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Abstract
Mesoporous AlSBA-15 catalysts (nSi/nAl ratios of 41, 129 and 210) were synthesized by sol–gel method. These materials 
were characterized by XRD,  N2 sorption, FTIR, TPD-NH3, FESEM, EDX, and TEM analysis. XRD analysis of AlSBA-
15 catalysts confirmed the existence of well-ordered crystalline structure having p6mm symmetry.  N2 sorption isotherm 
of AlSBA-15 catalysts showed a type IV adsorption isotherm with H1 hysteresis loops. SEM analysis of AlSBA-15 (41) 
indicated worm-like particle morphology with a size range of 3 μm with co-occurrence of smaller particles of size ca. 1 μm. 
TEM analysis of AlSBA-15 (41) showed existence of uniform array of tubular nano-channels. The catalytic application of 
AlSBA-15 catalysts was tested on industrially important chalcones synthesis via Claisen–Schmidt condensation reaction in 
environment friendly approach. The reaction parameters such as time, temperature, nSi/nAl ratio, catalyst amount, and catalyst 
stability were investigated. AlSBA-15 (41) catalyst showed an excellent catalytic performance with 98% 1-tetralone conver-
sion with 100% selectivity of compound 1c (91% yield) within 120 min AlSBA-15 (129) and AlSBA-15 (210) catalysts. 
The anti-oxidant activity of the synthesised chalcones were investigated by various in-vitro procedures, including radical 
scavenging potentials-1, 1-diphenyl-2-picryl-hydrazil, hydrogen peroxide scavenging, and ferric reducing potential assay. 
The new chalcone derivatives synthesised in this work showed a very good antioxidant activity and some were found to be 
more active than the parent chalcones, (E)-3-(4-hydroxy-3-methoxyphenyl)-1-phenylprop-2-en-1-one (compound 8c), and 
standard antioxidant (curcumin).
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1 Introduction

Chalcones (α, β-unsaturated ketones) are being attracted 
owing to their potential applications in chemical and bio-
sciences as they are used as chemical intermediates, antioxi-
dants, biomolecular carriers and possess high drug efficacy 

[1-11]. Generally, chalcones are catalysed by both acid and 
base catalysts such as alkaline hydroxides, sodium ethoxides 
[12, 13], HCl [14],  AlCl3 [15], and  BF3 [16]. Since these 
catalysts are in homogeneous nature, they remain in the reac-
tion mixture and produce huge amounts of hazardous chemi-
cal wastes. Hence there is a huge demand in the field of 
catalysis to change the conventional homogenous catalysts 
to heterogeneous nature for them to be environment friendly 
and reusable following an economical route for large-scale 
industrial production of fine chemical synthesis.

Mesoporous AlSBA-15 is considered as an excellent 
candidate to be used as heterogeneous solid acid catalyst 
owing to its exceptional textural properties of large surface 
area (~ 700 m2/g), narrow distribution of pore size from 4.5 
to 30 nm and a pore wall thickness between 3 and 6 nm, 
accompanied with high thermal and hydrothermal stabil-
ity (upto ~ 800 °C) and strong Brönsted and Lewis acidity 
[17-19]. Thus, herein we introduce mesoporous AlSBA-15 
catalysts for the eco-friendly synthesis of vanillin derived 
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new chalcones (Scheme 1 I [8c]) with their structure similar 
to naturally available curcumin (Scheme 1 II) [2, 3].

Further, we have investigated the biological applications 
of these chalcones to get insights on their pharmacological 
properties and towards designing new therapeutic agents 
[20-27]. It is well known that free radicals, being produced 
as unavoidable products of many biochemical reactions, have 
both beneficial and destructive characteristics [7, 28, 29] and 
they play an significant role in the pathogenesis of several 
oxidative stress related diseases [30]. Presently available 
synthetic antioxidants in the market are suspected to cause 
liver damage and act as carcinogens. Therefore search for 
new antioxidant drugs of natural origin [8, 10, 31, 32] with 
fewer side effects is desirable and is a very active domain in 
medical research.

For the first time in literature, we report an efficient 
catalytic system for the synthesis of novel vanillin derived 
chalcone and its derivatives via Claisen–Schmidt conden-
sation reaction between 1-tetralone and vanillin deriva-
tives catalyzed by environmentally friendly heterogeneous 
mesoporous AlSBA-15 solid acid catalysts (Scheme 2). 
The efficiency of AlSBA-15 catalysts was studied on the 

synthesis of chalcones by monitoring various reaction 
parameters such as time, temperature, nSi/nAl ratio in the 
catalysts, and catalyst amount. The potential applications of 
synthesised new chalcone derivatives were tested for their 
antioxidant potentials and protein binding ability. The new 
chalcones reported herein exhibit excellent biological prop-
erties and their biological activities were comparable to that 
of the natural product curcumin.

2  Experimental

2.1  Materials

Tetraethyl orthosilicate (TEOS), aluminium isopropox-
ide, nonionic triblock copolymer (P123) was purchased 
from Sigma-Aldrich. Aldehydes, tetralone and acetophe-
none, DPPH, phenanthroline, ferrous sulphate, and potas-
sium ferricyanide and other reagents were purchased from 
Rankem and SRL chemicals and were used without further 
purification.

Scheme 1  (I) Acetophenone with vanillin derived chalcone and its derivatives, (II) curcumin, and (III) tetralone with vanillin derived chalcone 
and its derivatives
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2.2  Instrumentation

A powder X-ray diffractometer (Smart lab, Rigaku, Japan) was 
used to get the structural patterns of AlSBA-15 catalysts. With 
the help of Quantachrome Autosorb 1 sorption analyzer, USA, 
the Nitrogen sorption isotherms were obtained. Scanning elec-
tron microscopy (SEM) and energy dispersive X-ray spectros-
copy (EDX) analysis was performed using a Hitachi S-4800 
instrument. Transmission electron microscopy (TEM) analysis 
was investigated using a Hitachi H-7560 electron microscope. 
FT-IR measurements were performed on scientific-NICOLET 
IS10 (USA). The temperature-programmed desorption (TPD) 
of pyridine was performed on different AlSBA-15 materials 
by using high resolution thermogravimetric analyser (SETA-
RAM setsys 16MS) at a heating rate of 10 °C/min from 120 to 
600 °C under  N2 flow (50 ml/min). Thin layer chromatography 
(TLC) was carried out using Merck 60 F254 pre-coated silica 
gel plate (0.2 mm thickness). Gas chromatography was used 
for the quantitative analysis (Thermo Scientific TRACE1300, 
USA) equipped with DB-5 capillary column (30 m, 0.32 mm 
and a film thickness of 1 micron), flame ionization detector 
with nitrogen carrier gas and using n-decane as an internal 
standard. BRUKER AVANCE III, 400 MHz spectrometer was 
used to collect the 1H NMR, 13C NMR spectra using tetra-
methylsilane as internal standard.

2.3  Catalyst synthesis procedure

The mesoporous AlSBA-15 catalysts were synthesised by fol-
lowing the optimised procedure with a molar gel composi-
tion of TEOS: 0.03–0.14  Al2O3: 0.016 P123: 0.96 HCl: 126 
 H2O [17]. The typical synthesis procedure involves the addi-
tion of triblock copolymer of P123 to water and HCl in the 
stirring condition to obtain a clear solution. To this solution 

required quantity of TEOS and aluminium isopropoxide were 
added and stirred continuously for 24 h at 40 °C. The result-
ant gel was aged for 48 h at 100 °C, and then the products 
thus obtained were filtered, dried and calcined at 550 °C for 
6 h. The AlSBA-15 materials were labeled as AlSBA-15 (x), 
x where represents nSi/nAl ratio in the synthesis gel.

2.4  General method of chalcone synthesis

The catalytic activity of AlSBA-15 (x) acid catalysts was tested 
with Claisen–Schmidt condensation reaction. Under azeotropic 
conditions the condensation reaction was carried out in tolu-
ene medium using Dean–Stark apparatus, with 1:1 mol ratio of 
aryl aldehydes and 1-tetralone in presence of AlSBA-15 (41) 
catalyst. The kinetics of the reaction was monitored quantita-
tively by using gas chromatography. Samples for analysis were 
prepared in ethyl acetate and filtered with the help of a nylon 
syringe filter. Catalyst was filtered off from the reaction mixture 
and successively washed with toluene, hexane and ethyl acetate. 
The isolation of product was done by solvent evaporation and 
followed by recrystallization from absolute ethanol.

The catalytic activity was evaluated by monitoring the per-
centages of conversion of reactants, selectivity of products 
formed, and the yield of products isolated under selected con-
ditions. A calibration graph was plotted from which relative 
response factor (RF) of the reactants and products were calcu-
lated. The below equations were followed to obtain:

%Conversion =
Initial mmolesreactant − Final mmolesreactant

Initial mmolesreactant
× 100

%Selectivity =
mmolesproduct1

mmolesproduct1 + mmolesproduct2
× 100

Scheme 2  Synthesis of new 
chalcone and its derivatives 
using AlSBA-15 solid acid 
catalyst
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The confirmation of the products was monitored with 
their melting point, 1H NMR, 13C NMR and FTIR spectros-
copy. The results are showed in Table 3.

2.5  Antioxidant activity studies

The antioxidant performance of the synthesized chalcones 
were investigated by following their ability to scavenge radi-
cals like DPPH, hydroxyl and by their reducing potential. 
The procedure adopted for each were reported elsewhere [7, 
28, 29] with little modifications.

2.5.1  DPPH radical scavenging assay

The reaction was carried in a mixture containing 0.05 M ace-
tate buffer, pH 5.5 and 100 µM ethanolic solution of DPPH. 
To this solution, varying concentrations of the samples were 
added and incubated at 25 °C for 30 min. The scavenging 
ability was obtained from the change in optical density at 
517 nm.

2.5.2  Hydrogen peroxide scavenging assay

Different concentrations of samples in the range from 0 to 
200 µM was added to a reaction mixture of 100 mM phos-
phate buffer, pH 5.5, 750 µM each of ethanolic solution of 
phenanthroline and ferrous sulphate and 10% hydrogen per-
oxide. The reaction mixture was kept at 37 °C for 60 min. 
The scavenging ability was calculated by monitoring the 
change in optical density at 536 nm.

2.5.3  Reducing potential assay

The reducing potential was calculated in a reaction mix con-
taining 100 mM phosphate buffer, pH 6.8 and 0.5% potas-
sium ferricyanide. Varying concentrations ranging from 0 to 
200 µM of test samples in methanol was added and kept in a 
water bath at 50 °C for 20 min. The reaction was quenched 
by adding 3% (w/v) trichloroacetic acid followed by cen-
trifugation at 10,000×g or RFC (Relative Centrifuge Force) 
for 10 min at room temperature using a centrifuge (model: 
Remi CPR24 plus) with a rotor (model: R-248 M) radius of 
84 mm. Since the rpm is not uniform for centrifuges with 
different rotor radius, we maintained RCF instead of rpm for 
the uniform centrifugal operations. However, for the value 
of 10,000×g, the corresponding rpm calculated was 10,310 
using the formula RCF = 1.12 × rotor radius ×  (rpm/1000)2. 
To the above supernatant, ~ 0.01% of ferric chloride was 

%Isolatedyield =
Isolated yield(g)product

(

Amount of reactant (g)

Molecular weight of reactant
×Molecular weight of product

) × 100

added and the change in absorbance value was monitored at 
700 nm using UV–Visible spectrophotometer.

In all the above, the blank reaction was performed with-
out the test samples. The scavenging abilities are reported 
either as  EC50 or as % scavenging.

2.6  HSA binding studies

2.6.1  Fluorescence quenching studies

The ability of the synthesised chalcones to interact with 
human serum albumin was analysed by fluorescence titration 
method. The interaction studies were performed by titrating 
various concentrations of the sample against 5 µM HSA in 
10 mM phosphate buffer, pH 7.4. After each addition of test 
sample, the fluorescence emission scan was done between 
310 to 550 nm by exciting at 295 nm. The quenching of 
fluorescence was monitored by following Stern–Volmer 
equation (Eq. 1). The results are depicted in Table 5. The 
Scatchard equation (Eq. 2) was employed to evaluate the 
binding constant and number of binding sites.

where, F and  Fo are relative fluorescence responses of 
HSA in presence and absence of quencher, i.e. chalcones, 
respectively, [Q] is total concentration of quencher, �o is 
average fluorescence lifetime of fluorophore alone ( �o = 
 10–8 s) without the presence of quencher and  kq is apparent 
value of bimolecular quenching constant, which is obtained 
from the ratio of  KSV:�o . The slope of linear graph obtained 
by plotting  F0/F against [Q] for each sample gives the value 
of  KSV. The binding constant  (Kb) and the number of bind-
ing sites (n) on HSA are obtained from linear plot of log 
 (Fo−F/F) versus log [Q] following Eq. 2.

3  Results and discussion

3.1  Catalyst characterization

The structural properties of AlSBA-15 were investigated 
by X-ray diffraction patterns. As seen in Fig. 1, the XRD 
pattern of the catalysts showed an intense peak at 2θ value 

(1)
F0

F
= 1 + KSV [Q] = 1 + Kq�0[Q]

(2)log

(

F0 − F

F

)

= logKb + nlog[Q]
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of 0.87 followed by two weak peaks at 0.93 and 0.96 that 
respectively correspond to (100), (110) and (200) reflections. 
The results clearly indicate the presence of p6mm hexagonal 
symmetry in all the AlSBA-15 catalyst materials. As the 
Al content increased in synthesis gel due to the replace-
ment of  Al3+ (ionic radii 0.57 Å) by  Si4+ (ionic radii of 
0.26 Å) in silica framework (Table 1), the lattice parameters 

including the d spacing and ao of AlSBA-15 catalysts also 
have increased considerably. A broad peak at 2θ = 24 due to 
amorphous silica and absence of any peak due to aluminium 
oxide in AlSBA-15 samples is observed in the high angle 
XRD patterns (Figure S1) of AlSBA-15 catalysts indicate 
the absence agglomerated aluminum oxide [33].

Figure 2 depicts the  N2 sorption isotherms (a) and BJH 
pore size distribution (b) of AlSBA-15. The catalysts showed 
type IV isotherms with  H1 hysteresis loop. The textural 
properties of AlSBA-15 catalysts are given in Table 1. As 
the aluminium content in catalyst decreases, it is observed 
that the surface area and the pore volume increase respec-
tively from 480 to 757 m2 g−1 and 0.6 to 0.93 cm3 g−1. This 
is due to the increase of Al contentment in the mesoporous 
AlSBA-15 may leads to the formation of minor quantity of 
 Al2O3 oxide in the mesopores, can decrease pore volume and 
surface area. Further, the increase in pore size is due to the 
replacement of  Al3+ ions (ionic radii 0.57 Å) by  Si4+ (ionic 
radii of 0.26 Å) ions in silica framework. This was further 
evidenced from XRD measurements is that as Al content 
increases, the lattice parameters (including the d spacing and 
ao) of AlSBA-15 catalysts increases considerably. A narrow 
range BJH pore size distribution is observed with an average 
pore diameter of ca. 55 Ao is observed for AlSBA-15 [17].

Table 1 presents the data obtained from pyridine adsorbed 
temperature programmed desorption (TPD) of all samples. 
The samples of AlSBA-15, exhibits pattern of three dif-
ferent weight losses; which correspond to sites with weak 
(weight loss between 120 and 350 °C), moderate (351 and 
450 °C), and strong (451 and 600 °C) acidic characters. The 
surface hydroxyl groups could be responsible for weak acid 
sites, while medium and strong acid sites could have initi-
ated from aluminium incorporated into the framework of 
silica. The number of weak acid sites increases as nSi/nAl 
ratio increases. This could be ascribed to increase in weakly 

Fig. 1  The XRD patterns of AlSBA-15 with different nSi/nAl ratio (a) 
low angle, and (b) high angle

Fig. 2  The nitrogen sorption 
isotherms (a) and BJH pore size 
distribution (b) of AlSBA-15 
catalysts
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attached hydrogen bonded pyridine molecules on the termi-
nal silanol groups. However, number of medium and strong 
acid sites decreases with increase in ratio of nSi/nAl.

The (a) SEM and (b) TEM image of AlSBA-15 (41) 
are depicted in Fig. 3. The SEM image displayed particles 
with a worm like structure of ca. 3 µm with co-existence of 
smaller particles of ca. 1 μm. The elemental compositions of 
AlSBA-15 catalyst samples observed from EDX analysis are 
shown in Table 1. It was observed that nSi/nAl ratio of cal-
cined AlSBA-15 catalysts is higher than that of nSi/nAl ratio 
in the synthesis gel. This could be due to high solubility of 
aluminium isopropoxide in acidic medium. The TEM image 
of AlSBA-15 (41) catalyst indicated the presence of a well-
ordered close packed array of one-dimensional mesoporous 
channels.

The vibrational spectra of AlSBA-15 samples are depicted 
in Fig. 4. Prominent bands were observed at 1088, 803, 956, 
1376, and 3400–3500 cm−1. The anti-symmetric and sym-
metric stretching vibration bands of Si–O–Si are observed 
at 1088 cm−1 and 803 cm−1 respectively, to while the anti-
symmetric of Si–O-Al appears at 956 cm−1. A broad band 
in the range of 3400–3500 cm−1 could be assigned to frame-
work surface Si–OH groups. The band at 1376 cm−1 is due 
to the adsorbed water molecules on AlSBA-15 samples [33].

3.2  Catalytic activity

The catalytic investigation on the synthesis of chalcones 
was successfully tested using AlSBA-15 solid acid cat-
alysts with different aldehydes and 1-tetralone using 
azeotropic reaction method. The influence of AlSBA-15 
catalysts were analysed on different reaction parameters 
including time, temperature, nSi/nAl ratio of AlSBA-15, 
catalyst amount, solvent and catalyst stability to synthe-
sis (E)-2-(4-hydroxy-3-methoxybenzylidene)-3,4-dihy-
dronaphthalen-1(2H)-one (Compound 1c).

3.2.1  Effect of reaction time

The catalytic performance of (conversion of 1-tetralone 
and selectivity to compound 1c) of AlSBA-15 (41) catalyst 
was tested in a catalytic reaction, carried out at 100 °C 
using 100 mg catalyst under azeotropic condition on dif-
ferent reaction time viz., 10, 15, 30, 60, 90, 120, 150, 
and 180 min is indicated in Fig. 5. It was inferred that 
the conversion of 1-tetralone is gradually increased from 
52.4 to 100% upon increasing the reaction time from 10 
to 180 min. As the reaction time increases from 10 to 
120 min, the selectivity of compound 1c remains constant 
at about 100%, beyond which it falls down to 88%, when 
the reaction time is increased to 180 min. The decrease 

Fig. 3  a SEM, b TEM image of AlSBA-15 (41) catalyst

Fig. 4  FT-IR spectra of AlSBA-15 catalysts with different nSi/nAl 
ratio
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in selectivity of compound 1c at longer reaction time is 
due to the formation of coke on catalytic active sites by 
strong adsorption of reactants and/or products, and favours 
formation of impurities [34]. From this study the opti-
mum reaction time was fixed as 120 min to get maximum 
1-tetralone conversion of 98% and selectivity of 100% for 
compound 1c.

3.2.2  Effect of nSi/nAl ratio

The catalytic reaction for the synthesis of compound 1c 
was carried out using AlSBA-15 catalysts (nSi/nAl ratios of 
41, 129 and 210) with the following reaction conditions: 
100 mg of catalyst, 100 °C (azeotropic conditions), and 
120 min and the results are presented in Fig. 6. The isolated 
yield of compound 1c decreased from 91 to 64% as nSi/nAl 
ratio increased from 129 to 210. This clearly infers as the 

number of acidic sites decrease in the catalytic materials, the 
product yield is decreases. It indicates us the product yield 
is mainly governed by the number of acidic sites present 
on the catalytic materials and the number of acidic sites 
is comparatively higher in AlSBA-15 (41) than in AlSBA-
15 (129) and AlSBA-15 (210). These acidic sites catalyse 
the reactants more effectively to give excellent yields up to 
91% (Table 1). Moreover, AlSBA-15 (41) has a pore size 
of 54 Å which is 1.9% and 9.3% larger than that in AlSBA-
15 (129) and AlSBA-15 (210), respectively. The AlSBA-15 
(41) with large pore size of 54 Å facilitates the faster dif-
fusion of reactants into the nano-channels with minimum 
constrain to get adsorbed on the active sites and transform to 
product that can easily diffused out [35]. This could also add 
to the reason for high product yield (91%) of compound 1c 

Table 1  Elemental composition 
and textural properties of 
AlSBA-15 catalytic materials

SBET specific surface area, Vp pore volume, Dp pore diameter, ao unit cell constant was calculated as, ao 
2 × d100/√3

nSi/nAl (gel) nSi/nAl 
(product)

ao (Å) d100 (Å) SBET  (m2/g) Dp (Å) Vp  (m3/g) Total 
acidic sites 
(mmol/g)

7 41 116 101 480 54 0.65 0.42
14 129 109 94 563 53 0.76 0.20
28 210 102 91 757 49 0.93 0.11

Fig. 5  Effect of reaction time in the synthesis of compound 1c. Vanil-
lin (0.0034 mol), 1-tetralone (0.0034 mol), AlSBA-15 (41) (100 mg), 
toluene (10 ml) under azeotropic conditions

Fig. 6  Effect of nSi/nAl ratio of AlSBA-15 catalysts in the synthesis 
of compound 1c. Vanillin (0.0034  mol), 1-tetralone (0.0034  mol), 
AlSBA-15 (100 mg), toluene (10 ml), 120 min under azeotropic con-
ditions
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within 120 min using AlSBA-15 (41) catalyst as compared 
to AlSBA-15 (129) and AlSBA-15 (210).

3.2.3  Effect of catalyst amount

The study on the effect of catalyst amount for compound 1c 
synthesis was carried out with different amount of AlSBA-
15 (41) catalyst ranging from 0 to 300 mg and product 
yield is depicted in Fig. 7. The reaction was carried out in 
an azeotropic mixture of vanillin and 1-tetralone with 1:1 
ratio at 100 °C for 120 min in the presence and absence 
of AlSBA-15 (41) catalyst. The reaction did not proceed 
towards product in the absence of catalyst. But when 25 mg 
of AlSBA-15 (41) catalyst was added, 30% yield of com-
pound 1c was observed. This indicates the significant pres-
ence of acidic sites in AlSBA-15 (41) catalyst to catalyse the 
Claisen–Schmidt condensation reaction. Increase of cata-
lyst amount from 25 to 100 mg in the reaction, increased 
the yield of compound 1c to 61%. This could be due to the 
eventual increase in active sites contributed from the cata-
lyst in reaction medium to catalyse the reaction. Upon fur-
ther increase of catalyst amount from 200 to 300 mg, no 
intensification of the product formation was observed, as 
the number of reactants is less compared to the active sites 
of the excess catalysts in the reaction mixture. Therefore, 
it is evident from this study that 100 mg of AlSBA-15 (41) 
acid catalyst would be an ideal quantity to convert vanillin 
and 1-tetralone to compound 1c to yield product up to 91%.

3.2.4  Effect of reaction temperature

The influence of reaction temperature in the performance 
of AlSBA-15 (41) catalyst for compound 1c synthesis was 
also investigated in the range of 25 to 110 °C, in toluene for 
a period of 120 min and the results are shown in Table 2. It 
was observed that up to 40 °C, there is product formation as 
the reactant molecules did not acquire sufficient activation 
energy to cross the barrier for product formation. As the 
gradual increase of reaction temperature from 60 to 100 °C, 
the yield of compound 1c also increased from 25 to 84%. No 
considerable increase in the product yield was observed with 
further increase in temperature up to 110 °C (Table 2, Entry 
1–6). But different amount of the product yield of compound 
1c was observed viz., 91% and 86% under azeotropic reac-
tion conditions at the reaction temperature of 100 °C and 
110 °C, respectively. The decrease of product yield to 86% 
is due to the possible self-condensation of vanillin at higher 
temperatures (> 110 °C) (Table 2, Entry 7, 8). This suggests 
that the optimum reaction temperature to obtain significantly 
high product yield was 100 °C under azeotropic conditions.

3.2.5  Effect of substituents

The scope and restrictions of utilizing heterogeneous 
AlSBA-15 catalysts in this catalytic system were studied 
by the introduction of different substituted aryl aldehydes 
with 1-tetralone and p-hydroxyacetophenone to synthesise 
new chalcone molecules. The results are shown in Table 3. 
The reaction of 1-tetralone or p-hydroxyacetophenone with 
different substituents on aryl aldehydes did not show much 
effect on the yields of the product (< 85%) and reaction 
rate. This clearly indicates that AlSBA-15 (41) catalyst was 
effective over a wide range of aryl aldehyde reactions with 

Fig. 7  Effect of AlSBA-15 (41) catalyst amount in the synthesis of 
compound 1c. Vanillin (0.0034 mol), 1-tetralone (0.0034 mol), tolu-
ene (10 ml) under azeotropic conditions

Table 2  AlSBA-15 (41) catalysed Claisen–Schmidt condensation at 
different reaction temperature

Reaction conditions: Vanillin (0.0034 mol), 1-tetralone (0.0034 mol), 
AlSBA-15 (41) (100 mg), toluene (10 ml), reaction time 120 min
The results with optimized reaction temperature are shown in bold
a Isolated yield
b Azeotropic method

Entry Reaction temperature (°C) Yield (%)a

1 RT 0
2 40 0
3 60 25
4 90 75
5 100 84
6 110 85
7b 100 91
8b 110 86
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1-tetralone and p-hydroxyacetophenone to produce new 
chalcone derivatives.

Based on the structural, physicochemical and catalytic 
applications of AlSBA-15, the excellent catalytic properties 
could be ascribed to the following factors. (i) The presence 
of Brönsted/Lewis active sites (Scheme 3) on AlSBA-15 
catalysts could have catalysed Claisen–Schmidt condensa-
tion reaction more efficiently. (ii) The extraordinary textural 
properties of AlSBA-15 surface could assume the key factor 
for improved catalytic performance and selectivity towards 
the synthesis of compound 1c. The uniform distribution of 
pore channel with larger pores on AlSBA-15 samples could 
enable easy diffusion of reactants and elution of products 

through the nano-channels. This could also minimize or 
eliminate the obstruction of internal mass exchange. Conse-
quently, the access for the active sites on the catalyst by the 
reactants was made possible by the larger pore size of 54 Å.

3.2.6  Reaction mechanism

The mechanism of AlSBA-15 catalysed Claisen–Schmidt 
condensation to synthesise new chalcone is shown in 
Scheme 4. This reaction occurred between 1-tetralone 
and vanillin adsorbed on the active sites of catalyst sur-
face. The carbonyl oxygen of vanillin protonated by 
interaction with the acidic sites of the catalyst produced 

Table 3  AlSBA-15 (41) acid 
catalyzed Claisen–Schmidt 
condensation reaction to 
synthesise new chalcone 
derivatives



826 Journal of Porous Materials (2020) 27:817–829

1 3

benzylideneoxonium (I). The nucleophilic attack of tau-
tomerised carbon of 1-tetralone on the protonated carbonyl 
carbon of vanillin yielded 2-(hydroxy(phenyl)methyl)-
3,4-dihydronaphthalen-1(2H)-one (II), followed by proton 
migration and hydration process. Thus, the chalcone was 
formed promptly.

3.2.7  Catalyst reusability tests

The reuse of AlSBA-15 (41) catalyst was tested under opti-
mised conditions after recovering the catalyst by filtration. 
Catalyst regeneration was carried out by washing the catalyst 
with toluene and then with methanol, finally the catalyst 
dried at 100 °C. The regenerated catalyst was again used 
to study the catalyst lifetime and its catalysing ability. The 

regenerated catalyst sustained a high performance with 
92% of product yield for three runs with no misfortune in 
its execution. Diminished catalytic activity of 89.5 and 88% 
in the product yield was observed in fourth and fifth runs, 
respectively as depicted in Fig. 8.

The physical properties of the chalcones synthesised were 
resolved and molecular structures were affirmed by 1H & 
13C NMR and FTIR spectra. From the 1H NMR spectral 
 (JHα–Hβ = 16 Hz) information, it can be observed that the 
synthesised chalcones were geometrically unadulterated. It 
is also remarkable to note that the ethylene moiety in the 
enone linkage of chalcones is in trans-conformation.

3.3  Bio evaluation of novel chalcones

3.3.1  Antioxidant studies

Humans are more prone to diseases induced by reactive 
species including ROS and RNS. Therefore, it becomes 
essential to search for more efficient antioxidants that can 
neutralize these reactive species. In the present study we 
have evaluated the ability of synthesised chalcones to serve 
as potent antioxidants. Several assays including 1-diphenyl-
2-picrylhydrazyl radical  (DPPH.), hydroxyl radical (OH·) 
scavenging activity and reducing ability have been evalu-
ated. The antioxidant activity of all the chalcones were eval-
uated by their scavenging ability and is reported as  EC50 
values. TBHQ was used as a positive control and curcumin 
as a standard drug.

All the synthesised new compounds were screened for 
DPPH radical scavenging activity using TBHQ as positive 
control and curcumin as a standard drug. The activity of 
chalcones was tested at different concentration in the range 
of 0 to 500 µM and the  EC50 values are presented in Table 4. 
Out of all the synthesized compounds, compound 2c exhib-
ited significant activity as antioxidant (Table 4).  EC50 value 

Scheme  3  Schematic wall structure of Al incorporated SBA-15 
(AlSBA-15) materials

Scheme 4  Possible reaction mechanism for the synthesis of chalcone
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for compound 2c was 6.67 µM and that of curcumin is 
2.93 µM.

The high antioxidant potential of compound 2c could be 
attributed to the presence of two active –OH groups at 3 
and 4 positions, which effectively induce the formation of 
an intramolecular hydrogen bond. The increased antioxidant 
activity could be due to the formation of stable phenoxy 
radical by abstraction of free H atoms that are not utilized 
in the bond formation. It was very clear from Fig. S2 that 
with the increase in concentration, the free radical scaveng-
ing activity of chalcones also increased and its percentage 
scavenging values are provided in Table S1.

Numerous biological processes generate hydrogen per-
oxide and serve as transmitters for various redox signals. 
Chalcones have been reported to possess peroxides scav-
enging activity [10]. The ability of the synthesised novel 
chalcones to effectively scavenge hydrogen peroxide was 
tested and the results were compared with curcumin and are 
depicted in Figure S3. The percentage scavenging ability is 
given in Table S1 and the  EC50 values are given in Table 4. 
Among all the tested new chalcones the compound 5c was 
found to be more effective than other compounds. The 
 H2O2-scavenging activity, to a great extent depends on the 
electron-donating ability of chalcones. Upon substituting the 
aromatic ring with electron donating groups (F group), the 
nucleophilicity of the chalcone increases, thereby enhanc-
ing its  H2O2-scavenging ability. This could be due to their 
increasing tendency to lose electrons easily. Instead if the 
compounds possess the tendency to lose hydrogen atom, it 

will lead to less  H2O2-scavenging potential. The  EC50 value 
was found to be 26.83 μM for compound 5c and 67.09 µM 
and 27.14 µM for TBHQ and curcumin, respectively.

The reducing ability of all the synthesised new chalcones 
was tested and the results are shown in Figure S4 and  EC50 
values are presented in Table 4. Reducing power of chal-
cones gradually increased with simultaneous increase in the 
concentration of chalcone and its percentage efficiencies are 
provided in Table S1. A strong antioxidant activity could be 
revealed from the high absorbance values. Among all syn-
thesised chalcones, the compounds 5c, 2c, 6c, and 3c gave 
highest  EC50 value of about 4.97 µM, 5.71 µM, 21.65 µM 
and 26.27 µM, respectively. It can be noted that –OH and 

Fig. 8  Reusability test of AlSBA-15 (41) catalyst on the synthesis of 
compound 1c

Table 4  EC50 values of in vitro antioxidant activities of chalcones

a

a The  EC50values of curcumin are based on the literature (see Ref. 
[29]
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–F groups of chalcones play a significant role to trap and 
neutralize free radicals, singlet and triplet oxygen, peroxides, 
etc. The reducing ability of the samples can be monitored by 
the change in optical density at 700 nm.

3.3.2  HSA binding studies

The fluorescence emission spectra of HSA in the presence 
of varying concentrations of chalcones were evaluated and 
the results are given in Table 5. HSA has a characteristic 
emission band maximum at 344 nm. Hypochromism asso-
ciated with a slight blue shift was observed with the addi-
tion of increasing concentrations of chalcones, indicating 
the interaction between chalcones and HSA. A good linear 
relationship was observed in the Stern–Volmer plot with 
different experimental concentrations of the quencher. The 
slope of Stern–Volmer plot was used to calculate the value 
of  KSV (Table 5). The bimolecular quenching constant Kq 
as calculated using Eq. 2 is estimated to be 7.00 × 1012 
 dm3 mol−1 s−1. The maximum value of scatter collision 
quenching constant as reported in the literature for various 
quenchers with biopolymers, is ~ 2.00 × 1010  dm3 mol−1 s−1. 
The larger values of quenching rate constant could be due 
to static quenching instead of collisional phenomenon. The 
number of binding sites (n = 1) indicate the presence of a 
single independent binding site on HSA for chalcones. The 
obtained results revealed that the binding constant of all 
synthesised chalcones bound with HSA have the following 
order, 2c > 8c > 6c > 7c > 1c > 3c > 4c > 9c > 5c. Our results 
demonstrate that the chalcones interact with the protein via 
the phenolic hydroxyl groups present in the chalcone. It is 

interesting to observe that compound 2c, displayed a binding 
constant of 2.39 × 105 M−1 which is comparable to that of 
curcumin, 2.628 × 105 M−1.

4  Conclusion

New vanillin derived chalcone and its derivatives were 
successfully synthesised using heterogeneous AlSBA-15 
mesoporous solid acid catalyst under non-conventional and 
eco-friendly conditions. AlSBA-15 (41) catalyst exhibited 
excellent catalytic performance wih 98% conversion of 
1-tetralone and a selectivity of 100% for compound 1c (91% 
yield) in a time span of 120 min as compared to AlSBA-15 
(129) and AlSBA-15 (210) catalysts. This could be because 
of more acidic sites on catalyst surface and easy access of 
reactants into nano-channels of AlSBA-15 (41) with large 
pore size of 54 Å. New chalcone derivatives synthesised 
herein showed very good antioxidant activity and some were 
found to be more active than the parent chalcone (compound 
8c), and standard antioxidant (curcumin). Further the syn-
thesised chalcones possessed appreciable binding affinity 
towards albumin (HSA). The binding constant of compound 
2c was found to be 2.390 × 105 M−1 which is comparable to 
curcumin  (Kb = 2.628 × 105 M−1). The reported chalcones 
confirmed their suitability for a host of possible biological 
applications with antioxidant activity and protein binding 
abilities. It is also believed that the synthesised new chal-
cones could create a new path towards discovering new 
drugs with less side effects.

Table 5  Quenching and binding parameters of the HSA‐Chalcone systems

a The  KSV,  Kq,  Kb, and n values of Curcumin are based on the literature (see Ref [23])
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