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the flask and irradiated with ultraviolet light, while chlorine 
was passed over the disulfide 17 in intervals or continuously. 
At the end of the reaction the contents of the flask and the Dry 
Ice trap were fractionated through a small Raschig column. 
By variation of the chlorine stream, the reaction time, and 
the temperature the yield of I1 could be improved to 67.8y0 
3s illustrated by the following table. 

Reac- -CIFISC~-- 

S)2, g .  Temp.,  time -Yield- (7C0 mni.), 
(C3F7- tion B P. 

Ituncharged O C .  days G. % " C  
1" 54.3 125 1.25 3.14 4 . 9  50.5-55 
2" 26.3 25-30 6 8 .13  2&?1 51.5-53.8 

4* 90.0 115-130 2 5S.lG 67.8' 49-56 
3" 69.0 25-30 16 42.85 63.0 50.5-54 

Chlorine charged in interr-als of 3-8 hours. Continu- 
17.1 g.  of (CaFiS)? was re- ous slow stream of chlorine. 

covered; conversion 81%. 

The perfluoro-n- propanesulfenyl chloride (11) is an orange- 
colored liquid with a pungent odor, b.p. 51-51.5", n*3n 
1.3239. 

Anal. Calcd. for CaC1F;S: C ,  15.23; C1, 14.99; F, 
56.23; S, 13.55. Found: C, 14,91; C1, 14.93; F, 56.29; 
S, 13.34. 

Since the separation of the disulfide VI from the other 
polysulfides by fractional distillation involves considerable 
loss, the crude mixture of the perfluorinated n-propyl sulfides 
was subjected to the above chlorination. This resulted in a 
very good yield of the sulfenyl chloride 11, thus further im- 
proving the efficiency of the process. Sulfur dichloride was 
formed as a by-product in the latter experiment. 

Heptafluoro-n-propanesulfenyl Fluoride ( V )  .-The sul- 
fenyl chloride I1 was refluxed over mercuric fluoride or silver 
fluoride for several hours, but only traces of a lower boiling 
material were collected in a Dry Ice cooled trap connected 
with the outlet of the reflux condenser; I1 was recovered in 
both experiments nearly quantitatively. Therefore, the 
experiment was carried out in a 300-ml. stainless steel auto- 
clave by shaking a mixture of 33 g. of I1 and 29.5 g. of silver 
fluoride between 125 and 160" fo: six hours. After the auto- 
clave had been cooled to -30 , it was unsealed and con- 
nected with a Dry Ice cooled trap. The autoclave was then 
slowly heated to 50-60' and kept at this temperature for 8 
hours. About 1.5 g.  (4.8% of the theory) of crude hepta- 
fluoro-n-propanesulfenyl fluoride (V) was collected in the 
trap. The crude \' was purified by fractionoation. The 
sulfenyl fluoride V distilled between - 15 and 0 . This gas 

has a very pungent odor. Because of its high volatility, 
only carbon, hydrogen and sulfur could be determined. 

Anal. Calcd. for C3FyS: C, 16.37; H, 0.00; S, 14.50. 
Found: C, 16.45; H, 0.00; S, 14.30. 

The remainder of the reaction mixture was distilled i r z  
DUQCUO to give the principal product, his-( heptafluoro-n- 
propyl) disulfide (VI) (24.4 g. or 87y0 yield), b.p. 118-122° 
(lit.17 120-123"), nZ6.6D 1.3226 (lit.'e WD 1.3222). 

Benzenesulfenyl Chloride and Mercuric Fluoride in Di- 
chloromethane.-Mercuric fluoride (60 g . )  was added to 40 
g. of benzenesulfenyl chloride in 250 ml. of dichloromethane 
and the reaction mixture refluxed for 5 hours. After cool- 
ing, the solids were removed by filtration. 1temov:il of the 
dichloromethane from the filtrate resulted in the precipitn- 
tion of a solid which was filtered and identified as c sH~sHg-  
C1, m.p. 190-192" (from benzene), lit.'* 191.5'. 

The oily filtrate was distilled yielding diphenyl disulfide 
which crystallized in the receiver; m.p. .i7-5g0 (lit.'9 S O o ) .  
Another higher boiling compound was not identified, Imt 
was probably his (phenyl) trisulfide. 

p-Nitrobenzenesulfenyl Chloride and Mercuric Fluoride 
in Dich1oromethane.-Mercuric fluoride (31.5 g.) was added 
to 20 g. of p-nitrobenzenesulfenyl chloride in 100 nil. of di- 
chloromethane. Upon addition of the mercuric fluoride, 
the  reaction mixture warmed and became deep violet. 
After refluxing for four hours, the mixture was cooled, 
filtered and the dichloromethane removed from the filtrate. 
The resulting residue was distilled in aacuo. An oil dis- 
tilled between 96-101.5' (2 mm.).  This compound (5.8 g.) 
solidified in the condenser and was recrystallized from 
Skellpsolve C to give mixed crystals of p-nitrobenzenesul- 
fonyl fluoride and p-nitrobenzenesulfony1 chloride ( S I 1  j, 
colorless needles, m.p. 69-il". 

Anal. Calcd. for C~ZH~CIFN&O~:  C, 33.77; EX, 1.89; 
C1, 8.32; F, 4.45; N, 6.56; S ,  15.02. Found: C, 31.03; 
H, 1.71; C1, 10.94; F, 4.48; N, (3.43; S, 15.02. 

Bis-(p-nitropheny1)-disulfide, m.p. 1Ti-179" (lit.*O 181 '), 
was isolated from the distillation residue as well as from tlir 
filtered mercuric salts. 

p-Nitrobenzenesulfenyl Chloride and Silver Fluoride.- 
ii'hen ~-nitrobenzetiesulfenvl chloride and silver fluoride 
were li&ted between IOOand 110' without a solvent for three 
hours, the only product identified was I,is-(P-nitrol)lieiiyl'- 
disulfide. 

(18) H. Lecher, Ber.. 63. 571 (1920). 
(19) C. Vogt, A n n . .  119, 150 (18G1). 
(20) Th.  Zincke and S. Leouhardt, ibid., 400, 7 (1913) 
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Lithium cleavage of octaphenyltrisilane in tetraliydrof!lran gave a mixture of triphen).lsilyllithillm and pentaphenyldi- 
silanvllithium. The latter reagent, along with triphenylsilyllithium and h e p t ~ p ! i e n ~ ~ l t r i s i l ~ ~ ~ y l l i t l ~ i u m ,  waq also nhtairied 
when decaphen~ltetrasilane was cleaved by lithium in tetrahydrofuran. Hexaphenyldisilane was isolated from the reac- 
tions of triphenylsilyllithium with silicoii tetrachloride, ethyl silicate, dichl~rodiphenylsilane, pentaphenyldisilane, chloro- 
pentaphenyldisilane and diphenyl-(diphenylmethox~-)-silane. Reaction of trichlorosilane with triphenylsilyllithium gave :L 
small yield of tris-( triphenylsilvl)-silane, which is apparently the first branched chain organosilane of this type. The f:)rnia- 
tion of diphenylsil~llithiuni and related reactive intermediates is discussed. 

The silicon-silicon bond in hexaaryldisilsnes has 
been cleaved by sodium-potassium alloy in 
ether1!?; by potassium in n-butyl ether2; by 
lithium, sodium and sodium-potassium alloy in 
1,2-dimeth~xyethane~; by lithium in tetrahydro- 

(1) R. A. Benkeser and R .  G. Severson, THIS J O U R N A L ,  73, 1424 
(1951). 

(2) H. Gilman and T. C. U'u, i b i d . ,  73, 4031 (19.51); J .  Orx. C h ~ m . ,  
18, 733 (1953). 

( : j )  4. C, Drimh a n d  H Gilnian,  ibi t f . .  76,  278 (19.54).  

furan,4 tetrahydropyran,j dioxane5 and pyridine6; 
as well as by sodium in liquid a m m ~ n i a . ~  Similarly, 
alkyldiarylsilyllithium and dialkylarylsilyllithium 
compounds were prepared by lithium cleavage of 
the corresponding disilanes in tetrahydrofuran. 

(4) H. Gilman and G. D. Lichtenwalter, i b i J . ,  80, GOS (1938) 
(5) D. Wittenberg D. Aoki and H. Gilm%n, i j i  p . ,  ' 0, 6933 (1958) 
( t i )  D. Wit tenberg anti €1. Gilmin ,  Cheini i try  3 Indus l? 'y ,  .~390 

(19.58). 
(71 'r, C .  Wti and €1. Gilrnzii, .I. Oiy. C h e ~ l ? . ,  23, 913 ( I ~ l ; ? ) .  
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However, no silylmetallic compound containing 
more than one silicon atom has so far been isolated. 

Whereas chloropentaphenyldisilane did not react 
with lithium in ether,8 sodium in refluxing xylene 
gave a 57y0 yield of decaphenyltetra~ilane.~~~ 
Lithium cleavage of octaphenyltrisilane in tetra- 
hydrofuran has now been found to give a mixture 
of triphenylsilyllithium and pentaphenyldisilanyl- 
lithium. Subsequent to acid hydrolysis, triphenyl- 
silane and pentaphenyldisilane were obtained in 
almost equimolar amounts. When decaphenyl- 
tetrasilane was treated in the same manner, penta- 
phenyldisilane was obtained in a 45.2Ye yield. 
In addition, 30.870 of triphenylsilane and 17.17' 
of heptaphenyltrisilane were isolated. 

(CcH,),SiSi(C,H,)rSi(CsHs)n + Li 

( CcH6),SiLi + (C&)iSiSi( CGHS)&~ 
Li 

(CsHs)jSiSi( CsHs)?Si( C&)?Si( C&h)a ----f 

(C,H,)&Si( C,jHS).Li f (C&)&iSi( C&)zSi( C&)S Li+ 
(C&),SiLi 

When diphenyl-(dipheny1methoxy)-silane, ob- 
tained from diphenylsilane and benzophenone,'O 
was allowed to react with triphenylsilyllithium, 
benzhydrol was formed in an 81% yield. How- 
ever, only 9.6% of pentaphenyldisilane was iso- 
lated, the main product being hexaphenyldisilane. 
The products suggested as the possible course of 
reaction a cleavage of the silicon-silicon bond in 
pentaphenyldisilane by the silyllithium reagent 
with the formation of hexaphenyldisilane and di- 
phenylsilyllithium. 
(CcHn).SiH[OCH(CaHa).] -I- (C6Hs)sSiLi + 

(CeH:)ASiSiH( CGHf,)2 + (CsHj)aSiLi ----f 
(C&)aCHOLi + (CsHa):iSiSiH(CsHj)? 

(Csf~s)aSiSi(CsHs)3 + (C&)aSiHLi 

In  order to investigate further the possible value 
of such a reaction for the synthesis of reactive 
silylmetallic intermediates, triphenylsilyllithium 
was allowed to react with pentaphenyldisilane. 
Hexaphenyldisilane was formed in high yield. 
Upon acid hydrolysis of the reaction mixture, 
hydrogen was evolved, indicating the presence of 
lithium hydride. No diphenylsilane was isolated, 
the reaction product being a resin-like polymer. 
Apparently diphenylsilyllithium is not stable under 
the experimental conditions employed, possibly 
decomposing to lithium hydride and a diphenyl- 
silylene polymer. 

?t ( CeHj):SiHLi -+- n LiH -I- [(C&)&] 

Cleavages of disilanes by organometallic com- 
pounds have been known since 1869, when Friedel 
and Ladenburg'l investigated the reaction of 
diethylzinc with hexaiododisilane and obtained 
tetraethylsilane, in addition to hexaethyldisilane. 
Similarly, tetraphenylsilane was the only product 
formed from hexachlorodisilane, chlorobenzene and 
sodium. l 2  Schwarz and SexauerI3 isolated di- 

(8 )  T. C. Wu, unpublished studies. 
(9) H. A .  Hartzfeld, unpublished studies. 
(10) H. Gilman and D. Wittenberg, J. Org.  C h e m . ,  23, 501 (1968). 
(11)  C. Friedel and A .  Ladenburg, C o m p f .  r e n d . ,  68, 923 (1869): 

(12 )  L. G. Gattermann and K. Weinlig, Ber., 27, 1940 (1894). 
(13)  R .  Srhworz and W. Sexauer i b i d . ,  69B, 333 (1920); see a190 

A?t?i .  c h i m .  P h y s ,  161 19, 101 (1880i; A n n . ,  203, 251 (1880). 

chlorodiphenylsilane together with other products 
from the reaction of phenylmagnesium bromide 
with hexachlorodisilane. When octachlorotrisilane 
was treated with phenylmagnesium bromide, the 
products obtained were hexaphenyldisilane and 
tetraphenyldisilane. l 4  

I t  has been reported'j that triphenylsilylpotas- 
sium forms 1,1,l-trichloro-2,2,2-triphenyldisilane 
and 1,l - dichloro - 1,2,2,2 - tetraphenyldisilane on 
treatment with silicon tetrachloride or trichloro- 
phenylsilane, respectively. In both reactions, 
hexaphenyldisilane was isolated as a by-product, 
possibly formed by cleavage of the primary reaction 
products by the silylpotassiuin reagent. 
(CsHS)&iK + (C&)jSiSiCla --+ 

(c~H&siSi(  C ~ H S ) ~  + [SiCI?] + KCI 
When silicon tetrachloride was allowed to react 

with four equivalents of triphenylsilyllithium in 
tetrahydrofuran, a 72.5% yield of hexaphenyl- 
disilane was isolated, rather than the expected 
tetrakis- (triphenylsilyl) -silane. Similar results were 
obtained in the reaction of triphenylsilyllithium 
with ethyl silicate. 

Whereas the reaction of triphenylsilylpotassium 
with dichlorodiphenylsilane16 gave good yields of 
chloropentaphenyldisilane, free of secondary prod- 
ucts, the corresponding reaction with triphenyl 
silyllithium followed by reduction of the reaction 
mixture by lithium aluminum hydride gave a 457, 
yield of hexaphenyldisilane, in addition to 24.3y0 
of pentaphenyldisilane and 9.6% of octaphenyl- 
trisilane. 

Similarly, the reaction of triphenylsilyllithium 
with chloropentaphenyldisilane resulted in the 
formation of 43,3Y0 of hexaphenyldisilane, in addi- 
tion to 2(i.7Ye of octaphenyltrisilane. 
(CsH;)aSiSi( C6Hs)?CI + (CsHs)aSiLi -+ 

(C&)sSiSi(Cd%)a + 
(C&)8iSi( CsHa)?Si(CsHs)s -!- LiSi(CsHs)?Cl 

LiCl + [(CeHs),Si], 
The formation of hexaphenyldisilane in the 

above-mentioned reactions might possibly be ex- 
plained also on the basis of a halogen-retal re- 
action hetween the silyllithium reagent and the 
appropfate chlorosilane, followed by a coupling 
reaction. 

Milligan and Kraus have obtained tris- (tri- 
phenylgermy1)-silane from the reaction of triphenyl- 
germylsodium with t r i ch lo r~s i l ane~~~  ; when tri- 
phenylsilyllithium was allowed to react with 
trichlorosilane, tris- (triphenylsilyl) -silane17b was iso- 
lated in a 4.4% yield, in addition to hexaphenyl- 
disilane. To our knowledge this is the first re- 
ported preparation of a branched chain organo- 
polysilane. 
W. C. Schumb, J. Ackerman and C. M. Seffer, THIS J O U R N A L ,  60,2480 
(1938): W. C. Schumb and C. M. Saffer, ib id . ,  63, 93 (1941). 

(14) W. C. Schumb and C. M .  Seffer, ;bid., 61, 383 (1939). 
(15) H. Gilman and T. C. Wu, ib id . ,  76, 3702 (1953). 
(16) H. Gilman, T. C. Wu, H. A. Hartzfeld, G. A. Guter, A .  G. 

Smith, J. J. Goodman and S .  H. Eidt,  ibid., 74, 561 (19.52); see also, 
H. Gilman and J. J. Goodman, ioid., 76, 1250 (1059). 

(17) (a) J. G. Milligan and C. A. Kraus, ib id . ,  72, 5297 (1950); 
(b) an alternate name for this compound is 2-triphenylsilyl-1 , I  .I- 
3,3,8-hexaphenyltrisilane. 
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Experimental 
All melting points are uncorrected. In general, reactions 

were carried out under an atmosphere of dry, oxygen-free's 
nitrogen. Tetrahydrofuran, boiling a t  65-66", was freed 
from peroxides and moisture before use by refluxing over so- 
dium and then distillation from lithium aluminum hy- 
dride. Silicon analyses were carried out by a reported pro- 
cedure.'$ Triphenylsilyllithium solutions in tetrahydrofu- 
ran were prepared by cleavage of hexaphenyldisilane with 
lithium. 

Lithium Cleavage of Octaphenyltrisilane in Tetrahydrofu- 
ran.-To a stirred mixture of 3.5 g. (0.005 mole) of octa- 
phenyltrisjlaneZ1 and 0.7 g. (0.1 g. atom) of finely cut lith- 
ium ribbon, 20 ml. of anhydrous tetrahydrofuran was 
added. After a few minutes a yellow color developed. 
Color Test IZ2 was positive. After 3 hr. of stirring a t  room 
temperature, the brown solution was filtered through glass 
wool and hydrolyzed with dilute sulfuric acid. Subsequent 
to the addition of some ether, the organic layer was extracted 
with water, dried with sodium sulfate and the solvent re- 
moved. Fractional distillation under reduced pressure 
yielded 1.2 g. (92%) of triphenylsilane, b.p. 130-135" (0.05 
mm.). Recrystallization froom methanol gave 1.0 g. (77%) 
of pure product, m.p. 45-46 . The distillation residue was 
recrystallized from petroleum ether (b.p. 60-70") to  yield 
1.7 g. (77%) of pentaphenyldisilane, m.p. 126-128', identi- 
fied by a mixed melting point. 

Cleavage of Decaphenyltetrasilane in Tetrahydrofuran.- 
A mixture of 3.3 g. (0.00375 mole) of decaphenyltetrasil- 
ane,B,s 0.7 g. of lithium and 25 ml. of tetrahydrofuran was 
stirred a t  room temperature for one hour, and the resulting 
red-brown solution was hydrolyzed by dilute sulfuric acid. 
The solution was extracted with ether, and removal of the 
solvent under reduced pressure gave a viscous liquid which 
was chromatographed on alumina. Elution of the column 
with petroleum ether (b.p. 60-70") gave 0.3 g. (30.8y0). of 
triphenylsilane which melted a t  45-46' after crystallization 
from the same solvent. The identity was established by a 
mixture melting point (45-46') and also by a comparison of 
the infrared spectra. 

Repeated elution of the alumina column with petroleum 
ether (b.p. 60-70') gave 1.5 g., 45.2y0, of pentaphenyldisil- 
ane. I t  melted a t  126-127" on crystallization from petro- 
leum ether (b.p. 60-70') and did not depress the melting 
point of an authentic sample. 

Elution of the column with benzene gave 0.4 g. (17.1%) of 
heptaphenyltrisilane, m.p. 157.5-158", after crystallization 
from hot petroleum ether (b.p. 60-70'). The infrared spec- 
trum of this substance in carbon tetrachloride showed a 
strong absorption band a t  4.78 p characteristic of Si-H 
compounds. 

Anal .  Calcd.for C42H36SiZ: Si, 13.50. Found: Si, 13.59, 
13.71. 

Reaction of Triphenylsilyllithium with Diphenyl-(di- 
pheny1methoxy)-silane.-A solution of 0.01 mole of triphen- 
ylsilyllithium was added to  3.66 g. (0.01 mole) of diphenyl- 
(dipheny1methoxy)-silane. Color Test I was negative im- 
mediately after the additon. Subsequent to  hydrolysis, 1.1 
g. (42%) of hexaphenyldisilane, m.p. 353-355' (mixed 
m.p.), was removed by filtration. The organic layer of the 
filtrate was dried and the solvent removed by distillation. 
The residue was chromatographed on alumina. Elution 
with petroleum ether (b.p. 60-70') gave a colorless oil, 
which crystallized partially on treatment with petroleum 
ether. One recrystallization from the same solvent yielded 
0.40 g. (9.6%) of pentaphenyldisilane, m.p. 126-127". Elu- 
tion woith benzene gave 1.48 g. (Sly0) of benzhydrol, m.p. 

Reaction of Triphenylsilyllithium with Pentaphenyldisil- 
me.-A solution of 0.015 mole of triphenylsilyllithium was 
added to  6.6 g. (0.015 mole) of pentaphenyldisilane in 20 ml. 
of tetrahydrofuran. The reaction was slightly exothermic, 
and a precipitate was formed. The mixture was stirred for 3 
hr . a t  room temperature and subsequently hydrolyzed with 

66-67 

(18) L. J. Brady, I n d .  Enq. Chem.,  Ana l .  Ed.,  '20, 1034 (1948). 
(19) H. Gilman, B. Hofferth, H.  W, Melvin, Jr., and G. E. Dunn, 

(20 )  H. Gilman and G .  D. Lichtenwalter, i b i d . ,  80, 608 (1958). 
(21) H. Gilman, T. C .  Wu, H .  A. Hartzfeld, G. A. Gutrr, A .  0. 

(22) H. Gilman and F.  Schulze, i b i d . .  47, 2002 (1925). 

THIS JOURNAL, 72, 5767 (1950). 

Smith, J. J. Goodman and S. H. Eidt, ib id . ,  74, 561 (1952). 

dilute acid. Gas evolution indicated the presence of lithium 
hydride in the mixture; after the addition of some ether, fil- 
tration gave 6.0 g. (78%) of hexaphenyldisilane, tn.p. 354- 
357' (mixed m.p.). The organic layer of the filtrate was 
dried and distilled a t  reduced pressure, subsequent to  the re- 
moval of the solvent. No low boiling fraction was collected, 
indicating the absence of diphenylsilane. There was ob- 
tained 0.8 g. (10%) of triphenylsilane, b.p. 130-135" (0.01 
mm.), n1.p. 42-45'. No crystalline compound was isolated 
from the resin-like distillation residue. 

Reaction of Triphenylsilyllithium with Silicon Tetrachlo- 
ride.-A solution of 0.080 mole of triphenylsilyllithium was 
added slowly, with continuous stirring, to  3.4 g. (0.020 mole) 
of silicon tetrachloride. After the addition of the third 
equivalent of the lithium reagent, Color Test I was negative; 
however, a positive Color Test was obtained after the addi- 
tion of the fourth equivalent. Stirring was continued for 
one hour and the mixture subsequently hydrolyzed with di- 
lute acid. Fifteen grams (72.5%) of hexaphenyldisilane, 
m.p. 357-360°, was removed by filtration. The layers of 
the filtrate were separated, the organic layer dried, and the 
solvent removed. The viscous residue was extracted with 
five 50". portions of hot petroleum ether (b.p. GO-7Oo), 
the solution chromatographed on alumina and eluted with 
the same soivent to give 1.55 g. (7.5%) of triphenylsilane, 
m.p. 42-45 . 

The resin-like residue was insoluble in ethanol, but soluble 
in benzene and ethyl acetate. I ts  acetone solution evolved 
hydrogen upon addition of one drop of aqueous sodium hy- 
droxide, indicative of Si-Si bonds. The spectrum indicated 
the absence of any Si-H bonds, and the presence of Si-0 and 
0-H linkages. Analyses of the resin gave 15.73 and 15.96% 
Si. 

Reaction of Triphenylsilyllithium with Ethyl Silicate.-A 
solution of 0.030 mole of triphenylsilyllithium in tetrahydro- 
furan was added slowly to 2.08 g. (0.01 mole) of ethyl sili- 
cate. Color Test I was strongly positive immediately after 
the addition and after 15 hr. of stirring a t  room tempera- 
ture. Subsequent to  hydrolysis with dilute acid and addi- 
tion of some ether, 4.1 g. (537,) of hexaphenyldisilane, m.p. 
355-358', was removed by filtration. The organic layer of 
the filtrate was dried and the solvent removed. The residue 
was chromatographed on alumina. Elution with petroleum 
ether (b.p. 60-70°), yielded 1.6 g. (21%) of triphenylsilane. 
Carbon tetrachloride and benzene eluted resin-like materials 
which could not be crystallized or otherwise purified. 

Reaction of Triphenylsilyllithium with Dichlorodiphenyl- 
silane, followed by Lithium Aluminum Hydride.-A solu- 
tion of 0.1 mole of triphenylsilyllithium in tetrahydrofuran 
was added slowly to 25.3 g. (0.1 mole) of dichlorodiphenyl- 
silane. Color Test I was negative immediately after the 
addition. Three and eight-tenths grams (0.1 mole) of lith- 
ium aluminum hydride then was added and the reaction 
mixture refluxed for one hour. Excess of hydride was de- 
stroyed by slow addition of ethyl acetate, followed by dis- 
tilled water and dilute sulfuric acid. A colorless precipitate 
was separated by filtration and washed with hot benzene t: 
give 11.5 g. (45y0) of hexaphenyldisilane, m.p. 352-356 
(mixed m.p.). The organic layer of the combined filtrates 
was dried and the solvent removed. The residue was chroma- 
tographed on alumina. Elution with petroleum ether (b.p. 
60-70') gave a product, which was subsequently recrystal- 
lized twice froin petroleum ether. There was obtained 10;s 
g. (24.5%) of impure pentaphenyldisilane, m.p. 117-123 . 
Two further recrystallizations from the same solvent raised 
the melting point to 127-128'. The product eluted with 
carbon tetrachloride and benzene was recrystallized from a 
mixture of benzene and petroleum ether to  give 3.5 g. (9.6%) 
of octaphenyltrisilane, m.p. 248-255'. An additional re- 
crystallization froai the same solvent pair raised the melting 
point to 260-262 . 

Reaction of Triphenylsilyllithium with Chloropentaphenyl- 
disi1ane.-A solution of 0.02 mole of triphenylsilyllithium in 
36 ml. of tetrahydrofuran was added to 9.6 g. (0.02 mole) of 
chloropentaphenyldisilane dissolved in 25 ml. of tetrahydro- 
furan, during 30 minutes. The mixture was hydrolyzed 
with water and extracted with ether. The insoluble residue 
was removed by filtration and treated with cold benzene. 
The benzene-insoluble portion contained 4.5 g. of hexaphen- 
yldisilane, m.p. and mixed m.p. 365-366'. The benzene- 
soluble portion was chromatographed on alumina. Elution of 
the column with benzene gave 2.1 g. of octaphenyltrisilnne, 
1n.p. and mixed m.p. 260-262'. 
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The ether extract was dried over sodium sulfate, and re- 
moval of the solvent under reduced pressure gave a viscous 
solid. It was treated with a mixture of 50 ml. of petroleum 
ether (b.p. 60-70") and 10 ml. of benzene. The soluble por- 
tion gave 5.1 g. of a polymeric substance from which no 
crystalline product could be isolated. The insoluble por- 
tion gave 1.5 g. of octaphenyltrisilane which melted a t  260- 
262', after crystallization from benzene. The combined 
yield of octaphenyltrisilane was 3.6 g., 25.7%. 

Reaction of Triphenylsilyllithium with Trichlorosilane .- 
h solution of 0.060 mole of triphenylsilyllithium was added 
slowly to 2.71 g. (0.020 mole) of trichlorosilane. During the 
addition, the flask was cooled in a Dry Ice-acetone-bath. 
The reaction mixture was allowed to warm to room tempera- 
ture. Color Test I was then negative. Subsequent to hy- 
drolysis and addition of some $ther, 3.2 g. (20.6%) of hexa- 
phenyldisilane, m.p. 354-357 , was removed by filtration. 
The organic layer of the filtrate was dried and the solvent re- 
moved. The residue was chromntographed on alumina. Pe- 
troleum ether (b.p. 60-70') eluted 4.6 g. (29.50/,) of triphen- 
ylsilane, m.p. 45-47'. The product eluted with cyclohex- 
ane melted over the range 182-198'. Fractional crystalli- 
zation from the same solvent yielded a trace of a compound, 
n1.p. 185-187", the structure of which has not yet been de- 

termined. The product eluted with carbon tetrachloride 
was recrystallized three times from a mixture of ethyl ace- 
tate and methanol to give 0.7 g. (4.4%) of tris-(triphenyl- 
~ i ly l ) - s i l ane ,~~~  m.p. 206-209". The infrared spectrum of 
the compound had characteristic absorption bands a t  3.3, 
4.8 and 9.08 p, indicative of aromatic C-H, of the Si-II and 
of the silicon-phenyl linkages, respectively. 

Anal. Calcd. for CMH4eSir: Si, 13.92. Found: Si, 
13.67, 13.80. 
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The catalyzed disproportionation of ethyltrimethylsilane has been investigated in regard to the catalytic effects of various 
metal halides, the effects of co-catalysts on the rate of the aluminum bromide-catalyzed reaction, the effects of solvent and 
temperature upon the rate and equilibrium, the kinetics of the reaction, and the possible occurrence of reaction intermediates. 
It is concluded that catalysis involves the ability of the metal halide to  function as a Lewis acid. Evidence is presented 
against the formation of ions or of organometallic intermediates in the reaction. It is concluded that the reaction occurs via 
the interaction of two silane molecules, one containing a polarized silicon-carbon bond formed by the interaction of the 
metal halide with the tetraalkylsilane. 

Introduction 
The catalyzed disproportionation of substituted 

silanes was first recognized by Friedel and Laden- 
burg who found that triethoxysilane could be dis- 
proportionated in the presence of sodium (a reac- 
tion undoubtedly catalyzed by ethoxide ion) .2a 

4SiH(OCzH& 7- SiH4 + 3Si(OC2H5)4 

Numerous other examples of base-catalyzed dispro- 
portionations of alkoxysilanes are now known . 3  

Ladenburg later discovered that certain tetraal- 
kylsilanes would disproportionate spontaneously a t  
elevated temperatures in the range of 3 0 0 ° , 2 b  a re- 
action investigated in more detail by Ipatieff and 
D01gov.~ Numerous other thermal disproportiona- 
tions have been realized, particularly when 
disproportionation involves the exchange of two 
negative groups,6 or the migration of a hydrogen 

C2Hj0- 
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