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The thermal stabilities were tested by heating in partially evacuated sealed Pyres trtbcs for 24 hr. at approximately 300". 
Tribenzylsilane waa found to be very stable under these conditions. The other organosilanes tested disproportionated to 
some extent. Of the di(aralkyl)silanes, dibenzylsilane appeared to be the most stablc. Tribcnzylmethane was found to be 
less stable than tribenzylsilane; however, dibenzylmethane proved to be somewhat more stable than dibenzylsilane. The 
results of isoteniscope studies on dibenzylsilane, dibenzylmethane, tribmzylsilane, and tribenzylmethane neltrlv parallcl 
those obtained from the sealed tube reactions. The preparations of (&phenylethyl)silane, di(B-phenylcthyl)silanej and 
di(7-phenylpropy1)silane are described. 

Recently, i t  was reported that diphenylsilane Also, it is interesting to note that silsnc was not 
undergoes a disproportionation reaction when formed in detectable amounts in any of the py- 
heated in the absence of any added catalyst' rolysis reactions of aralkyl substituted silanes. 
(Reaction 1). Ethyl-, diethyl- and triethylsilanes This is quite contrary to the case of diphenyl- 

silane.' There was, however, slight evidence of the 
(CJI5)zSiHz + SiH4 + CsHSSiH3 + formation of silane when triphenylsilane was heated. 

(C6H6)zSiHz f (C6H5)3fiiH f (C6H5)4Si ( l )  Furthemore, in the of dibenzJrisilaIlc,4 

have also been observed to undergo disproportiona- 
tion and decomposition when heated in sealed tubes 
a t  temperatures in excess of 400°.2 

Many Lewis acid- catalyzed redistribution re- 
actions of organosilicon compounds may be found 
scattered throughout the literature. Only within the 
last few years has interest turned toward dispro- 
portionation reactions of compounds containing 
silicon hydrogen bonds. 

This study was primarily concerned with the 
effects of heating some organosilicon hydrides in 
partially evacuated sealed Pyrex tubes for 21 hr. 
:tt temperatures :wound 300". The results of these 
experiments :we summarized in 'l'ables I and II of 
the l4xperirnent:tl. It is realized that the results of 
these thermal st;tbility tests may be valid only 
under the specific reaction conditions used ; how- 
ever, the results obtained are significant in them- 
selves and may apply to other conditions. 

With one exception, all of the orgariosilanes under- 
went redistribution reactions. Triberizylsilane, the 
one exception, was outstanding because i t  did riot 
disproportionate to :my appreaiitble extent, if a t  
all, under the conditions employed. 
_-__I 

(1) H. Gilrnan and D. H. Miles, J .  Org. Chem., 23, 326 

(2) G. Fritz, 2. anorg. 71,. allgem. Chem., 273, 275 (1953). 
( 3 )  J. L. Speier and It. IC. Zimmerman, J .  Am. Chem. 

Soc., 77, 6395 (1955); S. N. Borisov, M. G. Voronkov, and 
B. N. nolgov (Chem. Silicate Inst., Leningrad), Incest. 
Akad. Nouk S.S.S.R., Otdel Khim. Nauk,  1957, 1396; 
[ C h m .  Abstr., 52,7136 (1958) 1; B. K. I>olgov, S. N. Borisov, 
and M. G. Voronkov (State Univ., Leningrad), Zhur. 
Obshcher Khim., 27, 709 (1957); [ C h m .  Abstr., 51, 16283 
(1957)l; 27, 2062 (1957); [Chem. Ab&., 52, 6160 (195831; 
Dow Corning Ltd. British Patent 663,810, llec. 27, 1951; 
IChm. Abstr., 46, 1123 (1952)l. 

(1958). 

another difference was observed; there was no indi- 
cation of the formation of tetrabenzylsilane. Fur- 
ther data on the relative thermal stability of di- 
benzylsilane was obtninrd in another experiment 
in which dibenzylsilsne was refluxed a t  310 *so 
for 3 hr. on a vacuum line system under a pressure 
of about 500 mm. of nitrogen. In  this experiment, 
there was no evidence of redistribution or decom- 
position of the dibenzylsilane. 

The infrared spectra of the products obtained 
from heating di- and tri(gamma-phenylpropy1)- 
silanes contained an :tdditional absorption band a t  
9.0 microns, indirativc of silicon-pheiiyl bonds. 
Tt is believed that these product>s possibly contain 
re:irr:inged and/or cyclized compounds. 

In  view of the uiiwninioii therm:tl sta1)ility of 
tribenzylsilane arid the relative st:tbilit y of dibenzyl- 
silane, as comparcd with diplieiiylsil:~ric,' it was of 
interest to empirically cwmparo the thermal sta- 
bility of their carboil iui:ilogs under similm condi- 
tions, even though the inodcs of devomposi tion of 
the two classes of cornpouiids may be quite dif- 
ferent. 'I'rit~enzylrr~etlinne" was fouiid to decom- 
pose slightly; n small amount of charring was de- 
tected, the heated material had a carhonaccous 
odor, its melting point was depressed eo, and its 
infrared spectrum was not quite identical to that of 
the pure hydrocarbon. 1Zecrystalliaation of the 
heated material led to a recovery of 92.2% of pure 
tribenzylmethmnc. 
- 

(4) Preparation dcscribcd by 11. Gilrnan and R. A. 
Tomasi, J .  Am. Chena. SOC., 81, 137 (1959). 

(5) Prepored according to the directions of C. A. Hill, 
M. H. Little, S. Wray, Jr., and R. J. Triinbcy, J .  A m .  
Chrm. Soc., 56, 911 (1934), in an 80% yield. Thc. rq)ortcd 
yield was 70%. 
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The only indications of decomposition of di- 
benzylmethane after heating were a slight yellow 
coloration and a decrease in the refractive index by 
0.0005. The infrared spectrum of the heated 
material was identical with that of pure dibenzyl- 
methane. Distillation of the heated material yielded 
96.9% of colorless dibenzylmethane boiling over a 
twodegree range. 

Thus, it can be seen that tribenzylsilane is more 
thermally stable than tribenzylmethane and that 
dibenzylsilane is somewhat less stable than di- 
benzylmethane under the reaction conditions em- 
ployed. 

To obtain further data on the thermal stability of 
dibenzylsilane, dibenzylmethane, tribenzylsilane, 
and tribenzylmethane, these compounds were 
subjected to isoteniscopic studies. Dibenzylsilane 
gave no evidence of decomposition during the 
measurement, which was carried out over the tem- 
perature range between 83.7 and 304.5'. Similar 
results were obtained with dibenzylmethane over 
the temperature range of 69.0 to 303.5'. Further- 
more, when the logarithms of the pressures were 
plotted against the reciprocals of the absolute tem- 
peratures for both dibenzylsilane and dibenzyl- 
methane, nearly straight lines were obtained. In  
neither case did these plots exhibit a break, which 
indicates that the temperatures a t  which these com- 
pounds begin to  decompose are above 300'.' 

Tribenzylsilane gave results similar to  those 
obtaincd for dibenzylsilane and dibenzylmethane 
over the temperature range between 117.2 and 
363.9") with the exception that i t  turned slightly 
yellow during the measurement. A plot of logloP 
us. 1/T was also nearly a straight line which did 
not show a break, again indicating that the dc- 
composition temperature of tribenzylsilane had not 
been reached during the determination. Tribenzyl- 
methane also yellowed slightly during the isoteni- 
scopic measurement which covered the temperature 
range of 121.8 to 364.1'. Furthermore, the plot of 
log,,P vs. 1/T was nearly a straight line which 
exhibited a break a t  349") indicating thermal de- 
composition began at that temperature. 

Thus, the results of the isoteniscopic measure- 
ments on dibenzylsilane, dibenzylmethane, tri- 
benzylsilane, and tribenzylmethane nearly parallel 
the results obtained from the other thermal sta- 
bility tests on these compounds. 

 EXPERIMENTAL^ 
General procedures for pyrolysis reactions. The reactions 

were carried out in Pyrex Schlenk tubes of approximately 50 
ml. volume, which were dried in an oven,? flushed with 
oxygen-free, dry nitrogen, charged with the sample to be 
tested, evacuated, filled again with nitrogen, evacuated 

( 6 )  Temperatures reported are uncorrected. 
(7)  In  the cases of the tri(ara1kyl)silanes and the hydro- 

carbons, before drying, the tubes were rinsed with dilute 
alkali and then with distilled water until the rinse water 
was neutral to litmus. 

again to pressures varying from 1 to  10 mm., and sealed. 
The sealed tubes were heated slowly in an oil bath to the 
reported temperatures (temperature of the oil bath) for 24 
hr. 

The tubes were allowed to cool to room temperature and 
were then cooled in a Dry Ice-acetone bath before opening. 
The tubes were examined for the presence of silica which 
mould be indicative of the combustion of silane formed 
during the reaction. Infrared spectra were run on all reaction 
mixtures; melting points or refractive indices were also 
determined. With the exceptions of tribenzylsilane and tri- 
benzylmethane, which were recrystallized from petroleum 
ether (b.p. 60-70'), the products were distilled under re- 
duced pressure. Identification of all pyrolysis producbs was 
made by comparisons of infrared spectra with those of 
authentic samples; in the case of liquids, refractive indices, 
and in the case of Solids, melting points and mixed melting 
points were also used for identifications. The r0SUltS of these 
experiments are summarized in Tables I and 11. 

TABLE I 
PYROLYSIS~ OF DI(ARALKYL)SILANES 

Types of Products, '% 
RSiHs RsSiH2 R3SiH R4Si Compound 

( C B H ~ C H ~ ) P S ~ H ~ ~  lC 20.2d 0.4c*e 0 

(CnH6CH&H2)&H, 3c 13d 10.5c*' -' 59 . 3'" 

58.6' 
(CaHsCH,CIT2CHt)2SiHz 84'~~ 2 .  8c,h -h,a 

Heated in partially evacuated sealed tubes for 24 hr. a t  
310-320'. See Experimental for details. Heated to 400' 
for 1 hr., cooled to and maintained a t  310-320' for 23 hr. 

Pure product. e The distillation 
residue contained an sdditional C1.87~ of a mixture of &Si% 
and ItsSiI3, from which the RsSiH was isolated. ' N o  prod- 
ucts wcre isolated from the distillation residue. The infrared 
spectrum indicated the presence of some RsSiH with a high 
probability of the presence of R4Si. A low boiling fraction 
containing 2.8% of a mixture of RSiH, and RzSiHt. * The 
infrared spectra contained an additional absorption band 
a t  9.0 microns. The distillation residue contained 3.5% 
of a yellow oil which appeared to be mainly R4Si; however, 
the infrared spectrum indicated the presence of a small 
amount of R3SiH. 

Product not quite pure. 

TABLE 11 
PYROLYSIS~ OF TRIPRENYLSILANE AND 

TRI (ARALKYL)SILANES 
_ _  ~ 

Types of Products, 95 .__- 
ComDound RSiHs &Si112 R3SiH R4Si 

(CsH&Hz)8SiH 0 0 lo0C 0 
(C,HE.CHZCHZ),S~H Traces 5 . 8  72.5 8 . 5  
(C6HsCH2CH&H2)3SiH Traces 2 .  Sd 88.5 4 . 7  

a Heated in partially evacuated sealed tubes for 24 hr. at 
300-310'. See Experimental for details. A small explosion 
occurred upon opening the tube, indicating the possible 
formation of SiH4. No evidence in other reactions. Melting 
point lowered by 0.5'. Two fractions were obtained; ny 
1.5460 and ng 1.5512 compared to ny 1.5444 for di(gammu- 
pheny1propyl)silane. The infrared spectra of these fractions 
contained additional absorption bands at 8.0 and 9.0 
microns. 

Isoteniswpic studies ( b y  A .  Dobry).' Dibenzylsilane, di- 
benzylmethane, tribenzylsilane, and tribenzylmethane 

(8) The isoteniscopic measurements and calculations 
were made through the courtesy of Dr. Alan Dobry, 
Standard Oil Co. of Indiana, Whiting, Ind. 



JUNE 1959 STABILITY O F  SOME SUBSTITUTED SILICONE HYDRIDES .4ND ANALOGS 823 

were tested on a conventional Smith-Menzies type iso- 
teniscope. The tempcratures were found with an iron- 
constantan thermocouple and a Rubicon Type 2745 portable 
precision potentiometer. Pressures were measured wit,h an 
Ace Type C tilting McLeod gauge and a Wallace and 
Tiernan Type FA-135-173 manometer. The temperature 
ranges covered and the corresponding vapor pressures are 
listed in Table 111. 

TABLE I11 
TEMPERATCRE RANGES AND CORRESPONDING 

VAPOR PRESSURES 

Vapor Pressure, 

Compound Initial Final Initial Final 

Dibenzylsilane 83.7 304.5 1.10 794.6 
Dibenzylmethane 69 0 303.5 0.17 776.7 
Tribenzylsilane' 117.2 363.0 0.55 777.1 
Tribenzylmethane' 121.8 364.1 0.13 780.7 

Temp., "C. Mm. 

~ 

a Slight yellowing of the sample occurred during t!ie 
measurement. 

Plots of logloP us. l / Z '  were nearly straight lines in all 
cases. Only in the case of tribenzylmethane did the plot 
exhibit a break, which was a t  349". 

The data obtained from the isoteniscopic studies werc 
fitted to thc regression equation logl0P (mm.) = -A/Y'- 
(OK.) + C.  The values of A and C, as well as Lo, the laterit 
heat of vaporization, were calculatleti and arc' tabulated i n  
Table IV. 

TABLIS IV 
CONSTANTS CALCULATEU FROM ISOTENISCOPE JjAT.4 

Di- Di- Tri- Tri- 
benzyl- benzyl- bcnzyl- benzyl- 
silanc" methane* silane' methaned 

A 2926 3211 4280 4128 
C 7.94 8.49 9 .61  9.26 
Lu (K cal./mole) 13.4 14.7 19.6 18.9 

' Points below 3.1 mm. were left out of this calculation. 
Points 

Points below 1.47 mm. and 
' Only the observation a t  0.17 mm. was rejected. 
below 2.1 mm. were rejected. 
above 497.7 mm. were rejected. 

Refluxing of dibenzylsilane. In  a dry 25 ml., round-bot- 
tomed flask, equipped with a reflux condenser was placed 
0.85 g. (0.004 mole) of dibenzylsilanc, n v  1.5742. This was 
attached to a vacuum line system and cooled with a liquid 
nitrogen bath. The system was evacuated and filled with 
nitrogen to a pressure of ca. 500 mm. Tho dibenzylsilane was 
heated to 310 =k 5" for 3 hr. and cooled to room temperature. 
The hcatcd matcrittl, 0.84 g. (98.0o/,), had a refractive index 
and infrared spectrum identical to those of the starting 
material. 

Di(B-phenylethy1)~ilane.~ A solution of 0.1 mole of b- 
phenylethylmagnesium bromide in 100 ml. of tetrahydro- 
furan was added rapidly to 13.0 g. (0.1 mole) of (&phenyl- 
ethy1)silane (see next experiment), and stirred overnight. 
Thc reaction mixture was hydrolyzed by the slow addition 
of 50 ml. of 5y0 hydrochloric acid. The work-up consisted of 
separating the aqueous layer from thc organic layer, wash- 
ing it twice with 75-ml. portions of ether, drying the com- 
bined organic layer and ethcr washings over sodium sulfate, 

(0) The tetrahydrofuran used was dried by refluxing 
over sodium for a t  least 24 hr. and distilling, immediately 
before use, from lithium aluminum hydride. The reaction was 
carried out under an atmosphere of dry oxygen-free nitro- 
gen. 

~ 

filtering, removal of the solvents by distillation, and dis- 
tilling the products under reduced pressure. Di(ppheny1- 
ethyl)silane, 15.4 g. (64.3%), was collected at  140-144' 
(0.9-0.95 mm.), n v  1.5562, 1):' 0.9728. 

Anal .  Calcd. for CleH20Si: Si, 11.68; MRD, 79.56. Found: 
Si, 11.55, 11.58; MRD, 79.47. 

(P-Phen?/2eMyl)silane. To 13.5 g. (0.356 mole) of lithium 
aluminum hydride suspended in 100 ml. of sodium-dried 
ether was added 102 g. (0.426 mole) of pphenylethyltri- 
chlorosilane in 150 ml. of ether a t  a rate which maintained 
refluxing of the ether. The reaction mixture was refluxed for 
16 hr., and hydrolyzed by pouring cautiously onto a mix- 
ture of cracked ice and 50 ml. of concentrated sulfuric acid. 
The work-up was the same as described in the previous 
reaction. Two fractions of (b-phcny1ethyl)silane were col- 
lected: 16.2 g. (20.0%), b.p. 82-85' (45-48 mm.), ng 
1.5122; and 20.4 g. (35.2%), b.p. 85-86' (48-49 mm.), ng 
1.5119, D:' 0.8815. The infrared spectra had absorption 
bands characteristic of silanes of the type RSiHa.10 

Anal. Calcd. for CaH12Si: Si, 20.61; MRD, 46.12. Found: 
Si, 20.18, 20.23; MRD, 46.48. 

Di( y-phenylpropyl)silan~. y-Phenylpropylmagnesium bro- 
mide, 0.97 mole in 1000 ml. of ether solution, was added to  
75.4 g. (0.44 mole) of silicon tetrachloride in 100 ml. of ether 
a t  a rate which maintained refluxing. The reaction mixture 
was rcfluxed for 1 hr. and cooled to room temperature. 
The magnesium salts were removcd by filtration under 
nitrogen pressure and woshcd with 300 ml. of ether. The 
combined filtrate and ether washings were added to 9.47 
g. (0.25 molc) of lithium aluminum hydridc suspended in 
100 ml. of ether a t  a rate which maintained refluxing. The 
miction mixture was refluxcd for 2 hr., and worked up as 
ticscribed in  thc: previous reaction. The products werc dis- 
tilled undcr H prassurc: of 25 mm. until the tcmporature of 
the disti1lat.e was 100". Thc infrarcd spcctrum of this low- 
boiling material indicatcd the prcsmct. of 
silane. Thc distillation was continued at  a lesser pressure 
to give 58.5 g. (4!).2oj,) of di( y-phoriyIpropyl)silane, b.p. 
139-145" (0.2-0.3 mm.), n? 1.5445. A portion of this mate- 
rial was rcdistilled and was ~ollccted at  i53-154" (0.55 mm.), 
n'," 1.5444. D:' 0.9530. 

A m l .  Calci. for C,sHpsSi: Si, 10.46; MRI,, 88.82. Found: 
Si, 10.34, 10.24; MRI), 88.98. 

Dabenzylmethane (1,s-diphenylpropan). 1,3-Diphenyl-2 
propanone, b.p. 142-146" (0.16 mm.), m.p 36', was re- 
duced to the hydrocarbon by a Wolff-Kischner reaction 
using the modified, gencral procedure of Huang-Minlonll 
for other ketones. A mixture of 31.9 g. (0.15 mole) of the 
krtone, 20 g. (0.36 mole) of potassium hydroxide, 13.5 ml. 
of 95% hydrazine and 150 ml. of triethylenr glycol waa 
heated slowly to 140" over a period of 2 hr. The tempera- 
ture was slowly raised to 100°, during which the aqueous 
distillatc was removcd by means of a talte-off adapter on 
the reflux condenser. The reaction mixture was refluxed for 
16 hr. and cooled to room temperaturc. Thc aqueous dis- 
tillate and the reaction mixture were combined with 100 
ml. of watcr and extracted four times with 50-mI. portions 
of ether. The combined ether extracts wcrc washed twice 
with 100-ml. portions of water, dried over sodium sulfate, 
and filtcred. The ether was removed by distillation and the 
product distilled under reduced pressure to give two frac- 
tions of dibenzylmethane: 4.81 g. (16.4%), b.p. 123-124' 
(1.7 mm.); and 22.92 g. (77.8%), b.p. 124" (1.7 mm.). 
The infrared spectra and physical constants of the two frac- 
tions were identical: n? 1.5595,12 D:' 0.9818. 

(10) Unpublished studies. 
(11) Huang-Minlon, J. Am. Chem. Soc., 68, 2487 (1946). 
(12) Wide variations of the value for the refractive index 

of 1,3-diphenylpropane have been reported in the literature. 
However, a refractive index of n g  1.5634 with a tempera- 
ture dependence of 0.0008 per degree was reported by J. 
F. Sirks, Rec. trnv. chim., 62, 193 (1943). His value, when 
corrected to 20', is n v  1.5594. 
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Anal. Calcd. for C16HI~: MRD, 64.80. Found: MRD, 
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Confirmation of previous postulates regarding the steric course of two metalation reactions of ferrocene is presented. It 
is rigorously shown that treatment of ferrocene with n-butyllithium or with phenylsodium gives rise to 1,l’-dilithioferrocene 
or 1,l’-disodioferrocene, respectively. Dilithio- and disodioferroccnc were converted to silyl derivatives which are identical 
to those obtained from reactions of corrcspondingly substituted eyclopcritadienes arid iron(I1) chloride. 

In  a previous publication from this laboratory2 
some work concerning the mctsllatiori of ferrocene 
was described. Included in that report was the prep- 
aration of two silylferrocenes which were obtained 
from treatment of the reaction mixture of ferrocene 
and n-butyllithium with trimethylchlorosilane. 
Analytical values obtained from these products 
were consistent with a monosubstituted ferrocene, 
trimethylsilylferrocene (I), and a disubstituted 
ferrocene which was assigned the structure, 1,l’- 
bis(trimethylsily1)ferrocene (11). The assignment 
had as its basis the absence of absorption near 9 
and 10 p in the infrared spectrum of the compound 
(9-10 Rule3). 

R? 

I. 
11. 

111. 
IV. 
V. 

R* 
H- 

(CH,),Si-- 
H- 

(n-C6H,3)8Si- 
H- 

VI 1 Li- 
VII. Na- H- 

VIII. Na- Na- 

In  the present study, treatment of the mixture 
of lithioferrocenes (V and VI) with tri-n-hexyl- 
bromosilane also yielded a mono- and disubsti- 
~~ 

(1) Presented before the Division of Organic Chemistry, 
134th Meeting, ACS, Chicago, September 1958. 

(2) M. Rausch, M. Vogel, and H. Rosenberg, J .  Org. 
Chem., 2 2 ,  900 (1957). 

(3) M. Rosenblum and R. B. Woodward, J .  Am. Chem. 
SOC., 80, 5443 (1958); cf. M. Rosenblum, doctoral disserta- 
tion, Harvard University 1953. 

tuted silylferroccnc. The infrared spectra of both 
compounds, in this case, exhibited strong absorp- 
tion a t  9 and 10 p .  This observation, therefore, 
caused us to consider the correctness of the prev- 
ious structural assignment for II.2 The fact that the 
spectrum of tri-n-hexylbromosilane also showed 
strong absorption a t  9 and 10 p,  could not, a t  first, 
be taken to mean that these bands were the ones 
present in the spectrum of IV since it was not pos- 
sible to preclude the absence of 9-10 absorption due 
to the ferrocene nucleus of IV. Additional experi- 
mental work, however, conclusively showed both 
disubstituted silylferrocenes, I1 and IV, to possess 
heteroannular orientation; so that the absorption 
a t  9 and 10 p in the spectrum of IV was, in fact 
attributed to the substituents and not to a possible 
inconsistency with the 9-10 Rule. 

The heteroannular locations of the silyl functions 
in I1 and IV were proven by synthesis of both 
compounds from the correspondingly substituted 
cyclopentadiene derivatives, I X  and X. 

$(CH3)3 [Sj(?z-Cd-JdJ 
1. n-BuLi 
2. Fe’ll)  - IV 1. n-BuLi 

2. FelIl) 

IX 

Trimethylsilylcyclopentadiene (IX) was prepared 
according to the procedure reported by Frisch.4 
This material was treated with n-butyllithium fol- 
lowed by iron(I1) chloride to yield 1,l’-bis(tri- 
methylsily1)ferrocene (11). The product gave rise 
to an infrared spectrum identical to that obtained 
from the disubstituted product previously pre- 
pared via lithiation of ferrocene.2 

(4) K. C. Frisch, J. Am. Chem. SOC., 7 5 ,  6050 (1953). 


