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A novel [Cu(bpdo),-2H0]?*-supported SBA-15 catalyst (bpdo =2,2’-bipyridine,1,1’-
dioxide) was prepared by the impregnation method. The catalyst was characterized by
XRD, TEM, and BET nitrogen adsorption-desorption method, FT-IR, UV-vis, and chemical
analysis. XRD patterns and TEM analysis of [Cu(bpdo),-2H,0]?*/SBA-15 showed highly
ordered hexagonal mesoporous silica, even after immobilization. Also, nitrogen
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1. Introduction

Research on mesoporous materials has grown up due to
their outstanding properties [1]. MCM-41 [2] and SBA-15
[3] are the most well-known mesoporous silicas with
hexagonal pore arrays and narrow pore size distributions.
SBA-15 is identified by larger pore size and sidewall, lower
specific surface area and higher hydrothermal stability
than MCM-41. These materials are used as catalysts [4],
molecular sieves [1], enzyme immobilizations [5], drug
delivery [6], etc.

The immobilization of transition metals complexes
onto mesoporous silica has also been of particular interest
owing to their catalytic activities as heterogeneous
catalysts in chemical reactions. Some attempts have been
made to immobilize copper complexes, such as CuBr/
bipyridine [7], Cu(acac), [8], copper ammine [9], Cu(Il)
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cyclam [10] and [Cu(NHs)3(H»0)3]?* [11] on mesoporous
silica as a catalyst.

The catalytic behavior of such immobilized silica might
be improved as compared with their parent ones: Cu-[2,6-
bis(benzoxazoyl)pyridine]-SBA-15 for trapping and
decomposing HCN  [12], [Cu(NCCHs)g][B{CgH3(m-
CF3)2}4]2-SBA-15 for aldehyde olefination through an
aminosilane linker [13], copper oxides in mesoporous
silica for the reduction of NO [14], and recently [Cu(acac),]
SBA-15 for aziridination of styrene [15] are some examples
for this purpose.

It is supposed that metal complexes of bpdo ligand may
act as good guest molecules for mesoporous silica [16] that
might originate from their gauche conformations. Also, it
was shown that metal bpdo complexes are water-soluble
[17], which leads us to present a green procedure for the
synthesis of a highly uniformly distributed immobilized
mesoporous silica.

Xanthenone derivatives have attracted considerable
interest because they possess various pharmaceutical
activities, such as anti-bacterial [18], anti-inflammatory
[19] and anti-viral [20] activities. Also, some xanthenone
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derivatives have shown agricultural bactericide activity
[21] and have been used in laser technology [22].

2-amino-4H-chromene derivatives are important
classes of oxygenated heterocycles, which have attracted
much interest because of the biological activities of
naturally occurring representatives [23]. Some of the
reported benzopyrans possess anticoagulant, anti-spas-
molytic, diuretic, anti-anaphylactic, anticancer, and anti-
diabetic activities [24]. 4H-Benzo[b]pyrans and their
derivatives are of considerable interest because of their
wide range of biological activities as listed [25]. In addition,
they can be used as cognitive enhancers for the treatment
of neurodegenerative diseases, including Alzheimer’s
disease, amyotrophic lateral sclerosis, Huntington’s dis-
eases, Parkinson’s disease, AIDS-associated dementia, and
Down syndrome, as well as for the treatment of schizo-
phrenia and myoclonus [26].

Herein, we report the synthesis of a novel [Cu(bp-
do),-2H,0]**-supported SBA-15 catalyst used as an
efficient catalyst for the synthesis of benzoxanthenone
and benzochromene derivatives by the reaction of
aromatic aldehydes, «/B-naphthol, dimedone or malono-
nitrile, respectively, under solvent-free conditions, with
high yield of products; moreover, it only requires a simple
experimental and work-up procedure, without using any
hazardous solvent. In this research, the [Cu(bp-
do),-2H,0]?>* complex was prepared and loaded onto
SBA-15 channels. Our studies showed that it can catalyze
the reaction of aromatic aldehydes 1, S-naphthol 2 and
dimedone 3 efficiently under solvent-free conditions to
obtain benzoxanthenone derivatives 4.

In another investigation, benzochromene derivatives 5/
7 were synthesized by the reaction of aromatic aldehydes
1, o/ B-naphthol 6/2 and malononitrile.

2. Experimental
2.1. Materials and equipments

A Bruker D8 ADVANCE diffractometer with Ni-filtered
Cu Ko radiation (1.5406 A) was used for XRD analysis. The
data were recorded with a speed of 2°/min and a step of
0.05°. The FTIR spectra in the mid-IR region were also
obtained with KBr pellets using a Bruker FT-IR spectro-
meter (Tensor 27). TEM images were obtained with a
Philips CM10 electron microscope at 100 kV. N, adsorp-
tion-desorption isotherms were determined at 77.35K
with a Quantachrome Autosorb-1 apparatus. Before
measurements, the samples were outgassed at 150 °C for
12 h. Using the Brunauer-Emmett-Teller (BET) method
and Barrett-Joyner-Halenda (BJH) analyses, the specific
surface area and the pore size distributions were obtained
from the desorption branch of the isotherms, respectively.
A Shimadzu AA-6300 flame atomic absorption spectro-
meter was utilized to obtain the sample concentration. For
this purpose, 0.1 g of the sample was digested in HNOs.
The solution was diluted before the measurement. The
melting points were measured using a capillary tube
method with a Bamstead Electrothermal 9200 apparatus,
whereas 'H NMR spectra were recorded on a Bruker
AQS-AVANCE spectrometer at 500 and 125 MHz, using

TMS as an internal standard in DMSO-dg and CDCls. FT-IR
spectra were recorded using KBr disks on a FT-IR Bruker
Tensor 27 instrument. The elemental analysis was
performed with an Elementar Analysensystem GmbH
VarioEL in CHNS mode.

2.2. Synthesis of nanocatalyst

2.2.1. Synthesis of the bpdo ligand
2,2'-bipyridine 1,1’-dioxide (bpdo) was synthesized
according to the procedure reported in [27].

2.2.2. Synthesis of the [Cu(bpdo),-2H,0]?* complex

CuCl,-2H,0 and bpdo were dissolved in deionized
water with a molar ratio of 1:2. This solution was heated at
70°C for 2 h. The complex solution was evaporated till
complex precipitation. The precipitate was filtered off,
dried at room temperature and a 80% yield was obtained
for the synthesis of the Cu complex [17].

2.2.3. Synthesis of MCM-41 and SBA-15

MCM-41 was synthesized according to the procedure
reported in [28] using the molar compositions of 1.00
Si05,:0.54 NaOH:0.5 CTAB:0.34 HCI:100 H,0.

SBA-15 was synthesized according to the procedure
reported in [29] using the compositions of 2 g P123,15¢g
H,0, 60g 2 M HCL and 4.25 g TEOS.

2.2.4. Immobilization of [Cu(bpdo),-2H,0]?* within MCM-41
or SBA-15

First, 0.2 g of the [Cu(bpdo),-2H,0]** complex was
dissolved in 10 mL of deionized water. Then 1 g of MCM-41
or SBA-15, which was dried overnight under vacuum at
150°C, was added to the solution of the [Cu(bp-
do),-2H,0]** complex[17]. The resultant mixture was
stirred for 24 h at room temperature and then filtered.
Finally, the light green precipitate was washed with
deionized water and dried at room temperature.

2.3. General procedure for the synthesis of benzoxanthenone
derivatives

A mixture of an aromatic aldehyde (1 mmol), B-
naphthol (1 mmol), dimedone (1 mmol) and [Cu(bp-
do),-2H,0]**/SBA-15 (0.03 g) was stirred at 150 °C for an
appropriate time (Table 2). After completion of the
reaction, which was monitored by thin layer chromato-
graphy (TLC), ethanol was added to the mixture and the
catalyst was filtered off. After the evaporation of the
solvent, the precipitated crude product was recrystallized
from ethanol to give the pure product. All the compounds
were known and their physical data were compared with
those of authentic compounds and found to be identical
[30-32].

2.3.1. Spectral data for selected compound (4h)

M.p. 181-183 °C; "H NMR (CDCls, 500 MHz): & 1.01 (s,
3H), 1.16 (s, 3H), 2.29 (d, J=16.3 Hz, 1H), 2.36 (d,
J=16.3 Hz, 1H), 2.6 (s, 2H), 5.7 (s, 1H), 7.25-7.5 (m, 7H),
7.81-7.84(m,2H),7.94(d,] = 8.4Hz, 1H) ppm; GC-MS: m/
z: 433.
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2.4. General procedure for the synthesis of benzochromenes
derivatives

A mixture of an aromatic aldehyde (1 mmol), o-
naphthol/B-naphthol (1 mmol), malononitrile (1 mmol)
and [Cu(bpdo),-2H,0]**/SBA-15 (0.03 g) was stirred at
150°C for an appropriate time (Table 3). After the
completion of the reaction, which was monitored by
TLC, ethanol was added to the mixture and the catalyst was
filtered off. After evaporation of the solvent, the pre-
cipitated crude product was recrystallized from ethanol to
give the pure product. All the compounds were known and
their physical data were compared with those of authentic
compounds and found to be identical [33-35].

2.4.1. Spectral data for selected compound (5a)

M.p. 277-279 °C; '"H NMR (DMSO-dg, 500 MHz): & 7.96-
7.90 (m, 2H), 7.85 (d,J = 4.5 Hz, 1H), 7.47-7.13 (m, 8H); 7.0
(s, 2H), 5.30 (s, 1H); GC-MS: m/z: 298.

2.5. Recycling of the catalyst

After the completion of the reaction, ethanol was added
to the mixture and the catalyst was recycled by a simple
filtration, washed with ethanol, dried at 80 °C, and reused
for the next reaction with only a modest loss in activity.
The catalyst has been recovered and reused two times for
the synthesis of 4a and 5a. The obtained results are
summarized in Table 4.

3. Results and discussions
3.1. Characterization of the nanocatalyst
XRD patterns of SBA-15 (Fig. 1a) and MCM-41 (Fig. 1¢)

show three peaks corresponding to (100), (110) and (200)
planes, which are adopted with typical two-dimensional

hexagonal symmetry [36,37]. Compared with MCM-41,
SBA-15 peaks appear at lower angles, which are related to
their larger pore size. After grafting of the cationic
complex, [Cu(bpdo),-2H,0]?*, on the surfaces of SBA-15
and MCM-41 (Figs. 1b and d), hexagonal symmetry was
conserved. Also, relative decreases are observed between
the XRD intensities of the parent mesoporous and grafted
samples, which originate from complex immobilization
[38,39].

Fig. 2 shows the TEM image of the [Cu(bpdo),-2H,0]?*/
SBA-15 nanocatalyst. It reveals that the parent mesopor-
ous structure is retained after immobilization in agree-
ment with XRD results, with approximately uniform
distributed complexes inside the channels.

Nitrogen adsorption-desorption isotherms of SBA-15
and [Cu(bpdo),-2H,0]%*/SBA-15 are shown in Fig. 3. The
corresponding data are also listed in Table 1. For both
samples, the typical IV isotherms with H1-type hysteresis
loop are presented at high relative pressure according to
the IUPAC classification of mesoporous materials [40].
According to Table 1, the pore diameter decreases from
8.62nm for SBA-15 to 6.14nm for [Cu(bpdo),-2H,0]**/
SBA-15. In addition, compared with pure SBA-15, a
decrease in BET surface area, pore volume, and an increase
in wall thickness are also observed after immobilization.
These results reconfirm the incorporation of the catalyst in
the channels of SBA-15. Atomic absorption spectroscopy
was also used to determine the concentration of Cu in
immobilized SBA-15. Cu concentration was found to be
0.1023 mmol/g.

FT-IR spectra of the synthesized materials are plotted in
Fig. 4. Bpdo spectrum (Fig. 4a) contains two bands near
845 cm~! and two bands at 1220 and 1256 cm™!, which are
due to NO bending and NO stretching, respectively.
Also, a band at 3250 cm™! appeared, which corresponds
to the C-H bipyridine oxide ring [27,41]. A back shift
for NO stretching is observed in the spectrum of the
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Fig. 1. X-ray diffraction patterns of SBA-15 (a), [Cu(bpdo),-2H,0]?*/SBA-15 (b), MCM-41 (c) and [Cu(bpdo),-2H,0]**/MCM-41 (d).
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Fig. 2. Transmission electron microscopy image of the [Cu(bpdo),-2H,0]%*/SBA-15 nanocatalyst.
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Fig. 3. Nitrogen adsorption-desorption isotherms of parent SBA-15 (a) and [Cu(bpdo),-2H,0]?*/SBA-15 (b).

[Cu(bpdo),-2H,0]** complex (Fig. 4b) in comparison with The spectra of immobilized MCM-41 and SBA-15 are
that of the bpdo ligand, because of its coordination [41]. shown in Figs. 4d and f, respectively. The corresponding NO
MCM-41 (Fig. 4c) as well as SBA-15 (Fig. 4e) spectra are in bending intensities decreased after immobilization. Inter-
good agreement with the literature [12,38]. estingly, the pyridine ring vibrations of the complex
Table 1
Physicochemical properties of the catalysts.
Materials am) SBET Ve Dgyy * Ao Dioo wP
SBA-15 - 542.6 1.13 8.62 9.48 8.2 0.86
[Cu(bpdo),-2H,0]?*/SBA-15 0.1023 365.3 0.7145 6.14 1023 8.85 4.09

C(M), initial concentration of metal species (mmol/g); Sgr, specific surface area (m?g~'); Vgju, pore volume (cm3g1); Dgj, pore diameter (nm); A, cell
parameters (nm); Dqqo, interplanar spacing (nm); W, wall thickness (nm).

@ Calculated from the desorption branch.

° W=Ao-Diyi (Ao =2 Digo/y/3)-
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Fig. 4. FT-IR spectra of the bpdo ligand (a),
[Cu(bpdo),-2H,0]?*-SBA-15 (f).

around 1450 cm™! have a similar shape in immobilized
mesoporous spectra, which confirms the presence of the
complex within the channels of MCM-41 [16a] and SBA-15
[42].

Fig. 5 shows the UV absorption spectra of CuCl,-2H,0 (a),
bpdo ligand (b), [Cu(bpdo),-2H,0]Cl, complex (c), [Cu(bp-
do),-2H,0]Cl,/SBA-15 (d) and SBA-15 (e) in water. The
spectrum of the free bpdo ligand shows two main peaks at
217 and 260 nm, corresponding to Tr—-7* transitions, in
agreement with the literature [43]. Also, T, «— E d-d
transition was observed at 800 nm for CuCl,-2H,0 and with
a slight shift around 790 nm for the [Cu(bpdo),-2H,0]Cl,
complex and for [Cu(bpdo),-2H,0]Cl,/SBA-15. It also

[Cu(bpdo),-2H,0]** complex (b), MCM-41 (c),

[Cu(bpdo),-2H,0]**~-MCM-41 (d), SBA-15 (e) and

confirms the immobilization of the complex inside the
channels of SBA-15[44].

The immobilization of [Cu(bpdo),-2H,0]** within
MCM-41 or SBA-15 is shown in Scheme 1.

3.2. Catalytic investigations of [Cu(bpdo),-2H,0F?*/SBA-15

Herein, we have developed an environmentally
friendly, simple and efficient method for the synthesis of
various benzoxanthenone and benzochromenes deriva-
tives (Schemes 2 and 3). Our attempt was aimed at
avoiding the use of organic solvents and of a toxic catalyst,
but instead at implementing a simplistic procedure and
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Fig. 5. UV spectra of CuCl,-2H,0 (a), bpdo ligand (b), [Cu(bpdo),-2H,0]** complex (c

), [Cu(bpdo)2-2H,0]** SBA-15 (d), and SBA-15 (e).
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1 2 3 4

Scheme 1. Synthesis of benzoxanthenone derivatives 4 by the reaction of aromatic aldehydes 1, S-naphthol 2 and dimedone 3 under solvent-free
conditions.
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Scheme 2. Synthesis of benzochromene derivatives 5/7 by the reaction of aromatic aldehydes 1, a-naphthol/B-naphthol 6/2 and malononitrile under

solvent-free conditions.
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Scheme 3. Immobilization of the [Cu(bpdo),-2H,0]?* complex onto SBA-15 channels.
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practical reaction of aromatic aldehydes, or/8-naphthol and
dimedone or malononitrile.

To choose the best reaction conditions, at first a model
reaction was selected, using 1 mmol of benzaldehyde,
1 mmol of B-naphthol and 1 mmol of dimedone in the
presence of 0.03 g of various catalysts, such as [Cu(bp-
do),-2H,0]>*/MCM-41(%Cu=0.1 mmol/g) and [Cu(bp-
do),-2H,0]?*/SBA-15 (%Cu=0.11 mmol/g) under solvent-
free conditions at 150 °C. The resultant product (4a) was
obtained in high yield: (85%) for [Cu(bpdo),-2H,0]>*/SBA-
15, and 70% for [Cu(bpdo),-2H,0]**/MCM-41, after 55 min.
Therefore, the best catalyst for this reaction was [Cu(bp-
do),-2H,0]%*/SBA-15.

Other derivatives and resulting data are listed in Table
2. It is worthwhile to mention that no by-products were
observed. The model reaction was achieved in the absence
of catalyst and, in this conditions, with poor yields (5%). In
addition, different amounts of the catalyst were investi-
gated, and it was found that the best results were obtained
in the presence of 0.03 g of [Cu(bpdo),-2H,0]**/SBA-15;
with a larger amount of catalyst, no significant difference
in yield was observed. In another examination, the model
reaction was carried out in different solvents, such as
dichloromethane and ethanol. In these cases, the corre-
sponding product was obtained in very poor yields.

In another experiment, the reaction of 1 mmol of
benzaldehyde, 1 mmol of B-naphthol and 1 mmol of
malononitrile was carried out in the presence of catalytic
amounts of [Cu(bpdo),-2H,0]%*/SBA-15, under solvent-
free conditions.

It was found that in the presence of 0.03 g of catalyst, at
150 °C, the corresponding product was obtained in very
good yields. Under these conditions, a series of benzo-
chromene (benzoxanthenone) derivatives were synthe-
sized by the reaction of different aromatic aldehydes, ot/ 8-
naphthol and malononitrile (dimedone). In addition, the
model reaction was examined for different amounts of the
catalyst; it was found that the best results were obtained in
the presence of 0.03 g of [Cu(bpdo),-2H,0]?*/SBA-15. Also,
the model reaction was carried out in different solvents;
the best reaction conditions proved to be attained in the
absence of solvent.

It is noteworthy to mention that the effect of the nature
of the substituent on the aromatic ring showed no obvious
effect on these reactions, because they were obtained in
high yields in relatively short reaction times, as shown in
Tables 2 and 3.

After the completion of the reaction, the catalyst was
recycled by simple filtration, washed, dried, and reused for
the next reaction with only a modest loss in activity. The

Table 2

Synthesis of benzoxanthenone derivatives 4 by the reaction of aromatic aldehydes 1, 3-naphthol 2 and dimedone 3 under solvent-free conditions.
Entry Ar Time (min) Product Yield (%)? mp (°C)

Found Reported

1 CgHs 55 4a 85 152-153 151-153 [27]
2 4-OHCgH4 70 4b 85 224-227 223-225 [27]
3 4-MeCgH4 60 4c 90 178-179 176-178 [27]
4 4-NO,CgHy 45 4c 88 178-179 178-180 [28]
5 4-MeOCgHy4 60 4e 90 205-207 204-205 [27]
6 4-ClCgH4 50 4f 95 183-184 180-182 [28]
7 3-NO,CgHy 60 4g 85 169-171 168-170 [28]
8 4-BrCgHa 50 4h 90 181-183 186-187 [29]
9 4-FCgHy4 50 4i 93 187-188 185-186 [29]

2 Yields refer to the isolated products.

Table 3

Synthesis of benzochromenes derivatives 5/7 by the reaction of aromatic aldehydes 1, «-naphthol/B-naphthol 6/2 and malononitrile under solvent-free

conditions.
Entry Ar Time (min) Product Yield (%)? mp (°C)

Found Reported

1 CeHs 15 5a 90 277-279 278-279 [30]
2 4-CIC¢H4 10 5b 85 219-221 217-220 [31]
3 4-NO,CgHy 20 5¢ 95 184-185 185-186 [30]
4 4-BrCgHy 15 5d 85 220-223 221-222 [30]
5 3-NO,CgHy 20 5e 85 239-240 239-241 [31]
6 4-FCgHy 20 5f 80 238-240 237-238 [30]
7 4-MeOCgH4 10 5g 75 181-182 182-183 [32]
8 4-MeCgHy 15 5h 80 252-254 253-254 [30]
9 4-BrCeHy 15 7a 75 240-242 241-243 [31]
10 CeHs 15 7b 85 212-215 215-217 [31]
11 4-CICgH4 10 7c 85 246-248 245-248 [31]
12 4-NO,CgHy 10 7d 90 241-243 240 [32]
13 3-NO,CgH4 15 7e 85 211-213 212 [32]

¢ Yields refer to isolated products.
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Table 4
Reusability of the catalyst in the synthesis of 4a and 5a.

Entry Number of recycle Yield (%)* of 4a Yield (%)* of 5a

1 Fresh 85 90
2 1 85 90
3 2 80 85

2 Yields refer to isolated products.

catalyst has been recovered and reused two times for the
synthesis of 4a and 5a. The obtained results are
summarized in Table 4.

4. Conclusion

In conclusion, a new heterogeneous catalyst based on
cationic copper (II) complex-supported SBA-15 is pro-
posed; its efficiency was investigated in the synthesis of
benzoxanthenone and benzochromene derivatives. This
procedure offers several advantages, including cleaner
reaction and high product yields, as well as a simple
experimental and work-up procedure, which makes it a
useful and attractive process for the synthesis of these
compounds. Moreover, no hazardous solvent has been
used for these reactions.
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