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ABSTRACT 

The synthesis of alkyldicblorophosphines by the reaction of dialkyl­
cadmium compounds with phosphorus trichloride is described. A ho­
mologous series of n- al.kyldichlorophosphines from ethyl- to n-octyldi­
chlorophosphine has been prepared, and some physical proper ties of each 
compound have been determined. 

PROBLEM STATUS 

This is an interim report on the problem; work is continuing. 
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ORGANOPHOSPHORUS COMPOUNDS 

THE PREPARATION OF ALKYLDICHLOROPHOSPIDNES 

INTRODUCTION 

Although a considerable amount of synthetic and development work in the field of organo­
phosphorus chemistry has been reported in the literature,! most of these papers have been con­
cerned with axomatic derivatives. With a study of the simpler aliphatic organophosphorus 
molecules, the chemistry of the field should be established on a firmer basis; at the same time, 
a development of synthetic methods for these compounds will open up for exploitation a laxge 
class of hitherto little-known derivatives of phosphorus. 

Aliphatic organophosphorus compounds have been neglected not through a lack of interest in 
this part of the field but through the lack of a suitable synthetic procedure for the preparation of 
the alkyldichlorophosphines. It is through these compounds as intermediates in various reac­
tions that nearly all aliphatic organophosphorus derivatives must be obtained, particularly where 
trivalent phosphorus is involved. 

The basic approach to the synthesis of alkyldichlorophosphines is, as in the ease of the 
aromatic analogues, through a metathetical reaction in which a chlorine atom of phosphorus 
triehloride is replaced with an aliphatic radical: 

RA + PCl3 - RPC12 + ACl. 

Aromatic dichlorophosphines are usually prepared by the Michaelis modification of the Friedel ­
Crafts reaction,2 but the reaction of phosphorus trichloride and aliphatic hydrocarbons of less 
than six-carbon chain length in the presence of aluminum chloride yields decomposition products, 
primarily red phosphorus. 3 

The synthesis of alkyldichlorophosphines has, however, been accomflished through the use 
of organometallic compounds. These methods involve dialkylmercury4, ,6 or tetraalkyllead7 
derivatives. Several disadvantages attending these methods preclude t heir use as general pro­
cedures for obtaining alkyldichlorophosphines. Work with mercury and lead derivatives, par­
ticulaxly the latter, is extremely hazardous because of the high toxicity of these compounds and 
ease of absorption through the skin. Pure products are difficult to obtain using dialkylmercury 

lCf. for example the literature survey on this subject matter by R. B. Fox and L.B. Lock­
hart, "The Chemistry of Organophosphorus Compounds, n NRL Report C .-3323, July 1948. 

(Unclassified) 

2NRL Report C-3645., "An Imp roved Method of Synthesis of Aryldichlorophosphine s ;' by B . 
Buchner, 1950. 

3Woodstock, U.S. Patent 2,13 7 ,792 (1938). 

4Michaelis, Ber. ~ 2174 ( 188 0). 

5Guichard, Ber. 32, 1572 (1899). 

0Drake and Marvel, J . Org. C hem. _s 389 (1937). 

7Kharasch, Jensen, and Weinhouse, J. Org. Chem. 14, 429 (1949). 
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derivatives because of contamination with the alkyl.mercuric chloride which forms in the reaction 

In addition, it is necessary to run the reaction under pressure at relatively high temperatures; 
yields are only moderate . Tetraethyllead has been reported to give excellent yields of ethyl­
dicblorophospt..ine;8 however, the hazards of the laboratory preparation of other tetraalkyllead 
intermediates which are not commercially available make this method an undesirable procedure. 

Other more reactive organometallic compounds, such as Grignard reagents and lithium 
alkyls, are usually used in the synthesis of trialkylphosphines from phosphorus trichloride; no 
mono- or di- substib.lted products have been reported. 

It would appear that the solution to this problem of synthesis would lie in the use of some 
other organometallic reagent. This reagent would necessarily be less r eactive than a Grignard 
r eagent, would have to involve a minimum of toxicity hazard, and should not yield volatile by­
products in its reaction with phosphorus trichlo:ritle . An obvious suggestion presents itself 
through the recent work on the synthesis of ketones from acid chlorides by reaction with cad­
miumdialkyls.9 These reagents are generally considered to have a reactivity between that of the 
organomercury and organomagnesium compounds, as shown by their reactions with Michler's 
ketone.10 Organocadmium compounds are easily prepared in the laboratory and the primary by­
product from their reaction with phosphorus t richloride would be the non-volatile cadmium chlo­
ride. The expectation t hat these reagents would react according to 

R2Cd + 2PC13 - 2RPC12 + CdC12 

has been borne out with the preparation of all the n-alkyldichlorophosphines from two- to eight­
carbon chain length. The reaction is probably a gener al one, yielding any alkyldichlorophosphine 
for which the corresponding dialkylcadmium derivative can be prepared. 

GENERAL DESCRIPTION OF THE REACTION 

Essentially, the reaction consists of three steps: preparation of the appropriate Grignard 
reagent, conversion to the corresponding organocadmium compound, and reaction of the cadmiu!Jl 
derivative with phosphorus trichloride according to the following scheme: 

2RBr + 2Mg - 2RMgBr 

2RMgBr + CdCl2 - R ~d + 2MgBrCl 

R2Cd + 2PC13 - 2RPC12 + CdCl2. 

The first two steps are achieved by conventional meansll using diethyl ether as a solvent. 
In the third step, if the phosphorus trichloride is added t o the cadmium derivative (which would 
then always be in excess), there results a mixture of mono-, di-, and tri-substib.lted products. 
Howevt:?r, reverse addit ion, i .e., addition of the cadmium compound to an excess of phosphorus 
trichloride, gave little evidence of reaction with more than one halogen atom; after removal of 
the alkyldichlorophosphine, only a very small residue of higher boiling material remained. While 
no systematic sb.ldy to determine the optimum conditions for the reaction were carried out, it 
was found that the best yields of alkyldichlorophosphines were obtained by the addition of the 

8Kharasch, et al., op . cit. 

9cason, Chem. Rev. 401 15 (1947). 

lOGilman, "Advanced Organic Chemistry," 2nd Ed., Vol. I, p . 548. Wiley and Sons, New York, 
1943. 

llcason, J. Amer . C hem. Soc. 68, 2079 (1946) , and preceding papers. 
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cfialkylcadmium to the phosphorus trichlor ide at -a rate consistent with maintenance of the re ­
action temperature in the vicinity of -20°C. After the addition, the r eactions were essentially 
complete on refluxing the mixtures for two to three hours. 

EXPERIMENTAL 

Materials and Apparatus 

3 

In all phases of the synthesis, diethyl ether dried over sodium was used as a solvent. The 
cadmium chloride was a powdered anhydrous c.p. grade, dried an additional hour at 110°C and 
stored in a desiccator over calcium chloride. The alkyl bromides were redistilled commer cial 
products. A c.p. grade of phosphorus trichloride was used without further purification. 

All cadmium reactions were carried out in an atmosphere of dry nitrogen in an all-glass 
apparatus consisting of a three-necked round-bottom flask fitted with a Nichrome wire Hersh­
berg stirrer, reflux condenser through which nitrogen was admitted, and a dropping funnel. By 
means of nitrogen pressure, the dialkylcadmium reaction mixture was added to the phosphorus 
trichloride through a deliver y tube which replaced the dropping funnel and led to a second three­
necked flask fitted ui the s ame manner as the first but with a drying tube at the opening of the 
reflux condenser. Filtration of the final precipitate was carried out with sintered-glass filters 
of fine porosity. All distillations were performed under nitrogen in conventional equipment. 

Preparation of Dialkylcadmium Compounds 

The preparation of the dialkylcadmium reagents was generally carried out according to the 
methods of Cason,12 except that a Gilman test was not used before adding the mixture to the 
phosphorus trichloride. For each compound, the only variation in procedure was in the time and 
temperature of the reaction between the Grignard reagent and the cadmium chloride: after the 
addition of the cadmium chloride to the Grignard reagent, the reaction mixture was stirred at 
room temperature for one hour and refluxed for one hour for the ethyl and n-propyl compounds, 
and stirred in an ice-bath for two hours in the case of the n-butyl and higher compounds. 

Grignard reagents were prepared in the usual way from 0 .5 mole of magne sium and 0.55 
ipole of the alkyl bromide in 550 ml. of diethyl ether. The reaction mi¥Ure was usually refluxed 
•~ntil most of the magnesium had been reacted, an excess of alkyl bromide being used to prevent 
~ny unreacted magnesium from clogging the delivery tube in later phases of the procedure. 
·conversion of the Grignard reagent to the dialkylcadmium derivative was accomplished by 
rapidly adding 0.275 mole of cadmium chloride to the cold (ice-bath) Grignard reagent followed 
by a reaction period as indicated in the preceding paragraph. This method has been used suc­
cessfully in runs up to 1.0 mole; the only practical limitation is the volume of solvent necessary 
to give a slurry thin enough to be forced through the delivery tube in the subseque·nt reaction 
with phosphorus trichloride . 

Preparation of Alkyldichlorophosphines 

Since the procedure subsequent to the preparation of the dialkylcadmium was the same for 
all the alkyldichlorophosphines, the synthesis of n-butyldichlorophosphine will serve as an illus­
tration of the method. 

Di-n-butylcadmium was prepared by the rapid addition of 50.4 g. (0.275 mole) of cadmium 
chloride to the cooled solution of n-butylmagnesium bromide formed from 12.15 g. (0.5 mole) of 
magnesium and 75.4 g. (0.55 mole} n-butyl bromide in 550 ml. of diethyl ether. Following the 
addition, the mixtur e was stirred in an ice-bath for two hours. The di-n-butylcadmium reaction 
mixture, including the precipitate, was then added to a stirred solution of 85.9 g. (0.625 mole) of 
phosphorus trichloride in 100 ml. of ether. The phosphorus trichloride reaction mixture was 

12 c J . Amer. hem. Soc., op. cit. 
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ialkylcadmium to the phosphorus trichlol"ide at -a r ate consistent with maintenance of the r e ­
ction temperature in the vicinity of -20° C. After the addition, the reactions were essentially 
omplete on refluxing the mixtures for two to three hours . 

3 

In 11 phases of the synthesis, diethyl ether dried over sodium was used as a solvent. The 
:admiu chloride was a powdered anhydrous c.p. ·grade, dried an additional hour at 110° C and 
;tored in ~ ~~ccator over calc'ium chloride. The alkyl bromides were redistilled commercial 
1roducts. ~ :\. grade of phosphorus h'ichloride was used without further purification. 

All cadmill_1'_reactions were carried out in an atmosphere of dry nitrogen in an all-glass 
tpparatus consi~~g of a three-necked round-bottom flask fitted with a Nichrome wire Hersh­
>erg stirrer, reflu\_condenser through which nitrogen was admitted, and a dropping funnel. By 
neans of nitrogen pr ssure, the dialkylcadmium reaction mixture was added to the phosphorus 
richloride through a livery tube which replaced the dropping funnel and led to a second three-
1ecked flask fitted in tli same manner as the first but with a drying tube at the opening of the 
~-=flux condenser. Filtra ·on of the final precipitate was carried·out with sintered-glass filters 
)f fine porosity. All disti tions were performed under nitrogen in conventional equipment. 

Preparation of Dialkylcadmiu' Compounds 

The preparation of the di~lcadmium reagents was generally carried out according to the 
,-,ethods of Cason,12 except that ~ Gilman test was not used before adding the mixture to the ,. 
[,hosphorus trichloride . For each cpmpound, the only variation in procedure was in the time and 
temperature of the reaction between he Grignard reagent and the cadmium chloride: after the 
addition of the cadmium chloride to tli~ Grignard reagent, the reaction mixture was stirred at 
room temperature for one hour and reflµxed for one hour for the ethyl and n-propyl compounds, 
and stirred in an ice-bath for two hours' the case of the n-butyl and higher compounds. 

Grignard reagents were prepared in.the usual way from 0.5 mole of magnesiam and 0.55 
mole of the alkyl bromide in 550 ml. of dietfiyl ether. T:11e reaction mixture was usually refluxed 
1mtil most of the magnesium had been r eacted\ an excess of alkyl bromide being :.ised to prever..t 
any unreacted magnesium ! r om clogging the de1Jvery tube in later phases of the procedure. 
Conversion of the Grignarc! reagent to the dialky,cadmium deriv.ative was accomplished by 
-rapidly adding 0.275 mole of cadmium chloride t{\the cold (ice-bath) Grignard reage:r,t followed 
by a reaction period as indicated in the preceding P,aragraph. This method has been used suc­
cessfully in runs up to 1.0 mole; the only practical l"mit ation is the volume of solvent n~cessary 
to give a slurry thin enough to be forced through the delivery tube in the subsequent reaction , 
with phosphorus trichloride. 

Preparation of Alkyldichlorophosphines 

Since the procedure subsequent to. the preparatio:i of he •lialkylcadmimn was the same for 
all the alkyldichlorophosphines, the synthesis of n-butyldi lorophosphine will serYC as an illus­
tration of the method. 

Di-n-butylcadmium was prepared by the rapid addition of 50.4 g. (0.275 mole) of cadmium 
c-.hloride to the cooled solution of n-butylmagnesium bromide formed from 12.15 g. (0.5 mole) of 
magnesium and 75.4 g. (0.55 mole) n-butyl bromide in 550 ml. of diethyl ether. Following the 
addition, the mixture was stirred in an ice-bath for two hours. The di-n-butylcadmium reaction. 
mixture, including the precipitate, was then added to a stirred. solution of 85.Q g. (0.635 mole) of 
phosphorus trichloride in 100 ml. of ether. The phosphorus trichloride reaction mixture was 

l 2r. Amer. Chem. Soc ., op. cit. 
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maintained at -20° C throughout the additi.on by means of a dry-ice-acetone bath. After the add 
tion, 100 ml. oi ether was flushed through the cadmium reaction vessel into the main reaction 
:nixture from which the delivery tube was then withdrawn. The cooling bath was removed, the 
s tirred reaction mixture allowed to warm to room temperature (1/2 hour), and refluxed for 
2-1/2 hour::;. 

The reaction wa:,; worked up hy allowing the mixture to stand overnight at roon! temperatur 
followed by decantation of the main portion of the supernatant liquid. The r e sidual precipitate 
was. diluted with 100 ml. of ether, filtered by gravity on a ·sintered- glass filter of fine porosity, 
and washed with ether. The solvent was removed from the combined decantate, filt:r,1.te, and 
washings l.ly distillation at atmospheric pressure, and the r esidue was distilled ur.der reduced 
pressure to yield the crude n-butyldichloroi:,hosphine . Fractionation of the cruue p.roduct throu1 
an 18- inch glass-heiices-packed column gave 37.4 g. (47% based on magnesium) of n- butyl­
dichlorophosphine, b.p . 58-60° at 22 mm. 

During the distillation of the crude residue, some decomposition to an unidentified yellow 
material (not white phosphorus) takes place. This phenomenon is more pr onounced in the lower 
members of the series, but it does not interfere with the distillation. 

Care must te taken in the disposal of the final precipitate, since hydrolysis oi traces of 
residual alkyld1chlorophosphine occlud.ed in the precipit ate yields som,: alh-ylphosphin~. (A ctr y­
distillation of this precipitate failed to give a significant amount of the alkyldichlorophosphine, 
however.) Car€ful addition of. this precipitate to a l arge vo,lu'me of c old water in an efficient 
.fume hood is necessary . • • 

Properties _of Alh--yldichlorophosphinE:s 

rfhe allcyldic:hloropho&phines are wate1·-white liquids wit~· obnoxious oci.crs, probably due to 
tl).e disproportionation of the alkanephosphonous acid to the alkylphosphine. The ctCid is formed 
uy hydrolysis of th~ dichJorophosphine with atmospheric moisture: 

RPC.l.2 "' :mzo -- RP(OH)~ + 2HC1 

3RP(OH)2 -► RPH2 + 2RPO(OH)2. 

On standing, particu1.a:-ly in conta.ct with atmc,spheric mois bre, the ~:u_-1ldichlcr0p:~csr-hines 
slowly deposit an unidentified yellow aP.10rphous zolid si.mil;i.r to tha: found in the distillat:on oi 
the crude residue . Both the odor and the tende ncy to deposit the yellow solid deer.ease as the 
::.t,p.gth of the carbon chain increases. A sample of n- amyldichlorophosphine t:ndE:r nitrogen in a 
sealed bottle was kept at room temperabre for seven months without. appreciable c:1ange ln 
purity. These compounds are fairly stable to pyrolysis, as s.hown by the fact that n-amyl­
dichlorophospliir.e ?.nd its lower hom0lognc1s can be dtsti.lll;ld at ::1.1:~ospheric pres:;.;ur0 without 
apparent •~ecomposition in thf.\ still-;;Qt r e sidue:. 

P hyskal .Measurements · 

The physical properties of the n-alkyldichiorophosph1ne;:; 3rc shown i.n 'fable I. Refractive 
Indice s were measured on an Abbe-type :refractometer, J.nd densities were dete1·mined in a Weld 
pycriomete:r of .. tpproxim.a.tcly 10 ml. capacity. Boiling poi'lts a~ va!·ious pressures were found 
hy distilling a fractionated s ample of constant boiling range thro..1gh an 18-inch glass -helices­
l)'acked coh.im11 ,:tnd obs erving the vapor te mperature in ~he still head; a high• reflux i'atio was 
maintained at a.11 tirn.es to minimize superheating o: the vapor. A closed-tube manomet2r was 
11,;;ed for pressure observations. Boiiing points at atrr,ospher ic !)re s ,,ur~ wer e detel'~ined by 
.sand-bath distillation of a constant -boiling sample in a Claisen flask with all-glass joints. Ther,.e 
data, shown on the Cox chart (Fi~rc 1) J indicate that the vapor. pressure curve of log p vs. 1/ 1'. , 
is not quite a straight--line function. • 
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TABLE l 

Some Alkyldichlor?p_hosphines 

Compound T-
25 

7·-- --A~;iysis--(%J _____ _ 

Fo:.:·mula ~~~d Norr~\ b.p. d!7 n I! 13tms horus Chlorfiie-· 
- ----+-------+---·-+--- ---+- ---~- Calcd. Found Calcd. :F'ouil<l 

·'!:thyl 

n-ButyJ C4Jii)PCl2 

n,.Amyl C5H11 PCl2 

26 

44 

47 

40 

112 

134.~ 

160 

184 

1 .2485a,b 1.4930 23.6 

1.1664<! 1.4842 21.4 

1.1341 1.483e 19.4 

1.0997 l.4815 17.9 

:i--Hcptyl I 
C6H13PCl2 ,ne 208 1.0653 1.4800 I 16.5 

C 

C 

19.2 

17.9 

16,0 

15.1 

I 
54.3 

43.8 43.7 

14.5 43 .7 

40.9 40.6 

37.9 37.6 

35.3 35.5 ,·c7H15:~12 ~2 I 2213_5 . .. 1 L~636 L47as, 15.4 

~--0c_t __ Y_1 __ l .... c_.s_H_1_7_r_ ~:2 ___ :~~ .... l . _ -~~2 ___ _J_~.D4~~--~'.~: 14~ _ _.__14_·._-1:_I __ 3~_-_o _L.;l2.6 __ 

{li) ct23 4 • 

{ 1" 1 ....... ~c:harc' ("'·"'"'L~rcnce 5·, ry1·ve '" ,Jl 9 ·; ?".::? 
• • I '• , ~. • ,\ -- c;., "'' ' I :,• 1,.. 

1 
.,. •-' "'"' .... ~ 

:c) A1n.lysfr; .~or phospb')rus by 11s:.ial 1i1ethods gave incons:::.tent resulta. 
' : . . 


