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Synthesis, Crystal Structure, and Thermal Analysis
of a Dioxomolybdenum(VI) Complex Derived from
N,N′-bis(5-methylsalicylidene)-1,3-diaminopropane

Ling-Wei Xue, Xing-Wu Li, Gan-Qing Zhao, and Wei-Chun Yang
College of Chemistry and Chemical Engineering, Pingdingshan University, Pingdingshan Henan,
P. R. China

A new dioxomolybdenum(VI) complex, [MoO2L], where
L is the dianionic form of N,N′-bis(5-methylsalicylidene)-1,3-
diaminopropane (H2L), has been synthesized and characterized
by elemental analysis, FT-IR spectrum, and single-crystal X-ray
determination. The crystal of the complex is triclinic: space group
P1, a = 9.1630(4), b = 9.7986(4), c = 10.9257(5) Å, α = 73.062(1), β
= 72.329(1), γ = 75.002(1)◦, V = 878.37(7) Å3, Z = 2. The Mo atom
in the complex is coordinated by two phenolate O and two imine N
atoms of the Schiff base ligand, and by two oxo O atoms, forming
an octahedral coordination. Thermal analysis of the complex was
performed.

Keywords crystal structure, dioxomolybdenum, Schiff base, thermal
analysis

INTRODUCTION
The coordination chemistry of dioxomolybdenum complexes

with multi-dentate ligands has received considerable attention
in recent years for their catalytic properties[1–4] and versatile
structures.[5–7] Among the multidentate ligands, bis-Schiff bases
derived from salicylaldehyde and its derivatives with propane-
1,3-diamine have been widely used for the preparation of com-
plexes with various metal ions.[8–12] To date, thousands of com-
plexes of copper, nickel, cobalt, zinc, and cadmium with such
bis-Schiff bases have been reported. However, due to the best
of our knowledge, only two dioxomolybdenum complexes with
such bis-Schiff bases have been reported so far.[13,14] We re-
port herein the synthesis and characterization of a new dioxo-
molybdenum(VI) complex, [MoO2L], derived from N,N′-bis(5-
methylsalicylidene)-1,3-diaminopropane (H2L).
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EXPERIMENTAL

Materials and Methods
5-Methylsalicylaldehyde and propane-1,3-diamine were pur-

chased from Fluka. Other reagents and solvents were analytical
grade and used without further purification. Elemental (C, H,
and N) analyses were made on a Perkin-Elmer Model 240B
automatic analyzer. IR spectra were recorded on an IR-408 Shi-
madzu 568 spectrophotometer.

Synthesis of H2L
5-Methylsalicylaldehyde (2.68 g, 0.02 mmol) and propane-

1,3-diamine (0.07 g, 0.01 mol) were mixed in methanol (60 mL).
The mixture was stirred at reflux for 30 min and three quarter
of the solvent was evaporated, to give yellow solid product of
H2L, which was collected by filtration and dried in vacuum
containing anhydrous CaCl2. The yield is 2.6 g (84%). Anal.
Calcd. for C19H22N2O2: C, 73.5; H, 7.1; N, 9.0%; Found: C,
73.3; H, 7.2; N, 9.0%.

Synthesis of [MoO2L]
MoO2(acac)2 (0.2 mmol, 65 mg) in methanol (10 mL) was

added with stirring to H2L (0.2 mmol, 62 mg) in methanol
(20 mL). The mixture was stirred at refluxed for 30 min to give
a yellow solution. The solution was left still at room temper-
ature in air to give yellow block-shaped single crystals, which
were collected by filtration and dried in vacuum containing an-
hydrous CaCl2. The yield is 53 mg (61%). Anal. Calcd. for
C19H20MoN2O4: C, 52.3; H, 4.6; N, 6.4%; Found: C, 52.1; H,
4.7; N, 6.5%.

X-Ray Diffraction
Data were collected from selected crystals mounted on

glass fibers. The data for the complexes were processed with
SAINT[15] and corrected for absorption using SADABS.[16]

Multiscan absorption corrections were applied with ψ scans.[17]

The structure was solved by direct method using the SHELXS-
97 program and refined by full-matrix least-squares techniques
on F2 using anisotropic displacement parameters.[18] All non-
hydrogen atoms were refined anisotropically. Hydrogen atoms
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DIOXOMOLYBDENUM(VI) COMPLEX 1515

TABLE 1
Crystal and structure refinement data for the complex

CCDC 885820
Molecular formula C19H20MoN2O4

Molecular weight 436.3
Crystal system Triclinic
Space group P1
a /Ǻ 9.1630(4)
b /Ǻ 9.7986(4)
c /Ǻ 10.9257(5)
α /◦ 73.062(1)
β /◦ 72.329(1)
γ /◦ 75.002(1)
V /Ǻ3 878.37(7)
Z 2
Dcalc (g cm–3) 1.650
Crystal dimensions (mm) 0.20 × 0.18 × 0.18
μ (mm–1) 0.774
Radiation λ Mo Kα (0.71073 Ǻ)
Tmin/Tmax 0.8605/0.8732
Reflections measured 8106
Range/indices (h, k, l) –10, 11; –11, 11; –13, 13
θ limit (◦) 2.4–30.8
Unique reflections 3234 [Rint = 0.0191]
Observed reflections (I > 2σ (I)) 3018
Parameters 237
Restraints 0
Goodness of fit on F2 1.171
R1, wR2 [I ≥ 2σ (I)]a 0.0273, 0.0698
R1, wR2 (all data)a 0.0291, 0.0709

aR1 = ∑
||Fo| – |Fc||/

∑
|Fo|, wR2 = [

∑
w(Fo

2-Fc
2)2/

∑
w(Fo

2)2]1/2.

were placed at the calculated positions. The crystallographic
data for the complexes are listed in Table 1. Selected bond
lengths and angles are given in Table 2.

RESULTS AND DISCUSSION
The synthesis of the complex is shown as Scheme 1.

Crystal Structure Description of the Complex
The molecular structure of the complex is shown in Figure 1.

The Mo atom in the complex is in an octahedral coordination,
with the phenolate O2 and two imine N atoms of the Schiff base
ligand, and the oxo O3 atom defining the equatorial plane, and

TABLE 2
Selected bond distances (Ǻ) and angles (◦) for the complex

Bond distances
Mo1-O1 2.092(2) Mo1-O2 1.924(2)
Mo1-O3 1.707(2) Mo1-O4 1.710(2)
Mo1-N1 2.154(2) Mo1-N2 2.332(2)

Bond angles
O1-Mo1-N1 78.7(1) O2-Mo1-O1 83.7(1)
O2-Mo1-N1 154.8(1) O3-Mo1-O1 91.5(1)
O3-Mo1-O2 105.7(1) O3-Mo1-O4 104.0(1)
O3-Mo1-N1 92.7(1) O3-Mo1-N2 168.0(1)
O4-Mo1-O1 160.6(1) O4-Mo1-O2 102.8(1)
O4-Mo1-N1 88.8(1) O4-Mo1-N2 84.3(1)
O2-Mo1-N2 80.3(1) O1-Mo1-N2 78.7(1)
N1-Mo1-N2 78.7(1)

with the phenolate O1 of the Schiff base ligand and the oxo O4
atom occupying the two axial positions. The Mo atom deviates
from the least-squares plane defined by the four equatorial donor
atoms by 0.214(1) Å in the direction of O4 atom. The Mo–O,
Mo O, and Mo–N coordinate bond lengths in the complex are
comparable to the corresponding values observed in other sim-
ilar dioxomolybdenum(VI) complexes with Schiff bases.[13,14]

The six-membered chelate ring Mo1-N1-C8-C9-C10-N2 adopts
a chair conformation. The dihedral angle between the two ben-
zene rings C1-C6 and C12-C17 is 82.8(3)◦. In the crystal, adja-
cent two molecules are linked through intermolecular C–H···O
hydrogen bonds [C–H = 0.93 Å, H···Oi = 2.53(2) Å, C···Oi =
3.350(3) Å, C–H···Oi = 148(2)◦; symmetry code for i: 1 – x, 1
– y, – z], to form a dimer (Figure 2).

Infrared Spectra
In the infrared spectrum of the free Schiff base, the weak

ν(O–H) band was centered at 3427 cm–1. The band was absent
after chelation, suggesting the coordination through the depro-
tonated form of the Schiff base. The ν(C N) band for the free
Schiff base was observed at 1645 cm–1, which was located at
lower wave number for the complex, viz. 1623 cm–1, indicating
that the Schiff base was coordinated to the Mo atom through
the azomethine N atoms.[19] The middle ν(C–O) bands in the
spectrum of the complex were located at 1278 cm–1.[19] The
characteristic ν(Mo O) and ν(Mo–O/N) bands can be moni-
tored at 886 and 410–580 cm–1, respectively.[20,21]

SCH. 1. The preparation of the complex.
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FIG. 1. Perspective view of the complex with 30% probability thermal ellipsoids.

Thermal Stability
Differential thermal (DT) and thermal gravimetric anal-

yses (TGA) were conducted to examine the stability of
the complex (Figure 3). This complex was stable up to
250◦C where the decomposition started and end at 596◦C.

The total observed weight loss of 68.1% was close to the
calculated value (67.0%), and the formation of the final
product (MoO3). The MoO3 was stable until 690◦C. For
the sublimation of MoO3, it was slowly evaporated until
916◦C.

FIG. 2. The C–H···O hydrogen bonds linked dimeric structure of the complex.
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FIG. 3. DT-TGA curve of the complex in air at a heating rate of 10◦C min–1.

SUPPLEMENTARY MATERIALS
CCDC-885820 contains the supplementary crystallographic

data for this study. The 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
e-mail: deposit@ccdc.cam.ac.uk.
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