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ABSTRACT: New Ni(ll) complexes were synthesized from the coordination of the ligands derived
from benzo[1,2-c]isoxazoles with Ni(Il) cation.. The structure of the new complexes was characterized
by elemental analyses, mass, and IR spectra. To gain a deeper insight into the geometry of Ni(ll)
complexes, a quantum chemical investigation was performed. The obtained results from experimental
and theoretical arguments confirmed a square-planar geometry for Ni(ll) complexes. These
complexes were examined as homogeneous catalysts for the transesterification of corn oil with
methanol. The structure of the obtained product was confirmed by *H NMR analysis. The catalytic
results showed that the new Ni(ll) complexes can be considered as potential candidates for
the development of a new catalytic system for biodiesel production.
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INTRODUCTION

Demand for new energy sources that cause less
pollution is constantly increasing in the world. Utilizing
alternative fuels is one of the most feasible ways to meet
this growing demand. Biodiesel is one of the most
important of these fuels [1]. The main features of biodiesel
fuel are high biodegradability, renewability, and low
release of toxic and hazardous pollutants [2]. When
triglycerides (vegetable or animal fats and oils) are being
reacted with short-chain alcohols such methanol or ethanol
by either acids or bases as a catalyst, biodiesel fuels are
prepared. The advantages of the base-catalyzed reaction
path include slower reaction times and lower catalyst cost
than that acid catalyzes. However, high sensitivity to both
water and free fatty acids is one of the weaknesses of
alkaline catalysts. Also, the formation of soap as a
byproduct is a problem in their use. Meanwhile, Lewis
acids have significant properties such as the enhanced

stability, higher selectivity, easier handling, simple
workup procedures, non-toxicity, non-corrosiveness,
the mildness of the reaction conditions, ease of recovery,
and reuse of the catalyst which has caused the use and
development of new Lewis acid is increasing gradually.

Nickel-containing compounds play an important role
in our daily lives such as food preparation equipment [3],
mobile phones [4], medical equipment [5], transport [6],
buildings [7], and power generation [8], etc. Moreover,
Ni(ll) complexes discover applications as a catalyst
for many reactions such as the reduction of carbonyl
compounds [9], ethylene polymerization [10], Suzuki—
Miyaura cross-coupling [11], the electrocatalytic water
oxidation [12], chemoselective alkene hydrosilylation [131],
etc.

On the other hand, benzo[1,2-c]isoxazoles can be mentioned
as one of the most important and widely used
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heterocyclic compounds in various fields. They can be utilized
as antipsychotic risperidone [14] and anti-HIV drugs [15]
and play an important role in many organic reactions [16].
Isoxazole-metal complexes are also considered as intermediates
in reactions of synthetic utility, for example, the reductive
ring opening of isoxazoles [17].

Based on these aspects, herein, we have synthesized
and characterized the new Ni(Il) complexes. The quantum
chemical investigation to gain a deeper insight into
the geometry of Ni(ll) complexes was also performed.
In addition, these complexes were used as homogeneous
catalysts for the transesterification of corn oil with

methanol under different reaction conditions.

EXPERIMENTAL SECTION
Equipment and Materials

Melting  points  were  determined in an
Electrothermaltype-9100 melting-point apparatus.
Percentage of Ni(ll) was measured by using a Hitachi 2-
2000 atomic absorption spectrophotometer. The 'H NMR
(300 MHz) spectra were recorded on a Bruker Avance
DRX-300 spectrometer. Chemical shifts are reported
in ppm downfield from TMS as internal standard; coupling
constant J is given in Hz. The FT-IR spectra were obtained
as potassium bromide pellets using a Tensor 27
spectrometer and only noteworthy absorptions are listed.
The mass spectrum was recorded on a Varian Mat, CH-7
at 70 eV. Elemental analysis was performed on a Thermo
Finnigan Flash EA microanalyzer. Compounds 1 [18], 3 [19],
4 [20], 5 [21] and 7a,b [22] were synthesized according
to the published methods. Other commercially available
reagents were used without further purification.

Computational methods

All of the calculations have been performed using the
DFT method with the B3LYP functional [23] as
implemented in the Gaussian 03 program package [24].
The 6-311++G(d,p) basis sets were employed except for
the Ni atom where the LANL2DZ basis sets were used
with considering its effective core potential. The geometry
of the Ni complex was fully optimized, which was confirmed
to have no imaginary frequency of the Hessian. Geometry
optimization and frequency calculation simulate the
properties in the gas/solution phases.

The fully-optimized geometries were confirmed
to have no imaginary frequency of the Hessian. Also,
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the calculations were done in both states of the Ni (I1)
complex, the high spin, and low spin.

The solute-solvent interactions have been investigated
using one of the self-consistent reaction field methads, i.e.,
the sophisticated Polarizable Continuum Model (PCM) [25].
In both the gas phase and methanolic solution, the Zero-
Point-Energy (ZPE) corrections were made to calculate
energies.

General procedure for the synthesis of new complexes
8a,b from compounds 7a,b

Nickel (I1) choloride hexahydrate (0.29 gr, 1 mmol)
was added to the yellow solution of ligand 7a,b (2 mmol)
in aqueous methanolic solution (15 mL, MeOH, H0,
10:90). The reaction was carried out for another 1 h at rt.
The complex was isolated by evaporation of the solvent
and washed with cold MeOH and then H,O.

[Ni(L1),]Cl. (8a): was obtained as a dark green
powder. m.p. > 300 °C (decomp); yield: 87%. IR (KBr):
3442 cm™ (OH), 1637 cm* (CH=N), ESI-MS (+) m/z (%):
928 [Ni(L1)2]2+. Anal. Calcd for C45H32C|6NiN802
(1000.2): C, 55.24; H, 3.22; N, 11.20; Ni, 5.87. Found: C,
54.89; H, 3.19; N, 11.48; Ni, 6.05.

[Ni(L2);]Cl. (8b): was obtained as a dark green
powder. mp > 300 °C (decomp); yield: 84%. IR (KBr):
3447 cm (OH), 1641 cm (CH=N), ESI-MS (+) m/z (%):
910 [Ni(L2)2]2+. Anal. Calcd for C48H32C|4NiN1002
(981.3): C, 58.75; H, 3.29; N, 14.27; Ni, 5.98. Found: C,
58.59; H, 3.27; N, 14.56; Ni, 6.13.

Transesterification

Ni(ll) complex (8a,b) (2 Wt.%) was added as a
catalyst to a mixture of methanol and corn oil (10:1).
Transesterification reaction was performed under reflux
condition at 25 h. The crude corn oil biodiesel phase
was first separated via a separating funnel and then rotary
evaporated. The yield of the Fatty Acid Methyl Esters (FAMES)
formed was calculated by using Eq. (1).

Gramsof methylester produced

wYield= x100 (1)

Gramsof oilused for reaction

RESULTS AND DISCUSSION
Synthesis and the structure of the new Ni(ll)complexes
8a,b

In the first step to obtain the new Ni (Il) complexes,
ligands 7a,b were synthesized according to the following
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Scheme 1. Synthesis steps of the ligand 7a,b.

reactions (Scheme 1): 1-Ethyl-5-nitro-1H-benzimidazole
(1) was obtained from alkylation of 5-nitro-1H-
benzimidazole with ethyl bromide in basic DMF [18].
Then, 3-ethyl-8-(4-chlorophenyl)-3H-imidazo
[4',5":3,4]benzo[1,2-c]isoxazole (3) was synthesized by
reaction of compound 1 with (4-chlorophenyl)acetonitrile
(2) in high yield [19]. The regioselective nitration of
compound 3 using a mixture of sulfuric and potassium
nitrate led to the formation of 3-ethyl-8-(4-chlorophenyl)-
5-nitro-3H-imidazo[4',5":3,4]benzo[1,2-c]isoxazole (4) in
good vyield [20].  3-Ethyl-8-(4-chlorophenyl)-3H-
imidazo[4',5":3,4]benzo[1,2-c]isoxazol-5-amine (5) was
obtained from the reduction of compound 4 in EtOH by
SnCI2 in good yield [21]. The reaction of compound 5
with aldehydes 6a,b gave ligands 7a,b in high yields [22]
(Scheme 1).

Finally, new Ni(ll) complexes 8a,b were obtained
from the reaction of ligands 7a,b with Ni?* ion in an
aqueous metanolic solution. Percentages of the Ni(ll),
C, H, and N in complexes 8a,b were measured by using
an atomic absorption spectrophotometer and the
elemental analysis data. The obtained results from
the atomic absorption spectrophotometer and the elemental
analysis plus the molecular ion peak at m/z 928
(INi(L1)2)?) and m/z 910 ([Ni(L2).]?*) strongly
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proposed the [Ni(L)2]Cl; formulae for the Ni (II)
complexes 8a,b.

To gain a deeper insight into the geometry of
new Ni(ll) complexes 8a,b, DFT calculations at the
B3LYP/6-311++G(d,p) level were used. Geometries of
the ligands 7a,b, and complex 8a,b were optimized
in both the gas phase and the PCM model, where the
methanol was the used solvent. For example, Fig. 1
shows the optimized geometry of the complex 8a
with the labeling of its atoms.

As depicted in Scheme 2 and Figure 1, the ligand 7a
acts as a bidentate ligand, coordinates to the Ni (II) via
the nitrogen atom of the amine group (-N=CH) and the
nitrogen atom of the isoxazole ring. Except for the ethyl
groups, the aromatic rings of the ligands are in the same
plane. It leads to the greater overlapping of orbitals
which is resulted to amplify the appearance of the signal
in the visible region. Also, both of the ligands are
in the same plane forming a square plane of the complex.
The Ni-O and Ni-N bonds lengths and some of the
calculated structural parameters of the Ni(ll) complex
8a are collected in Table 1. Based on our experimental
results and theoretical arguments, a square-planar geometry
was proposed for the new nickel complexes 8a,b

(Fig. 1).
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Scheme 2: The structure of the Ni(ll) complexes.
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Fig. 1: The optimized geometry of the Ni(ll) complex 8a.

Transesterification

Because new Ni(ll) complexes (8a,b) have the Lewis
acid character to activate the carbonyl groups in
triglyceride moieties, they were used as homogeneous
catalysts for the transesterification of corn oil with
methanol. To explore the catalytic performance of Ni(ll)
complexes for transesterification, the methanolysis of corn
oil to yield FAMEs at reflux temperature, oil-methanol
ratio (1:4, 1:6, 1:8, 1:10, 1:12, 1:14), catalyst dose (1 to
3%), and at different time intervals (1, 7, 14, 21, 25, 28h)
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were performed. The criterion of optimized conditions
was set to be the maximum vyield obtained, which
was calculated by using Eg. (1). Complex 8a was used
as a catalyst for optimization experiments. The results of
% yield FAMEs obtained are shown in Fig. 2. As can be seen
in Fig. 2a, the optimal reaction time (25 h) was obtained
under the oil-methanol ratio of 1:10 and 2.0 Wt.% of catalyst
while keeping the reflux conditions, where the maximum
yield achieved was 84%. Then, the oil-methanol ratio
was increased using 2.0 Wt% of catalyst and
the same reaction time (25 h) at reflux conditions (Fig. 2b).
As a result, the percentage yield of biodiesel was increased
to the maximum of 84% under 1:10 oil-methanol ratio
at 25 h reaction time. The increase in the biodiesel yield was
possibly due to an excess amount of methanol which may
refresh the catalyst surface by forming methoxy species and
in turn shifted the reaction towards the forward direction.
In the next step, under the optimized oil-methanol ratio of
1:10 and 25 h reaction time, catalyst doze was changed, where
from Fig. 2c, it can be seen that maximum conversion of 84%
was achieved with 2.0 Wt.% catalyst concentration.
The observed increase in the percentage conversion with
increasing catalyst concentration can be due to the availability
of a more active site on the catalyst surface during the
transesterification process. However, further increase
in the catalyst concentration over 2.0 % might have resulted
in the increase in viscosity of the system which
in turn reduces the interaction between the catalyst and
reaction medium [26].

Ni(ll) Complex 8b was also used as a catalyst for
the reaction and the same results were obtained. The excess
amount of methanol which may refresh the catalyst surface
by forming methoxy species and in turn shift the reaction
towards a forwarding direction [27] can lead to an increase
in the biodiesel yield. Also, the availability of a more active site
on the catalyst surface during the transesterification process
can be proposed for the observed increase in the percentage
conversion with increasing catalyst concentration.

The structure of the product was confirmed by 1H
NMR spectroscopy. The disappearance of the signals of
methine protons in the range 4.12-4.23 ppm and
observation of the signal at 3.43 ppm assignable to the
methoxy protons established the conversion of corn oil
into corn oil biodiesel. The percent conversion of corn oil
into products calculated from Eq. (1) was 59-84 %.
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Table 1: Selected structural parameters of Ni(l1) complex 8a.

/ Bond

@ )

Bond length (A% Angle © Dihedral angle
Ni-O1 1.843 N1-Ni-N5 179.34 C28-N4-C42-C30 -121.280
Ni- N4 1.945 N4-Ni- N8 179.56 C26-C27-C29-C36 -38.348
Ni-N3 1.873 Ni-O2-N3 36.788 C2-C39-C40-C41 -179.327
Ni-N6 1.887 Ni-O1-C8 129.13 C37-C38-C39-CI2 -179.043
Ni- N8 2.139 01-C8-C6 119.76 N6-C22-C27-C29 -3.876
Ni-02 2.228 Ni-N3-C1 113.66 N4-C25-C26-N5 1.068
N3-C1 1512 C8-C15-C16 120.890 N5-C28-N4-C42 -177.781
01-C8 1.204 C8-C6-C5 121.987 C26-C27-C36-C41 0.324
N6-C22 1.380 C29-C36-C37 121.651 01-C8-C15-C20 22.540
C27-C29 1.450 04-C29-C27 119.122 C15-C8-C6-C5 38.126
C27-C26 1.389 C27-C26-N5 129.603 C5-N2-C7-N1 -0.154
C25-C26 1.501 N4-C28-N5 114.650 N2-C5-C6-C1 -175.691
C36-C38 1.416 N4-C42-C30 113.870 C7-N1-C21-C9 -123.176
C25-N4 1.299 C42- C30-C35 120.346 C14-C9-C21-N1 56.783
K C26-N5 1.354 C31-C30-C31 119.769 C10-C11-C12-C13 0.287 /
CH, OCOR CH, OH
Ni(II) complex
CHOCOR + 3 MeOH =g———> 3CH30COR + CHOH
CH,OCOR CH,OH

Scheme 3: General Transesterification reaction of triglyceride with methanol

Comparing the efficiency of the present method with the
previous methods is shown in Table 2 along with the relevant
references [28-31]. As can be seen, transesterification
by alkaline catalyst (NaOH) shows relatively good results.
But as mentioned in the introduction, one of the problems
with using such catalysts is the formation of soap as
a by-product. The results of using enzyme catalysts (entry 3)
are almost the same as those of our catalysts. However,
one of the problems with using enzymes is their relatively
high cost. The other methods (entries 3 and 4), in addition
to being less efficient than the proposed method, require
a higher temperature to perform the reaction.

CONCLUSIONS
The reaction of ligands derived from benzo[1,2-
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clisoxazoles with Ni(ll) cation led to the formation of new
Ni(I1) complexes in high yield. According to experimental
results and theoretical calculation, a square-planar geometry
was proposed for Ni(ll) complexes. Ni(ll) complexes
were used as a new catalyst for biodiesel formation. New
nickel (I1) complexes can active the carbonyl groups
in triglyceride moieties and therefore they were used as
homogeneous catalysts for the transesterification of corn oil
with methanol. The results revealed that the new Ni(ll)
complexes can convert the corn oil into corn oil biodiesel and
it has a high catalytic ability for biodiesel production.
Comparing the efficiency of the present method with some
previous methods showed that transesterification yield
in the proposed method, is one of the most effective
methods.
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Table 2: Comparative the transesterification yield using the reported methods versus the present method.

/Entry Reagent and Conditions Time (h) Yield (%) Ref. \
1 Ni(I1) complex 8a,b, reflux 25 84
2 NaOH, 50 °C 1 80 28
3 Lipase, 70 °C 24 83 29
4 Zeolites and ion-exchange resins, 150 °C 30 79 30
\_ > Biochar, 150 °C 3 48 31 )
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