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move residual hydrogen chloride. The resulting phosphonic 
acids were dried to constant weight a t  loo", under vacuum 
when necessary. The one crystalline solid acid was recrys- 
tallized three times from cyclohexane and appeared to  con- 
tain one molecule of water of hydration. 

Hydrolysis wzth alkali. A typical example of an alkaline hy- 
drolysis follows : ( ~ - C ~ H S O ) (  CH&SiCH2CH2P(O)(OCaHs-n)?, 
10.56 g., 0.03 mole, was refluxed for 24 hr. with a 0.9N 
S a @ H  solution. The acidified hydrolysis mixture was ex- 
tracted with benzene from which the product was isolated 
on evaporation of the henzene. The product weighed 5.0 g. 
and an electrometric titration gave neutral equivalents of 
279 and 211 for one hydrogen and both hydrogens, respec- 
tively. Assuming no cleavage, the titration values would be 
satisfied by an overall structural formula of: 

with 24 mole 7 0  of the phosphorus present with 2(-OH), 
59 mole yo with l(-OCdHm) and 1(-OH), and 17 mole yo 
with 2(-0GHs-n). The 5.0 g. of product isolated represents 
a 73yo yield based on formula A. A second structural formula 
in agreement with the titration data, but in which cleavage 
to  yield dimethylsiloxy-units is assumed, would be: 

with 30 mole % of the phosphorus present with 2(-OH), 
70 mole % with l(-OCaHg-n), and I(-OH), and none with 
2(-oC&1-n). The 5.0 g. of product would then represent a 
120% yield; this was the first evidence against formula B. 
The H1 NMR spectra were obtained on the product diluted 
to Soy0 in carbon tetrachloride and on the product diluted 
to 25% by addition of benzene to the carbon tetrachloride 
solution. Only one methyl-silicon peak was found in each 
spectrum. The benzene solvent was chosen because a single 
peak is often split into two peaks by benzene if two different 
groups are present but give superimposed resonances. Only 
one methyl-silicone peak is consistent with formula A, but 
two peaks would be expected for formula B. Also, from these 

spectra, the ratio of -CHaO- to  -OH groups estimated 
from the area under the respective peaks to he 0.85. The 
ratio calculated for formula A is 0.87 and for formula B 0.54. 
Thus, all of the evidence available is in agreement with the 
product having structural formula A rather than B. 

Analyses. The phosphorus bond refraction values used in 
this work were calculated from organophosphorus com- 
pounds found in the literature, and agreed favorably with 
values recently reported by Gillis et aLIO Their data included 
only one value for the P=O bond refraction in either phos- 
phate or phosphonate structures, whereas our data indi- 
cated that two different valnes n-ere necessary as listed in 
Table 111. 

TABLE I11 
BOSD REFRACTION (CC. -1) 

Bond Gillis Our Values 

P-0 3.18 3.14 
P=O in phosphates 
P=O in phosphonates 
P-c 

-1.07 
-1.42 -1 .22  

3.60 3.66 
I 

Both silicon and phosphorus were determined gravi- 
metrically following a sodium peroxide fusion in a Parr 
peroxide bomb. Considerable difficulty mas encountered in 
this procedure by both analytical laboratories. 

A Beckman pH meter, model H 2, was used for the electro- 
metric titrations. 

Acknowledgment. The NhlR spectra and inter- 
pretations thereof were performed by 31r. P. C. 
Lauterbur of this laboratory. 
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A series of compounds containing the tribenxylsilyl group has been prepared from tribenzylsilane and the appropriate 
organolithium reagent. @ne of these compounds, tetrakis( p-tribenzylsilylphenyl)silane, is apparently the highest molecular 
weight compound containing only carbon, hydrogen, and silicon. Compounds containing the tribenzylsilyl group are char- 
acteristically low-melting solids or liquids and are thermally stable. 

The unusual stability of tetrabenzylsilane' and 
tribenzylsilane2 prompted the preparation of a 
series of tetrasubstituted silanes containing the tri- 
benzylsilyl group. 

The tribenzylsilyl derivatives were prepared by 
treatment of tribenzylsilane with the appropriate 
aryllithium reagent, a method which has been used 
for the synthesis of tetrasubstituted  silane^.^ 

The aryllithium reagents were obtained by re- 
action of the organic halide with lithium metal, by 
halogen-metal interconversion reactions, and by 
metalation reactions. The new tribenzylsilyl deriva- 
tives and their physical properties are listed in 
Table I. 

In the preparation of p-bromophenyltribenzyl- 
silane from p-brom~phenyllithium~ and tribenzyl- 

(CBH,CH,),SiH + ArLi + (C,jH,CHz),SiAr + LiH (3) H. Gilman and S. P. hlassie, Jr., J .  Am. Chem. Soc., 
68. 1128 (1946): R. N. Meals. J .  Am. Chem. Soc.. 68. 1880 

(1) A.Polis, Ber.. 19, 1012 (1886). 
(2) H. Gilman, R. A. Tomasi, and D. Wittenberg, J .  Org. 

(1946); H. Gilman and H. W. Melvin, J .  Am. Chem: Soc., 
71, 4050 (1949); H. Gilman and E. A. Zuech, J .  -4m. Chem. 

Chem.., 24,821 (1959). Soc.,81,5925(1959). 



TABLE I 
( C6HsCHz)sSiR COMPOUNDS 

R 
Yield, Silicon, % Volatilization 

Product Sa M.P." % Calcd. Found Temperature' 

O-Tolyl 

P-Tolyl 
m-Tolyl 

o-Biphenyl yl 
m-Biphenyl yle 
p-Biphenyly 1 
o-Phenoxypheny 1 
m-Phenoxyphen y 1 
p-Phenoxyphenyl 
p-Trimethylsilylphen yl" 
p-Bromophenylh 
p-Bromobiphen yl y1 
p-Terphenyl-4-y13 

70-72 
d 

41-43 

A 

A 124-125 
A 133-134 
A 121-123 
A 8 1-82.5 

A 105-107 

A 72-74 
I3 114.5-115.8 
C 125-127 

J 

0 

48 
30.8 
68 
15 .8  
8 .1  

51.6 
13.6 
68.6 
56.8 
28.3 
32 .8  
25.9 
24 6 

- 
7.15 
7.15 
7.15 
6 .18  
6 .18  
6.18 
5.97 
5.97 
5.97 

6.14 
5.26 
5.29 

7.19,7.15 
7.27,7.16 
7.13,7.22 
6.17,6.18 
6.10,6.22 
6.14,6.25 
5.85,5.84 
6.06,5.79 
6.00 

6.19 , 6 .2?1 
5.23,5.20 
5.28,5.20 

465 
440 
460 
480 

490 
4 50 
490 
490 
440 
465' 

510 

a Solvent for recrystallization. A = petroleum ether (b.p. 60-70°), B = pentane-benzene mixture, and C = petroleum 
ether (b.p. 60-70°)-toluene mixture. See Ref. 6. B.p. 198-200°/0.007 mm. B.p. 187-191"/0.005 mm., n%' 1.6163, 
d i z  1.0692, MRD 128.36 (Calcd. MRD 128.0). e Prepared by W. J. Trepka of these laboratories. 'B.p. 240-243"/0.003 
mm. Prepared by E. A. Zuech of these laboratories, b.p. 200-202°/0.005 mm., n*z 1.5952, d;: 1.0362, Anal. Calcd. for 
C30H34Si?: C, 79.93; H, 7.60; MRD 149.09. Found: C, 79.91, 79.90; H, 7.41, 7.30; MRD 146.85. p-Phenylenebis(tribenzy1- 
silane) was also isolated. See Table 11. ' Turns amber color a t  this temperature. 3 Prepared hy E. A. Zuech of these labora- 
tories. 

TABLE I1 
CObfPOUSDS PREPARED FROM ~-TRIBENZYLSILYLPHENYLLITIIIUM 

Reagent 

Carbon Dioxide 

Tribenz ylsilane 

Diphenyldichlorosilane 

Methylphenpl-p-tolyl- 

Silicon tetrachloride 
silane 

Product 
Yield, Silicon, yo 

Formula Sa M.P." yo Calcd. Found 

p-Tribenzylsilylbenzoic C2sH2602Si A 150-152 36 .5  6 .  65 6.57,6.58 

p-Phenylenebis(tribenzy1- C48H46Si2 B 155-157 15 8.27 8.28,8.28 

Bis(p-tribenzylsilylpheny1)- C66H60Si3 B 142-143.5 43.4 8.99 8 .82 ,s .  90 

Methylphenyl-p-tolyl(p-tri- CalH&i2 ' J 56.1 9.54 9.34,9.43 

Tetrakis(ptribenzylsily1- ClosHlooSi:, -4 159-161 51 9.13 9.07,9.22 

Acid 

silane) 

diphenylsilane 

bene ylsilylphenyl )silane 

pheny1)silane 

Vola- 
tiliza- 
tion 

Tem- 
pera- 
tureb 

440' 

520d 

540e 

475 

510 

a Solvent for recrystallization. A = petroleiim ether (b.p. 60-70") and B = benzenepetroleum ether (b.p. 60-70") mix- 
Condensate was light amber. e Turns yellow to amber 525-535". Viscous ture.' See Ref. 6. ' Turns an amber color a t  425". 

oil, b.p. 290--291°/0.003 mm., which slowly forms a soft waxy product. 

si1 ane, p-phenylenebis(tribenzylsilane)6 mas iso- 
lated as a side-product. The compound was identical 
with that formed by the interaction of p-tribenzyl- 
silylphenyllithium and tribenzylsilane. Evident& 
some 1,bdilithiobenzene was formed in the halo- 
gen-metal interconversion reaction for the prepa- 
ration of p-bromophenyllithium. 

The compounds of Table I1 were obtained by the 
reaction of p-tribenzylsilylphenyllithium (11) with 
the appropriate reagent. The organolithium coni- 
pound 11, formed also via a halogen-metal inter- 
conversion reaction, was partially characterized 
by carbonation to the benzoic acid derivative 111. 

The monomeric tribenzylsilanes (Table I) were 
(4) H. Gilman, W. Langham, and F. W. Moore, J .  4m. 

(5) The names used herein are those preferred by Chpmi- 
Chem. Soc., 62,2327 (1940). 

cnl.4hstmct.<. 

+ LiE? 
R = .4ryl and/or alkyl 
Y = H or C1 

all crystalline low melting solids with the exception 
of m-tolyl- and p-trimethylsilylphenyltribenzyl- 
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silane which were liquids. The tribenzylsilyl deriva- 
tives of both Tables I and I1 are also noteworthy 
for their good thermal stability properties, volati- 
lizing above 440°.6 

Tribenzylsilyl compourids previously prepared 
are also low-melting solids or liquids and, in those 
cases studied, possess rather high volatilization 
temperatures. These compounds with their physical 
properties are shown in Table 111. 

TABLE I11 
PHYSICAL PROPERTIES OF TRIBENZYLSILYL COMPOUNDS 

Volatili- 
zation 

B.P."/ Tempera- Refer- 
M.P." mm. ture ence 

Tribenzylsilarie 0 1 a 
Tribenzylclodecyl- 

Tribenzylcyclo- 

Tribenzylphenyl- 

Tri benzyl-p-anisyl- 

Tri benzyl-I-nap h- d 

Tribenzylvinyl- 

silane 216/0.06 430 

hexylsilane 108/0.25 420 b 

b silane 59 450 

silane 83 

thylsilane 314/26 

silane 76 .5  

c 

e 

Tetrabenzylsilano 127.5 550 f 
Tetra( m-fluoro- 

(Oxydi-p- 
benzy1)silane 62 P 

pheny1ene)bis- 
( tribenz ylsilane) 320/0.001 540 h 

W. E. Evison and F. S. Kipping, J .  Chem. SOC., 2830 
(1931). See also Ref. 2. ' H. Gilman and D. Miles, J .  Org. 
Chem., 21, 254 (1956). H. Gilman and F. G. Marshall, J .  
Am. Chem. SOC., 71, 2066 (1949). V. S. Chugunov and A. 
D. Petrov, Izvest. Akad. Nauk S.S.S.R., Otdel. Khim. Nauk, 
713 (1953), [Chern. Abstr., 48, 12716 (1954)l. e R. Nagel 
and H. W. Post, J .  Org. Chem., 17, 1379 (1952). 'See Ref. 
1. P H. Gilman and R. K. Ingham, J .  Am. Chem. Soc., 77, 
1680 (1955). H. Gilman and D. Miles, J .  Org. Chem., 23, 
1363 (1958). 

The compounds of Table I1 were also rather low- 
melting solids, except for methylphenyl-p-tolyl- 
(p-tribenzylsilylphenyl)silane, which was a very 
viscous oil slowly solidifying to  a waxy solid. 
The low melting points of these compounds can 
be contrasted with the high melting points of the 
perphenylated analogs (Table IV). 

The most interesting compound of Table I1 is 
tetrakis (p-tribenzylsilylphenyl) silane obtained from 
the reaction of the organolithium compound I1 
with silicon tetrachloride. This low-melting solid 
has a molecular weight of 1537 and can be crystal- 
lized from petroleum ether (b.p. 60-70'). Only a 
few compounds containing only carbon, hydrogen, 

(6) Volatilization points were determined by heating the 
compounds in an unsealed capillary tube mounted in a flame- 
heated copper block. All the compounds produced clear or 
pale yellow condensates unless otherwise noted. 

and silicon and having a molecular weight of this 
order, are known : 1,2-ethylenebis(tri-n-hexadec- 
ylsilane) (C98H&iz)7a ; rn-phenylenebis(tri-n-hex- 
adecylsilanc) (ClozH&iz) ,7b and p-biphenylene- 
bis(tri-n-hexadecylsilane) (ClozHz,,Si?, isolated as 
a slightly impure liquid).8 Apparently, tetrakis(p- 
tribenzylsilylpheny1)silane is the first known ex- 
ample of a pure nonpolymeric organosilicon com- 
pound containing only carbon, hydrogen, and sili- 
con with a molecular weight greater than 1500. 
However, compounds containing other elements in 
addition to the above with known molecular weights 
equal to or greater than 1500 have been r e p ~ r t e d . ~  

EXPERIMENTAL'* 

Starting materials. Except for m-bromophenyl phenyl ether 
and p-bromophenyltrimethylsilane, the aryl halides were 
commercially available. m-Bromophenyl phenyl ether was 
prepared, in a manner similar to the preparation of p-  
bromophenyl phenyl ether," by heating m-dibromobenzene 
and potassium phenoxide in the presence of copper catalyst 
a t  205" for 20 hr.: 39.4%, b.p. 168-171°/15 mm., n y  1.6075, 
d i z  1.3944. 

Anal. Calcd. for C12HBBrO: C, 57.82; H, 3.64; Br, 32.08. 
Found: C, 58.50, 58.75; H, 3.74, 3.80; Br, 31.18, 31.40. 

p-Bromophenyltrimethylsilane was prepared as described 
previously from p-brornophenyllithi~m~ and trimethyl- 
chlorosilane.12 

o-Tolyltribenzylsilane. o-Tolyllithium (0.047 mole) in 40 
ml. of dry ether was added to 9.07 g. (0.03 mole) of tri- 
henzylsilane dissolved in 50 ml. of ether. After refluxing 
68 hr., Color Test 11% was negative. The reaction mixture 
was hydrolyzed with dilute acid and the layers separated. 
The organic layer was washed free of acid, dried, and dis- 
tilled. The residual oil was distilled under reduced pressure 
to give 5.85 g. of material boiling over the range 172-192' a t  
0.018 mm. After standing, the distillate crystallized, and 
upon recryfitallization from petroleum ether (b.p. 60-70°), 
there was obtained 5.65 g. (48y0) of pure product melting 
at  70-72". 

A n ~ 1 . 1 ~  Calcd. for C28H&i: Si, 7.15. Found: 7.19, 7.15. 
The same general procedure was used to prepare m- and 

p-tolyl-, 0-, m-, and p-biphenylyl-, and p-trimethylsilyl- 
phmyltribenzylsilane (Table I). 

(7) (a) R. D. Gorsich, Ph.D. thesis, Iowa State Univer- 

(8) D. Miles, Ph.D. thesis, Iowa State University, 1957. 
(9) See, for example, Pharmazeutische Indnstrie G.m.b.H. 

and R. Hauschka, Austrian Patent 86,131, Chem. Abstr., 
17, 1865 (1923); G. Klein and H. Nienberg, Ber., 69B, 
2066 (1936); V. Morrill, Jr., U.S. Patent 2,416,531, Chem. 
Abstr., 41, 3819 (1047); H. Staudinger and Vir. Hahn, 
Mnkromol. Chem., 11, 24 (1953); V. A. Zeitler and C. A. 
Brown, J .  Am, Chem. Soc., 79, 4616 (1957). 

(10) All reactions were carried out under a dry, nitrogen 
atmosphere using oven-dried glass ware. All melting points 
are uncorrected. The infrared spectrum of each of the com- 
pounds was compatible with the assigned structure. 

(11) E. Krause and K. Reinherg, Ber., 62, 2235 (1929). 
(12) C. A. Rurkhard, J. Am. Chem. Soc., 68,2103 (1946); 

H. Gilman, H. W. Melvin, and J. J. Goodman, J .  Am. 
Chem. SOC., 76, 3219 (1954). 

(13) H. Gilman and F. Schnlze, J .  Am. Chem. SOC., 47, 
2002 (1925). 

(14) The silicon content was determined by the method 
of H. Gilman, B. Hofferth, H. W. Melvin, and G. E. Dunn, 
J .  Am. Chem. Soc., 72,5767 (1950). 

sity, 1957; (h)  R. D. Gorsich, unpublished studies. 



JULY 1960 SOME DERIVATIVES OF TRIBENZYLSILANE 1197 

TABLE IV 

Tribenzylsilyl M.P. O Perphenylated M.P." 

L J 4  

155 

1 42 

159 
r 7 

385b 

~ 

a K. Oita, Pn.D. thesis, Iowa State University, 1955, and J. J. Goodman, Ph.D. thesis, Iowa State University, 1955. L. 
Spialter and C. W. Harris, Aeronautical Research Laboratory, Wright Air Development Center Technical Report 58-276 
Wright-Patterson Air Force Base, Ohio, January 1959. 

o-Phenoxyphenyltrihentylsilane. o-Phenoxyphenyllithiumlb 
was added to 8.57 g. (0.028 mole) of tribenzylsilane in 100 
ml. of ether. After refluxing 14 hr., Color Test I was nega- 
tive. The reaction mixture was cooled and hydrolyzed with 
dilute sulfuric acid. The organic layer was separated, dried, 
and distilled to remove the solvent. The oily residue was 
distilled under reduced pressure to give a viscous fraction 
which crystallized on standing. The material was recrys- 
tallized from petroleum ether (b.p. 60-70') to yield 1.79 g. 
(13.6%) of pure o-phenoxyphenyltribenzylsilane, m.p. 81- 
82.5'. 

Anal. Calcd. for C3JH3UOSi: Si, 5.97. Found: Si, 5.85, 
5.84. 

From lower b4ling fractions collected during the dis- 
tillation, trihenzylsilane, amounting to 5.75 g. (67.9'%), 
was recovered. 

m-PhenoryphenyltribeILzvlsilane. vz-Phenoxyphenyllithium 
was prepared by adding 0.02 mole of an ethereal solution 
of n-hutyllithiumlB to 4.98 g. (0.02 mole) of m-bromophenyl 
phenyl ether a t  -15". When the addition was complete, 
Colqr Test 1 1 1 7  was negative. Tribenzylsilane (5.44 g., 
0,018 mole) dissolved in 60 ml. of ether was added to the 
m-phenoxyphenyllithium while maintaining the tempera- 
ture near -15". The reaction mixture was warmed to rmm 
temperature and then refluxed 20 hr. a t  which time Color 
Test I waR negative. Careful hydrolysis with a saturated 
solution of ammonium chloride, followed by the usual separa- 
tion, drying, and distillation procedures gave an oily product 
which was distilled to give 5.81 g. (68.6%) of mphenoxy- 
phenyltrihenzylsilane, b.p. 240-243°/0.003 mm. 

Anal. Calcd. for CJ~Hlo08i: Si, 5.97. Found: Si, 6.06, 
5.79. 

Similarly, p-phenoxyphenyl-,'s p-bromobiphenylyl-, and 
p-terphenyl-4-yllithium1Q were prepared as described and 
reacted with tribenzylsilane (Table I). 

p-Bromophenyltribenzylsilane. p-Bromophenyllithi~rn~ was 
prepared as previously described frqm 81.6 g. (0.35 mole) 
of p-dibr7mobenxene and 0.35 mole of n-butyllithium in 
250 ml. of ether. The temperature was maintained between 
-15' and -20°, and after 5 hr. of stirring a t  this tempera- 
ture, Color Test I1 was negative. Trihenzylsilane (107 g., 
0.35 mole), dissolved in 950 ml. of ether, was added to the 
organolithiilm reagent. The solution was allowed to warm 

(15) K. Oita and H. Gilman, J .  Org. Chem., 21, 1009 
(1956). 

(16) H. Gilman, J. .4. Beel, C. G. Brannen, h l .  W. BIII- 
lock. G. E. Diinn. anti I,. S. Miller, J .  Am. Chetn. Soc., 71, 

_~____ 

1817 (1940'' .  

25(19571. 

(1957). 

(18\ H. Gilman and .J. J. Goodman, J .  Ora. Chenz., 22, 

(19) €I. (film:Ln and E. A. Rcipcrt, J .  Org. Chetn., 22 ,  440 

to room temperature and then refluxed for 34 hr. Although 
Color Test I was positive a t  the end of this period, the reac- 
tion mixture was hydrolyzed with dilute hydrochloric acid 
and filtered to remove the white solid which had formed 
a t  the interface. The aqueous layer was separated, extracted 
with ether, and discarded. The organic layer was washed with 
water and dried over anhydrous calcium sulfate. The in- 
soluble solid was crystallized from a benzene-petroleum 
ether (b.p. 60-70") mixture to give 16.96 g. (14.3y0, based 
on tribenzylsilane) of a crystalline solid melting a t  155- 
157", and identified as p-phenylenebis( tribenzylsilane) 
by its silicon analysis, synthesis from p-tribenzyldylphenyl- 
lithium and tribenzylsilane, and by comparison of the 
infrared spectra. 

Anal. Calcd. for ClsH4&i2: Si. 8 .Z .  Found: Si, 8.28, 8.09, 
8.28. 

The dried organic layer was concentrated, and et'hanol 
added to the residue. The solid that formed was removed 
by fi1t)ration and recrystallized twire from petroleum ether 
(h.p. 60-70") to give 52.5 g. (32.8%) of pure p-bromo- 
phenyltribenzylsilane melting a t  72-74'. 

Anal. Calcd. for Cz7HtsBrSi: Si, 6.14. Found: Si, 6.19, 
6.23. 

p-Trihenzylsilylhenzoic acid. p-Tribenz ylsilylphenyllithium 
was prepared by adding 0.005 mole of n-butyllithium to 2.33 
g. (0.005 mole) of p-bromophenyltribenzylsilane dissolved in 
50 ml. of ether. After stirring 2 hr. a t  room temperature, 
Color Test I was positive and Color Test I1 was negative. 
The mixture was poured onto a slurry of Dry Ice and ether 
and warmed to room temperature. Subsequent to hydrolysis, 
the organic layer was separated from the basic aqueous 
layer. The aqueous layer was acidified and the crude acid 
removed by filtration. Recrystallization of the acid from 
petroleum ether (b.p. 60-70') gave 0.77 g. (36.5%) of pure 
product, m.p. 150-152". 

Anal. Calcd. for CzsHzsOzSi, 6.65. Found: Si, 6.57, 6.58. 
Methylphenyl-p-tolyl(p-trihenzglsil?llpherlUl)silane. p-Tri- 

I~enzylsilylphenyllithium was prepared as described above 
from 10.06 g. (0.022 mole) of p-bromophenyltribenzylsilane 
and 0.022 mole of n-biityllithium in 75 ml. of ether. To t,his 
solution there was added 4.67 g .  (0.022 mole) of methyl- 
phenyl-p-tolysilane20 in 25 ml. of ether. After stirring 3 hr. 
a t  room temperature, hydrolysis was cffectrd with dilute 
acid and the reaction worked up in the usnal manner. Dis- 
tillation of the rpsidne gave 6.71 g. (56.1%) of a viscous 
oil, h.p. 290-291 '/0.003 mm. 

Anal. Calcd. for C41H10Siz: Si, 9.54. Found: Si, 9.34, 9.43. 
Tetruli.is(p-tribenzylsilylphenyl)silane. Silicon tetrachloride 

(1.19 g., 0.007 mole) in 15 ml. of ether was added dropwisp 
to 0.028 mole of p-tribenzylsilplphenyllithiuni prepmect as 
described above. The solution was allowed to stir for 18 hr. 

(20) €1. G. 13rooks, Jr., unpublished studies. 
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after which Color Test I was negative. The reaction mixture 
was hydrolyzed with dilute acid and treated as previously 
described. There was obtained from the organic layer, a 
white solid which was recrystallized from petroleum ether 
(b.p. 60-70") to give 5.1 g. (51%) of crystalline product 
melting a t  159-161'. 

Anal. Calcd. for CmHmSis: C, 84.31; H, 6.55; Si, 9.13. 
Found: C, 84.41, 84.43; H, 6.53, 6.43; Si, 9.07, 9.22. 

The reactions of p-tribenzylsilylphenyllithium with tri- 
benzylsilane and diphenyldichlorosilane were carried out in 
an analogous manner (Table 11). 
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Synthesis of Bis(diethoxymethylsilyl) Derivatives of 4,4'-Dibromobiphenyl, 
4-Bromophenyl Ether, a,p-Dibromotoluene, and 1,6-Di bromohexane' 
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The syntheses of bis-p-(diethoxymethylsily1)phenyl ether, 4,4'-bis(diethoxymethylsilyl)biphenyl, 1,6-bis~diethoxymethyl- 
silyl)hexane, and a,p-bis(diethoxymethylsily1)toluene are described. 

As a part of our continued interest in novel silane 
monomers for use in the preparation of cross-linked 
siloxane polymers, we have prepared a series of com- 
pounds with the following structure : 

CzHj0 OC& 
I I 

CH~-Si-R-Si-CH8 
I I 
OC2Hj CZH~O 

Where R is 

-(CHdb- 

Although the synthesis of p-phenylenedisilanes 
was investigated earlier,2 procedures for their prep- 
aration could not be extended to this series. For 
each of the new compounds it was necessary to find 
a method that would give pure materials in satisfac- 
tory quantities for evaluation studies. 

Derivatives of 4,4'-dibromobiphenyl and p-bromo- 
phenyl ether. According to the literature, lithium 
and sodium reactions give 4,4'-disilyl derivatives of 
4,4'-dibromobiphenyl and p-bromophenyl ether, 
but only the lithium derivatives have been used 
to  prepare silane derivatives with hydrolyzable 
functionality. With dilithium intermediates Baum 
obtained 4,4'-bis(chlorodimethylsilyl)biphenyl and 
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bis-p- (chlorodimet hylsilyl) phenyl et her ; however, 
others have reported difficulty in repeating his pro- 
cedure. Various totally alkylated and arylated 
derivatives, also prepared via the dilithium inter- 
mediates, have been reported by Gilman. 

By means of condensations in the presence of so- 
dium, Clark prepared 4,4'-bis(trimethylsily1) bi- 
phenyl, 4,4'-bis(dimethylphenylsilyl)biphenyl, and 
bis-p (dime thylphenylsilyl) phenyl et her from the 
dibromides and the appropriate chlorosilanes, but 
reported no  yield^.^ 

Polymeric materials were the chief products wheii 
dilithium reagents were treated with polyfunctional 
silanes in our laboratory. Polyfunctionality of both 
reactants required inverse addition, but the dilith- 
ium derivative could not be transferred and added 
satisfactorily to the silane because it was a solid. 

,41t hough the bis-p- (diet hoxymet hylsilyl) phenyl 
ether was conveniently prepared by a condensation 
in ethyl ether in the presence of sodium, the corre- 
sponding derivative of 4,4'-dibromobiphenyl could 
not be prepared by the same method. The limiting 
factor was apparently the solubility of the dibro- 
mide whose concentration in solution was too low to 
permit the reaction to proceed at  a satisfactory 
rate. Arylsodium intermediates were apparently 
formed in tetrahydrofuran, but were destroyed 
by the solvent. Only p-bromophenyl ether in 
ethyl ether provided adequate dibromide concen- 
tration to  promote an exothermic reaction; the 
same reactants in toluene did not produce the con- 
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