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Synthesis, characterization, and application of a
manganese Schiff base complex containing
salicylaldehyde-poly(vinylamine)/SBA-15 as a novel
heterogeneous hybrid catalyst
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A manganese Schiff base complex containing salicylaldehyde—poly(vinylamine)/SBA-15 (Mn-SA-PVAm/

SBA-15) composite was prepared as a novel heterogeneous catalyst through in situ polymerization of
vinylamine within the nano-channels of mesoporous silica SBA-15 without using any organo silica
precursors. The catalyst was characterized well by elemental analysis, FT-IR, AAS, DRS UV-Vis, XRD, BET,
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SEM and TGA techniques. The catalytic activity of the supported metal complex was studied in the selective

oxidation of benzyl alcohols using t-butyl hydroperoxide as an oxidant. The effects of reaction

DOI: 10.1039/c3ra22579h

www.rsc.org/advances investigated.

1. Introduction

The oxidation of alcohols to aldehydes and ketones is a widely
used chemical transformation in organic synthesis." Transition
metal complexes are effective and selective catalysts in the
oxidation of alcohols.>™ Schiff base complexes are easy to
synthesize and, as well as porphyrins and phthalocyanines,
mimic the enzymatic catalysts present in biological systems.>®
The high electron-donating ability of the Schiff base ligand,
which facilitates the electron transfer rate, is expected to improve
the overall catalytic activity of an imine-functionalized compo-
site.”® Although transition metal complexes catalysts offer
interesting results in organic synthesis, these complexes are still
associated with problems of corrosion, contamination of
reaction products and difficulties of separation.’®™**
these drawbacks, the heterogenization of homogeneous catalysts
is expected. Extensive investigations have been focused on the
incorporation of metal complex catalysts onto or into inert
supports such as molecular sieves, amorphous silica, and
polymers.”*** Organic-inorganic hybrid materials are other
supports for the heterogenization of homogeneous metal
complex catalysts. Organic-inorganic composite materials are
increasingly important for a variety of applications due to their
extraordinary properties which arise from the combination of the
different building blocks. The combination of nanoscale
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temperature, solvent and the amount of catalyst as well as the recyclability of the catalyst were

inorganic moieties with organic polymers has a high potential
for future applications.'®*® Resultant materials are supposed to
have better mechanical and/or thermal properties.”® In these
cases the inorganic moiety is a mesoporous molecular sieve
crystalline framework material. These porous inorganic solids
with empty pores and channels are excellent hosts for intercala-
tion reactions.*'** Silica SBA-15 is a mesoporous molecular sieve,
which possesses uniform hexagonal channels ranging from 5 to
30 nm and a very narrow pore-size distribution. Its large internal
surface area (>800 m” g™ ") allows for the dispersion of a large
number of catalytically active centers, whereas its thick frame-
work walls (3.1-6.4 nm) provide high hydrothermal stability.”* >

In continuing our previous work to develop new polymer-
inorganic hybrid materials as heterogeneous catalysts,”*>®
herein, we have focused our attention on the synthesis and
characterization of a manganese Schiff base complex contain-
ing salicylaldehyde-poly(vinylamine) supported on SBA-15
(Scheme 1) as a heterogeneous hybrid catalyst. The catalyst
was prepared via a simple method without using any organo
silica precursors. The catalytic activity of this novel hybrid
catalyst was tested for the selective oxidation of alcohols. This
catalyst could be reused several times (at least 5) without
significant loss of activity/selectivity.

2. Experimental

2.1. Catalyst characterization

The materials were characterized by atomic absorption
spectroscopy (AAS) (Perkin-Elmer, Analyst 300), X-ray diffrac-
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Scheme 1 Preparation of Mn—SA-PVAM/SBA-15.

tion (Bruker DSADVANCE, Cu-Ko radiation), FT-IR spectro-
scopy (Nicolet 400D in KBr matrix in the range 4000-400
em '), BET specific surface area and BJH pore size distribu-
tion (Series BEL SORP 18, at 77 K), diffuse reflectance (DR) UV-
Vis spectroscopy (Shimadzu UV-265), thermo gravimetric
analysis (TGA, Setaram Labsys TG (STA) in a temperature
range 30-700 °C and with a heating rate of 10 °C min~' in an
N, atmosphere) and SEM (Philips, XL30, SE detector). The
products were identified by '"H NMR and '*C NMR spectro-
scopy (Bruker DRX-400 Avance spectrometer at 400 and 100
MHz, respectively). The melting points were measured on an
electro-thermal 9100 apparatus and reported without correc-
tion. The melting points compared satisfactorily with those
reported in the literature.

2.2. Catalyst preparation

2.2.1. Preparation of poly(vinylamine)/SBA-15. Mesoporous
silica SBA-15 was prepared through the addition of H;PO, as
described in the literature recently.”® The poly(vinylamine)/
SBA-15 composite was synthesized as follows:

In the first step, into a 50 mL round-bottomed flask, acryl
amide (0.25 g, 3.5 mmol), benzoylperoxide (0.025 g, 0.1 mmol),
SBA-15 (1 g) and THF (10 mL) were added. The solution was
stirred with a magnetic stirrer and refluxed for 4.5 h at 70 °C.
Then the solution was filtered and washed with THF (2 x 5
mL). The white precipitate was dried in air overnight. This
composite was named poly(acrylamide)/SBA-15 (PAA/SBA-15).
In the second step, into a 100 mL round-bottomed flask PAA/
SBA-15 composite (0.5 g), calcium hypochlorite (Ca(OCl),) (2 g)
and distilled water (75 mL) were added. The solution was
stirred with a magnetic stirrer and refluxed for 4.5 h at 90 °C.
Then the solution was filtered and washed with hot distilled
water (2 x 200 mL). The white precipitate was dried in air
overnight. Finally, through the Hoffman reaction, the poly
(vinylamine)/SBA-15 (PVAm/SBA-15) composite was obtained.

2.2.2. Preparation of Schiff base ligand containing salicy-
laldehyde-poly(vinylamine)/SBA-15. Into a 25 mL round-
bottomed flask, PVAm/SBA-15 composite (0.5 g), salicylalde-
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hyde (1.3 mL, 12.4 mmol) and dry methanol (7 mL) were
refluxed for 24 h at 70 °C under a nitrogen atmosphere. The
yellow precipitate obtained was washed with dry methanol (2
x 5 mL) to remove excess salicylaldehyde to give a Schiff base
ligand containing salicylaldehyde-poly(vinylamine)/SBA-15
(SA-PVAmM/SBA-15).

2.2.3. Preparation of manganese Schiff base complex
containing salicylaldehyde-poly(vinylamine)/SBA-15. A flask
containing a stirred suspension of manganese(i) acetate
tetrahydrate (2.45 g, 10 mmol) in 10 mL of dry methanol was
purged with nitrogen and then warmed to 40 °C under a
nitrogen atmosphere. SA-PVAm/SBA-15 (0.5 g) was added in
one portion and the resulting suspension was then refluxed
under a nitrogen atmosphere for 8 h at 70 °C to give a
manganese Schiff base complex containing salicylaldehyde-
poly(vinylamine)/SBA-15 (Mn-SA-PVAm/SBA-15). The collected
solid was washed with dry methanol (2 x 5 mL) and dried in
air.

The Mn content of the catalyst was estimated by decompos-
ing a known amount of the catalyst using perchloric acid,
nitric acid, fluoric acid, and hydrochloric acid, and the
transition metal content was estimated using an atomic
absorption spectrometer (Perkin-Elmer, Analyst 300).

2.3. General procedure for the oxidation of alcohols

0.1 g of catalyst and 2 mmol of benzyl alcohol were mixed in 5
mL of CH;CN and the mixture was refluxed with continuous
stirring in an oil bath. 3 mmol of #-butyl hydroperoxide (TBHP)
was added to the refluxing mixture and the progress of the
reaction was monitored by thin layer chromatography (TLC)
(eluent: n-hexane : ethyl acetate = 16 : 4). After completion of
the reaction, the mixture was cooled to room temperature and
the catalyst was removed by filtration. Diethyl ether (15 mL)
was added to the filtrate and washed with brine (10 mL) and
H,O (10 mL). The organic layer was dried over MgSO, and the
solvent was evaporated to offer the crude product. The pure
product was obtained by column chromatography over silica
gel using n-hexane/ethyl acetate mixed solvent as the eluent.

This journal is © The Royal Society of Chemistry 2013
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Fig. 1 FT-IR spectra of (a) mesoporous silica SBA-15, (b) PVAm, (c) PVAm/SBA-
15, (d) salicylaldehyde, () SA-PVAmM/SBA-15 and (f) Mn-SA-PVAmM/SBA-15.

3. Results and discussion

3.1. Characterization of catalyst

Fig. 1 shows the FT-IR spectra of mesoporous silica SBA-15,
PVAm, PVAm/SBA-15, salicylaldehyde, SA-PVAm/SBA-15 and
Mn-SA-PVAm/SBA-15. The characteristic band around 1080-
1090 em™ " is due to the Si-O stretching in the Si-O-Si
structure, which is seen in Fig. 1a, ¢, e and f. In the FT-IR
spectrum of PVAm/SBA-15 (Fig. 1c), the new band at 1436
em™ ' is the bending vibration absorption of the N-H bond.
Also, the presence of peaks at around 2800-3000 cm *
corresponds to the aliphatic C-H stretching in the PVAm/
SBA-15 composite. Moreover, the peak around 3430 cm™ ' is
stronger than in the FT-IR spectrum of SBA-15, which is due to
the stretching vibration of the N-H groups. This is in
accordance with the spectrum of PVAm (Fig. 1b). In the FT-
IR spectra of SA-PVAm/SBA-15 (Fig. 1le) and Mn-SA-PVAm/
SBA-15 (Fig. 1f), the peak at around 3430 cm ™" is the same as
in the FT-IR spectrum of SBA-15 (Fig. 1a), and is due to the
stretching vibration of the O-H groups, which shows that
amine functional groups are condensed by salicylaldehyde.

This journal is © The Royal Society of Chemistry 2013
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Moreover, the presence of peaks at 2800-3000 cm™ " corre-
sponds to the aliphatic C-H stretching in SA-PVAm/SBA-15. In
addition, in the FT-IR spectrum of SA-PVAm/SBA-15 (Fig. le),
the sharp band appearing at 1640 cm ™" is due to the vibration
of C=N. The appearance of the above band shows that
salicylaldehyde is attached to the surface of PVAm/SBA-15
and the SA-PVAm/SBA-15 composite is obtained. As shown in
the Mn-SA-PVAm/SBA-15 spectrum (Fig. 1f), the band at
around 1640 cm ™', which corresponds to C=N, is shifted to
lower wave numbers (1570 cm™ ') (red shift). This may be due
to the interaction between the Mn cations and the C=N groups
and the formation of a ligand-metal complex. This means that
Mn-SA-PVAm/SBA-15 was successfully prepared.

The powder XRD patterns of the mesoporous silica SBA-15,
PVAmM/SBA-15, SA-PVAmM/SBA-15 and Mn-SA-PVAm/SBA-15 are
shown in Fig. 2. The low angle diffraction pattern of SBA-15
shows evidence of three reflections at 260 values of 0.5-3°,
including one strong peak, (100), and two weak peaks, (110)
and (200), corresponding to a highly ordered hexagonal
mesoporous silica framework.®*® The PVAm/SBA-15, SA-
PVAmM/SBA-15 and Mn-SA-PVAm/SBA-15 samples show the
same pattern, indicating that the long-range order of the SBA-
15 (100) framework is retained after the hybridization of SBA-
15. However, it is observed that the intensity of these
characteristic diffraction peaks is decreased in these samples
compared with pure mesoporous silica SBA-15, which is
probably due to the presence of guest moieties on the
mesoporous framework of SBA-15, resulting in a decrease in

—
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Fig. 2 Powder XRD patterns of (a) mesoporous silica SBA-15, (b) PVAm/SBA-15,
(c) SA-PVAmM/SBA-15 and (d) Mn-SA-PVAmM/SBA-15.
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Fig. 3 N, adsorption—desorption isotherm of (a) pure SBA-15 and (b) PVAmM/
SBA-15.

the crystallinity. In addition, the composites contain much
less SBA-15 due to dilution of the silicious material by PVAm,
salicylaldehyde and Mn; therefore, this dilution can also
account for a decrease in the peak intensity.

The N, adsorption-desorption isotherms of the pure SBA-15,
PVAmM/SBA-15, SA-PVAm/SBA-15 and Mn-SA-PVAm/SBA-15
samples are shown in Fig. 3, 4 and 5. The isotherms are
similar to the type IV isotherm with H1-type hysteresis loops at
high relative pressure according to the IUPAC classification,
characteristic of mesoporous materials with highly uniform
size distributions. From the two branches of the adsorption-
desorption isotherms, the presence of a sharp adsorption step
in the P/P, region from 0.6 to 0.8 and a hysteresis loop at the
relative pressure P/P, > 0.7 show that the materials possess a
well defined array of regular mesoporous (Fig. 3 and 4).
However, there are differences between the Mn-SA-PVAm/
SBA-15 sample and the others; the amount of adsorbed
nitrogen is lower at the same relative pressure and the step
and its sharpness are smaller. This phenomenon implies that
the Mn cations are incorporated into the pores of the SBA-15.
The specific surface areas and the pore sizes have been
calculated using the Brunauer-Emmett-Teller (BET) and
Barrett-Joyner-Halenda (BJH) methods, respectively. The
structure data of all the mesoporous materials (BET surface
area, total pore volume, and pore size) are summarized in
Table 1. It is clear that calcined SBA-15 has a high BET surface
area (1430 m” ¢~ '), and a large pore volume (1.9 cm?® g~ ') and
pore size (9.9 nm), indicative of its potential application as a
host inorganic material. After hybridization with PVAm
through in situ polymerization, PVAm/SBA-15 exhibits a
smaller specific area, pore size and pore volume in comparison
with those of pure SBA-15, which might be due to the presence
of polymer on the internal surface of the SBA-15. Although
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Fig. 4 N, adsorption—desorption isotherm and BJH pore size distribution
obtained for SA-PVAmM/SBA-15.

these textural properties are smaller than those found for
mesoporous silica SBA-15, PVAm/SBA-15 still has a mesopor-
ous form and does not block the pores of the SBA-15, hence it
is suitable to be developed and grafted with other organic
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Fig. 5 N, adsorption-desorption isotherm and BJH pore size distribution
obtained for Mn-SA-PVAmM/SBA-15.

This journal is © The Royal Society of Chemistry 2013


http://dx.doi.org/10.1039/c3ra22579h

Published on 03 May 2013. Downloaded by University of Aberdeen on 19/06/2013 12:53:45.

Table 1 Surface data of the samples

View Article Online

Sample BET surface area (m* g~ ") Pore volume (cm® g™*) Pore diameter (nm)
Mesoporous silica SBA-15 1430 1.90 9.90
PVAmM/SBA-15 856 1.08 8.81
SA-PVAmM/SBA-15 442 0.39 4.89
Mn-SA-PVAm/SBA-15 104 0.25 2.25

Fig. 6 Scanning electron microscopy (SEM) photographs of (a) SBA-15 and (b) Mn-SA-PVAmM/SBA-15.

compounds for the formation of novel ligands. The data for
the Mn-SA-PVAm/SBA-15 sample indicates a reduction in
surface area, pore size and pore volume compared to SA-
PVAmM/SBA-15. This might be due to the incorporation of Mn
into the channels of SA-PVAm/SBA-15 and the pore size
distribution curve for this catalyst proves this idea (Fig. 5,
inset). These results are likely to be due to the presence of Mn
on the surface of the catalyst. Although these textural proper-
ties are smaller than those found for mesoporous silica SBA-
15, Mn-SA-PVAmM/SBA-15 is still suitable to function as a
heterogeneous catalyst.

Fig. 6 shows scanning electron microscopy (SEM) photo-
graphs of SBA-15, and the Mn-SA-PVAm/SBA-15 composite.
We can see that there is negligible difference in the particle
surface morphology between SBA-15 and Mn-SA-PVAm/SBA-
15, which indicates that the polymerization, salicylaldehyde
grafting and coordination of Mn on the ligand, take place
more in the channels and less on the outer surfaces of the
catalyst.

The electronic spectral profiles of SA-PVAm/SBA-15 and
Mn-SA-PVAm/SBA-15 are reproduced in Fig. 7. The electronic
spectrum of the SA-PVAm/SBA-15 exhibits three bands at 370,

1.7
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c 1 " i
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Fig. 7 UV-Vis spectra of (a) SA-PVAmM/SBA-15 and (b) Mn-SA-PVAmM/SBA-15.
This journal is © The Royal Society of Chemistry 2013 RSC Adv.
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Fig. 8 TGA curves of (a) PVAm, (b) PVAm/SBA-15, (c) SA-PVAM/SBA-15 and (d)
Mn-SA-PVAmM/SBA-15.

264 and 234 nm and these are assigned to the n — n*, 1 — *
and ¢ — o* transitions, respectively.*" These bands shift to
higher wavelengths and the intensity of these bands is
decreased for Mn-SA-PVAm/SBA-15. However, the ¢ — o*
transition is removed indicating the restructuring of the ligand
after coordination to the metal ion. The appearance of a weak
band due to a ligand to metal transition underneath the n —
n* transition makes this a band broad. No band could be
located in the higher wavelength region due to the expected d-
d transition.

Fig. 8 shows the TGA curves of PVAm, PVAm/SBA-15, SA-
PVAmM/SBA-15 and Mn-SA-PVAm/SBA-15 under an N, atmo-
sphere. The weight loss (around 34%, w/w) of PVAm begins at
170 °C because of the thermo-degradation of the PVAm
polymer chains and the degradation ends at 550 °C (Fig. 8a);
whereas for the PVAm/SBA-15 sample two separate weights

View Article Online

loss steps can be seen (Fig. 8b). The first step (around 7%, w/w)
appearing at a temperature of <150 °C corresponds to the loss
of water (i.e., adsorbed water on the inner and outer surfaces
of SBA-15). The second weight loss (about 475-600 °C)
amounts to around 13% (w/w) which is related to the
degradation of the polymer. Compared to the PVAm curve,
the weight loss of PVAm/SBA-15 is mild, and indicates that
PVAmM/SBA-15 is more thermo-stable than PVAm. Therefore,
after hybridization, the thermal stability is enhanced greatly
and this is very important for the catalyst application. For the
SA-PVAm/SBA-15 sample, three separate weight losses can be
seen (Fig. 8c). The first weight loss (around 4%, w/w)
appearing at a temperature of <100 °C, corresponds to loss
of water. The second weight loss (around 30%, w/w) at 250-375
°C is related to the degradation of salicylaldehyde which is
attached to the surface of the PVAm/SBA-15. The third weight
loss of around 6% (w/w) at about 610-680 °C can be related to
the degradation of the PVAm chains. However, following
coordination to Mn cations, Mn-SA-PVAm/SBA-15 shows
higher thermo-stability compared to SA-PVAm/SBA-15. This
higher stability indicates that the complex with the metal is
formed.

3.2. Catalytic activity

Initially, benzyl alcohol was chosen as a model to test the
catalytic activity of the Mn-SA-PVAm/SBA-15 for the oxidation
of alcohols under different conditions (Table 2). In order to
investigate the effect of solvent, the oxidation of benzyl alcohol
(2 mmol) was carried out in several solvents using 0.1 g of the
catalyst at 65 °C (Table 2, entries 1-5). As can be seen, normal
hexane was not a suitable solvent for this catalytic system,
because its polarity was not high enough. The yield of the
reaction in water was very low, maybe because water can
hydrolysis the C=N bond of the catalyst, and also the mass
transfer is probably retarded because water may form a film
layer on the catalyst surface, and thus the possibility of
diffusing to active sites was reduced.**> Reaction in methanol
led to a good yield (80%) and selectivity (90%) during the
oxidative reaction, and acetonitrile was the best solvent with

Table 2 Oxidation of benzyl alcohol (2 mmol) with TBHP over Mn-SA-PVAmM/SBA-15 under different conditions

Entry Solvent T (°C) Catalyst (g) TBHP (mmol) Yield® (%) Selectivity (%)
1 n-hexane 65 0.1 3 70 >99
2 Methanol 65 0.1 3 80 90

3 Water 65 0.1 3 30 80
4 Solvent-free 65 0.1 3 60 90

5 Acetonitrile 65 0.1 3 80 >99
6 Acetonitrile reflux 0.1 3 90 >99
7 Acetonitrile 25 0.1 3 48 >99
8 Acetonitrile 40 0.1 3 65 >99
9 Acetonitrile reflux 0.08 3 80 >99
10 Acetonitrile reflux 0.12 3 90 >99
11 Acetonitrile reflux 0.14 3 90 >99
12 Acetonitrile reflux 0.1 2 65 >99
13 Acetonitrile reflux 0.1 4 75 90
14 Acetonitrile reflux 0.1 5 65 80
15 Acetonitrile reflux — 3 5 >99

“ Isolated yield after 20 min.
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80% yield and selectivity of more than 99%, and was chosen as
the solvent for further investigation. Reaction in solvent-free
conditions gave 60% yield of benzaldehyde.

The effect of temperature was studied in the range 25-81 °C
in acetonitrile (Table 2, entries 5-8). The yield increased from
48% to 90% upon increasing the temperature from 25 °C to 81
°C, without any substantial loss of selectivity (>99%).

The effect of the amount of catalyst on the reaction was also
investigated. Generally, there was 5% yield in the absence of
catalyst (Table 2, entry 15), indicating that this was indeed an
Mn-SA-PVAm/SBA-15 catalyzed reaction and the yield was
increased by the catalyst. The optimum amount of catalyst (0.1
g) was determined from experiments corresponding to entries
6 and 9-11 in Table 2. No improvement in the yield was found
with further increase in the amount of catalyst. Hence, the
optimal amount of catalyst was chosen as 0.1 g based on 2.0
mmol of benzyl alcohol. Then, the best amount of the TBHP
was determined for the oxidation of benzyl alcohol (Table 2,
entries 6 and 12-14). The yield increased from 65 to 90% upon
increasing the amount of TBHP from 2 to 3 mmol. Upon
further increasing the amount of TBHP, the yield was
decreased. This may be due to the blocking of active sites of
the catalyst by water molecules from the TBHP solution.**

The variation of the catalytic activity with the amount of
salicylaldehyde, Mn and SBA-15 in the catalyst on the
oxidation reaction was investigated. The results are summar-
ized in Table 3. The best yield of benzaldehyde was obtained
by using catalyst containing 25 mmol of salicylaldehyde per
gram of PVAm/SBA-15 (Table 3, entries 1-6). Higher amounts
of salicylaldehyde did not improve the yield to a great extent.
On the other hand, it was shown that the yield of the reaction
in the presence of Mn-SA-PVAm/SBA-15 as a catalyst was
higher than that with Mn-PVAm/SBA-15 (Table 3, entry 1). The
higher activity of Mn-SA-PVAm/SBA-15 is due to the existence
of the salicylaldehyde Schiff base ligand as an electron
donating ligand which facilitates the electron transfer. Also,
there was an upward trend of the benzaldehyde yield upon
increasing the amount of Mn from 5 to 20 mmol per g of SA-
PVAm/SBA-15 (Table 3, entries 6-9). Upon further increasing

Table 3 Oxidation of benzyl alcohol over different Mn-SA-PVAmM/SBA-15
catalysts?

Salicylaldehyde Mn (mmol SBA-15

(mmol per g of  per g of (gperg  Yield”
Entry  PVAmM/SBA-15) SA-PVAm/SBA-15)  of AA) (%)
1 — 10 2 50
2 5 10 2 60
3 10 10 2 65
4 15 10 2 70
5 20 10 2 75
6 25 10 2 80
7 25 5 2 70
8 25 15 2 82
9 25 20 2 85
10 25 20 1 75
11 25 20 4 90

“ Reaction conditions: benzyl alcohol (2 mmol), catalyst (0.1 g),
TBHP (3 mmol), acetonitrile (5 mL), reflux, 20 min. ? Isolated yield
with more than 99% selectivity.

This journal is © The Royal Society of Chemistry 2013
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the amount of coordinated manganese, the yield remained
constant. In order to study the effect of the amount of SBA-15
on the oxidation reaction, several catalysts with various ratios
of SBA-15 to PVAm were prepared (Table 3, entries 9-11). The
results showed that the yield of benzaldehyde was increased
upon increasing the amount of SBA-15 in the catalyst. These
results are due to the large surface area of the Mn-SA-PVAm/
SBA-15 in comparison with Mn-SA-PVAm. When the amount
of SBA-15 is increased, the polymeric material is ordered in the
surface of catalyst. So the functional groups of the polymer are
free and more effective for salicylaldehyde grafting. The best
ratio of SBA-15 to acryl amide was found to be 4 (w/w).

In order to show the generality and scope of the new
protocol, several benzylic alcohols were oxidized in the
presence of Mn-SA-PVAmM/SBA-15 (Scheme 2 and Table 4). In
all cases, the oxidation reaction proceeded smoothly to give
the corresponding benzaldehyde in moderate to good yields.
The reaction with benzylic alcohols carrying electron-donating
or electron-withdrawing groups gave the corresponding
product in good yields and high purity.

The recycling performance of the Mn-SA-PVAm/SBA-15 in
the oxidation reaction was also investigated. After each
reaction, the catalyst was filtered, washed with dry methanol
(2 x 5 mL), dried at room temperature and reused in the next
run without further purification. The catalyst could be reused
at least 5 times without appreciable decrease in yield and
reaction rate.

In order to prove the heterogeneous nature of the catalyst
and the amount of Mn leaching, a heterogeneity test was
performed, in which the catalyst (Mn-SA-PVAm/SBA-15) was
separated from the reaction mixture at approximately 50%
conversion of the starting material through centrifugation.
The reaction progress in the filtrate was monitored (Fig. 9). No
further oxidation reaction occurred even at extended times,
indicating that the nature of the reaction process was
heterogeneous and there was no progress for the reaction in
the homogeneous phase.

In addition, to investigate the effect of SBA-15 on the
heterogeneity of the catalyst and prevention of Mn leaching,
another experiment was performed, in which the catalyst was
prepared without SBA-15, with the same amounts of the other
materials (Mn-SA-PVAm). Then, the reaction progress was
monitored over this catalyst and the amount of Mn leaching
was measured in the solution. The same reaction was carried
out over the Mn-SA-PVAm/SBA-15 and the amount of Mn
leaching was calculated under the same conditions. The
results are shown in Table 5. According to the results, Mn-
SA-PVAm showed less catalytic activity than Mn-SA-PVAm/
SBA-15 which can be related to a greater amount of Mn
leaching in the Mn-SA-PVAm system. Therefore, it can be

" "OH Mn-SA-PVAM/SBA-15 A H
|, +TBHP — m »
e MeCN 80 °C P

Z=Cl, Br, CH3, OCHj3, OH, NHy, NO,

Scheme 2 Oxidation of benzylic alcohols catalyzed by Mn-SA-PVAmM/SBA-15.
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Table 4 Oxidation of benzylic alcohols over Mn—-SA-PVAmM/SBA-15?

View Article Online

Entry Substrate Product Time (min) Yield” (%)
1 @CHZOH @CHO 20 90
2 CI*@*CH@H CI@CHO 20 85
Br Br
3 30 83
CH,0OH CHO
CHs CHs3
4 30 73
CH,0OH CHO
5 3C04©70H20H H3CO‘©7 20 70
OCH;z OCHj3
6 35 70
CH20OH CHO
H3CQO,
7 35 75
CH,0OH
8 4< >*CH20H H04< >—CHO 30 30
OH
9 30 40
CH,OH CHO
NH,
10 40 50
CH,OH
O,sN
11 25 50
CH,OH

“ Reaction conditions: alcohol (2 mmol), TBHP (3 mmol), catalyst (0.1 g), CH;CN (5 mL), reflux. ? Isolated yield with more than 99%

selectivity.

concluded that the mesoporous structure of SBA-15 prevents According to the above results, we can say that SBA-15 plays
Mn leaching and this mesoporous structure acts as a proper  two important roles in this composite. One of the greatest

cage (micro reactor) for the active species of the catalyst.

RSC Adv.

advantages of Mn-SA-PVAm/SBA-15 is its ease of use due to its
powdery structure. Mn-SA-PVAm is adhesive and this char-
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Fig. 9 Heterogeneity test for the oxidation reaction.

Table 5 Effect of SBA-15 on catalytic activity

Catalyst Yield (%)* Mn leaching (ppm)
Mn-SA-PVAm/SBA-15 90 0.4
Mn-SA-PVAm 50 2.1

“ Reaction conditions: benzyl alcohol (2 mmol), catalyst (0.1 g),
TBHP (3 mmol), acetonitrile (5 mL), reflux, 20 min. ? Isolated yield
with more than 99% selectivity.

acter makes it hard to separate it from the vessel, but after
mixing with SBA-15 and making the Mn-SA-PVAm/SBA-15
composite, it becomes a powder, which is easy to be used and
recycled. Additionally, a comparative reaction using Mn-SA-
PVAmM/SBA-15 and Mn-SA-PVAm showed that Mn-SA-PVAm/
SBA-15 is more efficient, due to completion of the reaction in a
short time, which is related to the lower amount of Mn
leaching. Actually, in this composite, SBA-15 is a micro reactor
for the active species of the catalyst and the reaction occurs in
it.

A comparative study was conducted for the use of Mn-SA-
PVAmM/SBA-15 with some of the reported catalysts for the
oxidation of benzyl alcohol with respect to the catalyst,
oxidant, reaction time, yield and selectivity of the products
(Table 6). It is noteworthy that the oxidation reactions with
reported catalysts were carried out with longer reaction times
and the benzaldehyde was obtained in low yield, selectivity or

View Article Online

both. The results clearly show that Mn-SA-PVAm/SBA-15
promotes the reaction more effectively than the other catalysts.

4. Conclusion

In summary, we have found that Mn-SA-PVAm/SBA-15 is a
new, efficient and environmentally benign catalyst for the
oxidation of alcohols in high yield, selectivity and purity. This
composite was prepared by a very simple method without
using any organosilica precursors (organosilica precursors are
expensive and using them involves complicated synthesis and
purification methods). Also, heterogenization increased the
activity of the homogeneous catalyst due to site-isolation and
cooperative effects between the SBA-15 support and the metal
complexes. Additionally, the ordered mesostructure of the
material also plays an important role in obtaining high
reactivity and selectivity towards the oxidation reaction.
Therefore, easy preparation without using expensive organo-
silica precursors, high thermal stability, high catalyst activity,
good reusability, and environmental friendliness are some of
the catalyst advantages. Further applications of this catalyst to
other transformations are currently under investigation.
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