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Abstract—A highly efficient solvent-free and catalyst-free method for the synthesis of a-amino phosphonates is developed by a
microwave-assisted three-component Kabachnik–Fields reaction involving aldehyde, amine, and dimethyl phosphite.
� 2005 Elsevier Ltd. All rights reserved.
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Scheme 1.
a-Amino phosphonates are phosphorus analogs of
amino acids,1 which have been widely used as imaging
agents and as antitumor, antihypertensive, and antibac-
terial agents.2 Among the literature methods, the
Kabachnik–Fields reaction3 is one of the most conve-
nient approaches to a-amino phosphonates. It is a
one-pot, three-component reaction of carbonyl com-
pound, amine, and dialkyl phosphite. The reaction usu-
ally needs a Lewis acid catalyst such as indium(III)
chloride,4 rare earth triflates,5 and scandium tris(dodecyl
sulfate).6 Recently, SmI2,

7 LiClO4,
8 metal triflates

[M(OTf)n, M = Li, Mg, Al, Cu, Ce],9 TaCl5-SiO2,
10

montmorillonite clay,11 Al2O3,
12 CF3CO2H,13 scan-

dium(tris-dodecyl sulfate),6 BF3ÆEt2O,14 and tetra-tert-
butyl-substituted phthalocyanines Pht-1-Pht-315 have
also been reported as the catalysts. A broad range of
catalysts has been employed for the Kabachnik–Fields
reaction. However, many of these catalysts are expensive
and have to be used in stoichiometric amount. The cat-
alyst-free synthesis of a-amino phosphonates is rather
limited.16

Microwave-promoted17 solvent-free18 heterogeneous
reactions have received much attention due to their high
efficiency, cost effective, and environmentally friend
characteristics. Described in this paper is a microwave-
assisted solvent-free and catalyst-free method for the
synthesis of a-amino phosphonates (Scheme 1).
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A catalyst-free Kabachnik–Fields reaction of benzalde-
hyde, aniline, and dimethyl phosphite was first
attempted using ethanol as a solvent. After the reaction
mixture was stirred at room temperature for 2 h, no
desired product 1a was detected (Table 1, entry 1).
Similar results were obtained when the reactions were
carried out at different temperatures and in different
solvents such as toluene and CH2Cl2 (Table 1, entries
4–5).

Catalyst-free Kabachnik–Fields reactions under the sol-
vent-free conditions were then explored. The reaction of
benzaldehyde, aniline, and dimethyl phosphate at 50 �C
for 2 h gave desired product 1a in 76% yield. A higher
yield (85%) was obtained after heating the reaction mix-
ture at 80 �C for 2 h (Table 1, entry 8).19 Finally, micro-
wave heating was introduced to reduce the reaction
time. Indeed, after the reaction mixture was irradiated
in a multimood microwave reactor at 180 W for only
2 min, the reaction was completed and the yield of 1a
was increased to 98% (Table 1, entry 9).20

To evaluate the synthetic scope, reactions of different
aldehydes and amines with dimethyl phosphite were
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Table 1. Catalyst-free synthesis of a-aminophosphonate 1a

Entry Solvent Temp (�C) Time (min) Yield (%)a

1 EtOH rt 120 nrb

2 EtOH 50 120 nr
3 EtOH reflux 120 nr
4 Toluene Reflux 120 nr
5 CH2Cl2 Reflux 120 nr
6 Solvent-free rt 120 nr
7 Solvent-free 50 120 76
8 Solvent-free 80 120 85
9 Solvent-free 80, mwc 2 98

a Isolated yields.
b nr = no reaction.
c mw = microwave heating.
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conducted and the results are shown in Table 2. Reac-
tions involving benzaldehydes and anilines produced
products 1a–1e and 1i–1n in excellent yields.19 Reactions
of aliphatic amines, aliphatic aldehydes, and hetero-
cyclic aldehydes such as 2-furylaldehyde and 2-thiophene
aldehyde produced corresponding products 1f–1g, 1o–
1r, and 1s–1u in good to excellent yields. Steric hindered
tert-butyl aldehyde and 2,6-dimethyl aniline were also
evaluated. In the case of reaction involving benzalde-
hyde and 2,6-dimethylaniline, good yield of 1v (78%)
was produced. However, reactions involving tert-butyl
aldehyde, p-toluidine, or 2,6-dimethyl aniline afforded
1w and 1x in 53% and 40% yields, respectively, much
lower than reactions using other substrates listed in
Table 2.

In summary, we have developed a novel microwave-
assisted, catalysts-free, and solvent-free Kabachnik–
Fields reaction for the synthesis of a-amino phospho-
Table 2. Microwave-assisted synthesis of a-aminophosphonates

Producta R1 R2 Time
(min)

Yield
(%)b

1a Ph Ph 2 98
1b Ph p-MeC6H4 2 94
1c Ph p-ClC6H4 2 96
1d Ph o-ClC6H4 2 97
1e Ph m-BrC6H4 2 96
1f Ph Naphthyl 2 86
1g Ph Cyclohexyl 2 87
1h Ph PhCH2 2 86
1i p-MeOC6H4 Ph 2 96
1j p-MeOC6H4 p-MeC6H4 2 94
1k p-MeOC6H4 p-ClC6H4 2 91
1l p-NO2C6H4 Ph 2 89
1m p-NO2C6H4 p-MeOC6H4 2 87
1n p-NO2C6H4 p-ClC6H4 2 84
1o i-Propyl Ph 2 88
1p i-Propyl p-MeC6H4 2 83
1q i-Propyl p-MeOC6H4 2 85
1r i-Propyl p-ClC6H4 2 80
1s 2-Furyl p-MeC6H4 2 88
1t 2-Furyl p-ClC6H4 2 76
1u 2-Thiophene p-NO2C6H4 2 85
1v Ph 2,6-diMeC6H3 2 78
1w tert-Butyl p-MeC6H4 2 53
1x tert-Butyl 2,6-diMeC6H3 2 40

a Products were characterized by their NMR and MS spectra.
b After flash column chromatography.
nates. The reaction process is highly efficient, economic,
and also environmentally friendly.
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aniline (1 mmol), and dimethyl phosphite (2 mL) were
added into a 25 mL three-necked flask. The mixture was
stirred at 80 �C for 2 h. The reaction mixture was then
diluted with water and extracted with CH2Cl2 (20 mL).
The organic layer was washed with H2O (3 · 10 mL), dried
over anhydrous Na2SO4, filtered, and concentrated. The
crude product was purified by silica gel flash column
chromatography eluted with 2:1 petroleum ether/acetone
to give pure a-amino phosphonate 1a in 85% yield.

20. General procedures for preparation of a-amino phospho-
nates under microwave irradiation: Benzaldehyde
(1 mmol), aniline (1 mmol), and dimethyl phosphite
(2 mL) were added into a 25 mL three-necked flask. The
mixture was then heated at 80 �C for 2 min at 180 W in a
multimood microwave oven. The reaction mixture was
diluted with water and extracted with CH2Cl2 (20 mL).
The organic layer was washed with H2O (3 · 10 mL), dried
over anhydrous Na2SO4, filtered, concentrated, and the
crude product was purified by silica gel flash column
chromatography eluted with 2:1 petroleum ether/acetone
to give pure a-amino phosphonate 1a in 98% yield, mp
90–91 �C. 1H NMR (400 MHz) (CDCl3): d 7.48–6.59
(10H, m, 2C6H5), 4.81 (1H, d, 1JPH = 24.40 Hz, CH), 3.76
(3H, d, 2JPH = 10.60 Hz, OCH3), 3.46 (3H, d, 2JPH =
10.60 Hz, OCH3);

13C NMR (100 MHz) (CDCl3): d
146.4, 135.9, 129.6, 129.2, 128.5, 128.2, 118.9, 114.2, 55.5
(d, 1JCP = 150.2 Hz, CH), 54.3, 54.2; HRMS calcd for
C15H18NO3P 291.1024, found 291.1022.
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