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Here we demonstrate for the first time the synthesis of a-aminophosphonates through the three-compo-
nent coupling reaction of aldehydes, amines, and diethyl phosphite by using highly acidic 3D mesoporous
aluminosilicate nanocage catalyst, which gave excellent yield with a high selectivity in a short reaction
time due to its high acidity, 3D pores, and a huge space in the nanocages.

� 2009 Elsevier Ltd. All rights reserved.
1. Introduction

The synthesis of a-aminophosphonates, structural analogs of
the corresponding a-amino acids and heterocyclic phosphonates,
has been receiving much attention in synthetic and modern phar-
maceutical chemistry owing to their application as peptide mimics,
antibiotics, herbicides, anti-cancer, antifungal and antibacterial
activities, and enzyme inhibitors.1–4 Consequently, various syn-
thetic methods have been reported for the synthesis of a-amino-
phosphonates. Of these methods, three-component reaction of
aldehyde, amines, and diethyl phosphite catalyzed by acid cata-
lysts such as lanthanide triflate, InCl3, TaCl5–SiO2, Bi(NO3)3�5H2O,
sulfamic acid, oxalic acid, lithium perchlorate, and heteropoly acids
is reported to be the best approach for the synthesis of a-amino-
phosphonates.5 Although the reaction was efficiently promoted
by the above catalysts, they suffer from one or more disadvantages
such as high cost, use of a huge amount of catalyst, moisture sen-
sitive, and trigger environment related problems as they are highly
corrosive and can not be regenerated for further use. Thus it is
highly imperative to find out stable, cheap, and recyclable hetero-
geneous catalysts for the synthesis of a-aminophosphonates.
Heterogeneous catalysts such as ionic liquids, SbCl3/Al2O3, Amber-
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lite-IR 120 resin, and [Cu(3,4-tmtppa)](MeSO4)4 have also been
used for the synthesis of a-aminophosphonates.6 Unfortunately,
these catalysts possess poor textural characteristics such as a low
surface area and pore volume which limit the efficiency of the cat-
alysts. Zeolites and mesoporous materials have been widely used
as heterogeneous catalysts in several organic transformations ow-
ing to their excellent textural characteristics such as high surface
area, uniform pores, large pore volume, and high thermal stabil-
ity.7,8 Unfortunately, the diameter of the pore channels of zeolites
is too small to carry out the three-component coupling reactions.
On the other hand, the usage of the mesoporous material for the
synthesis of a-aminophosphonates is quite limited because of its
low acidity. Because of these limitations, to the best of our knowl-
edge, there has been no report available on the synthesis of a-ami-
nophosphonates using mesoporous catalysts. Very recently, Vinu
and co-workers reported the preparation of 3D mesoporous metal-
losilicate catalyst (AlKIT-5) with large cage-type pores and a high
acidity, which showed superior performance in the acetylation of
aromatics over zeolites and other mesoporous catalysts.9

Here we report on the use of the highly acidic AlKIT-5 catalysts
for the synthesis of a-aminophosphonates through a three-compo-
nent coupling reaction of aldehydes, amines, and diethyl phos-
phite. The catalyst was found to be highly active and selective,
affording excellent yield with a high selectivity in a short reaction
time.

AlKIT-5 was prepared by using pluronic F127, and tetraethyl
orthosilicate and aluminum isopropoxide as a structure directing



Table 1
One-pot synthesis of a-aminophosphonates using different catalysts and solvents

Entry Catalyst Solvent Yield (%)

1 AIKIT-5(10) Acetonitrile 86
2 AISBA-15(45) Acetonitrile 70
3 AIMCM-41(23) Acetonitrile 56
4 AIKIT-5(10) Ethanol 70
5 AIKIT-5(10) 1,4-Dioxane 65
6 AIKIT-5(10) 1,2-Dichloroethane 68
7 AIKIT-5(10) Toluene 45
8 AIKIT-5(10) Tetrahydrofuran 52
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agent, and the sources of silica and aluminium, respectively. The
detailed synthesis and the textural characterization of the materi-
als can be found in our previous reports.9 AlKIT-5(10) where the
number in the parenthesis denotes the Si/Al ratio was used for
the synthesis of a-aminophosphonates. AlKIT-5(10) possesses
well-ordered 3D pore structure with a face-centered-cubic Fm3m
symmetry and large cage-type pores. The specific surface area,
pore volume, pore diameter, cage diameter, and the acidity of the
AlKIT-5(10) is found to be 989 m2/g, 0.68 cm3/g, 6 nm, 12 nm,
and 0.51 mmol of NH3/g, respectively.

Initially, we have attempted the coupling of benzaldehyde (1),
aniline (2), and diethyl phosphite (3) in the presence of AlKIT-
5(10) in acetonitrile. A mixture of benzaldehyde (1 mmol,
0.106 g), aniline (1 mmol, 0.093 g), diethyl phosphite (1 mmol,
0.138 g), and AlKIT-5 (20 mg) in acetonitrile (2 mL) was stirred at
80 �C for the specified amount of time (Table 1). The catalyst was
found to be highly active and the reaction was completed in 4 h
at 80 �C, affording almost 86% yield for the desired product 4a
(Scheme 1). The activity of the catalyst was also compared with
other mesoporous catalysts such as AlSBA-15 and AlMCM-41. Of
the catalysts studied, AlKIT-5(10) was found to be the best, show-
ing high yield and the selectivity to a-aminophosphonates. These
results indicate the combination of well-ordered 3D cage-type
porous structure, large pore volume, robust wall structure, and a
high acidity is indispensable for the efficient synthesis of a-
aminophosphonates.

The three-component reaction was also carried out over AlKIT-
5(10) in various solvents such as acetonitrile, ethanol, 1,4-dioxane,
1,2-dichloroethane, toluene, and tetrahydrofuran at 80 �C, and the
results are presented in Table 1. Among the solvents studied, ace-
tonitrile seemed to give a high conversion. Thus, acetonitrile was
used as the solvent for the further studies.

Although the reaction proceeds smoothly at room temperature,
it requires a long reaction time to achieve complete conversion of
the reactants. This result provided the incentive to extend the pro-
cess for various substrates. Interestingly, a large number of aro-
matic aldehydes participated effectively in the three-component
coupling reaction and gave the corresponding a-aminophospho-
nates in high yields (Table 2). The products were fully character-
ized by 1H NMR, IR, and mass spectral analysis and also by
comparison with authentic samples.2 It has been also found that
this method is equally effective for both electron-rich as well as
electron-deficient aldehydes.
Scheme 1. Synthesis of a-aminoph
The reaction was also successful with heteroaromatic sub-
strates such as pyridine-2-carboxaldehyde and thiophene-2-car-
boxaldehyde (entries n and o, Table 2). Both aromatic and
aliphatic amines worked well in this reaction to give the corre-
sponding a-aminophosphonates. Reasonable yields were also ob-
tained when less-reactive aliphatic aldehydes were used in the
synthesis (Table 2, entries p–r).

In general, the reactions were clean and the yields were high
ranging from 65–94%. As can be seen in Table 2, the catalyst re-
quires a less reaction time (3–6 h) to achieve a high yield of the
a-aminophosphonates. The high activity of the AlKIT-5 is mainly
due to its 3D cage-type pore structure where the reactant mole-
cules can easily diffuse inside the channels and the large cages
would allow the formation of the bulky intermediate during the
course of the reaction. In addition, the acidity of the catalyst is very
high and the large pore entrance of the cages in AlKIT-5 offers the
easy access to the reactant molecules to adsorb on the active sites,
affording a high yield to a-aminophosphonates.

Recycling experiments were conducted to find out the stability
of the catalyst after the reaction. The catalyst was easily separated
by centrifuge and reused after activation at 500 �C for 3–4 h. For
example, the reaction of benzaldehyde, aniline, and diethyl phos-
phite gave the corresponding a-aminophosphonate in 86%, 83%,
and 81% yields over three cycles. The reactions of several alde-
hydes, amines, and diethyl phosphite were examined in the pres-
ence of AlKIT-5(10) and the results were also summarized in
Table 2. These results indicate that the AlKIT-5 catalyst is highly
efficient for the synthesis of a-aminophosphonates and could
avoid the necessity of anhydrous conditions, highly expensive
and toxic reagents, and moisture sensitive Lewis acids. In addition,
we have also carried out scale up experiments with 1 gm of benz-
aldehyde (entry a) using AlKIT-5. The catalyst gave the product
yield of ca. 85% which is almost similar to the reported yield in
Table 2 (entry a), revealing that the catalyst could easily be
commercialized.

In conclusion, mesoporous 3D aluminosilicate nanocage cata-
lyst with large cage type pores, high surface area, large pore vol-
ume, and a high acidity was found to be an excellent catalyst for
the synthesis of a-aminophosphonates through a three-compo-
nent coupling reaction of aldehydes, amines and diethyl phosphite.
The catalyst afforded a high yield of the a-aminophosphonates in a
short reaction time and can be recycled for several times without
any loss in its activity. The heterogeneous nature, large cage type
porous structure and a high acidity of the catalyst make the prep-
aration of a-aminophosphonates simple, convenient and practical,
and could solve the problems of corrosion, toxicity, waste produc-
tion, and a high cost that are being currently encountered by the
conventional homogeneous catalysts.

2. Experimental section

All chemicals and solvents were obtained from Aldrich and used
without further purification. Column chromatographic separations
were carried out on silica gel 100–200 mesh size. The 1H NMR
spectra of samples were recorded on a JEOL 300-MHz NMR spec-
osphonates using AlKIT-5(10).



Table 2
One-pot synthesis of a-aminophosphonates with different substrates using AlKIT-5(10)

Entry Aldehyde Amine Time (h) Product Yield (%)

a 4.0 86

b 3.0 94

c 3.0 85

d 3.0 79

e 4.0 83

f 3.5 90

g 3.5 92

h 4.0 90

i 5.0 85

j 5.0 65
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Table 2 (continued)

Entry Aldehyde Amine Time (h) Product Yield (%)

k 4.0 85

l 4.0 83

m 6.0 75

n 5.0 82

o 5.0 89

p 6.0 72

q 6.0 68

r 6.0 66
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trometer using TMS as an internal standard in CDCl3. Mass spectra
were recorded on a MALDI-MS.

The AlKIT-5 materials with different nSi/nAl ratios were synthe-
sized using polymeric Pluronic F127 as a template, and tetraethyl
orthosilicate (TEOS) and aluminium isopropoxide as the sources
of silicon and aluminium, respectively. In a typical synthesis, plu-
ronic F127 (5 g) was dissolved in concd HCl (3 g, 35 wt %) and dis-
tilled water (240 g). To this mixture, TEOS (24 g) and the required
amount of the aluminium source were added, and the resulting
mixture was stirred for 24 h at 45 �C. Subsequently, the reaction
mixture was heated for 24 h at 100 �C under static condition for
hydrothermal treatment. After hydrothermal treatment, the final
solid product was filtered off and then dried at 100 �C without
washing. The white colored product was calcined at 540 �C for
10 h. The samples are denoted as AlKIT-5(x) where x denotes the
nSi/nAl ratio in the final product. The molar gel composition of
the reaction mixture was 1.0:0.041–0.071:0.0035:0.25:116.6
SiO2/Al2O3/F127/HCl/H2O.

The powder X-ray diffraction (XRD) patterns of the AlKIT-5 cat-
alysts with different Al contents were collected on a Rigaku diffrac-
tometer using CuKa (k = 0.154 nm) radiation. The diffractograms
were recorded in the 2h range of 0.8–10� with a 2h step size of
0.01� and a step time of 10 s. Nitrogen adsorption and desorption
isotherms were measured at �196 �C on a Quantachrome Autosorb
1C sorption analyzer. All samples were outgassed at 250 �C for
24 h. The specific surface area was calculated using the Bru-
nauer–Emmett–Teller (BET) method. The pore size distributions
were obtained from the adsorption branch of the nitrogen
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isotherms by Barrett–Joyner–Halenda method. Elemental compo-
sition of the materials was determined by inductively coupled
plasma atomic emission spectrometry (ICP-AES). The tempera-
ture-programmed desorption (NH3-TPD) was carried out on a
Micromeritics Autochem 2910 instrument. Approximately 0.2 g
of a fresh sample was placed in a U-shaped, flow-through, quartz
microreactor for each experiment. The catalyst was activated at
500 �C for 6 h under He flow (20 mL/min) and then cooled to
100 �C before being exposed to ammonia. The sample was flushed
again in He for 2 h to remove any physisorbed ammonia, and
desorption profile was then recorded by increasing the sample
temperature from 100 to 550 �C at a ramp rate of 5 �C/min.
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