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We found that reaction of ketophosphonate I with 
triethylphosphite and diethylchlorophosphite proceeds 
at both carbon atom and carbonyl group oxygen atom 
to form a new bisphosphonophoshite II, which is able 
to transform into the other bisphosphonate types III–

V. The reaction is an unusual example of simultaneous 
nucleophilic attack of triethylphosphite and electro-
philic attack of diethylchlorophosphite on the polarized 
carbonyl group as it is shown by the formula of the as-
sumed intermediate А. 
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The reaction of ketophosphonate I with triethyl-
phosphite and diethylchlorophosphite occurred with a 
strong heat evolution and therefore it was carried out 
with cooling. The reaction gave bisphosphonophos-
phite II in a quantitative yield. This is a viscous oil 
distillable in a vacuum whose  structure was confirmed 
by 1Н and 31Р NMR spectroscopy and elemental 
analysis. In the 31Р NMR spectra of II two signals at δP 
134 (the trivalent phosphorus atom) and 18 ppm (the 
tetracoordinated pentavalent phosphorus atom) were 
observed with the integral signal ratio 1:2. In the 1Н 

NMR spectra there are signal of methyl group at the 
methylene carbon atom, triplet with a coupling constant 
16 Hz, and also two signals of ethoxy groups at P(III) 
and P(V) in the ratio 1:2 that confirm the structure of II. 

Phosphonophosphite II enters readily into the 
Arbuzov reaction yielding the earlier unknown 
bisphosphonoiodomethane III and tris-phosphonate 
IV. We were able to separate these compounds and to 
purify by vacuum distillation. Reaction of bis-
phosphonophosphite II with phosphorus pentachloride 



produces with good yield bis-phosphonochloro-
methane V. 

Diethyl 1,1-bis(diethoxyphosphinyl)ethylphosphite 
(II). A mixture of 0.05 mol of triethylphosphite and 
0.05 mol of diethylchlorophosphite was added to 
0.05 mol of diethylphosphinomethylketone under 
stirring and cooling to –20°С. The reaction mixture 
was kept for 60 min at room temperature. The pure 
product was isolated by vacuum distillation as 
colorless oil. Yield 80%, bp 170°С (0.06 mm Hg). 1H 
NMR spectrum (CDCl3), δ, ppm: 1.23 t (6H, СН3 [P
(III)], 3JHH 7 Hz), 1.32 t (12H, СН3 [P(V)], 3JHH 7 Hz), 
1.82 t (3H, СН3C, 3JHH 16 Hz), 3.88 d. q (4Н, СН2О, 
3JHH 7 Hz, 3JРH 3 Hz), 4.17 m (8Н, СН2О). 31Р NMR 
spectrum (CDCl3), δP, ppm: 18.1 s [2P, P(V)], 134.2 s 
[1P, P(III)]. Found, %: C 38.42; H 7.49; P 21.25.     
C14 H33 O9P3. Calculated, %: C 38.36; H 7.59; P 21.20. 

The reaction of bis-phosphonophosphite II with 
methyl iodide. Bis-phosphonophosphite II, 0.05 mol, 
of was mixed with 3 ml of methyliodide at 0°С. The 
reaction mixture was kept for 12 h. Then methyliodide 
excess was removed, and residue was distilled in a 
vacuum. Two fractions were obtained, with bp bp 120°С 
(0.06 mm Hg) (compound III), and with bp 160–170°С 
(0.06 mm Hg) (compound IV). 

1,1-Bis(diethoxyphosphinyl)-1-iodomethane (III). 
Yield 45%, bp 120°С (0.06 mm Hg). 1H NMR 
spectrum (CDCl3), δ, ppm: 1.23 t (6H, СН3 [P(III)], 
3JHH 7 Hz), 2.0 t (3H, СН3, 3JHH 7 Hz), 4.25 m (8Н, 
СН2О). 31Р NMR spectrum (CDCl3), δP, ppm: 20.22. 

Found, %: I 29.75; P 14.53. C10 H23IO6P2  Calculated, 
%: I 29.64 P 14.47. 

Ethyl methyl-[1,1-bis(diethoxyphosphinyl)]ethyl-
phosphonate (IV). Yield 30%, bp 160–170°С       
(0.06 mm Hg). 1H NMR spectrum (CDCl3), δ, ppm: 
1.2 t (12H, СН3СН2, 3JHH 7 Hz), 1.42 d (3H, СН3), 1.55 
t (3H, СН3C, 3JHH 16 Hz), 4.1 m (2Н, СН2О), 4.2 m 
(8Н, СН2О). 31Р NMR spectrum (CDCl3), δP, ppm: 
6.26 s (2P, P1), 26.93 s (1P, P2). Found, %: C 36.78; 
H 7.34; P 21.95. C13 H31O9P3  Calculated, %: C 36.80; 
H 7.36; P 21.90. 

1,1-Bis(diethoxyphosphinyl)-1-chloroethane (V). 
Yield 60%, bp 100°С (0.06 mm Hg). 1H NMR 
spectrum (CDCl3), δ, ppm: 1.23 t (6H, СН3 [P(III)], 
3JHH 7 Hz), 1.8 t (3H, СН3, 3JHH Hz), 4.25 m (8Н, 
СН2О). 31Р NMR spectrum (CDCl3), δP, ppm: 20.22  [4]. 

The NMR spectra were obtained on a Varian-300 
instrument relative to internal ТМS (1Н and 13С) and to 
external 85% Н3РО4 in D2O (31Р). 
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