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INTRODUCTION

Catenation of organcsilicon compounds was initially
studied by F. S. Kipping and co-workers (i, 2, 3) about forty
years ago. Despite the phenomenal growth of organoéilicon
chemistry since that time, surprisingly few exeampies of sili-
con catenations were known before i960. (%4, 5). Since or=
ganically-substituted polysilane compounds have been found to
possess a relatively high degree of stability, the pauclity
of organopolysilanes might well be attributed to the lack of
equivalent methods of propagating silicon chains compared
with carbon chalns.

Although the filrst branched;chaln compound, égg;tetra%
silane was formed in 1923 (6)‘by a reaction between magnesium
sillicide and hydrochloric acid, the compound was not isolated
until 1958 (7). To date more than a hundred tri- and tetra-
Group IVB-substituted organometallic compounds have been pre-
pared and characterized.

The objective of the work presented here was to extend
the boundaries of catenated organosilicon chemistry to ine
clude the chemistry of some tri- and tetrasilyl-substituted

compounds.
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HISTORICAL

Tri- and Tetra=-Group IVB-gubstituted Derivatives
of Group IVB Compounds

Group IVB-substituted carbon compounds

Although tetra-i-butyimethane (I} is not known, ia 1947
Tyler, Sommer and Whitmure unsuccessiuily attempted the pre-
paration of tri-t-butylchlorosilane (II) and tetra-t-butyl-
silane (III) by reactions between di-t-butyldichlorosilane
t-butyllithium (8).

((cay) 5] A\ ((cry) 5€) 3su:l [(cHy) 5] S
I II III
The synthesis of the first class of orsamsiliccn compounds
in which three or four silicon atoms are bonded to one carben
atom was reported about 10 years later (9, 10).

Muller et al. (9, 10) obtained a mixture of perchlori-
nated compounds from a reaction between elemental silicon in
the presence of copper as a catalyst and a polyhalide of car-
bon at high temperatures. For instance, tris(trichlorosilyl)-
methane (IV) and tetrakls(trichlorosilyl)methane (V) were pro=-
duced, by using chloroform (9) and carbon tetrachloride (10),
respectively, as the polyhalides.

AN
CL,CH + 81/Cu ———> @1331] 3CH

o
A -~
ccL, + st/cu > [Clasg °
v



Several derivatives of IV were prepared in good ylelds.
Treatment with methylmagnesium bromide gave tris(trimethyle-
silyl)methane (VI), while alcoholysis with methanol and
ethanol afforded the respective alkoxides, tris(trimethoxy=-

silyllmcthans {VIIa) and tris{tricthoxysilyl)methane {VIIb)

IV + 3CHMgBr — [(033)331J 5CH + 3MgBrCl
VI
IV + 3ROH R Bao)3s§ 5CE + 3MgBrel
’ Vils, R = CH,
VIIb, R = CyH,

The perchlorinated compound, tris(trichlorosilyl)chloro-
methane (VIII), was prepared by the ultraviolet irradiation
of IV in the presence of chlorine (9):
v + a1, ——> [c1,81) ,ca + HQL
VIII

Conversion of VIII to V was accomplished by its reaction
with silicon tetrachloride and elemental silicon using cop-
per as catalyst (11). Muller et al. did not report the pre-
paration of any derivatlives of compound V, because of its
molecular symmetry, one of particular interest would be
tetrakis(trimethylsilyl)methane.

In 1963 Merker and Scott described a technique they
termed the in situ Grignard reaction which involved the ad-
dition of a polyhalide of carbon to a solution of a mono-

chlorosilane in tetrahydrofuran in which magnesium metal was



suspended (12, 13, 14). The broad utility of this one-step
reaction 1s 1llustrated by the variety of structurally novel
compounds that have been synthesized from readily available
starting materisls. Of considerable interest is the pre-
paration of gome highly symmetrical compounds. The reaction
between some polyhalide compounds (CBrnC‘l,&_n). chlorotri-
methylsilane and magnesium metal afforded tetrakis(trimethyl=-
s11yl)methane (IX) (12)s

CBr,Cl, . + 4(CH;),81C1 + uMg —— [(CH;) ;8 \C

‘ IX
The yleld of IX, using various polyhalide compounds (CBrnCIu_n)
was low (ca. 30%) and no reaction was observed when silicon
tetrachloride was used, When lithium metal was used, silicon
tetrachloride gave excellent ylelds of IX, together with a
small amount of VI (15, 16):
CCl, + 4(CH,)481C1 + 8LA

The formation of IX by a reaotion between carbon tetrabromide,

IX + 8111

chlorotrimethylsilane and lithium was explained by the fol-
lowing sequence of reactions (15):
cBr# + 2l ——m— Br30L1 + LiBr
(CH,) ;81CBr, L1 + (CH,;),81 CL— ((CH,),81] ,CBr, -
+ LiCl, etc.
A similar mechanism was also proposed for reactions involving

magnesium (12),



Compound IX, a highly symmetrica«l molecule, can be en-
visaged as a sphere composed of twelve methyl groups sur-
rounding the central carbon-silicon skeleton. X-ray powder

data indicate that the crystal'structure 1s face-~centered

cubic with a = 12,96 * 0,08 g (i7)s A calculated density for
Z = 4 was found to be 0.929 g-cm'3 which is in good agree=-
ment with the observed value of 0.9113 g-cm™> (17). The cal-
culated molecular radius of the sphere is 4.58 A (17). Under
ordinary conditions compound IX does not melt, but sublimes
readily (12). Merker and Scott report that this compound
appears to undergo some phase change to another crystalline
compound between 195-210° (17) and melts, in a sealed tube,
at 307-308° (15). Liu claims that the compound does not
melt when heated above 420° and decomposes above 500° to an
orange-brown gas which condenses to an orange liqulid on
cooling (16).

The less sterically hindered compeund, tetrakis(di-
methylsilyl)methane (X), was prepared in ca. 60% yield by
the in situ Grignard reaction between carbon tetrabromide,
chlorodimethylsilane and magnesium (12)3

CBr, + 4H(CHB)28161 + 4Mg ———%E?(CHB)zsiluc *» 4MgBrCl

X

In view of the symmetrical arrangement of the four reactive
silicon-hydrogen groups and its formation in high ylield, this .
compound seemed particularly attractive as a precursor to

other related types. Attempts to convert X to the corre-
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sponding tetraalkoxy derivatives under alkaline conditions
resulted in extensive cleavage of the central carbon-silicon
bonds (14). For instance, treatment of X with sodium meth-
oxide afforded tris(dimethylmethoxysilyl)methane (XI) and
other legs-branched compoundss
GEBONa ,
X + 5CH,0H —2 > ((CH,0) (CH,),81) ,CH + ((CH;0)(CH,), 58] ,CH,
XI + 3E,
Compounds which do not possess these reactive silicon-hydro-
gen groups, IX and VI, were not cleaved under these condi=-
tions (14). However, tetraalkoxy derivatives of X were ob=
tained under acldic conditions, without detectable cleavage
of the carbon-silicon bonds (14). Alcoholysis with methanol
and ethanol, using chloroplatinic acid as catalyst, gave
moderate to good ylelds of tetrakis(dimethylmethoxysilyl)-
methane (XIIa) and tetrakis(dimethylethoxysilyl)methane (XIIb),
respectively (14): _
Hth616
X + LROH N an)(caB)zsxu 4C + 4
XIIa, R = CHB -
XITb, R = CpH,

The in situ Grignard reaction was also amenable to the
preparation of some tri- and disilyl-substituted carbon come
pounds as well (13). Tris(trimethylsilyl)methane (VI), -methyl-
methane (XIIIa), and -phenylmethane (XIIIb) were prepared
usirg chloroform, metnyltrichloromethane, and phenyltrichloro-

methane as the polyhalide, respectively (13)s
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RCCL, + 3(CHy)4S1CL + 3Mg ——>[(CH,),81 5CR + 3MgCl,
Vi, R=H
XIIla;, R = CH3
XIIIb, R = Ph
When dichlorodipvhenylmethane was used as the palvhalide,; blg-
(trimethylsilyl)diphenylmethane (XIV) was obtained (13):
Pn,CCl, + 2(CH;);81C1 + 2Mg—>((CH,),81] ,CPh, + 2MgCl,
XIv T
An attempted preparﬁtion of tetrakis(dimethylphenylsilyl)-
methane by a reaction between chlorodimethylphenylsilane,
carbon tetrabromide and magnesium gave bls(dimethylphenyl-
silyl)methane (XV) in a 68% yleld but no tetrakis compound
was isolated (12)s |
2Pn(CH,),81C1 + CBr), + Mg ———3——>E=n(cn3)zsg »CH,
Xv
Merker and Scott (15) also described the preparation of
compound VI and bis(trimethylsilyl)methane (XVI) by reactions
of chlorotrimethylsilane and lithium with the respective
polyhalides, chloroform and methylene chloride (15):
CHCIB + 3(CH3)381C1 + 6I1—> VI + 6LiCl
CH,Cl, + 2(CHy)4S1CL + 41d—> [(CH;) ;81 ,CH, + 41iCL
Xvi
Andreev (18) has also reported the preparation of VI by
the reaction between methylmagnesium bromide and a mixture of
chloro compounds obtained by the action of a gsilent discharge
on dichlorodimethylsilane,



Gilman and Aoki (19, 20) studied the reactions between
triphenylsilyllithium and polyhalide derivatives of carbon.
The main product of these reactions was hexaphenyldisilane
and only in the case of methylene chloride were small amounts
of the anticipated coupling product obtained. The high yield
of hexaphenyldisilane might,well be attributed tos (1) a
1ithium-halogen exchange reaction followed by coupling of
the silyllithium with the silicon halide (Path A); or (2) a
coupling reaction of triphenylsilyliithium with the poly-
halide followed by cleavage of the newly formed silicon-car-
bon bonds by triphenylsilyllithium (Path B) (19, 20).

Path As
Ph381L1 + cxu———> Ph381x + LI.CXB
Ph381L1 + Ph381X ————~—*Ph33181Ph3 + I1X
Path Bs
Ph381L1 + cxu——————a-Ph331cx3 + LiX
Ph381L1 + PhBSchB———>Ph38181Ph3 + L10X3

Kraus and Nutting (21) report that, in a reaction be=
tween triphenylgermylsodium and chloroform in liquid ammonia,
complete substitution of the chlorine atoms does not occur.
I ether or benzene, only bis(fribhenylgermyl)methane and
hexaphenyldigermane were obtained (21).

Willemsens and van der Kerk (22) prepared fetrakls(trl-
phenylplumbyl )methane (XVII) in ca. 60% yield by a reaction
between triphenylplumbyllithium and carbon tetrachloride:
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4 Ph,PbIA + CCL,——> E’hBPlE] L 4LACL
XVII

From a stereochemical point of view, the formation of this

3

compound is most remarkable. The reaction between triphenyle
plumbyllithium and chloroform or methylene chloride affarded
tris(triphenylplumbyl )methane (XVIII) and bis(triphenyl-
plumbyl )methane (XIX), respectively (22)s
PbL1 + CHCL, —— |Ph,Pb] CH + 3LiCl
3 37 4

_ XVIlI

PbLi + CH,Cl, —> [PhBPDJZGHZ + 21401
XIX

A tabulation of known Group IVB tri~ and tetra-Group IVB=-

3 Fhg

2 Ph3

substituted derivatives of carbon is given in Table 1.

Group IVB~substituted silicon compounds
In 1923, Stock et al. (6) obtailned n-tetrasilane from

the products of the reaction of magnesium silicide with hydro-
chloric acid, but they were unable to isolate the branched

isomer, iso-tetrasllane (XX). Geher et al. achleved a partial

[_;1331] 3513
XX

separation of the two lsomers by fractional distillation, and
reported the bolling and freezing points, densities and re-
fractive indlces of both lsomers (7). Borer and Phillips (23),
and Feher and Strack (24) showed that the mixture of silanes

obtained from the reaction of magnesium silicide with aqueous



Table 1. Known tri- and tetra=Group IVB-substltuted derivatives of carbon

Formula Neme MP(bope) Reference
A, Trisubstituted ,

00110813 Trig(trichlorosilyl )chloromethane (290,6=-291,6/758) 9
05019813 Trig(trichlorosilyl)methane (124=-126/10) 9
C10H28514 Tris(trimethylsilyl )methane (93-95/13) 13
011330813 Tris(trimethylsilyl )methylmethane 115 14
CqgHapSL, Tris( trimethylsilyl)phenylmethane 158=160 14
019H“609813 Tris(triethoxysilyl )methane (14%.5/4) 9
c55H46Pb3 Trls(triphenylplumbyl)methane 167-168 22
B, Tetrasubstituted

CC1,,81, Tetrakis( trichlorosilyl )methane sublimes® 10
C9Hé8814 Tetrakis(dimethylsilyl )methane 115 13
013H3681& Tetrakis(trimethylsilyl )methane 307-308b 16
Cy 3H340,81, Tetrakis(dimethylmethoxysilyl)méthane ~ sublimes® 15
01734u04814 Tetrakls(dimethylethoxysilyl )methane 114=115 15
Gy 3HgoPDy, Te trakis( triphenylplumbyl )methane 292-294°

2No melting point was reported.

bIn a sealed tube,

°Decompositlon point.

0t



11

acld can be separated into many components, including n- and
igo~tetrasilane (XX), by gas chromatography. The iso-tetra-
silane (XX) was recently prepared by Gokhale and Jolly (25)
from pure silane by an ozonizeruﬁype electric discharse
method, The igomers of tetraslilane were separated by sas
chromatography and identified by theilr relative volatilities
and, by their 1nfraréd and n.m.r. spectra (25).

In 1950 Milligan and Kraus (26) prepared tris(triphenyl-
germyl)silane (XXI) by a reaction between triphenylgermyl-
godium and trichlercsilene in ether:

3 PhyGela + SLEGL;—=PhyGe) ,S1H + 3Nacl
| XXI
Unexpectedly, the silicon-hydrogen bond of this compound was
found to exhibit a reactivity not commonly assoclated with
that of trialkyl- and triarylsilane compounds. Upon treat-
ment of XXI with lithium in ethylamine, tris(tripﬁenylgérnyl)-
gilyllithium (XXII) was obtained: |
XXI + LA —> [Ph,Ge| JS114 + 1/2 B,
XXII

Derivatization of XXII with ethyl bromide afforded tris(tri-
phenylgérmyl Jethylsilane (XXIII):

XKII + C,HBr— > PhyGe] ;81C,H, + LiBr

III

In contrast, triethylsilane (27) and triphenylsilane (28) re=
acted with lithium in ethylemine, affording triethylsilylamine
and bis(triphenylsilyl)éthylamine, respectively:
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CHNH,

(CoHg)481H + Li > (C,Hy) 4SINHC,H,

PhySiH + L ke i S (pn,s1) ,¥e,H,

Milligan and Kraus (26) also prepared the bromide, tris-
( triphenylgermyl )bromosilane (XXIV), by the reaction of XXI
with bromine in ethylamine:

XXI + Br,———> |PhGe 33131- + HBr
XXIV
The bromide, compound XXIV, was not hydrolyzed by water, but
ammonia in moist benzene converted it to tris(triphenylgermyl)-
silanol (XXV)s |
XXIV + NH;—> [PnGe] ;5108
XXv
In liquid smmonia at =33°, compound XXIV ammonolyzed to tris-
(triphenylgermyl)silylamine (XXVI)s
XKIV + 2NH,——> [Ph,Ge] JSINH, + HBr
XXVI
Tri s(triphenylgermyl )chlorosilane (XXVII) was obtained by the
reaction between XXVI and hydrogen chloride:
| XXVI + HOL———> [Pn,Ge|,S1CL + NH,
XXVII

The first reported compound containing a Ge-Si~Sn linkage,
tris(triphenylgermyl)( triphenylstannyl)tin (XXVIII), was pre=-
pared by the treatment of XXII with chlorotriphenylstannane (29):s

XXIT + PhySnClL ——> [Ph,Ge] ;S1SnPh,y + LACL
XXVIII



13

Milligan and Kraus (26) also atﬁempted the preparation
of tetrakis(triphenylgermyl)silane by a reaction between tri-
phenyiéermylsodium and silicon tetrachloride, The products

of this reaction were hexaphenyldigermane and an amorphous

materiali
| Et,0 or
4 Pn.GeNa + SiCl 2 > Fh.GeGePh. + o amor-
3 4 C.H 3 3 ° phous
676 material

+ 4NaCl
It was suggested that the amorphous material might be tetra-
kis(triphenylgernyl)silicoethylene, (PhyGe|,81 = 81 [GePh,),,
based on elemental analyses.
In 1959, about 10 years after Milligan and Kraus de-

scribed the synthesis of XXI (26), Gilman et al. (30) reported
the preparation of the first branched-chain organosilicon com-
_pound containing contiguous silicon atomss namely, tris(tri-
phenylsilyl)silane (XXIX). This compound was isolated in a
low yleld (4.4%) from a reaction of triphenylsilyllithium and
trichlorosilanes

3 PngSiLL + CLyS1E——> (Physi) SS1H + 3LaQ

XX1Xx

Under similar conditions, no tetrskls compound was 1solated
when silicon tetrachloride or tetraethoxysilane was used ine
stead of trichlorosilane (30). The formation of hexaphenyl-
disilane in a high yleld, from a reaction of triphenylsilyl-
lithium and silicon tetrachloride, was explained by the follow-

ing sequence of reactions:
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Ph381L1 + 81014—————*——6-Ph38181013 + IiCl
PhBSILi + Ph38181013——————> PhBSislPh3 + LlSlClB
Gllman and Sim prepared tetrakis(triphenylstannyl)silane
(XXX) by a reaction between triphenylstannyllithium and sili-
con tetrachloride (31):
4 Phosald + S1C1,—> (Phgsn],s1 + 41acl
p.9.0.4
Urry et al. prepared tetrakis({triohlorosilyl)silane
(XXXI) by trlmethylamine-induded disproportionation reactions
of hexachlorodisilane and octachlorotrisilane (35, 33):

(CH,) N
373,
b 81,01 > (o181 45t + 30101,
XXX
(CH4) ;N

A tabulation of known tri- and tetra-Group IVB-substituted
derivatives of silicon is given in Table 2,

Group IVB-substituted germanium, tin and lead compounds

In 1923 Boeseken and Rutger (34) isolated a product with
an empirical formula of Phlzsns from a reaction of phenylmag-
nesium bromide with stannous chloride. Of the possible is0-
mers, XXXII, XXIII and XXXIV, they thought XXXIII to be the

most likely structure.

: SlnPh3
PhBSn - §n - SnPh3 PhBSnSnthSnPhZSnPhZSnth
Snfh,
XXXIII

XXXII



Table 2, Known tri- and tetra-Group IVB-substituted derivatives of silicon

Formnla' Name

M.P.(bePo) Reference

A, Trisubstituted
H10814 Trisilylsilane (10L4/760) 24
°543453r6°331 Tris( triphenylgermyl )bromosilane 242 26
0543450166331 Tris(triphenylgermyl Jchlorosilane 230-231 26
054346Ge381 Tris( triphenylgermyl )silane:. 187-188 26
054346063381 Tris(triphenylgermyl )silanol 197 26
CoHy Sty Tris(triphenylsilyl)silane 206-209 30
Csuﬂu7NGe381 Tris(triphenylgermyl ) silylamine 206 26
C5BHSOGe381 Tris(triphenylgermyl Jethylsilane 293 26
B, Tetrasubstituted
Cl,,81, Tetrakis(trichlorosilyl)silane 345 * 2% 32
CopHegSn),S1 Tetrakis( triphenylstannyl)silane 390-395° 31
G?ZH6OG333n31 Tris(triphenylgermyl)( triphenylstannyl.)

, | silane 340-342 29

®pecomposition point.

ST
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//,SnPh - SnPhZSnPh3
Ph3sn
xxIv
Recently, Gilman and Cartledge (35, 36) reported the synthesis
of this compound by several procedures:

Ph,SnCl
SnLi + SnCl,—> (Ph sn] sali > XXXII

1) 3 Physn Mg
2) 2Ph,snCl
SnLi + SnCl, — > XXXII + PhySnnPh,

3 Ph3

2 SnCl, > XXXII + FhBSanPh3

4 Ph3
4 Ph3
The highest yield of XXXII was obtained by the reaction of

SnCl + 8L1 + SnCly, —> XXXI1I + Ph3snSnPh3

triphenyltinlithium and stannous chloride followdd by derivatie
zation of the reaction mixture with triphenyltin chloride.

In order to test for the presence of tris(triphenylstannyl)-
tinlithium, the reaction mixture was derivatized with chloro=-
triphenylgermane, instead of triphenyltin chloride, to give
tris(triphenylstannyl)(triphenylgermyl)tin (XXXV) (36)s

A Ph36e01

(150 jsncerm,
XXXV

3 Ph,snid + sncl,—> (Physn) jsnLa

3
Hydrolysis of the supposed tris(triphenylstannyl)tinlithium
with saturated agueous ammonium chloride gave the tétrakis
compound instead of the expected tris(triphenylstannyl)tin
hydride (XXXVI)s

3 PhySnld + SnCl,—> [Ph,Sn| ,SnLd

3 > (Pnsn] jnm
XXXV
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In like manner, reaction of the supposed tris(triphenylstane
nyl)tinlithium with chlorotriphenylsilane or tri-gfbutyltln
chloride afforded only tetrakis(triphenylstannyl)tin. It is
believed that tris(triphenylstannyl)tinlithium is formed on
reaction of triphenyltinlithium with stannous chloride, but
there are 1imits to the synthetic possibilities of the re-
agent.

The reaction of XXXTI with one mole of lodine afforded
an 81.9% yleld of triphenyltin iodide; however, the only
other product isolated was unreacted| tetrakis compound in a
57% yield. When XXXII was treated with one mole of gym-
tetrachloroethane in refluxing xylene, no reaction was ob-
gerved, and the tetrakis compound was recovered in 9&.2% |
yield. 1In like manner the nucleophilic reagent, methyl-
lithium, gave only tetraphenylitin in addition to recovered
starting material,

Incidental to the work of Gilman and Cartledge, van der
Kerk and Willemsens (37, 38) prepared a number of related
compounds of the types E?hjéluy' (where ¥ = Pb, Sn and M' =
Sn, Ge). They were obtailned according to the following
reactions

4 PnMLe + MrCL, — [PhH] J ¢ b
M = Pb, Sn
M' = Sn, Ge
Varying smounts of Ph M, were always formed as a by-product,

probably as a result of metal-=halogen interconversion re=-
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actions. Owing to the ease of oxidation and general insta-
bility of lead tetrachloride, compounds with M®* = Pb were Ob-
talned from lead dichloride (37):
PhMLL + Pb Cl, —— (PhyH),Fb
(Pn),Pb ———  [Ph ] [P
The compound containing lead-lead bonds, tetrakis(triphenyl-
plumyl )plumbane (XXXVII), hes been obtained by simultaneous
hydrolysis and oxidation of ether-free triphenylplumbyllithium
at a low temperature (39):
h,PbLL M@__) (Pn, PIE]
XXXVII
The compound was described as unstable and decomposed in a
few days in the presence of air to hexaphenyldiliead and lead
oxide. It decomposed more slowly under a nitrogen atmosphere
and very rapidly in polar solvents. Due to its instabllity
in ethereal solvents, compound XXXVII could not be prepared
from a reaction between triphenylplumbyllithium and lead di-
chloride (39). Willemsens and van der Kerk (37) report that
the lead compounds were prepared most easlly; and compounds
of the type, (Ph Ge] M', could not be obtained. Gilman and
sim (31), however, have prepared tetrakis(triphenylgermyl)tin
(XXXVIII) from a reaction between triphenylgermyllithium and
stannous chloride followed by derivatization of the reaction
mixture with chlorotriphenylgermanes
3 PhyGeli + SnCl,—— E’hBGe] SnLi M PhBG;]len
’ XXXVIII
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Tetrakis(triphenylsilyl)tin (XXXIX) could be prepared
from stannous chloride, but not stannic chloride, by the fol-

lowing reactionss

Ph,S1CL
3 Ph,SiL4 + Spcyz———>[§h33£]33nni

> [PhBS_;J 4811
XXXIX

3

A tabulation of known tetra-Group IVB-substituted deri-
vatives of germanium, tin and lead is given in Table 3. In
the solid state all compounds prepared, except compound XXXVI,
are stable at room temperature. In solution, the compoun&s
with lead atoms as the surrounding metal atoms, [?h3P§]4n',
show much higher stability (25).

All of the compounds listed in Table 3 show ultraviolet
absorption maxima in the 298 to 444 mp region (¢ = 59,000 to
73,000) which have been attributed to the excitation of the
electrons of the metal-metal system (39).

The Chemistry of Methylatesd Polysilane Compounds

The chemistry of methylated polysilane compounds has re-
cently been reviewed (5). As a basis for the work presented
here, a oursory survey of the chémistry of pexmat@ylated poly-
silane compounds and compounds in which at least one silicon

atom 1s bonded to three methyl group will be emphasized,

Methods of preparation
The reactions of a silicon halide with a metal or a

silylmetallic compound are the two most widely used methods



Table 3. Known tetra=Group IVB-substituted derivatives of germanium, tin and lead

Formula Nane Degomposition Reference
point
CyoHgoGeyPb Tetrakis( triphenylgermyl ) plumbane® - 25
c72360638n4 Tris(triphenylstannyl)(triphenylgermyl) tin 315=330 36
072H6oGeuSn Tetrakis(triphenylgermyl)tin 407-410 31
CypBgoPbs Tetrakls( triphenylplumbyl )plunbane®? P - 39
0723602b463 Tetrakis( triphenylplumbyl )germane 210 37
CozHgoFbySn Tetrakis( triphenylplumbyl)tin 160 37
G72H6081u8n Tetrakis(trlphgnylsilyl)tln 390=394 31
072H608nu Tetrakl s triphenylstannyl)tin 315=325 35
072H608nu6e Tetrakis(triphenylstannyl)germane 324 37
0723608nuPb Tetrakis( triphenylstannyl )plumbane 200 37

®Could not be 1solated in the pure state.

b

Solutions are not stable and become turbid after a while,

0¢
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for preparing organopolysilane compounds (4, 5, 40).
Symmetrical permethylated polysilane compounds, stralght-
chain and éyclic, are conveniently prepared by a reaction
between the appropriate silicon halide and lithium metal in
THF (41, 42), molten sodium in xylene or the absence of a
solvent (43, 44, 45), and sodium potassium alloy in hydro-
carbon or ether (46, 47, 48, 49). The synthesls of an homo-
logous series of methylated polysilane compounds of the type,
CH, 81(033)2 nCHB’ has been reported (44, 45, 49), They
were prepared according to the following reactions:

Na or
(0358101 + (CHy) S151(CHy)CL — — > Oy Si(CHB)Z_JBCHB

(03933131(&1 >2c1+01(cr13)231-31(cn )ZOIMOHBENCH )é] CH,
n=4 6,7, 8,9, 10, 11, 12
Recently, a one=step procedure has been described for the pre-
paration of some stralght-chain methylated polysilane com~
pounds by a reaction between a dichlorosilane compound
(303381012, where R = CH3, 02H5 or Ph), chlorotrimethylsilane
and lithium (42)., The reaction between dichlorodimethylsilane,
chlorotrimethylsilane, and lithium gave 60-70% ylelds of octae
methyltris;lane, together with small amounts of the next two
higher homologues (42):
2(CHy) ;8101 + (CHy),S1C1, + 4L —— CH, @1(033)'2_]!1@3
= 3=5 B
When a smaller ratio of chlorotrimethylsilane to dichloro-
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dimethylsilane was used, compounds of the type, CHs[S1(CHj),)-

CHB’ n = 3-8 and 10, were 1solated and identified. Using

methylethyldichlorosilane as the dichloro silicon compound,

a 66% yield of 2-ethylheptamethyltrisilane was obtained,

and methylphenyldichlorosilane gave a 25% yield of hepta-

methyl=2-phenyltrisilane (42):

2(CHy) 5S1C1 + (CHg)(C,Hg)S1CL, + 4LL—— (CH,)48181(CH,) (CyH,)
Si(CH3)3

2(CH4) 481C1 + (CH4)PhSACL, + 4L1 ——>(CH;) ,5151(CH,)Ph51(CH,) 4

Hexamethyldisilane has also been prepared by a similar pro=-

cedure from a reaction between chlorotrimethylsilane and

1ithium, !

2(0H3)38101 + 2L1 ———> (CH,) ;8181(CH;) 4

Dodecamethylcyolohexasilane, the only well-characterized per-

methylated cyclopolysilane compound, has been prepared by a

reaction between dichlorodimethylsilane and sodium (45),

sodium potassium alloy (48) and lithium (41):
Na, Na/K or

5
The method of cholce for the preparation of dodecamethylcyclo-

hexaslilane 13 the use of lithium, with triphenylsilyllithium
as catalyst (41),
Unsymmetricél polysilane compounds, in which one silicon

1D::'. K. Shiina, Department of Chemistry, Iowa State Uni-
versity of Science and Technology, Ames, Iowa. Information
on the preparation of hexamethyldisilane. Private communi-
cation., 1966,
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atom 18 bonded to threé'methyl groups, are easily obtained by
a reaction between a silylmetallic compound and chlorotri-
methylsilane (4, 5, 50, 5i), and use has been made of this

procedure for the characterization of organometallic specles.

Chemical properties
The silicone-silicon bond of organopolysilanes is cleaved

by aqueous or methanolic alkali (52), aqueous piperidine (1,
53) and alkali in hexanol (45), affording one mole of hydrogen
gas per silicon-sllicon bonds

33818133 + ROH——> ZRBSiGR + H
These resctions can be considered as an attack by the basic
or nucleophilic species on a silicon atom and are represented
generally as followss |

- . . - ] -
3331 3133 + 123 Sy —— 3331 8133 + R381
3331=3133 + FH— 3331=H + 3331

R381OH + 3381A

Ry51-81R, + )
The last reaction is carried out in hydroxylic media, which
effect immediate hydrolysis of the 1ntermed1§te g}lanlon to
an Si=-H compound which is in turn hydrolyzed to é silanol
with the evolution of hydrogen (54, 55):
ByS17 + R'OH ——> R,S1H + R'0°
338103' + H,

33813 + R'OH
A megsure of the number of milliliters of gas liberated at

STP per gram of compound 1s called the "hydrogen value" and



24

this procedure constitutes a chemical means fdr structural
determination. |

The siliconpsiliéon bond of hexaaryldisilanes is re-
sistant to cleavage by halogens, whereas the hexaalkyldisile
anes are much more reasctive (40)., With a given silicon-
sllicon bond, i1t appears that the relative reaotlvity'of the
halogens i8¢ Cl > Br > I (56)s This oxrder of reactivity is
probably associated with the relative coordinating abllity
of the halogen with silicon in the pentacovalent state., Hex=
amethyldisilane has been cleaved by chlorine, bromine and
iodine (56, 57):

(CH3)38181(033)3 + Xé-——————+-2(033)381x
. _X=Cly Br, I

The silicon=silicon bond of higher stralght-chain permethyla-
ted polysilane compounds has also been cleaved by halogens
(5). Octamethyltrisilane and decamethyltetrasilane was
cleaved by bromine in chloroform at -40° {(58)s

(033)33131(033)231(cn3)3+Br2————+ (633)331Br+(c33)33181(cn3)23r

57% (CH;) 48151 (CH,) ,Br

/’

(CH,) 48184 (CH,), 51 (CH,) 581 (CH,) 4#B1,
\ 3%
(033)331Br+(cn3)38181(CH3)2Br

A convenient method for the preparation of o, =dihalo-per-

methylated polysilane compounds involves a cleavage reaction
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1

of dodecamethylcyclohexasilane by chlorine”, brominez, and

iodine (47)s
[Si(CHB)z_Jé + X —-—>x-@1(033)2]n- X
n=2, 3, 4 and 6
X=Cl; Brand 1
Dodecamethylcyclohexasilane is also cleaved by phosphorus
pentachloride (59). Anhydrous hydrogen chloride and t-butyl
chloride were used to hydrohalogenate dodecamethylcyclohexa=-
silane, providing a serles‘of compounds of the general fore
nula Cl-[%i(cﬁs)é}n-z, where n = 1;6 and ¥ = hydrogen or
chlorine (60, 61):
Ei(ca3)zj6 + Bl — Cl= @1(033)811-2
R = (033)30 Y=ClorH
or H n= 1=6
The reaction of dodecamethylcyolohexasilane was carried out
in a stainless steel autoclave at pressures of 400 to 600
psi and temperatures of 50 to 70°. ' 4 mixture of t-butyl
chloride and dodecamethylcyclohexasilane reacts smoothly when
heated at 140-150° in a stainless steel sutoclave at 140 psi
pressure, but no apparent reaction occurred in o-dichloro-

benzene at 155 to 180° after 48 hours.

1Dr; P. K. Sen, Department of Chemistry, Iowa State Uni-
verglty of Science and Technology, Ames, Iowa. Information
on the reaction between dodecamethylcyclohexaslilane and
chlorine, Private communication. 1964,

2Dr; S. El. Mawaziny, Department of Chemistry, Iowa
State Unlversity of Sclence and Technology, Ames, Iowa., Ine
formation on the reaction between dodecamethylcyclohexasilane
end bromine, Private communication, 1964,
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Permethylated organopolysilane compounds undergo a wide
variety of reactlions without 61eavage of the silicon-silicon
bond. Removal of one or two methyl groups of hexamethyldie-
éilane by means of sulphuric acid and subsequent treatment
with ammonium halldes serves to introduce a functional group

onto one or both silicon atoms (62):

(CH;)55151(CH,) 4 PY— > (CH;) 38181 (CH4), X
b X= C]_., P
1. HyS0,
(CH,),5181(CH,) , NE X > X(CH,)»8181(CH,) X

X=Ca, F
The procedure is also appliceable to higher polysilane com-

pounds (63)s

| 1. E,80,
CH, [S1(CH,),) 3 . NECL > (a1 [st(cry),) 2

The removal of the first methyl group, which'iqulves a'

heterogeneous system, ig fast, while the removal of the second
methyl group is slow in spite of involving a homogeneous sys-
tem (62)., Treatment of these silioon halide compounds with
Grignard reagentsl (59, 64), 1ithium aluminum hydride® (58),

1Dr; P, K. Sen, Department of Chemistry, Iowa State Uni-
versity of Sclence and Technology, Ames, Iowa. Information
on the reactions between Grignard reagents and chlorosilanes.,
Private communicetion. 1963,

2Dr. J. M, Holmes, Department of Chemistry, Iowa State
University of Seclence and Technology, Ames, Iowa, Information
on the reactions between lithium aluminum hydride and chloro=-
silanes, Private communication. 1965,
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inorganic salts (64) and water (58, 65) gave good yields of
the respective derivative without silicon-silicon bond
cleavages
(CHy) 45181(CHy),C1 + EMgX —— > (CH,) 4S181(CH,),R
R= CHz = CHe, CH, = CH=CHy = 0535-, g-Brcéﬂa-,
Pp-ClCgH)~, etc.

AlE,
(0a5) st y)pcn — - A (CHy),S1S1(CHy)pH
L1AlH
i |
c1[31(03332]nc1 o0 73@1(6233)2]!13
n= #’ 6

(CHg) 58181(CHy)pCL + ASCN ——> (CHj) 5S181(CH,) 5 ON

(cn3)33131(033)23r——-i—> (CHy) 45158 (CH;),0H and/or
(CH3)33181(C33)2 2O
Although arylsubstituted silylmetallic compounds are

prepared in excellent ylelds, a number of unsucgessrul ate
tempts to synthesize steble solutions of trialkylsilylmetal-
1ic compounds have been described (40, 50, 51). Only starting
material was obtained from the reaction of 1, 1, 1-trimethyl-
2, 2, 2-triphenyldisilane and lithium in THF (66). The for-
mation of trimethylsilylpotassium was indicated by the iso=-
lation of trimethylphenylsilane in low yield, in addition to
tetraphenylsilane, upon derivatization of the cleavage pro-
ducts of a reaction between 1, 1, l-trimethyl-2, 2, 2-tri-
phenyldisilane and sodium-potassium alloy with bromobenzene

(67)
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(CHy);S181Phy + Na/K—> (CHg)SIK + Ph,S1K—TUBY, (CH,) 51 Ph+
+ Ph“81

It was possible to characterize phenylpotassium but not trie
methylsilylpotassium from a reaction between trimethylphenyl-
silane and sodium-potassium alloy, followed by derivatization
with chlorotriphenylsilane (68). No reaction was observed
between phenylisopropylmethyltriphenylsilane and sodiume
potassium alloy in diethyl ether (69), and hexamethyldisilane
resisted metal clevage ehtirely (40, 50, 51),

Evidence for the existence of a transient trialkylsilyl-
metallic compound is atforded by the cleavage reaction of
1, 1, l-triethyl-2, 2, 2-triphenyldisilane by lithium (66).
The products 1solated from this reaction were, after acid
hydrolysis, triphenylsilane (92%), triethylsilane (11%) and
hexaethyldisilane (14%). Isolation of the last compound
clearly indicates the foination of triethylsilyllithium,
which by cleavage of 1, 1, i-triethyl-2, 2, 2~triphenyldi-
sllane, gives hexaethyldisilane:

PhBSiletB + ZLa————e-PhBSiLi + Et331L1
PhBSISi.Et3 + E§381L1——~—ﬁ>Et38181Et3 + Ph3SiL1

- Kraus and Nelson (27) described the preparation of triethyle
silyllithium by the cleavage reaction of triphenylgermyl-
triethylsilane with 1ithium in ethylamine,. However, it hasg
been shown that silylmetallic compounds are instantly ame-
monolyzed by amines (70, 71). No reaction was observed be-

tween triethylphenylsilane and sodium in liquid ammonia (27).
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Attempted cleavage of hexaethyldisilane by sodium-potassium
alloy in diethyl ether (67) or lithium in THF (68) was un-
successful. Gilman et gl. (72, 73); in an attempt to pre-
pare triethylsilyllithium, treated triethylsilane with RLi
compounds, The produect; E 3SLP wag formed instead of the de=-
slred triethylsilyllithium compounds
Et3 3813 + LiH
Octamethyltrisilane (74), decamethyltetrasilane (74)

SiH + RI1 ——— Et

and dodecamethylcyclohexasilane (47, 74) gave mixtures of
silylpotagsium compounds when treated with sodium=-votassium
alloy in THF. The silylpotassium compounds were identified
by v.DPsC.s subsequent to the derivatization of the mixture
with chlorotrimethylsilane. To explain the formation of pro-'
ducts from a reaction of decamethyltetrasilane and sodium;
potassium alloy, followed by derivatization with chlorotri-
methylsilane, Stolberg proposed the following sequence of

reactions (74)s

(CHj)yqSL, (CH,) 43101 (CHj) g8l
(033)381K + (CH3)7313K (CH3)1OSIu

(033)7313K + (CH3)8813
(CHy)y 81y, + (CHy) 581K —— (CHy) 81K + (CHz)yoS1,
| (cn3)331x + (CH3)y,81
Dodecamethylcyclohexasilane 1s also cleaved by methyllithium
to give mixtures of silanyllithium compounds (75).
Recently, Husk and West (76) reported that the reaction
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of dodecamethylcyclohexasllane with sodium-potassium alloy
at -95° glves a blue-green solution which exhibits strong
electron paramagnetic resonance. The electron spin resonance
spectrum was explained in terms of an anion radical éf the
parent cyclosilane, Eﬁ(cﬂj)éjéég in which the unpaired elec-
tron 18 delocalized over all six silicon atoms. The ee.sSer.
slgnal was obserﬁed up to about -5000 Above this temperature
the signal disappears rapidly and the solution becomes pale
yellow. Hexamethyldisilane gave no radical signal and deca-
methyltetrasilane gave a complex e.s.r. spectrum. The tran-
slent existence of sllyl radicals 1s suspected in reactions
of some permethylated polysilane compounds such as, dodeca=-
methyleyclohexasilane, tetrakis(trimethylsilyl)silane, trise
(trimethylsilyl)methylsilane and octamethyltrisilane with
1ithium and biphenyl.! For example, Harrelll nas identified
some stralght-chain a,v=dihydro compounds of the type

H 31(c33)2 nH (vhere n = 3=6) by V.D.C., Obtained by the re=
action between dodecamethylcyclohexasilane, biphenyl and

lithiun followed by aclid hydrolysis: +
H,0

@1(033)2]6 # L4 + CppHy g —2—> H 31(0113)an
n= 3=6

Some other products in which n > 6 were also present. When

. the reaction mixture was derivatized with chlorotrimethyl-

13, L. Harrell, Department of Chemistry, Iowa State Uni-
versity of Science and Technology, Ames, Iowa. Information
on the reaction between permethylated polysilane compounds,
lithium and biphenyl. Private communication., 1966,
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silane, compounds of the type GHB[éi(CH3)é]ncH3 (where n =
5«10) were identified by v.p.c. and oompounds in which n = 10

and 12 were isolated:s

- @1(033)2]6 + L4 + Cypl g

(033)38101 > CHy @1(033)2]n033

| n = 5«i2

Products containing more than twelve silicon atoms Were 1so=-

lateds The formation of an anion radical by the transfer of

an electron to dodecamsthylcyclohexasilane is suspected since

an insufficient molar quantity of biphenyl was useds

CipHyo + L1——> CgpHyp"

Cafyo + (StCCHy)y) — [st(cEy),]
Fearon hag found that hexamethyldisilane ig unreactive under

similar conditions.
Physical properties

_ Straight-ohain permsthylated polysilane compounds with
n = 2.6 are 1iquid, while compounds in which n = 8«12 are
solids (5, 49). If the melting points of the permethylated
polysilane compounds are plotted against the number of silicon
atomg, an alternating effect for odd and even numbers is Obe
served up to the octasilane; but afterwards, the melting
points display a regular progression as the molecular weight

increases (49). Dodecamethylcyclohexasilane 1s a sublimable

1Dr. F. Wo G. Fearon, department of Chemistry, Iowa
State University of Solence and Technology, Ames, Iowa, Ine
formation on the rezaction between hexamethyldisilane, lithium
and biphenyl. Private communication. 1966,
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solid (oa. 100°) which melts at 250-252° (41, %5) and under-
goes an irreversible change in crystalline form when heated
to temperatures greater than 74° (45). In general, all of
the permethylated polysliane compounds are registant to de-
composition at their bolling and melting points,

Bonds formed between silicon and electronegative ele-
ments are generalli thern&chemically stronger than analogous
bonds involving carbon (40). ILimited thermochemical data for
the silicon=silicon bond, on the other hand, have given the
impression that this bond is considerably weaker than a car-
bon-carbon bond. A thermochemical bond energy E(Si-Si) of
46,4 keal, mole~! has been caloulated for disilane, and the
activation energy for its pyrolysis has been taken to imply
a value for the dissoolatlon energy D(HBSi-SIHB) of 51 keal.
mole~! (77)s By electron impact, Steele and Stone (78) found
that the dissociation energy D(HBSI-SiﬂB) for the siliocon-
silicon bond of disilane to be 81.3 keal. mole™}, which isg
comparable to that of the carbon-carbon bond of ethane,
D(HBO-GH3) = 83 koal. nole'lf Hess, Lampe and Sommer (79,
80) have reported a dissociation energy D[ECH3)38181(CE3)5]
for the silicon-silicon bond of hexamethyldisilene of 81 kcal.

1

mole™", whereas Haszeldine et al. (81) report a significantly

lower value of 58 kcal. mole'la

Hague and Prince (82) have reported that the ultraviolet

spectra of Group 1IVB orgenometallic compounds of the type
PhBMHPh3 (wvhere M = Si, Ge, Sn and Pb) exhibits a maximum in
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the 239-248 mp region £ = 30,400 to 33,900, The absorptions
were attributed to interactions between different phenyl
groups on different M atoms through the M=-M bond. This un-
usual type of conjugation waé considered to occur through
overlap of sultable vacant d-orbitals on the M atom. Re-
cently, Gilman et al. (83) reported the ultraviolet spec-
tral properties of a family of permethylated polysllanes
of the type CH {%1(033)é] CH (where n = 2-8). The observed
increase in the absorption maxima (A max) and the values
with an increase in chaln length was attributed to the silicon-
silicon bonding acting as a chromophore, probably through the
use of vacant d-orbitals of the silicon atoms (83). The
ultraviolet absorption maxima for a given chaln length re-
mained essentially constant upon substitution of a hydrogen
for chlorine in compounds of the type, Y= @Q(CHB)éLTI'where

= 2 to' 6 and Y = hydrogen or chlorine (60, 61)., An ultra-
violst spectral study of some stralght=chaln coyclic and
branched-chain polysilane compounds, both methylated and
phenylated, have led to the following conclusions (5).

a. Phenyl-containing monosilanes exhibit only the ben-
zenold fine-structure of B-bands having low molar absorbti-
vities (40, 82).

b. With polysllanes, intense absorption maxima are ob-
served and the A max, increases with increasing chaln length,

c. The molar absorbtivities also lncrease with increas-

ing chain length., These compounds appear to obey Beers-Law.
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d. Substituents such as phenyl and vinyl cause an in-
crease in )\ max., while chloro-, hydroxyl and H- appear to
have 1little effect on the band ﬁosltions

e, Cyclic and branched polysilanes absorb at lower wave-
lengths than thelr corresponding open-chaln anaslogs.

In general, groups attached to sllane compounds exhibit
a lower shielding value than groups attached to ﬁethane COM=
pounds. Webster (84) has studied the proton magnetic resonance
spectra of C-H and Si-H protons in a serlies of methyl-, phenyl-
substituted methanes and silanes and noted that in the care
bon series, the change 1s much larger than in the silicon
series. He attributed this to possible dm=pr bonding be-
tween silicon and the phenyl rings. However, his measure-
ments on other groups, as well as the phenyl group, are much
lower in silane compounds than in methane compounds. For ex-
ample, if the t value he glves for (033)381§, 6.149, 1s put -
into the equation t = t(SIHu) = Z0,ops Ogpp fOT the methyl
group i1s approximately 0.21 compared with Shoolery's value of
0.466 for the methyl group in substituted methanes (85),

Other examples of this phenomenon are evident with the halo-
silane (75). Although dnm-pw bonding (84, 86) has been in-
voked to explaln the relative decrease in chemical shift dif-
ferences for substituted silane compounds as compared to
methane compounds, this decrease in effective shielding of a
group appears sven in compounds where this type of bonding 1is

not possible such as methyl silanes, germanes and stannanes
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(85, 87)s It appears that fhe effective shielding for the
phenyl group and for tge méthyl group of Group 1IVB 6ompounds
1s in the order of the relative electronegativities of the
élement to which the group is attacheds C >> Ge > sn > 8i
(85).

It has also been reported that in a series of straighte-
chain permethyiated polysilane compounds, the internal methyl
protons are usually deshielded with respect to the terminal
methyl protons (5).

Smith and Angelotti (88) have reported that the Si-H
stretching absorption varies with the substltuents on silicon
in & manner which approximately parallels the sum of their
electronegativities, Using the sum of "E-values {oharacter=
istic constants assigned to the substituents on silicon"),
the Si-H frequencies of numerous monosilane derivatives were
acourately piedioted (88). Thompson (89) haé shown that these
values may be correlated with Taft's o* values, concluding
that the vibration frequency of the Si-E bond 1s controlled

by inductive effects.



36
EXPERIMENTAL

The apparatus consisted of a three-necked flask of ap-
propriate size with ground 'glass Joinfs, fitted with a tru-
bdre stirrer, a Friedrioh's condenser and an addition funnel,
The condenser and addition funnel were topped with nitrogen
inlets when reactions involving organometallic or orgafibs_ilyl-
metallic compounds were run, All glassware was oven=dried
before use and purged while hot with dry oxygen-free nitrogen
before reactants were iantroduced.

Unless otherwise siated, the tetrahydrofuran { THF) was
dried by refluxing at least 24 hours over sodium metel £0llow=
ed by distillation from lithium aluminum hydride immediately
before use, Anhydrous ether used for reaction purposes waé
stored over sodium wire: |

The organosiliocon halides were purchased from Dow Corning
Corporation and used without further purification: Trimethyl
phosphate, methyl iodide and bromobenzene were purchased from
Columbia Organic Chemicals Co., Inc. and were further purified
,by_ distillation. The spectrograde oyclohexane used for ultra=
violet spectral studies was obtained from Phiiiips Petroleun
Cos and Matheson Coleman and Bell Co.

Lithium metal (0.1% sodium ooni:ent) was obtained com-
mercially as wire from Lithium Corporation of America and
wiped free of its protective coating and cut into small pleces
into a nitrogen filled reaction flask. Magnesium metal was
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Grignard grade turnhings obtained from Mallinkrodt Chemical
Works., —

Quantitative titrations of organometallic and sllylme-
tallic compounds were carried out in a manner similar to the
published procedure, employing a double titration technique
using allyli bromide (90). Color Test I was used as a quall-
tative teat for organometaliic and organosilylmetailic re=-
agents (91). |

Phenylmagnesium bromide (92), n-butyllithium (93),
methyllithium (94) and phenyllithium (94, 95) were prepéred
in diethyl ether according to published directions. Pre=-
‘viously deseribed preparations of triphenylsilyllithium (96)
and dimethylphenylsllyllithium (98) were employed, using THF
as solvent., Sodium=-potassium alloy was prepared and the ex-
cess alloy was renovéd from reaction mixtures ﬁy amalgamation
with mercury according to the published procedure (97)F Te=-
trakls(trlmefhyisilyl)sllane was routinely identified by
vnpor‘phase chromatography (v.p.c.) - column temperature was
175° and the injection port temperature was ca. 250° and its
infrared spectrum because of the difficulty of obtalning
good, reproducible sealed tube melting points on an analytical
sample.

Silicon analyses were carried out by Union Carbide Cor-
poratioh, Silicones Division, Tonawanda Laboratories, Tona-
wanda, New York, Carbon and hydrogen analysés were carried
out by Ilse Beetz Mikroanalytisches Laboratorium, Kronach,
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Western Germany (formerly Dr. Ing. A. Schoeller), Infrared
spectra were routinely determined using the Perkin-Elmer,
Model 21, Spectrophotometer., The proton magnetic resonance
spectra were measured with a Varian HB-60 and H-60 spectro-
- meter operating at 60 Mc and the ultraviclet spectra were
determined with a Beokman DK 2A spectrometer, V.p.c. analysis
- were carried out with an F + H Model 500 gas chromatograph
usigg an 18 in. x 1/4 in. column packed with silicone gum
rubber SE 30 on Chromosorb W(13:20). Molecular weight deter-
ﬁinations Were made with a Mechrolab Model 30i-A Vapor Pres-
sure Osmometer., Benzil was used as a standard with benzene
as the solvent. All melting and boiling points are uncor-
rected.

A Direct Preparation of Some
Tetrasilyl-substituted Organopolysilane compounds

Tetrakisgtrimetﬁzlsllzl}sllane

From silicon tetrachloride, chlorotrimethylsilane and
lithium in THF (gzeneral procedure The general proocedure

involves the addition of ca. lsz'bf“a solution of silicon
tetrachloride dissolved in THF (ca. 1:1 volume ratio) to a
vigorously stirred solution of a 20% excess of chlorotri-
methylsilane and THF (gg; 131 volume ratio) in which a small
excess of lithium 1s suspended. After stirring at room tem-
perature for a few minutes, the reaction mixture usually

warms up and turns brown. Once the reaction has started,
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the addition of silicon tetrachloride dissolved in THF may

be rapid without decreasing the yield of tetrakls(trimethyle
silyl)silane appreciably. However, to maintain control of
the exothermic reaction, moderate to slow addition is pre-
ferable. Upon completed addition (ca. two to four hours),

the reaction mixture should be stirred at room temperature
for more than twenty-four hourss At this time, appreciable
amounts of insoluble salts and a small amount of unreacted
lithium wire are present. Also, the reaction mixture should
bes at room temperature. If thess criteria are not satisfled,,
continued stirring of the reaction mixture at room temperature
18 necessary.

In the work-up of the rsacticn, unreacted lithium wirse
and insoluble salts are removed by filtration, Hydrolysis
of the homogeneous dark brown solution by the addition té a
mixture of crushed ice and hydrochloric acid is followed by
the separation of the organic layer. The organic layer is
dried over anhydrous sodium sulfate, filtered, and the or-
ganlc solvents are removed under reduced pressure, Pure
tetrakis(trimethylsilyl)silane is obtained by orystillization
of the semi-golid from 95% ethanol subsequent to sublimation.
When a slight excess of silicon tetrachloride is used and/or
when the reaction does not proceed to completion, a white
colloidal precipitate is observed upon the hydrolysis of the
reaction mixture subsequent to the removal of undissolved

salts and lithium metal by filtration. Due to its colloidsal
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nature, sometimes a sharp distinction between the organic
and aqueous layer is not observed, even after varying the pH-
of the mixture or adding more ether. At this stage, a fil-
tering ald is added and the mixture is filtered under reduced
pressure, Further work-up is continued in the manner de=
sorived avove, ,
fan i To 3036 g (0.48 g.-atom) of lithium was

added 10 ml, of a solution of 11,7 g. (0.069 mole) of silicon
tetrachloride and 50 ml of THF. After stirring for 30 minutes
at room tempe:éature, the readtion mixture turned brown and
addition of the sillcon tetrachloride solution was continued
over a period of 30 minutes. After this time, a solution of
25.9 g. {0.24 mele) of chlorcotrimethylsilane in 100 ml; of
THF was added dropwise, The reaction mixture became warm and
upon completed addition (ca. 1 hour), it was refluxed over-
night, Unreacted lithium was removed by filtration and the
reaction mixture was aclidified by addition to a mixture of
ice and 10% hydrochloric acid. ihe hydrolyzed mixture was ex=
-tracted with three 100 ml. portions of ether and the combined
organics were dried over sodium sulfate., Subsequent to the
~ removal of solvents, the brown oil was chromatographed on
neutral alumina., Elution with petroleum ether ‘(b;p. 60-7o°)
afforded a solid from which 6.0 g, of tetrakis(trimethyl-
silyl)silane was obtailned, after two recrystallizations from
95% ethanol followed by sublimation,

Anal, Calcd. for CipHygSLs Cy 44,913 H, 11.313 Mol. wWt.
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3213 hydrogen value, 279, Founds C, 45,763 H, 11,223 Mol.
Wt, 3193 hydrogen value, 2771, |
- The infrared spectrum (CS,) showed prominent absorptions
in m ats 3,40 (m), 3.46 (m), 7.20 (W), 7.70 (m), 8,05 (8),
12,0 (8), 13.5 (w), and 14.6 (w).
The ne.m.rs speotrum (in CCl,) shows a sharp singlet at
9.79 t. Symmetriocally disposed about this peak are 13c-H
satellite side bands J(17¢-H) = 119 ops, and two peaks at-
tributable to HC>?Si spin-spin coupling, J(HCZIS1) = 6.24 cps.
There was no absorption in the ultraviolet spectrum
above 210 mp in cyclohexane as solvent.
Bun 2 To 28,6 g. (0.26 mole) of chlorotrimethyl-

silane and 6.72 g. (0.92 g.-atom) of lithium suspended in

200 ml. of THF was added 1.0 ml; of silicon tetrachloride.

The reaction mixture immediately warmed up and‘6.9 ml. of
silicon tetrachloride dissolved in 150 ml, of THF was added
dropwise while heating at reflux temperature. Upon complete
addition, tpe reaction mixture was refluxed for 5 hours., At
this time, the reaction mixtﬁre was filtered prior to acidi-
fication by pouring onto a mixture of ice and 10% hydrochloric
acld. The hydrolyzed mixture was extracted with three 100 ml.
portions of ether, and the combined organics were dried over
sodium sulfate, Subsequent to the removal of solvents under

reduced pressure, the semi-solid was chromatographed on

AIThe author is grateful to Dr. J. M. Holmes for the hy=-
drogen value determination.
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alumina, Elution with petroleum ether (b.p. 60=70°) gave
ca. 13.0 g, of a white solid, from which 12.1 g. (58%) of
tetrakis(trimethylsilyl)silane was obtained subsequent to
-orystallization from 95% ethanol followed by sublimation.

Bun 3 To 94.2 gi (0:86 mole) of chlorotri-
methylsilane and 150 ml, of THF in which i5.i & (2.1 g.=
atoﬁé) of lithium was suspended, was added 20 ml., of a solu-
tion of 36 g (0.214 mole) of silicon tetrachloride in 200 ml.
of THF, After stlrring at room temperature for i1 hour, there
was ﬁo evidence of a reaction and the reaction mixture was
refluxed for 4 hours. Heat was removed and dropwige addi=
tion was obntinued over a period of 30 minutes. After stire
ring overnight at room %eﬁpérature, the reaction mixture was
filtered prior to acidification by pouring onto avmixture~of
ice and 10% hydrochloric acid. Extraction of the hydrolyzed
‘mixture with three 100 ml. portions of ether was followed by
drying of the organic material over sodium sulfate., The sol=
vents were removed under reduced pressure and the semi-solid
residue was orystallized from 95% ethanol followed by sub-
limation to give 37 g. (54%) of tetrakis(trimethylsilyl)-
silane,

Run & To 188.%4 g. (1.73 moles) of chlorotri-
methylsilane dissolved in 200 ml. of THF, and 30.3 g. (4.32
g.-atoms) of lithium was added 20 ml. of a solution of 60 g.
(0.36 mole) of silicon tetrachloride in 200 ml., of THF.

After stirring at room temperature for 2 hours, the reaction
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mixture turned brown and warmed up. Dropwise addition of the
silicon tetraéhloride solution was contimied over a period
of ca. 3 hours after which the reactlon mixture was stirred
at room temperature for 14 days. Work-up in the manner de-
scribed in mun 3 gave 91 g. (65.5%) of tetrakis(trimethyl-
silyl)silane,

Ran 5 To 94.2 g. (0.86 mole) of chlorotri-
methylsilane disgsolved in 200 mi, of THF, and 15.1 g. (2.15
g.-atoms) of lithium was added 20 ml. of a golution of 30 g,
(0.18 mole) of silicon tetrachloride dissolved in 150 ml. of
THF, After stirring for 4 hours at room temperature, the
reaction mixture warmed up and turned brown. Dropwise addi-
tion of the silicon tetrachloride soiution was comtinued and
upon complete addition (ca. 4 hours), the reaction mixture
was stirred overnight at room temperature. Work-up in the
same manner described in Run 3 gave 40.5 g. (70%) of tetra-
kis(trimethylsilyl)silane.

Ban 6 To 95 g+ (0.88 mole) of chlorotrimethyl-
sllane dissolved in 150 ml, of THF, and‘13 ge (1.9 g.-atoms)
of lithium was added 20 ml., of a solution of 36 g. (0.21 mole)
of silicon tetrachloride in 200 ml, of THF. In less than §
minutes, the reaction mixture warmed up and turned brown,
Dropwise additlon of the silicon tetrachloride solution was
continued over a period of 2 hours after which the reaction
mixture was stirred overnight at room temperature. Work-up

in the manner described in Run 3 gave 45 g. (67%) of tetra-



kis(trimethylsilyl)silane.

ggg_z - To 238 g. (2;2 moles) of chlorotrimethyl=-
silane digsolved in 360 ml, of THF, and 30.8 g, (4.4 g.-atoms)
of lithium was added 50 ml. of a solution of 85 g. (0.5 mole)
of silicon tetrachloride in 200 ml. of THF., After stirring
at room temperature for ca. 5 minutes, fhe reaction mixture
warmed up and turned brown. Dropwise addition of the silicon
tetrachloride solution was continued over a period of 2 hours
after which the reaction mixture was stirred for 36 hours at
room temperature. Work-up in the manner described in Bun 3
gave 98 g. (61%) of tetrakls(trtmethylsilyl)sllane;

Seven -repeat runs of thlis reaction gave ylelds of 57-

657,

Ran 8 To 284 g. (2.6 moles)'of chlorotrimethyl-
silane end 37 g+ (5.3 g.-atoms) of lithium suspended in 330
ml, of THF was added 25 ml. of a solution of 102 g. (0.6
mole) of silicon tetrachloride and 100 ml of THF. The Te-
action mixture warmed up and turned brown after ca. 10 min-
utes of stirring at room temperature. Dropwise sddition of
the silicon tetrachloride solution was continued and upon
complete addition (ca. 2 hours), the reaction was stirred at
room temperature for 48 hours. Work-up of the reaction mix-
ture as described in Euan 3 gave 124 g, (65%) of tetrakis(tri-
methylsilyl)silane,

Five repeat runs gave ylelds of 60-63%.
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Run 9 To 218 g. (2.0 moles) of chlorotrimethyl-
silane dissolied in 200 ml, of THF, and 28 g. (4.0 g.-atoms)
of lithium was added 85 g. (0.5 mole) of silicon tetrachloride
dlgsolved in 200 mli of THF. The reaction mirture turned
brown and warmed-up after 20 minutes of siirring at room
temperature, after which the reaction mixture was stirred
overnight at room temperature. A white colloidal precipitate
wWas observed subsscquent to filtration and acid hydrolysis of
the reaction mixture., A small quantity of Celite was added
and the mixture was flltered under reduced pressure. Work=-
up of the filtrate in the manner described in Run 3 gave 83.4
ge (52%) of tetrakis(trimethylsilyl)silane.

A repeat run gave 48% of tetrakis(trimethylsilyl)silane,

From silicon tetrach}orlde, chlorotrlmethzlsi;ane and
magnesium in THF (attempted) A mixture of 13.6 g. (0.56

g.-atom) of magnesium and 25 mi. of a solution of 11.7 g«
(0.069 mole) of silicon tetrachloride in 100 ml. of THF was
stirred at room temperature for 3 hours and refluxed for 1
hour. Color Test I waé negative and addition cf the remain-
der of the silicon tetrachloride solutlon was followed by the
addition of a solution of 25.9 g. (0.24 mole) of chlorotri-
ﬁéthylsllane in 100 ml. of THF. Color Test I was negative and
the unreacted magnesium metal was separated from the reaction
mixture. Upon acid hydrolysis of the decanted solution, a |
white gummy mass precipitated. An infrared spectrum of this
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Table 4, Preparations of tetrakls(trimethylsilyl)silane (XLIX)*
Run Lithium Silicon Chlorotri- Pot contents ai
(L1) tetrachloride methylsilane reactic

siCl (CH,).SicCl
4 3°3
125 ® 336 g, 11.7 g. 25.9 g, 3.36 g. of Li,
(0.48 gi=-atom) (0,069 mole) (0.24 mole) solution of 11,
in 50 ml, of T
28 6.72 g. " 28.6 g. 28,6 g, of (CH
(0.96 ge=atom) (0.26 mole) g of I1, 1.0 i
and 200 ml, of
3* 15.1 g, 36 &. 942 8o 94,2 g of (CH
(2,16 g.-atom) (0.214 mole) (0 86 mole) ml. of THF, 15,
20 ml, of a so]
of SlC14 in 20¢
4 3003 e 60 8e 188.4 Be 188.}" e of (Cl
(4.32 go.=-atom) (0.36 mole) (1.73 mole) g. of Ii, 200 I
20 ml, of a so!
of 31014 in 20(
5% 35.1 g. 30 g, 942 g, 94.2 go of (CH.
(2,15 goatom) (0,18 mole) (0,86 mole) ge of I, 200 1
20 ml, of a so!
SiClu in 150 m]
6 13 g 13 g. 95 g 95 g+ of (CH,).
(1.9 g.-atom) (0.21 mole) (0,88 mole) Ii, 150 ml, of
of a solution: ¢
SiCla in 200 m]
7° 30.8 g. 85 g. 238 g. 238 go of (CHj!
(4.4 go~atom) (0.5 mole) (2.2 mole) of Ii, 300 ml,
50 ml., of a sol
of SiClu in 20(
;The THF was freed from molisture and peroxides before use by storage
speclified.

hydride immediately before use.

b'I'he reaction mixture was refluxed.
cSeven repeat runs of this reaction gave yields of 57=-65%.

8THF was freed from peroxides and molsture before use by refluxing «



ae (xrIx)*

Pot contents at start of Addition Reaction Yield
reaction time(min) time(hr) %
3.36 ge of Li, 10 ml. of a 30 overnight®  31.6

solution of 11.7 g of 31014

in 50 ml, of THF

2846 o of (CHy),51C1, 6,72 300P 5P 58,0
g. of 11, 1,0 ml, of SiClu

and 200 ml, of THF

94,2 ge of (CH3)381C1 in 200 30 overnight 54,0
ml. of THF, 15.1 g, of L1 and

20 ml. of a solution of 36 g.

of 8iCl, in 200 ml, THF

188g4 ge of (CHB)BSICI, 30.3 180 336 6645
g. of Li, 200 ml, of THF, and

20 ml, of a solution of 60 g,

of 81014 in 200 ml, of THF

94,2 g, of (CHB)lecl, 15,13 240 overnight 70,0
ge. Of Li, 200 ml, of THF, and

20 ml, of a solution of 30 g,

3101& in 150 ml, of THF

95 g. of (CH3)38101, 13 g, of 120 overnight 67.0

Ii, 150 m1, of THF, and 20 ml,
of a solution of 36 g, of
81014 in 200 ml, of THF

238 g, of (CH3)331c1, 30.8 g, 120 36 61.0

of Ii, 300 ml, of THF, and
50 ml. of a solution of 85 g.
of 81014 in 200 ml, of THF

fore use by storage over sodium wire for 24 hours, unless otherwise

use by refluxing over sodium, followed by distillation from lithium

f 57=-65%.



Table 6.

Home origins of staff

Zone Dis- Use car pool Duties require use No. of
no, trict to job of car on campus em-
no, ' ployees
11 3 13 38
12 6 13 43
13 2 11 34
14 2 6 23
1 13 43 138
21 2 12 26
22 3 17 45
23 9 16 66
24 2 12 Ll
25 6 12 32
2 22 69 213
31 3 16 34
32 7 32. 88
33 8 32 81
34 9 18 62
35 9 23 63
3 36 121 328
4o 0 8 33
b1 0 12 65
42 1 39 149
43 2 18 80
L 3 77 327
51 1 28 100
52 6 43 126
53 6 Ly 120
54 3 57 100
55 1 17 43
5 17 189 489
61 6 13 69
62 L 10 26
63 7 19 52
6 17 42 147
71 3 48 201
72 3 24 67
73 I 27 73
7 10 99 341
81 0 4 11
82 5 8 28
83 0 1 6
8 5 13 45
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material showed absqrptions for Si-0H and Si-0=81i, No tetra-
kis(trimethylsilyl)silane was isolated.

Prom silicon tetrachloride, chlorotrimethylsilane and
lithium in 1, 2, 3, U-tetramethyltetrahydrofuran (attempted)?
In this experiment i, 2, 3, é-tetramethyltetrahydrofuran
was used in place ;f tetrahydrofuran. An infrared spectrum
of the white gummy material obtained after work-up showed
absorptions for Si-0H and Si-0-Si. No tetrakis(trimethyl-
- 81lyl)silane was isolated.

Tetrakis(dimethylphenylsilyl)silane

From chlorodimethylphenylsilane, silicon tetrachloride
and lithium in ™HF  To 8i.6 g. (0.48 mole) of chiorodi-

methylphenylsilane, 6.72 g. (0.96 g.=atom) of lithium and 200
ml. of THF was added dropwise 20 g. (0.12 mole) of silicon
tetrachloride dissolved in 50 ml., of THF over a period of 3
.hourss Ubon complete addition, the reaction mixture was
gtirred for 20 hours at room temperature prior to filfration
through glass wool. The organic layer was separated ﬁnd dried
over sodium sulfate subsequent to acid hydrolysis., Removal

of the organic solvents under reduced pressure gave an oil
‘whioch was chromatographed on neutral alumina. Elution with
petroleum ether (b.p. 60=70°) gave a liquid which had the

same retention time (v.p.c.) as a known sample of 1, 1, 2, 2-

1Tne author 1s grateful to Dr. J. B. Dickey for this
material.
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tetramethyl«1, 2-~diphenyldisilane, Purification of this
liquid by distillation afforded 25.9 g. (63.6%) of pure 1, 1,
2, 2-tetramethyl-l, 2-diphenyldisilane, b.p. 125-128°/1.8 mm,
m.p. 34=35° (mixed m.p.) (Lit. (67) b.p.128=-130°/1.8 mm, m.D.
34=35°), Purther elution with benzene gave 2.4 g. (3.5%) of
tetrakis(dimethyiphenylsiliyl)silane, m.pe. 133—135°, subse=
quent to purification by crystallization Trom benzene,

Anal, Caled. for CgoHy,Sigs Si, 24,63 Mol. Wt. 507,
Found: 24,53 Mol. Wt. 506 (vapor pressure osmometer).

The infrared spectrum (CCl,) showed prominent absorptions
in poat: 3,26 (m)y 3.38 (m)y 3.45 (m), 7.0 (s)s 7.12 (w),
8.06 (s) and 9.06 (s).

The ne@eTe spectrum (CS,) shows a sherp singlet at 9.72 ¢
for the silicon-methyl protons and a multiplet for the sillcone-
phenyl protons centered at 2,91 t (aliphatic/aromatic proton
ratio = 1,23 calecd, 1.2), and its ultraviolet spectrum con=

sisted of a band at ACYoronexane 242 mp (¢ 38,600).

From dimethzlghenz;silzllithium and silicon tetrachlo=
ride To 280 ml, of a THFtether (1:2) solution of 0,12 mole

of freshly prepared dimethylphenylsilyllithium prepared by
the cleavage of 1, 1, 2, 2=tetramethyl=-1, 2«-diphenyldisilane
with 1ithium in THF (96) , cooled to ~40° was added dropwise
51 g, (0,03 mole) of silicon tetrachloride dissolved in 20
ml, of ether, Color Test I was negative upon complete addle

tion and the reaction mixture was stirred at room temperature
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for cas 1 hour. Hydrolysis of the reaction mixture with 200
ml; of a saturated ammonium chloride solution followed by the
usual work-up afforded on oil which was chromatographed on
neutral alumina, Elution with petroleum ether (b.p. 60-70°)
gave 3 g. (60%) of 1, 1, 2, 2=tetra$ethy1e1, 2-diphenyldi-
silane, b,p. 126=127°/1,8 mm, m.p. 34=35" (mixed m.p.) after
purification by distillation. Purther elution with benzene
gave, after orystallization from scetone, 2,5 g. (14.6%) of
tetrakls(dimethylphenylsilyl)silane, m.p. 133-134° (mixed

m.p;').

Tetrakis(triphenylsilyl) silane

From chlorotriphenylsilane, silicon tetraehloride»and
lithium (attempted) A solution of 70.8 g. (0.24 mole) of

chlorotriphenylsilane, 10.0 g. (0.06 mole) of silicon tetrs-
chloride and 250 ml, of THF was added dropwise to 3.36 g.
(0,18 g.-atom) of 1ithium a2nd 20 ml, of THF. The resction
mixture imnediately became exothermic and, after complete ade
dition, the reaction was stirred overnight at room temper-
ature. Subgequent to filtration through glass wool, the ie-
action mixture was hydrolyzed with 200 ml. of 1IN hydrochloric
acld. Hexaphenyldisilane, ¥ g. (66.5%), m.p. 355-358° (mixed
m.p.), was removed by filtration. The organic layer of the
filtrate was separated and dried over sodium sulfate. Removal
of the solvents gave an oil which was chromatographed on

alumina. Elution with petroleum ether (b.p. 60-70°) gave a
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solid compound after crystallization from ethyl acetate did
not melt when heated above 500°.

A Direct Preparation of Some
T:isilyl-substituted Organopolysilane Compounds

Trisjtrimethxjsilglzmethzlsilane
From methyltrichlorosilane, chlorotrimethylsilane and
lithium in THF (Run 1) To 105.2 go (0.96 mole) of chloro-

trimethylsilane dissolved in 125 ml. of THF and 16.9 g. (2.4
g.-étoms) of lithium was added 25 ml, of a solution of 40 g.
(0.27 mole) of methyltrichlorosilane in 100 ml. of THF. After
vigorous stirring for 2 hours, the reaction mixture became
exothermic., At this stage, the remainder of the mgthyltri-
chlorosilane solution was added dropwise. Upon complete ad-
dition (ca. 2 hours), the reaction mixture was stirred over-
night at room temperature., The reaction mixture was decanted
from the excess lithium upon crushed ice ecidified with 104
hydrochloric acid. Work-up of the organic layer in the usual
manner gave an oll which was ch;omatographed on alumina,
Elution 6f the column with petroleum ether (bepe 60-70°) gave
24,5 g, of a 1liquid which was distilled to give 22.9 g. (32%)
of tris(trimethylsilyl)methylsilane, b.p. 94=97°/7 mm, MePe.
57-59° (mixed m.p.) [Eee Reaction of Tris(trimethylsilyl)-
silyllithium with Trimethyl Phosphate| o

Run 2 To a very vigorously stirred mixture of 326 g.
(3 moles) of chlorotrimethylsilane dissolved in 300 ml, of
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THF and 47.2 g. (6.6 g.-atoms) of lithium was added 25 ml. of
a solution of 149.,5 g. (1 mole) of methyltrichlorosilane in
200 ml, of THF., After ga. 1.5 hours of stirring at room tem=
perature, the reaction mixture turned brown and became exo-
thermic. At this stage, the remainder of the methyltrichloro-
silane solution was added dropwise over a period of 4 hours
and, upon complete addition, the reaction mixture wag stirred
for 48 hours at room temperature. Work-up in the usual mane
ner gave 105 g. (40%) of tris(trimethylsilyl)methylsilane,
bepe 97-1600°/8 mm, mip. 57-59° (mized m.p.). The residue
from distillation was chromatographed on alumina. Elution

of the column with petroleum ether (b.p. 60-70°) afforded a
sélia product wnioch was purified ﬁy orystallization from ace-
tone to give 40,1 g, (21.6%) of sym-tetrakis(trimethylsilyl)-
dimethyldisilane, m.p. 147=149° (mixed m.p.).

Tris| trimethyleilvl b, 5; 6-tetrakis(trimethylsilyl)-

gycionexels i« gliane

From ghenzltrichlorosilane, chlorotrimethylsilane and
11 thium To 17 8. (0,16 mole) of chlorotrimethylsilane in

50 ml, of THF and 4.0 g. (0.57 g.-atom) of lithium was added
20 ml, of a solution of 10 g. (0,05 mole) of phenyltrichlore-
silane in 100 ml, of THF. A reaction was initiated by ree-
fluxing for 15 minutes subsequent to the addition of 1 ml, of
- triphenylsilyllithium. At this stage, external heat was re-
moved and the remainder of thé phenyltrichlorosilane:THF
golution was added dropwise with external cooling. Upon
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- complete addition, the reaction mixture was stirred overnight
st room temperature. After this time, the red reaction mix-
ture was derivatized by addition to 40 ml. of chlorotrimethyl=-
silane in 50 ml, of THF., Color Test I was negative and the
resctlon mixture was filtersd prior to hydrolysis with 1N
hydrochloric acid. The organic layer was separated and dried
over.sedium sulfate. Subsequent to the removal of solvents
under reduced pressure, a semi-solid was obtained which was
orystallized from ethyl acetatesethanol to give 15 g. of a
solid, m.p. 20?-211°. Reecrystallization from ethyl acetate
gave 14 g, of compound, m.p. 215-218°. Although this ocome
pound was not rigorously identified, the spectral properties
indicate that it might be tris|trimethylsilyl)(3, &, 5, 6-
tetrakis(trimethylsllyl)cyclohexen-l-yi]silane; For the
spectral properties, see the Discussion part of this thesls.

Another run of‘thls reaction, employing the same molar
quantities of reactants, arforded 12 g. of prodmet; m.p.
215-218° (mized m.Dp.). |

Tris‘dimethxlghegz;ailx;lmethzlailane

From diméethylphenylsilyllithium and methyltrichloro-
silane in THF To 360 ml, of a THFsether (1:2) solution of

0.18 mole of dimethylphenylsilyllithium (prepared im THF),
cooled to -40° was added rapidly 9.0 g. (0.06 mole) of methyl=
trichlorosilane in 30 ml. of ether. Upon complete addition,

Color Test I was negative and the reaction mixture was stirred
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to room temperature, Subsequent to hydrolysis by addition .
to a mixture of i1ce and 1N hydrochloric acid, the orgapicﬁ
layer was separated and dried over sodium sulfate, The soi-
“yents were removed under reduced pressure and the residue was
a1stilled, affording 3.8 g. (15.6%) of 1, 1, 2, 2-tetramethyl-
1, 2-diphenyldisilane, b.p. 126-128°/1,8 mm, m.p. 34~35° (mix-
ed m.p.,; Iit, (67) b.p. 128-130/1.8 mm, m.p. 34e35° ., The
residue from the distillation was chromatographed on a column
of alumina. Elution with petroleum ether (b.p. 60-70°) af-
forded 8.1 g. (30.2%) of tris(dinethylphenylsllyl)methylsilane,
m.p. 53-54°, subsequent to purification by orystallization
from ethanol.

Anal, Caleds for Cp HygSi,s S8i, 2063 Hols Wee, 449,
Founds 8Si, 23.9, 24,5; Mol. Wt., 452,

The infrared spectrum (CS,) showed prominent absorptlons
inpat: 3.27 (W), 3.38 (m), 3.45 (w), 7.17 (w), 8.05 (=),
9.05 (8), 12,00 (s), 12.34 (8), 12.82 (s8), 13.15 (m), 13.68
(s) and 14,35 (s)s

The ultraviolet spectrum consisted of a band at
hexane 242.5 mn (g 39,200).

cyclo-
x

Trls‘trlmethzlsilzlzsiiane

From tfichlorBéllane, chlorotriméthzlsilane and 1ithium
in THF (attempted) A solution of 20 g, (0.15 mole) of tri-

chlorosilane, 53 g. (0.49 mole) of chlorotrimethylsilane and

200 ml. of THF was added to 6.2 g, (0.87 g.~atom) of lithium.
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__The reaction mixture became exothermloc after ca. 10 minutes
of stirring at room temperature. Upon complete addition (ca.
‘2 hours), the reacfion mixture was stirred overnight and de-
caﬁted away from the excess lithium on to a mixture of crushed
ice acidified with 10%Z hydrochloric acid. The orgamic layer
was separated and dried over sodium sulfate. Subsequent to
the removal of -the solvents under reduced pressure, an oil
wasg obtained which was chromatographed on alumina, Elution
of the column with petroleum ether (b.p. 60-70°) gaie, after
two reorystallizations from acetone, 9.3 g. (59.6%) of
tetrakis(trimethylsilyl)silane,

Tris{trimethxlsilxllohlorosilane Sattengtedz

From silicon tetrachloride, chlorotrimethylsilane and
11 thium A solution of 30 g. (0.18 mole) of silicon tetra=-

chloride and 70 g. (0.64 mole) of chlorotrimethylsilane in

150 gl. of THF was added to 8.6 g. (1.1 g.-a%oms) of lithium
suspended in 200 ml. of THF. After ca. 15 minutes of stirring
at room temperature, the reaction ﬁixture became exothermic,
The mixture was stirred overnigﬁt at room temperature, sub-
sequent to filtration under a nitrogen atmosphere, The brown
solution was derivatized by the addition of phenylmﬁgnesium
bromide (100% excess), followed by stirring at reflux temper=
ature overnight, Color Test I was poslitive and the reaction
mixture was worked-up in the usual manner to give 28 g. (54.5%)
of tetrakis(trimethylsilyl)silane,
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Another run of this reaction ylelded 23 g. (46.7%) of

tetrakis(trimethylsilyl)silane.
The ylelds are based on the amount of starting chloro-

trimethylsilane.

Reactions of Tetrakls(trimethylsilyl)sllane

Tetrakls(trimethylsilyl)silane with sulfuric acid

A mixture of 20 g. (0.06 mole) of tetrakis(trimethyle

silyl)silane and 97 g. of concentrated sulfuric acid was stir-
red at room temperature for 4 hours. There was no evidence
of the evolution of a gas and the reaction mixture was heated
at 80° for 20 minutes. After this time, there was no evi-
dence of the evolution of a gas. When heated at 130°, a very
slow evolution of a gas was observed. External heaf wWas re-
moved and the evolution of a gas, presumably methane, ine

creased rapldly to an "explosive rate",

Tetrakisgtrimethxlsilzl)silane with aqueous piperidine

A solution of 20 g. (0.06 mole) of tetrakis(trimethyle
sllyl)silane and 4.5 ml of water in 104 ml. of piperidine
was refluxed for 4 days prior to acidification and work-up in
the usual manner. Distillation of the residue afforded 11 g.
of a liquid which consisted of two compounds (by VePeCo)s beDe
109-110°/22 mm, n 2" 1.4190, An infrered spectrun showed a
strong absorption at 9.55 u and a weak band at 2.9 u, indi-
cative of 51-0 and S1-0H, respectively. No starting materisl,
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tetraklis(trimethylsilyl)silane, was recovered.

Tetraklsgtrinethzléilxllallane with sodium methoxide in
ethano _

Sodium metal (0.4 g.) was dissolved in 150 ml. of meth-
enol. To this solution was added 15 g. (0.05 mole) of tstra-
kis(trimethylsilyl)silane and the reaction mixture was stire
red for two days at room temperature prior to acldifiocation
and work-up in the usual manner, V.p.c., of the ligquid indi-
cated no starting—matgrial and the presence Qf three compoundss
and an infrared spectrum showed a strong absorption band at
9.4 m, indicative of Si-0. ‘

Tetrakis(trimethylsilyl)silane with bromine

To 20 g. (0,06 mole) of tetrakis(trimethylsilyl)silane
in 150 ml. of benzené was added dropwise at 4° a solution of
" 11.2 g, (0,06 mole) of bromine in 80 ml. of benzene, The
bromine ocolor was dlsoha:ged instantaneougly and, upon com-
plete addition (ca. 20 min), the reaction mixturé was stirred
for 1 hour at room temperature. The solvent and volatile
produots were'removéd by distlllation, affording a brown semi
solid. An excess (100%) of phenylmagnesium bfomide was added
and the reaction mixture was heated at reflux temperature
overﬁight. After this time Color Teat I was positive. A
semi-solid was obtalned on worke.up, and from this was recove
. ered 12,1 g. (60.5%) of tetrakis(trimethylsilyl)silane.

Another run using 8 g. (0.03 mole) of tetrakis(trimethyl-
silyl)silane, 4 g. (0.03 mole) of bromine and 120 ml.of care
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bon tetrachloride gave a 6 g. (63%) recovery of tetrakis(tri-
methylsilyl)silane.

Tetrakisgtrimethxlsilxlzsilane with phosphorus pentachloride

A solution of 20 g. (0,06 mole) of tetrakis(trimethyl=-
silyl)silane and 12;4}g; (0,06 mole) of phospherus penta-
chloride in 200 ml. of benzene was refluxed overnight. Sub-
sequent to the addition of an excess (ca. 100%) of phenyl-
magnesium bromide, the reaction mixture was refluxed overnight.
Acld hydrolysis of the reaction mixture gave a 6.1 g. (63%)
recovery of tetrakis(trimethylsilyl)silane.

Another run employing 10 g. (0.03 mole) of‘tetrakls(trl-
methylsilyl)silane and 6.2 g. (0.03 mole) of phosphorus pen-
tachloride in 200 ml. of carbon tetrachloride afforded 5.8 g.
(60%) of unreacted tetrakis(trimethylsilyl)silane. Using
150 ml. of sym.-tetrachloroethane instead of 200 ml. of carbon
tetrachloride, 6.1 g. (63%) of tetrakis(trimethylsilyl)silane

was recovered.

Tetrakis‘trimethxlsilxllsilane with methyllithlium
In THFsether (4:1) (Run 1) After stirring a THF$

ether (4:1) solution of 0,07 mole of methyllithium and 20 g,
(0.06 mole) of tetrakis(trimethylsilyl)silane for 10 minutes
at room temperature, a greenishe-yellow solution was obsgerved.
The solution was refluxed for 5 hours followed by stirring
overnight at room temperature. Color Test I was negative

and the pale greenish~yellow solution was hydrolyzed by ad=
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dition to 120 ml. of 1N hydrochloric acid. Thé organic layer
was separated and the aqueous layer was extracted with ether.
The combined organic layers were dried over sodium sulfate.
Subsequent to the removal of the solvents under reduced pres-
‘sure. an o1l was obtained which was distilled to give 13.4 g.
(87%) of tris(trimethylsilyl)silane, b.p. 80-83°/8 mm,

n 29 1.4891, 4,0 0.8092. |

égg; Calcd. for'c932881“: Si, 45,133 Mol. Wt., 248;
MRD, 88.95. Found: Si, 44.63 Mol., Wt., 2573 MBD, 88.70.

Thé infrared spectrum (carbon disulfide) showed absorp-
tion bands in m ats 3.38 (m), 3.45 (W), 4.86 (m), 6.90 (w),
7.15 (W), 8,04 (8), 12,0 (8), 13.35 (m) and 14.55 (m).

The n.m.T. speotiun (carbon disulfide) contained a sing-
let at 9.77 t (S1-CH,) and 7.73 t (Si-H). The ratio of '
81-033281-3 protons was found to be 27311 (calod 2731).

The ultraviolet spectrum, determined in cyclohexane,
showed no absorptions above 210 mm.

Bun 2 An ethereal solution of methylllthium
(0.13 moles 85 ml. of 1.5 N) was added to 20 g (0.06 mole)
of tetrakis(trimethylsilyl)silane in 400 ml. of THF, After
stirring overnight at room temperature, the greenish-yellow
solution was hydrolyzéd with 1N hydrochloric aclid. Work-up
in the usual manner and distillation of the residual oil af-
forded 12,2 go (78.4%) of tris(trimethylsilyl)silane, b.p.
81-85°/8 mn, n 203 1.489s.

Tetramethylsilane was collected in a Dry Ice-acetone
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trap and was identified by vapip. (the column was at room

temperature and the injection port temperature was 50°).

In ether (attempted) After stirring an ethereal solu-
tion of methyllithium (0.03 mole) and 10 g. (0.03 mole) of
tetralki g trimethylsilyl Jsilane overnizht at room temperature,
9.5 2. {95%) of tet;akis(trinethylsilyl)silané wag recovered

subsequent to acid hydrolysis and work-up in the usual manner.

In ether at reflux (attempted) After refluxing an

ethereal solution of methyllithium (0.02 mole) and 5 g.

(0,02 mole) of tetrakis(trimethylsilyl)silane forVZM hours,
4,2 g, (84%) of tetrakis(trimethylsilyl)silane was recovered
subsequent to acld hydrolysis and work-up in the usual manner.

With two equivalents of methyllithium in THFsether (3:1)
A solution of 20 g, (0.06 mole) of tetrakis(trimethyl=-

silyl)silane and 0.i3 mole of methyllithium in 285 mi. of THF:
ether (3:11) was stirred overnight at room temperature. The
Yellow solution was hydrolyzed by addition to a mixture of
ice and 10% hydrochloric acld. Work-up in the usual manner
gave 12,2 g. (78.4%) of tris(trimethylsilyl)silane, b.p. 81i-
85°/8 mm, n 203 1.4895.

Tetrakis(trimethylsilyl)silane with phenyllithium
In THFsether (4:1) A solution of 0,09 mole of phenyl-

1ithium and 26 g. (0.08 mole) of tetrakis(trimethylsilyl)sile
ane in 500 ml, of THFsether (431) was stirred overnight at
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temperature, Work-up of the red reaction mixture in the

usual manner, subsequent to acld hydrolysis, gave an oil

which was distilled to give 10.5 g. (84.5%) of trimethyl=-
Phenylsilane, b.p. 172-173°, n 2%*3 1,4880 (Lit. (%0) b.p.
171.58°, n 2% 1.4904) and 10.7 & (51.58) of trie(trimethylsilyl)-
silane, bip. 95-100°/17 mm, n 2°*3 1,4935. From the residue

of distillation, there was obtalned 4 g, (15.1%) of recovered
tetrakis(trimethylsilyl)sllane, subsequent to crystallization

from acetone,

Tetraklsgtrimethzlsilzlzsilane with triphenylsilyllithium

To 10 g. (0,03 mole) of tetraklis(trimethylsilyl)silane
in 150 ml. of THF was added triphenylsilyllithium (0.03 mole)
and the reaction mixture was stirred for 18 hours at room
temperature. After this time v.p,c. of a hydrolyzed aliquot
of the purple-colored solution indicated an area-tatio-for
tris(trimethyisilyl)silanestetrakis{trimethylsilyl)silane of
931, There appeared to be no change in this ratio after stir-
ring for an additional 20 hours. The reaction mixture was
hydrolyzed by addition to a mixture of ice and 1N hydrochloric
acld. Worke-up of the organic layer in the usual manner gave
an oil from which 8 g. of impure 1, 1, l-trimethyl-2, 2, 2-
triphenyldisilane crystallized. Purification by crystalli-
zation from 95% ethanol gave 6.5 g. (70%) of the pure com-
pound, m.p. 107-109° (mixed m.p.).

Distillation of the residue afforded 3.1 g. (45%) of
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tris(trimethylsilyl)silane, b.p. 90-95°/10 mm, n 0 1,4901
and a viscuous liquids V.p.c. of the liquid showed only the
presence of tetrakis(trimethylsilyl)sllgne end tris(trimethyle
silyl)silane (area ratio of 1037). There was no evidence for
trivhenylsilane, triphenylsilanol or hexaphegyldislloxanee

The ylelds were based on the amount of unrecovered
tetrakis(trimethylsilyl)silane.

Another experiment was carried out, uslng a procedure
identical to that above, but the reaction mixture was stirred
overnight., From the reaction mixture thére was obtalned 51%
of 1, 1, latrimethyl-2, 2, 2~triphenyldisilane, m.p. 107=-
109° (mixed m.p.) and 52% of tris(trimethylsilyl)silane, b.p.
94-96°/10 mm, n 20

D
methylsilyl)silane was detected by v.p.c.

1,4891, Some unreacted tetrakis(tri-

Reactions of Tris(trimethylsilyl)silyllithium

General procedure for the preparation of tris{trimethyle
sITyllithium

Methyllithium was freshly prepared in ether and the solu=

tion was decanted from the excess 1lithium under nitrogen into
an addition funnel., Double titration using allyl bromide
gave the concentration of the silyllithium compound and the
alkoxide base. Only solutions in which the amount of alk-
oxide base was relatively low (ca. 2 equivalents or less per
15 equivalents of total base) were considered satisfactory
for synthetic purposes.
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Tris(trimethylsilyl)silyllithium was prepared by stir-
ring a THPsether (4:1) solution of tetrakis(trimethylsilyl)-
silane and a 10% molar excess of methyllithlum at room tem-
 perature wntil v.p.cl of a hydrolyzed aliquot indicated a
ratio of tris(trlmethylsilyl)silaneztetrakis(tr@methyl-
silyl)silane of at least 10031, In general, thls condition
wag satisfied within 24 hours; but if not, a 10¥ molar excess
of methyllithium was added and the reaction mixture was cone
tinuously stirred at room temperature. The pale greenlsh-
Yellow colored solution was transferred to an addition funnel
under nitrogen and the concentration was determined by double
titration using allyl bromide., The silyllithium solution

wag used within one or two days.

Tris(trimethylSilyl)silyllithium with trimethyl phosphate

To a stirred solution of 16.8 g (0.12 mole) of trimethyl
phosphate in 40 ml, of THF was added dropwise a THFsether
(431) solution of tris(trimethylsilyl)silyllithium. Upon com-
pPlete addition (ca. 1 hour), Color Test I was negative, The
white reaction mixture was hydroiyzed by addition to a mix-
ture of ice and 10% hydrochiorio aoidé The organic layer
was separated and the aqueous layet was extracted with ether,
The combined organic layers were dried over sodium sulfate
ahd the sblvents Were removed under reduced pressure. Dige
tillation of the residue gave 20.1 g, (76.5%) of tris(tri-
methylsilyl)methylsilane, b.ps 94=96°/7 mm, m.p. 57-59°.
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Anal Calcds for CygH,,S1,s 81, 42,8; Mol. Wt., 263.
Founds Si, 42.8; Mol. Wte, 267. ”

The infrared spectrum (carbon disuifide) showed absorpe
tion bands in m ats 3.38 (m), 3.45 (m), 6.95 (w), 7.17 (w),
7.66 (w), 8.06 (8), 8.43 (w), 12,00 (8), 12.83 (8), 13.46 (W),
14,75 (w) and 14,60 (m).

The n.m.ri spectrum, determined in acetone at 80°, con-
sisted of a singlet at 9.90 t (3 protons) and 9.83 t (2? proe-
tons) for the silicon-methyl protons at a aweep width of 50
ops. An integrated area was found to be 631 (oalecd. 9:1)

see Discussion part . Tetramethylsilane was used as the in-
ternal standard.

The ultraviolet spectrum consisted of the following
bandss ASYSloReXaNe 07,5 by (€ 13,100, shoulder), 231.5 m
(€ 2,935, shoulder) and 277.5 mu (& 1,945)

Trisgtrimethzlsilzllsilzllithium with chlorodimethyliphenyl=
S ) '

To a solution of 19.6 g. (0.12 mole) of chlorodimethyl=

phenylsilane in 40 ml, of ether was added dropwise a THF:
ether solution of tris(trimethylsilyl)silylithium (0.12 moles
200 ml. of 0.58 N) at room temperature. Upon completé addie
tion, the white reaction mixture was stirred for an additional
hour at room temperature. Work-up in the usual manner gave

a semi-golid from which 30.7 g. (70%) of tris(trimethylsilyl)-
(dimethylphenylsilyl)silane m.pi 190-190.5° was obtained, sub-
sequent to crystallization and subiimation; The transition
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and so;idificatién points (see Discussion part) were found
to be 185° and 184°, respectively.

Anal; Caleds for Cy H,gS1c: 81, 36.73 Mol. Wte, 383¢
Founds 5t, 36.7, 36.73 Mol. Wt., 381,

The infrared spectrum (carbon disulfide) showed absorp-
tion bands in m ats 3.27 (m, shoulder), 3.38 (m), 3.45 (m),
2.2 (m), 7.7 (W), 8,06 (8), 9.06 (8), 11,1 (m, shoulder),
12,2 (8), 13.22 (s), 13.42 (m), 13.70 (s), 14,37 (s) and
14465 (8)e

The n.m.r., spectrum (carbon disulfide) conslisted of a
singlet at 9.75 t (27 protons) and 9.41 t (6 protons) for the
silicon-methyl protons, and a multiplet centered at 2,91 ¢
(5 protons) for the silicon-phenyl protons, The area ratlio
was found to be 536327.05 (calod. 5:6:27)3

The ultraviolet spectrum consisted of a band at

Syolohexane 539 ma ( ¢ 16,130)%

Pris(trimethyl s11y1)silyllithium with chlorodiphenylmethyle
sllilane

To 23.3 8¢ (0.1 mole) of chlorodiphenylmethylsilane in
50 ml. of ether was added dropwise a THFsether solution of
tris(trimethylsilyl)silyllithium (0.1 mole) at room temperae
ture., Upon complete additlon (ca. 2 hours), the mixture was
stirred for an additional hour. Work-up of the reaction in
the usual manner gave an oil which was chromatographed on
alumina., Elution of the column with petroleum ether (b.p.
60=70°) gave, after two reorystallizations from acétone,
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| 26 go (64,4%) of tris(trimethylsilyl)(diphenylmethylsilyl)-
silane, m;pf 187-187&50} The transition and solidification
points (see Discussion part) were found to be 185°,

Anal Calod for CppH, Si s S, 31,75 Nol. Wee, Wb,
Bownde . 31,5, 31.7: Mol. Wt. 444,

The infrared spectrum (carbon disulfide) showed absorp-
tion bands in n at:s 3.26 (m, shoulder), 3.38 (m), 3.45 (m),
7¢2 (W) 2.7 (W), 8,06 (8), 8.43 (w), 9.08 (8)y 9.74 (w),
10.1 (w), 11.15 (m, shoulder), 12 15 (8), 12.88 (8), 13.68
(s)s 14.15 (8), 14.35 (8), 14,63 (s) and 15,06 (w).

The n.m.r. spectrum (carbon disulfide) consisted of a
singlet at 9.83 t (27 protons) and 9;20 t (3 protons) for the
gilicon-methyl protons, and a multiplet centered at 2.55 t
(10 protons) for the aromatic protonsi The aliphaticsaromatic
ratio was found to be 30310.,1 (calcd. 30310),

The ultraviolet spectrum consisted of a band with a
A:golohexane 238 mn (¢ 18,815).

Tris‘trimethxlsllzl)silzllithium with chlorotriphenylsilane
To 30 g. (0.1 mole) of chlorotriphenylsilane in 50 ml.

of ether was added dropwise a THFsether solution of tris(tri-
methylsilyl) silyllithium (0.1 mole) at room temperature.

Upon complete addition, the white colored reaction mixture
was stirred for an additional hour at room temperature. Acid
hydrolysis of the reaction mixture followed by the usual
work-up gave 39 g. (78%) of. crude tris( trimethylsilyl)(tri-
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phenylsilyl)silane, mip, 248-252°, Recrystallization from
ethyl acetate gave 35.1 g. (70%) of pure compound, m.p. 287-
189°, The transition and solidification points (see Discussion
part) were found to be 280 and 287°, respectively.

Anal Caled: for Cp Hy.S1.t Si, 27.7; Mol Wt., 507.
Found: Si, 27.4, 27,63 Mol. Wt., 506,

The infrared spectrum (carbon disulfide) showed absorp-
tion bands in u at: 3.27 (m, shoulder), 3.39 (m), 3.45 (w),
7.2 (W), 7¢7 (W), 8407 (8), Bol6 (W), 9.11 (8), 9.73 (W),
10,2 (w), 11.66 (m, shoulder), 12.1 (s), 13.62 (s8), 14.35 (s8),
and 14.65 (s).

The n.m.r. spectrum (carbon disulfide) consisted of a
singlet at 9.78 t for the silicon-methyl protons and a multi-
plet for the aromatic protons centered at 2.48 t. The ali-
phatic:aromatic proton ratio was found to be 27315 (calcd.
27:15).

The ultraviclet spectrum consisted of a shoulder at

x;g§}°hexa"° 235 mu ( 23,200).

Tris(trimethzlsllxlzsilzllithium with chlorodimethylsilane

To 5.3 g« (0.06 mole) of chlorodimethylsilylsilane dis-
solved in 250 ml. of ether, cooled to 0°, was added a THF$
ether solution of tris(trimethylsilyl)silyllithium (0.06 mole),
Upon complete addition, the reaction mixture was stirred for
an additional hour at room temperature. Acid hydrolysis of

the reaction mixture followed by the usual work-up gave 6.3 g.
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(36.8%) of tris(trimethylsilyl)(dimethylsilyl)silane, subse-
quent to @rystalllzﬁtion from absolute ethanol followed by
aublimation. This compound sublimes completely at 200°.

Anal Csled. for CyyHy Sl s Mol. Wti, 307; Found: Mol,
Wte, 334,

The infrared spectrun (carbon disulfide) absorptio#
bands in m ats 3.39 (m), 3.45 (w), 7.20 (w), 8.05 (s8), 11.35
(w), 12,00 (s), 13.40 (w), and 14,08 (w). The weak absorption
band at 9.3 m (51-0) 1ndicates that the sample contains a

small amount of some siloxane,

Tris(trimethylsilyl)silyllithium with carbon dioxide
Tris(trimethylsilyl)silyllithium (0.1 mole) was added

slowly to a Dry Ice~ether slurry. The mixture was allowed

to warm to 0° subsequent to hydrolysis by addition to a
saturated agqueous solution of ammonium chloride. The organic
layet was separated and dried over sodium sulfate, Subse-
quent to the removal of solvents under reduced pressure, a
semi-s0lid compound was obtained. From this material, 20.5 g.
(72%) of tris(trimethylsilyl)silanecarboxylic acid was ob=
tained, subsequent to c¢rystallization from 00ld petroleum
ether (b.p. 60=70°). The acid turned to a cloudy ligquid at
131° and this liquid became clear at 136°, Decomposition
with the evolution of carbon monoxide, as determined by the
procedure of Nowioki (98) was observed at 214°,

An infrared spectrum (CS,) showed absorption bands in
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nats 3.37 (m), 3.45 (w), 5.95 (m), 6:13 (8), 8.05 (s), 8.45
(w), 8.50 (W), 9.45 (w), 12,00 (s), 13.35 (w) and 14,50 (m).
There was also present a broad absorption band (3.07-3.65 pn),
assigned to the -0H group of «COOH.

The n.m.r., spectrum consisted of a singlet at 9.72 t for
the silicon-methyl protons and at «0,02 t for the carboxylic
acid proton. An integration of the areas was found to be
35 (caleds 27).

Another run employing 0,01 mole of tris(trimethylsilyl)-
sllyllithium afforded 26 g. (89%) of the acid subsequent to
crystallization from cold acetone. A mixture melting point

was not depressed.

Trig(trimethylsilyl) silyllithium with fluorene

To 13;5 g. (0,08 mole) of fluorene in 50 ml, of THF was

added at one time 525 ml. of 0.15 M solution of tris(tri-
methylsilyl)silyllithiua (0.08 mole). The reaction mixture
immediately turned orange and was stirred overnight at room
temperature. Color Test I was positive and the reaction mix-
ture was carbonated by‘pouting onto a Dry Ice-ether slurry.
After allowing the mixture to warm to 0°, dilute hydrochloric
acld waé added, The organic layer was separated and the
aqueous layer extracted several times with ethexr., The com-
bined ethereal layers were extracted with 400 ml. of 5%
sodium hydroxide in several portions. The basic extract was
bolled to remove traces of THF, then acidified with 10%
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hydrochloric acid. Filtration afforded a solid product which
was recrystallized from glacial acetic acid to give 12.3 g.
of crude fluorene-9-carboxylic acid, m.p. 223-226°, A second
recrystallization from the same solvent gave 11.9 g. (70%)
of pure acid, m.p. 228-230° (mixed m.p.). In addition, about
2 g, of an insoluble ;olid was obtained. |

The organlic layer was dried 6ver sodium sulfate subse-
quént to the removal of solvents under reduced pressure, The
residual oll was chromatographed on a column of alumina.
Elution with petroleum ether (b.p. 60-70°) afforded 10.9 g
(Bi}SS) of tetrakis(trimethylsilyl)silane, subsequent to
crystellization from acetone.

A repeat of this reaction gave an 83% yleld of the acid,
m.p. 228-230° (mixed m.p.):

General procedure for comparstive metalation reactiong
of fluorene To 8,3 g+ (0.05 mole) of fluorene in 380 ml.

of THF, cooled to 0° with an ice-salt bath, was added at one
time 140 ml. of a 0.35 M solution of tris(trimethylsilyl)=
silyllithium (0.05 mole). The solution was stirred for 1.5
hours with the temperature maintained between 0° and 5°,
prior to carbonation by addition to a Dry Ice-ether slurry.
After allowing the mixture to warm to 0°, dilute hydrochloric
acld was added. The organic layer was separated and the
aqueous layer extracted several times with ether. The con-

bined ethereal layers were extracted with 400 ml. of 5%
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sodium hydroxide in several portions. The basic extract was
boiled to remove traces of THF, and acidified with 10% hydro-
chloric acid, Filtration afforded a solid product which,
after two recrystallizations from glaclal acetic goid, gave
5.2 g. (51%) of fluorene-9-carboxylic acld, m.p, 228-230°
(mixed m.p.). |

Another experiment was carried out employing 150 ml, of
a 0,28 M solﬁtion of tris(trimethylsilyl)silyllithium (0,04
mole) and 6.9 g. (0.04 mole) of fluorene, After three re=
ocrystallizations from glaclal acetic acid, 3.9 g. (44.4%) of
fluorene-9-carboxylic acid, m.p. 229-231° (mixed m.p.) was
obtained, |

Tris(trimethylsilyl)silyllithium with THF

A solution of tris(trlmethylsllyl)sl}ylllthium in 275

ml., of THF was heated at reflux temperature for 4 days. After
this time, the reacticn mixture was hydrolyzed by addition
to a mixture of crushed ice acidified with 1N hydrochloric
acid# The organic layer was separated and dried over sodium
sulfate, Subsequent to the removal of solvents under re-
duced pressure, the residual oil was chromatographed on a
column of alumina, Elution with petroleum ether (b.p. 60-
70°) gave a small amount of a solid, identified by V.p.c, as
tetrakis(trimethylsilyl)silane, Further elution wWith ethyl
acetate followed by distillation of the combined fractions
afforded a 1iquid, b.p, 175-180°/13 mm. V.p.c. ohromato=



72

graphy indicated the presence of two compounds in approxi-
mately equal amounts: An i.r. spectrum of the liquld mixture
showed the following absorptions in ms 3,40 (m), 3.45 (m),
5:75 (8)s 6495 (W), 7.2 (W), 7.32 (w), 8,05 (8), 9,45 (m),
9.70 (m), 12,00 (8), and 13.40 (w). |

The rate of reaction of~tris(trimetgzlsllzl}sllzllithium

with THF The rate of reaction of tris{trimethylsilyl)silyle-

lithium with THF was determined at room time by periodically
withdrawing & 5 ml: aliquot of the solution and determining
the concentration by double titratlion using allyl bromide.

The change in molarity as a function of time and the first-
order rate contant for each consecutive determination are
given in Table 5,

Table 5. The rate of reaction of tris{trimethylsilyl)silyl-
lithium with THPF .

Detemination Time Holarity kl x 1623 hours” "

No. (hours) (mole/liter)
1, 0 0.198 waaad
2, 23 0,200 ——
3. 71 0,196 0.41
4, 99 0,189 1.3
5 124 0.183 1.3
6o 148 0.177 1.3
7. 171 0,172 1.3
8. 242 0.162 0.82
9. 650 0.100 1,2
10 1202 0:,020 - 0.3

aﬁo rate constant was caloculated because the concentra=-
tion apparently increased,
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The rate of reaction of tris(trimethylsilyl)silyllithium
with THF was found to follow pseude firsteorder kinetics from
0i196 to 0.100 M (see Figure 1). The low value, 0.82 x 10°3
hours”l, for determination No. 8 is probably due to an ex-
perimental error. The average rate cqnstant was calculated

to be 1.3 x 10~3 hours™! (using k values for determinations
4y 5, 6, 7 and 9).

Tris(trimethylsilyl )silyllithium with 1, 1, letrimethyl-2, 2
=tripheny ane

Tris(trimethylsilyl)silyllithium (0.02 mole) and 5.6 g.
(0,02 mole) of 1, 1, 1-trimethyl-2, 2, 2-triphenyldisilane
dissolved in 125 ml., of THF were stirred overnight at room
temperature, After this time, the reaction mixture was hy-
drolyzed by addition to & mixture of lce and 1N hydrochloric
acid. The organic layer was separated and dried over sodium
sulfate prior to the removal of solvents under reduced pres-
sure, The residual cil wag distilled tc give 3 g; (73%) of
tris(trimethylsilyl)silane, b.p. 99-103°/17 mm, nDFO 1.4889,

'The residual solid was chromatographed on a column of
alumina, Elution with petroleum ether (b.p. 60-70°) gave
4 g. (75%) of unreacted 1, 1, l-trimethyl-2, 2, 2-triphenyl-
disilane, m,p. 107-109° (mixed m.p.) and 1 g. (19%) of tetra-
kis(trimethylsilyl)silane. There was no evidence for trie
phenylsilane, triphenylsilanol or hexaphenyldisiloxane.
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Tris(trimethylsilyl)silyllithium with bromobenzene

To 10.7 g. (0,07 mole) of bromobenzene dissolved in 50
ml, of THF was added dropwlse a THFsether solution of tris-
(trimethylsilyl)silyllithium (0.07 mole). Upon complete ad-

aition (eca. 1.5 hourg), the reaction mixture was stirred
overnight at room temperature., Color Test I was negative and
the reaction mixture was hydrolyzed by addition to a mixture
of ice and 10% hydrochloric acid. Subsequent to work-up in

the usual manner, 11.2 g. (55%) of starting material was

recovered.
Spectral Determination of
Tris(trimethylsilyl)silyllithium
Ultraviolet

Tris(trimethylsilyl)silyllithium was prepared in the
usual manner by the reaction of tetrakis(trimethylsilyl)silane
and methyllithium. Subsequent to a complete reaction,
ether was removed by distillation and the silyllithium solu-
tion was transferred under nitrogen to an addition funnel.
VePece Of a hydrolyzed aliquot indicated an area ratio of
tris(trimethylsilyl)silanestetrakis(trimethylsilyl)silane of
ca. 15031, A few milliliters of the silyllithium solution
was diluted to the desired concentration with THF in a nitro-
gen-filled dry box. The quartz ultraviolet cell was fllled
with the silyllithium solution and sealed with paraffin wax.
The spectrum of this solution showed bands at lmax 370 mu
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( £~10,000), 295 mn (¢~ 22,000) and a shoulder at 236 mn
(£~ 6,000),

Tris(trimethylsilyl)sllylllthium was prepared in the
usual manmner. The silyllithium solutlon was concentrated by
distillation to ca. 2 M (determined by double titration using
allyl bromide). This solution was transferred under nitrogen
to an n.m.r. capillary tube and sealed, The n.,m.r, spectrum
of the THF solution of tris(trimethylsilyl)silyllithium,
using cyclohexane as the internal standard, contained a sing-
let at 9.93 t. Except for the expected multiplets due to
THF (99), there were no other absorptions present.

Color Test I of Tris(trimethylsilyl)silyllithium

General procedure
About 1 ml., of tris(trimethylsilyl)silyllithium was ade

‘ded to an equal volume of a 1% solution of Michler's ketone

in dry benzene at room temperature., The solution was shaken
and hydrolyzed by the addition of ca. 1 ml. of water. The
hydrolyzed solution was oxidized with a solutlion of lodine

in glaclal acetic acid. A positive test was determined by

the development'of a green colored organic phase. The results

of this test are summarized in Table 6.



Table 6, Color Test I of tris(trimethylsilyl)silyllithium

% iodine in Amount of Color of Color of Conclusion
glacial lodine-acetic aclid organic layer aqueous layer
acetic aclad solution used
(drops)
0.2 20 reddish-brown violet negative
10.0 20 reddi sh-brown . greeni sh-blue negative
20.0 6 green greenish- positive
yellowr
30.0 3 green greeni sh- positive
. yellow

94
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Preparation of Methyl Tris(trimethylsilyl)silanecarboxylate

From tris(trimethylsilyl)silanecarboxylic acid and diazomethane

Diazomethane (ca. 0.03 mole) was generated by a reaction
between N, N'=dinitroso-N, N'-dimethyl terephthalemide and sodi-
um hydroxide in ether. To this yellow ethereal solution of
diazomethane was added very slowly 5 g, (0.02 mole) of trise
(trimethylsilyl)silanecarboxylic acid at 0° to 5°, There
was evolufion of nitrogen, and upon complete addition, the
yellow solution was allowed to staﬁd for i hour at 0° to 5°.
On removal of the excess diazomethane and ether, 4.4 g.
(84.5%) of impure methyl tris(trimethylsilyl)silanecarboxylate
was obtained subsequent to crystallization of the solid resi-
due from cold petroleum ether (b.p. 60-70°). When inserted
in the melting point block at 84°, the ester changed to a
cloudy 1iquid at 91° and the liquid became clear at 96°.

The rate of heating was ca. 1°/min.

An infrared spectrum (carbon disulfide) showed absorption
bands in u at: 3.37 (m), 3.45 (m), 6,00 (8), 6.13 (8), 9.05
(8)y 8435 (W), 8.50 (W), 9.13 (s), 9.45 (w), 12,00 (s), 12.75
(w) and 14.50 (s).

The n.m.r. spectrum (carbon disulfide) contained singlets
at 9.78 t and 9.72 t for the silicon-methyl protons and at
6.43 t for the methoxy protons. An integration of the areas
was found to be 18 (caled. 9)(See Discussion part).
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Preparation of Bis(trimethylsilyl)methylsilane

From tris(trimethylsilyl)methylsilane and methyllithium
To 15.8 g« (0.06 mole) of tris(trimethylsilyl)methyl-

sllane dissolved in 200 ml. of THF was added an ethereal solu-
tion of methyllithium (0.07 mole)., Ether was removed by dis-
tillation and the reaction was stirred for ca. 36 hours at
room temperature. After this time the pale greenish-yellow
solution was hydrolyzed by addition to 120 ml. of iN=hydro-
chloric acid.-iThe organic layer was separated and the aqueous
layer was extracted with ether. The combined organic layers
were dried over sodium sulfape. Subsequent to the removal

of the solvents under reduced pressure, an oll was obtalned
which was distilled to give 10.6 g. (83%) of bis(trimethyl-
silyl)methylsilane, b.p. 64=66°/23 mm, n 203 1,4610 L1t.

(100), 59°/21 mm, nD?° 1.4616,

Reactions of Bls{trimethylsilyl)methylsilyllithium

General procedure for the preparation of bisgtrimethzlsllxlz-
meth ISIE TI1thium

A 10% molar excess of methyllithium was added to a THF

solution of tris(trimethylsilyl)methylsilane. The ether was

removed by distillation and the reaction mixture was stirred

at room temperature until v.p.c. of a hydrolyzed aliquot ine

dicated a ratlo of bis(trimethylsilyl)methylsilane:tris(tri-

methylsilyl)methylsilane of at least 10031, In general, this
condition was satlsfied within 48 hours; but if not, a 104
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molar excess of methyllithium was added and the reaction mix-
ture was continuously stirred at room temperature. The pale
greenish-yellow solution was transferred to an addition fune
nel under nitrogen and‘the concentration was determined by
double titration using allyl bromide. The silyllithium solue

tion was used within one or two dayse.

Bis(trimethylsilyl)methylsilyllithium with chlorodimethyl-
E eaz giliane ) :

A THF solution of bis(trimgthylsilyl)methylsilyllithium

(0.039 mole) was added dropwisé to 6.8 g. (0.04 mole) of
chlorodimethylphenylsilane dissolved in 50 ml, of ether,
The greenish-yellow color of the silyllithium solution was
discharged instantaneously and upon complete addition, the
reaction mixture was stirred for én additional hour at room
temperature. Work-up of the reaction mixture in the usual
manner affordéd a liquid which was distilled to give 6.5 g.
(51%) of impurs bis(trimethylsilyl)(dimethylphenylsilyl)-
methylsilane, b.p. 128-130°/3.7 mm, n;?%*3 1.5370. e con-
pound was chromatographed on alumina, Elution with petroleum
ether (b.p. 60-70°) afforded, subsequent to distillation,
59 8+ (47%) of pure bis(trimethylsilyl)(dimethylphenylsilyl)-
methylsilane, b.p. 138-139°/3.5 mm, n 20*3 1.5382,
4,203 o.8740.

Anal Calod, for Cy H,S1y1 Mol. Wt., 325; MBp, 113.2
Found: Mol. Wt., 3283 MEp, 113.6.

The infrared spectrum (neat) showed absorption bands
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in n ats 3.25 (W), 3.37 (m), 3.45 (w), 7.0 (%), 8.03 (s),
9,04 (m), 12.00 (8), 12.83 (s), 13.13 (w), 13,68 (m) and
14,34 (m).

The mm.r, spectrum (carbon disulfide) consisted of
singlets at 9.99 t, 9.88 t and 9.59 t for silicon-methyl
protons a, b and ¢, respectivelys

(a) qEB(P) (c)

((cB4) 481 J517= SLP(CHy),
The multiplet, centered at 2.73 t was assigned to the aromatic
protons. An integration of the areas gave a ratio of 5 (aro-
matic)s5.9 (protons ¢)s20.5 (protons a and b) calcd. 536321 o
It was not possible to integrate areas for the ratio of pro-
tons a and b separately, because of their close resonance
frequencies (see Discussion part).

The ultraviolet spectrum consisted of a band at
ASyclohexane p3.5m (& 13,500),

Bis(trimethylsilyl)methylsilyllithium with chlorodiphenyle-
me gllane .

A THF solution of bis(trimethylsilyl)methylsilyllithium
(0,04 mole) was added dropwise to 9.3 g. (0.04 mole) of
chlorodiphenylmethylsilane dissolved in 50 ml. of ether at
room temperature. The greenlsh-yellow color of the silyle
lithium molution was discharged instantaneously and,upon
complete addition (ga. 1.5 hours), the reaction mixture was
stirred for 1 hour at room temperature., At this stage, the

reaction mixture was hydrolyzed by addition to a mixture of
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ice and 104 hydrochloric acid. Workeup of the organic layer
in the usual manner afforded a liquid. Distillation of thls
material gave 10.3 g. (76%) of bis(trimethylsilyl)(diphenyl-
methylsilyl)methylsilane, b.p. 148-151°/0.8 mm, n 2%+ 1.5750,
4,293 0.9516.

Anal, Calecd. for C20H3481uz Mol., Wt., 387; HRD, 133.9.
Founds Mol. Wt., 387; MBD, 133.4.

An infrared spectrum (neat) showed absorption bands in
nat: 3.25 (W), 3.38 (m), 3.45 (w), 7.00 (m), 8.03 (8), 9.05
(s), 11.99 (8), 12.77 (8), 12.90 (s), 13.66 (8), 14,08 (m)
and 14,34 (s). A

The n.m.r. (carbon disulfide) consisted of singlets at
' 9,99 t, 9,76 t and 9.30 t for the silicon-methyl protons a,
b and ¢, respectively:

(a)  cgfp) (o)
[C: 8- St = SimnycH,
Te multiplet, centered at 2.68 t, was assigned to the aro-
matic protons. An integration of the areas gave a ratio of
10,51333318.03 (caled. 10:333:18), Cyclohexane was used as
the internal standard.
The ultraviolet spectrum consisted of a band at-

oYSIONeTAS 238.5 ma (¢ 17,400).

Big(trimethylsilyl )methylsilylli thium with chlorotriphenyl-
gilane

A THF solution of bis(trimethylsilyl)methylsilyllithium

(0.04 mole) was added dropwise to 12.4 g, (0,04 mole) of
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chlorotriphenylsilane dissolved in 50 ml. of ether at room
temperature. The greenish-yellow color of the silyllithium
solution was discharged instanteneously and, upon complete ad-
dition, the reaction mixture was stirred for 1 hour at room
temperature., AL thig stage; the reaction mixture wag hydro-
lyzed by addition to a mixture of ice and 10% hydrochloric
acid. Work-up in the usual manner afforded a liquid which
was chromatographed on alumina. Elution of the column with
petroleum ether (b.p. 60-70°) gave 12.5 g. (72%) of bis(tri-
methylsilyl) (triphenylsilyl)methylgilane,; m.p. 66-67°, sube
sequent to crystallization from acetone.

Anal. Calcd. for 025H36814: Mol. Wt., 449. Found:

Mol. Wt., 448,

The infrared spectrum (carbon disulfide) showed absorp-
tion bands in p at: 3.26 (w), 3.38 (m), 3.45 (w), 7.18 (w),
7.97 (m), 8.06 (s), 8.45 (w), 9.08 (s), 9,74 (w), 10.03 (w),
12,00 (s8), 12,76 (s), 13.6 (s) and 14.35 (s).

The n.m.r. spectrum (carbon disulfide) consisted'of
singlets at 10,00 t and 9.72 t for the silicon-methyl protons
a and b, respectively:

(2) g (®)
({:SE=N St - sim,
The multiplet, centered at 2.7 t, was assigned to the aro-
matic protons. An integration of the areas gave a ratio of
18314,933 (calecd. 18:15:3). Cyclohexane was used as the ine
ternal standard.
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The ultraviolet spectrum consisted of shoulders at

cyglohexane 238 mp (€ 22,000), 266.5 mp (€ 5,890) and

273¢5 mn (¢ 2,815).

Bis{trimethxlsilxlzmethxlsilxlnthium with carbon dioxide

Run 1 (base extraction) A THF solution of bis(tri-

methylsilyl)methylsilylilithium (0.08 mole) was added slowly
to a Dry Ice-ether slurry. The mixture was allowed to warm
to ca. 0° prior to acidification with 10% hydrochloric acid.
The organic layer was separated and extracted very raplidly
with 400 ml. of cold 5% sodium hydroxide. Acidification of
the basic extracts was followed by ether extraction. Sub-
sequent to drying of the combined organic layei over sodium
sulfate, the solvents were removed under reduced pressure
to glve 7 g. of crude bis(trimethylsilyl)methylsilanecarb-
oxylic acld, m.p. 88-91°, Crystallization from cold petro-
leum ether (bep. 60-70°) afforded 6.3 g. (50.4%) of pure com=
pound, m.p. 90-92°, This compound did not decompose at its
melting point. However, when heated to ca. 170°, evolution
of carbon monoxide was observed, as determined by the pro-
cedure of Nowlcki (98).

Anal. Calcd. for C8H22813023 Mol. Wt., 2353 Found: Mol,
Wtey 237,

An infrared spectrum (082) showed absorption bands in P
at: 3.39 (m), 5.95 (w), 6.11 (s), 8.06 (s), 8.33 (m), 8.5 (w),
9ol (w), 11.96 (8), 12.75 (8), 13.40 (w) and 14,38 (m), There
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was also pregsent a broad absorption band (3.05-3.7 m) for
the «0H group of the -COOH,

The n.m.r. spectrum (csz) showed singlets at 9.83 t and
9,79 t for the silicon-methyl protons a and b, at a sweep
width of 50 cps: (a) nagb) (c)

BCHB)BQQ Si - COOH

An integration of the areas gave a ratio of 18313 (calcds 18
3)e At a 500 ops sweep width, the singlets at 9.82 t, 9.78 ¢
and -1.95 t were assigned to protons a, b and ¢, respectively.
An integration of the areas gave a ratio of 20,6 (protons a
and b)s1 (proton ¢) caleds 21:1 . It was not possible to
integrate the areas for the ratio of protons a and b, at a
gweep width of 500 cps, because of their closé"fééonance‘freu
" quenclies (see Discussion part). Cyclohexane was used as the

internal standard.

Bun 2 (without base extraction) A THF solution of

bis(trimethylsilyl )methylsilyllithium (0.14 mole) was added
to a Dry Ice-ether slurry. The mixture was allowed to warm
to 0°, prior to acidification with 10% hydrochloric acid.

The organic layer was separated and the aqueous layer was ex-
tracted several times with ether. The combined organic
layers were dried over sodium sulfate prior to the removal
of the solvents under reduced pressure to yleld 26 g. (82%)
of crude bis(trimethylsilyl)methylsilanecarboxylic acid,

m.p. 82-86°, Purification by crystallization from petroleum
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ether (b.p. 60-70°) afforded 21.6 g. (67.8%) of pure acid,
m.pe 91-92° (mixed m.p.).

Big(trimethylsilyl )methylsilyllithium with fluorene
General procedure for comparative metalation reactions

of fluorene To 7.6 g: (0.05 mole) of fluorene in 380 ml.
of THF, coeled to Q° with an ice-galt bath, was added at one
time 66 ml, of 0.7 N solution of bis(trimethylsilyl)methyl-
silyllithium (0.05 mole). The sblution was stirred for 1.5
hours at a temperature between 0° and 5°, then carbonated by
pouring on to a Dry Ice-ether slurry. After allowing the
mixture to warm to 0°, dilute hydrochloric acid was added,
followed by several extractions with ethei. The combined
ether layers were extracted with 400 ml. of 5% sodium hydroxide
in several portions. The basic extracts weie bolled, then
acidified with 10% hydrochloric acid. Filtration afforded
a solid product which was recrystallized from glacial acetic
acid to give 6.3 g. of crude fluorene-9-carboxylic acid,
m.p. 226-232°, A second recrystallization from glaclal ace-
tic acid gave 6 g. (63%) of pure acid, m.p., 228-230° (mixed
MeDPe)e

Another experiment was carried out employing the same
molar quantities of reactants. After two recrystallizations
from glacial acetic acid, 6.8 g. (70.5%) of fluorene-9-car-
boxylic acid, m.p. 229-231° (mixed mip.) was obtained.
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Reactions of Bis(trimethylsilyl)methylsilanecarboxylic Acid

BisEtrimethxlsilzl!methxlsilanecarbo;glic acld with diazo=~
me e

Diazomethane (ca. 0,03 mole) was generated by a reaction

between N, Nf-dinitroso-N, N'-dimethyl terephthalamide and
g8odium hydroxide in ethef. To thlis yellow ethereal solution
of diazomethane was added very slowly 4.6 g. (0.02 mole) of
bis(trimethylsilyl )methylsilanecarboxylic acid at 0° to 5°.
There was observed the evolution of a gas (nitrogen) and,
upon complete addition, the yellow solution was allowed to
stand for 1 hour at 0° to 5°. The excess dlazomethane and
ether was removed under reduced pressure to give an oil.
Distillation of the oil afforded 3.7 g. (75.5%) of methyl
bis(trimethylsilyl)methylsilanecarboxylate, b.p. 91-92°/
7 mm, n 203 1,4728, 4,293 0.8758.

Anal. Calcd. for C9H24813023 Mol, Wt., ;MQ; MRy 79.21.
Found: Mol, Wt., 254; MBp, 79,44,

An infrared spectrum (neat) showed abosrption bands in
u ats 3.39 (m), 3.45 (w), 5.97 (s), 8.04 (8), 8.50 (w), 8.99
(s)y 10,58 (w), 11.95 (8), 12,75 (s), 13.49 (w) and 14,35 (m).

The n.m.r. spectrum (csz) showed singlets at 9.86 t and
9.78 t for the silicon-methyl protons a and b, at a sweep
width of 50 cps: (a) clH3(b) (e)

EOH3)3$] 231 - C!()OCH3

At a wweep wldth of 500 cps, the singlets at 9.87 t, 9.79 ¢

and 6.5 t were assigned to protons a, b and ¢, respectively.
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An integration of the areas gave a ratio of 21.1 (protons a
and b)s3 (protons c¢) caleds 2133 . It was not possible to
integrate the areas for the ratio of protons a and b separately
at a sweep width of 500 cps, because of thelr close resonance
frequencies (see Discussion part). Cyclohexane was used as

the internal standard.

Pyrolysis of biagtrlmethzlsllzlzmethxlsilanecarbogxlic acid

Five grams (0.02 mole) of bis(trimethylsilyl)methylsilane-
carboxylic acid was heated at 200° for 40 minutes. There Wwas
observed an evolution of a gas, which was found to be carbon
monoxide by the procedure of Nowlcki (98): No precipitate
was observed when the gas was bubbled through a barium hy-
droxide solution, indicating the absence of carbon dioxi§e;

The residual liquid was distilled, affording 2.4 g. (81%)
of tetrakis(trimethylsllyl)dimefhyldlsiloxane, bePe 103-108°/
1.3 mu, 2% 1.4815 (b.p. 110/1.0 mm, n 2% 1.4841)%.

Bis(trimethylsilyl )methylsilanecarboxylic acid with ethanol

Ten grams (0.03 mole) of bis(trimethylsilyl)methylsilane-
carboxylic acid was heated at reflux in 95% ethanol overnight,
The solvent were removed under reduced pressuie to give 9.1 g,
of recovered bis(trimethylsilyl)methylsilanecarboxylic acid,
n.p. 84=86%. Recrystallization from methanol gave 8.8 g.

1R.,Ls Harrell, Department of Chemistry, Iowa State Uni-
versity of Sclence and Technology, Ames Iowa. Information on
the physical constants of tetrakis(trimethylsilyl)dimethyle
disiloxane. Private communication. 1966,
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(88%) of pure acid, m.D. 90-92'(mixed MeDe)e
Reactions of Tris(trimethylsilyl)silane

Tris(trimethylsilyl) silane with n-butyllithium

To 20 g. {(0.07 mdole) of tris{trimsthylsilyl)silane dis-
solved in 100 ml. THF was added 0.07 mole of n-butyllithium
(prepared in ether). The reaction mixture instantaneously
turned greenish-yellow and the evolution of a gas was ob=
gerved. After stirring the reaction mixture for 2 hours at
room tempsrature, 0010? Teat I was negative, indicating that
all of the n~butyllithium had reacted. The concentration of
the greenish-yellow solution was determined by double titra-
tion using allyl bromide, subsequent to derivatization by
addition to 22.7 g. (0.08 mole) of chlorotriphenylsilane dis-
solved in 100 ml,of ether, The yellow color of the silyl-
lithium solution was dlscharged instantaneously and upon come
Plete addition (ca. 5 minutes), the reaction mixture was hy-
drolyzed by addition to a mixture of ice and 10% hydrochloric
aclad. Hork-up in the.ﬁsual manner gave an oil;from which
15.1 g. (43.7%) of tris(trimethylsilyl)(triphenylsilyl)silane,
m.p. 287° (mixed m.p.), subsequent to crystallization from
petroleum ether (bep. 60-70%). This compound was also iden-
tified by its infrared spectrum.

The mother li;uor was chromatographed on a column of
alumina. Elution with petroleum ether (b.p. 60-70°) afforded
1.8 g. (16%) of tetrakis(trimethylsilyl)silane, subsequent to
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crystallization of the solid from acetone.

Trisstrlmethxlsilzl)silane with methyllithium in ether

An ethereal solution of methyllithium (0.03 mole) and
8 g (0,03 mole) of tris(trimethylsllyl)silane was stirred
at ;atlux temperature overnight, After this time; v.v.c.
of a hydrolyzed aliquoct of the white reaction mixture showed
only tris(trimethylsilyl)silane; and there was no peak with
the same retention time as tris(trimethylsilyl)methylsilane,

The reaction mixture was derivatized by the additioh
to a mixture of 8 g. (0.03 mole) of chlorotriphenylsilane in
50 ml. of ether, followed by refluxing of the resulting re-
action mixture for 1 hour. After this time, the reaction
mixture was hydrolyzed by the addition to a mixture of 1ce
and 1N hydrochloflc acid. The organic layer was separated
and dried over sodium sulfate, A liquid was obtained sub-
sequent to the removal of solvents under reduced pressure.
Subsequent to crystallization from 95% ethanol, 3.6 g. (4%.6%)
of methyltriphenylsilane, m.p. 67-69° (mixed m.p.), was ob=
tained. The mother liquor was distilled, affording 3.5 g.
(31%) of tris(trimethylsilyl)silane, b.p. 90-93°/10 mm,
nD2° 1.4880, The resldue from the distillation was chromato-
graphed on alumina. Elution with 95% ethanol afforded 1 g.
of a solid, m.p. 131-138°.
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Tris(trimethzlsilzlzsilane with phenyllithium in ether

An ethereal solution of 8 g. (0.03 mole) of tris(tri-
methylsilyl)silane and phenyllithium (0.03 mole) was stirred
at reflux temperature overnight, After this time, Color
Tost I was positive and the reaction mixture was derivatized
by addition to an excess (ca. 10%) of trimethyl phosphate.
The resulting reaction mixture was stirred for 1 hour at
room temperature, subsequent to hydrolysis by addition to a
mixture of ice and 1N hydrochloric acid. Work-up in the
usuasl menner afforded an o0il. V.p.c. of this oll indlcated
the presence of tris(trimethylsilyl)silane, tris(trimethyl-
silyl)methylsilane and tris(trimethylsilyl)phenylsilane. An
unidentified peak with a retention time between that of
tris(trimethylsilyl)methylsilane and tris(trimethylsilyl)-

pPhenylsilane was also present,
Miscellaneous Reactlions

Triphenylsilane and n-butyllithium in THFsether

To 10 g. (0,037 mole) of triphenylsilane dissolved in
100 ml. of THF was added 40 ml. of 1.1 n-butyllithium (0.04
mole, prepared in ether). A white precipitate was observed
and the reactlon mixture was stirred for 2 hours at room tem-
perature, After thlis time, the reaction mixture was hydro-
lyzed by addition to a mixture of ice and 10% hydrochloric
acld. Removal of the organlc solvents gave a solid from

which 9.4 g. (77%) of triphenyl-n-butylsilane, m.p. 87-89°
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(mixed m.p.) was obtained, subsequent to crystallization

from ethanol.

Preparation of bisgtrimethxlsilxlldlghenzlsilane

From diphenyldichlorosilane, chlorotrimethylsilane

and 1ithium A mixture of 3.1 g, (0,44 g.-atom) of

lithium and a solution of 25.3 g. (0.1 mole) of diphenyl-
dichlorosilane in 110 ml, of THF was stirred at room
temperature. After ca. 10 minutes of stirring, the reaction
mixture turned red. At thls stage, the remainder of the
diphenyldichlorosilanesTHF solution was added at such a

rate as to maintain the red color. Upon complete addition,
(ca. 30 minutes), 21.7 g. (0.2 mole) of chlorotrimethylsilane
in 110 ml. of THF was added dropwise at a rate sufficlent to
maintein the red color. The addition was complete in 1.5
hours and a small amount of unreacted lithium was present.
At this stage, enough chlorotrimethylsilane (ca. 25 ml.)

was added to consume the unreacted lithium and give a
negative Color Test I. The white reaction mixture was
hydrolyzed by addition to a mixture of ice and 10% hydro-
chloric acid. Subsequent to separation and dryilng of the
organic layer over sodium sulfate,‘the solvents were removed
under reduced pressure, affording a viscous liquid. Dis-
tillation of the liquid gave 8 g. of impure tris(trimethyle-
20 4,5540 Lot (5)

D

118-121°/0.025 mm, nD?O 1.5723, The impure tris(trimethyl-

sllyl)phenylsilane was chromatographed on a column of

silyl)phenylsilane, b,p. 95-105°/0.01 mm, n



92

alumine. Flution with petroleum ether (b.p. 60-70°) gave,
after distillation of the liquid residue, 7.5 g. of pure
tris(trimethylsilyl)phenylsilane, sublimeS'atllol-loup/

0.01 mm (solidified on standing to a waxy solid). The impure
bis( trimethylsilyl )diphenylsilane could not be purified by
similar techniques., However, Vv.p.Cc. indicated a mixture

of tris(trimethylsilyl)phenylsilane and bis(trimethylsilyl)-
diphenylsilane,

The residue from the original distillation was chrome
atographed on a column of alumina. Elution of the column
with petroleum ether (b.p. 60-70°) gave, subsequent to
crystallization from ethanol-ethyl acetate, 6.6 g. of a white
solid, m.p. 113-114°,

The n.me.r. spectrum of this compound is given in the
Discussion pért;

Preparation of hexamethyl-2, 2, 3, 3-tetraphenyltetrasilane

To 20 g, (0.06 mole) of hexamethyl=2, 2=diphenyl-
trisilane dissolved in 150 ml. of benzene at 0° was added
dropwise 10.7 g. (0.13 mole) of bromine dissolved in 100 ml.
of benzene. Upon complete addition (ca. 3 hours), the reaction
mixture was allowed to stir to room temperature. Benzene,
bromotrimethylsilane and the excess bromine were removed by
distillation prior to the addition of 2,8 g, (0.12 g.=
atom) of sodium and 150 ml, of xylene. The reaction mixture
wag refluxed for 30 hours. After cooling the feaction

mixture to 0°, the excess sodium was destroyed by the addition
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of 95% ethanol and the resulting reaction mixture was
acidified with 10% hydrochloric acid. The mixture was
extracted several times with ether and the ethereal extracts
were dried over sodium sulfate. BRemoval of the solvents
afforded a solid from which 1l.1 g.{74%) of hezamethyl -
2,2,3,3 - tetraphenyltetrasilane, m.p., 264-267° (mixed
m.p.)l was obtalned, after two recrystallizations ethyl
acetate-ethanol solvents.

Preparation of octamethyl - 2,2,4.4 - tetraphenylpentasilane

T0 9 8.{C.018 mole) of hexamethyl - 2,2,3,3 - tetra-
phenyl tetrasilane and 2 g.(0.28 g. = atom) of lithium was
added sufficient THF to form a thick paste. After stirring
for a few minutes, the reaction had started, as evlidenced by
the formation of a yellow color. Eighty milliliters of THF
was added dropwise over a period of 30 minutes. After
stirring the reaction mixture overnight at room temperature,
Color Test I was positive. The reaction mixture was decanted
away from the excess lithium into an addition funnel. The
concentration of the silyllithium compound, (CH3)BSiSIPh2L1,
was determined by double titration using allyl bromide.

To 0.78 g.(0.06 mole) of dichlorodimethylsilane dissolved

1G. L. Schwebke, Department of Chemistry, Iowa State
University of Science and Technology, Ames, Iowa. Information
on the melting point of hexamethyl - 2,2,3,3 - tetraphenyl-
tetrasilane. Private communication. 1963,
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in 160 ml. of ether, cooled to =50°, was added the
silyllithium compound (0.012 mole). The reaction mixture
was stirred at -50° for 1 hour, subsequent to stirring at
room temperature for 1 hour. After this time, Color Test I
was negative and the resction mixture was hydrolyzed by add-
ition to a mixture of ice and 10% hydrochloric acid. The
organic layer was separated and dried over sodium sulfate.
Removal of the solvents under reduced pressure afforded an
oil which was chromatographed on alumina. Elution with
petroleunm ether (b.p. 60-70°) gave 1.4 g.(41%) of octamethyl-
2,2,4,4 - tetraphenylpentane, m.p. 9?-97.50, subsequent to
crystallization of the solid from ethyl acetate-methanol
solvents,

Anal. Calcd. for CypHuuSis: C, 67.51; H, 7.79; Mol. Wt.,
569, Found: C, 66.67, 66.86; H, 7.99, 8.19; Mol. Wt., 562.
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DISCUSSION

A Direct Preparation of Some Tri- and
Tetrasilyl-substituted Organopolysilanes

Gilman and SOhwebkei treated decaphenyleyclepentasilane
(XL) with chlorotrimethylsilane and lithium in THF. From
this reaction, the following products were iselated: tri-
methylphenylsilane (XLI), (trimethylsilyl)diphenylsilane (XLII),
bis( trimethylsilyl )diphenylsilane (XLIII), tris(trimethyl-
silyl)phenylsilane (XLIV) and bis(trimethylsilyl)phenylsilane
(XLV)s

THF
@hzséjs + 11(CH,) 481C1 + 1104 — (CH,),91Ph + (CH;) ,SASLPh,H
XL XL XLII
+ 2 ((cay) 391) sty + ((cu,) 551] S (tcu,) 3] suens
XLIII XLIV XLV

Compounds XLIV and XLV, unexpected products of thls reaction,
were formed by a cleavage reaction of the silicon-phenyl bond
of XLIII with lithium followed by derivatization of the silyl-
lithium with chlorotrimethylsilane and by acid hydrolysis,
respectivelys (033)38101

’ THF [: j] XLIV + XLI
—_—
XLIITI + 211 (CH3)381 281PhL1

1130+
SXLV + 06H6

16, L. Schwebke, Department of Chemistry, Iowa State Uni-
versity of Sclence and Technology, Ames, Iowa. Information
on the reaction between decaphenyleyclopentasilane, chlorotri-
methylsilane and lithium., Private communication. 1963,
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Octaphenylcyclotetrasilane1 reacts with chlorotrimethylsilane,
and lithium in a similar manner as XL.

Prompted by these studies, reactions between a poly-
chlorinated silicon compound, chlorotrimethylsilane and li-
tpium were investigated. The reaction between diphenyldichlo-
rosilane, chlorotrimethylsilane and lithium in THF afforded
XLIII, XLIV and & solid products

Ph,s81Cl, + (CH3)38101 + Li——~EEE—7 XLIII + XLIV

+ a solid product
Although the structure of this solid compound has not been
elucidated, its n.m.r. spectrum (Figure 1) indicated that one
of the aromatic rings of XLIII was reduced by lithium. The
n.m.r, spectrum contains what appear to be 5 aromatic protons
from 2,72 t to 2,34 t (multiplet), 1 olefinic proton centered
at 4,07 t (doublet) and 2 olefinic protons centered at 4.85 t
(triplet), 2 aliphatic protons from 9.00 t ~ 8.12 t (multiplet)
and 53 silicon-methyl protons from 10.01 ¢ = 9,61 ¢t (three
peaks). However, the presence of a double bond was not sube
stantiated by its infrared spectrum (Figure 1). The reaction
between dichlorodiphenylsilane, chlorotrimethylsilane and
lithium in TEF:ether (1:9) afforded XLIII in a 60% yieldzz

'R, L. Harrell, Department of Chemistry, Iowa State Uni-
versity of Scilence and Technology, Ames, Iowa. Information

on the reaction between octaphenylcyclotetrasilane, chloro-
trimethylsilane and lithium. Private communication. 1963,

2Dr. K, Shiina, Department of Chemistry, Iowa State Uni=
verslty of Sclence and Technology, Ames, Iowa. Information on
the reaction between dichlorodiphenylsilane, chlorotrimethyl-
féézne and lithium in THFsether (1:9). Private communication.




Figure 1. Infrared and nuclear magnetic resonance spectra of the
solid product '

Topts Infrared spectrum

Bottom: Nuclear magnetic resonance spectrum
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THFsether (1:9)
Ph,8iCl, + 2(c33>33101 + 411 > XLIII

A reaction of phenyltrichlorosilane, chlorotrimethyl=-

sllane and lithium in THF afforded a s0lid product which is
probably some geometric isomer of tris trimethylsilyi“jﬁ, 4,
S, 6-tetrakis(trlmethylsilyl)oyolohezenpl-yi]sllane (xryr),
instead of the expected XI.IV3s
51 (s1(ca,), ,

H

(CHy) 581 B
Ph81013 + 7(cn3)331c1 + 101 ——> + 10LiC1
(cn3>331 H (m.)
H si{cH
- “i373
31(cn3)3
XLVI

The n.m.r. spectrum (Figure 2) contains what appear to be
an olefinic proton centered at 4,12 t (doublet), the aliphatic
protons from 8,86 - 7,88 t (multiplet) and the silicon-methyl
protons from 9.91 « 9,75 t (triplet). The integrated area
ratio was found to be 134,4361.5 (calcd., 134363). An expan-
sion of the silicon-methyl region (Figure 2) over a sweep
width of 50 c.p.s;.indlcates the presence of five nonequivalent
trimethylsilyl groups with absorptions for the silicon-methyl
protons at 9.95, 9.90, 9.87, 9.85, and 9.83 t in a ratlio of
151313133 (caleds 1:131:1:3). The molecular weight, determined
by mass spectrocopy, was found to be 616 (calcd. 616)1; The
R, L. Harrell, Department of Chemistry, Iowa State Uni-

versity of Science and Technology, Ames, Iowa. Information on
the mass spectral data., Private communication. 1966,




Figure 2. Infrared and nuclear magnetic resonance spectra of trisg-
(trimethylsiltyl)( 3, 4, 5, 6~tetrakis(trimethylsilyl)-
cyclohexen=1-yl] silane (XLVI)

Top: Infrared spectrum

Bottoms Nuclear magnetic resonance spectrum
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infrared spectrum (Figure 2) agrees with the proposed struc-
ture (XLVI), containing an absorption for the double bond at
6+3: e

Tris(trimethylsilyl )methylsilane (XLVII), together with
Sym-tetrakic(trimethylsilyl \dimethyldisilane (XLVIII), was
prepared by a reaction between chlorotrimethylsilane, methyle
trichlorosilane and lithium in THF:
3 CH;S1C1, + 6(CH,),81C1 + 1214 —THF —[(cH,) 331] S1CH,

XLVII
ce4) [(cB,) ;8 :] S - s [_Ei(c%);z(an)
LVIET + 12 110

The reaction appears to be slower and the yields of XLVII
(ca. 40%) are lower than that of tetrakis(trimethylsilyl)-
silane (XLIX) formed under similar conditions from silicon
tetrachloride, chlorotrimethylsilane and lithium (see Tetra-
8llyl-substituted compounds)s ‘
S1CL,, + 4(CHy) 8101 + 81.1&@33)331] St +eua
XLIX

Unlike the synthesis of XLIX in which none of the higher poly-
sllane, hexakis(trimethylsilyl)disilane could be isolated,
compound XLVIII was obtained in ca, 204 yield. It seems un=-
likely that XLVIII is an important precursor to XLVII since
attempts to cleave a silicon-silicon bond of XLVIII with 1li-
thium have failed.1 Thus, in a similar manner as XLIX, com-

1R. L. Harrell, Department of Chemistry, Iowa State Uni-
versity of Sclence and Technology, Ames, Iowa. Information on

the reaction of sym=-tetrakis(trimethylsilyl )dimethyldisilane
with lithium. Private communication. 1966.
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pound XLVII may result vlia a sequence of consecutive forma-
tions of silyllithium compounds, followed by a coupling re-
action with chlorotrimethylsilanes
01381033 + L1f~—————>»L101281CH3 + LAClL
TACL,S1CH + (CH;);S1CL—> Cl,[(CH;);81) S10H; + LiCL
C1, [(CH,) 451) 81CH + 11— L1C1[(CH,)51) S1CH, + Licl
1101 (CHy) 51 stcH, +w%5am—qmﬁm3ﬁgsw%uw1
o1 [(cH) 33:] S1CH, + Li—— L1 (cH3)3§£] S1CH, + L1C1
1a{(cH,) 339 SICH, + (CH >331c1—————>va11 + IACL
Tris(dimethylphenylsilyl)methylsllane was prepared by a
reaction between methyltrichlorosilane and dimethylphen&l-
silyllithiums
CH4S1CLy + 3Ph(CE )231L1——~——+[§h(c33)23{] S1CH + 6LLCL

Tetrasilyl-substituted compounds
Tetrakis(trimethylsilyl)silane (XLIX), the first tetra-

silyl-substituted organopolysilane having contiguous silicon
atoms, was synthesized in ylelds of 60-70% (see Table 4) by
reéctions between silicon tetrachloride, chlorotrimethyl-
silane and 1ithium in THF. In general, the yield of XLIX
wag affected by: (1) the mode of addition and the ratio of
reactantsy (2) the reaction time; and (3) the method of puri=-
fication. The highest hields were obtalned when silicon
tetrachloride was added to an excess of chlorotrimethylsilane
and an excess of lithium; and the reaction mixture was very

vigorously stirred for more than 24 hours at room temperature
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prior to work-up and purification of XLIX by sublimation.
Compound XLIX may result via a sequence of consecutive

formations of silyllithium compounds, followed by a coupling
reaction with chlorotrimethylsilane (Scheme I). When a mole-
cule of silicon tetrachlbride comes in contact with the large
surface of the lithium metal, in a high concentration of
chlorotrimethylsilane, enough energy may be derived to come
plete the substitution of the remaining silicon=chlorine bonds:
Scheme I

sicl, + 1 — LiSiCl3 + LACl

LiSiCl3 + ((:H3)3SJ.C:1———--——-> (033)38181013 + L1C1

(CH,)4S181C1, + Lt — (CH,4) 4S151C1,I4 + LiCl

(CHy),S181C1 14 + (CHj) 48101 ——> ECHB)jsg 501,

+ L1Cl etec.
Thus, the mode of fommation of XLIX can be explained on the
basis of the ”heferogeneity‘(ioi)" of the system. This mech-
enigm is in agreement with the experimental observations:
the highest ylelds of XLIX were obtained when silicon tetrae-
chloride dissolved in THF was added to chlorotrimethylsiiane
and lithlum in THF. Interestingly, in an attempt to prepare
some intermediates postulated in Scheme I, tris(trimethyl-
silyl)chlorisilane and bis{trimethylsilyl)dichlorosilane, by
reactions of silicon tetrachloride, chlorotrimethylsilane
and lithium, compound XLIX was the major product.
Another possible route leading to the formation of XLIX

might involve the intermediate formation of some higher
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branched=-chaln polysilane compounds. An inspection of the
intermediates shown in Scheme I reveals the possibllity of a
variety of silyllithium coupling and/or lithium cleavage re=-
aétions, leading to the intermediate formation of hexakis-
(trimethylsilyl)disilane (L) and other related branched=-chain
compounds., For example, tris(trimethylsilyl)silyllithium (LI)
reacts with tris(trimethylsilyl)chlorosilane (LII), affording
compounds XLIX and L (102):

KCHB)BSﬂ 331:.1 + ECHB) 551 38101— XLIX + BCHB)BS}] 33‘1
LI LII ECHB) BSQ 3s1
L

However, in an attempt to prepare L by a reaction between
silicon tetrachloride, chlorotrimethylsilane and lithium, the
major product was XLIX, and the presence of only a trace of
L was indicated by v.p.c. (102)., If compound L was formed
in these reactions a mechanism based on lithium metal and/or
silyllithium cleavage reactions could be invéked to explain
its transitory existence. For example, a cleavage reaction
of the silicon-silicon bond of L by lithium would give LI
which could react with chlorotrimethylsilane, affording XLIX:

Scheme II

L +2LL — 2L1

LI + (CHS)BSICI-“———————>XLIX + LiCl
Alternatively, a cleavage reaction of the silicon~silicon
bond of L by a silyilithium compound would give XLIX or its

precursor. For instance, a cleavage reaction of the silicon-
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silicon bond of L by LI would give XLIX and pentakis(trimethyl-
silyl)disilanyllithiums Scheme III

L + LI — XLIX + Ec33)3s£] 38181[81(0}13)3 R
The valldity of these possibllities was substantiated by
geparate experiments (102);

There also exists the possibllity of the intermediate
formation of silirenes and dilithlosilanes of the types
a1, ((cH,) 551 .S and a1y [(cy) BSijz_n81Li2. respeotively.
These intermediates probably have very little or no signifi.
cancé in the formation of XLIX; m=ince there is no definitive
evidence for the existence of dllithiosilanes of this nature
(30) and the existence of silirenes in reactions of this
type is not well documented (103); The formation of silyl
radicals is possible.,

It 1s difficult to accurately describe the character
and fate of the intermedlate specles involved because of the
complex nature of metal coupling and cleavage reactions in
generél, and particularly those involving two or more dif=-
ferent chlorosilanes, However, of the possible pathways lead=-
ing to the formation of XLIX, those depioted in Schemes I, II,
and III are qulte reasonable, and mechanisms involving inter=
mediates such as silirenes, dilithlosilanes and silyl radicals
probably have lesser significance. Moreover, as a consequence
of steric hindrance involved in the formation of L, Scheme I
is a favored pathway.

An inspection of Table § reveals that the highest yleld
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of XLIX is 70%. The inability to reproduce this yleld using
other conditions is probably a reflection on the intrinsic
nature of the heterogeneous reactions four sillicon-chlorine
bonds ﬁéy have to be cleaved subsequent to four silyilithium
coupling reactions per molecule of XLIX formed. Hence in
view of the diversity of reactions involveds namely, lithium
cleavage and silyllithium coupling, and the high structural
specificlty required, 1t 1s difficult to establish and main-
tain ideal conditions. Probably the most significant factors
contributing to the high yleld of XLIX are the "inertness"

of chlorotrimethylsilane to lithium coupling reactions, rel-
ative to the other chlorosilanes involved, and of XLIX to
lithium cleavage of the silicon-silicon bond.

The related tetrakis compound, tetrakis(dimethylsilyl)-
silane (LIII) was prepared by a similar technique involving
a reaction between chlorodimethylsilane, silicon tetrachlo-
rlde and 11th1um:1

S1C1,, + UH(CH,),S1C1 + BIA——> [H(CH,),s1] (S + ea

LIII

Tetrakis(dimethylphenylsilyl)silane (LIV), the first
phenylated tetrasilyl-substituted polysilane, was prepared by
two independent methods:

Method A the reactlon between slllicon tetrachloride

1Dn:'. Je M. Holmes, Department of Chemistry, Iowa State
University of Science and Technology, Ames, Iowa., Information
on the preparation of tetrakis(dimethylsilyl)silane. Private
communication. 1964,
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chlorodimethylphenylsilane and lithium in THF,
S1Cl, + 4Ph(CHB)28101 + 8L1 —EEEL+&h(CH3)ZS£]481 + Ph(°H3)2§}
LIV Ph(CH3)281

and

Method B the reaction between dimethylvhenylsilyl-

lithium and silicon tetrachloride in THFsether.
THF sether
sicy, + uPh(CHB)zsiLi — LIV + Ph(CH3)28181(CH3)2Ph

Reaction A was carried out at room temperature in THF and the

vield of LIV obtained by thls procedure was quite low (3.5%).
The conditions used in Method B, namely, a low temperature
(=40°) and THFsether as solvents, seemed more favorable for
the formation of LIV, giving a 14.6% yield.

It seems that the low yield of LIV might be due to steric
crowding of atoms in the molecule imposed by the four bulky
phenyl groups, and that a high order of orientation of re-
actant specles is necegsary for the formation of the product.
The rigorous steric requlrement presumably increases the pro-
babllity of some sgecondary reactions leading to the formation
of the less sterically hindered compound, 1, 1, 2, 2-tetra-
ﬁethyl-l, 2-diphenyldisilane, in high yields (60-65%). Pre-
sumably these reactions involve:

(1) cleavage of an intermediate disilane by silyllithium,

Ph(CH4),S1L4 + 851Cl,— Ph(CH;),5181Cl; + LiCl

Ph(CH3)281Li + Ph(CH3)28181013-—+ Ph(CHB)ZSISl(CHB)zPh

+ L181013

and
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(2) direct coupling of chlorodimethylphenylsilane and
dimethylphenylsilyllithium.
Ph(CH;),81Cl + Ph(CH;),S1L4——> Ph(CH,),5181(CH,y),Ph + LACL
Dimethylphenylsilyllithium could be formed by Method
A from the reaction between chlorodimethylphenyl-
silane and lithium (104), and a halogen-metal inter-
conversion reaction between chlorodimethylphenyl-
silane and silicon tetrachloride (Method B) would
afford chlorodimethylphenylsilane (96).
Thus, 1t is not surprising that trlé(triphenylsilyl)silane
was prepared in a 4. 4% yleld and attempts to synthesize tetra-
kis(triphenylsilyl)silane gave only hexaphenyldisilane, tri-
phenylsilane and some polymeric material (30). It 1is also
noteworthy that whereas tetrakis(dimethylsilyl)methane and
teprakis(trimethylsilil)methane can be prepared by a reaction
between a chlorosilane, polyhalo methane and magnesium, ap=-
plication of the technique to the attempted preparation of
tetrakis(dimethylphgnylsilyl)methane gave good ylelds of bls=-
(dimethylphenylsilyl )methane; and no tetrakis compound was
isolated (12), It appears that the formation of tetrasilyl=- -
subgtituted methanes and silanes is limited by the number of
large groups bonded to the peripheral silicon atoms.
The linear-chain isomer of LIV, octamethyl-2, 2, 4, 4
tetraphenylpentasilane (LV), was prepared by the following
sequence of reactionss

] benzene
((cay) 43 JSLPhy + Bry——> (CH3) ;81~SiPn,Br + (CH,) 5SiBr
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xylene
2 (CH;);S1-81Ph,Br + 2Na XT2%155 (CH,) 451-81Ph, S1Phy=S1(CH,) 4
+ 2NaBr
THF
(CH;) 481=51Ph, S1Phy=51 (CHy) 5 + 2LT ——— 2(033)331-s1m2m

2
2 (CHy),81-51Phyld + (c33)231012——-————> [(ca) 3s1-s:.1’nz] st(CH,),

+ 2L101
Ly

Reactions of Tetrakis(trimethylsilyl)silane

The silicon-silicon bond of XLIX is cleaved by a wide
variety of reagents. When XLIX was treated with sodium-potas
sium (Na/K) alloy a dark yellowish-green colored solution was
observed. It was possible to characterize tris(trimethyl-
silyl)silylpotassium (LVI), but not any trimethylsilylpotas-
silum, by derivativess

XLIX + Na/K—> (CHj) BSij s ((cay) 3313 S1H
LVi LVII
Ph(CH3)281Cl
((omy) 551 ] S8t (ciy)P
LVIIIDb
For instance, v.p.c. of a hydrolyzed aliquot of the yellowlsh-
green solution, subsequent to the removal of the excess alloy
by amalgamation, showed the presence of only XLIX and tris-
(trimethylsilyl)silane (LVII) in a ratio of 3:1. When the
solution was derivatized_with chlorodimethylphenylsilane,
VeP.Coe of the hydrolyzed reaction mixture indicated the
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presence of only XLIX and tris(trimethylsilyl)(dimethylphenyl-
silyl)silane (LVIIIDb) in a ratio of #4#:1, From the reaction
mixture, it was possible to isolate and characterize a small
amount of LVIIIb., If trimethylsilylpotassium were formed, a
metalation reaction of the solvent by this presumably regctive
compound, giving the volatile trimethylsilane, could be in-
voked to explain the absence of the expected derivative, pen-
tamethylphenyldisilane, No reaction was observed between
XLIX and sodium-potassium alloy in ether.

It is particularly interesting that the silicon-gilicon
bond of XLIX 1s cleavéd by lithium aluminum hydride (LiAlH,)
but not by lithium metal, to give LVII subsequent to acid
hydrolysis: +

XLIX + LiAlﬁg-——Ezg——e-LVII
Presumably, the mechanism of cleavage by LiAlH4 involves the

formation of a pentacovalent intermediates

Si(CH.)
Pantwls
ALH,L

-_ .+
[(caz) 451] S1ALETIAT + (oHy) ot
It is reasonable to postulate that the silyl-aluminum com-
pound might decompose to glve tris(trimethylsilyl)silyllithium
(LI) and aluminum hydride:
-t
(TN 3sﬂ SHALEy T ECHB) 331] JSiit + a1y
LI

However, chemical evidence in a related reaction involving the
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cleavage of hexaphenyldisilane by LiAlHu suggests that a silyl=-
aluminum bond does exlst and is favored over a possible de<
composition reaction to give a silyllithium compound (75).
While no silyl-Grignard reagent has been isolated, its
intermediate formation has been proposed by several workers
(105, 106, 107, 108). A transient silyl-Grignard reagent,
tris(trimethylsilyl)silylmaghesium chloride, may be respon=-
sible for the formation of hexakis(trimethylsilyl)disilane
(L) from the reaction of tris(trimethylsilyl)chlorosilane
(LII) and magnesium (102): ,
LiX
((cH,),51] stc1 + Mg—— [(CH,) 5] siMgCl— XLIX
3°3 3 373 3
LII
+ ((eg) 484 -t @1‘6“3)3]3
L
Compound XLIX did not react with phenylmagnesium bromide or

1 while the respective organolithium

methylmagnesium iodide,
compounds afforded good yields of LI [Eee Preparation and re-
actions of tris(trimethylsilyl)silyllithium).

When XLIX was treated with either one mole of bromine
in benzene or carbon tetrachloride, or phosphorus penta=
chloride in benzene, sym-tetrachloroethane or carbon tetra-
chloride, 60-65% recovery of XLIX was realized; but no other

Products have so far been l1solated. In reactionsg between

13. L. Harrell, Department of Chemistry, Iowa State Uni-
versity of Science and Technology, Ames, Iowa. Information
on the reaction between tetrakis(trimethylsilyl)silane and
methylmagnesium iodide. Private communication. 1966,



113

XLIX and nucleophillic reagents, such as aqueous piperidine or
sodium methoxide in methanol, none of XLIX was recovered.

The products of these reactions were mixtures of compounds
which were not separated; but their infrared spectra indi-
cated the presence of Si-0 and S1-0H groups. Presumably,

the primary cleavage products of these reactions are more
reactive than the tetrakis compound. This could well be a
consequence of the highly symmetrical structure of XLIX, a
compound which can be envisaged as a sphere of twelve chemi=-
cally equivalent methyl groups surrounding the silicon skele-
ton. The less symmetrical compounds, tris(trimethylsilyl)-
methylsilane (XLVII), and tris(trimethylsilyl)silane (LVII)
undergo cleavage of the silicon-~silicon bond by phosphorus
pentachloride or chlorine in carbon tetrachloride, affording
good ylelds of chlorinated derivatives (109):

.

ccL,,
((cny) 5si) StCHy + B0l or Gl — @cn3)3s1j251(033)c1

¥LvII
cc1,
[tery) 1] JSLE + BOLg or G, —— ((cH;) 551) ,Stcl;
LVII

Compound XLIX does not react with concentrated sulfuric
acid at room temperature, probably because of its insolue
bility in this solvent. However, at an elevated temperature
(ca. 130°), the reaction proceeds at an uncontrollable rate,

leading to an exploslon,
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Tris(trimethylsilyl)silyllithium

arations and reactions of tris(trimethylsilyl)silyllithium

Prey

An attractive route to the synthesls of tris(trimgthyl-
s1lyl)silyllithium (LI) involved a cleavage reaction of a
silicon~silicon bond of XLIX by methyllithium in THF:ether
(4s1)s

THFsether (4:1)
XLIX + CHjLA > ECH3)389 3su:.1 + (CH,4),81
LI

The procedure was suitable for solutions of preparative use-
fulness since the volatile tetramethylsllane (b.p. 26.6°) was
removed by distillation at room temperature and compound LI
was obtalned in excellent ylelds (ca. 90%), essentially free
of any contaminant., The mechanism of this reaction can be
reasonably deplcted as one involving a nucleophillic attack
by methyllithium on a peripheral silicon atom of XLIX fol-
lowed by elimination of the tris{trimethylsilyl)silyl group

via a pentacovalent intermedliate:

, cH, | ;8
L \ +
(CH,) .St 'Li  and/or CH, --S1---81[S1(CH,),)|---L1
si [si(cn3)3]3 CH, CH,

From a reaction between XLIX and methyllithlum, tetramethyl-
sllane was collected in a Dry Ice-acetone trap and was iden-
tified by v.p.c., Prior to acid hyd;olysis of the reaction
mixture to give tris(trimethylsilyl)silane (LVII):
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XLIX + CH3L1—~—~—+ LI + (033)481
; Hio+
(CH,).S1| SiH
> ].?.VII3
An attempted synthesis of LVII by a direct method involving
a reaction between chlorotrimethylsilane, trichlorosilane
and lithium, lead to the formation of XLIX as the only isol=-
able product., However, the trisilyl-substituted structure
of LVII was unequlvocally establilshed by the equivalency of
the silicon-methyl protons and an integrated area ratio of
its miclear magnetic resonance spectrum (n.m.r.)s the
Sl-CHB/Si-H was 27 (calcd. 27). Definitive evidence for the
existence of a sillicon-lithium bond prior to acid hydrolysis
was afforded by derivatization of LI with trimethyl phos-
phate which gave tris(trimethylsilyl)methylsilane (XLVII)s
i1 + (cay) 3P0~—-—-——>BCH3) 554 JSte,
XLVII
The formation of XLVII in a high yleld (78%) clearly excludes
any significant metalatlion reactions of the solvent to glve
LVII prior to derivatization with trimethyl phosphate. Come-
pound XLVII was also prepared directly from a reaction be-
tween chlorotrimethylsilane, methyltrichlorosilane and lith-
ium,
CH381013 + 3(CH3)33101 + 6L1—> XLVII + 6LiCl
The reaction of LI with chlorodimethylsilane, chlorodimethyl-
phenylsilane, chlorodiphenylmethylsilane, and chlorotri-
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phenylsilane gave tris(trimethylsilyl)(dimethylsilyl)silane
(LVIIIa), tris(trimethylsilyl)(dimethylphenylsilyl)silane
(LVIIIb), tris(trimethylsilyl)(diphenylmethylsilyl)silane
(LVIIIc), and tris(trimethylsilyl)(triphenylsilyl)silane
(LVITIAd), respectively:
11 + BERIsta—— [(or;),51) sisi'e’R’
LVIIla, B> B = CHy B% = B

LVIIIb, R = R® = CH3; B3 = Fn
LVIIIc, B! = B® = Phy RO = CH,
1 _ .2

LVIIld, B' = B° = 8% = Ph
With the exception of LVIIIa, which decomposes on standing,
all of the derivatives are stable in alr. The formatlion of
compounds, LVIIIa, LVIIIc and LVIIId, in excellent ylelds
substantiates the novel structure of LI.

The reaction between compounds LI and bromobenzene af=-
forded a 55% yleld of XLIX and none of the expected deri-
vative, tris(trimethylsilyl)phenylsilane, was isolated:

LI + PhBr — XLIX
Presumably, the bromosilane, fris(trimethylsilyl)bromosilane
(LIX), and phenyllithium were formed by a halogen-metal in-
_terconversion reactions
LI +_Ph3r-j————>[}cn3)3s£J3313r + PhIi
LIX
Aﬂéléavage reaction of the silicon=silicon bond of LIX or

products formed in coupling reactions, L and tris(trimethyl-
811yl )phenylsilane, by LI would give XLIX:



117

LT + LIX — XLIX + ((CH,) 3313 S1BrL
LI + LIXx — L X5 xu1x + r.s.saL[sucu3 3] s1(s1(cH,) 3]
MLA + LIX —> [(CH,) 51 Sten AL, yix + [ch )331] siBn1t
Convincing evidence for a halogen-metal lnterconversion re-
action. leading to the formation of LIX. 1s afforded by the
reaction between LI and 1,2-dibromoethane, giving XLIX and
L (102),
LI L
LI + BrCH,CE,Br — LIX (coupling reaction)
Lo xurx + [(cy),0t) sibria
(cleavage reactioft)
Derivatization of LI with carbon dioxide afforded a white
crystalline solid which appears to be tris(trimethylsilyl)-
sllanecarboxylic acid (LX): +
LI + CO, SN ((cr) 581] StcooE

LX

Difficulties in the purification of this compound were ex-
pected since all known organosilicon compounds, in which the
silicon atom is attached direcﬁly to a carboxylic acid or
ester group, undergo decomposition under a variety of condi-
tions, such as heat, base and polar solvents, with the eli-
mination of the carbonyl as carbon monoxide (110, 111)., Com-
pound LX could not be 1solated by base extractlion because it
was decomposed by base, with the elimination of carbon monox-
ide, affording a mixture of products. Worke-up without base
extraction afforded a compound which turned to a cloudy
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liquid at 131° and 1iquid truned clear at 136°. Decomposi-
tion with the evolution of carbon monoxide was observed at
214°, The infrared spectrum (Figure 3) shows absorptions
at 5.95 p and 6,13 p for ¢ = O, and a broad absorption at
3.07=3.65 n for the carboxylic-0H groupQ There are no abe
sorptions indicative of Si-E or Si-0. The n.m.r. spectrum
(Figure 3) indicates that this compound is impure, Despite
the presence of only two peaks, a singlet for the silicone
mgthyl protons at 9.72 t and for the oarboxylic acid prbton
at «0,02 t, an integrated area ratio for Si-CHB/GOOH was 35
(calcd. 27). Treatment of this compound LX with diazomethane
afforded methyl tris(trimethylsilyl)silanecarboxylate (LXI):

LX + CE,N, —— [(CH;) ,51] JSLO00CEy + 1,

LXI

Like LX, compound LXI was shown to be impure by 1its n;n.r.
spgctrum (Figure 4) which contains a singlet for the methoxy
protons at 6.43 t, and singlets for silicon-methyl protons
at 9,78 t and 9.72 t. An integrated area ratio for SlCHB/-OCH3
was 18 (calcd. 9). The infrared spectrum (Figure 3) showed
absorptions at 6;0‘p and 6.13 p for ¢ = 0, and 9.13 n for
¢ - 0.

Under similar conditions, an attempt to prepare bis(tri-
methylsilyl)silylenedilithium (LXII) by the reaction between
XLIX and two equivalents of methyllithium gave only LI, sub-
sequent to acld hydrolysis of the reaction mixture. Similarly,
diphenylsilylenedilithium (LXIII) was not detected in a



Figure 3., Nuclear magnetic resonance. spectra

Top: Tris(trimethylsilyl)silanecarboxylic
acid (LX)

Bottom: HMethyl tris{trimethylsilyl)silane=
carboxylate (LXI)
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reaction between octaphenyltrisilane and lithium (30).
| ((ca,) 58] Siit Ph,SLL1,
LXII LXIII

Other approaches to the synthesis of LI involved a clea=-
rage reaction of a silicon-silicon bond of XLIX by phenyl-
1lithium in THF:ether (4:1) and triphenylsilyllithium in THF

XLIX + RLA —* LI + RS1(CH;),
R = Ph or Ph381

Subsequent to acid hydrolysis of the reaction mixture, charac-
terization of the expected cleavage fragments, LI and 381(033)3,
served to substantiate the proposed mechanism. For synthetic
purposes, the preparation of LI by these methods were not at-
tractive because the ylelds were lower than those obtained
by the use of methyllithium and solutions are contaminated
with the respective cleavage fragment [?SI(CHB);].

It 1s noteworthy, however, that the color of these silyl-
lithium solutions varled markedly with the nature of RLi.
For instance, methyllithium gave a pale greeﬁlsh-yellow color-
ed solution, phenyllithium a red, and triphenylsilyllithium
a purple. Presumably, pale greenish-yellow is the true color
of THFstether solutions of LI since methyllithium is grayishe
white., Therefore, hues assoclated with the use of the colored

phenyllithium and triphenylsilyllithium might be a consequence

of complementary mixing.
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n=-Bonding in trisgtrimethz;silxlZsilxllithium

Comparative metalation reactions (112) and kinetic
studies (113) have recently been used to estimate the relative
reactivity of Group IVB lithium compounds. The uncommon,
symmetrical arrangement of the three trimethylsilyl groups
bonded to the silicon~-bearing lithium atom, together with
fallures to prepare stable solutions of trimethylsilyllithium
(40, 50, 51), prompted a study to determine the importance of
dative nw-bonding between contiguous silicon atoms in LI, by
these procedures,

Compound LI was prepared in the usual manner by a reaction
between XLIX and methyllithium in THFsether (4:1), In this
investigation, the volatile tetramethylsilane and ether were
removed by distillation. The high purity of the resuiting
THF solution of the silyllithium compound was indicated by
¥.PsCs Oof 2 hydrolyzed aliquot and the nem.r. spectrum of
the silyllithium solution, Treatment of LI with fluorene at
room temperature in THF afforded, subsequent to carbonation
and acid hydrolyslis, compound fluorene-9-carboxylic acid,

XLIX and polymeric material

2
1) CO2> 1

O'D + LI 3N + XLIX
2) Hy0 oX

5 + polymer
The high ylield of compound XLIX and the absence of the ex-
pected (LVII) can be reasonably explained by the following

reactionss
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LI + O'O — O'O .+ LVII

Ii
LVII + LI —— XLIX + Ecnj)gsg] St
The reaction of LI ann LVII, affording a ca. 90% yleld of
XLIX (102), supports this mechanism., and therefore, a yield
of greater than 504 of fluorene-~9-carboxylic acld suggests
that fluorene 1s also metalated by other lithium specles.
Although the reaction of LI and fluorene presumably involves
cleavage of the silicon-silicon bonds, together with metala-
tion by other lithium specles, it was of interest to compare
the relative reactivity of a THF solution of this compound
with that of other silyllithiums. The results are summarized
in Table 7. From the data given in the Table, 1t appears
that the reactivity of pentaphenyldisilanyllithium 1s about
equal to that of tfiphenylsilyllithium. However, the reaction
of this compound, a polysilane, and fluorene is probably
similar to that of LI, involving silicon-silicon bond cleave
age and metalation by other 1lithium species. The reaction
of tetrakls(dimethylsilyl)silyllithium and fluorene 18 pro=-
bably even more complicated because of the reactive Si-H bonds.1
A kinetic investigation of the rate of reaction of com-
pound LI with THF at room temperature was also undertakén by
periodically titrating an aliquot of the silyllithium solution

1Dr. J. M. Holmes, Department of Chemistry, Iowa State
University of Science and Technology, Ames, Iowa. Information
on the reaction of tris(dimethylsilyl)silyllithium with
fluorene. Private communication. 1965,
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Table 7. Metalatlion of fluorene®

Yield of fluorene-9-carboxylic acid, %

R,SiLi

3 Run 1 Run 2 Average
PhBSISIthLib U, 6 39.8 42,2
Pn,SiLL ik, 3747 11,1
BCH3)38£]351LIQ 51.0 Bl 47,7
[@(cn3)2s1JBSiL1d 54,0 52,4 . 53.2
Ph(CH,),S1L 61.6 54,7 58,1
Phy (CH,)S1LL 65.2 574 61.3

8The silyllithium compounds were allowed to metalate
fluorene under 1identical conditions of time, temperature, and
concentrations of reagents, followed by carbonation to pro-
duce fluorene-9-carboxylic acid (112),

®) third run with this reagent gave a yield of 20.3%

which was not included in the average.

Csee Experimental.

dDr. J. M. Holmes, Department of Chemistry, Iowa State
University of Science and Technology, Ames, Iowa., Information
on the relative reactivity of tris(dimethylsilyl)silyllithium,
Private communication. 1965,
using the procedure of double titration (90). The results
are tabulated in Table 5 and the first-order rate constant is
given in Table 7. A plot of time against the logarithm of
molarity (Figure 4) reveals that the reaction of LI with THF
follows pseudo firsteorder kinetics up to ca. 900 hours at
which time the rate increases considerably. The deviation,

observed with all of the compounds listed in Table 8, has

been attributed to a possible catalytic effect of one of the

AN



Pigure 4, Plot of -molarity agalnst time for tris( trimethylsin.lyl)«;
silyllithiunm (LI{
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Table 8, First-order rate constants for the reactions be-
tWween some silyllithiums and THF®

R,SLLL X x 10~ hours™!
[B(cE,) 5] 3su.ib 0.0
Ph,S1L4 | 0.8%
Ec53)331:] 3311.1" 1.3
Ph(CH,),S111 1.4
Ph2(0H3)81L1 ' 2.1

@peterminations were made at room temperature by perliodic
titration of an aliquot of the solution. Double titration
using allyl bromide was the technique employed (113).

bNo decrease in molarity of the active specles during
400 hours [br. J. M. Holmes, Department of Chemistry, Iowa
State University of Science and Technoliogy, Ames, Iowa. Iii-
formation on the reaction of tris(dimethylsilyl)silyllithium
with THF. Private communication. 19657,

°See the Experimental part.

reaction preducts (112): In a similar manner as its reaction
with fluorene, the treatment of LI with THF probably involves,
in additloﬁ to ring opening, cleavage of the silicon-silicon
bonds to give other lithium specles. For instance, the re-
action of LI and THF afforded compound XLIX and a liquid mix-
ture of two compounds (determined by v.p.c.). The infrared
spectrum of this mixture showed a strong absorption at 5.75 )
(probably ¢ = 0), and medium absorptions at 9.45 poand 9.7 p
(S1-0): there were no absorptions indicative of C-0H., More-
over, it is not known whether all of the other compounds
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listed in Teble 8 undergo reaction by the same mechanism or
afford the same types of products as the reaction of tri-
phenylsilyllithium and THF (114):

CHZ‘——-GH2 .
Silt + \ }

CH, _CH
0

+
P )
> PhSL(CH,),O0H

Phy

Results obtalned by the metalation and kinetic studles
indicate the following order of decreasing reactivity:

Phy(CH;)SII4 2 Ph(CH;),S1I4 > @(c&-)zsg SiLi >

[(cay) 33] SLLL > PhSLIA ~ PhBSISoPhZSLLI
The greater reaotivity observed for diphenylmethylsilyl-
1lithium as opposed to dimethylphenylsilyllithium 1s surprising
since the reverse order would be expected on the baslis of the
electronic effect of the substituents. A sequence based on
cleavage reactions of the silicon-silicon bond is in agree=
ment with theoretical expectations (115):
Ph(CH3)281L1 > th(CHB)SiLi > Ph381L1

Since different dislilanes were involved, the reactivity of
the silicon-silicon bond was assumed to be constant with
varying substituents. On the basis of this assumption, a
similar investigation was undertaken to determine the relative
reactivity of triphenylsilyllithium and LI. To achleve this
objective, the reaction below seemed suitable for the follow=
ing reasons:. (1) the regctants and products are very soluble

and stable in THF; (2) secondary cleavage reactions to give
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other silyllithium compounds, for example, trimethylsilyl-
"l1ithium and bis(trimethylsilyl)silylenedilithium, are quite
unlikely because of their high reactivity:; (3) the forward
and reverse reactions presumably proceed through the same
intemediate, LXIV, and therefore, steric}factors involved

in these reactions are about the same.

-S1(CHy) 5 |
Ph,SILL + [§c33)335]431——+ Pyss ’/;31[§1(cﬂ3)3]5———»
XLIX Ly
LXIV
Ph,S181(CH,) 5 + [§c33)33£]331L1

LI
When compound XLIX was treated with triphenylsilyllithium,
& 70% yield of 1, 1, 1-trimethyl-2, 2, 2-triphenyldisilane
was 1solated, The reaction was followed by v.p.c. of a hy-
drolyzed aliquot of the reaction mixture and there appeared
to be no change in the relétive ratios of tris(trimethylsilyl)-
silane (LVII) and XLIX after ca. 36 hours. The reverse re=-
action, between compound LI and 1, 1, l-trimethyl-2, 2, 2=
triphenyldisilane, afforded a 75% recovery of the disilane.
It appears that no apprecible equilibria exist and that tri-
phenylsilyllithium is more reactive than compound LI.

Although the results obtained by these methods are not
definitive, they seem to imply, however, that the reactivity
of compound LI is comparable to or even less than that of tri=-
phenylsilyllithium. Secondary cleavage reactions of the
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silicon-silicpn bond and subsequent reaction by presumably
more reactive, less branched species’were evident in reactlons
involving THF and fluorene. Due to thelr presence, the re=-
activity of LI 1is undoubtedly less than the experimental data
suggest. In the treatment of triphenylsilyllithium with

XLIX, which indicated a lower order of reactivity for LI,

the reactivity of the silicon-silicon bonds of the polysilane
compounds, XLIX and 1, 1, 1-trimethyl-2, 2, 2-triphenyldi-
silane,'were assumed to be about equal,

The reactivity of triphenyl- and other phenylated silyl-
lithium compounds has been attributed to delocallization of
the negative charge over the aromatic ring(s) whereas tri=-
alkylsilylllthiums have at most only a transitory existence
(40, 50, 51). A reason for the enhanced stability of LI be=-
comes apparent if one compares its structure with that of the
reactive trimethylsilyllithium compound. On the basis of
inductive effects alone, one would expect trimethylsilyl-
lithium to be less reactive than LI since a trimethylsilyl
group 1s a better electron donor than a methyl group (40),.
However, a unique type of conjugation is possible for com=-
pound LI, but not trimethylsilyllithium, involving delocali-
zation of the negative charge over the vacant d-orbitals on
the adjacent silicon atoms (dm - pw bonding):

(033)3%1 (CHB)Bﬁi- (032)381 <CH3)3?1
(CH3)381-ﬁ1'*——’(CH3)381-i1<——>(CH3)381=81<——>(CHB)BSi-ﬁl
(CH,) 451 (CH,) 551 (CH,) ;81 (CH,) 581"
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The conjugative (-T)Ieffect requires the multiple bonding of
the vacant 3d-orbitals of the peripheral silicon atoms (the
electron acceptors) with the 3p-orbital of the lithium-
bearing silicon atom (the électron donor). As a consequence,
it is not surprising that compound LI cannot be prepared by
the reaction between XLIX and lithium metal which would re-
quire the formation of the very reactive trimethylsilyl-
lithium (40)s

XLIX + I —— LI + (CH3)381L1
The formation of LI, on the other hand, by reactions of XLIX
with RLi compounds (R = CHyy Ph and Ph381), probably involves
a nucleophilic attack by the R group on a peripheral silicon
atom of XLIX, followed by the elimination of the tris(tri-
methylsilyl)silyl group via a pentacovalent intermediate (LXV)
giving stable products:

/31\( CHj) 4
Kcn3)3?:3 S+ E— [(cr) 551] R () 53] s
XLIX LXV L1 LI

+ 331(c33)3
The relative ease of formation of some silyllithium compounds
by a cleavage reaction of the silicon-silicon bond of the
respective polysilane compounds with methyllithium, suggests
the following order of decreasing reactivity:
>

(CH4) 55181 (CH;), 1 BCH3>331]231(0113)L1 > (o348 s
The parallelism between the number of trimethylsilyl groups
bonded to the silicon atom and the reactivity of the silanion
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is further evidence for dative m=bonding in LI.

The most compelling evidence for m-bonding in compound
LI is afforded by the reaction of LVII with n-butyllithium,
Since triphenylsilane reacted with n-butyllithium in THFsether
to glve n-butyltriphenylsilane, it was expected that LVII
would react in a similar manner,

, THFs:ether

381H + g-CaﬂéLi > Ph3810439
However, treatment of LVII with n-butyllithlium in THFsether

Ph

prior to derivatization of the greenish-yellow solution with
chlorotriphenylsilane afforded LVIIIAd and XLIX, indicating
the formation of LI.

| LVII + n=CuHoL1 > LI
The reactions of LVII with other RL1 compounds (R = CH3 and

Ph38101

> LVIIId

Ph) in ether were very slow and it was difficult to determine
whether compound LI and/or the product of a coupling reaction,
(CH3)381 3813, was formed. Triphenylsilane reacted regdlly

with RLi compounds (R = CHj, Ph, orT 3-0#1-19) in ether, giving
PhBSIR and IiH (116), while triphenylgermane (116) and tri-
phenylmethane (116) afforded the respective lithium compounds:

Ph,SLE + RIL ether . Ph;SIR + LiE

Ph,CH + RIA ether Ph,CL1 + RE

GeH + pr1 — ether > PnGeld + BA

Ph

3
The formatlion of LI from a reactlion between LVII and n-butyl-

lithium, indicating that the hydrogen atom of LVII is more
protonic than the hydrogen atom of triphenylsilane, is proQ
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bably assoclated with dative m=-bonding in the LI molecule.

In other words, the negative charge in compound LI is de=- ’
localized to a greater extent than that in triphenylsilyl-
lithium, leading to a more.electronegative silicon atom and
congsequently a more acidic silicon—hydrogén bond., The central
silicon atom in LVII is, however, less electronegative than
the carbon atom in triphenylmethane or the germanium atom in
triphenylgermane, since LVII reacts very slowly with n-butyl-
lithium in ether whereas triphenylmethane and ggiphenylgermane
reacts readlily., The difference in the mode of reactions of
these Group IV hydrogen compounds has been-éxplained in tems
of the relative polarizations of the E-H bonds (B = C, Si or
Ge)(116). In triphenylsilane, the hydrogen atom has more
hydridic character than the hydrogen atoms of triphenyl=-
methane and triphenylgermane, indicating the féllowing polar-
izations:

8+ b | 5= b+ 6= 6+
Ph,St - H PhyC - H Ph.Ge = H

The proposed polarizations are consistent witz the relative
electronegativities of the E atoms which, in decreasing
order, are (116): C > Ge > Si. |

The ultraviolet and n.m.r. spectra of LI are in agreement
with the proposed dative m-bonding. The ultraviolet spectrum
(THF) consists of bonds at Apax 295 mp ( £~22,000), 370 mp
( €v10,000) and a shoulder at 236 mp ( £~ 6,000) whereas its
derivatives, compounds XLIX and LVII, showed no absorption

(cyclohexane) above 210 mp., Undoubtedly, this marked batho-
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chromic shift implies considerable resonance stabilization of
the excited state (117). Thus, it is suspected that similar
resonance also exists, but to a lesser extent, in the ground

1H n.m.r. spectrum of LI (THF), consisting

state (117). The
cf 2 singlet at 9,93 &, repregsents a 0.2 ppm upfield chemical
shift with respect to LVII (9.93 t). In view of the ultra=-
violet spectral data, the small diemagnetic shielding of the
silicon-methyl protons of LI seems fo be assoclated with this
type of conjugation (dm=-prw bonding). The ultraviolet and
n.m,r; spectra g{ triphenylsilyllithium have been explained
in terms of dative (pw=pw) bonding involving delocalization

of the negative charge over the phenyl rings (118).

Color Test I of tris(trimethylsilyl)silyllithium

In general, organosilylmetallic compounds give a positive

Color Test I, indlcating that they are sufficiently reactive
to add to Michler's ketone (50)s The reaction product is
hydrolyzed with water prior to oxldation with a few drops

of 0.2% solution of lodine in glaclal acetic acid to give a
blue or green color. If the maln product is a reducing agent,
a larger amount of lodine must be added before the leuco-base
is oxidized to the dye (a substituted Malachite green);

Using this procedure, compound LI gave a negative test. It
is reasonable to assume that LI adds to Michler's ketone
since its reactivity is comparable to that of triphenylsilyl-
lithium; However, the hydrolysis product of LI, compound
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LVII, has been found to reduce carbon tetrachloride at room
temperature to give LII and chlorcform (109):

LVII + CCl,—> LII + CHCI3 |
Thus, a study was undertaken to determine the applicability
of Color Test I to detect the presence of LI using more con-
centrated solutions of lodine in glaclal acetic acld., It was
found that LI gave a positive test when a few drops of a 20
to 30% solution of iodine in glaclal acetic acid was used as

the oxidlizing agent. -

Bis(trimethylsilyl)methylsilyllithium

PreEaration and reactions of bis‘trimethxlsilz}2methxlsilxl-
um

Encouraged by the successful preparation of LI in high
yields and its usefu;ness as a precursor to other novel tetra-
silyl-substituted compounds, a simlilar study was undertaken
with bis(trimethylsilyl)methylsilyllithium (LXVI).

Compound LXVI was prepared by a cleavage reaction of a
- sllicon-silicon bond of XLVII by methyllithium in THF:

THF

XLVII LXVI (CH3)481
The mechanism of this reaction can be reasonably depicted as
one involving a nucleophilic attack by methyIlithium on a
peripheral silicon atom of XLVII followed by the displacement
of the bis(trimethylsilyl)methylsilyl group via a pentaco=

valent intermediate:
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81(CH,) 4
[(cr,) 551) JSiCHy + CH5l — (CEy) ((cx,) 581] S /‘CHB —
XLVII ‘14
(CH,) ((oH,) 4st) S + (CHy), 81

LYVY

In view of the high volatility of bis(trimethylsilyl)methyl-
silane (LXVII),the hydrolysis product of LXVI and XLVII, the
extent of the reaction between XLVII and methyllithium 1s
rapidly and convenlently followed by v.p.c. of hydrolyzed
elicuots of the eilyllithium solutions

: o

XLVII + CHLi —>LXVI—2 5 (CH,) [(CH,),51] S
LXVII

Like LI, compound LXVI was found to undergo a variety of re=-
actions, affording derlvatives in good yields. The reaction
of LXVI with chlorodimethylphenylsilane, chlorodibhenylmethyl-
silane and chlorotriphenylsilane gave bis(trimethylsilyl)(di-
methylpheﬁylsilyl)methylsilane (LXVIIIa), bis(trimethylsilyl)-
(diphenylmethylsilyl)methylsilane (LXVIIIDb), and bis(tri=
methylsilyl) (triphenylsilyl)methylsilane (LXVIIIc), respece-

tivelys : CH
LXIIT + B'R°R81CL—> (CH,) 554 A R°R3
LXVIIIa, RL = B® = CHy B = Ph
LXVIIIb, B! = B® = Ph; BV = cH,
LXVIIIc, Bl = B® = BJ = Ph

The formation of these compounds in‘high yleld served to sub-
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stantiate the novel structure of LXVI.

Derivatization of LXVI with carbon dioxide afforded bise-

(trimethylsilyl )methylsilanecarboxylic acid (LXIX):
+

H30
LXVI + €0, ——2—> (CH,) ((CH,) 351]2310003
LIIX

Compound LXIX, & white crystalline solid, melts at 90-92°
and decomposes sbove 170° to give sym-tetrakis(trimethyl-
siiyl)dimethyldisiloxane (LXX) and carbon monoxides

LXIX —> (CH,) ((CH,) ;51 231;0-31[si(c33)3?2(c33) + 0

| LXX

Unlike tris(trimethylsilyl)silanecarboxylic acid (LX), com=-
pound LXIY was found to be aonsiderably more stable and could
be purified by crystallization. Work-up of the reaction mix-
ture without base extraction gave a 68% yield of pure LXIk,
whereas work-up involving base extraction gave a 50% yield.
Treatment of LXIX with diazomethane afforded methyl bis(tri-
methylsilyl)methylsilanecarboxylate (LXXI)s

LXIX + CH,N, —(CH,) (CH,) 331:]231cooc113

LXXI

Compound LXXI, a liquid was purified by distillation under
reduced pressure wilthout decomposition. No reaction was ob-

served between LXIX and 95% ethanol.

m-Bonding in bis(trimethylsilyl)methylsilyllithium

The relative reactivity of LXVI, based on the metalation

of fluorene (112), appears to be greater than that of di-
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phenylmethylsilyllithium: compound LXVI gave an average yleld
of 66.5% of fluorene-9Qcarboxy11c acld whereas diphenylmethyl-
silyllithium gave a 61;3% yleld of the acid‘.1 The results

are not definitive since secondary reactions involving the

'
8
]
2
(0]
H
o

cleavage of the gllicon-gilicor undoubtedly in-

volved, presumably affording more reactive silyllithium com=-
pounds which could also methalate fluorene, However, on the
basis of the inductive effects alone, one would expect tri-
methylsilyllithium to be less reactive than LXVI since a tri-
methylsilyl group ls a better electron donor than a methyl
group (40). Presumably compound LXVI is stabilized by de=
localization of the negative charge over the vacant d-orbltals
on the adjacent silicon atoms (dw=-pm bonding), a type of con-

Jugation that 1s not possible with the structure of tri-

methylsilyllithiums
333 i ﬁHB | ?HB
(CHg) 581 = ﬁi <> (CH;) 381 = Sle—s (CH,) 451 = ﬁi
(c33)331 (GH3)381 (033)331

The greater reactivity observed for compound LXVI as compared
to tris(trimethylsilyl)silyllithium (LI) presumably reflects
the parallelism between the number of trimethylsilyl groups
bonded to silicon and the stability of the silanion.

lfor a complete tabulation of the relative reactivity
of other silyllithiums as determined by this method, see 1=
bonding in tris(trimethylsilyl)silyllithium.



139

Physical Properties of Some Tri- and
Tetrasilyl-substituted Organopolysilanes

Tetraki s(trimethylsilyl)silane (XLIX) is a white, crys-
talline, waxy, odorless solid. It crystéllizes from organic
gsolvents and sublimeg in the form of fern-shaped erystals.
Compound XLIX is very soluble in most common organic solvents,
sparingly soluble in ethanol and insoluble in methanol.

Unexpected for a pemmethylated polysilane, compound XLIX
1s an extraordinarily high melting solld and it exhibits a
high degree of volatility. In a sealed tube; 1t melts at
319-321° without decomposition, and does not melt in an open
tube but sublimes readily and completely below 265°. Even
upon standing at room temperature and atmospheric pressure,
it sublimes very slowly. The uncommonly high melting point
of XLIX 1s assoclated with its branqhed-chain and its very
high degree of symmetry, Timmerman (119) has suggested that
branched-chaln molecules of high symmetry can absorb a con=
siderable amognt of rotational energy, before their themmal
vibration cause a disruption in ﬁhe crystal lattice. That
is, the more symmetrical a molecule, tﬁe more rotational
freedom it can attain in the solid state before melting. This
causes a relatively large gailn in entropy in the solid state
as the temperatuie increases and the entropy of fusion cor-
respondingly decreases (120, 121, 122), For example, hexa=
methylethane melts at 377.1° K and has a llquid interval of
only 2.8°, Compound XLIX and adamantane represent extreme
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examples of the effect of symmetiy on the melting point,
Like compound XLIX, adsmantane does not melt under ordinary
conditions but sublimes readily. In a sealed tube, ademan-
tane melts at 268°, The known isomers of XLIX and adaman-
tane have conslderably lower melting pointss Aisocyclene; 4,
7 7-tr1methy1tricyclo[2.2.0]heptane, an isomer of adamantane,
has the next highest melting point of 119° and a boiling point
of 150-151°; and dodecamethylpentasilane, the only known iso=-
mer of XLIX, has a boiling point of 268° (44), The great dis-
parity between the melting point of adamantane and its iso-
mer, and XLIX and its isomer, 1s undoubtedly assoclated with
thelr high symmetry which 1s best depicted by molecular
models as a sphere. It 1s noteworthy that compound XLIX
melts appreciably higher than some of its related highly sym-
metrical derivatives: namely, tetrakis(dimethylsilyl)silane
(LIII) 40-42° ! and tetrakis(dimethylphenylsilyl)silane (LIV)
m.p. 133-135 . |

| Another interesting thermal property exhibited by XLIX
is that it appears to undergo a phase transition to another
solid form at 170-180°. Similar behavior is displayed by
other highly symmetrical molecules; for example, adamantane
undergoes a phase transition at 208.62° K (123) and tetra-
kis(trimethylsilyl)methane (IX) at 195-210° (12). The

1pr. J. M. Holmes, Department of Chemistry, Iowa State
University of Sclience and Technology, Ames, Iowa, Information
on the melting point of tetrakis(dimethylsilyl)silane.
Private communication. 1965,
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transition is probably of the pseudo-rotational-reorientation
type (123). That is, the transition presumably involves an
increase in molecular freedom in which the molecules rotate
more freely, or assume different, random'orientation‘on the
lattice sgsltes of the high temperature form,

Compound XLIX also possesses extra thermal stability:
it 1s stable above 400°,

The melting point behavior of some tetrasilyl-substi-
tuted derivatives of LI are particularly noteworthy. For
exemnle, tris(trimethylsﬁlyl)(dimethylphenylsilyl)silane
(LVIIIb), tris(trimethylsilyl)(diphenylmethylsilyl)silane
(LVIIIc), and tris(trimethylsilyl)(triphenylsilyl)silane
(LVIIId) appear to have melting point ranges instead of sharp
melting points, and thus seem to resemble the melting be=-
havior of liquid crystals (124). That is, these compounds
form a turbld liquid.which appears to be a mixture of liquid
and golid at some temperature just before the liquid becomes
clear. The appearance of a turbid liquid was recorded as the
transition point and the melting point was the development of
a clear liquid. Presumably, the transition point represents
the temperature at which the solid and crystalline-liquid
phases are in equilibrium at a pressure of one atmosphere,
and the melting point is the temperature at which crystalline=-
11quid and isotropic 1liquid phases are in equilibrium (124).1

lFor the melting, transition and solidification points
of these compounds, see the Experimental part.
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The tri- and other tetrasilyl-substituted compounds have
normal boiling and melting points.

The relative volatilities of some tri- and tetrasilyl-
substituted compounds have been determined. The order of
decreasing volatility as determined by their eass of sublis
mation and v.p.c. 1s as follows:

((ca) 431 S8 > [(cr,) 5si] sty > (m(cH,) 51 38131(CH3)éH >

((cry) j1] JSs1(CH;) 8 > ((cry) 451 stsicm,), >

3
((cm,)4st) stsa(cms) Ph > [(CHy),si] Sst(0E;) m, >
[tom 531]

The replacement of a hydrogen in the organic group by a

3

StstPh, > [Pn(CH,),8Y) S

heavier atom decreasu:s the volatility of the organometallic
compound (125). Thus, the trisilleSubstituted compounds

are more volatile than the tetrasilyl-substituted derivatives.
It has also been reported that substitution of branched-
chain groups for straight-chain increases the volatility of
the compound (125). The above scheme elegantly illustrates
these observations. Iﬁdeed, in view of their high molecular
welghts and melting points, these compounds exhibit a sur-
prisingly high degree of volatility. In addition to their
ease of sublimation, the purity of these compounds is con-

veniently ascertalned by v.p.c.
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Spectral Properties of Some Tri- and
Tetrasilyl-substituted Organopolysilanes

Infrared spectral Brogerties
The infrared spectrum of the tri- and tetrasilyl-sub-

stituted polysilenes shows the expected prominent peaks below
12 u, and above thls region each compound exhibits a charace
teristic absorption pattern.

A stretching abosrption at 4.87 J for the tertiary Si-H
group of tris(trimethylsilyl)silane (LVII) represents a
shift to a2 lower stretching frequency, relative to the usual
(4,4=4,8 u) absorption region., This shift appears to be
characteristic of tertiary Si;H compounds in general (see
Téble 9).

Table 9. Spectral data of some polyslilanes containing a
tertiary Si-H group

Compound Si-H, u Si-H, t2
' (solvent) ( solvent)
ZPhBSi:] sigP 4.85 5,89
put ? b (0014) (CCI4}
Ph(CH,),s1| siH .88 7.32
372

: 3 _(CC14) (CSZ)
H(CH,),Si| SiH 4,75, 4.80 757
-2 ]3 (ccl,) (¢s,)
ECHB)BSA:] s1gcd 4.87 7.73

3 (ccry,) (Csy)

aGood integration values were obtained for all compounds.
bReported in ref, 126,

QSpectra must be determined quickly due to reaction with

the solvent.

dA strong band at 5.53 ; developed during the determination

of the spectra, apparently due to the formation of phosgene(127).
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If one considers a series of primary, secondary and tertiary
Si-H compounds, the shift 1s even more apparent. The data
for such a series formed by successive replacement of phenyl
groups by trimethylsilyl groups are summarized in Table 10,

Table 10, Spectral data for o series of primary., secondary
and tertiary Si-H compounds

Compound Si-H, p Si-H, t
(solvent) (solvent)
Ph, |(CH.).S1|siE® 4,77 5420
2 [(655) 551 (ccly) (cc,)
Ph [{CH,) 51| siE® 4,83 6,40
tesis ]2 (ccl,,) (cc1,,)
((cu,) 51) stm 4,87 7.73

@Reported in ref. 126,

N.m.r. spectral properties
The n.m,r chemical shifts for the Si-H have been found

to vary with substituents on silicon (88)., The marked dia-
magnetic shift for the Si-H proton of LVII 1s given in Tables"
9 and 10, This shift appears to be genefal for tertiary

Si~-H compounds and is probably assoclated with the electro=-
negativity of the peripheral silicon groups. The n.m.r.
spectral data for compounds containing the tertiary Si-H
group are given in Table 9. With the highly phenylated de=-
rivative, Ethﬂ SiH, this shift appears to be opposed by
the paramagnetic ghielding properties of the phenyl groups,
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The pronounced diamagnetic shielding observed for the Si=H
proton, as one proceeds from a primary to a tertlary struc-
ture, is illustrated in Teble 10, The diamagnetic shifts

observed with LVII and [?h(CHB)ZSE]BSIH’ in particular, to=-

gether with their faclle reaction with carbon tetrachloride
suggest an enhanced reactivity of the Si-H group.

The n.m.r. spectra, particularly of the silicon-methyl
region, of some trisilyl-substituted polysilane compounds
are rather interesting. The area ratio, even after expanding
the gpectrum over a 50 c.p.sS. sweep Width; for an analytical
sample of tris(trimethylsilyl)methylsilane (XLVII) was
found to be 6:1 which is in poor agreement with the calculated
value of 9:1 (Figure 5). The poor value is probably due to
the very close chemical shift of the two different types of
silicon-methyl protons, and therefore the intensity of ab-
sorption of one is partially masked by the other, This ef=-
fect is also observed with some of the other related tri-
silyl-substituted compounds, and its magnitude appears to be
dependent upon the substituent (X) bonded to the central sili-

con atom: (a) ?33(b’

((cry) 4] ,St= X wnere X = -S1(CH;))Ph (LXVIIIa),
-81(CH,)Ph, (LXVIIIb), -SiPn, (LXVIIIc), -COOH (LXIX) or
-COOCHB (LXXI)

For example, at a sweep wldth of 500 c.p.s 1t was not pos-
sible to integrate the area for protons a or b separately

with respect to those of X in LXVIIIa, whereas LXVIIID and



Figure 5. Nuclear magnetic resonance spectra

Topt Tris(trimethylsilyl)methylsilane (XLVII)
in carbon disulfide as solvent

(A) Expsnsion of the silicon-methyl region
over a sweep width of 50 c.p.s. Acetone
was used as the solvent

Middle: Bis(trimethylsilyl)(dimethylphenylsilyl)=
methylsilane (LXVIIIa)

Bottom: Bis(trimethylsilyl)(diphenylmethylsilyl)-
methylsilane (LXVIIIDb)
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LXVIIIc gave good values (Figures 5 and 6). Also, at a sweep
width of 500 c.P.S., Protons a and b of LXIX and LXXI could
not be integrated separately with respect to those of X, but
at a sweep width of 50 c.p.s. good values were obtalned (Fig-
ure 6). It is noteworthy that the internal silicon-methyl
protons (3 protons at 9.90 t) are shielded relative to the
external protons (27 protons at 9,83 t in XLVII. In general,
the termlnal silicon-methyl protons are deshlelded relative
to the internal protons (5, 74) and this shielding effect 1s
observed in the spectrum of the other trisilyl-substltuted

compounds, LXVIIIa, LXVIIIb, LXVIIIc, LXIX and LXXI.

Ultraviolei spectral properties

Recent sutdles have led to the conclusion that the ultra=-
violet spectra of polyslilanes promise to be extremely useful
in their characterization (83, 128). An inspection of Table
11 reveals that the branched-chain (B) compounds absorb at
lower wavelengths than the felated linear-chain (L) deriva=-
tives but have higher molar absorptivities. Interestingly,
xmax does not increase with successive substitution of the
methyl group of LXVIIIa to glve LXVIIIb, and LXVIIIc, re=-
spectively. However, an increase in the molar absorptivity
is observed. A similar phenomenon is observed with the re-
lated tetrasilyl-substituted polysilane compounds: LVIIIa,
LVIIIb and LVIIIc.



Figure 6.

Nuclear magnetic resonance spectra

Tops Bis{trimethylsilyl)(triphenylsilyl)methyl-
gilane (LXVIIIec)

Middle: Bis(trimethylsilyl)methylsilanecarboxylic
: acid (LXIX)

(A) Expansion of the silicon-methyl
regicn over a sweep width of 50 c.p.s.

Bottom: Methyl bis(trimethylsilyl)methylsilane-
carboxylate (LXxXI)

(A) expansion of the silicon-methyl
region over a sweep width of 50 c.p.s.
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Table 11. Ultraviolet spectral data of some branched=-chain
polysilanes and stralght-chaln derivatlives

Compounds y Ip Molar Reference
tﬁ?ﬁlo_ absorp-
hexane) tivity

A. Trisilyl-substituted compounds

B ((cy) 331] SiH none above 210 -a
B ECH3)331j S1CH, (shoutaor) 13,100  -a
B [:I;h(CH )251J SLE 237 30,200 b
B Eh(CHB)ZS!] SLCH, 242, 5 39,200 =g
B (Ph,st] stm (shomyder) 900 =B
L Ph(S1Phy) ;Ph 254 32,200 b
B [(CHy),8t] sten 241 13,200 b
L (CHy),51(SiPn(CH,)| S1(CH), 243 11,150 b
B (CH )ECHB)BSQ SLSL(CH;),Ph  237.5 13,500  -a
B (CH,) [(CHjy) 331] SLSL(CH)PH, 238,517,400  -a
B (CH3) [CHB 3sg S181Ph, 238 22,000  ea
B, metrasilxl-substituted compounds
B [jGHB)BSJ si none above 210 -a
L CHy [S1(CHj) ] CH, 215 9,020 -b
B ((CH, 331:] 3131(cu 3)2Ph 239 16,130  =a
[3033)331] 5151(CH,)Ph, 238 18,815  =a
[01{3) 554 331s1ph3 ( - ) 235200 -a
B Eéh(CHB)sz st 242 38,600 -a
L Ph[s.t(CH )?:‘}3 243 18,900 -b

8see the Experimental part.

bB.eported in ref, 126,
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SUMMARY

Detalls are provided for the preparation of tetrskis-
(trimethylsilyl)silane, the first tetrasilyl-substituted
organopolysilane compound containing contiguous silicons,
end o discusslion of its propertles and mechanisms of forma-
tion are presented. Thls compound was prepared in good yields
from a reaction between silicon tetrachloride, chlorotri-
methylsilane and lithium. The high melting point and ease of
sublimation of the tetrakis compound have been attributed to
its high degree of symmetry and its branched-chain structure.
Also, unsuccessful efforts to cleave one silicon-silicon
bond of tetrakis(trimethylsilyl)silane with base or halogens
could well be a consequence of 1ts highly symmetrical
structure, a compound which can be envisaged as a sphere of
twelve chemically equivalent methyl groups surrounding the
silicon skeleton. The cleavage of one silicon-silicon bond
was achleved by the reaction of tetrakis(trimethylsilyl)silane
_ with methyllithium, phenyllithium and triphenylsilyllithium to
give tris(trimethylsilyl)silyllithium, the first example of
a branched-chain silanyllithium compound. Its formation in
high ylelds represents the first stable solution of a
silyllithium compound which does not contain an aryl group and
1s of synthetic utility. Sodium-potassium alloy and lithium
aluminum hydride also effected the cleavage of a silicone
silicon bond of tetrakis(trimethylsilyl)silane.
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An investigation has been made of the relative reactiv~
ity of tris(trimethylsilyl)silyllithium in an attempt to
estimate the importance of (dm - pm) bonding involving two
contiguous silicon atoms. The procedures used were: (1) a
comparative metalation reaction; (2) o kinetic study; and
(3) a cleavage reaction of a silicon-silicon bond. Thé
results are not definitive, although they seem to imply that
the reactivity of tris(trimethylsilyl)silyllithium is com-
parable to or less than that of triphenylsilyllithium. The"
reactivity of tris(trimethylsilyl)silyllithium, together with
its ultraviolet and n.m.r. spectra, has been explained in
terms of dative m-bonding. Treatment of tris(trimethylsilyl)-
silane with n-butyllithium, affording tris(trimethylsilyl)-
silyllithlium, seems to imply that w-bonding in the tris-
(trimethylsilyl)silyllithium silaniom is greater than that of
triphenylsilyllithium.

A dlscussion of the preparation, physical and spectral
properties of some derivatives of tris(trimethylsilyl)-
silyllithium is also presented and the synthesis of the
following compounds is reported: tris(trimethylsilyl)silane,
t:is(trimethylsilyl)methylsilane, tris(trimethylsilyl)(dim-
ethylphenylsilyl)silane, tris(trimethylsilyl)diphenylmethyl-
silyl)silane, and tris(trimethylsllyl)(triphenylsilyl)g}lgne.
Due to their}facile reaction with a variety of reagents, tris-
(trimethylsilyl)(dimethylsilyl)silane, tris(trimethylsilyl)-
silanecarboxylic acid and methyl tris(trimethylsilyl)-
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silanecarboxylate were prepared but not purified.
Tris(trimethylsilyl)methylsilane was prepared by a
reaction between methyltrichlorosilane, chlorotrimethylsilane
and lithium, and treatment of the tris compound with
methyllithium afforded big(trimethylsilyl Jmethylsilyllithium
in good ylelds. A discussion of the preparation, physical
and spectral properties of some derivatives of bis(tri-
methylsilyl)methylsilyllithium is also presented and the
synthesis of the following compounds is reported: Dbis(tri-
methylsilyl‘)methylsilane9 bis(trimethylsilyl)(dimethylphenyl-
silyl)silane, bis(trimethylsilyl)(dimethylphenylsilyl)silane,
bis(trimethylsilyl)(triphenylsilyl)silane,'bis(trimethylsilyl)-
methylsilanecarboxylic acid and methyl bis(trimethylsilyl)=
méthylsilanecarboxylate.
Tetrakis(dimethylphenylsilyl)silane, the first phenylated
tetrasilyl-substituted compound of this type, was prepared
by two independent methods: (1) the reaction between silicon
tetrachloride, chlorodimethylphenylsilane and lithium; and
(2) thé reaction between dimethylphenylsilyllithium and silicon

tetrachloride,
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SUGGESTIONS FOR FURTHER RESEARCH

The present investigation has opened the area of
branched-chained polysilane compounds. The technique
described in this work for the preparation of some branched-
chain organopolysilanes: namely, tris(trimethylsilyl)methyl-
silane and tetrakis(trimethylsilyl)silane should be studied
more intensively and extensively in terms of its applicabil-
ity and mechanism,., 8Since the reduction of the phenyl ring(s)
1s observed when phenylated polysilanes are used, as the
polyhalo silane, it would be interesting to investigate the
reactivity of some vinyl- and allyl-substituted silicon
compounds to determine the nature and degree of substitution
on the double bond(s). The preparation of compounds,
stralght- and branched-chain, in which silicon is bonded to
Group III, V and pther Group IV elements by thls procedure
seems promising.

The preparation of a variety of other branched-chain
compounds and a comparison of the physical, chemical and
spectral properties with those of their straight-chain
analogs, to determine the effect of branching, would be of
interest.

Although evidence for dative f-bonding involving contig-
uous silicon atoms has been presented in this work, it would

be of value to attempt the preparation of some stable
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silanion compounds. One route which appears attractive 1is
the reaction of some phenylated trisilyl-substituted organo-
polysilanes with organolithium'compounds under a variety

of conditions. For example, the reaction of tris(triphenyl-
silyl)silane with p-butyllithium may lead to the formation
of tris(triphenylsilyl)silyllithium. This silyliithium
compound should be more stable than tris(trimethylsilyl)-
silyllithium because the presence of the phenyl groups
provides a2 more extended conjugative system involving
delocalization of the nesgative charge over the vacant d-
orbitals of the silicon atoms and the phenyl rings. The
preparation of some related silyl radicals might also be
possible in view of the electronic effects of the silyl
groups.

Since a limited number of reactions of bis(trimethyl-
silyl )methylsilyllithium and tris(trimethylsilyl)silyllithiunm
was possible in this study, it would be of value to explore
the reactivity of these compounds more thoroughly. Some
reactions which should be carried out are: (1) addition to
deuble and triple bonds; (2) metalation of a variety of
acidic hydrocarbons; and (3) a comparison of the extent of
halogen-metal interconversion with triphenylsilyllithium.
For instance, despite the greater electronegativity of carbon
as compared to silicon, is the tris(triphenylsilyl)silyl
group a better electron acceptor than phenyl? This might be
the case because in a tris{triphenylsilyl)silyl-substituted



157

compound, electronic transitions could concelvably occur
through the vacant d-orbitals on the silicon atoms and the
phenyl rings, whereas in the related phenyl-substituted
compound delocallzation is only possible through one ring.

The reaction of bis{trimethylsilyl)methyllithium and
tris(trimethylsilyl)silyllithium with inorganic salts
should also be investigated.
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