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Multi-component reaction on free nano-SiO2 catalyst: Excellent
reactivity combined with facile catalyst recovery and recyclability
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Abstract. Nano-SiO2 catalyst was readily prepared from inexpensive starting materials in aqueous media
which catalysed the synthesis a-aminophosphonates from aldehydes, amines and diethylphosphate under ultra-
sonication in water. High catalytic activity and ease of recovery from the reaction mixture using filtration, and
reuse without significant losses in performance are additional eco-friendly attributes of this catalytic system.
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1. Introduction

The ‘greening’ of chemical processes to attain envi-
ronmental friendliness1 and sustainability has become
a major issue in academia and industry. Greener and
environmentally sound synthetic protocols and reac-
tion conditions have played pivotal roles in recent years
toward the goal of switching to increasingly efficient
and benign processes that avoid the use of volatile
organic solvents, toxic reagents, hazardous and harsh
reaction conditions, as well as challenging and time-
consuming wasteful separations.2 Designing organic
reactions in aqueous media is another attractive area
in green chemistry.3 Water is an abundant and envi-
ronmentally benign solvent. As a reaction medium, it
offers several benefits including control over exother-
mic reactions, salting in and salting out and variation
of pH. Work-up and purification can be carried out by
simple phase separation techniques. Also, organic reac-
tions in water exhibit unique reactivity and selectivity
that are different from reactions in organic solvents. In
particular, reactions with negative activation volume are
reported to occur faster in water than in organic sol-
vents.4 Green catalysis is a subchapter of green chem-
istry but probably the most important one. In most
cases of organocatalysed reactions a large amount of
the organocatalyst (typically, 10–30 mol%) is needed,
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which presents a challenge for organic chemists to uti-
lize organocatalysts more efficiently and economically.
In this context, and in view of the environmental and
economical reasons, here an ongoing effort to replace
such classical method with a newer method using multi-
component reactions using a nano catalyst is reported.5

In general, nano catalysts offer higher surface area and
lower coordinating sites, which are responsible for the
higher catalytic activity.6 Furthermore, nano catalysis
has the advantage of high atom efficiency, easy product
purification, and reusability of the catalyst.7 Clearly, the
development of ‘free’ nanoparticles with tunable cata-
lytic activity is of great significance for both academia
and industry.8 Among the nanoparticle, SiO2 has been
a focus of extensive research due to its chemical stabi-
lity, large surface area, non-toxicity, cheap, environ-
mentally friendly and abundant. Nano-SiO2 showed
their potential in many fields, such as a catalyst or
catalyst support.

a-Aminophosphonates have attracted much atten-
tion owing to their biological activities. Their utili-
ties as enzyme inhibitors, antibiotics, peptide mimics,
herbicides, pharmacological agents and many other
applications are well-documented.9 Thus, a number of
synthetic methods including enantioselective hydro-
phosphonylation reactions10 have been developed dur-
ing the last decades. In continuation of our work
on the synthesis of biologically important compounds
using simple, efficient, non-toxic, and readily avai-
lable catalysts,11–13 we have used of nano-SiO2 for the
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Scheme 1. Synthesis of a-aminophosphonates from alde-
hydes, amines and diethylphosphate in the presence of
nano-SiO2.

synthesis of a-aminophosphonates from aldehydes,
amines and diethylphosphate under ultrasonication in
water with good to excellent yield (scheme 1).

2. Experimental

2.1 General procedure

Chemicals were purchased from Fluka and Merck in
high purity. Melting points were determined in open
capillaries using an Electrothermal 9100 apparatus and
are uncorrected. FTIR spectra were recorded on a VER-
TEX 70 spectrometer (Bruker) in the transmission mod-
ein spectroscopic grade KBr pellets for all the pow-
ders. The particle size and structure of nano-SiO2 were
observed by using a Philips CM10 transmission elec-
tron microscope operating at 100 KV. Scanning elec-
tron microscopy (SEM) studies were conducted on a
Philips XL 30 scanning electron microscope. Powder
X-ray diffraction data were obtained using Bruker D8
Advance model with Cu kα radiation. NMR spectra
were recorded in CDCl3 on a Bruker Avance DRX-
400 MHz instrument spectrometer using TMS as inter-
nal standard. The purity determination of the products
and reaction monitoring were accomplished by TLC on
silica gel polygram SILG/UV 254 plates.

2.2 Synthesis of nano-SiO2

The synthesis of nano-SiO2 was achieved by the
ammonia-catalysed hydrolysis of tetraethyl orthosili-
cate (TEOS) in a mixed solvent of deionized water
and ethanol using PEG as the surfactant agent in the
process at room temperature. In a typical procedure,
100 mL ethanol and 20 mL deionized water were mixed
together in a beaker, and then 1.0 g of PEG (MW 6000)
was dispersed into the mixture by ultrasonication. After
adding ammonia water (2.5 mL), tetraethyl orthosilicate
(TEOS, 2 mL) was added to the reaction solution. The
resulting dispersion was under mechanically stirred
continuously for 20 h at room temperature. The resul-
tant products were collected and washed with ethanol

Figure 1. FT-IR spectrum of precipitated nano-SiO2.

and deionized water in sequence, and then dried under
vacuum at 60◦C for 2 h for further use.

2.3 FT-IR spectroscopy

Figure 1 shows the FT-IR spectrum of nano-SiO2. The
IR band at 3465 cm−1 could be assigned to the stretch-
ing vibrations of Si–OH groups in the structure of amor-
phous SiO2. Correspondingly, the IR band at 1651 cm−1

is due to the bending vibration of H2O molecules. The
very strong and broad IR band at 1079 cm−1 with a
shoulder at 1178 cm−1 is usually assigned to the TO and
LO modes of the Si–O–Si asymmetric stretching vibra-
tions. The IR band at 803 cm−1 can be assigned to Si–
O–Si symmetric stretching vibrations, whereas the IR
band at 549 cm−1 is due to O–Si–O bending vibrations.

2.4 X-ray diffraction (XRD) analysis

Figure 2 shows the broadened XRD peak for amor-
phous silica centred at a 2θ = 23◦ value to our
measurement.14

Figure 2. XRD analysis of nano-SiO2.
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(a) (b) (c)

Figure 3. SEM image of nano-SiO2. (a) TEM images of nano-SiO2 before use (b) and after
reuse ten times. Agglomeration of silica can be seen (c).

2.5 SEM and TEM

The size and structure of the nano-SiO2 were also
evaluated using scanning electron microscopy (SEM)
and transmission electron microscopy (TEM). Accord-
ing to the SEM (figure 3a) and TEM (figure 3b), it
was observed that the synthesized nano-SiO2 has nano
dimension ranging from ∼20 to 25 nm. The results indi-
cate that the product consists of spherical nanoparticles
with smooth surfaces.

2.6 General procedure for the synthesis of
a-aminophosphonates

A mixture of aldehydes (1 mmol), amines (1 mmol),
diethylphosphate (1 mmol) and nano-SiO2 (0.0007 g)
in water (5 ml), at room-temperature was irradiated by
ultrasound for 10–20 min (the progress of the reac-
tion was monitored by TLC). After completion, the
catalyst was filtered and washed with H2O (5 ml) and
EtOH (5 ml). The reaction mixture was cooled to ambi-
ent temperature and extracted with ethyl acetate (2 ×
10 mL). The combined organic layers were dried over
Na2SO4, filtered and the solvent removed under reduced
pressure.

2.7 Data for compounds

4a. 1H NMR; δ, ppm: 1.15 (t, J = 6.8 Hz, 3H),
1.32 (t, J = 6.8 Hz, 3H), 3.64–3.72 (m, 1H), 3.90–
4.01 (m, 1H), 4.04–4.19 (m, 2H), 4.77 (d, J = 24.4 Hz,
1H), 4.85 (br, s, 1H), 6.59 (d, J = 8.4 Hz, 2H), 6.72
(t, J = 6.8 Hz, 1H), 7.09 (t, J = 7.6 Hz, 2H), 7.25–
7.37 (m, 3H), 7.48 (d, J = 7.6 Hz, 2H); 13C NMR; δ,
ppm: 146.41, 146.23, 135.93, 129.19, 128.61, 128.59,

127.92, 127.86, 118.42, 113.89, 63.34, 63.29, 63.26,
63.22, 56.82, 55.35, 16.45, 16.39, 16.19, 16.14.

4b. 1H NMR; δ, ppm: 1.10 (t, J = 7.2 Hz, 3H), 1.21
(t, J = 7.2 Hz, 3H), 3.68–3.79 (m, 1H), 3.89–3.97 (m,
1H), 3.99–4.11 (m, 2H), 4.77 (dd, J = 7.6 Hz, J =
24.4 Hz, 1H), 5.40–5.48 (m, 1H), 6.41 (d, J = 8 Hz,
1H), 6.55 (t, J = 7.6 Hz, 1H), 6.69 (t, J = 8 Hz,
1H), 7.18–7.27 (m, 4H), 7.40 (d, J = 7.6 Hz, 2H); 13C
NMR; δ, ppm: 142.39, 142.25, 135.34, 135.31, 128.59,
128.00, 127.69, 127.61, 119.93, 118.44, 112.66, 63.42,
63.38, 63.31, 63.24, 56.53, 55.15, 16.40, 16.33, 16.21,
16.15.

4c. 1H NMR; δ, ppm: 1.08 (t, J = 7.2 Hz, 3H),
1.27 (t, J = 7.2 Hz, 3H), 3.60–3.68 (m, 1H), 3.88–
3.96 (m, 1H), 4.05–4.21 (m, 2H), 4.75 (dd, J = 8.0 Hz,
J = 24.4 Hz, 1H), 5.37 (br, s, 1H), 6.45 (dd, J =
2.0 Hz, J = 8.4 Hz, 1H), 6.60–6.64 (m, 2H), 6.97 (t,
J = 8 Hz, 1H), 7.26–7.34 (m, 3H), 7.48 (d, J = 7.2 Hz,
2H); 13C NMR; δ, ppm: 147.88, 147.72, 135.59, 134.82,
130.13, 128.69, 128.58, 128.11, 128.06, 127.92,
127.86, 118.09, 113.80, 111.82, 63.82, 63.40, 63.29,
63.23, 56.58, 55.06, 16.49, 16.43, 16.22, 16.18.

4d. 1H NMR; δ, ppm: 1.12 (t, J = 6.8 Hz, 3H), 1.28
(t, J = 6.8 Hz, 3H), 3.63–3.74 (m, 1H), 3.87–3.96 (m,
1H), 4.09–4.22 (m, 2H), 4.73 (d, J = 24 Hz, 1H), 5.22
(br, s, 1H), 6.57 (d, J = 8.8 Hz, 1H), 7.04 (d, J =
9.2 Hz, 2H), 7.27–7.34 (m, 3H), 7.49 (d, J = 7.6 Hz,
2H); 13C NMR; δ, ppm: 147.88, 147.70, 135.55, 134.82,
130.13, 128.65, 128.57, 128.11, 128.06, 127.92,
127.86, 118.09, 113.83, 111.81, 63.49, 63.40, 63.30,
63.23, 56.56, 55.08, 16.51, 16.45, 16.23, 16.18.
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4e. 1H NMR; δ, ppm: 1.09 (t, J = 6.8 Hz, 3H), 1.27
(t, J = 6.8 Hz, 3H), 3.62–3.72 (m, 1H), 3.87–3.97 (m,
1H), 4.05–4.19 (m, 2H), 4.71 (d, J = 24.4 Hz, 1H),
4.99 (br, s, 1H), 6.53–6.56 (m, 2H), 6.78 (t, J = 8.8 Hz,
2H), 7.22–7.33 (m, 3H), 7.48 (d, J = 7.2 Hz, 2H); 13C
NMR; δ, ppm: 146.01, 144.87, 135.43, 129.00, 128.10,
128.07, 127.85, 127.82, 127.79, 123.02, 115.00, 63.48,
63.41, 63.36, 63.29, 56.90, 55.40, 16.46, 16.40, 16.21,
16.15.

4f. 1H NMR; δ, ppm: 1.13 (t, J = 7.2 Hz, 3H),
1.34 (t, J = 7.2 Hz, 3H), 3.59–3.71 (m, 1H), 3.87–
3.98 (m, 1H), 4.12–4.23 (m, 2H), 4.43 (dd, J =
7.6 Hz, J = 24 Hz, 1H), 6.35 (br s, 1H), 6.44 (d,
J = 9.2 Hz, 1H), 7.28–7.36 (m, 3H), 7.51 (d, J =
7.2 Hz, 2H), 8.00 (d, J = 9.2 Hz, 2H); 13C NMR; δ,
ppm: 152.25, 138.83, 134.44, 128.89, 128.58, 128.52,
128.49, 127.86, 127.81, 126.05, 112.42, 63.92, 63.85,
63.40, 63.33, 56.24, 54.73, 16.48, 16.40, 16.22, 16.14.

4g. 1H NMR; δ, ppm: 1.15 (t, J = 7.2 Hz, 3H), 1.35
(t, J = 7.2 Hz, 3H), 2.23 (s, 3H), 3.68–3.76 (m, 1H),
3.94–4.03 (m, 1H), 4.09–4.21 (m, 2H), 4.79 (d, J =
24 Hz, 1H), 6.59 (d, J = 8 Hz, 2H), 6.96 (d, J = 8 Hz,
2H), 7.29–7.32 (m, 1H), 7.39 (t, J = 7.4 Hz, 2H), 7.52
(d, J = 7.2 Hz, 2H); 13C NMR; δ, ppm: 136.06, 129.66,
128.67, 128.57, 127.88, 127.82, 127.60, 113.98, 63.32,
63.27, 63.24, 63.19, 57.13, 55.63, 20.39, 16.49, 16.43,
16.24, 16.18.

4h. 1H NMR; δ, ppm: 1.15 (t, J = 6.8 Hz, 3H),
1.30 (t, J = 6.8 Hz, 3H), 3.67 (s, 3H), 3.69–3.78 (m,
1H), 3.87–3.99 (m, 1H), 4.09–4.21 (m, 2H), 4.74 (d,
J = 24 Hz, 1H), 6.59 (d, J = 8.8 Hz, 2H), 6.70 (d,
J = 8.8 Hz, 2H), 7.24–7.29 (m,1H), 7.34 (t, J =
7.4 Hz, 2H), 7.45 (d, J = 7.2 Hz, 2H); 13C NMR; δ,
ppm: 152.66, 140.46, 140.32, 136.08, 128.58, 127.93,
127.88, 115.24, 114.70, 63.35, 63.28, 63.24, 63.18,
57.71, 56.22, 55.60, 29.68, 16.44, 16.38, 16.20, 16.14.

4i. 1H NMR; δ, ppm: 1.17 (t, J = 7.2 Hz, 3H),
1.32 (t, J = 7.2 Hz, 3H), 3.60–3.75 (m, 1H), 3.78 (s,
3H), 3.91–3.99 (m, 1H), 4.05–4.23 (m, 2H) 4.82 (dd,
J = 7.6 Hz, J = 23.2 Hz, 1H), 6.38 (br, s, 1H),
6.63 (d, J = 9.2 Hz, 2H), 6.87 (d, J = 8.4 Hz, 2H),
7.42 (d, 2H), 7.98 (d, J = 9.2 Hz, 2H); 13C NMR; δ,
ppm: 159.68, 152.65, 152.31, 152.19, 138.72, 129.05,
129.00, 126.42, 126.00, 114.29, 112.38, 63.85, 63.78,
63.31, 63.25, 55.15, 54.56, 22.63, 16.44, 16.40, 16.28,
16.22, 14.10.

4j. 1H NMR; δ, ppm: 1.12 (t, J = 7.09 Hz, 3H),
1.35 (t, J = 7.09 Hz, 3H), 3.76–3.89 (m, 1H), 3.93–
4.03 (m, 1H), 4.14–4.27 (m, 2H), 5.05 (br, s, 1H),
6.21 (dd, J = 3.8 Hz, J = 22.8 Hz, 1H), 6.70 (d,
J = 8 Hz, 2H), 6.77 (t, J = 7.2 Hz, 1H), 7.17–
7.20 (m, 2H), 7.43–7.47 (m, 1H), 7.58 (t, J = 8 Hz,
1H), 7.78–7.80 (m, 1H), 8.01 (d, J = 8 Hz, 2H); 13C
NMR; δ, ppm: 149.49, 149.42, 145.48, 145.31, 133.52,
133.50, 131.96, 129.42, 128.92, 128.77, 128.56,
128.53, 125.28, 118.86, 113.61, 63.94, 63.87, 63.42,
63.35, 50.68, 49.20, 16.41, 16.35, 15.99, 15.91.

4k. 1H NMR; δ, ppm: 1.23 (t, J = 6.8 Hz, 3H), 1.34
(t, J = 6.8 Hz, 3H), 3.86–3.97 (m, 1H), 4.03–4.11 (m,
1H), 4.13–4.26 (m, 2H), 4.86 (d, J = 25.2 Hz, 1H),
6.55 (d, J = 7.6 Hz, 2H), 6.70–6.79 (m, 1H), 7.10–7.15
(m, 2H), 7.69–7.72 (m, 2H), 8.20–8.24 (m, 2H); 13C
NMR; δ, ppm: 147.64, 146.82, 146.68, 144.15, 129.38,
128.72, 123.76, 119.10, 113.84, 63.80, 63.70, 63.47,
63.40, 56.42, 54.50, 16.45, 16.41, 16.27, 16.21.

4l. 1H NMR; δ, ppm: 1.22 (t, J = 7.2 Hz, 3H), 1.34
(t, J = 7.2 Hz, 3H), 3.86–3.95 (m, 1H), 4.01–4.10
(m, 1H), 4.11–4.27 (m, 2H), 4.81 (d, J = 24.8 Hz,
1H), 5.15 (br, s, 1H), 6.64 (d, J = 8 Hz, 2H), 6.70
(t, J = 7.6 Hz, 1H), 7.10 (t, J = 7.8 Hz, 2H), 7.30
(d, J = 8 Hz, 2H), 7.43–7.46 (m, 2H); 13C NMR; δ,
ppm: 146.19, 146.05, 134.65, 133.71, 129.25, 129.20,
128.82, 128.78, 118.63, 113.88, 63.51, 63.45, 63.40,
63.31, 56.25, 54.92, 16.46, 16.41, 16.31, 16.24.

4m. 1H NMR; δ, ppm: 1.18 (t, J = 6.8 Hz, 3H),
1.32 (t, J = 6.8 Hz, 3H), 2.33 (s, 3H), 3.68–3.79
(m, 1H), 3.93–4.04 (m, 1H), 4.10–4.20 (m, 2H), 4.75–
4.86 (m, 2H), 6.64 (d, J = 7.7 Hz, 2H), 6.74 (t,
J = 7.2 Hz, 1H), 7.11–7.19 (m, 4H), 7.38–7.41 (m,
2H); 13C NMR; δ, ppm: 146.51, 146.37, 137.63, 137.58,
132.78, 129.38, 129.34, 129.32, 129.24, 129.17,
127.79, 127.71, 118.32, 113.85, 63.32, 63.24, 63.20,
63.17, 56.54, 55.00, 21.18, 16.50, 16.42, 16.26, 16.20.

4n. 1H NMR; δ, ppm: 1.15 (t, J = 7.2 Hz, 3H), 1.26
(t, J = 7.2 Hz, H), 3.76 (s, 3H), 3.90–3.99 (m, 1H),
4.06–4.22 (m, 2H), 4.78 (dd, J = 5.6 Hz, J = 24 Hz,
1H), 4.96 (br, s, 1H), 6.65 (d, J = 7.6 Hz, 2H), 6.69
(t, J = 7.2 Hz, 1H), 6.88 (d, J = 8.4 Hz, 2H), 7.11
(t, J = 8 Hz, 2H), 7.40–7.43 (m, 2H); 13C NMR; δ,
ppm: 159.32, 159.27, 146.53, 146.39, 129.10, 129.03,
128.95, 118.24, 114.01, 113.87, 63.25, 63.15, 56.05,
55.12, 46.53, 16.45, 16.38, 16.28, 16.22.
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3. Results and discussion

The reaction was carried out in various solvents under
similar conditions. In this study, it was found that water
is a more efficient (table 1, entry 1) over other organic
solvents (table 1, entries 2–13) with respect to reaction
time and yield of the desired a-aminophosphonates.
The reaction proceeded perfectly in polar solvents
(table 1, entries 1, 2, 3, 7, 10, 11), but the yields
decreased when the reaction was carried out in nonpolar
solvents (table 1, entries 8, 9, 12).

At this stage, We have studied the catalyst concentra-
tion on model reaction. The catalyst plays a crucial role
in the success of the reaction in terms of the rate and the
yields. For example, diethylphosphate reacts with ben-
zaldehyde and benzenamine in the presence of 0.0003 g
nano-SiO2 in water giving the product of 78% yield.
Increasing the percentage of catalyst to 0.0005 g and
0.0007 g resulted in the yields 91% and 97%, respec-
tively. Higher amounts of the catalyst did not improve
the results to a greater extent. Thus, 0.0007 g nano-SiO2

was chosen as the maximum quantity of catalyst used
for these reactions (figure 4).

The activity of the recycled catalyst was also
examined under the optimized conditions. After the
completion of reaction, nano-SiO2 was removed by fil-
tration, washed with ethanol and dried at the pump.
The recovered catalyst was reused for ten consecutive
cycles without any significant loss in catalytic activity,

Table 1. Solvent screening for the reaction between ben-
zaldehyde, benzenamine and diethylphosphate.a

Entry Solvent Yield (%)b

1 H2O 97
2 EtOH 69
3 CH3CN 64
4 THF 52
5 CH2Cl2 46
6 Toluene 20
7 EtOAC 75
8 n-Hexane Trace
9 CHCl3 Trace
10 DMSO 70
11 MeOH 72
12 Dioxane Trace
13 DMF 64
14 Solvent-free 76

aReaction conditions: benzaldehyde (1 mmol), benzenamine
(1 mmol), diethylphosphate (1 mmol), solvent (10 ml), nano-
silica (0.001 g) at room-temperature under ultrasonication for
30 min
bIsolated yields
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Figure 4. Effect of increasing amount of nano-SiO2
on the preparation of a-aminophosphonates. Reaction of
diethylphosphate, benzaldehyde and benzenamine in the
presence of nano-SiO2 at room temperature under ultrasoni-
cation in water.

proving its robustness (TEM; figure 5). The characteri-
zation of the nano-SiO2 before and after reuse ten times
showed the same particle size by transmission electron
microscopy (TEM; figure 3).

The reaction of benzaldehyde, aniline and
diethylphosphite in the presence of different catalyst
was considered as the model reaction. In our present
study we screened different catalyst and conditions.
Surprisingly, the best was result obtained in using
1.1 mol% nano-SiO2 at room temperature under ultra-
sonication in 15 min. A careful analysis of table 2
reveals the fact that, the reaction afforded 26–96%
yield in the presence 5–20 mol% of different catalysts.
Promising results were obtained with nano-SiO2 in
lesser time with better yield and reduced amount of
catalyst. The increased catalytic activity of nano-SiO2

over the another catalysts may be attributed to the
higher surface area of SiO2.

The catalytic activity of the nano-SiO2 particles was
compared with that of the bulk-SiO2. For this pur-
pose, the reactions were carried out separately under
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Figure 5. Reuses performance of the catalysts.
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Table 2. Effect of various catalysts and solvent condition on the synthesis of α-aminophosphonates.

Amount of Temp Time Yielda

Entry Catalyst catalyst (mol%) Solvent (◦C) (min) (%)

1 AlCl3 20 EtOH r. t. 60 3015

2 ZnCl2 20 EtOH r. t. 60 2615

3 YbCl3 10 EtOH r. t. 60 6815

4 Yb(OTf)3 5 EtOH r. t. 60 8415

5 Yb(PFO)3 5 Neat r. t. 60 9216

6 MoO2Cl2 5 Neat 80 15 8717

7 Cd(ClO4)2·xH2O 5 Neat 40 45 9218

8 ChCl_2ZnCl2 15 Neat r. t. 60 9619

10 FeCl3 5 THF 60 45 9520

11 Nano-SiO2 1.1 H2O r.t. 15 97

aIsolated yields

Table 3. Comparative catalytic activity of nano-SiO2 with
bulk-SiO2.

Reaction
Yield (%)a

Entry time (min) Nano-SiO2 Bulk-SiO2

1 5 76 33
2 10 85 39
3 15 97 48
4 20 97 52
5 25 97 52

aIsolated yields

ultrasonication in water with both the catalysts for the
appropriate time (table 3). The aliquots of the reac-
tion mixture were collected periodically at an inter-
val of 5 min. Table 3 shows the variation of the per-
centage preparation of a-aminophosphonates with time,
when nano-SiO2 (0.0007 g) and bulk-SiO2 (0.0007 g)
were employed as catalysts. It is evident that, the cata-
lytic activity of the nano-SiO2 is much greater than
that of the bulk-SiO2. After 15 min, nano-SiO2 showed
97% preparation of a-aminophosphonates as compared
to 48% with bulk-SiO2. The increased catalytic activity
of nano-SiO2 over the bulk-SiO2 may be attributed to
the higher surface area of SiO2.

Table 4. Synthesis of a-aminophosphonates derivatives catalysed by nano-SiO2.

Entry Aldehyde Amine Product Time (min) Yield (%)a,b Obs. mp (◦C) Lit. mp (◦C)

1 C6H5CHO C6H5NH2 4a 15 97 88–90 91–9321

2 C6H5CHO 2-ClC6H4NH2 4b 15 95 84–86 85–8622

3 C6H5CHO 3-ClC6H4NH2 4c 10 93 119–121 122–12323

4 C6H5CHO 4-ClC6H4NH2 4d 15 96 114–116 111–11324

5 C6H5CHO 4-FC6H4NH2 4e 20 94 109–111 111–11226

6 C6H5CHO 4-NO2C6H4NH2 4f 15 97 148–150 145–14622

7 C6H5CHO 4-CH3C6H4NH2 4g 15 93 115–116 117–11822

8 C6H5CHO 4-OCH3C6H4NH2 4h 20 92 80–82 78–8025

9 4-OCH3C6H4CHO 4-NO2C6H4NH2 4i 20 94 103–105 107–10826

10 2-NO2C6H4CHO C6H5NH2 4j 20 92 158–159 155–15627

11 4-NO2C6H4CHO C6H5NH2 4k 15 91 122–124 125–12621

12 4-ClC6H4CHO C6H5NH2 4l 10 95 77–78 75–7628

13 4-CH3C6H4CHO C6H5NH2 4m 20 93 64–66 66–6721

14 4-OCH3C6H4CHO C6H5NH2 4n 10 96 104–106 101–10225

aReaction condition: benzaldehyde derivatives (1 mmol), diethylphosphate (1 mmol), amine derivatives (1 mmol), nano-SiO2
(0.0007 g) at room temperature in water under ultrasonication
bYield refers to isolated product
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Scheme 2. Synthesis of derivatives 4 in the presence of nano–SiO2.
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Scheme 3. Suggested mechanism for the preparation of a-aminophosphonates.

After optimization of the reaction conditions, to
delineate this approach, particularly in regard to library
construction, this methodology was evaluated by using
different amines, variety of different substituted ben-
zaldehydes and of diethylphosphate in the presence of
nano-SiO2 under similar conditions. As can be seen
from table 4, electronic effects and the nature of sub-
stituents on the aromatic ring did not show obvious
effects in terms of yields under the reaction conditions.
The three-component reaction proceeded smoothly and
was completed in 10–20 min. Benzaldehyde and other
aromatic aldehydes containing electron-withdrawing
groups or electron-donating were employed and reacted
well to give the desired products in excellent yields with
high purity (scheme 2).

The proposed mechanism for the role of nano-
SiO2 as a catalyst is shown in scheme 2. In this
mechanism the formation of a-aminophosphonates 4
from the three-component reaction of benzaldehyde,
amine, and dialkyl phosphite was proposed to involve
two steps: Knoevenagel condensation of the benzalde-
hyde with amine takes place with elimination of the
hydroxide anion and formation of product 5 followed
by phospha-Michael addition of dialkyl phosphate 3
to electron deficient Knoevenagel adduct 5 leading
to the corresponding a-aminophosphonates product 4
(scheme 3).

4. Conclusions

In conclusion, the obtained results describe a
novel, and simple method for the synthesis of a-
aminophosphonates via one-pot, three-component

reaction using nano-SiO2 as catalyst at room-
temperature in water under ultrasonication with high
product yields. This nanoparticles catalyst provides
a new way for continuous processes, because of its
simple recyclability. From a scientific point, our results
expand the application of ‘free’ nanoparticles. This
catalyst would be helpful to understand the advanta-
geous combination of the properties of heterogeneous
catalysis and the development of new catalytic systems.
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