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in the condenser and diphenylphosphine (78%) was isolated. This ready removal of a 
hydroxymethyl group was used in the conversion of phenylphosphine into methylphenyl- 
phosphine. Phenylphosphine with formaldehyde and hydrochloric acid gave a solution 
containing tri(hydroxymethy1)phenylphosphonium chloride.2 This solution, when made 
alkaline, gave di (hydrox ymet h yl) phen ylphosphine, which on quat ernisation with methyl 
iodide and treatment with alkali gave crude (hydroxymethy1)-methylphenylphosphine. 
Removal of the hydroxymethyl group gave methylphenylphosphine. The overall yield 
from phenylphosphine was low (15%). The secondary phosphine was characterised by 
reaction with benzyl bromide to give benzylmethylphenylphosphonium bromide. With 
aqueous alkali this gave benzylmethylphenylphosphine, identified as the methiodide. 
Similarly diphenylphosphine with benzyl bromide gave benzyldiphenylphosphonium 
bromide which with alkali gave the stable, crystalline, benzyldiphenylphosphine. 

From the action of hydrogen bromide in acetic acid on methoxymethyldiphenylphos- 
phine, the minor product, after treatment with methyl iodide, was dimethyldiphenyl- 
phosphonium iodide. Similarly the quaternary iodides obtained on rearrangement of the 
crude 1-hydroxyalkyldiphenylphosphines and treatment of the products with methyl 
iodide were mixtures of dimethyldiphenylphosphonium iodide and methyldiphenyl- 
phosphonium iodide. The dimethyldiphenylphosphonium iodide in each case probably 
arose from diphcnylphosphine, although under ordinary conditions this with methyl iodide 
gives only methyldiphenylphosphonium iodide. 

EXPERIMENTAL 
Experiments involving phosphines were carried out under oxygen-free nitrogen. Unless 

otherwise stated, light petroleum refers to that fraction having b. p. 60-80". 
MethoxymethyZdiphenyZphosphine.-A suspension of methoxymethyltriphenylphosphonium 

chloride (50 g.) in N-sodium hydroxide (500 ml.) was refluxed for 0.5 hr., cooled, and extracted 
twice with benzene. The extract was dried and evaporated, and the residue crystallised from 
benzene-light petroleum to give methoxymethyZdiphenyZphosphine oxide (31 g.),  m. p. 11 6-1 17' 
(Found: C, 68.2; H, 6.1. C,,H,,O,P requires C, 68.2; H, 6.1%). 

The above phosphine oxide (24 g.) was added slowly to a stirred suspension of lithium 
aluminium hydride (8 g.) in di-n-butyl ether (200 ml.) on a boiling-water bath, the suspension 
was heated for 18 hr., then cooled in ice, and methanol (40 ml.) was added. Solvent was 
removed under reduced pressure and the residue distilled to give methoxymethyZdiphenyZphosphine 
(12 g.), b. p. 138-139"/0.1 mm. The methiodide had m. p. (from chloroform-ethyl acetate) 
144-146' (Found: C, 48-45; H, 4.8. C,,H,,IOP requires C, 48.4; H, 4.9%); the benzyl- 
phosphonium bromide had m. p. (from chloroform-ethyl acetate) 173-175" (Found: C, 63-1 ; 
H, 5.6. 

Act ion  of Hydrogen Bromide in Acetic Ac id  on MethoxpnethyZdiphenyZphosphine.-A slow 
stream of oxygen-free hydrogen bromide was passed for 8 hr. through a refluxing solution of 
methoxymethyldiphenylphosphine (1 1 g.) in acetic acid (100 ml.) . Solvent was then removed 
under reduced pressure, the residue taken up in benzene (100 ml.), methyl iodide (10 ml.) added, 
and the solution set aside at  room temperature for 18 hr. Filtration gave dimethyldiphenyl- 
phosphonium iodide (3.2 g.), m. p. (from water) 250-251' (decomp.) (Found: C, 49-25; H, 4.8. 
Calc. for C,,H,,IP: C, 49.1 ; H, 4.7%). The mother-liquors, on evaporation and crystallisation 
of the residue from light petroleum (b. p. 80-loo'), gave methyldiphenylphosphine oxide (7 g.), 
m. p. and mixed m. p. 112.5-113'. 

HydroxymethyZdiphenyZpho~phine.-Diphenylphosphine (8 g.) , 40% aqueous formaldehyde 
(15 ml.), concentrated hydrochloric acid (12 ml.), and water (40 ml.) were heated on a steam- 
bath for 1 hr., the clear solution cooled, and sodium iodide (15 g.) in water (10 ml.) added. 
The resulting syrup crystallised when rubbed with saturated aqueous sodium iodide and was 
filtered off and dried (13-5 g.). 

The phosphonium iodide (10 g.) was dissolved in water (50 ml.), 2~-sodium hydroxide (20 ml.) 

C,,H,,BrOP requires C, 62.85; H, 5.5%). 
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added, and the suspension extracted with chloroform (100 ml.). The extract was dried and 
evaporated to give hydroxymethyldiphenylphosphine (5.2 g.) [characterised as the Phosphine 
oxide, m. p. (from benzene-light petroleum) 138-140", lmz 3.1, 8.65 p (Found: C, 67.35; 
H, 5-75. C,,H,,O,P requires C, 67.2; H, 5.6%) and the benzylphosphonium bromide, m.p. 
(from chloroform-ethyl acetate) 220-222" (decomp.) (Found: C, 61.85; H, 5.2. C,,H,,BrOP 
requries C, 62.0; H, 5 ~ 2 x 1 .  

Action of Toluene-p-sulphonic Acid in Acetic Acid on Hydroxymethyldipheny1phosphine.-A 
solution of hydroxymethylphosphine (5.8 g.) and toluene-p-sulphonic acid (0.25 g.) in acetic 
acid (50 ml.) was refluxed for 6 hr., then evaporated under reduced pressure, and the residue 
in benzene (40 ml.) was treated with methyl iodide (5 ml.) for 3 hr. Filtration gave acetoxy- 
methyldiphenylphosphonium iodide (4.25 g.), m. p. (from chloroform-ethyl acetate) 175-178", 

5.66 p (Found: C, 47.9; H, 4-45. C,,H,,IO,P requires C, 48.0; H, 4.5%). The mother- 
liquors were evaporated and the residue, in chloroform, washed with sodium hydrogen carbonate 
solution and with water. The solution was dried and evaporated, and the residue crystallised 
from light petroleum (b. p. 80-100") to give methyldiphenylphosphine oxide (2.8 g.), m. p. 
1 1 1-1 12". 

Action of Toluene-p-sulphmic Acid in Toluene on Hydroxymethy1diphenylphosphine.-A 
solution of hydroxymethyldiphenylphosphine ( 13.5 g.) and toluene-p-sulphonic acid (0.25 g.) in 
toluene (100 ml.) was refluxed for 5.5 hr., and then distilled to give diphenylphosphine (9 g.), 
b. p. 150-152'/15 mm. 

l-Hydroxypropyldiphenyl~hos~hine.-Dry hydrogen chloride was passed through a solution 
of diphenylphosphine (5 g.) and propionaldehyde (5 ml.) in ether (75 ml.) a t  0" until the first 
signs of stickiness in the resulting precipitate. Filtration then gave di-( l-hydroxypropy1)- 
diphenylphosphonium chloride (6 g.), m. p. (from ethyl acetate) 140" (decomp.) (Found: C, 64.0; 
€1, 7.4. C1,H,,C102P requires C, 63.8; H, 7.1%). 

The above phosphonium chloride (1-9 g.) in ethanol (20 ml.) was titrated with 2~-sodium 
hydroxide to pH 9, and the solution was diluted with water and extracted with chloroform. 
The extract was dried and evaporated. The infrared spectrum of the residue indicated that it 
was largely diphenylphosphine. I t  was taken up in acetic acid (15 ml.), toluene-p-sulphonic 
acid (0.25 g.) added, and the solution refluxed for 16 hr. Solvent was then removed under 
reduced pressure and the residue, in benzene (30 ml.), treated with methyl iodide (5 ml.) for 
36 hr. The crude phosphonium iodide, m. p. 154-158", was then filtered off and the filtrate 
washed with aqueous sodium carbonate and with water, dried, and evaporated. Crystallisation 
of the residue from ethyl acetate-light petroleum gave diphenylpropylphosphine oxide (0.45 g.), 
m. p. and mixed m. p. 100-101". An authentic sample, m. p. 100-101" (Found: C, 73.6; 
H, 7.0. C,,H,,OP requires C, 73.7; H, 7.0%), was prepared by the alkaline hydrolysis of 
triphenylpropylphosphonium iodide. 

l-Hydroxybutyldiphenylphosl5hine.-Dry hydrogen chloride was passed through a solution 
of diphenylphosphine (5 8.) and butyraldehyde (7 ml.) in ether (75 ml.) a t  0", and the resulting 
precipitate filtered off. Crystallisation from ethyl acetate gave di-( 1-hydroxybuZy2)diphenyl- 
Phosphonium chloride (8.3 g.), m. p. 127" (decomp.) -(Found: C, 65.3; H, 7.6. C,,H,,C102P 
requires C, 65.4; H, 7.7%). 

A solution of the above phosphonium chloride (8 g.) in water (100 ml.) was made alkaline to 
phenolphthalein with 2~-sodium hydroxide and extracted thrice with chloroform, and the 
combined extracts were dried and evaporated. The residue (4-8 g.) , largely diphenylphosphine, 
was dissolved in acetic acid (50 ml.) with toluene-p-sulphonic acid (0.3 g.), and the solution was 
refluxed for 5 hr. Solvent was then removed under reduced pressure and the residue, in benzene 
(30 ml.), treated with methyl iodide (5 ml.) a t  room temperature overnight. The mixed 
phosphonium iodides, m. p. 154-158', were filtered off and the filtrate washed twice with 
water, dried, and evaporated. After passage, in benzene, through a small column of alumina, 
the residue crystallised from ethyl acetate-light petroleum (b. p. 80-100") to give butyldiphenyl- 
pizosphine oxide (1.1 g.), m. p. 93-94". An authentic sample, m. p. 93-94' (Found: C, 74.5; 
H, 7.35. Cl,H1,OP requires C, 74.3; H, 7.4%), was prepared by the alkaline hydrolysis of 
butyltriphenylphosphonium bromide. 

The mixed phosphonium iodides, m. p. 154-158", Am= 4.1-4.2 p, on crystallisation from 
chloroform-ethyl acetate and then from water, gave dimethyldiphenylphosphonium iodide, 
m. p. and mixed m. p. 250-251". When dissolved in warm water, and the cooled solution 
extracted with ether, they gave methyldiphenylphosphine, identified as the allylphosphonium 
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bromide, m. p. 167-169" (lit.,3 m. p. 161") (Found: C, 59.55; H, 5.7. Calc. for C,,H,,IP: 
C, 59.7; H, 5.4%). 

Diphenylphosphine and methyl iodide in benzene at  room temperature overnight gave 
methyldiphenyl~hos~honium iodide, m. p. 162-163" (Found: C, 47.7; H, 4.3. C,,H,,IP 
requires C, 47.6; H, 4.3%). 

a-HydroxybenzyldiphenyZphosphine.-Dry hydrogen chloride was passed into a solution of 
diphenylphosphine (5 g.) and benzaldehyde (5 g.) in ether (150 ml.), and the resulting precipitate 
was filtered off and crystallised from ethyl acetate-ether to give di-(ol-~ydroxybenzyZ)diphenyZ- 
phosphonium chloride (8-1 g.), m. p. 165-170' (Found: C, 72-3; H, 5-3. C,,H,,ClO,P requires 
C, 71.8; H, 5.5%). 

A suspension of this phosphonium chloride (10 g.) in water (150 ml.) and chloroform (100 ml.) 
was shaken while 2~-sodium hydroxide was added slowly till the aqueous layer was alkaline to 
phenolphthalein. The chloroform was then dried and evaporated, and the residue taken up in 
benzene (40 ml.) and allowed to crystallise. Filtration gave a-hydroxybenzyldiphenylphosphine 
oxide, m. p. (from aqueous ethanol) 177-179" (lit.,* m. p. 178-179.5") (Found: C, 74.1; H, 
5.75. Calc. for ClgH1,O,P: C, 74.0; H, 5.5%). The filtrate was evaporated and the residue, 
which showed no P-H absorption in the infrared spectrum, was taken up in acetic acid (40 ml.), 
toluene-p-sulphonic acid (0.25 g.) added, and the solution refluxed for 8 hr. Solvent was then 
removed under reduced pressure and the residue crystallised from benzene, to give benzyl- 
hiphenylphosphine oxide (2.6 g.), m. p. 195-196" (lit.,5 m. p. 196") (Found: C, 78-3; H, 5.9. 
Calc. for C,,H,,OP: C, 78-0; H, 5.8%). 

Benzyldiphenylphosphonium Bromide.-A solution of diphenylphosphine (2 g.) and benzyl 
bromide (5 g.) in benzene (20 ml.) was set aside at  room temperature for 5 days. The resulting 
sticky solid was rubbed with ethyl acetate and then crystallised from chloroform-ethyl acetate, 
to give benzyldiphenylphosphonium byomide (2-1 g.), m. p. 202-204" (Found: C, 64.3; H, 5.1. 
C,,H,,BrP requires C, 63.8; H, 5.1%). The hydrobromide was warmed on a steam-bath with 
2~-sodium hydroxide for a few minutes, and the resulting solid crystallised from aqueous ethanol 
to give benzyZdiphenylphosphine, m. p. 74" (Found: C, 82.7; H, 6-4. C,,H,,P requires C, 
82.5; H, 6.2%). The methiodide had m. p. (from ethanol) 243-245" (Found: C, 57.3; H, 4.6. 
C,,H,,IP requires C, 57.5; H, 4.8%). 

Methylphenylphosphine from Phenylphosphine.-Phenylphosphine (15 g.), 40% aqueous 
formaldehyde (36 ml.), concentrated hydrochloric acid (30 ml.), and water (100 ml.) were heated 
on a steam-bath for 1 hr. , and the resulting solution was cooled in ice, made alkaline to phenol- 
phthalein with 10N-sodium hydroxide, and extracted thrice with chloroform. The extracts 
were dried and evaporated, the residue (19.5 g.) was dissolved in benzene (100 ml.) a t  0", methyl 
iodide (8 ml.) added, and the solution set aside at  room temperature overnight. Solvent was 
then remoyed, the residue dissolved in water (200 ml.), and the solution made alkaline to 
phenolphthalein with 2~-sodium hydroxide and extracted with chloroform. The extracts were 
dried and evaporated, and the residue (11-5 g.), with toluene-p-sulphonic acid (0.3 g.), was 
refluxed in toluene (50 ml.) for 8 hr. Distillation then gave methylphenylphosphine (2-6 g.), 
b. p. 60-62"/13 mm., A,,,. 4.3 p(s). With benzyl bromide in benzene at  room temperature for 
4 days, this gave benzylmethyZphenylphosphonium bromide, m. p. (from chloroform-ethyl acetate) 
159-160°, Am=. 4.1-4.3 p (Found: C, 56-85; H, 5-65. C,,H,,BrP requires C, 56-95; H, 
5.5%). The hydrobromide was shaken with 2~-sodium hydroxide and chloroform, the chloro- 
form dried and evaporated, and the residue treated with methyl iodide in benzene to give 
benzylclimethyl~henyl~hos~honium iodide, m. p. (from chloroform-ethyl acetate) 168-169' 
(Found: C, 50.3; H, 5.1. Cl5H1,IP requires C, 50.55; H, 5.1%). 

THE UNIVERSITY, LEEDS, 2. [Received, January 16th, 1961.1 

3 Meisenheimer and Lichtenstadt, Annalen, 1926, 449, 213. 
4 Miller, Miller, Rogers, and Hamilton] J .  Amer. Chew. Soc., 1957, 79, 424. 
6 Michaelis and LaCoste, Ber., 1885, 18, 2109. 


