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INTRODUCTION

Research in the field of organoslilylmetallic compounds
end derivatives, after lying relatively dormant for a period
of several years, received impetus through the use of tetre-
hydrofuran as a solvent:. The remarksble influence which
tetrahydrofuran as a solvent exerted over certain organo-
metallic reactionsl’2 prompted this investigation into its
possible use as a solvent for organosilylmetallic‘compounds.
Initial successes in this directions’4 added further stimulus
to the study. Whereas organosilylmetallic compounds previous-
ly had been regtricted to the triaryl types, notably tri-

5,6 and un-

phenylsilylpotassium suspensions in diethyl ether
stable triphenylsilylmetallic solutions in ethylene glycol

dimethyl ether,7 the use of tetrzhydrofuran as =2 solvent made
possible the preparation of organosilylmetallic compounds con-

taining aliphatic as well as aromatic groups. - These tetra-

1H. Gilman end B. Gaj, J. Org. Chem., 22, 447 (1957).
2H. Gilman 2nd T. S. Soddy, ibid., 22, 1121 (1957).

SH. Gilmen and G. D. Lichtenwalter, J. Am. Chem. Soc.,
80, 607 (1958). —_ T

44. Gilman end G. D. Lichtenwalter, ibid., 80, 608 (1958).

SR. A. Benkeser and R. G. Severson, 1ibid., 73, 1424
(1981).

64. Gilman and T. C. Wu, ibid., 73, 4031 (1951).
7A. G. Brook and H. Gilman, ibid., 76, 278 (1054).



hydrofuran solutions were, in addition, fairly stable over ex-
tended periods of time, a distinct advantage over the use of
ethylene glycol\dimethyl ether as a solvent.

The interactions of reactive silicon-metsl bonds with a
veriety of functional groups is potentially the source of new
silicon types. These need not be restricted to silicon-carbon
bonds. It may be possible to form bonds between silicon and
almost any element.

Recent interest in the use of silicon-containing com-
pounds as high temperature lubricants and antioxidants pro-
vides for synthetlc applications of orgsnosilylmetallic com-
pounds. In particular, 1t should be possible through the use
of organosilylmetallic compounds to synthesize molecules
possessing tne high degree of dissymmetry necessary for low
melting lubricants. In addition, compounds containing silicon
bonded to elements less commonly found in organosilicon com-
pounds may show promise as synthetic lubricants.

This investigation has shown that organosilylmetallic
compounds react with ketones to give o(-silylcarbinols; with
aliphatic amines to give silylamines; with azs-aromatic heter-
ocycles to give addition products; with sulfur to give new
silicon-sulfur bonds; with metal chlcrides to give unstable
silicon-metal intermedistes; and with disilanes to give cleav-
age products.

In the Discussion section, an attempt has been made to



draw comparisons between crganosilylmetallic and orgeno-

metallic compounds.
In conclusion it should be pointed out that many promis-

ing synthetic applications of orgsnosilylmetallic compounds

81111 remain.



HISTORICAL

In 1849 Frankland8 reported the preparation of diethyl-
zinc from the reaction of ethyl iodide with metalllic zinc.
This early discovery merked the beginning of orgesnometallic
chemistry, the synthetic zpplications of which have since ex-
panded tremendously. Only récently, however, have orgsno-

silylmetallic compounds appeered in the literature.
Preparation of Orgsnosilylmetallic Compounds

The work of Kraus

Kraus and Nelson9 in 1924 reported the preparation of
triethylsilyllithium and triphenylgermyllithium vig the cleav-
age of triethylsilyltriphenylgermane with lithium in ethyl-
amine. Subsequent addition of ammonium bromide gave triethyl-
silane and triphenylgermane, respectively, lidentified by their
boiling points. From the reaction of triphenylsilane with
sodium in liquid ammonia, followed by addition of ammonium
bromide, bis(triphenylsilyl)amine was isolated.t® In this

instance, triphenylsilylsodium was indicated as the inter-

8E. Frankland, Ann., 71, 213 (1849).

9G. A. Kraus and W. K. Nelson, J. Am. Chem. Soc., 56,
195 (1924). T

104. R. Reynolds, L. A. Bigelow and C. A. Kraus, ibid.,
51, 3067 (1929). B



mediate. By treatment of bromotriphenylsilane with 1ithium
in ethylamine, a low-boiling compound was isolatedll by dis-
tillation. Thls was described as a solvated free radical,
"triphenylsilicyl ethylammine". In refluxing etiner solution,
this free radical supposedly coupled to give hexaphenyldi-
silane. Treatment of the radical with lithium in ethylamine
gave a red solution which was described zs containing tri-
phenylsilyllithium.

| It has since been shown that organosilylmetallic com-

pounds zre instantly ammonolyzed by ammonia,12

12 12,13

primary

Benkeser and co-workersl3

amines and secondary amines.
in an attempt to repeat the work of Kraus,ll found the sol-
vated free radical "triphenylsilicyl ethylammine" to be N-
ethyl-1l,1,l-triphenyl-silylamine. In refluxing ether, this
compound did not give hexaphenyldisilane as reported. A red
solution d4id form on treatment of the silylamine with lithium
in ethylamine, but this color was attributed to the reduction
of the aromatic ring system rather than to the presence of

triphenylsilyllithium.

11c. A. Kraus and H. Eatough, ibid., 55, 5008 (1933).

120, ¢. wu. "Comparisons of some organic compounds con-
taining group IV-B elements." Unpublished Ph.D. Thesis.
Ames, Iowa, Iowa State College Library. 1952.

13gr. a. Benkes¢r, R. E. Robinson and H, Landesman, J.
An. Chem. Soc., 74, 5699 (1952).



Triarylsilylmetsgllic compounds

The first preparation of an auvthentic trierylsilyl-
metallic compound was by way of the cleavage of phenyliso-
propyltriphenylsilane by sodium-potassium alloy in dlethyl
ether.5 Triphenylsilylpotassium, obtained 2s a suspension,
was snown to react with hydrochloric zcid to give triphenyl-
silane, with carbon dioxide to give triphenylsilanecarboxylic
acid, with chlorotrimethylsilane to give 1,1,l1-trimethyl-
2,2,2-triphenyldisilane, and with bromobenzene to give tetra-
phenylsilane. Triphenylsilanecarboxylic acid was found to
decompose at the melting point to give carbon monoxide znd
triphenylsilanol.

A somewhat superior method for the preparation of tri-
phenylsilylpotassium involves the cleavege of hexaphenyl-
disilane by sodium-potassium alloy in diethyl ether.6 Sus-
pensions of triphenylsilylpotassium prepared in this manner
are free from side~-products. The somewhat troublesome use of
sodium-potassium alloy was partially overcome through the use
of mercury to zmalgamate the excess alloy, thus rendering it
unrea.ctive.14 Cleavage of hexaphenyldisilane by rubidium znd
cesium in diethyl ether14 and by sodium-potassium 2lloy in

di-n-butyl ether6 were successful, but attempted cleavage by

144, Gilman end T. C. Wu, J. Org. Chem., 18, 753 (1953).
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sodium dispersion in either xylene or dioxane6 failed. Direct
preparation of triphenylsilylpotessium by the resctions of

4
6,14 ethoxytriphenylsilane,l tetre-~

chlorotriphenylsilane,
phenylsilane,® or 1,1,1-trimetnyl-2,2,2-triphenyldisilenel™
with sodium-potassium alloy in diethyl ether was successful.

It was found possible to eliminate the use of sodium-
potassium 2lloy by employing ethylene glycol dimethyl ether
as a solvent for cleavages of hexaphenyldisilane with;lithium,
sodium or potassium.7 Solutions of triphenylsilylmetallic
compounds were obtained in this manner, an advantage over the
suspensions obtalned in dlethyl ether. These solutions were,
however, unstable with time.

Both the advantages of stability and solubility for
triarylsilylmetallic compounds were realized through the use
of tetrahydrofuran as a solvent.3 Solutions of triphenyl-
silyllithium prepared by cleavage of hexaphéggiéiéiléhe”ﬁifh
lithium in this solvent were found to be falrly steble with
time, a distinct advantage over the use of ethylene glycol
dimethyl ether as 2 solvent.

Organosilylmetallic compounds
containing alkyl and zryl eroups

3 it was

Through the use of tetrahydrofuran as a solvent,
found possible to obtain methyldiphenylsilyllithium and di-

methylphenylsilyilithium by lithium cleavages of the corre-



sponding symmetrical disilenes. Previously, methyldiphenyl-
silylpotessium was prepared by clezvage of 1,2-dimethyl-
i,1,2,2-tetraphenyldisilane with sodium-potassium alloy 1n
diethyl ether.l5 Addition of bromobenzene geve methyltri-
phenylsilane in only four percent yield. In contrest, di-
methylphenylsilylpotassium was not prepared successfully by
cleavage of 1,1,2,2-tetremethyl-1,2-diphenyldisilane wi%t

~sodium-potassium alloy.16

Trialkylsilylmetallic compounds

Numerous attempts have been made to synthesize trialkyl-
silylmetallic compounds. Success has been limited since no
gtable solutions of trialkylsilylmetallic compounds useful for
synthetic purposes have been prepared.

Reactions of triethylsilasne with alkyllithium compounds
gave coupling prpductsl7’18 rather than the desired triethyl-
silyliithium. Attempted cleasvages of hexzethyldisiliane by

sodium-potassium glloy in diethyl ether15 or lithium in tetre-

%53. ?ilman, R. X. Ingham and A. G. Smith, ibid., 18,
1743 (1953) . _

164, G. Smith. "Some cleavage reactions of alkyl and
aryl silanes." Unpublished M.S. Thesis. Ames, Iowa, Iowa
State College Librery. 19563.

174. Gilman and S. P. Messie, J. Am. Chem. Soc., 68,
1128 (1946).

18R, N. Meals, ibid., 68, 1880 (1946).



hydrofuranlg were unsuccessful. A low yield of trimethyl-
phenylsilane was lsolated from the cleavsge of 1,1,l-tri-
methyl-2,2,2-triphenyldisilane by sodium-potassium a2lloy in
diethyl ether,l5 followed by addition of bromobenzene.
Cleavage of 1,1,l-triethyl-2,2,2-triphenyldisilane by
lithium in tetrehydrofuren, followed by 2cid hydrolysis, gave
rise to triethylsilane (11 percent), hexsethyldisilane (14

20 ona triphenylsilane (92 percent), clear evidence

percent),
for the formation of triethylsilyllithium. Formation of hexa-
ethyldisilane in this rezction is through the cleavage of
1,l,l-triethyl-2,2,2-triphenyldisilane by triethylsilyl-
lithium, with the accompanying formation of triphenylsilyl-
lithium.

Kraus and Nelson9

observed no reaction between triethyl-
phenylsilane and sodium in liquid ammonia. Benkeser end
Sever-son5 reported no reaction between phenylisopropyltri-
methyleilane end sodlum~potassium zlloy in diethyl ether.

Organosilylmetalliic compounds containing
more than one silicon atom

An early attempt to synthesize pentaphenyldisilanyl-

-19M. B. Hughes. ‘"Some correlations between organosilicon
and organogermanium compounds.' Unpublished Ph.D. Thesis.
Ames, Iowa, Iowa State College Library. 1988.

20p. Wittenberg, Chemistry Dept., Iowa State Cocllege,
Ames, Iowa. Privete communication concerning the cleavage of
1,1,l1-triethyl-2,2,2-triphenyldisilane by lithium in tetra-
hydrofuran. 1988.
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lithium from chloropentaphenyldisilane and lithium in reflux-
ing ether or di-n-butyl ether gave no apparent reaction.12
Cleavage of octaphenyltrisilene by lithium in tetrshydro-
furanzl produces pentaphenyldisilanyllithium snd triphenyl-
silyllithium, identified, =fter scid hydrolysis, as pentas-
phenyldisilene and triphenylsilane, respectively. These two
compounds, in addition to heptaphenyltrisilenyllithium, were
formed by the cleavage of decaphenyltetrasilane with lithium
in tetrahydrofuran. It is noteworthy that apparently no di-

phenylsilyldilithium was formed in these cleavages since di-

phenylsfiane was not isolated after scid hydrolysis.
Resctions of Organosilylmetallic Compounds

With ketones

Shortly following the synthesis of triphenylsilylpotas-
sium from the cleavage of hexaphenyldisilene with sodium-
potassium alloy %n dlethyl ether,6 the addition of this
silylmetallic compound to benzophenone wes investigated.22
Addition occurred, but followlng hydrolysis the product iso-

lated was benzhydryloxytriphenylsilane rather than triphenyl-

2lp. Wittenberg end M. V. George, Chemistry Dept., Iowa
State Ccllege, Ames, Iowa. Private communication concerning
the cleavage of polysilanes by lithium in tetrshydrofuran.
1958.

22H, @Gilman and T. C. Wu, J. Am. Chem. Soc., 75, 2935
(1953) .
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silyldiphenylcarbinol. Since 1t did not seem likely that
inverse addition had teken place, it was postuleted that

normal addition had occurred, followed by a rearrangement.
Triphenylsilyllithium, methyldiphenylsilyllithium, and di-

3 solution were

methylphenylsilyllithium in tetrehydrofuran
found to reasct with benzophenone to give the corresponding
alkoxysilanes instead of carbinols.4

Support for the rearrangement theory22 for the formation
of alkoxysilanes from the reactions of silylmetallic compounds

25 wno succeeded in

with benzophenone was obtained by Brook,
pireparing triphenylsilyldiphenylcsrbinol and showed that under
the mildest basic conditions this compound rearranges to
benzhydryloxytriphenylsilane.

From the reasctions of triphenylsilylpotassium with ali-
phetic ketones, no pure products were isolated.lz However,
triphenylsilyllithium in tetrahydrofuran was shown to undergo
addition to aliphstic ketones to give zlpha-silylcarbinols.o®
Thus, triphenylsilyllithium added normally to acetone, cyclo-
hexanone, 2-nonadecanone, 3-octadecanone, S-nonadecanone, 8-
pentadecanone and 1l2-tricosanone. These aipha-silylcarbinols

derived from aliphatic ketones falled to undergo rearrangement

255, @. Brook, ibid., 80, 1886 (1958).

24H. Gilman znd G. D. Lichtenwalter, ibid., 80, 2680
(1958) .
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to the isomeric alkoxysilanes, even under strongly basic con-

ditions.

With aldehydes

From the reaction of triphenylsilylpotassium with for-

25

maldenyde, triphenylsilylmethanol was cbtained in a low

yield.

In connectioin with a proof of structure, it was shown26
thet triphenyls.‘Llyllithium'3 in tetrshydrofuran solution adds
normally to scetaldehyde to give 1-(triphenylsilyl)-ethanol.

In a rather complex series of reactions, it was shown27
that triphenylsilyllithium undergoes normel addition to benz-
aldehyde, followed by rearrangement. Following hydrolysis,
the products isolated were benzoxytriphenylsilane, hexaphenyl-

disileane and 1l,2-dihydroxy-l,2-diphenylethane,

With acid chlorides

Recently, Brool:g8 reported the preparation of triphenyl-

sllylphenyl ketone from the reaction of triphenylsilylpotas-

2%H. @Gilman and T. C. Wu, ibid., 76, 2502 (1954).

)26D. Wittenberg and H. Gilmsn, ibid., in press (ca.
1988) .

)27D. Wittenberg and H. Gilman, ibid., in press (ca.
1958) . =

28p. G. Brook, ibid., 79, 4373 (1957).
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sium with benzoyl chloride. This zlphgz-silyl ketone was found
to be extremely sensitive to hydrolysis with agueous base to
give triphenylsilanol and benzaldehyde.

From the reaction of triphenylsilyllithium with acetyl
chloride,26 a rather complex trensformation occurred, from
which the products isolated were scetyltriphenylsilane and
1,1-bis(triphenylsilyl)-ethanol. The latter compound was
found to undergo rearrangement in the presence of base to tri-
phenyl-l-(triphenylsiloxyethyl)-silzne in s manner similar to
the rearrangement of triphenylsilyldiphenylcarbinol toc benz-:

hydryloxytriphenylsilane.25

With carbon dioxide (carbonation)

The first paper describing the preparation of triphenyl-
silylpotassium5 contains an account of its reaction with car-
bon dioxide. The acid obtained was a slightly impure samble
of triphenylsilanecarboxylic acid, which, unlike the anslogous
triphenylacetic acid, decomposes at the melting point to give
carbon moncxide and triphenylsilanol. ‘

29 experimental conditions were

In a subsequent paper,
described for obtaining triphenylsilanecarboxylic acid 1in good
yields, free of impurities. The technidgue requires rapid

acidification of the aqueous basic extract since the potassium

29A. G. Brook snd H. Gilman, ibid., 77, 2322 (1955).
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salt of triphenylsilanecarboxylic scid undergoes rzpid de-
composition in the presence of bzse. Indeed, 1t was found
that the acid itself undergoes slow decomposition to carbon
monoxide and triphenylsilanol over extended periods of time.
Triphenylsilanecarboxylic zcid ls readily converted in good
yields to methyl triphenylsilanecarboxylate through the use

of diazomethane.29 Brook and Maurisso reported the prepara-
tion of some silyl esters by this technicue in connection with

an lnvestigation of thelr rearrangements.

With olefins

1-Triphenylsilyl-1l,2-diphenylethane was isolatedsl

from
the reactlion of triphenylsilylpotessium with trans-stilbene.
The ssme olefin gave 1,2-bis(triphenylsilyl)-1,2-diphenyl-
ethane and l-triphenylsilyl-l,2,3,4-tetraphenylbutane by re-
action with triphenylsilyllithium in ethylene glycol dimethyl
ether.58
From the rezction of elther tr;phenylsilyllifhium in
tetrahydrofuran or triphenylsilylpotsssium in diethyl ether

with l,l—dibhenylethylene, l-triphenylsilyl-2,2-diphenyl-

304, @. Brook end R. J. Mauris, ibid., 79, 971 (1957).
Sly, Gilman and T. C. Wu, ibid., 75, 234 (1953).

52A. G. Brook, K. M. Tai and H. Gilman, ibid., 77, 6219
(1955) . e
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ethane55 was obtained.' Attempts to add triphenylsilylpotas-

sium to some other olefins feiled.

With compounds containing the
2z0 and azometnine linkages

From the reaction of azobenzene with triphenylsilylpotas-
sium in diethyl ether or triphenylsilyllithium in tetrszhydro-
furan, addition to the azo linkage takes plzce to give, after

34 the

hydrolysis, N,N'-diphenyl-N-(triphenylsilyl)-hydrazine,
structure of which was assigned on the besis of an slternate
synthesis. Addition of lithium to azobenzene gave N,N'-
dilithio-N,N'-diphenylhydrazine, which, by coupling with
chlorotriphenylsilane, gave a mixture of N,N'-diphenyl~N-
triphenylsilyl)-hydrazine and N,N'-diphenyl-N,N'-bis(tri-

phenylsilyl)-hydrazine. Benzophenone anilés"5 reacted with

34

elther triphenylsilyllithium in tetrahydrofuran or tri-

phenylsilylpotassium in diethyl etherso to give N-diphenyl-
methyl-N-phenyl-1,1,l-triphenylsilylamine. It was postulated
that this silylamine may have formed e&s the result of 2 nor-

mal addition of the silylmetallic compounds to the szomethine

linkage, fcllowed by a resrrangement in a manner similar to

53T, G. Wu, D. Wittenberg and H. Gilman, ibid., in
press (ca. 19585 .

5%p. Wittenberg, M. V. George, T. C. Wu, D. H. Miles
and H. Gilman, ibid., in press (ca. 1958).
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the rearrangement which occurred by addition of triphenyl-
silylpotassiung or triphenylsilyllithium4 to benzophenone.

As part of a study concerned with the sddition of silyl-
metallic compounds to aza-aromestic heterccycles, the cleavage
of hexaphenyldisilane by lithium in pyridine was carried
caut.'35 In situ attack of the triphenylsilyllithium at the
4-position on the pyridine nucleus occurred, in contrast to
the usual attack of alkyl- and aryllithium compounds 2t the
2-position.56 After hydrolysis, triphenyl-4-(1,4-dihydro-
pyridyl)-silane was obtained in 83 percent yield. Oxidation
with nitrobenzene gave triphenyl~4»pyfidylsilane.

Since 4-bromopyridine was not avallable as a starting
material, triphenyl—4—(l,4-dihydropyridyl)-silane was nct
prepared by resction of 4-pyridyllithium znd chlorotripheriyl-
silane. However, the product isolazted from triphenylsilyl-
1ithium and pyridine, followed by oxidation, was shown to be
different from triphenyl-2-pyridylsilsne, prepared by reaction
of 2-pyridyllithium and chlorotriphenylsilane.

Attempts to add triphenylsilylpotaessium to a variety of

37
aza~-aromatic heterocycles gave no pure products.

35p. Wittenberg and H. Gillimzii, Chemisiry and Industry,
390 (1958).

36g. ziegler end H. Zieser, Ber., 83, 1847 (1930);
Ann., 485, 174 (1231).

377, B. Honeycutt. "Preparation of some nitrogen-con-
taining organosilicon compounds." Unpublished M.S. Thesis.
Anes, Iowa, Iowa State College Library. 1953.
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With ethers

While it was demonstrated7 that triphenylsilylalkalil
metal compounds decompose rapidly in ethylene glycol dimethyl
ether, no attempt was made to identify any of the products.
Neither was an attempt made to identify the products from the
decomposition of triphenylsilyllithium in refluxing tetre-
hydrofuran-5

Later, Gorsich38 obtained 4-(triphenylsilyl)-butanol in
18 percent yileld by refluxing a solution of triphenylsilyl-
lithium in tetrehydrofuran for a period of 2.7 days. By heat-
ing a solution of triphneylsilyllithium in tetrahydrofursn
in a sesled tube for three hours at 125°, 4-(triphenylsilyl)-
butanol was obtained59 in 71 percent yield.

A rather extensive study of the cleavage of ethers by
silylmetallic compounds40 has been carried out recently.
Using the sealed tube technique,59 4-(wmethyldiphenylsilyl)-
butancl was obtained from the cleavage of tetrahydrofuran by

methyldiphenylsilyllithium. Triphenylsilyllithium in tetra-

hydrcfuran solution reacted instantly witnh trimethylene oxide

38Rr. D. Gorsich, Chemistry Dept., Iowa State College,
Ames, Iowa. Private communication. 1257.

- 99p. Wittenberg ond H. Gllman, J. Am. Chem. Soc., 80,
2677 (1958) .

40D. Wittenberg, D. Aokl and H. Gilman, ibid:, in press
(ca. 1958).
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to give, after hydrolysis, 3-{ triphenylsilyl)-propanol in 77
percent yield. A solufion of triphenylsilyllithium in tetra-
hydropyran, prepared by way of the cleavage of hexéphenyldi—
silane with lithium in this solvent, was heated in a2 sezled
tube for 10 hours =zt 1250. Since the triphenylsilyllithium
was not used up, as evidenced by =2 positive Color Test 1,41
the solution was heated for another 40 hours at 200-220°.

Only high melting, insoluble, resinous material wss isolated.
Cleavage of hexaphenyldisilane by 1ithium in dioxane gave,
after hydrolysis, ethylene-bis(triphenylsilane) (10 percent),
ethyltriphenylsilane (1 percent) and tetraphenylsilane (4 per-
cent). When the solvent was removed from & solution of tri-
phenylsilyllithium in tetrahydrofuran snd replaced by dioxane
and heated, the products isolated were ethylene-bis(triphenyl-
silane (14 percent), 4-(triphenylsilyl)-butanol (5 percent),
and tetraphenylsilane (4 percent). A sclution of triphenyl-
sllyllithium in ethylene glycol dimethyl ether was allowed

to decompose to give methyltriphenylsilane (84 percent).

From the cleavage of methyl benzyl ether by triphenylsilyl-
lithium, the products isolated were tetraphenylsilane, 1-
phenylethenol, triphenylsilane, benzyltriphenylsilane znd 4-
(triphenylsilyl)-butanol. With 1,4-dihydronephthalene-1,4-

endoxide, triphenylsilyllithium gave naphthalene (41 percent),

415, Gilmen and F. Schulze, ibid., 47, £002 (1925).
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2-naphthyltriphenylsilane (10 percent) and triphenylsilanol
(18 percent). Triphenylsilyllithium metalated diphenyl ether
without cleavage (refer to the section on Metalation reac-

tions) .

With epoxldes

Althougn Grignard reagents react with epoxides to give,

42 organolithium react3

in general, a mixture of isomers, more
selectively to give beta-substituted carbincls.
Organosilylmetallic compounds have been shown recently
to cleave epoxides to give beta-substituted carbin01544 in a
manner analogous to the above—ﬁentioned organolithium com-
pounds. From the interaction of triphenylsilyllithium in
tetrahydrofuran solution with ethylene oxide and propylene
oxide, the products isolated were 2-(triphenylsilyl)-ethanol
(85 percent) and 1-(triphenylsilyl)-propane-2-ol (68 percent),
respectively. With styrene oxide end triphenylsilyllithium,
a 56 percent yield of l—phenyl—E—(triphenylsilyl)~ethanol was
obtained, which by dehydration with phosphorous pentoxide gave

triphenyl-beta-styrylsilane (23 percent). Similarly; methyl-

‘ 42N. G. Gaylord and E. I. Becker, Chem. Revs., 49, 413
(1951). -

453. J. Cristol, J. R. Dougles and J. S. Meek, J. Am.
Chem. Soc., 73, 816 (1951).

44H. Gilman, D. Aokl and D. Wittenberg, ibid., in press
(ca. 1958).
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diphenylsilyllithium reacted with styrene oxide to give 1-
phenyl-2-(methyldiphenylsilyl)-ethanol (48>percent). With
cyclohexene oxide, triphenylsilyllithium and methyldiphenyl-
silyllithium gave rise to 2-(triphenylsilyl)-cyclohexanol
(69 percent) and 2-(methyldiphenylsilyl)-cyclohexanol (72
percent), respectively. 2-(Triphenylsilyl)-cyclohexanol, by
dehydration with phosphorous pentoxide, geve l-cyclohexenyl-
triphenylsilane in 33 percent yielé. This compound wes
synthesized44 by the reaction of chlorotriphenylsilane with

45 With epibromohydrin,44

l-cyclohexenyllithium. triphenyl-
silyllithium gave hexaphenyldisilane instead of the expected
coupling product (refer to the section on halogen-metal inter-
conversion reactions). No hexaphenyldisilane was isolated
from the reaction of triphenylsilyllithium with epichloro-
hydrin. Instead, a compound believed to be 2,5-bis(triphenyl-

silylmethyl)~1,4~-dioxane was isolated.

In metalation reactions

{
Silylmetallic compounds metalate effectively only those

compounds wnich have fairly acidic hydrogen atoms. Triphenyl-

46

methane and fluorene,58 for instance, sre readily metalated

455, A. Braud and J. A. Coles, J. Chem. Soc., 2014
(1950) .

46A. ¢. Brook and H. Gilmen, J. Am. Chem. Soc., 76,
2338 (1954) .
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by triphenylsilyllithium to give the metel salts, which by
carbonation give triphenylacetic zcid and 9-carboxyfluorene,
respectively.

Diphenyl etheréé and dibenzofuran38 ere metalated by
triphenylsilyllithium in tetrahydrofuren to give, after car-
bonation, very low yields of 2,2'-dicarboxydiphenyl ether

and 4-cerboxydibenzofuran, respectively.

With triphenylsilane

A series of three papers describing the formation of
tetraphenylsiléne from the reactions of triphenylsi;ylmetallic
compounds with triphenylsilene heve appeered in the litere-
ture.

In the first of these, the formestion of tetrephenyl-
silane47 from the reactions of triphenylsilylpotassium with
vafious alcohols wes described. Support for the propossal
thet the formation of tetraphenylsilzne in these reactions
probebly occurred through tne resction of triphenylsilyl-
potassium with triphenylsilesne wes furnished48 by sllowing
triphenylsilylpotassium to react with preformed triphenyl-
silene. Tetrephenylsilane was lsoleted elong with polymeric

materiel of unknown nature. In an attempt to elucidezste the

474, Gilmen snd T. C. Wu, ibid., 75, 2509 (1953).

485, . Brook snd H. Gilman, ibid., 76, 2333 (1954).
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mechanism of this reaction, triphenylsilylpotassium wes
allowed to react with tri-p-tolylsilane. An equilibrium 1is
established in which triphenylsilene snd tri-p-tolylpotassium
ere formed, as evidenced by the formstion of such products

2s tetraphenylsilene and phenyltri-p-tolylsilene.

In the third paper of this series,46 the reaction of tri-
phenylsilylpotessium with triphenylmethzne gave tetraphenyl-
silane and triphenylmethylpotessium. Here egsin, triphenyl-
gilane is presumebly the intermediote in the formstion of

tetraphenylsilane.

In halogen-metal interconversion reactions

Incidentel to the preperation of triphenylmethyltriphenyl-
silane49 (refer to the section on anslogs of hexaphenylethane),
it wes found thet the interesction of triphenylsilylpotessium
with chlorbtriphenylmethane, followed by hydrolysis, gave,
instead of the expected coupling product, a mixture contain-
ing hexaphenyldisilene 2nd bis-triphenylmethyl peroxide.

These results were lnterpreted as indicating that = halogen-
metal interconversion reaction had teken place to give
chlorotriphenylsilane and triphenylmethylpotessium. Coupling

reactions between chlorotriphenylsilane znd triphenylsilyl-

potassium to give hexephenyldisilane and between triphenyl-

®A. G. Brook, H. Gilmen end L. S. Miller, ibid., 75,
19 I
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methylpotassium and chlorotriphenylmethzne to give hexa-
phenylethane (identified 28 the peroxide) were postulated.

Brook and Wolfe5o heve shown that the reaction of tri-
phenylsilylpotaessium with bromobenzene geve, in addition to
the expected tetrzphenylsilane, small amounts of hexaphenyl-
disilene and biphenyl. The results were interpreted =28 mean-
ing thet 2 halogen-metzl interconversion resction had occurred
to give bromotriphenylsilane and phenylpotassium.

The products isoleted from the reactions of dimethyl-
phenylsllyllithium and methyldiphenylsilyllithium with chloro-
‘criphenylsilane3 were interpreted as heving arisen via a
halogen-metal interconversion reaction. However, another
interpretation has now been worked out (refer to the Experi-
mental end Discussion sections deeling with the cleeavages
of disllanes by silylmetallic compounds), which fits the
experimentel data more closely thaen the explanation besed on
a2 helogen-metal interconversion reaction.

Recently, Aoki and Dappen51 have demonstrated that hal-
ogen=mctal lnterconversion 1s the predominant resction be-
tween triphenylsilyllithium and 2lkyl 2nd aryl bromides. The

interaction of triphenylsilyllithium and n-butyl bromide gives

90A. ¢. Brook end S. Wolfe, ibid., 72, 1431 (1957).

S1p. Aoki 2nd G. Dappen, Chemistry Dept., Iowa State Col-
lege, Ames, Iowa. Privete communicstion on hzlogen-metal
interconversion reactions involving silylmetallic compounds.
1958.
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hexaphenyldisilane in 80 percent yield and only 2 smsll amount
of n-butyltriphenylsilene. In s like menner, hexaphenyldi-~
sllsne was obtained as the main product from the resction of
triphenylsilyllithium and bromobenzene. Eplibromohydrin re-
acts with triphenylsilyllithium to give hexaphenyldisilaneé4
(refer to the Historical section dealing with the resctions
of silylmetallic compounds with epoxides). Bromotriphenyl-
silane is apparently the intermediste in these reesctions,
whichh by coupling with triphenylsilyllithium gives hexsrhenyl-
disilane.

n-Butyl chloride and allyl chloride gave only coupling
products wita triphenylsilyllithium. None of tThe easily de-
tected hexaphenyldisilane was formed.

Since hexaphenyldisilane is the main product from the
reaction of triphenylsilyllithium with bromobenzene in tetra-

ol

nydrofuran and is formed in only small eamounts from the re-

action of triphenylsilylpotassium with bromobenzene in diethyl

50 ;¢ eppears that tetrshydrofuran as a2 solvent is more

ether,
conducive to halogen-metgl interconversion resctions than is

diethyl ether.

In coupling reactions

Group IV-B anglogs of hexaphenvlethane. In the prepsara-~

tion of Group IV-B analogs of hexaphenylethane, coupling re-

actions involving silylmetallic compounds have been employed.
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Triphenylmethyltriphenylsi1ane49 is not formed cleanly
from the resction of triphenylsilylpotessium with chlorotri-
phenylmethane (refer to the section on halogen-metal inter-
conversion reactions), but good yields of this compound were
cbtained from the interaction of triphenylmethylsodium with

o}
chlo:c'otx'j.pl'lenylsilane»4w

Since hexagphenyldisilene is readily prepar'ed52’55 by the
coupling of chlorotriphenylsilene with sodium in refluxing
xylene, coupling reactions between triphenylsilylmetallic
compounds and chlorotriphenylsilsne tc give this compound
have been of little synthetié value. These reactions occur,
however, with remarkable ezse. Triphenylsilyllithium end
chloro triphenylsilane react54 instently at ~-70° in tetrs-
hyrofuran to glve hexaphenyldisilene in 88 percent yield.

Triphenylsilyltriphenylgermane was prepared55 from the
reactions of chloro- asnd bromotriphenylgermane with triphenyl-

silylpotessium. Attempts to prepere this compound from the

reaction of triphenylgermylpotessium with chlorotriphenyl-

52%. Schlenk, J. Renning and G. Racky, Ber., 44, 1178
(1911). _ —=

53H. Gilmen end G. E. Dunn, J. Am. Chem. Soc., 73, 5077
(1951) . -

%43ee the Experimental section on miscellaneous re-
ections.

554. Gilmen and C. W. Gerow, J. Am. Chem. Soc., 78,
5823 (1956).
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silane gave mixtures of compounds which were not separated.
Triphenylsilyltriphenyltin was prepared successfully
from either the reaction of triphenyltinlithium56 with chloro-
triphenylsilane or cnlorotriphenyltin with triphenylsilyl-
. 14
potassium.
Triphenylsilyltriphenyllead has not as yet been de-

scribed.

Formetion of polysilanes. Tne prepsration of compounds

containing two or more silicon atoms bonded together in a
molecule 1s included in this section.
1,1,1-Trimethyl-2,2,2~-triphenyldisilene has been pre-

pared by the reactions of triphenylsilylpotassium,5’6

. 3,7 .
-1lithium, e -rubidium and -cesiuml4

witn chlorotrimethyl-
silene. Similerly, 1,1,l-triethyl-2,2,2-triphenyldisilane
has been prepared from triphenylsilylpotassium znd chloro-
triethylsilane.5’57

A group of disilanes containing phenyl and p-tolyl groups
has been synthesized58 by coupling reactions involving silyl-
metallic compounds.

Partially chlorinated disilenes have been prepared from

56H. Gilman snd S. D. Rosenberg, ibid., 74, 551 (1952).

O7R. A. Eenkeser, H. Landesman and D. J. Foster, ibid.,
74, 648 (1952).

58H. @ilman end T. C. Wu, ibid., 75, 3762 (1953).
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reactions involving triphenylsilylpotassium.59 From tne re-
action of triphenylsilylpotassium with one ecquivalent of di-
chlorodiphenylsilane, chloropentaphenyldisilane was obtained.
From the reactions of one mole of silicon tetrachloride or
one mole of tricnlorophenylsilane with one mole of triphenyl-
silylpotassium, l,l,l-trichloro—Z,2,2-triphenyldisilane end
1,1-dichloro-1,2,2,2-tetraphenyldisilane, respectively, were
isolated.58

From the resction of triphenylsilylpotassium in diethyl
ether with one half equivalent of dichlorodiphenylsilane,
octaphenyltrisilane wes isolated.59 Decaphenyltetrasilane
was obtained by the sction of sodium on chloropentaphenyldi-
12,60

silane in refluxing xylene.

With alkyl, aryl and arslkyl halides. Coupling reactions

have been observed between triphenylsilylpotassium and bromo-
5,6,14,15,50, 57

J

cnloro- and fluorobenzene,14 benzyl
14

benzene

. 4
cnloride,l‘ o-bromotoluene and o-iodotoluene. Coupling re-

actions have also been observed between alkyl chlorides and

oL and, to a2 lesser extent, between

51(

Triphenyleilyllithium,
alkyl bromides and triphenylsilyllithium refer to the

section on halogen-metal interconversion reactions).

94, Gilman, T. C. Wu, H. A. Hartzfeld, G. 2. Guter, A.
G. Smith, J. J. Goodman 2nd S. H. Eidt, ibid., 74, 561 (19252).

604. A. Hartzfeld, Chemistry Dept., Iowa State College,
Ames, Iowa. Private communicastion to T. C. Wu. 1852.
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With diphenyl sulfone end diphenyl sulfide

Both triphenylsilylpotassium and triphenylsilyllithium
react with diphenyl sulfone to give tetraphenylsilane.6l
Study of the reaction of triphenylsilylpotassium with diphenyl
sulfone was agbandoned in favor of the resction between tri-
phenylsilyllithium and diphenyl sulfone. It wes reésoned
that the formaetion of tetrsphenylsilsne could proceed through
an initial metelstion of diphenyl sulfone to give triphenylsi-
lane. The resction of triphenylsilene with triphenylsilyl-
potassium 1s known to occur fairly rapidly to give tetre-
phenylsilane.48 The corresponding reaction of triphenyl-
silyllithium with triphenylsilene hzs, however, been shown
to occur sluggishly-62
A series of three paperss7’63’64 has been published which

describe the reactions of phenylsilicon hydrides with sodium-

57,63 64

-potassium alloy and with sodium in refluxing toluene.

6lp. Wittenberg, T. C. Wu end H. Gilman, J. Org. Chem.,
in press (ca. 1958).

62R. D. Gorsich. "Some cyclic orgenosilicon compounds
and derivetives." Unpublished Ph.D. Thesis. Ames, Iowa,
lowa State College Library. 1957.

63R. A. Benkeser and D. J. Foster, J. Am. Chem. Soc.,
74, 4200 (1952).

64R. A. Benkeser and D. J. Foster, ibid., 75, 5314
(1952).



These reactions give tetraphenylsilane and may involve the
intermediate formation of silylmetallic compounds.

The products isolzted from the resction of triphenyl-
silyllithium with diphenyl Sulfone61 very considersbly with
tne experimental conditions. At room temperature, the re-
actants in a 1:1 mole ratio give tetraphenylsilane (50 per-
cent) and benzenesulfinic acid, while at -350, followed by
carbonation, the products isolated were benzoic acid (43 per-
cent), tripnenylsilanol (56 percent), benzenesulfinic acid
and only a trace of tetraphenylsilane. Vhen two or three
moles of triphenylsilyllithium were reacted with one mole of
diphenyl sulfone, a2 small amount of hexaphenyldisilane was
isolated, zlong with tetrephenylsilane and m-phenylene-bis-
(triphenylsilsne). The mode of formation of the last men-

fioned compound is unknown.

Hydrolysis

The products formed from the hydrolysis of silylmetsllic
compounds depend on thne hydrolytic conditions employed.

Benkeser and Severson5 have shown thet hydrolysis of
tripnenylsilylpotassium with hydrochloric zcid gives Tri-
prenylsilane. Only triphneylsilanol was obteined from the
hydrolyesis of triphenylsilylpotassium with water.14

It seems certain that the first step in the hydrolysis

of a silylmetaellic compound involves the formation of the
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corresponding silicon hydride. If water 1is used for the
hydrolysis, the metal hydroxide is formed, which in turn con-
verts the silicon hydride to the corresponding silsnol and
hydrogen gas.65 The extent of the conversion of the silane
to the silsnol under conditions of aqueous hydrolysis depends
on the concentration of the silicon hydride, the concentra-
tion of hydroxide ion end the contact time. Excellent con-
version of the silylmetallic compound to the silanol is
achieved by cerbonation, followed by prolonged exposure to

aqueous base-29

Color tests for silylmetallic compounds

4,7

ﬁriphenylsilylpotassium,6 triphenylsilyllithium, “* " and

related silylmetallic compounds7 heave been reported to give
a positive Color Test 1,41 eand, under certein conditions, a
positive Color Test IIA-66

Since reactions involving silylmetallic compounds have
received considerable attention recently, the need esrose for

a color test whicn distinguishes silylmetallic compounds from

organometallic compounds. For thnls purpose the most promising

65For a theoreticel discussion of the conversion of sil-
icon nydrides to silanols under conditions of zqueous hydrol-
ysis, see H. Gilman and G. E. Dunn, ibid., 73, 3404 (1851).

66H, Gilman and J. Bwiss, 1bid., 62, 1847 (1940).



51

color test has centered ebout the tlue color developed in
the reéactions between silylmetallic compounds and btenzo-

phenone.4’6’22

The test67

consists of adding e few drops of the test
solution to a 15 percent solution of benzophenone in dry
benzene. A deep blue color, which fades on exposure tc ezir
or on hydrolysis, indicates the presence of a2 silylmetezsllic
compound. The test is negetive for ordinesry organometellic
compounds such &s rnenyllithium and butyllithium, but posi-
tive for stilbenedilithium or anthrecenedilithium. Smell
pieces of lithium or sodium give & positive test, presumsbly
due to the formation of a benzophenone ketyl.

Diphenyl sulfone and benzophenone anil have shown67 some
promise 2s color test resgents for silylmetallib compounds.

Future researcn 1s plenned with the zim of finding new and

better color test reagents for silylmetellic compounds.

67p. Wittenberg, Chemistry Dept., Iowas State College,
Ames, Iowa. Privete communicetion on color test resgents’
for silylmetallic compounds. 12868.
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EXPERIMENTAL

Melting points and boiling polnts recorded are uncor-
rected. In genersl, melting points greater than 250° were
taken in an electrically heated copper block while those below
250° were determined using an oil bath.

Resctions involving organometallic reactions were car-
ried out under an atmosphere of dry, oxygen-free nitrogen in
oven-dried glassware. The glassware was assembled while hot
and flushed with a brisk stream of nitrogen during cooling.

Solvents were dried before use over sodium wire in the
cases of ether, petroleum ether and benzene. Ethylene glycol
dimethyl ether, used in a few experiments, was dried at the
reflux temperature over sodium wire. A smgll amount of benzo-
phenone was added at intervels until the characteristic blue
color of diphenyl ketyl persisted for several minutes. Tetra-
hydrofuran was used in most experiments and was dried by re-
fluxing, first over sodium wire, and then in the presence of
litnium gluminum hydride. The solvent was collected imme-
diately before use by distilletion from the lithium aluminum
hydride.

Silicon anzalyses were performed in weighed platinum
crucibles on samples of 0.1 to 0.3 gram. The samples were
decomposed with 10 to 20 drops of concentrated sulfuric acid

and one Adrop of concentrated nitric acid. The crucibles were
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heated over a low flame by means of 2 ring burner until dry.
Sucsequent treatment with fuming nitric acid gave a white ash
which was hested with a Meeker burner for 2 period of zbout
~one hour. The crucibles were rewelghed and the analyses re-
ported as percent silicon.

The infrared deta, reported in microns, were obfTained
on 2 Baird, model B, recording spectrophotometer.

Molar refractions were calculated using the values of

Vogel, et s1.58:69

Prepsration of Organosilylmetallic Compounds

Bis(triphenylsilyl)calcium (attempted)

To a mixture of 15.0 g. (0.029 mole) of hexaphenyldi-
silane and 8.1 g. (0.198 g. atom) of calcium was added suffi-
cient tetrahydrofuran to form a thick paste. After stirring
for two hours, wlth occaslonal heating, the mixture was light
gray in sppezrance. A total of 140 ml. of tetrahydrofuran
was added gradually. Color Test Iél was negative after the
addition was complete. The calcium metal was destroyed by
the cautious addition of water. From the organic layer was

recovered 14.5 g. (96.5 percent) of hexephenyldisilane,

68a. 1. Vogel, W. T. Cresswell, and J. Leicester, J.
Phys. Chem., 58, 174 (1954).

694, I. Vogel, W. T. Cresswell

G. H. Jeffrey and J.
Leicester, J. Chem. Soc., 514 (19529 .
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m.p. 366-360°, identified by a mixed melting point.
In a second run using 15.0 g. (0.029 mole) of hexaphenyl-
disilane, 2.8 g. (0.0685 g. atom) of highly-pure calcium

metal7o and sufficlient tetrshydrcfuran to

L)

crm o thick paste,
this reaction was carried out under an etmosphere of helium.
No clesvage was observed and 96.5 percent of the hexaphenyl-

disilane was recovered unchanged.

Bis( triphenylsilyl)megnesium {(attempted)

Into a helium-filled flask was charged 15.0 g. (0.029
mole) of hexaphenyldisilane, 0.7 g. (0.0288 g. atom) of mag-
nesium powder and sufficient tetrahydrofurasn to form s thick
paste. The paste was stirred for four hours and subsequently
diluted to 25 ml. with tetrashydrofuran. The supernatent
liguid gave a negative Color Test 1.4l The magnesium was
destroyed with dilute hydrochloric acid, and 96 percent of

the hexaphenyldisilane was recovered from the organic layer.

Triethylsilyllithium (attempted)

Six attempts to prepare triethylsilyllithium in tetra-
hydrofuran were made. In a typlcal experiment, 5.0 g.

(0.0217 mole) of hexaethyldisilane, 0.69 g. (0.1 g. stom) &f

70Kindly furnished by Dr. A. H. Daane of the Institute
for Atomic Research, Iows State College, Ames, Iowa.



35

lithium and five ml. of tetrahydrofuren were combined and
stirred. The lithium coeted over, and, after about 30 min-
utes, another five ml. of tetrahydrofuran was added. A red-
brown color developed over a pericd of severzl minutes.
When the stirrer was stopped to take Color Test I,4 which
was positive, the color of the solution fazded. When stir-
ring was continued, the red-brown color again appesred. The
reaction flask was cooled to —100, and the color of the re-
action mixture faded. The flask was allowed to warm to OO,
at which time the red color reappeared. The mixture was
stirred for two hours at Oo, end subsequently an attempt was
made to decant the solution into 5.0 g. of chlorotriphenyl-
silane in 50 ml. of tetrshydrofuran. However, most of the
red color faded before the asddition was complete. Water was
added, the organic layer was dried, and solvent was evaporat-
ed. The residue was dissolved in petroleum ether (b.p. 60-
70°) and chromatographed on an alumina column. The eluate
yielded 3.67 g. (73 percent) of recovered hexasethyldisilane,
identified by the infrared spectrum.

In the other five unsuccessful attempts to cleave hexa-
ethyldisilane by lithium in tetrahydrofuran, the temperature
and concentration were varied.7l

One attempt was made to cleave hexzethyldisilane with

71y, B. Hughes19 wes also unable to cleave hexaethyldi-
silane with 1lithium in tetrahydrofuran.
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lithium in ethylene glycol dimethyl ether. A red color was
formed as in the instances where tetrshydrofuran was used as
a solvent, but the color faded when stirring was stopped.
Recovery of hexaethyldisilane was 78 percent.

When the cleavege of hexaethyldisilane by lithium was
attempted in triethylamine solution, no reaction was observed.

Cleavage of hexaphenvldisilane
by p-tolyllithium (attempted)

A solution of p-tolyllitaium was prepared by the addi-
tion of 4.27 g. (0.025 mole) of p-bromotoluene in 25 ml. of
tetrahydrofuran to a suspension of 0.208 g. (0.03 g. atom)
of lithium in 10 ml. of tetrahydrofuran. The reaction was
initiated at -40° and was held at -50° during the addition.
Over a period of one hour following the addition, the reac-
tion mixture was allowed to warm to -10°. Titration of an
aliquot of the solution indicated a yleld of 58 percent of
p~tolyllithium. This solution (37 ml.) was added to & sus-
pension of 5.0 g. (0.0097 mole) of hexaphenyldisilsne in 20
ml. of tetrahydrofuran, cooled to -200. The reaction mixture
was held at 0° overnight by mesns of an ice bath (Dewer flask).
Three ml. of chlorotrimethylsilane was added, and the re-
action mixture was hydrolyzed with water. From the orgenic
layer was obtained 4.87 g. (97.5 percent) of hexaphenyldi-

silane, m.p. 369-370° (mixed m.p.).
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Reactions of triphenvisilyllithium
with metal halldes

Mercury (II) chloride. To a solution of 15.7 g. (0.058

mole) of mercury (II) chloride in 75 ml. of tetrahydrofuran
was added a solution of triphenylsilylliithium (150 ml., 0.058

mole) during a period of 20 minutes. Color Test 14 ya

s
negative after the addition was complete. The solvent was
distilled, and the residue was treated with anhydrous petro-
leum ether (b.p. 60—700). The portion soluble in petroleum
ether was filtered under nitrogen, and the solvent was re-
moved by distillation to give an oll. This was distllled
under reduced pressure to give 7.7 g. (45 percent) of chloro-
triphenylsilane, b.p. 240-243° (35 mm.), which solidified
immediately to give a white, crystalline solid, m.p. 95-97°.
A mixed melting point with an authentic specimen of chloro-
triphenylsilane was not depressed. The identity was further
confirmed by a comparison of the infrared spectra, which were
identical.

The portion insoluble in petroleum ether was washed
thoroughly with water to remove unchanged mercury (II)
chloride, and extracted repeatedly with hot benzene to give
2.7 g. (18.1 percent) of hexephenyldisilene, m.p. 358-370°
(mixed m.p.). The benzene insoluble residue was identified
by qualitative tests as a mixture of mercury (I) chloride

and metallic mercury.
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Zinc chloride. To a solution of 5.26 g. (0.0386 mole)

of freshly-fused zinc chloride in 100 ml. of tetrahydrofursan,
maintained at —60O by means of a Dry Ice-acetone bath, was
added 100 ml. ¢f a tetrshydrofuran solution of triphenylsilyl-
lithium prepared by cleavage of 10.0 g. (0.0193 mole) of
hexaphenyldisilane with excess lithium. A light tan suspen-
sion resulted which gave a negative Color Test 1.%1 The
suspension was allowed to warm to room temperature. The trace
of suspended matter was allowed to settle, and the clesr,
yellow solution was decanted into an addition funnel.

One-half of the solution (100 ml.) was added to & solu-
tion of benzoyl chloride in 50 ml. of tetrahydrofursn at
-600- There was no evidence of reaction, even when the solu-
tion was allowed to warm to room temperature. The reaction
mixture was hydrolyzed with saturated ammonium chloride.

From the organic layer the only product identified was a
small amount of triphenylsilanol, m.p. 152-153°.

The second half of the solution was added to 5.0 ml. of
cnlorotrimethylsilane in 50 ml. of tetrzhydrofuran at ~-80°.
There was no evidence of reaction. After warming to room
temperature, the reection mixture was hydrolyzed with water.
None of the desired 1,1,l1-trimethyl-2,2,2-triphenyldisilane
wes isolated from the organic layer.

In a second run, using the same quantities of triphenyl-
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silyllithium and zinc chloride, the resulting yellow solution
was added to a solution of 7.05 g. (0.0386 mole) of benzo-
phenone in 100 ml. of tetrahydrofuran at -60°. There was no
visible evidence of reaction. Hydrolysis, followed by the
usual work-up failed to yleld any pure derivatives.

Aluminum chloride. Addition of a tetrahydrofuran solu-

tion containing 0.0386 mole of triphenylsilyllithium to a
solution of 5.15 g. (0.0386 mole) of gluminum chloride in 100
ml. of tetrshydrofuran resulted in an almost clear, colorless

4l The tetra-

solution which gave a negetive Color Test I.
hydrofuran was removed by distillation and replasced by dry
petroleum ether (b.p. 60-70°). Since the product was insolu-
ble in petroleum ether, the solvent was 2gain distilled and
replaced by dry benzene. The benzene solution on cooling
separated into two liquid phases. No crystalline products

were isolated.

Cedmium chloride. One hundred milliliters of a tetra;

hydrofuran solution conteining 0.0386 mole of triphenylsilyl-
lithium ﬁas added, &t room temperature, to a suspension of
7.05 g. (0.0386 mole) of oven-dried cadmium chloride. A
black precipitate formed and the solution gave a negative
Color Test 1-41 The reaction mixture was filtered to give

e clear solution which was dried over sodium sulfete. Dur-
ing the drying period of zbout one hour, a small amount of

black precipitate formed. Evaporation of the solvent gave a
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large amount of black material. Further attempts to work
with this material were fruitless.

The originel precipitete was extracted with hot benzene
in a Soxhlet thimble. Only & small amount of impure hexs-
phenyldisiloxane was obtained in this manner. The insoluble
black residue melted partially at 322° and bubbled slowly
when treated with hydrochioric acid, confirming the presence
of cadmium metal.

In a2 second run, the addition of triphenylsilyllithium
to cadmium chloride (1:1 mole ratio) was carried out at -60°.
The resulting mixture consisted of a yellow supernatent liquid
end a white preclpitate. Color Test 141 wes negative. When
the suspension wes gllowed to warm to room temperature, a
black precipitate began to form sbout -10°. Work-up gave
sbout the same results a8 in the previous run. Cadmium metal
wes again isoléted but, as before, hexaphenyldisilane was not
obtained.

In a third run, the reactants were mixed in a 1:1 mole
ratio at -60°. To this suspension was sdded 5.0 ml. of
benzoyl chloride. A blood-red solution resulted which, after
warming to room temperature overnight, became yellow. The
reaction mixture was hydrolyzed with wefer. .The organic
layer yielded an amorphous solid which resisted further puri-
fication. None of the desired triphenylsilylphenyl ketone

was 1isolated.
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In a fourth run, the reactants were mixed in a 1:1 mole
ratio at -60° and dimethylsulfate was added. On warming, the
reaction mixture again deposited cadmium metal. Following
hydrolysis, no methyliriphenylsilane wes isolated.

In a fifth run, a solution of triphenylsilyliithium pre-
pared from 10.0 g. (0.0193 mole) of hexaphenyldisilene in 100
ml. of tetrashydrofuran was added, at room temperature, to &
suspension of 3.54 g. (0.0193 mole) of cadmium chloride in
50 ml. of tetrahydrofuran. After the addition was complete,
Color Test 141 was negative. The black cadmium deposit was
removed by filtration, and the filtrazte weze dried over sodium
sulfete and eveporeted. The residue wass treated with petro-
leum ether (b.p. 60—760) to give 9.1 g. of a solid which de-
composed from 200-205° to a black melt. This product was re-
crystallized from a mixture of petroleum ether (b.p. 60-70°)
and benzene to give 5.0 g. of yellow crystals which decomposed
ebove 2000, again blackening. The infrared spectrum showed
an O-H band at 2.%/4, indicating the possible presence of tri-
phenylsilanol. The product wes dissclved in benzene and
chromatographed on an alumina column. No material resembling
the original product could be eluted from the column. Only
impure products of unknown composition, melting over wide

ranges, were isolated.

Magnesium bromide. To a suspension of 1.5 g. (0.0617

g. atom) of magnesium in 25 ml. of tetrahydrofuran, cooled by
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means of an ice bath, was added very slowly 9.3 g. (0.058
mole) of undissolved bromine. After the addition was com-
plete, the suspension was heated to dissolve the magnesium
bromide gnd decanted into & dry flask. On cooling, long
needles of magnesium bromide formed.

To this suspension of magnesium bromide was added 100
ml. of a tetrshydrofuran solution conteining 0.0386 mole of
triphenylsilyllithium. There was no heat evolved and no vis-
ible evidence of reaction. Color Test 141 remained strongly
positive. After stirring for 36 hours at room temperature,
Color Test I was still positive, although somewhat wesker.
A solution of 17.1 g. (0.058 mole) of chlorotriphenylsilane
in 50 ml. of tetrshydrofuran was added. Color Test I was
negative. Filtration gave 14.0 g. (70 percent) of hexaphenyl-
disilane, m-p-. 364-3660, identified by a mixed melting point.

Lead (II), tin (IV), or mercury (I) chlorides. The re-

actions of these anhydrous chlorides with triphenylsilyl-
lithium in & 1:1 mole ratio were carried out and worked-up
in the manner described for mercury (II) chloride.

From lead (II), tin (IV) and mercury (I) chlorides, the
products obtained were hexaphenyldisilene in yields of 17
percent, 30 percent, and 33 percent, respectively; and chloro-
triphenylsilane in yields of 17 percent, 25 percent, and 18
percent, respectively. The inorganic products lsolated were

metallic lead, identified by the melting point, tin (11)
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chloride, identified by =z quallitative test, and metallic
mercury, ldentified by the boiling point.

)72 chlorides.

Silver, copper (II), iron (ITII) or tin (II

The reactions of these anhydrous chlorides with triphenyl-
‘silyllithium in 2 1:1 mole ratio were cerrlied out in the man~
ner described for mercury (II) chloride.

The products isolated, under anhydrous conditicns, were
hexaphenyldisilane in yields of 41 percent, 26 percent, 20
percent, and 16 percent, respectively; and triphenylsilane in
ylelds of 3 percent, 29 percent, 30 percent, and trace
amounts, respectively. No chlorotriphenylsilane was isclated

in these czses.
Reactions of Organosilylmetallic Compounds

Silylamines

1-(Triphenylsilyl)morpholine. To a solution of 3.4 g.

(0.0386 mole) of morpholine in 50 ml. of tetrahydrofuran was
added 100 ml. of a tetrshydrofuren solution of triphenylsilyi-
lithium prepared from 10.0 g. (0.0193 mole) of hexaphenyldi-
silane and exéess lithium. Color Test 141 was negative after
the addition was complete. The tetrahydrofurasn wass distilled,

and a few ml. of ethanol was added cauticusly. When the evo-

72Kindly furnished by the Metal end Thermite Corporaticn.
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lution of hydrogen had subsided, 100 ml. of ethenol was added.
1-(Triphenylsilyl)morpholine weighing 11.1 g. (83 percent)
was separated by filtrztion. The melting point, 179—1810,
was not changed by recrystsllization from e benzene, petro-

leum ether (b.p. 60-70°) mixture.

Anal. Caled. for CppHpzONSi: 8i, 8.13. Found: 8i,
8.14, 8.03.

8
1-{Triphenylsilyl)piperidine. To a solution of 3.44 g.

(4.0 ml., 0.04 mole) of piperidine in 50 ml. of tetrahydro-
furan was zdded 100 ml. of a tetrahydrofuran soluftion of tri-
phenylsilyllithium prepared from 10.0 g. (0.0123 mole) of
hexavhenyldisilane and excess lithium. After the addition

41 was negetive. The tetrahydro-

was complete, Color Test I
furan was distilled and ethanol was sdded cautiously. When
the evolution of nydrogen had subsided, 100 ml. of ethsnol
was added. 1-(Triphenylsilyl)piperidine weighing 11.4 g.
(86 percent) was separated by filtration. The melting point,
130—1320, was raised to 1351-132° by recrystallization from
cold petroleum ether (b.p. 60-70°).

Anal. Caled. for CpzHpgNSi: Si, 8.18. Found: Si,
8.27, 5.17.

1,4-Bis{triphenylsilyl)piperazine. To a solution of

0.0386 moie of triphenylsilyllithium in 100 ml. of tetrea-

hydrofuran was added a solution of 1.48 g. (0.017 mole) of

piperazine in 50 ml. of tetrshydrofuran. Color Tes?t 141 wes
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positive. 1,4-Bis(triphenylsilyl)piperazine weighing 9.55 g-
(83 percent) was filtered from the reaction mixture, washed
with tetrahydrofuran snd petroleum ether (b.p. 60-70°) and
dried in a vacuum desiccator at 0.01 mm. The melting point,
288—2900, wes changed to 287-288° after recrystsllization
from Xylene.

Angl. Calecd. for CéOHSBNESiB: 5i, 9.32. Found: 8i,
9.45, 9.38.

N,N=-Dibutyl-1l-methyl-1,1-diphenylsilylamine. To a solu-

tion of 1.53 g-. (2.0 mi., 0.0119 mole) of di-n-butylamine in
30 ml. of tetranydrofursn was added 45 ml., of a ‘cetrahydro--~
furan solution of methyldiphenylsilyllithium prepered by the
cleavage of 2.04 g. (0.00518 mole) of 1,l-dimethyl-1,1,2,2-
tetraphenyldisilane wifh excess lithium. Color Test 141 was
negative after the addition was complete. Ten ml. of ethanol
was added to destroy the lithium hydride which hed formed.
The solvents were distilled and replaced by petroleum ether
(b.p. 60-70°). The gelatinous lithium ethoxide was removed
by suction filtration. The petroleum ether was stripped fron
the filtrate and distillstion afforded 1.38 g. {41 percent)
of N,I—dibutyl—l-methyl—l,l-diphenylsilylémine, b.p. 117-118°
(0.02 mm.), nE® 1.5337, a5
Angl. Calicd. for Cp HzNSi: 51, 8.65; MRp, 105.7.

0.963.

Found: Si, 8.20, 8.85; MRp, 105.4.

N,N-Dibutyl-l,l-dimetnyi-~l-phenylsilylamine. To 2 solu-
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tion of 4.78 g. (0.0370 mole) of di-n-butylamine in 350 ml.
of tetrahydrofuran was added 50 ml. of a tetrshydrofuran
solution 6f dimethylphenylsily1lithium prepared from 5.0 g-.
(0.0185 mole) of 1,1,2,2-tetramethyl-1,2-diphenyldisilane
end excess lithium. Color Test 141 was negative after the
addition was complete. Work-up in the manner described for
the previous experiment gave 2.86 g. (29 percent) of N,N-
dibutyl-l,l-dimethyl-l-phenylsilylemine, b.p. 72-74°
(0.04 mm), g0 1.4933, 453 0.002.
Anal. CygHogNSi: G, 72.93; H, 11.09; MRp, 85.6. Found:
G, 72.67, 72.55; H, 10.62, 10.33; MRp, 84.8.
N,N-Dibutyl-1,1;l-triphenylsilylsmine. To 100 ml. of =

tetrahydrofuran solution containing 0.0386 mole of triphenyl-
silyllitnium was added a solution of 10.0 ml. of di-n-butyl-
amine in 50 ml. of tetranhydrofuran. After the addition was
complete, Color Test 141 was negative. Twenty milliliters of
ethanol was added cautiously, and the solvents were distilled.
Ethanol was added and the solution was cooled in an ice bath
to give 8.03 g. (53.5 percent) of N,N-dibutyl-l,1l,l-triphenyl-
silylamine, m.p. 64-65°. Concentration of the mother liquor
gave another 1.09 g. (7.3 percent) of product, m.p. 62-64C°.

A mixed melting point with an suthentic sample of N,N-dibutyl-

1,1,1-triphenylsilylamine, prepared from the reaction of
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1ithiodibutylamide with triphenylsilane, ° was not depressed.

N,N-Diphenyl-1,1,l-triphenylsilylamine (sttempted). To a

solution of 0.0386 mole of triphenylsilyllithium in 100 ml. of
tetrahydrofuran was added 6.53 g. (0.0386 mole) of diphenyl-
amine in 50 ml. of tetrahydrofuran. The brown color of the
triphenylsilyllithium was discharged; Color Test I41 was
negative. Addition of ethanol gave a slow but steady evolu-
tion éf hydrogen gas. Distillation of the solvents, followed
by addition of ethanol and cooling, gave none of the desired
product. Following hydrolysis, the only product 1isoclated was
triphenylsilanol, 6.77 g. (64 percent), m.p. 152-154°, iden-
tified by a mixed melting point.

N-Butyl-1l,1,l-triphenylsilylamine. A solution of tri~

phenylsilyllithium, prepared from 10.0 g. (0.0193 mole) of
nexaphenyldisilane and excess lithium in 100 ml. of tetra-
hydrofuran, was added to an excess of n-butylamine in 50 ml.
of tetrahydrofuran. Color Test 141 was negative after the
addition wes complete. The tetrahydrofurasn was distilled
and replaced by dry petroleum ether (b.p. 60-70"). Filtra-
tion of the suspension gave a clear solution from which the
petroleum ether was strip distilled. The resulting oll was

distilled to give 7.16 g. (56 percent) of N-butyl-1l,1,1-

“SH. Gilmen, B. Hofferth, H. W. Melvin and G. E. Dunn,
J. Am. Chem. Soc., 72, 5767 (1950).
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triphenylsilylamine, b.p. 138-139° (0.02 mm), which solidified
on standing to give a waxy solid.74 The infrared spectrum
showed a strong N-H band at 2.9

Anal. Calecd. for CooHogNSi: Si, 8.48. Found: Si,
8.37, 8.44.

N-Butyl-1,1,1~-%triphenylsilylamine with methanol or

ethanol. A small amount of N-butyl-l,1,l-triphenylsilylamine
was disgsolved in warm methanol. The odor of n-butylsmine be-
came intense. The solution was cooled to give crystals of

29, 57

methoxytriphenylsilane, m.p. 42-43° (reported, 55°) The

infrared spectrum of this compound wes elmost superimposable
with thet of a sample of methoxytriphenylsilane, m.p. 55.75

égg;-‘Calcd. for CigHyg0S1 (m.p. 42-43°): 8i, 9.67.
Found: Si, 9.88, 9.60.

A methanoi solution of the 42—430 form was seeded with
the 55° form and cooléd to give crystals, m.p-. 55°. Attempts
to reverse this technique by seeding a solution of the 55O
degree form with the 42-43° form gave only the higher melting

modification.76

4p melting point of 47-48° has been reported for N-
ethyl-1,1,1l-triphenylsilylamine.l?

"5The author is indebted to Dr. A. G. Brook of the De-
partment of Chemistry, University of Toronto, Toronto, Can-
ada, for a sample of the higher melting modification.

763y, Brook, in e private communication, has informed us
that he also was able to raise the melting point of the 42-43°
modification to that of the higher melting form, but was un-
able to reverse the procedure.
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Ethoxytriphenylsilane, m.p. 65° (reported 65—640),77
was obtained by a similar procedure using ethanol. No dl-
morphism was observed.

Methoxytriphenylsilane from chlorotriphenylsilane and

sodium methoxide. To a solution of sodium methoxide, prepared

by addition of 0.415 g. (0.018 g. atom) of sodium to 50 ml.

of methenol, was added 5.0 g. (0.0175 mole) of chlorotri-
phenylsilane. The resction mixture was allowed to cool to
room temperature, and the suspended sodium chioride was re-
moved by filtration. The clear, colorlesg filtrate was cooled
without seeding to give 2.15 g. (41 percent) of methoxytri-
phenylsilane, m.p. 42-43°. Tne product wae shown, by the
method of mixed melting points and. a comperison c¢f the infra-
red spectras, to be identical to the methoxytriphenylsilane
prepered in the previdus experiment.

Cleavage of N,N-dibutyl-1,1,l-triphenylsilylamine by

phenyllithium (attempted). To a solution of 2.0 g. (0.00514

mole) of N,N-dibutyl-1l,1,l-triphenylsilylemine in 25 ml. of
ether was =zdéed 25 ml. of an ethereal solution containing
0.0095 mole of phenyllithium. The solution remsined clesr
efter 48 hours, indicating no tetrasphenylsilane had formed.
The ether was distilled and replaced by ethanol. Cooling

gave 1.2 g. (60 percent) of recovered silylasmine, m.p. 64-65°,

7“7H. Gilman and G. N. R. Smart, J. Org. Chem., 19, 441
(1954).
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identified by a mixed melting point.

With some aza-aromatic heterocycles

9-(Triphenylsilyl)acridan. To a solution of 6.2 g.

(0.0386 mole) of recrystallized acridine in 50 ml. of tetra-
hydrofuren wes added 100 ml. of & tetrahydrofuran solution of
triphenylsilyllithium prepared from 10.0 g. (0.0193 mole) of
hexaphenyldisilene and excess lithium., The resulting dark
solution geve a negative Color Test Al The reaction mix-
ture was hydrolyzed with weter, and the organic layer was
dried over sodium sulfate. The tetrahydrofuren was distilled,
and crystellizeation of the residue from betroleum ether (b.p.
77-115°) gave a yellow powder, m.p. 177-190°. Recrystalliza-
tion from the same solvent gave 4.63 g. (27 percent) of 9-
(triphenylsilyl) ecriden, m.p. 179-181°. Since the product
discolored on prolonged exposure to air, it wes dried under
reduced pressure at 0.01 mm. The infrared spectrum showed a
strong N-H band at 2.%/4.

Anal. Caled. for Cz3HosNSi: S1, 6.39. Found: 8i,
6.33, 6.58.

10-Methyl-S—(triphenylsilyl)acridan. Using the same

technique and molar dquentities as described for the preceding
reaction, excess methyl sulfate was added to the reaction mix-
ture prior to hydrolysis. From the dried organic layer was

obtained a solid which on treatment with ethanol gave 10.6 g.
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(60 percent) cf 10-methyl-9-(triphenylsilyl)acridan, m.p.
173-177°. Recrystallization from the same solvent raised
the melting point to 179-1810. The infrered speetrum showed
no N-H band at 2.9 . A mixed melting point with 9-(tri-
phenylsilyl)acridan gaeve a large depression. ,

Anal. Calcd. for CzgHpnpNSi: Si, 6.20. Found: 8Si, 6.42,
6.45.

9-(Triphenylsilyl)acridine. Using the same technique

and molar quantities zs8 described for the previous reaction,
oxygen gas was passed sbove the solution. Considerable heat
was evolved, and a heavy yellow precipitate formed. After
about & minutes, the resction hed subsided and the suspension
was filtered to give 5.3 g. (31 percent) of 9-(triphenylsilyl)-
acridine, m.p. 287-290° . Recrystallization from a benzene-
petroleun ether (b.p. 60-70°) mixture gave bright, yellow
crystals, m.p. 287-289°. An unsuccessful ettempt was made
to obtain additional proéuct from the original filtrate.
Attempts to prepare 9-(triphenylsilyl)scridine by oxida-
tion of 9-( triphenylsilyl)acridan with either nitrotenzene
or ferric chloride failed.

Reduction of 9-(triphenylsilyl)acridine. Dry hydrogen

chloride was passed for several hours over the surface of a
benzene solution of 1.0 g. (0.00229 mole) of 9-(triphenyl-
silyl)acridine in contzct with 10.0 g. (0.153 g. atom) of

powdered zinc. The suspension was filtered. The filtrate



was neutralized with aqueous sodium carbonate and dried over
s0lid sodium carbonete. A black tar left by evaporation of
the benzene was dissolved in petroleum ether (b.p. 77~115°)
and cooled. A black tar separated, which was removed by fil-

+h
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tration and discarded. The cleer filtraste woe seeded w
9-(triphenyleilyl)scridan and set aside in the cold. The
slow-forming crystals weighed 0.1 g. (10 percent), m.p. 179-
182°. A mixed melting point with 9-(triphenylsilyl)acridan
was not depressed, and the infrered spectra were practically
indistinguishable.

Alternate synthesis of 10-methyl-9-~(triphenylsilyl)-

acridan. To a solution of 0.4 g. (0.00205 mole) of 10-methyl-
ecridan in 20 ml. of ether was added 2.5 ml. of an ethereal
solution containing 0.0025 mole of n-butyllithium.”® The
solution became bright red in color. To this solution was
added 0.71 g. (0.0025 mole) of undissolved chlorotriphenyl-
silene. The red color was discherged. Ether was added to
increase the volume of the reaction mixture, end hydrolyels
was effected by water. The orgsnic layer was dried over
sodium sulfate and evaporated. The so0lid wes recrystallized
from ethanol to give 0.75 g. (81 percent) of 10-methyl-9-

(triphenylsilyl)acriden, m.p. 17-181°. A mixed melting

78H. Gilman, J. A. Beel, C. G. Brannen, M. W. Bullock,
%= E.\Dunn and L. S. Miller, J. Am. Chem. Soc., 71, 1489
1949) .
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point with a sample prepared by the first procedure was not
depressed. The infrared spectra were identical.

10-Methyl-9-( triphenylsilyl)acriden from 9~( triphenyl-~

silyl)scridan. Five milliliters of an ethereal solution con-

taining 0.005 mole of grbutyllithium78 wes added to a solu-

tion of 1.5 g. (0.00342 mole) of 9-(triphenylsilyl)acridan

in 20 mL. of ether, followed by sn excess of dimethyl sulfate.
Ether was added to increase the volume of the resction mix-
ture, which was subsequently hydrolyzed with water. The
orgenic layer was drled over sodium sulfate and evaporated.
Recrystzllization of the solid from ethanol gave 0.92 g. (89
percent) of 10-methyl-9-(triphenylsilyl)ecridan, m.p. 179~
181°. A mixed melting point with 2 sample prepared by the
first method was not depressed. The infrared spectra were
identicel.

Addi tion of triphenylsilyllithium %o isoquinoline

g T

(attempted). To a solution of 0.0386 mole of triphenylsilyl-

lithium in 100 ml. of tetrahydrofuran was added 5.0 ml. {5.45
g., 0.043 mole) of isoquinoline. A vigorous reection ensued,
and Color Test I‘l’l wés negative. Oxygen gas was passed over
the surface of the reaction mixture; the color of the solu-
tion faded. Work-up by the usual method gave an 0il which
was dissolved in petroleum ether (b.p. 60-70°) and chroma-

tographed on an alumina column. The column was eluted with
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petroleum ether (b.p. 60-70°), and the resulting solution was
evaporsted. On treatment with ether, the residue gave some
yellow powder, m.p. 162-172°. Recrystallization from petro-

leum ether (b.p. 60-70°) gave 0.6 g. of crystals, m.p. 171-

o]

173°. The identity of thils eompound is not known.

Anal. Caled. for C27H21NSi: 8i, 7.25. Found: Si,
6.401

Addition of triphenylsilyllithium to phenenthridine

(attempted). To a solution of 6.9 g. (0.0386 mole) of phenan-

thridine in 25 ml. of tetrahydrofuran was added 100 ml. of &
tetrahycrofuran solution containing 0.0386 mole of triphenyl-
silyllithium. After a pveriod of 12 hours, Color Test 141 wes
still positive. Excess methyl sulfste wass added to the re-

action mixture, followed by water. Work-up in the usuzl way

falled to give any pure products.

Addition of triphenylsilyllithium to phenazine (ettempt-

ed). To a solution of 3.5 g. {0.0193 mole) of phenazine in
o0 ml. of tetrehydrofursn waes added 50 ml. of 2 tetrehydro-
furan solution contsining 0.0123 mole of triphenylsilyl-
lithium. CGColor Test 141 was negative after the addition was
complete. Excess methyl sulfate was added, and the tetra-
hydrofuran wes distilled and replaced by petroleum ether
(b.p. 60-70°). The green suspension was filtered to remove
inorganic salts, and the filtrete was chromatogrephed on an

alumina column. Elution with petroleum ether gave 1.9 g.



55

(38 percent) of an oil which crystallized when seeded with
triphenylsilane and was shown by the infrared spectrum to be
this compound, . Elution of the column with carbon tetra-
chloride gave some derk oil which crystallized from a mixture
of benzene and petroleum ether (b.p. 60-70°) to give 2 small
amount of yellow-green needles, m.p-. 204-206°. The identity
of this compound is unknown. The column was eluted with ben-
zene and acetone to give dark, tarry materisls which resisted
further purificetion.

Angl. Calcd. for CzjHogNoSi: BSi, 6.18. Found: B8i,

0.46.

Thiosilanes

(Methylthio)trivhenylsilane. To a2 stirred suspension of

0.62 g. {0.0193 g. atom) of sulfur in 25 ml. of tetrahydro-
furan wazs added 50 ml. of a tetrzhydrofuran solution of tri-
phenyleilylliithium prepared from 5.C g. (0.00985 mole) of
hexaphenyldlisilane end excess lithium. Heet was evolved dur-
ing the addition, and the solutlion became almost black in
appecsrance. After the zddition was complete, Color Test 141
was negative, indicating that the triphenylsilyllithium had
reacted completely. Addition of excess methyl iodide caused
heat to be evolved and an immediate discharge of the black
color. The tetraliydrofuran wes stripped off, and the remain-

ing 0il was distilled to give 4.05 g. (76 percent) of crude
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(methyltaio)triphenylsilane, b.p. 145-150° (0.06 mm), which
crystallized on stending. The product was recrystalllzed
from anhydrous petroleum ether (b.p. 60-70°) to give 3.07
g. (52 percent) of rhomboidel crystals, m.p. 83-84°.

Anal. Caled. for CygHygS51i: Si, 9.15. Found: 351,
9.33, 9.28.

(Benzylthio) triphenylsilane. To the reaction mixture of

triphenylsilyllithium and sulfur, prepared in the manner
described for the previous reaction, was added excess benzyl
chloride. The dark color of the rezction mixture was dis-
charged over a period of approximately 30 minutes. The tetra-
hydrofuran was stripped off to lesve a dark oil. This was
distilled to give 35.33 g. (45 percent) of crude (benzylthio)-
triphenylsilane, b.p. 172-177° (0.015 mm). Two recrystalliza-
tions from anhydrous petroleum ether (b.p. 60-70°) gave 2.7
g. (36 percent) of crystals, m.p. 92-94°.

Ansl. Caled. for CogHppSS5i: 8i, 7.33. Found: 8Si, 7.08,
7.27.

(Benzoylthio)triphenylsilane. To a solution of the

lithium salt of triphenylsilanethiol, prepared in the manner
described for the preceding experiments, was added 3.05 g.
(0.0217 mole) of benzoyl chloride. The dark color of the
solutlion was discharged ‘immediately, and heat was evolved.
The tetrahydrofuran was stripped off, and the resulting oil

was distilled to give 4.48 g. (59 percent) of crude (benzoyl-
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thio)triphenylsilane, b.p. 183-189° (0.01 mm). Recrystzlliza-
tion from dry petroleum ether (b.p. 60-70°) gave 2.75 g. (36
percent) of yellow needles, m.p. 128-129°. The infrared
spectrum of this compound showed a normal carbonyl peak at

5.%/4.

Anal. Calcd. for CogHpnOSSi: S5i, 7.08. Found: 8i,

7.10, 6.87.
Cleavare of (methylthio)triphenylsilane by phenyllithium.

To a stirred solution of 2.0 g. (0.00653 mole) of (methylthio)-
triphenylsilene in 20 ml. of ether was added 32 ml. of an
ethereal solution contalning 0.C0978 mole of phenyllithium.

The reasction mixture was hydrolyzed with water and filtered

to give 1.97 g. (89 percent) of tetraphenyldisilane, m.p.
233—2550, identified by a mixed melting polnt. The filtrate
was highly obnoxicus in odor, presumably due to the presence
of methyl mercaptan.

Hexaphenyldisilthliane or 1,1,l1~trimethyl-2,2,2~triphenyl-

disilthisne (attempted). Addition of either chlorotriphenyl-

silane or chlorotrimethylsilene to the lithium salt of tri-
phenylsilanethlol, prepared in the manner described above,
resulted in no observable reesction, even after an extended

period of time.
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Cleavage studies involving organosilicon compounds

Hexaphenyldisilane by dimethylphenylsilyllithium. To a

stirred suspension of 9.85 g. (0.019 mcle) of hexaphenyldi-
silane in 50 ml; of tetrshydrofuren was added 30 ml. of a
tetrahydrofuran sclution of dimethylphenylsilyllithium pre-~
pared by the cleavage of 2.57 g. (0.0095 mole) of 1,1,2,2-
tetramethyl-1,2-diphenyldisilene with excess lithium. Two
hours after the addition was complete, the reection mixture
was hydrolyzed with water. From the organic layer was ob-
tained 6.4 g. (65 percent) of recovered hexaphenyldisilane,
m.p. 365-367° (mixed m.p.). The o;ganic layer was dried and
evaporated. The residual oll was treated with petroleum
ether (b.p. 60-70°) to give 2.2 g. (21 percent) of iriphenyl-
silenol, m.p. 154-156° (mixed m.p.). The petroleum ether was
stripped off, and distillation afforded 1.43 g. (56 percent)
of 1,1,2,2-tetramethyl-1,2-diphenyldisilene, b.p. 730 (0.01
mm) . The disfillate golidified on seeding with an suthentic
gpecimen of 1,1,2,2-tetramethyl-l,2-diphenyldisilane. The
infrared spectra were identical.

1,1-Dimethyl-1,2,2,.2-tetraphenyldisilane by dimethyl-

phenylsilyllithium. To a solution of 10.0 g. (0.0254 mole)

of 1,1-dimethyl-1,2,2,2-tetraphenyldisilane in 50 ml. of
tetrahydrofuran was added 40 ml. of a tetrahydrofuran soclu-

tion of dimethylphenyleilyllithium prepared from 3.43 g.
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(0.0127 mole) of 1,1,2,2-tetramethyl-l,2-diphenyldisilane and
excess lithium. After stirring overnight, the reaction mix-
ture was hydrolyzed with water. From the dried organic layer
was obtained an oil which on treatment with petroleum ether
(b.p. 60-707) gave 1.55 g. (22 percent) of triphenylsilanol,
m.p. 154-156° (mixed m.p.). From the petroleum ether fil-
trate was obtained an oil which on distilletion afforded
4,32 g. (63 percent) of 1,1,2,2-tetramethyl-1,2-diphenyldi~
silane, b.p. 76-81° (0.005 mm). The distillate solidified
on seeding with an suthentic specimen of 1,1,2,2-tetramethyl-
1,2-diphenyldisilene. The infrared spectre were identical.
The distillation residue was treated with ethanol to give
2.8 g. (26 percent) of recovered 1,l1-dimethyl-1,2,2,2-tetra-
phenyldisilane, m.p. 81.5-83° (mixed m.p.).
Hexgphenyldisilane by methyldiphenylsilyllithium. To a

stirred suspension of 7.9 g. (0.0152 mole) of hexaphenyldié
silane in 25 ml. of tetrahydrofuran was added 80 ml. of a
tetrahydrofuran solution of methyldiphenylsilyllithium pre-
pared by the cleavage of 6.0 g. (0.0152.mole) of 1,2-dimethyl-
1,1,2,2~tetraphenyldisilane with excess lithium. One hour
after the addition was complete, water was added, and filtra-
tion of the organic layer gave 1.73 g. (22 percent) of fe—
covered hexaphenyldisilsne, m.p. 365-367° (mixed m.p.). The
residue from the dried filtrate was dissolved in hot petro-

leum ether (b.p. 60-70°) and chromatographed on an alumina



60

column. Two petroleum ether fractions were collected. The
first was evaporated to dryness and treated with ethanol to
give 1.57 g. (26 percent) of 1,2-dimethyl-1,1,2,2-tetraphenyl-
disilane, m.p. 142—1460, identified by & mixed melting point
with an authentic specimen. A mixed melting point with
methylpentaphenyldisilane was depressed. The second petrocleum
ether fraction was treated similarly with ethanol to give
1.78 g. (ca. 29 percent) of solid, m. 121-133°. The melting
point was not improved by recrystallization from ethsnol.

The infrared spectrum indicated this meterial was & mixture
of 1,2-dimethyl-1,1,2,2~-tetraphenyldisilane and methylpentea-
phenyldisgilsne. The ethanol filltrates were combined and
evaporated to give an oil. When this oil was chilled and
seeded with triphenylsilane, the entire mass crystallized.

The product weighed 4.7 g. (59.5 percent), m.p. 43-45°, and
wes shown by the infrared spectrum and & mixed melting point
to be triphenylsilane.

1,2-Dimethyl-1,1,2,2-tetraphenyidiseilane by dimethyl-

phenylsilyllithium. To a solution of 11.7 g. (0.0296 mole)

of 1,2-dimethyl-1,1,2,2-tetraphenyldisilane in 75 ml. of
tetrahydrofuran was added 70 ml. of a tetrashydrofuran solu-
tion of dimethylphenylsilyllithium prepared by the cleavage
of 8.0 g. (0.0296 mole) of 1,1,2,2-tetramethyl-1,2-diphenyl-
disilane with excess lithium. Thirty minutes after the addi-

tion was complete, the reaction mixture was poured into cold
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hydrochloric acid. From the dried organic layer was obtained

an oil which was distilled to give 9.06 g. (77.5 percent) of

o

methyldiphenylsilane, b.p. 79° (0.1 mm), n% 1.5694 (reported

64

b.p. 82°/0.15 mm, n%o 1.5747;°° b.p. 137-139°/14 mm, H§O

1.57249%) .

The identity of the silane was further confirmed
by the infrared spectrum, which showed a strong S5i-H absorp-
tion peak at 4.3/4. A second fraction boiling at 96-98°

(0.1 mm), 3.6 g. (45 percent), crystallized on seeding with
1,1,2,2-tetramethyl-l,2-diphenyldisilsne and was shown to be

this compound by the infrared spectrum.

Triphenvylmethyltriphenylsilane by triphenylsilyllithium

(attempted). To a stirred suspension of 3.0 g. (0.00597 mole)

of triphenylmethyltriphenylsilane in 20 ml. of tetrahydrofuran
was added 25 ml. of a tetrahydrofuran solution containing
0.008 mole of triphenylsilyllithium. After one hour, the
reaction mlxture was carbonated by pouring jet-wise into a
slurry of Dry Ice and ether. The carbonated mixture was
allowed to stand for two hours to ensure complete decomposi-
tion of the lithium salt of triphenylsilanecarboxylic acid to
carbon monoxide and the lithium salt of triphenylsilanol.29
The mixture was then shaken with 10 percent sodium hydroxide.
Acidification of the basic extrsct gave no acid. From the
organic layer was filtered 2.71 g. (90 pergent) of recovered
triphenylmethyltriphenylsilane, m.p. 317-325° (decomp.). A

mixed melting point with an authentlc specimen was not
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depressed.

Hexephenvldigermane by triphenylsilyllithium. To s

stirred suspension of 3.0 g. (0.00494 mole) of hexzphenyldi-
germane in 30 ml. of tetrahydrofuran was added 50 ml. of a
tetrahydrofuran solution of triphenylsilyllithium prepared by
cleavage of 5.13 g. (0.00988 mole) of hexephenyldisilane with

eXcess lithium. After 12 hours, the reaction mixture was

-

1ydrolyzed and filtered to give 2.63 g. {(quentitative, based
on hexephenyldigermane) of hexaphenyldisilsne, m.p. 367-569°.
Recrystallization from benzene raised the melting point to
372-373° .

Anal. Caled. for CzglszpSig: 8i, 10.81. Found: 851,
10.78, 10.82.

The filtrate was dried and evaporated. Addition of
petroleum ether (b.p. 60-70°) gave 2.24 g. (41 percent) of
triphenylsilanol, m.p. 152—1580. Recrystallization rasised
the melting point to 158-159° (mixed m.p.).

The petroleum ether mother liduor was chromatographed
on an alumina column., Evaporation of the solvent from the
eluate gave an olill which c¢rystallized when cooled znd melted
44-47°, 2.1 g. (70 percent), identified by the infrared
spectrum as triphenylgermene. The Ge~-H and Ge-phenyl bands
were located at 4.9/u and 9.2/4, a shift of O.E/H to a
longer wavelength than the corresponding silicon bonds. The

spectrum was superimposable with that of an asuthentic specimen
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of triphenylgermane.

Triphenylsilyltriphenyltin by triphenylegermyllithium

(ettempted). To a suspension of 6.04 g. (0.0092 mole) of

triphenylsilyltriphenyltin in 20 ml. of tetrshydrofuran was
added 30 ml. of & tetrahydrofuran solution containing 0.0099
mole of triphenylgermyllitizium. BSome heat wss evolved, and
after the addition wes complete, Color Test 141 was weakly
positive. After 16 hours, the solufion had become yellow and
Color Test I was still slightly positive. Excess ethyl ilodide
was added, and the reaction mixture was stirred overnight.
Following hydrolysis with water, filtration gave 4.21 g. of
powder, m. 3243500 (decomp.). Recrystallization from benzene
raised the melting point to 336-350° (decomp.). Further puri-
fication of this material was not attempted.

In a second run, using 2.0 g. (0.00329 mole) of tri-
phenylsilyltriphenyltin and 0.00758 mole of triphenylgermyl-
1ithium, no pure products were isolated.

Tetraphenylsilane by dimethylphenvlsilvllithium (attempt-

ed). To a stirred suspension of 3.72 g. (0.011l mole) of
tetraphenylsilene in 30 ml. of tetrahydrofuran was added 30
ml, of e tetrshydrofuran solution of dimethylphenylsilyl-
lithium prepared from 3.0 g. (0.0111 mole) of 1,1,2,2-tetra-
methyl-1l,2-diphenyldisilene and excess lithium. After 16
hours, water was added and filtration gave 2.35 g. (78.4 per-

cent) of recovered tetrsphenylsilsne, m.p. 236-238°. Concen-
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tration of the mother liquor gave another 0.48 g. of solid,
m.p. 230-233°. Both crops were ldentified ss tetraphenyl-
silane by the method of mlxed melting polnts.

Tetraphenylsilane by methyldiphenylsilyllithium (attempt-

ed). To a suspension of 5.52 g. (0.0152 mole) of tetrsphenyl-
silane in 45 ml. of tetrsghydrofuran was added 45 ml. cf a
tetrahydrofuran solution of methyldiphenylsilylllthium pre-
pared from 3.0 g. (0.0076 mole) of 1,2-dimethyl-1,1,2,2-
tetraphenyldisilane and excess lithium. After 24 hours, the
reaction mixture was hydrolyzed with water and filtered to
give 4.71 g. (85 percent) of recovered tetraphenylsilane,

m.p. 237-238° (mixed m.p.).

Tetraphenylgermane by triphenylsilyllithium (attempted).

To a suspension of 1.9 g. (0.005 mole) of tetraphenylgermane
in 15 ml. of tetrahydrofuran waé aﬁded 30 ml. of a tetre-
hydrofuran solutlion containing 0.0116 mole of triphenylsilyl-
lithium. After one hour, the resction mixture was carbonzted
by addition to a Dry Ice-~ether slurry and allowed to stand
overnight. From the orgsnic layer was obtained 1.75 g. (92
percent) of recovered tetraphenylgermsne, m.p. 235-237°,
identified by a mixed melting point and a comperison of the
infrared spectrum with that of en authentic sample.

Hexaphenyldisilsne and triphenylmethyllithium (ettempt-

ed). A 0.5 mole run of n-butyllithium, starting with butyl
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chloride, was prepared according to a published technique.79

This solution (400 ml. in tetrshydrofuran) was added quickly
to a solution of 61 g. (0,25 mole) of triphenylmethane in 75
ml. of tetrehydrcfuran. The reaction mixture was allowed %o
stand for four hours at room temperature to ensure complete
decomposition of the excess gfbutyllithium.79 Color Test 1%l
was positive at this time, although Color Test I performed

on a small portion of the n-butyllithium sclution, held back
for this purpose, wes negative. Cgrbonation of an aliquot
(total volume 475 ml.) gave an 86 percent yield of triphenyl-
acetic acid.

To a suspension of 5.0 g. (0.00965 mole) of hexaphenyl-
disilane in 25 ml. of tetrahydrofuran was added 50 ml. (0.023
mole) of the triphenylmethyllithium solution. After 18
hours, water wes added and filtration gave 4.84 g. (96.8
percent) of recovered hexaphenyldisilsne, m.p. 372-373°

(mixed m.p.).

Miscellaneous reactions

Triphenylsilyllithium and chlorotriphenylsilene. To a

gsolution of 5.66 g. (0.0192 mole) of chlorotriphenylsilane
in 8C ml. of tetrshydrofuran, cooled %o ~60° by means of a

Dry Ice-acetone bath, was added & solution of 0.0193 mole of

“H. Gilmen and B. Gaj, J. Org. Chem., 22, 1165 (1957).



66

triphenylsilyllithium in 50 ml. of tetrahydrofuran. Imme-
diately after the addition was complete, Color Test 141 was
negative. After werming to room tempersture, the reaction
mixture was hydrolyzed with water and filtered to give 8.8
g (88 percent) of hexéphenyldisilane, m.p. 366-369° (mixed
m.p-).

Triphenylsilyllithium gnd ketene. Ketene vapors, pro-

duced by pyrolysis of acetone in a standard ketene generator,
were passed through an ice cooled condenser and then over

the surface of a stirred solution of 0.0386 mole of triphenyl-
silyllithium in 100 ml. of tetrehydrofuran, cooled by means
of a Dry Ice-zcetone beth. After one hour, the ketene supply
was dlsconnected, and the reaction mixture was allowed to
warm to room temperature overnight. Hydrolysis was effected
with dilute hydrochloric acid. From the dried organic layer
was obtalned & dark, viscous oil which would not crystallize.
This was dissolved in benzene and chromatographed on an alu-
mina column. The first benzene fraction was eveporated and
distilled to give 2.28 g. (23 percent) of triphenyleilane,
b.p. 114° (0.003 mm), m.p- 40—440, identified by the infrared
spectrum. The second benzene fracticn cerystallized from

" ethanol to give 0.75 g. of crystals, m.p. 149-152°. Re-
crystallization from the same solvent raised the melting
point to 152-153% This product was later shown to be iden-

tical to 2-{(triphenylsilyl)-2-propanol, prepared from tri-
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phenylsilyllithium and acetone.o% Apparently, the ketene
supply wes contaminated with some acetone.

Triphenylsilyliithium and benzalacetophenone. To =z

stirred solution of 8.15 g. (0.0386 mole) of benzalacetophen-
one in 80 ml. of tetrshydrofuran wes added a solution of
0.0386 mole of triphenylsilyllithium in 100 ml. of tetre-
hydrofuran. Color Test 1*1 was then negative. Following
hydrolysis with ammonium chloride soluticn, fiitretion gaove
4.56 g. (45.5 percent) of hexaphenyldisilane, m.p. 363-366°
(mixed m.p.). The organic layer of the filtrate was cried
and evaporated to give a heavy oil. This was dissolved in
ether and on standing gave some white powder, 0.4 g., m.
195-290°. The ether filtrate was cooled %o give 0.45 g. of
powder, m.p. 188~189°, which sihowed a strong O-H band in the
infrared spectrum at 2.%/4. This compound was shown to be
ldentical to the pinacol formed by bimolecular reduction of
benzalacetophenone with zinc and acetic acid, according to
the directions of Russe11.80 The ether mother liquor weas
evaporated to dryness. The resulting oil was dissolved in
benzene and chromatographed on en alumina column. The ben-
zene eluate was evaporated and trested with hot ethanol. On
cooling, some amorphous powder deposited. Efforts to crystsl-

lize this material were fruitless. After several depositions

804. Russell, J. Chem. Soc., 218 (1934).
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from ethanol, the solid liquified over the range 80-120°.
The infrared spectrum of this material was nearly identical
to that of 2—phenyl—2—triphenylgermylethyiphenyl ketone,
m.p. 119_120°,81 except for shifts due to the substitution
of slilicon for germanlum.

Anal. Celed. for CzzHpgOSi: C, 84.57; H, 6.02. Found:
c, 83.88, 83.75; H, 5.51, 5.61.

Triphenylsilyleldehyde (attempted)

From triphenvlsilyllithium and ethyl orthoformate.

To a solution of 5.72 g. (0.0386 mole) of ethyl orthoformate
in 50 ml. of tetrehydrofursn was added a solution of 0.0386
mole of triphenylsilyllithium in 100 ml. of tetrahydrofuran.
There was no evidence of reaction. The solution was refluxed
for 16 hours, at which time Color Tes%t 141 was still posi-
tive. The reaction mixture wes hydrolyzed with smmonium
chloride soclution and filtered to give 4.25 g. (42.5 percent)
of hexaphenyldisilane, m.p. 365-367° (mixed m.p.). The organ-
ic filtrate was dried, evaporated, dissolved in petroleum
ether (b.p. 60-70°) and chromatographed on an alumina column.
The products isolated were 1.5 g. (15 percent) of triphenyl-
silane, eluted with petroleum ether (b.p. 60-70°), and 0.4 g.

of impure 4-(triphenylsilyl)-butanol, m.p. 102-105°, eluted

81¢. W. Gerow. "Ihe preparation and cleavage of some
organogermanium compounds." Unpublished Ph.D. Thesis. Ames,
Iowa, Iowa State College Library. 19566.
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with acetone.

From triphenylsilyllithium and N,N-dimethylforms-

mide. To a solution of 3.0 g. (0.042 mole) of N,N-dimethyl-
foremamide in 50 ml. of tetrahydrofuran was added 100 ml. of
a tetrahydrofuran solution containing 0.0386 mole of triphenyl-
8ilyllithium. Heat was evolved, and Color Test 1% was nega-
tive after the addition was complete. The reaction mixture
was hydrolyzed with ammonium chloride solution, and the or~

- ganic layer was drled over sodium sulfate. The tetrahydro-
furan was distilled to give an oll, which, when treated with
petroleum ether (b.p. 60-70°) gave 5.8 g. (54 percent) of
triphenylsilanol, m.p. 149-153° (mixed m.p.}. The petroleum
ether was distilled from the filtrate. The resulting oil was
refluxed with 5.0 g. of hydroxylamine hydrochloride, 25 ml.
of pyridine and 25 ml. of ethanol. On cooling, no oxime
crystallized.

In a second run, hydrolysis was effected by pouring the
reaction mixture into cold hydrochloric acid. The organic
layer was dried over sodium sulfate, and the tetrahydrofuran
wae stripped off. The resulting oill was dissolved in 100 ml.
of ethanocl and treated with a mixture of 10.0 g. of 2,4-
dinitrophenylhydrazine, 50 ml. of sulfurlc acid, 30 ml. of
water and 200 ml. of ethanol. No crystals formed on cooling.

Dilution with a large volume of water gave 7.2 g. (67 percent)
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of crude triphenylsilanol, m.p. 141-146°, identified by a

mixed melting point.

Reaction of mercury (II) chloride with triphenylsilane.

To a solution of 21.3 g. (0.0708 mole) of mercury (II) chlor-
ide in 100 ml. of tetrahydrofuran was added 50 mi. of a uetra-
hydrofuran solution containing 10.0 g. (0.0384 mole) of tri-
phenylsilane. A white precipitate formed during the 350 min-
ute addition period, snd the solution was distinctly acidic
to litmus. Solvent from the reaction mixture was removed by
distillation. The residue wag extracted with anhydrous petro-
leum ether (b.p. 60-70°). The petroleum ether was removed
by distillatien, and the residual liquid was distilled under
reduced pressure to give 7.5 g. (66 percent) of chlorotri-
phenylsilane, b.p. 224-226° (20 mm). The distillate solidi-
fied promptly and melted at 94-96°. A mixed melting point
with an authentic specimen of chlorotriphenylsilane was not
depressed. The ldentity of the product was further confirmed
by a comparison of the infrared spectra, which were super-
lmposable. The petroleum ether insoluble portion was washed
with water to remove any unchanged mercury (II) chloride.
The remaining white solid was identified as mercury (I)
chloride, 16.9 g. (91 percent).

There was no observable reaction between mercury (I),

tin (IV), and lead (II) chlorides with triphenylsilane.
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DISCUSSION

Organosilylmetallic compounds have only recently achieved
stature as intermedlates in the synthesls of organosilicon
compounds. As pointed out% earlier, the first true organo-
silylmetallic compound to be isolated was described by Ben-

S in 1951.

keser and Severson

The present investigation has demonstrated that organo-
silylmetallic compounds are useful as intermediates for the
synthesis of a variety of new organosilicon compounds, many

of which contain functional groups.
Preparative Metheods

Early in this investigation, it was found that the use

- of tetrahydrofuran as a solvent for organosilylmetallic com-
pounds lincreased greatly the utillity of these reagents as
intermediates for the synthesis of new organosilicon com-
pounds. The two previous solvents which had been emplcyed
suffered from certain disadvantages and limitations. The use
of diethyl ether as a solvent gave undesirable suspensions

of triphenylsilylpotassium5’6 and involved the somewhat
troublesome handling of sodium-potassium alloy. Ethylene
glycol dimethyl ether, on the other hand, gave solutions of
triphenylsilylalkeli metal compounds which decompose repidly

by attacking the solvent te give products which were not
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identified.
Both the advantages of solubillity and stabllity were
realized through the use of tetrsehydrofuran as a solvent.

4 prepared in this solvent by cleavage

Triphenylsilylliithium,
of hexaphenyldisilane with lithium, was both soluble and
etable. In addition, methyldiphenylsilyllithium snd dimethyl-
phenylsilyllithium were readily prepared in tetrahydrofuran

by the lithium cleavages of the corresponding disilanes.

It was found that the rsaste of cleavage of symmetrical
disilanes with lithium lncreased as the number of phenyl
groups attached to the silicon atoms increased. Thus, 1,1,-
2,2-tetramethyl-1,2-diphenyldisilane requires five to six
hours for complete cleavage, whereas 1,2-dimethyl-1,1,2,2-
tetraphenyldisilane is cleaved in less than one hour. Hexa-
phenyldisilane, which on the basis of this trend should
cleave in a few minutes, requires three to feur hours. The
extreme insolubility of hexaphenyldisilane in tetrahydrofuran
no doubt accounts for the slowness of cleavage. 1,2-Dimethyl-
1,1,2,2-tetraphenyldisilane and 1,1,2,2~tetramethyl-1,2-
diphenyldisilane are soluble in tetrshydrofuran.

A possible approach to the synthesls of organosilyl-
metallic compounds containing different metals 1s through the
reactions of silyllithium compounds with anhydrous metal

halides. Analogous reactions between organosodium, -lithium
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8z,85 From the re-

and -magnesium compounds are well known.
action of mercury (II) chloride with triphenylsilyllithium
in a 1:1 mole ratio, the products isolated were chlorotri-
phenylsilane (18 percent), hexaphenyldisilane (45 percent)
and a mixture of mercury (I) chloride and metalllc mercury.
The most plausible explanation for the formation of these
products centers about an unstable silicon-mercury inter-
mediate. Disproportionation of this intermediate would give
chlorotriphenylsilane and mercury. A simple coupling reac-
. tion between chlorotriphenylsilane and triphenylsilyllithium
would give rise to the hexephenyldisilane lisolated.
(CgHs) 381L1 + Hglly —> [(CgHg) 381-Hg-C1] + L101
[(CoHg) 381-Hg-01] ——>(CgHg) 35101 + Hg

(CgHg) 58101 + (CgHg) 28101 ——>(CgHg) 58181(CgHy)

Support for this theory concerning the formation of an
unstable silicon~mercury intermediate was furnished by Dr.

M. V. George,B4 who, in some significent studles, obtained

tetraphenylsilane (73 percent), hexaphenyldisilane (6 percent)

82R. G. Jones and H. Gilman, Chem. Reve., 54, 835 (1954).

834. Gilman. "Organic chemistry, an advanced treatise",
Vol. I. New York, N.Y., John Wiley znd Sons, Inc. 1838.
pp. 406-489.

84pr. M. V. George, Chemistry Dept., Iowa State College,
Ames, Iowa. Information concerning the reactlons of tri-
phenylsilyllithium with orgeanomercury compounds. Privste
communication. 1958.
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and free mercury from the reasction of phenylmercuric bromide
with triphenylsilyllithium. Tetraphenylsilane (692 percent)

and benzoic acid (74 percent) were isolated from the resction
of diphenylmercury with triphenylsilyllithium in s 1:1 mole
ratio, followed by carbonation of the reaction mixture.a4 Sim-
ilarly, the reaction of dl-p-tolylmercury with triphenylsilyl-
lithium gave, after cmrbonstion and hydrolyeis, p-tolulc acld

(71 percent) and triphenyl-p-tolylsilesne (88 percent).

The reactions of a series of anhydrous metal chlorides
with triphenylsilyllithium were carried out. One group,
mercury (I) chloride, lead (II) chloride, and tin (IV)
chloride reacted with triphenylsilyllithium to give chloro-
triphenylsilane (18 percent, 17 percent and 25 percent, re-
spectively); and hexaphenyldisilane (33 percent, 17 percent,
end 30 percent, respectively), thus resembling mercury (II)
chloride in their mode of reaction.

A second group of anhydrous metal chlorides: namely,
iron (III) chloride, copper (II) chloride, silver chloride
and tin (II) chloride, reacted with triphenylsilyllithium to
give triphenylsilane (30 percent, 29 percent, 3 percent and
trace amounts, respectively); and hexsphenyldisilane (41 per-
cent, 26 percent, 20 percent, and 16 percent, respectively).
Chlorotriphenylsilane was not isolated in.these reactions.

The mode of formation of triphenylsilane is not known. For
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the present it may be stated that water was excluded as far
as possible during the reactions and subsequent work-ups,
suggesting the possible role of tetrahydrofuren as 2 hydrogen
donor.

It was recognized that the formation of chlorotriphenyi-
silane from the reactions of mercury (II), mercury (I), tin
(IV), end lead (II) chlorides with triphenylsilyllithium
could arise through the initial formation of triphenylsiiane,
which by reduction with the metal chlorides could yleld chlor-
otriphenylsilane. However, of the four metel chlorides men-
tioned, only mercury (II) chlofide was capable of converting’
triphenylsilane to chlorotriphenylsilane. This.is in line
with the observation that mercury (II) chloride is the strong-
est oxidizing agent of this group.

(06H5)551H + Hglly ——> (C6H5)381Cl + HgoClp + HCL

Fritz85 has treated mercury (II) chloride with Si-H com-
pounds in aqueons solution to give mercury (I) chloride and
the corresponding silanols. Anderson treated triethylgerm-

ane86 and trlethylstannan987

wlth transition metal halides to
give triethylgermyl halides and triethyltin halides, respec-

tively.

85¢. Fritz, Z. anorg. u. allgem. chem., 280, 134 (1955).

86H. H. Anderson, J. Am. Chem. Soc., 79, 326 (1957).
87H. H. Anderson, ibid., 79, 4913 (1957).
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Triphenylsilyllithium reacted instantly with elther fused
zinc chloride or anhydrous sluminum chloride. The nature of
the products is not known. Solutions obtained from the re-
actions of triphenylsilyllithium and zinc chlorlde were
treated with benzoyl chloride, chlorotrimethylsilane and
beniophenone, but no reactions were observed. An attempt to
isolate the products from the resction of triphenylsilyl-
lithium with eluminum chloride feiled. It is suggested that
the products from the reactlions of zinc chloride or sluminum
chloride with triphenylsilylilithium are complex ions.

Triphenylsilyllithium rescted with cedmium chloride in
a 1:1 mole ratio at room tempersture to give metzllic cadmium
and unidentiflied products. Hexaphenyldisilene was not formed.
At -70°, again in a 1:1 mole ratio, no cadmium metal was de-
posited. Asg the reaction mixture warmed, cadmium metal be-
gan to precipltate at about ~-10°. When the reaction was
carried out at —70°, Tfollowed by addition of benzoyl chloride,
&8 blood-red solution forméd, which on wafming to room tempersa-
ture became yellow and did not deposit cadmium metal. At~
tempts tc isolate the desired triphenylsilylphenyl ketone
felled. When the reaction of triphenylsilyllithium znd cad-
mium chloride in s 1:2 mole ratio was carried out at room
temperature, followed by hydrolysis, & compound decomposing
above 200° with the deposition of cadmium metal was 1isolated.

This compound is believed to be bis(triphenylsilyl)cadmium,
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but the structure has not been estsblished definlitely.
8ix attempts were made to prepsre triethylsilyllithium

88

by the cleavage of hexesethyldisilane with lithium in tetra-

hydrofuran. Red solutions were obtained which gave s posi-

41 but the red color was unstegdle. When

tive Color Test I,
stirring was discontinued for a moment for the purpose of
performing Color Test I, the red color faded. Lowering the
temperature of the reaction mixture caused the color to fade
instead of stabilizing it. It is possible that triethyl-
silyllithium 1s forming slowly in these reactlons and attack-
ing the solvent immediately. Attempted cleavages of hexa-
ethyldisilane with 1lithium in either ethylene glycol dimethyl
ether or triethylamine failed.

Attempts to cleave hexaphenyldisilane with calcium or
magnesium gave no observable reaction. The reaction with

calcium was carried out under an atmosphere of helilum in

order tc mrvold the formation of calcium nitride.
Reactions of Organosilylmetallic Compounds

Silylamines

The reactions of chlorosilanes with amines, the classi-

88H. MeNineh, Chemistry Dept., Iowa State College, Ames,
Iowa. The type of 1lithlum employed may profoundly influence
certain cleavage reactions, in particular the cleavage of
benzyl ethers. Private communicetion. 1988.
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cal method for the formation of silylamines,89 were unsuc-
cessful for the preparation of triarylsilylaminés.go As an
alternative, a series of triarylsilylamines weas preparedgo
from the reactions of triphenylsilane with lithium diealkyl-
amides.
RgSiH + Rg'NLi ———> RzSiNRo' + LiH (1)
In this study, a variety c¢f silylsmines was syntheslzed
from the reactions of silyllithium compounds with primary and
secondary amines. Thus, friphenylsilyllithium, methyldi-
phenylsilyllithium, and dimethylphenylsilylllthium3 react
with di-n-butylemine to give N,N-dibutyl-1,1,1l-triphenyl-
silylamine, N,N-dibutyl-l-methyl-l,l-diphenylsilylamine and
N,N~dibutyl~1l,l-dimethyl-l-phenylsilylamine, respectively.
In like manner, triphenylsilyllithium reacte with morpholiine,
piperidine, and pipersazine to give l-(triphenylsilyl)morpho-
line, 1-(triphenylsilylsilyl)piperidine, and 1,4-bis(tri-
phenylsilyl)piperazine, respectively, in high yields.
RzSiLi + Rp'NH ——> RzSiNRo' + LiH (2)
From the reaction of triphenylsilyllithium with n-butyl-
amine, N-butyl-l,1,l-triphenylsilylemine was lsolated by dis-

tillation. This waxy solid is cleaved rapidly by methanol

89E. G. Rochow. "Chemistry of the silicones®". New
York, N.Y., John Wiley and Bons, Inc. 1951.

904, Gilmen, B. Hofferth, H. W. Melvin end G. E. Dunn,
J. Am. Chem. Soc., 72, 5767 (1950).
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or ethanol to give the corresponding alknxysilanes.gl

Methoxytriphenylsilahe obtalned in this menrer melted at

29,57

42-43° (reported, 55°) Methoxytripherylsilane obtained

from the reaction of chlorotriphenylsilene wilth sodium
(CgHs) 351NH(CG4Hg-n) + CH30H ——> (CgHp)3S30CH + n-Cy4HoNHp
methoxide also melted at 42-43°. The lower melting form
(42-43°) wes readily converted to the highex melting form 0
(550) by a simple sceding technique. Attempts to reverse
this procedure falled. Apparently the higher melting isomer
is the stable form. When admixed, the two Horms gave no
melting point depression. The infrared spectra were prac-
tically superimposable.

The silylamines derived from secondary amines were hlghly
resistant to alcoholysis.

It is probable thet the overall reaction (equation 2)
for the formation of silylamines takes place in two fast

steps, an initial metalation of the amine (equation 3) fol-
R3Sili + Rg'NH —> RzSiH + Ry'NLi (3)

lowed by coupling (equation 1). In support of this view, it
was found that triphenylsilyllithium metsla®ed diphenylamine,
but no silylamine was isolated. Similarly, N-diphenylmethyl-

°lgimilar cleavages of hexamethyldisil=zine by slcohols
were reported recently by 8. H. Lenger, S. Connell and I.
Wender, J. Org. Chem., 23, 50 (1958).
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aniline was meta_l.lai:ed54 by triphenylsilyllithium to glve,
efter hydrolysis, triphenylsilane (70 peréent), N-diphenyl-
methyleniline (66 percent) énd none of the silylamine.
Apparently, the presence of a phenyl group on the nitrogen
atom reduces the nucleophilicity of the lithium amide to a
degree where 1t is not capsble of displacing a hydride ion
from triphenylsilane. It has been reportedgo that lithium
diphenylamide does not react with triphenylsilane.

While silicon--oxygen89 and silicon~sulfur92’95 bonds
are cleaved by organolithium compounds, the silicon-nitrogen
bond was found to be remarkably steble. Trestment of N,N-
dibutyl-1,1,l1~triphenylsilylemine with phenyllithium resulted
in a 60 percent récovery of the rather soluble silylamine.
No tetraphenylsilene, eas;ly detected by its insolubility,

was formed.

Derivatives of azas-aromatic heterocycles

Acridine. As a part of the study of the sddition of
silylmetallic compounds to aze-aromatlic heterocycles, the
mode of addition of triphenylsilyllithium to acridine was

investigated.

92D. Wittenberg and H. Gilman, J. Am. Chem. Soc., 79,
6339 (1957). — T

93Refer to the Experimental section on thiosilanes.
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Aklyl- and aryllithium compounds have been reported to

undergo addition to acridimegé’95’96 in the ©,10-positions.
o104 3’
(Gglg)3SiLi +¢ D) j—— @@
7 b’ ~7 2
& 9 ) :
S‘(06H5)3

9,10-Addition takes place to give 10-lithip-9-(tri-
phenylsilyl)acridan, which by hydrolysis gives 9-(triphenyl-
silyl)acridan, by reaction with oxygen97 gives the totally
aromatic compound, 9-(triphenylsilyl)acridine, and by re-
action with methyl sulfate giées 10-methyl-9~( triphenylsilyl)-
acridan. The lest mentioned compound was also obtained by
treatment of 9-(triphenylsilyl)eacridan with n-butyllithium, ‘S
followed by methyl sulfate. 9-(Triphenylsilyl)acridine is
reduced to 9-(triphenylsilyl)acridan by zinc and hydrogen
chloride in benzene sclution. Attempts to oxidize 9-(tri-
phenylsilyl)acridan to 9-(triphenylsilyl)acridine with either
nitrobenzene or ferric chloride falled.

The structure of 10-methyl-9-{triphenylsilyl)ecridan was

established by an alternate synthesis. Treatment of 10-

94p. Bergmenn, O. Blum-Bergmann and A. F. Christiani,
Anc., 483, 80 (1930).

95%. Ziegler and H. Zeilser, ibid., 485, 174 (1931).

964. Gilman snd D. A. Shirley, J. Am. Chem. Soc., 72,
2181 (1952).

°7H. Gilman end J. T. Edward, Can. J. Chem., 31, 457
(1953). - E——
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methyl-acridan with n-butyllithium’® geve 9-1ithio-10-methyl-
acridan, which by coupling with chlorotriphenylsilane gave

10-methyl-9-( triphenylsilyl)acridan in an excellent yield.

C'Ha Gf/a
7 ‘ N )N-CyaHql, N
i} -
X 2) (CyHsY, Sicl

These derivatives of acridine are currently under in-
vestigation with regard to their possible use an antioxidants
containing silicon.

Isoduinoline. The only pure product obtained from the

regction of triphenylsilylliithium with isoquinoline, fol-
lowed by tThe passage of oxygen through the solution, was a
very small quantity of crystals, m.p. 171-1730° The siliecon
analysis was low for 1-(triphenylsilyl)isoquinoline, although
the infrared spectrum indicated that this could be the
structure. The identity of the compound has not been estab-
lished.

Phenanthridine. The reaction of phenanthridine with

triphenylsilyllithium in a2 1:1 mole ratio was not complete
af ter 12 hours. Subsequent addition of methyl sulfzate failed
to give any pure products.

Phenazine. From the reaction of triphenylsilyllithium

with phenazine, followed by methyl sulfate, the only pure
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product lsolated was a smell amount of yellow-green crystals,
m.p. 204-206°. The silicon analysis was low for 10-methyl-
5-( triphenylsilyl)phenazine, although the infrered spectrum
indicated that this could be the structure. The identity of

the product has not been established.

Thlosilanes

Solutions of triphenylsilyllithium5 in tetrahydrofursan

react smootnly with sulfur to give the lithium s2lt of tri-
phenylsilenethiol. Bubsequent reactions cof this intermedieste
with methyl iodide, benzyl chloride or benzoyl chloride give

rise tc (methylthio)triphenylsilane, {(benzylthio)triphenyl-

RX
(C6H5)381Li + 8 — > (06H5)581SL1—-———> (06H5)581SR

silane, and (benzoylthio)triphenylsilane, respectively, in
good ylelds. To our knowledge, the last mentioned compound
is the first reported to contain the S5i-5-C0- linkage. These
thiosilenes were isolated by distillation, followed by re-
erystallization from a chemicelly inert solvent.

(Methylthic) triphenylsilane is cleaved by phenyllithium
to give tetraphenylsilane in a reaction analogous to the

(CGH5)SSiSCH3 + CgHgld —————>-(C6H5)481 + CHzSL1i

well known cleavages of alkoxysilanes by organometallic re-
‘agents.eg

No observable reaction was noted between the llthium
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salt of triphenylsilanethiol and iodobenzene, chlorotri-
methylsilane, or chlorotriphenylsilane, although a prompt
coupling reaction has been reported by Hyde and coworkersg
between the sodium selt triphenylsilanol and chlorosilanes.
This difference in resctivity may be rationallzed on the
basis theat the sodium salt of triphenylsilanol should be a
stronger nucleophile than the lithium salt of triphenyl-

sllanethiol.

Cleavage studies involving organosilicon compounds

Digilanes by silylmetallic compounds. It was postu-

lated® that the formation of hexaphenyldisilane from the

reactions of either methyldiphenylsilyllithium or dimethyl-
phenylsilyllithium with chlorotriphenylsilane was thought to
occur via a halogen-metal interconversion reaction. For
instance, the reaction of dimethylphenylsilyllithium with
chlorotriphenylsilane was illustrated in the following way

(1a) . The various possible coupling reactions could then

(CHs) 206H531Li + ( G6H5) 55101"‘““”—“—‘%

(CH5)2c6H581c; + (CgHg) 381L1 (1a)

983. F. Hyde, O. X. Johannson, W. K. Daudt, R. F.
Fleming, H. B. Laudenslager and M. P. Roche, J. Am. Chem.
Soc., 75, 5615 (1953). —
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(CgHg)381L1 + (CgHg) 38101 ———>
(CgHg) 38181(CgHg) 5 + LiC1 (1b)
(CHz) oCgH5S1L1 + (CHz)oCgHg8101 ————>
‘ (CHz) oCgH55181CgH5(CHz) o + LiC1 (1le)

(C6H5)SSiLi + (CH3)206H55101 _

(Ceids)38181CgH5(CH3) o + LiCL (1a)
give rise to hexaphenyldisilane, l,l,2,2—tetramethyl-l,24
diphenyldisilane, and 1,l-dimethyl-1,2,2,2-tetraphenyldisil-
ane (1b, lc, 1d). The last mentioned product was not iso-
lated when the reaction was carried out by addition of chlor-
otriphenylsilane to dimethylphenylsilyllithium. By reversing
the direction of addition, i.e., adding dimethylphenylsilyl-
lithium to chlorotrlphenylsilane, good yields of 1,l1-dimethyl-
1,2,2,2-%etraphenyldisilane were 1sclated along with a small
amount of hexephenyldisilane.

In a similar manner, addition of methyldipﬁenylsilyl-
lithium to chlorotriphenylsilane gave good ylelds of methyl-
pentaphenyldisilane, whereas reversing the direction of addi-
tion gave hexaphenyldisilané, methylpentaphenyldisilane and
1,2-dimethyl-1,1,2,2-tetraphenyldisilane. While the concept
of a halogen-metal interconversion reaction explains the
formation of the products in these reactions, the importance
of the direction of addition is left unanswered. In llight

of new evidence, an explanation based on the cleavage of
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disilanes by silylmetallic compounds may be advanced.

The reaction of dimethylphenylsilyllithium with chloro-
triphenylsilane probably involves an initisl coupling reaction
to give 1,1-dimethyl-1,2,2,2~-tetraphenyldisilane (2z), re-
gardless of the direction of addition. In the presence of
excess dimethylphenylsilyllithium, a second reaction (2b)
takes place involving the cleavsge of 1,1-dimethyl-1,2,2,2-
tetraphenyldisilane by dimethylphenylsilyllithium to give

(CHz) 5CgHgB81LL + (CgHg) 35101 ——>

(CHz) oCgH5181(CgHg) 3 + LiCl (2a)

(CH3)206H5818.’L(06H5)5 + (CH5)206H581L1-———-———e-

(CHz) oCgHES181CgHg(CHz) o + (OgHg) zS1iL1 (2b)
1,1,2,2-tetramethyl-1,2-diphenyldisilane and triphenyleilyl-
1ithium. Hence, the failure to isolzte 1,l-dimethyl-l1,2,2,2-
tetrephenyldisilane is not surprising. Hexaphenyldisilane
arlses through the reaction of triphenylsilyllithium with
chlorotriphenylsilene (1b). When dimethylphenylsilyllithium
1s edded to chlorotriphenylsilene, the latter compound 1is
present in excess. The unsymmetrical coupling product, 1,1~
dimethyl-1,2,2,2~-tetrsphenyldisilane, which forms does not
underge further cleavage and may be obtalned in goodvyields.

A similar argument may be presented for the formation of
the products isolated from the asddition of chlorotriphenyl-

silane to methyldiphenylsilyllithium. Methylpentsphenyldi-
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silane, formed by an initial coupling resction (3a)}, is cleav-
ed further by methyldiphenylsilyllithium to give 1,2-dimethyl-
1,1,2,2-tetraphenyldisilane and triphenylsilyllithium (3b).

In this case, however, methylpentaphenyldisilane was 1solated,

CHz(CgHg) 981L1 + (CgHg) 38101 ——v>
CHz(CgHg) 55181 (0gHg) 3 + LiC1 (3a)
CHz(CgHg) 58181(CgHg) 5 + CHz(CgHg) o801 ——v—>
CH5(06H5)28181(06H5)20H5 + (C6H5)3SiLi (3b)
which would indicate the cleavage of this compound by methyl-
diphenylsilyllithiuvm is kinetlcally slower than the cleavage
of 1,l-dimethyl-1,2,2,2-tetrephenyldisilane by dimethylphenyl-
silyllithium. This explansation 1s in line with the activity
series for eiiyllithium compounds, to be presented later in
this section, in which methyldiphenylsilyllithium is shown
to be less reactive than dimethylphenylsilyllithium. Hexs-
phenyldisilane 1s again formed by the reaction of chlorotri-
phenylsilane with triphenylsilyllithium (1lt). Addition of
methyldiphenyisilyllithium to chlorotriphenylsilane gave
only the coupling product, methylpentephenyldisilane.

Support for the hypotheses presented concerning the
cleavage of disilanes by sllyllithium compounds was obtained
by cleavage of preformed dlsilanes by sllyllithium reszgents.

The additicn of dimethylphenylsilyllithium to an equi-

molar suspension of hexephenyldisilane in tetrshydrofuran
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geve a prompt reaction from which the products lsolated were
1,1,2,2-tetramethyl-1,2-diphenyldisilane (56 percent), tri-
phenylsilanol (21 percent), and hexsphenyldisilane (65 per-
cent recovery). The formation of these products may be
visualized as having occurred through the initial cleavage
of hexaphenyldisilane by dimethylphenylsilyllithium to give
1,l-dimethyl-1,2,2,2~-tetraphenyldisilene and triphenylsilyl-

lithium (4). Cleavage of 1,l-dimethyl-l,2,2,2-tetraphenyl-

(CHg) oCgHgS1L1 + (CgHg)38181(CgHg) 3 >

(CHg) oCgHgS5181(CgHg) 3(CgHg) 38111 (4)
disilane by a second molecule of dimethylphenylsilylliithium
gives 1,1,2,2-tetramethyl-1,2-diphenyldisilane and triphenyl-
pilyllithium (2b). Failure to isolste 1,l1-dimethyl-l,2,2,2-
tetraphenyldisilene may be attributed to the difference in
solubility of 1,l-dimethyl-l,2,2,2~-tetraphenyldisilane and
hexephenyldisilane. The former compound 1s soluble in tetra-
hydrofuren and is cleaved as soon as 1t forms by dimethyl-
phenylsilyllithium in preference to the highly linsoluble
hexaphenyldisilane.

Treatment of 1,l-dimethyl-1,2,2,2-tetraphenyldisilane
with one equivalent of dimethylphenylsilyllithium gave, after
hydrolysls, triphenylsilenol (22 percert), 1,1,2,2-tetra-
methyl-1,2-diphenyldisilane (63 percent), and 1,l-dimethyl-

1,2,2,2-tetraphenyldisilane (26 percent recovery).
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From the reaction of methyldiphenylsilyllithium with
hexaphenyldisilane (2:1 mole retio), the products isolated
were 1,2-dimethyl-1,1,2,2-tetraphenyldisilane (26 percent),
triphenylsilane (59 percent), hexephenyldisilene (22 percent
recovery), and ca. 29 percent of a mixture of 1,2-dimethyl-
1,1,2,2-tetraphenyldisilane and 1,1-dlmethyl-1,2,2,2-tetre~
phenyldisilane.

Addition of dimethylphenylsilyllithium to 1,2-dimethyl-
1,1,2,2-tetraphenyldisilane (2:1 mole ratio) gave, after scid
hydrolysis, 1,1,2,2-tetramethyl-l,2-diphenyldisilane (45 per-
cent) snd methyldiphenylsilsne (77 percent).

Evidence for the existence of a transient trialkylsilyl-
metallic compound is afforded by the cleavage of 1,1,l-tri-
ethyl-2,2,2-triphenyldisilane by 1ithium®® (5a) in tetra-
hydrofuran. The products isolated from this reaction were,
'after acid hydrolysis, hexaethyldisilane (14 percent), tri-
ethylsilane (11 percent) and triphenylsilane (92 percent).
Isoletion of the fifst compound indicates the formation of
triethylsilyllithium (5a) which, by cleavage of 1,1,1-tri-
ethyl-2,2,2-triphenyldisilsne, gives hexaethyldisilane (5b).

Li
(CgHg)z8181(CoHg)y —>

(CgHp)381L1 '+ (CoHg) zS1L1 (52)

99p. Wittenberg, Chemistry Dept., Iowa State College,
Ames, Iowe. PFrivate communication on the cleavege of 1,1,1-
triethyl-2,2,2~triphenyldisilane by lithium. 1988.
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(CgHg) 35181(CoHg) 5 + (CpHg) g8l —n>
(CoHg) 58181 (0 Hg) 5 + (CgHg) z51L1 - (5p)

Assuming that the silicon-silicon bond strength remains
about constant with varying numbers of alkyl and aryl sub-
stituents on the silicon atoms, on the basis of the reactions
described, silyllithium compounds may be arranged in a re-
activity series.

(CgHs) 381L1 <TCH5(CGH5)281LJ.<:'(CH5)206H5811J.<( (Q2H5)381Li

The clesn-cut cleavages of diesilanes by silyllithium
compounds indicates that side reactions such as the cleavgge
of silicon-phenyl bonds by the silylmetellic compounds does
not teke place. 1In line with this reessoning, it was found
that tetraphenylsilane is not cleaved by elther methyldi-
phenylsilyllithium or dimethylphenylsilyllithium. It was
gssumed that the silicon~phenyl bonds in tetraphenylsilane
are equivalent to the silicon-phenyl bonds in disilsnes as
far as their ease of cleavage by silyllithium compounds is
concerned.

Although disilanes are cleaved readily by silylmetallic
compounds, they are resistant to cleavage by organolithium
compounds. This study has shown that hexaphenyldisilane is
uneffected by p-tolyllithium in tetrghydrofuran. Previous

attempts to cleave hexaphenyldisilane by phenyllithium in
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diethyl etherloo were unsuccessful.

Triphenylmethyltriphenylsilane by triphenylsilyllithium.

It has been reported49

that the reaction of triphenylsilyl-
potassium with chlorotriphenylmethane, followed by czrbona-
tion of the reaction mixture, gives hexaphenyldisilane, hexa-
phenylethene (identified as the peroxide), and triphenyl-
acetic acid. The formation of these products was postulated
as having occurred vie a haslogen-metel interconversion re-
action, followed by various couplling resctions. It 1s pos-
sible, however, to vlisualize these pfoducts as having arisen
by way of a cleavage reaction (6) similar to those described
(C6H5)5810(06H5)5 + (06H5)551L1 —_
(CgHg)38181(CgH5) 5(CgHg) 5CLL (6)
in the preceding secticn for disilanes. This alternative
was tested by the addition of triphenylsilyllithium to tri-
phenylmethyl triphenylsilane, followed by cerbonation of the
reaction mixture. Following hydrolysis, however, no tri-
phenylacetic acid was obtained from the aqueous layer. Re-
covery of triphenylmethyltriphenylsilane was 90 percent.
It sppears, therefore, that the products isolated from the

reaction of triphenylsilylpotassium with chlorotriphenyl-

100G. E. Dunn. "Relationships between some organosilicon
compounds and their carbon analogs." Unpublished Ph.D. Thesis.
Ames, Iowa, Iowa State Coliege Library. 1951.
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%% 41d indeed arise as the result of a halogen~-metal

methane
interconversion reaction.

Hexaphenyldigermane by triphenylsilyllithlum. PFrom the

reaction of an excess of two moles of triphenylsilyllithium
with one mole of hexaphenyldiger@ane was obtained s duanti-
tative yleld of hexaphenyldisilane and triphenylgermane (70

percent). The reaction proceeds through the initial cleavage

(CxHg) 5GeB1(CsHg) z + (CgHg) 5GeLi (6a)
(06H5)3G8S1(06H5)3 + (06H5)381Li——-——~—-—-——>-
(CgHg)38181(CxHg) 3 + (CgHg) zGeld (6b)
of hexaphenyidigermane by triphenylsilyllithium to give tri-
phenylsilyltriphenylgermane and triphenylgermyllithium (6s).
Cleavage of triphenylsilyltriphenylgermane by a second mole-
cule of triphenylsilyllithium gives hexaphenyldisilane and
triphenylegernyllithium (6b) .10%
Considering the equations (6a and 6b) as written, the
formation of triphenylgermyllithium from a cleavage reaction
with triphenylsilyllithium would at first glance indicate

that triphenylsilyllithium is more reactive than triphenyl-

101lpr. M. v. George, Dept. of Chemistry, Iowa State

College, Ames, Iowa, in related studles, has found that pre-
formed triphenylsilyltriphenylgermene is indeed cleaved
by triphenylsilyllithium. Private communication. 1958.
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germyllithium. However, the Ge-Ge bond strength is less than
the silicon-silicon bond strength. Therefore, no conclusion
can be drawn on the basis of this experiment concerning the
relative reactivities of triphenylsilyllithium and triphenyl-
germyllithium.

The specificity of this resction should signify that the
germanium-phenyl bonds in hexaphenyldlgermane are not cleaved
by triphenylsilyllitnium.102 Tetraphenylgermane was, in
accordence with this sssumption, recovered unchanged after
treatment with triphenylsilyllithiu@.

Triphenylsilyltriphenyltin by triphenylgermyliithium. It

was anticilpated that the reaction of triphenylsilyltriphenyl-
tin with triphenylgermyllithium would give triphenylslilyltri-
phenylgermane and triphenyltinlithium. However, no pure
products were 1solated. The difficulty may be that the re-

tlon 1is not specific, i.e., cleavage ol the tin-phenyl bond

g

by triphenylgermyllithium may be taking place.

Hexaphenyldisilane by triphenylmethyvllithium. As would

be expected on the basis of the low reactivity of triphenyl-
methyllithium, no cleavage of hexaphenyldisilane by this re-
agent was observed. Hexaphenyldisilane was recovered in al-

most quantitative yield.

102p. Wittenberg, Chemistry Dept., Iowa State College,
Ames, Iowa, has shown that tetraphenyltin 1s cleaved by an
excess of two moles of triphenylsilyllithium to give hexa-
phenyldisilane. Privete communication. 1988.



94

Relative Reactivities of Organometallic and
Organosilylmetalllic Compounds

Although it is possible to compsre the relative reactiv-
ities of organometalllc and silylmetallic compounds toward
specific functioneal groups, there appears to be no general
way in which thelr relative reactivities may be related.

For instence, n-butyllithium is a much better metalating
sgent than triphenylsilyllithium (refer to the historical
section on metalation reactions), but in a competitive coup-
ling resction between phenyllithium end triphenylsilyllithium
and chlorotriphenylsilane at -,.500,]'0':’J hexeaphenyldisilane is
formed in 85 percent yleld and tetraphenylsilane in only five
percent yleld. This section hass, therefore, been subdivided
so that specific comparisons between organometallic and
organosilylmetalllc compounds can be made.

Triphenylmethylmetallic and
triphenylsilylmetallic compounds

The high order of reactivity of triphenylsilylmetallic
compounds as compared to triphenylmethylmetallic compounds
is due 1n large part to the ability of carbon to form stable
“iwaltiple bonds. The triphenylmethyl anion may be represented

by & total of 10 resonance structures, two of which are given

105D, Wittenberg, Chemistry Dept., Iowa State College,
Ames, Iowa. Private communication. 1958.
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below. Isolation of p-triphenylsilylphenyldiphenylethane(III)

Cetls Sty (CgHg) 55101
0635'«06 <> C >
06H; 6H5
I 11
Cefls
(06H5)5814<:>p?~H
CgiHs

IIT
from the reaction of triphenylmethylsodium with chlorotri-
phenylsilane 1s strong evidence that structures such as II
contribute greatly to the ground state of triphenylmethyl
anion.

Reactions analogous to the formgtion of p-triphenyl-
silylphenyldiphenylmethane49 are not known for silylmetallic
compounds. This difference can be attributed to the inability
of silicon to form stable multiple bonds. A smaller distribu-
tion of the negative charge in the triphenylsilyl anion ren-
ders it more nucleophilic (more reactive) than the triphenyl-
methyl anion. |

There is evidence, however, that the triphenylsilyl anion
receives some stabllization of the type described for tri-
phenylmethyl anion. Cleavage of disilanes by silyilithium

compounds to give new disilanes and less reactive silyl-
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lithium compounds is best explained by postulating that the
driving force for the cleavage is furnished by the increased
stabilization derived in going from one silyllithium compound
to another containing a larger number of phenyl groups.. A
second line of evidence for the resonence stabilization of
silyllithium compounds is derived from the lithium cleavages
of symmetrically substituted disilanes5 in tetrahydrofuran
solution. It was found that as the methyl groups on the di-
silane were replaced by phenyl groups, the rate of cleavage
by lithium to give the silyllithium compound increased marked-
lye.

Triphenylsilylmetalllic compounds react with benzophenone
to give, after hydrolysis, benzhydryloxytriphenylsilane.4’22
However, the corresponding reaction of triphenylmethylsodi-

104 105

um or -magnesium bromide gives hexaphenylethane and

benzopinacol.

104 reacts with aliphatlic ketones

Triphenylmethylsodium
to give triphenylmethene by abstraction of the hydrogen atom
alpha to the carbonyl group. The more reactive (and appar-
ently less selective) tribhenylsilyllithium adds to sliphatic
ketones to glve alpha-silylcarbinols ae the main product and

2
triphenylsilane as the by--product.~4

104y, schlenk and R. Oohs, Ber., 49, 608 (1916).

1054, @ilman and R. E. Fothergill, J. Am. Chem. Séc., 51,
3149 (1929). -
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Cleavage of ethers

On the basis of present evidence, 1t eppears likely that
the cleavage of ethers is more readily efrfected by organo-
metallic compounds than by silylmetallic compounds. Organo-
sodium and -potassium compounds cleave dlethyl ether readily,
and for this reason are not ordinarily prepared in this sol-
vent. Triphenylsilylpotassium,5’6 on the other hand, is
obtained as a suspension in diethyl ether and sppears to be
quite stable in this medium. Phenyllithium decomposes repidly

(& whereas triphenyleilylli‘chium3

in vetrahydrofuran solution
decomposes at the rate of only sghout five percent per day in

this solvent.

Reactions with chlorosilanes

It has been observed38 that, generally speaking, the
‘minimum temperature at which organolithium will couple with
trialkyl~ or triarylchlorosilanes 1s gbout -20°. This in-
vestigation has shown, on the bther hand, that triphenyl-
silyllithium and chlorotriphenylsilane react instantly at
~70° to give hexaphenyldisilane in 90 percent yield (refer
to the Experimental section). Since these results would
indicate that silyllithium compounds are more reactive toward
chlorosilanes than organolithium compounds, a competitive re-

103

action was carried out at -500 between a mixture of phenyl-



98

lithium and triphenylsilyllithium and chlorotriphenylsilane.
Hexaphenyldisilane was 1solated in 85 percent yleld ss con-
trasted to only a flve percent yield of tetraphenylsilane.
These results clearly indicate that in coupling reactions in-
volving chlorosilanes, silylmetallic compounds are more re-

active than organometallic compounds.

Cleavage of disllanes

As pointed out earlier (refer to the Experimental snd
Discussion sectlons dealing with the cleavage of disilanes by
eilylmetallic compounds), disilanes are readily clesved by
silyllithium compounds to give new disilanes and less reactive
s8ilyllithium compounds. No reaction was observed, however,
between phenyllithium in diethyl etherloo or p-tolyllithium in
tetrahydrofuran (this thesis, Experimental section) with hexs-
phenyldisilane. These results clearly demonstrate a higher
order of reactivity for silyllithium compounds than for aryl-

lithium compounds in the cleavage of disilanes.

Metalation reactions

Organolithium compounds 1n dlethyl ether are well known

for their excellent properties as metalating agents.lo6

106por a generegl dilscussion of metalation resctions in-
volving organolithium compounds see H. Gilman and J. W. Morton,
Org. Reactiong, VIII, Chap. 6 (1954).
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Recently 1t has been shown that the yields of 4-~carboxydi-
benzofuran, obtained by metalation of dibenzofuran with n-
butyllithium’® in diethyl ether, followed by carbonation,

are considerably improved by employing a mixture of diethyl
ether and tetrahydrofuran.107 Although tetrahydrofuran nas
thus been shown to enhance metalation reactions, treatment of
diphenyl ether44 or dibenzofuransg with triphenylsilyllithium
in this solvent, followed by carbonation, gave only very low
yields of the corresponding acids. Organolitnium compounds
thus appear to be more reactlve in metalation reactions than
silyllithium compounds. This may be due in part to greater .
bond strength of the carbon-hydrogen linkage as compared to

the eilicon~hydrogen linkage formed in metalation reactions.
Suggestions for Future Research

Further work should be done in an attempt to form new
bonds between silicon and other elements. A possible approach
would be through the reactions of silylmetallic compounds with
various metal and nonmetal halides. A second approach would
be through the reactions of silylmetallic compounds with
the free elements. IT 1s possible that reactlve intermedi-
ates could be obtained in this way, which by further reaction

with organic halides could give rise to new organosilicon

( §07H. Gilman and R. D. Gorsich, J. Org. Chem., 22, 687
1957) . T
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compounds containing a variety of elements.

Further work should be carried out with the aim of iso-
lating in a pure form the compound believed to be bis( tri-
phenylsilyl)cadmium. Treatment of this compound with hydro-
gen chloride in benzene spiution should glve triphenylsilene
and cadmiuﬁ chloride, which would constitute a proof of struc-
ture. An attempt should be made to react the compound with
benzoyl chloride or benzolc anhydride to give triphenylsilyi-
phenyl ketone ss an extension of the useful procedure for the
preperation of ketones developed earlier in these laboratories
for the carbon analogs.108

- Triphenylsilyltriphenylleed, the one remaining silicon-
containing anzlog of hexaphenylethane which has nct been

described, can perhaps be prepared from the resction of tri-

phenyleilyllithium in tetrshydrofuran with chlorotriphenyl-

Since triphenylsilyllithium4 and -potassiumzz have been
shown to react with benzophenone to give, after hydrolysis;
benzhydryloxytriphenylsilane, 1t should be of interest to
determine the mode of reaction of triphenylsilyllithium with
thiobenzophenone. If the reaction occurs in a manner ansl-

ocgous to the reaction of triphenylsilyllithlum and benzo--
phenone,4 benzhydrylthiotriphenylsilane would be isolated.

108H. Gilman and J. F. Nelson, Rec. trav. chim., 55,
518 (1936). -
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The possibility exlsts, however, that triphenylsilyldiphenyl-
thlol may be 1lsolated.

Recent interest in the relative reactivities of Group
IV-B me?allic compounds has created the need for a method of
determining- the relative reactivities of these reagents. A
posslible approach to determining the relative reactivities of
triphenylsilyllithium and triphenylgermyllithium would be by .
tzking advantage of thelr different mode of reaction with
benzophenone. Triphenylgermyllithium gives rise to triphenyi-
germyldiphenylcarbinollo9 in contrast to the alkoxysilane ob-~
. tained on addition of triphenylsilyllithium to benzophenone.4
Thus, addition of one equlivalent of benzophenone to a mixture
of one edquiveient of triphenyisilyllithium end one equivalent
of triphenylgermyllithium in tetrahydrofursn should give
products which are easily separable by chromatography and from

which the desired relative reasctivities can be dgtermined.

1094, @1imen and C. V. Gerow, J. Am. Chem- Soc.; 77,
5740 (1985) . .
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SUMMARY

This thesis has dealt with the formation and reactions of
orgenosilylmetallic compounds. |

A survey of the literzture has been presented which in-
cludes published and unpublished work up to August, 1958.

In the synthesis of silylmetallic compounds, the use of
tetrahydrofuran =s absolvent was found to be particularly
advantageous. Solutions of triphenylsilyliithium, methyl-
diphenylslilyllithium and dimethylphenylsilyllithium were pre-
pared in this solvent by lithium cleavage of the corresponding
" symmetr;cal disilanes. These scluticns were found to be
fairly stable over extended periodsg of time.

In attempting to prepare silylmetalllc cohpounds contain-
ing metals other than the commonly encountered alkalli metals,
triphenylsilyllithium was rescted -with a number of anhydrous
metal halides. Of these, mercury (I), mercury (II), tin (IV)
and lead (II) chlorides rescted with triphenylsilyllithium to
give chlorotriphenylsilane in what appesared -to involve the
formation and disproportionafion of silicon-m2tal bonds. A
" gecond group of metal chlorides, i.e., iron (III), tin (II),
silver and copper (II) -chlorides reacted with triphenylsilyl-
lithium to give friphenylsilane. The mode of formation of
_ triphenylsilane in these reactionsnis not known. Since water

was excluded as far as possible from the resction mixtures,
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the role of tetrahydrofuran es a hydrogen donor 1s suggested.
However, the chance that trace amounts of water were respon-
sible for the formation of triphenylsilane cannot be excluded.
Triphenylsilylliithium reacted with either zinc or 2luminum
chloride to give solutions from which no pure products were
isolated. From the reaction of triphenylsilyllithium with
cadmium chloride, a compound belleved to be the significant
bis(triphenylsilyl)cadmium was isolgted. More work is needed
to 1solate this compound in pure form and to prove its struc-
ture.

Silylamines were isolated as the result of resctlions be-
tween gllyllithium compounds end primary and secondary amines.
Isclation of these silylamines was in most cases remarkébly
simple.

The lithiuam salt of triphenylsilanethlol was prepared by
the reactlon of triphenyleilyllithium with elemental sulfur.
This intermediate coupled with reactive organic halides to
give the corresponding thiosilanes in good ylelds.

A serles of silicon-containing ascridine compounds was
synthesized by the addition of triphenylsilyllithium to acri-
dine. These stable siliéon derivatives of geridine are cur-
rently under investigation with regard to their possible use
as high tempereture antioxldants.

It was demonstrated that disilanes are readily cleaved

by silyllithium compounds to give new dlsilanes and less re-
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active silyllithium compounds. On the bsasis of these results,
a reactivity series for silyllithium compounds has been ad-
vanced. In like manner, hexaphenyldigermsne is cleaved by
two moles of triphenylsilyllithlum to gilve hexaphenyldisilane
in quantitative yield and triphenylgermyllithium.

In some related studies, tetraphenylsilane was unaffected
by either methyldiphenylsilyllithium or dimethylphenylsilyl-
lithium. Nelther was tetraphenylgermane cleaved by triphenyl-
8ilyllithium. Triphenylmethyltiriphenylslilane was recovered

unchanged after treatment with triphenylsilyllithium ss was
hexzgphenyldisilane after exposure to triphenylmethyllithium.
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