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From time to time reference has been made to the effects of steric hindrance in 
connection with the preparation and reactions of certain organosilicon com- 
pounds. Cusa and Kipping (1) were unable to prepare sym-tetracyclohexyldi- 
phenyldisiloxane from dicyclohexylphenylsilanol and they attributed this failure 
to steric factors. Schumb and Saffer (2) showed that in the reaction of silicon 
tetrachloride with p- ,  m-, and o-tolylmagnesium bromides, the yields of the cor- 
responding tetratolylsilanes were 35%, S%, and O%, respectively. They were also 
unsuccessful in their attempts to prepare tetra-o-tolylsilane by a Wurtz reaction 
involving silicon tetrachloride, o-bromotoluene, and sodium. The negative results 
here were also attributed to steric factors. Gilman and Clark (3) have shown that 
when silicon tetrachloride (or ethyl silicate) is treated with excess isopropyllith- 
ium a t  moderate temperatures only three chlorine atoms are replaced by iso- 
propyl groups. Again, while triisopropylphenylsilane could be prepared, tri- 
isopropyl-o-tolylsilane could not. Tyler, Sommer, and Whitmore (4) were able 
to prepare tert-butyltrichlorosilane by treating silicon tetrachloride with tert- 
butyllithium at the boiling point of n-pentane. A second teri-butyl group was 
readily attached to the silicon by the use of somewhat higher temperatures but 
neither tri-tert-butylchlorosilane nor tetra-tert-butylsilane could be prepared. 
These data may be interpreted in terms of steric hindrance. 

The experiments reported in this paper indicate that steric factors are of prime 
importance in the case of o-tolyl- and mesityl-silanes. In o-methoxyphenylsilanes 
these factors appear to be less important. These conclusions are in accord with 
the findings of Adams and co-workers (5) who have demonstrated that the steric 
effect of the methoxyl group is much less than that of the methyl group. These 
investigators found, for example, that active p-chloro-p-(2-methozy-4,6-dimethyl- 
5-chlorophenyl)acrylic acid could be easily racemized, the half-life being nine 
minutes in butanol at 20"; active p-chloro-p- (2-melhyl-4,6-dimethy1-5-bromo- 
pheny1)acrylic acid had a half-life of 200 minutes in boiling butanol. 

As might be predicted on the basis of atomic volume and position in the 
Periodic Table, steric factors are of greater importance in organosilicon 
compounds than in the corresponding derivatives of germanium, tin, and lead. 
Johnson and Nebergall encountered steric factors while preparing highly sub- 
stituted germanes from germanium tetrachloride and organolithium compounds 
(6) but tetra-o-tolylgermane (7), tetra-o-tolyltin ( S ) ,  and tetraisopropyllead (9) 
have all been prepared using less drastic conditions than appear necessary for the 
preparation of tetraisopropyl- and tetra-o-tolyl-silanes. On the other hand, steric 
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factors appear to be less important in organosilicon compounds than in the cor- 
responding methane derivatives. Tetraisopropylmethane, tetra-0-tolylmethane, 
and similar compounds have not been reported although both tri-o-tolylmethane 
(10) and triisopropylmethane (11) are known. The preparation of tris-2,5-di- 
methylphenylboron (12) is noteworthy. Here, however, the boron to  carbon bonds 
may well be all in one plane [as they are in trimethylboron (13)] so that steric 
hindrance would be diminished as compared with the tetrahedral fourth-group 
elements. 

Our attempts to prepare tetra-0-tolylsilane by the action of excess o-tolyllith- 
ium on silicon tetrachloride, silicochloroform, or ethyl silicate a t  the temperature 
of refluxing diethyl ether were without success, the tri-0-tolyl derivative being 
formed in each case:' 

3 RLi + Sic14 2'4 R3SiC1 + 3 LiCl 

3 RLi + HSiC13 2'4 R3SiH + 3 LiCl 

3 RLi + Si(OC2Hs)d 24 R3SiOCaHs + 3 LiOC2Hs 

1. 

2. 

3. 

where R = o-CH3C6H4-. 
Tri-o-tolylchlorosilane, the most reactive of these derivatives (see Table 11), 

did not react with o-tolyllithium or with o-methoxyphenyllithium at 35", but 
with phenyllithium and p-methoxyphenyllithium the corresponding tetraaryl- 
silanes formed readily : 

RsSiCl + R'Li 35" RsSiR' + LiCl 4. 

where R = o-CH3C6H4- and R'  = C&- or p-CH30C6H,-. 
Di-o-tolyldichlorosilane did not react with mesityllithium even at  elevated 

temperatures, but with phenyllithium in refluxing ether di-o-tolyldiphenylsilane 
was produced in excellent yield: 

R2SiClz + 2 R'Li Eo+ R,SiR'z + 2 LiCl 5. 

where R = o-CH~C~HC-, R' = CeHs-. 
When hexachlorodisilane was treated with excess o-tolyllithium, sym-tetra+ 

tolyldihydroxydisilane (I) was isolated after hydrolysis instead of the expected 
hexa-o-tolyldisilane : 

* We subsequently isolated tetra-0-tolylsilane (m.p. 230') following reaction of o-tolyl- 
lithium with tri-o-tolylchlorosilane a t  170". Furthermore, when ethyl silicate or tri-o- 
tolylethoxysilane is refluxed with a large excess of o-tolyllithium in ether for a prolonged 
period of time a trace of highly insoluble material separates out (m.p. ca. 340'). Preliminary 
examination and analysis indicate that  this may also be tetra-o-tolylsilane. We are considcr- 
ing the possibility that these two substances are geometrical isomers. This work and its 
extension will be described in a later report. 
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35", in ether ~ 

then water 
4 o-CH&6H4Li + c13si--siclil 

(O-CH~C~H()ZS~--~~(O-CH,C~H~)Z 4- 4 Licl 2 HC1 6. 
I I  

HO OH 
I 

The reaction of excess mesityllithium with ethyl silicate a t  35" gave dimesityl- 
diethoxysilane in fair yield: 

where R = 2,4,6-(CH&C6H2-. 
This compound resisted the further replacement of ethoxy groups with mesityls 

and did not react with phenyllithium a t  35". With silicochloroform excess mesityl- 
magnesium bromide apparently gave mono- and di-substituted mesitylsilanes 
a t  35", but a t  elevated temperatures three mesityl groups may have been intro- 
duced. Tetra-o-methoxyphenylsilane may be readily prepared a t  35" by the action 
of o-methoxyphenyllithium on silicon tetrachloride (equation 8, R = o- 
CH30CsH4-) or tri-o-methoxyphenylchlorosilane (equation 4, R = R' = o- 
CHaOCaHd-). 

8. 35. 4 RLi + SiC14 --+ R4Si + 4 LiCl 

When tri-o-methoxyphenylet.hoxysi1ane was treated with o-tolyllithium a t  353 
tri-o-methoxyphenyl-o-tolylsilane was produced in excellent yield : 

RaSiOCZHg + R'Li 2'4 RtSiR' -4- LiOCtHs 9. 

where R = o-CH30C6H~- and R' = o-CH3C6H4-. 
It is an important commentary on the nature and magnitude of steric hindrance 

in these compounds that tri-o-methoxyphenyl-o-tolylsilane formed so readily, 
while tri-o-tolyl-o-methoxyphenylsilane could not be prepared although more 
drastic conditions were used. 

We had been concerned about the structure of those compounds designated as 
o-methoxyphenylsilanes. The ease of formation of tetra-o-methoxyphenylsilane 
was disturbing when contrasted with the non-formation of tetra-o-tolylsilane 
under similar conditions, even when allowance was made for the difference in 
steric effects of the methoxy and methyl groups. Furthermore, some o-methoxy- 
phenylsilane derivatives were stable to a warm solution containing equal volumes 
of glacial acetic and concentrated sulfuric acids. This acetic-sulfuric reagent 
apparently attacks all phenyl-, o-tolyl-, m-tolyl-, p-tolyl-, and mesityl-silanes 
with the production of colloidal silica (about 20 compounds were tested). And 
again, tri-o-methoxyphenylchlorosilane2 is abnormally insoluble and has a very 
high melting point when compared with the corresponding triphenyl, tri-o-tolyl, 
and tri-p-tolyl compounds. The abnormality in melting point is shown in Table I. 

* This compound was prepared by Mr. H. Melvin. 
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Several hypotheses were advanced to account for the anomalous behaviors, but 
these could not be supported by experiment. One explanation supposed that 
the so-called tetra-o-methoxyphenylsilane was actually tri-o-methoxyphenyl- 
p-methoxyphenylsilane. Gilman and Edwards (19) showed by carbonation experi- 
ments that p-methoxyphenyllithium can metalate itself in the ortho position, giv- 
ing appreciable quantities of o-methoxyphenyllithium after prolonged periods of 
time. If o -methoxyphenyllithium can undergo an opposite [though unlikely (20)l 
rearrangement, then p-methoxyphenyllithium would be formed. This substance 
would then be expected to react with tri-o-methoxyphenylchlorosilane (formed 
early in the reaction from o-methoxyphenyllithium and silicon tetrachloride) to  
give tri-o-methoxyphenyl-p-methoxyphenylsilane. This could account for the 
ease of formation of the tetraarylsilane which was actually isolated. However, 
tri-o-methoxyphenyl-p-methoxyphenylsilane was made from pure tri-o-methoxy- 
phenyletb.oxysilane and freshly prepared p-methoxyphenyllithium (equation 9, 
I t  = o-CH3CCoH4- and R' = p-CH30C6H4-) and was found to be different 
from the so-called tetra-o-methoxyphenylsilane. A second hypothesis entertained 

TABLE I 
THE MELTING POINTS OF SOME TETRAARYLSILANES AND TRIARYLCHLOROSILANES 

R 

C sH 6- . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
o-CH~C~H<-. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
p-CHsCeHd-. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
o-CH~OC~H~- .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

R C '  RsSiFl 
M.P.: k. 1 Y.P., c. 

233 (14) 1 , 111 (15) 
116 (16) 

228 (14) 116 (17) 
224.5 (16) 203 (18) 

1 230 (16) 1 
the possibility that o-methoxyphenyllithium can metalate itself on the methyl 
carbon giving phenoxymethyllithium. With silicon tetrachloride this reagent 
would give tetraphenoxymethylsilane or, more probably, mixed phenoxymethyl- 
o-methoxyphenylsilanes. This hypothesis would account for the ease of forma- 
tion of the tetraarylsilane and, since alkylsilanes resist the action of hot acetic 
acid-sulfuric acid solution, might account for the stability to this reagent. How- 
ever, when the mixture resulting from reaction of o-bromoanisole with lithium 
in diethyl ether was aged and subsequently carbonated, o-methoxybenzoic acid 
(m.p. 99-100") was produced but neither phenoxyacetic acid (m.p. 99-100") 
nor anisic acid (m.p. 184") was isolated. 

On the basis of this work, then, it appears that the various o-methoxyphenyl- 
siislne structures postulated for our reaction products are correct and that an ex- 
planation for the abnormal properties must be sought elsewhere. Further refer- 
ecce is made to the acid stability of these materials in the experimental section 
dealing with qualitative tests for silicon. 

Incidental to the main studies evidence has been obtained to indicate that, in 
the tri-o-tolylsilyl series at least, a chlorosilane is more reactive than a silicon 
hydride which in turn is more reactive than an ethoxysilane in the reaction of such 
compounds with phenyllithium and p-methoxyphenyllithium. Table I1 sum- 
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marizes the results of experiments in which the tri-o-tolylsilyl derivatives were 
separately treated with an RLi compound under controlled conditions. The reac- 
tions are represented by equations 4, 9, and 10, where R = o-CH3C6H4- and 
R’ = C6H6- or p-CH30CeH4-. 

R&iH + R’Li 35” R3SiR’ + LiH 10. 

The results are in general agreement with others derived from simple rate 
studies: Color Test I (21) indicated that in a given run silicon tetrachloride re- 
acted completely with 2.4 moles of o-tolyllithium (per mole of silicon 
tetrachloride) in less than ten minutes, while under identical conditions ethyl 
silicate consumed this amount only in about 30 minutesn3 Further supporting 
evidence was obtained from reactions leading to the formation of triphenylsilyl 
and tri-o-tolylsilyl ethers and sulfides. This latter work will be discussed in a 
later report. 

EXPERIMENTAL‘ 

Preparation and purification of reagents. The organolithium compounds and Grignard 
reagents used in these researches were prepared for immediate use according to  standard 
directions (23). These preparations were at all times protected by an atmosphere of dry 
nitrogen. Starting materials were carefully dried before use. The yield of organometallic 
compound was determined by direct titration (24), unless otherwise noted, and in every 
case this approximated the yield reported earlier. 

Ethyl orthosilicate5 was purified by distillation and the fraction boiling a t  161.8-165.2°/ 
752 mm. was used. Silicon tetrachloride was always distilled immediately before use; the 
fraction boiling a t  55.5-56.5’/750 mm. was used. Hexachlorodisilanes and silicochloroform’ 
were used without purification. Diethyl ether was thoroughly dried over fresh sodium. 
Bromobenzene, the bromotoluenes, and the bromoanisoles were Eastman Kodak White 
Label products; these were dried ovei phosphoric anhydride and distilled before use. 
Bromomesitylene mas prepared8 according to  the directions of Smith (25). p-Bromodi- 
methylaniline was dried and purified by distillation, and the 0- and p-bromophenola by 
distilling in the presence of a little benzene (water removed as a low-boiling azeotrope). 

Silicon analysis. About 0.25 g. of sample was weighed into a tared platinum crucible 
and treated with 1 ml. of concentrated sulfuric acid. The mixture in the covered crucible 

3 A curious inversion was observed when more than three moles of o-tolyllithium was 
added. Although there is no evidence that appreciable reaction takes place between o-tolyl- 
lithium and tri-o-tolylchlorosilane or tri-o-tolylethoxysilane a t  the temperature of re- 
fluxing ether, nevertheless, the organolithium compound is slowly consumed (presumably 
in a side reaction). The rate of disappearance of the “excess” o-tolyllithium was markedly 
greater when ethyl silicate rather than silicon tetrachloride was used as the starting sub- 
stance. We suggest that the by-product lithium ethoxide (equation 3) catalyses the ether 
cleavage reaction of the organolithium compound (see Ref. 22). 

Melting points were determined by use of a flame-heated copper block. Values are 
uncorrected. 

We acknowledge the generous gift of this compound from the Carbide and Carbon 
Chemicals Corporation. 

The authors arc grateful to  Dr. Walter C. Schumb, Massachusetts Institute of Tech- 
nology, for this compound. 

We acknowledge the generous gift of this compound from the Dow Chemical Company. 
This material was prepared by Mr. R. C. Wiley. 
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R3SiC1.. . . . . . . . . . . . . . .  
RISiH . . . . . . . . . . . . . . . .  
R3SiOC2H 5 .  . . . . . . . . . . .  
R3SiCl. . . . . . . . . . . . . . . .  
R,SiH . . . . . . . . . . . . . . . . .  

was heated with a small ring burner at a level about 2 cm. above the sulfuric acid. The  
acid is best evaporated and the carbon burned off using a low flame. The white residue was 
then heated briefly with the full force of a Fisher burner. The silica residue was weighed 
and calculated as percent silicon. 

Silicon tests.  The decomposition of organosilicon compounds on heating with acetic 
acid-sulfuric acid solution was first observed during an attempt to  hydrolyze tri-o-tolyl- 
ethoxysilane. Finely divided silica (or some closely related substance) was produced. 
Similar results were obtained when we attempted to  rearrange sym-tetra-o-tolyldihy- 
droxydisilane (I) to  the unsymmetrical isomer using this reagent. These preliminary 
observations were extended, and treatment with the acetic-sulfuric solution was found to  
constitute a useful test for the presence of silicon in organic compounds or m i x t u r e ~ . ~ J ~  

A small crystal or microdrop of the test compound in a 75-mm. test tube was dissolved 
in a minimum amount of glacial acetic acid (2-5 drops in most cases). The mixture was 
heated to achieve complete solution in the case of sparingly soluble substances. An equal 
volume of concentrated sulfuric acid was carefully added. If silicon was present a white 
cloud appeared a t  the interface between the two acids. Heat was generated a t  the interface 

CsHsLi 
CcHaLi 
C gH gLi 
p-CHaOCeHiLi 
p-CHsOC6H4Li 

TABLE I1 
THE REACTION OF TRI-O-TOLYSILYL DERIVATIVES (RSi-) WITH ORGANOLITHIUM 

COMPOUNDS (R'Li) 

OPGAAOSILICON COYPOUh'D 
(R o-CHzCsH<-) 

MOLES R'Li 
c.-ATOY Si 

2.5 
2 .1  
2.5 
5.0 
2.2 

BE ACTION 
TIME, 
HOURS 

50 
50 
50 
36 
15 

PRODllCT 
RsSiR' 

MOLE-% 

80 
80 

< 200 
65 
0 

RECOVERED 
RaSi- 

MOLE-% 

0 
0 

> 20" 
0 

70 
~ 

0 The separation of tri-o-tolylphenylsilane and tri-o-tolylethoxysilane is difficult in 
view of similar solubility characteristics; only a partial separation of the crude mixture 
was achieved. 

and additional heating was not required. An alternate procedure involved complete mixing 
of the acetic acid solution with the sulfuric acid. Here the liquid became turbid within 
10-30 seconds; heating was not necessary, although it did accelerate the reaction. The two 
procedures were used interchangeably and are together designated as Silicon Test I. 

Positive results were obtained with the following compounds: triphenylsilane, tetraphen- 
ylsilane, triphenylsilanol, di-o-tolyldiphenylsilane, tri-o-tolylsilane, tri-o-tolylphenylsilane, 
tri-o-tolylsilanol,'1 tri-o-tolylethoxysilane, tri-o-tolylchlorosilane, tri-o-tolyldi-n-butyl- 
aminosilane,ll sym tetra-o-tolyldihydroxydisilane, tetra-m-tolylsilane, tetra-p-tolylsilane, 
and tri-o-tolyl-p-methoxyphenylsilane. Dimesityldiethoxysilane gave the precipitate when 
sulfuric was added but, in addition, a beautiful cyclamen color was produced. This color 
faded on dilution with water but was restored by the addition of concentrated sulfuric 
or strong phosphx-ic acid (but not strong nitric acid or acetic anhydride). Alkali had the 
same effe t as dilution. A crude syrup believed to  be largely trimesitylsilane gave an 
orange-brown color along with the precipitate in Silicon Test, I. 

9 The authors are grateful to  Mr. B. Hofferth for assistance. 
10 The ignition of silicon-containing organic compounds generally gives an ash but this 

test may be unsatisfactory if  the sample volatilizes on heating. 
11 The preparation of these compounds will be described in a later report. 
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Tetra-o-methoxyphenylsilane and tri-o-methoxyphenylethoxysilane did not give a 
precipitate under the above conditions. On long standing a pink color was produced in 
each case. When the acetic-sulfuric solution was heated to the boiling point for a few min- 
utes a gel deposited on the wall of the test tube. Negative results under the standard con- 
ditions of the test may be attributable, in part, to  the low solubility of the test substances; 
when a larger amount of the o-methoxyphenylsilane was held in solution by the use of 
benzene along with the other reagents, silica deposited more readily although the char- 
acter of the deposit differed from that  obtained in the standard test. Crude materials 
thought t o  contain hexa-o-tolyldisiloxane and di-o-tolyl “Silicones” responded to  Test I. 
But  other crudes formed in the reaction of p-dimethylaminophenyllithium with silicon 
tetrachloride gave negative results even though the test material was readily soluble in 
acetic acid and unquestionably had p-dimethylaminophenyl groups in direct combination 
with silicon. 

We have considered the possibility that  sulfuric acid merely acts as a precipitant for 
the organosilicon compound in Test I and that the suspended solid was the starting ms- 
terial rather than silica. This hypothesis finds support in the fact that  o-methoxyphenyl- 
silanes and p-dimethylaminophenylsilanes (sulfuric-soluble materials) apparently do not 
respond to  the standard test. However, one gram of tetraphenylsilane was treated with 
acetic and sulfuric acids under conditions approximating those of the standard test, the 
precipitate was separated in 80% yield (as SiO.) and was found t o  be non-organic in char- 
acter. It was insoluble in the common organic solvents at the boiling point and in water, 
dilute acid, and dilute alkali. It was unaffected by concentrated sulfuric acid at 200’ but 
it dissolved readily in hydrofluoric acid and in hot 30% alkali. The material powdered on 
a spatula, but did not char, burn or melt. While the precipitate seems to  be silica, the 
possibility should not be overlooked that  in certain cases only partial degradation occum 
with the formation of insoluble siliconic acid polymers. Since sulfuric-soluble substances 
do not appear t o  give silica it may be supposed that these (or intermediate degradation 
products) are stabilized by salt formation. 

A method was devised for testing compounds which did not respond to  Silicon Test I. 
Here the test sample was dissolved in a few drops of concentrated sulfuric acid in a 75- 
mm. test tube. A drop of 70% nitric acid was added and the solution heated until nitrous 
fumes were no longer evolved because of the exhaustion of either the nitric acid or the 
organic material. If the nitric acid was used up first, another drop was added to  the cooled 
mixture and heating was resumed until the oxidation was complete. The clear solution 
was then poured off and the test tube washed with water. If silicon was present in the 
test sample the inside of the test tube was coated with a gel. This procedure (Silicon Test 
11) gave positive results with all of the test materials mentioned earlier, including those 
which did not give a positive reaction in Silicon Test I. 

Arglation of silicon compounds (General procedure), Silicon tetrachloride, ethyl ortho- 
silicate, trichlorosilane, hexachlorodisilane, a triarylchlorosilane, a triarylethoxysilane, a 
triarylsilane, or a diaryldichlorosilane was measured into a 3-necked flask equipped with 
a sealed stirrer, graduated funnel, and reflux condenser. The sample was diluted with 5- 
10 volumes of anhydrous ether and a calculated amount of an aryllithium or an urylmag- 
nesiuni bromide in 1-%molar ether solution was added. In general the reaction mixture 
was cooled during the addition period and, without exception, the reactions were carried 
out under a positive pressure of dry nitrogen.’* The mixture was then stirred for a certain 
period a t  room temperature (20°),  a t  the temperature of refluxing ether, or a t  a more ele- 
vated temperature. 

l2 Good quality nitrogen was used and was further purified by passage through a train 
consisting of alkaline pyrogallol, sulfuric acid, and soda lime. Although every reasonable 
precaution was observed i t  must be pointed out that  “absolute” protection was not af- 
forded. When reactions were carried out over a period of many days, the RLi was slowly 
consumed and phenolic materials were produced. 
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Depending on the properties of the product the run was worked up in one of three dif- 
ferent ways. Water-stable substances were generally isolated following hydrolysis of the 
reaction mixture with water, ice, or dilute acid. If a solid was present at this point it was 
filtered. The ether layer was then separated, dried, and the solvent evaporated. The syr- 
upy or solid residue was treated with cold petroleum cther'a and any resulting crystalline 
material was separated and further purified. This purification was almost invariably ef- 
fected by recrystallization from petroleum ether, alcohol, benzene, or some combination 
of these solvents. In those cases where crystals could not be obtained from the crude syrup 
by treatment with petroleum ether, other common solvents were tried. The preliminary 
removal of by-products by evacuation, steam-distillation, or adsorption on alumina often 
proved beneficial. Seeding techniques were used in the resolution of certain syrupy mix- 
tures. In several cases unisolable arylchlorosilanes were treated with boiling ethanol in 
the presence of hydrogen chloride in an effort t o  produce the corresponding isolable aryl- 
ethoxysilanes. For convenient reference in the tables this general method for recovering 
the product is designated as Method X. 

If crystallization could not be effected by other means, the syrup obtained after hy- 
drolyxis was distilled a t  reduced pressures and the individual fractions were examined 
and, if possible, crystallized. In  certain cases recovery by distillation was found to be 
superior to  Method X even where the crudes could be crystallized. Distillation used in 
corijunction with crystallization afforded the means of obtaining excellent yields of good- 
quality products. This procedure is called Method Y. 

Water-unstable substances were recovered by distillation under nitrogen without prior 
hydrolysis. Here the ether solution was siphoned away from the precipitated salts and 
distilled or, alternately, the ether and volatile product were removed from the reaction 
flask directly by distillation. (The concentration of reagents and heat-treatment character- 
istic of this method sometimes served to  drive otherwise-reluctant reactions to  comple- 
tion.) In  either case, separation was best effected by a preliminary rapid distillation fol- 
lowed by redistillation under more auspicious conditions. Further redistillation 
or crystallization gave good-quality products. This method is referred to as Method Z. 

The results of this investigation are presented in the following manner. Table I11 re- 
cords the analyses and chief physical properties of nineteen new aromatic organosilicon 
c0mpounds.1~ The experimental conditions governing the preparation (and reactions of 
some) of these compounds are given in Tables IV to IX along with information on other 
runs which either failed to  yield isolable products or which resulted in the formation of 
significant by-products. Considered together these results furnish a comprehensive pic- 
ture of the nature of steric hindrance in highly-substituted organosilicon compounds. 
Tables IV, VI and VI survey those runs in which silicon tetrachloride, ethyl silicate, silico- 
chloroform, or hexachlorodisilane was treated with a given aromatic organolithium com- 
pound or Grignard reagent. The runs in Table VI1 were characterized by the two-stage 
addition of two differing organolithium compounds to  ethyl silicate. Tables VI11 and I X  
summarize those runs in which a triarylchlorosilane, triarylethoxysilane, triarylsilane, or 
di-o-tolyldichlorosilane was treated with a given aromatic organolithium compound. Thie 
report also includes a detailed description of six runs, selected to  illustrate as widely as 
possible the techniques which were used. 

Tetra-o-melhoryphenylsilane (Table IV, run 9). To a solution of 9 g. (0.053 mole) of 
silicon tetrachloride in 100 ml. of ether was added 153 ml. of an ether solution containing 
an estimated 0.210 mole of o-methoxyphenyllithium (mole ratio 1:3.8). The first three 
equivalents were consumed very rapidly [as indicated by Color Test I (21)], but the fourth 
reacted so slowly that  after 36 hours reflux Color Test I was still positive. The reaction 

1s Petroleum ether in this report refers to  the hydrocarbon fraction, b.p. 65-68'. 
14 The chemical properties of some of these compounds will be further discussed in a 

later report. 
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10 hr./35c 
-/dist.* 

72 hr./170 

15 hr./20 
0 .3  hr./35d 

20 hr./20 

TABLE IV 
THE REACTION OB SILICON TETRACHLORIDE WITH Rbf COMPOUNDS; SEE E~UATIONS 

1,8, AND 14 (ALSO 11-13,1522) 

RzSiCI,'* f 

3 

RJSiC1' 

RaSiCI' 

REACTION 
YOLZS BY CONDLTIONS 

GG S!A G-ATOM Si ! T,@,YP., 

3 -I  
z (dist.) (2) 

P 
p (2) 

X a n d  

(dist.)! 
P 

? EE, (dist.) 
P 

,400 

,018 

2.1 o-CHaCsHaNgBr 

5 . 0  o-CHaCsH&gBr 

.274 

,350 

2.9 o-CHaCsHkLi 

3 .0  o-CHaCsHdLi 

1 AWCHOD PRODUCI 

1 BECBYST. SOLVENT 
PRODUCT 1 RECOVERY AND 

RaSiOCxHa' 

RaSiC1' 

y m  P 

x" EE 

EA 

P 

,012 

,040 

.022 

,045 

.053 

,007 

.013 

.080 

Rk3i-RaSiCP x EE 
R&ie l -  EE, B, B-P, B-EA 

4.9 o-CHaCsHILi 

5.2 o-CHaCaHcLi 

4.5 m-CHaCsHdLi 

4 .4  pCHsCsHrLi 

3.8 o-CHaOCsIlLi 

4.2 p-CHsOCsHdLi 

11.0 p-CHsOCsHcLi 

2.0 p-(CHl)zNCsH4Li 

J 1 x ! -  

!? (dist.) 

-8 

RzSiClx (7) 

- 
s 

3 
- 
45 
35 
12 

65 
55 

96 
75 
3 
1 

10 
5 

90 
70 27 

14 

82 
48 

97 
50 

3 - 

ALP., 'C. 

_- 
65-698 

'1 .O-72.6@ 
74-15' 

110-114 

107-116 
5.5-116.0 
130-136 
153-154 

137-139 
143-144 

95-114 
113-116 

135-150 
i2.5-153.5 

156-225 
17.5-228.6 

175-205 
14.0-224.8 

140-155 

Cansult Table I11 on the use of abbreviations, 
5, x, and refer to the method of product recovery as dmcribed in the text of this report. 

Yields are calculated on the Sic14 basis. * This run is described in detail in the text of this report. Color Test 
I was positive a t  this stage (See Ref. 21). Color Test I was negative a t  this stage. e The product was characterired 
by analysis. The by-product RSiClr was not isolated in the pure state, but it apparently boils a t  about 230"/745 
mm. Y Theanalysis improved as the purification proceeded. Calc'd for ClcHIdCltSi: C1,25.20; Si, 10.00, Found (after 
successive purifioations): CI, 21.85, 24.05, and 25.15; Si, 9.30, 0.00, and 9.90. Crystalline producta could not be 
obhined. This run confirms the earlier work of Schumb and Baser (See Ref. 2). The product was characterbed 
by mixed melting point with an analyzed sample. When 
2.8 moles RLi was used 45% RaSiCI and 7% crude RaSiOCtHs were isolated. The preparation of this compound 
by another method will be described in a later report. KO crystalline producta could be isolated by the ordinary 
means. The RIS~OCIH~ was isolated after a fraction boiling 165-175'/0.1 mm. wa8 allowed to stand in contact with 
cold petroleum ether for three months. The result waa confirmed by another run where Sic14 was added to 4.3 moles 
RLi. No RcSi could be found in a careful search. ' Schumb and Gaffer (Ref. 2) prepared this material in 8% yield 
by the action of m-CHaCoHdvfgBr on SiClr a t  175'. Reported m.p. 150.8'. P The product was insoluble in ether and 
was filtered directly from the reaction liquor. Schumb and Saffer (Ref. 2) prepared this material in 35% yield by 
the action of p-CHrCaHaMgBr on Sic14 a t  175". Reported m.p. 228". Note the reluctance with which the fourth 
o-snisyl group goee into the silicon. * No crystalline products could be obtained. 

The fraction b.p. 245-265"/19 mm. was recrystallized. 
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mixture was poured into water; 20 g. of solid material was filtered off. Since a n  additional 
3.5 g. of crude solid was isolated after evaporation of the ether solution the conversion of 
silicon tetrachloride to  solid anisylsilanes must have been near-quantitative (theoretical 
R S i ,  24.2 g.). The crude product (m.p. 175-205') was apparently a mixture of R4Si and 
R3SiCl and the separation of these materials proved difficult. Ether extraction followed 
by six wasteful crystallizations from benzene, benzene-petroleum ether, and benzene- 
alcohol gave 5 g. (20%) of tetra-o-methoxyphenylsilane, m.p. 224.0-224.5'. When the crude 
residues were refluxed for a prolonged period of time with a mixture of benzene and alco- 
hol, the tri-o-methoxyphenylchlorosilane was apparently converted to  the more soluble 
et hoxysilane 

sq HCI R3SiCl + CrHbOH * RJ3iOCrHs + HCl 11. 

(where R = o-CHsOC&-) and additional tetra-o-methoxyphenylsilane (total 50%) was 
readily isolated. Tri-o-methoxyphenylchlorosilane could not be isolated in the pure etate 
(although i t  was later prepared by the action of three moles of o-methoxyphenyllithium 
on silicon tetrachloride*), but a eutectic mixture containing 70 mole-percent of the chloro- 
silane and 30 mole-percent of the tetraarylsilane separated out. This material melted in 
the range 186-189' without previous shrinking and could be recrystallized from benzene- 
petroleum ether or from benzene-ethyl ether without changing its melting point. 

Anal. Calc'd for 70 mole-% C2tH*&lO&3i and 30 mole-% CtsHpsOISi: Si, 6.91; C1, 6.12. 

That  the mixture had this composition is supported by the fact that  4.4 g. of the eutec- 
tic after treatment with ethanol and benzene gave 1.4 g. of RSi .  The ethoxysilane was not 
isolated here. 

The formation of the RsSiCl and R S i  in the arylation reaction is represented by equa- 
tions l and 8 where R = o-CHaOCsHd-. The technique of product recovery is illustrative 
of Method X. 

Sym-tetra-o-tolyldihydrozydisilane (I) (Table VI, run 5).  To a solution of 3.16 g. (0.0118 
mole) of hexachlorodisilane in 50 ml. ether was added 70 ml. of a n  ether solution contain- 
ing an estimated 0.085 mole of o-tolyllithium (mole ratio 1:7.2). After refluxing for 26 hours 
Color Test I was still positive. Water was added to  the reaction mixture and after stand- 
ing for 36 hours, the ether layer was separated, washed, and dried. Subsequent t o  evapora- 
tion of the solvent and treatment of the residual syrup with petroleum ether, there was 
obtained 2.7 g. of a white crystalline solid, m.p. 156-158', and 1.4 g. of less pure material, 
m.p. 147-153'. The total crude yield was 75%. One recrystallization from solution in ben- 
eene-petroleum ether (1:lO) gave an over-all yield of 55% of pure I, m.p. 158.0-158.5". 
This product contained no chlorine. The results of another run (Table VI, run 4) indicate 
tha t  sym-tetra-o-tolyldichlorodisilane is the compound that  is formed in the arylation 
reaction, I being produced only after prolonged standing with water. The over-all reaction 
is represented by equation 6 and the technique of product recovery is once again illustra- 
tive of Method X. 

The properties of this interesting compound will be discussed in greater detail in a 
subsequent report. We favor the symmetrical over the unsymmetrical formula in view of 
the general instability of gem-diols among monosilanes and the high reactivity of diaryl- 
dichlorosilanes. 

Tri-o-toIylchlo7osiZane (Table IV, run 4). To a cooled solution of 59.5 g. (0.350 mole) 
silicon tetrachloride in 220 ml. ether was slowly added 1136 ml. of 0.935 M o-tolyllithiun 
in ether (mole ratio 1:3.0). The reaction mixture was stirred at room temperature for 20 
hours and at 35' for one hour. Color Test I was still positive. The mixture was then poured 
onto loo0 g. of iced-water. The ether layer was separated and dried. During evaporation 
of the ether two crops of crystalline tri-o-tolylchlorosilane were filtered off: 71 g., m.p. 
115-116', and 28.5 g., m.p. 111-113'. The syrupy residue was distilled under reduced pres- 
sure. The fraction of b.p. 185-195'/2 mm. gave 13.6 g. of crude tri-o-tolylchlorosilane (map. 

Found: Si, 6.71; C1, 6.15. 
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240 hr.135~ 

100 hr.120 
3 hr./35d 

48 h r . ~ 3 5 ~ *  

73 1 

-e 

ReSiOCrHa' 
R & ~ ( o c ~ H ~ ) #  

R:SiOC;Hbio i 

TABLE V 
THE R~ACTION OF ETHYL SILICATE WITH RM COMPOUNDS; SEE EQUATIONS 3 AND 7 

LO18 4.0 o-CHaCsHrMgBr 
.310 3.0 o-CH:CeHrLi 

.ZOO 8.4 o-CH;CoHrLi 

,020 12.7 wm-(CHa)rCeH:Li 

.Ol6 3.0 o-CHJOC~HIL~ 

.010 7.2 o-LiOCt&Li'* 

.030 1.8 

.025 4.8 pLiOCtH.Li' 

.013 2.0 p-(CH:)tNCtBLi 
,108 2.0 p- (cH~) rNc~H&i  

I 
BEACTION 

PRODUCT C O N O I ~ I ~ N S  

C. 
T l m p e w . ,  

I 

120 hr./35b 

2 hr.133 

10 hr./35' 
so hr./35d 

14 k1?./35~ 

24 hr./ZOd 
19 hr./20d 

I -n 

I -. 

YETBOO PPODVCT 
PPCOVZPY 

AND PPCPYST. 
SOLVENT 

X - 
Y P  

(dist.) 
EA,  116 

- x and 1 B-EA 
B-P 
B-EA 
B-EA (2) 
(dist.)P 
EA (-20') 

X P  
EA (2) 

From alk. 
- x M-Hi0 

with acid 
X 
Y p  (dint.) (2) 
- 

(dint.) (3) 
(dint.) (2) 

- 
mm., 

% 

- 
57 

18 
75 
50 

ao 

2.3 
1.0 

62 

75 
35 
1.7 g.) 
:0.3 g.) 

37 
b5 
10 

- 
mr., 
'C. 

l3B-I45 
3041 

17.0-58.6 
136140 
143-144 
290-330 
343-344 

57-61 
13.6-04.0 

83-110 
IM-lM 
60-00 

197-198 

-q 
-U -. 

E Yields are calculated on the S~(OC;HI)~ basis. Color Teat I wan positive. Only ayrupy products could b 
bolated. Color Test I wall negative. * Thin product was purified by recry.talliration from petroleum ether and waa 
ldentified by mixed melting point with an analyzed aampb. Characterized by analysis. 9 In a lomewhat smmllw 
run carried out under similar conditions the yield of crude RaSi0C;He (m.p. 125-146') wan 61%. Recryatallisation 
from petroleum ether and from ethanol gave a 55% over-all yield of pure RaSiOCrHI (m.p. 144.6145.0°). Dr. R. N. 
Clark of these laboratorien observed the formation of a little RJSiCl along with the Ra5iOC;HI when 0.040 mole of 
Si(0CsHe)r was treated with four equivalenb of etolyllithium. The identity of this by-product waacstablished by 
mixed melting point and by analysin, but we have been unable to confirm the formation of thin material in other 
rum. It ia possible that the ethyl silicate wan contaminated with a little chlomailane. Otherwise the only l o u m  of 
ohlorine waa the dilute hydrochloricacid uwd for hydrolysis; however, neither RaSiOH nor RaSiOCsHr ischanged into 
RJSiCl under theae conditions. * After refluxing under nitrogen for a short time the reaction mixture turned intemly 
red-brown. Characterized by mixed melting point with an analysed sample. i Actually, the reaction mixture w u  
divided into several portions: one part wan treated with methyl iodide before hydrolysis, a ieccnd with absoluta 
ethanol, and a thud with carbon dioxide. In each m e  the intease color of the reaction mixture WOL immdiately din- 
charged and, on working up, no significant differences in yields were apparent. The values given are for that portion 
which waa treated with ethanol priorto hydrolysis. This material is identical with that isolated in run 9,  Table VIII. 
It may be an isomer of that tetra-o-tolylsilane which melts a t  230' (Sw footnote 1). 

4 RLi + Si(0CtHr)c 85' %si + 4 LiOCrHb 
The propertiea of this material will be discuased in a later report. I These material8 were prepared by treating e-or 
p-bromophenol with n-butyllithium: 

HOCnHrBr + 2 n-CdHtLi - LiOCeHtLi + n-C&Br + n-CrH~n 
Ethyl silicate (0.010 mole) wan added to an estimated 7.2 equivalenb of o-LiOCnHrLi and the mixture wan refluxed 

for ten hours. Since Color Test I wa8 positive a t  this stage three additional 0.010-mole portions of ethyl silicate were 
added a t  intervals. When 0.040 mole had been added and the whole refluxed for 30 hours Color Test I waa negative. 
The reaction mixture was hydrolyzed with dilute hydrochloric acid. " A small amount of solid waa obtained from the 
ryrupy reection product by diluting a methanol solution with water. This material contained ailicon and wan alkali- 
Wluble. Repeated precipitation from alkaline solution with acid gave a imall amount of higher-melting material. 
This may have been a hydmxyphenylsilicon compound. Gome pHOCsH4Br was recovered unchanged but h i d e s  
this only syrupy products could be isolated. P Note the stability of the RiSi(0C1Hr)r to water. * Boiling ranm 222- 
324°ja mm. 'The results of this experiment were confirmed in all important details in another run. ' Identified by 
comparison with an analyzed sample. 

' RLi + Si(0C;Ha)d - RSi(0CsHa)s + LiOCzHr 35O 

Boiling range 229-231"/3 mm. ' Boiling range 144-146*/2 mm. 
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107-112') after treatment with petroleum ether (total crude yield 96%). The fraction of 
b.p. 220-230'/2 mm. weighed 4.1 g.; this gave a crystalline solid, m.p. 130-136', after treat- 
ment rn ith petroleum ether. The tri-o-tolylchlorosilane was purified by recrystallization 
from petroleum ether and a 75% recovcry of material was realized, m.p. 115.5-116.0'. The 
higher-melting solid was recrystallized from petroleum ether, benzene-alcohol, and several 
times from benzene-petroleum ether. The final product (yield 1%) had m.p. 153-154'. This 
compound, tri-o-tolyl-o-tolyloxysilane, was identical with that  prepared directly from 
tri-o-tolylchlorosilane and sodium o-cresoxide, and on hydrolysis it gave tri-o-tolylsilanol 
and o-cresol.16 The reactions which result in the formation of this compound may be the 
following: 

o-CH3C6H4Li + 30% -+ o-CH3CsH,0Li 12. 
distilled 

(o-CH3C6H4)3SiC1 + o-CH3C6H40Li - 
(O-CHIC~H~)~S~OC~H~CH~-(O) + LiCl 13. 

The formation of tri-o-tolylchlorosilane in the arylation reaction is represented by equa- 
tion 1 where R = o-CH&eHd-. The technique of product recovery used here is illustrative 
of Method Y. 

In  another (smaller) run where the product was isolated by Method X the yield of crude 
RISiCl was 85% and the formation of RSiOR was not noted. When 2.9 and 2.8 moles of 
RLi were used per mole of silicon tetrachloride the yields of RZSiC1 were substantially 
lower (66% and 4595, respectively). Excess RLi probably does not affect the yield ad- 
versely (see run 6) although in a pair of runs where 4.3 and 4.9 moles of RLi were used 
no R3SiCl could be isolated. RaSiOCsHs was isolated in small yield from each of three 
different runs. This by-product may have resulted from the interaction of RaSiCl with 
sodium or lithium ethoxide [from the sodium-dried ether or from an ether cleavage reac- 
tion (22)]; the reaction would be similar t o  that  represented by equation 13. In  those runs 
where RLi was used in excess there was no suggestion whatever that  any RISi was formed. 

Ethyl silicate with mesityllithium and phenyllithium (Table VII ,  run 4).  To 1.25 g. (0.006 
mole) of ethyl silicate in 25 ml. of ether was added 0.078 mole of mesityllithium in 50 ml. 
of ether (mole ratio 1:13.0). The mixture was refluxed for 120 hours; at the end of this time 
Color Test I was still positive. Two-thirds of the reaction mixture was separated and 
treated with 0.024 mole of phenyllithium (mole ratio 1:6.0) and the whole was refluxed for 
an additional 48 hours. After acid hydrolysis and evaporation of the ether no crystalline 
material could be obtained, but distillation gave 0.7 g. (50% yield) of crude dimesityl- 
diethoxysilane b.p. 138-140'/0.2 mm., m.p. 57-63', Three recrystallizations of this material 
from petroleum ether gave 0.24 g. of pure dimesityldiethoxysilane, m.p. 64.8-65.2'. Di- 
mesityldiethoxysilane of similar quality was recovered in approximately the same yield 
from the one-third of the original reaction mixture which had been treated with mesityl- 
lithium alone. There was no evidence t o  suggest that  mesitylphenylsilanes had formed. 

The arylation reaction is represented by equation 7 where R = sym-(CH&CaHt-, and 
the technique of product recovery is illustrative of Method Y. 

Ui-o-tolyldichlorosilane (Table IV, run 1 ) .  To a solution of 68.0 g. (0.400 mole) of silicon 
tetrschloride in 200 ml. of ether was slowly added a solution of 0.823 mole of o-tolylmag- 
nesium bromide in 350 ml. of ether (mole ratio 1:2.1). The addition was carried out at 0' 
and the mixture was then heated at 35" for 10 hours. Color Test I was still positive. The 
clear solution was siphoned from the precipitated salts. As the ether was removed from 
this solution by distillation further reaction took place with the consumption of the re- 
maining Grignard reagent and the precipitation of additional salt. The siphoning and 
distilling operations were carried out under nitrogen. The volatile material boiling in the 
range 55"/760 mm. to  210"/10 mm. was collected and then redistilled. There was obtained 
- 

16 This work will be described in a later report. 
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64 g. (50% yield) of crude di-o-tolyldichlorosilane b.p. 155-165'/5 mm., m.p. 65-69'. This 
fraction was itself distilled giving a 90% recovery of material b.p. 13L?-14O0/1 mm., m.p. 
65-69'. Analysis showed that  this product was impure (see footnote g, Table IV). One re- 
crystallization from petroleum ether gave a 75% recovery of moderately pure product, 
m.p. 71.0-72.5' (analysis Table IV). One gram of this material was twice recrystallized 
from petroleum ether with the resulting 35% recovery of pure di-o-tolyldichlorosilane, 
m.p. 74-75'. The reaction is represented by equation 14 where R = o-CHsCsH4- and M = 
- MgBr. 

2 RM + Sicla % RPSiClz + 2 MCl 

The technique of product recovery is illustrative of Method Z. 
Silicon tetrachloride with p-dimethylaminophenyllithium1~ (Table IV, run 12). T o  a solu- 

tion of 13.6 g. (0.080 mole) of silicon tetrachloride in 50 ml. of ether was added 0.160 mole 
of p-dimethylaminophenyllithium in 150 ml. of ether (mole ratio 1:2.0). The temperature 
was held at 0' during the addition period. At the beginning of the reaction an intense blue 
color was produced17 and a white precipitate formed. After 90 minutes at 0' and one hour 
at 25' the mixture was filtered under nitrogen and the precipitated white and blue solids 
were separated from the clear brown solution. The filtrate further precipitated a small 
amount of the blue solid after contact with air. This was filtered off and the filtrate now 
gave no reaction on exposure to  the atmosphere (the solid materials removed by filtration 
as described above were not studied). A syrupy residue was obtained after evaporation of 
the ether; its weight corresponded to only about 10-15% of the expected yield of organo- 
Eilicon products. This residue was distilled and three grams of material, b.p. 100-200'/0.5 
mm., was collected. The non-volatile residue was a highly-colored (blue, brown, 
and orange), vile-smelling solid. The volatile portion solidified in the receiver. On treating 
this with petroleum ether two crops of crystals were obtained: 1.0 g., m.p. 140-155' (Product 
A white, slowly turns pink on standing in air); and 0.5 g., m.p. ca. 70' (white, quickly 
turns red). Both materials gave purple liquids on fusion. Both gave negative results with 
Silicon Test I (although very soluble in acetic acid), but positive results with Silicon Test 
11. Product A was insoluble in water and in the common neutral organic solvents, but it 
was soluble in both dilute acid and dilute alkali. A nitric acid solution of A gave a heavy 
precipitate of silver chloride on treatment with aqueous silver nitrate, but a neutral aqueous 
suspension of A gave no reaction. On neutralization of either the acid or  alkaline solution 
of A ,  a white solid precipitated (m.p. ea. 155'). This material itself was soluble in both 
acid and alkali, but repeated precipitation of the same sample 01 prolonged standing in 
acid or alkaline solution gradually reduced the alkali solubility to zero. The unused 
portion of Product A was redistilled in an atmosphere of nitrogen and a t  reduced pressure 
but extensive decomposition took place. The volatile material (Product B )  solidified in 
the receiver; it melted at about 70'. The odor of dimethylaniline was prominent. B was in- 
soluble in water, in dilute alkali, and in the common neutral organic solvents. I t  dissolved 
readily in dilute acid but not dilute alkali. The non-volatile residue was insoluble in all 
solvents and charred on a spatula without melting. It did not contain any significant 
amount of chlorine. Silicon Test I was negative, but Silicon Test I1 was positive. 

In view of the low yields, questionable purity, and lack of analytical data, the nature 
of the products cannot be defined with confidence. The arylation reaction is certainly ab- 
normal and distinctly novel products might justifiably be expected. It seems fairly certain 
tha t  Product A is a p-dimethylaminophenylsilicon derivative, but the alkali solubility is 

18 The observations reported here confirm and extend the earlier findings of Mr. R.  C. 
Wiley. 

17 The blue color seems t o  be related directly t o  the reaction between silicon tetrachlo- 
ride and the RLi compound since p-dimethylaminophenyllithium did not give the same 
reaction with anhydrous hydrogen chloride. 

14. 

I 
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(sol. HzO) (801. HiO) 

I [NaOHI \I [HCl] 
INaOHI + 

RZSi(OHh 
lHzolJ 

R,Si(OH)2*2HCl + 
(sol. HzO) IHCII (insol. HzO1 

15-22. 
Ipolytnl 

SUMMARY 

1. Nineteen new aromatic organosilicon compounds have been prepared by 
reaction of organolithium compounds or Grignard reagents with some silicon 
chlorides, ethyl silicate, and related substances. 

2. Tetra-m-tolylsilane and tetra-p-tolylsilane have been prepared in improved 
yields. 

3. The failure of certain highly-substituted aromatic organosilicon compounds 
to form under the conditions of the arylation reaction appears to be related 
directly to steric factors. 

4. It has been shown that tri-o-tolylchlorosilane is more reactive than tri-o- 
tolylsilane which, in turn, is more reactive than tri-o-tolylethoxysilane in the 
reaction of these substances with aryllithium compounds. 

5 .Two useful tests for the presence of silicon in organic compounds are 
described. 

AMES, IOWA 
ALLENTOWN, PENNSYLVANIA 
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