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Abstract
Full Text

Chemistry
Corresponding Member of the Academy of Sciences of the USSR M. I. Kabachnik
and E. N. Tsvetkov

A Method for the Synthesis of Esters of
Alkylphosphinic Acids
Esters of alkylphosphinic acids are comparatively difficult-to-obtain substances.
Representatives of this class of compounds were synthesized in 1952 from the
corresponding alkyldichlorophosphines by B. A. Arbuzov and N. I. Rizpolozhen-
skii (1), and also by A. I. Razumov, O. A. Mukhacheva, and Sim Do Hen (2, 3).
A series of diphenyl esters of phosphinic acids was obtained by G. Kamaev and
E. A. Gerasimova (4) by the action of diphenyl chlorophosphite on organomag-
nesium compounds. Esters of arylphosphinic acids, first described in the works
of A. Michaelis (5) and A. E. Arbuzov (6), have been investigated considerably
more fully.

The usual method for obtaining esters of phosphinic acids is based on the interac-
tion of the corresponding dichlorophosphines with alcoholates or with alcohols in
the presence of bases. Although satisfactory methods of synthesis have been de-
veloped for aryldichlorophosphines (7, 8), the preparation of alkyldichlorophos-
phines still presents considerable preparative difficulties. Synthesis with the aid
of organomercury compounds (9), which until very recently was the only general
method, is associated with the use of toxic substances and is complicated by the
difficulty of purifying alkyldichlorophosphines from impurities of organomercury
derivatives. The synthesis via organolead compounds proposed in 1949 (10) (us-
ing ethyldichlorophosphine as an example) has limited possibilities, since prac-
tically only tetraethyllead is readily available. The methods developed later for
synthesis with the aid of cadmium (11) and organozinc (8) derivatives are free
of the above-mentioned disadvantages, but give comparatively low yields (26–
47%) of alkyldichlorophosphines.

In the present work a general method is described for the synthesis of esters of
alkyl- and arylphosphinic acids by the action of organomagnesium compounds
on dialkyl chlorophosphites at a temperature of −60°:

(RO)2PCl + R′MgX → (RO)2PR′ + MgXCl.

Carrying out the reactions under low-temperature conditions makes it possible
to effect a selective replacement, not involving the alkoxy groups, of the chlorine
atoms of dialkyl chlorophosphites by alkyl or aryl radicals.
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A solution of the organomagnesium compound (0.11 mole of alkyl or aryl halide,
0.11 gram-atom of magnesium in 50 ml of ether) was added dropwise (15–20 min)
to 0.1 mole of dialkyl chlorophosphite in 50 ml of ether at a temperature of the
reaction mixture of −60 ± 5° and with vigorous stirring. After the addition was
complete, the ethereal solution was decanted, the precipitate was washed with
dry petroleum ether (3 × 50 ml), the solvents were removed, and the residue
was distilled in vacuo. All operations were carried out in an atmosphere of dry
nitrogen. The yields, constants, and analytical data of the esters obtained are
given in Table 1.

As alkyl and aryl halides, bromo derivatives were used; the exceptions were
benzyl chloride and methyl iodide. In the latter case, careful separation of
magnesium iodide is useful, which

Table 1

No. Formula
Yield,

%

B.p.,
°C/pressure,
mm 𝑛20

𝐷 𝑑20
4

𝑀𝑅,
found

𝑀𝑅,
calc.

C,
found

C,
calc.

H,
found

H,
calc.

P,
found

P,
calc.

1 CH3P(OC4H9)269,5 39
—
40/1
mm

1,43480,890256,30 55,89 56,1056,1256,26 11,0510,9911,02 15,8115,8216,13

2 C2H5P(OC3H7)264,3 56
—
56,5/7
mm

1,43180,893551,70 51,27 54,0053,8753,93 10,8910,8610,74 17,6017,6517,39

3 C2H5P(OC4H9)270,0 47
—
48/1
mm

1,43700,887160,92 60,51 58,1858,0858,21 11,0711,0711,24 15,3815,2415,02

4 C3H7P(OC4H9)266,4 59,8
—
60,3/1
mm

1,43930,885165,50 65,12 59,7059,5659,96 11,3711,4111,45 13,8614,1114,06

5 C4H9P(OC4H9)268,4 68
—
69/1
mm

1,44200,883970,14 69,74 61,4661,3361,51 11,5111,5811,61 13,5113,4913,22

6 C6H5CH2P(OC4H9)254,5 103
—
104/1
mm

1,49720,974280,62 80,00 66,9666,8567,17 9,249,349,39 11,3211,3511,54
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No. Formula
Yield,

%

B.p.,
°C/pressure,
mm 𝑛20

𝐷 𝑑20
4

𝑀𝑅,
found

𝑀𝑅,
calc.

C,
found

C,
calc.

H,
found

H,
calc.

P,
found

P,
calc.

7 C6H5P(OC4H9)263,0 97,5
—
98,5/1
mm

1,49930,976976,54 75,38 66,1266,1466,15 9,169,049,12 12,4012,2312,18

8 C6H5P(OC3H7)261,5 73
—
74/1
mm

1,50721,000067,35 66,14 64,0363,9663,71 8,508,448,46 13,6113,5413,70

9 C6H5P(OC2H5)253,7 62,5
—
63/1
mm

1,51311,025258,13 56,91 60,8560,8460,59 7,717,837,63 15,2815,2515,63

10 HC≡C−P(OC4H9)281,5
—
83/2
mm

1,4827 64,4564,1064,43 9,479,479,57 12,4112,8012,78

Literature data: No. 2 —b.p. 65—66,5°/11 mm, 𝑛20
𝐷 1,4278, 𝑑20

4 0,9021 (1). No. 3
—b.p. 63—64°/3 mm, 𝑛20

𝐷 1,4353, 𝑑20
4 0,8977 (1). No. 5 —b.p. 116,5—118°/10

mm, 𝑛20
𝐷 1,4410, 𝑑20

4 0,8883 (3). No. 8 —b.p. 137°/15 mm, 𝑛25
𝐷 1,4939, 𝑑23

0 0,9925
(66). No. 9 —b.p. 235°/237 mm, 𝑛20

𝐷 1,5120, 𝑑20
0 1,0247 (12).

Table 2

No. Formula
Yield,
%

b.p.
(m.p.),
°C/pressure
in
mm 𝑛20

𝐷 𝑑20
4

𝑀𝑅
found

𝑀𝑅
calc.

C
found

C
calc.

H
found

H
calc.

P,
1/2 Cu2P2O7
found

P,
1/2 Cu2P2O7
calc.

S
(I)
found

S
(I)
calc.

1 CH3PS(OC4H9)287.3 69–
70/1
mm

1.46220.987262.4862.1248.2048.2348.199.519.619.44 13.5513.3713.8114.4314.2514.30

2 C2H5PS(OC4H9)285.4 76–
77/1
mm

1.46280.978667.0566.7450.4150.4950.399.849.789.73 13.0513.2313.0013.5613.6113.45

3 C2H5PS(OC3H7)286.6 55–
56/1
mm

1.46301.000757.8857.5045.4745.4945.699.159.159.11 14.2814.2214.7315.0515.2215.25

4 C3H7PS(OC4H9)287.5 84–
85/1
mm

1.46230.970271.5571.3552.2052.0852.3410.0210.119.98 12.1412.3112.2712.5912.5012.71
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No. Formula
Yield,
%

b.p.
(m.p.),
°C/pressure
in
mm 𝑛20

𝐷 𝑑20
4

𝑀𝑅
found

𝑀𝑅
calc.

C
found

C
calc.

H
found

H
calc.

P,
1/2 Cu2P2O7
found

P,
1/2 Cu2P2O7
calc.

S
(I)
found

S
(I)
calc.

5 C6H5P(OC2H5)2 ⋅ CuJ71 122.5–
123.5(from
al-
co-
hol)

— — — — 30.8130.5530.903.913.833.89 38.7438.3338.7333.0833.2532.66

6 C6H5P(OC3H7)2 ⋅ CuJ74.4 129.5–
130.5(from
al-
co-
hol)

— — — — 34.4734.5834.584.654.734.60 36.3736.3936.1230.7730.6930.46

7 C6H5P(OC4H9)2 ⋅ CuJ75 88–
89(from
al-
co-
hol)

— — — — 37.7737.5537.815.395.235.21 34.2134.0133.8328.9029.1928.53

Literature data: No. 1 —b.p. 72–74°/1 mm, 𝑛20
𝐷 1.4535, 𝑑20

4 0.9848 (13). No. 2 —
b.p. 79.5–83°/2 mm, 𝑛20

𝐷 1.4533, 𝑑20
4 0.9775 (13); b.p. 97–98°/2 mm, 𝑛20

𝐷 1.4510,
𝑑20

4 0.9768 (14). No. 3 —b.p. 69–70°/1.5 mm, 𝑛20
𝐷 1.4622, 𝑑20

4 1.0005 (1). No. 4
—b.p. 103–104°/2 mm, 𝑛20

𝐷 1.4580, 𝑑20
4 0.9772 (14).

is achieved by removing the ester from the reaction mixture and subsequently
extracting the residue with petroleum ether.

The obtained esters of alkylphosphinous acids are readily oxidized in air and
vigorously add sulfur and cuprous iodide. To confirm the structure of the syn-
thesized substances, some esters of alkylthiophosphinous acids and complex com-
pounds of arylphosphinous esters with cuprous iodide were obtained from them
by ordinary methods (see Table 2).

For calculating the molecular refractions of phosphinous acid esters, the value
of the atomic refraction of phosphorus proposed by A. I. Razumov and O. A.
Mukhacheva (3), equal to 7.74, was used. In the case of esters of alkylphos-
phinous acids, a constant excess of the found molecular refraction over the cal-
culated one was observed, amounting on average to 0.41; for arylphosphinous
esters an exaltation of about 1.20 was noted.
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Note: Figure translations are in progress. See original paper for figures.

Source: Math-Net.Ru and CyberLeninka. Machine translation. Verify with the
original.

sovietrxiv.org/items/ru-195701.71475 Machine Translation

https://sovietrxiv.org/items/ru-195701.71475

	Abstract
	Full Text
	Chemistry
	A Method for the Synthesis of Esters of Alkylphosphinic Acids
	CITED LITERATURE


