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Abstract: In this research, a novel Schiff-base/palladium complex containing magnetic
ordered mesoporous silica (Fe;O,@MCM-41-SB/Pd) material with core-shell structure is
perapred, characterized and its catalytic application is developed. The Fe;O,@MCM-41-
SB/Pd nanocatalyst was characterized using FT-IR, TGA, SEM, VSM, PXRD and energy-
dispersive X-ray (EDX) spectroscopy. This nanocatalyst showed high performance in
Suzuki cross-coupling reaction under ultrasonic conditions and delivered corresponding
products in high to excellent yield. The recovery study of the nanocatalyst proved that its
activity is maintained during several stages of reuse. Moreover, the high stability of

palladium species on the core-shell surface was confirmed by leaching and poisoning tests.

Keywords: Magnetic ordered mesoporous silica, Schiff-base/palladium complex, Core-

shell, Biaryls, Suzuki cross-coupling.
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1. Introduction

In recent years, the synthesis of metal oxide nanoparticles (NPs) has attracted much
attention due to their important role in various sciences such as chemistry, physics,
material, medicine, ezc.!"'* Among these, iron oxide NPs occupy a special position due to
their easy preparation, easy separation, non-toxicity and inexpensive.'> 6 Also, the
possibility of their surface modification with active biological compounds has increased
the popularity of these particles.!’?! Accordingly, the iron oxide NPs are widely used in
various fields such as magnetic resonance imaging (MRI),!% 2% 22-25 sensors,?*2° labeling
and sorting of cells,3? ferrofluid,?!- 32 drug delivery,?!-2* and catalyst immobilization.? 3334
In spite of the aforementioned advantages, uncoated Fe;O4 NPs have low chemical stability
and lose much of their magnetic and chemical capacities in the presence of air and alkaline
and acidic media. Also, these NPs have strong tendency for self-assembly, due to the
existence of Van der Waals forces and the inherent magnetic interaction.’> 3¢ Hence, in
recent years, different methods such as doping, functionalization and compositing have
been used to coat a layer around MNPs and improve their stability.?’-3° The coated layer
can be species such as metal or metal oxides, groups and compounds of mineral, organic,
sugar and peptide that surround the inner core and called as the shell. Between different
shells, silica has become widely considered due to high biocompatibility, non-toxicity,
poor chemical permeability and easy surface modification. In recent years, mesoporous
silica shells have created a major revolution in the synthesis of core-shell nanostructures,

due to their high adsorption capacity, relatively uniform and controllable pore size, easy
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surface modification and high surface area.**>* Some of recently developed magnetic

nanostructures with mesoporous silica shells are GdIO@mSiO,@BNSCQD,3!

1
2
3
4
5
6
7
g CuO/Silicalite-1@mSiO,, Fe;04-mSiO, 3 Fe;0,@nSiO,@mSiO, >*
0
§1 Fe;0,@ZnO@mSiO, > Fe;04@mSiO; nanocapsules,’® Fe;0,@nSiO,@mSiO,-APTES-
;2
gj VP16,57 Fe;0,@mSiO,@ICG3® and DOX-Fe;0,@mSiO,@Au.
35
%? On the other hand, the Suzuki carbon-carbon coupling is a significant process that occurs
H8
§9 between aryl halides/triflates and the arylboronic acids to give biaryl compounds. This
.%()
g; reaction has been widely used in the synthesis of drugs, natural products, ligands for
23
4 catalysts, nucleoside analogues and liquid crystalline materials. Traditionally, this has been
2 ly leosid log d liquid crystalli ials. Traditionally, this has b
5
g? accomplished in the presence of Pd-catalysts under homogeneous conditions. However,
28
29 due to the restrictions of these systems such as catalyst and product separation, various
30
31 heterogeneous catalysts have been reported for this reaction.®’-¢4 Some of recently reported
B2
§i catalytic systems are Mag-IL-Pd,®> SMNP@NHC-Pd,® Fe;04@SiO,/isoniazide/Pd,%
8s
& . :
%6 Fe;04/DAG/Pd® and MNP@SPGMA@AP@Pd.®® Following the above-mentioned
7
gg systems, in the present work a magnetic core-shell nanostructure modified with Schiff-
40
41 base/Pd complex is prepared for the Suzuki cross-coupling reaction under green conditions.
42
43
44
45
46
j; 2. Experimental Section
49
g? 1.2. Preparation of Fe;0,@MCM-41
52
gi For this, Fe;04@SiO, NPs were first prepared according to a previous procedure.®® The
o Fe;0,@Si0, (0.6 g) was then dispersed in a mixture of distilled water (80 mL) and ethanol (60
57
58 3
59
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mL) at 40 °C. After that, aqueous ammonia (3 mL, 25% wt) and cetyltrimethylammonium bromide
(CTAB, 1 g) were added and the resulted mixture was mechanically stirred at room temperature
for 10 min. Then, TMOS (0.7 mL) was added and stirring was continued for 2 h at room
temperature. The obtained combination was aged for 48 h at 100 °C. The resulted product was
separated, washed with EtOH and dried at 70 °C for 6 h. Finally, the CTAB was eliminated via

calcination at 500 °C for 6 h. This material was denoted as Fe;O,@MCM-41.

2.2. Preparation of Fe;O,@MCM-41-SB

For this, the Fe;0,@MCM-41 (1 g) was well-dispersed in toluene (30 mL). Then, (3-
aminopropyl)trimethoxysilane (1 mmol) was added and this mixture was refluxed for 24 h under
argon. The product was magnetically separated, washed with EtOH (150 mL) and dried in oven at
80 °C for 6 h to yield Fe;04@MCM-41-PrNH,. Subsequently, the Fe;O4@MCM-41-PrNH, (1 g)
was sonicated to disperse in dry toluene (40 mL). After adding of o-phthalaldehyde (3 mmol), the
mixture was refluxed for 24 h. After completion of the reaction, the resulting product was

collected, washed with EtOH and dried at 70 °C. This was denoted as Fe;0,@MCM-41-SB.

2.3. Preparation of Fe;O,@MCM-41-SB/Pd

At first, the Fe;O4@MCM-41-SB (1 g) was dispersed in DMSO (30 mL) at RT for 20 min. Then,
Pd(OAc), (1.5 mmol) was added and this was stirred at RT for 24 h. The product was washed with

EtOH/water (1:1, 200 mL), dried at 70 °C for 6 h and called as Fe;04,@MCM-41-SB/Pd.
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2.4. Procedure for the Suzuki cross-coupling using Fe;O4@MCM-41-SB/Pd nanocatalyst

For this, aryl halide (1 mmol), arylboronic acid (1.5 mmol), K,CO; (2 mmol) and Fe;O4,@MCM-

41-SB/Pd (0.12 mol%) were added in distilled water (5 mL) in an ultrasonic bath at 50 °C. After

1
2
3
4
5
6
7
8
9
0
51 completing of the reaction, ethyl acetate (5 mL) was added and the catalyst was magnetically
N2
gi removed. The organic phase was separated and dried over anhydrous Na,SO,4. The pure Suzuki
%2 products were resulted using column chromatography on silica.
47
gg 2.5. Procedure for the poisoning tests using mercury, triphenylphosphine and PMO-IL-
20
B1 propyl-SH
22
23
%Af For this purpose, aryl halide (1 mmol), arylboronic acid (1.5 mmol), K,COs (2 mmol) and poisoning
5
®6 agent (in a ratio of 400 equivalents to the initial Pd amount) were added in distilled water (8 mL).
27
@8 This mixture was sonicated at 50 °C. In the next step, the Fe;04@MCM-41-SB/Pd catalyst (0.12
§9
30
§1 mol%) was quickly added and the progress of reaction was monitored using TLC.
B2
33
384
¥
37 3. Results and discussion
38
ig Scheme 1 shows the overall procedure used to synthesize of Fe;O,@MCM-41-SB/Pd
41
42 nanocatalyst. Firstly, Fe;O04@Si0, nanoparticles were prepared according to a previous
43
44 procedure.® Subsequently, the second shell was created via alkaline hydrolysis and condensation
45
j? of TMOS in the presence of CTAB. After removing of surfactant, the Fe;0,@MCM-41 was
48
49 resulted. The outer shell surface of Fe;0,@MCM-41 was modified by (3-
50
51 aminopropyl)trimethoxysilane to give Fe;04@MCM-41-Pr-NH; nanomaterial. The latter material
52
g i was treated first with o-phthalaldehyde and then with palladium acetate to deliver Fe;O4@MCM-
55
56 41-SB/Pd nanocatalyst.
57
58 5
59
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1. H,0, EtOH, 40 °C

2. NH3 (25%), CTAB, r.t., 10 min
3.TMOS, r.t,2h

4. Static condition, 100 °C, 48 h
5. Calcination

(3-Aminopropyl)trimethoxysilane

toluene, reflux, 24 h

FE304@Si02

Fe3O4@MCM-41

Pd(OAC),, DMSO, r.t., 24 h Phthalaldehyde

toluene, reflux, 24 h

Fe;0,@MCM-41/Pr-NH,

Fe;0,@MCM-41-SB/Pd

Scheme 1. Preparation of the Fe;04@MCM-41-SB/Pd nanocatalyst

Determination and confirmation of the presence of different functional groups were carried out
using FT-IR spectroscopy technique (Figure 1). The peak appeared at 568 cm™! is related to the
stretching vibrations of Fe-O bonds. Furthermore, the broad band at approximately 3420 cm™! is
due to O-H bonds. The FT-IR of Fe;04,@Si0,, Fe;0,@MCM-41 and Fe;0,@MCM-41-SB/Pd
showed the presence of Si-O-Si bonds at 823 and 1078 cm™!. For Fe;0,@MCM-41-SB/Pd, the

new signals appeared at 2965, 1625 and 1432 cm! are related to stretching vibrations of C-H, C=N
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and C=C bonds, respectively, indicating successful immobilization of the propyl Schiff-base

groups on magnetic mesoporous silica nanoparticles.

100

5 . ' L i . & ' &
4000 3000 2000 1000 400
Wavenumber [cm-1]

Figure 1. FT-IR spectra of a) Fe;0,4, b) Fe;04@Si0,, ¢) Fe;0,@MCM-41 and d) Fe;O4@MCM-
41-SB/Pd

The low-angle X-ray diffraction (LXRD) of the nanocatalyst is shown in Figure 2. The presence
of a sharp peak at 20~2.24 confirms the high order of the nanocatalyst structure. In fact, this peak
is corresponded to mesoporous MCM-41 shell of designed material.>®> 772 In the next step, the

wide-angle X-ray diffraction (WXRD) was carried out to study the crystalline structure of the
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magnetite nanoparticles (Figure 3). This showed six sharp peaks at 26 of 30.41, 35.88, 43.53,
53.80, 57.41 and 63.10 degrees corresponding to their Miller indices values (2k7).”3-7* This result
clearly confirms that the crystalline structure of the magnetic iron oxide nanoparticles has been

preserved during the modification processes.

1800-:
1600-:
1400-.
1200:

1000 ~
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800
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400 -
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Figure 2. LXRD pattern of the Fe;04@MCM-41-SB/Pd
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Figure 3. WXRD pattern of the Fe;0,@MCM-41-SB/Pd nanocatalyst

Thermal stability of Fe;0,@MCM-41-SB/Pd was investigated by TGA (Figure 4). The

immobilization of Schiff-base complex on the Fe;04,@MCM-41 nanostructure was well confirmed

by this analysis. As shown, the initial weight loss (about 4%) from 34 to 130 °C is related to

adsorbed water. The second weight loss (about 3%) from 134 to 280 °C is due to the elimination

of the CTAB surfactant remained during catalyst preparation. Finally, the major part of the thermal

degradation (about 10%) between 300 and 650 °C is related to the removal of propyl-Schiff base

groups immobilized on the target nanostructure.
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Figure 4.TG curve of the Fe;0,@MCM-41-SB/Pd nanocatalyst

The EDX spectrum of Fe;04@MCM-41-SB nanocomposite demonstrated the presence of Fe, Si,
C, N and O elements in the material proving successful incorporation and/or immobilization of

silica and propyl-Schiff base moieties into/onto material framework (Figure 5).
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ke

Figure 5. EDX analysis of the Fe;O,@MCM-41-SB

To confirm the successful immobilization of Pd on Fe;0,@MCM-41-SB nanocomposite, the final
material was also characterized by EDX analysis. The appearance of Pd-signal in the latter analysis

confirms well-immobilization of Pd species on Schiff base-modified material (Figure 6).

11
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Figure 6. The EDX analysis of Fe;0,@MCM-41-SB/Pd nanocatalyst

The EDX mapping analysis was also done to show the distribution of elements in the nanocatalyst
framework. This analysis showed that all elements are successfully and uniformly distributed in

the Fe;04@MCM-41-SB/Pd framework (Figure 7).
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Figure 7. The EDX mapping of the Fe;0,@MCM-41-SB/Pd nanocatalyst

Scanning electron microscopy (SEM) was performed to show the particle morphology at different
stages of nanocatalyst synthesis. This showed that the particle morphology is spherical at all steps
and the size of the NPs are increased at each step compared to the previous step (Figure 8).
Especially, the SEM of the Fe;04@MCM-41-SB/Pd clearly showed the presence of spherical

particles with average size of 85 nm (Figure 8d).
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Figure 8. SEM images of a) Fe;O,@MCM-41, b) Fe;0,@MCM-41/Pr-NH,, c)

Fe;0,@MCM-41-SB and d) Fe;0,@MCM-41-SB/Pd nanomaterials
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The VSM analysis confirmed that the Fe;O4@MCM-41-SB/Pd is paramagnetic (Figure 9).
Based on this analysis, a saturation magnetization of 37.16 emu/g was found for the catalyst. These
MNPs were dispersed in common solvents (H,O, EtOH, DMF and toluene) and collected easily

by an external magnet (Figure 9, inset Figure). This is a turning point in the synthesis of

nanocatalyst.
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Figure 9. VSM diagram of the Fe;0,@MCM-SB/Pd nanocatalyst

After synthesis and characterization of Fe;O,@MCM-41-SB/Pd nanocatalyst, its catalytic
application was investigated in the Suzuki reaction under ultrasonic media. To obtain the
optimal conditions, the reaction between iodobenzene and phenylboronic acid was chosen
as a test model (Table 1). In the first step, the effect of catalyst loading was investigated in
the reaction progress. It was found that with increasing catalyst amount, the yield is

increased and the best result was observed in the presence of 0.12 mol% of catalyst (Table

15


https://doi.org/10.1039/c9nj06250e

wWYnversitabars Descarteson 2/11/2020 2735 PML o oo oy U1 & W N —

AP WN-—_OCOOUONOOUVLIPSM,WN=O0O

(9;]

VY0l oRgl
o

New Journal of Chemistry

Page 16 of 31

View Article Online
DOI: 10.1039/C9NJ06250E

1, entries 1-5). The effect of temperature was also investigated. Based on this, it was
observed that the temperature has a great impact on the reaction, qua at 50 °C the highest
conversion was resulted (Table 1, entry 4 versus entries 6, 7). Therefore, this was selected
as optimal temperature in subsequent studies. In another study, the reaction progress was
studied in an oil bath that an unfortunate activity and yield in comparison to ultrasonic
conditions were resulted (Table 1, entry 8). The reaction sensitivity to the base was also
studied. According to the results, K,CO; showed the best performance (Table 1, entry 4
versus entries 9-11). Importantly, the reaction did not perform under free base conditions
(Table 1, entry 12). One of the most important goals in green chemistry is the use of
environmentally friendly solvents in organic transformation. On the other hand, organic
solvents, due to their high use, are the main source of chemical pollution. Fortunately, our
study showed that the best result is obtained in water (Table 1, entry 4 versus entries 13-
15). As stated in the introduction section, the presence of Pd catalyst, is mandatory for the
Suzuki reaction. To prove this, the model reaction was done using Pd-free Fe;0,@MCM-
41-SB and Fe;0,@S10,@MCM-41 materials, in which catalytic activity was not observed
(Table 1, entries 16, 17). According to these results, the use of 0.12 mol% of catalyst and

K,CO; base in water at 50 °C were selected as optimal conditions.

16
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Table 1. Effect of solvent, catalyst loading, base and temperature in the Suzuki reaction
©/ I+ ©/ B(OH), Fe;0,@MCM-41@SBPd
) -
Entry | Solvent Base Cat. (mol%) T (°C) Time (min) Yield (%)?
1 H,O K,CO;, --- 50 60 ---
2 H,0 K,CO;, 0.04 50 25 30
3 H,O K,CO; 0.08 50 25 84
4 H,O K,CO; 0.12 50 25 95
5 H,O K,CO; 0.16 50 25 95
6 H,O K,CO;, 0.12 r.t. 25 Trace
7 H,O K,CO;, 0.12 35 25 45
8P H,O K,CO;, 0.12 50 25 70
9 H,O Na,COs 0.12 50 25 78
10 H,O NEt; 0.12 50 25 67
11 H,O NaOH 0.12 50 25 60
12 H,O Free base 0.12 50 60 Trace
13 EtOH K,CO; 0.12 50 25 82
14¢ | EtOH/H,0 | K,CO; 0.12 50 25 88
15 Toluene K,CO;, 0.12 50 25 55
164 H,O K,CO;, 0.003 g 50 60 ---
17¢ H,O K,CO; 0.003 g 50 60 ---
@ Jsolated yields. ® Oil bath. ¢ EtOH/H,O (1:1). ¢ Fe;0,@MCM-41@SB was used as catalyst. ©
Fe;0,@MCM-41 was used as catalyst.

After optimization of the conditions, the substrate scope of the catalyst was studied. According to
Table 2, all reactions were performed at short time with excellent yield and high TON/TOF. As
predicted, the activity of aryl halides was in the order of aryl iodides> aryl bromides> aryl
chlorides. It is also important to note, no detectable homo-coupling byproduct was observed under

applied conditions, confirming high selectivity of catalyst for cross-coupling reaction.
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Table 2. Synthesis of Suzuki products in the presence of Fe;04@MCM-41@SB/Pd

X
| _ N @B(OH)Z Fe;0,@MCM-41@SB/Pd (0.12 mol %) 7\ —\R!
A K,CO3, 50 °C, H,0, ))) RQ_@
Entry | Aryl halide | Arylboronic acid (Tr;frlf) Yield (%) @ TON® TOF (h'")¢ | Found M.P. (°C)
I B(OH),
1 © 25 95 791.6 1930.7 68-70
Br B(OH),
2 © 40 91 758.3 1148.9 68-70
Cl B(OH),
3 © 70 85 708.3 610.6 68-70
B(OH),
Cl
4 © 70 84 700 603.4 45-47
CH,
Cl
B(OH),
5 © 70 87 725 625 85-87
CN
Br B(OH),
CN
6 40 92 766.6 1161.5 35-37
Cl
B(OH),
7 © 65 87 725 671.2 112-114
NO,
Br B(OH),
8 © 30 94 783.3 1566.6 57-59
CHO
Br B(OH),
9 © 30 95 791.6 1583.2 106-108
CHO CH,4

a]solated yields. ® Turnover number [all TONs were calculated by this equation: Yield (%) /Cat. (mol %)].

Turnover frequency [all TOFs were calculated by this equation: TON/Time (h)].
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Due to the unfathomable positive effects of catalyst in industries such as drug, paint, oil, gas,
chemicals, efc., its recoverability and reusability are important issues. Accordingly, these abilities
of Fe;0,@MCM-41-SB/Pd in the coupling of PhB(OH), and Phl, as a test model, were

investigated. As shown in Table 3, the mentioned nanocatalyst was easily recycled and reused for

New Journal of Chemistry

at least eleven times with no significant decrease in its efficiency.

View Article Online
DOI: 10.1039/C9NJ06250E

Table 3. Recoverability of the Fe;O4,@MCM-41-SB/Pd
©/ I+ ©/ B(OH), Fe;0,@MCM-41@SB/Pd (0.12mol %)
K,CO3;, 50 °C, H,0, )))
Run Time (min) Yield (%) TON TOF (h'!)

1 25 95 791.6 1930.7
2 25 95 791.6 1930.7
3 25 93 775 1841.4
4 30 93 775 1550
5 30 93 775 1550
6 30 92 766.6 1533.2
7 37 92 766.6 1256.7
8 40 91 758.3 1148.9
9 40 88 733.3 1111
10 40 88 733.3 1111
11 42 85 708.3 1011.8
12 45 83 691.6 922.1

To confirm the chemical and structural stability of the nanocatalyst during applied conditions, the

recycled nanocatalyst was characterized by XRD, ICP, EDX mapping and SEM techniques.

19
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As shown in Figure 10, the appearance of crystal plates of 220, 311, 400, 422, 511 and 440 in the
X-ray pattern, clearly confirms that the crystalline structure of the magnetic iron oxide

nanoparticles has been preserved during applied conditions.

250 A
(311)
200
S 150+
= (440)
2 1 (220)
ﬁ 100 (511)
(400)
50 -
J (422
0 ‘ " MM&’

0 10 20 30 40 50 60 70 80 90
Position [°2 Theta]

Figure 10. PXRD pattern of the recovered Fe;O,@MCM-41-SB/Pd nanocatalyst

As can be seen from the Figure 11, the EDX analysis of recovered nanocatalyst demonstrates the
signals of Fe, Si, C, N, O and Pd elements in a pattern the same as its fresh parent proving high
stability of the catalyst after several steps of recovery and reuse. According to this and also ICP

analysis, the amount of Pd-leaching on the Fe;O04@MCM-41-SB nanostructure was negligible.

20
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Figure 11. The EDX analysis of the recoverd Fe;O4@MCM-41-SB/Pd nanocatalyst

Moreover, the EDX mapping analysis confirmed the uniform distribution of aforementioned

elements onto/into material network (Figure 12).

21
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Figure 12. The EDX mapping of the recoverd Fe;0,@MCM-41-SB/Pd nanocatalyst

The SEM image of the recovered nanocatalyst also demonstrated a uniform spherical structure the

same as its fresh parent confirming high stability of material structure during applied conditions

(Figure 13).
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Figure 13. The SEM image of the recovered Fe;O4@MCM-41-SB/Pd nanocatalyst

In the next study, a filtration test was carried out to prove the heterogeneity of the catalyst. For this
purpose, after the development of about 40% of the coupling process, the catalyst was removed
using a magnetic field and the progress of the residue mixture was monitored. Interestingly, no
further conversion was observed in this case. Accordingly, we conclude that the catalyst operates
in a heterogeneous manner and no leaching of active palladium species performs under applied

conditions.

The mechanism of this reaction is presented in Scheme 2. The first step includes insertion and
oxidative addition of Pd (0) into C-X bond of aryl halide to give intermediate 1. Subsequently, the
intermediate 2 is delivered through a transmetalation process. In the final step, a reductive
elimination reaction is occurred to regenerate the catalyst and produce Suzuki cross-coupling

product.”: 76
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Fe;0,@MCM-41-SB/Pd

Activation

X /_/\
Ar'-Ar2 @CN\ P Ar'X
N~

DN

Transmetalation

B(OH)3 + KHCO3 + KX Ar?B(OH);”K* + KHCO3 <———— Ar2B(OH), + K,CO3 + H,0

Scheme 2. Proposed mechanism for the Suzuki cross-coupling reaction using the Fe;04@MCM-

41-SB/Pd
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Poisoning test is another technique that was performed to prove the heterogeneity of our catalytic

system. According to the results of Table 4, our catalyst kept up its relative activity in the presence

of all poisonous agents (Hg, PPh; and PMO-IL-propyl-SH), in which the model reaction showed

a good yield. These results confirm that the Fe;04@MCM-41-SB/Pd catalyst is stable under

applied conditions and amount of Pd-leaching on the designed support is negligible.

Table 4. The effect of poisoning agents in the activity of Fe;04@MCM-41-SB/Pd

I B(OH),
-

Fe;0,@MCM-41@SB/Pd (0.12 mol %)

K,CO;, 50 °C, H,0, )))

-
ol

Entry Poisoning additive Yield (%)
1 Free poisoning additive 95
2 Hg 88
3 PPh; 92
4 PMO-IL-propyl-SH 91

At the end of this study, we compared the efficiency of Fe;04@MCM-41-SB/Pd catalyst with

some of the catalysts used recently in the Suzuki reaction. According to Table 5, Fe;O4@MCM-

41-SB/Pd nanocatalyst is more favorable than the other catalysts in terms of temperature, TOF,

reaction time and recycling times. These findings confirm high efficiency, stability and durability

of designed catalyst.
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Table 5. Comparative study of the efficiency of our catalyst with that of previously reported
catalytic systems in Suzuki cross-coupling reaction
Br B(OH),
- - O~
Catalyst Conditions Time Repovery TOF (h'!) Ref.
times
Cat. 0.03 mol %, reflux, 7
MNP-CD-Pd H,0, K,CO, 4h 6 591.6
Cat. 0.05 mol %, 60 °C, e
IL@SBA-15-Pd H.0, K.pO, TBAB 4h 4 500
Cat. 0.025 mol %, 60 °C, o
Mag-IL-Pd 1,0, K+PO, 7.5h 10 633.3
Cat. 0.5 mol %, 100 °C, N
KCC-1-NH,/Pd EtOH/H,0, K+PO, 4h 7 43
Cat. 0.015 mol %, reflux 80
hollow Pd spheres EtOH, K,PO, 24h 7 250
Fe;04,@MCM-41- Cat. 0.12 mol %, 50 °C, . This
SB/Pd ), H,0, K-CO; 40 min 11 1148.9 work

4. Conclusion

In this work, a Schiff-base/palladium complex was covalently immobilized on a magnetic ordered
mesoporous silica to form a novel Fe;04@MCM-41-SB/Pd nanocatalyst. The FT-IR, TG and EDX
analyses clearly confirmed well immobilization of this complex onto material framework. The low
angle PXRD analysis showed a highly ordered two-dimensional hexagonal mesostructure for this
material. The crystalline structure of magnetic NPs was confirmed by the wide angle PXRD
technique. The VSM analysis showed good magnetic properties for the nanocatalyst. The SEM
image illustrated a uniform spherical morphology for this nanocatalyst. The performance and
activity of the Fe;O4@MCM-41-SB/Pd nanocatalyst were examined in the Suzuki coupling
reaction to produce biaryl compounds in water as green solvent. This catalyst demonstrated high
efficiency and selectivity in the desired reaction. The Fe;04@MCM-41-SB/Pd was recycled and

reused for several times with no noticeable decrease in performance.
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Graphical abstract

Preparation, characterization and catalytic application of a novel magnetic ordered

mesoporous silica supported Schiff-base/Pd (Fe;04@MCM-41-SB/Pd) are developed.
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