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ABS TRACT

The primary objective of our studies is the prepara-
tion of useful, thermally stable fluids, lubricants, etc.
This has involved the synthesis of compounds containing
units having particularly a plurality of fluorine atoms,
as well as some having a plurality of chlorine atoms.
These as well as the silicon atoms contained in many of the
compounds should provide monomers having reactive functional
groupings to give access to novel thermally stable polymers.
Among the polyfluoro tp es being studied are those containing
a bridge such as -(CF2)n-.
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I. INTRODUCTION

The objective of these studies is the preparation and
determination of chemical and physical properties of organo-
metallic and organometalloidal compounds containing primarily
polyfluoro substituents, as well as polychloro groups. Into
these monomeric compounds are being introduced two or more
functional groups to provide ready access to novel polymers,
which will have appropriately useful properties such as high
thermal stabilities, for use in fluids, lubricants, etc.
Among the current types being examined are those having not
only polyhalogenated substituents (which are known generally
to impart enhanced thermal stability), but also organosilicon
groupings. The organosilicon types have long been known to
improve thermal stabilities.

We started this amended course of our original objective
with the more accessible and less expensive (and yet promising
for increasing thermal stability) polychloro types having four
or five chlorine atoms in a given substituent or R group.
Then we included to an increasing degree the analogous poly-
fluoro aromatic substituents. The next stage has involved
studies on polyfluorinated alkanes having units such as:
-( CF 2 ) n-

Among the compounds described at this time are those
having structures like the following: CeX5 (SiMe 2 )nCeXs-.
Compounds such as these are readily available from the
reaction of C6X5 M compounds and X-(Me2Si)n-X (a series des-
cribed in our earlier reports). The polyhalophenyl-dimethyl-
silanes, CeXs(Me 2 Si)nCeXs, have a chief interest as possible
intermediates to the di-metallic species which can then be
used to make highly reactive monomers. For example, the
following selected series of transformations should provide the
terminal di-functional compound having two Si-Cl linkages which
should be readily convertible to polymers having the disiloxane
units

CSX 5 SiMe 2 C8 X5  > P-M-CeX4 SiMe 2 C6X4 -M >
p-ClSiMe 2 C6 X4 SiMe 2 CSX 4 SiMe 2 Cl > disiloxane and

other polymers. In such a generalized representation the
terminal ClSiMe 2 - groups can be replaced by other reactive
functional groups such as HSiMe 2 - which retain the valuable
property of so-called conventional polymer formation and also
expand the number of opportunities for varied polymer formation
by their capacity to add to unsaturated systems.

Among the more versatile and reactive compounds are the
silylmetallics, RsSiM. Actually, some of these compounds are
not only more reactive but also more versatile than the widely
used Grignard reagents and organolithium compounds. In the
generalized formula RsSiM, lithium is frequently the M com-
ponent or metal. It is interesting to note that extremely
little is known of the sodium analogs, RsSiNa. In order to
obtain a greater versatility of reaction, based on some
selectivity, we have developed convenient and useful procedures
for the preparation of R3SiNa types. In this connection,,the
marked success in the preparation and reactions of compounds
such as:

1



M-(SiPh2 )n-M suggested a like serie- of syntheses leading
to types wherein the Ph groups are replaced by CX r'oupsI
.lowever, these and related proirL1.Ls1:rnf. types; have rn,., so Far
been made. Accordingl.y, we have e.xamnjned a sericns oI" step-
wise reactions concerned with h 3.ZiN type.; leading to conbi-
nations containing CcX,; and Cc]Is groups. Some reactions
involving transformations of RRSi]ICl are described. Regret-
tably there appears no great promise for silyl-metallic com-
pounds of the following generalized types, in which the
R groups are perhalogenated: R3 SiM and M-(R 2 Si)n-M
Fortunately, there are other approaches both indicated, and
found, involving intermediately the use of accessible silyl-
metallic types for the realization of the objectives of this
project.

One of the types of special interest is the following:
p-HMe 2Si-C6 F 4 (CF2 )nCeF 4 SiMe 2 H-p

H]ere experiments are described-which are applicable to a
highly fluorinated monomer containing silicon, and more than
one reactive functional group to provide access to polymers.
Incidental to the preparation of compounds of this type,
as well as a wide variety of other important compouitds, is
a di-metallic compound such as:

M- (CF2 )n-M
It now appears that a simple metalloidal type such als the
foLlowing might be made for polymer formation:

(InM 2Si) 3Si(0F2 )nSi(SiMe 2 H) 3
This and an even simpler analog such as: HMe 2 Si(CF2 )nSiMe 2 H1,
should give ready access to highly fluorinated (or highly
chlorinated or a combination of the two) compounds by addition
to some polyhalogenated unsaturated systems.

We have emphasized the primary importance of the poly-
fluorinated types. Of secondary importance are the poly-
chlorinated compounds. Some useful guide-lines to the poly-
fluoro compounds are derivable from the other polyhalogen
types, in addition to their intrinsic value in studies on
the preparation of useful monomers leading to polymers with
appropriate thermal characteristics. We mention that such
compounds may not only be oP some value in themse'Lves., but
may provide novel. and important s;tarting materi.ils. A case
in point is the conversion of hexabromobenzene to the
iritere.., Ling hexakis (hydrodimethylsilyl)benzene: C 63(Me 2 SiI1) 6
In this compound one has not only six silicon atoms, but more
particularly six reactivefunctional groups which can lead
not only to other reactive monomers but also to reactive
polymers having a high concentration of fluorines.

There is also reported at this time a series of highly
halogenated phosphorus compounds. Here the interest is to
prepare reactive monomers containing polyhalogen substituents,
as well as the phosphorus-oxygen grouping which some early
studies reported from here indicated would increase thermal
stability. Among the compounds reported are: (C 6 F 5 ) 2 PCGn 5

Best Available Copy



and (C 6 Cl 5 ) 2 PC6 H5 as well as their oxides:
TCh(6F 5 ) 2 P(O)C 6 H5 and (C 6 Cl 5 ) 2 P(O)C 6 H,

The important functional groups can be introduced by either
of the two following syntheses:

p-Me 3 SiC6 Cl 4 M + C6 H5 PC12

(p-Me 3 SiC Cl64 ) 2 PC(.iH 5

Me3SiCl + ( -MC Cl 4 )2 PC6 IH5
The routes to p-Me 3 SiC0 ýF4 M and p-IMe 2 SiC6 F 4 M are unlike those
to the formally analogous p-MesSiCOCI 4 M and p-IJMe 2 SiC6Cl 4 M.

In this connection mention should be made of some "mixed"
polyhalogen types. We have shown in some recent studies
that it is possible to form a mono-Grignard reagent with
ease from pentachloropyridine. The halogen involved predom-
inantly in this reaction is in the 4-position, leading to
2,3,5,b-tetrachloro-4-pyridylmagnesium chloride. From this
there is readily prepared the important 2,3,5,6-tetrachloro-4-
(hydrodimethylsilyl) pyridine:

CsCl 5 N + Mg > 4-ClMgC 5 Cl 4 N

4-ClMgC5 C14 N + HMe 2 SiCl > 4-HMe 2 SiCSCl 4 N
The relatively high reactivity of the nuclear halogens should
provide a direct route to a reactive polyfunctional monomer
having both fluorine arid chlorine atom.:

HMe 2SiC5 Cl 3N- (CF2 )n-NCs Cl3SiMe2 H
The pyridine nucleus also contributes to thermal stability.

3



II. THE PREPARATION AND SOME REACTIONS OF TRIPHENYLSILYL-

S ODIUM AND METHYLDIPHENYLSILYLS ODIUM'

A. INTRODUCTION

The preparation of silylmetallic species by the
cleavage of polysilanes with alkali metals in ethereal sol-
vents, generally THF, is well established and has been
reviewed. However, this work emphasized the fact that
whereas lithium, potassium, rubidium and cesium derivatives
are relatively easily obtained, the corresponding silylsodium
compounds are almost completely unknown.

Triphenylsilylsodium has been prepared by the cleavage
of hexaphenyldisilane in 1,2-dimethoxyethane 4 or in liquid
ammonia. 5 However, in the ethereal solvent this compound
is difficult to prepare and unstable, whereas preparations
in liquid ammonia are complicated by the presence of the
highly reactive solvent.

It was reported by Coates and co-workers 6 that solutions
of triphenylstannylsodium could be prepared by the action
of sodium naphthalenide on hexaphenyldistannane, tetra-
phenylstannane, or bromotriphenylstannane. In an extension
of this work it was shown 7 that triphenylsilylsodium can be
prepared in THF by the action of sodium naphthalenide on
triphenylsilane, hexaphenyldisilane, or chlorotriphenyl-
silane. However, in all these reactions the stoichiometric
quantity of sodium naphthalenide calculated to convert the
tin or silicon compounds to the corresponding sodium deriva-
tives was employed.

In an excellent investigation, Eisch8 has shown that
solutions of the lithium-biphenyl complexes in THF are
remarkably effective in promoting certain reactions which
proceed only slowly, or not at all, with the bulk metal.
In this investigation it was shown that catalytic quantities
of biphenyl in the presence of the bulk metal was frequently
effective.

.We have found' that triphenylsilylsodium, or methyl-
diphenylsilylsodium, can be easily prepared in THF from the
corresponding disilanes, using metallic sodium in the
presence of small quantities of naphthalene or biphenyl,
or from the corresponding chlorosilanes and sodium in the
presence of naphthalene. However all attempts to prepare
dimethylphehylsilylsodium by the cleavage of 1,1,2,2-tetra-
methyl-l,2-diphenyldisilane under similar conditions failed.
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Some of the properties of the above silylsodium com-
pounds have been examined and have been found to be different
to those of the analogous silyllithium compounds.

B. RESULTS

The reaction between hexaphenyl-, or dimethyltetra-
phenyldisilane (x moles) and excess sodium in the presence
of naphthalene or biphenyl (0.1-0.2 x moles) in THF gave
solutions of triphenylsilyl- and methyldiphenyl silylsodium
during 5-12 hours. The presence of the silylmetallic
species in these solutions was demonstrated by: (a) hydroly-
sis to the known silanes; and (b) reaction with a suitable
chlorosilane to give the known disilanes (see Table I). The
yields of derivatized products obtained from these reactions
were comparable to those obtained from the known silyl-
lithium compounds, 2 indicating that the silylsodium com-
pounds must have originally been present in good yield.
However, it was not possible to estimate the concentration
of the silylmetallic species directly by the established
double titration technique 9 for, on completion of the
reaction, excess sodium naphthalenide or biphenylide, was
always present. In an attempt to overcome this difficulty,
the solutions were decanted from the excess sodium and
treated with a further amount of the respective disilane.
It was observed that the greenish brown solutions acquired
the red-brown color characteristic of silylmetallic com-
pounds, 2 during 30 mins. to 1 hour. Working on the
assumption that all of the anion radical had been consumed,
the solutions were then analyzed by double titration with
allyl bromide. 9 In this way it was estimated that triphenyl-
silylsodium was obtained in ca. 80% yield from hexaphenyl-
disilane and sodium in the presence of biphenyl, while
methyldiphenylsilylsodium was obtained in ca. 75% yield from
dimethyltetraphenyldisilane under comparable conditions.

It was noted that the cleavage reaction proceeded more
rapidly in the present of biphenyl than with comparable
molar amounts of naphthalene. For instance hexaphenyldi-
silane (0.05 mole) was cleaved by sodium in the presence
of biphenyl (0.01 mole) during ca. 5 hours, whereas a
similar reaction with naphthalene required ca. 12 hours.

Having established that the silylsodium compounds
could be obtained from their disilanes it was logical to
attempt their preparation from the corresponding chloro-
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silanes. Here difficulty was experienced, for although
the reaction between chlorotriphenylsilane or chlorodi-
phenylmethylsilane and sodium proceeded smoothly in the
presence of naphthalene to give the required silylsodium
compounds, a similar reaction did not occur in the presence
of biphenyl. In the latter cases, the characteristic blue-
green color of the sodium biphenylide initially formed on
the surface of the sodium, but was rapidly discharged and
did not reform. Examination of the reaction mixtures by
v.p.c. at this stage showed that biphenyl was still present.

Slightly lower yields of derivatized products were
obtained when the silylsodium compounds were prepared from
the chlorosilanes than when they were prepared from the
disilanes. However, it has been reported that lower yields
of silyllithium compounds result from the action of lithium
on chlorosilanes than from the corresponding disilanes. 2

Attempts to prepare dimethylphenylsilylsodium by the cleav-
age of 1,1,2,2-tetramethyl-l,2-diphenyldisilane with sodium
in the presence of naphthalene or biphenyl failed. Initially
the green, or blue-green, color of the anion radical was
formed, but this was replaced during 6-8 hours by a red-
brown color. Examination of hydrolyzed aliquots of the
reaction mixtures at this stage showed the hydrocarbons had
been consumed and much unreacted disilane remained, only
traces of dimethylphenylsilane could be detected in either
case. A small amount of 4,41-bis(dimethylphenylsilyl)-
biphenyl (2%) was isolated from the biphenyl reaction.

In order to attempt to establish the mode of destruc-
tion of the aromatic hydrocarbons, the reactions of 1,1,2,2-
tetramethyl-l,2-diphenyldisilane.(x moles) with sodium in
the presence of naphthalene or biphenyl (x moles) were
examined. Under these conditions all of the disilane was
consumed in the biphenyl reaction and nearly all in the,
naphthalene reaction during 24 hours. Some unreacted hydro-
carbon remained in both reaction mixtures.

After hydrolysis, v.p.c. indicated that both reaction
mixtures were complex, but it was possible to isolate some
unreacted hydrocarbon from both reactions. The biphenyl
reaction also yielded 19% of 4,4'-bis(dimethylphenylsilyl)-
biphenyl, whereas 3.5% of 1-dimethylphenylsilylnaphthalene
was isolated from the naphthalene reaction.

In an attempt to discover if 4.,4-bis(dimethylphenyl-
silyl)biphenyl was formed bythe attack of an intermediate
silylmetallic compound on biphenyl the reaction of methyl-
diphenylsilyllithium with this compound was investigated.
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After 12 hours,7.1% of 4,41 -bis(dimethylphenylsilyl)bi-
phenyl was isolated subsequent to hydrolysis. Dimethyl-
phenylsilane was identified among the products by v.p.c.
but was not isolated.

Thestability of solutions of triphenylsilyl and
methyldiphenylsilylsodium was determined by periodically
estimating the concentration of silylmetallic species by
double-titration with allyl bromide. 9 The excess anion
radical had previously been removed from these solutions
by treatment with additional amounts of the appropriate
disilane. No change in the concentration of an 0.4 7 molar
solution of triphenylsilylsodium could be detected during
50 hours. In the same time the concentration of an 0.45
molar solution of methyldiphenylsilylsodium dropped to
0.4l molar.

A limited number of reactions of triphenylsilylsodium
and methyldiphenylsilylsodium with halogen compounds were
investigated; the products obtained are reported in Table
I. In all cases considerable difference in product ratio
was observed between reactions of the silylsodium compounds
and comparable reactions of their silyllithium analogs.

C. DISCUSSION.

The reaction of sodium with naphthalene or biphenyl
in THF gives rise to the highly reactive naphthalenide or
biphenylide anion radicals, by transfer of an electron
from the metal into the lowest empty molecular orbital of
the aromatic hydrocarbon (Ar):o. 1 1'

Ar + Na T Ar7Na+

Such anion radicals are capable of transferring the
extra electron to a suitable acceptor molecule of higher
electron affinity, during which process the hydrocarbon is
regenerated. 1 1 It has been shown 7 that this type of electron
transfer probably occurs between equimolar amounts of sodium
naphthalenide and a triphenylhalosilane to give, initially,
a triphenylsilyl radical. A reaction of this type could
simply account for the formation of the silylsodium compounds
obtained in this work.

This type of reaction between an aryl substituted
disilane or chlorosilane 1 2 and an anion radical can be
depicted as follows:

R3SiSiR3 + ArrNa+ -- R3Si* + R3 SiNa + Ar (1)

R3SiCl + Ar7Na+ > RSi. + NaCl + Ar (2)

8



In either reaction an intermediate silyl radical
would be formed, but this would be expected to be rapidly
transformed to a silylsodium compound by reaction with
either a further anion radical, or metallic sodium:

R3Si" + ArrNa+ > RsSiNa + Ar

R3 Si" + Na > R3 SiNa

In the case of the chlorosilane reactions, the silyl-
sodium compound initially formed would be expected to
immediately couple with unreacted silyl halide to form a
disilane, which, in turn, would be cleaved to the silyl-
sodium-compound. During the reaction of chlorotriphenyl-
silane with sodium in the presence of naphthalene this
initial coupling was in fact observed and hexaphenyldisilane
was isolated as an intermediate product.

As only a small amount of aromatic hydrocarbon was
required to convert a relatively large amount of the
disilane, or chlorosilane, to the corresponding silylsodium
compound, it must be assumed that the hydrocarbon liberated
in reactions (1) or (2) was immediately converted back to
the anion radical, by reaction with the excess sodium, to
repeat the cycle.

A similar type of electron transfer mechanism to that
described above was suggested by Eisch8 to explain the high
yields of, for instance, phenol obtained, subsequent to
hydrolysis, by treatment of anisole with the 2:1 lithium-
biphenyl adduct.

It has been shown that the rate of electron transfer
between an aromatic hydrocarbon anion radical and a suitable
acceptor molecule is dependent on the difference in electron
affinity between the parent hydrocarbon and acceptor molecule."'
Naphthalene has a higher electron affinity than biphenyl;
thus, assuming that similar factors govern the rate of
electron transfer between sodium naphthalenide, or biphenylide,
and hexaphenyl- or 1,2-dimethyltetraphenyldisilane, it is
apparent why biphenyl promotes more rapid cleavage of the
disilane than naphthalene.

One fact which is difficult to explain is why triphenyl-
silyl- and methyldiphenylsilylsodium are readily prepared
from the corresponding chlorosilanes and sodium in the
presence of naphthalene, but not in the presence of biphenyl.
It was certainly not because the hydrocarbon was consumed by
any side reactions as v.p.c. showed that a considerable
amount of biphenyl remained even after reaction had ceased.

9
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As previously stated, reaction of sodium naphthalenide,
or biphenylide, with a disilane apparently splits the
silicon-silicon bond to give an anionic fragment and,
presumably, a radical fragment, (Equations (1) and (2)). In
the case of hexaphenyldisilane or 1,2-dimethyltetraphenyldi-
silane, neither of the fragments formed apparently attacked
the hydrocarbons to any great extent. However, in the case
of l,l,2,2-tetramethyl-l,2-diphenyldisilane, evidence
suggests that one, or both, of the fragments reacted fairly
rapidly with either naphthalene or biphenyl to give, in
addition to other products, 1-dimethylphenylsilylnaphthalene
and 4,4'-bis(dimethylphenylsilyl)bipherinyl, respectively.

Currently, sufficient evidence is not available to
decide exactly how the above compounds arose, but it is
interesting to note that dimethylphenylsilyllithium reacts
with biphenyl to give, subsequent to hydrolysis, some 4,4"-
bis(dimethylphenylsilyl)biphenyl.

Reactions of silyllithium compounds with aromatic
hydrocarbons have been previously reported. 2 For instance
triphenylsilyllithiumi1 3 reacts with anthracene to give,
subsequent to hydrolysis, 9-triphenylsilyl-9,10-dihydro-
anthracene. It is possible that a reaction of the above

Ph Ph3 i H

Ph3SiLi + (3J>H + 0
H Li

type could account for the formation of the 4,4'-bis(di-
methylphenylsilyl)biphenyl obtained in this work, if a
dihydro compound formed on hydrolysis was relatively unstable
and underwent dehydrogenation during work-up.

The reactions of triphenylsilyl and methyldiphenylsilyl-
sodium.

The technique used to determine the actual concentra-
tions of the silylsodium compounds is somewhat open to
question, for it is by no means certain that addition of
excess disilane to a solution of a silylsodium compound and
anion radical resulted in complete consumption of the anion
radical. Nevertheless the concentrations of the silylsodium
solutions, as determined by this method, are in fair agree-
ment with the yields of derivatized products obtained on
treatment with acid or a suitable chlorosilane.
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The stability of the silylsodium compounds in THF
appears to approach that of the corresponding silyllithium
compounds, 1' a fact which is perhaps rather surprising as
it is known that alkyl and arylsodium compounds are in
general much less stable in ethereal solvents than the com-
parable lithium compounds. 1 0

The most significant difference in reactivity between
the silylsodium and silyllithium compounds so far observed
is shown by their reactions with halogen compounds, in
particular with chlorobenzene. The reaction of a silyl-
metallic compound with an organic halide can proceed by at
least two routes: 2 (a) nucleophilic attack of the silyl-
metallic on the halogen compound to give a tetrasubstituted
silane and a metallic halide:

RsSiM + R'X RsSiR' + N

(b) by an exchange reaction resulting in the formation of a
silylhalide and a new organometallic compound:

RsSiM + > RsSiCl + R'M

This reaction frequently leads to the formation of high
yields of disilanes by coupling of the chlorosilane with
unreacted silylmetallic compound:

R3 SiM + R 3SiCl -- R3SiSiR3 + MC1

Theisolation of 45% of tetraphenylsilane from-the
reaction of triphenylsilylsodium with chlorobenzene, com-

pared with the 17% isolated from a similar reaction of
triphenylsilyllithium, 2 is typical of the increased yields
of coupled products obtained from the reactions of the silyl-
sodium compounds with halogen compounds (See Table I). The
increased yields of coupled products suggest that the silyl-
sodium compounds prepared in this.work are more powerful
nucleophilic reagents than-the corresponding silyllithium
compounds, which might be expected if a silicon-sodium bond
is more ionic than a comparable silicon-lithium bond.

The reaction of triphenylsilylpotassium in ether with
chlorobenzene has been investigated. 2  In this case the
yield of tetraphenylsilane (53%) was greater than the yields
isolated from-the reactions with either triphenylsilylsodium
or lithium in THF.. However, the difference in yields may
have been due, in part, to the difference in solvent, so no
direct comparison can be made.
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The yield of tris(triphenylsilyl)silane (17%) obtained
from triphenylsilylsodium and trichlorosilane is consider-
ably greater than that obtained using triphenylsilyllithium
(I.4%).2 This fact is of considerable significance for it
indicates that steric factors alone were not entirely
responsible for the low yield of this silane obtained from
triphenylsilyllithium and trichlorosilane.

D. EXPERIMENTAL

All reactions were carried out in oven-dried glassware,
under an atmosphere of dry, oxygen free, nitrogen.

THF was purified by distillation from sodium benzo-
phenone ketyl after initial drying over sodium.

The disilanes were all prepared and purified by standard
procedures.

3

Organosilicon halides were obtained from Dow Corning
Corp. and were used without further purification. Chloro-

.benzene and n-butyl bromide, Eastman Kodak White Label, were
dried over phosphorous pentoxide before use.

Chromatography was carried out over Woelm neutral
alumina. Unless otherwise stated all solid compounds were
identified by mixed melting points, and-comparison of their
infrared spectra with authentic materials. Liquids, or low
melting solids, were identified by comparison of their
boiling points, v.p.c. retention times and infrared spectra
with authentic materials. The physical properties of these
materials can be found in references 15 and 16.

Infrared spectra were determined using a Perkin.Elmer,
Model 21 Spectrophotometer.

V.p.c. analyses were carried out with an F and M Model
500 gas chromatograph using an 18 x 1/4 in. column packed
with silicon gum rubber, S.E. 30, on Chromosorb W (1:20).

Melting points were determined using a Mel Temp
apparatus and are uncorrected.

Triphenylsilylsodium by cleavage of hexaphenyldisilane with'
sodium In the presence of (1) biphenl and (2) naphthalene

(1) Hexaphenyldisilane (13 g, 0.025 mole) and biphenyl
(0.75 g, 0.005 mole) were placed in a nitrogen flushed three-

.necked flask fitted with a teflon paddle stirrer. THF (100
ml) was added, then sodium (2.3 g, 0.1 g atom) was cut into
the mixture through an emergent nitrogen stream. The sodium
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immediately turned blue-green on the cut surfaces and after
stirring for 5 min. the whole solution turned the same
color. When stirring was briefly interrupted unreacted
hexaphenyldisilane settled to the bottom of the flask.
After 5 hours stirring no unreacted disilane remained. The
green solution was decanted through a short tube plugged
with glass wool into a nitrogen flushed dropping funnel,
before being added dropwise with stirring to 20% hydrochloric
acid.(100 ml). The green color was discharged through a
transient red-brown and heat-was evolved. The ethereal layer
was separated, dried over anhydrous magnesium sulphate, con-
centrated and the residue distilled under reduced pressure
to give triphenylsilane b.p. 1350C/0.1 mm, m.p. 43-46 0 c
(10.8 g, 83%).

(2) A similar reaction was carried out using 0.65 g
(0.005 mole) of naphthalene. The solution turned dark green
on stirring and twelve hours of stirring was required to con-
sume all the disilane. The mixture was hydrolyzed and worked
up as described above to give triphenylsilane (10 g, 77%)0

Preparation of methyldiphenylsilylsodium by the cleavage of
12-dimethyltetraphenyldisilane with sodium in the presence
of biphenyl.

The reaction between l,2-dimethyltetraphenyldisilane
(9.85 g, 0.025 mole), sodium (2.3 g, 0.1 g. atom) and
biphenyl (0.75 g, 0.005 mole) in THF (100 ml) was carried
out in a similar manner to the hexaphenyldisilane reaction;
the reaction mixture again turned blue-green. After stirring
6 hours the solution was hydrolyzed and worked up in a
similar manner to the hexaphenyldisilane reaction to give
methyldiphenylsilane, b.p. 84.5-860 C/0.3 mm (7.05 g, 71%).

Attemted preparation of tri henylsilylsodium and methl-
dip enylsilylsodum by reaction of the corresponding
chlorosilanes with sodium in the presence of biphenyl.

Chlorotriphenylsilane (14.5 g, 0.05 mole) and biphenyl
1.5 g, 0.01 mole) were dissolved-in THF (100 ml). Sodium
4.6 g, 0.2 g. atom) was added in small pieces through an

emergent stream of nitrogen and immediately turned blue-
green on the cut surfaces. The mixture was stirred and the
blue-green color was rapidly discharged, the sodium acquiring
a tarnished appearance. Examination of the reaction mixture
by v.p.c. after 5 hours showed the presence of unreacted
biphenyl.
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A similar reaction with methyldiphenylchlorosilane
gave identical results, a considerable quantity of unreacted
biphenyl again being detected by v.p.c. after 5 hours.

Preparation of triphenylsilylsodium and methyldiphenylsilyl-
sodium by the reaction of the corresponding chlorosilanes
with sodium in the presence of naphthalene.

Chlorotriphenylsilane (14.5 g, 0.05 mole) and naphtha-
lene (1.28 g, 0.01 mole) were dissolved in THF and sodium
(4.6 g, 0.2 g. atom) was added. A faint green color was
formed on the surface of the sodium which was not completely
discharged on commencement of stirring. After 15 min a white
solid began to separate out of solution; a portion of this
was removed after 1 hour and was shown to be almost pure
hexaphenyldisilane. After 2 hours stirring the solution
turned deep green. The reaction was stirred for a total of
5 hours before the deep green solution was decanted from the
excess sodium, hydrolyzed with acid, and worked up as previ-
ously described to give triphenylsilane (8.7 g, 67%).

A similar reaction with methyldiphenylchlorosilane
(11.6 g, 0.05 mole) gave methyldiphenylsilane (6.6 g, 66%).

Reaction of triphenylsilylsodium and chlorotrimethylsilane.,

A solution of triphenylsilylsodium prepared from hexa-
phenyldisilane (13 g, 0.025 mole), biphenyl (0.75 g, 0.005.
mole) and sodium (2.3 g, 0.1 g. atom) in THF (100 ml),, was
added dropwise with stirring to chlorotrimethylsilane (10.85
g, 0.1 mole) in THF (50 ml). The blue-green solution was
immediately decolorized through a transient red-brown with
evolution of heat. The reaction mixture was hydrolyzed with
dilute hydrochloric aci~d, the ethereal layer separated, dried
over magnesium sulphate, concentrated and the residue recrys-
tallized twice from ethanol to give l,ll-trimethyl-2,2,2-
triphenyldisilane, m.p. 104-1050C (13.0 g, 78.5%).

A similar reaction using triphenylsilylsodium prepared
from chlorotriphenylsilane (14.5 g, 0.05 mole) gave 11.6 g
(70%) of the above compound.

Reaction of methyldiphenylsilylsodium with chlorotriphenyl-
silane.

A solution of methyldiphenylsilylsodium, prepared from
1,2-dimethyltetraphenyldisilane (9.85 g, 0.025 mole) biphenyl
(0.75 g, 0.005 mole), and sodium (2.3 g, 0.1 g. atom) in THF
(100 ml) was added to a solution of chlorotriphenylsilane
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(14.5 g, 0.05 mole) in THF (50 ml). The blue-green solu-
tion was immediately decolorized thrbugh a transient red-
brown with slight evolution of heat. The reaction mixture
was hydrolyzed with dilute hydrochloric acid, the ethereal
layer separated, dried over magnesium sulphate and concen-
trated. The residue was dissolved in the minimum quantity
of benzene and chromatographed over alumina. Elution with
etroleum ether gave methylpentaphenyldisilane, m.p. 146-7 0 C
15.5 g, 56%).

Determination of the stabilities of triphenylsilylsodium and
methyldiphenylsilylsodium in THF.

The silylsodium compounds were prepared from 0.025 mole
of the corresponding disilanes, 0.005 mole of biphenyl and
0.1 g atom of sodium in 150 ml of THF. The dark blue-green
solutions were decanted away from the excess sodium-and
treated with a further 0.005,mole of the corresponding
disilanes. The blue-green colors faded during 30-60 min
being replaced by red-brown colors. The solutions were
stored under nitrogen and periodically analyzed by double
titration with allyl bromide. 9 No change was observed in the
concentration of triphenylsilylsodium, initially 0.047 molar,
during 100 hours. During the same time the concentration of
methyldiphenylsilylsodium, initially 0.045 molar, dropped to
0.041 molar.

Reaction of triphenylsilylsodium and chlorobenzene.

A solution of triphenylsilylsodium, prepared from hexa-
phenyldisilane (0.025 mole) was added dropwise with stirring
to chlorobenzene (12.5 g, 0.1 mole) in THF (50 ml) during
30 mins. The green solution turned dark yellow and some
solid was precipitated. Color Test 1i 7 was negative after
the. addition. The mixture was hydrolyzed with dilute hydro-
chloric acid and filtered giving a solid m.p. 237-293°C
(7.5 g) which on extraction with hot benzene left hexaphenyl-
disilane (2.5 g, 19%). The ethereal layer was separated,
dried over magnesium sulphate, combined with the benzene
extracts of hexaphenyldisilane and concentrated. Recrystal-
lization of the residue from ethyl acetate gave tetraphenyl-
silane, m.p. 233-235 0 C (7.55 g,'15%).

Reactions of methyldiphenylsilylsodium and methyldiphenyl-
silyllithium with chlorobenzene.

A solution of methyldiphenylsilylsodium, prepared from
1,2-dimethyltetraphenyldisilane (9.85 g, 0.025 mole) was
added dropwise with stirring to a solution of chlorobenzene
(12.5 g, 0.1 mole) in THF (50 ml) during 30 mins. The deep
blue-green color changed to orange-yellow and Color Test I
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was negative. The reaction mixture was hydrolyzed with
dilute hydrochloric acid, and the ethereal layer was dried
and distilled under reduced pressure to give methyltriphenyl-
silane, b.p. 141-143°C/0.02 mm (7.5 g, 61%). Recrystalliza-
tion of the stillpot residue from petrol ether (b.p. 70-80°) j
gave 1,2-dimethyltetraphenyldisilane (1.65 g, 16.7%).

A similar reaction was carried out with methrldiphenyl-
silyllithium, prepared by the reported procedure. Identical
work-up gave 16.8% of methyltriphenylsilane and 57.9% of 1,2-
dimethyltetraphenyldisilane.

Reaction of triphenylsilylsodium with n-butyl bromide.

A solution of triphenylsilylsodium, prepared from 13 g
(0.025 mole) of hexaphenyldisilane, was added to a solution
of n-butyl bromide (13.7 g, 0.1 mole) in THF (50 ml). The
blue-green solution was immediately decolorized with evolu-
tion of heat, and some solid precipitated. The reaction
mixture was hydrolyzed with dilute hydrochloric acid and
filtered; the residue was hexaphenyldisilane (5.6 g, 43%).
The ethereal layer was dried and concentrated to give an oil
which was dissolved in the minimum amount of benzene and
chromatographed over alumina. Elution with petrol ether
(b.p. 60-70*) gave an oily solid which was crystallized from
methanol to give n-butyltriphenylsilane, m.p. 90,91@ (3.5 g,
22%).

Reaction of tripherylsilylsodium with trichlorosilane.

Triphenylsilylsodium was prepared from hexaphenyldi-
silane (25.9 g, 0.05 mole). After removal of the excess
anion radical by addition of further hexaphenyldisilane
(5.0 g), analysis by double titration 9 indicated the presence
of 0.0875 mole of the silylmetallic compound. The deep
green solution was added dropwise with stirring to a solution
of trichlorosilane (4 g, 0.029 mole) in ether (50 ml) at
-6 0 0C. After 3 hours stirring Color Test I was negative.
The solution was allowed to warm to room temperature,
hydrolyzed with dilute hydrochloric acid and'filtered to give
hexaphenyldisilane (4.1 g, 13.3%). Concentration of the
dried ethereal layer gave a yellow oil which was chromato-
raphed over alumina. Elution with petroleum ether (b.p.
0-700C) gave an oil which was not identified. Elution with

carbon tetrachloride gave a gummy solid, which was recrystal-
lized from a mixture of ethylacetate and methanol (10:90) to
give tris(triphenylsilyl)silane, m.p. 205-207 0 C (3.95 g, 17%).
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Attempted preparation of dimethylphenylsilylsodium by
reaction of sodium with 1,1,2,2-tetramethyl-l,2-diphenyl-
disilane in the presence of (1 biphenyl and (2) naphthalene..

* (1) 1,1,2,2-Tetramethyl-1,2-diphenyldisilane (13.5 g,
0.05 mole) and biphenyl (1.5 g, 0.01 mole) were dissolved in
THF (100 ml). Sodium (4.6 g, 0.2 g. atom) was cut into the
reaction flask and stirring was commenced. After 15 mins the
solution turned dark blue, a color which changed to light

brown after 6 hours. A portion of the mixture was hydrolyzed
and examined by v.p.c.; only a siall amount of dimethyl-
phenylsilane and much 1,1,2,2-tetramethyldiphenyldisilane
could be detected, The solution was decanted from excess
sodium and hydrolyzed with dilute acid. Concentration of
the dried ethereal layer gave an oil which was distilled
under reduced pressure to give 1,1,2,2-tetramethyldiphenyl-
silane, b.p. 108.5-110°C/0.3 rm, (6.2 g, 46%). The stillpot

residue was recrystallized from methanol to give 4,4'-bis-
(dimethylphenylsilyl)biphenyl, m.p. 74-75°C, (0.08 g, 2%).

(2) A similar reaction was carried out in the presence
of naphthalene (1.28 g, 0.01 mole). On addition of sodium
and stirring the solution immediately turned dark green, but
this color changed to red-brown after 8 hours. Examination
of a hydrolyzed sample by v.p.c. showed the presence of at
least 4 volatile components, but only a trace of dimethyl-
phenylsilane and unreac ted 1,1,2 ,2-tetramethyldiphenyldi-
silane could be identified. Work-up as described above gave
1,1,2,2-tetramethyldiphenyldisilane (5.2 g, 38.5%). No
further products could be isolated.

Reaction of 1,1,2,2-tetramethyldiphenyldisilane (x moles)
with (1) bi heny1 F2x moles), (2) naphthalene (x moles ,
and sodium in THF.

1,1,2,2-Dimethyltetraphenyldisilane (6.75 g, 0.025
mole) and biphenyl (7.6 g, 0.05 mole were dissolved in THF
(75 ml). Sodium (2.3 g, 0.1 g. atom) was added and stirring
commenced. The solution turned deep blue. After 24 hours a
portion of the reaction mixture was hydrolyzed and examined
by v.p.c., no unreacted disilane could be detected. The
reaction mixture was decanted from excess sodium and hydrolyz:ed
by addition to dilute acid. Concentration of the dried
ethereal layer gave an oil which was sublimed (100°C/5 mm) to
give biphenyl (3.0 g, 39.5%). Crystallization of the residue
from methanol gave k,4'-bis (dimethylphenylsilyl) biphenyl
(2 g, 19%).
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(2) A similar reaction was carried out between 1,1,2,2-
tetramethyldiphenylsilane, (40 g, 0.15 mole), naphthalene
(19.2 g, 0.15 mole) and sodium (9.2 g, 0.4 g. atom) in THF
250 ml). After 24 hours v.p.c. indicated that the disilane

had been consumed. Concentration of the dried ethereal
layer, subsequent to hydrolysis, gave a liquid which was
sublimed (1100C/7 mm) to give naphthalene (.0 g, 15.7%).
The sublimation residue was distilled through a 18 in. x
6 mm Nester Faust spinning band column to give 1-dimethyl-
f henylsilylnaphthalene, b.p. 1240C/0.04 mm, m.p. 53-540C
l.7 g, 3.5%). Numerous other products were present as.

evidenced by v.p.c., but none has been isolated in a pure
state.

1-Dimethylphenylsilylnaphthalene was prepared as a
reference compound from 1-lithionaphthalene' 8 (0.1 mole)
and dimethylphenylchlorosilane (0.1 mole) in ether at
0± 50 during 24 hours. Hydrolysis and distillation gave
65% of the required product, b.p. 136-138.50C/1.5 mm.
C1 8 H18 Si requires Si, 10.67%. Found, Si, 10.56, 10.62.

Reaction of dimethylphenylsilyllithium with biphenyl.

DimethylphenylsilyllithiumP (0.1 mole) in THF (100 ml)
was added to biphenyl (15.4 g, O. 1 mole) in THF (50 ml).
The reaction mixture was stirred 48 hours, hydrolyzed with
dilute hydrochloric acid, and the dried ethereal extracts
concentrated. The residue was sublimed (1000C/5 mm) to give
biphenyl (6.1 g, 39.5%) after crystallization from ethanol.
Repeated crystallization of the sublimation residue from
methanol gave 4,4'-bis(dimethylphenylsilyl)biphenyl (1.5 g,
7.1%).

III. SYNTHESES OF SOME PENTAHALOPHENYL-SUBSTITUTED SILANES

A. INTRODUCTION

The ultraviolet data for a number of pentachlorophenyl-
and pentafluorophenrýl-substituted silanes were recorded and
published earlier. 1  All the pentachlorophenyl compounds
were prepared in moderate yields by the coupling of penta-
chlorophenylmagnesium chloride2 0 with the appropriate chloro-
or dichloropermethylated silane in tetrahydrofuran: the
pentafluorophenyl compounds were prepared similarly via
pentafluorophenyllithium. 2'

2 C6Cl5MgCl + Cl(SiMe2)nC1 -> CeCl 5 (SiMe 2 )nCeCls

It was convenient to use the Grignard reagent for the
majority of these preparations, and no examination of
similar reactions with the lithium reagents was made. Exper-
iments carried out in related work indicate that the use of
pentachlorophenyllithium would have been entirely satisfactory. -
The lithium reagent, chosen for the preparation of the
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pentafluorophenyl compounds, returned a high yield of
product.

Although pentafluorophenyl-silicon compounds are
comparatively well-known," 2 the only pentachlorophenyl-
silicon compound previously reported Was pentachlorophenyl-
trichlorosilane, formed in low yield by the chlorination of
phenyltrichlorosilane. 2 3

Attempts to prepare some of the perphenylated analogs
failed, such failure probably due to steric factors. No
products were obtained from reactions of pentachlorophenyl-
magnesium chloride with 1,4-dichlorooctaphenyltetrasilane
and 1,5-dichlorodecaphenylpentasilane; of pentachlorophenyl-
lithium with 1i,4-dichlorooctaphenyltetrasilane, 1,4-dibromo-
octaphenyltetrasilane, and 1,2-dibromotetraphenyl disilane;
or of pentafluorophenyllithium with 1i,4-dichlorooctaphenyl-
tetrasilane. At the temperatures employed, no reaction was
found to occur in any case.

Coupling between pentachlorophenylmagnesium chloride
and 1-hydro-3-chlorohexamethyltrisilane in tetrahydrofuran
was attempted in an effort to prepare 1-hydro-(3-penta-
chlorophenyl)hexamethyltrisilane. No tractable products
resulted from the reaction. Similar failure resulted from
the use of the Grignard reagent in diethyl ether, 2 4 and the
lithium compound in tetrahydrofuran.

Several attempts were made to produce, from hexachloro-
benzene, a perchlorinated reactive species containing the
active constituents in the 1,4- position. Preparations of
the pentachlorophenylmagnesium chloride in the usual manner
result in the formation of a small amount (ca. 5%) of tetra-
chlorobenzene on hydrolysis, indicating the presence of the
1,4-di-Grignard reagent. 2 0  However, efforts to raise this
proportion of the di-ýGrignard reagent, either by the use of
di-n-butyl ether as solvent or by means of an exchange
reaction between benzylmagnesium chloride and hexachloro-
benzene, 2 0 were unsuccessful. 1,2,4,5-Tetrachlorobenzene
was metalated by n-butyllithium but no tractable products
resulted on derivatization with chlorotrimethylsilane.

Physical Properties

As expected, all the pentachlorophenyl derivatives
prepared were white, crystalline solids with fairly sharp
melting points, whereas the two bis(pentafluorophenyl)
derivatives of the mono- and trisilanes were high-boiling
liquids. Table II lists the melting points of the penta-

19



k

chlorophenyl compounds. The bis(pentafluorophenyl)dimethyl-
silane and 1,3-bis(pentafluorophenyl)hexamethyltrisilane had
boiling points of 138-140°C/14 mm and 1160C/0.07 mm, respec-
tively.

Table II

The melting points of some pentachlorophenyl-substituted silanes

Compound M.P. 0C

CeClsSiMes 116-117

C6 C15 SiMe2 OCCls 232-234

CeCl 5 (SiMe 2 ) 2 C8 Cl5  223-224

CCl.5 (SiMe 2 ) 3 C6 Cl 5  165-166

C8C15 (SiMe2 ) 4C0Cl5 143-145

C6 Cl5 (SiMe 2 )5C0Cl5 129-130
CeCls(SiMe 2 )8C0Cl5 148-149

CeCl 5 (SiMe'Ph) CeCl5 164-165

Spectral Properties

(a) Infrared spectra

The infrared spectra of all the pentachlorophenyl com-
pounds showed a strong absorption at ca. 9.2 p, doubtless
arising from a Si-CeC1 5 vibration, and a strong singlet at
ca. 11.5 P which also appeared to be characteristic of a
U0Cls grouping. Other bands appearing in the spectrum were
consistent with the relevant substituted permethylated silane.
Spectra were determined using a Perkin-Elmer Model 21
spectrophotometer, with carbon tetrachloride as solvent.

(b) Ultraviolet spectra

Ultraviolet properties of the compounds were published
previously. 19

(c) Nuclear magnetic resonance spectra

Nuclear magnetic resonance data, measured with a Varian
HR-60 spectrophotometer at 60 Mc., for the bis(pentachloro-
phenyl) derivatives of the tri- and hexasilane, were
consistent with the formulation CsCls(SiMe2)nCeC15. The
spectrum of the trisilane showed two different methyl
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absorptions as singlets at 9.4 T and 9.65 T in the ratio of
2:1, the larger absorption being at the lower field. This
splitting would be expected for a symmetrical, linear hexa-
methylated trisilane. The close proximity to the penta-
chlorophenyl groups of the methyl groups on the terminal
silicon atoms would cause the greater chemical shift for the
larger of the two absorptions, as observed. The spectrum of
the hexasilane showed the anticipated three singlets of
equal, area, each resulting from the methyl groups on pairs
of equivalent silicon atoms.

Attempted Reactions of the Pentachlorophenyl Compounds

(a) With magnesium

A reaction between pentachlorophenyltrimethylsilane and
magnesium metal in tetrahydrofuran resulted in the formation
of a Grignard reagent in high yield. Derivatization with
chlorotrimethylsilane gave a brown gum which, when chromato-
graphed on neutral alumina, yielded some white, low-melting
crystals. These were not identified.

(b). On alumina

It has been found that basic alumina causes scission of
the silicon-silicon bonds adjacent to a hydroxyl group in
compounds such as 1, 4 -dihydroxyoctaphenyltetrasilane. In
an attempt to cause similar scission of bonds in the present
pentachlorophenyl-compounds, samples of 1,3-bis(pentachloro-
phenyl)hexamethyltrisilane in benzene as solvent were passed
down alumina columns. Basic, acidic, and neutral alumina
columns were tried, but in each case the unchanged polysilane
was recovered quantitatively.

(c) Ultraviolet irradiation

As the pentachlorophenyl-substituted silanes have been
shown to absorb ultraviolet irradiation to an appreciable
extent' 9 it was considered of interest to examine the effect
of such irradiation on a solution of 1,2-bis(pentachloro-
phenyl)tetramethyldisilane. The irradiations were carried
out in solutions of diethyl ether and isopropanol, the latter
being an excellent radical trap. In neither case were any
isolable products formed, and the starting material was
recovered unchanged, essentially quantitatively.

B. EXPERIENTAL

All reactions were carried out under an atmosphere of
dry, oxygen-free nitrogen. The glassware was dried in an
oven at 1300C, assembled while hot, and purged with a stream
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of nitrogen. Tetrahydrofuran (THF) was dried over sodium
wire. Chlorotrimethylsilane, dichlorodimethylsilane, and
dichloromethylphenylsilane were obtained from the Dow
Corning Corp. The a,w-dichloropermethylated polysilanes, 2 6

the 1-H-3-chlorohexamethyltrisilane, 2 7 and 1,5-dichloro- 2 9

and x,w-dibromoperphenylated polysilanes3s were prepared
according to previously described procedures. The acidic and
neutral alumina were manufactured by Woelm, and purchased
from Alupharm Chemicals, New Orleans, Louisiana: the basic
alumina was obtained from Alcoa. Molecular weight deter-
minations were made using a vapor pressure osmometer, Model
201A, manufactured by Mechrolab. Melting points and boiling
points are uncorrected.

Pentachlorophenyltrimethylsilane

A solution of pentachlorophenylmagnesium chloride (0.1
mole) in THF was added dropwise over 60 min to chloro-
trimethylsilane (10.9 g, 0.10 mole) in THF (50 ml). After
the addition a Color Test I17 was negative, and the dark
brown mixture was stirred overnight at room temperature
before hydrolysis with dilute hydrochloric acid. The
organic material was extracted into diethyl ether, and the
aqueous portion discarded. Removal of the ether gave the
crude product, m.p. l00-1080 C, (20.0 g). Recrystallization
from petroleum ether (b.p. 60-700 C) gave 17.0 g (52%) of a
white, crystalline solid, m.p. 116-117'C.

Anal. Calcd. for CsHg Cl 5 Si: Si, 8.7%; mol. wt.,
322.5. Found: Si, 9.3%; mol. wt., 322.

Bis(pentachlorophernl) dimethylsilane

Using a procedure essentially the same as that described
above, pentachlorophenylmagnesium chloride (0.10 mole) was
caused to react with dichlorodimethylsilane (6.5 g, 0.05
mole). The crude product (22.0 g), m.p. 216-222°C, was
recrystallized from petroleum ether (60-70 0 C) to give 18.0 g
(65%) of pure product, m.p. 232-234 0 C.

Anal. Calcd. for C1 4 H6 ClloSi: Si, 5.0%; mol. wt.,
556.8•. Found: Si, 5.5%; mol. wt., 565.

Bis (pentachlorophenyl) methylphenylsilane

A reaction was carried out between the Grignard reagent
(0.10 mole) and dichloromethylphenylsilane (9.6 g, 0.05
mole) in THF. After hydrolysis and extraction the crude
product (17.5 g), m.p. 60-80 0 C, was obtained. Recrystalliza-
tion from petroleum ether (60-70°C) gave 12.0 g (32%) of pure
product, m.p. 164-1650 C.
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Anal. Calcd. for C1 9 H8 CloSi: Si, 4.55%; mol. wt.,

618.9. Found: Si, 4.4%; mol. wt., 608.

1, 2-Bis(pentachlorophenyl) tetramethyldisilane

Following the usual procedure, pentachlorophenyl-
magnesium chloride (0.10 mole) and 1,2-dichlorotetramethyl-
disilane (9.4 g, 0.05 mole) reacted together to give 21.0 g
of crude product, m.p. 218-2220 C. Recrystallization from
toluene gave 19.0 g (62%) of a white, crystalline product,
m.p. 223-2240 C.

Anal. Calcd. for C3.H1 2 Cl 1 oSi 2 : Si, 9.15%; mol. wt.,

615.0. Found: Si, 9.2%; mol. wt., 615.

1,3-Bis (pentachlorophenyl) hexamethyltrisi!lane

A reaction between the Grignard reagent (0.10 mole)
and 1,3-dichlbrohexamethyltrisilane (12.3 g, 0.05 mole)
resulted in the formation of 18.0 g of crude product, m.p.
150-158oC. Recrystallization from petroleum ether (60-70°C)
gave 14.7 g (47%) of pure product, m.p. 165-1660 c.

Anal. Calcd. for C58H1 8 C11 oSi3 : Si, 12.5%; mol. wt.,
673.3. Found: Si, 12.8%; mol. wt., 686.

l,4-Bis(pentachlorophenyl) octamethyltetrasilane

By the usual procedure a reaction was carried out
between the Grignard reagent (0.05 mole) and 1,4-dichloro-
octamethyltetrasilane (7.6 g, 0.025 mole). The crude
product (9.0 g), m.p. 130-134°C, was recrystallized from
petroleum ether (60-700C) to give 5.9 g (32%) of the pure
product, m.p. 143-1450 C.

Anal. Calcd. for C2 cH 2 4 CloSi 4 : Si, 15.4%; mol. wt.,

731.3. Found: Si, 15.4%; mol. wt., 738.

1, 5-Bis(pentaChlorophenyl) decamethylpentasilane

The reaction between pentachlorophenylmagnesium
chloride (0.0083 mole) and 1,5-dichlorodecamethylpentasilane
(1.50 g, 0.00415 mole) gave 1.30 g of crude product, m.p.
ll5-119*C. Recrystallization from petroleum ether (6o-70 0 C)
gave 1.0 g (31%) of pure product, m.p. 129-130 0 C.

Anal. Calcd. for C2 2 H3 oClloSi 5 : Si, 17.8%; mol. wt.,
789.4. Found: Si, 17.6%; mol. wt., 774.
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1, 6-Bis (pentachlorophenyl) dodecamethylhexasilane

A reaction was carried out in the usual manner between
the Grignard reagent (0.062 mole) and 1,6-dichlorododeca-
methylhexasilane (13.0 g, 0.031 mole), The crude solid
product (10.0 g), m.p. 138-142 0 C, which partially separated
from the reaction mixture; was recrystallized from petroleum
ether (60-700C) to give 7.5 g (29%) of a white, crystalline
product, m.p. 148-149 °C.

Anal. Calcd. for C2 4 H3 8CloSie: Si, 19.9%; mol. wt.,
847.6.TFound: Si, 20.2%; mol. wt., 862.

Bis (pentafluorophenyl) dimethylsilane

Pentafluorophenyllithium (0.10 mole) was prepared in
THF at ca. -650C by an exchange reaction between n-butyl-
lithium--supplied preformed in n-hexane by Foote Mineral
Co., Exton, Pennsylvania) and bromopentafluorobenzene. 2 1

The solution, maintained at ca. -650C, was divided into two
equal portions. One half was added, from an addition funnel
surrounded by Dry Ice, to dichlorodimethylsilane (3.23 g,
0.025 mole) over 45 min. Throughout the addition the temper-
ature of the reaction mixture was kept at ca. -65@C. The
mixture was then allowed to attain room temperature over-
night, and hydrolyzed with dilute hydrochloric acid.
Extraction with diethyl ether, followed by distillation,
gave 6.8 g (70%) of a colorless liquid, b.p. 138-140°C/14 mm,
shown by vapor phase chromatography to contain only one
component.

Anal. Calcd. for C1 4 H6 FloSi: Si, 7.15%; mol. wt.,

392.3. Found: Si, 6.8%; mol. wt., 397.

1,3-Bis( pentafluorophenyl) hexamethyltrisilane

The second portion of pentafluorophenyllithium (0.05
mole) in THF, maintained at ca. -65°C, was added over 45
min to 1,3-dichlorohexamethyltrisilane (6.14 g, 0.025 mole).
A similar reaction procedure was followed. Distillation
gave 9.0 g (71%) of a colorless liquid, b.p. 116°C/0.07 mm,
shown by vapor phase chromatography to be a single compound.

Anal. Calcd. for C; 8 H1 sF1 oSi 3 : Si, 16.55%; mol. wt.,
508.6T.Found: Si, 16.4%; mol. wt., 500.
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Attempted reactions of some dw-dihaloperphenylated poly-

silanes

(a) With pentachlorophenylmagnesium chloride

Coupling of the Grignard reagent in THF with 1,4-di-
chlorooctaphenyltetrasilane and 1, 5-dichlorodecaphenylpenta-
silane was attempted by the usual procedure on a 0.05 mole
scale. Even after the reaction mixtures had been refluxed
for 24 hr, Color Test 117 was positive in both cases, and
hydrolyzed samples were shown by vapor phase chromatography
to each contain pentachlorobenzene as the major component.
In both cases the Color Test was negative after 2 days.
Work-up by the usual method gave white solids which were
identified as the mw-dihydroxy derivatives (mixed m.p.).
Thus no reaction of the dichloro compounds would appear to
have occurred until-the final hydrolysis state.

(b) 1,4-Dichlorooctaphenyltetrasilane with penta-
chlorophenyllithium

The pentachlorophenyllithium was prepared in THF by an
exchange reaction between n-butyllithium (0.05 mole) in n-
hexane and hexachlorobenze7ie.(14.24 g, 0.05 mole) following
a procedure similar to that used for the preparation of
pentafluorophenyllithium. To this lithium compound was added
1,4-dichlorooctaphenyltetrasilane (20.0 g, 0.025 mole).
After 15 hr with the reaction mixture maintained at ca. -65*C,
a Color Test I was still strongly positive, and pentachloro-
benzene was the predominant product formed on hydrolysis of
an aliquot (vapor phase chromatography). The temperature
of the mixture was gradually raised, but the Color Test I
persisted until the temperature had been at 00C for 5 hr.
A trace of pentachlorobenzene was still apparent. The
residual pentachlorobenzene was still apparent. The residual
solid (6.4 g) was filtered off and shown to be the unchanged
dichloro compound (mixed m.p.). Following hydrolysis and
extraction as usual, the diethyl ether was removed and
etroleum ether (60-70 0 C) added. The solid thus formed
99 9g), m.p. 170-1880C, was an unidentified mixture.

(c) Dibromo compounds with pentachlorophenyllithium

Reactions of 1,2-dibromotetraphenyldisilane and 1,4-
dibromooctaphenyltetrasilane with pentachlorophenyllithium
in THF were attempted following the usual general procedure.
In both cases Color Test I was strongly positive after 20 hr
with the reaction mixture at ca. -65°C, and pentachloro-
benzene was predominant in hydrolyzed aliquots. Only'after
the reaction mixtures had been at 00C for several hours did
the Color Test give a negative result. No solid was apparent
in either reaction mixture, and, following hydrolysis and
extraction, no tractable products were isolated.
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(d) 1,4-Dichlorooctaphenyltetrasilane with penta-
fluorophenyllithium

Pentafluorophenyllithium (0.05 mole), prepared in
diethyl ether by the exchange reaction,21 was added at ca.
-65 0 C to 1,4-dichlorooctaphenyltetrasilane (20.0 g, 0.025
mole) over 60 min. The reaction mixture was maintained at
ca. -650C for 4 hr. After this time a Color Test I was
still strongly positive, and the mixture was allowed to
attain room temperature overnight. The Color Test was then
negative. However, 19.5 g (98%) of the 1,4-dichloroocta-
phenyltetrasilane was reclaimed (mixed m.p.), showing that
reaction had taken place to a negligible extent.

Attempted reactions of 1-hydro-3-chlorohexamethyltrisilane

(a) With pentachlorophenylmagnesium chloride in THF

The Grignard reagent (0.10 mole) in THF was added over
2 hr to 1-hydro-3-chlorohexamethyltrisilane (21.09 g, 0.10
mole). A Color Test I was negative after a further hour,
and the dark brown reaction mixture was hydrolyzed and
extracted as usual. Removal of the solvent gave an intract-
able brown tar.

(b) With pentachlorophenylmagnesium chloride in diethyl
ether

The Grignard reagent was prepared in diethyl ether using
the modified entrainment method of Pearson et al, 2 4 and 0.01
mole of the solution added to 1-hydro-3-chlorohexamethyltri-
silane (2.11 g, 0.01 mole) over 30 min. After 48 hr at room
temperature, pentachlorobenzene was still the major component
in a hydrolyzed aliquot of the reaction mixture (vapor phase
chromatography). Only a trace of the pentachlorobenzene
remained after the mixture had been refluxed for 36 hr.
Following hydrolysis and extraction as usual, no tractable
products were isolated.

(c) With pentachlorophenyllithium in THF

Pentachlorophenyllithium was prepared as usual in THF,
and 0.01 mole of the solution added at ca. -65 0 C to 1-hydro-
3-chlorohexamethyltrisilane (2.11 g, 0.01 mole) over 30 min.
A Color Test I was negative after the addition. The
reaction mixture was allowed to attain room temperature, and
was then hydrolyzed and extracted. Removal of the solvent
gave a yellow solid (0.7 g), m.p. 200-2130 C. The infrared
spectrum of this material showed broad bands characteristic
of polymers, with no Si-H absorption. Attempts to recrystal-
lize the solid were unsuccessful.
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Attempts to prepare the di-Grignard reagent

(a) Using di-n-butyl ether as solvent

With di-n-butyl ether alone as solvent no reaction
could be initiated between hexachlorobenzene and magnesium.
When a little THF was added a reaction started, but no
tetrachlorobenzene was apparent in a hydrolyzed aliquot of
the reaction mixture (vapor phase chromatography). A second
preparation of the Grignard reagent was carried out in THFP
alone as solvent. When the preparation was complete the THF
was exchanged for di-n-butyl ether, and the resultant
reaction mixture refluxed for 1 hr. Again no tetrachloro-
benzene was apparent, and a Color Test I was negative.
Hydrolysis and extraction of the mixture gave only a brown,
unidentified tar.

(b) Using benzylmagnesium chloride

Benzylmagnesium chloride (0.085 mole) in THF was added
dropwise to hexachlorobenzene (24.2 g, 0.043 mole) in an
attempt to replace two chlorine atoms of the hexachloro-
benzene with -MgCl. The reaction was exothermic, and the
mixture turned dark blue; but a negligible amount of tetra-
chlorobenzene was apparent even after 24 hr.

Metalation of 1,2,4,5-tetrachlorobenzene

Preformed n-butyllithium (0.10 mole) in n-hexane was
added over. 0 mmn to 1,2,4,5-tetrachlorobenzene (5.9 g,
0.05 mole) in THF: the reaction mixture was maintained at
-12±2 0 C. During the addition the color of the mixture turned
from amber to dark brown, and 40 min after the addition a
Color Test 1131 was negative, showing that all the n-butyl-
lithium had reacted. Color Test I was still positive.

To this resultant solution was added chlorotrimethyl-
silane (10.9 g, 0.10 mole) in THF over 20 min, with the
reaction mixture kept cool. After the addition a Color Test
I was negative, and the mixture was maintained at ca. -12°C
for 30 min before being allowed to attain room temperature.
Hydrolysis and extraction as usual gave a dark red oil which
solidified after standing under ethanol over the range 110-
200 0 C, and could not be further purified or identified.

Reaction of magnesium with pentachlorophenyltrimethylsilane

Pentachlorophenyltrimethylsilane (6.44 g, 0.020 mole)
was dissolved in THF, and part of the solution added to
magnesium (0.5 g, 0.025 mole). A few drops of 1,2-dibromo-
ethane rapidly initiated a reaction at room temperature, and
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the remainder of the silane was added over 30 min. The
resultant dark brown solution was stirred overnight at
room tem erature. A positive Color Test I was then apparent,
with a 7M% yield of a Grignard reagent (acid/base titration).
This reagent was decanted away from the residual magnesium,
and added to chlorotrimethylsilane (1.52 g, 0.014 mole).
After the addition a Color Test I was negative. The
reaction mixture was stirred overnight before being hydro-
lyzed-and extracted as usual. Removal of the solvent gave
a brown gum containing a few crystals. The whole product
was dissolved in petroleum ether (60-70 0 C) aTd chromato-
graphed on neutral alumina which retained th/ brown material.
A few white crystals, melting over the range 50-70*C, passed
through the column; but these could not be further purified
or identified.

Attempted cleavage of 1,3-bis(pentachlorophenyl)hexamethyl-
Trisilane on alumina

A sample of 1,3-bis(pentachlorophenyl)hexamethyltri-
silane (1.0 g) was dissolved in benzene, and passed down a
small column packed with neutral alumina. Removal of the
solvent from the fractions collected resulted in the total
recovery of the starting material unchanged (mixed m.p.).
The procedure was carried out using acidic and basic alumina;
but in both cases the starting material was recovered
quantitatively.

Ultraviolet irradiation of l,2-bis(pentachlorophenyl)tetra-
methyldisilane

A slurry was made of 1,2-bis(pentachlorophenyl)tetra-
methyldisilane (2.0 g) in dry diethyl ether, and the mixture
irradiated, in a quartz tube, by two low pressure mercury
lamps at ca. 10 cm. from the quartz walls. Nitrogen was
bubbled through the mixture. Irradiation was continued for
20 hr, and the eher then removed. The starting material was
recovered quantitatively, unchanged (mixed m.p.).

A similar irradiation was carried out in isopropanol
(dried and peroxides removed by distillation from calcium
hydride: used immediately). The irradiation was continued I,-

for 4 days, but again no reaction occurred.

IV. POLYHALO-ORGANOMETALLIC AND -ORGANOMETALLOIDAL COMPOUNDS.
THE PREPARATION OF SOME PENTAFLUOROPHENYL-SUBSTITUTED
ORGANOSILICON COMPOUNDS

A. INTRODUCTION

Considerable interest has been shown recently in the
preparation and properties of pentafluorophenyl derivatives
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of the elements. 3 2  However, relatively few derivatives of
silicon have been reported. Tetrakis(pentafluorophenyl)-
silane, 22,38 pentafluorophenyltrimethylsilane, 3 4 ,35 methyl-
(pentafluorophenyl) diethoxysilane, 3  bis(pentafluorophenyl)-

diethoxysilane,se pentafluorophenyldimethylsilane 3 8 and
bis(pentafluorophenyl)methylsilane 3 6 were all prepared by the
reaction of pentafluorophenylmetallic compounds with the
corresponding chlorosilanes. In addition pentafluorophenyl-
trimethylsilane3 7 was obtained from the reaction of bromo-
pentafluorobenzene with bis(trimethylsilyl)mercury, and
dichlorofluoropentafluorophenylsilane 3 5 and pentafluoro-
phenyltrimethylsilane were obtained 'from the reactions of
trichlorosilane and trimethylsilane with hexafluorobenzene
under irradiation.

We now report the preparation and some properties of
the compounds (C8F5 ) SiPh4-n (where n = 1- 4) and(CeF5 )n
Phs3_nSiX (where n = or 2 and X-= H or Cl).

B. RESULTS AND DISCUSSION

Initial attempts were made to prepare pentafluorophenyl-
triphenylsilane, I, by the reaction of pentafluorophenyl-
magnesium bromide with chlorotriphenylsilane in ether. Even
after refluxing the reaction mixture for six hours, only
unreacted chlorotriphenylsilane was isolated. Similarly, the
reaction of pentafluorophenyllithium with chlorotriphenyl-
silane in ether at - 6 5 °C gave no detectable product and much
unreacted chlorotriphenylsilane was again isolated after the
reaction mixture had been warmed to room temperature.

Pentafluorophenyllithium in THF did not react with
chlorotriphenylsilane to any appreciable extent at -65°C
as shown by v.p.c. However, on warming the reaction mixture
to 20 0 C during three hours all the organometallic compound
was consumed to give a mixture of products, from which was
isolated compound I (12%), fluorotriphenylsilane (14%) and a
large amount of material which did not melt below 450°C,
although it softened at 350-400*C, depending on the sample.
The latter material was insoluble in dilute acid and most
common organic solvents. The infrared spectrum of this
material (in KBr) contained absorptions characteristic of
silicon-phenyl and polyfluorophenyl moities. Although
conclusive evidence is lacking for this statement the material
will be referred to as a "polymer".

Some support for the above statement was provided by
the work of Tamborski et al,38 who showed that compounds of
the form CeF5(C8F4)nCeF5 were formed, in addition to tetra-
kis(pentafluorophenyl)silanes, during the reaction of penta-
fluorophenylmagnesiuim bromide with silicon tetrachloride in
THF. It thus appears that during the preparation of com-
pound I appreciable decomposition of the pentafluorophenyl-
lithium may have occurred to give a "polymer", possibly
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with the elimination of lithium fluoride. If this was so,
then the fluorotriphenylsilane which was isolated could
have arisen as follows:

PhsSiCl + LiF - PhsSiF + LiCl

Similar yields of compound I (12.5%), fluorotriphenyl-
silane (14%) and "polymer" were obtained from the reaction
of pentafluorophenylmagnesium bromide with chlorotriphenyl-
silane in THF. In this case the reaction only proceeded to
an appreciable extent on heating the mixture to reflux for
some hours.

The apparent reluctance of pentafluorophenylmetallic
compounds-to react with chlorotriphenylsilane is of interest
for under similar conditions, pentachlorophenylmagnesium
chloride2 0 and pentachlorophenyllithium3 9 react rapidly with
chlorotriphenylsilane to give good yields of pentachloro-
phenyltriphenylsilane. This suggests that underthe conditions
used the pentafluorophenylmetallic compounds were less
reactive than the corresponding pentachlorophenylmetallic
compounds.

In an attempt to improve the yield of compound I the
reaction of pentafluorophenyllithium in THF with bromotri-
phenylsilane was investigated. This reaction proceeded to
completion at -650C giving compound I in fair yield (48.4%)
with the formation of much less fluorotriphenylsilane and
polymer than was obtained from a comparable reaction of
chlorotriphenylsilane.

One other route to compound I was examined, the reaction
of triphenylsilyllithium with hexafluorobenzene. The reaction
was initially carried out by the slow addition of triphenyl-
silyllithium (x moles)-in THF to hexafluorobenzene (4 x moles)
in THF at -650C. A rapid reaction occurred but no compound I
could be detected among the products. However, the reaction
is of considerable interest because a major product was 1,4-
bis(triphenylsilyl)tetrafoluorobenzene. The results of this
and similar investigations will be reported later.

Bis(pentafluorophenyl)diphenylsilane, II, and tris-
(pentafluorophenyl)phenylsilane, III, were obtained in 48.5
and 50% yields by the addition of diphenyldichlorosilane and
phenyltrichlorosilane, respectively, in ether to pentafluoro-
phenyllithium in ether at -65°C. However,the reactions were
still slow and did not proceed to completion until warmed to
room temperature.
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CeF5sSiPh3 (l) < C8FsPh2SiC1 -~~ > (C8Fs) 2SiPh2 (II)
(Vii)

Cl2 /CC14

Ph3SiX
(x--C1 or Br) C&eFtPh2SiH Ph2 SiC12

M*.fv

\~~HPlh2 Si/Cl'V

CsF 5M

/HPhS~iCl 2

S±F4  (06F5)J'Ph~iH PhSiC13
(vi)

CJ-2 /MyC2H 2 014

(CeF!5)4S1(IV) (C6F5) 2PhSiCl COS5L C ( 8F5 ) 3Si Ph( III)
(Viii)
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It has been reported4 1 that reaction of methyllithium
with pentachlorophenyldiphenylsilane in THF at -650C
resulted in cleavage of the pentachlorophenyl group from
silicon to give pentachlorophenyllithium and methyldiphenyl-
silane (37%). Chlorotrimethylsilane was used in this
reaction to trap the pentachlorophenyllithium as penta-
chlorophenyltrimethylsilane in 29% yield:

CeClsPh2 SiH + MeLi -TýF C6Cl5Li + MePh 2 SiH

Me SiCl

CeblsSiMes

A similar reaction was carried out between compound V
and methyllithium. In this case a rapid reaction occurred,
all the compound V being consumed within 15 minutes, to
give methyldiphenylsilane (60.5%) and pentafluorophenyl-
trimethylsilane (44%) subsequent to derivatization with
chlorotrimethylsilane, indicating that the pentafluorophenyl
group had been cleaved from silicon as follows:

THF C~• +M~mi
Ce F5 Ph2 SiH + MeLi -- CF + MePhi2SiH

Ce F5 iMe 3

A similar reaction was carried out with n-butyllithium
to give pentafluorophenyltrimethylsilane (41.7%) and n-butyl-
diphenylsilane (55.7%):

C6F5Ph2SiH + n-BuLi WCF5Li + BUPh2SiH
C 6F5L +hBuhSSi

-4 esSiCl

C6 F5tiMe3

From the above reaction i low yield of a third product
was isolated in an impure state. The nuclear magnetic
resonance spectrum of this material contained the following
characteristic absorptions: phenyl (2.65 T), silicon-
hydrogen (4.35 T) and n-butyl (7.3, 8.5 and 9.05 T), the
integrated area ratio being 9.8:1.0:8.9. The mass spectrum
of this material indicated a molecular weight of 389.0. On
the basis of this evidence the material would appear to be a
product of n-butyl substitution in the pentafluorophenyl
ring of compound V.

C6 F5 Ph2 SiH + n-BuLi >, n-BuC6 F4 Ph2 SiH + LiF
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Such a product would require a molecular weight of
388.3 and an integrated area ratio of 10.0:1.0:9.0.

Numerous reactions were carried out between compound
VII and metals in various solvents, in attempts to obtain
a pentafluorophenyl-substituted silylmetallic compound.
However, in no case was any identifiable product obtained.
For instance, compound VII reacted rapidly with lithium in
THF at -65*C to give a highly colored solution which con-
tained no organometallic species. Work-up gave a yellow
gum, the infrared spectrum of which indicated the presence
of polyfluorophenyl and phenyl groups attached to silicon.
In view of the evidence that we are currently obtaining
about the reactivity of silyllithium compounds towards
hexafluorobenzene, it appears that if a pentafluorophenyl-
substituted silylmetallic compoundhad been formed during
the above reaction, it would have probably attacked a
pentafluorophenyl ring, resulting, presumably, in the
formation of polymeric products.

Physical Properties

(a) Infrared Spectra

The infrared spectrum of compound IV was reported3 3 to
be characterized by the following absorptions: 1641 (im),
1516 (s), 1466 (s), 1379 (s), 1292 (s), 1140 (w), l098 (s),
1023 (2), and 970 (s) cm-. The infrared spectra of all of
the compounds prepared in this work were characterized by
similar absorptions within the limits ± 10 cm-1, the intensity
of these absorptions being directly related to the number of
pentafluorophenyl groups attached to the silicon atom. All
of the compounds prepared, with the exception of compound
IV, also contained phenyl groups attached to silicon; thus
the spectra also contained the characteristic'absorpti'ons of
phenyl attached to silicon. 42  Compounds V and VI showed
characteristic silicon-hydrogen absorptions at 2018 and 2020
cmi, respectively.

(b) Ultraviolet Spectra

The ultraviolet spectra of the compounds I, II, III and
IV, i.e. the series C8FsnSiPh4-n, were recorded in cyclo-
hexane. The absorptions are summarized in Table IV. As the
phenyl groups were replaced by pentafluorophenyl groups the
extinction coefficient increased in a fairly uniform manner.
It was also observed that whereas compound I showed a typical
benzenoid fine structure pattern43 between 250 and 270 rai,,
the fine structure was gradually suppressed as the number of
pentafluorophenyl groups was increased, until, in the case
of compound IV only one broad absorption was present centered
around 271 141. All of the spectra also contained a shoulder
at ca. 220 41. However, this shoulder was too indistinct for
prec-ise measurements to be made.
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C. EXPERIMENTAL

All reactions were carried out under an atmosphere of
dry oxygen free nitrogen. Ethereal solvents were dried
over sodium, THF was further purified by distillation from
sodium-benzophenone ketyl. Pentafluorobenzene and bromo-
pentafluorobenzene were obtained from Imperial Smelting and
were dried over phosphorus pentoxide before use. n-Butyl-
lithium in hexane, methyllithium in ether and phenyllithium
in ether-benzene were obtained friom Foote Mineral. Organo-
silicon halides, except for bromotriphenylsilane and silicon
tetrafluoride, were obtained from Dow Corning and were used
without further purification. Bromotriphenylsilane was
prepared by the bromination of triphenylsilane. 4 4 Silicon
tetrafluoride was obtained from Matheson. Petroleum ether
had a b.p. of 60-700 C. Alumina was Woelm neutral grade.
Infrared spectra were determined in KBr (solids) or as
capillary films (liquids) using a Perkin Elmer Model 21
spectrometer. Molecular weights were determined by mass
spectrometry, v.p.c. analyses were carried out with an F and
M Model 500 Gas Chromatograph using an 18 x 1/4" column
acked with silicon gum rubber, SE 30, on Chromosorb W
1:20). All melting points are uncorrected.

Pentafluorophenylmetallic compounds

Pentafluorophenyllithium2 1 was prepared in either ether
or THF, by the addition of a solution of pentafluorobenzene
in ether or THF, to an equimolar amount of n-butyllithium in
hexane.

Pentafluorophenylmagnesium bromides3 was prepared in
THF by addition of bromopentafluorobenzene in THF to a slight
excess of magnesium turnings.

The preparation of pentafluorophenyltriphenylsilane, I, by
the reaction of pentafluorophenylmetallic compounds with
halotriphenylsilanes.

(a) Pentafluorophenyllithium and chlorotriphenylsilane in THF

Chlorotriphenylsilane (29.45 g, 0.1 mole) in THF (100
ml) was added to a solution of pentafluorophenyllithium
(0.1 mole) in THF (150 ml) at -65 0 C. The mixture was stirred
for 6 hr at -65°C when Color Test 117 was still positive and
v.p.c. showed the presence of much unreacted chlorotriphenyl-
silane. The mixture was allowed to warm to 20°C during 3 hr
when Color Test I was negative. The reaction mixture was

filtered to give 13.0 g of a waxy solid, which did not melt
below 430 0 C. The THF filtrate was concentrated and the
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residue dissolved in benzene, filtered, the benzene filtrate
was concentrated and the residue distilled under reduced
pressure to remove fluorotriphenylsilane: -bop. 143-1470C/0.3
mm, m.p. 61-62oC (5.5 g, 19.8%). This material was identical
in all respects to an authentic sample. The distillation
residue was dissolved in petroleum ether and chromatographed
over alumina. Elution with petroleum ether gave a white
solid which was crystallized from pentane at -30 C to give
compound I, m.p. 129-130 0 C (5.1 g, 12%). Found: c, 68.8;
H 3.54; F, 21.9; mol. wt., 426. C2 4 H1 5 F5 Si calcd.: C,
66.08; H, 3.52; F, 22.28%; mol. wt., 426.3.

(b) Pentafluorophenylmagnesium bromide and chlorotriphenyl-
silane in THF

Chlorotriphenylsilane (14.7 g, 0.05 mole) in THF (50 ml)
was added to a solution of pentafluorophenylmagnesium bromide
(0.05 mole) in THF (100 ml). After 2 hr stirring at room
temperature no compound I could be detected by v.p.c., so
the mixture was refluxed for 6 hr. After this time Color
Test I was negative. The mixture was worked up as described
above to give 7.7j of infusible material, fluorotriphenyl-
silane (2.0 g, 14. %) and compound I (2.9 g, 13.5%).

(c) Pentafluorophenyllithium and bromotriphenylsilane in THF

Bromotriphenylsilane (16.95 g, 0.05 mole) in THF (100
ml) was added to pentafluorophenyllithium (0.05 mole) in
THF (100 ml) at -650C. After 3 hr stirring at this tempera-
ture Color Test I was negative. Similar work-up to that
described above gave 2.3 g of the infusible solid, fluoro-
triphenylsilane (0.74 g, 5.3%) and compound I (10.3 g, 48.4%).

Bis(pentafluorophernyl)diphenylsilane, II, from pentafluoro-
phenyllithium and diphenyldichlorosilane

Diphenyldichlorosilane (12.65 g, 0.05 mole) in ether
(50 ml) was added to pentafluorophenyllithium (0.1 mole) in
ether (100 ml). The solution was stirred for 6 hr at -650C
when Color Test I was still slightly positive. The mixture
was warmed to 200C, concentrated, the residue extracted with
petroleum ether and chromatographed over alumina. Elution.
with petroleum ether gave a white solid which was crystallized
from pentane to give compound II, .m.p. 151-152 0 C (12.5:
48.5) (Found: C, 55.9; H, 1.98; F, 36.1 t mol. wt., 51g.
C2 4 H1 0 F1 oSi calcd.: C, 55.82; H, 1.93; F, 36.81%; mol. wt.,.
516.3.

36



Tris(pentafluorophenyl)phenylsilane, III, from pentafluoro-
phenyllithium and phenyltrichlorosilane

Phenyltrichlorosilane (10.6 g, 0.05 mole) in ether (50
ml) was added to pentafluorophenyllithium (0.15 mole) in
ether (150 ml) at -65°C. After 5 hr stirring Color Test I
was negative. The reaction mixture was warmed to 20 0 C.
Compound III was isolated in a similar manner to compound
II, as a white solid, m.p. 136-1370C C15.0 g, 50%) (Found:
C, 47.7; H, 0.99; F, 47.9; mol. wt., 606. C2 4 H5 Fj 5 Si calcd.:
C, 47.53; H, 0.82; F, 47.00%; mol. wt., 606.3.)

Tetrakis(pentafluorophenyl)silane, IV, from silicon tetra-
fluoride and pentafluorophenylmagnesium bromide

Silicaon tetrafluoride was passed into a solution of
pentafluorophenylmagnesium bromide (0.1 mole) in THF (150
ml) at room temperature until Color Test I was negative.
The reaction mixture was concentrated and the residue
extracted with hot benzene. The benzene extracts, after
concentration and cooling gave compound IV, m.p. 2 4 6-247 0 C
(8.2 g, 47%). This material was identical to an authentic
sample (kindly supplied by Dr. C. Tamborski).

Pentafluorophenyldiphenylsilane, V, from pentafluorophenyl-
lithium and diphenylchlorosilane.

Diphenylchlorosilane (22.0 g, 0.1 mole) in ether (50 ml)
was added to pentafluorophenyllithium (Q.1 mole) in ether
(100 ml) at -65 0 C. Color Test I was negative after 6 hr
stirring at -650C. The mixture was warmed to room tempera-
ture, concentrated, the residue extracted with petroleum
ether and filtered. The filtrate was concentrated and the
residual liquid distilled under reduced pressure to give
compound V, (25.1 g, 71.6%) b.p. 130-1320 C/0.1 mm, .no 1.5591
(Found: C, 61-6; H, 3.19 F, 27.1; mol. wt., 350. C1 8H1 1 F5 Si
calcd.: C, 51.71; H, 3.14; F, 27.11%; mol. wt., 350.3).

Bis(pentafluorophenyl) phenylsilane, VI, from pentafluoro-
phenyllithium and phenyldichlorosilane

Phenyldichlorosilane (8.8 g, 0.05 mole) in ether (50
ml) was added to pentafluorophenyllithium (0.1 mole) in
ether (100 ml) at -65 0 C. Color Test I was negative after
12 hr stirring at -65 0 C. Compound VI was isolated in a
similar manner to compound V(0.1 g, 41.4%), b.p. 109-110'C/

0.07 mm, 2 0 1.5193. (Found: C, 49.6; H, 1.36; F, 42.8;
mol. wt.,2140. Ci8H5 FjoSi calcd.: C, 49.10.; H, 1.36; F,
43.15%; mol. wt., 440.3).
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Pentafluorophenyldiphenylchlorosilane, VII, by treatment of
compound V with chlorine in carbon tetrachloride

Compound V (20.0 g, 0.057 mole) was dissolved in hot
carbon tetrachloride (150 ml) and chlorine was passed into
the refluxing solution. After 3 hr no unreacted starting
material could be detected by v.p.c. The solution was con-
centrated under nitrogen and the residue distilled under
reduced pressure to give compound VII (16.7 , 75.9%). b.p140-1490C/0.6 ram, rfu 1.5591. (Found: C, 590'4; H, 2.8; F,
24.9; Cl, 9.4; mol. wt., 385. C1 8 H1 oFsClSi calcd.: C,
56.18; H, 2.60; F, 24.69; Cl, 9.22%; mol. wt., 384.9).

Attempted preparation of compound VII by a direct reaction
between pentafluorophenyllithium and diphenyldichlorosilane

Pentafluorophenyllithium (0.05 mole) in ether (50 ml)
at -65 0 C was added dropwise with stirring to diphenyldi-
chlorosilane (12.5 g, 0.05 mole) in ether (50 ml) at -65*C.
Color Test I was negative immediately after the addition
when v.p.c. indicated that no compound VII was present. The
mixture was concentrated and distilled under reduced pressure
to give unreacted diphenyldichlorosilane (6.0 g, 48%). The
distillation residue was recrystallized from pentane to give
compound II, m.p. 149-151*C (4.86 g, 38%).

Bis(pentafluorophenyl) phenylchlorosilane, VIII, by treatment
of compound VI with chlorine in sym-tetrachloroethane

Compound VI (10.0 g, 0.028 mole) was dissolved in hot
sym-tetrachloroethane (100 ml). Chlorine was passed into
the refluxing solution. After 3 hr no unreacted starting
material could be detected by v.p.c. The solution was con-
centrated under nitrogen and the residue distilled under
reduced pressure to give compound VIII (9.5 g, 87%), b.P';
124-125 0 C/0.05 mm, nfo 1.5270. (Found: C, 45.8; H, 0.9
Cl, 7.7; Si, 5.6; mol. wt., 475. C, 8 H5 F1 oCISi calcd.: C,
45.54; H, 1.05; Cl, 7.48; Si, 5.92%; mol. wt., 474.8).

Reaction of compound VII with phenyllithium

Compound VII (3.0 g, 0.078 mole) in ether (25 ml) was
cooled to -65*C and phenyllithium (0.078 mole) in ether
(25 ml) was added. After stirring for 1 hr Color Test I
was negative. The mixture was concentrated, the residue
extracted with petroleum ether and the extracts chromato-
graphed over alumina. Elution with petroleum ether gave a
white solid which was recrystallized from pentane to give
compound I, m.p. 129-130 0 C (2.5 g, 76.4%).
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Reaction of compounds VII and VIII with pentafluorophenyl-
lithium

Pentafluorophenyllithium (.0.078 mole) in ether (25 ml)
was added to compound VII (3.0 g, 0.078 mole) in ether
(25 ml) at -650C. Color Test I was negative after 3 hr.
Identical work-up to that described above gave compound II,
m.p. 149-1510C (2.5 g, 62.5%).

A similar reaction was carried out between compound
VIII ( 4 .75 g, 0.01 mole) and pentafluorophenyllithium (0.01
mole) to give compound III, m.p. 137-139 0 C (3.5 g, 57.8%).

Reaction of compound V

(a) With methyllithium

Methyllithium (0.02 mole) in ether (15 ml) was added to
a solution of compound V (7.0 g, 0.02 mole) in THF (50 ml)
at -650C. The solution immediately turned purple and after
15 min v.p.c. showed that no V remained. However, Color Test
I was still positive. Chlorotrimethylsilane (0.03 mole) was
added and Color Test I was immediately negative. The -

reaction mixture was allowed to warm to room temperature,
filtered and the solvents removed by distillation through a
short Vigreaux column. The residual oil was distilled under
reduced pressure to give pentafluorophenyltrimethylsilane
(2.1 g, 44%), b.p. 61-62-c/14 mm, ne 1.4315 (Lit. 3 3 b.p.
60;C/14 mm, 2 0 1.4331) and methyldiphenylsilane (2.4 g,
60.5%), b.D'2-83°OC/0.5 mm, 1o 1.5701 (Lit. 1 6 b.p. 79°C/
0.1 mm, rn 1.5694). The identity of these two compounds
was confirmed by comparison of their infrared spectrum with
authentic materials.

(b) With n-butyllithium

A similar reaction was carried out between compound V
(10.5 g, 0.03 mole) and n-butyllithium (0.03 mole). The
reaction mixture again turned purple and all of compound V
was consumed during 15 min. Chlorotrimethylsilane (0.04
mole) was added and the reaction mixture was worked-up as
described above to give pentafluorophenyltrimethylsilane
(3.0 g, 41.7%), b.p. 63-64OC/15 mm, no 1.4317 and n-butyl-
diphenylsilane (4.1 g, 55.7%), b.p. 102-105oC/0.6 mE, rf°
1.5520 (Lit.' 6 b.p. ll0-1120 C/1 mm, no 1.5541). In addi-.
tion, 2.8 g of a liquid b.p. 147-150°C/0.15 mm was obtained.
Spectral evidence, presented in the discussion, suggests
that this material was principally a compound formed by
n-butyl-substitution in the pentafluorophenyl ring of
compound V.
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TABLE IV

ULTRAVIOLET SPECTRA DATA OF THE COMPOUNDS (CeFs) SiPh4-na

Compound Band Position Molar Absorptivity

n max(nip)

1 270.5, 265.5, 260.5, 2 54. 5b 1716, 2068, 1760, 1210
2 273, 267.5, 2 6 1 5b 2687, 3115, 2570
3 2 7 1 . 5b 265.5, 2 6 1 . 5 b 3738, 3951, 3096
4 271 4720

aObtained with a Beckman DK-2A spectrophotometer using cyclo-

hexane as solvent.

bi
bShoulder.
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V. THE REACTION OF TRIPHENYLSILYLMETALLIC COMPOUNDS

WITH HEXAHALOBENZENES

A. DISCUSSION

As part of a general investigation into the preparation
and comparison of properties of useful perhalophenyl-
substituted organosilicon monomeric compounds, we wished to
obtain pentafluorophenyltriphenylsilane, I. A possible
route to this compound appeared to be via the reaction of
triphenylsilyllithium with hexafluorobe-nzene.

Hexafluorobenzene has been shown to react with approxi-
mately equivalent amounts of alkyl 4 5 , 4 6 or aryllithiumi7
compounds to give good yields of alkyl or aryl-substituted
pentafluorobenzenes. However, appreciable amounts of
disubstituted products were frequently isolated from these
reactions. In view of this fact it appeared that to favor
the formation of compound I, triphenylsilyllithium should be
added to a large excess of hexafluorobenzene at low tempera-
ture.

Triphenylsilyllithium.(x moles) in THF was added to
hexafluorobenzene (4 x moles) in THF at -65 0 C. A rapid
reaction occurred but no compound I could be detected in the
reaction mixture. The major products were hexaphenyldi-
silane, II (20.6%), and a solid m.p. 291-2920 C, which
appeared from elemental analysis, molecular weight and
spectral examinations to be 1,4-bis(triphenylsilyl)tetra-
fluorobenzene, II (38.3%). In addition an appreciable
quantity of a white solid was isolated which did not melt
below 430°C. The infrared spectra of this material indicated
the presence of SiPh and CeFn moieties; it is possible that
the material may be polymeric in nature.

The identity of compound III was confirmed by compari-
son with a sample prepared by the reaction of bromotri-
phenylsilane with 1,4-dilithiotetrafluorobenzene. 2 '

Attempts to establish the origin of compound II have,
so far, proved unsuccessful. Triphenylsilyllithium has
frequently been shown to give high yields of this compound
when treated with organic halides 2 and it has been established
that the disilane arose via the following reaction sequence:

RX + PhsSiLi -> RLi + Ph 3 SiX

PhsSiLi + PhsSiX -> Ph6 Si 2 (II) + LiX
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If a similar type of reaction occurred between tri-
phenylsilyllithium and hexafluorobenzene, one of the
products should be pentafluorophenyllithium:

C8F8 + Ph 3 SiLi > Ph 3 SiF + C8F5 Li

Ph3 SiF + Ph 3SiLi -- (Ph 3 Si)2(II) + LiF

However, all attempts to trap this intermediate have
so far failed.

It has been shown' that reaction of triphenylsilyl-
sodium with a variety of halogen compounds gave less of.
compound II than comparable reactions with triphenylsilyl-
lithium. In the case of hexafluorobenzene this was not so,
for reaction with triphenylsilylsodium under identical
conditions to those used for triphenylsilyllithium gave
compound II (33.4%) and compound III (19.8%).

Compound III was probably formed by a two stage

reaction of triphenylsilyllithium with hexafluorobenzene:*

C8 F8 + Ph 3 SiLi -> PhsSiCeFs(I) + LiF

Ph3 SiC8F5 (I) + Ph 3 SiLi -> Ph 3 SiCeF4 SiPh 3 (III) + LiF

If this was so, it suggests that the presence of the
triphenylsilyl-substituent in-compound I activated the
para-fluorine atom to nucleophilic attack, so that a further
molecule of triphenylsilyllithium reacted at this position,
rather than with the excess of hexafluorobenzene. This type
of activation is becoming increasingly apparent as the
number of examples of nucleophilic attack at hexafluoro- and
substituted-pentafluorobenzenes, increase. 4 8

The fact that the triphenylsilyl group does activate
the para-fluorine atom of compound I to nucleophilic attack
was demonstrated by treatment of compound I with triphenyl-
silyllithium at -650C. An immediate reaction occurred to
give compound III in 80.5% yield. No compound II was
isolated from this reaction. Compound I, m.p. 129-1300 C,
was prepared by addition of bromotriphenylsilane to penta-
fluorophenyllithium in THF at -650 C.

In marked contrast to the above reactions, triphenyl-
silyllithium reacted with hexachlorobenzene in THF at -65°C
redominately via an exchange reaction to give compound II
71.5%) and pentachlorophenyllithium. The presence of the

latter compound was demonstrated by derivatization with
chlorotrimethylsilane to give pentachlorophenyltrimethyl-
silane in 47% yield.
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VI. THE REACTION OF n-BUTYLLITHIUM WITH PENTAFLUORO-

PRENYLTRIMETHYLSIANE

A. DISCUSSION

As part of a study on the general comparison of poly-
fluoro and polychloro compounds and on the preparation of
tetrakis(trimethylsilyl)allene from polyfluorophenyl com-
pounds, 4  it was necessary to prepare 1,4-bis(trimethyl-
silyl)tetrafluorobenzene, I. This compound was simply
prepared in 81% yield by the Tamborski procedure from the
reaction between 1,4-dilithiotetrafluorobenzene 2 1 and
chlorotrimethylsilane. However, it had previously been
shown in these laboratories" 0 that 1,4-bis(trimethylsilyl)-
tetrachlorobenzene could be prepared by the reaction of
n-butyllithium (x moles) with pentachlorophenyltrimethyl-
silane (x moles) in THF at -650C followed by treatment with
chlorotrimethylsilane. It was of interest, therefore, to
compare a similar series of reactions with pentafluoro-
phenyltrimethylsilane as a possible route to compound I.

Addition of n-butyllithium in hexane to a solution of
pentafluorophenyltrimethylsilane in THF at -65°C resulted
in the consumption of all the organometallic species during
1 hour. Work-up gave a product, II, the n.m.r. spectrum of
which contained an absorption at 9.6 t characteristic of a
trimethylsilyl group and absorptions at 7.3, 8.5 and 9..05 T

characteristic of an n-butyl group. The integrated area
ratio of the trimethylsilyl to butyl protons was 1:1. This
evidence, together with the molecular weight and elemental
analysis, indicated that the compound contained a tetra-
fluorobenzene ring substituted by an n-butyl group and a
trimethylsilyl group.

Treatment of II with 10% sodium hydroxide in THF at
room temperature gave compound III, which appeared from its
elemental analysis and molecular weight to be a butyl-
substituted tetrafluorobenzene. The H1 n.m.r. spectrum of
compound III showed absorptions at 7.3, 8.5 and 9.05 T

characteristic of the n-butyl group and an absorption
centered around 3.15 T characteristic of an aromatic proton.
The integrated area ratio of the aromatic to butyl protons
was 1:9. The aromatic proton absorption at 3.15 T was split
into a symmetrical 9 line pattern of the type expected for an
aromatic proton coupled with two ortho and two meta fluorine
atoms. The observed coupling constants (J ortho F - H 10
c.p.s., J meta F - H 6 c.p.s.) were similar to those
reported for--his type of system. 5 1  This evidence suggested

that compound III was n-butyl-2,3,5,6-tetrafluorobenzene and
that compound II was tiherefore 1-trimethylsilyl-4-n-butyl- ...
tetrafluorobenzene.
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Experiments were then carried out to confirm rigor-
ously the positions of the substituents. Treatment of
2,3,4,6-tetrafluorophenyllithium in ether or THF with an
excess of n-butyl bromide gave no detectable quantity of
compound III. However, this was not surprising as it has
been reported 5 2 that treatment of 2,3,5,6-tetrafluorobromo-
benzene with n-butyllithium in ether gave 2,3, 4 ,6-tetra-
fluorophenyllithium and, presumably, n-butyl bromide.

It has been shown that certain trialkyl phosphates
frequently have advantages over the alkyl halides in the
alkylation of organometallic compounds. 5 3  For this reason
the reaction of 2,3,5,6-tetrafluorophenyllithium with tri-
n-butyl phosphate at -650C was investigated as a possible
route to compound III. In ether, no alkylation appeared to
occur as no compound III could be detected by v.p.c. even
after the reaction mixture was allowed to warm to room
temperature. However, when THF was used as solvent a 24%
yield of compound III was obtained.

Compound III was converted to compound II in 7Q% yield
by treatment with n-butyllithium in THF at -65oC followed
by treatment with chlorotrimethylsilane.

The nucleophilic attack of an alkyllithium compound on
a perfluorophenyl compound is not unusual. For instance, it
has been shown that hexafluorobenzene reacts with methyl-
lithium in THF" 5 or ether 4" at low temperature to give 65-
75% yields of pentafluorotoluene; a similar reaction4 5 with
n-butyllithium in THF gave 56% of n-butylpentafluorobenzene.
It is therefore not surprising that compound II was obtained
in 54% yield from the reaction of n-butyllithium with penta-
fluorophenyltrimethylsilane. However, the marked difference
between pentafluorophenyltrimethylsilane and pentachloro-
phenyltrimethylsilane is of interest.

B. EXPERIMENTAL

All reactions were carried out under an atmosphere of
dry oxygen-free nitrogen. Ethereal solvents were dried over
sodium followed, in the case of THF, by distillation from
sodium benzophenone ketyl. n-Butyllithium in hexane was
obtained from Foote Mineral Corporation. Molecular weights
were determined by mass spectrometry. N.m.r. spectra were
recorded in CC14 with a Varian A60 spectrometer.

l,4-Bis(trimethylsilyl) tetrafluorobenzene

1,2,4,5-Tetrafluorobenzene (15 g, 0.1 mole) in THF
(20 ml) was added to n-butyllithium (0.2 molel in THF (270
ml) at _650C. After E0 minutes Color Test II was negative
indicating that all the n-butyllithium had been consumed.
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Chlorotrimethylsilane (21.7 g, 0.2 mole) in THF (50 ml)
was added during 15 minutes, and Color Test 1i7 was nega-
tive immediately after the addition. The reaction mixture
was allowed to warm to room temperature, concentrated, the
residue extracted with petroleum ether (b.p. 60-80°),
filtered and the residue concentrated leaving a white solid
which on crystallization from methanol gave 1,4-bis(trimethyl-
silyl)tetrafluorobenzene, 24.8 g, 81.0%. Found: C, 49.3;
h, 6.23; mol. wt., 294. C1 2 F4H1 sSi 2 calcd.: C, 49.0; H,
6.13%; mol. wt., 294.3.

Reaction of n-butyllithium with pentafluorophenyltrimethyl-
silane

n-Butyllithium (0.05 mole) in hexane was added to a
solution of pentafluorophenyltrimethylsilane (12.0 g, 0.05
mole) in THF (75 ml) at -65 0 C. The solution turned slightly
red and after 30 minutes Color Test I was negative. The
reaction, mixture was worked up as described above to give a
liquid product which was distilled under reduced pressure to
give l-trimethylsilyl-4-butyl-tetrafluorobenzene, b.p. 77 0 C/
0.6 mm, No 1.4595, 7.5 g, 54%. Found: C, 55.96; H, 6.74%;
mol. wt. 278. CjsF 4 H1 8 Si 2 calcd.: C, 56.1; H, 6.49%; mol.
wt. 278.2.

Five g of the above material was dissolved in THF (25
ml) and 10% sodium hydroxide (5 ml) was added. The solution
was stirred for 2 hours when v.p.c. showed that no starting
material remained. The ethereal layer was separated, dried,
concentrated and the residue distilled to give n-butyl-
2,3,5,6-tetrafluorobenzene, b.p. 64 0 C/12 mm, nf• 1.4350,
2.9 g, 78.5%. Found: C, 58 6; H, 5.1%; mol. wt. 206.
CjoF4H1 0 calcd. : C, 58.3; H; 4.9%; mol. wt. 206.1.

Reaction of 2,3,5,6-tetrafluorophenyllithium with tri-n-
butyl phosphate

1,2, 4 ,5-Tetrafluorobenzene (15 g, 0.1 mole) in THF
(200 ml) was cooled to -65 0 C. n-Butyllithium (0.1 mole) in
hexane was added dropwise with itirring during 1 hour.
Color Test II was negative after the addition. A solution
of tri-n-butyl phosphate (23.6 g, 0.1 mole) was added during
30 minuTes. The reaction mixture was stirred 12 hours at.
-65 0 C when Color Test I was still positive. The reaction
mixture was allowed to warm to room temperature during 5
hours, in which time it turned black, and Color Test I
became negative. Following acid hydrolysis, the ethereal
layer was dried, concentrated and the residue distilled to
give 5.0 g, 24% of n-butyl-2,3,5,6-tetrafluorobenzene,
b.p. 64-65°C/12 mm,- on 1.4349.

46



Preparation of 1-trimethylsilyl-4-n-butyltetrafluorobenzene
from n-butyl-2,3,5,6-tetrafluorobenzene

n-Butyl-2,3,5,6-tetrafluorobenzene (4 g, 0.02 mole) was
dissolved in THF (50 ml) at -650C and n-butyllithium (0.02
mole) was added during 5 minutes. Color Test II was negative
immediately after the addition. Chlorotrimethylsilane (6 g,
excess) was added and the mixture was allowed to warm to room
temperature, before being concentrated and the residue
treated with pentane and filtered. Concentration of the
pentane solution and distillation of the residue under
reduced pressure gave-3.9 g, 70% of 1-trimethylsilyl-4-n-
butyltetrafluorobenzene, b.p. 70-710 C/0.2 mm, rfo 1.4593.

VII.. TETRAKIS(TRIMETHYLSILYL)ALLENE FROM SOME PENTAFLUORO-

BENZENE AND TETRAFLUOROBENZENE DERIVATIVES

A. DISCUSSION

Work in these laboratories has shown 5 4 that reaction of
hexachlorobenzene trimethylsilylpentachlorobenzene, or 1,4-
di(trimethylsilyl~tetrachlorobenzene, with a liberal excess
of chlorotrimethylsilane and lithium in THF gives the unex-
pected tetrakis(trimethylsilyl)allene,s 5 I, in 30-52%
yields.

(MesSi) 2 C=-C=C(SiMes) 2  (I)

However under similar conditions hexafluorobenzene, in
marked contrast, did not react.

In an extension of the above work we have found that
bromopentafluorobenzene, chloropentafluorobenzene, tri-
methylsilylpentafluorobenzene and 1,4-di(trimethylsilyl)-.
tetrafluorobenzene all give I in 6-10% yields when treated
under the above conditions. In addition, hexamethyldisilane
and fluorotrimethylsilane have been identified as products
of these reactions, all compounds being identified by spectro-
scopic comparison with authentic materials.

Work is currently in progress to establish the mode of
formation of compound I from the perchloro and perfluoro
compounds. Possible reactive intermediates being considered
include perhalo-substituted benzynes and anion-radicals. 5 6

In preliminary attempts to demonstrate the presence of highly
reactive5 7 benzyne intermediates the reactions of hexa-
chlorobenzene and chloropentafluorobenzene were carried out
in 50% THF/furan. The reactions proceeded extremely slowly
compared with reactions in the absence of furan, and no
compound I could be detected. The only products so far
identified were small amounts of the respective trimethyl-
silylpentahalobenzenes, Me3 SiCeX5 .
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At the present time it would appear that the fluoro-
trimethylsilane isolated from the perfluorobenzene reactions
may have been largely formed by reaction of chlorotrimethyl-
silane with lithium fluoride liberated during the course of
the reaction. However, as it has been shown that a tri-
methylsilyl radical can abstract halogen atoms from a
halobenzene, 5 8 the possibility that a trimethylsilyl radical
abstracted fluroine from the perfluorinated compound cannot
be excluded at this stage.

VIII. THE PREPARATION OF SOME ORGANOSILICON-SUBSTITUTED

P OLYHALODIPHENYLALKANES

A. INTRODUCTION

The primary objective of the work described in this
report is the preparation of novel and useful monomers con-
taining polyfluoro or polychloro groups which can be used
to prepare polymers having useful properties such as high
thermal stability. A series of stepwise reactions was
examined to find the preferred synthesis, scope and limita-
tions for the preparation of monomers of the type

H(CH3 ) 2 SiC6 X4 (CY2 ) nC8X4 Si(CH3 ) 2 H

where X = F, Cl; Y = H, F, Cl; and n = 4, 5, 6.

The obvious route to the above compounds seemed to be
via the preparation of compounds of the type

C6 X( CY2 ) nCeX5

B. DISCUSSION

a ,w-Bis(pentachlorophenyl) alkanes

The only route to compounds of this type seemed to be
via reaction of pentachlorophenyllithium5 9 or pentachloro-
p-enylmagnesium chloride6 0 with various a,w-dibromoalkanes.
Only one other reaction of this type has previously been
reported:"l the reaction of two 2-lithio-l,3-dithianes with

dl3-dbmyields). (66% yield) and 1,4-dibromobutane (84%

It was found that phenyllithium reacted with a variety
iof bromo- and iodoalkanes, including 1,2-dibromoethane, by
Li/Halogen exchange. The coupling product was not obtained. 6 2

C6H5Li + BrCH2 CH2 Br -> CeHsBr + LiCH2 CH2 Br

This metathesis was not observed in the reactions of penta-
chlorophenyllithium and, later, of pentafluorophenyllithium,
with a,w-dihaloalkanes and iodoalkanes. As mentioned later,
diiodomethane seems to be an exception to this rule.
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A small scale reaction of pentafluorophenyllithium
(5 x moles) with diiodomethane (2 x moles) did not yield
any bis(pentafluorophenyl)methane. 8 5 Distillation of the
product afforded a small quantity of a liquid which
obviously contained an iodo-compound, insufficient to
characterize but possibly pentafluoroiodobenzene. Analysis
by VPC indicated that no diiodomethane remained and possibly,
that pentafluorobenzene was present in the solvent fraction.
This result indicates that the major reaction is H/Li
exchange with the formation of transient diiodomethyllithium
or dilithiodiidomethane, and accompanied by some I/Li
exchange. Many reactions of this type have been reported
for bromo- and chloro-compounds. 7 7

Compounds of the type p-(CHS) 3 SiCeF 4 (CH2 ) nCeF4Si(CHs)s-P

These compounds were required as models in later
reactions of compounds of the type p-HCeF4(CH2 )nCCF4H-f to
obtain reactive monomers of the type p-H(CH3 ) 2 SiC8 F4 (CH 2 )n-
0 6 F 4 Si( ( CH) 2 H-p.

Previous workers found that n-butyllithium reacted with
trimethylpentafluorophenylsilane tfo give l-butyl-4-trimethyl-
silyltetrafluorobenzene in good yield without cleavage of the
silicon-CeF* bond8 6 as observed with some other pentafluoro-
phenyl-silicon compounds. 8 7 Reaction of 1,4-dilithiobutane,
1,5-dilithiopentane, and 1,6-dilithiohexane in ether with
trimethylpentafluorohenylsilane gave good yields of the
respective a,w-bis(4 -trimethylsilyltetrafluorophenyl)-
alkanes.

Cleavage of the silicon-pentafluorophenyl bond by sodium
hydroxide in THF should yield the respective a,w-bis(2,3,5,6-
tetrafluorophenyl)alkane, which could also be prepared by
reaction of a,w-bis(pentafluorophenyl)alkanes with hydrazine
in dioxan, followed by dehydrazination of the product with
hot aqueous copper sulphate. 8 8 Work is in progress along
this line. The reaction between 2,3,5,6-tetrafluorophenyl-
lithium and 1,5-diiodopentane to obtain l,5-bis(2',3 , 6 -
tetrafluorophenyl)pentane is at present under investigation.

Reaction of organolithium compounds with 1,6-dibromododeca-
fluorohexane

Although there are many reports of exchange reactions
occurring between organometallic reagents and perfluoroalkyl
iodides8 e few have been reported with the bromides.

n-CaF7 1 + C6 H5 MgBr E 20> n-C 3 F7 MgBr + CHI5 1

n-C 3 F7 I + RLi Et 2 o > n_-CSF 7 Li + RI
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The perfluoroalkylorganometallic compounds are not
stable and decompose via a-elimination of metal fluoride,
hydrogen abstraction from solvent, or polymerisation or a
combination of all three.

An exchange reaction occurred on addition of 1,6-
dibromododecafluorohexane (x moles) to pentachlorophenyl-
lithium (2 x moles) in THF at -70°C and bromopentachloro-
benzene was isolated in 50% yield, identical to a sample
kindly supplied by Dr. C. Tamborski. Analysis by VPC
indicated that none of the dibromohexane remained, and no
1,6-bis(pentachlorophenyl)dodecafluorohexane could be
isolated from the residues. Pentafluorophenyllithium did
not appear to react with the above 1,6-dibromododecafluoro-
hexane. In a small scale experiment no bromopentafluoro-
benzene could be detected by VPC, and a 44% recovery of
1,6-dibromododecafluorohexane was made, together with some
insoluble, high melting point solid presumably from the
decomposition of pentafluorophenyllithium.

Attempted preparation of 1,6-dilithiododecafluorohexane and
reacti.on with hexafluorobenzene

Despite the fact that perfluoroalkyllithium compounds
are very unstable, they have been reacted with many carbonyl
compounds and chlorosilanes 8 9 to yield the expected products.
Only one m,w-dilithioperfluoroalkane has been reported: 9 0

l,4-dilithiooctafluorobutane. The latter was prepared and
derivatised in 18% yield by alternate addition of n-butyl-
lithium and acetaldehyde to 1,4-diidooctafluorobutine in ether
at -80 to -85°C. By a similar method n-butyllithium (2 x
moles) in hexane and hexafluorobenzene-(2 x moles) in THF
were added alternately to 1,6-dibromododecafluorohexane (x
moles) in THF at -78°C. THF was employed as solvent in the
hope that the organolithium compound would be more reactive.
towards hexafluorobenzene in this solvent rather than ether.
However, the only product was a low weight recovery of a
liquid of low boiling point which contained two components
by VPC, one apparently being 1,6-dibromododecafluorohexane.
No butylpentafluorobenzene was formed. Evidently the n-
butyllithium had reacted with most of the 1,6-dibromohýexane
but the organolithium compound formed had decomposed.

Attempted preparation of 1,2-dilithiotetrachloroethane and
reaction with hexafluorobenzene

Addition of n-butyllithium (2 x moles)'in hexane to
1,l,2,2-tetrachloroethane (x moles) in mixed solvents 7 7 at
-105°C followed by addition of excess hexafluorobenzene did
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not yield any 1,2-bis(pentafluorophenyl)tetrachloroethane,
nor was any 1,1,2,2-tetrachloroethane recovered. This
indicates that an organolithium compound was formed but
decomposed.

Work is in progress on a similar reaction with 1,6-
dibromododecafluorohexane in the hope that 1,6-dilithiodo-
decafluorohexane will be stable at this temperature, and
will react with hexafluorobenzene.

C. EXPERIMENTAL

1,4-Bis(pentachlorophenyl)butane

(a) From pentachlorophenylmagnesium chloride

To pentachlorophenylmagnesium chloride, 8 0 prepared from
hexachlorobenzene (28.5 g, 0.1 mole) and excess magnesium
(9.7 g), in THF (150 ml) was added 1,4-dibromobutane (l0.0 g,
0.046 mole) and the solution stirred for 3 days at room
temperature, when no pentachlorobenzene or 1, -dibromobutane
could be detected in a hydrolysed portion of the reaction
mixture by GLC. After addition of dilute hydrochloric acid,
a brown solid was filtered off, and the THF layer was
separated and dried (MgSO 4 ). The residue left by evaporation
of the solvent and the dried solid were chromatographed on
silica gel in CC14. Concentration and crystallisation of the
eluant afforded crude 1,4-bis(pentachlorophenyl)butane as a
pale yellow solid (10.46 g, m.p. 210.5-213.5°C and 3.16 g,
m.p. 201-2060 C, crude yield 48.7%). Recrystallisation.
afforded a pale yellow solid (10.*9 g, 39) m.p. 220-2210 C.
(Found: C, 34.76; H, 1.60; C, 34.95; H, 1.79%; mtol. wt. 554.
C18H8C11 0 calcd.: C, 34.64; H, 1.45%; mol. wt. 554.8.)
Another fraction was obtained by chromatography, which on
evaporation afforded a red oil (8.7 g) which could not be
crystallised, or identified.

(b) From pentachlorophenyllithium

Pentachlorgphenyllithium5 9 was prepared by addition of
n-butyllithium (0.1 mole) in hexane (62.5 ml) dropwise over
18 minutes to hexachlorobenzene in THF (100 ml) at -70 0 C.
After stirring for a further 1.5 hr at *70oC, when Color
Test I13- was positive and Color Test 1I3 1 negative, 1,4-
dibromobutane (10.3 g, 0.047 mole) was added and the mixture
continually .stirred at -700C. Color Test I was negative
after 5 hr. After addition of dilute hydrochloric acid a
buff solid (20 g) was filtered off. The solvent layer was
separated, dried (MgSO 4 ), and evaporated to dryness.
Crystallisation of the dried solid and residue from CC14
afforded pale yellow 1,4-bis(pentachlorophenyl)butane (9.04 g,
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m.p. 213-2140C, and 6.93 g, m.p. 190-193OC; crude yield 57%).
Recrystallisation gave 12.5 g f44%),r m.p. 220-221 0 C,
identical to that obtained from pentachlorophenylmagnesium
chloride and 1,4-dibromobutane.

IR spectrum (CC14): 2940 (w), 1465 (w), 1373 (s), 1360
(s), 1316-(w), 1293 (w), 1230 (w), 1115 (m), and 667 (m)cm-1'.

1, 5-Bis(pentachlorophenyl) pentane.

(a) From pentachlorophenylmagnesium chloride

To pentachlorophenylmagnesium chloride, 60 prepared from
hexachlorobenzene (28.5 g, 0.1 mole) and excess magnesium in
THF (150 ml), was added 1,5-dibromopentane (9.2 g, 0.04 mole)
and the mixture stirred at room temperature for 28 hr when
GLC indicated that the reaction was complete. The mixture
was worked up as before, affording 1,5-bis(pentachlorophenyl)-
pentane as a white solid (6.1 g m.p. 202-204OC, and 4.77 g,
m.p. 198-199°C, crude yield 38%). Recrystallisation from the
same solvent gave a white solid (10.0 g), m.p. 204.5-205*C.
(Found: C, 35.77; H, 1.67; C, 35.82; H, 1.84%; mol. wt.
567. Cj7HoClo calcd.: C, 35.89; H, 1.77%; mol. wt. 568.8).

(b) From pentachlorophenyllithium

To pentachlorophenyllithium, 5 5 prepared as before in THF
from hexachlorobenzene (28.5 g, 0.1 mole), at -70°C was
added 1,5-dibromopentane (11.5 g, 0.05 mole). Color Test I
was negative within 5 hr. Work-up as before afforded 1,5-
bis(pentachlorophenyl)pentane as a white solid (12.95 g,.
yield 45.5%), m.p. 203-2050 C. Recrystallisation' from the
same solvent gave 11.52 g, m.p. 204.5-205°C, identical to a
sample prepared via the Grignard reagent.

IR spectrum (CC14): 2940 (w), 1 4 6 2 (w), 1373 (s), 1360
.(s), 1316 (w), 1116 (m), and 667 (s) cm-.

1 ,6-Bis (pentachiorophenyl) hexane

(a) From pentachlorophenylmagnesium chloride

To pentachlorophenylmagnesium chloride, 6 0 prepared from
hexachlorobenzene (28.5 g, 0.1 mole) in THF (130 ml), was

added 1,6-dibromohexane (9.76 g, 0.04 mole) and the solution
stirred at ambient temperatures for 3.5 days. Work-up as
before gave a buff solid (12.3 g), m.p. 210-212"C. Crystal-
lisation from CC14 afforded a pale yellow solid (10.38 go
35% crude) m.p. 214-2160C. The pure material has m.p. 219-
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219.5 0 C, and was identified as 1,6-bis(pentachlorophenyl)-
hexane by molecular weight determination and infrared
spectroscopy.

IR spectra (CC14): 2925 (m), 1360 (w), 1370 (s), 1356
(s), 1315 (w), 1230 (w), 1115 (m), and 667 (s) cm-.
C1 8 H1 2 C11 0 : mol. wt. 582.8. Found: 583).

(b) From pentachlorophenyllithium

To pentachlorophenyllithium,s 9 prepared by addition of
n-butyllithium (0.1 mole) to hexachlorobenzene (28.5 g, 0.1
mole) in THF (140 ml) at -70*C, was added 1,6-dibromohexane
(10.98 g, 0.045 mole). Color Test-I was negative after 5
hrs. Work-up as before gave a buff solid (24.9 g), m.p. 210-
2120 C. Crystallisation of this solid from 0C14 gave a pale
yellow solid (17.50 g, crude yield 60%), m.p. 21 -216.5'.C.
A pure sample was obtained by further crystallisation identi-
cal to that previously obtained via the Grignard reagent and
identified as 1, 6-bis (pentachlorop-penyl) hexane.

i,3-Bis(pentachlorophenyl) propane

To pentachlorophenylmagnesium chloride, prepared from
hexachlorobenzene (28.5 g, 0.1 mole) in THF (150 ml) by a
published procedure, 8 1 was added 1,3-dibromopropane (8.08 g,
0.04 mole) and the solution stirred at ambient temperatures
for 3.5 days. After hydrolysis with dilute hydrochloric acid
a brown solid (6.02 g), m.p. 249-254°C, was filtered from the
THF layer, which was then dried (MgSO 4 ). The solid was dried
in vacuo over phosphoric oxide and crystallised twice from
xylene, and then benzene to give yellow crystals (3.37 g),
m.p. "257-257.50C.

The IR spectrum (CC1 4 soln.) indicated that this material
was 1,3-bis(pentachlorophenyl)propane as peaks were observed
at 2930 cm- (alkyl C-H), 1358, 1210 and 677 cm- 1 , and the
spectrum was very similar to those of other m,w-bis(penta-
chlorophenyl) alkanes.

The THF was distilled off and the oily residue chroma-
tographed on a columnr of silica gel in 0014. A yellow,
unidentified, viscous oil (12.55 g) was obtained, but no
crystalline solid as above.

Attempted reaction of pentachlorophenyllithium with 1,4-
dichlorobutane

Pentachlorophenyllithium was prepared by addition of
n-butyllithium (0.1 mole) in hexane (62.5 ml) to hexachloro-
benzene (28.5 g, 0.1 mole) in. THF (100 ml) at -700C over 30
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minutes and stirring at this temperature for a further 2.5
hr. 1,4-Dichlorobutane (5.72 g, 0.045 mole) was added and
the mixture stirred at -70 0 C for 17 hrs. Color Test I was
still positive after this time. The temperature was allowed
to rise to -50°C over a further 9.5 hr, and -20 0 C over a
further 14.5 hr, by which time Color Test I was negative.
After addition of dilute hydrochloric acid, the red THF layer
was separated, dried (MgSo 4 ), and the solvent evaporated.
The residual oil was distilled under reduced pressure to
yield 1,4-dichlorobutane (1.16 g, 20%), identified by infra-
red spectroscopy, and a white solid (3.8 g), m.p. 211-2160 C.
Crystallisation of this solid from light petroleum (b.p. 60-
70'C) gave slightly impure hexachlorobenzene (2.9 g), m.p.
216-218 0 C as identified by infrared spectroscopy. The
residues from the distillation were chromatographed on a
silica gel column in CC1 4 to give an unidentified red oil
(13.17 g). No 1,4-bis(pentachlorophenyl)butane was isolated.

1,4-Bis(4-trimethylsilyltetrachlorophenyl)butane

(a) From 1,4-bis(pentachlorophenyl)butane

To 1,4-bis(pentachlorophenyl)butane (12.0 g, 0.021(5)
mole) in THF (150 ml) at -70°C was added n-butyllithium
(0.048 mole) in hexane (30 ml) dropwise 6over 15 minutes and
the mixture stirred at -70 0 C for a further 1.5 hr, by which
time Color Test II was negative and Test I positive. Chloro-
trimethylsilane (5.85 g, 0.054 mole) was added, and Color
Test I was negative within three hrs. After evaporation to
dryness, the. residual gum was extracted with CC1 4 and the
extract evaporated. Crystallisation of the residual oil
from petroleum ether (b.p. 60-70°C) gave a white solid (2.83
g), m.p. 136-1390 C. Recrystallisation twice from the same
solvent afforded 1,4-bis(pentachlorophenyl)butane (0.4 g),
m.p. 218-220 0 C, and l,4-bis(4-trimethylsilyltetrachloro-
phenyl)butane (A) (2.0 g), m.p. 151.5-1520 C. The residue
was dissolved in hot absolute ethanol and decanted from an
oil (1.92 g) which solidified on cooling to a hard, toffee-
like mass. Evaporation of the solvent followed by chromato-
graphy in light petroleum (b.p. 60-700 C) on silica gel
afforded compound A (6.49 g), m.p. 14O-142 0 C (total crude
yield 66%). (C 2 2 H2 6 Cl 8 Si 2 : mol. wt. 630.2. Found: 630.)

(b) From pentachlorophenyltrimethylsilane

To pentachlorophenyltrimethylsilane (11.5 g, 0.036 mole)
in THF (B0 ml) at -70°C was added n-butyllithium (0.04 mole)
in hexane (25 ml), dropwise over 10 minutes, and the mixture
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stirred for a further 45 minutes at -70'C, by which time
Color Test II was negative and Color Test I positive. 1,4-
Dibromobutane (3.8 g, 0.018 mole) in pentane (20 ml) was
added slowly and the mixture kept at -70 0 C for 26 hours, by
which time Color Test I seemed to be negative, and then
allowed to warm up slowly to room temperature over 14 hrs.
The solvents were evaporated and the residual gum extracted
with hot petroleum ether (b.p. 60-700 C). Concentration of
the extract afforded a white solid (2.5 g), m.p. 132-138'C,
which on recrystallisation five times from the same solvent
gave a white solid, m.p. 151-151.5 0 C, identical to compound
A (mixed m.p. 151.5-152°C). The residues were dissolved in
hot absolute ethanol and decanted from a gum (0.9 g) which
solidified on cooling to a hard, toffee-like mass. The
ethanolic solution on cooling deposited a further quantity of
a sparingly soluble gum (1.67 g). Evaporation of the solvent
followed by chromatography on a column of silica gel in
petroleum ethe'r (b.p. 60-700 C) afforded a white solid (2.6
g), m.p. 139-141 C, shown by infrared spectroscopy to be
slightly impure compound A.

a.,w--Dilithioalkanes

1,4-Dilithiobutane, 1,5-dilithiopentane, and 1,6-di-
lithiohexane were prepared in ether by a published proce-
dure, 6 9 except that lithium wire (100 cm weighing 4.3 g) cut
into pieces 1/8" long was used instead of fine lithium shot.
1,4-Dibromobutane (64.79 g, 0.30 mole) gave a 0.37 M solution
of 1,4-dilithiobutane corresponding to 46% conversion. Allyl
bromide was employed in standardisation of these solutions by
the method of Gilman and Cartledge. 9

1,5-Dibromopentane (34.5 g, 0.15 mole) afforded a 0.58
M solution of 1,5-dilithiopentane, corresponding to 85% con-
version.

1,6-Dibromohexane (61.0 g, 0.25 mole) afforded a 0.27
M solution of 1,6-dilithiohexane, corresponding to 48% con-
version. Titration indicated that this preparation had a
high base-content, and, unlike the two previous preparations,
which gave clear solutions, a large quantity of a pink solid
which would not settle.

1,4-Bis(pentafluorophenyl)butane

1,4-Dilithiobutane (0.10 mole) in ether (280 ml) was
added to hexafluorobenzene (55.8 g, 0.3 mole) in ether
(130 ml) over 45 minutes at 15-200 C. Color Test I was
negative after stirring for a further two hours. The reaction
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mixture was worked up as before. Distillation afforded
two colorless liquids, b.p. 75-100oC/16 mm and b.p. 100-
160 0 C/16 mm, and a colorless liquid (23.98 g) b.p. 160-
195 0 C/16 mm, which solidified, m.p. 65.5-681 c. Crystallisa-
tion from pentane afforded white crystals, m.p. 72.5-73.5 0 C,
which were identified as 1,4-bis(pentafluorophenyl)butane.
The crude yield was 61% based on 1,4-dilithiobutane.

IR spectrum (CC1 4 ): 2950 (s), 2850 (m), 1730 (w), 1657
Ss, S 14+92 (s), 14+65 (s,1427 (s), 1342 (s), 11300 (s), 1167

1126 (s), 1092 (w), 1064(w), 990 (s), 950 (m), 915 (m),
929(m), and 870 (w) cm-n. (CieH8 Fjo: Mol. wt. 390.2.

Found: 390.)

1, 5-Bis (pentafluorophenyl) pentane

Small aliquots of a solution of 1,5-dilithiopentane
(0.05 mole) in ether (87 ml) were added to a stirred solu-
tion of hexafluorobenzene (22.33 g, 0.12 mole) in ether
(100 ml) at -150C. As no precipitation of lithium fluoride
was observed the temperature was raised to +15'C during the
remainder of the addition. Within four hours Color Test I
was negative. The mixture was worked up in the usual
manner. After distilling off the solvents the residual
liquid was distilled under reduced pressure to give three
fractions: (i) a colorless liquid (0.7 g); (ii) a colorless
liquid (12.15 g), b.p. 188-189OC/22 mm Hg, which solidified.
to give a white solid, m.p. 52-530 C; (iii) a colorless liquid

1. 08jg), distilling at 0.1-0.2 mm Hg. A residual liquid
3.1 gsolidified on cooling.

Distillation of the solvents afforded a fraction con-
taining hexafluorobenzene (3.5 g) by GLC.

Fraction (ii) was crystallized from pentane, affording
1,5-bis(pentafluorophenyl)pentane, m.p. 56-56. 50C.

IR spectrum (CC1 4 ): 2925 (m), 2850 (w), 1650 (m), 1498
ýs), 1458((w), 1420 (w), 1296 (w) 1152 (m), 1120 (s), 1102
m), 964 5s), 956 (m), and 885 (w) cm-'. (C 1 7 HzoFlo: mol.

wt..404.2. Found: 404.)

1 ,6-Bis (pentafluorophenyl) hexane

1,6-Dilithiohexane (0.11 mole) in ether was added to
hexafluorobenzene (40.9 g, 0.22 mole) in ether (50 ml) at
25*C over 45 minutes while stirring. Color Test I was nega-
tive within 10 minutes of completion of addition of 1,6-
dilithiohexane. Work-up in the usual manner, followed by
distillation under reduced pressure, afforded: (i) a color-

t
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less liquid (1.08 g) containing two components by VPC; (ii)
a colorless liquid (16.5 g), b.p. 136-1400 C/0.05 mm, which
solidified m.p. 51.5-52.5 0 C; and (iii) a pale yellow liquid
(2.5 g), b.p. 200-220 0 C/0.05 mm. Involatile residues (16.65
g) solidified on cooling. Fraction (ii), on crystallisation
from pentane gave white crystals, m.p. 56-56.5°C, identified
as l,6-bis(pentafluorophenyl)hexane by infrared spectroscopy.

IR spectrum (CC14): 2930 (m), 2850 (w), 1651 (M), 1494
S1' 464 (w), 1424(w) 1304 (w), 1148 (m), 1118 (s)o 962
s and 943 (s) cm-1.

i,4-Bis(4' -trimethylsilyltetrafluorophenyl) butane

1,4-Dilithiobutane (0.026 mole) in ether (70 ml) was
added to trimethylpentafluorophenylsilane (12.5 g, 0.052
mole) in ether (25 ml) over 25 minutes at 15-200C. Within
three hours Color Test I was negative. Work-up in the usual
manner, followed by distillation under reduced pressure gave:
(i) a colorless liquid (2.58 g), b.p. 70-72*C/0.I mm, con-
taining two components, one with an identical VPC retention
time to 1-butyl-4-trimethylsilyltetrafluorobenzene; (ii) a
liquid (0.81 g) containing fractions (i) and (iii); (iii) a
colorless liquid (6.55 g, crude yield 52.5%), b.p. 170-175*C/
0.1 mm which solidified on cooling, m.p. 75.5-76.50C and
identified by infrared spectroscopy as 1,4-bis(4'-trimethyl-
silyltetrafluorophenyl)butane. Crystallisation frdm hexane
afforded white crystals, m.p. 80.5-81.5'C.

IR spectrum (CCI 4 ): 2945 (W), 1642 (w), 1449 (s),
1411 (m1),p1362 (w), 1338 (w), 1246 (s), 1160 (m), 1078 (w),
1042(s), 963 (s), 941 (m), and 854 (broad, s) cm-1 .

1. 5- Bis( 41' -trimethylsilyltetrafluorophenyl) pentane

To pentafluorophenyltrimethylsilane (5.1 g, 0.021 mole)
in ether (50 ml) 1,5-dilithiopentane (20 ml, 0.58 M, 0.012
mole) was added in portions over 30 minutes while stirring
at room temperature. Color Test I was negative after a
further one hour. After addition of dilute hydrochloric
acid, the ether layer was separated, dried (MgS0 4 ), and the
ether evaporated. The residual green oil was distilled under
reduced pressure (max. 180°C/i mm) to give a colorless oil
which slowly solidified to give a white solid (4.82 g, 88%
crude yield) m.p. 62-640 c. Crystallisation from pentane
gave a solid, m.p. 65.5-67.5°C, identified by infrared
spectroscopy as i,5-bis(4-trimethylsilyltetrafluorophenyl)-
pentane.
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IR spectrum (CC14 ): 2920 (in), 1640 (w), 1441 (s),
1406 (in), 1362 (w), 1256 (in), 1148,(w), 1102 (w), N086 (mn),
1045 (m), 934 (s) and 860 (broad, s)cm-1.

1, 6-Bis (4 '-trimethylsilyltetrafJluorophenyl) hexane

1,6-Dilithiohexane (0.0275 mole) in ether (100 ml) was
added to trimethylpentafluorophenylsilane (13.2 g, 0.055
mole) *in ether (50 ml) over one hour while stirring at 250 C.
Color Test I was negative within ten hours. Work-up in the
usual manner, followed by distillation under reduced pressure
afforded: (i) a colorless liquid (0.85 g) containing by
VPC two unidentified components; (ii) a very pale green oil
which solidified on cooling (9.13 g, crude yield 63%), in.p.
65.5-66.5*C, which was identified as l,6-bis'(4 -trimethyl-
silyltetrafluorophenyl) hexane by infrared spectroscopy.
Crystallisation from hexane afforded white crystals (5.13 g),
in.P. 70.5-710C.

IR spectrum (0014): 2930 (in), 2850 (in), 1641 (w), 1440

(s), 1406 (in), 1361 (w) 1244 (s), 1142 (w,1077 (w), 1041
(i) 988 (w), 916 (s), 662 (broad, s), and 846 (broad, s)

cin 1 .

Preparation of Di-Grignard reagents from a.,w-dibroinoalkanes

(a) From 1,4-dibroinobutane

1,4-Dibromobutane (21.6 g, 0.1 mole) and magnesium
turnings (13.5 go 0.55 g atom) in THF (380 ml) were stirred
until a vigorous reaction commenced, the reaction commenced,
the reaction moderated by.cooling to 150 C, and stirring con-

tinued at 13520'C for 5 hr. Excess magnesium was filtered
off and the concentration of the Grignard reagent determined
by addition of an aliquot to excess acid and back titration
with sodium carbonate. An 88% conversion to the di-Grignard
reagent was indicated.

(b) From 1,5-dibromopentane

By a similar method, a di-Grignard reagent was obtained
from 1s5-dibroiopentane (23.0 g, 0.1 mole), magnesium (12.5
g, 0.51 g atom) and THF (250 ml). Titration as before idi-
cated that a 0.335 M solution of the di-Grignard reagent was
obtained, indicating 89% conversion.

1. 5-Bis(trimethylsilyl)pentane

A solution of 1,5-dibromopentane (23 0 g, 0.10 mole) in
T 1, i (200 ml) was stirred with magnesium (12.5 g) at 20-250C
for 10 hr, filtered, and to it added chlorotrirethylsilane
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(23.0 g, 0.215 mole)at 0°C. Color Test I was still positive
after 15 minutes, and so the solution was stirred at room
temperature until Color Test I was negative. Addition of
dilute hydrochloric acid followed by work-up in the usual
way afforded, on distillation, 1,5-bis(trimethylsilyl)-
pentane (12.16 g, 53%), b.p;' 105-108°C/lO mm (main fraction),
f5 1.4280 (cited"9 b.p. 2160 C/760 mm rf5 1.4278), and also
identified by infrared spectroscopy. 6 9

In a similar experiment, the solution of the di-Grignard
reagent in THF was kept for 12 hr at room temperature, fol-
lowed by refluxing the solvent for 9 hr, and then again at
room temperature for 3 hr, before adding chlorotrimethyl-
silane. 1,5-Bis(trimethylsilyl)pentane (12.51 g, 55%) was
obtained, on distillation of the reaction product.

A small quantity of a residual colored oil could not be
identified, but was present in both preparations. Analysis
by VPC indicated that it contained at least three components.

Reaction of tetramethylenemagnesium bromide with hexafluoro-
benzene

Tetramethylenemagnesium bromide (0.047 mole) in THF
(200 ml) was added to hexafluorobenzene (17.49 g). No
reaction occurred at ambient temperature, and so the solution
was refluxed for 45 hours, after which time Color Test I was
finally negative. After addition of dilute hydrochloric acid
the THF layer was separated and dried (MgS0 4 ). The solvent
was removed by fractional distillation and the residue
distilled under reduced pressure to give: (i) a colorless
liquid (3.05 g), b.p. 70-75@C/28 mm, 80-84°C/35 mm, or 172-
175 0 C, nO 1.f261, and identified by infrared spectroscopy
as n-butylpentafluorobenzene (cited, 4 5 b.p. 84-86°C/35 Mm,
173-l75°C/758 mm, ý0, 1.4229). Yield 29%; (ii) a mixture of
fractions (i) and (iii) 0.35 g, b.p. 75-1000 C/28mm; (iii) a
colorless liquid (1.3 g0, b.p. 100-130°C/28 mm, containing.
by VPC one unidentified compound; and,,-(iv) a liquid which
solidified, m.p. 49.5-510 C and identified by infrared spectro-
scopy as slightly impure 1,4-bis(pentafluorophenyl)butane.
Crude yield 2.91 g, 16%.

The residue from the distillation, 2.57 g, solidified
on cooling and was not identified.

Reaction of pentamethylenemagnesium bromide with hexafluoro-
benzene

Pentamethylenemagnesium bromide (0.085 mole) in THF
(255 ml) was added to hexafluorobenzene (37.2 g, 0.2 mole) in



THF (50 ml) and stirred at ambient temperature for 9 hours,
after which time Color Test I was still positive. After
refluxing the solution for 8 hours, Color Test I was nega-
tive. Work-up in the usual manner, followed by distillation
under reduced pressure gave: (i) a colorless liquid (7.42 g),
b.p. 100-120oC/28 mm. Analysis by VPC indicated that this
liquid contained one major and two minor components; (ii) a
pale green oil, b.p. 125-130°C/0.08 mm (1.5 g), unidentified;
and (iii) some yellow unidentified solid at a high tempera-
ture. No 1,5-bis(pentafluorophenyl)pentane was isolated.
Separation of fraction (i) by VPC (F and M "Prepmaster 776",
silicone gum rubber/chromosorb) gave a 60% recovery of the
three components. The minor components (0.21 g, and 1.01 g)
remained unidentified, but the major component was identified
as n-pentylpentafluorobenzene (3.27 g, 16%). Its infrared
spectrum showed the presence of alkyl and polyfluorophenyl
groups, and a correct molecular weight was obtained by mass
spectroscopy.

IR spectrum (thin film): 2940 (m), 1730 (w), 1653 (w),
1520 (s), 1504'(s), 1470 (m), 1298 (w), 1194 (w), 1123 (s),
1077 (m), 1004 (m), 984 (m), 962 (s), 948 (s), 910 (w). and
727 (w) cm- 1 . (C1 1 H1 1 F5 : mol. wt. 238.2. Found: 238.)

Reaction of pentafluorophenyllithium with 1,5-dibromopentane

(a) In ether

Pentafluorophenyllithium was prepared by addition of n-
butyllithiumn (0.1 mole) in hexane (62.5 ml) to pentafluoro-
benzene (16.86 g, 0.1 mole) in ether (100 ml) at -70°C over
45 minutes. After stirring for a further 45 minutes, Color K
Test I was positive and Test II negative. 1,5-Dibromopentane
(11.50 g, 0.05 mole) was added dropwise over 30 minutes
while stirring. Color Test I was still positive after 34 hr'
at -70 0 C. The temperature was allowed to rise slowly at the
approximate rate of 1.5 0 C per hour over 34 hours to -15 0 C.
Color Test I was still positive but decomposition occurred at
-10°C. The reaction mixture was worked up in the usual way.
An intractable solid (3.5 g) was filtered off. Distillation
of the residual liquid afforded 1,5-dibromopentane (9.26 g,
80%), b.p. 120-127°C/28 mm, identical to the starting
material. The residue was a dark brown, viscous oil (14.5
g), and contained no I,5-bis(pentafluorophenyl)pentane.

(b) In TIE'

.n-Butyllithium (0.1 mole) in hexane (62.5 ml) was added
to peintafluorobenzene (16.8 g, 0.1 mole) in THF (100 ml) at
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-70 0 C dropwise over 45 minutes and the mixture stirred at
this temperature for a further 30 minutes. 1,5-Dibromo-
pentane (10.35 g, 0.09 mole) was added and after 10 hr at
-70@C Color Test I was negative. The mixture was treated
with dilute hydrochloric acid, filtered, the solvent layer
separated and dried (MgS0 4 ). The dried solid (14.9 g) was
not identified. Evaporation of the solvent followed by
distillation of the residual liquid under reduced pressure
afforded 1,5-dibromopentane (6.0 g, 58%) and a liquid (0.9 g,
3%) identified as 5-bromopentylpentafluorobenzene by infrared
spectroscopy and molecular weight determination.

IR spectrum (thin film): 2935 (w), 1656 (w), 1525 (s),
1505 (s), 1460 (w), 1295 (w), 1120 (m), and 966 (s) cm,1 .

(C1 1H oBrF5 : mol. wt. 317.2. Found: 317.)

(c) In mixed solvents

To n-butyllithium (0.05 mole) in hexane (31.5 ml), ether
(31.5 mlT and THF (120 ml) at -70 0 C was added pentafluoro-
benzene (8.40 g, 0.05 mole) over 25 minutes, and the mixture
stirred for a further 30 minutes at this temperature. Color
Test II was negative and Test I positive after this time.
1,5-Dibromopentane (5.75 g, 0.05 mole) wag added and the
mixture stirred for 5 hr at -70'C, after which time Color
Test I was still positive. The temperature was allowed to
rise to -20 0 C over 15 hours, by which time Color Test I was
negative. After addition of dilute hydrochloric acid, an
infusible white solid (5.28 g) was filtered off. The solvent
layer was dried (MgS04), the solvent evaporated, and the
residual liquid distilled under reduced pressure to give
1,5-dibromopentane (3.06 g 58%) and 5-bromopentylpenta-
fluorobenzene (1.58 g; 10%). An intermediate fraction con-
taining both comRonents was separated into each component
by VPC on an F and M "Prepmaster 776" at 1500C on silicone
rubber/celite.

(d) In mixed solvents at - 3 5 ' • 10 0 C, in the presence of
cobalt chloride

To pentafluorophenyllithium, prepared as before at -700C
in the same solvents from pentafluorobenzene (8.4 g, 0.05
mole), was added anhydrous cobalt chloride (0.63 g) followed
by 1,5-dibromopentane (10.35 g, 0.045 mole) and the tempera-
ture raised from -70 0 C after 2.5 hours to -35° ± 100C and
held at this temperature for 15 hours, by which time Color.
Test I was negative. Work-up in the usual manner gave an
infusible, unidentified, white solid (2.85 g) and a colorless
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liquid (6.62 g), b.p. 127-129 0 C/28 mm, 1' 1.5063. The
liquid was identified as slightly impure 1,5-dibromopentane
by infrared spectroscopy. No other products were isolated.

(e) In mixed solvents at -35' h 100C without cobalt chloride

With identical quantities as in (d) and under identical
conditions the products were a white, infusible solid (3.5
g), 1,5-dibromopentane (3.76 g, 36%), and 5-bromopentylpenta-
fluorobenzene (1.98 g, 12.5%), as identified by infrared
spectroscopy.

Reaction of pentafluorophenyllithium with ethyl iodide

Pentafluorobenzene (8.43 g, 0.05 mole) was added to
n-butyllithium (0.05 mole) in a mixture of hexane (31.5 ml),
4ther (31.5 ml) and THF (125 ml) at -700C over 20 minutes.
Within two hours, Color Test II was negative and Color Test I
positive. Ethyl iodide (7.8 g, 0.05 mole) in pentane (5 ml)
was added and the solution stirred at -70 0 C for 10 hours.
Color Test I was still positive. The temperature was
allowed to rise to 0°C at an average rate of 2.5-3 0 C/hr over
a further 27 hours, by which time Color Test I was negative.
After addition of dilute hydrochloric acid a white solid
(1.66 g) was filtered off. The solvent layer was separated
and the aqueous layer extracted with ether. The combined
solutions were decolorized by shaking with aqueous sodium
bisulphite and dried (MgSo 4 ). The solvents were fractionally
distilled off and the residual liquid distilled on.a Nester-
Faust spinning band column. A colorless liquid, (4.02 g)
b.p. 130-132 0 C, ns 1.4085, rio 1.4100, was obtained and
identified as ethylpentafluorobenzene (cited2 1 b.p. 1320C,
nP 1.4085). Re-distillation of lower boiling fractions
afforded a total of 5.21 g, 53% yield of'ethylpentafluoro-
benzene.

Reaction of pentafluorophenyllithium with 1,5-diiodopentane

Pentafluorophenyllithiumn was prepared by addition of
pentafluorobenzene (8.43 g, 0.05 mole) to n-butyllithium

0.05 mole) in hexane (31.5 ml), THF (128 il), and ether
32 ml) at -70QC over 30 minutes, and stirring at this

temperature for 1.5 hours. 1,5-Diiodopentane (8.1 g, 0.025
mole) was added and the temperature raised to -35°C and held
for 8 hours (Color Test I still positive), and then to -20°C
for 10 hours by which time Color Test I was negative.

Workrup in the usual manner gave a white, infusible
solid (2.19 g). Distillation of the solvent, and then the
residual liquid under reduced pressure afforded a yellow
liquid (2.114 g) containing many components by VPC, and a
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pale green liquid (5.27 g) which solidified, m.p. 49.5-
51.5°C. Crystallisation of the latter from pentane gave
white crystals (1.36 g), m.p. 55-56'C, and identified as
1,5-bis(pentafluorophenyl)pentane (mixed m.p. 56-56.5 0 C).
Crude yield was 525?.

Reaction of pentafluorophenyllithium with diiodomethane

Pentafluorophenyllithium was prepared as before in the
same solvents at -70 0 C from pentafluorobenzene (8.4 g, 0.05
mole).' Diiodomethane (6.03 g, 0.0225 mole) was added and
the mixture was kept at -70@C for 5 hours (Color Test I still
positive) and then allowed to warm up to -20oC over 22 hours
at an average rate of 2.5 minutes per hour. After this time,
Color Test I was negative. Work-up as before gave a brown,
infusible solid (1.86 g), and a small quantity of a pale
yellow liquid (0.5 g), containing iodine. Decolorization
with aqueous sodium bisulphite followed by redistillation
afforded a few drops of a colorless liquid which gradually
turned yellow in the light. This liquid was unidentified,
but by VPC was not diiodomethane. Analysis of the last sol-
vent fraction by VPC indicated that a component with a
similar retention time to pentafluorobenzene was present.

Reaction of pentachlorophenyllithium with 1,6-dibromododeca-
fluorohexane

Pentachlorophenyllithium was prepared by addition of n-
butyllithium (0.022 mole) in hexane (14 ml) over 10 minutes
to hexachlorobenzene (6.2 g, 0.022 mole) in THF (50 ml) at
-70@C. After 1.75 hr at -70°C 1,6-dibromododecafluorohexane
(4.5 g, 0.02 mole) in pentane (10 ml) was added and the
mixture stirred at -70°C for 8.5 hours. Color Test I was
negative within this time. All of the 1,6-dibromododeca-
fluorohexane had been consumed as shown by analysis of an
aliquot by GLC. The mixture was also seen to contain bromo-
pentachlorobenzene and small quantities of pentachlorobenzene
and hexachlorobenzene. The mixture was worked up in the
usual manner. Evaporation of the solvent afforded a brown
solid. Fractional sublimation gave a white solid which was
crystallised from carbon tetrachloride to give white needles
of bromopentachlorobenzene (3.02 g, 50%) m.p. 235.50C (mixed
m.p. 235-2360 C, with an authentic sample kindly supplied by
Dr. C. Tamborski).

Reaction of pentafluorophenyllithium with 1,6-dibromododeca-
fluorohexane

To pentafluorophenyllithium, prepared by addition of n
butyllithium (0.012 mole) in hexane (7.5 ml) via a syringe-to .
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pentafluorobenzene (2.0 g, 0.012 mole) in THF (30 ml) and
ether (7.5 ml) at -700C, was added 1,6-dibromododecafluoro-
hexane (2.75 g, 0.006 mole). After 4 hours at -70'C and
then gradually warming to 00 C over 3 hours a white, infusible
solid (1.0 g) was filtered off. Distillation after work-up
in the usual manner afforded only 1,6-dibromododecafluoro-
hexane (1.23 g, 44.5%) as identified by infrared spectroscopy.
Distillation of the residues at 0.1 mm at an oil bath tempera-
ture of 250-280oC afforded a green oil (0.25 g) which solidi-
fied, but could not be identified.

Attempted preparation of 1,6-dilithiododecafluorohexane and
reaction with hexafluorobenzene

To 1,6-dibromododecafluorohexane (5.0 g, 0.011 mole) in
THF (50 ml) at -780C was added 5 ml of a solution of n-butyl- K
lithium (0.022 mole) in pentane-hexane (40 ml) and then 5 ml
of a solution of hexafluorobenzene (4.09 g, 0.022 mole) in
THF (total volume 40 ml) after 5 minutes. This was repeated
at 5 minute intervals by alternate addition of n-butyllithium
and hexafluorobenzene until complete, and then more hexa-
fluorobenzene (1.0 g). After a total of 2 hours at -78°c,
the mixture was allowed to warm up to room temperature, and
then worked up as before. The solvent was fractionally
distilled off, but distillation of the brown residual liquid
under reduced pressure afforded only a low boiling, pale
yellow liquid (0M6 g) which by VPC contained only 1,6-dibromo-
dodecafluorohexane and another as yet unidentified component.
Some tarry residues remained.

Attempted preparation of 12-bis(pentafluorophenyl)tetra-
chloroethane

n-Butyllithium (0.05 mole) in hexane (32 ml) was added
over 50 minutes to 1 1,2,2-tetrachloroethane ( 4 .2 g, 0.025
mole) in THF (128 ml), ether (32 ml) and pentane (15 ml) at
-1050 ± 2 0 C. After an additional 10 minutes, hexafluoro-
benzene (12.09 g, 0.065 mole) was added quickly and the
mixture kept at -1050 ± 20 C for 2 hours and then allowed to
warm up to -800C over 2 hours, and 00C over a further 10
hours. Work-up in the usual manner, followed by fractional
distillation of the solvent left a small quantity of a
residual liquid. Further distillation gave only solvents
containing hexafluorobenzene by VPC, and no tetrachloroethane
or involatile residues.

Preparation of a pentafluorophenyllithium-TMEDA complex and
attempted reaction with 1l5-dibromopentane

To n-butyllithium (0.1 mole) in pentane-hexane (360 ml)
at 00C was added TMEDA (15 ml), and the solution then cooled
to -700 C. Pentafluorobenzene (16.8 g, 0.1 mole) was added
over a period of 30 minutes and the solution stirred at -70°C

S70



for 1.5 hours. By this time Color Test II was negative (Test
I positive). 1,5-Dibromopentane (10.35 g, 0.09 mole) was
added and the solution stirred at,-700 C for 5 hours. The
temperature was allowed to rise at the average rate of 1.5-
20C per minute to -10 0 C over 40 hours, by which time Color
Test I was negative. Work-up in the usual manner gave an
infusible, white solid (15.15 g). Evaporation of the ether
extract gave a gum (10.87 g) which could not be redissolved
in ether, or boiling benzene, carbon tetrachloride, or xylene.
No 5-bromopentylpentafluorobenzene or 1,5-bis(pentafluoro-
phenyl)pentane was detected by VPC or by attempted extraction
of the gum with ether.

IX. PREPARATION OF SOME SILYL-SUBSTITUTED POLYHALOARYL-
PHOSPHINES

A. INTRODUCTION

The preparation of tertiary phosphines by the reaction
of Grignard reagents or aryllithium compounds with phosphorous
halides (including alkyl and aryl) is well known and has been
reviewed. 9 1 Quite recently interest has been shown in the
synthesis and properties of tertiary phosphines with poly-
halophenyl groups on phosphorus. 5b9,2 However, silyl-
substituted polyhaloarylphosphines are not known. We now
report the preparation of bis(silyl-substituted polyhaloaryl)-
phenylphosphines, in connection with our studies concerned
with thermally stable compounds and monomers which could give
rise to useful, thermally stable polymers.

B. RESULTS AND DISCUSSION

As a part of the investigation into the preparation of
silyl-substituted polyhaloaryl phosphines, we wished to
synthesize biis(C4-trimethylsilyltetrachlorophenyl) phenyl-
phosphine (I) and bis(4-trimethylsilyltetrafluorophenyl) -

phenylphosphine (II). The synthesis of (I) has been achieved
by the following two different routes:

n-BuLi CeHsPCl2
(i) C8 Cl 5 SiMe3  BL- >P > (MeSSiCSCl 4 ) 2 PC6 H5

(ii) (C 8 Cl 5 ) 2 PC0H 5  TuF M i > (Me3 SiCeCI 4 ) 2 PCeHs

Both the compounds were found to be identical from their
infrared spectra and mixed melting point. The lithiation of
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trimethylsilylpentachlorobenzene with n-BuLi is reported50

to take place at the 4 -position. Based on this report, (I)
is assigned as bis(4-trimethylsilyltetrachlorophenyl)phenyl-
phosphine.

The poor yield of (I) in (i) could be due to C-Si bond
breaking by n-BuLi, 8 7 giving rise to a dianion which would
give a polymeric material by reaction with a difunctional
compound, like CSH 5 PC1 2 . A similar observation is encountered
in the preparation of bis(4-trimethylsilyltetrafluorophenyl)-
phenylphosphine from 1-trimethylsilyl-2,3,5,6-tetrafluoro-
benzene via the route (i), resulting in only a 10% yield of
the desired compound. Such a side reaction is, probably, not
favored in (ii) and the yields by this method are reasonable.

C. EXPERIMENTAL

All reactions were carried out under dry oxygen-free
nitrogen atmosphere. Glassware used in these experiments
was dried in oven at 130'C, assembled while hot and flushed
with nitrogen. Tetrahydrofuran was ketyl purified and was
distilled directly into the reaction vessel. IR and UV
spectra were recorded employing, respectively, a PE-21 infra-
red spectrometer and a Cary-1 4 R spectrometer. All melting
points and boiling points are uncorrected.

Reaction"of pentachlorophenylmagnesium chloride with phenyl-
dichlorophosphine

The Gri nard reagent was prepared in the usual manner 6 0  I
from 28 .5 g (0.1 mole) of hexachlorobenzene and 9.6 g (0.4 g
atom) of magnesium in 150 ml of dry tetrahydrofuran;
filtered; and was added dropwise with stirring at room -

temperature to 9.0 g (0.05 mole) of phenyldichlorophosphine
in 20 ml of THF. The mixture was stirred for about six
hours and poured into 10% ice-cold hydrochloric acid. The
organic layer was extracted with ether, dried (MgSO4) and
the solvent was distilled off under reduced pressure to give
a dark brown solid. The solid was taken up in carbon tetra-
chloride and chromatographed on neutral alumina. Removal of
the solvent and crystallisation from carbon tetrachloride
gave a pale yellow solid (6 g, 20%), m.p. 238-240°C.
(C 1 8 H5 ClloP calcd.: mol. wt. 607. Found: mol. wt. 607
ýmass spec.))

Pentachlorophenyllithium and phenyldichlorophosphine

To pentachlorophenyllithium in THF, prepared by a
reported procedure5 b from hexachlorobenzene (14.3 g, 0.05
mole) and n-BuLi (33 ml, 0.05 mole) at -78 0 C, was added 4.5
g (0.025 mole) of phenyldichlorophosphine in 20 ml of THF.
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Color Test I was positive after stirring for 48 hours at
-78 0 C. The temperature was raised to.-200 C during the next
24 hours after which Color Test I was negative. The solvent
was vacuum removed and the residue was extracted with hot
benzene. Removal of benzene and crystallisation of the solid !
from carbon tetrachloride gave 7.2 g ( 4 7%), based on the
formation of (C 6 Cl 5 ) 2 PC6 H5 , m.p. 238-240oC. Mixed melting
point with the sample from the previous reaction was unde-
pressed. The IR spectra of both samples were superimposable.

Oxidation of bis(pentachlorophenyl)phenylphosphine to phos-
phine oxide

The oxidation was carried out by a procedure reported
by Wall et al. 2 2 Bis(pentachlorophenyl)phenylphosphine (2 g,
0.0033 m-leT was placed in a solution of 15 g of Na 2 Cr 2 O7 ,
in 25 ml of water, acidified with 15 ml of concentrated
sulphuric acid and 25 ml of glacial acetic acid. The mixture
was refluxed for ten hours, neutralised with NaHCO3 solution
and extracted with 3 x 50 ml portions of chloroform. The
chloroform solution was dried (MgS04) and the solvent was
removed under vacuum to give 1.7 g (84%) of bis(pentachloro-
phenyl)phenylphosphine oxide, m.p. 246-248°OC after crystal-
lisation from Skelly B.

Reaction of bis(pentachlorophenyl)phenylphosphine with n-BuLi
and subsequent treatment with trimethylchlorosilane

To 5 ml (0.0072 mole) of n-BuLi in 20 ml of THF at
-78 0 C was added a THF solution-of bis(pentachlorophenyl)-
phenylphosphine (2.2 g, 0.0036 mole) in 10 ml of THF, with
stirring. After about 30 minutes, Color Test II was negative
and I positive. Trimethylchlorosilane.(4 g) in 5 ml of TEF
was added dropwise and stirred until Color Test I was nega-
tive (ca. 30 minutes). The solvent and unreacted trimethyl-
chlorosilane were vacuum removed. The residue was taken up
in water and extracted with ether. The ether extract was
dried (MgS0 4 ) and the solvent was removed at pump to give
1.7 g (75%) of a solid which after crystallisation from
methanol melted at 74-750 C.

Trimethylsilylpentachlorobenzene, n-butyllithium and phenyl-
dichlorophosphine

Trimethylsilylpentachlorobenzene, m.p. 1161C, was
prepared in 60% yield from hexachlorobenzene, n-butyllithium
and trimethylchlorosilane.59b To 35 ml (0.05 mole) of n-
butyllithium in 100 ml of THF at -78°C was added a THF 'solu-
tion of 16.0 g (0.05 mole) of trimethylsilylpentachloro-
benzene, with stirring over one hour, after which Color Test
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II was negative and I positive. Phenyldichlorophosphine
(4.5 g, 0.025 mole) in 10 ml of THF was added dropwise and
stirred. Color Test I was negative after 30 minutes. The
solvent was stripped off in vacuum and the residue was
taken up in 100 ml of 5% sodium hydroxide solution and
extracted with ether. The ether extract was dried (MgSo 4 ) to
give a thick viscous oil which was chromatographed on
alumina, employing Skelly B as eluent. Removal of solvent
gave a pale yellow solid, 7.0 g (42%), m.p. 74-75*C after
crystallisation from methanol. The infrared spectrum of this
compound was found to be identical with that of the compound
obtained in the previous reaction.

Reaction of pentafluorophenylmagnesium bromide with pheryl-
dichlorophosphine

To 0.1 mole of pentafluorophenylmagnesium bromide
Lprepared from 24.7 g (0.1 mole) of bromopentafluorobenzene
and 2.6 g (0.11 g atom) of magnesium in 150 ml ether ] was
added 9.0 g (0.05 mole) of phenyldichlorophosphine in 20 ml
ether at room temperature and refluxed for an additional six
hours. The reaction mixture was decomposed with cold dilute
hydrochloric acid, extracted with ether and dried. The sol-
vent was removed under vacuum to give a thick viscous dark
brown liquid which was distilled employing a spinning band
column. A thick colorless liquid, 9.3 g (48%), b.p. 115-
117'C/0.1 mm (nFO 1.4570), was obtained which solidified
after keeping for 24 hours. The solid melted at 62 0 C after
crystallisation from methanol. (C1 sHsFlOP calcd.: mol. wt.
442. Found: mol. wt. 442 (mass spec))

Oxidation of bis(pentafluorophenyl)phenylphosphine to its
oxide

Bis(pentafluorophenyl)phenylphosphine, 2.3 g (0.0052
mole) in sodium dichromate solution (20 g of Na2 Cr2 O7 , in
25 ml of water) was acidified with a mixture of 50 ml of
glacial acetic acid and 20 ml of concentrated sulphuric acid
and refluxed for eight hours. The mixture was neutralised
with NaHCO% solution and extracted with 3 x 50 ml portions of
chloroform. The extract was dried (MgSo 4 ) and the solvent
removed under vacuum to give 1.1 g (46%) of bis(pentafluoro-
phenyl)phenylphosphine oxide, m.p. 102-103°C after crystalli-
sation from Skelly B. F

l-Trimethylsilyl-2,33 5,6-tetrafluorobenzene, n-butyllithium..
and phenyldichlorophosphine

1-Trimethylsilyl-2,3,5,6-tetrafluorobenzene (b.p. 82-
84'C/43 mm; 10 1.4450) was prepared in 55% yield from
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1,2,4,5-tetrafluorobenzene, n-butyllithium and trimethyl-
chlorosilane, by a standard procedure. 9 3  To n-butyllithium
(35 ml, 0.05 mole) in 50 ml of THF at -7 8 1 was added a THF
solution of 11.1 g (0.05 mole) of 1-trimethylsilyl-2,3,5,6-
tetrafluorobenzene in 10 ml of THF, with stirring over a 30
minute period, after which Color Test II was negative and
Test I positive. Phenyldichlorophosphine (4.5.g, 0.025 mole)
in 5 ml of THF was added dropwise and stirred until Color
Test I was negative (ca. 1 hour). -The solvent was removed,
the residue was washed with 5% sodium hydroxide solution and
taken up in ether. The ether extract was dried and the sol-
vent was removed under vacuum to give a pale yellow thick
viscous liquid which refused to solidify even after keeping
for twenty hours at dry ice temperature. The oil was finally
fractionally distilled to give a colorless liquid, b.p. 48oc/
0.01 mm, which deposited a crystalline solid £1.3 g, 9.4%
based on the formation of bis(trimethylsilyltetrafluoro-
phenyl)phenylphosphine), m.p. 52-53 0 C after crystallisation
from pentane.

Reaction of l,2,4,5-tetrafluorobenzene with n-butyllithium
followed by treatment with phenyldichlorophosphine

A THF solution of 1,2, 4 ,5-tetrafluorobenzene (30 g, 0.2
mole) was added to n-butyllithium (125 ml,. 0.2 mole) in 150
ml of THF at -780C, woith stirring. After one hour, Color
Test II was negative and Test I positive. Phenyldichloro-
phosphine (18 g, 0.1 mole) in 50 ml of THF was added dropwise
and stirred for sometime until Color Test I was negative.
The solvent was removed under vacuum, and the residue was
taken up in ether and washed with ý% caustic soda solution.
The ether extract was dried (MgSO 4 ) and the solvent was
removed at pump to give 22 g (55%) of solid, m.p. 85-860c
after crystallisation from pentane.
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