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Abstract

Copper nanoparticles dispersed on amine functionalised mesoporous silica SBA-15 (Cu/NH,-SBA-15) were synthesised
by a simple sol-gel and impregnation method using sodium borohydride (NaBH,) as a reducing agent. The morphology,
mesostructure and functionality of the ordered mesoporous Cu/NH,-SBA-15 were evaluated by powder X-ray diffraction
(PXRD), Scanning electron microscopy (SEM), Transmission electron microscopy (TEM), Nitrogen adsorption—desorption
isotherms (BET) and Fourier transform infrared spectroscopy (FTIR). The results obtained revealed, that the amine function-
alised SBA-15 holds hexagonal lamelliform with surface area and pore size of 250 m?/g, 2.2 nm respectively. Moreover, these
short vertical channels have a substantial role in the uniform dispersion of copper nanoparticles within the meso-channels
of amine functionalised SBA-15. Cu nanoparticles in the size range of 4-7 nm were dispersed on the NH,-SBA-15 support.
To confirm the potential catalytic activity, Cu/NH,-SBA-15 was tested in Mannich reaction. The catalyst showed an excel-
lent catalytic activity for the yield (90%) of B-amino carbonyl compounds that serve as a building block for the synthesis of
lactams, peptides, amino alcohols and precursor for various amino acids. Further, the activity of the catalyst was also tested
for the reduction of dyes. The structural influence over the reduction pathways was studied on triphenyl methane dyes.
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1 Introduction

Since the discovery of Mannich reaction by Carl Ulrich
Franz Mannich in 1912, the synthesis of nitrogen contain-
ing molecules has gained immense attention in the field of
organic chemistry research [1]. The product f-amino car-
bonyl compounds obtained in this reaction act as building
block for the synthesis of lactams, peptides, amino alcohols
and precursor for various amino acids [2—4]. In general, this
is a carbon—carbon bond formation reaction that profoundly
relies on a one pot three component reactants viz., amine,
aldehyde and ketone set up rather than a known two compo-
nent set up [5, 6]. There are several reports on this reaction
involving conventional catalysts like Bronsted acids [7, 8],
Lewis acid [9, 10], Lewis base [11] and transition metal
salts [12, 13]. These catalysts indeed have some drawbacks
such as leaching, recycling and reusability of the catalyst,
long reaction time, tedious reaction conditions and wary
product separation. In order to overcome these demerits,
we have adopted a better remedy by interpolating a stable
metal nanoparticle supported mesoporous catalyst for the
Mannich reaction.

In general, the activity and reactivity of a catalytic reac-
tion are mainly predicted based on particle size, surface
structure, number of active sites and the position of metal
centre. Copper based catalysts with these characteristics
are considered as an excellent candidate for the Mannich
reaction [14]. Compared to the bulk copper, reasonably
available copper nanoparticles have an excellent feature of
a heterogeneous catalyst with high surface to volume ratio
that can develop more active sites for the reaction [15]. This
eventually led to exceptional physical and chemical proper-
ties. Despite of these merits conventional supported catalysts
prepared by wet chemical methods have very less dispersed
active sites. An economical and simple protocol for large
dispersion of these nanoparticles always remains as a chal-
lenging task for the researchers.

The discovery of mesoporous silica materials viz.,
MCM-41, SBA-15, TUD-1, KIT-6 has opened avenues for
its exploitation as catalyst support [16-21]. Among these
mesoporous material, SBA-15 is of great interest because
of high surface area (600—1000 m%/g), tunable hexagonal
pore (5—-30 nm) with long uniform channels [22]. There are
various reports on the synthesis and application of Cu loaded
mesoporous materials [23-25]. Tailoring the particle size of
Cu nanoparticles with higher loading to fill the nanopores
of SBA-15 materials is considered difficult because of the
agglomeration of these particles due to sintering. Modifica-
tion of SBA-15 with amine functionalisation can solve this
problem by binding the Cu® nanoparticles on the surface of
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support which indirectly prevent leaching thereby enhancing
the reusability and recycling efficiency of the catalyst. Thus,
in order to attain higher yield by overcoming the demerits
of the conventional catalyst we have used copper nanoparti-
cles dispersed on amine functionalised SBA-15 mesoporous
catalyst (Cu/NH,-SBA-15) to perform Mannich reaction. To
the best of our knowledge there is no report on Cu/NH,-
SBA-15 for Mannich reaction. In addition, the thicker pore
wall with high thermal and mechanical stability, fixation of
large active complex, reduced diffusional restriction of the
reactants makes Cu/NH,-SBA-15 as excellent candidate for
the Mannich reaction with high yield. Moreover, the effi-
ciency of the catalyst was tested for the reduction of selected
triphenyl methane dyes (Malachite green (MG), phenol red
(PR), and bromophenol blue (BPB)).

2 Materials and Methods
2.1 Chemicals

Pluronic P123 (EO,,PO,(EO,,), hydrochloric acid (HCI),
tetraethylorthosilicate (TEOS), toluene, 3-aminopropyltri-
methoxysilane [APTMS, (H,N(CH,);-Si(OMe);)], copper
nitrate [Cu(NO;),-6H,0], sodium borohydride (NaBH,),
acetophenone, benzaldehyde and aniline, malachite green,
bromophenol blue, phenol red are purchased from Sigma
Aldrich and Merck.

2.2 Catalyst Preparation
2.2.1 Synthesis of SBA-15 Mesoporous Silica

Mesoporous SBA-15 was synthesized according to the pre-
vious report by Zhao et al. [26]. Briefly, 4 g of pluronic
P123 (EO,,PO,,EO,) as template and hydrochloric acid
1 M HCI solution were subjected to magnetic stirring in
a polypropylene bottle at 35 °C until P123 get dissolved
completely. Later, 8.5 g of tetraethylorthosilicate (TEOS)
was added dropwise and continuously stirred for 24 h. Upon
formation of gel, the polypropylene was closed air tight with
Teflon tape and heated at 100 °C for 48 h in an oven under
static condition. The resulting white solid was dried and
calcined at 550 °C for 6 h in a muffle oven to remove the
organic template and used for the amine functionalization.

2.2.2 Synthesis of NH,-SBA-15 Mesoporous Silica

For amine (NH,) functionalization, calcined SBA-15 was
pretreated at 150 °C for 2 h in a nitrogen atmosphere. The
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pretreated SBA-15 was suspended in dry toluene (150 mL)
and stirred for 30 min at 30 °C. Further, 2 ml of 3-amino-
propyltrimethoxysilane [APTMS, (H,N(CH,);-Si(OMe);)]
in 50 mL of toluene was added drop-wise to the slurry and
stirred under reflux at 100 °C in an oil bath for 24 h. Finally,
the product was then filtered, washed with ethanol, dried
at 80 °C and stored in a vacuum desiccator. The sample is
represented as NH,-SBA-15.

2.2.3 Synthesis of Cu/NH,-SBA-15

The copper nitrate (Cu(NO;),-6H,0) was used as the metal
precursor for the synthesis of Cu nanoparticles. The solution
of copper nitrate (20 mL, 0.1 M) was prepared by weighing
the required amounts of metal salt in milli Q water. Required
amounts of NH,-SBA-15 sample was added to the above
solutions and sonicated for 4 h at room temperature. The
slurry obtained at the end of the reaction was filtered and
the precipitate was vacuum dried. Ultrasonic reduction of
metal precursors was performed by drop wise addition of a
sodium borohydride (NaBH,, 1 M) solution. After stirring
for 30 min the precipitate obtained was filtered and dried
under vacuum. The obtained bluish green colour solid is
denoted as Cu/NH,-SBA-15.

2.3 Catalyst Characterization

The powder X-ray diffraction (PXRD) patterns were
recorded at room temperature using a Rigaku diffractometer
with a nickel filtered Cu Ka (A=1.5418 A) radiation source.
N, sorption isotherms were recorded for the catalysts using
Quantochrome porosimeter (QuadrasorbSI) at — 196 °C.
High resolution transmission electron microscopy (HRTEM)
was performed on FEI Tecnai G2 fitted with a CCD camera.
The sample morphologies were examined using high resolu-
tion scanning electron microscope (HR-SEM) — FEI Quanta
FEG 200 with low vacuum mode operation. FTIR spectra of
KBr-diluted pellets of the sample were recorded on a Bruker
instrument at room temperature with a resolution of 4 cm™!
averaged over 100 scans.

2.4 Synthesis of B-Amino Carbonyl Compounds

The Cu/NH,-SBA-15 catalytic activity was tested for
one pot three component reactions to synthesis the Man-
nich base. The 20 ml RB flask containing a mixture of
acetophenone (1.0 mmol), benzaldehyde (1.0 mmol) and
aniline (1.0 mmol) in methanol (5 ml) was added to Cu/
NH,-SBA-15 (50 mg) catalyst which was preheated at
100 °C for 2 h. The mixture was stirred at 30 °C for
required time in a magnetic stirrer with oil bath. After
the reaction was completed (as monitored by TLC using
petroleum ether/ethyl acetate), the solid product was

filtered and washed with ethanol. Finally, the yield of
the product was isolated and calculated. The structure of
product is confirmed by "THNMR, '*C NMR, FTIR and
physical constant (m.pt).

Isolated yield (%) = (Product experimental yield/
Theoretical yield) x 100

2.4.1 Spectroscopic Data of 1,3-Diphenyl-3-(Phenylamino)
Propan-1-One

A White solid; mp 170 °C; FTIR (KBr, cm_l): 3380, 3060,
3020, 2920, 2870, 1670, 1599, 1500, 1445, 1370, 1294,
1220, 1074, 993, 860, 750, 622; 'H NMR-(500 MHz,
CDCl,): § 3.56-3.42 (m, 2H), 5.03 (m, 1H), 6.62-6.56 (d,
2H), 6.82-6.67 (m, 1H), 7.08-7.15 (m, 2H), 7.21-7.33
(m, 4H), 7.54-7.58 (m, 2H), 7.90-7.94 (m, 2H); '3C NMR
(500 MHz, CDCl,): 46.3, 54.9, 59.7, 118.1, 127.5, 128.4,
128.8, 133.4, 136.8, 147.0, 198.2.

2.5 Reduction of Dyes

The catalytic efficiency of the catalyst was tested for the
reduction of triphenyl methane dyes. To understand the
influence of the groups, present in the structure; triphenyl
methane dyes MG, PR and BPB were taken as model class.
The reduction reaction was carried out as reported in our
previous work [27]. Catalyst (10 mg) was added to the
dye solution (20 mg 17!) along with sodium borohydride
(NaBH,) (10 mmol) in a quartz cell and the progress of
the reduction reaction was monitored using a UV—visible
spectrophotometer at the respective chromophoric wave-
length (A,,,,) of the dyes.

max

2.5.1 Reaction Kinetic Analysis

The kinetics of the reduction reaction was maintained
as pseudo unimolecular condition by adding excess of
NaBH,. The reduction reaction was carried out at room
temperature with fixed amount of the dyes and catalyst.
The rate constant was calculated from the slopes of the
plots of In Cy/C versus time.

The rate constants and percentage of dye reduction were
calculated using the following mathematical expressions:

Percentage reduction
_ 0D Initial time (C,) — O.D time t (C))

— x 100
O.D Initial time (C,)

where C, is initial concentration of the dye solution, C, is
concentration remaining after reaction at time t.
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Fig. 1 Low angle XRD of Cu/NH,-SBA-15

3 Results and Discussion
3.1 Catalyst Characterisations

Figure 1 shows the low angle powder X-ray diffraction
patterns of Cu/NH,-SBA-15 silica materials. The pattern
exhibits three well-resolved characteristic peaks in the
region 0.5°-2.51°, with a very strong intensity of (100)
plane at 20 =0.92 representing the hexagonal mesostruc-
ture of SBA-15. The two weak intensity peaks indexed for
(200) and (110) planes attributes to the finger print of 2D
P6mm hexagonal symmetry and long-range order of the
SBA-15 type materials [19, 28]. The intensity of the latter
diffraction planes has decreased due to modification of pure
SBA-15 by organic species (-NH,) and Cu nanoparticles.
The d,(y-spacing (ca. 9.80 nm) of the mesopores framework,
in the case of amine and Cu composites is observed to be,
greater compared to the parent SBA-15 (ca. 9.02 nm), con-
firming the shrinkage of the mesoporous network due to
the amine grafting and incorporation of metal nanoparticles
within the pores.

The wide angle PXRD pattern of the mesoporous SBA-15
framework is depicted in Fig. 2. After the amine function-
alization the characteristic reflections at 22° and 31° corre-
sponding to amorphous silica seems unaffected, confirming
that no damage has occurred due to amine grafting. Cu/NH,-
SBA-15 loaded with 10 wt% Cu over SBA-15 showed four
prominent sharp diffraction peaks at 43.2°, 50.29°, 65.7° and
74.2° representing the (111), (200), (200) and (311) planes
respectively, the cubic phase of Cu [JCPDS No. 04-0836]
[25]. It can be inferred that the incorporation of the metal
and amino-organic moieties does not affect the interplanar
spacing of the material. The average grain size of Cu/NH,-
SBA-15 nanocomposites calculated using Debye—Scher-
rer formula is found to be ~2.6 nm for Cu nanoparticles.
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Fig.2 High angle XRD Cu/NH,-SBA-15
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Fig.3 FT-IR spectra of a NH,-SBA-15 and b Cu/NH,-SBA-15 cata-
lysts

Besides, peaks at 35.5° and 38.6° corresponding to CuO
nanoparticles [29], confirms the presence of CuO and Cu’
species in Cu/NH,-SBA-15 catalyst.

The FTIR spectra of pure SBA-15 and Cu/NH,-SBA-15
are shown in Fig. 3. Presence of amine functionalization
was confirmed from broad intense peak at 3500-3300 cm™".
The broadness of the peak is due to the superimposition
of the silanol (Si—-OH) and amine (-NH,) groups with
cross linking hydrogen bonding [30]. Bands at 800 cm™!
is assigned for symmetric stretching vibration of Si—-O-Si

[30]; whereas the strong and broad peak at 1087 cm™ is
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attributed to the intense asymmetric stretching mode of Si—O
covalent bond vibration. Also, the bending modes present
at ~497 cm™! confirms the presence of SBA-15 framework
[31]. No traces of CuO in Cu/NH,-SBA-15 were confirmed
from the non-appearance of Cu—O stretch vibration band
at 536 cm™! [32]. Presence of C-H stretching bands in the
organosilane framework can be observed in the range 3000-
2800 cm™! while stretching and deformation of NH frequen-
cies are evident from 1590 cm™' [33]. In addition, the bands
at 1480 cm™' and 687 cm™" depicts the presence of -NH,*
frequency and N-H bending vibrations respectively [33].
Bands at 1605 and 2926 cm™! are due to N-H bending and
methylene vibrations, confirming that the amino groups are
confined within the SBA-15 pore channels rather than the
surface. The decrease in the intensities of absorption bands
of Si—O-Si at 808 cm™! indicates the presence of Cu nano-
particles within the pores of amine functionalized SBA-15.

The textural properties of Cu/NH,-SBA-15 were stud-
ied using nitrogen physisorption isotherms Fig. 4a and b
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Fig.4 a Nitrogen sorption and b pore size distribution of Cu/NH,-

SBA-15

Fig.5 SEM image of Cu/NH,-
SBA-15

illustrates the adsorption/desorption isotherms and pore size
distribution curves respectively. Cu/NH,-SBA-15 exhibit a
type IV isotherm with H2 hysteresis and a sharp increase in
volume adsorbed at P/P, at higher relative pressure, suggest-
ing the characteristic feature of highly ordered mesoporous
materials with cylindrical and parallel pores [34]. The BET
surface area of the calcined Cu/NH,-SBA-15 was 250 m%/g
and the pore volume is 0.38 cm?/g. These results well coin-
cide with the XRD measurement and confirm the pore
expansion due to the modification of silica structure and
impregnation of Cu’ in the silica surface. Using the BJH
method the average pore size was calculated as 2.2 nm. It is
evident that functionalisation of the SBA-15 did not affect
the mesostructure of the same. Also, the presence of parallel
hysteresis branches reveals the absence of pore plugging of
metal oxide that normally exist in pore distribution curves
as new maximum peak.

Figure 5 shows the HRSEM image of Cu/NH,-SBA-15.
The micrograph indicates the well dispersed hexagonal
particles arranged in fibre like morphology and aggregates
of uniform rope-like particle with large fibrous structures
with 10-20 pum in length and 2—4 pm in diameter. Notice-
ably, after copper dispersion, it is clearly observed from the
micrographs, that the macroscopic aggregates resemble the
original fibre like morphology; which corroborates with
PXRD results.

Figure 6 represents the HRTEM images of Cu/NH,-
SBA-15. The presence Cu nanoparticles along the long
channels of amine functionalized SBA-15 were evidenced
by the presence of black spots along the pore channels in
the micrographs. The regular hexagonal pore structure and
long-range ordering with pore diameter of ~8 to 10 nm
is observed in Fig. 6b. These Cu nanoparticles are found
to be well dispersed inside the pores of NH ,-SBA-15.
The measured size of the nanoparticles is in the range of
5-10 nm. The presence of Cu species inside the channels
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Fig.6 HRTEM images of Cu/
NH,-SBA-15

Scheme 1 Mannich type
condensation of benzaldehyde,
acetophenone and aniline in the
presence of Cu/NH,-SBA-15
catalyst

CHO NH,

of SBA-15, make them act similar to nanoreactors. The
amine functionalization of SBA-15 provides excellent sup-
port for the uniform dispersion of Cu NPs. Interestingly
the pore walls seem to be unbroken even after loading
Cu NPs. Also, the chances of Cu NP leaching during the
course of the reaction will be prevented due to compact
loading inside these pores.

In general, the amine functionalization on SBA-15, nar-
rowed the pore size distribution in the range of 1-3 nm.
Further, decrease in the pore size, volume and specific
area is ascribed to the progressive blockage due to cop-
per nanoparticles inside the pore channels of SBA-15. The
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obtained results are in agreement with the PXRD, FT-IR
and HRTEM.

3.2 Efficiency of Cu/NH,-SBA-15 Catalyst in Mannich
Reaction

The catalytic performances of Cu/NH,-SBA-15 catalyst
are investigated in three-component Mannich reaction. In
order to optimize the reaction conditions, acetophenone,
benzaldehyde and aniline are selected as model reactants
to provide Mannich base (1,3-Diphenyl-3-(phenylamino)
propan-1-one compound) (Scheme 1). The reaction condi-
tions such as solvents, reaction time and temperature are
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Table 1 Cu/NH,-SBA-15 catalysed three component Mannich type
reactions of benzaldehyde, aniline and acetophenone in different sol-
vents

Entry Solvent Yield®

1 Acetonitrile 40

2 Dichloromethane 20

3 Methanol 90

4 Water 10

5 n-Hexane Trace

6 No solvent -
Reaction conditions: benzaldehyde (1 mmol), acetophenone

(1 mmol), aniline (1 mmol), solvent (5 mL), catalyst (50 mg), 30 °C,
10h

solated yield

screened. For all reaction, the progress of the reaction was
monitored and the products were confirmed by TLC and
NMR respectively.

At different time intervals (up to 24 h) formation of prod-
uct 1,3-diphenyl-3-(phenylamino)propan-1-one is exam-
ined. The catalyst has shown maximum yield of about 90%
after 10 h. Further, only marginal increase in yield is noted
while continuing the reaction up to 24 h. Noticeably, imine
(bezaldehyde + aniline) type product was formed at lower
reaction time (5 h) [35, 36]. However, in the absence of
the catalyst, only 10% yield (imine) was formed even after
24 h. Similarly, increasing the catalyst amount (> 50 mg)
did not improve the yield significantly. Furthermore, the
reaction tested with pure amine functionalised SBA-15
(NH,-SBA-15) yields 40% of Mannich base. Mondal et al.
has reported that pure amino-functionalized mesoporous sil-
ica is an efficient base catalyst for the Knoevanagel conden-
sation reaction [37]. These results suggest that the catalyst
play a crucial role in the Mannich reaction. To understand
the role of solvent, the reaction was carried out with different
solvents, such as acetonitrile, dichloromethane, methanol,
water and n-heptane, the results are summarized in Table 1.
Notably, the product yield is higher for methanol (90%) than
acetonitrile, water and dichloromethane solvents. Using,
n-hexane a non-polar solvent, conversion is very low. There
was no product yield noticed in solvent free reaction. Essen-
tially, the solvent helps the reactants to conduct with the
dispersed Cu® active sites, which resides in the mesopores.
From the screened solvent systems, methanol is the solvent
of choice for the Mannich reaction.

In addition, the high temperature could improve the reac-
tion rate, but favor side reactions and the oxygenolysis of
aldehydes and amine [13, 38]. Similar, type of observations
was reported in literature. It is found that 30 °C is an appro-
priate condition for reaction. From the reaction optimization,
we found that a maximum yield of 90% in 10 h was obtained
in methanol at 30 °C in reflux condition. Kidwai et al. has

Table 2 Mannich reaction of various aldehydes catalyst by Cu/NH,-
SBA-15

Entry Aldehyde Yield*
1 Benzaldehyde 90
2 4-Chlorobenzaldehyde 80
3 4-Methylbenzaldehyde 85
4 4-Methoxybenzaldehyde 71
5 2-Nitrobenzaldehyde Trace
6 4-Bromobenzaldehyde 74

Reaction conditions: aromatic aldehyde (1 mmol), acetophenone
(1 mmol), aniline (1 mmol), methanol (5 mL), catalyst (50 mg),
30°C, 12h

Tsolated yield

reported the effects of Cu nanoparticle size on Mannich
reaction. The maximum reaction rate has been observed for
20 nm sized particles, below this size tended to decrease in
reaction rate [14]. However, in the present work, amine sta-
bilized Cu-nanoparticles in the range of 5-10 nm size have
shown good activity for the Mannich reaction.

The one-pot, three component Mannich reaction using
various aromatic aldehydes with different substituted groups
were tested with optimized reaction conditions and the
results are summarized in Table 2. For all the substrates,
different yields of the products are obtained within 12 h
reaction time. Besides, the electron withdrawing (—Cl, —Br,
—-NO,) and donating (-CH;, -OCHj;) groups substituted
benzaldehydes give higher yields. Particularly, substituted
benzaldehyde with electron withdrawing or donating groups
in para position result the products in good yields (70-80%)
whereas ortho-substituted benzaldehyde (2-nitrobenzalde-
hyde) provided no yield due to steric effects and imine for-
mation [35].

After completion of the reaction Cu/NH,-SBA-15 was
filtered from the reaction mixture, washed by acetone and
dried at 100 °C for 6 h. The reusability of the catalyst is also
tested for Mannich reaction. Before next reaction, the cata-
lyst is activated at 120 °C for 2 h in N, atm. From the reac-
tion results, it was found that the catalyst can be recycled and
reused for three cycles without much loss of efficiency. This
indicates that Cu/NH,-SBA-15 is an efficient heterogeneous
catalyst for Mannich reaction.

3.3 Reduction of Dyes Using Mesoporous Cu/
NH,-SBA-15 as Catalyst

The catalytic nature of mesoporous Cu/NH,-SBA-15 was
tested for MG, PR and BPB reduction using NaBH, as
reducing agent. All the dye molecules contain triphenyl
methane backbones and are grouped depending on the nature
of the substituents on their hydrocarbon triphenyl meth-
ane. Notably, these dyes were used in textile, dyeing, food,
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Fig.7 UV-visible absorp-

tion spectra for before and (a) 617 nm

after reduction with Cu/NH,-
SBA-15:a MG, b PR, and ¢
BPB

277 nm

Absorbance (a.u.)

b 557,nm c
() () 592 nm

200 400 600

cosmetic industries and also as biological stain in pharma-
ceuticals. However, those types of dyes are toxic to aquatic
organisms and are considered to be potential mutagenesis
and carcinogenesis agents to mammalian cells. To under-
stand the role of the substituents and the nature of dyes in
the mechanism of reduction, diamino (MG) cationic and
phenol derivative (PR, BPB) anionic dyes were selected.
The reaction was monitored and analyzed using UV—-visible
spectrometer on the respective chromophoric 4., values
of the dyes. The reduction kinetics of these dyes was fol-
lowed on their chromophoric absorptions at 617, 557 and
592 nm for MG, PR and BPB, respectively. These absorption
maxima were ascribed to the CT (n—r") transition within the
dye molecules. When catalytic amount of Cu/NH,-SBA-15
was added to the reaction mixture containing the dye mol-
ecule and BH,, the intense peak corresponding to MG, PR
and BPB disappears rapidly with the concomitant appear-
ance of a new peak/shift depending upon the nature of the
dyes (Fig. 7). This change is evident from the visible color
change from green, red and blue to colorless for MG, PR
and BPB respectively. Addition of excess NaBH, to the dye
solutions does not cause any of these spectral changes. Only
in the presence of catalytic amount of Cu/NH,-SBA-15 the
spectral changes can be observed. As soon as catalyst was
added, leuco form of dyes were formed as confirmed from
the appearance of new peak for MG (277 nm) and hypsoch-
romic shift for PR (358 and 284 nm to 339 and 269 nm).
About, 98% of dye was reduced in about 5 min.

To apprehend the role of Cu nanoparticles, the reac-
tions were conducted in the presence and absence of Cu/
NH,-SBA-15, NH,-SBA-15, SBA-15 and NaBH,. It is
well noted that in the absence of Cu/NH,-SBA-15 alone,
the A, values are unaltered, indicating the importance
of Cu NPs in the reduction of dyes. Besides, the relative
order of reduction of triphenyl methane dyes is found to
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be MG > PR > BPB. Interestingly, MG is reduced 4 times
faster than PR and 8 times faster than BPB. The MG being
a cationic dye is attracted easily to the Cu-BH, complex
in Cu/NH,-SBA-15. The anionic dyes PR and BPB are
attached to the protonated amino groups present on the
surface of SBA-15. While comparing the anionic dyes PR
and BPB, bulky bromo substituents in bromophenol blue
may cause steric hindrance for effective binding on Cu/
NH,-SBA-15 catalyst surface. Hence the rate of reduction
of bromophenol blue may be lower than phenol red. The
detailed mechanisms for the dye reduction are given in the
supplementary information.

4 Conclusion

Mesoporous Cu/NH,-SBA-15 was synthesised by a sim-
ple impregnation method and characterised systematically.
The results prove that copper nanoparticles were dispersed
in the mesochannels and surface of amine functionalised
hexagonal lamelliform SBA-15 with high surface area,
tunable pore size and short vertical channels. Copper
nanoparticles present in mesochannels of NH,-SBA-15
acts as nonreactor for the catalytic reactions and prevented
from leaching. The catalytic activity of Cu/NH,-SBA-15 in
Mannich reaction enabled high yield of f-amino carbonyl
compounds (~70 to 80% yield). The reaction procedure
could also be applied for aromatic aldehydes, aromatic
ketones and amines with both electron-donating and
electron-withdrawing substituents. Similarly, the catalyst
revealed the excellent reduction of triphenyl methane dyes
with NaBH, to their corresponding leuco forms at 5 min
of reaction time. Therefore Cu/NH,-SBA-15 proved to be
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potential candidate for the synthesis of Mannich reaction
and dye reduction reactions.
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