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Acyclic and cyclic phosphites react with chloral and bromal to give vinyl phosphates [I, 2], 
In some cases, phosphoranes with a P-C bond were detected [3, 4], which were stable up to 
100~ in the case of alkyl-(l,l,3-trihydroperfluoropropyl)phosphites [5], 

In the present work, we report the synthesis of alkylene-(l,l,3-trihydroperfluoropropyl) 
phosphites (I)-(IV) and their reactions with chloral and bromal, sip NMR spectroscopy was 
used to establish that the reaction begins at from -i0 to 0~ in CH2CI 2 and leads to the for- 
mation of two spirophosphoranes with P-C and P-O-C bonds in the case of (I)-(III). Spiro- 
phosphoranes (V), (VII)-(XI) and (XIII) are hygroscopic crystalline compounds which are stable 
upon storage. The signals with 6P from -20 to -30 ppm (spirophosphoranes with a P-C bond in 
one of the rings [6]) and signals with 6P from -42 to -52 ppm (pentaalkoxypyrophosphoranes 
[7]) correspond to these compounds in the Sip NMR spectroscopy in CH2CI 2. Phosphoranes (VI), 
(IX), (XII), and (XIV)-(XVI) were not isolated due to their hygroscopicity. Their corres- 
ponding Sip NMR spectral signals (6P, ppm) are as follows: -20 for (VI) and (IX), -42 for 
(XII), -42 and -52 for (XIV), and -40 for (XV) and (XVI). We should note that phosphite 
(III) is less reactive in its reactions with chloral and bromal. In turn, bromal reacts more 
rapidly and readily with all the phosphites studied. Derivative (IV) did not give a penta- 
alkoxyphosphorane; the reaction mixtureobtained contained a phosphorane with a P-C bond 
(about 5%) with 6P = -42 and -45 ppm, (X) and the product of the Perker reaction with ring 
opening, (XVII) with 6P = -ii ppm (about 95%), which also distinguishes phosphite (VI) from 
other 2-alkoxy-l,3,2-dioxaphosphorinanes which react with chloral with predominant ring 
retention [8]. In contrast to phosphites (I)-(III), tris(l,l,3-trihydroperfluoropropyl) 
phosphite reacts with chloral and bromal in CH2CI 2 or without solvent at 0-10~ with the 
formation of phosphoranes with a P-C bond [9]. The 6P signals at -42 (XVIII) and -41 ppm 
(XIX) in the sip NMR spectrum corresponds to these products. 
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In the case of phosphoranes (VII) and (XIII), hydrolysis in acetonitrile leads to 
a-hydroxyphosphonate (XX) (5 P 12 ppm). 
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EXPERIMENTAL 

The ~H NMR spectra were taken on a Varian HA-100D spectrometer at i00 MHz and Tesla 
BS-467A spectrometer at 60 MHz. The IR spectra were taken on a b~-20 spectrometer. The 
3~p NMR spectra were taken on a KGU-4 NMR spectrometer at 10.2 MHz. 

Alkylene-(l,l~3-trihydro_j~erfluoropropyl)phosphites. A mixture of 0.5 mole l,l,3-tri- 
hydroperfluoropropanol and 0.5 mole Et3N in 300 ml ether was added dropwise with stirring 
over I h to 0.5 mole alkylene chlorophosphite in i liter anhydrous ether at 0-5~ and 
stirred for 2.5 h at 20~ The precipitate was removed, Ether was evaporated off and sub- 
sequent distillation in vacuum gave phosphites (1)-(IV) (Table i). 

Reaction of Phosphite (I) with Chloral. a) A sample of 0.098 mole phosphite (I) in 
20 ml CH2CI 2 was added dropwise to 0.19 mole chloral in i00 ml CH2CI 2 in an argon stream 
with stirring at from -20 to -30~ The mixture was stirred at 20~ for 3 h. CH2CI 2 was 
removed in vacuum. The residue was maintained for 48 h at 0~ The crystals were washed 
with cold CH2CI 2 (from -30 to --20~ and dried in vacuum to give phosphorane (V) (Table 2)~ 

b) The reaction was carried out by analogy to the above procedure but with a reverse 
order of addition (addition of the chloral to phosphite). Stirring for 3 h gave the pre- 
cipitation of crystalline phosphorane (IX), which was filtered, washed with CH2CI 2 and 
dried in vacuum (see Table 2). 

TABLE I .  Alkylene-(l,l,3-trihydroperfluoropropyl) 
phosphites (1)-(IV) 
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TABLE 2. 5-(l',l',3'-Trihydroperfluoropropoxy)-2,3- 
bis(trichloromethyl)-7,8-dimethyl-l,3,6,9-tetraoxa-5- 
phosphaspiro[4,4]nonanes (V), (VII), (VIII) and 5- 
(l',l',3'-Trihydroperfluoropropoxy)-2,3-bis(trichloro- 
methyl)-7,8-dimethyl-l,4,6,9-tetraoxa-5-phosphaspiro- 
[4,4]nonanes (XI) and (XIII) 
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Reaction of Phosphite (II) with Chloral. A sample of 0.06 mole phosphite in 20 ml 
CH2CI 2 was added dropwise to 0.13 mole chloral in i00 ml CH2CI 2 with stirring at -10~ over 
30 min in an argon stream and then stirred for 2 h at 20~ The crystalline precipitate of 
phosphorane (XIII) was filtered, washed and dried. After removal of CH2C12, the filtrate 
crystallized upon storage for 48 h at 0~ The crystals were washed with i0:i pentane-ether 
and dried to give phosphorane (VII). The constants for (VII) and (XIII) are given in Table 2. 

Reactions of Phosphite (II) with Bromal. This reaction was carried out by a procedure 
analogous to that given above. After 6 h at 0~ the colorless oil obtained crystallized. 
The crystals were washed with 4:1 pentane-ether at -10~ and dried to give phosphorane (VIII). 

Hydrolysis of Phosphoranes (VII) and (XIII). The phosphorane was dissolved in aceto- 
nitrile and maintained in the air for 48-72 h. The crystalline precipitate was separated, 
washed and dried to give (XX), mp 224-224.5~ vOH 3200 cm -I, ~H (CH) 4.78 ppm, 2Jpc H= Ii Hz 
(CF3CO2H). Found: C, 25.19; H, 3.35; P, 11.48%. Calculated for C6HIoCI304P: C, 25.39; H, 
3.53;P, 11.3%. 

Reaction of Phosphite (VI) with Chloral. A sample of 0.011 mole chloral was added 
dropwise to 0.01 mole phosphite with stirring at ~50~ The mixture was heated at 100~ for 
30 min. The yield of l,l,3-trihydroperfluoropropyl-2,2-dichloro-vinyl-3-chloropropyl 
phosphate (XVII) was 100%, nD 2~ 1.4390, vC=C 1655 cm -l, 6H(=CH) 7.33 ppm, 3JPOCH = 5 Hz. 
Found: P, 8.00%. Calculated for CsHIoCI3F404P: P, 8.08%. 

CONCLUSION 

For the first time, stable pentaalkoxyspirophosphoranes were isolated in addition to 
phosphoranes with P-C bond in the reactions of alkylene-(l,l,3-trihydroperfluoropropyl)phos- 
phites with chloral or bromal. 
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ESR SPECTRA OF PHOSPHORUS-CONTAINING TETRAZONYL 

RADICALS 

R. M. Zaripova, A. A. Vafina, B. G. Liorber, 
and V. N. Ivanova UDC 543. 422.27:541.515:547.1'118 

The reaction of dialkylphosphorylacetaldehydes with aryldiazonium salts gives 1,5-diaryl- 
3- (dialkoxyphosphoryl) formazanes (I)-(III) [i] : 

/ N = N - - ~ - - t /  

(R'O)2PC 

JJ ~NNH--~--II O 

R'~ :E t ,  R ~-- NO~(I); R ' =  Me, II = N02(II); H' = Me, R = Br(III). 

In order to confirm the structure of the products formed, we carried out an ESR study of 
the free radicals obtained by the oxidation of solutions of (I)-(III) using PbO 2. 

The oxidation of formazanes by lead dioxide in the presence or absence of oxygen readily 
a N -N~ 

gives tetrazonyl radicals C j 1 [2]. 
| 

Solutions of (I)-(III) in toluene with PbO 2 were studied. In order to improve the solu- 
bility of (I)-(iII), the samples were prepared in the presence of pyridine. The solutions 
were evacuated to 10 -3 mm Hg. The ESR spectra were taken on an EI~-9 spectrometer at -20~ 

The hyperfine structure of the ESH spectra of the radicals obtained in the oxidation of 
(I)-(III) consists of nine broad lines due to coupling of the unpaired electron with the four 
equivalent nitrogen nuclei shown in Fig. 1 (aN(I) = 6.2, aN(II) = 5.7, aN(III) = 6.90e). 
Hyperfine splitting by other magnetic nuclei was not observed. The lack of coupling with 
the phosphorus atom may occur since the contributions to the spin density on the phosphorus 
atom due to spin polarization by N 2 and N 4 compensate each other [3] and the coupling constants 
due to the protons of the phenyl rings are less than the linewidth (0H % 3.00e). Paramagnetic 
products were not detected in the electrochemical oxidation of (I)-(III). 

40 Oe 

Fig. i. ESR spectrum of the radical ob- 
tained in the oxidation of (I) by PbO 2 
in toluene at -20~ 
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