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Methylpi osphonous dichloride was chlorinated in the cold to  form tetrschloromethylphosphorane and then a t  higher 
temperatures to form tetrachloro( trichloromethy1)phosphorane. This compound was reduced by the action of methyl phos- 
phorodichloridite to trichloromethylphosphonous dichloride. 

A synthesis of trichloromethylphosphonous di- 
chloride, heretofore unknown, has been accom- 
plished. The method may be useful in obtaining 
other halomethyl phosphonous dichlorides. 

In  this synthesis, the unsubstituted phosphonous 
dichloride, CHaPC12,4 in an inert solvent is treated 
in the cold with chlorine. A quantitative yield of 
tetrachloromethylphosphorane, CH3PC14, results. 
This compound, without isolation, is then chlorin- 
ated a t  60-70" to  produce tetrachloro(trich1oro- 
methy1)phosphorane. An earlier example of the 
smooth substitution of hydrogen in an alkyl tetra- 
chlorophosphorane is the synthesis of this same 
trichloromethyl derivative by the chlorination of 
tetrachloro(chloromethyl)phosphorane6; the latter 
substance was formed from chlorine and chloro- 
methylphosphonous dichloride, in turn obtained 
from diazomethane and phosphorus trichloride.6 

The synthesis is completed by the reduction of 
the above tetrachlorophosphorane, again without 
isolation, GO trichlorometliylphosphonous dichloride 
in 85% over-all yield. We have introduced the use 
of methyi phosphorodichloridite, prepared from 
methanol and phosphorus trichloride,' for this type 
of reduction. Phosphorus8J and certain metals* 
have previously been used for removal of chlorine 
from chlorophosphoranes and in fact we have used 
the former successfully in this reduction. The new 
reagent, however, is attractive because of the 
smoothness and simplicity of the reduction and 
ease of removal of its oxidation products, methyl 
chloride and phosphorus oxychloride, as well as 
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any excess of the reagent. The reduction is postu- 
lated to  proceed as follows: 

CCl3PCla + CHaOPClz + CClsPC12 + CHaOPCld (1) 
CH3OPCL + CHsCl + POC13 (2) 

The exchange of chlorine in Equation 1 is facilitated 
by the decomposition of one of the products as 
shown in Equation 2. The literaturelo suggests such 
instability for CH30PC14, and this was established 
when an attempted preparation of this compound 
from chlorine and methyl phosphorodichloridite 
resulted in only the formation of methyl chloride 
and phosphorus oxychloride. 

Tetrachloromethylphosphorane was also reduced 
smoothly by methyl phosphorodichloridite to  the 
phosphonous dichloride in about 80% yield, and it 
is believed the reagent may be widely applicable 
for this type of reduction. The occurrence of a likely 
side-reaction (3) was not noted in the case where R 

CHaOPClZ -k RPCli + GH3C1 + PCly + RPOClz (3) 

is ---CCls but may have occurred to  a slight extent 
where R is -CHI. Phosphites other than methyl 
phosphorodichloridite may also prove to  be useful 
in the reduction of chlorophosphoranes. 

The chlorination of methylphosphonous dichlo- 
ride in concentrated solution or a t  temperatures 
above 30-40" is accompanied by some cleavage of 
the carbon-phosphorus bond. It is therefore an 
essential feature of the synthesis of trichloromethyl- 
phosphonous dichloride, and probably in any appli- 
cation of the synthetic method to  the preparation 
of other substituted alkyl phosphonous dichlorides, 
that the starting material be stabilized in the form 
of the tetrachlorophosphorane. This derivative is 
chlorinated smoothly without bond cleavage, and 
the product is readily converted to  the phosphonous 
dichloride. A variation of the classical principle of 
the protection of a sensitive functional group and 
its subsequent regeneration has thus been employed 
in this synthesis. 

As is true of other phosphorus halides containing 
the strongly electronegative trichloromethyl group, 
trichloromethylphosphonous dichloride is resistant 
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to hydrolysis. In  oxidation reactions, however, it 
reacts with vigor. It is oxidized rapidly on exposure 
to  the atmosphere, and although much heat is 
generated, it does not inflame as has been reported 
for tiifluoromethylphosphonous dichloride. l1 

EXPERIMENTAL 

Preparation of tetrachloro(trichloromethy1)phosphorane. A 
solution of 234 g. (2.0 moles) methylphosphonous dichloride' 
in 600 g. phenylphosphonic dichloride as solvent'* was 
stirred a t  0' while 149 g. (2.1 moles) chlorine was added. The 
slurry of t.etrachloromethylphosphorane was warmed to  60' 
and held there by cooling while 490 g. (6.9 moles) chlorihe 
was added over a period of 3 hr. Chlorine consumption was 
complete until shortly before the stoichiometric amount 
(6.0 moles) had been added. The slurry was stirred at 55- 
60' under 100-150 mm. pressure to remove hydrogen 
chloride and excess chlorine. The product was not isolated 
but was used directly in the next step. 

Preparation of trichloromethylphosphonous dichloride. The 
above reaction mixture was protected with nitrogen while 
266 g. (2.0 moles) methyl phosphorodichloridite was added 
in 1.5 hr. The use of a small excess of this reagent causes no 
difficulty, but a large excess appears to reduce the yield. 
The mild exotherm was controlled to  give a reaction tem- 
perature of 35 ' ; higher temperatures cause slight yield re- 
duction. Evolution of methyl chloride occurred near the end 
of the reaction as its solubility in the mixture was ekceeded. 
The resulting clear solution was rectified in  vacuo with a 
0.75 in. by 15 in. column of Hastelloy B Heli-Pak. After a 
cut of, phosphorus oxychloride, a 39-g. fraction, possibly a 
mixture of the chlorinated methylphosphonous dichlorides, 
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was obtained over the range 63" at 30 mm. t o  70' at 26 mm. 
Trichloromethylphosphonous dichloride was then collected 
at 69-70' at 23 mm. There waa obtained 375 g. (1.70 moles), 
a yield of 85% on methylphosphonous dichloride charged. 
The still bottoms of phenylphosphonic dichloride were re- 
covered for further use by simple distillation. 
Trichloromethylphosphonous dichloride freezes at 47"" 

and boils at 171-372" l5 at 750 mm. It must be protected 
from the atmosphere, as oxidation occurs with great ease. 
It is insoluble in, and reacts only slowly with, water. It 
reacts quantitatively with chlorine t o  form tetrachloro(tri- 
chloromethy1)phosphorane. 

Anal. Calcd. for CCLP: C, 5.45; C1, 80.48; P, 14.07. 
Found: C, 5.23; C1,80.30; P, 14.33. 

Reduction of tetraehl~romethylphosplrorane with methyl 
p h o s p h o d i c h l .  To  a solution of 35.1 g. (0.30 mole) 
methylphosphonous dichloride in 300 g. chlorobenzene waa 
added 22.0 g. (0.31 mole) chlorine. The temperature was held 
a t  10' during this formation of tetrachloromethylphophor- 
ane. The slurry was then warmed to  50' and treated over a 
period of 30 min. with 39.5 g. (0.30 mole) methyl phosphor+ 
dichloridite. The resulting clear solution was rectified. A 
26.9-g. fraction of methylphosphonous dichloride (77% re 
covery) boiling at 81-82' was collected. In addition, a small 
forerun (5 g.) boiling from 77-81" was obtained; this prob- 
ably contained more of the product along with phosphorus 
trichloride, formed as shown in Equation 3. 

Attempted preparation of tetrachhomethozyphspkane. 
A solution of 40 g. (0.30 mole) methyl phosphorodichlondite 
in 265 ml. chlorobenzene was held below 10" while 22 g. 
(0.31 mole) chlorine was added. The exothermic reaction 
was- completed in 45 min. Distillation was then conducted a t  
reduced pressure (15-20 mm.) so as to  maintain a pot 
temperature of 30'. Methyl chloride waa evolved and col- 
lected in a Dry Ice trap. The distillate consisted of phos- 
phorus oxychloride and the solvent. No residue remained 
after distillation. Tetrachloromethoxyphosphorane was thus 
shoim to be unstable near room temperatures, decomposing 
cleanly according to  Equation 2. 
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Trichloromethanesulfenyl chloride (I)  reacts with 1,2-epoxides and with meso-l,2,3,4-&~pxybutane to form beto-chloro- 
alkyl trichloromethanesulfenates. The reaction is catalyzed by tertiary amines, and identical products are obtained by 
substituting appropriate beta-chloro alcohols for the epoxides. The results agree with the mechanism which postulates trans 
opening of the epoxide rings, as previously suggested for the similar reactions of 2,4-dinitrobenzenesulfenyl chloride. The 
new products from reaction of I with epoxides and certain alcohols are reported. 

Trichloromethanesulfenyl chloride (I) holds a 
unique position among aliphatic sulfenyl halides. 
Historically, it  was the first of this group of sub- 
stances to  be reported,' its precise structure has 
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