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Summary: A series of Si-H-containing bis(sily1)methanes 
has been prepared by reacting directly elemental silicon 
simultaneously with (chloromethy1)silunes and hydrogen 
chloride in thepresence of a copper catalyst usingastirred 
reactor equipped with a spiral band agitator at carefully 
controlled temperatures between 280 and 340 OC. Bis- 
(sily1)methanes containing dichlorosilyl groups were 
obtained as the major products and trichlorosilyl-group- 
containing bis(si1yl)methanes as minor products. Cad- 
mium was a good promoter for the reaction, while zinc 
was found to be an inhibitor. 

Organochlorosilanes with Si-H bonds are very useful 
starting materials for silicones, because they undergo 
hydrosilylationl and Si-H/C-C1 exchange reactions2 with 
unsaturated organic compounds to give organosilicon 
compounds with various functional groups such as vinyl 
or phenyl. Methyldichlorosilane is obtained in about 3-5 % 
yield as a byproduct in the direct reaction of elemental 
silicon with methyl ~hloride.~ The yield was increased up 
to 9.5% by adding 15% of hydrogen chloride to methyl 
chloride in the direct synthesis of methylchlor~silanes.~ 
Although the presence of hydrogen chloride in the 
synthesis of methylchlorosilanes with methyl chloride 
appears to increase the content of methyldichlorosilane, 
larger amounts of hydrogen chloride favor the formation 
of methyltrichlorosilane and trichlor~silane.~ To our 
knowledge, no other direct reaction of the mixed gases 
incorporating hydrogen chloride with silicon has been 
successful in the preparation of Si-H-containing orga- 
nochlorosilanes. 

Si + CH3C1 - 
(CH3),SiC1, + CH3HSiC1, (3-5 9% ) + others 

We have been studying the direct synthesis of trisi- 
laalkanes by reaction of (chloromethy1)silanes 1 with 
elemental silicon.s Trisilaalkanes 2 were obtained as the 
major products and bis(sily1)methanes 3 were minor 
products. 

We report herein the preparation of Si-H-containing 
bis(sily1)methanes by directly reacting elemental silicon 
simultaneously with 1 and hydrogen chloride. 
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Results and Discussion 
Reactor. The direct synthesis is the most widely used 

industrial method for the preparation of methylchlorosi- 
lanes.2 The direct process can be carried out either in 
fixed-bed! stirred-bed,' or fluidized-bed8 reactors. The 
process with the stirred-bed reactors has advantages over 
the fiied-bed operation in that the heat of reaction can 
be removed more easily and the movement of the powders 
causes fresh surface to be continuously expo~ed.~ The 
metal powder was agitated in an up-and-down motion in 
a vertical reactor by means of a spiral band rotated by a 
central shaft while a stream of methyl chloride was passed 
upward through it.1o 
As the reaction rate and the composition of the producta 

in the direct process are known to be highly temperature- 
dependent," it is very important to maintain the reaction 
temperature at an accurately specified temperature and 
to prevent any hot spots from developing in the agglom- 
erates of the solid phase. It is reported that at higher 
temperatures the deposition of carbon on the surface of 
the metal mixture occurs, which decreases the reactivity 
and the selectivity as well.I1 This is why the reactor for 
the direct Synthesis of organochlorosilane must have a 
high thermal stability and an efficient heat transfer. The 
diagram of the stirred-bed reactor, equipped with a spiral 
band agitator used for the direct synthesis of bis(sily1)- 
methanes containing Si-H bonds, is shown in Figure 1. 

Reaction Temperature. A 1:3 mixture of (chlorom- 
ethy1)dimethylchlorosilane (lb) and hydrogen chloride was 
reacted with the contact mixture12 of elemental silicon 
and copper catalyst, and the product distributions at 
various reaction temperatures are shown in Table I. As 
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Scheme I 

I I 
I I 
R3 CI 

R' H 

la-d/HcI % t?-Si-CH2Si-CI + 3a-d + SiHCI3 + SiCll 

4a-d 

R' = R2 = R3 = CH3: la,4a (44.3%), 3a (15.8%) 
R1 = R2 = CH3, R3 = CI: lb,4b (58.5%), 3b (14.4%) 
R1 = CH3, R2 = R3 = CI: lC,4C (41.4%), 3c (19.2%) 
R1=R2=R3=CI:  ld,4d(45.4%),3d(19.0) 

abetraction reactions. In order to test this mechanism, 
the same reaction was carried out using 1,Zdichloroethane 
instead of hydrogen chloride, a higher yield of 3b being 
expected because of the ease of dechlorination of 1,2- 
dichloroethane.l3 The mechanism was confirmed by the 
fact that 3b was obtained as the major product from the 
reaction. 

Besides the products 3b and 4b, several other minor 
byproducts were also obtained. The byproducts were 
identified as trichlorosilane (8.7 % 1, tetrachlorosilane 
(3.0% ),2,4,4,6-tetrachloro-2,4,6-trisilaheptane (3.1 % ; 2b), 
and 2,4,4,5,5,7-hexachloro-2,7-dimethyl-2,4,5,7-tetrasilaoc- 
tane (0.3%). The first two compounds are known to be 
products of the reaction of hydrogen chloride and silicon," 
and the last two byproducts are also reported to be products 
derived from the reaction of l b  with ~ilicon.~ The 
production ratio of trichlorosilane and tetrachlorosilane 
was about 3:1, which would be normally obtained from 
the direct reaction of silicon with hydrogen chloride.14 A 
lower yield of trichlorosilane would be expected if trichlo- 
rosilane coupled with l b  to give 3b. This result suggests 
that 3b was not derived from the coupling reaction. 

The reaction was extended to other (chloromethy1)- 
silanes (la,c,d), and the results are shown in Scheme I. As 
shown in Scheme I, the selectivity for 4 was higher than 
40% for all four cases and was the highest for l b  and the 
lowest for IC. The selectivities for 4 are much higher than 
the - 10% for the methyldichlorosilane produced in the 
similar reaction of silicon with a mixture of methyl chloride 
and hydrogen ~hloride.~ This indicates that the reactivity 
of 1 with silicon is greater than that of methyl chloride 
and close to that of hydrogen chloride. 

Catalyst and Cocatalyst. Useful copper catalysts for 
the reaction of alkyl chlorides with silicon include copper 
metal, copper salts, and partially oxidized copper.3 In 
addition to the copper catalyst, a number of metals such 
as zinc, aluminum, and magnesium are known promoters. 
Zinc is known as one of the most effective Cocatalysts for 
the direct synthesis of methylchlorosilanes.lS Cadmium 
is also known as one of the best promoters for the direct 
synthesis of trisilaalkanes.5 For these reasons zinc and 
cadmium were selected and tested as cocatalysts. The 
promoters are normally incorporated in smaller quantities 
of less than 1%. The product distributions from the 
reaction of l b  with elemental silicon in the presence of 
different cocatalysts are shown in Table 11. 
As shown in Table 11, the yields of compound 4b were 

33.0%, 15.5%, and 58.5% with no promoter, zinc, and 
cadmium, respectively. It is also interesting to note that 
the recoveries of l b  and contents of trichlorosilane and 

1. Hydrogen Chloride 
3. Flowmeter 
5. Syringe Pump 
7. Insulation Jacket 
9. Metal Inlet 

11. Cooler 

2. Nitrogen 
4. Preheater 
6. Heating Wire 
8. Stirring Motor 

10. Receiver 
12. Vent 

Figure 1. Reactor for the direct synthesis of bis(sily1)- 
methanes. 

Table I. Effects of Reaction Temperature on the Direct 
Synthesis. 

rcacn amt of composition of products (a) 
exptno. temp(OC) products(g) l b  3b 4b others 

1 280 308.0 19.0 12.5 46.9 21.6 
2 300 314.6 6.3 14.5 55.3 23.9 
3 320 333.9 8.8 14.4 58.5 18.3 
4 340 315.9 4.8 20.5 48.8 25.9 

(I 234.8 g of the starting silane was used for 6-h reaction. 

shown in Table I, 19% of the starting compound was 
recovered when the reaction temperature was 280 "C, while 
the recovery was significantly lower at temperatures above 
300 O C. 1,1,3-Trichloro-3-methyl- 1,3-disilabutane (4b) was 
obtained as the major product, and the yield was around 
50% for all four cases. 1,1,1,3-Tetrachloro-1,3-disilabutane 
(3b) was obtained as a minor product. The yield of 3b was 
around 14% at reaction temperatures below 320 "C but 
increased to 20.5% at 340 "C, indicating higher decom- 
position of the starting compound. The major product 
was presumably derived from the reaction in which 1 mol 
of each of the reacting gases reacted simultaneously with 
the same silicon atom. Considering that 3b was the minor 
product from the reaction of elemental silicon with lb,6 
ita formation might well be explained by the reaction of 
a silicon atom with 1 mol of l b  followed by chlorine 

(13) Patnode, W. I.; Scheisler, R. W. U.S. Patent 2,381,000; Chem. 
Abstr. 1946,39, 4889. 
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Table 11. Effect of the Catalyst and Cocatalyst on the Direct 
Synthesis* 

Notes 

amt of composition of products (%) 
expt no. cat./cocat. products (g) l b  3b 4b others 

5 cu 308.4 14.8 26.9 33.0 25.3 
6 Cu/ Zn 358.1 31.6 8.9 15.5 44.0 
3 Cu/Cd 333.9 8.8 14.4 58.5 18.3 

0 234.8 g of the starting silane was used for 6-h reaction at 320 OC. 

tetrachlorosilane are much higher when zinc is used. This 
indicates that zinc is not a promoter but an inhibitor for 
this reaction. This is consistent with the results observed 
for the direct reaction of 1 with silicon in the absence of 
hydrogen chloride.s It was also found that the amount of 
total products and 4 increased as the hydrogen chloride 
content increased, while the amount of the other products 
decreased. On the other hand, the yield of 3 decreased as 
the hydrogen chloride content increased. This result rules 
out the secondary reaction of 4 with hydrogen chloride to 
give 3 and hydrogen. 

Experimental Section 
Organosilicon reagents were purchased from Hiile America 

Inc. and used without further purification. Hydrogen chloride 
was purchased from Matheaon Co. Copper powder was purchased 
from Alcan Metal Powders (NJ). Cadmium powder was pur- 
chased from Aldrich Chemical Co. Silicon metal (Si, 98%; Fe, 
0.50% ; Ca, 0.25% ; Al, 0.24% ; C, 0.08% ; S, 0.05% ; P, 0.05% was 
purchased from Samchuck Mining Co (Kangwondo, Korea). 
Analytical GLC was performed on a Varian 3300 gas chromato- 
graph equipped with a TCD and a '/e in. X 0.5 m packed column 
(5% OV-101 on Chromosorb W). NMR spectra were recorded 
on a Varian Gemini 300 spectrometer using CDCb as the internal 
lock. High-resolution mass spectra were obtained on a VG 70- 
SEQ spectrometer. 

Reactor and Preparations of Contact Mixtures. The 
reactor was made of Pyrex glass, 50 mm inner diameter and 400 
mm length, with an electrical heating wire coiled outside the 
reactor. A spiral band agitator was made of l/, in. stainless steel 
tube which was doubly coiled with a 4-mm stainless steel tube. 
Reaction temperatures were measured with a thermocouple (type 
K) which was placed inside the stirrer rod through the hole in 
the stirrer motor. Gas flow rates were controlled by a Matheson 
603 flow meter. To collect the products, coolant (-23 "C) was 
circulated to the condenser. A mixture 360 g of elemental silicon 
(100-325 mesh) and 40.0 g of copper was placed in the reactor, 
and the mixture was dried at 300 OC for 5 h with a dry nitrogen 

flush. At this point, the temperature was raised to 350 O C  and 
methyl chloride was introduced at the rate of 240 mL/min to 
activate the contact mixture for 4 h. After 2.00 g of cadmium 
powder was added at 30 OC, the inside temperature of the contact 
mixture was controlled to 320 OC. 

General Procedure for the Direct Reaction of la-d. The 
reacting chloromethylsilane was introduced to the evaporator 
attached at  the bottom of the reactor at  the rate of 36 mL/h by 
a syringe pump. The nitrogen flow rate was controlled to 240 
mL/min, and the hydrogen chloride flow rate was controlled to 
290 (for la), 296 (for lb), 315 (for IC), and 319 mL/min (for Id). 
About 5 min after the reaction was started, it was observed that 
the reaction temperature was raised slightly due to the exothermic 
nature of the reaction and then the liquid product was collected 
in the receiver. The product was drained at  1- or 2-h periods and 
analyzed for the composition by the gas chromatographic method. 
After the reaction was finished, all the collected products were 
combined and fractionally distilled into the individual compo- 
nents using a 10 mm X 400 mm (active column length) stainless 
steel helix-packed vacuum-jacketed fractionating column; these 
components were analyzed for the structures. All the compounds 
were distilled as colorless liquids. 

Compound 4a: bp 145-146 OC, lit.l8 bp 145-146 OC; yield 
44%; 'H NMR (CDCb) 6 0.17 (s ,9  H, SiCHg), 0.59 (d, J = 2.4 
Hz, 2 H, SiCHZSi), 5.60 (t, J = 2.4 Hz, 1 H, Si l l ) ;  19C NMR 
(CDCb) 6 9.8 (SiCHSi), 0.6 (SiCH3). 

Compound 4b:" bp 155-157 "C; yield 58% ; lH NMR (CDCb) 
6 0.58 (8, 6 H, SiCHa), 1.00 (d, J = 2.3 Hz, 2 H, SiCHzSi), 5.65 
(t, J = 2.3 Hz, 1 H, S a ;  13C NMR (CDCb) 6 13.0 (SiCHzSi), 4.1 
(SiCHa). 

Compound 4c: bp 166-167 OC; yield 41 %; 'H NMR (CDCb) 
6 0.94 (8, 3 H, SiCHg), 1.34 (d, J = 2.3 Hz, 2 H, SiCHai), 5.69 
(t, J = 2.3 Hz, 1 H, Sil l) ;  13C NMR (CDCb) 6 16.0 (SiCHZSi), 7.6 
(SiCHg); HRMS calcd for C2H&&Si2 (M- H) m/e 224.8684, found 
m/e 224.8685. 

Compound 4d: bp 165-166 OC, lit.'8 bp 166-167 OC; yield 
45%; 1H NMR (CDCb) 6 1.64 (d, J = 2.2 Hz, 2 H, SiCHai), 5.72 
(t, J = 2.2 Hz, 1 H, Sil l) ;  13C NMR (CDCb) 6 18.6 (SiCH2Si). 
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