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Abstract  A simple method for the synthesis of 4-{[(dimethyl)azanylidenonium ch loride] methyl}amino-2,3-dihydro- 
3-oxo-4H-1,2,4,3-t riazaphosphole (2) is described. Treatment of phosphonic dihydrazide (1 ) with Vilsmeier-Haack reagent 
led direct ly to the title compound in high yield. 
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1. Introduction 
A Literature search of the last decade revealed sustained 

interest in the application of the Vils meier Haack reagent in 
organic synthesis. The versatility of the reagent had been 
extended to activating agents as oxygen and nitrogen 
nucleophiles to yield the corresponding iminium salts[1-5]. 
On the other hand, phosphorus heterocycles containing 
nitrogen heteroatoms adjacent to phosphorus atom exh ibited 
interesting biological properties[6,7]. As a part of our search 
for new expected biologically active phosphorus 
heterocycles[8-11], we are interested in introducing such 
N−P−N pattern into heterocyclic structure by applying the 
Vils meier Haack reaction on phosphonic dihydrazide. To the 
best of our knowledge, the synthesis of phosphorus 
heterocycles by the Vilsmeier reagent has not been reported 
in literature. 

2. Experimental  
2.1. General 

The melt ing point was determined in an open capillary 
tube on a digital Stuart SMP-3 apparatus. Infrared  spectrum 
was  measured  on  Perkin -Elmer 293 spect rophotometer 
(cm-1), using KBr disks. 1H NMR spectrum was measured on 
Gemini-200 spectrometer (200 MHz), using DMSO-d6 as a 
solvent  and  TMS (δ ) as the internal standard . 13 C and  
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31P NMR spectra were registered on a Varian Inova 500 
MHz spectrometer at room temperature using DMSO-d6 as a 
solvent and TMS as internal standard and 85% H3PO4 as 
external reference. Elemental microanalysis was performed 
at microanalysis center in  National Research Center, Giza. 
The purity of the synthesized compound was checked  by thin 
layer chromatography (TLC). Phosphonic dihydrazide was 
prepared according to the reported method[12]. 

2.2. Synthesis of {[(dimethyl)azanylidenonium 
chloride]methyl}amino-2,3-dihydro-3-oxo-4H-1,2,4,
3-triazaphos phole (2) 

The Vils meier reagent was prepared by adding 
dimethylformamide (3.86 mL, 50 mmol) in  an ice-cold 
condition (0-5 ℃ ) under constant stirring. To this, 
phosphorus oxychloride (1.304 mL, 14 mmol) was added 
dropwise over a period of 30 minutes and the resulting 
mixture was stirred for a further 30 minutes. Phosphonic 
dihydrazide (1) (550 mg, 5 mmol) was added to the 
Vils meier reagent and stirred for 4 hours at 50-60℃. The 
reaction mixture was cooled and poured crushed ice (30 g) 
under constant manual stirring. The reaction mixture was 
kept aside overnight. After adding acetone, the precipitate 
obtained was washed well with acetone. The product was 
filtered off and crystallized from acetone/water affording 
white crystals in 86% yield, m.p. 230−232 ℃ . IR (νmax, 
cm-1): 3474−3150 (H-bonded, OH and NH), 2778 (P−H), 
1713 (C=N+), 1661 (C=N), 1291 (P=O). 1H NMR (DMSO): 
δ 3.01 (s, 6H, 2 CH3), 6.00 (br, 1H, NH exchangeable with 
D2O), 8.35 (d, 1H, JPH=328 Hz, P−H), 8.05, 8.17 (dd, 1H, 
J=14 Hz, CH=Nexocyclic), 8.40 (s, 1H, CH=Nendocyclic), 11.32 
(br, 1H, NH exchangeable with D2O). 13C NMR (DMSO): 
45.2 (CH3), 47.3 (CH3), 158.1 (C=Nexocyclic), 166.3 
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(C=Nendocyclic). 31P NMR (DMSO): δ 7.58 ppm. MS (I %): 
226 (M+1, 7%), 225 (M+, 8%), 99 (3), 98 (17), 71 (42), 70 
(24), 57 (100). Anal. Calcd for C4H11ClN5OP. 3/4H2O 
(225.10): C, 21.32; H, 5.55; N, 31.09. Found: C, 21.43;  H, 
5.62; N, 30.74%. 

3. Results and Discussion 
The Vils meier-Haack react ion [13] was  app lied  to 

phosphonic d ihydrazide (1 ) to  g ive 4- {[(d imethy l) 
azany lidenonium ch loride]methy l}amino -2,3-d ihydro- 
3-o xo- 4H- 1 ,2 , 4, 3-t r ia zaphos phole (2 ).  A  pos s ib le 
mechan is m for th is react ion cou ld  involve attack of the 
ch lo romethy len imin ium species obtained  in  situ  from  
phosphorus oxychloride and dimethylformamide to react 
with the terminal amino groups of 1 leading to the iminium 
intermediate A. The intramolecular cyclizat ion of A through 
addition of NH group adjacent to phosphorus atom to C=N+ 
group afforded the cyclic intermediate B, which underwent 
removal of one molecule of dimethylamine to give the 
isolated product 2. Unfortunately, our attempts to hydrolyze 
of 2 were unsuccessful under different basic condition which 
resulted in the formation of a tarry material instead of the 

expected aldehyde 3, and we failed to isolate indiv idual 
compound[14]. Elemental analysis and mass spectrometry 
indicated a formula with composition C4H11ClN5OP. 3/4H2O 
(225.10). This is explained by the presence of a water in the 
crystallized form, i.e. the molecular formula of the proposed 
structure is the hydrated form of C4H11ClN5OP. Its IR 
spectrum displayed OH, NH, C=N+ and C=N functions at 
3474−3150, 1713 and 1661 cm-1, respectively[15] (Figure 1). 
Also, its 1H NMR spectrum exh ibited two characteristic 
signals at δ 8.35 and δ 8.40 ppm corresponding to P−H and 
CH=Nendocyclic, respectively. Moreover, the proton of 
CH=N+

exocyclic appeared as doublet doublet at δ 8.05 and 8.17 
ppm with coupling constant around 14 Hz[16], along with 
the signals of NH protons which appeared at δ 6.00 and 
11.32 ppm which are rep laceable with deuterium on addition 
of D2O (Figure 2). Furthermore, its 13C NMR spectrum 
supported the suggested structure which showed the methyl 
carbon atoms at δ 45.2 and 47.3 ppm, while the exocyclic 
and endocyclic C=N atoms appeared at δ 158.1 and 166.3 
ppm, respectively (Figure 3). Finally, 31P NMR spectrum 
displayed a signal at δ 7.58 ppm. 

 
Scheme 1.  The synthetic pathway and its mechanism for formation 2 via applying Vilsmeier-Haack reaction on phosphonic dihydrazide 1 
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Figure 1.  The IR spectrum of compound 2 

 
Figure 2.  The 1H-NMR spectrum of compound 2 
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Figure 3.  The 13C-NMR spectrum of compound 2 

4. Conclusions 
4-{[(Dimethyl)azanylidenoniumchloride]methyl} ami

no-2,3-dihydro-3-oxo-4H-1,2,4,3-triazaphosphole (2) is 
achieved in high y ield via treatment of phosphonic 
dihydrazide (1) with Vils meier-Haack reagent. 
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