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PSEUDOALLYLIC REARRANGEMENT OF ACETOXYMETHYLPHOSPHINES 
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The oxidation--reduction conversion of s-substituted phosphines into the corresponding 
methylphosphine oxides [i], which we called a pseudoallylic rearrangement, is of interest 
as a method for the synthesis of substituted oxides in which the degree of functionality 
is a unit lower than in the initial phosphines: 

XX." "x, x 
PCHtX ~ P(O)Me 

/ / 

This reaction is of special significance for the production Of bifunctional phosphine 
oxides and, in particular, phosphorus-containing glycols and primarily their simplest repre- 
sentative, i.e., methyldi(hydroxymethyl)phosphine oxide. A series of examples of the re- 
arrangement of hydroxyalkylphosphines have been described [2-10], but the difficulties in- 
volved in the purifiCation of the starting materials and the final prodUcts restrict the 
wide use of this direct method for the production of hydroxyalkylphosphine oxides. 

In the present work we studied the pseudoallylic rearrangement Of acetoxymethylphosphines 
[ii], which in contrast to hydroxymethylphosphines are easily purified by vacuum distillation. 
It was shown that this reaction can be used successfully for the production of acetoxymethyl 
and the corresponding hydroxymethylphosphine oxides: 

\- Aoo~ \ 
PCH~OCOMe ~ P(O)Me + Ac20 

Tri(acetoxymethyl)phosphine [ii] is converted with a high yield into methyldi(acetoxy- 
methyl)phosphine oxide (I) (Table i) when heated with glacial acetic acid at 180-190~ for 
8 h in the presence of acidic catalysts [14] [ a 6% solution of dry hydrogen chloride in 
glacial acetic acid; p-toluenesulfonic acid (monohydrate); and 90% phosphoric acid]. In- 
crease in the content of hydrogen chloride leads to contamination of the oxide (I) with the 
products from substitution of the acetoxy groups by chlorine atoms. The most suitable of 
the given catalysts is p'toluenesulfonic acid. In the absence of the catalyst the re- 
arrangement is not observed under the above-mentioned conditions, but it takes place under 
more drastic conditions (250~ 20 h). However, the process is accompanied by such strong 
resinification that the product, which according to PMR data contains 95-100% of the oxide 
(I), can only be isolated with a yield of 40%. The reaction is accelerated by potassium 
acetate to a smaller degree than by acidic catalysts: according to PMR data only 30% of the 
tri(acetoxymethyl)phosphine rearranges after 8 h at 180-190~ 

The oxides (II-VI) (Table i) were obtained similarly by rearrangement of the corre- 
sponding alkyldi(acetoxymethyl)- and diaikylacetoxymethylphosphines, which occurs under 
rather milder conditions. The synthesis of the initial compounds wasdescribed earlier [ii] 
except for methyl- and methoxymethyldi(acetoxymethyl)phosphines (VII) and (VIII). The 
latter were obtained by alkylation of tri(acetoxymethyl)phosphine with dimethyl sulfate and 
methyl chloromethyl ether respectively followed by alkaline decomposition of the phosphonium 
salts which form. The synthesis of the phosphine (VII) was realized also by reduction of 
methyldi(acetoxYmethyl)phosphine oxide by trichlorosilane. The hydroxymethyl derivatives 
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(IX) and (X) were ohtained by hydrolysis of methyldi(acetoxymethyl)- and dimethylacetoxy- 
methylphosphine oxides (I) and (II). Their melting points were somewhat higher than those 
described in the literature, and this indicates higher purity. The yields, constants, and 
analytical data of the synthesized compounds are given in Table i. 

It should be noted that the rearrangement of acetoxymethylphosphines is the reverse of 
the well-known Pummerer reaction in the sulfoxide series [15]: 

Ac~O 
RS(O)Me -RSCHIOCOMe + Ac0H 

EXPERIMENTAL 

All the operations with the trivalent phosphorus compounds were carried out in an 
atmosphere of argon. The PMR spectra were recorded on a Perkin--Elmer R-32 instrument (90 
MHz) with HMDS as standard.* The 31P--{H} NMR spectra were recorded on a Bruker HX-90 
spectrometer at 36.43 MHz by a pulsed technique with 85% phosphoric acid as standard. The 
melting points were measured by shortened Anschutz thermometers. Corrections were not made 
for the protruding mercury column in the determination of the boiling points. 

Methyldi(acetoxymeth~l)phosphine Oxide (I). Method A. A mixture of 5.0 g of tri(acet- 
oxymethyl)phosphine and 6 mi of glacial acetic acid, containing 6% of dry hydrogen chloride, 
was heated in a sealed tube in an autoclave at 200~ (bath temperature) for 5 h. The 
readily boiling products were removed under vacuum, and the residue was distilled. The 
yield of (I) was 3.5 g. PMR spectrum (8, ppm): 1.5 d (Me--P, JHP = 13 Hz), 2.1 s (MeCO), 
4.4 d (CH2, JHP = 5 Hz). 31p NMR spectrum (8, ppm): --36olo 

Method B. A mixture of 51.5 g of tri(acetoxymethyl)phosphine, 3.9 g of p-toluenesulfonic 
acid (monohydrate), and 18 ml of glacial acetic acid was boiled at 180-190~ (bath temper- 
ature) for 8 h. The readily boiling products were removed ~nder vacuum, and the residue was 
distilled. The yield of (I) was 38.4 g. 

Method C. The oxide (I) was obtained by method B from 20.0 g of tri(acetoxymethyl)- 
phosphine and 6 ml of glacial acetic acid (7 h, 180-190~ but in the presence of i.i g of 
90% phosphoric acid. The yield of (I) was 13o8 g~ 

Dimethylacetoxymethylphosphine Oxide (II)o The oxide (II) was obtained similarly to 
(I) (method B) from methyldi(acetoxymethyl)phosphine (Vll) (6 h, 140-150~ The compound 
was hygroscopic. PMR spectrum (8, ppm, in chloroform): 1.6 d (Me--P, JHP = 13 Hz), 2.2 s 
(~CO), 4.4 d (CH2, JHP = 6 Hz). 31p NMR spectra (8, ppm, in chloroform): --38.9. 

Methylmethoxymethylacetoxymethylphosphine Oxide (III). The oxide (III) was obtained 
similarly to (I) (method B) from methoxymethyldi(acetoxymethyl)phosphine (VIII) (6 h, 185- 
190~ bath temperature). PMRspectrum (8, ppm): 1.5 d (Me~-P, JHP = 13 Hz), 2.1 s (MeCO), 
3.4 s (MeO), 3.8 d (CH20--CO, JHP = 5.6 Hz), 4.4 d (CH=O, JHP = 5.1 Hz). 31p NMR spectrum 

(8, ppm): --35.9. 

Methylbutylacetoxymethylphosphine Oxide (IV). A mixture of 9.5 g of butyldi(acetoxy- 
methyl)phosphine and 20 ml of glacial acetic acid, containing 6% of hydrogen chloride, was 
boiled for 9 h. The readily boiling products were removed under vacuum, and the residue was 

distilled. The yield of (IV) was 7.1 g. 

Methylamylacetoxymethylphosphine Oxide (V). The oxide (V) was obtained similarly to 

(~ from amyldi(acetoxymethyl)phosphine. 

~ Methyldiamylphosphine Oxide (VI): The oxide (VI) was obtained similarly to (1) (method 
A)~from diamylacetoxymethylphosphine (5 h, 150~ The compound was hygroscopic. 

Methyldi(acetoxymethyl)phosphine (VII). Method A. To 57.8 g of tri(acetoxymethyl)phos- 
phine-we added dropwise with stirring 32.1 g of dimethyl sulfate at 50~ The mixture was 
kept at 50~ for 1 h. To the obtained salt we added 25 ml of water and i00 ml of benzene. 
We then added dropwise with stirring a 40% solution of sodium hydroxide to an alkaline re- 
action (with phenolphthalein, I0-15~ The organic layer was removed, and the aqueous 

*In cases where the solvent is not indicated the spectra are given for the individual 

substances. 
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layer was extracted with benzene. The combined extract was dried with sodium sulfate and 
evaporated under vacuum. The residue was distilled. The yield of (VII) was 32.4 g. PMR 
spectrum (6, ppm): 1.1 d (Me--P, JHP = i0 Hz), 2.1 s (MeCO), 4.5 d (CH~, JHP = 6 Hz). 3~p 
~iR spectrum (6, ppm): 42.2. 

Method B. To a solution of 74.0 g of methyldi(acetoxymethyl)phosphine oxide in 200 ml 
of absolute benzene we added dropwise 108 ml of trichlorosilane. The mixture was boiled for 
3 h, the solvent was distilled, and the residue was decanted with the precipitate, dissolved 
in benzene, and added dropwise to a saturated solution of sodium bicarbonate. The organic 
layer was removed, and the aqueous layer was extracted with benzene. The combined extract 
was evaporated under vacuum, and the residue was distilled. The yield of (VII) was 47.9 g. 

Methoxymethyldi(acetoxymethyl)phosphine (VIII). The phosphine (VIII) was obtained 
similarly to (VII) (method A) from tri(acetoxymethyl)phosphine and methyl chloromethyl 
ether (30 min at 60~ P~ spectrum (6, ppm): 2.0 s (MeCO), 3.3 s (MeO), 3.8 d (CH2--P, JHP = 
6 IIz), 4.5 d (CH20CO, JHP = 4 Hz). 31p NMR spectrum (6, ppm): 34.0. 

Methyldi(hydroxymethyl)phosphine Oxide (IX). A mixture of 6.9 g of methy!di(acetoxy- 
methyl)phosphine oxide and 20 ml of a 12% solution of dry bydrogen chloride in methanol was 
boiled for 5 h and evaporated under vacuum. The residue was dissolved in alcohol and 
neutralized with sodium bicarbonate. The precipitate was filtered off, and the solvent was 
removed under vacuum. The product was kept at 30~ ~ver phosphorus pentoxide in a vacuum of 
1-2 mm Hg for 3 h and crystallized by cooling to --70~ and gradually raising the temperature 
to 20~ The yield of (IX) was 3.7 g. The compound was hygroscopic. PMR spectrum (6, ppm, 
in D20): 1.8 d (Me--P, JHP = 13 Hz), 4.3 d (CH=--P, JHP = 3 Hz), 4o9 s (OH). 3~p NMR spectrum 
(6, ppm, in DMSO): --43.3. 

DimethylhTdroxymethylphosphine Oxide (X). A 4.0-g sample of potassium hydroxide and 
then 8.9 g of dimethylacetoxymethylphosphine oxide were dissolved in 40 ml of absolute 
methanol. After 1 h at 25~ the solvent was distilled. The residue was dissolved in acetone 
and neutralized with concentrated hydrochloric acid~ The precipitate was filtered off, the 
solvent was removed under vacuum, and the residue was distilled. The yield of (X) was 5.0 g. 
The compound was hygroscopic. PM~ spectrum (~, ppm, in chloroform): 1.5 d (Me--P, JHP = 16 Hz), 
3.8 t (CH2--P, JHP = 4 Hz), 6.1 q (OH, J = 4 Hz). 3~p NHR spectrum (~, ppm, in chloroform): 
--45.6. 

The authors express their gratitude to P. V. Petrovskii and A. I. Lutsenko for recording 
the NMR spectra. 

CONCLUSIONS 

When heated with glacial acetic acid in the presence of acidic catalysts, acetoxymethyl- 

phosphines > PCH2OCOMe rearrange to the corresponding methylphosphine oxides>P(0)Me. 
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REACTION OF 2,4,6-TRIISOPROPYL-I,3,5-DIOXAPHOSPHORINANE WITH 

METHYL IODIDE 

B. A. Arbuzov, O. A. Erastov, 
S. N. Ignat'eva, T. A. Zyablikova, 
and R. P. Arshinova 

UDC 542.91:547.1'118 

Earlier we showed that 2,4,6-triisopropyl-l,3,5-dioxaphosphorinane (I) exists as one 
stereoisomer having the chair conformation and equatorial (e) isopropyl groups and an axial 
(a) hydrogen atom at the phosphorus [i]. It therefore seemed of interest to consider the 
stereospecificity of addition of methyl iodide to (I) and the degree of alkylation. The 
reaction of methyl iodide with mono-n-alkylphosphines stops at the formation of dimethyl- 
alkylphosphonium iodides as a result of the small degree of dissociation of the product [2]. 
The addition of alkyl halides to trialkylphosphines is stereospecific [3]. In the light of 
these data it could be expected that methyl iodide would add stereospecifically to (I) and 
that alkylation would be incomplete. 

(I) 
-HI  , 

I NEI~ 
M e  I -  Me 

~ R Me--P- R ~0 +MeI +l R R ~  Me~p~N ~0 
Jc > R ~ R  R R 
(II) 

R ~- (CH3)2CH 

The reaction of (I) with methyl iodide was realized in benzene at 20~ for 20-48 h with 
the reagents in ratios between i:i and 1:6. The 31p NMR spectra of the reaction mixture, of 
5-methyl-2,4,6-triisopropyl-l,3,5-dioxaphosphorinane (II), and of a solution of (II) in 
methyl iodide [the methiodide (II)] are given in Fig. i. From the spectra it is seen that 
alkylation does not stop at the first stage. In addition to the product from addition of 
one molecule of methyl iodide to (I), the product from displacement of HI by another molecule 
of methyl iodide is formed. The reaction of (I) with an excess of methyl iodide only gives 
the fully alkylated product, i.e., exhaustive alkylation is observed. In contrast to the 
hydriodides of aliphatic phosphines, the hydriodide (II) dissociates fairly readily. The 
elimination of HHal is an essential condition for the addition of the next molecule of the 
alkyl halide during the alkylation of phosphines [2]. Electrophilic attack by methyl iodide 
at the phosphorus atom of the phosphorinane (I) can only occur in one direction. The stereo- 
specificity of the reaction therefore depends on the rate of exchange by the protons of the 
molecules of the hydriodide (II); if the rate is high, two stereoisomers will be obtained. 
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