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In the course of our current research in the area of
organometallic compounds it was necessary to under-
stand the nature of the hydrolytic and oxidative sta-
bility of hexaphenyldisilane (I). It is reported that I
is cleaved at the silicon—silicon bond by active metals,?
organometallic reagents,* and halogens®® It is ap-
parently stable, however, when subjected to a number
of free-radical reactions* and to hydrolysis by hot,
moist piperidine.®’

It was felt that the studies which have been made are
inadequate to explain the hydrolytic and oxidative
properties of I and are in fact causes for a degree of
uncertainty.? Therefore, a short study of the hydrolysis
and oxidation reaction of I was undertaken.

It was found that I, like many polysilanes,® is hy-
drolyzed by alcoholic alkali to give hydrogen and tri-
phenylsilanol. This reaction proceeded only when a
strong nucleophilic reagent was present. A mixture of
tetrahydrofuran (THF), carbon tetrachloride, and 309
hydrogen peroxide was inadequate for the reaction in
spite of the fact that I dissolved more readily in the
mixed solvent than in aleohol. Triphenylsilanol was
obtained as a product when a mixture of I, THF, 309,
hydrogen peroxide, and sodium hydroxide was heated
at reflux for 24 hr.

Hydrochloric acid in THF and a mixture of iodine
andh potassium iodide in 959, ethanol failed to react
with 1.

The oxidative stability of I was investigated by
heating the material in the presence of silver and so-
dium nitrate. When a mixture of I and silver nitrate
was slowly heated the first evidence for reaction was
noted at 198°. The reaction became violent at 230° and
was accompanied by the evolution of a heavy brown
gas and suspended solid particles. Attempts to
isolate and identify any product were unsuccessful.
A much milder reaction occurred when the silver nitrate
was replaced with sodium nitrate. Reaction occurred
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at 360° and hexaphenyldisiloxane was isolated as one
of the products.

This same series of reactions was carried out replacing
I with tetraphenylsilane. In no instance was there
any evidence for reaction.

Infrared spectroscopy was extremely useful in follow-
ing the course of the reactions studied. The infrared
spectrum of I, in addition to the absorption bands com-
mon to the tin, germanium, and lead analogs and
derived mainly from the attached phenyl groups,
exhibits a sharp absorption band at 9.07 u. The
spectrum of hexaphenyldisiloxane exhibits bands at
8.98 and 14.0 u in addition to those found for I. It
was noted that the published infrared spectra of I, such
as that included in the Sadtler Standard Spectra,o®
are actually those of mixtures of I and its oxide, hexa-
phenyldisiloxane. The spectrum of triphenylsilanol
exhibits a doublet with bands at 11.7 and 12.0 u. A
similar doublet occurs in the spectrum of triphenyltin
hydroxide, the bands occurring at 8.3 and 11.0 .1

Experimental Section

Hexaphenyldisilane was purchased from Peninsular Chem-
Research, Inc., and was recrystallized from carbon tetrachloride
before use, mp 364° (lit.!! mp 368-370°). All other chemicals
were reagent grade and were used without further purification.

All melting points are uncorrected.

Infrared spectra were obtained on a Model 137 Perkin-Elmer
Infracord.

Microanalyses were performed by Schwarzkopf Microanalytical
Laboratory, Woodside, N. Y.

Hydrolysis of Hexaphenyldisilane by Various Reagents. A.
Alcoholic Potash.—A mixture of 1.04 g (0.002 mole) of I, 11.2 g
(0.2 mole) of potassium hydroxide, and 400 ml of 95% ethyl
alcohol contained in a flask fitted with a reflux condenser and
attached to an inverted water-filed buret in order to measure
gas evolution was heated at reflux for 23 hr. There was collected
45 ml of gas. The reaction mixture was concentrated under
vacuum on a rotary evaporator to give a thick liquid. Dilute
hydrochloric acid was added and the white solid which precipi-
tated was removed by filtration, 1.10 g. Recrystallization of
this material from methyl alcohol gave 0.97 g of triphenylsilanol,
mp 148-150° (lit.1* mp 150.5-151.5°). The infrared spectrum
of this material was identical with that of an authentic sample.

B. Hydrogen Peroxzide.—A mixture of 2.59 g (0.005 mole) of
1, 8 ml of 309 hydrogen peroxide, 250 ml of THF, and 100 ml of
carbon tetrachloride was heated at reflux for 43 hr. Work-up of
the reaction mixture indicated that no reaction had occurred.

C. Alkaline Hydrogen Peroxide.—A mixture of 2.59 g (0.005
mole) of I, 10 ml (0.088 mole) of 309 hydrogen peroxide, 10 ml
(0.088 mole) of 35.5%, sodium hydroxide, and 500 ml of THF was
heated at reflux for 24 hr. The reaction mixture was concentrated
under reduced pressure, the concentrate was treated with methyl
alcohol, and the white solid was removed by filtration. The
solid material was dissolved in carbon tetrachloride and after
further work-up there was obtained 0.1 g of hexaphenyldisiloxane,
mp 225-228° (lit.5 mp 226°). The infrared spectrum of this
material was identical with that of an authentic sample.

The white precipitate which formed when the methyl alcohol
filtrate was diluted with water was removed by filtration, and
taken up in and recrystallized from carbon tetrachloride. There
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was obtained 1.83 g of triphenylsilanol, mp 148-150° (lit.!! mp
150.5-151.5°). The over-all yield of hydrolysis products was
74.5%

Anal. Caled for CsH,08i: C, 78.26; H, 5.79; Si, 10.14.
Found: C, 78.76, 78.87; H, 6.05, 6.15; Si, 10.06, 10.10.

D. Hpydrochloric Acid.—A mixture of 5.18 g (0.01 mole) of
I, 20 ml of 379, hydrochloric acid, and 20 ml of THF was stirred
at room temperature for 28 hr. All of the starting I was re-
covered unchanged.

E. Iodine and Potassium Iodide.—A small amount of iodine
and potassium iodide was added to a suspension of 1 g of I in
200 ml of 959 ethanol. The mixture was heated at reflux over-
night. The iodine color persisted indicating the lack of any
reaction.

Oxidation of I by Nitrate Salts. A. Silver Nitrate.—A mixture
of 2.07 g (0.004 mole) of I and 1.02 g (0.006 mole) of silver nitrate
was heated in a test tube. At 198° the mixture began to turn
brown and at 230° a vigorous reaction occurred with the evolu-
tion of a heavy brown gas and suspended particles. Attempts to
isolate and identify products were unsuccessful.

B. Sodiumn Nitrate.—A mixture of 3.0 g of hexaphenyldi-
silane and an excess of sodium nitrate was heated in a test tube.
The solid material started to melt and turn brown at 360° and
the temperature was held at this point for 1 hr. After cooling to
room temperature, the reaction mixture was extracted with
carbon tetrachloride. The extract was concentrated and the
unreacted disilane which precipitated was removed by filtration.
Concentration of the filtrate gave a solid which had an infrared
spectrum identical with that of hexaphenyldisiloxane.

Reactions of Tetraphenylsilane.—All of the above reactions
were repeated using tetraphenylsilane in place of I. In no case
was any reaction observed.
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The physical observability of asymmetry in molecu-
lar structures of type I has been theoretically explained?
and is well established by experimental studies on
compounds such as a~-deuterioethylbenzene,? 1-butanol-
1-d,*butane-2-d,’ and ethanol-1-d.®* In these compounds
the unequivalent rotatory contributions of hydrogen
and deuterium atoms, compared at the optical center,
give rise to a net rotation of transmitted plane-polarized
light. Compounds of structure type II, wherein R(H)

Il’u I|h
H—(,J*-—D R(H )—(ll*—R(D)

R, R,

1 II

and R(D) are the same organic groups differing only
in hydrogen isotope content, have also been described

(1) Visiting Research Associate (under Ohio State University Research
Foundation contract) on summer leave from Department of Chemistry,
University of Dayton, Ohio.

(2) W. Fickett, J. Am. Chem. Soc., T4, 4204 (1952).

(3) E. L. Eliel, ib7d., T1, 3972 (1949).

(4) A. Streitwieser, ibid., 78, 5014 (1953).

(6) G. K. Helmkamp, C. D. Joel, and H. Sharman, J. Org. Chem., 31, 844
(1958).

(8) H. R. Levy, F. A, Loewus, and B. Vennesland, J. Am. Chem. Soc., 79,
2949 (1957); F. A, Loewus, F, H. Westheimer, and B. Vennesland, ibid,,
75, 5018 (1953).

NotEs

Vor. 31

as displaying optical activity.” An analogous compari-
son has not previously been made for an asymmetric
center resulting from replacement of a carbon atom by
silicon. We wish to report an example of such a
case.

(+)-(8)-2-Methylbutylsilane® was synthesized by a
sequence involving conversion of (—)-(S)-2-methyl-
butanol (III), by thionyl chloride and pyridine to
(+)-(S)-2-methyl-1-chlorobutane,® transformation to
the corresponding Grignard reagent,® and condensation
with silicon tetrachloride to give a 74.5%, yield of (+)-
(8)-2-methylbutyltrichlorosilane, (IV), bp 166-167°,
d¥, 1.1277, [«]®D 11.065°.11 Treatment of the chloro-
silane with lithium aluminum hydride in butyl ether
vielded (69%) of (+)-(8)-2-methylbutylsilane, (V),
bp 78-79°, d*; 0.7085, n¥®p 1.4056, [a]®Dp 9.454°.
The ultraviolet absorption spectra for compounds III
and V showed no bands from 7000 to 2200 A. Their
optical rotatory dispersion curves from 6600 to 2300
A were negative plain and positive plain, res-
pectively, as is typical of compounds devoid of opti-
cally active absorptions bands in the spectral range
covered.!?

H H

CH,CH; f CH.0H CHsCHz—i—Cstixs
CH, CH,
I 1}\7/’% = }011

From the observed rotation value it appears that the
asymmetric contribution of the -CH,SiH; group is very
similar in magnitude and sign to that of the propyl
group, based on the semiempirical correlating concepts
of Brewster,!® in optical activity. The analogous molar
rotation values for (+)-(8)-3-methylhexane are +10.0°
(caled) and +9.9° (obsd).
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