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Abstract A simple, efficient, and environmentally benign method for a three-component reaction

of an amine, an aldehyde and diethyl phosphite catalyzed by Amberlyst-15 has been developed to

afford a-amino phosphonates in high yields and short reaction times under solvent-free reaction

conditions using microwave irradiation. The major advantages of the present method are inexpen-

sive, ecofriendly and reusable catalyst and also studied their antioxidant activity of synthesized

compounds.
ª 2013 Production and hosting by Elsevier B.V. on behalf of King Saud University.
1. Introduction

a-Aminophosphonates are probably the most important sub-
stitutes for the corresponding amino acids in biological sys-
tems. (Giannousi and Bartlett, 1987) Indeed, a number of

potent antibiotics, (Atherton et al., 1986) enzyme inhibitors,
(Allen et al., 1989) and pharmacological agents (Kaboudin
and Moradi, 2005) are a-aminophosphonates as well as their

derivatives, notably peptides. a-Aminophosphonates are also
found as constituents of natural products. These important
compounds have been synthesized by various routes. Among
the literature methods, (Abhimanyu and P., 2006; Heydari

et al., 2009; Hou et al., 2011; Banik et al., 2010; Rao et al.,
2008; Mitragotri et al., 2008) the Kabachnik–Fields reaction
is one of the most convenient approaches to a-aminophospho-

nates. It is a one-pot, three-component reaction of carbonyl
compound, amine, and dialkyl phosphite. The reaction usually
needs Lewis acids such as SnCl4, (Laschat and Kunz)

BF3.OEt2 (Ha and Nam, 1992) and ZrCl4. (Yadav and S.,
2001) However, these reactions could not be carried out in a
one-pot single step operation with a carbonyl compound, an
amine and a dialkyl phosphite because the amine and water

formed during imine formation decompose or deactivate the
Lewis acid. (Atherton et al., 1986) This drawback has been
partly overcome in some recent methods using lanthanide tri-

flates/MgSO4, (Li et al., 1999) InCl3, (Ranu et al., 1999)
TaCl5–SiO2, (Chandrasekhar et al., 2001) bismuth nitrate
pentahydrate, (Bhattacharya and K., 2007) Mg(ClO4)2,

Bhagat and Chakraborti, 2007 TiO2, (Sarvari, 2008)
Amberlite-IR120, (Bhattacharya and Rana, 2008) sulfamic
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acid, (Mitragotri et al., 2008) H3PW12O40, (Heydari et al.,
2007) trimethylanilinium chloride, (Heydari and Arefi, 2007)
lithium perchlorate (Heydari et al., 1998) and Amberlyst-15.

(Tajbakhsh et al., 2011) However, these catalysts have various
other setbacks such as less accessibility of reagents, and require
a long reaction time. Further, when the starting materials con-

tain aliphatic amines, the reactions involving them usually give
uncharacterizable products. In addition, some of these cata-
lysts are expensive or are difficult to prepare. Hence the search

continues for the development of a better and green synthetic
protocol for them that is simple, efficient and cost effective and
this remains an ever-challenging objective. In continuation of
our program on the development of novel organic synthetic

methodologies, (Rao et al., 2011) we have investigated the syn-
thesis of a-aminophosphonate derivatives in the presence of
amberlyst-15 using microwave irradiation.

The use of solid acidic catalysts has gained importance in
organic synthesis due to several advantages such as, opera-
tional simplicity, nontoxicity, reusability, low cost and ease

of isolation after completion of the reaction. Amberyst-15 re-
sin has emerged as an efficient heterogeneous catalyst for var-
ious chemical transformations. (Yadav et al., 2005) Owing to

the numerous advantages associated with this cheap and non-
hazardous catalyst, we considered Amberyst-15 resin to be an
ideal heterogeneous acid catalyst for the synthesis of a-amino
phosphonates. Application of microwave irradiation to this

reaction increases the efficiency, which otherwise requires long
reaction time. Moreover, microwave-assisted reactions are be-
lieved to satisfy the demands of ‘green chemistry’ allowing for

solvent-free conditions to be employed. Herein, we report a
novel one-pot synthesis of a-amino phosphonates catalyzed
by Amberyst-15 resin under solvent-free reaction conditions

using microwave irradiation and also studied the anti oxidant
activity of synthesized compounds.

2. Experimental

2.1. Synthesis of diethyl(3,5-dichloro-4-
hydroxyphenylamino)(3-nitrophenyl) methyl phosphonate 4(d)

3,5-dichloro-4-hydroxy phenylamine (1 mmol), 3-nitro benzal-
dehyde (1 mmol), diethylphosphite (1 mmol) and Amberlyst-

15 (100 mg) were added into a 25 mL three-necked flask and
exposed to microwave irradiation (CATA-4R––Scientific
Microwave oven, 490 W) for 4 min. After completion of the

reaction (TLC), the reaction mixture was cooled and DCM
(25 mL) was added. The catalyst was filtered from the reaction
mixture and the filtrate was concentrated under vacuum. The

residue was purified by silica gel column chromatography
(100–200 mesh) eluting with petroleum ether–ethyl acetate
(4:1) to afford the corresponding pure a-amino phosphonate.

The same procedure is successfully applied to remaining com-
pounds. All the products were characterized from their spec-
tral data.

2.2. Spectral data

2.2.1. Diethyl(3, 5-dichloro-4-hydroxyphenylamino)(1H-indol-
3-yl)methylphosphonate 4(a)

Yield: 84 % IR (KBr) (mmax cm�1): 3300 (NH), 1260 (P‚O),
750 (P-Caliphatic).

1H NMR (400 MHz, CDCl3) d: 1.18 (3H, t,
J= 8.0 Hz, P-OCH2CH3), 1.25 (3H, t, J = 8.0 Hz, P-
OCH2CH3), 3.64–3.72 (1H, m, P-OCH2CH3), 3.81–3.90 (1H,
m, P-OCH2CH3), 3.99–4.10 (2H, m, P-OCH2CH3), 5.20 (1H,

d, J = 20.0 Hz, P-CH), 5.32 (1H, s, Ar–OH), 6.06 (1H, s,
NH), 6.60–7.83 (7H, m, Ar–H), 11.10 (1H, s, NH). 13C
NMR (125.7 MHz, CDCl3) d: 16.4 (d, J = 5.9 Hz, P-

OCH2CH3), 16.6 (d, J= 5.6 Hz, P-OCH2CH3), 52.7 (d,
J= 152.0 Hz, P-CH), 54.2 (d, J = 7.2 Hz, P-OCH2CH3),
62.9 (d, J = 7.0 Hz, P-OCH2CH3), 110.9 (C-11), 111.7

(C-51), 117.4 (C-81), 118.6 (C-2 & C-6), 120.5 (C-71), 121.0
(C-21), 123.0 (C-61), 127.3 (C-3 & C-5), 130.5 (C-91), 132.5
(C-41), 140.0 (C-4), 142.9 (C-1). 31P NMR (202.4, MHz,
CDCl3) d: 23.48. EI-MS (m/z, %): 444 (M+ 2, 60), 443

(M+ 1, 60), 442 (M+�, 100). Anal. Calcd for C19H21Cl2
N2O4P: C, 51.48; H, 4.78; N, 6.32. Found: C, 51.40; H, 4.71;
N, 6.23.

2.2.2. Diethyl(3,5-dichloro-4-hydroxyphenylamino)
(4-(dimethylamino)phenyl) methylphosphonate 4(b)

Yield: 86 %. IR (KBr) (mmax cm
�1): 3333 (NH), 1263 (P‚O),

748 (P-Caliphatic).
1H NMR (400 MHz, CDCl3) d: 1.07 (3H, t,

J= 8.4 Hz, P-OCH2CH3), 1.21 (3H, t, J = 8.4 Hz, P-
OCH2CH3), 3.09 (3H, s, –NCH3), 3.18 (3H, s, –NCH3),

3.78–3.92 (1H, m, P- OCH2CH3), 3.94–3.97 (1H, m, P-
OCH2CH3), 3.99–4.18 (2H, m, P-OCH2CH3), 5.28 (1H, s,
Ar–OH), 5.40 (1H, d, J= 24.0 Hz, P-CH), 6.55 (1H, s, NH),

6.60–8.42 (6H, m, Ar–H). 13C NMR (125.7 MHz, CDCl3) d:
16.9 (d, J = 6.2 Hz, P-OCH2CH3), 17.2 (d, J= 5.9 Hz, P-
OCH2CH3), 41.8 (NC11 & NC11), 52.9 (d, J = 154.2 Hz, P-

CH), 62.6 (d, J= 7.6 Hz, P-OCH2CH3), 62.9 (d, J = 7.0 Hz,
P-OCH2CH3), 111.7 (C-31 & C-51), 114.7 (C-2 & C-6), 125.9
(C-11), 126.7 (C-21 & C-61), 129.7 (C-3 & C-5), 141.4 (C-4),
143.7 (C-1), 150.5 (C-41). 31P NMR (202.4, MHz, CDCl3) d:
22.20. EI-MS (m/z, %): 448 (M + 2, 60), 447 (M+ 1, 60),
446 (M+�, 100). Anal. Calcd for C19H25Cl2N2O4P: C, 51.02;
H, 5.63; N, 6.26. Found: C, 59.02; H, 5.60; N, 6.16.

2.2.3. Diethyl(3,5-dichloro-4-hydroxyphenylamino)
(2-hydroxyphenyl)methylphosphonate 4(c)

Yield: 89 %. IR (KBr) (mmax cm
�1): 3328 (NH), 1268 (P‚O),

744 (P-Caliphatic).
1H NMR (400 MHz, CDCl3) d: 1.09 (3H, t,

J= 8.2 Hz, P-OCH2CH3), 1.18 (3H, t, J = 8.0 Hz, P-
OCH2CH3), 3.72–3.88 (1H, m, P-OCH2CH3), 3.95–4.08 (1H,

m, P-OCH2CH3), 4.14–4.28 (2H, m, P-OCH2CH3), 5.28 (1H,
s, Ar–OH), 5.92 (1H, d, J = 22.0 Hz, P-CH), 6.14 (1H, s,
NH), 6.54–8.70 (6H, m, Ar–H). 13C NMR (125.7 MHz,

CDCl3) d: 16.2 (d, J = 6.8 Hz, P-OCH2CH3), 16.8 (d,
J= 6.0 Hz, P-OCH2CH3), 52.0 (d, J= 152.2 Hz, P-CH),
62.0 (d, J = 7.2 Hz, P-OCH2CH3), 62.6 (d, J= 7.2 Hz, P-
OCH2CH3), 111.5 (C-2 & C-6), 114.7 (C-31), 119.8 (C-51),

125.9 (C-11), 127.7 (C-3 & C-5), 128.2 (C-61), 128.5 (C-41),
140.4 (C-4), 144.5 (C-1), 156.7 (C-21). 31P NMR (202.4,
MHz, CDCl3) d: 21.82. EI-MS (m/z, %): 420 (M + 2, 18),

421 (M+ 1, 55), 420 (M+�, 100). Anal. Calcd for
C17H20Cl2NO5P: C, 48.59; H, 4.80; N, 3.33. Found: C,
48.50; H, 4.72; N, 3.28.

2.2.4. Diethyl (3,5-dichloro-4-hydroxyphenylamino)
(3-nitrophenyl)methylphosphonate 4(d)

Yield: 92 %. IR (KBr) (mmax cm
�1): 3319 (NH), 1260 (P‚O),

752 (P-Caliphatic).
1H NMR (400 MHz, CDCl3) d: 1.12 (3H, t,
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J = 7.8 Hz, P-OCH2CH3), 1.19 (3H, t, J= 7.6 Hz, P-OCH2

CH3), 3.64–3.72 (1H, m, P-OCH2CH3), 3.78–3.94 (1H, m,
P-OCH2CH3), 4.02–4.20 (2H, m, P-OCH2CH3), 5.34 (1H, s,

–OH), 5.42 (1H, s, Ar–OH), 5.48 (1H, d, J = 20.0 Hz,
P-CH), 6.08 (1H, s, NH), 6.17–8.48 (6H, m, Ar–H). 13C NMR
(125.7 MHz, CDCl3) d: 16.2 (d, J = 6.8 Hz, P-OCH2CH3),

16.8 (d, J= 6.0 Hz, P-OCH2CH3), 52.0 (d, J = 152.2 Hz,
P-CH), 62.0 (d, J = 7.2 Hz, P-OCH2CH3), 62.6 (d,
J = 7.2 Hz, P-OCH2CH3), 111.5 (C-2 & C-6), 125.9 (C-11),

125.7 (C-3 & C-5), 126.7 (C-21), 128.2 (C-61), 131.5 (C-41),
133.8 (C-51), 140.4 (C-4), 142.5 (C-1), 147.7 (C-31). 31P
NMR (202.4, MHz, CDCl3) d: 22.64. EI-MS (m/z, %): 450
(M + 2, 60), 448 (M+�, 100). Anal. Calcd for C17H19Cl2N2

O6P: C, 45.45; H, 4.26; N, 6.24. Found: C, 45.34; H, 4.21;
N, 6.19.

2.2.5. Diethyl(2-(benzyloxy)phenyl)(3,5-dichloro-4-
hydroxyphenylamino) methylphosphonate 4(e)

Yield: 83%. IR (KBr) (mmax cm�1): 3320 (NH), 1268 (P‚O),
745 (P-Caliphatic).

1H NMR (400 MHz, CDCl3) d: 1.09 (3H, t,

J = 8.6 Hz, P-OCH2CH3), 1.18 (3H, t, J= 8.4 Hz, P-
OCH2CH3), 3.24–3.36 (1H, m, P-OCH2CH3), 3.42–3.64 (1H,
m, P-OCH2CH3), 3.86–4.18 (2H, m, P-OCH2CH3), 5.12 (1H,

s, –OCH2), 5.40 (1H, s, Ar–OH), 5.32 (1H, d, J = 24.0 Hz,
P-CH), 6.28 (1H, s, NH), 6.14–8.62 (11H, m, Ar–H). 31P
NMR (202.4, MHz, CDCl3) d: 24.12. EI-MS (m/z, %): 511

(M + 2, 60), 510 (M + 2, 20), 509 (M+�, 100). Anal. Calcd
for C24H26Cl2NO5P: C, 56.48; H, 5.14; N, 2.74. Found: C,
56.40; H, 5.10; N, 2.66.

2.2.6. Dimethyl(3,5-dichloro-4-hydroxyphenylamino)(1H-
indol-3-yl) methylphosphonate 4(f)

Yield: 89%. IR (KBr) (mmax cm�1): 3331 (NH), 1257 (P‚O),

741 (P-Caliphatic).
1H NMR (400 MHz, CDCl3) d: 3.12 (3H, s,

P-OCH3), 3.28 (3H, s, P-OCH3), 5.22 (1H, d, J = 20.0 Hz,
P-CH), 5.32 (1H, s, Ar–OH), 6.06 (1H, s, NH), 6.56–7.98
(7H, m, Ar–H), 10.10 (1H, s, NH). 13C NMR (125.7 MHz,

CDCl3) d: 52.7 (d, J = 152.0 Hz, P-CH), 55.4 (d,
J = 5.9 Hz, P-OCH3), 55.9 (d, J = 5.6 Hz, P-OCH3), 110 .9
(C-11), 112.2 (C-51), 116.4 (C-71), 117.9 (C-2 & C-6), 118.7

(C-81), 121.8 (C-61), 122.7 (C-21), 127.8 (C-3 & C-5), 128.9
(C-91), 134.4 (C-41), 137.7 (C-4), 140.7 (C-1). 31P NMR
(202.4, MHz, CDCl3) d: 22.52. EI-MS (m/z, %): 416

(M + 2, 60), 415 (M + 1, 18), 414 (M+�, 100). Anal. Calcd
for C17H17Cl2N2O4P: C, 49.18; H, 4.13; N, 6.75. Found: C,
49.08; H, 4.05; N, 6.64.

2.2.7. Dimethyl(3,5-dichloro-4-hydroxyphenylamino)(4-
(dimethylamino)phenyl) methylphosphonate 4(g)

Yield: 90 %. IR (KBr) (mmax cm
�1): 3320 (NH), 1268 (P‚O),

753 (P-Caliphatic).
1H NMR (400 MHz, CDCl3) d: 3.10 (3H, s, –

NCH3), 3.20 (3H, s, –NCH3), 3.72 (3H, s, P-OCH3), 3.94 (3H,
s, P-OCH3), 5.32 (1H, s, Ar–OH), 5.46 (1H, d, J= 24.0 Hz, P-

CH), 6.55 (1H, s, NH), 6.63–8.52 (6H, m, Ar–H). 13C NMR
(125.7 MHz, CDCl3) d: 42.7 (NC11 & NC11), 52.0 (d,
J = 153.8 Hz, P-CH), 52.9 (d, J = 6.2 Hz, P-OCH3), 53.8 (d,
J = 5.9 Hz, P-OCH3), 110.8 (C-31 & C-51), 113.9 (C-2 & C-

6), 124.7 (C-21 & C-61), 128.8 (C-11), 130.8 (C-3 & C-5),
139.8 (C-4), 142.8 (C-1), 151.8 (C-41), 31P NMR (202.4,
MHz, CDCl3) d: 22.80. EI-MS (m/z, %): 420 (M + 2, 60),

419 (M + 1, 15), 418 (M+�, 100). Anal. Calcd for
C17H21Cl2N2O4P: C, 48.70; H, 5.05; N, 6.68. Found: C,
48.70; H, 5.05; N, 6.68.

2.2.8. Dimethyl(3,5-dichloro-4-hydroxyphenylamino)(2-
hydroxyphenyl) methylphosphonate 4(h)

Yield: 83 %. IR (KBr) (mmax cm
�1): 3327 (NH), 1264 (P‚O),

750 (P-Caliphatic).
1H NMR (400 MHz, CDCl3) d: 3.48 (3H, s,

P-OCH3), 3.62 (3H, s, P-OCH3), 5.34 (1H, s, Ar–OH), 5.84
(1H, d, J = 22.8 Hz, P-CH), 6.20 (1H, s, NH), 6.45–8.72
(6H, m, Ar–H). 13C NMR (125.7 MHz, CDCl3) d: 52.8 (d,

J= 152.0 Hz, P-CH), 54.2 (d, J = 6.8 Hz, P-OCH3), 54.8 (d,
J= 6.0 Hz, P-OCH3), 111.9 (C-2 & C-6), 115.5 (C-31), 120.5
(C-51), 125.9 (C-3 & C-5), 126.5 (C-11), 127.2 (C-41), 127.6

(C-61), 140.0 (C-4), 144.7 (C-1), 155.5 (C-21), 31P NMR
(202.4, MHz, CDCl3) d: 21.82. EI-MS (m/z, %): 420
(M + 2, 60), 419 (M + 1, 15), 418 (M+�, 100). Anal. Calcd

for C17H21Cl2N2O4P: C, 48.70; H, 5.05; N, 6.68. Found: C,
48.60; H, 4.98; N, 6.57.

2.2.9. Dimethyl(3,5-dichloro-4-hydroxyphenylamino)(3-

nitrophenyl) methylphosphonate 4(i)

Yield: 88 %. IR (KBr) (mmax cm
�1): 3319 (NH), 1260 (P‚O),

752 (P-Caliphatic).
1H NMR (400 MHz, CDCl3) d: 3.42 (3H, s,

P-OCH3), 3.64 (3H, s, P-OCH3), 5.30 (1H, s, –OH), 5.38
(1H, s, Ar–OH), 5.52 (1H, d, J= 22.2 Hz, P-CH), 6.12 (1H,
s, NH), 6.20–8.32 (6H, m, Ar–H). 13C NMR (125.7 MHz,
CDCl3) d: 16.2 (d, J= 6.8 Hz, P-OCH3), 16.8 (d,

J= 6.0 Hz, P-OCH3), 52.0 (d, J = 152.2 Hz, P-CH), 110.6
(C-2 & C-6), 124.7 (C-11), 125.5 (C-3 & C-5), 127.7 (C-21),
128.9 (C-61), 133.5 (C-41), 135.7 (C-51), 141.7 (C-4), 143.8

(C-1), 148.8 (C-31). 31P NMR (202.4, MHz, CDCl3) d: 21.52.
EI-MS (m/z, %): 422 (M+ 2, 60), 420 (M+�, 100). Anal.
Calcd for C15H15Cl2N2O6P: C, 42.78; H, 3.59; N, 6.65. Found:

C, 42.68; H, 3.50; N, 6.58.

2.2.10. Dimethyl(2-(benzyloxy)phenyl)(3,5-dichloro-4-
hydroxyphenylamino) methylphosphonate 4(j)

Yield: 85 %. IR (KBr) (mmax cm
�1): 3320 (NH), 1268 (P‚O),

745 (P-Caliphatic).
1H NMR (400 MHz, CDCl3) d: 3.34 (3H, s,

P-OCH3), 3.56 (3H, s, P-OCH3), 5.08 (1H, s, –OCH2), 5.42

(1H, s, Ar–OH), 5.60 (1H, d, J= 20.8 Hz, P-CH), 6.12 (1H,
s, NH), 6.15–8.50 (11H, m, Ar–H). 31P NMR (202.4, MHz,
CDCl3) d: 21.12. EI-MS (m/z, %): 511 (M + 2, 60), 510
(M + 1, 20), 509 (M+�, 100). Anal. Calcd for

C22H22Cl2NO5P: C, 54.79; H, 4.60; N, 2.90. Found: C,
54.71; H, 4.54; N, 2.81.

2.3. Antioxidant activity

The antioxidant activity of 4a–j was performed according to
three methods. All the synthesized compounds show good

activity against DPPH, NO and reducing power scavenging.
Among the synthesized compounds 4 h, exhibited high activity
when compared with other compounds.

2.3.1. DPPH Radical Scavenging Activity

The scavenging activity of a-aminophosphonates against
DPPH radical was performed in accordance with Choi et al.

Choi et al. (2002) 85 lM of DPPH was added to a medium
containing different a-aminophosphonates. The medium was
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incubated for 30 min at room temperature. The decrease in
absorbance was measured at 518 nm. Ascorbic acid was used
as standard reference to record maximal decrease in DPPH

radical absorbance. The values are expressed in percentage
of inhibition of DPPH radical absorbance with those of the
standard control values without the title compounds (ascorbic

acid maximal inhibition was considered 100% of inhibition).

DPPH Scavengedð%Þ ¼ ðAcont � AtestÞ
Acont

� 100

where Acont is the absorbance of the control reaction and Atest

is the absorbance in the presence of the sample.

In the case of a-aminophosphonates 4a–j (Fig. 1) deriva-
tives, 4h showed the highest DPPH radical scavenging activity
with IC50 at 49.35 lg/mL when compared with other com-

pounds. The remaining compounds exhibited DPPH radical
scavenging activity in the following order: 4e (IC50 52.7 lg/
mL), 4b (IC50 59.8 lg/mL), 4j (IC50 60.16 lg/mL), 4i (IC50

62.1 lg/mL), 4c (IC50 62.2 lg/mL), 4f (IC50 63.4 lg/mL), 4g
(IC50 66.5 lg/mL), 4a (IC50 68.2 lg/mL), 4d (IC50 70.8 lg/
mL) and when compared with ascorbic acid (IC50 50.06 lg/
mL).

2.3.2. Nitric Oxide (NO) scavenging activity

The scavenging activity of a-aminophosphonates against nitric

oxide radical was performed in accordance with A Shirwaiker
et al. Shirwaiker et al. (2004) Sodium nitropruside (5 lM) in
phosphate buffer pH 7.4 was incubated with 100 lM concen-
tration of test compounds dissolved in a suitable solvent (diox-
4a 4b 4c 4d 4e 4f 4g 4h 4i 4 j V it.C
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Figure 2 Nitric oxide (NO) scavenging activity.
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Figure 1 DPPH radical scavenging activity.
ane/methanol) and tubes were incubated at 25 �C for 120 min.
Control experiment was conducted with equal amount of sol-
vent in an identical manner. At intervals, 0.5 ml of incubation

solution was taken and diluted with 0.5 ml of griess reagent
(1% Sulfanilamide, 0.1% N-naphthylethylenediamine dihy-
drochloride and 2% o-phosphoric acid dissolved in distilled

water). The absorbance of the chromophore formed during
diazotization of nitrite with sulfanilamide and subsequent N-
naphthylethylenediamine dihydrochloride was read at k
546 nm. The experiment was repeated in triplicate.

In the case of a-aminophosphonates 4a–j (Fig. 2) deriva-
tives, 4e showed the highest NO scavenging with IC50 of
53.09 lg/mL when compared with other compounds. The

remaining compounds exhibited reducing power activity in
the following order: 4h (IC50 53.7 lg/mL), 4g (IC50 56.2 lg/
mL), 4f (IC50 59.46 lg/mL), 4j (IC50 65.8 lg/mL), 4b (IC50

65.9 lg/mL), 4i (IC50 67.7 lg/mL), 4d (IC50 74.8 lg/mL), 4c
(IC50 76.5 lg/mL), 4a (IC50 81.9 lg/mL) and when compared
with ascorbic acid (IC50 64.9 lg/mL).

2.3.3. Reducing power assay

The reducing power of synthesized compounds 4a–j was deter-
mined according to the method of Oyaizu et.al. Saha et al.

(2008) The compounds having 50–100 lM were mixed with
2.5 mL of phosphate buffer (0.2 M, pH 6.6) and 2.5 mL of
1% potassium ferricyanide and incubated at 50 �C for

20 min. To this mixture 2.5 mL of 10% trichloroacetic acid
(TCA) was added and the mixture was centrifuged at
3000 rpm for 20 min. The upper layer (2.5 mL) was mixed with

2.5 mL of deionized water and 0.5 mL of 0.1% ferric chloride
and the UV absorbance was measured at 700 nm using a spec-
trophotometer. Increase of absorbance of the reaction mixture
indicates higher reducing power. Mean values from three inde-

pendent samples were calculated for each compound and stan-
dard deviations were less than 5 %.

In the case of a-aminophosphonates 4a–j (Fig. 3) deriva-

tives, 4h showed the highest reducing power with IC50 of
1.75 lg/mL when compared with other compounds. The
remaining compounds exhibited reducing power activity in

the following order: 4e (IC50 1.86 lg/mL), 4j (IC50 2.09 lg/
mL), 4f (IC50 2.21 lg/mL), 4g (IC50 2.35 lg/mL), 4i (IC50

2.63 lg/mL), 4b (IC50 2.81 lg/mL), 4d (IC50 3.03 lg/mL), 4a
(IC50 3.12 lg/mL), 4c (IC50 3.38 lg/mL) and when compared

with ascorbic acid (IC50 2.42 lg/mL).
4a 4b 4c 4d 4e 4f 4g 4h 4i 4j V it.C
0.0
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Figure 3 Reducing power assay.
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Scheme 1 One pot synthesis of a-aminophosphonates using Amberlyst-15 under MWI.

Table 2 Synthesis of a-aminophosphonates (4a–j).

Entry R R1 Time (Min) Yield (%)

4a Et 4 84

4b Et 4 86

4c Et 6 89

4d Et 5 92(91,90,90,89)a

4e Et 6 83

4f Me 5 89

4 g Me 6 90

4 h Me 5 83

4i Me 4 88

4j Me 6 85

a Isolated yields after recycling of catalyst.

Table 1 Influence of temperature on the synthesis of 4d.

S.No Temp(�C) Time (min) Yielda (%)

1 RT 60 81

2 50 50 72

3 70 50 69

4 90 50 70

5 120 35 68

6 MWI 4 92

a Isolated yield.

Neat synthesis and antioxidant activity of a-aminophosphonates 837
3. Results and discussion

The conventional method for this three component one pot
reaction requires high temperatures and long reaction times

to afford the corresponding phosphonates. A new method is
developed for the preparation of a-aminophosphonates from
a mixture of amine, aldehydes and diethyl phosphite in the
presence of amberlyst-15 as catalyst under solvent free condi-

tions by microwave irradiation. (see Scheme 1.)
To optimize the reaction conditions, the reaction of 3,5-di-

chloro-4-hydroxy phenyl amine (1 mmol), 3-nitro benzalde-

hyde (1 mmol), and diethylphosphite (1 mmol) was selected
as a model. This reaction has been performed in different or-
ganic solvents such as toluene, methanol, dioxane, tetrahydro-

furan, acrylonitrile, chloroform, dichloromethane, diethyl
ether in the presence of Amberlyst-15 at room temperature
and a low yield (<75%) of the a-aminophosphonates was ob-

tained in all these experiments. Use of a higher amount of cat-
alyst also did not lead to a significant change in the reaction
yields. The best result was obtained (91 %) when the same
reaction was done under solvent free conditions with a small

amount of (0.1 g) catalyst in one hour at room temperature.
To increase the rate of reaction the same experiment was done
at different temperatures (Table 1) in the presence of amber-

lyst-15 as catalyst. In all the cases the reaction time was de-
creased but the low yield of product was obtained. When the
same experiment was done by microwave irradiation in the

presence of amberlyst-15 as catalyst, surprisingly the reaction
was completed in 4 min with 92 % yield.

Based on the optimized reaction conditions, a group of a-
aminophosphonates were synthesized by the reaction of aro-

matic amine, aromatic/heterocyclic aldehydes and diethyl
phosphite. In all the cases the reaction was completed within
4 min in good to excellent yields. In these experiments, the cat-

alyst was isolated by filtration and could be reloaded with fresh
reagents for further runs, thus, recyclization of the catalyst is
possible without significant loss of activity (Table 2, entry
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4d). The products were obtained as solids and purified by col-
umn chromatography using silica gel as adsorbent and petro-
leum ether-ethyl acetate (3:1) as eluent. The chemical

structures of 4a–j were confirmed by elemental analysis, IR,
1H–, 13C–, 31P– NMR and mass spectral data.

4. Conclusion

A simple, efficient, and environmentally benign method for the
synthesis of a-aminophosphonates was developed and also

studied their antioxidant activity.
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