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SYNTHESIS OF TERTIARY PHOSPHINE OXIDES 
CONTAINING PYRIDINE RINGS 

E. TASHEV, S. VARBANOVt and V. VASSILEVA 

Institute of Polymers, Bulgarian Academy of Sciences, I I13 Sojia, Bulgaria 

(Received September 19. 1995) 

Several (pyridyloxymethy1ene)dimethylphosphine oxides and (8-quinolyloxymethylene)dimethyl- 
phosphine oxide have been synthesized via the Williamson reaction from (chloromethy1)di- 
methylphosphine oxide and the sodium salts of hydroxypyridines and 8-hydroxyquinoline. The structure 
of these new compounds was confirmed by elemental analysis, IR-, 'H- and "P-NMR spectroscopy. 

Key words: Tertiary phosphine oxides, (ch1oromethyl)dimethylphosphine oxide, (pyridyloxymethy1ene)- 
dimethylphosphine oxides, (8-quinolyloxymethylene)dimethylphosphine oxide, Williamson reaction. 

INTRODUCTION 

The tertiary phosphine oxides (TPO) possess the highest complexing ability among 
the known organic phosphoryl compounds with four-coordinated pho~phorus.'-~ In 
fact, they interact with the majority of metal ions to form stable comple~es . ' .~ -~  The 
properties of "0's and the possibilities to apply these complexes arose the interest 
of many authors. 

The introduction of various functional groups into the TPO molecules provides an 
effective way to regulate their complexation ability and selectivity? j 3  Among known 
substituents aromatic nitrogen containing heterocycles appeared to be the most ad- 
vantageous. Several pyridine containing TPO's have been reported in the literature 
so far,I4-l7 but the complexation of only one of them, namely 2-pyridyldiphenyl- 
phosphine oxide, with nickel (III) and cobalt (111) chlorides, iodides and thiocyanides 
has been in~estigated. '~ 

In the present paper we report the preparation of some new TPO's containing 
pyridine- or quinoline rings in their molecules. It is supposed that these compounds 
will possess interesting complexing properties. 

RESULTS AND DISCUSSION 

The chloromethyl derivatives of TPO's are available compounds and they are known 
to possess a high reaction ability. They have been used for phosphorylation of organic 
compounds and po1ymers.18-20 

One of the possible ways for phosphorylation of hydroxypyridines is interaction 
of (chloromethy1)dimethylphosphine oxide (CMPO) with the sodium salt of hydrox- 
ypyridine via the Williamson reaction according to the following scheme: 

?Reprint requests to Assoc. Prof. Dr. S. Varbanov. 
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2CH30H + 2 N a  -------+ 2NaOCH3 + H, 

NaOCH3 + HO-R -------+ NaO-R + CH30H 

NaO-R + CICH2P(0)(CH3), --------f R-OCH,P(O)(CH,), + NaCl 

where R is Pyridyl or Quinolyl. 

It is well known that nucleophilic substitution of the chlorine atoms of the chlo- 
romethyl groups in TPO by highly active nucleophilic reagents proceeds smoothly 
in aromatic hydrocarbons-benzene, toluene, xylene.2'.22 That is why the synthesis 
of the products was carried out in xylene. The sodium salts of hydroxypyridines and 
8-hydroxyquinoline were prepared by exchange reaction of sodium methoxide and 
hydroxyl containing cycles. The interaction between these salts and CMPO runs very 
vigorously as seen from the observed exothermic effect. The yield of the isolated 
sodium chloride in all cases was nearly 100% which was an indication for the high 
degree of substitution of the chlorine atoms. 

The following substances were obtained: 

Some characteristics of the synthesized (pyridyloxymethy1ene)- and (8-quinolyl- 
oxymethy1ene)-dimethyl phosphine oxides are listed in Table I. The compounds are 
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white crystalline odourless substances and only product 2 is hygroscopic. They are 
soluble in water and common organic solvents-alcohols, chloroform, methylene 
chloride, dioxane, dimethylformamide, toluene, xylene and insoluble in aliphatic hy- 
drocarbons, tetrachlormethan, diethyl ether. 

The structure of the prepared compounds was confirmed by elemental analysis of 
phosphorus, IR-, 'H- and 3'P-NMR spectroscopy. 

The IR spectra (Table 11) showed characteristic bands for the main groups: phos- 
phoryl group (P=O) at 1169- 1185 cm-', methyl group bound to phosphorus atom 
at 1285 - 1296 cm-', pyridine ring at 1410- 1580 cm-'. A band at 1090- 1120 cm-' 
confirms the presence of an ether bond. 

'H-NMR spectra of the substances (Table 111) showed characteristic doublets for 
the protons of methyl and methylene groups [(CH,),P=O and -CH2-P=O] at 
1.58-1.79 ppm and 4.28-4.62 ppm respectively. The signals for the pyridine ring 
protons were observed at 6.26-9.08 ppm. 

The signals of the benzene ring protons in (8-quinolyloxymethylene)-dimethyl- 
phosphine oxide overlap and a multiplet at 7.40-7.50 ppm is observed. The constants 
of spin-spin interactions are listed in the table. The integral intensities correspond to 
the number of protons. 

The 3'P-NMR spectra taken with decoupling showed singlets with a chemical shift 
at 41.5-43.8 ppm, which is characteristicz3 of P O ' S  with a similar surrounding 
(CH3),P(O)CH2- group. No other signals were observed. 

The phosphorus content found for the majority of products was lower than the 
theoretical value. Probably that is due to the ability of the substances to crystallize 
with some quantity of water in the process of their isolation. That assumption can 
explain as well the observed intermediate melting range and rearrangement of the 
crystals (products 3, 4 and 5) provoked by the presence of crystal hydrates. There 
are bands at 1620-1650 cm-' and 3300-3400 cm-' in the IR spectra due to the 
presence of hydrates. In addition, in the 'H-NMR spectra were observed singlets at 
2-3 ppm, characteristic of the water of crystallization. These signals disappear after 
D,O exchange. From the ratio between the integral intensities of the H,O proton 
signals and the signals of CH3-P or CH2-P protons it is possible to estimate the 
approximate quantity of the water of crystallization. For substance 2 it is one mol- 
ecule, for products 4 and 5-half a molecule and for product 3-a quarter molecule 
of water. 

No intermediate melting was observed with 1 and no water proton signal was 
present in its 'H-NMR spectrum, respectively. 

EXPERIMENTAL 

Starring Materials 

(CMPO), 2-hydroxypyridine, 3-hydroxypyridine, Chydroxypyridme, 2.6-dihydroxypyridine, 8-hydroxy- 
quinoline were commercially available. The solvents were dried by standard procedures. 

Characrerization of the Synthesized Producrs 

The phosphorus content was determined as described.% The melting points of substances were obtained 
on a Boetius apparatus and were not corrected. The IR spectra (400-4000 cm-') were recorded in KBr 
tablets on a UR-20 spectrophotometer. 'H-NMR spectra were obtained in CDCI, using a Bruker Wh4 
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PHOSPHINE OXIDES 195 

(250.13 Mhz). Internal TMS was used as a reference. The ”P-NMR spectra were taken also in CDCI, 
on a Varian XL 2OOq spectrometer. External 85% H,PO, was used as a reference. 

Preparation of (2-pyridyloxymethy1ene)dimethylphosphine Oxide ( 1 )  

To a solution of 1.003 g (10.5 mmol) 2.hydroxypyridine in 10 ml dry methanol was slowly added in 
small pieces 0.242 g (10.5 mg-at) sodium. After the reaction of sodium was completed 25 ml xylene 
was added to the reaction mixture and methanol was removed by distillation. A solution of 1.34 g (10.5 
mmol) (CMPO) in 15 ml xylene was added dropwise slowly to the boiling reaction mixture. It was 
refluxed for 12 hrs and after that the xylene was removed by distillation. The residue was dissolved in 
chloroform and after filtration of the sodium chloride the solvent was evaporated. The resulting crude 
product 1 (1.82 g, 94%) was recrystallized from toluene to constant melting point 131-132°C. 

All other products were prepared analogously but the product 2 was isolated by distillation under 
reduced pressure. 
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