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In 1939 Wittig and Pockels? reported the reaction of phenvllithivm and bromoform.
These workers demmonsirated that the halogen—metal interconversion reaction is the
major reaction between these two compounds as a result of isolation of bromobenzene
in a2 459% vield. The other product obtained was stilbene (349 maximum). In the
light of carbene chemistry®.1.5.¢ the formation of the latter compound can easily be
accounted for:
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Two vears later, Wittig and \Witt? reported the reactions of phenvllithium with
various pelvhalomethanes. Reactions of carbon tetrachloride and carbon tetia-
bromide gave relatively- small amounts of chlorobenzene (27.6%;) and bromobenzene
(33.29%), respectively. The fact that no other product could be isolated from the
residue indicates the occurrence of complex secondary reactions, possibly involving
carbene intermediates. The reaction of methvlene bromide and phenvllithium in a
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* Reported in part in a preliminary communicationl.
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450 H. GILMAN, D. AOKI

I:I ratio yielded bromobenzene (25°,), benzyvl bromide (21°;), bibenzyl (8.9 9%},
and the starting material (11.59;). Direct coupling reaction between phenyllithium
and methyiene bromide was proposed by Wittig for the formation of benzyl bromide.
Althcugh this reaction scheme mayv not be ruled out, there is another possibility;
that is, the halogen—metal inierconversion between methylene bromide and benzyl-
lithium. The latter compound would be formed by the reaction of carbene and
phenyllithium. (For equations see at the bottom of p. 449.)

Benizyl bromide would be expected to undergo three possible reactions with RLi
compounds: halogen-metal interconversion®, metalation™® and coupling®. The coup-
Img reaction with benzyllithiurmn may account for the forrmation of bibenzyvl. The
metalation reaction, however, can also give rise to bibenzyl!-5:
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Although Miller and Kim!® isolated onlyv norcarane from the reaction of methylene
bromide with methylithium in the presence of cyclohexene, methviene bromide may
undergo a metalation reaction with phenvilithium. The bromocarbene iormed can
react with phenvllithium to give phenvlcarbene:
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The reaction of phenylcarbene and benzyllithium would give bibenzyi as shown above.
Methyvlene chloride has been shown to give a coupling product with sodium di-
phenyimethidel!, whereas organolithium compounds react with methylene chloride
exclusivelv by metalations.
[t is interesting that in one case® 1,1.2-triphenviethane was isolated as the major
product from the reaction of benzyl chloride and phenvllithium. Phenylcarbene might
have been an intermediate In this case also.

Phii /Cl —LiCt .
Pe-CH.-Ci — PhH -+ Ph-CH {Pr—~-CH’
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Ph.CH-CH.-Ph <—— Ph~CH-Ph

The diphenyvimethyllithium would be expected to react with benzyl chloride in all
possible wayvs, but under the conditions emploved the coupling reaction seemed to
be favored.

The halogen—metal interconversion reaction is the major reaction between tri-
phenvlisilvilithium and polyvhalomethanes, as evidenced by the isolation of hexa-
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REACTIOXS OF TRIPHENYLSILYLLITHIUM WITH POLYHALOMETHANES 4351

phenyldisilane in large vields. In the case of chloroform a metalation reaction occurs
to some extent, as indicated by the presence of triphenylsilane among the products.
It has been shown that chloroform reacts exclusively by metalation with organo-
alkali-metal compounds®. A coupling reaction may be occurring between methyvlene
chloride and triphenvlsilylithium.

However, the reactions are complex because of the different behavior of halides
toward carbene intermediates and organolithium compounds.

The reaction of methylene chloride with triphenylsilyllithium gave hexaphenyl-
disilane (35-569%,), methyltriphenylsilane (x5.5-34.2%), (chloromethyl)triphenyl-
silane (0—¥1.79;). and bis(triphenylsilyl)methane (5.4—17.4 %).

The fact that (chloromethyl)triphenylsilane was not isolated when methylene
chloride was added to triphenvlsilvllithium, as well as when excess triphenylsiiyl-
lithium was added to methylene chloride in the normal addition, suggested that bis-
(toiphenylsilvljmethane was formed by a coupling reaction between the silyllithium
compound and (chloromethyl)triphenyisilane. Independently, triphenylsilvilithium
and (chloromethyl}triphenylsilane were allowed to react under similar conditions. It
was noted that extensive halogen—metal interconversion (36.89, of hexaphenyl-
disilane) accompanied the coupling reaction [32.49%, of bis{triphenylsilyl)methanel.
Steric hindrance appears to be responsible for the occurrence of halogen—metal inter-
conversion. (Chloromethyl}trimethylsilane did not give any hexaphenyldisilane,
whereas nieopentyl chloride gave a 629% vield of the same compound!.

It is somewhat surprising that a relatively lower yield (35.29) of hexaphenvl-
disilane was obtained when reverse addition was emploved. This may be explained
by the fact that two competing reactions exist in the system; namelyv, the reactions
of triphenvlisilyilithium with chlorotriphenylsilane and with carbene, both of which
involve halogen—metal interconversion:

Ph,SiLi + CH.Cl, —> Ph,SiCl + CH,CILi
4

L1

Ph,SiLi M
Ph,Si~CH,Li <——— [:CH,!

The resuiting triphenyvisilylmethyliithium may compete with triphenylsilyllithium in
reactions with chlorotriphenylsilane and with methylene chloride.

There are three possible reactions that triphenylsilylmethyllithium can undergo
with methylene chloride: coupling, halogen—metal interconversion, and metalation.
The last reaction results in the formation of methyltriphenvisilane and chlorecarbene:

Ph,Si-CH,Li + CH,Cl, —> PhSi-CH, -+ CHCI,Li
—LiCl

Ph,SiLi M
= {:CHCI]

.- —LiCl
[Ph,Si-CH] ~———— Ph,Si—-CHCILi

The chloiocarbene may react with triphenylsilvllithium to give triphenylsilylcarbene.
Likewise, the latter carbene might be expected to react with triphenylsilyllithium to
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452 H. GILMAN, D. AOKI

vield bis(triphenyisilyl)methyllithium, which would result in the formation of L's-
(triphenvlsilvl}methane:
s T
PR SI-CH! ——— Ph,Si-CH-SiPh,

.

Ph,Si-CH,-SiPh,

The reaction of {dichloromethxi)triphenylsilane with tdphenylsilvllithium gave hexa-
phenyldisilane {46.4°,) and bis{triphenylsilvl)methane (34.3%). Triphenylsilylcar-
bene appears to be an intermediate:

. Ph.SiLi )
Ph,Si-CHCI, - > Ph,Si-CHCILi + Ph,SiCI

i-—ucx iPB.Sit
H 3
. . Ph,SiLi P
Ph,Si~CH,-SiPh, [Ph,Si-CH: Ph,SiSiPh,
34-3% 46-1%

Methvltriphenvlsilane mav have arisen at least in part by the reaction of tri-
phenvisilylmethyllithium with the solvent (tetrahvdrofuran)*.

The reaction of methvlene bromide with triphenyvlsilyliithium gave hexaphenyl-
disilane (42.5-59.4°3), methvliriphenvisilane (trace—40.0°%;), and (bromomethyl)-
triphenyvisilane (0-9.69%;).

The significant point in this reaction is that bis(triphenyisilvlymethane was not
isolated. Probably methviene bromide does not undergo coupling or metalation re-
actions to any appreciable degree with either triphenvlsilvllithium or triphenylsilyl-
methyllithium under the conditions emploved. The same may be true for (bromo-
methyvi)triphenylsilane. If these reactions should take place to any significant degree,
bis(triphenvisilyljmethane would be isolated.

(Bromomethyl}triphenylsilane was probably formed as a result of halogen-metal
interconversion berween triphenvisiivlmethyllithium and methylene bromide. Methyi-
triphenylsilane may very well have resulted by the metalation reaction of triphenyl-
silykmethyHithium with the solvent.

The reaction of methvlene iodide gave hexaphenyldisilane (42.5-659%;), methyvl-
triphenvisilane (16.4-28.3%), (iodomethylitriphenyvisilane (6.3-23.09;), and bis-
(triphenylsilvl)methane (0—5.6°3).

Three runs were carried out under similar conditions (ratio of reactants, tempera-
ture, mode of addition, and solvent), vet the product ratio was significantly altered.
Probablx- the rate of addition as well as concentration of reactants had an important
influence on the course of the reaction. Higher vields of (iodomethyl)iriphenvlsilane
than those of the corresponding {oromomethyvljiriphenyisilane may indicate that
methylene lodide is more susceptible than methyvlene bromide to halogen-metal
interconversion with triphenylsilvlmethyllithium.

The reaction of chloroform with triphenylsilvlithiuin gave hexaphenyidisilane

* For metalation and cleavage reactions of ethers by organometallic compounds, see, for
example, ref. 13.
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REACTIOXNS OF TRIPHENYLSILYLLITHIUM WITH POLYHALOMETHANES 453

’ (51.6-60.59,), triphenyisilane (5.3-13.0%,), (chloromethyl)triphenvlsilane (3.2-6.5%),
(dich.oromethyi)triphenylsilane (0-11.7%), and bis(triphenylsilyl)methane (r.7—
10.3 %).

Isolation of hexaphenyldisilane and triphenvlsilane indicates occurrence of both
halogen-metal interconversion and metalation reactions:

phsins > PRSiH = CCLLi [:CCi.
CHCl, —— .
— Ph,SiCl + CHClLi ——— [:CHCI}
13
!pnsiLi
M
Ph,SiSiPh,

The dichlorocarbene and chlorocarbene would then react with triphenyvlsilyllithium
to give chloro(triphenylsilyl)carbene and triphenylsilylcarbene, respectively. The
reaction of the latter carbenes with chloroform* may have yielded (dichloromethyl)-
triphenyvlsilane and (chloromethyl)triphenvlsilane:

[Ph,Si-C-Cl] + CHCl, —+ Ph,Si-CHC, + [:CCl,]
[Ph,Si-C-H + CHCl, — Ph,Si-CH,Cl -+ [:CCl,]

(Dichloromethyl)triphenvlsilane and (chloromethyl)triphenvlsilane may undergo
further reaction with triphenylsilvllithium giving hexaphenyidisilane and bis{iri-
phenyvisilvl)methane.

From the reaction of bromoform there was obtained hexaphenyldisilane (48.7—
62.5%), methvitriphenylsilane (0.9-10.3%). (bromomethyl)triphenvisilane (z0.5—
34.0%), and (dibromomethyl)triphenvlsilane (0-13.9°5). Triphenyvlsilane was ob-
tained only in trace amounts. Bis{triphenyvlsilyl)methane was not isolated as in the
case of methvlene bromide reactions.

Isolation of (dibromomethyl)triphenvlsilane gives some support to the mechanism
advanced earlier that triphenylsilylcarbene mayv react with haloform by dehvdro-
halogenation yielding (halomethyvl)triphenylsilane and dihalocarbenes. The latter
carbenes follow paths similar to halocarbenes to give (dihalomethyljtriphenylsilanes.

Methyltriphenyvlsilane was probably the result of halogen-metal interconversion
between (bromomethyi)triphenvisilane and triphenylsilyllithium, followed by proton
abstraction from the solvent on the part of the resulting triphenylsilylmethyliithium.

\When triphenvilsilvllithium was added to iodoform at room temperature until
the solution gave a positive Color Test!” I, three products were isolated: hexaphenyl-
disilane (60.5% based on triphenylsiivllithium); methyltripheryvisilane (23.7 % based
on iodoform); and bis(triphenylsilyl)methane (19.5 % based on iodoform). The ratio

“ Hine e al.1® postulated electrophilic attack of dichlorocarbene on the oxygen atom of alcohol:

HQC
[:CCls3 i1 —HC! .
* CHy-CH,-O-C-Cl — [CH,—CH.-O-C-Cl}

(=<

CH,-CH,~O-H
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434 H. GILMAN, D. AOKI

of the reactants was zpproximately 3 (triphenylsilyllithium) to 1 (iodoform). When
the ratio was 2 to 1, methyltriphenylsilane and bis(triphenylsilyl)methane were not
1solated, but (jodomethyljtriphenylsilane (15.6°,) and (diiodomethyl)triphenylsilane
(14.5%) were obtained in addition to a 60 °; vield of hexaphenyldisilane.

In the first case sufficient triphenylsilyllithium is added to react with the intez-
mediates, (mono- and diiodomethyl)triphenyvlsilane, to form methyltriphenylsilane
and bis(triphenvlsiivl)methane by the mechanisms postulated for the reactions of
(bromomethyltriphenylsilane and (dichloromethyljtriphenylsilane.

When the reverse addition was emploved until all of triphenvisilyllithium was
used (indicated by a negative Color Test I), the yield of hexaphenyldisilane was
6.1.7%. The other products were methyltriphenvisilane (r1.0%;), bis(triphenylsilvl)-
methane (3.19.), and 1,2-bis(triphenvisilvl)ethane (2.49;). The last compound is
expected in all reactions which involve triphenylsilvlmethyllithium as an intermediate ;
however, this is the only case in which this compound was actually isolated.

In the reaction of carbon tetrachloride with triphenylsilvllithium at —60°, only
txo products were isolated: hexaphenvldisilane (56.6—73.5 ¢, based on triphenylsilvl-
lithium) and (dichloromethyl)triphenylsilane (11.2—42.29, based on carbon tetra-
chloride). The reaction of carbon tetrabromide under similar conditions, however, gave
{(bromomethyl)triphenylsilane (0-2.58°;), (dibromomethyl}triphenylsilane (0-1..4%),
bromo({triphenyisilvi)acetyvlere (0-2.0 %), bis(triphenvlsilvl)acetylene (2.5—-4.3°5), and
hexaphenyldisilane (64.3-67.5 ;).

This suprising difference mxﬂht very well be due to the difference in nature of the
postulated intermediates, chloro{triphenylsilyvi)carbene and bromo(triphenvisilyvl)-

cartene. It appears that the former carbene can abstract a chloride atom from carbon
tetrachloride by wav of a free-radical mechanism, whereas the latter has little ten-
dency to undergo such a reaction.

EXNPERIMENTAL

Reactions invelving organometallic reagents were carried out under an atmosphere
of drv, oxvgen-free nitrogen. All melting points are uncorrected.

Reaction of triphenvisilvllithiion with smethviene chloride

() Normal! addstios

{z} 1:1 Raiio. A solution of triphenvlsilvllithium!® (0.0S mole} was added drop-
wise to 6.5 g (0.08 mole) of methvlene chloride at —60°. The reaction mixture was
stirred at this temperature for 2 h after the addition. It was black and formed a ta.r-
like material. Subsequent to hydrolysis with dilute acid, hexaphenyldisilane, 11.7
{56.495), was separated by filtration. The organic layer was dried with \odlum
sulfate. The solvent was removed and the residue was chromatomphed on alumina.
Elution with petroleumn ether (b.p. 60707} gave in the first fraction 5570 g (26.09;)
of methyltriphenvisilane, m.p. 68—07, after recrystallization from petroleum ether
(b.p. 60707;. A mixed melting point with an authentic sample was not depressed
and the infrared spectra were superimposable. Further elution with the same solvent
gave mn the second fraction 0.go g (3.6°;) of (chloromethyl}triphenylsilane, m.p.
116-118°, after recrystallization from petroleum ether (b.p. 60—0°). Another re-
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crystallization from the same solvent raised the melting point to 120-122°. Elution
with carbon tetrachloride gave 1.10 g (5.29) of bis(triphenylsilvl)methane, m.p.
I41-142°, after recrystallizaticn from petroleum ether (b.p. 60—70°). {Found: Si,
10.49, 10.39. C4,H,,51. caled.: Si, 10.549%,.)

(2) 2:1 Ratio. A solution of triphenylsilyvllithium {0.08 mole) was added dropwise
to 3.40 g (0.04 mole} of methvlene chloride at —60°. Color Test I was negative after
the additicn. The reaction mixture was black as in the case of (7). It was worked up
by the same procedure as in (r) and the following compounds were isolated: hexa-
phenyldisilane, 9.45 g (45.5%); methvitriphenvlsilane, 3.75 g (34.2%); (chloro-
methyl)triphenylsilane, 1.05 g (8.59); and bis(triphenylsilyl)methane, 1.15 g (5.4 %)-

(3) 2:1 Ratio. A solution of triphenylsilyllithium (0.08 mole) was added-dropwise
to a mixture of 3.40 g (0.04 mole) of methylene chloride and 8.1 g (0.1 mole) of cyclo-
hexene at —60°. Color Test I was slightly positive when the addition was completed.
The reaction mixture was a light brown. It was stirred at this temperature for 2 h
at which time Color Test I became negative. Subsequent to hyvdrolysis, hexaphenyl-
disilane, 8.30 g (40.09;), was separated by filtration. The yellow organic layer was
dried with sodium sulfate. The solvent was removed by distillation. The mixture was
then subjected to fractional distillation, but no product distilled even at 250°. The
residue was chromatographed on alumina. The following compounds were isolated:
methyvitriphenvisilane, 1.70 g (15.5 25} ; (chloromethyl)triphenylsilane, 1.45 g (11.7 %
and bi<(triphenv}si1\ )methane, 1.30 g (6.1 %).

(4) 5:2 Ratio. A solution of triphenylsilyllithium was added dropwise to 1.70 g
(o.02 mole) of methyvlene chloride in 20 ml of THF at room temperature. \When 0.04
mole of triphenvisilvllithium had been added, Color Test I was negative, but the color
test became positive when 0.052 mole of triphenylsilyllithium had been added. The
reaction mixture was worked up by the same procedure as in (). The compounds
isolated were hexaphenyldisilane, 4.50 g (43.5%); methvliriphenyvlsilane, .20 g
(21.9°;); and bis(triphenvlsilvl)methane, 1.85 g (I 7.4°%). In addition, a mixture of
triphenyvlsilane and methyhitriphenvlsilane (1.35 g) was obtained. (Chloromethyl)-
triphenvlsilane was not isolated.

(8) Reverse addition

A solution of methvlene chloride in tetrahvdrofuran (THF) was added dropwise to
0.0 mole of triphenyisilvllithium cooled in an ice bath. \When 0.02 mole of methvlene
chloride had been added, Color Test I became negative. The reaction mixture was a
brownish black. A work-up by the same procedure as in (1) of the previous section
gave hexaphenvldisilane, 3.65 g (35.2%); methyltriphen_v]sﬂane, .40 g (25.695);
and bis(triphenvlsilvlmethane, 1.235 g (11.7

Reaction of triphenyisiivilithinm with methylene bromide

(@) Normal addition

(r) 2:1 Ratio. A solution of triphenylsilyllithium (0.08 mole) was added drop-
wise to 6.g0 g (0.04 mole) of methvlene bromide at —60°. The reaction mixture was
stirred for 5 h. Color Test I was negative. Subsequent to hydrolysis with dilute acid,
hexaphenyldisilane, 12.30 g (59.4%), was separated by filtration. The organic layer
was worked up in the usual manner and the residue was chromatographed on alumina.
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Elution with petroleumn ether {b.p. 60-70%) gave in the first fraction 3.55 g (32.49%
based on methylene bromide) of methyltriphenvlsilane, m.p. 64-67° (mixed m.p.).
Further elution with the same solvent gave 1.35 g (6.99%) of {bromomethyl)triphenyl-
silane, m.p. 121-122.5°, after recrystallization from petroleum ether (b.p. 60—707).
(Found: C, 63.10, 63.06: H, 4.77, 4.76: S1, S.04, 7.96. C;,H,;BrSi calcd.: C, 64.5S3;
H, 4+58; Si, 7.95°.)

{2) 2:r Ratio, sn the presence of cyclohexene. A solution of triphenvlsilvllithium
10.6¢S moie} was added dropwise to a mixture of 6.g6 g (0.04 mole) of methylene
bromide and 24 g (0.3 mole) of cyclohexene at —60°. Color Test I was negative after
the addition. A work-up by the same procedure as in (I) gave hexaphenvldisilane,
8.90 g (42.59), and methvltriphenylsilane, 4.35 g (10.09%).

(6) Reverse addition

A solution of methyvlene bromide in THF was added to 0.08 mole of triphenyisilvi-
Lithiurn at —60°. Color Test I became negative when 0.0258 mole of methylene bro-
mide had been added. Subsequent to hvdrolysis, hexaphenvidisilane, 11.60 g (57.5 %5),
was separated by filtration. The organic layer was dried with sodium sulfate. The
solvent was removed. The residue was treated with petroleum ether (b.p. 60-70°).
An insoluble material was separated by filtration. A part of this material melted at
254-26c°. This compound has not been identified. The mother liquor was poured onto
an alumina column. Elution with the same solvent gave onlv a trace amount of
methyvitriphenyvisilane.

Reaction of triphenyisilvllithiume with methvienc todide

A solution of triphenvisilyllithium (0.08 mole) was added dropwise to 10.7 g (0.04
mole) of methvlene lodide at —60°. After stirring for 1 h, Color Test I was only
slightlkvr positive. Subsequent to hyvdrolysis, hexaphenvldisilane, 11.80 g (57.0 %), was
separated by filtration. The organic faver was worked up in the usual manner and
subsequently chromatographed on alumina. Elution with petroleum ether (b.p.
$0—70°) gave in the first fraction 3.10 g (28.3 °; based on methyvlene iodide) of (iodo-
methyijtriphenvisilane, m.p. 1:7-119°, after recrvstallization from ethanol. (Found:
Si. 707, €.97. C1,H ISt caled.: Si, 7.029%.)

Elution with carbon tetrachloride gave 1.20 g {5.6°;) of bis(triphenylsilvl)-
methane, m.p. 135-140°. A mixed melting point with a sample obtained from the
reaction of triphenvisilvHithium with methvlene chloride was not depressed and the
infrared spectra were superimposable.

In another run under similar conditions the products isolated were hexaphenyl-
disilane, (50.09); methvitriphenyvlsilane (16.4°%); and (iodomethyvl)iriphenylsilane
(23.0%;.

In still another run, when the reaction was carried out at room temperature, the
vield of hexaphenvidisilane increased (65.7 °;), while only small amounts of other
products were obtained.

Reaction of triphenyisilyllithinm with chloroform

(@) Normal addition
(2) 1:1 Raiio, room temperature. A solution of triphenyvisilyllithium (0.08 mole)
was added dropwise to 9.55 g (0.08 mole) of chloroform at room temperature. The
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reaction was exothermic and Color Test I was negative immediatelyv after the ad-
dition. The mixture was black. Subsequent to hvdroiysis with cilute acid, hexa-
phenvldisilane, 10.7 g (51.6 %), was separated by filtration. The residue obtained after
a work-up of the organic layer in the usual manner was chromatographed on alumina.
Elution with petroleum ether (b_p. 60—70°) gave mn the first fraction 2.35 g (11.3 9%

of triphenylsilane. Further elution with the same solvent gave in_the second fraction
0.80 g (3.2 %) of (chloromethyl)triphenvisilane, m.p. 11g—120° (mixed m.p.). Elution
with carbon tetrachloride gave o.70 g (1.7 %) of bis(triphenvlsilvl)methane, m.p.
137-139° (mixed m.p.).

{2) 2:1 Ratio, —60°. A solution of triphenylsilyllithium (0.08 mole) was added
dropwise to 4.78 g (0.04 mole) of chloroform at —60°. This reaction mixture was
stirred for 3 h at this temperature, duing which time Color Test I became negative.
It was black and formed a tar-like material. Subsequent to nydrelysis, hexaphenyl-
disilane, 1x.0 g (53.0 %), was separated by filtration. The residue after work-up was
chromatographed on alumina. Elution with petroleum ether (b.p. 60—70°) gave a
mixture of compounds from which 1.60 g (11.59,) of (dichloromethyl)triphenvlsilane,
m.p. 147-I48°, was separated by crystallization from petroleum ether (b.p. 60—0°).
A mixed melting point with the product cbtained from the reaction of triphenvl-
silvlithium with carbon tetrachloride was not depressed. The mother liquor was
poured onto an alumina column to be rechromatographed. Elution with petroleum
ether (b.p. 60-70°) gave 0.55 g (5.3%) of triphenvlsilane and 0.80 g {6.5°;) of {chloro-
methyvl)triphenylsilane. Elution with carbon tetrachloride gave 0.60 g (2 89%) of
bis(triphenylsilvl)methane, m.p. 140-141.5° {mixed m.p.).

{0) Reverse additios:

A solution of 3.78 g (0.04 mole) of chloroform in 20 ml of THF was added to 0.08
mole of triphenvisilvllithium at —60°. Color Test I was negative at the end of the
addition and the reaction mixture was black. Subsequent to hydrolysis, hexaphenvl-
disilane, 12.55 g (60.5 °;), was separated by filtration. The organic layver was worked
up in the usual manner and the residue was chromatographed on alumina. Elution
with petroleum ether (b.p. 60—70°) gave in the first fraction 1.35 g (13.095) of tri-
phenylsilane. Further elution with the same solvent gave In the second fraction 1.60 g
of a mixture of (chloro- and dichloromethyvl)triphenvisilane, m.p. 130-130°. No
attempt was made to separate these two. The combined vield was approximately
12°,. Further elution with carbon tetrachloride gave 2.20 g (10.3 %) of bis(triphenvl-
silvl}methane, m.p. ¥30-141° (mixed m.p.).

Reaction of triphenyisilyllithium with bromoform

(@) Normal Addition

(r} 2:1 Ratio. A solution of triphenylsilvllithium (0.08 mole) was added dropwise
over a period of 40 min to 10.I g (0.04 mole} of bromoform at —60°. Color Test I
was negative immediately after the addition. Subsequent to hydrolysis with dilute
acid, hexaphenyldisilane, 12.55 g (60.59,), was separated by filtration. The black
organic layer was dried with sodium sulfate. The solvent was removed and the
residue was chromatographed on alumina. Elution with petroieum ether {b.p. 60—70°)
gave 0.35 g (3.3 %) of methvltriphenylsilane which was identified by a comparison
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of its infrared spectrum with that of an authentic sample. Elution with carbon tetra-
chloride gave an oily material in two fractions. The first fraction was treated with
petroleum cther (b.p. 60—70°) to give 2.0 g (20.5 %. based on bromoform) of (bromo-
methyltriphenyisilane, m.p. 122-123.5° after recrvstallization from the same
solvent. A mixed melting point with a sample obtained from the reaction of tri-
phenylsilyllithium with methylere bromide was not depressed. The second fraction
was also treated with peiroleum ether (b.p. 60—70°) to produce a solid with a wide
melting point range, ¥28-140°. This solid was recrvstallized from the same solvent to
give 0.70 g {1.0%) of a compound, possibly (dibromomethyvl)triphenylsilane, m.p.
137-110°. Two more recrystallizations from the same solvent raised the melting
point to 150-152°. (Found: Si, 6.77, 6.69. C,;H,.Br,Si caled.: Si, 6.51 9%.)

In another run under identical conditions the following products were isolated:
hexaphenyldisilane (5¢%): methyltriphenylsilane (0.9 %;); (bromomethyl)triphenyl-
stiar:e §34.0%); and triphenyisilane (0.5 9). (Dibromomethyl)triphenvisilane, how-
ever, was not isolated.

2) 8:3 Raiio. A solution of triphenylsilyllithium (0.08 mole) was added slowly
to 7.6 g (0.03 mole) of bromoform in 30 ml of ether at —6c°. Color Test I was slightly
positive at the end of the addition. The reaction mixture, however, was hydrolvzed
immediately with dilute acid. Hexaphenyldisilane, ro.1 g (48.7 %), was separated by
filtration. The straw colored organic layer was worked up by the same procedure as
in (7). The products isolated were: methyltriphenylsilane, 0.80 g (9.7 °5), m.p. 66-67°
(mixed m.p.); (bromomethyl)tripkenylsilane, 2.60 g (24.5 95), m.p. 121-122.5° (mixed
m.p.); and (dibromomethyl)triphenylsilane, 1.80 g (13.99). m.p. 150-152° (mixed
m.p.).

(b) Reversz addizion

An ethereal solution of bromoform was added dropwise to 0.0S mole of triphenylsilvl-
Iithium at —60°. \When 0.03 mole of bromoform had been added, Color Test T became
negative. Subsequent to hvdrolyvsis, hexaphenvldisilane, 12.9 g (62.5 %), was sepa-
rated by filtration. The organic laver was worked up by the same procedure as in (z)
to give 0.15 g (1.9 %) of triphenylsilane, which was identified from its infrared spec-
trum; 0.85 g (0.3 %} of methyliriphenvlsilane, m.p. 65-67° (mixed m.p.); and 2.55 g
(24.02¢) of (bromomethyvltriphenylsilane, m_p. x22.5-123.5° {mixed m.p.).

Reaction of triphenyisilyliithitem with iodoforns

(a} Norsal addiiion

(1Y Untsl posttive with Color Test I. A solution of triphenylsilyllithium was added
dropwise to 7.88 g (0.02 mcle) of iodoform in 50 m! of ether at room temperature.
Slight heat was evolved during this addition. When 0.069 mole of triphenylsilyvl-
hthium had been added, Color Test I became positive. The reaction mixture was
stirred for z h, at which time Color Test I became negative. The reaction mixture was
hydrolyzed with dilute acid. Hexaphenyldisilane, 10.80 g (60.5 % based on the silyl-
Hihium compound), was separaied by filtration. The dark crganic layver was dred
with sodium sulfate. The solvent was removed and the residue was chromatographed
on aiumina. Elution with petroleum ether (b.p. 60—;0°) gave 1.30 g (23.7 % based on
iodoform) of methvltriphenylsilane, which was identified by 2 mixed melting point
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determination with an authentic sample. Further elution with carbon tetrachloride
gave 2.10 g (19.7 % based on iodoform) of bis(triphenylsilyl)methane, m.p. 137-140°
(mixed m.p.).

(2) 2:1 Raiio, in the presence of triphenylsilane. A solution of 0.08 mole of tri-
phenylsilyllithium was added dropwise to a mixture of 15.8 g (0.04 mole) of iodoform
and 5.20 g (0.02 mole) of triphenylsilane dissolved in 50 ml of THF. The reaction
mixture was cooled to —60° by means of a Dry Ice—acetone bath when one-third of
the silyllithium compound had been added. Color Test I was negative when the
addition was completed. A work-up of the reaction mixtnre as in (z) gave 12.40 g
(60.0 %) of hexaphenyldisilane and an oil, which was chromatographed on alumina.
Elution with petroleum ether (b.p. 60~70°) gave in the first fraction 4.50 g (86.5 %
recovery) of triphenylsilane. Further elution with the same solvent gave in the
second fraction 2.30 g (15.69%) of (iodomethyljtriphenylsilane, m.p. r¥7.5-119°
(mixed m.p.), after recrystallization from petroleum ether (b.p. 60—70°). Elution with
carbon tetrachloride gave 3.05 g (14.53%) of crude (diiodemethyl)triphenylsilane.
Three recrystallizations from petroleum ether (b.p. 60—70°) gave a sample with a
melting point of 151.0-152.5°. (Found: C, 44.00, 43.97; H, 3.31, 3.10; Si, 5.41, 5.33
C1sH (1,51 caled.: C, 43.36; H, 3.07; Si, 5.34 %.

(6) Reverse addition

A solution of 11.82 g (0.03 mole) of iodoform in THF was added dropwise to 0.08
mole of triphenylsilyvilithium at room temperature. When 0.026 mole of iodoform
had been added, Color Test I became negative. The reaction mixture was hydrolyzed
with dilute acid. Hexaphenyldisilane, 13.40 g (64.7 %), was separated by filtration.
The residue after a work-up of the organic layver was chromatographed on aiumina.
Elution with petroleum ether gave 0.9o g (11.09%) of methyltriphenylsilane, m.p.
67~687 (mixed m.p.). Further elution with carbon tetrachloride gave a solid, which
was ireated with petroleum ether (b.p. 60~70°). The insoluble material was filtered
oft. There was no attempt made to purify this compound, m.p. 185-205°, (0.20 g,
2.49%). Its infrared spectrum was identical with that of x,2-bis(triphenylsilyl)ethane,
m.p. 2X1~-212°. From the mother liquor there was isolated 0.30 g (3.1 %) of bis-
(triphenyisitvlymethane, m.p. 140.5-142° (mixed m.p.).

Reaction of triphenvisilyllithivs with carbon tetrachloride

(@) Nornal addition

A sclution of triphenvisilyllithium was added dropwise to 3.1g g (0.02r mole) of
carbon tetrachloride in 50 ml of ether at —60°. When o.04 mole of triphenylsilyl-
lithium had been added. Color Test I was negative, but it became positive when
0.054 mole of the silyllithium compound had been added. The reaction mixture was
black. Subsequent to hydrolysis, hexaphenyldisilane, 8.0 g (57.2 %), was separated
by filtration. The organic laver was dried with sodium sulfate. The solvent was re-
moved and the residue was chromatographed on alumina. Elution with petroleum
ether (b.p. 60-70°) gave a trace amount of triphenvlsilane. Further elution with
carbon tetrachloride gave 3.0 g (42.2 % based on carbon tetrachloride) of (dichloro-
methyljtriphenyvlsilane, m.p. 1.47-148.5°, after recrystallization from petroleum ether
(b.p. 60—70°). (Found: C, 66.54, 66.50; H, 4.95, 4.72; 5i, 8.04, 7.95. C,;H,,CL,Si caled. :
C, 66.46; H, 4.50; Si, 8.189,.)
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In another run 0.06 mele of triphenvlisilvllithium was reacted with 0.03 mole of
carbon tetrachloride under the same conditions to give hexaphenyldisilane, 8.8 g
{56.6°5) and (dichloromethyljtriphenylsilane, 1.35 g (x3.0 %).

(b) Kererse addition

A sclution of carbon tetrachloride in THY was added dropwise to 0.08 mole of {n-
phenylsilvilithium at —60°. When 0.020 mole of carbon tetrachloride had been added,
Color Test I beczme negative. The reaction mixture was black. Subsequent to hyvdro-
fysis with dilute acid, hexaphevvldisilane, 15.25 g (73.6 25). was separated by filtra-
tion. The organic layer was worked up as in the case of the normal addition. The only
product isolated and identified was (dichloromethyljtriphenylsilane, m.p. 147-148.5°
{mixed m.p.), 1.0 g (IX.2 %).

Reactior: of triphenvisilvilithiusm with carbon tetrabromide

(@) Normai addition

A solution of triphenylsilvilithium (0.08 mole) was added over a period of 55 min to
13.3 g {0.04 mole) of carbon tetratromide in 50 ml of ether at —60°. The color of
the reaction mixture changed from vellow to gray as the addition proceeded. Color
Test I was slightly positive at the end of the addition. The mixture was allowed to
warm to room temperature. After 1 h of stirring, Color Test I was negative. By this
time the mixture was black. Subsequent to hydrolysis with dilute acid, hexaphenyl-
disilane, 1.0 g (53.1 %), was separated by filtration. The organic laver w:s dried
with sedium sulfate. The solvent was removed and the residue was chromatographed
on alumina. Elution with petroleum ether (b.p. 60—70°) gave only-a trace amount of a
material which was not identified. The following elution with carbon tetrachloride
gave an oily material which was treated with petroleum ether (b.p. 60—70°). A material
which erystallized out first was separated by filtration. It was recrystallized from the
same solvent and was identified as (dibromomethvl)triphenvlsilane, m.p. 1481507
(mixed m.p.). The mother liquor was concentrated and a second compound, m.p.
154-157-3°, was crystallized out. This cornpound was identified as bis(triphenyisilvl)-
acetylene by a mixed melting point determination with an authentic sample prepared
from dilithium acetvlide and chlorotriphenylsilane. The yields of (dibromomethyl)-
triphenvisilane and bis(triphenyvisilyl)acetvlene were 0.30 g (1.7 °5) and 0.50 g (4.6 %)
respectively.

(5} Reverse addstion

An ethereal solution of carbon tetrabromide was added siowlv to 0.08 mole of tri-
phenyvisilvllithium at —60°. When 0.03 mole of carbon tetrabromide had been added,
the color of the reaction mixture changed from vellow to pale green and Color Test I
was negative. An excess of carbon tetrabromide was added, making a total of 0.08
mole. The reaction mixture was stirred at —60° for 1 h; then it was allowed to warm
to rocin temperature. Its color changed to gray, but Color Test I remained negative.
It was stirred at room temperature for 2.5 h before it was worked up. Subsequent to
hydrolysis, hexaphenyldisilane, 15.3 g (73.9 °), was separated bv filtration. The black
organic laver was dried with sodium sulfate. The solvent was removed and the residue
was chrematographed on alumina. Elution with petroleum ether (b.p. 60—70°) gave
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0.22 g (2.0 %) of bromo(triphenvilsilyl)acetylene, m._p. 108-110°, after recrystallization
from ethancl. This compound was identified by a mixed melting point determination
with an authentic sample prepared from bromoethynyllithium and chlorotriphenyl-
silane and by a comparison of infrared spectra. Further elution with carbon tetra-
chloride gave an oil in two fractions. The first fraction was treated with petroleum
ether (b.p. 60—;0%). Most of the oil dissolved leaving a small amount ot solid, m.p.
168-250°, which was obtained by filtration. This solid was recrvstallized from the
same solvent to give 0.07 g of a compound with a melting point of 185-1go°. Its
infrared spectrum was very similar to that of bis(triphenyisilvl)acetvlene. The mother
liquor was concentrated and a second compound, m.p. 119-122°, crystallized out.
A mixed melting point with (bromomethyl)triphenylsilane was not depressed. The
vield was 0.03 g {2.8 %)- The second fraction was treated with petroleum ether (b.p.
60—;0°) to give 0.70 g (4.3 %) of bis(triphenylsilyl)acetylene, which was identified
by a mixed melting point determination with an authentic sample and a comparison
of infrared spectra.

Reaction of triphenylsilyllithiiom with (chioromethyl)iriphenyisilane

A solution of triphenylsilyllithium was added dropwise to 0.go g {0.0029 mole) of
(chloromethyl)triphenylsilane in 25 ml of THF at room temperature. Color Test I
was negative when 0.00.4 mole of triphenylsilyvllithium had been added, but it became
positive upon the addition of another o.0ox mole. The reaction mixture was hyvdro-
lyzed with dilute acid after a stirring of 30 min. Hexaphenyldisilane, 0.55 g (36.8 %),
was separated out by filtration. The organic laver was worked up in the usual manner
and the residue was chromatographed on alumina. Elution with petroleum ether (b.p.
60—70°) gave onlv a trace amount of triphenylsilane. Further elution with carbon
tetrachloride gave 0.50 g (32.4%,) of pure bis{triphenyisilvl)methane, m.p. 140.5-
142° (mixed m.p.).

Reaction of triphenylsilyllithizon with (dichloromethyvl)iriphenvisilane

A solution of triphenvisilyllithium was added dropwise to 1I.40 g (0.0041 mole) of
(dichloromethyl)triphenylsilane in 45 ml of THF at —60°. The reaction appeared to
be slow at this low temperature; therefore, the cooling bath was removed and the
reaction mixture was allowed to reach room temperature. \WWhen o.0125 mole of tri-
phenylsilvllithium had been added, Color Test I was found to be slightlv positive.
The reaction mixture was hyvdrolyzed with dilute acid after 10 min of stirring. Hexa-
phenyldisilane, 1.50 g (46.4 %), was separated by filtration. The residue after a work-
up of the organic layer was chromatographed on alumina. Elution with petroleum
ether (b.p. 60—707) gave a trace amount of methvltriphenylsilane, identified from its
infrared spectrum. Further elution with carbon tetrachloride gave 0.75 g (34-3 %5) of
bis(triphenylsilyl)methane, m.p. 140.5-142° (mix:1 m.p.).

Reaction of triphenylsilyllsthitom with (chloromethyl)trimethylsilane

A solution of triphenvlsilyllithinm (0.08 mole) was added to 13.0 g {0.12 mole) of
{chloromethyl)trimethylsilane. The reaction mixture was cooled in an ice-bath during
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the addition. Color Test I wes negative when the addition was completed. A work-up
in the usual manner gave an oily residue which was chromatographed on alumina.
Elution with petrcleum ether (b.p. 6050°) gave 22.7 g (82 95) of an oil. Upon distill:s-
tion under reduced pressure it solidified immediai:el_v m.p. 70-71°, after recrystalliva-
tion from a mixture of petroleum ether (b.p. 60—;0°) and ethanol. (Found: Si, 16.0y,
26.02. C,.H . (Si, calced.: Si, 16.21 95.)

Reaction of triphesvisilylsthium with (chioromethyl)dimethylvinylsilane

A solution of triphenylsilyvllithium (0.08 mole) was added to 10.8 g (0.08 raole) of
(chloromethyl)dimethylvinylsilane at an ice bath temperature. Color Test I was
negative immediately- after the addition. A work-up in the usual manner, followed by
chromatography on alumina, gave an oil, 18.2 g (63.5 %), which was distilled under
reduced pressure, b.p. 158—159°__Io.01 mm, #5~° 1.58g0. (Found: Si, 15.43, 15.3S.
CasHS1. caled.: Si, 15.67 95.)

Reduction of (dichloromethyl)triphenylsilane with lithium aluminum hydride

A soluticn of 0.70 g (0.002 mole) of (dichloromethyl)triphenylsilane in 25 ml of THF
was added to 0.70 g {0.0x8 mole) of lithium aluminum hydride in 25 ml of THF at
reom temperature. The reaction mixture became slightly warm during the addition.
It was stirred for 35 min before the excess lithium aluminum hydride was destroved
by adding dropwise 25 ml of ethyl acetate.

The reaction mixture was worked up in the usual manner, followed by chromato-
graphyv on alumina. Elution with petroleum ether (b.p. 60~70°) gave 0.0S g (14.6 %) of
methyvitriphenylsilane, m.p. 660 {mixed m.p.). Further elution with carbon tetra-
chloride gave 0.40 g (61.6°;) of (chloromethyl)iriphenylsilane, m.p. 117.5-110°
{mixed m p.).

Reduciion of {ditodomeihylyiriphenylsilane with lithiusn aluminwsre hydride

This reduction was carried out essentiallv in the same manner as the reduction of
(dichloromethylitriphenvisilane. Using 1.10 g (0.0021x mole) of (diicdomethvl)tni-
phedea.ne there was obtained 0.45 g (78.59) of methyltriphenylsilane, m.p.
70—71° (mixed m.p.).

Reaction of (bromoemcthy)iriphenylsilane with Lithinm in THF

To (bromomethyl)iriphenvisilane, 2.0 g (0.00566 mole), and finely cut lithium wire,
1.2 g lo.x17 mole}, was added tetrahydrofuran (45 ml) in small portions at room
temperature. An immediate reiction occurred evolving some Leat, and the reaction
mixture turned black. Color Test I was positiva. The reaction mixture was worked up
in the usual manner after 20 min of stirring. The residue obtained was chromato-
graphed on alumina. Elution with petroleum ether (b.p. 60—%0°} gave 0.15 g (9.7 %
of methyltriphenylsilane. Further elution with carbon tetrachloride gave 0.60 g
{38.8 %) of 1,2-bis(tdphenylsilyl)ethane, which was identified by a mixed melting
point determination with an authentic sample, m.p. 210—211°, and by comparison of
infrared spectra.
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SUMMARY

Reactions of methylene halides, haloforms, and carbon tetrahalides with triphenyl-
silvllithium have been investigated. The primary reaction was found to be halogen—
metal interconversion, except in the case of chloroform where a metalation reaction
was also observed. Secondary reactions seem to involve carbene intermediates. The
products in most cases were methyltriphenvlsilane, (mono- and dihalomethyl)-
triphenylsilane, and bis{triphenylsilyl)methane. Mechanisms of these transformations
are considered.
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