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INTROCDUCTION

The excellent thermal stabilities of some organogermanium
and organosilicon compounds have made these clasges of com-
pounds important ones in the field of high temperature lubri-
cants., However, the methods available for the introduction
of a germanium or silicon atom into custom-made molecules are
very limited.

Triarylgermyllithium compounds attack reactive sites of

1-4 but the resultant products

varlous organic compounds,
usually exhiblt melting peints too high for the compounds %o
be utilized as lubricants over the temperature range desired.
Polyehlorogermanes react with organometallic reagents to give
partially substituted chlorogermanes, but the difficulties of
separating the mixtures obtained militate agalnst use of these
compoinds as intermediates for the preparation of tetrasubsti-
tuted organogermanes.

The present situation ils somswhat better for {the prepara-

tion of orgenosilicon compounds. The recent preparation of

15, Gilmen and C. W. Gerow, J. Am. Chem. Soc., 77, 5740
(1955).

“H. Gilman and C. W. Gerow, ibid., 77, 4675 (1955).

3H, Gilman and C. W. Gerow, ibld., 77, 5509 (1955).

“§. cilman and C. W. Gerow, ibld., 79, 342 (1957).
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methyldiphenyl- and dimethylphenyls11yllithium5 should permit
the preparation of morc unsymmetrically substituted silanes.
At the time this work was initiated, however, essentlally the
same methods of preparation were available in this area as for
the analogous germanium compounds.

The original purpose of this investigation was to prepars
trislkylgermyl- and trialkylsilylmetallic compounds and to
study thelr reactions. Previous attempts to prepare inter-
mediates of this type have falled or have been only partially
successful. There is 1ittle doubt that the derivatives of
these organometalllic compounds would have lower melting points
than the corresponding triaryl compounds and evaluation of
their thermal establlities would be of great interest,

A second phase of this research involved a study of the
resction of alkyl Grignard reagents with organosilicon hy-
drides 1n tetrahydrofuran, which would enable one to prepare
highly unsymmetrical silanes for evalustion as lubricants.
Furthermore, an attempt wae made to elucidate some of thé

chemical and physical properties of the sillcon-hydrogen
bond.

5. Gilmen and G. D. Lichtenwalter, ibid., 80, 608
(1958).



HISTORICAL

For the purpose of thlis review, the following reference
sourcee have been checked to the dates indlcated: (. A.

through no. 5, vol. 52, 1958; J., Am. Chem. Soc, through no. 7,

vol. 80, 1958; J. Org. Chem, through no. 3, vol. 23, 1958;
J. Chem. Soe, through no. 3, 1958; and Current Chemical Psapers

through no. 3, 1958. Furthermore, all cross references con-
tained in individual papers were checked.

All of the pertinent references are not given in some
sections, and this fact is so indicsted, dve to the large
number of references to reasctions which involve only minor
variations in experimental conditions., In such cases, the
references clted contain good bibliographies to related
studies,

The major sections of this thesis have all been divided
into three subdivisions: trialkylgermylmetallic compounds,
trialkylsilylmetallic compounds, and organosilicon hydrides,

for eage in locating data pertinent to each topiec.

Trialkylgermylmetallic Compounds

The preparation and characterization of only one

trialkylgermylmetallic compound has been reported in the
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literature. Kraus and Flood® were successful in cieaving
hexsethyldigermane with metallic potassium in ethylamine over
a period of 6 weeks. Derivatization with ethyl bromide gave
tetraethylgermane in near quantitative yleld. Hexaethyldiger-
mane and sodium in liquid ammonia did not react to any extent,
most likely due to the low solubility of the digermane in the
solvent.6 Cleavage of hexaethyldigermane with lithium in
ethylamine was successful, but the germyllithium compcound im-
mediately underwent ammonolysis to gilve triethylgermane.6

These same authors investigated the reaction of triethyl-
halogermanes with metals in ammonis and in ethylamine. When
trlethylchlorogermsne was treated with lithium in ethylemine,
the only product isolated was hexaethyldigermane in low ylelds.
The reaction was accompanied by the evolution of large quan-
tities of hydrogen gas.e Triethylbromo-, -chloro-, and
~-lodogermane underwent no reaction with sodium in refluxing
xylene; 1in the absence of any solvent, triethylgermane gave
some hexaethyldigermane upon refluxing with sodium at 270°
for 5 days.6

In another epproach, Kraus and Flood found that lithium
in ethylamine did react with hexaethyldigermoxane as evidenced

by the appearance of a red color in the solution, but upon

evaporation of fthe solvent, solvolysis occurred and triethyl-

SCc. A. Kraus and E. A. Flood, ibid., 54, 1635 (1932).
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germane was formed.6 No reactlon occurred when triethylger-
mane 1tself and sodium were stirred in liquid ammonisa, whereas
potassium in the same solvent did react with triethylgermane
but the produet subsequently underwent ammonolysis.

In a more recent investigation, Gerow7 studied the
cleavage of some tetrasubstituted germanes in ethylene glycol
dimethyl ether. After stirring a mixture of tetra-n-
butylgermane and lithium wire in ethylene glycol dimethyl
ether for 96 hours, the solutlon was black in color but Color
Test 18 was negative, Hydrolysis and distillation resulted
in the recovery of 92 percent of starting meterial. Sodium-
potasslium alloy under essentlally the same experimental
conditions did not effect cleavage either, there being a
quantitative recovery of tetra-n-butylgermane. Tetra-n-
octylgermane was recovered in 67 percent yield after stirring
for 67 hours with lithium wire in ethylene glyecol dimethyl

ethsr.7

When tetrabenzylgermane was stirred with lithium wire
in the same solvent, a deep red color developed and Color Test
18 was positive after 5 hours., Derivatlzation by addition to

ethyl bromide caused evolutlon of heat and dissipation of the

?C, W. Gerow. The preperation and cleavage of some
erganogermanium compounds. Unpublished Ph.D. Thesis. Amesg,
Iowa, Iowa State College Library. 1956.

( ?H. Gilmen and F. Schulze, J. Am. Chem, Seec., &7, 2002
1925).



red color. Distillation of the reaction mixture gave four
unidentified 1liquids but no tribenzylethylgermane, m.p. 56-
57°,9 was isolated. Attempted cleavage of tetrakis(2-
phenylethyl)germane with lithium wire resulted in the
quantitative recovery of starting material.?

Whersas in alkylarylgermanes aryl groups are casily re-
placed by halogen,lo'lz Gerow was unsuccessiul in cleaving
either aryl or alkyl groups from tri-n-hexylphenylgermane.
After stirring for 24 hours with lithium wire in ethylene
glycol dimethyl ether, there was a 65 percent recovery of
starting materlal and no evidence of formation of an organo-
metéllic intermediate.

Teal and Krausl3 have reported the preparatlon of methyl-,
eéthyl-, end n-propylgermane via reaction of the corresponding
alkyl bromide or icdide with monogermylsodium, H3GeNa. The
monogermylsodium was prepared in liquid ammonia from monoger-
mane and sodlum metal. Monogermylpotassium was prepared under

analogous conditions.

9H. Bauer and XK. Burschkles, Ber., 67, 1041 (1934).

108, 4. Flood, J. Am. Chem. Soc., 54, 1663 (1932).

11R, schwarz and M. Lewinsohn, Ber., 64B, 2352 (1931).

120. E. Trautman and H. A. Ambrose, U. S. Patent
2,416,360. Feb. 25, 1947. [Original not available for
examination; abstracted in Q. A., 42, 2760 (1948)].

L3¢, k. Teal and C. A. Kraus, J. Am. Chem, Soc., 72,
4706 (1950).
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Glarum and Krausl4 extended the above investlgation and
report the preparation of methylgermyllithium, ethylgermyl-
lithium, iscsmylgermyllithium and ethylisoamylgermylllthium
from the corresponding mono- or disubstituted germane and
lithium metal in ethylamine. They report no success, however,
in preparing & triealkylgermylmetallic compound.

Untll a few years age, the greatest deterrent to a more
complete investigation of triaslkylgermylmetallic reagents in
particular, and all germenium compounds in general, was the
unavailability of the necessary starting materials. This
situation has bsen remedlied somewhat, but the present high

cost of the compounds avgilable still remains an obstacle.
Triaslkylsilylmetalliic Compounds

Efforte to prepare triaslkylsilylmetallic compounds have
been mere successful, Trlethylsilyllithium was prepared in
low ylelds by the lithium cleavage of triphenylgermyltriethyl-
silane in ethylamine.15 Low ylelds of trimethylphenylsilane
and triethylphenylsilane were realized after 1,1,l-trimethyl-
2,2,2-triphenyldisllane and 1,1,1-triethyl-2,2,2-triphenyldi-

sllane, respsetively, had been stirred with sodium-potassium

1”8. N. Glarum and C. A. Kraus, ibid., 72, 5398 (1950).

15¢. A. Kraus and ¥W. K. Nelson, ibid., 56, 195 (1934).



alloy in dlethyl ether for 6 hours and derivatized with bromo-
benzene.t® Wul? repeated the cleavage of 1,1;l-trimethyl-
2,2,2-triphenyldisilane with sodium-potassium alloy in ether.
Addition of bromobenzene as the derivatizing agent resulted
in the isolation of a 50 percent yleld of tetraphenylsilane
but no trimethyiphenylsilane was encountered.

In tetrabhydrofuran, Wittenbergl8

cleaved 1,1,1-trlethyl-
2,2,2-triphenyldisilane with 1llthium and isolated upon
hydrolysis 11 percent triethylsilane and 14 percent hexa-
ethyidisilane, in addition to triphenylsilane and other,
unidentified products. These results indicate cleavage of the
S1i-S1 bond and formation of triethylsilyllithium, which then
partially cleaves starting material to give triphenylsilyl-
lithium and hexesethyldlsilane.

The cleavage of hexaethyldisilane, the compound of choice
because 1t would give rise to only triethylsilyllithium, has
been studied. Kraus and Nelson15 found this disllane to be
unarfected by sodium in liquid ammonie or lithium in ethyl-

amine, More recently, the reaction of hexsethyldisilane with

16y, @ilmen, R. X, Inghem, and 4. G. Smith, J. Org.
Chem., 18, 1742 (1953).

17T. C. Wu. Comparisons of some organic compounds con-
taining group IV-B slements. Unpublished Ph.D. Thesis, Ames,
Iowa, Icwa State College Library. 1952.

lBD. Wittenberg, Chemistry Dept., Iowa State College,
Ames, Iowe, Information on cleavage of 1,l1,1-triethyl-2,2,2-
triphenyldisilane. Private communication. 1958.
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alkali metals has been reinvestigatad.16 With sodium in
liguid ammonia there was a 99 percent recovery of the disi-
lane. VWhen sodlum-potessium alloy was used in four reactions,
with variations in time, temperature and solvent, the re-
covery of starting materisl ranged from €69 to 79 percent.
When rubidium was employed, & light blue color was observed
in the solution but hexaethyldisilane was recovered to the
extent of 49 percent. No indication of reaction wes noticed
when ceslium waes stirred with hexaethyldisilsne in g 1:1 mix-
ture of diethyl ether and di-p-butyl ether.’ Phenyllithium
in diethyl ether was also 1neffectual.l6

Attempts to cleave trialkylarylsilanes have also been un-
successful. Kraue and Nelson observed no reaction when tri-
ethylphenylsilane was stirred with sodium in liquid ammonia.15
If lithium in ethylamine was employed, an orange color de-
veloped but, upon hydrolysis, no benzene was isolated, which
indicated the silicon-aromatic carbon bond had not been
clsaved. There was lsolated some material, b. p. 236-2380,
which was described as a partilally reduced (hydrogenated)
derivative of triethylphenylsilane.l5 A 38 percent recovery
of trimethylphenylsilane plus unidentified higher boiling

material was reported after a mixture of trimethylphenylsilane

19A. G. Smith. Some cleavage reactions of alkyl and aryl
silanes. Unpublished M.S. Thesis. Ames, Iowa, Iowe State
College Library. 1953.
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and sodium-potassium alloy in diethyl ether had heen stirred
for 8 days.lg In ethylamine, Benkeser, €t al., observed take-
up of six equivalents of lithium by trimethylphenylsilane to
give a reduced compound.20

In the same paper in which they report the preperation of
triphenylsilylpotassium via the cleavage of phenylisopropyl-
triphenylsilane with sodium-potassium alloy, Benkeser and

Severson21

report no reaction between the alloy and phenyliso-
propyltrimethylsilane although the mixture was stirred at room
temperature for 30 hours and at ether reflux for 20 hours,
Investigations of other triaslkylaralkylsilanes have also
proved frultliess. There was no reaction between benzyltri-
ethylsilane and sodium in liquid ammonia, and with lithium in
ethylamine a partially reduced product was lisciated but no
toluene.15 Smith recovered 83 percent of starting materisl
after benzyltriethylsilane and sodium-potassium alloy had been
stirred for 8 days.19 Heuser and Hance?? found trimethyl-
(triphenylmethyl)silane was unaffected by ethylmagnesium

bromide, n-butyliithium or phenylsodium in ether, and

2R, a. Benkeser, R. E. Robinson, and H. Landesman, J.
Am. Chem. Soc., 74, 5699 {1952).

2IR. A. Benkeser and R. G. Severson, ibid., 73, 1424
(1951).
22

C. R. Hauser and C. R. Hance, ibid.. 73, 5846 (1951).
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9-fluorenylsrimethylsilane metalated in the 9-position when
treated with_r_;_-—butyllithium.z3

In somewhat related sxperiments, Steele and Kippingz4
found that dichlorcdibenzylsilane with sodium ln refluxing
toluene gave fair yields of tetrabenzylsilane, but that the
bulk of the silicon was converted to an infusible white solid
quite similar to silicon dloxide but which contained a low
percentage of organic materlsl, arising undoubtedly from fur-
ther reaction of the dichlorobenzylsilylsodium moiety. Evison
and.Kipping25 repeated the reaction later and reallzed essen-
tially the same results except that they also isolated a small

26 were abls

emount of tribenzylsilane. Thompson and Kipping
to lsolate tetraphenoxysilane from the reaction of dichlorodi-
rhenoxysilane and sodium but they were unable to derivatize
the dichlorophenoxysilylsodium which they postulated as an
intermediate.

In & similer reaction, Benkeser and Foster27 report a 50

percent yield of tetrabenzylsilane after treating tribenzyl-

23H. Gilman and H. Hartzfeld, ibid., 73, 5878 (1951).

®

2%5, R, Steele and F. S. Kipping, J. Chem. Soc., 1431
(1928).

25%. £. Evison and F. S. Kipping, ibid., 2830 (1931).
26R, A. Thompson and F. S. Kipping, ibid., 1176 (1929).

27R. A. Benkeser and D. J. Foster, J. Am. Chem. Soc.,
%, 5314 (1952).
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sllane with sodium in decalin, the rest of the silicon being
incorporated in an infusible solid containing low percentages
of carbon and hydrogen. Tetraphenylsilane and an infusible
inorganlc-appearing material were isolated when phenyl- or
diphenylsilane was heated with sodium-potassium alloy.28

Quite & bit of work has also been done on the reaction
of trlslkylsilanes with metals and organometallic compounds.
XKraus and Nelsonl5 isclated hexaethyldisllazane upon treatment
of triethylsilane with potassium in liquid ammonlia. They also
report the preparation of ethyl(triethylsilyl)amine when tri-
ethylsilane was stirred with lithium in ethylamine. When
triethylsilane and scdlum-potassium alloy in ether were
stirred at reflux for 26 hours, there was a 46 percent re-
covery of starting mater1a1.19 Benkeser, et g;ng realized
an 88 pereent recovery of triethylsilene after stirring the
compound with sodium-potassium alloy in ether for 30 hours at
room temperature.

MealsBo observed that trestment of triethylsilane with
n-propyllithium, n-butyllithium, and phenyllithium in ether
gave trlethylpropylsilane, butyltrlethylsilane and

28
(1952).

29R. A. Benkeser, H., Landesmann and D. J. Foster, ibigd.,
74, 648 (1952).

30R, N. Mesls, ibid., 68, 1880 (1946).

R. A, Benkeser snd D. J. Foster, ibid., 74, 4200
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triethylphenylsilane in yieids of 74.5, 58 and 81 percent,
respectively. Methyllithium and triethylsilane in ether gave
triethylmethylsilane in ylelds of 54, 35 and 38 percent in
three runs.31 Triphenylsilane reccts similarly,32
Trialkylhalosilanes and trilalkylalkoxysllanes have also
been studied as starting materials for the preparation of
trialkylsliylmetallic compounds. Kraus and Nelson;5 found
that triethylbromosilane witlx lithium in ethylamine gave
ethyl(triethylsilyl)amine. wu17 found no evidence of reaction
between triethylchlorosllane and sodium-potassium alloy after
stirring for 70 hours at room temperature. The reaction be-
tween trialkyliodosilanes and molten sodium gives the coupling
products, hexealkyldisilanes, in yields of 80 percent or
better.33 Triethyliodosilane and magnesium, with or without
added lodine as & catalyst, gave no resction in ether over

34

extended periods of reflux. Emeléﬁs, et al.35 have re-

ported that lodosilane reacts with mercury, zinc, magnesium

31y, Gilmen and S. P. Massie, ibid., 68, 1128 (1946).
32y, @ilman and H. ¥W. Melvin, 1bid., 71, 4050 (1949).

334, . Voronkov and Yu. I. Khudobin, Zhur, Obshchei
Khim., 26, 584 (1956). [Original available but not trans-
lated; ¥ranslated in J. Gen. Chem, U.S.S.R., 26, 629 (1956);
also abstrazcted in 8. A., 50, 13729 (1956H

34g, Eaborn, J. Chem. Soec., 2755 (1949).

3%H. J. Emeléus, A. G. Maddock, and C. Reid, ibid.,
353 (1541).
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or sodium in ether. The final products of the reactions are
silane and ilodides of the metals, and they postulate the reac-
tion proceeding through an unstable silylmetallic intermedlate.

Sodium~-potassium alloy and trimethylethoxysilane in ether
gave no evidence of reesction, and the same silene and cesium
in ether-benzene gave, after addition of chlorotriphenylsi-
lane, no l,l,l-trimethyl-z,2,2—triphenyldisilane.19

One explanation fer the high reactivity, non-selectivity
of a trialkylsilylmetallic compound, 1f formed, or the non-
formatlon of such an intermedlate under most experimental
conditions, may be that there exists no chance for resonance
stabilization of the trialkylsilyl anion. The stability of
dimethylphenylsilyllithium end methyldiphenyleilyllithium,”
where resonance stabilization is possible, lends some credence

to this theory.
Organosilicon Hydrides

A priori, one might expect that organosilicon compounds
of the type RSiHs; Ro81Hy, and R381H would resemble closely
their carbon analogs. Experimentally, however, the least
reactive (tertiary) type of silicon-hydrogen is more reactive
in most cases than the most reactive (tertiary) type of
carbon-hydrogen bond. The two bonds have about the same

amount of ionic character, 4 percent in carbon compounds
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versus 3 percent in silicon compounds,36 but the great dirf-
ference lies in the direction of polarizatlon. The relative
electronegativities of carbon, hydrogen and silicon are 2.5,
2.1 and 1.8, respectively,37 which means that the hydrogen
atom 1s at the negative end of the polar siiicon-hydrogen
bond, resulting in enormously greater reactivity toward polar
reagents as compared to the oppositely polarized carbon-

hydrogen bond.

Preparation

By direct synthesis The first organlc compound con-

taining a silicon-hydrogen bond was prepared by Pap638 who
treated silicochloroform with di-n-propylzinc and isolated
tri-n-propylsilane. Taurke39 prepared several trialkyl- and
triarylsilanes by coupling silicochloroform and organic
halides with sodium in e Wurtz-type reaction. Stock and

40

Somieski were able to prepare chloro- and dichloresilane

from silane and hydrogen chlorlde and obtained mono- and

36, Pauling. The nature of the chemical bond. 2nd ed,
Ithaca, New York, Cornell Univ., Press., 1948. p. 70.

37, Pauling, ibid., p. 64.

38c, pape, pnn., 222, 354 (1884),

39F. Taurke, Ber., 38, 1661 (1905).

K04, Stock and C. Somleski, ibid., 52, 695 (1919).
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disubstituted silanes upon treetment of thesz intermediates
with dialkylzinc compounds.

In the past decade, there has been an incressed interest
in the chemistry of compounds containing one cr more hydrogens
bonded to silicon. Peske, et g;aﬁl have reported the reaction
of organolithium compounds with silane (SiHy) in dliethyl ether
to give some di- and trisubstituted silanes, although the main
products were the tetrasubstituted compounds. Under the same
conditions, phenylsodium gave tetraphenylsilane while Grignard
reagents did not react at all. Using low bolling petroleum
ether rather than diethyl ether, it is possible %o prepare the
trisubstituted silanes in good yields.gl This failure of the
last hydrogen to react in the nonpolar petrcleum ether had
bsen observed earlier.3o’42 Mea1543 studied the stepwise re-
action of organoclithium reagents with RSiH3 types and reallzed
& mizture of products in all cases.

Other investigators have employed sllicochloroform and
organometallic reagents to prepare trisubstituted silanes,

However, if a ratio of organometaellic compound to silico-

H;. 3. Peake, W. H. Nebergell and Yun Ti Chen, J. Am,
Chem. Soc., 74, 1526 (1952).

42y, H, Nebergall, 1ibid., 72, 4702 (1950).

H3g, N. Meals, U. S. Patent 2,444,784, July 6, 1948.
[Original not available for examination; abstracted in C. 4.,
42, 7317 (1948)].
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chloroform of less than 3 to 1 was used, a mixture of
RS1HGl,, R,SIHC1 and RySiH was obtained. '3

Another epproach which gives triarylsilanes in goed
yields utilizes a Wurtz-Fittlg reactlon between silicochloro-
form and aryl halides, preferably the chlorides. Wannagat and
Brendmairt® prepared tri-(p-dimethylaminophenyl)-silane and
Bassett, et 51;47 were sueccessful in synthesizing triphenyl-
gllane and tri-o-, m-, and p-tolylsllanes by this method.
Diallylethylsilane was prepeared via a slightly modified pro-
cedure employing ethyldichlorosilane, allyl lodide and mag-
nesium.i"8 Wurtz reactions cannot be applied to the preparation
of trialkylsilanes in general due to the extensive coupling of
alkyl halides to give hydrocarbons.

The fact that Grignard reagents do react with the
sllicon-halogen bond, but do not react with the silicon-

hydrogen bond under ordinary circumstences has been exploited

44J. W. Jenkins, N. L. Lavery, P. R. Guenther, and H. V.
Post, J. Org, Chem., 13, 862 (1948).

45J. W. Jenkins and H. ¥W. Post, ibid., 15, 552 (1950).

46U. Wannagat and F, Brandmalr, Z. anorg. u. aligem.
Chem., 280, 223 (1955).

47E. A. Bessett, H. G. Emblem, M. Frankel, end D. Ridge,
J. Soc. Chem, Ind,, 67, 177 (1948).

48Aa D. Petrov, V. F. Mironov, and V. G. Glukhovtsev,
Izvest. Akad. Nauk S.5.8.R., Otdel. Khim., Nauk, 1954, 1123,
|Or1ginal avallable but not translated; translated in Bull.
Acad, Sel. U.S.S.R., Div. Chem. Sci., 1954, 983; also
abstracted in C. A., B9, 7510 (1955)] .
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by several iﬁvestigators. Opisz, el 51;&9 bubbled bromosilane
and dibromosilane into solutions of Crignard reagents in di-
ethyl ether to prepere mono- and disubstituted silanes,
respectively, in high yields., West and Rochow5o used di-
chlorosilane to prepare diethyl-, di-n-propyl-, diisopropyl-,
di-n-butyl-, dicyclohexyl-, diphenyl-, di-p-anisyl-, and di-1-
naphthylsilane from the corresponding Grignard compound.
West51 also prepared silacyclohexane from 1, 5-pentamethylene-
dilithium and dichlorosilane. Phenylbromosilane has been
found to react smoothly with alkyl Grignard reagents to give
phenylalkylsilanes 2 and Shostakovekil, et al.’> realized
similar results with diethylchlorosilane. This latter reac-
tion has been extended to RaSiHXS-a compounds in general to
give R R 3 aSiH compounds, where R and R!' may or may not be the

sane .

“9E. E. Opitz, J. S. Peeke, and W. H. Nebergall, J. Am.
Chem, Soc., 78, 292 (1956).

50%, VWest and E. G. Rochow, J. Org. Chem., 18, 303 (1953)

51g. vest, J. Am. Chem., Soc., 76, 6012 (1954).

°2M. C. Harvey, W. H. Nebergall, and J. S. Peake, ibid.,
76, 4555 (195%).

53M. F. Shostakovskii D. A. Kochkin, and V. M. Rogov,
Tzvest. Akad. Nauk S5.S.S. R., Otdel. Khim, Nauk, 1856, 1062.
]Original available but not transiated; transiated in Bull.
Acad. Scl. U.S.S. R., Dlv. Chem, Seci. 25 1079; slso =

A., 5L, 4983 (1957)

54A° D. Petrov, V. A. Ponomarenko, B. A. Sokolov, and
Yu. P. Egorov, ibid., 1957, 310. LOriginal not available for
examination; abstracted in C. A., 5L, 14588 (1957)].

abstracted in C.



19

Another method of preparing 338154_3 compoundse has been
developed only recently. Fritzd” found that silane added
across the double bond of ethylene at ca. 450° to give a mix-
ture of ethyl-, dlethyl-, and triethylsllane. Also isolated
from the reaction were some methylsilanes and higher bolling
polymeric materials, Approximately the same results were ob-
tained by White ana Rochow® ab 5009, although they also iso-
lated some disilane and trislilane, From silane and acetylens

o)
at 500 , there was obtained ethylsilane plus a mixture of
6

ethilviﬁylsilanes.5 Wolfe and Cook57 were able to achieve
some control over the distribution of preducsts by regulation
of the temperature. Below 2500, the main product was ethyl-
sllene; at higher temperatures a mixture of diethyl-, tri-
ethyl-, and tetraethylsilane was obtained.

Irradiation of a ﬁixture of silane and ethylene with a
mercury vapor lamp at lower temperatures gave ethylsilane,
n-butylsllane and 1,2—disilylbutane.56 When acetylene was
substituted for ethylene and the mixture irradiated, 1,2-
disilylethane and polymeric materials were obtained.56

This addition of organosilicon hydrides to double bonds
will be dealt with in greater detail in the section con-

cerning reactions of silicon-hydrogen compounds.

55G. Fritz, Z. Naturforsch., 7b, 207 (1952).

%p. . White and E. G. Rochow, J. Am. Chem. Soc., 76,
3897 (1954).,

57J. K. Wolfe and N. C. Cook, U. S. Patent 2,786,862.
Mar. 26, 1957. [Original not available for examination;
abstracted in C. A., 51, 13904 (1957)].
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By reduction With the development of the metal hydrides,

and lithium aluminum hydride58 in perticular, as reducing
agents, an entirely new avenue of approach was opened in
organosilicon hydride chemistry. Finholt, et g;459 reported
the preparation of ethyl-, n-propyl-, n-butyl-, phenyl, di-n-
propyl-, and diethylsilane by reducticn of the corresponding
chiorosllanes with lithium aluminum hydride. In the same
paper, lithium hydride was reported to be slower than lithium
aluninum hydride but that replacement of diethyl ether by
p-dloxane lncreased the efficiency considerably. This has

Sk in a more recent publica-

been verified by Petrov, et al.
tion. Sedium hydride was ineffectual in elther solvent. That
the solvent plays an important role in the reaction by com-
plexing the reducing species was demonstrated by Paddock,6o
who found that no silane was formed when a mixture of silicon
tetrachloride and lithium aluminum hydrlde was refluxed for
extended pericds of time in the absence of any solvent. When
ether was present, the yield of silane was 96 percent at a

temperature of -115°.

584. E. Finholt, A. C. Bond, and H. I. Schlesinger, dJ.
Am. Chem. Soc., 69, 1199 (1947).

5954, E. Pinholt, A. C. Bond, K. E. Wilzbach and H. I.
Schlesinger, ibid., 89, 2692 (1947).

60y, 1. paddock. Nature, 167, 1070 (1951).
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Nebergell and Johnson®! were sble to reduce tricyclo-
hexylechlorosllane to tricyclohexylsilane with lithium aluminwa
hydride in diethyl ether, although the chloride was resistant
to attack by either acid or base. Kaye and Tannenbaum62 rre-
pared mono-, 4i-, and trimethylsilane, mono-, di-, and tri-
ethylsilane, n-butyl-, iscbutyl-, and vinylsilane via reduc-
tion of the chloro compounde with 1ithium aluminum hydride,
The following 1s an incomplete 1list of refc-:*::-enc:esﬂ’63'70 to

the reduction of variously substituted chlorosilanes to

6ly. H. Nebergall and O. H. Johneon, J. Am. Chem. Soc.,
71, 4022 (1949).

628. Kaye end S. Tannenbaum, J. Org. Chem., 18, 1750
(1953).

63y. D. Englieh, A, Teurins, and R. V. V. Nicholls, Can.
J. Chem., 30, 646 (1952). ===

64p, A. McCusker and E. L. Rlelly, J. Am. Chem. Soc.,
75, 1583 (1953).

65s, Tannenbaum, §. Kaye, and G. F. Lewenz, ibid., 75,
3753 (1953).

66A. D. Petrov and V, A. Ponomersnke, Doklady Akad. Nauk
5.8.8.R., 98, 387 (1953). [Originel not available for ex-
amination; abstrasted in C. A., 48, 5080 (1954)].

673, w. Curry, J. Am. Chem. Soc., 78, 1686 (1956).
68

L. H. Sommer and 0O, F. Bennett, ibid., 79, 1408 (1957).

693, N. Borisov, M. G. Voronkov, and B. N. Dolgov,

Doklady Aksd. Nauk S.5.8.R., 114, 93 (1957). [Originsl not
avallable for examinatlon; abstracted in C. A., 52, 1057

(1958)] .

. 70, D. Keesz and F. G. A. Stone, J. Chem. Soc., 1957,
1433.
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silanes, which occur throughout the recent literature with
very littie variation in procedure. The reduction is very
rapid, being complete, usually, after two hours at ether-
reflux temperature,.

Lithium aluminum hydride also reduces Si-0-C and S1-0-51

linkages to Si-H bonds. @Gilman and Brannen71

prepared tri-i-
naphthylsilane from tri-l-nephthylethoxysilane and Wester-
mark72 lsolated di- and tri-n-propylsilane, 4i- and tri-n-
butylsllane, mono-, di-, and tri-n-amylsilane, n-hexylsllaue
and diphenylsilene upon reduction of the corresponding ethoxy
compounds, He reported low vields in diethyl ether, but in
the absence of any solvent or in di-n-butyl ether, yields of
80 percent or better were realized.

Tetraalkoxysilanes, hexaalkoxydisliloxanes, and hexa-
chlorodisiloxanes gave only silane when stirred with lithium
alumninum hydride.73 Schumb and Bobinson74 realized the same
result when hexschlorodisiloxane was reduced with lithium

aluminum hydride, lithium hydride, sodium borohydride or

godium hydride, none of the desired disiloxane belng

71H. Gilman and C, G. Brannen, J. Am, Chem, Soc., 73,
4640 (1951).

72y, Westermark, Acta Chem. Scand., 8, 1830 (1954),

=% -»

73@. Fritz, Z. Naturforsch., 10b, 423 (1955).

™y. ¢. Schumb and D. Robinson, J. Am. Chem. Soc., 77,
5294 (1955).
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encountered. Reduction of 1,3-diphenyldisiloxane with lithium
aluminum hydride gave phenylsilane in good yields.75

Two quite recent publications report redistribution
during reductlion of halosilanes wlth aluminum-containing
hydrides. Goodspeed and Sanderson76 obtained a mixture of di-,
tri-, and tetramethylsilane from the reaction of dimethyldi-
chlorosllane and sluminum borohydride. VWhen a mixture of
diethylaiuminum hydride, triethylaluminum and sillcon tetra-
fluoride was heated for one hour at 2600, the products were
morno-, di-, and triethylsilane.77 Tetrachioro-~ and tetra-
alkoxysilanes gave similar products.

Grignard reagents themselves can function as the re-
duclng agents in certaln cases. Cusa and Kipping reported
that treatment of phenyltrichlorosilane wlth an excess of
cyclohexylmagnesium bromide gave dicyclohexylphenylsilane as

the sole product.78

That steric hindrance toward introduction
of a third cyclohexyl group was the determining factor has

been demonstrated more recently. It was found that isopropyl-

?54. C. Harvey, W. H. Nebergell, and J. S. Peske, ipid

76N. C. Goodspeed and R. T. Sanderson, J. Inorg. Nuclear
Chem., 2, 266 (1956).

77Kal1-Chemie A.-G., British Patent 781,533. Aug. 21,
1957. [Original not avallable for examination; abstracted in
C. A., 52, 2049 (1958)].

78N. ¥. Cusa and F. S. Kipping, J. Chem. Soc., 1040
(1933).

o 9
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magnesium chloride, cyclopentylmagnesium bromide or terg-
butylmegnesium bromide gave dialkylphenylsilenee and the
corresponding alkene with phenyltrichlorosilane.79

Hervey, gg,g;a,75 in a study of the reactlien of 1,3-
diphenyldisiloxane with alkyl, aryl or aralkyl Grignerd
reagents, found that the Si-0-S1 linkege was reductively
cleaved. VWith methylmagnesium iodide, the products were
phenylsilane and methylphenylsilane; with ethylmagnesium
bromide, phenylsilane and ethyl phenylsilane were 1solated.
Using phenylmagnesium bromide or benzylmagnesium chloride,
analogous products were obtained. They postulate initial re-
action between the silane and Grignard reagent to form a
trisubstituted disliloxane and e magnesium halohydride. The
haslohydride then cleaves the S5i-0-Si linkage in either of two
ways to give the products isolated.

By disproportionation or redistribution In 1867, Friedel

80 reported that upon passage of hydrcgen

and Ladenburg
chloride over elemental silicon at elevated temperatures a
mixture of silicon tetrachlorlide and silicochloroform was

5o obtained chlerosilane, dichloro-

formed. Stock and Somieski
sllane and trichlorosilane when sllane eand hydrogen chloride

were admixed end heated to 200°, Investigating the use¢ of

79M. C. Harvey, W. H. Nebergall, and J. S. Peake, J., Am.
Chem. Soc., 79, 2762 (1957).

80¢, rFriedel and A. Ledenburg, Ann., 143, 118 (1867).
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catalysts, they found that aluminum chloride converted a mix-
ture of dichlorosilane and silane to chlorosilane in good
yields below 100°. The explosive nature of these mixtures,
however, militated ageinst extensive use of these reactions.

In 1945, it was found that metallic sluminum or zinc
catalyzed redistribution reactions between chlorosilanes and
hydrogen gas at 350-450°.81 Silicon tetrachloride and hydro-
gen gave good yields of di- and trichlorosilane while from
silicochlorcform under the same conditions, silane, chloro-
silane and dlchlorosilane could be prepared. Methyltrichloro-
silane, hydrogen and sluminum st 450° gave methyldichloro-
silane.81

Dimethyl cyanamide, at temperature above 1500, vas
effective in converting trichlorosilane to dichlorosilane,sz
or ethyldichlorosilane %o ethyichlorosilane.83 Pretreatment
cf the cyanamide with a Lewls acid, such as BFB’ AlClB, or
TiCly, had the two-fold effect of reducing the temperaturse

necessary for the redlstribution and inereasing the yields.84

8lp. 7. Hurd, J. Am. Chem. Soc., 67, 1545 (1945).

Jan. 24., 1956, [Original not available for examination;
abstracted in G, A., 50, 12097 (1958)] .

83Do L. Balley and G. H. Wagner, U. 5. Patent 2,732,281.
Jan. 24, 1956. [ Original not available for examination;
abstracted in G. A., 50, 12097 (1956)].

84p. L. Bailey and G. H. Wagner, U. S. Patent 2,732,282.
Jan. 24, 1956. [Original not available for examination;
abstracted in C. A., 50, 12097 (1956)] .

82p. 1. BailT:y and G. H. Wagner, U. S. Patent 2,732,280.
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N.c¢rlles have a catalytic effect on the same redistributlions
but temperatures above 150° are necessary. Aluminum chloride
effected & 15 percent conversion of trichlorosilane to d4l-
chlorosilane at 4000;85 while basic catalysts, such as
tertiary amines, accomplished essentially the same results

at temperatures below 500.86 With the availebiliity of these
chlorosilanes on a commercial basis, the preparation of vari-
ous organosilicon hydrides vie Grignard reactlions discussed
earlier should bec¢ome possible on a larger scale.

Alunminum chioride also catalyzes the rearrangement of
alkylehlorosilanes. A mixture of trialkylchlorosilane, di-
alkyldichloresailane and dlalkyleilane was obtained when a
trialkylsilane and a dlalkyldichlorosilane were heated to-
gether in the presence of aluminunm chloride.57:87 4 recent
patentss describes the coaversion of dialkylchlorosilanes to
dialkyl- and dialkyldichloroslilanes and it has been repvorted
that simple distillation of the lower boiling compounds of the

856. E. Erickson and @G. H. Wagner, U. S. Patent 2,735,861.
Feb, 21, 1956. [Original not available for examination;
abstracted in C. A., 50, 13986 (1956)].

86generel Electric Co., British Patent 761,205. Neov, 15,
1957. [Original not available for examination; abstracted in
L. A., 51, 10559 (1957)].

87r. . Whitmore, E. W. Pietrusza, and L. H. Sommer,
Jd. Am, Chem, Soc., 69, 2108 (1947).

883, N. Borisov, B. N. Dolgov, and M. G. Voronkov,

U.S5.8.R. Patent 106,223. July 25, 1957. [Original not avail-
able for examination; abstracted in C. A., 51, 16516 (1957)].
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type RgSiHX3_, resulte in falr yilelds of RpSiHy_g compounds.69

Alkoxysilanes radistribute in the presence of alkall metal
alkoxides bhelow 500.89’90

Compounds of the tyve RaSiHXB_a are formed in low yields
when vapors of alkyl or aryl halides are passed over silicon
er a silicon alloy at elevated temperaturee. This mode of

preparatlion was first reported by Rochow9l

92-94

and has been ex-
tended and expanded by others. Thet this type of reac-
tion 1is complex has been demonstrated during several independ-
ent studies in which it was found that tetraalkylsilanes give
complex mixtures of silans, olefins and hydrocarbons, in

addition to small amounts of trialkylsilanes, at 600° in the

89D, L. Belley, U. S. Patent 2,723,983. Wov. 15, 1955.

Original not available for exsmlination; abstracted in C. 4.,
50, 10125 (1956) .

90p. L. Bailey, U. S. Patent 2,745,860, Mey 15, 1956.
Original not available for examination; abstrected in C. A.,
51, 2021 (1957) .

91, G. Rochow, J. Am. Chem. Soc., 67, 963 (1945).

9%R. N. Lewis, ibid., 69, 717 (1947).

93R. Okawara and M. Sekiyama, Bull. Chem, Soc. Japen,
29, 236 (1956).

94A. D. Petrov, N. P. Smetankina, and G. I, Nikishin,
Zhur. Obschei Xhim., 25, 2332 (1955). Original available
but not translated; translated in J. Gen. Chem, U.S.S.R.,
21§5§?05 (1955); ebstracted also in C. A., 50, 9280
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absence of any catalyst.95’96 Furthermore, it has been re-
rorted that diphenylsilane disproportionates into sillane,
phenylsilane, triphenylsilane and tetraphenylsilane at 100°
in the presence of a platinum catalyst while temperatures
above 230° will cause the same disproportionation in the ab-
sence of any added catalyst.g? It would be 1interesting to
consider whether many other organosilicon hydrides may redis-
tribute in the absence of added catalysts, provided their

decomposition temperatures ars not too low.
Reactions

With metsls and organometallic compounds Some of the
reactlions of orgenoslliicon hydrides with metals have already

been discussed in preceding sections. Benkeser, et g;;29 and
Smith.l9 reported that triaikylsilanes and sodium-potassium
alloy in diethyl ether did not react. In ethylamine, ethyl-
(triethylsilyl)amine was 1lsclated from the reaction between

lithium and triethylsilane.15

5. Fritz and B. Raabe, Z. anorg. u. agllgem. Chem,,
286, 149 (1956).

96B. N. Dolgov, G. V. Golednikov, and N. E. Glushkovs,
Zhur. obshchei Xhim., 28, 1688 (1956). [original available
but not trenslated; transla ed in J. Gen. Chem, U.S.8.R.,
26, 1893 (1956); alsc abstracted in C. A., 51, 1828 (1957)] .

(19{Q?7H. Gilmen and D, H. Miles, J. Org. Chem,, 23, 326
A )
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The solvent plays an important role in the reaction be-
tween triphenylsllane and alkall metals. Triphenylsilyl-
potassium is formed from triphenylsilane and sodium-potassium
alloy in dlethyl ether and can be derivatized with varisus
reagents;29 but with lithium, a 21 percent yield of hexa-
phenyldislilane is realized.98 Sodium and triphenylsilane in

liquid ammonia gave hexaphenyldisilazane in high yields,99

while in ethylemine, Milligan end Krausloo were able to pre-
pare tris(triphenylgermyl)silyllithium from tris(triphenyl-
gerayl)silane and lithium, Already menticned have been the
reactions of phenyl- and diphenylsilane and tribenzylsilane
with sodium-potassium alloy in diethyl ether to give tetra-
substituted silanes and inorgenic materia1.27’28

Reactlon of the silicon-hydrogen bond with organometallic
compounds 1is dependent on the solvent and the particular
organcsilicon hydride used. Generally, an organosilicon hy-
dride and an organolithium reagent will give the tetrasubsti-
tuted product in diethyl ether30’32’#1'42’75 but in low
boiling petroleum ether, the last hydrogen is not replaced

upon treatment with an orgesnolithium compound.30’41’42

98H. Gilmen end G. E. Dunn, J, Am, Chem. Boc., 73,
5077 (1951).

99H. H. Reynolds, L. A. Bigelow, and C. A. Kraus, ibid.,
51, 3067 (1929).

1005, @. Milligen and C. A. Kraus, ibid., 72, 5297
(1950).
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Grignerd reagents do not react at all with the silicon-

hydrogen bond of sllenes in petroleum ether, xylene or

R-dioxane.jz

Until last year, there has not been reported
any reaction in diethyl ether,3l’32’41 but Harvey, et 21;75
have since isolated producte from the reaction of 1,3~
diphenyldisiloxane which indicate initial replacement of one
hydrogen by the anion of a Grignard reagent. Gllman and
Zuecklol realized falr yields of diphenyl- and triphenyisilane
from phenyl- and diphenylsilene, respectively, after extended
reflux with phenylmagneslum bromide in sther. In refluxing
tetrahydrofuran, introduction of an alkyl, aryl, or aralkyl
group into phenyl-, diphenyl- or triphenylsilane is extremely

facile using Grignard reagents.lo1

Peake, et g;;,ql attempted to prepare tetrailsopropyl-
gilane from silane and isopropylliithium, but only the trisub-
stituted compound was isolated. That steric hindrance wase
dictating the course of reactlion was borne out when tri-l-
naphthylsilane was the only product obtained from the
reaction of silane and excess 1-naphthyllithium,hl Gilman

k102 report that phenyilithium reacts with triiso-

and Clar
rropylsilane but they were unsuccesgsful in attempts to

synthesize tetralsopropylsilane from triisopropylsilane and

101y, Gilman and E. A. Zueck, ibid., 79, 4560 (1957).
102y, ciiman and R. N. Clark, 1bid., 69, 1499 (1947).
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isopropyllithium. When these same authors investigated the
reaction of isopropyllithium with silicochloroform, diiso-
propylechlorosilane was formed exclusively.lo2

With cerbon-carbon multiple bonds Eleven years ago,

Sommer, et g;&103 first reported the addltion of organosilicon
hydrides to an olefinic hydrocarbon under the influence of
either ultraviolet light or diacetyl peroxide. Numerous
references to variations of the original reactlon conditlons
have appeared in the literature, especially in the patent
literature, since thet time, Rether than attempt to list all
of them, key references are given which contain good bibliog-
raphies of simllar gtudles,

That the reaction is free radical in nature, with non-
Markownikoff addition of the silyl fragment to the unsaturated
linkage has been quite well established. Ths addition is

catalyzed by peroxide55103‘1o5 azodinitrilee,1°6:lo7

1031, =, Sommer, E. W. Pletrusza, and F. (. Whitmore,
ibid., 69, 188 (1947).

10%r, L. speler, R. E. Zimmermen and J. Webster, ibld.,
78, 2278 (1956).

105E. T. McBee, C. W. Roberts and G. W. R. Puerckhauer,
ibid., 72, 2326 {(1957).

1065, Curtice, H. Gilmen and G. S. Hammond, ibid., 79,
4754 (1957).

107g. D. Lipscomb, U. S. Patent 2,570,462. Oct. 9,
1951. [Original not available for examination; abstracted
in C. A., 46, 6141 (1952)].
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ultraviolet ligh‘t:,lcs’109 Lewis acids,llo’lll and Group VIII
metalsllz"llu' or may be carried out thermally.ll5"118 The
efficiency of formation and subsequent addition of the siliyl
free radical is dependent on the original silicon hydride.
The more electron withdrawlng groups attached to the silicon

atom, the more facile is the generation of the radicel. As

108, u. geyer, R. N. Haszeldine, K. Leedham, and R. J.
Marklow, J. Chem. Sec., 1957, 4472.

109_13, M. Geyer and R, N. Haszeldine, Nature, 178, 808
(1958). '

110J. L. Speler end R. E. Zimmerman, J. Am. Chem, Scc.,
77, 6395 (1955).

111(‘:‘. H. VWagner and P. W. Shafer, U. S. Patent 2,775,606.
Dec. 25, 1956. %fjlriginal not available for examination;
abstracted in C. A., 51, 7413 (1957)].

112y ¥, Sommer, F. P. MacKay, 0. W. Steward and P. G,
Campbell, J. Am., Chem. Soc., 79, 2764 (1957).

113y, A. Ponomarenko, B. A. Sokolov, Kh. M. Minachev, and
A. D. Petrov, Doklady Akad. Nauk S.S.8.R., 106, 76 (1956).
[Original avallable but not translated; translated in Proec.
Acad. fiei. U.S.8.R., Sec. Chem,, 106, 17 (1956); also ab-
stracted in G. A., 50, 13725 (1956)].

%5, 1. Speler, J. A, Webster and G. H. Barnes, J. Am.
Chem. Soc., 79, 974 (1957).

1155, J. Barry, L. DePree, J. W. Gilkey and D. E. Hook,
ibid., 69, 2916 (1947).

1165 3. McBee, C. W. Roberts and G. W. R. Pureckhauer,
ibid., 79, 2329 (1957).

ll?A. M. Geyer and R. N. Haszeldine, J. Chem. Soc.,
1957, 1038,

118A. N. Nesmeyanov, R. Kh. Freidlina, and E. C.
Chukovskeya, Tetrahedron, 1, 248 (1957).
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might be expected, the bulkier the substlituents, the more
gifficult is the eddition.ll?

In a unique study of & silyl free radicsl itself,
Curtice gt 514}06 found oxygen to be a very good scavenger
for triphenylsilyl free radical, obtaining triphenylsilanol.
In the absence of oxygen, triphenylsilyl free radicals were
able to abstract the halogen of chlorobenzene, forming tri-
phenylchlorocsilane, a reaction without precedent in the study
of hydrocarbon free radicals.

¥ith eslcohols The preparation of alkoxysilanes from

alcohols and organosilicon hydrides is catalyzed by elther
aclid or base. Ruff and Albertlzo obtained tetraalkoxysilanes
from trifiuorosilane and aliphatic alcohols, the HpSiFg formed
during the reaction catalyzing the reactlon of the silicon-
hydrogen bond. Havill, et g;;,121 were able to isolate tri-
alkoxysilanee when the reaction between silicochloroform and
alecohols was cooled to O°, but upon warming of the mixture to
room temperature, the tetraalkoxy compounds were isola’ced.122
In & more comprehensive study, it has been reported that

in the presence of alkall metal alkoxides the rate of reactlcn

119¢. A, Burkhard end R. H. Kpleble, J. Am. Chem. Soc.,

69, 2687 (1947).
1205, Ruff and K. Albert, Ber., 38, 53 (1905).

121y, E. Havill, I. Joffe, and H. W. Post, J. Org. Chem.,
13, 280 (1948).

1227, joffe and H. W. Post, ibid., 14, 421 (1949).
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between trialkyleilanes and alcohols was dependent on several
faotors.123 The velocity of the reaction decreased as the
length of the alkyl groups attached to silicon increased or

as branching of the alkoxy group became greater. The alkalil
metal involved also affected the course of reaction. With
1ithium alkoxides, only primary alcohols reacted with trisub-
stituted silanes while sgecondary alcohols reacted slowly if
sodium alkoxides were used. Potassium alkoxides increased the
rate of resction of both primary and secondary carbinols while
rubidium sikoxides would even catalyze tlie reaction of ter-
tiary alcohols with trisubstituted silicon hydrides. 2>
Pyridine has been revorted to catalyze the reaction between

triphenylsilane and some primary alcohols, but failed with

allyl alcohol, tert-butyl alcohol, or di~ and triphenyl-
124

methanol.
In a recent publication, metallic copper was reported to

catalyze the stepwlse reacticn of alkoxy groups with phenyl-

silene in yields of 20 to 30 percent;125 although, in light

123B. N. Dolgov, N. P. Kharitonov, and M. G. Voronkov,
Zhur. Qbshchei Khim, 24, 1178 (195%). [original available but
not translateq; translated in J, Gen. Chem, U.S.S.R., 24,
1169 (1954); also abstracted in C. A., 49, 12275 (1955—I

1245 @ilman, G. E. Dunn, H. Hartzfeld, and A. G. Smith,
J. Am, Chem. Soc., 7Z, 1287 (1955).

125w. S. Miller, J. 8. Peske, and W. H. Nebergall, ibid.
1,9_3 Vi" 9.7?
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of the low yilelds, it may well be that a small amount of
cupric oxide was the actual catalyst.

With compounds that are easily reduced Reduclng proper-

ties of the Si-H bond have been known for a long time but very
little use has been made of this information. Buchner!?® first
reported that silane reduced silver nitrate to metallic silver
in aqueous solutions. Later, Stock and Somleskilz? found that
gilane reduced Fe(III), Cu(II) and Hg(II) to Fe(II), Cu(I) and
Cu(0) and Hg(I) and Hg(0), respectively. Siiicochloroform is

able to reduce varlous reagents such as Cr0s, S50,, SO, As(III),

39
and Sb(III).128’129 Eaborn has reported the reduction of
silver perchloratel3o end silver isothiocyanateljl by tri-
alkylsilanes, metallic silver being deposited during the
reactions.

Organic carbonyl compounds are reduced to alcohols by

gllsnes. Jenkins and Post132 found trisubstituted silanes

were able to reduce benzoyl chloride and substituted benzoyl
126
G. Buchner, Ber., 18, 317 (1885).

1274, stock end C. Somieski, ibid., 49, 111 (1916).
0. Ruff and K. Albert, 1ibid., 38, 2222 (1905).

Besson and L. Fournler, Compt. rend., 148, 1192

130, Eaborn, J. Chem. Soc., 1955, 2517.
131c. mevorn, ibild., 1950, 3077.

W. Jenkins and H. W. Post, J. Qrg. Chem., 15, 556
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chlorldes to benzaldehyde and substlituted benzaldehyde
derivatives. Irradiation of a mixture of acetone and silico-
chloroform or triphenylsilane gave 1isopropyl alcohol upon
hydrolysis,lB3 while phenyl-, diphenyl- and triphenylsilane
are all able to reduce benzsphenone to diph.enylcarbinol.l34
Nitzsche and Wick135 report that 1,3-dimethyldisiloxane, in
the presence of catalytic amounts of dibutyltin dilaurate, is
an active reducing agent at room temperature, being capable
of reducing carbonyl groups to alcohols and nitro compounds
to amines. Under the same conditions, however, olefinlc
double bonds were not affected.135 10-Ethylphenothlazine-5-
oxide is reduced to 10-ethylphenothiazine upon being heated
to 250° with diphenylsilane.r3®

Organcsilicon hydrides are rapldly converted to halo-

silanes upon treatment with iodine, bromine or

133R. Celas and N. Duffsut, Compt. rend., 245, 906
(1957).

134H. Gilman and D. Wittenberg, J. Org. Chem., 23,
501 (1958).

( }3552 Nitzsche and M. Wick, Angew. Chem., 69, 96
1957).

136p, wittenberg, H. A. McNinch aend H. Gilmen, J.
Am. Chem, Soc., 80, in press (1958).
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chlorine.64’137'139

With acids and bases The reactlion of organosilicon

hydrides with hydrohalic acids has been well documented, re-
placement of one or more hydrogens being possib&e.35#ﬂ%luoﬂyl
A study of the reaction mechanism indicates inltial formatlon
of a pentacovelent intermediate, and removal of the hydrogen
by an oxonium icn in the rate determining step.142’143

Basic hydrolysis of organcsilicon hydrides also proceeds
through a pentacovalent intermediate, as proposed by Swain,
et g;&,144 to give silanols or disiloxanes. Pricel¥5 studlied
the kinetics of hydrolysls of trialkyleilanes in aqueous

alcoholic potassium hydroxide and found the rate of hydrogen

137p. R. Deans and C. Eaborn, J. Chem. Soc., 195k

(3169).

1384, G. Voronkov and Yu. I. Khudobin, Izvest. Akad. Nauk
S5.8.5.R., 0tdel. Khim. Nauk, 1956, 805. [ Original available
but not translated; translated in Bull, Acad. Sci. U.S.S.R.,
Div. Chem., Sci., 1956, 823; also abstracted in C. A., 51,

3840 (1957).

139H. Rosenberg and C. Tamborski, Materials Laboratory,
Wright Alr Development Center, Wright-Patterson Air Force
Base, Ohio. Information on the preparation of trialkylhalo-
silanes. Private communication, 1956.

i%0y, J. Emeleus and L. E. Smythe, J. Chem, Soec., 1958,

609.
141
142 -
A, Teketa, M. Kumade, and K. Tarama, Bull. Inst.
Chem. Res., Kyoto Univ., 31, 260 (1953).

1437, E. Baines and ¢. Eaborn, J. Chem. Soc., 1956,

A. Stock and C. Somieski, Ber., 52, 695 (1919).

-

436.
1440. G. Swain, R. M, Esteve, Jr., and R. H. Jones,

J. Am. Chem. Soc., 71, 965 (1949).

145F, P, Price, ibid., 69, 2600 (1947).
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evoclutlon decreased as the alkyl groups bscame longer or more
branched. The same conclusions were reached by Baines and
Eaborn.lus Gilman and Dtmnll'l'7 investigated the hydrolysis of
substituted triphenylsilanes and found that electron with-
drawing groups in the para position accelerated the liberation
of hydrogen in wet piperidine whereas electron donating sub-
stituents reduced the rate.

The reaction of triphenylsilane and base has also been
gstudicd via the isotope effect. Kaplan and Wilzbach148’149
report a kH/kD ratio of 1.15, while Brynko, g§_§;¢;5o favor
a value of 1.41. The disagreement 1s one of magnitude, both
investigations confirming that breaking of the Si-H bond
occurs during the rate determining step.

Metal emides alego react with trisubstituted silanes,
disilazanes being formed when unsubstituted amides are used,15

whereas N,N-dlaelkylsilazanes are isolated if dialkylamides are

146J. E. Bailnes and C, Eaborn, J. Chem., Soe., 1955,
Lo23.

147H. Gilman and G. E. Dunn, J. Am., Chem. Soc., 73, 3404
(1951).

1481, Keplan and K. E. Wilgbach, ibid., 7%, 6152
(1952).

149
(1955).

1506. Brynko, G. E. Dunn, H. Gilmen and G. S. Hammond,
ibid., 78, 4909 (1956).

L. Kaplan and K. E. Wilzbach, ibid., 77, 1297
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151 152

employed. Kipping and Sends found that orgenic bases,
such as piperidine or pyridine, reacted alsc with organosilii-
con hydrides upon gentle heating, hydrogen belng evolved, and
used the reactlon as a qualitetive test for the organosilicon
hydrides they prepared.

The rate of hydrogen evolutien in a1l of these reactions
with aclds and bases is dependent on the particular organo-
81licon hydride involved. Silane 1ltself explodes in the
presence of molsture, and monosubstituted silanes, while not
explosive, react too rapldly with bases for the rate to be
studied kinetically. As the degree of substitution increases,
rates decrease and a comparison of Pricefs data145 with
Gilman and Dunn's147 indicates that trieslkylsilanes rezact more
slowly than do triarylsilanes. This implies electroalc vari-
ations in the Si-H bond from compound to compound., If such
is the case, the infrared spectra of these compounds should
reveal a shift in the Si-H absorption frequency dependent on
the degree and type of substitution.

That such an investigatlion has not been reported is

attributable to the fact that no one has had a large number

of the compounds to compare. West and Rochow50 published the

151y, Gilman, B. Hofferth, H. W. Melvin, and G. E. Dunn,
ipid., 72, 5767 (1950).

152p, . Kipping and J. E. Sands, J. Chem. Soc., 119,
848 (1921).
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gpectra of elght disubstituted silanes, wherein the Si-H
bond absorbs between 4.77 and 4.80 x if both substituents
are alkyl, and between 4.72 and 4.77/u if they are both
aromatic. Nine mono-, di- and trisubstituted silanes, pre-

62 had absorption frequencies

153

pared by Kaye and Tannenbaum,
between 4.7 and 4.8,u . In a more recent article, Kaplan
reported that triphenylsilane absorbs at 2135 emt (4.68/4 )
while tri-n-propylsilane absorbs at 2108 cm™t (Bl ).

The only attempt to date to correlate absorption fre-
quency with chemical constitution was made by Batuev, et
g&;,154 who studied the isomeric silanes, n-hexyl- (2152
om !, 4.65 4 ) di-p-propyl- (2127 eml, 4.70 4 ), and tri-
ethylsilane (2098 em'l, 4.77/1 ). They proposed that as the
number of hydrogen atoms attached to a silicon atom decreases,
there 18 o decrease in bond energy and a concomltant increase
in bond length between the silicon and the remaining hydrogen
or hydrogens. The effect of branched alkyl groups or aromatic

substituents was not reported.

153L. Kaplen, J. Am. Chem. Soc., 76, 5880 (1954).

15)‘"1\1. I, Batuev, A. D. Petrov, V. A, Ponomarenko and
A. D. Matveeva, Izvest. Akad. Nauk S.5.5.R., Otdel. Khim,
Nauk, 1243 (1956TT' [briginal avallable but not translated;
translated in Bull. Acad. Sei, U.S5.S.R., Div., Chem. Sci.,
1269 (1956); abstracted also in C. A., 51, 5555 (1957)] .
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EXPER IMENTAL

All reactions involving organometallic reagents or
lithium aluminum hydride were carried out under an atmosphere
of dry, oxygen-free nitrogen. The glassware used for the
reactions was dried in an oven at 110° and assembied while
hot as nitrogen was passed through the system,

Common solvents used wilth organometallic reagents or
lithium aluminum hydride were of commercially avallable 're-
agent " grade and had been dried over sodium wire at least 72
hr. before use. Ethylene glyccl dimethyl ether was refluxed
over sodlum metal under nitregen until, upon addition of a
small amount of benzophenone, the blue color of benzophenone
ketyl persisted. Tetrahydrofuran was refluxed over sodium
metal Tor at least 24 hr. and distilled from lithium aluminum
hydride immedlately prior to use, a nitrogen atmosphere being
meintained throughout the drying operation.

The infrared data cited were obtained on a Balrd, model
B, recording spectrophotometer if reported in microns (/L).

Iif recorded in reclprocal centimeters (cm.”l),

the values were
obtained on a Perkin-Elmer, model 112, photometer,
All melting points and boiling points are uncorrected and

molar refractions were calculated using the bond refraction
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velues of Vogel, et 21,155,156
Trialkylgermylmetallio Compounds

The n-butyl-, benzyl-, e&nd 2-biphenylyltriethyigermane,
prepared asg reference compounds, were analyzed for germanium
by the fellowing procedure: 0.2 g. of the sample in a Vycor
glass crucible was treated with 20 drops of concentrated sul-
furic acid and 5 drops of fuming nitric acid. The crucible
was then heated cautlously with a Rogers ring burner in the
manner used in siiicon analyses.15l When all acld was gone,

the oxide was ignited to constant weight with a Bunsen burner.

Tetraethyloermane

The technique of Kraus and Flood6 was used to prepare
this starting material, employlng ethylmagnesium bromide and
germanium tetrabromide in ether. In nine preparations, the
vields varied from 35 to 80% of the theoretical. In later
preparations of the tetrasubstituted compound, hexaethyldi-
germene, b.p. 61-62° (0.007 mm, ), ngo 1.4960, was isolated in

8% yield also.

1554, I. Vogel, W. T. Cresswell, and J. Lelcester, J.
Phys. Chem., 58, 174 (1954).

156a. I. Vogel, W. T. Cresswell, G. H. Jeffrey, and J.
Leicester, J. Chem. Soc., 1952, 514.
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Utilizing germanium tetrachloride rather than the tetra-
bromide did not change the yleld of products appreciably.
However, ethyllithium and germanium tetrabromide, used in
hopes of increasing the yleld of the digermane, gave low
yields of both tetraethylgermane (12%) and hexaethyldigermene

(8.6%), in addition to a large amount of polymeric material.

Triethvlgermans

This compound was preparsd by the reducticn of triethyl-
chlorogermane with lithium aluminum hydride, a procedure
recently published by Anderson.157 The method of work-up
was slightly different than that reported and yields were

somewhat lower.

E—Butxltrietbzlgermane

To & stirred solution of 5.6 g. (0.029 mole) of triethyl-

chlorogermane in ether was added 0.032 mole of n-butyllithi-

um.158 A white s0l1ld appeared suspended in the 1liquid shortly

l57H. H. Anderson, J. Am. Chem. Soc., 79, 326 (1957).

158y, gilman, J. A. Beel, C. G. Brannen, M. ¥. Bullock,
G. E. Dunn, and L. S. Miller, ibid., 71, 1499 (1949).
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after addition was begun and heat was evolved. After addi-
tion was complete, the mixture wes stirreé overnight.

Hydrolysis was effected with ice-water and the aqueous
layer was separated and extracted three times with ether be-
fore being discarded. Distillation of the organic materlal,
after drying over sodium sulfate, afforded 3.93 g. of crude
product, b.p. 175-182°. Redistillation gave 3.2l g. (51.1%)
of pure n-butyltriethylgermane, b.p. 181-181.5°, ngo 1.4475,

Anel. Caled. for CioHputGe: Ge, 33.51. Found: Ge,
33.28.

Benzyltriethylgermane

To a stirred solution of 5.8 g. (0.03 moie) of triethyl-
chlorogermane in ether was added 0.033 mole of benzylmagnesium
chloride. A so0lid formed and a small ameount of heat was
generated during the addition. Work-up as described above,
followed by twc distillations of the crude product, resulted
in the isolation of 5.94 g. (79%) of benzyliriethylgermane,
b.p. 78-81° (1.0 mm.), n2° 1.5178.

Anal, Celecé. for Gl3ﬁé2Ge: Ge, 28.97. Found: Ge,

29.15.
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2-Biphenylyltriethylgermane

As 11.5 g. (0.059 mole) of triethylchlorogermene in ether
wae stirred, an ethereal solution of 0.067 mole of 2-biphenyi-
y1lithium was added at such a rate as to maintaln gentle
reflux., The mixture was stirred for 12 hr. after addition
was complete.

After hydrolysis with water, the aquecus layer was
separated, extracted four times with ether and discarded.
Distillation of the dried organic material gave 12.54 g. of
cruds product, b.p. 145-149% (2.5 mm.). Redistillation af-
forded 11.5 g. (62.4%) of 2-biphenylyltriethylgermane, b.p.
150-152° (3.3 am.), nZ° 1.5697.

Anal. Caled. for CigHopuGe: Ge, 23.20. Found: Ge,
23.06, 23.00.

Metalation of triethylgermane

With n-butyllithium To a stirred solution of 8 g. (0.05
mole) of triethylgermane in ether was added 0.05 mole of
grbutyllithium.lss After 7 hr, at reflux, the solution exhib-

8

1ted a positive Color Test I and a negative Color Test II.159

Addition of an ethereal solution of 9.5 g. (0.075 mole) of

1594, Gilman end J. Swiss, ibid., 62, 1847 (1940).
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benzyl chloride caused gentle refluxing. Hydrolysis was ef-
fected with 50 ml. of a saturated ammonium chloride solution.
Three distillatiens of the organic material remalning after
the usual work-up gave 0.76 g. (6.1%) of benzyltriethylger-
mene, b.p. 138-140° (15 mm.), nD?“O 1.5181.

In a second run using 0.034 mole of triethylgermane and
essentlally the same conditions, the yleld of benzyltriethyl-

germane was 5.7%.

With phenyllithium After 0.022 mole of triethylgermane

in ether and 0.03 mole of phenyllithium had been stirred at
gentle reflux for 7 hr., the mixture was cooled and 2.87 g.
(0.023 mole) of benzyl chloride in ether added. After stirring
for 12 hr., Color Test I8 was negative., Hydrolysis, work-up,
and distillation of the organic material afforded 0.1 g. of
impure benzyltriethylgermane, b.p. 82-86° (2.6 mm.), nﬁo

1l.5202.

Cleavage of tetraethylgermane with lithium wire

In ethylene glycol dimethyl ether Seven attempts to
cleave tetraethylgermane were made using lithium wire in
ethylene glycol dimethyl ether, Variations in time ang
temperature, as well as the use of compounds as initiators
which have been useful in similar reactlons, were studled.

In all but the last run,'the reaction mixture was hydrolyzed
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with a saturated ammonium chloride soluticn, the expected
product being triethylgermane., In the seventh reaction, tri-
phenylchiorosilane was added as derivatizing agent. None of
the reactions gave the expected product and all but the last
‘resulted in moderate to high recovery of starting material.

In a typical reaction, 5 ml. (4.9 g., 0.026 mole) of
tetraethylgermane, 5 ml. of ethylene glycol dimethyl ether and
20 cm, (0.66 g., 0.094 g. atom) of finely cut lithium wire
were stirred. If bromobenzene, ethyl bromide or tetrahydro-
furan was employed as an initiator, 0.5 ml., was added during
the first 30 min., as well as an additional 20 ml, of sclvent.
Color Test 18 was taken at regular intervals and was usually
negative. Toward the end 9of the extended cleavage reactions,
the Color Test was sometimes weekly positive, posseibly indica-
tive of the formation of triethylgermyllithium and ethyl-
lithlum; but in the 1light of the high recovery of starting
material, the positive test could also have been due to ths
presence of finely subdivided lithium metal which is known
$o give a weak Color Test I.

The results are summarized in Table 1.

In tetrahydrofursn A mixture of 5 ml. (4.9 g., 0.026
mole) of tetraethylgermene, 25 cm. (0.75 g., 0.1l g. atom) of
finely cut lithium wire and 5 ml. of tetrahydrofuran was
stirred for one hour, at which time Color Test 18 was nega-

tive and the liquid grey in color. The mixture was refluxed
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Table 1. Cleavage of tetreethylgermane with lithium wire in
ethylene glycol dimethyl ether

Run Initiator  Resction Tgmp., Derivatizing Recovery of

time, hr. cC. agen Et,Ge, %
1 —— 8 25 H50 72
2 — 12 80 Hy0 72
3 -— L8 80 H,0 35
%  tetrahydro- 8 80 ~ Hy0 70
furan
5 bromobenzens 30 80 Hzo 72
6 ethyl bromide 30 80 H20 50
v -—- 60 80 (CgHs) 451C1 0

for 96 hr. after an additional 45 mi., of solvent had been
added.

Although the Color Test was still negative, the mixture
was filltered through a glass-wool plug into another flask and
5 g. (0.04 mole) of benzyl chloride added. After hydrolysis
and work-up as above, distillation afforded a near quantita-

tive recovery of starting materlel.

Cleavage of tetresethyleermane with lithium dispersion

A mixture of 5 ml., (#.9 g., 0.026 mole) of tetraethyl-

germane, 40 ml, of xylene and 0.38 g. (0.055 g. atom) of
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i1ithium contained in 1.27 g. of a lithium dispersion in xylene
{courtesy of Lithlum Corporation of America) was stirred for 4
deys at room temperature. A brown color developed in the
solution during this time.

Addition of excess n-butyl bromide caused gentle re-~
fluxing. Following hydrolysis with water and the usual work-

tzp, distillation falled to yield any identifiable material.

Cleavage of tetraethylgermene wiih sodium-potassium alloy

In the sbsence of any solvent A mixture of 5 ml. (4.9

g., 0.026 mole) of tetraethylgermane and 4 mil. (0.08 g. atom
of potassium) of sodium-potassium alloy was stirred for 48 hr.
A Dbilue-grey color developed during the first hour and per-

sisted throughout. An ethereal solution of 8.25 g. (0.06

Q
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o
]
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&
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mole) of n-butyl bromide was eddsd % . Refluxing
was vigorous during the addition., Mercury was added to amal-~
gamate the unreacted alloy and the organic materlial was
decanted into water to effect hydrolysis. Following the usual
work-up, distillation of the dried organic meaterial resulted
in the recovery of 0.41 g. (8.4%4) of tetraethylgermane. No
n-butyltriethylgermane was isolated.

In ether Five attempte to cleave tetraethylgermane with

sodiun-potassium alloy were made using ether as the solvent.

The time and temperature were varled and bromobenzene was
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employed in one run as an initiator. None of the various
fractlons of liquids or sollds obtained upon work-up of the
reaction mixtures could be identified, nor was starting
materlal recovered. Various colors were noticed during the
cleavages and it is possible that triethylgermylpotassium was
formed but immediately reacted in some unknown manner with
the solvent.

In a typical experiment, 5 ml. (4.9 g., 0.026 mole) of
tetraethylgermane, 4 ml. (0.08 g. atom of potassium) of sodium-
potassium alloy and 5 ml. of solvent were stirred., An addi-
tional 30 ml, of solvent and 0.5 ml. of initiator, when
employed, were added within the first 0.5 hr. after stirring
was begun. The reection was terminated by amalgamation of the
unreacted alloy, Qecantation of the organic material and
addition of an ethereal solution of the derivatizing agent.
Work-up was &s described above.

The experlmental conditions are summarized in Table 2.

In ethylene glycol dimethyl ether The experimental
quantities used were the same as those used when ether was the
gsolvent. In runs 7 and 8, excees n-butyl bromide was added
as the derivatizing agent before amalgeamation of the unreacted
alloy. Once again, none of the varlous fractions obtained
upen distlllation of the organic material could be identified.

The experimental detalils are summarized in Table 2.
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Cleavage of tetraethylgermane with sodium-potassium

allioy
Run  Solvent Initiator Reaction Temp. Derivatizing
time, hr. © agent

1 Et,0 - 1 25 (06H5)35101
2 E$,0 -— 2l 25 (CeHs) 35101
3 Et 50 -— 36 35 H,0

L Et,0 ——- 72 25 (CgHs) 35101
5 E%50 bromobenzene 12 25 (06H5)35101
6 GDME® ——— 14k 85 H;0

7 GDME bromobenzene 108 25 g~GaH9Br

8 GDME bromobenzene 48 85 n~CyHgBr

2 GDME bromobenzene 96 85 Hs0
10 Et3N - 2.5 25 2-CyHgBr

11 Et,N -—- 2 25 (CgHg) 48101
12 Et 3N - 2 25 (0635)3Ge01
13 EtgN - 72 25 n-Cy HyBr
14 THF P — 2 25  p-CyHgBr
15 THF - 96 65 CgH5CH,01
16 THF ——- 1 -10 n-Cy Hy Br

@Ethylene glycol dimethyl ether.

b

Tetrahydrofuran.



52

In triethylamine In four &attempts to cleave tetraethyl-

germane with sodium-potassium alloy, 5 ml. (4.9 g., 0.026
mole) of the germane, 4 ml. (0.08 g. atom of potassium) of
alloy and 5 ml. of triethylamine were stirred at room tempera-
ture. The reactions were terminated by amalgamation of the
unreacted alloy, decantation of the organic material, and the
addltion of an ethereal solution of the derivatizing agent to
it. ©No product contalning a triethylgermyl group could be
isolated from any of the reactions.

The experimental conditions are summarized in Teble 2.

In tetrahvdrofuran This solvent wes ugsed in three at-

tempts to prepare triethylgermylpotassium from tetrzethylger-
mane, The same quantities of reactants and solvent were used
as with the other solvents. In run 16, the reaction mixture
was maintained at -10°, the melting point of the alloy, for 1
hour before being worked up. In all three runs, no identifi-
able materials were isclated, indicating that the triethyl-
germylpotassium, if formed, isn't any less resctive at -10°
than it 1s et higher tempsratures.

The experimental detalls are summarized in Table 2.

In di-n-butyl ether A mixture of 5 ml. (4.9 g., 0,026
mole) of tetraethylgermene, 25 ml. of di-n-butyl ether, and
4 mi. (0.08 g. atom of potassium) of sodium-potassium alloy
was stirred for 18 hr., a light yellow-green color developing.
Heat was applied and the mixture stirred at reflux for 80 hr,
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with no further color changes occurring. To the cooled mix-
ture was added 13.7 g. (0.10 mole) of n-butyl bromide and
after stirring for 15 min,, enough‘mercury to amalgamate the
unreacted alloy. The mixture was hydrolyzed with water and
the organic layer worked up as usual.

Distillation of the dried liquid afforded no identifi-
able materlisls other than di-n-butyl ether.

In p-dioxane After stirring a mixture of 5 mi. (4.9 g.,
0.026 mole) of tetraethylgsrmane and 4 ml, (0.08 g. atom &7
potassium) of sodlum-potassium alloy in 5 ml. of p-dioxane for
12 hr,, there was no evidence of reaction. No change in the
solution was apparent after 20 ml. of p-dioxane was added and
the mixture stirred for another 35 hr., but a light yellow
color did develop after the solution had been refluxed for 24
hr, Addition of excess n-butyl bromide, hydrolysis with
water, and work-up as usual resulted in the 1iscletion of
p-dloxane and six unidentifled fractions welghing less than
0.5 g. apisce.

In benzene The same quantities of the germane and alloey
as used above were stirred for 72 hr, in 25 ml. of benzene, a
light blue color developing; and after 4 days at reflux, the
solution was dark green in color. The excess allcy was amal-
gamated with mercury before an ethereal solutlon of 8.25 g.
(0.06 mole) of n-butyl bromide was added. After stirring for

20 min.,, water was added to hydrolyze the mixture. Distills-
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tion of the dried organlic material, after the usual work-up,
afforded 2.55 g. (52.0% recovery) of tetraecthylgermane.

In xylene Five milliliters (4.9 g., 0.026 mole) of
tetrasthylgermene, 4 ml., {(2.08 g. atom of potassium) of
sodlum-potassium alloy and 25 ml. of Xylene were stirred for
48 hr.; a blue color which developed after the first hour per-
sisted throughout the cleavage period. The unreacted alloy
was amalgamated with mercury and an ethereal solution of 7.6
g. (0,06 mole) of benzyl chloride added. The mixture was
stirred for 15 min. before being hydrolyzed with water. Fol-
lowing the usual work-up, distillation afforded 3.88 g. of
liquid, boiling over the range 145-150°, which appeared to be

an azevrope of xylene and tetraethylgermane.

Cleavage of hexsethyldigermane with sodium-potassium alloy

A light yellow color developed after & mixture of 1.95 g.
(0.006 mole) of hexéethyldigermaneg 1 m. (0.02 g. atom of
potassium) of sodlum-potassium alloy and 2 ml. of ethylene
glycol dimethyl ether had been stirred for 1 hr. An addi-
tional 13 ml, of solvent was added and the mixture stirred for
another 25 hr, wlth no further change being observed. The
unreacted alloy was amslgamated and a golution of 2.5 g.

(0.02 mole) of benzyl chloride in ethylene glycol dimethyl
ethgr added. After hydrolysis and the usual work-up,
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distillation of the organic material resulted in the recovery

of 0.12 g. (6.2%) of slightly impure hexaethyldigermane,

Reaction of trlethylchlorogermane with 1ithium

In ether A mixture of 50 cem. (1.67 g., 0.236 g. atonm)
of lithium wire, 25 ml. of ether and 9.3%9 g. (0.048 mole) of
trilethylchlorogermane was stirred at rcom temperature for 72
hr. and at gentle reflux for 36 hr. Hydrolysis with a
saturated ammenium chloride solution and the usual work-up,
followed by reduced pressure distillﬁtion, afforded 4.61 g.
(60.2%) orf slightly impure hexaethyldigermane.

In tetrahydrofuran A solution of 24.68 g. (0.164 mole)

of triethylchlorogermane in tetrahydrofuran was added slowly
to a stirred suspension of 1 m. (3.0 g., 0.43 g. atom) of
finely cut lithium wire in tetrahydrofuran. As soon as the
lithium became shiny, the temperature was lowered to -50° by
means of a Dry Ice-acetone bath and the addition completed,
The reactlon mixture was allowed to warm slowly over a
period of 6 hr. The liquid became turbid at 5o but Color
Test I8 wasg negative, Hydrolyslis and work-up as usual, fol-
lowed by distillation of the organic material, afforded 8.78

g. (16.8%) of hexaethyldigermane.



Trialkylsilylmetallic Compounds

Cleavage of hexsethyldisilane

The c¢leavage of this compound hasg been investigated pre-

15,16,19 ,.3 was repeated primarily to become oriented

viously
in the field and to study the effect of tetrahydrofuran as
the solvent for the cleavage.

With lithium in ether A mixture of 1 ml. of ether, 30

cu. (0.9 g., 0.13 g. atom) of finely cut lithium wire and

5 g. (0.021 mole) of hexasethyldisilane was stirred for 20

min. with no sign of reaction. Upon the addition of 20 drops
of tetrahydrofuran a light blue color appsared. After
stirring for another 30 min., & solution of 30 ml. of ether
and 2 ml. of tetrahydrofuran was added and the mixture stirred
for 23 hr. The color 4id not become more intense during this
period.

The liquid was poured into ice-water to hydrolyze and
was worked up as usual. Two distillations of the dried or-
ganic material resulted in the recovery of 3.8 g. (76%) of
starting material.

With lithium in tetrshydrofuran After stirring o mix-

ture of 5 g. (0.021 mole) of hexaethyldisilane, 30 ecm. (0.9
g., 0.13 g. atom) of finely cut lithium wire and 15 ml. of

tetrahydrofuran for 1 hr., there was no evidence of reaction.
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The addition of 5 drops of ethyl bromide had no effect. After
being stirred for an additional 48 hr,, the liquid was pipet-
ted into ics-water to hydrolyze. VWork-up as usual and frac-
tionation of the organic material resulted in the recovery of
3.62 g. (72.4%) of hexeaethyldisilane.

Another run, exectly as above, execept thet only 10 drops
of tetrahydrofuran was added initielly, resulted in the iso-
lation of 2,84 g, (56.8%) of recovered sterting material.

With sodium-potassium alloy in tetrahydrofuran A blue

color developed after a mixture of 5.1 g. (0.022 mole) of
hexaethyldisilane and 3 ml. (0.06 g. atom of potassium) of
sodium-potassium alloy had been stirred for 0.5 hr. Addition
of 2 ml. of tetrahydrofuran decreased the intensity of the
color and the alloy, which had appeared coated, became shiny.
Another 23 ml. of tetrahydrofuran was added over the next 6
hr. and the mixture then stirred for 36 hr.

The unreacted alloy was amalgamated and the supernatant
liquld pipetted into lce-water to hydrolyze. After the usual
work-up, distillation of the organic material afforded 3.0
g. (60% recovery) of hexaethyldisilane.

Dleavage of trimethylphenyisilane

With Jithium In the presence of ether, there was no

evidence of reaction between 30 g. (0.2 mole) of trimethyl-
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phenylsilane and 80 cm. (2.8 g., 0.% g. atem) of finely cut
lithium wire. Addition of 10 drops of ethyl bromide failed
to initiate reaction. Upon additlon of a solution of 25 ml.
of tetrahydrofuran and 50 ml. of ether, a red color developed
but the bulk of the lithium remalned unreacted and Color Test
18 was negative. After refluxing for 6 hr. theﬂliquid was
filltered through glass wool and added rapidly to an etheresl
solution of 25 ml, {21.4 2., 0.2 mole) of trimethylchlorosi-
lane. Hydrolysis was effected with a saturated solution of
ammonium chloride and work-up was as usual. Distillation of
the dried organic material resgulted in the recovery of 19.14
g. (83.8%) of starting material.

In the presence of tetrahydrofuran alone, a red color
developed shortly after 7.50 g. (0.05 mole) of trimethyl-
phenylsilane and 33 cm. (1.05 g., 0.15 g. atom) of lithium
were admixed., After 48 hr., Color Test 18 was positive but
the bulk of the lithium remained unreacted, The liquid was
fllterzd through glass wool and added rapidly to a stirred
solution of 26 g. (0.1 mole) of triphenylsilene in tetrahydro-
furan. Ths Color Test was negative after the mixture had been
stirred for 6 hr., and 50 ml., of 5% hydrochloric ascid was
added to effect hydrolysis. The usual work-up, followed by
distillation of the organic material, gave 4.80 g. (64%

recovery) of starting material.
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With sodium-potassium allcy When sodium-potassium alloy
in tetrahydrofuran was used to cleave trimethylphenylsilane
at room temperature, a brown coior developed immediately.
After 15 min., the alloy was amalgamated and a solution of
triphenylsilane in tetrahydrofuran added. Hydrolysis, work-up
as usual, and fractional crystallization of the solid obtained
gave only triphenylsilancl and hexaphenyldisiloxane.

When the cleavage was carried out at -30° and the mixture
derivatized by the addition of triphenylsilane in tetrahydro-
furan, the results were the same.

If the cleavage mixture was cooled to -500, at which
temperature the alloy is a solid, it was possible %o deriva-

ize the phenylpotassium formed with triphenylsilane to give
a 53.3% yleld of tetraphenyleilane, or with trimethylchloro-
silane to give a 67% yield of trimethylphenylsilane, but &
derivative of the trimethyisilylprotassium formed could not be

isolated.

Cleavage of tristhylphenylsilane

With lithium in tetrahydrofuran Three attempts were

made to cleave this compound with lithium in tetrehydrofuran,
the only varietion being in the derivatizing agent.

When a mixture of 9.62 g. (0.05 mole) of triethylphenyl-
silane, 33 em. (1.05 g., 0.15 g. atom) of finely cut lithium
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wire and 5 ml. of tetrahydrofuran was stirred at room tempera-
ture, a yellow color developed, to be rapidly replaced by a
dark green coloration. The liquid exhibited a positive Color

Test 18

end most of the lithium was used up.

In the first reactlon, triphenylchlorosilane was added
in tetrahydrofuran., Investigation of only the s¢lid material
remaining after the usual work-up resulted in the isolation
of triphenylsilanol and hexaphenyldisliloxene, but no 1,1,1-
triethyl-2, 2, 2-triphenyldisilane or tetraphenylsilane,

In the second run, ethyl bromide was added to derivatize.
Work-up as usual and distillatlon of the organic material gave
a 67.7% recovery of triethylphenylsilane. When ancther cleav-
age mixture was carbonated, no acids were obtalined and dis-
tillation of the organic material resulted in the recovery

of 73.1% of starting material.

With sodium-potessium a8lloy in ether A mixture of 9.62

g. (0.05 mole) of triethylphenylsilane, 3 ml. of ether and 5
ml. (0.10 g. atom of potassium) of sodium-potassium alloy wes
getirred, a blue-grey color developing. After 30 min., the
solution was green and 25 ml, of ether was added. The mixture
wag stirred for an additional 2 hr. before the unreacted alloy
wae amelgamated. The supernatent liquid was pipetted into an
addition funnel and added dropwise to 26 g. (0.1 mole) of tri-
phenylsilane in ether. Hydrolysis wae effected with a

saturated ammonlum chloride solution and worked up as usual.



Distillatlon of the organic ligquid resulted in the recovery
of 7.0 g. (72.8%) of starting material. No 1,1,l-triethyl-
2,2,2-triphenyldisilane was isolated from the sollid fractien.

In a second reaction, in which water was added as deriva-
tizing agent, there was a 55.3% recovery of triethylphenyl-
silane.

With sodium-potassium alioy in tetrahydrofuran A solu-

tion of 9.62 g. (0.05 mole) of triethylphenylsilane in tetra-
hydrofuren wes added to a stirred suspension of 5 mi. (0.10

g. atom of potassium) of sodium-potassium alloy in tetrahydro-
furan at -50°. A green color developed, and wes replaced, as
addition progressed, by a black coloration. After 2 hr,, the
liquid was filtered through glass wool into a pre-cooled flask
at -40°. A tetrahydrofuran solution of 26 g. (0,10 mole) of
triphenylsilane wes added slowly. After the seolution had
warmed to room temperature, dilute hydrochloric acld was

added to effect hydrolysis.

The solid which collected at the interface was separated
and recrystallized from benzene to give 14.53 g. (88.3%) of
tetraphenylsilane, m.p. 231-234%°. WNo 1,1,1-triethyl-Z,2,2-
triphenyldisilane could be isolated from the iiquid portion

after the usuel work-up.
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Cleavage of 2Z2-biphenylyitrimethylsilane

¥ith lithium in ether After a mixture of 5.686 g. (0.025
mole) of 2-biphenylyltrimethylsilene, 22 em., (0.69 g., 0.10
g. atom) of finely cut lithium wire and 25 mi. of ether had
been stirred for 2 hr., a brown color had developed. UNo fur-
ther change was evident after an additional 14 hr. of stirring.
The 1liquid was filtered through glass wool and hydrolyzed with
water. Work-up as usual and distillation of the organic
materlal, using an electrically-heated air oven, afforded 3.55
g. (62.7%) of starting meterial but no hexamethyldisiloxane,

¥With 1ithium in ethylene glycol dimethyl ether All of

the 1ithium had reacted and the solution was green after a
mixture of 5.66 g. (0.025 mole) of 2-biphenylyltrimethyl si-
lane, 10 ml. of ethylene glycol dimethyl ether and 16.5 cm.
(0.50 g., 0.75 g. atom) of finely cut lithium wire had been
stirred for 1 hr. at room temperature. The mixture was hydro-
lyzed with water and worked up as usual. Distillation of the
dried organic material using an electrically-heated air-oven
afforded no hexamethyldigiloxane. Three and four-tenths grams
(60%) of starting material was recovered.

With sodium-potassium alloy in ether A mixture of 11.31
g. (0.05 mole) of 2-biphenylyltrimethyleilane, 5 ml. of ether

and 5 ml. (0.10 g. atom of potassium) of sodium-potassium

alloy was stirred at room temperature. Over the first hour,
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20 ml. cof ether was added and a light green color developed.
After an additional 3 hr., the solutlon became quite viscous
80 75 ml. more of solvent wae added, The unreacted alloy was
amalgamated and the black solution decanted into another flask
and hydrolyzed with water.

Following the usual work-up, distillation of the organic
material using an electricelly-heated air-oven afforded a
47.7% recovery of starting material but no hexamethyldisil-

oxane.

Cleavage of 2-biphenylyltriethyleilene with lithium in

tetrahydrofuran

Within 5 min. sfter stirring was begun, a green color had
developed in a mixture of 25 ml. of tetrahydrofuran, 33 cm,
(1 gm., 0.15 g. atom) of finely cut lithium wire and 13.42 g.
(0.05 mole) of 2-biphenylyltriethylsilane. An additional 25
ml. of tetrahydrofuran was added and the mixture stirred for
45 min., The small amount of lithium remaining was removed and
water added to effect hydrolysis. Work-up as usual and dis-
tillation of %the organic material using an electricelly-heated
air-oven gave 9.02 g. (67%) of recovered starting material,

In another run, similer to the one above except the

mixture was stirred for 5 hr., at which time all of the



64

lithium had been used up, resuited in a 70% recovery of

starting material.

CLleavage of trimethyl-o-tolylsilane with 1ithi

et e

In ether A mixture of 8.2 g. (0,05 mole) of trimethyl-
o-tolylsilane and 33 cm. (1.05 g., 0.15 g. atom) of lithium
wire wes stirred for 6 hr., a grey color developing, but Color
Test I8 was negative. Twenty-five milliliters of ether was
edded and the mixture wae stirred overnight. After 18 hr.,
the Color Test was negative. The metal was removed by fil-
tration and the filtrate hydrolyzed with water. Following the
usual work-up, distillation using an electrically-heated air-
oven yielded 5.45 g. (66.4% recovery) of starting material.

In_ tetrahydrofuran No apparent reaction had occurred
after a mixturs of 8,2 g. (0.05 mole) of trimethyl-o-tolyl-
silane, 33 cm., (1.05 g., 0.15 g. atom) of lithium wire and 50
ml. of tetrahydrofuran had been stirred for 24 hr. The liquid
was filtered through glass wool and hydrolyzed with water.
Fractionation of the dried organlc material, following the
usual work-up, resulted in the recovery of 7.26 g. (88.5%)

of starting material,
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Llegvage of trimethyl-o-tolylsilane with sodium-potagsiuvm

a2iloy in ether

At room temperature When a mixture of 8.2 g. (0.05 mole)

of trimethyl-o-tolylsilane, 5 ml. (0.10 g. atom of potassium)
of sodium-potassium allcy and 25 ml. of ether was stirred for
3 hr., a light green color was evident in the solution but
Color Test 18 wag negative. The unreacted alloy was amal-
gamated and the supernatant liquid pipetted inte water.
Fractionation of the organic materisl was accomplished using
an electrically-heated air-oven and afforded 5.37 g. (65.5%)
of starting materieal.

At 0° Using the same quantities of reactants as above,
cleavage was not effected upon stirring the mixture for 30 hr.
at 0°. The unreacted alloy was amelgaemested and the liquid
portion worked up as usual. Fractionation of the dried or-
ganic material resulted in the recovery of 5,57 g. (67.9%)
of starting material.

Cleavage of trimethyl-l-naphthylsilane with lithium in ether

A mixture of 10 g, (0.05 mole) of trimethyl-l-naphthyl-
silane, 20 em. (0.7 g., 0.10 g. atom) of finely cut lithium
wire and 1 ml. of ether was stirred until a green color ap-

peared. One hundred and fifty milliliters of ether was added
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slowly and the black solution stirred for l.5 hr. before belng
filtered through glass wool. The filtrate was added rapidly
to a stirred solution of 11.96 g. (0.11 mole) of trimethyl-
chlorosilane in ether, Reaction was quite vigorous and Color
Test 18 was negative immedliately after addltion was complete.
Hydrolyslie was effected with a saturated ammonium chloride
solution and work-up was as usual., Distillation afforded
5,15 g. (29.8%) of 1,4,5-tris(trimethylsilyl)-1,4-dihydronaph-
thalene, b.p. 91-94° (0.21 mm.), nS“Q 1.5290 (11%.%%° values,
b.p. 150-153° (11 mm.), n2°, 1.5270).

In a repest reaction, the yield of product was 37%. 1In
a third reaction, triphenylsilane was employed as the derive-
tizing agent. Color Test 18 did not become negative in the
rresence of a large excess of triphenylsilane, but was nega-
tive upon the addition of one equivalent of trimethylchloro-
silane. No pure product could be isclated from the reaction

mixture, however,

Cleavage of 9-fluorenyltrimethylsilane with lithium

In ether 9-Fluorenyltrimethylsilane (5 g., 0.021 mole),
10 em, {0.35 g., 0.05 g. atom) of 1ithium and enough ether to

lGOE. A. Chernyshev and L. G. Kozhevnlikova, Doklady Akad.
Nauk S.S.8.R., 98, 419 (1954). [oOriginal not available for
examination; abstracted in (. A., 49, 12405 (1955)].




67

form a thick paste were etirred for 4 hr. with no evidence of
reaction. An additionel 45 ml, of ether was introduced and
the mixture stirred for 24 hr., at which time Color Tes% 18
was negative and the lithium remeined unreacted. The metal
was removed by filtration and the filtrate hydrolyzed with
cold, dilute hydrochloric acld. After the usual work-up, the

solvent was strippsd off and the residue recrystallized from

ethanol to give 4.52 g. (90.4% recovery) of starting material.

In tetrahydrofuran When tetrehydrofuran wasg employed as
the solvent, a dark green color developed rapidly in a mix-
ture of 5 g. (0.021 mole) of 9~-fluorenyltrimethylsilane and
lithium wire. Color Test I8 wag positive after 30 min., The
mixture was filtered through glass wool and 5.4 g. (0.05 mole)
of trimethylchlorosilane added to derivatize. The Color Test
was negative lmmediately after addition was complete., Hydro-
lyslis was effected with a saturated ammonium chlorlde solution
and, following the usual work-up and removal of solvent, 4.0

g. (80% recovery) of starting material was obtained.

Cleavage of 9-methyl-9-trimethyleilyliflivorene with lithium

a———

In ether There was no evidence of resection after a mix-
ture of 5 g. (0.02 mole) of 9-methyl-9-trimethylsilylfluorens,
10 cm, (0.35 g., 0.05 g. atom) of 1ithium wire and enough

ether to form a thick paste had been stirred for 4 hr. at room
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temperature. Forty-five millilitere of ether was added and
the mixture stirred for 24 hr., at which time Color Test 18
was negative and the bulk of the metal remained. Hydrolysis
was effected with could, dilute hydrochloric acid and work-up
was as usual, After removal of the solvent and recrystalliza-
tion of the residue from ethanol, there was obtained 4.6 g.
(92.8% recovery) of starting material.

In tetrehydrofuren A dark green color appeared soon
after 5 g. (0.02 mole) of 9-methyl-9-trimethyleilylflucrens,
10 cm. (0.35 g., 0.05 g. atom) of lithium and enough tetra-
hydrofuran to form a paste had been admixed, Over the next
30 min., 25 ml. of tetrahydrofuran was added with a red-brown

8 was positive. The ex-

coloration developing. Color Test I
cess metal was removed by filtration and the filtrate was
added to a stirred solution of 5.4 g. (0.05 mole) of trimeth-
Ylchlorosilane in tetrahydrofuran. The reaction was exothemiec
and the Color Test was negative shortly after addition was
complete. Cold, dilute hydrochloric acid was added to hydro-
lyze the mixture followed by the usual work-up., Distillation
of the organic material afforded no hexamethyldisilane and re-

crystallization of the dis$lllation residue from ethanol re-

sulted in the recovery of 3.72 g. (74%) of starting material.

Cleavage of 9,9-bis{trimethylsilyvl)fluorene with lithium

In ether A mixture of 5 g. (0.016 mole) of 9,9-bis(tri-
methylsilyl)fluorene, 10 cm. (0.35 g., 0.05 g. atom) of
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lithium wire and enough ether to form a thick paste was
atirred for 4 hr. at rcom temperature with no sign of reac-
tion. An additional 45 ml. of solvent was introduced and the
mixture stirred for 24 hr. Color Test I8 was negative and the
bulk of the lithium remained at the end of the cleavage per-
iod. After filtration through gless wool, the filtrate was
added to cold, dilute hydrochloric acid. Work-up as usual,
followed by removal of solvent, affordsd 5 g. {100%) of
slightly impure starting material.

In tesrahydrofuran Color Test 18 was positive and a
green color had developed after a mixture of 5 g. (0.016 mole)
of 9,9-bis(trimethylsilyl)fluorene, 10 cm. (0.35 g., 0.05 g.
atom) of lithium wire and enough tetrahydrofuran to form a
paste had been stirred for 30 min. Upon addition of 25 ml.
of tetrahydrofuran over the next 30 min., a deep green color
was evident in the solutlon. The excess metal was removed by
filtratlon and the filtrate was added to a stirred solutlon
of 5.40 g. (0.05 mole) of trimethylchlorosilane in tetrshydro-
furan., Reactlon was exothermic and Color Test I8 became
negative, The mixture was hydrolyzed with a saturated am-
monium chloride solution and worked up as usual. Distillation
of the dried organic material afforded no hexamethyldisilane
and recrystallization of the distillation residue from sthanol
resulted in the isolation of 3 g. (60% recovery) of starting

material,
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Cleavage of aliyltrimethylsilane with lithium in ethex

A mixture of 5.7 g. (0.05 mole) of allyltrimethylsilane
(Penisular Chemresearch, Inc.) and 25 cm. (0.88 g., 0.125 g.
atom) of finely cut lithium wire was sztirred for one hour with
no evidence of reaction. Ten milliliters of ether wae added
and the mixture was refluxed gently. After 2 hr., the liquid
was opaque but Color Test 18-was negative. An additional 40
ml., of ether wasz introduced and the mixture was stirred at
reflux overnight. The Color Test was etill negative. Hy-
drolysis was effected with an ammonium chloride solutlon and
the usual method of work-up was used. Distillation of the
organic material afforded 2 g. (34.7% recovery) of starting

material in addition to some undistillavlie, polymeric material.

Cleavage of trimethylethoxysilane with lithium

In ether A mixfure of 6.06 g. (0.05 mole) of trimethyl-
ethoxysilane (Penisular Chemresearch, Inc.) and 33 em. (1.05
8., 0.15 g. atom) of lithium wire was stirred for 2 hr. with
no apparent reaction. Additlon of 25 ml, of ether and
refluxing for 48 hr. had no effect. After hydrolysis with a
saturated ammonium chloride solution arnd werk-up at ice-bath
temperature distillation afforded no trimethylsilane.

In_tetrahydrofuran Under the same conditions as above
except that tetrahydrofuran was employed as the solvent, no
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trimethylsilane wae isolated after 6.06 g. (0.05 mole) tri-
methylethoxysilane and lithium hed been stirred together for
6 hr,

Cleavage of trimethvlethoxveiiasne with sodium-potassium alloy

—

In ether Vhen 6.06 g. (0.05 mele) of trimethylethoxysi-
lane (Penisular Chemresearch, Inc,) and 5 ml. (0,10 g. atom
of potassium) of sodium-potassium alloy were admixed, a small
amount of heat was generated, Twenty-five milliliters of
ether was added and the mixture was stirred for 24 hr. The
unreacted alloy was amalgamated and the supernatant liquild
pipetted into a stirred solutlon of triphenylchlerosilane in
tetrahydrofuran. Hydrolysls was with a saturated ammonium
chloride solution and work-up was as above. Investigation of
only the so0lid portion of the organlic material afforded no
1,1,l1-trimethyl-2,2,2-triphenyldisilane.

A repeat reaction, similar to the one above except the
alloy and sllane were stirred for 48 hr. before amalgamation
and derivatization with triphenylchlorosilane, did not yield
any 1,1,l-trimethyl-2, 2, 2~-triphenylsilane, either.

In tetrahydrofuran There was no sign of reaction after

a mixture of 6.06 g. (0.05 mole) of trimethylethoxysilane, 5
ml. (0.10 g. atom of potassium) of scdium potassium ailoy and
5 ml. of tetrahydrofuran had been stirred for 24 hr, The
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unreacted alloy was amalgamated and the supernatant liquid
added to a tetrahydrofuran solution of triphenylchlorosilane.
Hydrolysis was effected with a saturated ammonium chloride
solutlon and work-up was as usual. The reeidue remaining
after removal of all liquids by distillation was dissolved in
benzene and chromatographed on alumina. No 1,1,l-trimethyl-
2,2,2-triphenyldisilane was isoclated, only triphenylsilanol

and hexaphenyldisiloxane beling encountered.

Cleavage of hexemethyldisiloxene

¥ith lithium in tetrahydrofuran One meter (3.0 g., 0,45

g. atom) of finely cub lithium wire and 16.2 g. (0.1 mole) of
hexamethyldislloxane were stirred together for 12 hr. The
liquid was grey in color but Color Test 18 was negetive.
Fifty millliliters of tetrahydrofuran was introduced and the
mixture was stirred for an edditional 38 hr. at reflux. The
liquid was filtered through glass wool and 0.1 mole of methyl
lodide added to it., The mixture was stirred for 45 min. be-
fore being hydrolyzed with water. After the usual work-up,
no tetramethylsilane could be isolated.

With sodium-potassium alloy in ether A light blue color

developed after 8.1 g. (0.05 mole) of hexamethyldisiloxane and
6 ml. (0.12 g. atom of potassium) of sodium-potassium alloy
had been stirred for 30 min, Thirty milliliters of ether was
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added slowly and the mixture was stirred for 48 hr. The ex-
cess alloy wes smalgamated and the supernatant liguld pipetted
into & solution of 3 g. (0.0l mole) of triphenylchlorosilane.
Hydrolysis was effected wlth water, and after the usual work-
up, the organic material was distilled. ©No 1l,1l,l-trimethyl-
2,2,2~-%riphenyldisilane could be isoclated from the distilla-

tion residue.
Organosilicon Hydrides

Unexpected difficulties were encountered durlng analyses
of the compounds reported in this sectlon. The poor results
have been attributed to two causes: (a) the volatility of
some of the compounds resulting in loss of undecomposed
meterial before oxidstilon, and (b) the disproportionation of
the compounds into silane and olefins at %the teumperature of
decomposition.

Molar refraction values were determined lmmediately after
purification of the compounds was achieved and agreed quite
well with calculated values. All the compounds were analyzed
for silicon uslng the technique of Gilman, et g;é,lsl and
where successful will be indicated in the text by Method I.
If the methed falled, & second procedure, indlcated by Method
IT, involved addiftion of 1 ml. of distilled water and 4-6

drops of piperidine to the weighed sample and allowing the
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mixture to stand for 1 hr. The liquids were then evaporated
and the residue treated with sulfuric and nitric acid as in
Method I. In several instances, nelither method gave good re-
sults, nor did carbon and hydrogen analyses, and the molar
refractions are the only analytical data reported.

A qualitative test for the degree of substitution of an
organosilicon hydride was also employed. The test, the de-
tails of which will be published in the near future,l6l depends
on the development of different colors when an organosilicon
hydride and a copper (II) chloride-pyridine-water reagent ars
mixed. Monosubstituted silicon hydrides changed the original
blue color of the reagent to yellow, disubstituted organosili-

con hydrides developed a green coloration while trisubstituted

organosilicon hydrides do not change the original blue color.

n-Dodecylsilane

To & glurry of 15.2 g. (0.4 mole) of lithium aluminum
hydride 1n tetrahydrofuran was added a solution of 92.34 g.
(0.305 mols) of p-dodecylt—lchlorosilane (Dow Corning Corpora-
tion) in tetrahydrofuran. After addition was complete, the
nixture was refluxed for 18 hr. One hundred milliliters of

ethyl acetate was added slowly to the cooled mixture to destroy

16lp, Giimen, H. G. Brooks, Jr., and M. B. Hughes, J.
Org, Chem., 23, in press (1958).
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the excess lithium aluminum hydride, followed by acidlfication
with hydrochloric acid. The agueous layer was separated and
extracted three times with ether before being discarded., The
organic layer, upon drying with sodium sulfate, was observed
to be giving off a gas. The solvents were strippred off rapid-
1y and an attempt was made to distill the remaining liquid at
250° and 0,04 mm, pressure, but no distillate was collected.
An infrared spectrum of this undlstilled material, determined
as a carbon disulfide soclution, had a broad absorption band
at 9.5/u ,» indicative of the Si-0-S1i linkage.

A second experiment, run under exactly the same condi-
tions, resulted in the isolation of simllaer material.

The disiloxane from these two runs wes added again, as
a tetrahydrofuran solution, to a slurry of lithium aluminum
hydride and stirred for 72 hr. 2t reflux. The cooled mixture
was then poured onto ice-sulfuric acid. The organic layer was
immediately separated and washed with distilled water until
the extract was neutral to litmus. The aqueous layer was ex-
tracted three times with ether and these extracts washed with
water until neutral, After drying, the organic layer was dis-
tilled to give 27.19 g. of n-dodecylsilane, b.p. 83° (1.0 mm.),
n20 1.4396, a2 0.7753. |

Anal. Calcd. for Gy, HogS1: MRp, 68.19. Found: MRy,
68.11.
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The infrered spectrum of the compound as & carbon tetra-

chloride solution had 2 sharp absorptlon band at 2151 em.'l

The CuClz-Py~H20 reagent turned yellow.

b-Hexadecylsilane

To & slurry of lithium aluminum hydride in tetrahydro-
furen was added 226.8 g. (0.63 mole) of n-hexadecyltrichloro-~
gilane (Dow Corning Corporation) and the mixture refluxed for
48 hr, After cooling, it was poured onto a mixture of ice and
sulfuric acld and worked up using the modified method outlined
above, Distilletion of the material remeaining after the bulk
of the solvents had been removed afforded 120.57 g. (74.6%)
of n-hexadecylsilane, b.p. 119-120° (1.1 mm.), ggo 1.4480,
a20 0.7932.

Anal. Caled. for 61653631‘ MRy, 86.78; Found: MRy,
86.57.

The infrared spectrum of & carbon tetrachloride solution
of the compound had a sharp absorption band at 2150 om.”t

The GuClz-Py—Hgo reagent develored a yellow coloration.

Allyl-n-hexadecyleilane

To & stirred sclution of 10.26 g. (0.04 mole) of n-

hexadecylsilane 1n tetrehydrofuren was added 0.04 mole of
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ellylmagnesium chloride in tetrehydrofuran. After the mixture
had been stirred at reflux for 18 hr., Color Test 18 was nege-
tive. Hydrolysis was effected by pouring the mixture onto
ice-sulfuric acid. The modified method of work-up was used
and two distillations of the liquid remaining after the bulk
of the solvents had been stripped off resulted in the isola-
tion of 1.81 g. (17.6% recovery) of n-hexadecylsilane and 3.67
g. (37.5%, based on unrecovered starting material) of allyl-
n-hexadecylsilane, b.p. 138.5-139.5° (1.0 mm.), QSO 1.4578,
aZ] 0.8099.

Anal. Caled. for ClgﬁuoSi‘ Si, 9.46; MRy, 99.97. Found:
51, 9.42, 9.35 (Method II); MRp, 99.88.

The infrared spectrum of the compound as a carbon tetra-

chlocride solution had a sharp band at 2131 em.”! and a green

color developed in the GuClz-Py-Hzo reagent.

Diallyl-n-hexadecylsilane

Six hundredths of a mole of allylmagnesium chloride was
added to a tetrahydrofuran solution of 7.7 g. (0.03 mole) of
n-hexadecylsilane. Color Test 18 was negative after the mix-
ture had been stirred at reflux for 66 hr, Hydrolysis was
effected by pouring onto ice-sulfuric acid and the modified
method of work-up followed. Three fractionations of the

material remaining after removal of solvente afforded 1.88 g.



78

(21.1%) of allyl-n-hexadecylsilane and 2,71 g. (28.8%) of
diellyl-n-hexadecylsilane, b.p. 147-149° (0.28 mm.), n§°
1.4654, aZ0 0,8247,

Anal. Caled. for CpoHyuSl: MRp, 113.17. Found: MRp,
112.93.

The infrared spectrum of the compound as &a carbon tetra-
chloride solution exhibited a sharp band at 211% em.'l; no

color change was observed with the CuClz—Py-HZO reagent.

n-Hexadecylphenylsilane

To 7.7 g. (0.03 mole) of n-hexsdecylsilane was added 0.03
mcle of phenylmagnesium bromide in tetrahydrofuran. The mix-
ture was stirred for 66 hr. at reflux before Color Test 18
was negative. The liquid was poured bnto 1ce-su1furié acld
and worked up using the modified procedure. Four fractiona-
tions of the liquid remeaining after removal of solvents re-
sulted in the isolation of 3.38 g. (33.8%) of n-hexadecyl-
pheaylsilane, b.p, 153-154° (0.2 mm.), n° 1.4880, aZ
0.8660,

Anal. Caled. for CpoHu Si: 81, 8.44; MRp 111.05.
Found: 8Si, 8.56, 8.31 (Method II); MEp, 110.65.

The infrared spectrum of the compound as a carbon tetra-
chloride solution had & sharp absorption band a2t 2132 em. ¢

A green color developed in the CuClz-Py-HZO reagent.
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ErHexadecxldiphenylsilane

After 8C hr. at reflux, & mixture of 7.7 g. (0.03 mole)

of n-hexadecylsilane and 0.06 mole of phenylmagnesium bromlde

8

in tetrahydrofurasn exhibited a negative Color Test I. Ice-

sulfuric acid was used to effect hydrolysis and the modified
methed of work-up was employed. Three distillations of the
liguid remalning after the solvents had been stripped from the
organic layer resulted in the isolation of a small amount of
n-hexadecylphenylsilane and 2.53 g. (20.8%) of n-hexadecyldi-
phenylsilene, b.p. 166-169° (0.08 mm.), n2° 1,5163, a2
0.9154.

Anal, Caled. for CZBH#4Si: Si, 6.87; MRD” 135.31.
Found: 8i, 7.02, 68.40 (Method I); MRy, 134.92.

The infrared spectrum of the compound as a carbon tetra-
chloride solution exhibited a sharp band at 2118 em. L Mo

color change was observed with the CuClz-Py-HZO reagent.

Benzyvl-n-hexadecylsilane

Color Test 18 was negative affer a mixture of 10.26 g.
(0.04 mole) of n-hexadecylsilane and 0.04 mole of benzylmag-
nesium chloride in tetrahydrofuran had been gtirred at reflux
for 24 hr, Three fractionations of the organic material, ob-

tained after hydrolysis with ice-gulfuric acid and the modified
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method of work-up, resulted in the isolation of 7.7 g. (55.6%)
of benzyl-n-hexadecylsllane, b.p. 170-1?1O (0.25 mm.), ngo

U 20
1.4899, d20

0.8648,

Anel. Caled. for CpgHy,Si: Si, 8.09; MRp, 115.28.
Found: Si, 8.25, 8.17 (Method II); MRp, 115.67.

A green coloration was developed with the GuGlZ-Py—HZO
reagent., The infrared spectrum of the compound as & carbon

tetrachloride solution had a sharp band at 2134 cm. L

n-Butyl-n-hexadecylsilane
After a mixture of 0.03 mole of butylmegnesium bromide
and 7.7 g. (0,03 mole) of n-hexadecylsilane in tetrahydrofuran

had been stirred for 40 h»., Color Test 18

was negative. Hy-
drolysis and work-up as above, fellowed by fowr distiliations

of the organic material, afforded 3.93 g. (39.8%) of n-butyl-

20

n-hexadecylsilane, b.p. 153-155° (0.3 mm.), n%o L4521, dy

0.8057.

Anal. OCeled. for C,gHy,S8i: 81, 8.98; MRD, 105.10.
Found: 51, 8.20 (Method I); MR,, 104.70.

The infrared spectrum of the compound as & carbon tetra-
chloride solution had & sharp band at 2120 em.” L 4 green
coloration was Geveloped with the GuClz-Py-Hzo reagent.
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Cyclohexylsilane

Cyclohexyltrichlorosilane (54.25 g., 0.25 molz) (Dow
Corning Corporation) was added to a slurry of 1l.4 g. (0.3
mole) of lithium aluminum hydride in tetrahydrofuran. The
mixture was stirred at reflux for 24 hr. before being hydro-
lyzed with ice-sulfuric acid. Following the modified method
of work-up, two dilstilletions of the organic material resulted
in the isoclation of 15.42 g. (54.2%) of cyclohexylsilane, b.p.
102-104°, n20 1,461, a29 0.7976 (11t.%7 values, b.p. 119.5°,
n25 1.4k, a> 0.7958).

Angl. Caled., for CGHi4Si: C, 63.08; H, 12.35; MRD,
38.2%, Found: C, 63.16, 63.30; H, 12.47, 12.35; MRy, 38.20.

The infrered spectrum of the compound as a carbon tetra-

chloride solution had a sharp band at 2143 cm.'l A yellow

color developed with the GuClz-Py-HzO reagent.

Dicyclohexylsilane

Three tenths of a2 mole of cyclohexylmagnesium chloride
was added to a solution of 25.5 g. (0.15 mole) of silicon
tetrachleride in tetrahydrofuran and the mixzture stlrred for
72 hr., et reflux, at which time Color Test 18 was negative,
Four grame (0,105 mole) of lithium aluminum hydride was addsd

in small portions to the cooled solution and when addition
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was complete, the mixture was stirred at reflux for 24 hr,
After hydrolysis with ice-zulfuric acid and work-up, three
fractionations of the organic material afforded 4.6 g. (15.7%)
of dicyclohexylsilane, b.p. 125-130° (15 mm.), 020 1.4880
(116,70 values, b.p. 140-141° (23 ma.), n2> 1.4854), plus &
large amount of polymeric material.

The infrared spectrum of the compound as a carbon tetra-

chloride solution had a sharp band at 2111.5 cm.'1 A gresn
color was developed with the GuClz-Py-Hzo reagent,

fert-Butylphenylsilane

To a stirred solution of 10.82 g. (0.10 mole) of phenyl-
silane in tetrahydrofuran was added 0.10 mole of tert-butyl-
magnesium chloride. After 30 hr. at reflux, Color Test 18 was
negative. Distlillatlon of the organic material, after hydroiy-
s1s with ice-sulfuric acid and work-up, gave 6.06 g. (36.9%)
of tert-butylphenylsilane, b.p. 186-1880, DSO 1.4954, dgg
0.8599.

Anal. Calcd. for C10Hy651: MRD, 55.27. Found: MR,
55.70.

The infrared spectrum of the compound as a carbon tetra-

chloride solution exhibited & sharp band at 2129.5 em.”t 4

green color was developed with the Cu012~Py-H20 resgent.



Difg—butylsilane

One mole of n-butylmagnesium bromide was added to 85 g.
(0.50 mole) of silicon tetrachloride in ether and the mixture
stirred at reflux for 24 hr. Lithium sluminum hydride (12
g., 0.32 mole) was added to the cooled solution and the mix-
ture refluxed for 72 hr. Hydrolysls and work-up were followed
by two distillations of the organic material to give 26.38 g.
(36.6%) of di-p-butyl silane, b.p. 156°, n0 1.4233 (114,50
velues, b.p, 160° (773 nm,), n§5 1.4221),

The infrared spectrum of the compound determined as a
carbon tetrachloride solution had a sharp band at 2123 cm.‘l‘

A green color developed with the CuCl_-Py-HpU reagent.

2

Allzldiﬁa-butylsilane

After a mixture of 0.05 mole of allylmagnesium chloride
and 0.05 mole of di-n-butylsilane in tetrahydrofuran had been
stirred for 42 hr. at reflux, Color Test I8 was negative,
Hydrolyeis with ice-sulfuric acid and work-up as above, fol-
lowed by three fractlonations of the organiec material,
afforded 0.86 g. (12% recovery) of di-n-butylsilane and 4.29
g. (46.5%) of allyldi-n-butylsilane, b.p. 32-33° (0.15 mm.),
ng% 1.4448, a3 0.7858.
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Anal. Caled. for CqqHp,S1: MRp, 62.52. Found: MRy,
62.42,

The infrared spectrum of a carbon tetrachloride solution
of the compound had a sharp band at 2106 em.”1 No color

change was observed with the CuCl,-Py-H,0 reagent.

Tri—g-butxlsilane

When di-p-butylsilane was reacted with n-butyl magnesium
bromlde under conditions similer to the preceding sxperiment,
38.5% of starting material was recovered &nd 0.78 g. (7.8%)
of tri-n-butylsilane, b.p. 110-111° (15 mm.), n20 1.4375
(111‘..72 values, be.p. 104° (12 mm.), qge 1.4380), was isolsated.

The infrared spectrum of the materlal as a carbon tetra-

chioride solutlion exhibited a sharp band at 2094 em.”1  No

color change occurred with the CuCl,-Py-Ho0 reagent.

Di-n-decylsilane

Eighty-five grams (0.224 mole) of dil-n-decyldichloro-
gilene (Peninsular Chemresearch, Inc.) was reduced with excess
lithium aluminum hydride in refluxing tetrahydrofuran. Dis-
tillation of the organic material, after the usual work-up,
afforded 31.05 g. (44.4%) of di-n-decylsilane, b.p. 168-169°
(1.5 mn.), g% 1.4510, d59 0.8031.
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Anal. Caled. for CpoHy4Si: Si, 8.98; MR, 105.10.

Found: Si, 8.53 (Method I); MRy, 104.82.
The infrered spectrum of a carbon tetrachloride solution
of the compound had a sherp band at 2125 em.”t 4 green color

developed with the CuClz-Py-HZO reagent.

Allyidi-n-decylsilane

After a mixture of 0.025 mole of allylmagnesium chloride
and 9.025 mole of di-n-decylsilane had been stlirred for 60 hr.
in refluxing tetrahydrofuran, there was obteined, after the
usual hydrolysis and work-up, 3.23 g. (41.3% recovery) of
starting material and 2.68 g. (56.3%, based on unrecovered
starting material) of allyldl-n-decylsilane, b.p. 169-171°
(0.8 mm.), n2° 1.4570, a25 o.s125.

Anal. Celed. for 023H4881: 51, 7.96; MRD, 118.30.
Found: Si, 8.10 (iMethod II); MRp, 118.22.

The infrered spectrum of the compound as a carbon tetra-

chloride solution had a sharp band at 2114 cm.”l No color

change was observed with the CuCl,-Py-H 0 reagent.

Benzyldi-n-decylsilane (attempted)

Distillation of the orgenic material, obtained after

0.025 mole of benzylmagnesium chloride and 0.025 mole of
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di-n-decylellane in tetrahydrofuran had been stirred for 72
hr. at reflux, resulted in the recovery of 22% of di-n-

decylsilane. ©No benzyldi-n-decylsilane could be isolated.

Di-n-decylphenyleilane (attempted)

In two reactlions, phenylmagnesium bromide and di-n-
decylsilane in tetrahydrofuran were stirred at reflux for 44
hr. Distillation of the organic material, after hydrolysis
and work-up, afrforded recoveries of 65.6% and 54.6% of start-
ing material. No di-n-decylphenylsilene was isolated in

either reaction.

Di-n-octadecylsilane

N —
—

One hundred grams (0.165 mole) of di-n-octadecyldichloro-
silane (Dow Corning Corporation) was reduced with lithium
aluminum hydride in refluxing tetrahydrofuran over a 2i-hr.
period. Hydrolysis was effected with ethyl acetate; the
solution was acidiflied with hydrochloric acid, and the organic
solvents were evaporated. The solid resldue remaining was
recrystallized twice from petroleum ether (b.p. 60-70°) to
give 55 g. (62.1%) of di-p-octadecylsilane, m.p. 58-59°,

Anal. Caled. for C3gHpgSi: C, 80.51; H, 14.15.
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The infrared spectrum of the compound as a carbon tetra-
chloride solution had a sharp band at 2121 cm._l A green

color was developed in the CuClz—Py—HZO reagent,

Allyldi-n-octadecylsilane (attempted

A 70% recovery of starting material was obtained when
0.02 mole of allylmegnesium chloride was stirred for 72 hr.
with 0.02 mole of di-n-octadecylsilane at tetrahydrofuran
reflux and worked up as above. No allyldi-n-octadecylsilane

was isolsted.

Di-n-octadecylphenylsiiane (attempted)

Only starting material could be lsolated in yields of
85% and higher after di-n-octadecylsilsne had been refluxed
in tetrahydrofuran for periods of 35, 60 and 72 hr. with

excess phenylmegnesium bromide in three reactions.

Trifg-dodeczlsilane

Reduction of 75 g. (0.131 mole) of iri-n-dodecylchloro-
silane (Peninsular Chemresearch, Inc.) with excess lithium
aluminum hydride in refluxing tetrahydrofuran afforded, after

the usual work-up, 50.77 g. (72.2%) of tri-n-dodecylsilane,




88

b.p. 218-220° (0.01 mm.), n2° 1.4605, 420 0.8238.

Anal. Calcd. for C36H7681: MRp, 17%9.18. Found:
MRp, 178.71.

The infrared spectrum of the compound as a carbon tetra-
chloride solution hed a sharp band at 2097 em.” No color

change was observed with the CuCl,-Py-Hy0 reagent.

Mono-, di--, and tri-n-hexylsilane

vFive tenths of a mole of n-hexylmagnesium bromide was
added to a solution of 42.5 g. (0.25 mole) of silicon tetra-
chloride in ether and the mixture refluxed for 36 hr., s%
which time Color Test 18 was negative. The salts were fil-
tered off under a nitrogen atmosphere and the filtrate added
to 2 glurry of 6 g. (0.158 mole) of lithium aluminum hydride
in ether. After being stirred at reflux for 48 hr., ilce~-
sulfuric acld was used to hydrolyze the mixture and the work-
up was as usual. Four fractionations of the organic material
afforded 2.61 g. (9%) of n-hexylsilane, b.p. 113-115°, qgo

1.413% (11%.%%% values, b.p. 11%.5° (751 mm.), 020 1,4129);

D
3.68 g. (7.3%) of di-n-hexylsilane, b.p. 55-560 (0.15 mm., ),

1621\( I. Batuev, V. A. Ponomarenko, A. D. Matveeva, and
A, D. Petrov, Doklady Akad. Nauk S.S.S.R., 95, 805 (1954).
Original not aveilable for examination; abstracted in C. A,
49, 6089 (1955)] .
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ng® 1.4378, a0 0.7758; and 0.88 g. (1.2%) of impure tri-n-

hexylsilane, b.p. 110-112° (0.8 mn.), nf’ 1.4469, a2d 0.8070.

n-Hexylisilane gave a yellew color with the CuCl ~-Py-Hs0

2
reagent and a carbon tetrachloride solution of the material
had a band at 2152 em.”t in 1ts infrared spectrum.

Anal. Caled. for CqpHpgSi: MRp, 67.92. Found: MRy,
67.78.

A green color developed with the CuCl,-Py-Ho0 reagent

1 was evident in the infrared

and a sharp band at 2125 cm.
spectrum of & carbon tetrachloride solution of the compound.
Anal, Calcd. for CygHypSi: MRp, 95.53. Found: MRy,
94, 20.
There was no color change with the CuCly-Py-Hpo0 reagent.

The infrared spectrum of the material as a carbon tetrachloride

solution had a sharp band at 2095 em.”1

Mono-, di-, and tri-n-occtylsilane

To a solution of 85 g. (0.50 mole) of silicon tetra-
chloride in ether was added 1.05 mcles of n-octylmeagnesium
bromide. Color Test I8 wes negative after the mixture had
been stirred at reflux for 24 hr. Twenty grams (0.526 mole)
of lithium aluminum hydride was added in small portions and
the resultant mixture stirred for 48 hr. at ether reflux.

Hydrolysls was effected by pouring onto & mixture of ice and
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sulfuric acild and work-up was as previously described., Dis-
tillation of the organic materiel afforded 6.1%4 g. (8.5%) of

n-octylsilane, b.p. 162-1630, nga 1.4263, dgg 0.7526; 65.3 g.

(50.9%) of di-n-octylsilane, b.p. 102-104° (0.1 mm.), n§°

1.4462, dgg 0.7925; and 3.42 g. of materlael which appeared to

20
» Dy

1.4545, dgg C.8207. Attempts to purlfy this last fraction by

be impure tri-n-octylsilane, b.p. 163-165 (0.15 mm.)

redistillation falled to improve the materiel.

Anal. Calecd. for CgH,pSi: MRD, 49.59. TFound: MRy,
49.10.

The infrared spectrum of the compound as a carbon tetra-
chloride solution had a sharp band at 2151 c*:m.‘"'l A yellow
color developed with the CuCly-Py-H,0 reagent.

Anal. Calcd. for 016H3681: MRy, 86.51. Found: MRy,
86.34.

The infrared spectrum of the compound as a cearbon tetre-
chloride solution had a shsrp band at 2121 em.”t & green
color wes produced with the CuClz-Py—Hzo reagent,

Anal. Celed. for CpuHspSi: MRy, 123.42. Found: MRp,
121.77.

The infrared spectrum of the compound a8 a cerbon tetra-
chloride solution had a sharp band at 2098 cm._l No color
change was observed with the CuClz-Py-Hzo reagent.
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Benzyldi:g:octvlsilane

Fractionatlon of the organic material obtalined upon work-
up of the reaction mixture of 0.03 mole of benzylmagnesium
chloride and 0.03 mole of di-n-octylsilane, which had been
stirred in refluxing tetrahydrofuran for 90 hr., resulted in
the recovery of 61.2% of the di-n-octylsilsne and the isola-
tion of 0.49 g. (4.7%) of benzyldi-n-octylsilane, b.p. 135-
137° (0.25 mn.), nf° 1.4878, a2 0.8718.

Anal. Caled. for G23H4251: MRy, 115.03. Found: MRy,
114.60.

The infrared spectrum of the compound as a carbon tetra-

chloride solutlon had a sharp band at 2106.5 cma-l No color

change was observed with the (CuCly-Py-Hp0 reagent.

Di-n-octylphenylsilane

Three hundredﬁhs of a mole of phenylmagnesium bromide
was added to a solution of 7.7 g. (0.03 mole) of di-n-
octylsilene in tetrahydrofuran. The Coler Tests weg 8ti1ll
positive after 90 hr. at reflux., Hydrolysis and work-up as
usuael, followed by fractionation of the organic material,
resulted in the isolation of 3.80 g. (50% recovery) of
starting material and 0.32 g. of materlal having the proper-

ties of di-p-cctylphenylsilane, b.p. 142-144° (0.2 mm, ),
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N
nn 1.4821., but the small smount of product isolated prevented
more complete cheracterization.
No color change was observed with the CuCl,-Py-H50

reegent.

Mono-_ and di-p-anisylsilane

A solution of 0.545 mole of p-anlsylmagnesium bremide was
added to 91.0 g. (0.535 mole) of silicon tetrachloride in

ether, Color Tes8$ 18

was negative after 16 hr at reflux and
8.5 g. (0.22 meole) of lithium aluminum hydride was added to
the cooled solution., After refluxing for 24 hr., the mixture
was poured onto ice-sulfuric acid and worked up as usual,

Fractionation of the organic meterial afforded 28.13 g. (38.0%)

of p-anisylsilane, b.p. 183-183.5°, ng° 1.5300, a2 0.9763
» 2
(lit.49 values, b.p. 180°, q§5 1.5251, 4 3 0.9797).

Anal. Caled. for C7H1Q0Si: C, 60.83; H, 7.29; MRD,
4#3.,32. Found: C, 60.68, 60.56; H, 7.22, 7.26; MRD, 43.73.

The infrared spectrum of the compound determined as a
carbon tetrachloride solution exhibited a sharp band at 2153.5

cm.'l A yellow color developed with the CuClZ-Py-H 0 reagent.

2
When 0.15 mole of silicon tetrachloride was stirred at
reflux for 18 hr. in tetrahydrofuran with 0.324 mole of

p-anisylmagnesium bromide, there was obtained 12.25 g. (33.4%)
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of di-p-anisylsilane, m.p. 58.5-60°, after two recrystal-
1izations from petroleum ether (b.p. 77-117°).

Anal. Caled. for Cq,H,20,51: 81, 11.48. Found: 81,
11.43, 11.32 (Method II).

The infrared spectrum of the comﬁound 88 a carbon tetra-
chioride solution had & band at 2134 cm.'l A green color

developed with the CuGlZ-Py-HZO reagent.

Tri-p-anisylisilane

Six and one-tenths grams (0.025 mole) of di-p-anisyisl-
lane was refluxed for 48 hr, with 0.025 mole of p-anisylmag-
nesium bromide in tetrahydrofuran. Following the usual
work-up, the solvents were distilled, Recrystallization of
the solid residue from methanol afforded 4.0 g. (45.7%) of
tri-p-anisylsilane, m.p. 75-77°,

Anal. (Calcd. for 021H220381: Si, 8.01. Found : 8i,
8.13, 8,15 (Method II).

The infrared spectrum of the compound es & carbon tetra-
chloride solution had a band at 2117.5 cm."l No color change

was obeerved with the CuClznPy-Hzo reagent.

Mono-, dil-, and tri-o-anisylsilane (attempted)

Two attempts to prepare o-anlsylsilanes from the Grignard

reagent and silicon tetrachloride, followed by reduction with
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lithium aluminum hydride, failed. The low-boiling fractions
of distillate svolved a ges and turned purple and large

amounts of polymeric material remained undistilled.

Mono-_and di-p-tolylsilane

From the reaction of 0.348 mole of p-tolylmagnesium
bromide and 0.30 mole of silicon tetrachloride in refluxing
ether, followed by reduection with lithium aluminum hydride,
was obtained 10.13 g. (30.8%) of p-tolylsilane, b.p. 147~
°, n2% 1,512, a2 o.877s.
Anai. Calcd. for C7B1081: MR

41074-

148

#1.60, Found: MR

D’ D’

The CuCl,-Py-H,0 reagent gave a yellow color with the

2
compound; and its infrared spectrum, determined as a carben
tetrachloride solution, had a sharp band at 2154.5 em.”t

When 0,23 mole of silicon tetrachloride was reacted with
0.5 mole of p-tolylmagnesium bromide in refluxing ether fer
18 hr., reduced and worked up as above, 5.40 g. (10.2%) of
di-p-tolylsilane, b.p. 85° (0.08 mm. ), n§° 1.5699, dgg
0.9847, was obtained. The semple turned brown upon standing
for 4 hr. in a stoppered vial,

Anal., Calcd. for CiyHygSi: MRp, 70.51. Found: MRD,
70.74.

A green color developed wlth the CuClZ-Py-HZO reagent.
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DISCUSSION
Trialkylgermylmetallic Compoundse

The preparation and stability of triethylgermylpotessium
in ethylamine6 and of triethylgermyllithium in diethyl
etherls3 demonstrate that it is not impossible to prepare
stable trialkylgermylmetallic compounds., However, much work
muet still be done before thisg class of compounds can be
elevated from the level of laboratory curiosities to the plane
of useful synthetic intermediates.

Hexaalkyldigermanes remain the compounds of cholice for
the preparation of trialkylgermylmetallic intermedietes. Suc-

® woula give

cessful cleavage, as realized by Kraus and Flood,
rise to only the desired organometallic reagent, without the
added complication of other organometallic compounds which
would be formed during the cleavage of tetraalkyl- or tri-
alkyiarylgermanes. Furthermore, the germanium-germanium bond

energy 1is less than the germanlum-carbon bond energy and

ge of digermanes should be more facile than cleavage of

=™

cleava
tetrasubstituted germanes. However, untll a method of pre-

paring hexsalkyldigermanes at a reasonable price is developed,

1637n1¢g thesis, p. 45.
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interest in the cleavage of thig class of compounds must re-
main on a theoretical basis.

The metalation of trialkylgermenes with organoclithium com-
pounds is a method of preparation which shouwld be investigated
more completely. A means of synthesizing the trialkylgermanes
in good yield would be an important first step.

The low ylelds of metalation product obtained upon treat-
ment of trlethylgermane with n-butyl- or phenyllithium163 are
surprising when compared with the high yields of triphenyl-
germylliithium obtained from the reaction of triphenylgermene

and methyl-,; n-butyl- or phenyllithium.u

It is possible that
in the reactions of triethylgermane, optimum conditions for
the metalation were not realized, and a study of variations
of time and temperature may be necessary. Conversely, the
germanium-hydrogen bond of a trialkylgermane may be quite dif-
ferent electronlcally from the germenium-hydrogen bond of a
triarylgermane and the same type of reaction should not,
therefore, be expected. Trisubstituted sllanes under the
same condlitions give the tetrasubstituted compoundsBO'32 but
there was no n-butyltriethylgermane or triethylphenylgermane
isolated in these reactions.

In 8ll the solvents used, the non-recovery of starting
materlial when tetraethylgermane was stirred with sodium-

potassium alloy would seem to indiecate that a germsnium-carbon

bond was belng cleaved. The fate of the triethylgermylpotas-



97

sium, if feormed, remains unknown. Cleavage of metalation of
the solvent are poseibllities while dlsproportionation into

ethylpotaessium and diethylgermanium, in a manner senalogous ¢
the one postulated for tin and lead lithlvm compounds, ls not

impossible.
(CHg) 3GeK —> CoHsK + (O

The germenium-aromatic carbon bond is weaker than a
germanium-gliphatic carbon bond and an investigation of the
cleavage of trialkylarylgermanes is worthy of consideration.
If compounds of this class become avallable at ressonable
prices, 1t may be that cleavage with a less active metsl, to
give a trialkylgermylmetallic compound of lower reactivity
and higher stability, would be possible.

An aspect common to all of the preceding problems is the
discovery of a solvent basic and/or polar enough to facilitate
cleavage or metalatlon but which does not itself undergo
appreclable reaction with either the organometallic compound
formed or the derivatlzing agents. In ethylamine, the dis-
advantages of alowness of the cleavage of hexaethyldigermane
and, under the experimental condltions, reaction of the sol-
vent with derivatizing agents containing carbonyl groups
outweigh the faect that triethylgermylpotassium is stable

in the medium. The metalation of triethylgermane with



98

organolithlum compounds in diethyl ether suffers from slowness
of reactlion and, apparently, instebillity of the germyllithium
compound formed. The reaction of triethylchlorogermane with
Lithium, which may proceed through a germyllithium intermedi-
ate, also indicates that the solvent plays an important role

in the reasction. In diethyl ether, a 60 percent yleld of the
(CoH5)3GeCl + 2 L1 —— LiCl + (CpHg)3GeLi
(CZHS)BGeLi 4- (C2H5)3G~8Cl —_— (02H5)3G6G8(02H5)3 4 LiCl

digermane was obtained, whereas 1in tetrshydrofuran, the

digermane was 1isolated in a 16.8 percent yield.
Trialkylsilylmetallic Compounds

The cleavage of hexalkyldisilanes has been quite thorough-
ly investigated and the results uniformly indicate that the
silicon-silicon bond is not cleaved by lithium, sodium or
sodlum-potassium alloy.16’164 The golvente employed for the
cleavage were dlethyl ether, ethylene glycol dimethyl ether,
liquld ammonia and tetrehydrofuran. Recently, tetrahydropyran

had been found to be excellent solvent for the cleavage of

16%0p1s thesis, p. 56.



hexgeryldisilanes and other compounds,165 and cleavage of hexa-
alkyldislilanes may be possible using this solvent. On the
other hand, in light ¢ the ease of cleavage of 1,1,2,2-
tetramethyl-1,2-diphenyldisilane with lithium 1in tetrahydro~
furan and the stability of the dimethylphenylsilyliithium so
formed, 1t is not unreasonable to postulate a basic differ-
ence, dependent on steric strain and electronic interactions,
between the silicon-silicon bond in this compound anéd the
sllicon-silicon in hexaelkyldisilanes. And, as pointed out
earllier, no chance for resonance stabilizaticn ¢of a trialkyl-
silyl anion may explain its low order of stability, if formed.
Initially, trialkylarylsilanes looked very promising as
starting materials for the preparation of trialkylsilylmetal-
lic compounds. Although neilther 1lithium nor sodium-potassium
alloy arffected trimethylphenylsilane or triethylphenylesilane
in dlethyl ether, sodium-potassium alloy did cleave the com-
pounds in tetrahydrcfuren at a50° to give phenylpotassium in
high yields. However, the fate of the trialkylsilylpotessium
compounds slso formed remains unknown., Reaction with the
solvent, either by cleavage or metalation, is not unreason-
able, but products one would expect from such reactions could

not be isolated. Recently, it has been found that silyl-

165M. V. George, Chemistry Dept., Iowa State College,
Ames, Iowa. Information concerning metallic cleavages in
tetrahydropyran. Private communication. (1958).
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metallic compounds will react with a disilane in tetrahydro-

furan to produce a less reactive silylmetallic intermedlate
(Cels)381i8i(CoHsglg + 2 L —— (CgHs)351L1 + (CpHg)3S8iLi

( CZH5)381L1 + C6H5)351Si( CZH5)3~—> ( GZHﬁ)BSiSi( 02H5)3+( CGH5)BSiLi

18

and another disilane. If these findings can be extended to

tetrasubstituted silanes, it may be thet the trialkylsilyl-
(CH3)381(06H5) + (CE3)3SiK — (CH3)38151(CH3)3 + CSH5K

potessium compound reacted with starting material to give
hexaalkyldisilane and phenylpotassium. A reinvestigation of
the higher boiling fractions from these reactlons would seem
%o be called for.

The cleavage of trialkylarylsilanes with bulky substitu-
ents in the ortho position was investlgated, in hopes that
steric strain on the silicon-arometic carbon bond might facil-
itate cleavage with 1lithium to give a less reactive, more
stable trislkylsilyllithiuvm intermediate. But reduction
20,160

similar to that reported in low boiling amines rather

(CH3)351(CgH5) + L1 ——> (CH3)351(CgHg-6 L1)
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then cleavage seemed to be the rule and high recoveries of

starting materials resulted.

Organosllicon Hydrides

If recent industrial interest in chloroc- and dichloro-
silane continues te fthe point where the compounds becone
commercially available, rapid advances in the field of or-
ganoslilicon hydrides will be possible. The potential of com-
pounds contalning one or more hydrogens bonded to a silicon
atom as starting materials for the preparation of high temper-
ature lubricants, as reducing agents and as tools for the
elucidatlion of reaction mechanisms is tremendous, and other
uses may develop as time pagses,

Of these possibilities, efforts are closest to fruition
in the area of high temperature lubricants. Almost any group
may be added to an organosilicon hydride by proper choice of
organometallic reagent and solvent. In particuler, the tech-

nique of Gilman and Zueck ol

enables one to prepare tetra-
substituted silanes of any desired degree of symmetry. With
a minimum of effort it would be possible to evaluate the in-
trinsic thermal stability of organic groups when bonded to
silicon and arrive at the most thermelly steble silane pos-

gible. Evaluation of the effect of groupings on the melting
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point, boiling point, viscosity and pour point of the finlshed
product wculd also be possible.

From the date accumulated in this study several conclu-
slons about the preparation of high temperature lubricants
from organosilicon hydrides are possible. Alkylsilanes of the
type RSiH3 are difficult to prepare in high yields and purity
from the Grignard reagents and sllicon tetrachloride, and re-
duction of the intermediate chlorosilanes. Further reactlon
of the compounds with Grignard reagents in tetrahydrofuran is
slow and yields are low. The reactlon of dialkylsiianes pro-
ceeds only with reactive organomagnesium compounds such as
allylmagnesium chloride and even then yleids are low., Alkyl
groups do impart good lubricity to tetrasubstituted silanes,
nonetheless, and at present it would appear best to introduce
the alkyl group into RBSiH types.

While the infrared data are not complete, enough informa-
tion is available to make the following generalizations. The
position of the absorption band for the Si-H stretching vibra-
tion is affected by the degree of substitution of an organo-
sllicon hydride and by the nature of the substituent. The
following order (decreasing wave numbers) is an indication of
this: p-anisylsilane > n-hexylsilane > di-p-anisylsilane >
n-hexadecylphenylsilane > di-n-hexylsilane > tri-p-anisyl-
silane > tri-n-hexylsilane., Although the p~anisyl group is

higher than n-hexyl on Kharasch and Flenner'!s scale of
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' electronegativities,166 mesomeric return of electrons from the
aromatic system to the d-orbltals of the silicon makes the
silicon-hydrogen bonds in p-anisylsilane (2153.5 cm.-l) nearly
equivalent to the silicon-hydrogen bonds in n-hexylslilane
(2152 cm."l), which implies double bond character to a silicon-
aromatic carbon bond., That this double bond character is an
important consideration is borne out by a comparison of di-p-
anisylsilane {2134 cm.-l) with di-n-hexylsilane (2125 cm.-l).

Branching at the alphe carbon atom of an aliphetic sub-
stituent shifts the position of the absorption band tc lower
frequencies. This 1s best illustrated by comparison of cyclo-
hexylsilane (2143 cm.—l) with n-hexylsilane (2152 cm.”d) or
of dicyeclohexylsilane (2111.5 cm.ﬁl) with di-n-hexylsilane
(2125 cm.“l). The data would seem to indicate that there is
some double bond character in & silicon-aliphatic carbon bond,
hyperconjugatlive effects being the controlling factor.

An arrangement of organosilicon hydrides according to
decreasing wave number corresponds very cleosely to an arrange-
ment dependent on the rate of hydregen evolution with base.
Correlating the two, 1t would appear that as more organic
groups are attached to an organosilicon hydride, the remain-

ing siiicon-hydrogen bonds become more covalent, and that

varlations in the structure of the organic group further

166y, s, Kharasch and A. L. Flenner, J. Am, Chem, Soc.,
54, 674 (1932).
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affect the degree of covalency. If this indeed ls the case,
it ie entirely possible that a series of reducing agents of
varying potential could be developed from organosilicon hy-
drides. Little work has been done along this line but from
the information at hand this field appears to be an interest-
ing one of great practical significance.

Organosilicon hydérides may also be useful in the elucl-
dation of reactlon mechanisms., One 1s often pressed to pre-
pare a particular hydrocarbon for study; whereas using an
organosilicon hydride and organometallic reagents the analo-
gous silane may be comparatively easy to prepare. Eaborn and
co-workersl67’168 have used sllicon compounds quite success-
fully to determine directlve effects and Hammett sigma and
rho values for aromatic substituents. Kreevoy and Erying169
have recently suggested what they call « -hydrogen bonding as
an explanation of the Baker-Nathan effect, i.e., stabllization
of a carbonium lon through interactions hetween 1,3-atoms in
complex molecules. Silicon, whiéh is $+ 1in 1its compounds
due to electronegativity dlfferences, is somewhat analogous

to a carbonium lon and a study of silanes using nuclear mag-

netic resonance could shed some light on the orlginal proposal.

167¢. maborn, J. Chem. Soc., 1956, 4858.

168¢, Eaborn and D. E. Webster, ibid., 1957, 4449,
169M. M. Xreevoy and H. Erying, ibid., 79, 5121 (1957).
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The copper(II) chloride-pyridine-water reagent proved to
be a valuable tool during the synthesis part of this study.
Whenever silicon tetrachloride was reacted with a Grignard
reagent and reduced with lithium aluminum hydride, a2 mixture
of products was obtailned. Distillation gave several frac-
tione, and this test proved to be a simple, repid means of
pin-pointing the l1ldentlty of each fraction. The general
applicablility of the test was proved when over seventy
organosilicon hydrides were found to conform to the specifi-

cations without exception.

Suggestions for Further Research

Suggestlions for further research are embodied in the

preceding materlial under the subdivisions to which they apply.
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SUMMARY

Organic compounds containing silicon or germanium as
hetero atoms have been a subject of interest as high tempera-
ture lubricants and hydraulic fluids in recent years, The
possibility that trialkylsilylmetallic and trialkylgermyl-
metallic compounds could be interacted with e wide varlety of
organic molecules to give compounds of low melting polnt end
high thermal stability, as well as a fundamental intereet in
the intermediates themselves, prompted an investigation of
the preparatlon and stability of compounds of this type.

Metaletion of triethylgermane with n-butyllithium or
phenyllithium in diethyl ether was slow and gave triethyl-
germylilthium in yields of less than 10 percent. Attempts to
prepare triethylgermylmetalllc compounds by cleavage of tetra-
ethylgermane or hexasthyldigermaene with lithium or sodium-
potassium alley Tailed. With tetrasethylgermane and the alloy,
colors were observed during the cleavage period and 1t was
impossible to recover starting material or product. This was
taken as an indication thet triethylgermylpotassium was formed
but immediately underwent reaction with the solvent in some
unknown manner. Reactlon between triethylchliorogermane and
l1ithium in ether and in tetrahydrofuran gave hexaethyldiger-

mane in 6C and 18 percent ylelds, respectively.
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Endeavors to prepare trialkylsilylmetallic compounds
were unsuccessful. Hexaethyldisllane and various trislkyl-
arylsilanes were unaffected by lithium or sodium-potassium
alloy in diethyl ether. In tetrahydrofuran or ethylene glycol
dimethyl ether, lithium reduced the aryl substituent of tri-
alkylerylsilanes without cleavage. With sodium-potassium
a2lloy in tetrahydrofuran at n50°, cleavage of trimethylphenyl-
gilane and trilethylphenylsilane did occur. It was possible
to derivatize the phenylpotassium so formed in ylelds of about
80 percent but derivatives of the trislkylsilylpotassium could
not be isolated, indicating that thle class of compounds is
extremely reactive.

Verious organosilicon hydrides weré prepared and the
chemical and physical properties of the silicon-hydrogen bond
investigated. Although there is little evidence of reaction
in diethyl ether, organosilicon hydrlides do react with
Grignard reagents in tetrshydrofuran under specific reaction
conditions. Alkylsilanes of the type RSiHj react with alkyl,
aryl, or aralkyl Grignard compounds in a 1l:1 ratioc to give
RR'SiH, compounds in falr ylelds. Dialkylsilanes, RZSin,
react only with active Grignerd compounds, such as &8llyl-
magnesium chloride, to give a trisubstituted silane and then
only in low ylelds.

The infrared spectra of the organosilicon hydrides pre-

pared were investigated. The band attributed to stretching
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of the silicon-hydrogen bond was found %o shift %o lower
frequencles as the number of hydrogens attached to a esilicon
atom decreased. Further verlations dus to mesomeric and
hyperconjugative contributions of the organic groups were
also observed, implying double bond character to silicon-
carbon bonds.

A copper(II) chloride-pyridine-water reagent was found
%0 be a rapid and simple indicator of the degree of substitu-
tion of an organosilicon hydride.

For the purpese of thls review, a literature search for
data pertinent to each of the three sections prior to April,

1958, has been made.
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