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Cleavages of hexasubstituted disilanes by silyllithium compounds to give different disilanes and less reactive silyllithium
compounds are described. Observations concerning the relative reactivities of silyllithium compounds are reported.

In an earlier paper! it was postulated that the
formation of hexaphenyldisilane from the reactions
of either methyldiphenylsilyllithium or dimethyl-
phenylsilyllithium with chlorotriphenylsilane was
thought to occur vie a halogen—metal interconversion
reaction. For instance, the reaction of dimethyl-
phenylsilyllithium with chlorotriphenylsilane was
illustrated by equation la. The various possible

(CHs)gCeHslel + (CeHs)sSlCl —_—
(CH3)2C5H051C1 + (CsHs)xSiLl
(CsHs)sSlLl + (CGH5)381C1 —_—
(CeH5)sSiSi( CeHis)s + LiCl
(CH;)2CeHSiLi + (CHj;)CsH;SiCl —>
(CH;),CeH;5SiSiCeHs( CHs), + LiCl
(CeH5)sSiLi + (CH;).CeH:SiCl —>
(CeH;)38181CsH( CH3): + LiCl (1d)

coupling reactions could then give rise to hexaphen-
yldisilane, 1,1,2,2-tetramethyl-1,2-diphenyldisilane
and 1,1-dimethyl-1,2,2,2-tetraphenyldisilane (1b,
1c,1d). The last product was not isolated when
the reaction was carried out by addition of chloro-
triphenylsilane to dimethylphenylsilyllithium. By
reversing the direction of addition, z.., adding di-
methylphenylsilyllithium to chlorotriphenylsilane,
good yields of 1,1-dimethyl-1,2,2,2-tetraphenyldi-
silane were obtained along with a small amount of
hexaphenyldisilane.

In a similar manner, addition of methyldiphenyl-
silyllithium to chlorotriphenylsilane gave good
yields of methylpentaphenyldisilane, whereas re-
versing the direction of addition gave hexaphenyl-
disilane, methylpentaphenyldisilane and 1,2-di-
methyl-1,1,2,2-tetraphenyldisilane. While the con-
cept of a halogen—metal interconversion reaction
explains the formation of the products in these re-
actions, the importance of the direction of addition
is left unanswered. In light of new evidence. an
explanation based on the cleavage of disilanes by
silylinetallic compounds may be advanced.

The reaction of dimethylphenylsilyllithium with
chlorotriphenylsilane probably involves an initial
coupling reaction to give 1,1-dimethyl-1,2,2,2-tet-
raphenyldisilane (2a), regardless of the direction
of addition. In the presence of excess dimethyl-
phenylsilyllithium, a second reaction (2b) takes
place involving the cleavage of 1,1-dimethyl-
1.2,2,2-tetraphenyldisilane by dimethylphenylsilyl-

(CHS\QCGHQSILI + (CsHs)sSlCl —_—

(1a)
(1b)

(1c)

(CH3):CsHSiSi( CsHi)s + LiCl  (2a)
(CHa)zCeH:,SiSi(CsHa)s -+ (CHS)QCGHsSiLi e
(CHy),CeH:SiSiCeH( CHy)p + (CoH5)SiLi  (2b)

lithium to give 1,1,2,2-tetramethyl-1,2-diphenyldi-
silane and triphenylsilyllithium. Hence, the fail-

(1) H. Gilman and G, D. Lichtenwalter, THis JoURNAL, 80, 608
(1958).

ure to isolate 1,1-dimethyl-1,2,2,2-tetraphenyldi-
silane is not surprising. Hexaphenyldisilane arises
through the reaction of triphenylsilyllithium with
chlorotriphenylsilane (1b). When dimethylphen-
ylsilyllithium is added to chlorotriphenylsilane, the
latter compound is present in excess. The unsym-
metrical coupling product, 1,1-dimethyl-1,2,2,2-tet-
raphenyldisilane, will be isolated from further
cleavage and may be obtained in good yields.

A similar argument may be presented for the
formation of the products isolated from the addi-
tion of chlorotriphenylsilane to methyldiphenylsil-
vllithium. Methylpentaphenyldisilane, formed by
an initial coupling reaction (3a), is cleaved further
by methyldiphenylsilyllithium to give 1,2-dimethyl-
CH(CeHs)%SiLi + (CeH;);8iCl —>

CH( CeH).SiSi( CeHj)s + LiCl
CHs(CsHa)QSISI(CGHs)a ".L CHS( CeHs)gSlLl e
CHy( CsH; ),SiSi( CoH):CHs + (CeHo)SIiLi (3b)

1,1,2,2-tetraphenyldisilane and triphenylsilyllithium
(8b). In this case, however, some methylpenta-
phenyldisilane was isolated, which would indicate
that cleavage of this compound by methyldiphenyl-
silyllithium is kinetically slower than the cleavage
of 1,1-dimethyl-1,2,2,2-tetraphenyvldisilane by di-
methylphenylsilyllithium. This explanation is in
line with an activity series for silyllithium com-
pounds, presented later in this paper, in which
methyldiphenylsilyllithium is shown to be less re-
active than dimethylphenylsilyllithium. Hexa-
phenyldisilane is again formed by the reaction of
chlorotriphenylsilane with triphenylsilyllithium
(1b). Addition of methyldiphenylsilyllithium to
chlorotriphenylsilane gave only the coupling prod-
uct, methylpentaphenyldisilane.

Support for the hypotheses presented concerning
the cleavage of disilanes by silyllithium compounds
was obtained by cleavage of pre-formed disilanes
with silyllithium compounds.

The addition of dimethylphenylsilyllithium to
an equimolar suspensiott of hexaphenyldisilane in
tetrahydrofuran gave a prompt reaction from which
the products isolated were 1,1,2,2-tetramethyl-1,2-
diphenyldisilane (56¢7). triphenylsilanol (219,) and
hexaphenyldisilane (659} recovery). The formation
of these products may be visualized as having oc-
curred through the initial cleavage of hexaphenyl-
disilante by dimethylphenylsilyllithium to give
1,1-dimethyl-1,2,2,2-tetraphenyldisilane and tri-
phenylsilyllithium (4).

(CHS)?CGH[,SILI -+ (CeHs)sSiSi(CeHs)a e
(CHS)QCGHssiSi(CGHs)s + (CsHs)sSlLi (4)
Cleavage of 1,1-dimethyl-1,2,2,2-tetraphenyldisil-
ane by a second molecule of dimethylphenylsilyl-
lithium gives 1,1,2,2-tetramethyl-1,2-diphenyldisil-
ane and triphenylsillylithium (2b). Failure to iso-

(3a)
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late 1,1-dimethyl-1,2,2,2-tetraphenyldisilane from
the reaction mixture may be attributed to the dif-
ference in solubility of 1,1-dimethyl-1,2,2,2-tetra-
phenyldisilane and hexaphenyldisilane. The former
compound is soluble in tetrahydrofuran and is
cleaved as soon as it forms by dimethylphenylsil-
yllithium in preference to the highly insoluble hexa-
phenyldisilane.

Treatment of 1,1-dimethyl-1,2,2,2-tetraphenyl-
disilane with one equivalent of dimethylphenylsil-
yllithium gave, after hydrolysis, triphenylsilanol
(229, 1,1,2 2-tetramethyl-1,2-diphenyldisilane
(639,) and 1,1-dimethyl-1,2,2,2-tetraphenyldisil-
ane (269, recovery).

From the reaction of methyldiphenylsilyllithium
with hexaphenyldisilane (2:1 mole ratio), the prod-
ucts isolated were 1,2-dimethyl-1,1,2,2-tetraphenyl-
disilane (269,), triphenylsilane (599%,), hexaphenyl-
disilane (229, recovery) and ca. 299, of a mixture of
1,2-dimethyl-1,1,2,2-tetraphenyldisilane and 1,1-
dimethyl-1,2,2,2-tetraphenyldisilane.

Addition of dimethylphenylsilyllithium to 1,2-
dimethyl-1,1,2,2-tetraphenyldisilane (2:1 mole ra-
tio) gave, after acid hydrolysis, 1,1,2,2-tetramethyl-
1,2-diphenyldisilane (459,) and methyldiphenylsil-
ane (77%).

Kraus and Nelson? described the preparation of
triethylsilyllithium by way of the cleavage of tri-
phenylgermyltriethylsilane with lithium in ethyl-
amine. Recent experiments® have shown, how-
ever, that silylmetallic compounds are instantly
ammonolyzed by amines. Attempts to prepare
stable solutions of trialkylsilylmetallic compounds
have to date been unsuccessful,*? although a low
vield of trimethylphenylsilane was obtained® by the
cleavage of 1,1,1-trimethyl-2,2,2-triphenyldisilane
with sodium-potassium alloy in diethyl ether, fol-
lowed by addition of bromobenzene.

Evidence for the existence of a transient trial-
kylsilylmetallic compound is afforded by the cleav-
age of 1,1,1-triethyl-2,2,2-triphenyldisilane by lith-
ium in tetrahydrofuran (5a). The productsisolated
from this reaction were, after acid hydrolysis, tri-
phenvlsilane (929,), triethylsilane (119;) and hexa-
ethyldisilane (1497). Isolation of the last com-
pound clearly indicates the formation of triethyl-
silyllithium which by cleavage of 1,1,1-triethyl-
2,2,2-triphenyldisilane gives hexaethyldisilane (5b).

Li
( CeHs):;SiSi( C:H;); —>
(CeH)sSiLi + (CoHs)sSiLi

(CeH5)58iSi( CoHs)s + (CoHp)sSIL —>
(CH:)3SiSi(CoHy)s + (CeHi)sSiLi  (5b)

Assuming that the silicon-silicon bond strength
remains about constant with varying numbers of
alkyl and aryl substituents on the silicon atoms, on
the basis of the cleavage reactions described, silyl-
lithium compounds may be arranged in a reactivity
series. (CsHE,)aSlLl < CHs(CsHa)gSlLl < (CHs)z—

(2) C. A. Kraus and W, K. Nelson, TuIs JourNAL, 56, 195 (1934).

(3) R. A. Benkeser, R. E, Robinson and H. Landesmann, ibid., T4,
3699 (1952); H. Gilman and G. D. Lichtenwalter, ibid,, 81, 978
(1959).

(4) G. D. Lichtenwalter, unpublished studies.

(5) M., B. Hughes, unpublished studies.

(6) H. Gilman. R, K. Ingham and A. G. Smith, J. Org. Chem., 18,
1743 (1933).

(5a)
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CeHSiLi << (CHi)3SiLi.  As the number of alkyl
groups on the silicon atom of the silyllithium com-
pound increases, the reactivity increases.

It has been reported’ that the reaction of triphen-
ylsilylpotassium with chlorotriphenylmethane, fol-
lowed by carbonation of the reaction mixture, gives
hexaphenyldisilane, hexaphenylethane (identified
as the peroxide) and triphenylacetic acid. The
formation of these products was postulated as hav-
ing occurred viz a halogen-metal interconversion
reaction, followed by various coupling reactions.
It is possible to visualize these products as having
arisen by way of a cleavage reaction (6) similar to
those described for disilanes. This alternative was
tested by the addition of triphenylsilyllithium to

(CeHs)sSiC(CeHs)e + (CoH)sSIK —/~4>
(CeH;)sSiSi( CsHs)s + (CeHs)sCK  (6)

triphenylmethyltriphenylsilane, followed by car-
bonation of the reaction mixture. Following hy-
drolysis, no triphenylacetic acid was obtained from
the aqueous layer. Recovery of triphenylmethyl-
triphenylsilane was 909,. It appears, therefore,
that the products isolated from the reaction of tri-
phenylsilylpotassium with chlorotriphenylmethane
did indeed arise as the result of a halogen-metal in-
terconversion reaction.

It is worthy of note that although disilanes are
cleaved readily by silyllithium compounds, they
are resistant to cleavage by organolithium com-
pounds.  Hexaphenyldisilane is unaffected by
either phenyllithium in ether® or p-tolyllithium? in
tetrahydrofuran.

Experimental'®

Addition of Dimethylphenylsilyllithium to Hexaphenyldi-
silane.—To a stirred suspension of 9.85 g. (0.019 mole) of
hexaphenyldisilane in 50 ml. of tetrahydrofuran (THF) was
added 30 ml. of a THF solution of dimethylphenylsilylli-
thium prepared by the cleavage of 2.57 g. (0.0095 mole) of
1,1,2,2-tetramethyl-1,2-diphenyldisilane with excess lithium.
Two hours after the addition was complete, the reaction mix-
ture was hydrolyzed with water. From the organic layer
was obtained 6.4 g. (65%) of recovered hexaphenyldisilane,
m.p. 365-367° (mixed m.p.). The organic layer was dried
and evaporated. The residual oil was treated with petro-
leum ether (b.p. 60-70°) to give 2.2 g. (21%) of triphenyl-
silanol, m.p. 154-156° (mixed m.p.). The petroleum ether
was stripped off, and distillation of the residue afforded 1.43
g. (56%) of 1,1,2,2-tetramethyl-1,2-diphenyldisilane, b.p.
73°(0.01 mm.). The distillate solidified on seeding with an
authentic specimen of 1,1,2,2-tetramethyl-1,2-diphenyldisil-
ane. The infrared spectra were identical.

Addition of Dimethylphenylsilyllithium to 1,1-Dimethyl-
1,2,2,2-tetraphenyldisilane.—To a solution of 10.0 g.
(0.0254 mole) of 1,1-dimethyl-1,2,2,2-tetraphenyldisilane in
50 ml. of tetrahydrofuran (THF) was added 40 ml. of a
THF solution of dimethylphenylsilyllithium prepared from
3.43 g. (0.0127 mole) of 1,1,2,2-tetramethyl-1,2-diphenyl-
disilane and excess lithium. After stirring overnight, the
reaction mixture was hydrolyzed with water. From the
dried organic layer was obtained an oil which on treatment
with petroleum ether (b.p. 60-70°) gave 1.55 g. (229,) of
triphenylsilanol, m.p. 154-156° (mixed m.p.). From the
petroleum ether filtrate was obtained an oil which on distil-
lation afforded 4.32 g. (639%) of 1,1,2,2-tetramethyl-1,2-di-
phenyldisilane, b.p. 76-81° (0.005 mm.), which crystallized

(7) (a) A. G. Brook, H. Gilman and L. S, Miller, THIS JOURNAL,
78, 4759 (1953): (b) for another case of halogen—metal interconversion
in organosilicon chemistry see A, G, Brook and S, Wolfe, 7bid., 79, 1431
(1957).

(8) G. E. Dunn, Doctoral Dissertation, Iowa State College, 1951.

(9) G. D. Lichtenwalter, unpublished studies.

(10) Reactions were carried out under an atmosphere of dry, oxygen-
ifree nitrogen using dry glassware. Melting points are uncorrected,



on seeding with an authentic specimeun. The infrared spectra
were identical. The distillation residue was treated with
ethanol to give 2.6 g. (26%) of recovered 1,1-diinethyl-1,2,2,-
2-tetraplienyldisilane, m.p. 81.5-83° (mixed m.p.).

Addition of Methyldiphenylsilyllithium to Hexaphenyl-
disilane.—To a stirred suspension of 7.9 g. (0.0152 mole) of
hexaplienyldisilane in 25 ml, of tetrahydrofuran (THF) was
added 80 ml. of a THF solution of methyldiphenylsilyl-
lithium prepared by the cleavage of 6.0 g. (0.0152 mole) of
1,2-dimetlivl-1,1,2,2-tetraphenyldisilane with excess lithium.
One hour after the addition was complete, water was added,
and filtration of the organic laver gave 1.73 g. (229%) of
hexaphenyldisilane, m.p. 365-367° (1nixed m.p.). The res-
idue from the dried filtrate was dissolved in hot petroleum
ether (b.p. 60~70°) and chromatographed on an alumina
column. The petroleum ether fractions were collected.
Tlie first was evaporated to dryness and treated with
ethanol to give 1.57 g. (26%) of 1,2-dimethyl-1.1,2,2-t=tra-
phenyldisilane, m.p. 142-146°, identified by a mixed melting
point with an authentic specimen. A mixed melting point
with metliylpentaplienyldisilane was depressed. The secoud
petroleum ether fraction was treated similarly with ethanol
to give 1.78 g. (ca. 299;) of solid, m. 121-133°. The melting
point was not improved by recrystallization. The infrared
spectrum indicated that this material was a mixture of 1,2-
dimethyl-1.1,2,2-tetraphenyldisilane and 1nethylpenta-
phenvldisilane, which are very difficult to separate.! The
ethanol filtrates were combined and evaporated to give an
oil. When chilled and seeded with triphenylsilane, the
entire mass crystallized. The product weighed 4.7 g.
(59.5%), m.p. 43-45°, and was shown by the infrared
spectrum and mixed melting point to be triphenylsilane.

Addition of Dimethylphenylsilyllithium to 1,2-Dimethyl-
1,1,2.2-tetraphenyldisilane.—To a solution of 11.7 g.
(0.0296 mole) of 1,2-dimethyl-1,1,2,2-tetraphenyldisilane in
75 ml. of tetrahydrofuran (THF) was added 70 ml. of a THF
solution of dimethylphenylsilyllithium prepared by the
cleavage of 8.0 g. (0.9296 mole) of 1,1.2,2-tetramethyl-1,2-
diphenyldisilane with excess lithium. Thirty minutes after
tlie addition was complete, the reaction mixture was poured
into cold hydrochloric acid. From the dried organic layer
was obtained an oil wlich was distilled to give 9.06 g. (77.5
%) of methyldiphenylsilane. b.p. 79° (0.1 mm.), n¥p
1.5694 (reported b.p. 82° (0.15 mm.), n¥p 1.5747!; b.p.
137-139° (14 1inm.), »¥p 1.5724!%). The identity of the sil-
ane was further confirmed by the infared spectrum which
showed a strong Si-H absorption band at 4.7u. A second
fraction boiling at 96-98° (0.1 mm.), 3.6 g. (45%,), crystal-
lized on seeding witlh 1.1,2,2-tetramethyl-1,2-diphenyldi-
silane and was shown to be this compound by the infrared
spectrum.

{11) R. A. Benkeserand D, J. Foster, THIS JoURNAL, T4, 5314 (1952).
(1?) R.D. Gorsich, Doctoral Dissertation, Iowa State College, 1957.
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Lithium Cleavage of 1,1,1-Triethyl-2,2,2-triphenyldisil-
ane.—One hundred milliliters of tetrahydrofuran was
added slowly to a stirred mixture of 15.0 g. (0.040 mole) of
1,1,1-triethyl-2,2,2-triphenyldisilane and 2.5 g. (0.36 g.
atom) of finely-cut litliium wire. The reaction started im-
mediately; tlie deep colored solution gave a positive Color
Test I.1% During the addition, tlie flask was cooled in an
ice-bath. The reaction mixture was stirred for 45 min. at
0° and allowed to warm to room temperature over a period
of 30 min. Subsequent to liydrolysis with dilute acid, addi-
tion of some ether, extraction with water, and drying of the
organic layer over sodium sulfate, the product was distilled.
There was obtained 0.5 g. (11%) of triethylsilane, b.p. 30~
35° (15 mm.), identified by the infrared spectrum; 0.65
g. (149%) of hexaethyldisilane, b.p. 103-108° (15 inm.),
identified by the infrared spectrum; and 9.45 g. (92%) of
slightly imipure triphenylsilane, b.p. 142-148° (0.2 mm.).
The infrared spectrum of the last compound indicated the
presence of au impurity containing aliphatic C—H bonds.
Attempts to isolate additional products by use of chroma-
tography or recrystallization failed.

Cleavage of Triphenylmethyltriphenylsilane by Triphenyl-
silyllithium (Attempted).—To a stirred suspension of 3.0
g. (0.00397 mole) of triphenylmethyltriphenylsilane in 20
ml. of tetrahydrofuran (THF) was added 25 ml. of a THF
solution of triphenylsilyllithium prepared by cleavage of
2.08 g. (0.004 mole) of hexaplienyldisilane. After one hour,
the reaction mixture was carbonated by pouring jet-wise into
a slurry of Dry Ice and ether. The carbonated niixture was
allowed to stand for two hours to ensure complete decoinposi-
tion of lithium triphenylsilanecarboxylate to the lithium
salt of triplienyvlsilanol and carbou monoxide.l* The mix-
ture was tlien shaken with 109 sodiwun hydroxide. Acidi-
fication of the aqueous layer gave no acid. From the organic
layer was filtered 2.71 g. (90%) of recovered triphenyl-
methyltriphenylsilane, m.p. 317-325° dec. A mixed melt-
ing point with an authentic specimen was not depressed.
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(13) H. Gilmun and F. Schulze, TaIs JourNaL, 47, 2002 (1925).
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A Study of the Induced Decomposition of Benzoyl Peroxide in Diethyl Ether

By DoxaLp B. DenxeEY AND GERALD FEIG
RECEIVED MARCH 18, 1959

Benzoyl peroxide, labeled with oxygen-18 in the carbony! oxygens, has been allowed to decompose in a mixture of dietlyl

ether and sodium hydride.

The «-ethoxyethyl! benzoate obtained from this reaction was reduced with lthium aluminum

hvdride to give benzy! alcohol which contained 809, of the excess oxygen-18 originally incorperated in a carbonyl oxygen of

the benzoy! peroxide.

These results indicate that in the induced decomposition of benzoy! peroxide in ether the a-ethoxy-

cthyl radical attacks predominantly. if not exclusively, on one of the oxygens of the peroxide link.

The reactions of organic peroxides have received
much attention in recent years.! The products of
these reactions are often numerous and vary widely
with changes in reaction conditions. These re-
actions are ofteutimes further complicated by in-

(1) (a) A. V. Tobolsky and R, B. Mesrobian, **Organic Peroxides,”’
Interscience Publishers, Inc., New York, N, Y., 1954; (b) C. Walling,
**Free Radicals in Solution.” John Wiley and Sons, Inc., New York,
N. Y., 1957,

duced decompositions in which radicals derived
from the solvent or reaction intermediates attack
on the peroxide.

A peroxide decomposition that has been studied in
some detail is that of benzoyl peroxide (I) in diethyl
ether. Cass? has found that this reaction yields
1-ethoxyethyl benzoate (11) and benzoic acid (I111)

(2) W. E. Cass, THis JoURNAL, 69, 500 (1947).



