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turnings in 43.2 g. (0.6 mole) of tetrahydrofuran and diluted 
with 85 ml. of tetrahydrofuran, was cooled to 6' with an ice 
bath and treated with 30.3 g. (0.18 mole) of methylchloro- 
diethoxysilane. The temperature of the mixture was not 
allowed to exceed 10' during the addition. After the addi- 
tion was complete, the product was refluxed 1 hr., diluted 
with heptane, concentrated by distillation, and filtered. 
Fractional distillation gave 23.6 g. (58%) of diethoxy- 
methyl-1-naphthylsilane boiling a t  114-115' a t  0.1 mm., 
n y  1.5393; d:e i.039. 

Found: Si, 10.44; MRD, 78.42. 

- 

Anal. Calcd. for Cl&oolSi: Si, 10.79; MRD, 78.46. 

In a repetition of the experiment with 0.7 mole of 1- 
bromonaphthalene, the bromide and the silane were added 
to the reaction mixture concomitantly. The yield of methyl- 
1-naphthyldiethoxysilane boiling a t  100' a t  0.05 mm. was 
36%. 

Diisqpropoxynethyl - i~phthyl i lo7 le .  When 5.9 g. (0.24 
g.-atom) of magnesium was treated with a mixture of 41.4 
g. (0.2 mole) of 1-bromonaphthalene, 47.2 g. (0.24 mole) 
of methylchlorodiisopropoxyailane, and 43.2 g. (0.6 mole) 
of tetrahydrofuran, diisopropoxymethyl-1-naphthylsilane 
(37.5%) waa obtained boiling 137-143' a t  2.7 mm., ny 
1.5165, d:' 0.996. 

Si, 9.99: MRD, 87.46. 

- - 

Anal. Calcd. for C17HerOzSi: Si, 9.74; MRD, 87.72. Found: 

Die&zyme~hyL&na&hykihne. A mixture of 20.0 g. of 
Zbromonaphthalene, 24.9 g. (0.145 mole) of chlorodiethoxy- 
methylsilane, and 20 ml. of ethyl ether was added dropwise 
to a flask containing 5.0 g. (0.121 mole, total) of Zbrome 
naphthalene, 5 ml. of ether, and 5.0 g. (0.206 g.-atom) of 
magnesium turnings. The contents of the flask were heated 
under reflux and stirred for 19 hr., and then cooled and fil- 
tered. Distillation a t  0.5 mm. gave 15.1 g. of unchanged 
2-bromonaphthalene between 70' and 99'. Fractional dis- 
tillation of the remainder of the material gave about 4 g. 
(13%) of impure diethoxymethyl-Znaphthylsilane boiling 
138-138.5' a t  2.5 mm., n y  1.5518, d;' 1.066. 

Anal. Calcd. for ClsHtoOzSi: Si, 10.79; MRD, 78.46. 
Found: Si, 11.37; MRD, 78.01. 

The product fumed in air and gave a positive Beiletein 
test. Titration of a hydrolyzed aliquot indicated that the 
product contained 5.32 weight per cent chlorine, or that 
about one-third of the material was chloroethoxymethyl- 
Znaphthylsilane. 

A product of about the same purity and in about the same 
yield waa obtained when the reaction waa camed out in 
tetrahydrofuran. 

Repetition of the procedure with 25.0 g. of methyltri- 
ethoxysilane in place of the methylchlorodiethoxysilane gave 
4.6 g. (15%) of diethoxymethyl-Znaphthylsilane boiling 
140-144' a t  2.2 mm., n y  1.5407, S,' 1.042. About 17 g. 
of Zbromonaphthalene was recovered unchanged. 

Anal. Found: Si, 10.93; MRD, 78.63. 
BBip~ylylmethtrldiethozyailane. When 9.6 g. (0.40 g.- 

atom) of magnesium was treated with a mixture of 76.7 g. 
(0.33 mole) of 2-bromobiphenyl, 67.5 g. (0.40 mole) of 
chlorodiethoxymethylsilane, and 71.3 g. (0.99 mole) of 
tetrahydrofurau and the product was worked up similarly, 
42.1 g. (45%) Zbiphenyldiethoxymethylsilane boiling 102' 
a t  0.04 mm. was obtained, ny 1.5334, d:' 1.094. 

Anal. Calcd. for C16H2t02Si: Si, 9.81; MRD, 85.27. Found: 
Si, 9.84; MRD, 84.64. 

Titration of a hydrolyzed aliquot indicated that the 
product contained 0.36 weight per cent hydrolyzable 
chlorine. 

Hydrolysis procedure. A mixture of 5 ml. of 95% ethyl 
alcohol, 5 ml. of concd. hydrochloric acid, and 10 ml. of the 
silane monomer was refluxed 2 hr., diluted with 15 ml. of 
benzene, and refluxed for an additional 4 hr. The product, 
washed with water until i t  was neutral, waa heated to 100' 
in uaew, to remove the solvents. 

Rearrangement of the s i l o x 5 m  with sodium hydro&. 
Eve grams of the polymer and 0.2 g. of 50% sodium hy- 

droxide was heated at 145' for 5 hr. The cooled product, 
diluted with 20 ml. of benzene, was washed with portions of 
water until the washings were neutral, and then heated at 
100' overnight in vacuo. In each case a cleavage product, 
either naphthalene or biphenyl, was collected as a sublimate 
during the initial heating period. Although no attempt was 
made to recover the decomposition products quantitatively, 
the solid material recovered usually represented about 5% 
of the organic group present in the polymer. 

Polymer molecular weights given in Table I were deter- 
mined cryoscopically in benzene, R, = 5.32. Softening 
points of the four polymers were determined aa follows: 
A few milligrams of the sample was placed between two- 
micro cover glasses on a F i s h e r J o b  melting point ap- 
paratus heated a t  the rate of 5'/min. A slight pressure waa 
applied on the top cover glass, and the temperature a t  which 
the material flowed freely between the plates was recorded. 
These results are aLS0 recorded in Table I. 
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Recent publications1I2 from this laboratory 
described the reactions of triphenylsilyllithium 
with trialkyl phosphates. High yields of alkyltri- 
phenylsilanes were realized when the reactions 
were carried out in a 1:l mole ratio. The use of 
three equivalents of triphenylsilyllithium in at- 
tempts to utilize all three alkyl groups of tri-+ 
butyl phosphate in this reaction, however, resulted 
in the isolation of considerable amounts of hexa- 
phenyliaildane together with other products.2 A 
mechanism involving the displacement of a bu- 
toxyl group, and the subsequent cleavage of the 
intermediate silylphosphorus compound by tri- 
phenylsilyllithium, was proposed to account for 
the formation of the disilaae. 

The reactions of triphenylsilyllithium in various 
ratios with triaryl phosphates, likewise gave size- 
able amounts of hexaphenyldisilane. After hydrol- 
ysis, the reaction mixtures had pronounced 
phosphine-like odors, as did the 3 : l  reactions 
of triphenylsilyllithium with tri-n-butyl phos- 
p h a k 2  Thus, it appears as though a similar 
mechanism is involved in these reactions. 

This reaction path is not surprising since carbon- 
metallic compounds react with substances having 
the P-0-R linkage via displacements of -4-R 
groups from phosphorus. * Furthermore, resonance 

(1) M. V. George, B. J. aaj, and H. Gilman, J .  otg. 

(2) H. G h a n  and B. J. Gaj, J .  Org. Chem. (in press). 
(3) For references to reactions of this type, we the 

C h . ,  24, 624 (1959). 

publication cited in ref. (2) of this paper. 
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interaction between oxygen and the aryl group 
should also favor the displacement mechanism 
in spite of the steric factors involved. 

At room temperature, the reaction of three 
equivalents of triphenylsilyllithium with triphenyl 
phosphate afforded 27% of hexaphenyldisilane 
and 52% of triphenylsilanol subsequent to hydroly- 
sis. All of the organosilyllithium compound was 
consumed as evidenced by a negative Color Test I.' 
When six equivalents of this reagent were employed, 
these products were isolated in 33 and 41% yields, 
respectively, together with hexaphenyldisiloxane 
(3%) and triphenylsilane (14%). The hydrolysis 
of unchanged triphenylsilyllithium probably ac- 
counts for the formation of the last-mentioned 
product. These results can best be explained via 
the following reaction scheme: 

1. 

I11 I 
ChHsOLi + ((CeH&Si)2PO 

V. 

(CsHdoSiLi + ((CSHs)$i)rPO + 
V. 

(CdId&ir + ((CsHs)lSi)lP(O)Li 

Since Color Test I was negative in the 3:l 
reaction , and hexaphenyldisilane was isolated in 
only 27% yield, it is evident that at least some of the 
ester molecules are undergoing displacement of all 
three phenoxide groups. If this were not so, the 
yield of the disilane should have been nearer to 
67% than to 3375, and the yield of triphenylsilanol 
would have been somewhere around 33% or less. 
The fact that less than one-third of the silicon ap- 
peared as hexaphenyldisilane in this reaction, 
indicates that a considerable amount of I11 and V, 
as well as their cleavage products (IV and VI) 
were formed. There is nothing to prevent two or 
three displacements from occurring, except pos- 
sibly steric factors. 

The cleavage of a triphenylsilyl group from I, 
I11 or V would be expected to occur with relative 
ease, based on considerations presented earlier.* 

VI. 

(4) H. Gilman and F. Schulze, J .  Am. Chem. Soc., 47, 
2002 (1925). 

However, the removal of a triphenylsilyl group 
from anions such as IV and VI, or the displacement 
of a phenoxide group from 11, IV or VI would not be 
expected to occur readily. Such reactions would 
involve anionic attack at  positions of high electron 
density. This may account for the failure to 
realize more than 33% of the disilane from the 
reaction employing six equivalents of triphenylsilyl- 
lithium at room temperature. 

Hydrolysis of the silylphosphorus intermediates 
(I, 111, IV, V, VI), accounts for the isolation of 
triphenylsilanol from these reactions, as well as 
for the phosphine-like odors noticed after hydroly- 
sis. Using IV as an example, this hydrolysis may be 
formulated as follows: 

Hydrolytic reactions of this type are well-kno~n.~ 
Although products of type VI1 were not isolated 

from these reactions, the fact that the phosphine- 
like odors were carried into the organic layer after 
hydrolysis indicates strongly that they exist in the 
reaction mixtures. 

In order to determine whether or not forced 
conditions might cause cleavage of a second 
triphenylsilyl group from intermediates of type 
IV and VI, the reaction using six equivalents of 
triphenylsilyllithium was repeated under reflux 
conditions for 21 hours. Color Test I was negative 
after this time. The products isolated were: 
hexaphenyldisilane, hexaphenyldisiloxane, 4-tri- 
phenylsilylbutanol, triphenysilanol, and phenol 
(isolated as the tribromoderivative), in yields of 
39.6, 11.8, 3.75, 30, and Sl%, respectively. The 
slight increase in yield of hexaphenyldisilane to- 
gether with the high yield of phenol suggests that 
placing a second negative charge on phosphorus 
via this reaction is possible, but not readily ac- 
complished, and that all three phenoxide groups 
are capable of displacement in this reaction. 

Similar results were obtained from reactions 
employing either two or three equivalents of 
triphenylsilyllithium with tri-ptolyl phosphate. 
The former reaction gave 35.8% of hexaphenyldi- 
silane together with triphenylsilanol, (47.8%) 
and recovered ester (14.9%). The 3 : l  reaction 
afforded the disilane, triphenylsilanol , triphenyl- 
silane, and pcresol in yields of 33, 45.2, 3.8, and 

(5) See, for example: G .  Fritz, 2. Naturforsch, 8b, 776 
(1953); G. Fritz, 2. anorg. u. allgem. Chem., 280, 332 
(1955); W. Keeber and H. W. Post, J .  Org. Chem., 21, 509 
(1956); G. Fritz and H. 0. Berkhhoff, 2. anorg. u. allgem. 
Chem., 289,250 (1957); F. FehC, G. Kulborsch, A. Bliineke, 
H. Keller, and K. Lippert, Chem. Ber., 90, 134 (1957); 
G. W. Parshall and R. V. Lindsey, Jr., J.'Am. Chem. Soc., 
81, 6273 (1959). 
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57.2%] respectively. These yields are also consist- 
ent with the proposed mechanism. 

EXPERIMENTAL' 

Reaction of triphenylsilyllithium with triphaul phosphate 
(3:l). A solution of 4.20 g. (0.0133 mole) of triphenyl phos- 
phate in 10 ml. of tetrahydrofuran waa added to a stirred 
solution of 0.04 mole of triphenylsilyllithium' in 90 ml. of the 
same solvent. The reaction was mildly exothermic and a 
suspension developed after the first few ml. of solution had 
been added. Upon complete addition, Color Test I' waa 
negative, hence the mixture was hydrolyzed with water 
in a hood (strong phosphine-like odor). Filtration and 
thorough washing with water and diethyl ether left 2.8 g. 
(27'%) of hexaphenyldisilane, melting point and mixed 
m.p. 362-364'. The phenol was extracted from the organic 
layer with 10% sodium hydroxide solution and discarded. 

The solvents were removed from the dried organic layer, 
which still smelled strongly of phosphine, to leave an oily 
solid. Crystallization from cyclohexane gave in several crops, 
5.73 g. (52%) of triphenylsilanol, identified by mixed meltr 
ing point and infrared spectra. 

Reaction of triphenylsilyuithium with triphenyl phosphate 
(6:l). A mixture of 0.12 mole of triphenylsilyllithium and 
6.32 g. (0.02 mole) of triphenyl phosphate in 250 ml. of 
tetrahydrofuran was stirred at room temperature for 2 days 
to give a brown suspension. Color Test I waa pale green. 
The mixture was hydrolyzed with 100 ml. of dilute hydro- 
chloric acid, filtered, and the insoluble material waa washed 
thoroughly with water and diethyl ether to leave 10.2 g. 
(33%) of hexaphenyldisilane, melting point and mixed m.p. 

The layers of the filtrate, which had a pronounced phos- 
phine-like odor, were separated and the organic layer was 
washed with 10% sodium hydroxide to remove phenol, then 
dried over sodium sulfate. Removal of the solvents by dis- 
tillation and treatment of the residue with cyclohexane 
afforded 11.25 g. (34%) of triphenylsilanol, m.p. 149-152' 
(mixed melting point and infrared spectra). The material 
in the cyclohexane filtrate oiled upon further concentration, 
hence the solvent was removed and the residue psssed 
through a column of alumina. Elution with 600 ml. of 
petroleum ether (b.p. 60-70') gave 4.5 g. (14%) of tri- 
phenylsilane, m.p. 42-44' (identified by mixed melting 
point and infrared spectra). The next 600 ml. of the same 
solvent gave 0.8 g. (3%) of hexaphenyldisiloxane, m.p. 224- 
226' after two crystallizations from cyclohexane. Ethyl 
acetate then eluted 2.5 g. of triphenylsilanol, m.p. 152-154O, 
(total yield, 13.25 g., 41%). 

Reaction of triphenylsilyllithium with triphenyl phosphate 
(6:l) at reflux. The preceding reaction was repeated using 
the same quantities of material; however, the mixture was 
refluxed gently for 21 hr., at the end of which time, Color 
Test I was negative. The mixture was worked up as in the 
previous reaction to give 12.3 g. (39.6y0) of hexaphenyl- 
disilane, melting point and mixed m.p. 366-368". 

The solvents were removed from the dried organic layer 
and the residue was chromatographed on alumina to give 3.9 
g. ( 11.870) of hexaphenyldisiloxane, melting point and mixed 

(6) Melting points and boiliig points are uncorrected. 
All reactions were carried out in oven-dried glassware under 
an atmosphere of dry, oxygen-free nitrogen. The tetra- 
hydrofuran waa dried by refluxing over sodium wire for at 
least 24 hr., followed by distillation into a refluxing sus- 
pension of lithium aluminum hydride under dry nitrogen. 
It waa then distilled immediately before use from this 
suspension. 

(7) Prepared by the lithium cleavage of hexaphenyl- 
disiane according to the reported procedure of H. Giman 
and G. D. Lichtenwalter, J .  Am. Chem. Sac., 80, 608 
(1958). 

363-365 '. 

m.p. 226-228', after crystallization of the material eluted 
with petroleum ether (b.p. 60-70') and benzene from cyclo- 
hexane. The firat 30 ml. of ethyl acetate eluates gave an oil, 
which when recrystallized from petroleum ether (b.p. 60- 
70'), dorded 1.5 g. (3.75%) of 4triphenylsilylbutano1, m.p. 
107-109' (mixed melting point and infrared spectra). 
Further elution with the same solvent gave, after recrystal- 
lization from cyclohexane, 9.95 g. (30%) of tri- 
phenylsiianol and ca. 2 g. of an oil whose infrared spectrum 
indicated it to be a mixture of triphenylsiilanol and Ctri- 
phenylsiiylbutanol. This material was not worked up any 
further. 

The basic extract of the organic layer was acidified and 
extracted with diethyl ether. Drying and removing the 
ether gave, upon bromination, 16 g. (81%) of tribromo- 
phenol, m.p. 92-94' (mixed melting point). 

Reaction of triphmylsilyUithium with tri-p-tolyl phosphate 
@:I), A mixture of 0.04 mole of triphenylsiiyllithium and 
7.37 g. (0.02 mole) of tri-ptolyl phosphate in 110 ml. of 
tetrahydrofuran waa stirred overnight at room temperature 
(12 hr.) then hydrolyzed with 10% hydrochloric acid. Filtra- 
tion and washing gave 3.7 g. (35.8%) of hexaphenyldisilane, 
melting point and mixed m.p. 365-367'. 

The organic layer waa separated and washed with 10% 
sodium hydroxide to remove the p-cresol, then dried. The 
dried organic layer waa distilled to remove solvent and the 
residue was dissolved in cyclohexsne. Concentration af- 
forded 4.78 g. (43.3%) of triphenylsilanol, m.p. 152-154' 
(mixed melting point). Further concentration gave an 
oil which had a pronounced phosphine-like odor. Passage 
through a short column of alumina gave a trace of hexa- 
phenyldisiloxane, m.p. 222-224' (mixed melting point) ; 
1.1 g. (14.90/0) of recovered tn-p-tolyl phosphate, m.p. 
74-76' (mixed melting point); and 0.5 g. (4.5%) of tri- 
phenylsiilanol, m.p. 152-154' (after crystallization from 
cyclohexane). 

Reaetion of triphenylsilyllithium with tri-ptolyl phosphate 
(3:l). A mixture of 0.06 mole of triphenylsilyllithium in 100 
ml. of tetrahydrofuran was allowed to react for 3 hr. with a 
solution of 7.37 g. (0.02 mole) of tri-ptolyl phosphate in 50 
ml. of the same solvent. Hydrolysis with 100 ml. of water 
followed by acidification and filtration gave 5.15 g. (3370) 
of hexaphenyldisilane, melting point and mixed m.p. 360- 
364'. 

The separated organic layer waa extracted with 10% 
sodium hydroxide, then dried. T h e  basic extract waa acidified 
and extracted with diethyl ether and the ether extracts were 
dried. Solvent removal from the ether extract left an oil 
which waa distilled to give 3.7 g. (57.2%) of p-cresol, b.p. 
95-97' (20 mm.), identified by infrared spectra. A consider- 
able amount of distillation residue remained and attempts 
to distill i t  at a lower pressure led to decomposition by char- 
ring and fuming. 

The neutral organic layer was chromatographed on 
alumina to give 0.6 g. (3.8%) of triphenylsilane, identified 
by infrared spectra, and 7.5 g. (45.2'%) of triphenylsilanol, 
m.p. 152-154' (mixed melting point). 
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