
DISILYL ALKANESL 
BY Mr. D.  ENGLISH,^ A. TAURINS, AND R. V. V. NICHOLLS 

ABSTRACT 
By passing appropriate dichloroalkanes, e.g. 1,l-dichloroethane, over a mixture 

of silicon and copper a t  elevated temperatt~re, the new compo~~nds  l,l-bis- 
trichlorosilylethane, 1,2-bis-trichlorosilylpropa~~e, and 1,4-bis-trichlorosilylbutane 
and the previously reported bis-trichlorosilylnietharie, dichlorosilyltriclilorosilyl- 
methane, a ~ ~ d  1,2-bis-trichlorosil ylethane were synthesized. Trichloromethane 
yielded perchlorodisilane; 2-chloropropane gave propene. 

By causi~tg the chlorosilylalkanes to react with lithium aluminum hydride, 
disilylmethane, 1,l-disilylethane, l,2-disilyletliane, and l,2-disilylpropane were 
synthesized.. 

Several physical constants of the conipour~ds were measured. 

INTRODUCTION 
Few organo-silicon compounds have been prepared which contain inore than 

oiie silicon atom with each silicon having only one silicon-carbon bond. Of 
compounds with the structure (SiX,)?R where X is halogen, only those where 
R represents methylene (11,18), dimethylene (3,11), and trimethylene (3) have 
been described, while no compound of the type (SiH3)2R has been reported. 

The Rochow synthesis of organo-silicon compounds (15,16,17) extended to the 
use of polyhaloalkalles by Patnode and Schiessler (11,12) provides a simple 
method for the introduction of two silicon atoms into a molec~lle. The process 
developed by Finholt et al. (5,6) using lithium aluminum hydride is suitable 
for the replacement of chlorine with hydrogen. 

I n  this investigation dichloromethane, 1, l -  and 1,2-dichloroethane, 1,2-di- 
chloropropane, and 1,4-dichlorobutane were used as sources of the corresponding 
bis-trichlorosilylalkanes. Trichloromethane did not form fris-trichlorosilyl- 
methane, nor did 2-chloropropane give 2-trichlorosilylpropane. Reduction of the 
bis-tricl~lorosilyl derivatives of methane, ethane, and propane yielded the 
corresponding disily lalkanes. 

EXPERIMENTAL3 
The silicon used in this research contained iron, 0.89%; aluminum, 0.7870; 

calcium, 0.2%; manganese, 0.03Y0. The various haloalkanes were used as re- 
ceived. Cylinder nitrogen was deoxygenated in the manner described by Uhrig, 
Roberts, and Levin (21). 

Reaction tubes of stainless steel or Pyrex were employed. They were heated 
in electric furnaces controlled by autotransformers. 

The condensing system consisted of three sections. The first was a trap main- 
tailled above the boiling point of the reactant but below that of the product. 
Then a condenser and flask kept a t  O°C., and finally a trap cooled by Dry Ice. 
Uncondensed gases passed out through a calcium chloride drying tube. 

Vapor pressures were measured dynamically in an apparatus similar to that 
1 Manuscript received February 6, 195.2. 

Contribution front the Organic Chemistry Laboratory, McGill University, J[ontrcal, P.Q. 
2 Xeczpzent of a special grant front the Sczentific R~search Bureari of the Departmen1 of 

Industry and Commerce, Province of Qziebec. Present address: Department of Chemistry, P e n n s ~ l -  
vanta State College, State Collefe, Pa.  

3 hfelting and boiling points are corrccicd. 
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described by XiIaclc and France (10). Densities were determined with a Fisher- 
Davidson gravitorneter. Molecular weights \\;ere determined cryoscopicaIly in 
benzene. 

Refractive indices were measured \vith an AbbC refractometer. Although pre- 
cautions were taken, after only 10 measurements with bis-trichlorosilylnlethane, 
enough polymerization had taken place on the prisms to render the instrument 
useless. The prisms had to be reground. Dr. M. C. Hunter advised us (8) that 
no conlpound containing more than three silicon-halogen bonds should be placed 
in a prism refractometer. 

A mixture was made O F  silicon and copper powders, 9:l by weight, both 
powders - 50, + 100 mesh. Enough powder was placed in' the reaction tube to 
half till it. Nitrogen was passed thro~~gll  the tube while the temperature \\;as 
raised. Then the alkyl halide was added a t  such a rate that its vapor formed a 
1 :1 mixture with the nitrogen. After all the alkyl halide was added the tempera- 
ture was raised to 500°C. with the nitrogen still flowing to sweep out the reactor. 

Table I contains a summary of the best conditions found for each reactant, 
the products formed, and analyses of the products. Chlorosilyl co~npounds were 
analyzed by the method of Hyde and DeLong (9). Hydrogen attached to silicon 
was determined by Stoclc's method (20), and the resulting solution was then 
analyzed for silicon. 

Reaction of Chloroform with Copper-Silicon 
When 360 gm. of chlorofor~n was passed over heated copper-silicon (340- 

360°C.), 100 gm. was recovered. Aside from a large quantity of silicon tetra- 
chloride, the only product identified was 1.2 gnl. boiling a t  140--150°C. Per- 
chlorodisilane boils a t  145°C. (7) .  
Reaction of- 2-C~zloropropane with Copper-Sibicon 

When 2 10 gm. of 2-chloropropane was passed .through the heated copper-silicon 
(360-410°C.) a large amount of liquid condensed in the Dry-Ice-cooled trap. At 
room temperature this evolved a gas which decolorized bromine in carbon tetra- 
chloride. 1,2-Dibromopropane (63 gm.) was obtained by fractionation. This 
boiled a t  138-142°C. ; d ,  1.938; n:', 1.5195. The literature (7) gives the following 
constants: b.p., 140°C.; d ,  1.933; ?z ;O ,  1.5203. 

The reactions between chlorosilanes and lithium aluminunl hydride were 
carried out in round-bottomed five-necked flaslts. A dropping funnel, an indented 
West condenser for refluxing, a nitrogen inlet, and a thermometer were connected 
to the flask. There was a connection between the flask and the top of the dropping 
funnel to equalize pressure. To the upper end of the reflux condenser was at- 
tached a trap cooled in Dry Ice. The trap opened to the atmosphere through a 
calci~im chloride drying tube. In Table I1 are listed the disilyl alkanes synthesized 
and the analytical results. 

Synthesis of Disilylnzethune 
Reduction of 32 gm. of dichlorosilyltrichlorosilyli~~ethane in 50 ml. ether by 

the addition of 24 gm. of lithium aluminurn hydride in 250 rill. ether, Followed 
by fractional distillation of the solution, yielded 5 gm. (52%) disilylmethane, 
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TABLE 11 

-- 

DISILYLALKANES 

Compound Yield, 
% 

~ r o d u d t  not c o m p l e t e ~ ~  piire* 

Arlalysis 

- 
*See test .  

-- --- 
% Silic011 

pp 

Calc. / Found 

boiling at 26-27°C. This was a culorless, mobile liquid whose vapor ignited spon- 
taneously in air. Once, while some of the vapor was being transferred, it was 
accidentally mixed with a small quantity of air and then slightly warmed 
(>3S°C.). The apparatus was completely shattered in the resulting explosion. 

A sample weighing 0.0219 gin. was analyzed. The amount of hydrogen that 
should have been released was 38.6 ml. The amouilt act~ially released was 
19.5 rill. or 0.504 of the theoretical anlount. When the solution was acidified a 
further quantity of gas was evolved. This observation was not repeated as the 
rest of the disilylinethane was lost in the explosion described. 

PA 

% Hyclrogen 
attached to silicon 
- 

Calc. 1 Found 

No product was obtained when excess lithium aluminum hydride solutioii was 
added to bis-trichlorosilylniethane. When the chlorosilane was added to the 
hydride an 80% yield was obtained. 
Synthesis qf 1,2-D~isilylpropane 

1,2-bis-Trichlorosilylpropane, 0.8 gm., was hydrogenated. Fractionation did 
not yield pure 1,2-disilylpropane. However, the fraction boiling where predicted 
by the Egloff equation, 94"C., contained more silicon than the fractions on 
either side (Table 111). I t  is believed that the conlpound synthesized was 
1,2-disilylpropane. 

TABLE 111 

I Weight Si, 
(corrected), Em. 

"C. 

DISCUSSION O F  RESULTS 

The Roch.ow synthesis was found to be simple but yields were low. Tempera- 
ture control was usually not critical in the range 300-400°C. as long as a t  least 
300°C. was maintained. preheating the copper-silicon mixture with hydrogen 
a t  1000°C. did not affect the yields, nor did the rate of addition of the dichlo ro- 
alkane. These findings are similar to those reported by Riccoboni and Zotta (1 4). 
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The relative positions of the chlorine atoms influenced the yields. 1.1-Dichloro 
compounds gave 8% yields, 1,2- conlpounds gave ca. 1% yields, and 1,4-di- 
chlorobutane gave only a trace (0.01%) of 1,4-bis-trichlorosilylbutane. 

In all experiments more silicon tetrachloride and silicon chloroform were pro- 
duced than desired products and there were low boiling substances which did 
not contain silicon or labile chlorine. In the experiments with 1,2-dichlor~pro~ane 
the by-product decolorized a solution of bromine in acetic acid but no brominated 
substance could be isolated. When 2-chloropropane was the starting inaterial an 
unsaturated substance was identified as propene fiom the dibromide. The lour 
boiling by-products from experiments with dichloromethane and 1,l-dichloro- 
ethane did not decolorize bromine solutions. From these properties, it is liliely 
that the by-products were hydrocarbons. These have previously been reported 
from the Rochow reaction (19). 

The presence of silicon-hydrogen bonds in the products, e.g. dichlorosilyltri- 
chlorosilylmethane from dichloromethane, the large quantities of cl~lorosilanes 
and hydrocarbons produced, and the low yields of the desired products all point 
to extensive decomposition of the dicl~loroallianes. This could not be avoided, as, 
a t  temperatures causing less decomposition, less of the desired products were 
obtained. 

An interesting point is that no products were identified in which only one of 
the original chlorine atoms had reacted to yield a cl~loroalkyltrichlorosilane. 

The reaction of trichloromethane with copper-silicon to produce perchloro- 
disilane was similar to the synthesis of that con~pound from carbon tetra- 
chloride (2, 12). 

The physical properties of the con~pounds synthesized are summarized in 
Table IV. 

All compounds were colorless when pure but the chlorine-containing ones 
deconlposed to colored substances on standing. b,is-Trichlorosilyln~etl~ane ex- 
hibited a blue fluorescence in ultraviolet light. A similar fluorescence was noted 
by Challenger and Icipping (4) with some of their alkylchlorosilanes. The com- 
pletely hydrogenated substances had a musty odor, the lower chlorine-containing 
ones had the odor of hydrogen chloride, and the higher ones had a musty yet 
sharp odor. 

Vapor pressures a t  several temperatures were measured for most of the 
compounds. Graphs were plotted of vapor pressure vs. temperature and log 
vapor pressure vs. reciprocal of absolute temperature. The former were smooth 
curves, the latter straight lines. The equations of the straight lines were calcu- 
lated and are given in Table IV. The latent heats of evaporation and Trouton's 
constants were calculated from the slopes of the log p vs. T-' plots. The Trouton 
values indicated that the chlorine-containing compounds were associated, while 
disilylmethane was not. This is similar to previous findings (1,6). 

The only reference to dichlorosilyltrichlorosilyl~nethane in the literature (1 1) 
gives just one datum, b . ~ . ~ ~ =  51.0-525°C. In this work the boiling point 
nleasured at atnlospheric pressure was 167-168°C. Using the Ramsay-Young 
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Compound 

TABLE IV 
PHYSICAL PROPERTIES OF ORGANIC COMPOUNDS CONTAINING T U O  SILICON ATOMS 

Constalits 1 1 I Lr(caIc.), I 'rro:~ton's 

-4 B- R " ~ e  ' cai./moi. constant, 
cal./mol./"I<. 

I I I I I Vapor pressure equation1 

-,- ""- ,,I,I- 

(C13SiC,H2CH(CH3)SiC1,) (80 mm.) 
1,4-bis-Tr1chloros~lylb~1tane 

ICI1Sil CH9)dSiCIA ( 5  mm.) 

I 

I log p,,,,,. = A T-I + B. 
3 ,,2? = 1.471 f 0.002. 
3 ~ : ~ . i G 4 =  184-285°C. ( l l ) ,  6.p.  = 185.1-185.5°C. (18). 

B.P.lo= 51.0-52.5°C. (1 1). 
B.P. =2OZoC. (8), b.p.25=98.5-9S0C. (11). 
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forinula (13) wi th  bis-trict~lorosilylrnetl~ane a s  t h e  reference substarice, the  

boiling point  of dichlorosilyltricl~lorosilylmethane was calc~rlated to be 51°C. at: 
10 mm.  pressure. 

All c o n ~ p o u n d s  hydrolyzed v e r y  rapidly in alkali,  forming curdy ,  brittle gels; 

those  containing chlorine hydrolyzed slightly more  rapidly t h a n  those without .  

The chlorinated compounds  fumed in air. Glass  a p p a r a t u s  dr ied at llO°C. for 

several hours  still retained sufficient moisture to cause formation of polymer 

films. 

W h y  disilylmethane evolved only SOY0 of t h e  theoretical q u a n t i t y  of hydrogen 
when  decomposed with alkali c a n n o t  be explained. T h e  fur ther  evolution of gas 
when the solution was  neutralized m a y  indicate  that a c o k p l e s  formed in t h e  

concent ra ted  solution. S tock  (20) used 30% sodium l ~ y d r o s i d e  while 60% 
potassium hydroxide was  used in o u r  work.  
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