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In a previous paper it was shown by us that the condensation of methylphosphonic acid with dimethyldiethoxy- 
silane and a,w-diethoxydimethylsiloxanes does not lead to the synthesis of linear polymers, and, instead, cyclic pro- 
ducts are formed predominantly [1]. It was interesting to follow the influence of the groups attached to silicon on 
the condensation of diethoxyorganosiloxanes with methylphosphonic acid. In this paper we studied the condensation 
of methylphosphonic acid with phenylmethyldiethoxysilane, diethyldiethoxysilane, c~,co-diethoxymethylphenylsilox- 
anes, and a,co-diethoxydiethylsiloxanes. A study of the reaction revealed that methylphosphonic acid reacts easily 
with methylphenyldiethoxysilane; as a result, alcohol is liberated and low-molecular, distillable products are formed 
in up to 95% yield, from which the cyclic compound was isolated (70% yield) 
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Similar results were obtained when diethyldiethoxysilane was condensed with methylphosphonic acid. It should 
be mentioned that Orlov and Voronkov obtained only the polymer when they reacted methylphosphonic acid with di- 
ethyldiethoxysilane [2]. If  the condensation is run with o~ ,r where the ethoxyl groups 
are separated by two, three or four methylphenylsiloxane groups, then in this case cyclic compounds are formed pre- 
dominantly. The reaction goes according to the scheme 
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(I) R=CHa R1-----GeIls-n-=2, 3, 4; (II) R-----Itl-=C2H~ n=2, 3. 

The formed cyclic compounds contain exactly the same number of methylphenylsiloxane units as were present 
in the taken a,w-diethoxymethylphenylsiloxane. The use of c~,~o-diethoxydiethylsiloxanes in this reaction leads to 
the same results. This interesting and peculiar course for the reaction under relatively mild conditions, leading to 
the formation of cyclic low molecular compounds, and not of polymers, is probably associated with the greater flex- 
ibility of the siloxane and phosphoryloxane chains. The isolated compounds are either viscous liquids (diethylcyclo- 
methylphosphonoxysiloxanes) or waxy substances (methylphenylcyclomethylphosphonoxysiloxanes) that are readily 
distillable in vacuo. They are readily soluble in aromatic hydrocarbons and are easily hydrolyzed by water. The 
physicochemieal properties are given in Tables I and 2. Chemical analysis and molecular weight determination 
disclosed that the isolated compounds have a cyclic structure. 
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fABLE 1. Methylphenylcyclomethylphosphonoxysiloxanes 
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TABLE 2. Diethylcyclomethylphosphonoxysiloxanes 
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To confirm the structure of 1,3,5,7- tetramethyl- l ,5-diphenylcyclo-3,7-phosphonoxydisi loxane we took its 
infrared spectrum: the presence of absorption bands in the 930-1100, 1320, 1430, 1280 and 1265 cm -1 regions testi- 

fies that the S i - O - P ,  P = O, P - C H  3, Si-Cd-Is and S i - C H  3 bonds are present. To confirm the cyclic structure of 
1,3,5- tr imethyl-3,5-diphenylcyclo-l-phosphonoxydisi loxane we took the NMR spectrum of this compound and of 
the starting a,~o-diethoxymethylphenylsiloxane, both shown in Fig. 1. Four types of protons were detected for 1,3- 

d ie thoxy- l ,3-d imethyl - l ,3 -d iphenyld is i loxane:  CH 3 in the S i - C H  3 group, C6H5 in the Si-Cd-I~ group, and CH 3 and 
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NMR spectra: a) 1,3,5-trimethyl-3,5-diphenylcyclo-l-phosphonoxydisiloxane; b) 
1,3-diethoxy- 1,3-dimethyl- 1,3-diphenyldisiloxane. 

TABLE 3. a,w-Diethoxysiloxanes 

Compound 
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CH 2 in the OC2H 5 group. The following protons were detected for 1.3,5-trimethyl-3,5-diphenylcyclo-l-phosphonoxy- 
disiloxane: CH s in the S i -CH s group, CsH 5 in the Si-CsH 5 group, and CH 3 in the P -CH s group. The absence of other 
protons indicates the absence of terminal groups and is proof of the cyclic structure of the compound. 

EXPERIMENTAL 

The diethoxydiethyl(methylphenyl)silanes were obtained by the etherification of the diethyl(methylphenyl)- 
dichlorosilanes, using ammonia as the HC1 aeceptor. The c~,w-diethoxydiethylsiloxanes and c~,w-diethoxymethyl- 
phenylsiloxanes were obtained by the partial hydrolysis of the diethoxydiethyl(methylphenyl)silanes. The hydrolysis 
was run with 50% aqueous alcohol solution, and the amount of water was calculated using the equation A = N/(N-N1) 
where A is the average degree of polymerization o f  the obtained product, N is the number of moles of the starting 
monomer, andN 1 is the number of moles of water. After distilling off the alcohol and fractional distillation of the 
reaction products in vacuo we obtained the c~,w-diethoxysiloxanes, the properties of which are given in Table 3. 

The constants of the first three compounds are somewhat different from those given in the literature [3], which 
obviously is due to the presence of isomers. The diethoxydiethylsiloxanes described in the literature contain 4, 7, 
8 and 10 silicon atoms [4]; we were the first to isolate and characterize 1,3-diethoxy-l,l ,3,3-tetraethyldisoloxane 
and 1,5-diethoxy- 1,1,3,3,5,5-hexaethyltrisiloxane. The elemental analysis data and the molecular weight deter- 
mination confirmed the composition of the diethoxysiloxanes. 
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All of  the cycl ic  silicon organophosphorus compounds were synthesized by the same method: into a Wurtz flask, 
fitted with a magnetic stirrer, were charged the calculated amounts of reactants; after distilling off the alcohol (90- 
95% of theory, temperature of  reaction mass 130-140 ~ the reaction products were fractionally distilled in vacuo. 
The still residue did not exceed 6-9%. The yield of cycl ic  compounds was 60-70%. 

S U M M A R Y  

1. 1,3-Diethoxy-1,1,3,3-  tetraethyldisiloxane and 1,5- diethoxy- 1,1,3,3,5,5-hexaethyltrisiloxane were isolated 
and characterized. 

2. The condensation of c~,a-diethoxymethylphenylsiloxanes and c~,a~-diethoxydiethylsiloxanes with methyl-  
phosphonic acid was studied. We isolatea and characterized seven members of the class of organocyclomethylphos- 
phonoxysiloxanes. 
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All abbreviations of periodicals in the above bibliography are letter-by-letter transliter- 

ations of the abbreviations as given in the original Russian journal. Some or a11 of this peri- 

odical l i terature may well  be avai lable  in Eng l i sh  translation. A complete list ot the cover-to. 
cover English translations appears at the back of this issue. 
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