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Abstract

Nickel catalysts offer significant advantages over palladium-based systems, being more cost-effective and environmentally
sustainable for the Suzuki reaction. This study reported on the design and synthesis of a new benzimidazole-based nickel(II)
catalyst, [Bis(1,3-bis(4-chlorobenzyl)benzimidazole)]dibromonickel(Il) complex (Ni-CAT). The catalyst was synthesised in
two steps: firstly, the ligand was prepared via the reaction of benzimidazole with 4-chlorobenzyl bromide, and secondly by
coordination with nickel(I). Both the ligand and Ni-CAT were comprehensively characterised by using FAAS, FTIR, NMR
("H and "*C), UV-Vis spectroscopy, and XRD. Results confirmed the successful synthesis of the target complex. A
preliminary complexation study revealed that a 1:2 metal-to-ligand ratio, was consistent with the proposed structure of Ni-
CAT. Catalytic performance of Ni-CAT was evaluated in the Suzuki carbon—carbon coupling of aryl bromides with
phenylboronic acid. Effects of different aryl bromides, solvents and bases were systematically studied, with catalytic activity
monitored by GC-FID. High conversion rate of 91.7% was achieved under optimised conditions of 1-bromo-4-nitrobenzene,
0.25 mmol% Ni-CAT catalyst loading, methanol as solvent, and K-COs as base at 65 °C for 2 h. This study established a
novel benzimidazole-derived nickel(II) complex as an efficient and sustainable alternative to palladium catalysts in the
Suzuki reaction, demonstrating excellent activity under mild conditions with exceptionally low catalyst loading.

Keywords: benzimidazole ligand, carbon-carbon coupling reaction, nickel(Il) benzimidazole catalyst, carbene carbon,
Suzuki reaction

Introduction

Suzuki reaction involves reactions between aryl or
vinyl boronic acid and aryl or vinyl halides in the
presence of metal catalyst [1, 2]. Most studies had
focused on the Suzuki reaction due to usage of
organoboron compounds, which serve as reagents
which provide high selectivity and stability in cross-
coupling reactions. Several intermediates in the
pharmaceutical, agriculture and natural products
industries are synthesised by using this method.
Suzuki reaction offer numerous benefits, such as
ready availability of reactants, low toxicity and
stability towards air and water [3].

Recent developments in the Suzuki reaction had
focused on enhancing its efficiency and
environmental sustainability. Researchers had
explored new catalysts for the Suzuki reaction,
moving beyond traditional palladium (Pd) to other

metals, such as nickel (Ni) [4, 5]. Nickel catalysts
had gained significant attention over the past years
due to their unique performance in the Suzuki
reaction. Initially, nickel was thought to be highly
reactive and less selective because it is able to access
different oxidation states. Additionally, nickel
catalysts can activate less reactive carbon
electrophiles, such as aryl chlorides, unactivated
alkyl electrophiles, and various C—O bonds. Studies
showed that nickel catalysts exhibited high efficiency
in catalytic the Suzuki reactions [1,6-8].
Furthermore, nickel offers several advantages over
other metal -catalysts, being cheaper, more
sustainable, and environmentally friendly [6, 9].

Structure of the donor ligand also plays a crucial role
in determining the catalytic efficiency of nickel
catalysts. Ligand structure affects the stability of
active species and lifetime of catalyst [10, 11].
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Benzimidazole was found to be efficient and
productive for heterocycles in chemistry [12, 13].
Benzimidazole as a nitrogen-based ligand is a
suitable ligand in catalyst structure due to its strong
sigma-donor and weak pi-acceptor abilities, low
toxicity, inexpensive and stability [14]. Studies
showed that compounds containing benzimidazole
and its complexes had a variety of applications in
biological research, including anticancer, antifungal,
and antidiabetic agents [13]. Benzimidazole is also
used as an ionophore in sensors and as a ligand for
palladium catalysis [15-20].

To date, there are limited studies explored the
catalytic potential of [Bis(1,3-bis(4-chlorobenzyl)
benzimidazole)] dibromonickel(II) (Ni-CAT)
complex in the Suzuki reaction. Therefore,
evaluating this complex as a new benzimidazole-based
nickel(Il) catalyst is necessary to address cost-
effectiveness, and efficiency in the Suzuki reaction.

Materials and Methods

Chemicals and instruments

All  chemicals and solvents obtained from
commercial suppliers were used without further
purification. The chemicals and solvents used in this
study included nickel(Il) chloride (NiCl., Merck),
benzimidazole (Merck), 4-chlorobenzyl bromide
(Merck), methanol (MeOH, Merck), 1,4-dioxane
(Fisher), dimethyl sulfoxide (DMSO, Merck),
potassium carbonate (K:COs, Merck), sodium
carbonate (Na.COs, Sigma-Aldrich), sodium acetate
(NaOAc, Merck), triethylamine (Et:N, Merck),
sodium  hydroxide @ (NaOH, Sigma), N,N-
dimethylacetamide (DMA, R&M Chemicals),
phenylboronic acid (Sigma-Aldrich), 1-bromo-4-
nitrobenzene (Merck), 1-bromobenzene (Merck), 4-
bromoacetophenone (Merck), 4-bromoanisole
(Merck), and nitrogen gas.

All synthesis products were collected by vacuum
filtration and oven dried. The confirmation of each
product was carried out by using Flame Atomic
Absorption Spectroscopy (FAAS), Attenuated Total
Reflection—Fourier Transform Infrared (ATR-FTIR)
spectroscopy, 'H and '"*C Nuclear Magnetic
Resonance (NMR), UV—Visible spectroscopy (UV—
Vis), and powder X-ray Diffraction (PXRD). The
catalytic performance of the synthesised complex in
the Suzuki reaction was determined by using Gas
Chromatography—Flame Ionisation Detection (GC-
FID)

Percentage of Ni in the catalyst was measured by
using FAAS (Perkin Elmer AAnalyst 400). FTIR
spectra were recorded between 4000 cm™ - 650 cm’!
as attenuated total reflectance (ATR) on a Perkin

Elmer Spectrum 400 FTIR spectrometer. The NMR
spectra of the compound were analysed by using 'H
and '®C Nuclear Magnetic Resonance (NMR)
spectroscopy on a Bruker Advance 400 spectrometer
at 400 MHz, with tetramethylsilane (TMS) as the
internal standard.

A UV-Vis double-beam spectrophotometer (T80
Series) was used in the range of 200 nm — 500 nm to
confirm the formation of complexes by comparing
the electronic transitions of ligands and complexes.
The diffractogram of the samples was obtained by
using PXRD (Empyrean, PANalytical) and recorded
over a 20 range of 2° to 50° with a step size of 0.02°
min~'. The X-ray diffractometer was operated at
voltage of 40 kV and current of 20 mA.

The catalytic study for the Suzuki reaction
performance was analysed by using Agilent 7820A
(G4350A) GC with FID and TCD detector, Agilent
G4513A Injector by calculating the conversion rate
of reactants. The instrument was equipped with HP-5
capillary column (15 m X 0.25 mm x 0.25pm) with
Flame Ionisation Detector (GC-FID). The microliter
samples were injected at 50 °C (held for 3 min) and
final temperature at 250 °C (held for 30 s).
Temperature increment was increased at 15 °C/min.
The flow rate used was 1.9162 mL/min.

Synthesis of Ni-CAT
The steps of Ni-CAT preparation are shown in
Figure 1.

Step 1- Preparation of ligand: Benzimidazole (0.295
g, 2.5 mmol) was added into 10 mL of 1,4-dioxane in
a three-neck round-bottom flask. The mixture was
stirred at room temperature until completely
dissolved, followed by the dropwise addition of 4-
chlorobenzyl bromide (1.0274 g, 5 mmol). The
solution was then refluxed for 24 h. A white
precipitate of 1,3-bis[(4-chlorobenzyl)]
benzimidazolium bromide ligand appeared at the
bottom of flask. The compound was collected by
vacuum filtration and washed with 1,4-dioxane (3 x
5mL)[18].

Step 2- Preparation of complex: In a round-bottom
flask, 0.2 mmol of the ligand prepared in Step 1 was
stirred with 15 mL of dry methanol until completely
dissolved. Then nickel(II) chloride (0.1 mmol) was
then added slowly to the ligand solution and the
mixture was refluxed for 5 h until the clear solution
turned green-blue. After reflux, 37% NaOH (3.5 mL,
2.0 M) was added dropwise over 30 min, producing a
cloudy blue solution. The mixture was stirred for a
further 24 h at room temperature. The resulting
suspension was collected by filtration, washed with
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dry methanol, and oven dried for a few minutes. The
final product obtained was [Bis(1,3-bis(4-
chlorobenzyl)benzimidazole)]dibromonickel(I)
complex (Ni-CAT) [18].

Preliminary complexation study

UV-Vis titration experiments were conducted to
determine the stoichiometry of complex formation
between the synthesised ligand and Ni**. Individual
solutions of the ligand (2.5 x 107° M) and NiClz (1.0
x 107* M) in DMSO were prepared. A 2.5 mL aliquot
of the ligand solution was placed in a cuvette and
titrated with the Ni** solution until the metal-to-
ligand ratio reached 2:1. UV-Vis spectra were
recorded at approximately 5-min intervals between
260 nm — 350 nm after each titration [10,18].

Catalytic activity study

The catalytic activity of the synthesised Ni-CAT was
evaluated in the Suzuki reaction. 1-bromo-4-
nitrobenzene (0.202 g, 1 mmol), phenylboronic acid
(0.182 g, 1.5 mmol), potassium carbonate (K>COs,
0.276 g, 2 mmol), Ni-CAT (0.25 mmol%), and 5 mL
of MeOH were mixed in a three-neck round-bottom
flask. The reaction mixture was refluxed for 2 h in
the presence of nitrogen gas at 65 °C (b.p. of
MeOH). The catalytic performance was analysed by

Q Cl 1,4 dioxane
Brv©/ reﬂux
NQ/NH

(step 1)

GC-FID by using a small amount of the crude
product [18, 21].

The steps were repeated with different aryl bromides:
1-bromobenzene (0.157 g, 1 mmol), 4-bromoanisole
(0.187 g, 1 mmol), and 4-bromoacetophenone (0.199
g, 1 mmol). The catalytic reaction between aryl
bromide and phenylboronic acid in the presence of
Ni-CAT is illustrated in Figure 2, where R
represents -NO., -H, -OCHs, and -COCHs. The
Suzuki reaction was also conducted to study the
effect of different solvents (MeOH, DMA, and
DMSO) and bases (K:COs, Na.COs, NaOAc, and
Et:N) with 1-bromo-4-nitrobenzene.

Results and Discussion

Characterization of Ni-CAT

Characteristics of the ligand and Ni-CAT complex
are listed in Table 1. Upon complexation, colour of
the product changed from white to green-blue
powder. Additionally, the melting point increased
from 240 °C — 244 °C to above 250 °C, indicating
enhanced thermal stability. This change was
attributed to the successful coordination of nickel
with the ligand. The presence of nickel in the Ni-
CAT complex was further supported by FAAS data.

Cl Ne—N-_~ :
el \Q\/ Y
MeOH Br— N1 Br
(step 2)

@”@“@L

Figure 1. Preparation steps of Ni-CAT

O~

N1 CAT

B(OHy)
©/ Rel‘lux MeOH, K,CO;,

phenylboronic
acid

A

aryl bromide

Figure 2. Catalytic reaction of aryl bromide and phenylboronic acid with presence of Ni-CAT

Table 1. Characteristics of synthesis compounds

Ligand Ni-CAT
Physical properties Colour White, powder  Green-blue, powder
Melting point, (°C) 240-244 >250
Yield, (%) 54.64 69.10

% of Ni metal ion (FAAS data) - 3.92
Molecular formula C21H17N2C]2Br C42H32N4C14BI‘2Ni
Stoichiometry [Ni?*": Ligand] - 1:2
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Fourier Transform Infrared (FTIR)

Presence of significant functional groups in both the
ligand and Ni-CAT was confirmed by using FTIR
spectroscopy (Table 2). The FTIR spectra of ligand
and Ni-CAT complex were recorded over a scan
range of 4000 cm™'— 650 cm™', as shown in Figure 3.
In the ligand spectrum, C=N stretching band was
observed at 1561.53 cm™. This lower frequency was
attributed to m-electron delocalisation within the
benzimidazolium ring, which reduced the typical
(unconjugated) C=N stretching frequency [18, 22].
The observed functional groups of synthesis ligand
were consistent with those reported in previous
studies [18, 23].

Upon coordination with nickel, the C=N stretching
band disappeared, indicating the formation of a
metal-ligand complex. A new sharp band
corresponding to the C—N bond appeared at 1663
cm', replacing the original C=N band. Notably, this
C-N absorption band appeared at an unusually
higher frequency, which may be attributed to the
electronegativity of nickel. The presence of a
polarised Ni—Br bond enhanced the strength of both
Ni—C and N-Ccabene bonds, thereby shifting the
absorption to a higher wavenumber [18, 23]. Similar
observations were documented whereby metal
coordination had led to frequency shifts in FTIR
spectra due to enhanced bond polarisation. For
instance, Said et al. [18] noted a significant

frequency shift following metal coordination,
underscoring the concept that ligand-to-metal
interactions  significantly influence vibrational
properties.

Nuclear Magnetic Resonance (NMR)

The number of protons and carbon atoms in the
ligand was confirmed by using '(HNMR and *CNMR
spectroscopy, as shown in the spectra Figure 4 and
Figure 5. In the 'HNMR spectrum, a singlet peak

appeared at an upfield chemical shift of 5.84 ppm,
corresponding to the methylene protons (-CH-). This
shift indicated that the protons were more shielded
and absorbed radiation at a higher frequency. In
contrast, a multiplet peak for aromatic protons (-CH-
Ar) were observed at a slightly downfield chemical
shift between 7.48 ppm and 7.99 ppm. This
deshielding was attributed to the presence of
electron-withdrawing groups such as Cl and N,
which decreased the electron density on the aromatic
ring through inductive effects. A sharp singlet at
10.18 ppm was assigned to the acidic -CHcarbene
proton of the benzimidazolium ring. This downfield
shift was due to the electron-withdrawing effect of
benzyl group attached to the ligand [18, 22]. The
significant 'HNMR chemical shift of ligand is
tabulated in Table 3.

In the ®*CNMR spectrum, a single peak at 143.35
ppm in the downfield region was assigned to the
carbene carbon (-CHcarbene). Aromatic carbons (-CH-
Ar) appeared in the chemical shift range of 127.33
ppm — 133.98 ppm, with variations depending on the
neighbouring atoms. A peak at 114.51 ppm, also in
the downfield region, was attributed to an aromatic
carbon attached to a chlorine atom (-C-Cl) further
supporting the presence of an electron-withdrawing
substituent. Lastly, a peak at 49.80 ppm, located in
the upfield region, corresponded to the methylene (-
CHz2) group. Although slightly higher than the typical
range of 15 ppm — 40 ppm, this shift was due to the
methylene group being bonded to both an aromatic
ring and a nitrogen carbene centre [18, 24]. These
results strongly supported the successful formation of
the benzimidazole ligand and significant '*CNMR
chemical shift is tabulated in Table 4. However,
the '"HNMR and *CNMR spectra of Ni-CAT complex
could not be observed due to the paramagnetic nature
of nickel(I) ion [10, 24].

Table 2. Significant functional group of synthesis compounds from FTIR spectra

Functional Group Ligand Ni-CAT

C=N
C-N
C=C (aromatic)
C-H (aromatic)
C-Cl

Wavelength (cm™)
1561 -
1372 1663
1494 1521
3450 3374
753 755
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Figure 4. '"HNMR spectrum of ligand

Table 3. Significant 'HNMR chemical shift of ligand

Attributions  Chemical Shift, 6 (ppm)
[multiplicity, number of H]

'CHcarbene 10.18 [S, 1 H]
-CH-Ar 7.99-7.97 [m, 2H]
-CH-Ar 7.64-761 [m, 6H]
-CH-Ar 7.51,7.49 [d, 4H]

-CHa- 5.84 [s, 1H]
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Figure 5. *CNMR spectrum of ligand

Table 4. Significant '*CNMR chemical shift of ligand

Attributions Chemical Shift, 6 (ppm)
-CH_carbene 143.35
-CH-Ar 133.98-127.33
-C-Cl 114.51
-CHs- 49.80

UV-Visible spectroscopy (UV-Vis)

UV-Vis spectroscopy was used to characterise both
the ligand and Ni-CAT complex in the range of 240
nm to 500 nm, by using DMSO as the solvent.
Figure 6 shows the absorption spectra of the free
ligand and Ni-CAT. Based on spectra, the ligand
exhibited two absorption peaks at 271 nm and 300
nm, while Ni-CAT showed peaks at 259 nm and 307
nm. In spectrum of the free ligand, the absorption
maximum at 271 nm was attributed to the n—m*
transition of the carbene moiety. The weaker and
broader absorption band at the lower energy region
(300 nm) might be attributed to n—=n* ligand-to-
ligand charge transfer (LLCT) within the ring,
confirming the electronic delocalisation within the
benzimidazole framework [25].

When nickel cation was incorporated into the ligand,
the UV-Vis spectrum exhibited slightly blue-shifted
peaks at 259 nm and red-shifted absorption at 307
nm. The blue-shifted peaks at 259 nm could be
correlated with the coordination of N-Cearpene bond to
nickel ion, which altered the electronic environment
surrounding the carbene moiety, as evidenced by
studies which found that complexation generally led
to a shift in absorption bands due to increased metal-
ligand interactions [26]. Such changes were
consistent with observations in literature on nickel
complex formation coordinate at Ccapene Whereby

coordination influenced the m* orbitals involved in
electronic transitions [27, 28].

The second peak observed for the Ni-CAT complex
at 307 nm was notable interest as it signified a
ligand-to-metal charge transfer (LMCT), suggesting
significant electron donation from the ligand to
nickel centre. This phenomenon was documented in
other transition metal coordinate with Cecarbene in the
ligand, whereby efficient electron transfer occurred
due to the favourable overlap between metal d-
orbitals and ligand p-orbitals, facilitating LMCT
transitions [29, 30]. The electromagnetic framework
within which the nickel operated played a critical
role in these transitions, showcasing how electronic
properties of nickel interacted with those of the
ligands [31].

Interestingly, while d—-d transitions common to
transition metals are typically visible above 400 nm,
their absence in the Ni-CAT complex could be
explained by the paramagnetic nature of complex, as
affected by presence of unpaired electrons in the d-
orbitals, which precluded the expected electronic
transitions from being observed in the UV-Vis
spectrum [10, 32]. This observation aligned with
findings from previous studies, highlighting that the
electronic properties of nickel were significantly
modified after complexation, thereby suppressing
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typical absorption features associated with electronic
transitions within the d-orbital framework [10].

Powder X-ray Diffraction (PXRD)

The powder X-ray diffraction (PXRD) analysis
performed on the ligand and resulting Ni-CAT
complex provided evidence of successful complex
formation and  structural alterations  post-
coordination. Diffractogram (Figure 7) of the ligand
displayed an amorphous nature, showing no
characteristic peaks associated with nickel, which is
a common feature of uncoordinated ligands in
complex formations. This absence of distinct
crystalline peaks suggested that the ligand existed in
a non-ordered state, which aligned with findings in
similar studies whereby amorphous precursor phases
important for catalytic applications had been
characterised [33, 34].

Upon coordination with nickel, the Ni-CAT complex
exhibited a significant diffraction peak at 33.5°,
indicating the presence of nickel within a crystalline
environment. This peak was attributed to the
formation of a crystalline phase in complexes, where
metal ions induced structural ordering in the ligands
[33, 34]. The increased crystallinity was an important

observation, which signified not only the
complexation of nickel, but also implied a
stabilisation effect brought about by metal

coordination, hence enhancing the structural integrity
of complex. Such findings supported literature
indicating that coordination of metals can enhance
crystallinity due to tighter packing and ordered
crystal lattices [35].

1.5 4 - ligand
I nicar
271
1 4
g 259
<
'-g 0.5
@ LMCT
=]
< 307
0 T d N T
240 250 260 270 280 290 300 310 320
05 -
Wavelength (nm)

Figure 6. UV-Vis absorption spectra of synthesis compounds

ligand

Intesiti (a.u)

5 100 15 20 25 30 35 40 45 50 55 60 65 70

2 O (degree)

Figure 7. PXRD diffractograms of synthesis compounds

Preliminary complexation study
The UV-Vis titration method was employed to
determine the stoichiometric ratio between Ni**

cations and ligands during complex formation. Each
titration point, representing the ratio of metal cation
to ligand, was plotted as a graph of absorbance
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versus [Ni**]/[L], as shown in Figure 8. According to
the graph, absorbance increased from 0.085 to 0.086
as the [Ni*"]/[L] ratio rose from O to 0.5 [18]. As
concentration of the metal ion increased,
complexation also increased, until the active binding
sites on the ligand became saturated with metal ions.
Beyond this point, further increases in metal ion
concentration did not significantly affect the
absorbance [36].

A noticeable inflection point occurred at a [Ni**]/[L]
ratio of 0.5, indicating a 1:2 stoichiometric ratio in
the complex formation. This suggested that each Ni**
cation coordinated with two benzimidazole ligands.
This finding provided important insights into the
composition and structural arrangement of the Ni-
CAT coordination complex, emphasising the specific
coordination behaviour and interaction between Ni**
and the ligand [37]. Proposed general reaction for the
complexation is as follows:

Ni?* +2[L] —» 2[L]-Ni (Eq. 1)
Catalytic activity study

The catalytic performance of Ni-CAT was studied by
using various aryl bromides, solvents, and bases. All
reactions were carried out by using 0.25 mmol% of
catalyst for 2 h under reflux conditions. Table 5
presents the results obtained from GC-FID analysis.

Tested substrates, aryl bromide with -electron-
withdrawing groups (EWGs) 1-bromo-4-
nitrobenzene in methanol with K2COs as the base
gave the highest conversion rate of 91.66% (entry 1).
In contrast, aryl bromides bearing electron-donating
groups (EDGs) at the para position, such as -OCHs,
exhibited significantly lower reactivity, with a
conversion rate of only 21.20% (entry 4). The
electronic properties of substituents influenced the
reactivity of the aryl halide in oxidative addition,
facilitated transmetalation and reductive elimination
steps during catalytic reaction.

0.0865
0.0860 - ® ® J
8
g
S 0.0855
2
e
0.0850
0.0845 —
1 L3 2
NJ/[L]

Figure 8. The graph plotted based on absorbance versus [Ni?]/[L]

Table 5. The results of catalytic activity study in Suzuki reaction

Entry R Solvent Base Conversion  Turnover Number
Rate (%) (TON)
1 -NO; MeOH K>CO; 91.66 366.64
2 -H MeOH KoCOs 37.28 149.12
3 -COCH; MeOH KoCOs 22.13 88.52
4 -OCH3 MeOH K>CO; 21.20 84.8
5 -NO2 MeOH NaxCOs 79.06 316.25
6 -NO, MeOH NaOAc 69.06 276.25
7 -NO2 MeOH Et;N 65.86 263.64
8 -NO2 DMA K>CO; 52.20 208.80
9 -NO2 DMSO KoCOs 46.67 185.88
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Oxidative addition Figure 9(a) was the initial and
critical step in the catalytic cycle, where the Ni(0)
catalyst reacted with the aryl halide, leading to the
formation of a Ni(Il) aryl complex. The nature of
substituents on the aryl halide significantly
influenced this step. EWGs, such as -NO:, enhanced
the electrophilicity of the aryl halide, facilitating
oxidative addition by stabilising the resulting
intermediate. This effect was attributed to the
resonance and inductive effects that decrease electron
density on the aryl ring, making the adjacent carbon-
bromine bond more electrophilic [38]. In contrast,
aryl halides with EDGs, like -OCHs, tend to
destabilise the oxidative addition step by reducing
the electrophilicity of carbon-bromine bond, which
can hinder reactivity and thus led to lower
conversion rates [39].

Following by the transmetalation steps Figure 9(b)
involves the transfer of the organoboron species
(phenylboronic acid) to the nickel intermediate. The
efficiency of this step was also greatly affected by the
functional groups on aryl halides. For substrates with
EWGs, stabilisation of negative charge during this
transfer process was enhanced, facilitating bond
formation with nickel species. Conversely, the slower
transmetalation rate observed with EDGs could be
attributed to the electron-rich nature of the
intermediates formed in their presence. While
stronger basicity in the solvent could enhance
transmetalation steps, it was also noted that the
polarity of solvent affected the reaction rates, with

more polar solvents stabilizing charged intermediates
formed during transmetalation [40].

The final step in the catalytic cycle involved the
reductive elimination Figure 9(c) of the newly
formed C-C bond from the Ni(II) complex, restoring
the Ni(0) catalyst. Nature of the departing groups and
electronic environment surrounding the nickel centre
played a crucial role in determining the efficiency of
this step. For EWGs, stabilisation during electron
transfer can promote faster reductive elimination,
essential for achieving high turnover numbers. In
contrast, substrates with EDGs may lead to slower
rates of reductive elimination due to unfavourable
electronic interactions and steric hindrance [41, 42].
Therefore, the presence of -NO- as an EWG resulted
in better catalytic performance as compared to -H
(entry 2), -COCHs (entry 3) and -OCHs (entry 4) [10,
32].

The catalytic activity of Ni-CAT was also evaluated
under different reaction conditions, including
variations in base (entry 1, 5, 6, and 7) and solvent
(entry 1, 8, and 9). These tests were conducted by
using 1-bromo-4-nitrobenzene and phenylboronic
acid. The combination of K-CO; and MeOH resulted
in the highest conversion, likely due to the stronger
basicity provided by the inorganic base. Additionally,
MeOH proved to be a more effective solvent as
compared to DMA and DMSO. This was likely due
to its ability to dissolve K2COs more efficiently. As a
protic solvent, MeOH could act as a hydrogen bond
donor, enhancing the reaction efficiency further [43].

@ B(OH),

Br-B-(OH),

(b)

Figure 9. Mechanism of Suzuki reaction by using Ni-CAT as catalyst with differences aryl bromide (R=-NO-,
—H, —OCHs, and —COCHj3; NiBr(L2) = Ni-CAT)
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Conclusion

This study successfully synthesised a benzimidazole-
based ligand and its nickel complex (Ni-CAT). The
structures of both ligand and complex were
confirmed by wusing FTIR, NMR, UV-Vis
spectroscopy, and PXRD analysis. The Ni-CAT
complex demonstrated a promising catalytic
performance in the Suzuki reaction, achieving a high
conversion rate of 91.66% under optimised
conditions (0.25 mmol% catalyst loading, MeOH as
solvent, and K.COs as base) for the carbon-carbon
coupling of 1-bromo-4-nitrobenzene with
phenylboronic acid.

Despite these encouraging results, this work has
certain limitations. The study was restricted to
homogeneous catalysis and a narrow substrate scope,
and recyclability or long-term stability tests were not
conducted, which limited its direct applicability in
sustainable or industrial-scale processes. Therefore,
future work should explore the immobilisation of Ni-
CAT on solid supports to enhance reusability, extend
its applicability toward more challenging substrates
such as aryl chlorides, and investigate large-scale or
continuous-flow reactions.
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