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Summary 

^-Fluorostyrene and 2-fluoro-4'-vinylbiphenyl 
have been synthesized from the corresponding 

Mixtures of the methylbromosilanes were first 
prepared by Rochowla by the vapor phase reac
tion of methyl bromide with copper-silicon 
masses. This alkyl halide reacts smoothly at 
about 300° to give a dense liquid condensate from 
which we have isolated methyltribrornosilane, 
dimethyldibromosilane, and trimethylbromosil-
ane. In addition, indications of small amounts of 
tribromosilane and silicon tetrabromide have been 
found in the crude product. It is interesting to 
note that the apparent anomaly in the boiling 
points of the methylchlorosilanes2 is not repeated 
with the methylbromosilanes; the boiling points 
of the latter all lie within the range fixed by the 
boiling points of silicon tetramethyl (27°) and 
silicon tetrabromide (151°). 

Trimethylbromosilane has also been synthesized 
in good yield by the action of phosphorus tribro-
mide on hexamethyldisiloxane. This reaction is 
analogous to the cleavage of alkoxysilanes by 
phosphorus trichloride, as reported by Friedel 
and Ladenburg.3 

As further evidence of the identity of the di- and 
tribromo compounds we have also prepared the 
2-bromoethyl ethers by the action of ethylene 
oxide.4 In the case of trimethylbromosilane hy
drolysis yielded the known hexamethyldisiloxane. 
The properties of the new compounds prepared 
are given in Table I. 

TABLE I 

T H E N E W METHYLBROMOSILANES AND METHYL-2-BROMO-

ETHOXYSILANES 
B. p., Press., 

Formula 0C. mm. dioi (vac.) r.MD 
(CH3)SSiBr 79.9 754 1.189 
(CHs)2SiBr2 112.3 760 1.727 
CH3SiBr3 133.5 764 2.253 
(CHs)2Si(OCH2CH2Br)2 95 3 1.5425 1.4780 
CH3Si(OCH2CH2Br)3 130-131 1 1.7635 1.5001 

(1) Present address: Buckman Laboratories, Memphis, Tenn. 
(Ia) Rochow, THIS JOURNAL, 67, 963 (1945). 
(2) Gilliam, I.iebhafsky and Winslow, ibid., 63, 801 (1941). 
(3) Friedel and Ladenburg, Ann., 148, 179 (1808). 
(4) Sauer and Patnode, THIS JOURNAL, 67, 1548 (1945). 

methyl aryl ketones by reduction to the secondary 
carbinol and dehydration of the latter to the vinyl 
derivative. 

?w-Trifluoromethylstyrene has been prepared by 
dehydration of the secondary carbinol which was 
obtained through the Grignard reaction from m-
bromobenzotrifluoride. 
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Our experiments indicate that occasionally 
some of our samples of dimethyldibromosilane 
were contaminated by an impurity which was 
presumed to be tribromosilane because of the 
proximity of its boiling point (111.8°) to that of 
dimethyldibromosilane (112.3°) and the fact 
that trichlorosilane is a product of the reaction111 

of methyl chloride with copper-silicon. We 
found that this impurity could be eliminated by 
treatment of the sample with bromine, removal of 
the excess bromine with mercury, and subsequent 
distillation to obtain the pure dimethyldibromo
silane. 

Since we were unable to find a literature refer
ence to the reaction 

HSiBr3 + Br2 —> SiBr4 + HBr 
we treated tribromosilane5 with bromine to pro
vide assurance that bromination did occur. We 
found, as expected,6a that tribromosilane slowly 
decolorized bromine at room temperature, and 
that the reaction was decidedly photosensitive. 

Experimental 
Dimethyldibromosilane and Methyltribrornosilane— 

Run 1.—A mixture of crude products1"'6 prepared by pass
ing methyl bromide over a pressed sintered mass of 
copper-silicon (20:80) at 275° was fractionally distilled 
in a 0.8 X 65 cm. column6" of approximately 50 theoretical 
plates packed with Vie-in., single turn helices made from 
platiiium-iridium wire. From a definite plateau in the 
boiling point curve a middle fraction, b. p. 112.3° at 760 
mm., was separated. Analysis showed this substance to 
be dimethyldibromosilane. 

Anal. Calcd. for C2H6SiBr2: Br, 73.33. Found: Br, 
73.4,73.0. 

A middle fraction, b. p. 133.5° at 764 mm., from a second 
plateau was identified as methyltribrornosilane. 

(5) The authors desire to thank Prof. Walter Schumb of the 
Massachusetts Institute of Technology who kindly supplied the 
sample of pure tribromosilane used in this experiment. 

(5a) Ladenburg [Ann., 164, 329 (1872)] and Kraus and N'elson 
[THIS JOURNAL, 66, 195 (1934)] brominated triethylsilane to give 
triethylbromosilane, and Friedel and Ladenburg [Ann.. 145, 187 
(1867)] isolated trichlorobromosilane as a bromination product of 
trichlorosilane. 

(6) The authors wish to thank Dr. E. G. Rochow of the Research 
Laboratory who prepared and kindly provided this material. 

(6a) Whitmore, et al., THIS JOURNAL, 62, 797 (1940). 
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Anal. Calcd. for CH3SiBr3: Br, 84.76. Found: Br, 
84.8,84.4. 

In the above analyses for bromine hydrolysis of a 
weighed sample was carried out as described under Run 2; 
the liberated hydrogen bromide was determined volu-
metrically by the standard Volhard method. 

Run 2.—By passing methyl bromide through a 0.75-in. 
glass tube packed to a length of 18 in. with sintered cop
per-silicon (10:90) powder and maintained at 295-325° by 
means of an electric furnace, 774 g. of crude methylbro-
mosilanes was prepared over a period of one hundred 
eighty hours. This product was charged to a 1.0 X 44 
cm. column packed with 3A2-In., single turn, stainless steel 
helices and having roughly 15 theoretical plates. Appre
ciable methyl bromide was evolved. The distillation (at 
760 =*= 1 mm.) and analytical data are summarized in the 
table. 

Frac
tion 

A 

B. p., 0 C , 
cor. 

71-110 

Wt., 
g. 

48.3 

% Br 
d*>, 

(vac.) 

B 109,9-112.4 8.8 73.72 
C 112.4-112.8 62.6 73.67 73.72 1.738 
D 112,8-112.9 61.2 73.77 1.736 
E 112,9-113.8 19.6 73.74 
F 113 8-132.1 59.7 
G 132 6-133.5 32.3 84.54 
H 133 5 79.2 84.83 84.74 2.254 
I 133,5-133.7 90.4 84,85 2.252 
J 133,4-135.2 23.6 
K 135,2-156.3 24.6 

Residue 99.5 

Fraction H is pure methyltribromosilane; the density 
of this substance was measured in a 25-ml. dilatometer. 
However, the bromine analyses on the dimethyldibromo-
silane fractions (B, C, D, E) are appreciably higher than 
the calculated value for the pure substance (73.33% Br). 
We interpret this to indicate the presence of tribromo-
silane, b . p.7 111.8°, dM< ca. 2.7, 89.19% Br. 

In order to remove the small amount of tribromosilane 
(ca. 2%) which contaminated our dimethyldibromosilane 
fractions, we combined the portions of fractions B, C, D 
and E remaining after analysis (141.9 g.) and added about 
6 g. of liquid bromine (1.8 g. required to brominate the 
estimated 3 g. of tribromosilane). After standing a t room 
temperature for sixty-five hours the reaction mixture was 
shaken for four hours with excess mercury to remove the 
unreacted bromine. The mercury bromides were removed 
by filtration and the precipitate extracted three times with 
fresh 100-ml. portions of chlorobenzene. 

The dimethyldibromosilane filtrate and the chloro
benzene extracts were combined and charged to the same 
distilling column used previously. The distillation and 
analytical data are summarized in the table. 

Frac
tion 

L 
M 
N 
O 
P 
Q 

B. p., " C , 
cor. 

110.3-111.5 
111.5-111.8 
111.8-112.0 
111.9-112.0 
112.0-112.7 
112.7-113.5 

Mm. 

746 
746 
746 
762 
762 
762 

Wt., 

9.6 
21.0 
50.5 

8.5 
7.0 

12.5 

73 ,30 

% Br" 

71.68 
73.12 
73.41 73.44 
73.16 
72.98 
73.04 

• Calcd. for (CH3)2SiBr2, 73.33. 

Fraction N (average % Br, 73.38) was used for the density 
determination (25-ml. dilatometer); dso

t (vac.) 1.727. 
The bromine analyses reported above and for trimethyl-

bromosilane (see below) were performed as follows: A 1-2 
g. sample of the bromosilane was weighed in a 2-ml, corked 
vial and hydroiyzed after weighing by opening the vial 

(7) Schumb and Young, T H I S JOURNAL, 52, 1464 (1930). 

and dropping vial and cork into a mixture of ether, water 
and ice contained in a glass-stoppered Erlenmeyer flask. 
After shaking vigorously the bromine was analyzed by 
the Volhard technique; an excess of a 0.5 JV solution of 
silver nitrate (made up by weight) was added from a weight 
buret, and the excess back-titrated with 0.1 A7 ammonium 
thiocyanate added from a volume buret. 

Dimethyldi-2-bromoethoxysilane.—An attempt was 
made to treat dimethyldibromosilane (39 g., 0.18 mole) 
with ethylene oxide under pressure as described for the 
chlorosilanes' but the reaction was so vigorous that con
siderable precaution was necessary to prevent overheating. 
The ethylene oxide pressure was reduced to 5 lb. and no 
shaking was employed until the reaction became more 
moderate. During the later stages it was possible to ad
mit the ethylene oxide intermittently at 12 lb. with a brief 
shaking period, cool the flask in an ice-bath, and then re
peat the addition. Fractional distillation of the product 
at reduced pressure gave 48.9 g. (89%) of dimethyldi-2-
bromoethoxysilane, b. p. 95.5° at 3 mm., nmD 1.4780, 
<i2»4(vac.) 1.5425. 

Anal. Calcd. for C6H14SiO2Br2: C, 23.54; H, 4.61; 
Si, 9.17; Br, 52.22. Found: C, 23.3; H, 4.4; Si, 9.2; 
Br, 52.4, 51.9. 

Methyltri-2-bromoethoxysilane.—The procedure de
scribed for dimethyldi-2-bromoethoxysilane was employed; 
74.5 g. (0.263 mole) of methyltribromosilane with excess 
ethylene oxide gave 94.6 g. (87%) of the desired ether, b . p . 
130-131° at 1 mm., n2»D 1.5001, d20

4 (vac.) 1.7635. 
Anal. Calcd. for C7H15SiO3Br3: C, 20,26; H, 3.64; 

Br, 57.77. Found: C, 20.1; H, 3.4; Br, 57.1, 57.2. 
Trimethylbromosilane.—Although the two runs de

scribed above for the reaction of methyl bromide with, 
copper-silicon powder indicated negligible amounts of tri
methylbromosilane, some runs (see the following section) 
have given appreciable yields of this compound. A sample 
(52.4% Br) obtained in this way distilled at 80° and yielded 
hexamethyldisiloxane,8 n!0D 1.3771, on hydrolysis. We 
have since prepared9 the pure substance in larger amounts 
by cleavage of hexamethyldisiloxane with phosphorus 
tribromide. 

Into a bottle capped with a pressure-tight gasket was 
weighed 163 g. (1.0 mole) of hexamethyldisiloxane, 459 g. 
(1.69 moles) of phosphorus tribromide and 1.0 g. of iron 
(III) chloride hexahydrate and the contents mixed thor
oughly by shaking. After standing for twenty hours at 
room temperature the reaction mixture was charged to 
the previously described column of approximately fifteen 
theoretical plates. The distillation and analytical data 
are summarized in the table. 

Frac- B. p., 0 C , Wt., 
tion cor. Mm. g. % Br0 

A 65-79.3 751 15.3 53.7h 

B 79.4-79.6 751 41.0 53.0 53.1 6 

C 79.7-79.8 754 35.0 52.59 
D 79.8-79.9 754 47.6 52.15 52.06 52.19 
E 79.9 754 36.0 52.19 52.18 
F 79.9-80.0 755 35.6 52.13 
G 80.0-80.1 755 15.0 

« Calcd. for (CH3J3SiBr: 52.21% Br. * By acid-base 
titration with 0.5 JV sodium hydroxide solution. 

Densities (<i20
4) were determined on the following frac

tions in a 25-ml. dilatometer: D, 1.190; E, 1.188; F 
1.189. The yield of trimethylbromosilane based on hexa
methyldisiloxane was 7 3 % . 

Yield and Composition Data for the Methyl Bromide-
Copper-Silicon Reaction.—In each experiment of the 
following series 400 g. of sintered copper-silicon (10:09): 
powder was charged to an iron pipe reactor (1 in. diam.) 
immersed in an oil-bath at 300°. The red-brown, crude 
methylbromosilanes were charged to the previously de-

(8) Sauer, ibid., 66, 1707 (1944). 
(9) See also Hurd, ibid., 67, 1546 (1945). 
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scribed column of about fifteen theoretical plates. Analy
sis by distillation indicated that, in addition to the com
pounds reported above, appreciable amounts of silicon 
tetrabromide were present in the crude products. The 
following table lists the results of five successive runs (the 
values of n refer to the formula (CHs)„SiBr4_„). 

CHiBr, 

1180 
1390 
1250 
1170 
1710 

Time, 
hr. 

118 
119 
118 
96 

114 

Product, 
g. ml. 

847 
1021 
962 
586 
976 

492 
530 
493 
249 
488 

Composition (vol. % 
n =• 3 B = 2 » = 

18 
7 
7 
3 
4 

60 20 
35 32 
38 35 
11 33 
37 33 

As the consistency and range of the available 
da t a on the equilibrium between carbon dissolved 
in iron and definite mixtures of either carbon 
monoxide with carbon dioxide, or methane with 
hydrogen, leaves something to be desired, and as 
accurate information on this mat ter has consid
erable practical significance, it was decided to re
investigate these systems. Accordingly measure
ments were made of the concentration of carbon, 
induced in iron a t a number of temperatures 
ranging from 750 to 1200°, by contact with each 
of a series of ratios of one or other of these pairs of 
gases. 

The equilibria involved may be represented by 
the equations 
2H2 + C (dissolved in Fe) = CH,; 

- P 0 H 1 / ^ = H/a = A', (1) 
CO2 + C (dissolved iti Fe) = 2CO; 

P'co'Pco,* - rt/a = K1 (2) 
where P is measured in atmospheres and a is the 
activity of dissolved carbon. For either system 
in equilibrium a t constant temperature and pres
sure, a given value of the partial pressure ratio r 
determines the composition of the solid phase, or 
vice versa, so long as only one solid phase is pres
ent. In the temperature range considered the 
solid phase may be ferrite, a solid solution of car
bon in a-iron (body-centered cubic), or austenite, 
a solid solution of carbon in 7-iron (face-centered 
cubic), the transition temperature depending 
upon the carbon content ; accordingly interpreta
tion of the results to be presented is facilitated by 
reference to the pertinent portion of the i ron-
carbon equilibrium diagram represented in Fig. 1, 
in which, for clarity, the scale of abscissa for the 
line GP is ten times as large as for the other lines. 
If we consider the isothermal line A, B, C, D it is 
evident tha t for a gas mixture of low carburizing 
power the solid phase is ferrite, and as carburizing 
power increases each gas ratio produces a solid 
phase of definite composition in the range A l:o 
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Acknowledgment .—The authors are grateful 
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Summary 

Methyltribromosilane, dimethyldibromosilane 
and trimethylbromosilane, isolated as products of 
the reaction of methyl bromide with sintered 
copper-silicon powder a t 300°, have been purified 
and characterized. 
SCHENECTADY, N. Y. RECEIVED JANUARY 28, 1946 

B.1 The gas mixture in equilibrium with ferrite 
of composition B is also in equilibrium with aus
tenite of composition C, and the gross composi
tion of the solid phase may have any value from 
B to C depending on the relative amount of the 
two solid phases. A further increase in carburiz
ing power of the gas causes the ferrite phase to 
transform completely to austenite, and the gas 
ratio fixes its composition in the range C to D. 
The line S 'E ' represents the equilibrium of aus
tenite with graphite; thus the gas ratio, r, in 
equilibrium with austenite of composition D is 
also in equilibrium with graphite, and its value 
(r') a t this point gives the equilibrium constant K3 

or Ki for the reactions 

2H2 + C (graphite) = CH4; PCH,/^L = K = ^3 (3) 

CO2 = C (graphite) = 2CO; P'co/PCOt = r\ = ^ (^ 

The case is similar for all temperatures between 
738 and 910° except that , as temperature in
creases, the range of stability of ferrite decreases 
and t ha t of austenite increases. For the tempera
tures 1000 and 1200° and the carbon range 0 to 
1.5%, the only solid phases encountered are aus
tenite and graphite.1 

If graphite is chosen as the s tandard state for 
carbon, the constants Kh A"2 of equations (1) and 
(2) become identical with the constants K3, iv4 of 
equations (3) and (4). Equation (1) and (2) 
may then be written 

a° ~ PCIU'PH<K* = n/Ki 0 a ' 

0, = P}.0/PC02K, = r,/A', (2a) 

where ac is the activity of carbon in iron relative to 
graphite, and rx or r2 is the ratio a t equilibrium 
with carbon dissolved in iron a t a concentration 
corresponding to the activity ac. Thus measure
ments of .these ratios and the corresponding carbon 

(1) In the case of CO-CO? mixtures low- in carbon monoxide, the 
system is complicated t)y the presence of au iron oxide phase. The 
above statements apply only to gas mixtures which will not oxidise 
iron at these temperatures, 
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