles are given in Table 2.

Table 1. Crystallographic and experimental data for the complex.

Formula Ci9H23M0oN306
FwW 485.3

Crystal shape/color block/brown
Crystal size/ mm 0.17 x0.17 x 0.13
Crystal system Triclinic

Space group P-1

alA 7.361(2)
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bIA 9.905(2)
c/A 14.886(2)
o/° 102.141(3)
pr 100.963(3)
y/° 106.533(3)
VIAY 980.3(4)
Y4 2
T/K 298(2)
/mm’' (Mo-Ka) 0.711
DJgcm® 1.644
Reflections/parameters 3530/269
Independent reflections 3388
Restraints 1
Index ranges/ h, k, [ -8,7,-11,11;-17, 18
F(000) 496
Tmin 08886
Tmax 0-9132
Goodness of fit on F~ 1.133

Ry, wRy [ 220(D]*

0.0208, 0.0543

Ri, wR, (all data)*

0.0221, 0.0555

Largest diff. peak and hole/e A’

0.516, -0.283

Ry = ZNFHFIVZIF, wRs = [Zw(F-F) Ew(F,H)

Table 2. Selected bond lengths (A) and angles (°) for the complex.

Mol-01 1.9200(13) Mol-02 2.0031(13)
Mol-N1 2.2008(15) Mol-04 2.3575(15)
Mol-05 1.7096(14) Mol-06 1.6834(15)
06-Mo1-05 105.32(7) 06-Mo1-01 98.70(7)
05-Mo1-01 104.40(6) 06-Mo1-02 96.95(7)
05-Mo1-02 95.44(6) 0O1-Mol1-02 150.38(6)
06-Mol-N1 96.97(7) 0O5-Mol-N1 155.39(6)
O1-Mol-N1 31.98(6) 02-Mol-N1 71.26(5)
06-Mol1-04 173.20(6) 05-Mol1-04 80.96(6)
01-Mol1-04 81.99(6) 02-Mol1-04 79.64(5)
N1-Mo1-04 76.39(5)
RESULTS AND DISCUSSION
General

Replacement of two acetylacetonate ligands in [MoO,(acac),] by hydrazone ligand in methanol
resulted in the formation of a methanol-coordinated mononuclear molybdenum(VI) oxo
complex. The dinegative ligand is coordinated to the cis-MoO, core via the phenolate-oxygen,
imino-nitrogen, and enolate-oxygen. The sixth coordination site is occupied by the oxygen atom
from a methanol solvent. The complex is soluble in methanol, ethanol, and acetonitrile. Molar
conductance of the complex at the concentration of 107 M is 23 Q' cm® mol™, indicating it is a
non-electrolyte [21].

Structure description of the complex

The molecular structure and atom numbering scheme of the complex is shown in Figure 1. The
coordination geometry around the Mo atom is highly distorted octahedral. The dianionic
hydrazone ligand acts in a planar tridentate manner, forming one five- and one six-membered
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chelate rings with the Mo atom. The hydrazone ligand in the complex is bonded to the MoO,
core in a planar fashion, coordinating through the phenolate O, imino N, and enolate O, and an
oxo group lying frans to the nitrogen donor. An ethanol molecule completes the distorted
octahedral coordination sphere which lies trans to the other oxo group. The Mo—O(methanol)
bond is significantly longer than the other Mo—O bonds, indicating that the methanol molecule
is weakly bonded to the MoO, core and this position holds the possibility of functioning as a
substrate binding site.

The atoms O(1), O(5), O(2), and N(1) of the complex that define a plane show high degree
of planarity, the Mo atoms are displaced by 0.331(1) A towarding the axial oxo group. The
Mo=0 bond in the complex is within previously reported ranges [6, 17, 22, 23]. The angular
distortion in the octahedral environment around Mo comes from the five- and six-membered
chelate rings taken by the hydrazone ligand. For the same reason, the trans angles significantly
deviate from the ideal values of 180°. The hydrazone ligand in the complex is approximately
planar, with the benzene rings making a dihedral angle of 5.3(2)°.

In the crystal structure of the complex (Figure 2), adjacent two molecules are linked by
methanol molecules through two intermolecular O4-H4---N2 hydrogen bonds [04-H4 = 0.85(1)
A, H4--N2' = 1.92(1) A, 04--N2' = 2.752(2) A, O4-H4--N2' = 172(3)°; symmetry code for i: 2
—-x, 1 —y, 1 -2], to form dimers. The dimers are further linked through intermolecular O3—
H3--05 hydrogen bonds [03-H3 = 0.82 A, H3--05" = 1.97(1) A, 03--05" = 2.786(2) A, 03—
H3--05" = 172(3)°; symmetry code for ii: 2 - x, 2 -y, 1 — 2], to form chains along the b axis.

Table 3. Parameters between the planes for the complex.

Cg Distance between | Dihedral |Perpendicular distance| Beta | Gamma Perpendicular
ring centroids (10\) angle (°) | of Cg(I) on Cg(J) (10\) angle (°) | angle (°) |distance of Cog(J) on
G (A)
Cgl-Cgl' 4.461 0.02 3.280 42.68 42.68 3.280
Cgl-Cg2" 4.864 14.22 2917 39.21 53.15 3.769
Cg3-Cg2" 4.729 4.83 3.475 44.64 42.71 3.365
Cg3-Cg2' 3.745 4.83 3.575 17.04 17.32 3.580

Symmetry codes: iii: 1 —x, 1 —y, 1 —z. Cgl, Cg2 and Cg3 are the centroids of Mo1-02-C8-N2-N1, C9-C14 and
C1-C6 benzene rings.

Figure 1. Molecular structure of the complex at 30% probability displacement.
IR spectra

The hydrazone ligands showed stretching bands attributed to C=0, C=N, C-OH and NH at
1656, 1637, 1155 and 1237, and 3211 cm", respectively [24]. The complex exhibits two bands
at 892 and 935 cm™, assigned to symmetric and asymmetric vibrations respectively, of the cis-
MoO, core [25]. The bands due to ve_o and vyy Were absent in the complex, but new C-O
stretch appeared at 1249 cm™'. This suggests occurrence of kefo-imine tautomerization of the
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ligand during complexation [26]. The vcy absorption observed at 1633 cm™ in the free
hydrazone ligand shifted to 1617 cm™" upon coordination to the Mo atom [26]. The short peaks
in the low wave numbers in the region 450-800 cm™ may be attributed to Mo—-O and Mo-N
bonds of the complex.

Figure 2. Molecular packing of the complex. Hydrogen bonds are drawn as dashed lines.
Hydrogen atoms not related to hydrogen bonds are omitted for clarity.
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Figure 3. DT-TGA curve of the complex.

Thermal property

Differential thermal (DT) and thermal gravimetric analyses (TGA) were conducted to examine
the stability of the complex (Figure 3). There are several stages of decomposition, but it is very
difficult to ascribe them. The complex first decomposed from 143 °C and ended at 598 °C,
corresponding to the loss of the organic groups and the formation of MoO;. The observed
weight loss of 28.3% is close to the calculated value of 29.6%. MoO; was then evaporated from
678 °C to 855 °C.

CONCLUSION

In summary, a new methanol-coordinated mononuclear dioxomolybdenum(VI) complex derived
from N’-(2-hydroxy-4-diethaylaminobenzylidene)-4-hydroxybenzohydrazide has been prepared
and structurally characterized by single crystal X-ray diffraction method, as well as elemental
analysis and FT-IR spectroscopic technique. The hydrazone ligand coordinates to the MoO, core
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through the enolate oxygen, phenolate oxygen and azomethine nitrogen. Thermal stability of the
complex has also been studied.

Supplementary data. The crystallographic data for the structure has been deposited with the
Cambridge Crystallographic Data Centre (CCDC 968894). Copies of the data can be obtained
free of charge on application to the Director, CCDC, 12 Union Road, Cambridge CB2 1EZ, UK
(e-mail for deposition: deposit@ccdc.cam.ac.uk).
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