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Nano-sphere silica sulfuric acid: novel and efficient catalyst
in the one-pot multi-component synthesis
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Abstract In this report, synthesis, characterization and

application of nano-sphere silica sulfuric acid as a novel

and heterogeneous catalyst for the synthesis of b-acetam-

ido ketone derivatives at room temperature are described.

The catalyst has been identified using various techniques

(XRD, SEM, TEM, EDX, TGA, FT-IR), and results show

that it has a spherical shape and its particle size is between

60 and 90 nm.
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Introduction

In recent years, considerable emphasis has been placed on

improvement in the environmental impact of industrial

chemical processes. The development of heterogeneous

catalysts for fine chemical synthesis has become a major area

of research. The inherent advantages of heterogeneous cat-

alyst system in liquid phase over their homogeneous coun-

terparts lie mainly on their easy separation, avoids formation

of inorganic salts, recyclable, non-toxic, easy to handle, safe

to store, long life time, easy and inexpensive removal from

reaction mixture by filtration or centrifugation, tolerates a

wide range of temperatures and pressures, and easy and safe

disposal. These type of catalysts have been used for various

support materials. One useful example of support material is

silica gel [1]. Recently, various types of mesoporous silica

have been synthesized. Silica nano-spheres with uniform

size have gained considerable attention in scientific research

due to their unique properties such as high specific surface

area, narrow pore size distribution, large pore volumes, good

thermal and chemical stability, and low toxicity [2–4].

Studies found that functionalization and modification of

silica nano-spheres made them suitable for future technical

applications [5, 6]. For example, mesoporous silica com-

pounds that have been functionalized by sulfonic acid offer

simpler, less costly, more reactive and more environmentally

benign alternatives than their homogeneous counterparts.

These materials are of great interest for use as novel heter-

ogeneous catalysts [7–9].

Multi-component reactions (MCRs), defined as one-pot

reactions in which at least three functional groups join

through covalent bonds, have been steadily gaining

importance in synthetic organic chemistry. The reagents

employed may be different molecules or functional groups

of the same reagent. Speed, diversity, efficiency, and

environmental amiability are some of the key features of

this class of reactions [10, 11]. One of the most represen-

tative examples of multi-component reactions is prepara-

tion of b-acetamido ketone derivatives. These are the

precursors of molecules such as 1,3-amino alcohols, and

structural scaffolds found in natural nucleoside peptide

antibiotics such as nikkomycins or neopolyoxins. More-

over, it is reported that b-acetamido ketones can act as a

glucosidase inhibitors [12–14]. The structural and bioactive

properties of b-acetamido carbonyl compounds led to the

generation of some processes employing some catalysts

such as CoCl2 [15], TMSCl [16], BiCl3 [17], I2 [18], ZnO

[19], select fluorTM [20], and ZrOCl2�8H2O [21].
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Along the course of our investigations in the develop-

ment of new nano-structured catalysts [22, 23], we describe

synthesis, characterization, and application of nano-sphere

silica sulfuric acid (NS-SSA) as new heterogeneous cata-

lyst for one-pot multi-component synthesis of b-acetamido

carbonyl compounds at room temperature. The primary

step of this objective was achieved by the synthesis and

functionalization of silica nanoparticles (Scheme 1).

First, the catalysis was synthesized by the reaction of nano-

sphere silica with chlorosulfonic acid in CH2Cl2 for 0.5 h

resulting in an excellent yield. Nano-sphere silica and the

corresponding heterogeneous catalysts characterized by

transmission electron microscopy (TEM), FT-IR, XRD, EDS,

N2 adsorption–desorption techniques, and thermal analysis.

Experimental section

Preparation of the catalyst

Monodispersed nano-sphere silica were synthesized accord-

ing to the literature procedure [13]. Nano-sphere silica (1.0 g)

was dispersed in CH2C12 (10 mL) in a flask. Chlorosulfonic

acid (0.638 gr, 5.5 mmol) was dissolved in CH2C12 (10 mL)

and added to the nano-sphere silica suspension through a

constant-pressure dropping funnel under stirring over a per-

iod of 30 min at room temperature. After the addition was

completed, the mixture was stirred for another 30 min at

room temperature. The pale brown solid was collected by

filtration and washed with methyl t-buthyl ether 50 mL. Then

it was dried at room temperature. Finally, the acidity (the

number of H?) of nano-sphere silica sulfuric acid was

determined by titration with NaOH. The amount of H? for

heterogeneous catalyst was 9.4 mmol H? g-1.

Characterization of the catalyst

TEM investigation provides the direct observation of the

morphology. nano-sphere silica and nano-sphere silica

sulfuric acid were characterized by transmission electron

microscopy (TEM). The results confirm the formation of

the catalyst, with spherical morphology and a size range of

60–90 nm (Fig. 1).

The XRD pattern for the prepared samples before and

after functionalization are shown in Fig. 2. As shown in

Fig. 2, the prepared samples show the same positions with

different intensities. The results show that the nano parti-

cles have spherical shape after functionalization.

The surface areas, pore volumes, and pore size distri-

butions of the prepared sample materials were analyzed by

nitrogen adsorption–desorption techniques. The N2

adsorption–desorption isotherm of nano-sphere silica

sample exhibited high surface area (1,411 m2/g), pore

volume (1.406 cc/g) and large pore size (ca. 3.98 nm). As

is predictable, after the loading of –SO3H group on nano-

sphere silica caused a significant decrease in surface area

(65.55 nm2/g), pore volume (0.061 cc/g) and pore diameter

(ca. 3.77 nm).

The IR Spectra of nano-sphere silica sulfuric acid

showed some peaks in region of 474, 675, 800, 1,011,

1,173, 1,286 and 3,408 cm-1. The band of the Si–O

rocking vibrations appears about 474 cm-1. The band at

800 cm-1 is assigned to symmetric vibrations (Si–O–Si)

and the band at 1,011 cm-1 is assigned to the asymmetric

vibrations of (Si–O–Si) of nano-sphere silica sulfuric acid

H2O, EtOH

Nano-sphere silica
(NSS)

ClSO3H

CH2Cl2, r.t.
30 min

Nano-sphere silica sulfuric acid
 (NS-SSA)

OSO3H

OSO3H

OSO3HHO3SO

OSO3H

OSO3HHO3SO

HO3SO

NS-SiO2

OH

OH

OHHO

OH

OHHO

HO

NS-SiO2NH4OH, r.t.
Si(OEt)4

Scheme 1 Synthesis of nano-

sphere silica sulfuric acid

Fig. 1 TEM image of nano-sphere silica sulfuric acid

Fig. 2 XRD of nano-sphere silica (up), XRD of nano-sphere silica

sulfuric acid (down)
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(Fig. 3). The band of the S–O vibrations appears about

675 cm-1. The bands which are at 1,173 and 1,286 cm-1

are assigned to symmetric and asymmetric stretching of

S=O respectively. A very broad IR absorption band cen-

tered at 3,408 cm-1 is assigned to hydroxyl groups

(Fig. 3). The EDS spectrum of the catalyst was shown in

Fig. 3. As shown in spectra, the peaks of Si and S are

obviously observed, and no other impurities occur.

Nano-sphere silica and nano-sphere silica sulfuric acid

were characterized by thermal analysis. In general, two

distinct weight loss TGA profiles were found, including a

small weight loss due to the desorption of water and large

weight loss due to the decomposition of the sulfonic acid

groups. As shown in TG/DTG curves of nano-sphere silica

and nano-sphere silica sulfuric acid, the weight loss below

150 �C is due to the desorption of water. Decomposition of

the sulfonic acid groups takes place below 380 �C.

General procedure for the synthesis of b-acetamido

carbonyl compounds

To a mixture of compounds consisting of methyl ketone

(1 mmol), aldehyde (1 mmol), acetonitrile (3 mL) and acetyl

chloride (0.3 mL) in a 10 mL round bottomed flask was

added NS-SSA (0.01 g, 0.094 mmol H?), and the resulting

mixture was stirred at room temperature. After completion of

the reaction, as monitored with TLC, the reaction mixture was

centrifuged for 5 min. Then, the clear liquid was separated

and crushed ice (15 mL) was added to the reaction mixture

and stirred thoroughly. On solidification, the crude product

was filtered, dried, and purified by short column chroma-

tography on silica gel eluted with EtOAc/n-hexane (1/4).

Result and discussion

After characterization of nano-sphere silica sulfuric acid,

experiments were performed to optimized reaction condi-

tions for the synthesis of b-acetamido carbonyl compounds

(Scheme 2).

To obtain the optimized reaction conditions, the reaction

of 4-bromoacetophenone (1 mmol) with benzaldehyde

(1 mmol), acetonitrile (3 mL) and acetyl chloride (0.3 ml)

was selected as a model reaction to provide compound 1j,

and its behavior was studied in the presence of different

molar ratios of NS-SSA at room temperature. The results

are summarized in Table 1. As Table 1 indicates, in the

absence of catalyst, when 4-bromo acetophenone (1 mmol)

was treated with benzaldehyde (1 mmol), acetonitrile

(3 mL) and acetyl chloride, reaction was not active (entry 1).

Fig. 3 FT-IR and EDS spectra of nano-sphere silica sulfuric acid (NS-SSA)

Table 1 Synthesis of N-(3-(4-bromophenyl)-3-oxo-1-phenylpro-

pyl)acetamide using different amounts of catalyst at room

temperature

Entry Amount of catalyst ‘‘(mol % of H?)

g’’

Time

(h)

Yield

(%)a

1 Catalyst free 5 Sluggish

2 NS-SSA (0.009) 0.001 5 65

3 NS-SSA (0.047) 0.005 3.5 75

4 NS-SSA (0.066) 0.007 3 81

5 NS-SSA (0.09) 0.01 1.5 92

Reaction condition: 4-bromoacetophenone (1 mmol), benzaldehyde

(1 mmol), acetonitrile (3 mL) and acetylchloride, NSSSA 0.01 g

(0.09 Mol % H?), stir, room temperature
a Isolated yield

R

O

H R'

O

CH3

NH

O

R

O

R'
+ CH3CN+

Cat.

CH3COCl, r.t.

R= Phenyl, Naphthyl, Aryl      R'= Phenyl, Aryl 1a-I

Scheme 2 Synthesis of

b-acetamido ketone derivatives

by NS-SSA
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As the results indicate, higher yields of the product and

shorter reaction times were obtained when the reaction was

carried out using 0.01 g (0.09 mol % H?) of nano-sphere

silica sulfuric acid.

In another study, to recognize generality and efficacy of

the catalyst, different enolizable carbonyl compounds were

reacted with structurally and electronically diverse alde-

hydes, acetonitrile and acetyl chloride under the optimized

reaction conditions; the respective results are summarized

in Table 2. As it can be seen in Table 2, the protocol was

general and efficient; all reactions proceeded efficiently

and the desired products were obtained in good to excellent

yields in relatively short reaction times. As Table 2 shows,

electron-releasing groups increased the reaction yields

(Table 2, compounds 1a and 1c); electron-withdrawing

substituents slightly decreased the yields (Table 2, com-

pounds 1f and 1i). Moreover, the method worked well,

when 2-naphthaldehyde was used instead of benzaldehydes

Table 2 The synthesis of b-acetamido ketones via the condensation

of enolizable ketones with aldehydes, acetonitrile and acetyl chloride

Product Time (h) Yield (%)a

NH

O

O

MeO OMe
(1a)

1 94

NH

O

O

OMe
(1b)

1.5 92

NH

O

O

Me Me(1c)

1.5 90

NH

O

O

Cl Me
(1d)

2.25 91

NH

O

O

Me
(1e)

1.5 90

NH

O

O

NO2(1f)

2.75 90

NH

O

O

O2N NO2(1g)

4 82

NH

O

O

NO2(1h)Cl

3.25 88

NH

O

O

NO2(1i)

3.25 85

Table 3 Effect of different catalysts on the synthesis of compound 1j
at room temperature

Entry Catalyst Time (h) Yield (%)

1 SiO2
a 5 15

2 SiO2
b 5 25

3 H2SO4 3.5 39

4 ClSO3H 3.5 27

5 NS-SSA 1.5 92

a Amorphous silica
b Nano-sphere silica

Table 2 continued

Product Time (h) Yield (%)a

NH

O

O

Br
(1j)

1.5 92

NH

O

O

O2N Br
(1k)

3 84

NH

O

O

Br
(1l)

1.25 91

a Isolated yields
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(Table 2, compounds 1b, 1e, 1i, and 1l). Various enolizable

ketones including acetophenones bearing electron-releas-

ing substituents, electron-withdrawing substituents, and

halogens on the aromatic ring were also condensed with

aldehydes, acetonitrile and acetyl chloride in the presence

of nano-sphere silica sulfuric acid to afford the corre-

sponding b-acetamido ketones in high yields within rela-

tively short reaction times.

For practical applications of heterogeneous systems, the

recovery of the catalyst is an important aspect for the syn-

thesis of fine chemicals. To clarify this issue, we established a

set of experiments for the synthesis of N-(3-(4-bromophe-

nyl)-3-oxo-1-phenylpropyl)acetamide (1j) using the nano-

sphere silica sulfuric acid catalyst. After the completion of the

first reaction, to afford the corresponding b-acetamido ketone

compound, the reaction mixture was centrifuged for 5 min.

Then, the clear liquid was separated and the residue was

finally dried at 50 �C. A new reaction was then performed

with fresh enolizable ketone, aldehyde, acetonitrile, and

acetyl chloride under the same conditions. The catalyst could

be used at least 5 times without any change in the activity.

To recognize efficiency and importance of the catalysts

in the synthesis of b-acetamido carbonyl compounds, the

model reaction was also examined using H2SO4 as well as

ClSO3H, separately (Table 2, entries 3 and 4). As it can be

seen in Table 3, H2SO4 and ClSO3H afforded the product

in 39 and 27 % yields within 3.5 h, respectively. In these

conditions, a large amount of the starting materials

remained and also some by-products were obtained. This

observation confirmed that to increase the efficiency of

ClSO3H in the synthesis of b-acetamido ketones, it is

necessary to combine them to inorganic compounds (here,

nano-sphere silica). If SiO2 (amorphous) was directly used

as catalyst, the yield of product was 15 % (entry 1). The

use of nano-sphere silica was also examined whereby a low

yield of product was obtained and it needs a long reaction

time (entries 2).

Conclusion

In conclusion, we have shown that the nano-sphere silica

sulfuric acid can be easily prepared from commercially

available materials. This catalyst efficiently affects the

synthesis of b-acetamido ketone derivatives at room tem-

perature with excellent yields.
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