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Abstract 
In 1997 we published a simple and efficient method for the synthesis of 1-
aminoarylmethylphosphonates from one-pot reaction aromatic aldehydes, hexamethyldisilazane 
and diethylphosphite.1 In 2003 Soroka and Kolodziejczyk2 published comments on this work and 
they believed that aromatic aldehydes react with diethyl phosphite and hexamethyldisilazane to 
give 1-(trimethylsilyloxy)-1-arylmethylphosphonates instead of 1-amino-1-arylmethyl- 
phosphonate. Therefore we decided to analyze and reinvestigate this reaction and also novel 
method for the synthesis of bis[1-diethoxyphosphorylarylmethyl] amines using of acetyl chloride 
as catalyst in hydrophosphonylation of imine is described.  
 
Keywords: Phosphonic acids, amino acids, alumina, aldehydes, diimines, addition reaction  

 
 
 
Introduction 
 
Organophosphorus compounds have found a wide range of applications in the areas of industrial, 
agricultural, and medicinal chemistry owing to their biological and physical properties as well as 
their utility as synthetic intermediates.3 α-Functionalized phosphonic acids are valuable 
intermediates for the preparation of medicinal compounds and synthetic intermediates. 4 Among 
α-functional phosphonic acids, 1−aminophosphonic acids are an important class of compounds 
that exhibit a variety of interesting and useful properties. The 1-aminophosphonic acids are the 
most important substitutes for the corresponding amino acids in biological systems.5, 6 Indeed a 
number of potent antibiotics,7 enzyme inhibitors,8 and pharmacological agents9 contain 1-
aminophosphonic acids as well as their derivatives, notably peptides. These important 
compounds have been synthesized by various routes: (a) addition of P-H function to imines and 
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enamines,10 (b) addition of P-H function to nitriles,11 (c) Arbuzov and Michaelis-Becker 
reactions,12 (d) condensation of X-NH2 with acyl phosphorus species,13 (e) Curtius and Hofmann 
rearrangement of substituted phosphonoacetic esters,14 and (f) alkylation of nucleophilic 
precursors such as Schiff bases.15  
 Surface-mediated solid phase reactions are of growing interest16 because of their ease of set 
up and work-up, mild reaction conditions, rate of reaction, selectivity, high yields, lack of 
solvent and the low cost of the reactions in comparison with their homogeneous counterparts. In 
1997 we published unexpected results on the synthesis of 1-aminoarylmethylphosphonates in the 
reaction of aromatic aldehydes, hexamethyldisilazane (HMDS) and diethyl phosphite, via diethyl 
N-arylidene-1-amino-1-arylmethylphophonate on the alumina surface. In 2003 Soroka and 
Kolodziejczyk published comments on this reaction. They found aromatic aldehydes react with 
diethyl phosphate and HMDS to give 1-(trimethylsilyloxy)-1-arylmethylphosphonates instead of 
1-amino-1-arylmethylphosphonate (Scheme 1).  
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Scheme 1 
 
 They believed that HMDS does not react with carbonyl compounds and dialkyl phosphate 
reacts with aldehydes (or ketones) to give 1-hydroxyalkylphosphonates.2 As part of our efforts to 
explore the utility of solid phase reactions for the synthesis of organophosphorus compounds, 17 
we decided to analyze and reinvestigate our reaction and comments on this reaction.  
 
 
Results and Discussion 
 
In contrast to Soroka and Kolodziejczyk’s report2 that HMDS does not react with carbonyl 
compound  we found that the reaction of benzaldehyde (1a), as model compound, with HMDS 
under solvent-free condition in the absence of alumina leads to the long-known substance “N,N’-
bis(phenylmethylidene) phenylmethane diamine (2a) as the sole product ( according to Scheme 
2).18 As it has been shown in experimental section, the article published in 1997,1 when HMDS 
and aromatic aldehydes was stirred for 15 min in the presence of acidic alumina, an exothermic 
reaction took place, which. Toru et al.19 publication has shown the products must be compounds 
2. Consequently the same products 2, N,N'-bis(arylmethylidene)-arylmethanediamines, are 
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prepared from the reaction of aromatic aldehydes with HMDS under solvent-free condition in the 
presence or absence of acidic alumina . Then N,N'-bis(arylmethylidene)arylmethane diamines (2) 
reacts with diethyl phosphite to give diethyl N-arylidene-1-amino-1-arylmethylphosphonates (3), 
which can be easily hydrolyzed to diethyl-1-amino arylmethyl phosphonates and isolated as its 
sulphonate salt (4) (Scheme 2).  
 We examined usage of various types of alumina (acidic, basic and neutral) and also magnesia 
for the synthesis of 1-aminophosphonates. We found that the reaction of HMDS with 
benzaldehyde in the presence of diethyl phosphite using of acidic alumina gave diethyl N-
(phenylmethylene)-1-amino-1-phenylmethylphosphonate (3a) as the major product. The diethyl 
1-hydroxy-1-phenylmethylphosphonate was obtained as the major product in the presence of 
magnesia. 17a A 1:1 ratio of 3a and diethyl 1-hydroxy-1-phenylmethylphosphonate obtained by 
using of neutral or basic alumina. 
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Scheme 2 
 
 It was found that the reaction of imine 3a with diethyl phosphite in the presence of catalytic 
amount of acetyl chloride give bis[1-diethoxyphosphorylphenyllmethyl] amine 6a as sole 
product in good yield and diastereomeric excess (Table 1). The product has been used as 
chelating agent for polyvalent metal ions, particularly alkaline earth metal ions.20 This process 
was successfully applied to other imines 3 as summarized in Table 1.  
 According to Scheme 2, diethyl N-arylmethylene-1-amino-1-arylmethylphophonates (3) react 
with diethyl phosphite and catalytic amount acetyl chloride to afford the desired products in good 
yields, 6b-6g in Table 1. It was suggested that in situ generation of HCl catalyzed this reaction. 
 In Summary, for the preparation of diethyl 1-amino-1-arylmethylphosphonate we 
recommended the reaction of aromatic aldehydes with HMDS followed by reaction with diethyl 
phosphate in the presence of alumina to give diethyl N-arylmethylene-1-amino-1-
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arylmethylphophonate (3), which can be easily hydrolyzed to a diethyl-1-amino-
arylmethylphosphonates. Further hydrophosphonylation of imine 3 with diethyl phosphate 
catalyzed by acetyl chloride to afford bis[1-diethoxyphosphorylaryllmethyl] amine as sole 
product. A simple work-up, low consumption of solvent, fast reaction rates, mild reaction 
conditions, good yields, relatively clean reactions with no tar formation make our method as an 
attractive and a useful contribution to present methodologies. 
 
Table 1.  Reaction of imine 3 with diethylphosphite in the presence of catalytic amount of acetyl 
chloride 

Entry Ar 
3 

Yield %a 

6 

  31P NMR (δppm) 
major            minor 

de %b 

 
a C6H5- 65 23.36             23.68 63 
b p-MeOCHC6H4- 60 23.78             24.00 56 
c p-ClC6H4- 61 22.53             22.90 42 
d p-FC6H4- 70 22.30             22.67 46 
e p-CH3C6H4- 73 23.69             23.97 51 
f m-FC6H4- 63 21.71             22.17 26 
g β-Naphthyl 57 23.27             23.60 42 

a Yield refers to isolated yield by column chromatography; b Diastereomeric excess (de) was 
calculated by 31P NMR spectrum. 
 
 
Experimental Section 
 
General Procedures. All chemicals were commercial products and distilled or recrystallized 
before use. NMR spectra were taken with a 250 Brucker Avance instrument with the chemical 
shifts being reported as δ ppm and couplings expressed in Hertz. The chemical shift data for each 
signal on 1H NMR are given in units of δ relative to CHCl3 (δ=7.26) for CDCl3 solution. For 13C 
NMR spectra, the chemical shifts in CDCl3 and DMSO are recorded relative to the CDCl3 
resonance (δ=77.0). The chemical shifts of 31P are recorded relative to external 85% H3PO4 
(δ=0) with broad-band 1H decoupling. Silica gel column chromatography was carried out with 
Silica gel 100 (Merck No. 10184). Merck Silica-gel 60 F254 plates (No. 5744) were used for the 
preparative TLC. 
 
Synthesis of N,N’-bis(phenylmethylidene) phenylmethanediamine from the reaction of 
benzaldehyde with HMDS under solvent-free condition. Benzaldehyde (1.06 g, 10 mmol) and 
HMDS (1.93 g, 12 mmol) were stirred for 5 h at 60 oC. A solid was formed. n-Hexane (10 mL) 
was added to this mixture, filtered, washed with dry n-hexane, and dried under vacuum to afford 
0.80 gr (80 %) of colorless solid: mp 101-102 °C (CH2Cl2/n-hexane) (lit.20 mp 100-101 °C). 
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General procedure for the synthesis of compounds 5a-g and 6a-g  
Acidic alumina (1 g) and HMDS (1.93 g, 10 mmol) were mixed at room temperature. Aromatic 
aldehyde (10 mmol) was added dropwise to the mixture with stirring. After completion of 
aldehyde addition, acidic alumina (2 gr) was added while resultant mixture was stirred. An 
exothermic reaction took place at this step thus stirring of mixture was continued for 15 min until 
its temperature reached to room temperature. Diethyl phosphite (1.38 gr, 10 mmol) was added to 
the reaction vessel and the mixture was stirred for 2 h. The reaction mixture was extracted with 
ether (100 ml):  
Synthesis of 1-aminophosponic acid esters (5a-g). p-TsOH. H2O (1.9 g, 10 mmol) was added 
to ethereal solution and stirred for 3 hrs. The solid salt was filtrated and neutralized with NH4OH 
(10%). Extraction with ether (3X50 ml), evaporation of solvent and chromatography on plug of 
silica gel with EtOAc/n-hexane (9:1) gave the pure product as oil in 42-65% yields. All products 
are known and gave satisfactory spectral data in accord with the assigned structures and literature 
reports.21 
Synthesis of bis[1-diethoxyphosphorylarylmethyl] amine (6a-g). Ethereal extract was 
concentrated and the residue was chromatographed on plug of silica gel with EtOAc/n-hexane 
(1:1) to give the pure product 3. The product 3 (3 mmol) was added to a mixture of 
diethylphosphite (5 mmol) in dichloromethane (10 ml). Acetyl chloride (1 mmol) was added 
dropwise to reaction mixture. The reaction mixture was stirred for 3h at room temperature. 
Evaporation of solvent and chromatography on plug of silica gel with ethyl acetate-methanol 
(9:1) and evaporation of the solvent under reduced pressure gave the pure product as colorless oil 
in 57-73% yields. All products are known and gave satisfactory spectral data in accord with the 
assigned structures and literature reports.22 
Diethyl {[(diethylphosphoryl) (phenyl) methyl] amino}(phenyl)methylphosphonate (6a). 22 
Colorless oil (65%); 1H-NMR (CDCl3/TMS-250 MHz): 1.10 (6H, t, J=7.1 Hz), 1.26 (6H, t, 
J=7.1), 2.93 (1H, br, -NH), 3.65-4.35 (10H, m), 7.29 (10H, s). 31P-NMR (CDCl3/H3PO4): 23.36, 
23.68. 13C-NMR (CDCl3/TMS-62.9 MHz): 134.3, 128.8, 128.2, 128.1, 62.6-62.9 (c), 57.4 (dd, 
JPC=155.1 and 17.9 Hz), 16.1-16.3 (c).  
Diethyl {[(diethylphosphoryl) (p-methoxyphenyl) methyl] amino}(p-methoxyphenyl)methyl 
phosphonate (6b). 22b,c  
Colorless oil (60%); 1H-NMR (CDCl3/TMS-250 MHz): 1.14 (6H, t, J=7.1 Hz), 1.29 (6H, t, 
J=7.1), 1.69 (1H, br, -NH), 3.79 (3H, s) 3.68-4.35 (10H, m), 6.87 (4H, d, J=8.5 Hz), 7.22 (4H, d, 
J=8.5 Hz). 31P-NMR (CDCl3/H3PO4): 23.78, 24.00;13C-NMR (CDCl3/TMS-62.9 MHz): 159.4, 
129.9, 125.9, 113.8, 62.4-62.8 (c), 56.4 (dd, JPC=156.7 and 17.9 Hz), 55.1, 16.1-16.3 (c).   
Diethyl {[(diethylphosphoryl) (p-chlorophenyl) methyl] amino}(p-chlorophenyl)methyl-
phosphonate (6c). 22b,c  
Colorless oil (61%); 1H-NMR (CDCl3/TMS-250 MHz): 1.15 (6H, t, J=7.1 Hz), 1.29 (6H, t, 
J=7.1), 2.19 (1H, br, -NH), 3.65-4.35 (10H, m), 7.23 (4H, d, J=8.25 Hz), 7.33 (4H, d, J=8.25 
Hz).31P-NMR (CDCl3/H3PO4): 22.53, 22.90; 13C-NMR (CDCl3/TMS-62.9 MHz): 134.1, 132.9, 
130.1, 128.9, 62.9-63.2 (c), 56.9 (dd, JPC=155.4 and 17.6 Hz), 16.3-16.4 (c).  
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Diethyl {[(diethylphosphoryl)(p-fluorophenyl)methyl] amino}(p-fluorophenyl)methyl- 
phosphonate (6d). 22b,c Colorless oil (70%); 1H-NMR (CDCl3/TMS-250 MHz): 1.04 (6H, t, 
J=7.0 Hz), 1.18 (6H, t, J=7.0 Hz), 2.82 (1H, br, -NH), 3.57-4.22 (10H, m), 6.80-6.97 (4H, m), 
7.10-7.22 (4H, m).  31P-NMR (CDCl3/H3PO4): 22.30, 22.67. 13C-NMR (CDCl3/TMS-62.9 MHz): 
162.0 (d, JCF=246.5 Hz), 130.4, 115.7, 115.3, 62.6-63.0 (c), 56.6 (dd, JPC=156.6 and 17.6 Hz), 
16.1-16.3 (c). 
Diethyl {[(diethylphosphoryl) (p-methylphenyl) methyl] amino}(p-methylphenyl)methyl-
phosphonate (6e). 22b,c Colorless oil (73%); 1H-NMR (CDCl3/TMS-250 MHz): 1.04 (6H, t, J=7.1 
Hz), 1.19 (6H, t, J=7.1), 2.24 (3H, s), 2.85 (1H, br, -NH), 3.60-4.25 (10H, m), 6.95-7.15 (8H, m). 
31P-NMR (CDCl3/H3PO4): 23.69, 23.97. 13C-NMR (CDCl3/TMS-62.9 MHz): 137.7, 131.1, 
129.2, 128.7, 62.4-62.9 (c), 57.0 (dd, JPC=156.0 and 18.2 Hz), 21.1, 16.1-16.3 (c). 
Diethyl {[(diethylphosphoryl) (m-fluorophenyl) methyl] amino}(m-fluorophenyl)methyl-
phosphonate (6f). 22b,c Colorless oil (63%); 1H-NMR (CDCl3/TMS-250 MHz): 1.11 (6H, t, J=7.0 
Hz), 1.24 (6H, t, J=7.0 Hz), 2.92 (1H, br, -NH), 3.65-4.25 (10H, m), 6.85-7.09 (6H, m), 7.15-
7.32 (2H, m). 31P-NMR (CDCl3/H3PO4): 21.71, 22.17. 13C-NMR (CDCl3/TMS-62.9 MHz): 
162.9 (d, JCF=246.8 Hz), 137.1, 130.1, 124.5, 115.7, 115.3, 62.9-63.2 (c), 57.2 (dd, JPC=155.1 
and 17.4 Hz), 16.1-16.3 (c). 
Diethyl {[(diethylphosphoryl) (β-naphthyl) methyl] amino}(β-naphthylphenyl)methyl 
phosphonate (6g). 22b,c Colorless oil (57%); 1H-NMR (CDCl3/TMS-250 MHz): 1.10 (6H, t, 
J=7.0 Hz), 1.31 (6H, t, J=7.0), 3.03 (1H, br, -NH), 3.70-4.57 (10H, m), 7.35-7.92 (14H, m). 31P-
NMR (CDCl3/H3PO4): 23.27, 23.60. 13C-NMR (CDCl3/TMS-62.9 MHz): 133.3, 132.0, 131.9, 
128.4, 127.9, 127.7, 126.2, 62.8-63.1 (c), 57.7 (dd, JPC=155.1 and 17.8 Hz), 16.1-16.3 (c). 
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