
?J7@ HENRY GILJIAN AND T. C. wv Vol. ’7.5 

‘friphenyl-(B-b~nzeneeulfonylethyl)-rrilane.-A solution of a t  room temperature and then rduxed for 45 minutes. On 
2.73 g. (0.007 mole) of triphenyl-(8-beneenethioethyl)- cooling, the pure sulfone crystallized from the solution. 
silane, 58 ml. (0.47 mole) of 30% hydrogen peroxide and 90 TUSKECEE INSTITUTE, ALABAMA 
ml. of glacial acetic acid n-as alloired to stand for 24 hours AMES, IOWA 

[CONTRIBUTION FROM THE CHEMICAL IdABORATORY O F  IOWA STATE COLLEGE] 

Analogs of Hexaphenylethane. I. Hexaaryldisilanes Containing Phenyl and p-Tolyl 
Groups 

BY HENRY GILMAN AND T. C. Wul 
RECEIVER MARCH 13, 1953 

A complete series of tea hexaaryldisilanes containing phenyl and p-tolyl groups has been prepared. They were made by 
coupling a triaryleilylpotorssium compawld with a triarylchlorosilane : by treating a partially chlorinated orgaaodisilane with 
an organolithium compound; or by coupling a triarylchlorosilane with sodium. Examination of these compounds shows 
that, in general, as the degree of symmetry of the disilane decreases the melting point decreases and the solubility increases. 
The possible dissociation of these hexaaryldisilanes is discussed 

It is known that hexaarylethanes dissociate to 
give triarylmethyl radicals. However, similar dis- 
sociation of hexaaryldisilanes have not been ob- 
~ e r v i d . 2 ~ ~  Qnf: of the di&culties in detecting the 
degree of dissociation of the hexaatydisilstnes is due 
to the extremely small solubilities in ordinary or- 
ganic solvents. +4ccardingly, we prepared a num- 
ber of hexaayldisilases containing two kinds of 
aryl groups in different positions of the molecules 
in soda to study their solubilities in relation to 
their structures. There are ten possible structures 
of hexaaryldisilanes containing phenyl and p-tolyl 
groups. Among them anly the simple symmetrical 
he~aphenyl-~ and hexa-p-tolyldisilane* have been 
described. These two compounds are highmelting 
solids having low solubilities in most organic sol- 
vent$, 

The new disilanes containing bath phenyl and 9- 
tolyl groups are lower melting solids with improved 
solubilities. In general, the less symmetrical the 
disilane is, the lower is the melting point and the 
higher is the solubility. Thus, while the simple 
symmetrical hexaphenyldisilane and bexa-p-tolyl- 
disUane melt over 3504, the unsymmetrical 1 , 1,2- 
tri hcnyl-l,2,2-t~i-p-tolyldisilane melts a t  226- 
22b .  It is interesting to observe that although 
the symmetrical tetraphenyldi-p-tolyldisilane has a 
higher melting point than the unsymmetrical iso- 
mer BS one might have expected, the melting points 
of both the symmetrical and unsymmetrical di- 
phenyltetxa-p-tolylisilanes are the same. Fur- 
thermore, a mixed melting point determination of 
t h w  two diphenylt@tra-~-tolyldisilanes shewed 
no depression. The melting points of the hexa- 
aryldisilanes are summarized in Table I. 

No quantitative determinations of the solubili- 
tie$ of the hexaaryldisilanes were made in this in- 
vestigation. However, the solubilities appear to 
increase with decreasing degree of symmetry of the 
disilanes. For example, hexaphenyldisilane is only 
moderately soluble in hot xylene while 1 ,1,2-tri- 
phenyl-l,2,2-tri-p-tolyldisilane is very soluble in 
benzene even at  room temperature. The solubili- 

(1) Xcstman Kodak Company Predoctoral Fellow (1Obl-1952) 
(2) H. Gilman and G. E. Duna, TXIS JOURNAL, 78, 5077 (1951). 
(3) W Schlenk, J. Renning and G. Rackey, Bey. ,  44, 1178 (1911). 
(4) ‘8 C %SlimB nttd M Baffer, THIS J O V ~ N A I  61, ?ti.) clR89) 

ties of these disilanes in various solvents are also 
given in Table I. 

The hexaaryldisilanea deacribed in this paper 
were prepared by methods outlined belQw. 

R’R“R”‘SiC1 + R1vRvRVrBiK + 
2R’R”R‘‘’SiCl + 2Na + (R’R‘R‘”)&in (1) 

(2) 
(3) 

R’RUR” ’s~s~RIVRVRVI 

RaSiSiCh f BR’W --ft RkLSiRa’ 
R~Si8iRClp + 2R‘Li ---b R&iSiR.R‘n 
R&iSiR$l + R’M --+- R&MIR&’ 

In the above equations the. R’a represent phenyl ar 
@-tolyl groups, as the case map be. A few disilanels 
were prepared by two different methods to confirm 
their structures. Three new chlorine-containing 
organosilicon compounds were prepared in order to 
synthesize the disilanes. These are phenyldi-p- 
tolylchlarosil~e, 1,1,l-triphenyl-2,2,2-trichlorodi- 
silane and 1,1, I ,2-tetraphenyl-2,2-dicbl~rodisilane, 
They were made according to the equations 
C&-IaSiC13 + 2p-CH3CeHLi 

(4) 
(5) 

( C B H ~ ) ( P - @ H ~ C ~ ~ R ~ ) ~ S ~ C ~  (6) 
(CsHs)&3iK + SiClr -+ (C6H6)aSiSiCl~ ( 7 )  

( CsHb)3SiK 3. C&.SiCh 3. 
(CsHs)eSiSi(CaHa)Cle ( 8 )  

I t  was observed that the coupling reactbms of 
triarylsilylpotassium compounds with triarylchlo- 
rosilanes give better yields than the reaetions be- 
tween an aryllitbium compound with a partially 
chlorinated organodisilane such as pentapbenyl- 
chlorodisilme (campare Table I). This is probably 
due to the ease of cleavage of the chlorinated organ- 
odisilanes. The ease of cleavage of hexacklorodisil- 
ane has been observed previously. When wtachlo- 
rotrisilane is treated with phenylmagnesium bro- 
mide the products obtained are hexaphenyldisilane 
and tetraphenylsilane instead of octaphenyltrisil- 
ane4 although the trisilane can be prepared by the 
reaction of triphenylsilylpotaasium with diphenyl- 
dichlorosilane.6 We have also observed that a con- 
siderable amount of tetra-p-tolylsilane was formed 
when hexachlorodisilane was treated with p-tolyl- 
lithium. 

The possible dissociation of the hexaaryldisilanes 
was studied by the treataent of 1,1,2-triphenyl- 

( 5 )  H Oilman, T. C W u ,  H A HaRsfald, G .  A. Outer, A. G. 
f;mith f J Goodman and R H Wdt, s b d d ,  74, 861 (1863). 
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TABLE I 
HEXAARWDJWZANES CQNTAINING PHENYL AND $-TOLYL GROLPS 

Yield 

of tion pure 
y . p . ,  prqpa- time,c prod- 

DiJlane FormplaQ C, ratione hs. uctd 

Metbod IZesc- af 

Heaaphenyl 

Pentaphenyl-$- 
tolyl 

l,l,Z,Z-TetraphenyI- 

l,l,l,8-Tetraphenyl- 
1 ,Z-di-p-tolyl 

2,2-di-p-tolyl 

l,I,l-Triphenyl- 
2,2,2-tri-p-tolyl 

1,1,2-Triphenyl- 
1,2,2-tri-$-tolyl 

1,2-Dipbenyl-l,l,- 
22-tetra-p-tolyl 

1, I-Diphenyl-1,2,2,- 
2-tetra-p-tolyl 

Phenylpenta-$-tolyl 
HeTa-$-to1ylh 

Y$3iSiYa 

Y&WiYZ 

YGSiSiYaZ 

YoglSiVZa 

YsSiSiZa 

YzZSiSiYZz 

YZrSiSiYZp 

YzZ3iSiZ4 

YZtsiSiZ: 
ZsSiSiZa 

368-370 

283-285 

96%298 

2119-230 

262-264 

226-227 

240-241 

240-241 

288-290 
354-456 

6 9 d  
24 66a 
16 28 

5 77 

6 62 

16 14 
4 72 

1 26 
6 11 

2 52  

15 71 

20 57 

16 19 
20 30(31) 
16 28(42) 
16 27(29) 
16 O(4P) 

Silicon, Yo 
Calcd. Found 

10.56 10.50,10.47 

10.28 10.28,10.28 

10.28 18.31,10.38 

10.01 9,94,  9.94 

10.01 9,'22, 9.95 

9.77 9.6'2, '2.78 

9.77 9%64, 9.05 

9.54 9.49, 9.50 

SdY. fQr 
recrystallization e Solubilities 
Dioaane Sol. hot tributyl phosphate, 

hot xylene and hot dioxane 
Sol hot benzene; SI. s. hot Benzene 

acetone and hot pet. ether 

Benrene Sol. CHCl,, hot benzene, hot 
dioxane, hot CClc 

Pet. ether Sol. acetone, benqene, CHCli, 
CClr, hot pet. ether (b.p. 
6C-70") 

Beniene-pet. Sol. ether, benzene, hot ace- 
ether tone, hot pet. ether (b P. 

Benzene-ethanol Sol. ether, acetone, benzene, 
CHClr, hot ethanol, hot pet. 
ether (b.p. 60-70') 

Benaene-pet. Sol. CHCls, hot pet. ether 
ether (b p 77-115'); sl. s benzene 

Beneene-pet. Sol. ether, benzene, acetone, 
ether chloroform, hot pet. ether 

(b.p. 7Y-115') 

77-116") 

(b.p. 6Q-70") 
Sol. hot benzene, CHCli 
Sol. hot dioxane, hot toluene 

Benzene 
Tpluepe 

a Is this Table Y represents the phenyl group and 2 tbe $-tolyl group, * The numbera in parentheses indicate the equa- 
tiaa according ta which the preparations were carried out, In all reactians between a triasylailylpotasdum eompound and a 
triarylchlorosllane (equation 2 )  the exceas sgdium-potasqium alloy had been removed €ram the reaction system by amalgama- 
tion procedure (6ee footnote 14) before the coupling reaction took place. The reaeties time far t4e last step of the syntbe- 
sis, i.e., tho reaetisns indicated by the guations. The.?umbwa in parentheses isdieate the yield of tetra-ptolylsilane. 
e The petroleum ether used for recrystalliqation has the bwling range af 60-70". I See footnote 14. 0 Prepared by coupling 
triphenylsilylpotasslum with triphenylchlorosilane. flgxa-p-talyldisilane was prgpared by Schumb and Saffer (see fopt- 
note 4) in 35% yield by adding hexaehlorodisilane to 9-tolylmagnesium bromide. There was no mentieq of tetra-p-tolyl- 
silane. We prepared several bafohes of hexa-P-tolyldisilane by adding p-talyllithium to hewacldarodisilane under various 
conditions. In all oase6, practically equivalent amounts of hexa.p.t~lyl&ilan,ns and t9tra.ptolylsilane were obtained. 
The yields of tetra-p-tolylsilane were based on the assumption that for me initial male of hexachlorodisilatle there is obtained 
one mole of tetra-@tolylsilane. A 10% exce~s  of 9-tolyliithium wag added to  hexachlorodisilane in ether a t  rpom tem- 
perature. A 10% exceas of p-tolylllthium was added to  hexachlQrodisilane in beamna at 0". A 20% exeess of p-tolyl- 
lithium was added to  hexachlorodisilane in ether at -88". An.e;them& solution af herachlqrodisilane was added to  p -  
tolyllithium solution a t  0". No hexa-p-tolyldisilane was isolated in this rue, 

1,2,2-tri-;b-tolyldisilar1e and 1,1,2,2-tetraphenyl-l,2- 
di-p-tolyldisilane with iadine and with olcygen ; 
hexaarylethanes have been found to react with 
these elements due to dissociatisn.6 It, was found 
that, under the experimental conditions, none of 
the disilanes reaets with axygen or iodine despite 
the improved solubilities of these disilanes. These 
observations confirm previous results that some 
hexaaryldisilanes were unaffected by oxygen and 
iodine. a, 

The magrretic susceptibility measurements of one 
of the hexaaryldisilanes, l,l,2-triphenyl-lJ2,2-tri- 
p-tolyldisilane, show that the disilane is diamag- 
netic with a susceptibility of approximately - 0.6 X 
10-8 both for the solid rend when the substance is in 
benzene solution.' The precision of these results is 
not sufficient to rule out a dissociation as high as 
5% in benzene.l 

The appareot lack of dissociatioa of bexaaryldi- 
silanes is probably due to the small resonance sta- 
bilization of the triarylsilyl groups which neeessi- 
tates a structure containing a silicon-to-carban 
(6) See W. E. Baohmnnq in E. Oilman'o "Organie Chemietry, An 

Advanced Treatise," 2nd edition, Jehu Wiley and Sene, Inc., New 
York, N. Y., 1'243, Ch. 8. 
(7) The author) are grateful to  Frelwor P. W. Sslwoed of Nerth- 

weatam University for Lha meaiurementa of mnnnetlc auiceptibility of 
this compouvd. 

double band, the contribution af which is consid- 
ered to be small.* However, dipole moment meos- 
urements of trimethylaryl silanes favor the postu- 
lation of structures involving a double bond between 
a carbon and a silicon atoms Perhaps one might 
say that structures containing silicon-carbon dou- 
ble bonds may farm under certain favorable condi- 
tions, but the contribution of these structures in the 
hexaaryldisilanes appears to be too small to stabil- 
ize the triarylsilyl radical to any appreciable extent. 
Nevertheless, if the six aryl groups of the disilane 
(preferably an unsymmetrical one because of higher 
solubility) have very bulky ortho-substituted 
groups to increase the steric hindrance of the mole- 
cule, the chances of dissociation of the silicon-silicon 
bond may be appreciably increased. The bond 
energy of the silicon-silicon bond is considerably 
smaller than that of the carbon-carbon bond (Si- 
Si, 45 kcal./moleg; c-c, 80 kcal./moleg) and it has 
been shown that the silicon-silicon bond of some 
hexasubstituted disilanes can be easily cleaved by 
some reagents such as sodium-potassium alloy lo or 
bromine. 

(8) H. Soffer and T. De Vries, THIS JOURNAL, 73, 5817 (1951). 
(9) K. S Pitzer, ibid., 70, 2140 (1948) 
(10) H. Gllman and T. C Wu, ibrd , 73, 4031 (1951). 
(11) U n p u b l i d d  studica by T. C. Wu 
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The infrared spectra of the hexaaryldisilanes con- 
taining phenyl and p-tolyl groups have been stud- 
ied by Dr. V. A. Fassel and Mr. M. illsrgoshes. 
The results will be published elsewhere. 

Experimental 
In all experiments involving the use of organolithium com- 

pounds and triarylsilylpotassium compounds the reactions 
were carried out in an atmosphere of dry, oxygen-free ni- 
trogen. All melting points are uncorrected. The silicon 
analyses were made in accordance with a published proce- 
dure." All reactions were carried out at room temperature 
when ether was used as  the reaction medium. 

Following are a few examples illustrating the types of re- 
actions which were used in the preparation of chlorosilanes 
and hexaaryldisilanes. Other results are compiled in Table I. 
Phenyldi-p-tolylchlorosilane (equation 6) .-This com- 

pound was prepared by the reaction of 2 equivalents of p -  
tolyllithium with 1 equivalent of phenyltrichlorosilane in 
ether using the procedure for the preparation of diphenyl-p- 
tolylchlorosilane.l* The product was obtained by vacuum 
distillation to give a 92% yield of colorless liquid (b.p. 
190-192' (1.2 mm.)) which solidified on standing, m.p. 99- 
100'. 

Anal.  Calcd. for CmHlgClSi: Si, 8.70. Found: Si, 8.54, 
8.63. 

1,1,1,2-Tetraphenyl-2,2-dichlorodisilane (equation 7).- 
A triphenylsilylpotassium suspension in ether was prepared 
by cleaving 10.0 g. (0.019 mole) of hexaphenyldisilane with 
2 ml. of sodium-potassium alloy according to the recently 
described procedure .I4 The excess alloy was removed by 
amalgamation and was separated from the suspension. The 
triphenylsilylpotassium suspension was transferred into a 
nitrogen-filled dropping funnel from which it was added 
slowly to  8.0 g. (0.038 mole) of phenyltrichlorosilane dis- 
solved in 30 ml. of ether during a period of 30 minutes. 
Some heat was evolved, and the reaction mixture turned 
gray. After 1.5 hours of stirring a t  room temperature the 
reaction mixture was filtered. The insoluble gray solid 
residue was extracted twice with hot benzene to give 1.6 g. 
(16%) of hexaphenyldisilane (mixed m.p.) melting a t  362'. 
The ethereal solution was distilled to yield 13.5 g. of gummy 
residue which solidified on standing. This solid was very 
soluble in benzene, acetone and chloroform and was par- 
tially soluble in ethanol and petroleum ether (b.p. 28-40'). 
Attempts to recrystallize this product were unsuccessful, 
so it was crushed to a powder, washed with cold petroleum 
ether (b.p. 28-40'), and filtered. The solid residue after 
such treatment melted at 98-101'. The yield of this par- 
tially purified product was 5.6 g. (34%). This product 
was used for the preparation of 1,1,1,2-tetraphenyl-2,2-di- 
p-tolyldisilane without further purification. 

Anal.  Calcd. for CZ~HZOCI~S~Z: Si, 12.90. Found: Si, 
13.35, 13.42. 

1,l ,l-Triphenyl-2,2,2-trichlorodisilane (equation 8).- 
A triphenylsilylpotassium suspension of the same amount as 
that in the previous section was prepared and added to 6.5 
g. (0.038 mole) of silicon tetrachloride in 25 ml. of ether. 
After 2 hours, Color Test 116  was negative. The mixture 
was filtered by suction. The insoluble solid was shaken 
with dilute aqueous ethanol and filtered again in order to 
separate the inorganic material. There was obtained 3.7 g. 
of solid residue melting at 360", and was identified after re- 
crystallization as hexaphenyldisilane. From the ethereal 
solution 9.0 g. of solid melting a t  140-145' was obtained. 
One recrystallization from 40 ml. of petroleum ether (b.p. 
60-70') gave 4.1 g. (27%) of colorless crystals melting at 
143-145'. From the mother liquor an impure product 
melting at 140-143' was recovered. It was noticed that 
the compound was not very stable. On standing the melt- 
ing point was lowered. 

Anal. Calcd. for ClaH1d213Si2: Si, 14.27. Found: Si, 
14.38, 14.41. 

(12) H. Gilman, B. Hofferth, H. W. Melvin and G. E. Dunn, THIS 
JOURNAL, Tl, 5767 (1950). For micro analysis of silicon in organo- 
silicon compounds, see H. Gilman and L. S. Miller, ibid.. 73, 968 
(1881). 
(13) N. Oilman and G. E. Dunn, i b i d . ,  73, 3404 (1961). 
(14) H. Gilmcln and T. C. \Vu, J. Org. Chen.. 18, 758 (1463). 
(18) N. ailman and P. fkhulsm, TEXD JOURNAL. 47, aaaa (iwao). 

1701. '75 

1,1,2,2-Tetraphenyl-l,2-di-p-tolyldisilane (equation 1).- 
A mixture of 22.4 g. (0.0725 mole) of diphenyl-p-tolyl- 
chlorosilane,Ig 4.8 g. (0.21 g. atom) of sodium and 50 ml. of 
dry xylene was stirred a t  the refluxing temperature for 6 
hours. The mixture was cooled to room temperature and 
filtered by suction. The residue was treated with 50 ml. of 
95% ethanol in order to react with the unused sodium. 
The solid was now washed first with water, then with 20% 
ethanol, filtered and dried. There was obtained 16.6 g. 
(84%) of colorless solid melting at 250-252'. Two recrys- 
tallizations from benzene yielded 12.3 g. (62%) of pure 
product melting a t  252-253'. From the mother liquor 
1.9 g. (10%) of impure product melting at 248-250' was 
recovered. 

Anal. Calcd. for Cs*H&3i2: Si, 10.28. Found: Si, 10.26, 
10.28. 

1,1,2-Triphenyl-1,2,2-tri-p-tolyldisiIane (equation 2).-A 
mixture of 4.6 g. (0.0082 mole) of 1,1,2,2-tetraphenyl-l,2- 
di-p-tolyldisilane, 1 ml. of sodium-potassium alloy and 10 
ml. of ether was stirred a t  room temperature. Fifteen 
minutes later another 40 ml. of ether was added to the deep 
yellow diphenyl-p-tolylsilylpotassium suspension thus 
formed. The color of the mixture partially faded during 
the addition but resumed a bright orange color after an- 
other 1 hour of stirring. The mixture was then allowed to 
stir for 40 hours and the excess alloy in the mixture was re- 
moved by amalgamation.'4 The diphenyl-ptolylsilylpotas- 
sium suspension was separated from the amalgam and it 
was added to 5.2 g. (0.016 mole) of phenyldi-ptolylchloro- 
silane dissolved in 40 mi. of ether. There was very little 
heat evolved during the addition. After 2 hours of stirring 
a t  room temperature the gray suspension was hydrolyzed 
and filtered to remove a trace of gray residue. The ethereal 
solution was washed with water, dried with sodium sulfate, 
and distilled. There was obtained 8.3 g. of colorless sticky 
solids melting at 215-225'. The crude product was re- 
crystallized twice from benzene-ethanol to yield 4.7 g. 
(52%) of shining, fluffy crystals melting a t  226-227'. 

Anal.  Calcd. for CapHa&iz: Si, 10.01. Found: Si, 
9.92, 9.95. 

1,l ,l-Triphenyl-2,2,2-tri-p-tolyldisilane (equation 3).- 
An ethereal solution containing 0.022 mole of p-tolyllithium 
wasadded rapidly to 2.0 g. (0.0051 mole) of l,l,l-triphenyl- 
2,2,2-trichlorodisilane dissolved in 40 ml. of ether. Heat 
was evolved while some white solids were formed. After 
6 hours of stirring a t  room temperature the reaction mix- 
ture was hydrolyzed with water. From the sodium sulfate- 
dried ethereal solution there was obtained 2.7 g. of glassy 
residue. This was dissolved in a solution containing 60 
ml. of petroleum ether (b.p. 60-70') and 10 ml. of benzene. 
On cooling 0.3 g. (11%) of colorless crystals melting at 260- 
264' separated. Evaporation of the mother liquor re- 
sulted in a gummy residue. 

In another reaction triphenylchlorosilane was treated with 
tri-fi-tolylsilylpotassium prepared by cleaving hexa-p-tolyl- 
disilane with sodium-potassium alloy with the same proce- 
dure for the preparation of triphenylsilylpotassium .I4 
From this reaction there was obtained a 53% yield of crude 
product melting at 258-262'. This was recrystallized from 
a mixed solvent of benzene and petroleum ether (b.p. 60- 
70') to give colorless fine needles melting a t  262-264'. A 
mixed melting point determination with the product ob- 
tained by treating 1,1,l-triphenyl-2,2,2-trichlorodisilane 
with p-tolyllithium was not depressed. The yield of pure 
1 , l  ,l-triphenyl-2,2,2-tri-p-tolyldisilane for this run was 26%. 

Anal. Calcd. for C&&i2: Si, 10.01. Found: Si, 9.94, 
9.94. 

From the ethereal solution of the reaction mixture there 
were obtained triphenylsilanol and 1 ,l,l-triphenyl-3,3,3- 
tri-p-tolyldisiloxane as by-products. 

1,1,1 ,2-Tetraphenyl-2,2-di-p-tolyldisilane (equation 4) .- 
A solution containing 4.0 g. (0.0092 mole) of partially puri- 
fied 1,1,1,2-tetraphenyl-2,2-dichlorodisilane in 40 ml. of 
ether was added, over a period of 10 minutes, to 0.0205 
mole of freshly prepared ptolyllithium in ether. A small 
amount of heat was evolved during the addition. The re- 
action mixture after the addition was pale yellow and a 
little cloudy. On stirring more and more white precipitate 
formed. Color Test ILs after 5 hours was positive, so the 
reaction mixture was stirred a t  room temperature overnight. 
After 16 hours a large amount of white precipitate wan 
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formed, and Color Test 116 became negative. The reaction 
mixture was filtered by suction, and the solid residue was 
extracted with hot benzene. The benzene extract was 
evaporated to give 1.2 g. of white solid melting a t  217-222'. 
Two recrystallizations from petroleum ether (b.p. 60-70') 
gave 0.7 g. (14%) of colorless fine needles melting a t  229- 
230O. From the ethereal solution of the reaction mixture 
a large amount of gummy residue was obtained from which 
only a small amount of impure product could be isolated. 

Anal. Calcd. for CmHa&: Si, 10.28. Found: Si, 
10.31, 10.33. 

The same product was obtained from the reaction of tri- 
phenylsilylpotassium with phenyldi-ptolylchlorosilane 
(equation 2) to give an 85% crude yield of l,l,l,a-tetra- 
phenyl-2,2-di-p-tolyldisilane melting a t  228'. One recrys- 
tallization from a mixed solvent of benzene-petroleum ether 
(b.p. 60-70') gave 72% of pure product melting at 229- 
230'. A mixed melting point determination with the 
product obtained from 1,1,1,2-tetraphenyl-2,2-dichlorodi- 
silane and ptolyllithium was not depressed. 

Pentaphenyl-ktolyldisilane (equation 5) .-An ethereal 
solution containing 0.011 mole of p-tolyllithium was added 
rapidly to 4.8 g. (0.01 mole) of pentaphenylchlorodisilane.6 
The reaction mixture became more and more turbid, but 
very little heat was evolved. After 16 hours of stirring at 
room temperature, Color Test 1'6 was negative. The re- 
action mixture was hydrolyzed with water and filtered to 
separate 2.8 g. (53%) of white powder melting at 270" to 
a turbid liquid. Two recrystallizations from benzene 
yielded small needles (1.5 g., 28%) melting a t  283-285'. 

Anal. Calcd. for CaTHasSiz: Si, 10.55. Found: Si, 10.50, 
10.47. 

The same product, pentaphenyl-fi-tolyldisilane, was ob- 
tained in an 82% crude yield (m.p. 276-282') and a 77% 
pure yield (m .p. 283-285') by the reaction of triphenylsilyl- 
potassium with diphenyl-p-tolylchlorosilane (equation 2). 
A mixed melting point determination of these two products 
showed no depression. 
AMES, IOWA 
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The kinetics of the reaction of 6-trimethylsilylpropionic acid with sulfuric acid to give selective cleavage of one methyl 
A mechanism involving electrophilic attack on carbon and formatioii of a group from silicon as methane has been studied. 

siliconium ion in the rate-determining step is advanced. 

Introduction 
The reaction of certain organosilicon structures 

with concentrated sulfuric acid to give selective 
cleavage of one methyl group from trimethylsilyl, 
Me&i, as methane, has provided an important 
synthetic route to new types of aliphatic organo- 
functional siloxanes.2.a Thus, the mechanism of 
this reaction is of interest from both theoretical 
and practical standpoints. The present paper 
reports a kinetic study of the methyl-silicon cleav- 
age given by 6-trimethylsilylpropionic acid. The 
reaction is homogeneous, and quantitative. 

CHI 
I 
I 

CH-SiCHzCH2COlH + H2S04 --f 

Discussion and Results 
The pseudo first-order character of the reaction 

(sulfuric acid in large excess) is clearly shown for 
sulfuric acid concentrations of 8697% by Fig. 1. 
These good straight-line plots were obtained after 
initial dijiculty, due to the formation of super- 
saturated solutions of methane in sulfuric acid, was 
overcome by more eficient stirring. This somewhat 
surprising phenomenon is well-illustrated by Fig. 2 
in the experimental part. 

(1) Paper 84 in a series on organosilfcon chemistry; for 33 see 

(2) L. H. Sommer, N. S. Marans, G. M. Goldberg, J. Rockett and 

(3) L. H. Sommer, R. P. Pioch, N. S. Maraaa, G. M. Goldberg, 

THIS JOURNAL, 71,2932 (1953). 

R. P. Pioch. ibid., T I ,  882 (1951). 

J. Rockett -ad J. Kerlin, ibdd., T I ,  loa2 (1958). 

Having established the fact that the reaction 
follows a pseudo first-order rate law, e.g., is first 
order in the silicon acid, it was of interest to deter- 
mine whether the decrease of rate with decreasing 
concentration of sulfuric acid could be correlated 
in terms of a simple mechanism. 

No correlation between the pseudo first-order 
rate constants and stoichiometric concentration of 
sulfuric acid was available. 

In order to determine whether the concentration 
of molecular or non-ionized sulfuric acid might be 
the critical factor use was made of the (approxi- 
mately correct) assumption that the following 
reaction proceeds to completion4 

H2SO4 + HzO + HaOe + HS0,e (1) 

Table I gives the pseudo first-order rate con- 
stants, the concentrations of molecular sulfuric acid 
calculated on the above approximation, and also 
lists values of second-order rate constants obtained 
by dividing out the concentration of molecular 
sulfuric acid. These latter values have been 
calculated for the range 87-97y0 sulfuric acid since 
equation (1) becomes seriously in error below 87y0 
sulfuric acid.4 Taking into consideration the 
approximations involved in calculating the concen- 
tration of molecular sulfuric acid, as well as the 
very serious medium effects to be expected on 
changing the solvent-reactant from 97% sulfuric 
acid to 87y0 sulfuric acid, the relative constancy of 
the second-order rate constants is here considered 
to be quite good. For example, a change from 87 
to 97y0 sulfuric acid increases the pseudo first- 
order constant by a factor of 4.7, the same change 

(4) For a good discussionand partinent referencemsee J.  C. D. Brand, 
J .  Ch#m. Soc., 897 (1960). 


