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Aldehydes and occasionally activated ketones are 
readily phosphonylated under the Abramov reaction 
condition, the most important method of synthesis of 
hydroxyphosphonates. The reaction with non-activated 
ketones does not generally proceed [1, 2]. We found a 
convenient method of ketone hydroxyphosphonylation 
using trialkylphosphite-pyridinium bromide reaction 
pair. This method allows a successful hydrophos-
phonylation in high yields both of the simple ketones 
Ia and ketones of the complex nature like Ic–Id.  

The reaction was carried out in methylene chloride 
solution at room temperature or at slight heating. The 
high activity of the reaction pair is due to the easy 
deprotonation of the intermediate betaine II with pyri-
dinium bromide. Moreover, the bromine ion readily 
dealkylates the phosphonium group in the intermediate 
compound II. The scheme given below is conform to 
the generally accepted mechanism of phospho-aldol 
reaction [2, 3]. Some typical experimental examples 
demonstrating the efficiency of this method are cited 
below. The more detailed description of this method 
and its use for synthesis of analogs of natural 
compounds will be reported later. 

Diethyl 1-hydroxycyclohexylphosphonate (IVa). 
A solution of 1g of cyclohexanol, 2.25 g of triethyl-
phosphite, and 1.6 g of pyridinium bromide in 3 ml of 
methylene chloride was stirred for 6 h at 40оС. Then 
the solvent was removed. The residue was dissolved in 
5 ml of ether, filtered off, evaporated, and distilled in a 
vacuum. Yield 80%, mp 120оС (0.1 mm Hg). Then the 
product was recrystallized from hexane at 0оС. 
Prismes, mp 61–63ºC. 1Н NMR spectrum (CDCl3), δ, 
ppm: 1.3 t (6H, CH3CH2,J 7.2 Hz), 1.52 m (2H, CH2), 
1.66 m (4H, CH2), 1.87 m (4H, CH2), 3.6 br. (1H, 
OH), 4.16 d.q (4H, OCH2,J 7 Hz, J 8 Hz). 31Р (CDCl3), 
δ, ppm: 26.93. Found, %: C 50.62; H 8.91; P 13.09. 
C10H21O4P. Calculated, %: C 50.84; H 8.96; P 13.11.  

Diethyl 4-hydroxy(tetrahydro-2,2-dimethyl-2H-
pyran-4-yl)phosphonate (IVc). A mixture of 0.9 g of 
ketone Ib, 1.2 g of triethylphosphite, and 1.2 g of 
pyridinium bromide was heated at 50–60оС 
(temperature of oil bath) overnight. Then the volatile 
products were evaporated and the residue was distilled 
in a vacuum and recrystallized from cooled (0оС) 
hexane. Yield 80%, bp 130–135оС (0.08 mm Hg), mp 
72–75оС. 1Н NMR spectrum (CDCl3), δ, ppm: 1.19 s 
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(3H, [(CH3)2C], 1.43 s (3H, [CH3)2C], 1.64-19 m (4H, 
CH2), 3.65 m (2H CH2O), 3.95 br. (1H, OH), 3.65 m 
(1H, CH2), 4.05 m (1H, CH2), 4.15 d. q (4H, 
CH3CH2O, J 7 Hz, J 8 Hz). 31Р NMR spectrum 
(CDCl3), δ, ppm: +23.6. Found, %: P 11.63. C11 H23 O5 P. 
Calculated, %: P 11.63. 

Diethyl [1-(3,4-dimethoxyphenyl)-1-hydroxypro-
pyl]phosphonate (IVd) was prepared similarly. The 
product was purified by column chromatography, 
eluent ethyl acetate-hexane (1:1). Yield 60%, Rf 0.33. 
1Н NMR spectrum (CDCl3), δ ppm: 0.77 t (3H, CH3, J 
7.2 Hz); 1.15 t (3H, CH3CH2O, J 7.2 Hz), 1.27 t (3H, 
CH3CH2O, J 7.2 Hz); 2.13 d. q (1H, J 7 Hz, J 8 Hz), 
2.24 d.q (1H, J 7 Hz, J 8 Hz), 3.87 s and 3.89 s (3H, 
CH3O), 4.1 m (4H, CH2O), 6.9–7.5 m (3H, C6H3). 31Р 
NMR spectrum (CDCl3), δP, ppm: +24.3. Found, %: P 
9.32. C15H25O6P. Calculated, %: P 9.32. 

Diethyl [(2E,4E)-1-hydroxy-1,5-dimethyl-7-(2,6,6- 
trimethyl-1-cyclohexyl)-2,4-heptadienyl]phosphonate 
(IVe) was prepared similarly. The product was purified 
by column chromatography, eluent ethyl acetate-
hexane (1:1). Rf 0.3. 1Н NMR spectrum (CDCl3), δ 

ppm: 0.8 m (3H, CH3), 0.9 m (3H, CH3), 1.32 t (6H, 
CH3CH2), 1.5 s (3H, CH3), 1.6 s (3H, CH3), 1.4–1.9 m 
(13H, CH2), 2.25 d (3H, CH3), 4,17 d.q (4H, CH2O, J 8 
Hz, J 8 Hz), 5.7 d. d (1H, J 4.5 Hz, J 16 Hz), 5.9 d. d 
(1H, CH=С, J 10.5Hz, J 13.5 Hz), 6.65 d. d. d (1H, 
CH=С, J 4.5 Hz, J 10.5 Hz, J 15 Hz). 31Р NMR 
spectrum (CDCl3), δ, ppm: +24.5. Found, %: C 66.00; 
H 9.55; P 7.41. C22H39O4P. Calculated, %: C 66.30; H 
9.86; P 7.77. 

The NMR spectra were registered on a Varian-300 
device, internal reference TMS (1Н and 13С),external 
reference 85% Н3РО4 in D2O (31Р). 
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