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   Abstract 

 An effi cient, green and simple solvent-free method is described 
for the synthesis of  α -aminophosphonates based on one-pot 
three-component condensation of trimethylphosphite, alde-
hydes and amines in the presence of zinc iodide. This method 
offers some advantages such as shorter reaction times, simple 
work-up and excellent yield at room temperature.  
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  1. Introduction 

 Phosphorus-carbon bond formation has been the focus of 
growing attention because of its application in organic synthe-
sis and bioorganic chemistry  [1] . As a type of natural amino 
acid analogs,  α -aminophosphonates constitute an important 
class of compounds with diverse biological activities. The 
activity of  α -aminophosphonates as peptidomimetics  [2] , 
enzyme inhibitors  [3] , pharmacogenic agents  [4] , haptens of 
catalytic antibodies  [5] , herbicidals  [6] , inhibitors of serine 
hydrolases  [7] , inhibitors of UDP-galactopyranose mutase 
 [8]  and antitumor agents  [9 – 11] , and many other applica-
tions are well documented. However, one-pot synthesis of 
 α -aminophosphonates remains a favorite due to its versatile 
route and high yielding reactions. Recently, three-component 
syntheses starting from aldehydes, amines and diethylphos-
phite or triethylphosphite have been reported by using Lewis 
and Bronsted acid catalysts  [12 – 23] . However, many of these 
methods suffer from several drawbacks such as long reaction 
times, low yields of the products, harsh reaction conditions, 
expensive reagents and use of toxic organic solvents. 

 In previous reports, we have shown that catalysts such as 
boric acid  [24] , sodium dihydrogen phosphate  [25]  and cobalt 
(II) chloride  [26]  catalyzed synthesis of  α -aminophosphonates. 
However, there is a need to develop one-pot syntheses of 
 α -aminophosphonates using new methods. Herein, we 
describe a simple, general and effi cient protocol for the syn-
thesis of  α -aminophosphonates based on three-component 

reactions of aldehydes, amines and trimethylphosphite using 
catalytic amounts of zinc iodide (ZnI 2 ) under solvent-free 
conditions at room temperature.  

  2. Results and discussion 

 At the outset the three-component reaction of benzaldehyde, 
aniline and trimethylphosphite in the presence of a catalytic 
amount of zinc iodide as a solid heterogeneous catalyst was 
investigated. The optimized reactant ratios were found to be 
1.0 equiv. benzaldehyde, 1.0 equiv. primary amine and 1.0 
equiv. trimethylphosphite in the presence of 0.2 equiv. solid 
ZnI 2 . The reaction proceeded smoothly and gave the cor-
responding  α -aminophosphonates  3a  as the sole product in 
96 %  yield after 15 min at room temperature without the use 
of any solvent (Scheme  1  ). 

 To evaluate the generality of the process, several exam-
ples illustrating the present method for the synthesis of 
 α -aminophosphonates 3 was studied (Table  1  ). The reaction 
of trimethylphosphite with various aromatic aldehydes bear-
ing electron withdrawing groups (such as nitro, halide), elec-
tron releasing groups (such as hydroxyl, methoxy groups) and 
anilines (aniline, 4-chlor- or 4-bromoaniline) was carried out 
in the presence of zinc iodide as a catalyst. In these cases, 
clean and complete conversion leading to the corresponding 
 α -aminophosphonates was observed in shorter reaction times 
(5 – 20 min) at room temperature. The yields obtained were 
good to excellent without formation of any side products. The 
results are summarized in Table 1. 

 All products are known compounds and structures of them 
were confi rmed by comparison with their known physical and 
spectral (NMR and IR) data. 

 A plausible mechanism involves the formation of an imine 
by the addition of aldehyde and amine. It is believed that 
zinc iodide coordinates with the imine nitrogen to acceler-
ate a nucleophilic reaction of phosphite to give a phospho-
nium intermediate, which then undergoes reaction with the 
water generated during formation of the imine to give the 
 α -aminophosphonate and methanol as shown in Scheme  2   
 [16, 25] . 
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 Scheme 1    Synthesis of  α -aminophosphonates.    



192  Z. Karimi-Jaberi et al.: Green, one-pot synthesis of  α -aminophosphonates catalyzed by ZnI 2 

 In conclusion, we have reported herein a zinc iodide cata-
lyzed novel and eco-friendly method for the synthesis of 
 α -aminophosphonates at room temperature under solvent-
free conditions. The advantages of the present protocol are 
mild heterogeneous reaction conditions, shorter reaction times 
and easy work-up; inexpensive and ready availability of the 
catalyst makes the procedure an attractive alternative to the 
existing methods for the synthesis of  α -aminophosphonates.  

  3. Experimental 

 A mixture of aldehyde (1 mmol), amine (1 mmol), trimeth-
ylphosphite (1 mmol) and zinc iodide (20 mol % ) was stirred 
at room temperature for the specifi ed time (Table 1). After thin 
layer chromatography indicated the disappearance of starting 
materials, chloroform (10 ml) was added and the insoluble 
material was fi ltered to separate the catalyst. The fi ltrate was 
concentrated. The crude solid residue was purifi ed by crystal-
lization in ethanol, and in the case of the liquid product it was 
purifi ed by chromatography on a short column of silica gel to 
afford pure  α -aminophosphonates. 

 Compound  3a :  1 H NMR (CDCl 3 ):  δ  3.51 (d, 3H,  J   =  10.5 
Hz, OCH 3 ), 3.81 (d, 3H,  J   =  10.6 Hz, OCH 3 ), 4.82 (d, 1H, 
 J   =  24 Hz, CHP), 6.64 (d, 2H,  J   =  8.0 Hz, ArH), 6.74 (t, 1H, 
 J   =  7.2 Hz, ArH), 7.10 (t, 2H,  J   =  7.7 Hz, ArH), 7.30 (t, 1H, 

 J   =  7.5 Hz, ArH), 7.39 (t, 2H,  J   =  7.4 Hz, ArH), 7.50 (d, 2H, 
 J   =  7.3 Hz, ArH);  13 C NMR (CDCl 3 ):  δ  54.1 (d,  J   =  7.0 Hz), 
54.2 (d,  J   =  6.8 Hz), 56.2 (d,  J   =  150 Hz), 114.3 (CH), 119.0, 
128.2 (d,  J   =  5.8 Hz), 128.4 (d,  J   =  3.1 Hz), 129.1, 131.2, 136.0, 
146.6 (d,  J   =  14.5 Hz).    
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12 2,3-Cl 2 C 6 H 3 C 6 H 5  3l    5 55 Viscous oil
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 Scheme 2  Proposed mechanism.      
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