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The only trialkylsilylmetallic compound which has been successfully syn- 
thesized and identified is triethylsilyllithium (1) prepared from triphenylgermyl- 
triethylsilane and lithium in ethylamine. 

C?H&He 
( C B H & G ~ S ~ ( C P H ~ ) ~  4- Li ~ 3 (c~H6)3GeLi -!- (CzH&SiLi --- 

+ C2H6Br 

( C 6H5 hGeCzH6 + ( CzHdaSi 
1 

Triphenylsilylpotassium was first reported from the action of sodium-po- 
tassium alloy on phenglisopropyltriphenylsilane in ether (2). Concurrently, it 
was found that hexaphenyldisilane was cleaved smoothly with sodium-potassium 
alloy to  give almost quantitative yields of triphenylsilylpotassium (3). Tri- 
phenylsilylpotassium was also formed from the cleavage of hexaphenyldisilane 
with potassium in di-n-butyl ether (3) and from the action of sodium-potassium 
alloy on triphenylethoxysilane (3), triphenylchlorosilane (3), triphenylsilane (4), 
and triphenylmethoxysilane (4). The reaction of hexaphenyldisilane with 
sodium-potassium alloy is advantageous since no by-products are formed and 
the yields are excellent. 

Na-K 
(C6H6)3SiSi(C6H5)8 ---+ 2 ( C ~ H I ) ~ S ~ K  

In view of the ease of cleavage of the hexaaryldisilanes and the report of a 
reasonably stable trialkylsilyl-metallic compound, a study of cleavage reactions 
of hexaethyldisilane mas initiated. Hexaethyldisilane has been prepared from 
the reaction of triethylbromosilane with sodium in a sealed tube (1); it was 
found that this compound could be prepared readily by refluxing triethylchloro- 
silane with sodium. Hexaethyldisilane seems to be unusually stable and all 
metallic cleavages thus far attempted have been unsuccessful. 

Cleavage products have been isolated from the reaction of 1 , 1 , l-triphenyl- 
2,2,2-trimethyldisilane, of l,l,l-triphenyl-2,2,2-triethyldisilane, and of 

( C B H ~ ) ~  SiSi(CH3 )a ___ -+ (C6H6hSiK f (CH&SiK 
Na - K 

+ C6H6Br 

I +---+ 
(CB&)& 4- (CHshSiC6Hs 

1 , 1 ,2,2-tetraphenyl-l , 2-dimethyldisilane with sodium-potassium alloy. A 
possible explanation of the failure to  cleave the hexaalkyldisilane may be the 
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lack of resonance stabilization of the trialkylsilyl fragment as compared to  the 
triphenylsilyl or diphenylaIkylsilyI groupings. 

Although hexaethyldisilane is resistant to metallic cleavage, it was found 
to  be readily cleaved by both bromine and iodine to give the corresponding 
triethylhalosilane. 

EXPERIMENTAL' 

Trietkylsilane. To a 500-ml., three-necked flask were added 200 ml. of dry ether and a 
small amount of lithium aluminum hydride t o  insure dryness. Then 85.5 g. (0.567 mole) 
of triethylchlorosilane and 15.0 g (0.40 mole) of lithium aluminum hydride were added and 
the mixture was refluxed for 7 hours. After cooling, the mixture was carefully hydrolyzed, 
first with wet ether, followed by a-ater, and finally 1: 1 hydrochloric acid. The layers were 
separated, the ether layer was dried over sodium sulfate, and the ether was removed by 
distillation. The remaining liquid was fractionally distilled t o  give 36.3 g. (55%) of a clear 
liquid boiling at  103.5-104.5' (735 mm.), nio 1.4100. A boiling point of 107' (733 mm.), nto 
1.4117 has been reported for triethylsilane (5). 

Hexuethyldisilme. In  a 250-ml. flask were placed 67.6 g. (0.43 mole) of triethylchloro- 
silane and 22.2 g. (0.965 g.-atom) of sodium. The mixture was heated and as soon as the 
sodium had melted, stirring was started ; there immediately developed a deep purple colora- 
tion. The mixture was heated a t  the reflux temperature overnight. After cooling, 200 ml. 
of dry ether was added and the resulting mixture was filtered. The ether was distilled from 
the filtrate and the resulting oil subsequently was distilled to  give 28.0 g. (54%) of a clear 
liquid boiling a t  248-250" (735 mm.)? The reported boiling point is 255' (760 mm.) (1). 

Phenyltrimetizylsilane. To a mixture of 53.2 g. (0.4.5 mole) of trimethylethoxysilane and 
50 ml. of dry ether was added an ethereal solution containing 0.46 mole of phenyllithium at 
a rate t o  maintain a constant reflux. The mixture was stirred for 8 houra following the com- 
pletion of the phengllithium addition. Subsequent t o  the addition of benzene to  decrease 
the solubility of the lithium salts, the mixture was filtered and the ether and benzene were 
removed by distillation. The remaining liquid was fractionally distilled to  yield 45.3 g. 
(72%) of phenyltrimethylsilane boiling at 166-167" (735 mm.), nEo 1.4896. The reported 
boiling point of phengltrimethylsilane is 171.1-173.3' (758.4 mm.) (6). 

Phenyltriethylsilune. An ethereal solution containing 0.20 mole of phenyllithium was 
added dropwise t o  30.0 g. (0.20 mole) of triethylohlorosilane dissolved in  100 ml. of dry 
ether a t  a rate t o  maintain refluxing. After stirring for 16 hours the mixture was filtered and 
the ether was distilled from the filtrate. The residual material was twice distilled t o  give 
12.0 g. (31.2%) of phenyltriethylsilane boiling at 231-232" (738 mm.). The product was re- 
distilled under reduced pressure t o  yield a colorless liquid boiling at 71-72' (0.45 mm.), 
n:' 1.5024, d20 0.8816, h%RD 64.5 (Calc'd, 64.0). The reported boiling point for phenyltri- 
ethylsilane is 238.3-238.5' (762.1 mm.) (7). 

Benzyltrieth?Jlsilane. A solution containing 63.3 g. (0.50 mole) of benzyl chloride in 60 
ml. of dry ether was added t o  a mixture of 200 ml. of dry ether and 12.3 g. (0.51 g.-atom) of 
magnesium turnings a t  a rate t o  maintain refluxing. The mixture was stirred for 12 hours 
following this addition and subsequently was cooled with an ice-salt bath. T o  the cooled 
solution was added dropwise 37.6 g. (0.25 mole) of triethylchlorosilane in 50 ml. of ether. The 
mixture was then warmed to  reflux and there maintained for 46 hours. a f te r  cooling, the 
mixture was hydrolyzed with dilute hydrochloric acid; the ether layer -vas separated and 
dried over sodium sulfate. The ether and toluene were distilled o f f  and the remaining liquid 
was vacuum-distilled, b.p. 69-71" (-0.1 mm.). The distillate was redistilled a t  733 mm. t o  
~~~ ~ ~ ~~ 

1 The reactions herein described were run in an inert atmosphere of nitrogen. All melt- 

2 Hexaethyldisilane was also distilled at 2.5 mm., boiling a t  87-89'; i t  is EL colorless, odor- 
ing and boiling points are uncorrected. 

less liquid, d*o 0.8300, do 1.4759, MRn Calc'd 78.8, Found 78.3. 
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give 38.0 g. (47%) of benzyltriethylsilane, b.p. 280-252", do 1.5030. The reported boiling 
point of benzyltriethylsilane is 267-269" (760 mm.) (1). 

1 ,R-Diphenyl- i  ,l,R,R-tetramethyldisilane. To a 500-ml., three-necked flask fitted with 
a dropping-funnel, stirrer, and condenser were added 105.0 g. (0.620 mole) of freshly dis- 
tilled phenyldimethylchlorosilane, 35.0 g. (1.52 g.-atom) of sodium, and 200 ml. of dry 
xylene. The mixture was warmed to  reflux; soon after the sodium had melted a deep blue 
color developed. The mixture was stirred a t  reflux temperature for 25 hours and subse- 
quently was cooled and filtered. The solvent was distilled from the colorless filtrate. The 
residual material was distilled (735 mm.) t o  yield 2.0 g. of liquid boiling from 216-289" and 
61.8 g. of distillate boiling from 289-302". The latter fraction was twice redistilled t o  give 
37.0 g. (44%) of product boiling a t  128-130" (1.8 mm.) and melting a t  34-35". 

Ana2.a Calc'd for CleH&iz: Si, 20.75. Found: Si, 20.74, 21.00. 
1,1, W ,  2-Tetraphenyl-1 ,R-dimethyldisilane. An ethereal solution containing 0.715 mole of 

phenyllithium in 615 ml. of ether was added dropwise t o  76.0 g. (0.358 mole) of freshly dis- 
tilled methyltriethoxysilane dissolved in 400 ml. of dry ether. The mixture was refluxed for 
16 hours, after which time about 700 ml. of ether was removed by distillation and 500 nil. of 
dry petroleum ether (b.p. 60-70") was added. Distillation was continued until the temper- 
ature of the vapors reached 45". The gray mixture was cooled, filtered, and the solvent dis- 
tilled from the orange filtrate. Vacuum-distillation of the residual material gave 70.0 g. of 
colorless liquid distilling over the range of 80-110" (0.2-1.0 nim.). This fraction was redis- 
tilled t o  give 60.0 g. (69.5%) of diphenylmethylethoxysilane boiling a t  100-102" (0.3 mm.), 
ngo 1.5380. The reported boiling point is 171" (16 mm.), do 1.5440 (8). 

Diphenylmethylchlorosilane was prepared in 92% yield from the above diphenylmethyl- 
ethoxysilane by the method of Daudt and Hyde (8). 

T o  51.0 g. (0.219 mole) of diphenylmethylchlorosilane in 109 ml. of dry toluene was added 
7.0 g. (0.33 g.-atom) of sodium. The mixture was warmed t o  reflux and stirring was begun 
when the sodium had melted; a purple color developed. Refluxing and stirring mere con- 
tinued for 2 days; the reaction mixture was then cooled and filtered. The toluene was dis- 
tilled from the filtrate leaving 42.0 g. of a brown, semi-solid residue. This residue was dis- 
solved in  50 ml. of hot benzene; 100 ml. of ethanol was added and the mixture was cooled 
and filtered t o  give 27.7 g. of colorless crystals melting a t  140-142". Tnro additional re- 
crystallizations from a benzene-ethanol solution gave 22.8 g. of product melting a t  145-146'. 
Another 6.0 g. of material of the same purity was obtained from the filtrate by concentration 
and recrystallization from benzene-ethanol. The total yield of 1,1,2,2-tetraphenyl-l,2- 
dimethyldisilane was 28.8 g. (66.7%). 

Anal. Calc'd for CzsHz&z: Si, 14.22. Found: Si, 14.29, 14.39. 
1,1,  I ,  8-Tetraphenyl-2,  W-dimethyldisilane. An ethereal suspension containing 0.0308 

mole of triphenylsilylpotassium was added dropnrise to  7.3 g. (0.043 mole) of phenyldi- 
methylchlorosilane in 50 ml. of dry ether. A white solid was formed with the evolution of 
heat. After stirring for 10 minutes, the mixture was hydrolyzed with wet ether. The mixture 
was filtered and the filtrate was washed with water; the ether layer was separated and dried 
over sodium sulfate. The ether was distilled off leaving a liquid which partially solidified 
on standing. This material was crystallized from 95% ethanol t o  yield 8.3 g. (68.4%) of a 
white solid melting a t  79-81'. Three additional recrystallizations from 95% ethanol gave 
5.8 g. of crystals melting a t  85-86". 

Anal. Calc'd for C28H26SiZ: Si, 14.22. Found: Si, 14.19, 14.10. 
Attempted metallic cleavage of hexaethyldisilane. A mixture of 8.3 g. (0.036 mole) of hexa- 

ethyldisilane and 5 ml. of sodium-potassium alloy (9) was stirred for 2 days. The light blue 
mixture was amalgamated (9) and force-siphoned into another flask with the aid of dry 
ether. Color Test I (10) of this blue solution was negative; the solution was hydrolyzed, first 
with wet ether and subsequently with water. There was no visible sign of reaction during 

~ ~ ~ ~ 

* The silicon analyses were carried out by the procedure of Gilman, Hofferth, Melvin, 
and Dunn, J. Am. Chem. Soc., 72, 5767 (1950). 
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1 AMT., moles COMPOUND 

hydrolysis, except for the disappearance of the blue color. The layers were separated, the 
ether layer was dried over sodium sulfate, and the ether was removed by distillation. The 
residual liquid was distilled to  yield 6.0 g. (73% recovery) of hexaethyldisilane, boiling a t  
74-75' (1.1-1.2 mm.), do 1.4770. A summary of additional attempted cleavages of hexa- 
ethyldisilane by procedures similar t o  that  above is given in Table I. 

React ion of 1 ,  I ,I-triphenyl-2,2,R-trimethyldisilane with sodium-potassium al loy.  To a 
solution containing 15.7 g. (0.0477 mole) of 1, l,l-triphenyl-2,2,2-trimethyldisilane (3) in 
100 ml. of dry ether was added 6.5 ml. of a 1:5 sodium-potassium alloy. A deep green color 
soon appeared, accompanied by the formation of a solid green material. Color Test, I was 
positive. The green color of the mixture deepened and after 5.5 hours, 15.7 g. (0.10 mole) 
of bromobenzene in 40 ml. of dry ether was added, with a resulting evolution of heat. The 
mixture was carefully hydrolyzed with w-ater and filtered, leaving a solid residue weighing 
13.2 g. From this residue there was obtained 1.5 g. (12%j of hexaphenyldisilane melting at  
354-357" and 7.3 g. (45%) of tetraphenylsilane melting at 231-232". The products were sepa- 
rated by the use of benzene4 and were identified by mixture melting points. The original 
filtrate was separated and the solvent was evaporated from the ethereal layer; distillation 

AUT. OF ALLOY, RECOVERY, % 
ml. ~  TI^ 

T$BLE I1 

SODIUM-POTASSIUM  ALLOY^ 
ADDITIONAL ATTEUPTED CLESVAGE REACTIONS OF ORGANOSILICON COMPOUNDS WITH 

. . . . . . . . . . . . . . .  
. . . . . . . .  

Triethylsilane. 
Phenyltrimethylsilane 

26 hrs. 
8 days 38 

0.07 
,062 7 

4 These experiments were carried out at room temperature; anhydrous ethyl ether mas 
used as a solvent. 

of the resulting liquid gave 0.6 g. (3%) of colorless product boiling a t  164-166" (735 mm.), 
do 1.5155. An infrared spectrum6 of this liquid, when compared with that  of an authentic 
sample of phenyltrimethylsilane, indicated the substance t o  be phenyltrimethylsilane and 
a small amount of bromobenzene. 

In  a second run, using 18.0 g. of l,l,l-triphenyl-2,2,2-trimethyldisilane, and 2.0 ml. 
of sodium-potassium alloy followed by 27.4 g. of iodobenzene there were isolated 9.3 g. 
(50%) of tetraphenylsilane melting a t  230-231" and 2.9 g. of a liquid boiling at 172-175" 
(735 mm.). No hexaphenyldisilane was obtained from this run. 

React ion  of 1,1, I-triphenyl-W,R,R-triefAyldisilane and sodium-potassium alloy. To a 
mixture of 20.0 g. (0.0535 mole) of l,l,l-triphenyl-2,2,2-triethyldisilane (9) and 6.5 ml. of 
1:5 sodium-potassium alloy was added 60 ml. of dry ether. On stirring, the mixture became 
dark green. After 5 minutes sufficient green precipitate had formed to make stirring difficult; 
an additional 30 ml. of dry ether was added. Sfter 7 hours, 19.5 g. (0.124 mole) of bromo- 
benzene was added and the mixture subsequently was hydrolyzed v-ith water, Filtration 
gave 12.0 g. of solid; the material was recrystallized from benzene-ethanol t o  give 7.0 g. 
(39QJ0) of tetraphenylsilane melting a t  234.5-235" (mixture m.p. not depressed). 

From the ethereal filtrate there was obtained 3.0 ml. of a clear liquid boiling at 82" (0.23 
mm.), n:' 1.4987. The infrared spectrum of this liquid was identical m-ith that  of authentic 
phenyltriethylsilane except for a band a t  9.35 p with the former. 

4 Tetraphenylsilane is soluble in benzene, while hexaphenyldisilane is insoluble in t,his 

The authors are grateful t o  Dr. V. A.  Fassel and Mr. M. Margoshes for the infrared ab- 
solvent. 

sorption data. 
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React ion of 1,1,9,W-tetraphenyl-i , I -dimethyidis i lane and sodium-potassiunz. alloy. A 
mixture of 10.0 g, (0.0254 mole) of 1,1,2,2-tetraphenyl-l,2-dimethyldisilane, 4 ml. of 
sodium-potassium alloy, and 20 ml. of dry ether was placed in a 500-ml. flask. As soon as 
stirring --as started, a golden yellow color developed. This color gradually deepened and 
after 5 minutes an additional 50 ml. of dry ether was added. Twenty-four hours later the 
mixture had become greenish-brown in color. To the mixture was added 23.0 g. (0.15 mole) 
of bromobenzene dissolved in 100 ml. of dry ether. The color changed from greenish-brown 
t o  a deep maroon with the evolution of heat. Following hydrolysis with dilute hydrochloric 
acid, the ether layer was separated and dried over sodium sulfate. The ether was distilled 
off and heating was continued until the vapors reached 160'. There remained 14.0 g. of a 
brown liquid. This liquid was dissolved in refluxing 95% ethanol, and was filtered hot, cooled, 
and refiltered t o  give a sticky solid. Repeated recrystallizations of this solid from 95% 
ethanol j-ielded 0.86 g. of a light yellow solid melting a t  64-66'. An additional recrystalliza- 
tion from 95% ethanol raised the melting point of the 0.5 g. (4%) of white solid t o  66-67'. 
A mixture melting point with an authentic triphenylmethylsilane sample was not depressed. 

A summary of attempted cleavages of additional organosilicon compounds by procedures 
similar t o  those above is given in Table 11. 

Cleavage of hexaethyldisilane b y  halogens. ( a )  With bromine. To 16.6 g. (0.074 mole) of hexa- 
ethyldisilane was added 15.6 g. (0.098 mole) of bromine dissolved in ether. The reddish color 
disappeared after stirring for 15 minutes. The ether was distilled off and the remaining 
liquid was distilled (735 mm.) t o  give 24.4 g. (87%) of triethylbromosilane boiling a t  162- 
165'. The reported boiling point is 162-163" (760 mm.) (11). 

( b )  W i t h  iod ine .  To a solution of 16.6 g. (0.074 mole) of hexaethyldisilane in 50 ml. of 
carbon tetrachloride was added 19 g. (0.075 mole) of iodine dissolved in 50 ml. of carbon 
tetrachloride, There was no noticeable evolution of heat. After stirring for 3 days, the solu- 
tion was still deep purple in  color. The solution was cooled with an ice-bath, 16.0 g. (0.16 
g.-atom) of powdered copper was added, heat was liberated, and the liquid became colorless. 
The carbon tetrachloride was distilled off and the remaining liquid was distilled t o  give 20 
g.  of a liquid boiling over the range 182-203" (735 mm.). As the Iiquid %-as distilled, i t  gradu- 
ally became pink and deepened in color; the liquid was decolorized and remained colorless 
when stored over copper powder. This material was redistilled to  give 19.0 g. (86%) of crude 
triethyliodosilane boiling over the range 185-196' (735 mm.). The reported boiling point 
of triethyliodosilane is 191.5" (752.4 mm.) (12). 
To a suspension of 0.0308 mole of triphenylsilylpotassium in ether v a s  added 10.0 g. of 

the above liquid dissolved in 50 ml. of ether. Heat was liberated and subsequent t o  hydroly- 
sis with water, removal of the ether and crystallization from 95% ethanol, there was ob- 
tained 9.2 g. (80%) of l,l,l-triphenyl-2,2,2-triethyldisilane melting a t  96.5-97.5' (mixture 
m.p. not depressed). 

SUMMARY 

The preparations of triethylsilane, benzyltriethylsilane, and hexaethyldisilaqe 
from triethylchlorosilane are reported. Phenyltrimethylsilane and phenyl- 
triethylsilane have been prepared from the corresponding trialkylethoxysilanes. 
1,2-Diphenyl-l, 1,2,2-tetramethyldisilane, 1 , 1 , 1,2-tetraphenyl-2 ,e-dimethyl- 
disilane, and 1,1,2,2-tetraphenyl-l,2-dimethyldisilane have been synthesized. 

h study has been made of the possibility of metallic cleavage of hexaethyl- 
disilane ; those cleavages attempted vere unsuccessful. However, hexaethyl- 
disilane was found to be cleaved readily by halogens. Products indicative of 
cleavage have been isolated from the reaction of l,l,l-triphenyl-2,2,2-tri- 
methyldisilane, 1 ,l,l-triphenyl-2,2,2-triethyldisilane, and 1 , 1 I 2,2-tetraphenyl- 
1 ,2-dimethyldisilane with sodium-potassium alloy. 

AMES, IOWA 



CLEAVAGE STUDIES ON ORGANOSILICON COMPOUNDS 1749 

REFEREXCE8 
(1) K R A u S  AND N E L S O N ,  J .  Am. Chem. S O C . ,  58, 195 (1934). 
(2) BENKESER AND SEVERSON, J .  Am. Chem. Soc., 73, 1424 (1951). 
(3) GILMAN AND Wu, J .  Am. Chem. SOC., 73, 4031 (1951). 
(4) B E N K E S E R ,  LWDESMAN, AND FOSTER, J .  Am. Chem. Soc., 74, 648 (1952). 
(5) WHITMORE, PIETRUSZA, AND SOMMER, J .  Ant. Chem. Soc., 69, 2108 (1947). 
(6) BYGDEN, Ber., 46, 707 (1912). 
(7) MEALS, J .  Am. Chem. Soc., 68, 1880 (1946). 

(9) GILXAS ATD Wu, J .  Org. Chem., 18, 753 (1953). 
(8) D A U B T  .4ND HYDE, J .  Am. Chenz. f h . ,  74, 386 (1952). 

(10) GIL~IILX ASD SCHULZE, J .  Am. Chern. SOC., 47, 2002 (1925). 
(11) BAILEY, SOXMER, ASD WHITNORE, J .  Am. Chem. Soc., 70, 435 (1948). 
(12) VORONKOV, DOLGOV, AND DMITRIEVA, Doklady Akad. Nauk S .  S, S. E., 84, 959 (1952) 

[Chem. Abstr., 47, 3228 (1953)l. 


