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Abstract: A simple and green protocol has been developed for the synthesis of a-aminophosphonates
from different substituted aromatic aldehydes, aniline and dimethyl phosphite in the presence of orange
peel powder (OPP) as a natural catalyst under reflux conditions. The main advantages of this method
are the high yield of product, simple workup procedure, short reaction time and easily available catalyst.
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1. Introduction

a-Aminophosphonates is an important class of organophosphorus compounds as their
structures are similar to amino acids, where a carboxylic acid group is replaced by phosphoric
acid [1]. a-Aminophosphonic esters are the bioisosteres of a-amino acids and have attracted
attention due to a wide range of biological activities. They are important from industrial [2],
biochemistry [3] and medicinal chemistry point of view [4].

a-Aminophosphonates are biologically active compounds; and show various types of
activities such as antibacterial [5], antiviral [6], anticancer [7], antibiotic [8], antitumor [9] and
antiproliferative potential [10]. There are several methods for the synthesis of a-
aminophosphonates; among these, Kabachnik-Field’s reaction constitutes the most convenient
method [11].

Owing to the importance of a-aminophosphonates, many scientists have developed
various methods for the synthesis of a-aminophosphonates by using different catalysts such as
HCIO4-SiO2 [12], Zn(OTf)2 [13], PPA-SIO2 [14], cellulose-SOsH [15], TaCls-SiO2 [16],
succinic acid [17], HsPW12040 [18], oxalic acid [19] and aluminium nitride [20].

In the present work, we report an eco-friendly and clean route for one-pot synthesis of
a-aminophosphonates by using them as a simple natural catalyst. Here we used orange peel
powder (OPP), which is a natural, efficient and heterogeneous catalyst. Orange is a popular
source of vitamin C [21]. The orange peel powder mainly consists of soluble sugars (16.9%
wt.%), starch (3.75% wt.%), ashes (3.50% wt.%), fats (1.95% wt.%) and protein (6.50% wt%).
[22]. In continuation of our research work, we wish to report an eco-friendly synthetic route for
the one-pot synthesis of a-aminophosphonates by reacting aromatic aldehyde, aniline, and
dimethyl phosphite in the presence of a catalytic amount of OPP in ethanol solvent under reflux
condition in a short reaction time.
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2. Materials and Methods

All the melting points were determined in open capillaries and were uncorrected. The
products were confirmed by comparing their physical data with literature values. *H NMR, and
MASS spectra.'H NMR spectra were recorded on a BRUKER AVANCE NEO 500MHz NMR
spectrometer. Chemical shifts were reported in & ppm by using tetramethylsilane as the internal
standard in CDCls solvent. The progress of the reaction was monitored by TLC (n-hexane:
ethyl acetate, 7:3).

2.1 Synthesis of a-aminophosphanates

A mixture of aromatic aldehyde (1 mmol) and aniline (1 mmol) and dimethyl phosphite
(1.2 mmol) in ethanol solvent and orange peel powder (OPP) (10 wt%) as a natural catalyst
was added and reflux for the appropriate time. The progress of the reaction was monitored by
TLC (n-hexane:ethyl acetate, 7:3). After completion of the reaction, the solvent of ethanol from
the reaction mixture was evaporated and the reaction mixture was poured onto ice-cold water
and filtered off. The resulting solid was further purified by recrystallization from ethanol
(Scheme 1).
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Scheme 1. Synthesis of a-aminophosphonates.

Using the above protocol, several aldehydes were treated with aniline to afford the
corresponding a-aminophosphanates (Table 1).

Table 1. Synthesis of a-aminophosphonates derivatives.
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Compound 1. (Entry 1) *H NMR (500 MHz, CDCls3) § ppm 7.02 (dd, 2H), 6.89 (dd, 2H), 6.86
(d, 1H), 6.72 (dd, 1H), 6.60 (d, 1H), 6.52(m, 1H), 6.40 (d, 2H), 5.03(d, 1H), 4.2(br, s, 1H ),
4.0(s, 1H), 3.37(s, 1H), GC-MS: 308.20 (M+1)*.
Compound 2. (Entry 2) *H NMR (500 MHz, CDCl3) & ppm 6.50-7.34 (m, 9H), 4.75 (d, 1H),
4.70(br, s, 1H), 3.75 (s, 3H), 3.73 (s, 3H), 3.45(d, 3H), GCMS: 337.12 (M+1) *
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Compound 3. (Entry 3) *H NMR (500 MHz, CDCls) & ppm 6.45-7.34 (m, 1H, Ar-H), 4.71 (br,
s, 1H), 4.69 (d, 3H), 3.42 (d, 3H), GCMS: 342.08 (M+1) *

Compound 4. (Entry 4) *H NMR (500 MHz, CDCls) & ppm 7.40 (d, 2H), 7.08-7.17 (m, 4H),
6.60-6.74 (m, 3H), 4.84 (br, S, 1H,), 4.79 (d, 1H), 3.74 (d, 3H), 3.50 (d, 3H), 2.30 (S, 3H),
GCMS: 321.12 (M+1) *

Compound 5. (Entry 5) *H NMR (500 MHz, CDCl3) & ppm 7.30(t, 2H), 7.10 (m, 2H), 6.65
(m, 3H), 6.60 (d, d, 2H), 4.71 (d, 2H), 3.75 (d, 3H), 2.91(s, 6H), 2.13 (s, 1H), GCMS: 350.17
(M+1)*

Compound 6. (Entry 6) *H NMR (500 MHz, CDCl3) § ppm 7.25-8.01(m, 7H), 5.91(d, 1H),
5.80 (m, 1H), 3.90 (d, 3H), 3.45 (d, 3H), GCMS: 307.10 (M+1) *

Compound 7. (Entry 7) 'H NMR (500 MHz, CDClz) & ppm *H NMR (500 MHz, CDClz) §
ppm 8.40 (d, 1H), 8.20 (d, 1H), 7.90 (d, 1H), 7.59 (t, 1H), 7.25 (t, 2H), 6.75 (t, 1H), 6.63 (d,
2H) 5.32 (br, s, 1H), 4.93 (d, 1H), 3.80 (d, 3H), 3.60 (d, 3H), GCMS: 352.12 (M+1)"
Compound 8. (Entry 8) *H NMR (500 MHz, CDCl3) § ppm 6.60 (d, m, 9H), 5.34 (d, 1H), 4.90
(br, 1H), 3.61 (d, 3H), 3.41 (d, 3H), GCMS: 341.10 (M+1)

3. Results and Discussion

A model condensation reaction of 2-hydroxy benzaldehyde (1 mmol), aniline (1 mmol),
and dimethyl phosphite (1.2 mmol) were selected for optimization of the reaction conditions
(Scheme 2). Initially, the solvent effect on the model reaction was studied under reflux
conditions. A trace amount of the product was obtained in the model reaction under the solvent-
free condition at reflux condition. Other solvents like water, ethanol, and toluene were also
tried for the reaction (Table 2). Among the solvents, ethanol was the best solvent for the model
reaction and afforded the product with excellent yields.
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Scheme 2. General reaction for the synthesis of a-aminophosphonates derivatives.

Table 2. Optimization of reaction solvent condition for the synthesis of a-aminophosphonates derivatives.

Solvent Time (hr) Amount of catalyst (wt%) Yield (%)
No solvent 2.5 10 Trace
Water 2 10 60
Ethanol 50 (min) 10 92
Toluene 2 10 58

Next, we investigated the catalyst optimization on the model reaction of 2-
hydroxybenzaldehyde, aniline and dimethyl phosphite in the presence of orange peel powder
in ethanol solvent. The amount of catalyst used was varied from 5, 10, 15, 20 wt%. Results
showed that 10 wt% of the catalyst was sufficient enough to carry this reaction. We obtained
an excellent yield of 92% for 10 wt% of the catalyst in 50 min. Further increase in the catalyst
concentration did not affect the yield (Table 3).
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Table 3. Optimization of catalyst concentration on the synthesis of a-aminophosphonates.

Entry Catalyst concentration (wt%o) Yield (%)
1 5 40
2 10 92
3 15 93
4 20 93

4. Conclusion

In the present work, we report an efficient, green, and eco-friendly synthesis of a-
aminophosphonates by using different substituted aromatic aldehydes, aniline and dimethyl
phosphite in ethanol solvent using orange peel powder at reflux condition. OPP is a natural and
heterogeneous catalyst. The advantages of this method are excellent yield, short reaction time
and simple procedure.
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