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[COYTRIBUTION FROM THE DEPARTMEVT OF CHEMISTRX , ST OLAF COLLEGE1] 

Halogen Substituted Vinyltrichlorosilanes and Ethyltrichlorosilanes 
Rv COT-RTLAND T, IGRF A N D  W \I,T, \CF HILLING 

R I  C I  I L I  1 1  A K X  10, 1051 

High temperature reaction of a mixture of trichloroethylene aiid trichlorosilane gives predominately P,  P-dichlorovinyltri- 
chlorosilane instead of cy, 8-dichloroviiiyltrichlorosilane previously reported. @-Chloroethyltrichlorosilane is much more 
reactive upon pyrolysis and also when treated with quinoline than is a-chloroethyltrichlorosilane, and gives mainly silicon 
tetrachloride and viiiyltrichlorosilane. Treatment of a,P-dichloroethyltrichlorosilane with quinoline gives a-chlorovinyl- 
trichlorosilane whereas pyrolysis gives a mixture of the a- and @-isomers. Addition of chlorine to a-chlorovinyltrichloro- 
sitane gave a,cr,p-trichloroethyltrichlorosilane, which decomposes into silicon tetrachloride plus s-dichloroethylene and 
vinylidene chloride, respectively, on pyrolysis and on treatment with quinoline, Mechanisms for the reaction are discussed. 
Brief mention is given to the results obtained in the pyrolysis of other materials with trichlorosilane. 

Recently this Laboratory2 reported the reaction 
of trichloroethylene and trichlorosilane a t  about 
500’ to give a product believed to be a,p-dichloro- 
vinyltrichlorosilane. The identity of this material 
was questioned by Wagner and Pinesa on the basis 
of the comparison of the physical properties they ob- 
served on authentic samples of the two isomers with 
the data reported for our product, and they con- 
cluded that the product quite likely was P,  P-dichlo- 
rovinyltrichlorosilane. This publication concerns 
the question of identity, contains observations made 
on certain chlorine substituted vinyltrichlorosilanes 
and ethyltrichlorosilanes, and presents more exam- 
ples of high temperature reactions of mixtures of 
unsaturated compounds with trichlorosilane. 

The over-all reaction of trichloroethylene with 
trichlorosilane a t  500°, neglecting the details of the 
probable free radical mechanism, can be postulated 
to occur according to one or more of the following 
series. 

CI?C=CHCl + HC1 f ClCzCCl ( l a )  
CIC=CCI + HSiClr ---f CICH=CCISiCI3 I ( lb )  

Supporting .equation (la) is the repeated observa- 
tion that dichloroacetylene is formed to some extent 
when trichloroethylene is pyrolyzed alone and also 
the observation that trichlorosilane adds to dichlo- 
roacetylene in a sealed tube to give a silane believed 
to be 1. An alternate possibility is that the addi- 
tion of trichlorosilane to trichloroethylene occurs 
first and the intermediate product, I1 or 111, loses 
hydrogen chloride to form one or both of the iso- 
meric dichlorovinyltrichlorosilanes, I or IV. 
CI?C=CHCl + HSiCL + 

CI2CHCHClSiCla I1 --f 
ClrCHCHC1SiC13 I1 or CH2ClCC12SiCl:I I11 (2a) 

HC1 + I + CI2C=CHSiCla IV (2b) 
CH2C1CCl2SiCla 111 + HCl + I (2c )  

It is evident that both of the possible products, I 
and IV, can be explained by these over-all reactions 
and that the identity of the formed dichlorovinyl- 
trichlorosilane might designate the intermediate 
compound, I1 or 111 if (2a) is followed. 

Wagner and Pines3 showed that the identification 
of the two dichloroethylenes obtained by the side 
chain cleavage of the dichlorovinyltrichlorosilanes 
I and IV was a means of determining the structures 

(1) This research was conduoted under Contract i’-8 onr 73700 of 

(2) C. L. Agre, THIS JOURNAL, 71, 300 (1949). 
(3) G. H. Wagner and A. N. Pines, i b id . ,  71, 3567 (1949). 

the Office of Naval Research. 

of these isomers. In many similar reactions,&* 
the identification of the evolved cleavage products 
proved the identity of the original compounds con- 
cerned. 

Following the procedure of Wagner and Pines,3 
side chain cleavage by base of a specimen of our 
dichlorovinyltrichlorosilane gave mainly vinylidene 
chloride, A small quantity of product which dis- 
tilled over a range up to the boiling point of s-di- 
chloroethylene also was obtained but the composi- 
tion of this distillate could not be established. 
Similarly, cleavage of p,P-dichlorovinyltri-n-bu- 
toxysilane, obtained? by treating IV with butyl 
alcohol, also gave vinylidene chloride. I t  is, there- 
fore, definite that the bulk of our silane was IV, ac- 
companied possibly by a relatively small amount of 
isomer I. I t  appears that, except for the possibility 
of rearrangement a t  the high temperature employed, 
trichlorosilane adds to trichloroethylene according 
to (2a) to give I1 instead of 111. Attempts were 
made to obtain I1 by the addition of trichlorosilane 
to trichloroethylene in a stainless steel bomb, both 
with and without a peroxide catalyst, but a pure 
compound could not be obtained in sufficient quan- 
tity for adequate examination. 

Consequently, a-chloroethyltrichlorosilane (V) 
and P-chloroethyltrichlorosilane (VI) were pre- 
pareddc and these were compared for the ease of loss 
of hydrogen chloride both by pyrolysis and by 
treatment with quinoline. Table I gives the yields 
of products obtained under conditions sufficiently 
exact to give reasonable comparisons of V and VI 

TABLE I 

Quino- 
Silane, line, 

g. g. 

V 100 . . , 
1’ 100 110 
VI 100 . . . 
VI 100 110 
1711 100 . . . 
VI1 100 110 
VI11 100 . . , 
VI11 100 110 

Pyroly- Ethylene 
sis di- 

temp., bromide, 
OC. g. 

610 3.2 
. . .  0 
610 10 
. . .  0 
610 0 
. . .  0 
610 0 
. . .  0 

Silicon 
tetra- 

chloride, 
g.  

6 .5  
7 . 3  

37 
1 . 7  
0 
0 
0 
0 

Vinyl- 
tri- 

chloro- 
silane, 

g.  

17.1 
10.8 
16 
3 8 

0 
0 
0 
0 

Re- 
covered 
silane, 

g. 

44 .5  
46 
11 
9 
86 
93 
87 
92 

(4) (a) R. H. Krieble and J. R. Elliot, ibid. ,  67,  1810 (1945); (b) 
L. H. Sommer, G. M. Goldberg, E. Dorfman and F. C. Whitmore, 
i b id . ,  68,  1083 (1946); (c) L. R. Sommer and F. C. Whitmore, ibid. ,  
68, 485 (1946); (d) L. H. Sommer, E. Dorfman, G. M. Goldberg 
and F. C. Whitmore, i b i d . .  68, 488 (1946); (e) F. H. Sommer, D. 1,. 
Bailey and F. C. Whitmore, ibid., 70, 2869 (1948); (f)  L. H. Sommer. 
R. E. Van Strien and F. C. Whitmore, i b id . ,  71, 3056 (1949); (g\ 
I,. H. Sommer, L. J. Tyler and F. C. Whitmore, ib id. ,  70, 2872 (1948). 
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-tCl2 tilo' 
CIf,-CHSiC13 -------+ CH2C1CHC1SiC13 ------f SiCL + CHCl=CHSiCla + CH2=CC1SiC13 
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r-- 
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xv s IV  
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-Line  

CHZBrCHClBr HCECH + SiCL + XI 

Quinoline 610' 
SiC1, CH2=CCi2 f - - - - e - - - - - - -  CH2ClCC12SiC1.1 ------f Sic14 4- CHCI=CHCI 

I11 

1 / O I I -  

Br4 
.1 Br2 

CH:BrCCl?Hr f---- CH2=CCl2 

and also of ethyltrichlorosilane (VII) and vinyltri- 
chlorosilane (VIII) employed as controls. 

It must be concluded that V1 is much more af- 
fected by pyrolysis and also by treatment with 
quinoline than is V. Seemingly, therefore, there 
would be a greater tendency for equation (2b) to 
give I rather than IV. However, silane IV is the 
main product in the high temperature reaction of 
trichlorosilane and trichloroethylene, so there is a 
strong indication that the reaction does not occur 
through the formation of the addition product 11 
according to (2a). 

Even as Hurd" and Sommer, Bailey and Whit- 
observed, treatment of the monochloroethyl- 

silanes with quinoline gave some silicon tetrachlo- 
ride. We repeatedly have observed that the dehy- 
drochlorination of a mixture of V and VI by quino- 
line gives silicon tetrachloride, vinyltrichlorosilane, 
and recovery of V but very little of VI. 

Pyrolysis of pure V and of pure VI also yielded 
silicon tetrachloride and, in each instance, ethylene 
was detected. The relatively high yield of silicon 
tetrachloride suggests that the postulated addition 
products, I1 and 111, might be very susceptible to 
destruction by pyrolysis. This being true, i t  would 
be improbable that they were formed as intermedi- 
ates in the reaction of trichloroethylene and trichlo- 
rosilane a t  high temperature. The stability toward 
pyrolysis of ethyltrichlorosilane and of vinyltrichlo- 
rosilane suggests that the fourth chlorine atom in 
silicon tetrachloride was obtained from the halogen 
in the side chain of the chloroethyltrichlorosilanes. 
Parallel thermal decomposition was observed4g in 
that /3,-y-dichloro-n-propyltrimethylsilane readily 
cleaved to trimethylchlorosilane and allyl chloride, 
and P-bromopropyltrimethylsilane decomposed 
above 40" to propylene and trimethylbromosilane. 

I t  was interesting to observe the relative stabili- 
(3) n. T. Hurd. Tms JOURNAL, 67, 1813 (1945). 

CIIClBrCHClBr 

ties of chlorine atoms in a, p-dichloroethyltrichloro- 
silane because the loss of hydrogen chloride could 
occur competitively from both positions. Since 
the product of dehydrochlorination should be one 
or both of the chlorovinyltrichlorosilanes, com- 
pounds I1 and 111 might be made by the addition 
of chlorine and thus be available for study. Flow 
Sheet I gives the reactions of a considerable number 
of halogen-substituted silanes prepared in this se- 
ries of reactions. 

Yinyltrichlorosilane VI11 absorbed chlorine to 
give a, p-dichloroethyltrichlorosilane (IX) , the silane 
presumably formed as an intermediate in the high 
temperature reaction of a mixture of trichlorosilane 
and s-dichloroethylene. Pyrolysis of I X  gave 
hydrogen chloride, silicon tetrachloride, and a 
mixture of a- and P-chlorovinyltrichlorosilanes (X) 
and (XI), as indicated by the relatively wide boil- 
ing range of the product. No vinyl chloride was 
detected. Addition of bromide to the mixtureof X 
and XI gave dibromochloroethyltrichlorosilanes 
XI1 and XIII. Previously2 i t  was shown that 
when both chlorine and bromine were present beta 
to -SiCI3, the bromine was preferentially removed in 
the cleavage of the side chain. Treatment of XI1 
and XI11 with base gave 1-bromo-1-chloroethylene 
(XIV) which rapidly polymerized, and l-bromo-2- 
chloroethylene (XV) which did not polymerize. 
Although XIV and XV were not isolated as entirely 
pure compounds, all data point toward this inter- 
pretation. 

In contrast to the relatively undirected elimina- 
tion of hydrogen chloride in the above pyrolysis of 
IX, treatment of this silane with quinoline was 
much more directed and gave silicon tetrachloride 
and a-chlorovinyltrichlorosilane (XI) .6 No isomeric 
X was observed although .some could have been 
present in minor quantity. Subsequent pyrolysis 

( 6 )  I T .  S. Patent 2.512390 (June 20, 1950). 
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of XI gave silicon tetrachloride, acetylene (identi- 
fied as acetylene tetrabromide) and much recovered 
XI. Side chain cleavage of XI gave vinyl chlo- 
ride, identified as 1,2-dibrorno-l-chloroethane. The 
location of the chlorine in XI was determined by 
adding bromine to give XIII, which on treatment 
with alkali gave 1-bromo-1-chloroethylene (XIV). 
Pyrolysis of XI11 gave silicon tetrachloride, an un- 
identified halovinyltrichlorosilane, and recovered 
XIII. 

Addition of chlorine to X I  gave a,a,P-trichloro- 
ethyltrichlorosilane(II1). This, it  will be recalled, 
is one of the two isomers possibly obtained accord- 
ing to (2a). The identity of 111 was proven by al- 
kaline side chain cleavage to give vinylidene chlo- 
ride, identified as such and also as 1,2-dibromo-l,l- 
dichloroethane. Pyrolysis of I11 would be expected 
to give I according to (2c) unless I11 were unusually 
unstable. Pyrolysis a t  610°, in the range used suc- 
cessfully for the formation of IV from trichlorosi- 
lane and trichloroethylene, caused nearly total 
breakdown into silicon tetrachloride and s-dichloro- 
ethylene. This observation practically eliminates 
111 as an intermediate in the reaction. Pyrolysis 
of 111 in trichloroethylene as a diluent also resulted 
in nearly complete breakdown. Attempts to re- 
move hydrogen chloride from 111 by quinoline to 
form I resulted in nearly complete decomposition 
into silicon tetrachloride and vinylidene chloride. 

Silane IX  presumably also could be encountered 
as an intermediate in the high temperature reaction 
of trichlorosilane and s-dichloroethylene. 
ClCH=CHCl + HSiCll + CICHzCHCISiClr IX 
In contrast to the observations on the pyrolysis of 
pure IX, the heating of mixtures of cis- and trans- 
1,2-dichloroethylene, respectively, with trichloro- 
silane gave predominately p-chlorovinyltrichloro- 
silane (X), with possibly a very small amount of iso- 
mer XI. Addition of bromine to the products of 
pyrolysis gave XII, which cleaved on treatment 
with alkali to give XV. There is the distinct possi- 
bility that some XI  accompanied X in this sequence 
of reactions but no XIV could be isolated to prove 
this conjecture. The occurrence of the chlorine 
atom in the p-position here is strikingly parallel to 
the formation of IV from trichloroethylene and tri- 
chlorosilane. 

Similar high temperature reaction of a mixture 
of vinylidene chloride and trichlorosilane gave a low 
yield of X or XI, or a mixture of these unsaturated 
silanes. 

Acetylene and trichlorosilane reacted in a hot 
tube to give vinyltrichlorosilane and some high boil- 
ing product which possibly was 1,2-bis-(trichloro- 
sily1)-ethane. These products were obtained by 
Burkhard and Krieble'a from the same reactants in 
high pressure equipment. 

Examination of this evidence seemingly rules out 
the formation of the trichloroethyltrichlorosilanes 
I1 and 111 as intermediate addition products in the 
high temperature reaction of trichloroethylene and 
trichlorosilane. Silane 111 has been shown to be 
very unstable toward heat and presumably 11 also 

(3) 

(7) (a) C. A. Burkhard and R. H. Krieble, TEIS JOURNAL, 69, 
2687 (1947); (b) R. H. Krieble, U. S. Patent 2,510,542 [C. A . ,  44, 
9473 (1950)l. 

would decompose. Furthermore, significant yields 
of I1 and 111 have not been obtained in the at- 
tempted additions of the reagepts a t  moderate 
temperatures and pressures even in the presence of 
peroxide catalyst. 

Quite likely the reaction does not proceed through 
the equation sets (1) and (2), but rather according 
to alfree radical mechanism parallel to those fre- 
quently encountered in pyrolytic reactions. 

Initiating reaction: HSiC13 ---f Ha + .SiCl, , 
CHCl=CC12 + .Sic13 ---+ CHCl-CC12 

I 
Sic& 

CHCl-CCIz ---+ CH=CCI* + C1. 
I 

Sic& 
I 

SiCt 
C1. + HSiCl, ---+ HCl + .Sic13 

No attempt has been made to determine how ac- 
curately this postulated mechanism might express 
the course of the reaction. 

Experimental 
Cleavage of 8, 8-Dichlorovinyltrichlorosilane (from Py- 

rolysis).-8,@-Dichlorovinyltrichlorosilane (obtained* from 
high temperature reaction of trichloroethylene and trichloro- 
silane), b.p. 162' (738 mm.) (6.5 g.) was added with shaking 
to 20 cc. of cold water. Excess 50% potassium hydroxide 
solution was added slowly. Distillation gave about 1 cc. 
of lower organic layer and was accompanied by flashes char- 
acteristic of chloroacetylenes. The product was dried over 
magnesium sulfate and then the vinylidene chloride was dis- 
tilled, b.p. 34-37' (with slight amount to 41'), to  give 0.7 
g., 1.4251. Pure vinylidene chloride distilled through 
the same micro apparatus at 32-37', ~ * O D  1.4246. Addi- 
tion of bromine gave l,l-dichloro-l,2-dibromoethane,* 
b.p. 175' dec. 

Cleavage of 8,8-Dichlorovinyltri-n-butoxysilane.-The 
silane (9.9 9.) was placed in 50 cc. of cold water with 0.5 
cc. of sulfuric acid. The mixture was refluxed 30 min. to 
effect hydrolysis and then 15 cc. was distilled t o  remove the 
butanol. Excess base was added and distillation continued 
to give a lower layer of about 1 cc. This vinylidene chlo- 
ride was dried and then distilled a t  34-39' (0.5 g.), n% 
1.4253. 

Pyrolysis of Ethyltrichlorosilane and of Vinyltrichlorosil- 
ane.-Ethyltrichlorosilane (120 9.) was passed through the 
combustion furnace (7" heated) at 610' during 100 min. to 

Distillation through a 10" packed 
column gave 100 g. recovered ethyltrichlorosilane, b.p. 96'. 
Similarly, 87 g. of vinyltrichlorosilane was recovered from 
the pyrolysis of 100 g. of vinyltrichlorosilane. 

Treatment of Ethyltrichlorosilane and of Vinyltrichloro- 
silane with Quinoline.-A mixture of ethyltrichlorosilane, 
b.p. 96' (130 g.), and quinoline (130 9.) was heated during 
70 min. to  give 124 g. of distillate to  118". Distillation 
gave 122 g. of recovered ethyltrichlorosilane, b.p. 94-97'. 
Similarly, 92 g. of vinyltrichlorosilane was recovered from 
treatment of 100 g. with quinoline. 

Pyrolysis of a-Chloroethyltrichlorosi1ane.-The silane 
(94 9.) was passed through the furnace at 610' during 180 
min. to give 86 g. of product. Evolved ethylene was passed 
into bromine in carbon tetrachloride and from this was ob- 
tained 3 g. of ethylene dibromide, b.p. 130-132', n Z O ~  
1.5384, dZ5 2.16. Distillation of the pyrolysis product gave 
silicon tetrachloride (6.1 g.), b.p. 58', vinyltrichlorosilane 
(16 g.), b.p. 88-91', and 42 g. of recovered starting silane. 
Pyrolysis was negligible a t  400' and increased as the tem- 
perature progressed toward 600'. 

Treatment of a-Chloroethyltrichlorosilane with Quinoline. 
-A mixture of the silane (136 9.) and quinoline (150 g.) was 
heated for 130 min. to give 116 g. of distillate boiling up to 
160'. Distillation through a 12" packed column gave sili- 

'give 106 g. of product. 

(8)  I. M. Heilbron, "Dictionary of Organic Compounds," Oxford 
University Press, New York, N. Y., 1943, Volume I, p. 750. Physical 
data for l,l-dichlom-l,2-dibromoethane are b.p. 175-178O dec., dl6 

2.27, ? P O  1.559 and for l,Z-dichloro-l,Z-dibromoethane, b.p. 1 9 5 O ,  
7Q0 (15 mm.). 



con tetrachloride (10 g.), b.p. 37-61", vinyltrichlorosilaiie 
(14.7 g,), b.p. 00-93", active chloriuc 64.5'% (tlicory 05.89&), 
and 62 g. of recovered silane, b.p. 137-138". KO gaseoub 
by-product was detected by bromine in solvent. 

Pyrolysis of p-Chloroethyltrich1orosilane.-The silane 
(37 g.) was passed through the furnace a t  610' during 70 
min. to g i v ~  28.5 g. of product. Gases were absorbed i t i  
bromine in carbon tetrachloride i( tic1 from tliis was isolatcri 
4 g. of ethylcne clibroinide, 11.1). LL30 -l:Sl', )L% 1.53@, dz'J 
2.16. Distillation of the pyrolysis product through a 10" 
packed column gave 14 g. of silicon tetrachloride, b.p. 56. -  
61°, 6 g. of vinyltrichlorosilane, b.p. 8&90", and 4 g. of 
starting silane. Pyrolysis was negligible at 400' a.nd iu-  
rreased a s  the temperature rose. 

Treatment of p-Chloroethyltrichlorosilane with Quinoline. 
-A mixture of the silane (187 g.) and quinoline (203 g.) 
was heated during 130 min. to  give 122 g. of product boiling 
up to 131'. Distillation gave 3.3 g. of silicon tetrachloride, 
71 g. of vinyltrichlorosilane, b.p. 90-92', and 16 g. of higher 
boiling material. No gaseous by-product was detected. 

Addition of Chlorine to Vinyltrichlorosi1ane.-In a 500-cc. 
3-neck flask, set in an ice-bath placed so that direct sunlight 
irradiated the top portion of the flask, was placed vinyltri- 
chlorosilane (402 g.).. Cylinder chlorine mas bubbled into 
the cooled liquid during 6 hours until no more was readilq 
absorbedabout  155 g. was added. Distillation through 
a modified Claisen flask gave a foreshot of recovered silane, 
the product, a,  8-dichloroethyltrichlorosilane (372 g., 64'%), 
b.p. 63-65' (13 mm.), n 2 0 ~  1.4876, dZ7 1.53 and a small 
amount of residue. 

.411al. Calcd. for CtH4SiCls: 4 active C1, 60.6; Si,  12.1. 
1;ound: 4 active C1, 60.9; Si, 12.05. 

Pyrolysb of cu,j3-Dichloroeth~ltrichiorosilane.-The silane 
(72.5 g.) was pyrolyzed at 610 a t  a rate of 0.5 cc. per min. 
to  give 57 g. of product. Titration of the water trap showed 
that 11.1 g. of hydrogen chloride had been liberated. Dis- 
tillation gave silicon tetrachloride, b.p. 35-61' (13.5 g.), a 
small intermediate cut, and a mixture of unsaturated silanes, 
b.p. 125-133' (26.5 g.), I Z I ~ ~ D  1.4702, and some recovered 
starting silane, b.p. 157-181" (2  g.). 

Anal. Calcd. for CzHaSiCla: 3 active C1, 54.5. Found: 
3 active C1, 54.8. 

The unsaturated silanes from above (24.2 g.) were placed 
in a flask and bromine (20.4 g.) was added slowly in sunlight 
a t  room temperature. Distillation gave 39 g. of mixed 
brominated silanes, b.p. 109-115" (13 min.), n l i ~  1.55W2. 
This brominated product (36 g.) was placed in a BOO-cc. 
Claisen flask, ice was added, and then excess aqueous so- 
dium hydroxide was introduced. Frequent flashes of flame 
were observed during the subsequent distillation due to halo- 
genated acetylene coming into contact with air. The lower 
organiclayer, about 5 cc., was dried over magnesium sulfate. 
Distillation gave 1-bromo-I-chloroethylene ( 2  g.) ,  b.p. 59- 
66O, which quite rapidly polymerized. Also obtained were 
an intermediate cut which partly polymerized, and a final 
cut, b.p. 70-83' (2.5 g. j. After standing for several hours 
to allow polymerization of the vinylidene halide, the roemain- 
ing liquids were combined and distilled a t  72-81 , nl'D 
1.4962, d 2 5  1.73. This product, believed to be mainly 1- 
chloro-2-bromoethylene9 remained practically free from 
polymer and readily added hromiiie. 

Dehydrochlorination of a,p-Dichloroethyltrichlorosilane 
by Quinoline.-A solution of 289 g. of a,p-dichloroethyl- 
trichlorosilane and 1x5 g. of quinoline (containing 10% 
isoquinoline) was heated gently by a direct flame in a 500-cc. 
flask fitted so evolved gas would pass through a solution of 
bromine in carbon tetrachloride. Heating x a s  continued 
for 110 min. until no more material distilled. The distillate 
(203 9.) gave 7.6 g. of silicon tetrachloride, b.p. 56-59 , 
an intermediate cut, and 203 g. of (80%) a-chlorovinyltri- 
chlorosilme, b.p,. 124' (724 tnm.), ?z2% 1.4638, d2* 1.43. 

Anal. Calcd. for C2HaSiC14: 3 active C1, 54.6; Si, 
14.2. Found: 3 active C1, 53.5; Si, 13.6. 

Very little, if any, of the hrornine reacted with gaseous 
product. 
Pyrolysis of a-Chlorovinyltrichlorosi1ane.--The silane 

(45.g.). was pyrolyzed a t  610" during 140 rnin. to give 37 g. 
of liquid product and 1.9 g. of hydrogen chloride (titrated in 
absorber). Distillation gave 1 g. ('seine known loss) of 

( e l )  Reference 8, Vnlrime I .  p. 2 2 :  h p X I  - 8 2 - ,  d" l , < l l .  

silicon tetrachloride, b.p. 55- jS0, a sii~all intermedinte cut,  
.tiid 20 g. of recovered silane, b.p. 124". 

Side Chain Cleavage of a-Chlorovinyltrichlorosilane .- 
The silane (12.6 g.) was placed in a 150-c~. flask and cracked 
ice was added followed by excess sodium hydroxide solution. 
Evolved vinyl chloride was absorbed in bromine in carbon 
tetrachloride and rca.cte,d readily. Thr solvent was re- 
iiirived atid tlir t-chloro-1 ,;'-dibromocthaiic diililletl a t  170 

CY, p-Dibronio-a-chloroethyltnchlorosilane .-a-Chloro- 
vinyltrichlorosilane (62 9.) was placed in a 125-cc. flask and 
bromine (51.5 g., theory 50 g.) was added portionwise with 
alinost instantaneous reaction, The temperature was kep' 
near 260". The product (100 g., 84%) boiled at 10s" ( I  I 
iiim.), n% 1.5492, d2' 2.07.  

Anel. Calcd. for C2H?SiBr2CI4: 4 active Cl, 40.0; Si. 
7.90. 

Side Chain Cleavage of a,  p-Dibromo-a-chloroethyltri- 
chlorosilane.-The silane (29 9.) was placed in a 125-cc. 
claisen flask, and water (40 cc.) was added with cooling and 
shaking. Excess 40% sodium hydroxide was added slowly. 
Distillation gave 4 cc. of lower layer from which was ob- 
tained 5 g. of 1-chloro-1-bromoethylene, b.p. 60-61', dm 
1.72, lt"D 1.4792. The product promptly polymerized t o  
a white, amorphous powder. 
Pyrolysis of 01, p-Dibromo-a-chloroethyltrichlorosilane .- 

The silane (59 9.) was pyrolyzed a t  575' a t  the rate of 0.5 
cc. per min. to give 50 g. of liquid. This was distilled to give 
1.5 g. of silicon tetrachloride, b.p. 57-60', 82.7% active chlo- 
rine, and 37 g. of recovered silane boiling mainly at 171-208O. 

a,a, 8 - Trichloroethyltrichlorosi1ane.-a - Chlorovinyltri- 
chlorosilane (130 9.) was placed in a 125-cc. flask in :I 
water-bath irradiated by a 150-watt bulb. Chlorine (46 g.) 
was bubbled in at about 40" during 4 hr. On standing, the 
product partly solidified. The a,a,P-trichloroethyltri-. 
chlorosilane boiled a t  91' (17 mm.) (141 g., 73%) and there 
remained a small amount (16 g. j of high boiling residue, b.p. 
94-188" (19 mm.). Redistillation of the main cut gave 
13fj g., b.p. 78-80' ( I0  mm.), which solidified ithmediately; 
f .1 ) .  Xi". 

-1naZ. Calcd. for GH2SiC16; 4 active C1, 53.2; Si, 10.5. 
Found: 4 active C1, 53.2; Si, 10.2. 

Treatment of ~~,(~,p-Trichloroethyltrichlorosilane with 
Quinoline.-A mixture of the silane (50 9.) and of quinoline 
(60 9.) was allowed to stand 1 hr. and then was slowly dis- 
tilled during 0.5 hr. until the b.p. reached 215". Initial dis- 
tillation gave 42 g. product, b.p. 37-59', and 4 g. of residue. 
Redistillation through a 30" packed column gave vinylidene 
chloride (5.5 g.), b.p. 33-35', an intermediate cut, and sili- 
con tetrachloride (11 g.), b.p. 56-57', active chlorine 80%. 
All products were combined and treated at  room tempera- 
ture with bromine until no more reacted. Distillation of 
this material gave silicon tetrachloride (6.7 g.), b.p. 55-57', 
and I ,l-dichloro-l,2-dihromoethane,* b.p. 173-176' dec., 

Pyrolysis of a,a, p - Trichloroethy1trichlorosilane.-The 
silane (64 g.) was pyrolyzed at 550' during 2 hours to  give 
59 g. of product. Titration of the water absorber showed 
that 1.25 g. of hydrogen chloride was evolved. Distillation 
through a 12" packed column gave 22 g. of product boiling a t  
50-.52', an intermediate cut up to 1 8 8 O ,  and the balance (18 
g.) boiling a t  188-198' dec. and some residue. (Similar 
pyrolysis a t  610' caused greater decomposition and gave a 
parallel low boiling product and only 7 g. of higher boiling 

The 50-55' cuts from three pyrolysis runs were combined 
and were treated at  room temperature and in sunlight with 
bromine until no more reacted. The product distilled to 
give 34 g. of silicon tetrachloride, b.p. 56-58', an intermedi- 
ate cut, and 1,24ichloro-l,2-dibrom~ethane~ boiling at  
188-193", 84" (46 mrn.), (51 g,), dm2.27, ~ * O D  1.5662. This 
product was synthesized by adding bromine slowly a t  rooni 
temperature to 15 g. of cis-dichloroethylene to  give 1,2-di- 
chloro-l,2-dibromoethane, b.p. 189" (737 mm.), 84' (45 
mm.), n 1 9 ~  1.5672, dZ6 2.28. 

Side Chain Hydrolysis of (Y,(Y, 8-Trichloroethyltrichloro- 
silane.-The silane (23 g.) was placed in a 125-cc. flask and 
50 cc. of cold water was added. Hydrolysis was effected by 
vigorous shaking and then excess 40% sodium hydroxide was 
added. Distillation gave 6.4 cc. of organiclayer. The drie;l 
liquid distilled to give 6 g. of vinylidene chloride, b .p.  3 1-34 , 
n,17u 1.4275, dgl 1.22. Bromine was added at  room trniprr:i- 

IXO"  (4  g.) ,  thr"u 1.554, (1'' 2.27. 

Found: 4 active C1, 40.4; Si, 7.8. 

nZ1D 1.5553. 

cuts.) 
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ture and the l,l-dichloro-l,2-dibromoethane* distilled at 
175-177" dec., f l z 3 ~  1.5554. 

Pyrolysis of Acetylene and Trichlorosilane.-Cylinder 
acetylene, washed and dried, was bubbled (1' head) through 
trichlorosilane (40 8.) during 6 hr. and the gas mixture 
passed into the furnace at 610' to give a recovery of 23 g. 
Distillation gave some recovered trichlorosilane, 4.7 g of 
~-inyltrichlorosilanc, b.p. 86-89', active chlorine ti4.8%, d,"" 
1.23, and 2 S g. of more complex silanes boiling at  180-217 . 

Pyrolysis of s-Dichloroethylene and Trichlorosi1ane.-A 
mixture of trans-dichloroethylene (42 g. ) and trichlorosilane 
(54 g . )  was pyrolyzed a t  610' during 600 min. to  give 80 g. 
of product. Distillation through a 12" packed column gave 
36 g of recovered charge, b.p. 35-60', an intermediate cut, 
and the product, p-chlorovinyltrichlorosilane (19.9 g.) 
I, p. 133-135' (738 mm.), nZoD 1.4735, d2* 1.45. 

Anal. Calcd. for C2H2SiC14: 3 active C1, 54.2; Si, 14.3. 
Found: 3 active C1, 53.3; Si, 13.6. 

The above product (14.5 9.) was treated with bromine 
(12.3 g.) dropwise at  room temperature. Distillation gave 
a, P-dibromo-p-chloroethyltrichlorosilane, b.p. 131-133' (10 
mm.) (22.2 g.). 

Anal. Calcd. for C2H2SiCl,Br2: 4 active C1, 39.9. 
Found: 4 active C1, 41.2. 

This brominated silane (22 g.) was hydrolyzed by shaking 
in about 50 cc. of cold water, and then excess base was 
added. Distillation gave a lower layer which weighed 6.4 
g. after drying, and was accompanied by flashes of flame. 
Distillation gave 3.0 g. of 1-chloro-%bromoethylene,* b.p. 

Similarly, cis-dichloroethylene (22 9.) and trichlorosilanc 
(30 g. )  at  610" gavc 13.7 g. of 8-chlorovinyltrichlorosilane, 
b.p. 132-134' (707 mm.). Bromination gave the same 
product as above and side chain cleavage with alkali also 
gave l-chloro-2-bromoethylene, b.p. 80-85" (1.8 g.), 1 2 2 3 ~  
1.4955, dZo 1.8. 

Pyrolysis of Vinylidene Chloride and Trichlorosi1ane.--A 
mixture of vinylidene chloride (34 9.) and trichlorosilane 
(46 8.) was passed through the furnace a t  550' during 100 
min. to give 62 g. of product. Distillation gave 48 g. of recov- 
ered charge, b.p. 31-35', an intermediate cut, and a product 
cut, presumably a- or i3-chlorovinyltrichlorosiiane, b.p. 
115-135' (4.7 g.). Redistillation gave 2.7 g. of product, 
b.p. 59-63' (63 mm.), n% 1.4610. 

Calcd. for C2HZSiClr: 3 active Cl, 54.4; Si, 14.3. 
Found: 3 active C1, 54.9; Si, 13.9. 
NORTHFIELD, MINNESOTA 

80-85', dao 1.8, rt"D 1.4956. 

Anal. 
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Pyrolysis of this silane is complex 
and among the products formed are silicon tetrachloride, trichlorobromosilane, a- and 8-bromovinyltrichlorosilanes and 
ethynyltrichlorosilane. The obtainment of silicon tetrachloride is unexpected for trichlorobromosilane only would be ex- 
pected. Removal of hydrogen bromide from a,p-dibromoethyltrichlorosilane by treatment with quinoline gives a-bromo- 
vinyltrichlorosilane and silicon tetrachloride. Various transformations of the silanes encountered are described as their struc- 
tures are determined mainly by side chain cleavage by alkali. Brief mention is made of the pyrolysis of a mixture of tri- 
hromoethylene and trichlorosilane. 

Vinyltrichlorosilane readily adds bromine to give a, P-dibromoethyltrichlorosilane. 

Many examples have appeared recently showing 
that halogen atoms in the side chains of substituted 
trichlorosilanes encourage side chain cleavage with 
the net result that a halogen atom from the chain 
seemingly has become attached to the silicon atom. 
This research deals with the reactions which are en- 
countered when bromine is present in the side chain, 
as in a, p-dibromoethyltrichlorosilane. 

Hurd2 treated a- and p-chloroethyltrichlorosil- 
anes with quinoline to prepare vinyltrichlorosilane 
and obtained also a small amount of silicon tetra- 
chloride. The reaction presumably progressed 
qualitatively as expressed in the equation 

Quinoline 
ClCH2CH2SiClS ------+ 

CH2=CH2 + Sic14 + CHZ=CHSiClo f HCI (1) 
Sommer, Bailey and Whitmore3 later observed sim- 
ilar results on other silanes when cleavage was ef- 
fected by heat, aluminum. chloride or methylmag- 
nesium bromide-in these reactions i t  was postu- 
lated that the reaction proceeded through the form- 
ation of @-carbonium ions. Like Hurd, these au- 
thors also observed that silicon tetrachloride ac- 
companied the vinyltrichlorosilane in the dehydro- 
chlorination by quinoline of pure P-chloroethyltri- 

(1) This research was conducted under Contract N8 onr 73700 of the 

(2) D. T. Hurd, THIS JOURNAL, 67, 1813 (1945). 
(3) L. H .  Sommer, D. L. Bailey and F. C. Whitmore, i b id . ,  70, 2869 

(1948). 

Office of Naval Research. 

chlorosilane. The preponderance of dehydrohalo- 
genation relative to p-elimination (to give silicon 
tetrachloride) is suggested to be due to the inability 
of the quinoline to provide a nucleophilic anion and 
also to the formation of quinoline hydrochloride. 
Parallel reactions with other substituted silanes 
were observed by Sommer, Tyler and Whitmore, 
and by Gold, Sommer and Whitm0re.j 

By similar reasoning, i t  would be expected that 
a,  P-dibromoethyltrichlorosilane (11)) for example, 
would decompose thermally to give vinyl bromide 
and trichlorobromosilane by &elimination, and a 
bromovinyltrichlorosilane and hydrogen bromide 
by quinoline dehydrohalogenation. Actually, in 
the pyrolysis of this silane dehydrobromination 
to give some ethynyltrichlorosilane and a mixture 
of a- and ,%bromovinyltrichlorosilanes is encoun- 
tered to a major extent. Accompanying this re- 
action, however, is a side reaction in which silicon 
tetrachloride and trichlorobromosilane are both ob- 
tained. Another complex reaction was encoun- 
tered in the dehydrohalogenatioh of I1 with quino- 
line for accompanying the a-bromovinyltrichloro- 
silane was an appreciable amount of silicon tetra- 
chloride. Other similar examples are shown in the 
Aow sheet. 

(4) L. H. Sommer, L. J. Tyler and F. C. Whitmore, i b id . ,  TO,  2872 

( 5 )  J. R.  Gold, L. H. Sommer and F. C. Whitmore, {b id , ,  70, 2874 
(1 948). 

(1948). 


