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ABSTRACT: The reaction of 4-phenylazo-phenylamine and benzaldehydes with dimethyl phosphite 

resulted in three new α-azoaminophosphonates in excellent yields. Molecular identification  

of synthesized compounds were probed using NMR, FT-IR, and elemental analysis techniques. The single 

crystal X-ray diffraction studies were used to determine the molecular structure of dimethyl [(4-

methoxyphenyl ((4-phenyl diazenyl) phenyl) amino) methyl] phosphonate. The synthesized molecule 

was crystallized in the monoclinic space group P21/c with a=11.213(2), b=19.205(4), c=11.429(2) 

Å, β = 116.95(3), V= 2193.8(8) Å3. Density functional theory calculation with B3LYP/6-311++G (2d, 2p) 

basis set has been used to determine geometry parameters and harmonic vibrational frequencies.  

The optimized geometrical parameters calculated by density functional theory show satisfactory 

agreement with experimental values.  
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INTRODUCTION 

The α-amino phosphonates are the product of the 

multicomponent condensation reaction of aliphatic/aromatic 

aldehydes, amines, and alkyl phosphites. These compounds 

have applications in the agricultural, industrial, and 

medicinal chemistry fields [1-3]. A wide range of biological 

activities such as antibacterial, antiviral, antithrombotic, 

anti-cancer agents, peptidase, fungicidal, herbicide, insecticide, 

HIV protease, and inhibitors of UDP-galactopyranose  

 

 

 

mutase has been reported for these compounds [1-9].  

The nucleophilic addition of activated phosphite to imines 

is one of the most appropriate synthesis methods  

for α-amino phosphonates [10-12]. The direct reaction  

of aldehydes, amines, and dialkyl phosphites leads to  

the one-pot synthesis of tertiary amino phosphonates [13-16].  

In this research, an azo-based amine (4-phenylazo phenylamine) 

was used to preparation of the new α-aminophosphonates.  
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Furthermore, the DFT method was performed for 

optimizing the geometry of these products for determining 

the consistency of the theoretical and experimental data. 

 

EXPERIMENTAL SECTION 

Reagents and Techniques 

Infrared absorption spectra were obtained on Shimadzu 

8400 S spectrometer in KBr discs. The NMR spectra of 

synthesized compounds were recorded on a Bruker AV 

400 MHz spectrometer in DMSO-d6 as solvent. Carbon, 

hydrogen, and nitrogen analyses were performed on an 

Elementar Vario EL III analyzer. Melting points were measured 

by the Electrothermal 9300 apparatus. All chemical reagents 

and solvents were obtained from Merck Co. The  

4-phenylazo-phenylmine compound has been prepared 

according to the method reported in the literature [15].  

The experimental data of α-azoaminophosphonate (2a-c) 

are gathered on the supplementary Information. 

 

General procedure for the synthesis of α-

azoaminophosphonate (2a-c) 

To a stirring solution of 4-phenylazo-phenylmine 

 (0.20 g, 1 mmol), formic acid (15 μL of 37% aqueous 

solution) and benzaldehydes (1 mmol) in Ethanol (15 mL), 

a solution of dimethylphosphite (1.20 mmol) was added. 

The mixture was stirred for 3 h at 60-70 oC. The solid 

product was filtered and washed with diethyl ether, dried, 

and crystallized. The products were soluble in Methanol, 

dimethylsolfoxide, N,N'-dimethylformamide.  

 

Dimethyl [(phenyl((4-phenyldiazenyl)phenyl)amino) 

methyl]phosphonate (2a) 

The yellow product crystallized from cyclohexane. 

Yield, 0.11 g (91%). m.p.138-139 °C. FT-IR, cm-1: 3274 

v(bs, NH), 3083 ν(Ar-H),  2962, 2854 v(C-H, O-CH3), 

1589 v(N=N), 1487 v(C=C), 1245 v(P=O), 1230 v(C-N), 

1059, 1045 vasym(P-O, Stretching), 1026, 1018 vsym(P-O, 

Stretching), 684, 763.  1H NMR ppm: 7.76-7.74(d, 2H, 

J=7.20 Hz), 7.69-7.67(d, 2H, J=8.80 Hz), 7.61-7.59(d, 2H, 

J=7.6 Hz), 7.55-7.51(t, 2H, J=7.60 Hz), 7.47-7.43(t, 1H, 

J=7.20 Hz and 1H, D2O Exchangeable), 7.40-7.36(t, 2H, 

J=7.60 Hz), 7.32-7.28(t, 1H, 6.80 Hz), 7.02-7.00(d, 2H, 

J=8.80 Hz),  5.40-5.32(dd, 1H, J=10.40 Hz, CH), 3.72-

3.69(d, 3H, J=10.40 Hz, CH3) 3.54-3.52(d, 3H, J= 10.40 

Hz, CH3). 13C NMR ppm: 152.70, 151.01, 150.88, 144.17, 

136.46, 130.38, 129.76, 128.78, 128.68, 128.62, 128.30, 

125.07, 122.30, 113.63, 54.13, 53.99, 53.93, 53.84, 53.77.  

Anal. Calcd. for C21H22N3O3P: C, 63.79; H, 5.61; N, 10.63.  

Found: 63.74; H, 5.54; N, 10.56. 

 

Dimethyl [(4-methoxyphenyl ((4-phenyldiazenyl) phenyl) 

amino) methyl]phosphonate (2b) 

The orange product crystallized from Ethanol. Yield, 

0.16 g (78%). m.p.154-155 °C. FT-IR, cm-1: 3261 v(bs, 

NH), 3087 ν(Ar-H), 2925, 2856 v(C-H, O-CH3), 1589 

v(N=N), 1487 v (C=C), 1245 v(P=O), 1242 v(C-N), 1047 

vasym(P-O, Stretching), 1022 vsym(P-O, Stretching). 1H 

NMR ppm: 7.77, 7.75(d, 2H, J=7.20 Hz), 7.69, 7.67(d, 2H, 

J=8.80 Hz), 7.54-7.50(m, 4H), 7.46, 7.42(t, 1H, J=7.20 

Hz), 7.40, 7.36(dd, 1H, J=6.00 Hz, D2O Exchangable), 

7.00, 6.96(d, 2H, J=8.80 Hz), 6.95, 6.93(d, 2H, J=8.80 Hz),  

5.32-5.24(dd, 1H, J=10.00 Hz, CH), 3.74(s, 3H, OCH3), 

3.71-3.70(d, 3H, J=10.40 Hz, CH3) 3.53, 3.51(d, 3H, J= 

10.40 Hz, CH3). 13C NMR ppm: 159.23, 152.80, 151.32, 

151.20, 144.08, 129.95, 129.70, 128.42, 125.03, 122.32, 

114.16, 113.65, 55.52, 53.84, 53.77, 53.69, 52.51, 51.99. 

Anal. Calcd. for C22H24N3O4P: C, 62.11; H, 5.69; N, 9.88.  

Found: 62.04; H, 5.62; N, 9.78.  

 

Dimethyl [(4-nitrophenyl ((4-phenyldiazenyl) phenyl) 

amino) methyl]phosphonate (2c) 

The yellow product crystallized from Ethanol. Yield, 

0.20 g (83%). m.p.158-159 ºC. FT-IR, cm-1: 3217 v(bs, 

NH), 3089 ν(Ar-H), 2923, 2856 v(C-H, O-CH3), 1591 

vasym(N-O), 1589 v(N=N), 1350 vsym(N-O), 1485 v (C=C), 

1245 v(P=O), 1230 v(C-N), 1043 vasym(P-O, Stretching), 

1017 vsym(P-O, Stretching).  1H NMR ppm: 8.81, 8.79(d, 

2H, J=8.40 Hz), 8.02, 8.00(d, 2H, J=8.80 Hz), 7.94(s, 1H, 

D2O Exchangable), 7.92-7.90(d, 2H, J=5.6 Hz), 7.65-

7.59(dd, 2H, J=8.80 Hz,), 7.56, 7.54(d, 2H, J=8.40 Hz), 

7.04, 6.95(m, 3H). 5.50-5.48(dd, 1H, J=10.10 Hz, CH), 

3.73-3.71(d, 3H, J=10.10 Hz, CH3) 3.53, 3.50(d, 3H, J= 

10.10 Hz, CH3). 13C NMR ppm: 161.22, 153.66, 152.47, 

151.06, 142.70, 132.01, 129.99, 129.72, 124.35, 123.05, 

122.84, 114.78, 54.31, 53.82, 53.73, 52.44, 52.36. Anal. 

Calcd. for C21H21N4O5P: C, 57.27; H, 4.81; N, 12.72.  

Found: 57.23; H, 4.77; N, 12.66.   

 

Crystal structure analysis  

The orange crystals of dimethyl[(4-methoxyphenyl((4-

phenyldiazenyl)phenyl)amino) methyl] phosphonate (2b) 

were grown from ethanol at 25 oC. An STOE IPDS-2T  
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Table 1: Crystallographic and structure refinement data for 2b. 

Empirical formula C22H24N3O4P 

Formula weight 425.41 

Temperature (K) 298(2) K 

Wavelength (Å) 0.71073 

Crystal system Monoclinic 

Space group P 21/c 

Crystal size (mm3) 0.40 x 0.40 x 0.15 

a (Å) 11.213(2) 

b (Å) 19.205(4 

c (Å) 11.429(2) 

α (°) 90 

β (°) 116.95(3) 

γ (°) 90 

Volume (Å3) 2193.8(8) 

Z 4 

Calculated density ( Mg/m3 ) 1.288 

Absorption coefficient( mm-1) 0.158 

θ Ranges for data collection (°) 2.12 - 24.99 

F(000) 896 

Index ranges -12 ≤ h ≤ 13 

 -22 ≤ k ≤ 22 

 -13 ≤ l ≤ 13 

Data collected 10391 

Reflections collected / unique 16074/3860 

Completeness to theta = 24.99 100.0 % 

Absorption correction None 

Refinement method 
Full-matrix least-squares on 

F2 

Data / restraints / parameters 3860 / 0 / 277 

Final R1 / wR2
a ( I>2σ(I) ) 0.0772/ 0.1294 

Final R1 / wR2
a (all data) 0.1745/ 0.1577 

Goodness-of-fit on F2 (S) 0.891 

Largest diff. peak and hole (e Å-3) 0.243, -0.327 

aR1 = Σ||Fo|-|Fc||/Σ|Fo|, wR2 = [Σ(w(Fo
2-Fc

2)2)/Σw(Fo
2)2]1/2 

diffractometer with graphite monochromated Mo-Kα 

radiation was used for X-ray diffraction measurements  

at 298 K. The plate shape crystal was chosen and mounted 

on a glass fiber. The cell constants and orientation matrices 

were achieved by the least-squares refinement of diffraction 

data from 3860 unique reflections. The STOE X-AREA 

software package was used for obtaining the data in a series 

of ω scans in 1° oscillation and integrated[18]. The structure 

of 2b was solved by direct methods and subsequent difference 

Fourier maps and then refined on F2 by a full-matrix  

least-squares procedure using anisotropic displacement 

parameters[19]. The atomic factors were extracted from  

the international tables for X-Ray crystallography[20]. 

Refinements were done using the X-STEP32 crystallographic 

software package[21]. Table 1 shows the details of the crystal 

structure refinement of 2b, respectively. 

 

Computational method  

Gaussian 03 package programs were used for quantum 

chemical calculations[22]. The gas phase geometries of 2b 

were optimized with the density functional theory method 

and B3LYP/6-311++G(2d,2p) level and basis set.  

The frequency calculations were done and set in a manner 

that the enhanced structures matched the global minimum. 

The Gauss-View program was applied to complete  

the vibrational band assignments[21]. 

 

RESULTS AND DISCUSSION 

Synthesis and structure 

In a simple experimental procedure, a mixture of 

benzaldehyde derivative, 4-phenylazophenylamine [17, 24], 

dimethylphosphite, and formic acid in ethanol were heated 

at 60 °C for 3 hours. The corresponding dimethyl[(aryl((4-

phenyldiazenyl)phenyl)amino)methyl] phosphonate (2a-c) 

were obtained in excellent yield (Fig. 1). The synthesized 

compounds have been characterized by infrared, NMR, 

and elemental analysis spectroscopy techniques. The structure 

of 2b was determined by X-ray diffraction and computed 

using DFT method. 

 

NMR spectra 
1H NMR spectra of 2a-c exhibited D2O exchangeable 

doublet of doublet signals for NH in the ranges of  

7.92-7.40 ppm (Figs. S2). The O-CH3 and C3-H proton 

signals were observed as the doublet of doublet peaks  

in the range of 3.70-3.73, 3.54-3.50, and 5.24-5.50 ppm, 

respectively. The protons of aromatic rings exhibited  
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Fig. 1: The synthesis of α-azoaminophosphonate (2a-c). 

 

 

Fig. 2: Overall view of 2b. 

 

signals within a range of 7.24-8.79 ppm. The 13C  

NMR spectra of 2a-c exhibited four signals for the CH3  

in the ranges of 53.99-51.99 ppm. The signals in the ranges 

of 54.31-53.84 ppm can be assigned to C3-H carbon.  

The other aromatic carbons signals were observed in the range 

of 161.22-113.63 ppm. Similarly, the FT-IR spectra supported 

these chemical shifts (Figs. S1-S3 in supporting data). 

 

Single crystal X-ray diffraction analysis of 2b 

2b (C22H24N3O4P) was crystallized in the monoclinic 

space group P 21/c with Z= 4 in the unit cell (Fig. 2). The 

crystal structure parameters of the 2b are a=11.213(2), 

b=19.205(4), c=11.429(2) Å, β = 116.95(3), V= 2193.8(8) Å3. 

The asymmetric unit in the crystal structure contains only one 

molecule (Fig. 2 and Table 1). The optimized parameters of 

2b have been obtained using the DFT/B3LYP/6-311G 

(2d,2p) basis set. The compared results of experimental and 

theoretical for selected bond lengths, bond angles, and torsion 

angles are given in Table 2 (see Table S1 and Fig. S4  

in supporting data). These results are arguing that theoretical 

results coincide well with the experimental characteristics. 

There are some structural features in the molecular structure. 

The bond angles (C16-N2-N3, N2-N3-C17, N3-C17-C18) 

and dihedral angle (C15-C16-N2-N3, C16-N2-N3-C17,  

N2-N3-C17-C18) between the benzene rings in the amino 

azobenzene framework is at the range of 112.8-115.9°  

and 169.9-179.8°, respectively. In addition, the C12-C11-N1 

and C13-C11-N1 bond angles between the benzene ring  

and N1H group are 123.4 and 118.4°, respectively. Therefore, 

the benzene rings along with N=N and NH groups in the amino 

azobenzene framework are fairly planar. Also, the C3-N1-C11, 

C3-N1-H1, and C11-N1-H1 bond angles are 122.8°, 117.3°, 

and 115.1°, respectively, showing that the N1 atom is 

essentially planar.  
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Table 2: Selected bond lengths (Å), bond angles, and torsion 

angles in comparison with calculated values of 2b. 

B3LYP/6-
311++G(2d,2p) 

X-ray 
analysis 

Bond length (Å) 

1.475 1.448(3) P1-O1 

1.609 1.558(3) P1-O2 

1.855 1.804(4) P1-C3 

1.517 1.532(6) C3-C4 

1.453 1.453(5) C3-N1 

1.379 1.371(5) N1-C11 

1.404 1.438(6) C16-N2 

1.256 1.221(4) N2-N3 

1.417 1.453(5) N3-C17 

1.004 0.96(5) N1-H1 

1.090 0.980 C3-H3 

  bond angles (◦) 

119.7 119.3(3) C1-O3-P1 

114.9 115.0(2) O1-P1-C3 

106.2 104.33(19) O2-P1-C3 

113.2 109.7(3) P1-C3-N1 

109.7 108.3(3) P1-C3-C4 

104.0 108.2 P1-C3-H3 

112.5 114.1(4) N1-C3-C4 

114.9 117(3) C3-N1-H1 

125.4 122.8(4) C3-N1-C11 

115.1 112.8(4) N2-N3-C17 

115.6 115.8(4) N3-C17-C18 

  Torsion angles 

176.4 -175.7(4) C1-O3-P1-C3 

46.8 64.5(4) O3-P1-C3-N1 

173.4 -170.5(3) O3-P1-C3-C4 

-100.5 -173.7(3) P1-C3-N1-C11 

179.8 177.3(4) C15-C16-N2-N3 

179.9 176.4(4) C16-N2-N3-C17 

179.9 169.9(4) N2-N3-C17-C18 

Moreover, the P1-C3-N1, P1-C3-C4, and N1-C3-C4 

bond angles centered on C3 are all between 109.7(3), 

108.3(3), and 114.1(4), respectively. These results indicate 

that the phosphonate group, 4-methoxybenzene ring, 

hydrogen (C3-H), and N1 have tetrahedral configurations 

about the C3 atom in the non-planar molecular structure. 

As Table 2 shows some of the calculated parameters such as 

the dihedral angle of optimized parameters are slightly 

different from the experimental ones. It noted that  

the calculated results correspond to the gas phase whereas 

experimental results belong to the solid state. 

 
Fourier transforms infrared spectroscopic analysis 

The vibrational frequencies of dimethyl[(aryl((4-

phenyldiazenyl)phenyl)amino)methyl] phosphonate (2a-c) 

were measured in the 4000-400 cm-1. The spectra show  

the bands within a range of 3217-3274, 3194-3182, 3089-

3083, and 3073-3065 cm-1 indexed to (N-H), (Ar-H), (O-CH3) 

and (C3-H), in the respective order. The stretching 

vibration at 1589 and 1487-1485 cm-1 are attributed to 

(N=N) and (C=C), respectively. Also, stretching vibration 

of the (C-N) and (P=O) appeared at the 1230-1242 and 

1245 cm-1, respectively. The vibrations observed at 1047-

1043 and 1022-1017 cm-1 region are assigned for νas and νs 

of the O-P-O group. Fig. 3 shows the experimental and 

calculated infrared spectra of 2b. In addition, some 

vibrational assignments and infrared intensities are given 

in Table 3. The calculated vibrational frequencies of some 

bonds display significant redshifts for stretching 

frequencies. The stretching vibrational of N-H appears  

at 3274 cm-1, which has a reasonable deviation from  

the experimental value (3500-3300 cm-1).  

The aromatic C-H stretching vibrations were detected 

at 3182 cm-1 and were computed at 3188 and 3180 cm-1. 

The calculated νas of CH3 stretching vibrations were detected 

at 3134, 3126, 3120 cm-1, whereas νs stretching mode  

was found at 3051, 3049, and 3017 cm-1. These stretching 

vibrations were found at 3132 and 3050 cm-1  

in the experimental IR spectra. The modes of aromatic C-H 

out-of-plane and in-plane bending are distinguished  

in the 1000-600 cm-1 and 1475-1000 cm-1 regions (usually 

mixed with C-C modes) [25, 26].  

The experimental values of out-of-plane bending 

modes were observed at 945 and 763 cm-1 and calculated 

at 941 and 764. However, the in-plane bending frequencies 

were detected at 1163 cm-1 and computed at 1159 cm-1. 
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Table 3: The selected experimental and calculated wave 

numbers (cm-1) for compound 2b calculated by B3LYP/6-

311++G (2d, 2p) method. 

Experimental Theoretical Vibrational assignment b 

v v Int.a  

3274 3637 80 vNH 

3194 3197 21 

vCH(Ar) 
3182 

3188 22 

3180 5 

3132 

3134 21 

vasCH3 3126 23 

3120 13 

3066 3063 8 vC3-H 

3050 

3051 66 

vsCH3 3049 47 

3017 54 

1589 

1564 

1613 15 

vC=C + vN=N 
1552 96 

1545 535 

1535 16 

1476 

1480 2 

βsCH3 + βasCH3 1477 1 

1474 9 

1444 
1471 195 

vC=C + vN=N + βN-H +βP-C 
1449 13 

1311 1320 94 vC-N + βC3-H  + βCCC(Ar) 

1245 
1258 110 

vP=O + vC-C 
1232 60 

1163 1159 233 vC-N + βCH + αCH(aliph) 

1059 1055 420 

vP-O-C + βCCC(Ar) 
1026 

1038 342 

1029 2 

945 941 4 γ H-C=C 

844 842 66 vP-O-C + βCCC (Ar) 

763 764 21 γ (H-C=C) + vP-C + δ CH3 

684 689 16 vP-C 

a. Calculated infrared intensities in km/mol. 

b. Abbreviation: v stretching, β bending, α scissoring, δ rocking, γ out  of 

plane, s symmetry, as asymmetry 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 3: The experimental (top) and calculated (bottom) FT-IR 

spectrum of 2b 

 

The stretching vibration of N=N bond in the experimental 

IR spectrum was appeared at 1589 cm-1 and calculated  

at 1613,1552, 1545, and 1535 cm-1 (usually mixed with  

the aromatic C=C stretching mode). The C=C stretching 

vibrations were observed at 1487 cm-1, while the matching 

computed values were 1488 cm-1[26, 27]. The stretching 

absorption calculation of C-N shows three bands at 1362, 

1266, and 1103 cm-1, which matched the experimental 

values at 1311, 1230, and 1108 cm-1[28]. The experimental 

infrared spectrum shows strong bonds at 1059 and 1026 cm-1 

assigned for νas and νs of the O-P-O group and computed 

at 1055 and 1038. The calculated C-C-C deformation 

frequencies of aromatic rings were detected at 1320, 1038, 

and 1029 cm-1 (mixed with aromatic C-H torsion, C-N 

and P-O-C, in the respective order). These values 

corresponded at 1311 and 1026 cm-1 in experimental 

values. The computed frequencies coincided very well 

with the experimental data. The calculated frequencies 

showed a good agreement with experimental data. 

 

The proposed mechanism  

The suggested mechanism for the synthesis of azo-α-

aminophosphonate by aqueous formic acid is shown   
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Fig. 4: The proposed mechanism for synthesis of α-azoaminophosphonate (2a-c) in aqueous formic acid as organocatalyst . 

 

In Fig. 4 [13]. The first step is the activation of carbonyl 

groups in aldehydes by hydrogen bond interaction with 

formic acid (I). Second, an imine intermediate (II) was obtained 

by the addition of an amine to activated carbonyl.  

The formation of the imine intermediate by formic acid 

was reported in our former research [13]. Also, the addition  

of nucleophilic phosphonate 3 to imine intermediate (II) causes 

the formation of α-azoaminophosphonates (2a-c).  

 
CONCLUSIONS 

The present work reports the synthesis of α-

azoaminophosphonates compounds dimethyl(aryl((4-

(phenyldiazenyl)phenyl)amino)methyl)phosphonate (2a-c). 

The identity of the crystal structure was confirmed using  

a single crystal X-ray diffraction technique and the crystals 

belong to the monoclinic system with P21/c space group.  

The comparison of calculated and experimental parameters 

showed good agreement between them. The amino 

azobenzene framework is essentially planar with the angle  

of 20.28° between two phenyl rings. Also, the N1 atom  

is essentially planar. In the non-planar structure of 2b, the 

phosphonate group, 4-methoxybenzene ring, hydrogen (C3-H) 

and N1 are tetrahedral configurations about the C3 atom. 
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