
Journal of Organometallic Chemistry, 225 (1982) 5-23 
Ekevier Sequoia S.A., Lausanne - Printed in The Netherlands 

l,n-TRIORGANOSILYL MIGRATIONS IN THE REARRANGEMENTS OF 
SILYLSUBSTITUTED ORGANOLITHIUM COMPOUNDS * 

JOHN J. EISCH ** and MIIN-RONG TSAI 

Department of Chemistry, State University of New York at Binghamton, Binghamton, 
New York 13901 (U.S.A.) 

(Received August 12th, 1981) 

Under the agency of the potent lithiating agent, n-butyllithium in TMEDA, 
an array of organosiianes was found to undergo l,n-silyl rearrangements via 
carbanionic intermediates. Unambiguous 1,2-, 1,3- and 1,4-silyl shifts were un- 
covered in 1-trimethyisilyl-l,l,%-triphenylethane, l,l-bis(trimethylsilyl)-l- 
phenyialkanes and 1,2-bis(trimethyisilyl)-1,2cliphenylethane, respectively. 
Cross-over and competition experiments established that these rearrangements 
generally are intramolecular and occur with decreasing ease in the order, 1,2 > 
1,3 9 1,4. In other compounds, such as l,l-bis(trimethylsilyl)-1,2diphenyl- 
ethane, l,n-bis(trimethylsilyl)benzenes and triphenyl(trimethylsilyl)methane, 
competing l,n-sibyl shifts occurred. Attack of the organolithium intermediates 
on solvent and silicon-lithium exchange were significant side reactions in some 
instances. 1-Trimethylgermyl-1,1,2&riphenylgermane underwent no discernible 
rearrangement but rather gave the product expected from germanium-lithium 
exchange. By conducting time and competition studies, it was shown that 
hthiation is the product-determining step in these rearrangements and that dual 
pathways, namely 1,3- versus consecutive 1,2- and 1,4-pathways, are operative 
in certain rearrangements. 

* Part 15 of the series. “OrganosiIicon Compounds with junctional Groups Proximate to Silicon” 
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Introduction 

In a study seminal for the discovery of anionic organosilicon rearrangements, 
Gilman and Wu reported in 1953 that triphenylsilylpotassium reacts with benzo- 
phenones to yield, after hydrolysis, diarylmethoxy(triphenyl)silanes [l] _ Their 
suggestion that this product could have arisen by rearrangement of the initially 
formed potassium diaryl(triphenylsilyl)methoxide was borne out by the masterly 
research of Brook 123. During the last 25 years intramolecular rearrangements of 
triorganosilyl groups induced by anionic oxygen, nitrogen or sulfur centers have 
been the subject of extensive studies, principally by West [3,4] and by Brook 
[5,6]. The occurrence of corresponding migrations of triorganosilyl groups 
between carbanionic sites, however, was first recognized in 1973, when l,l-bis- 
(trimethylsilyl)-1,2_diphenylethane (I) was treated with n-butyllithium in 
TMEDA ]7] (eq. 1): 

SiMea 
Phd_CHZ_Ph l.=B;yr 

Me,S:CH,SiMe, Me,Si SiMe3 

+ Ph-&&-Ph 

&Me3 

> Ph-CH,-C-Ph 
- 2 

D IU 

(I) (II) (III) 

(1) 

The formation of II and III in a final ratio of 18 : 1 could have ensued as a con- 
sequence of 1,2-, 1,3- and/or 1,Csilyl shifts between anionic sites. Accordingly, 
the following studies on a wide variety of organosilicon compounds were carried 
out, in order to determine the scope and the paths of such anionic rearrange- 
ments. 

Results 

Carbanionic nature of the rearrangements 
That organolithium compounds are the reactive intermediates in these rear- 

rangements can be concluded from two observations: 1) the reaction requires 
the presence of n-butyllithium with strong Lewis bases, such as N,N,iV’,N’-tetra- 
methylethylenediamine or tetrahydrofuran; and 2) treatment of reaction mix- 
tures with D70 yields rearrangement products labeled with deuterlum (eq. 1). 
From time-end temperature-dependence studies it can further be concluded 
that the lithiation step of the organosilane is much slower than the silyl migra- 
tion step, for deuterium incorporation in the recovered starting material has 
not been observed (eq. 2): 

Me&li-R-H ns MesSi-R-Li s Me&i-R*-Li (2) 

(IV) R, R* = position-isomeric groups 

For example, when the reaction in eq. 1 was conducted at -25”C, and aliquots 
taken during the first half of the conversion were worked up with DzO, recov- 
ered I was found to be free of deuterium and II and-III were proved to be essen- 
tially monodeuterated as shown. Thus, IV does not persist in the reaction mix- 
ture. _ 
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Unambiguous l,n-silyl shifts 
a) 1,2-Shift. The treatment of l-trimethylsilyl-1,1,2-triphenylethane (Va) 

with n-butyllithium in TMEDA at 25°C for 6 days gave a 60% conversion to a 
5 : 1 mixture of 2-trimethylsilyl-1,1,2-triphenylethane (VI) and 1,1,2-triphenyl- 
ethane (VII) (eq. 3): 

SiMes 
ph+sH2_ph l-n-B;~/~MEDA 

- 2 

Ph 

(Va) 

D SiMe3 D 

Ph-&--C-Ph f Ph-&CH*Ph 

;h I: ;h 

(3) 

(VI) (VII) 

Under similar conditions, 1-ethyldimethylsilyl-1,1,2_triphenylethane (Vb) rear- 
ranged to yield its 2-ethyldimethylsilyl isomer and VII in a 10 : 1 ratio with a 
20% conversion. 

The hydrocarbon VII apparently arose by direct displacement of the silyl 
group in V by n-butyllithium. With the corresponding germanium compound, 
1-trimethylgermyl-1,1,2&riphenylethane, treatment with n-butyllithium in 
TMEDA yielded no discernible 1,2-germyl shift, as in VI, but only the displace- 
ment product VII could be identified in the reaction mixture. 

The reaction of eq. 3 is essentially irreversible, for treatment of VI with base 
resulted in no change. The importance of greater anionic stability in promoting 
a rearrangement was further reflected in the failure of VIII to yield IX (eq. 4): 

TMe3 l.n-BuLi/TMEDA 
H SiMeB 

Ph-C-CH2-Ph e Ph-t&:H-Ph 

AH, 
2.H20 

AH:, 

(VIII) (IX) 

(4) 

b) 1,3Shift. Under the foregoing conditions, both l,l-bis(trimethylsilyl)-l- 
phenylethane (X) and the corresponding 1-phenylpentane (XI) derivatives 
underwent 1,3-silyl migrations to about a 65% conversion (eq. 5): 

SiMe, 

Ph&R 

MezsiCHISiMes 
1.n-n;:;? ph7_R 

&Me3 D 

(5) 

(X, R = CHs; XI, R = n-Bu) 

In the absence of any available benzylic proton, lithiation and hence rearrange- 
ment occur on the methyl groups. 

c) 1,4-Shift. Under comparable conditions, 1,2-bis(trimethylsilyl)-1,2-d& 
phenylethane (XII) was markedly less reactive than its l,l-bis(trimethylsily1) 
isomer. (I) and rearranged in about 20% conversion to yield l-[dimethyl(tri- 
methylsiIylmethyl)siIyl] -1,2diphenylethane. (XIII). The structure of this prod- 
uct could be assigned on the basis of its ‘H-NMR spectrum and upon its cleavage 



with alcoholic potassium hydroxide to yield bibenzyl (eq. 6): 

SiMe3 1. n-BuLi/TMEDA Mez~CHzSiMe3 
Z-H+0 

Ph--dH-CH-Ph M 

!&Me, 

<- Ph-CH-CH,--Ph 

(XII) (XIII) 

(6) 

Again, the rearrangement is irreversible, for XIII was recovered unchanged after 
treatment with n-butyllithium. 

Cross-over and compe titian experiments 
To test for the intramolecularity of these rearran gements,anequimolWmirr- 

ture of I,l-bis(tz-imethylsilyl)-l-phenylethane (X) and l-ethyldimethylsilyl-l,l,Z- 
triphenylethane (Vb) was treated with n-butyllithium and TMEDA. After 6 days 
at 25°C hydrolysis and GLC analysis revealed the presence of only the 1,3- 
rearrangement product of X (eq. 5) and the l,Z-shift product from Vb (eq. 3) in 
conversions of 83% and 31%, respectively. No cross-over products, such as 2-tri- 
methylsilyl-1,1,2_triphenylethane (VI) and l-[dimethyl(ethyldimethylsilyl- 
methyl)silyl]-1-phenylethane, were detected. Although the extent of the 1,3- 
shift in X was more than 2.5 times the amount of the 1,2-shift in Vb, it should 
be noted that the ratio of replaceable protons in X and Vb is 9 : 1. If the CH$i 
protons in X and the CH,Ph protons in Vb were to have comparable kinetic 
acidities, then the results would mean the 1,2-shift in Vb was actually somewhat 
faster than the 1,3-shift in X. 

Likewise, in a competition experiment anequimolar mixture of l-trimethyl- 
silyl-1,1,2&riphenylethane (Va) and 1,2-bis(trimethylsilyl)-1,2-diphenylethane 
(XIII) underwent rearrangement with n-butyllithium to produce VI and XIII in 
a ratio of 1.2 : 1.0. Since the ratio of the pertinent protons here (CH,Ph vs. 
CH,Si) is 1 : 9, the 1,2-shift in Va occurs considerably more readily than the 
1,4-shift in XIII. 

Competing l,n-sibyl shifts 
When the ortho-, meta- and para-bis(trimethylsilyl)benzenes were individually 

treated with n-butyllithium and TMEDA, only the ortho isomer (XIV) under- 
went rearrangement (eq. 7) : 

l-n-BuLi/TMEDA 

The 1,2- and 1,4-rearrangement products, XV and XVI, were formed in a 
1.2 : 1.0 ratio. Sirzce the available metallation sites of XIV statistically favor a 1,4- 
shift in a ratio of 9 : 1 (CH3Si versus C,H and C,H), here-again the 1,2-shift 
actually occurs more rapidly_ The formation of trimethylsilylbenzene (XVII) : 
was minor with the ortho isomer (3% of the products). When para-bis(tr&etbyL 



9 

silyl)benzene (XVIII) was treated with base, only displacement of the trimethyl- 
silyl occurred to form XVII in 10% yield. The meta isomer (XV), however, 
formed 60% of XVII under the same reaction conditions. 

Similar competing rearrangements were observed when triphenyl(trimethyl- 
silyl)methane (XIX) was exposed to an excess of n-butyllithium. Upon hydro- 
lysis, the major product was triphenylmethane (XX, 81%), presumably resulting 
by direct displacement of the trityl anion by n-butylhthium. The remaining 19% 
of the product was a mixture of the ortho, meta andpara isomers of XXI in a 
1.1 : 3.8 : 1.0 ratio (eq. 8): 

PhZ?H 

Ph$SiMe, 1. n-BuLi /TMEDA 
2. H,O 

Ph,CH + (8) 

(XIX) (?%x) (XXI) 

An unusual variant of these rearrangements is that encountered with diphenyl- 
(trimethylsilyl)methyllithium (XXII) in tetrahydrofuran solution. Generation of 
XXII from XXIII with n-butyllithium in THF produces, upon hydrolysis, a 1 : 1 
mixture of 5,5-diphenyl-5-trimethylsilylpentanol (XXIV) and 3_trimethylsilyl- 
l,l-diphenylpropane (XXV) (eq. 9): 

Phzy-H 3 Ph,y-Li z Phay-(yHz)4 + Ph+%(CH&SiMe, 

SiMea SiMe, MeBSi OH H 

(9) 

(XXIII) WW (XXIV) (XXV) 

It appears that both XXIV and XXV stem from the THF: a) XXIV could be the 
simple cleavage product of THF by XXII, a reaction for which there is precedent 
in the chemistry of Ph3SiM reagents [S] ; and b) XXII could undergo ethylene 
insertion (which results from the attack of n-butyllithium on THF itself [9,10]) 
and the adduct then undergo a 1,3-silyl shift to yield XXVI (eq. 10): 

Phz y-Li 
CHz=CH2 

(10) 
SiMeB 

____+ Ph+-CH&H&i + Ph2y-CH&H2SiMeB 

SiMe3 Li 

(XXII) (XXVI) 

Competing l,n-silyl shifts with l,l-bis(trirnethylsilyl)l,2-ciiphenylefhane (I) 
Since these results demonstrate the possibility of 1,2-, 1,3- and 1,4-silyl shifts, 

the products formed from l,l-bis(trimethyisilyl)-l,Z-diphenylethae could have 
arisen via two competing pathways (eq. 1). Structure IIa could have been formed 
directly from I via a 1,3-silyl shift of anion.XXVII; or it could have arisen by a 
1,2-silyl shift of anion XXVIII to produce XXIX, which may equilibrate with 
XXX. Compound XXX could then form IIa by 1,4-silyl shift (Scheme 1). 
Insight into the relative importance of these alternative pathways for eq. 1 was 
gained by performing a time study on the ratio of II to III as the reaction time 
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SCHEME 1 

1,4(and proton exchange 1 

( 
CH,SiMe, 

I 

CH,Li 

I 
Me,Si 

I 

Me,Si H 

I I 
Ph -C Ph-C-C-Ph 

I 

-CH,- Ph 
72- 1 

I I 
Li Me,5 H 

(II01 (xxm) 

+ 

Me,Si Li 

I I 
Ph-C-CC-Ph 

I I 
MesSi H 

I CH,Li 

I 
MesSi SiMe, 

I 1 
Ph-C-C-Ph 

I I 
H H 

(xxx) 

c) 

V 

Me,Si SiMe, 

I I 
Ph-C-C-Ph 

I I 
H ii 

(XXIX) 

at 25°C was varied from 10 minutes to 96 h. Initially, after 10 minutes the ratio 
of II to III was 6.6; after 96 h it was 15.0 and the reaction was 95% complete. 
If the ratio of these rearrangement products were determined simply by the 
rates of formation of anions XXVII and XXVIII (the respective 1,3- and 1,2- 
shifts leading to II and III being relatively faster), this ratio should be invariant 
with time. Such constancy in the product ratio constitutes, in fact, the 
Wegscheider test for simultaneous side reactions proceeding from the same reac- 
tant and having the same reaction order [XL]. The change in the ratio of II to 
III with time implies that II is also being formed by a separate pathway. Since 
III is known to rearrange slowly to yield II, this additional source of II here 
must be a consecutive 1,2- and 1,dsiIyl migration pathway. Further, some esti- 
mate of the relative importance of the 1,3-path over the consecutive 1,2- and 
1,4path can be made. Early in the reaction when the ratio of II and III is essen- 
tially determined by the relative rates at which anions XXVII and XXVIII are 
formed (there being little contribution from any 1,2- + 1,4-shifts), the ratio of 
6.6 : 1.0 can be taken as an approximate ratio of rate constants for the forma- 
tion of II and III (eq. 11). 

d( -XXVII) 
dt = k,CI] IRWX = C=-U kl =- 

d(XXVIII) k,[I] [RLilX [XXVIII] k, 
dt 

(11) 

A ratio of 6.6 : 1.0 for k,/kz means that early in the reaction (6.6/7.6) X 100 
or 86% proceeds to yield II directly. Accordingly, a minimum of .140/o of the 
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reaction produces III and, eventually, II via a consecutive 1,2- and 1,4-silyl 
shift. 

Discussion 

The foregoing results establish that l,n-siIy1 shifts in silyl-substituted organo- 
lithium compounds tend to occur intramoleculariIy and to produce resonance- 
stabilized organolithium compounds. Even though benzylic lithium intermedi- 
ates may be generated in the course of these rearrangements, those final prod- 
ucts wiII be favored that have a carbon-lithium alpha to two or more phenyl or 
siIy1 groups (e.g., II, III, and VI). In some instances, as for example in the 
rearrangement of triphenyl(trimethylsiIyl)methane (XIX), it is difficult to con- 
ceive an intramolecular path leading to the trimethylsilyl-substituted triphenyl- 
methanes (XXI in eq. 8). An intermolecular path involving trityllithium and 
XIX may be operative here. 

As to the relative ease of 1,2-, 1,3- and 1,4-siIy1 shifts, quantitative ranking is 
not yet possible. However, if one considers the extent of rearrangement under 
comparable reaction conditions and makes statistical adjustments for the nature 
of replaceable hydrogens in the siIy1 substrates being compared, a qualitative 
ordering of l,n-siIy1 migrations can be made. In l,l-bis(trimethylsiIyl)-1,2-di- 
phenylethane (I) the ratio of rate constants for metalating the Me,Si group (k,) 
and the CHzPh group (k2) has been estimated at 6.6 : 1.0. If one takes into 
account the statistical representation of protons, one obtains (eq. 12): 

k1 X 9 6.6 --_=_ 
k2 X 1 1.0 Or 

kl = 0.7kz (12) 

This suggests that the Iithiation leading to the 1,2-shift is somewhat faster than 
that required for the 1,3-siIy1 shift. Furthermore, the competitive rearrange- 
ments of 1-trimethylsilyl-1,1,2_triphenylethane (Va) and 1,2-bis(trimethylsiIyl)- 
1,2diphenylethane (XIII) support the conclusion that k,(Va) = k,(XIII). With 
statistical correction for replaceable protons, the rate constant ratio becomes 
(eq. 13): 

k, X 1 1.2 ----=- 
k4 X 9 1.0 Or 

k3 = Ilk4 (13) 

Again, in accord with other findings, the Iithiation required for the l&shift is 
considerably faster than that needed for the 1,6shift. The resulting ranking of 
these siIyI shifts as 1,2 > 1,3 > 1,4 may simply reflect the greater kinetic acidity 
of the CHIPh group over that of the CH$i function. 

There is independent evidence that benzylic protons are more readily replaced 
than methylsilyl protons. The complex of n-butyU.ithium with TMEDA can 
netalate toluene at 25°C to a 90% conversion [12,13] within 0.5 h. Tetra- 
nethylsilane yields only 36% of trimethylsiIyImethyIIithium from the same 
reagent after 3 days. 

With some of the substrates examined, silicon--lithium exchange was strongly 
zompetitive with hydrogen--lithium exchange and the ensuing rearrangement. 
ZspeciaIIy .where highly stabihzed Lithium compounds would result were such 
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silicon-lithium exchanges prominent, as with Va leading to 1,1,2-triphenyl- 
ethylhthium and with XIX yielding a trityIIithium_ Noteworthy is the observa- 
tion that, of the three bis(trimethylsilyl)benzenes, the meta isomer was most 
prone to undergo such an exchange (60% versus 3% and 10% for the ortho and 
para isomers). The build-up of negative charge in the transition state of such 
exchanges may be retarded by the electron release of an ortho (XXXI) or para 
(XxX11) Me,Si group. No such destabilization would be encountered in the 
transition state for meta exchange. 

Me,Si-. ..Bu 
IL+ 

- 

Me3 Si-- - l l3u 
Li+ 

Me,Si- - - l BuLi+ 
. 

!kiMe, 

(XXXta) (mb) ccxXE1 

Also, the attempted rearrangement of 1-trimethylgermyl-l,l,Z-triphenylethane 
gave no discernible rearrangement but only germanium-lithium exchange to 
yield 1,1,24riphenylethyllithium. The greater electronegativity of germanium 
may facilitate nucleophilic attack by the butyl anion on the germanium center. 

As has been found in other anionic silyl rearrangements [ 3,4], migrations of 
organic groups such as phenyl in I are not at all competitive with the extremely 
rapid silyl migrations. The’ intramolecularity of many of these sibyl migrations 
strongly suggests that the silyl group migrates through a pentacoordinate silicon 
intermediate (XXXIII), and thus retains its configuration. However, such 
assumptions wilI require experimental proof. 

Finally, these novel l,n-silyl shifts between carbanionic centers open up fresh 
approaches for studying nucleophilic substitution mechanisms in organosilanes, 
as well as for preparing unusual silicon-carbon skeletons. 

Experimental 

General techniques used for handling moisture- and oxygen-sensitive reagents 
All the processes for the preparation, storage and transformation of organo- 

metallic substances and their solvents were conducted in an atmosphere of dry 
and oxygen-free nitrogen. For further purification of nitrogen gas (Air Products: 
Ultra High Purity, 99.9%) from oxygen and water vapor, nitrogen gas was 
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passed through a column (80 X 2.5 cm) of reduced copper (B.T.S. Katalysator, 
Bad&he Anilin und Soda-Fabrik A.G., Lud wigshafen am Rhein), and then 
through a col-umn (80 X 2.5 cm ) of anhydrous calcium sulfate (Drierite, 8 mesh) 
and phosphorus pentoxide granules (J-T. Baker Co.) supported on glass beads. 

All glassware to be in contact with organometallic reagents was dried at 
150°C for at least five hours and flushed with dry, oxygen-free nitrogen. The 
hypodermic syringes were dried under vacuum and flushed with dry nitrogen. 

Tetrahydrofuran (THF, Fisher) was dried under an inert atmosphere of dry 
nitrogen by refluxing over pieces of sodium metal for at least twelve hours. Dis- 
tillation of the solvent into a flask containing lithium aluminum hydride and 
then refluxing over lithium aluminum hydride for at least four hours before use 
completed the purification. N,N,N’,N’-Tetramethylethylenediamine (TMEDA, 
Aldrich) was dried by refluxing over calcium hydride powder for at least twelve 
hours under an atmosphere of dry nitrogen. All hydrocarbon solvents were 
dried by heating at reflux over sodium metal with a tiace of benzophenone, 
until the color of ketyl radical-anion persisted. All solvents were freshly dis- 
tilled from the drying agent into a dry nitrogen-purged reaction vessel just prior 
to reaction. Anhydrous diethyl ether was purchased in sealed cans (Fisher), 
which were opened just before use. 

Melting points were determined in capillary tubes with a Thomas-Hoover 
“Uni-melt” apparatus and are uncorrected. The nuclear magnetic resonance 
spectra were measured with a Varian spectrometer, Model A-60. Signals are 

reported using the 6 scale in parts per million from trimethylsilyl groups or 
tetramethylsilane as an internal standard for chemical shifts, followed by the 
integrated intensities of the proton signals, and the coupling constants (J) in 
hertz. Infrared spectra were recorded on samples spread on sodium chloride 
disks, as mineral oil suspensions, or as solutions in pure solvents, by means of a 
Perkin-Elmer grating infrared spectrometer, Model 457. Mass spectra were 
recorded on a Perk&Elmer mass spectrometer, Model 270, and a spectrum of 
perfluorokerosene was used to provide standard mass markings. The gas-liquid 
chromatographic analyses were performed on an F&M, dual-column program- 
temperature gas chromatograph, Model 720, equipped with a thermal conduc- 
tivity detector. Elemental analyses were carried out by the Spang Micro- 
analytical Laboratory, Ann Arbor, Michigan. 

Preparation of starting materials 
1. l,l-Bis(trimethyisilyl)-l,Z-diphenylethane. ar,ar-Bis(trimethylsilyl)toluene 

[14] was prepared by the metalation of benzyltrimethylsilane with n-butyl- 
lithium in tetrahydrofuran, followed by quenching with chlorotrimethylsilane 
and purification by vacuum distillation. 

a,cu-Bis(trimethylsilyl)toluene (6.4 g, 26 mmol) in 30 ml of dried tetramethyl- 
ethylenediamine was treated dropwise with 12.2 ml (26 mmol, 2.1 N in 
n-hexane) of n-butyllithium. The resulting suspension was stirred at room tem- 
perature for 20 h and then treated with 3.2 g (26 mmol) of benzyl chloride. 
The color of the reaction mixture changed to light yellow. Thereupon the reac- 
tion mixture was hydrolyzed and extracted with ether. After ether extracts 
were dried with anhydrous magnesium sulfate, the volatile components were 
removed under reduced pressure. The residual product obtained was recrystal- 
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lized from ethanol to give 5.7 g (70%) of a colorless solid, m-p. 91-92°C. Spec- 
tral data: ‘H NMR (CDCIJ) 6 O.OO(s, 18 H), 3-32 (s, 2 H), and 6_70-7.12 ppm 
(m, 10 H); IR (CC14) 304Ow, 298Os, 1600m, 1400m, 1205s, 85Os, 750s and 690s 
cm-‘; MS (m/e, relative intensity, assignment) 326,2.5, P; 311, 5.7, P - CH,; 
253,17.1, P - SiMe; 180,2.8, P - 2 SiMe,; 73,100.0, SiMe,. 

Anal. Found: C, 73.80; H, 9.30. Calcd. for C&I&&: C, 73.62; H, 9.20%. 

2. ac-Bromo-a,&-bis(trimethylsilyl)toiuene. A 500 ml, three-necked flask, 
equipped with a mechanical stirrer and a reflux condenser topped with an 
oxygen-free dry nitrogen inlet, was charged with a mixture of 20 g (84 mmol) 
of cr,a-bis(trimethylsilyl)toluene, 16.4 g (92 mmol) of N-bromosuccinimide 
[15] and 5 g of anhydrous potassium carbonate in 250 ml of redistilled carbon 
tetrachloride. The mixture was heated at reflux while being stirred vigorously 
for 24 h. The orange mixture was cooled and filtered and the residue, which 
consisted chiefly of succinirnide, was washed with carbon tetrachloride. The 
combined filtrate and washings were evaporated on the rotary evaporator to 
give a crude orange product. Fractional distillation of the crude product gave 
18.6 g (70%) of the desired product, b-p: 84-85°C at 0.40 mmHg. Spectral 
data: ‘H NMR (neat) 6 0.00 (s, 18 H) and 7.30-6.70 ppm (m, 5 H); IR (neat) 
304Ow, 297Os, 148Os, 126Os, 85Os, 755m and 690s cm-‘; MS (m/e, assignment) 
316, P; 236; CsH, - CH - (SiMe&; 162, CsH5 - CH2 - SiMe,. 

Anal. Found: C, 49.56; H, 7.32. Calcd. for C13H23Si2Br: C, 49.49; H, 7.35%. 

3. l,l-Bis(trimethylsilyl)-1-phenylpentane. A loo-ml, two-necked flask, 
equipped with a magnetic stirring assembly, nitrogen inlet tube and serum cap, 
was charged with 5 g (15.8 mmol) of &,a!-bis(trimethylsilyl)-ar-bromotoluene in 
50 ml of dried tetrahydrofuran. To this chilled (ice-water) mixture was added 
dropwise 6.6 ml (15.8 mmol, 2.2 N in n-hexane) of n-butyllithium via a syringe 
over a period of 10 min. After 4 h of stirring at room temperature, the reaction 
mixture was treated with water. The usual work-up procedure gave the crude 
product. The GLC analysis of the crude product showed the following product 
distribution: ar,a-bis(trimethylsilyl)toluene (18%), l,l-bis(timethylsilyl)-l- 
phenylpentane (44%) and unchanged starting material (38%). Fractional distil- 
lation through a short column packed with glass helices gave the desired prod- 
uct, b-p. 94-95°C at 0.33 mmHg. Spectral data: ‘H NMR (neat) 6 0.00 (s, 
18 H), 7.05-7.20 ppm (m, 5 H); IR (neat) 304Ow, 298Os, 1380m, 125Os, 
117Os, 85Os, 705s, 68Os, and 530s cm-‘; MS (m/e, relative intensity assignment) 
293, 1.85, P + 1; 292,9.3, P; 277,1.8, P - CH,; 218,11-l, P - SiMe,; 204, 
48.1, P - SiMe,; 145,9.2, P - 2 SiMe,; 100, SiMe,_ 

Anal. Found: C, 68.87; H, 10.71. Calcd. for C1,H3$Si2: C, 68.83; H, 10.87%. 

4. l,l-Bis(trimethylsilyl)-1-phenylethane. To a flask equipped as described in 
section 3,14.4 ml of methyllithium (31.6 mmol, 2.2 N in diethyl ether) was 
introduced via a syringe into a chilled (ice-water bath) solution of 10 g (31.6 
mmol) of ar,a-bis(trimethylsilyl)-cr-bromotoluene in 100 ml of dried tetrahydro- 
furan. The solution, which turned dark brown instantly upon addition of 
methyllithium, was stirred at room temperature for 4 h and then hydrolyzed. 
Usual work-up and drying with anhydrous magnesium sulfate yielded a dark 
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brown crude product. The GLC analysis (6 ft column with 10% SE-30 on 
Chromosorb W and programmed to heat at a rate of 2”C/min between 150°C and 
280°C) of the crude product indicated the main products distribution as (Y,Q(- 
bis(trimethylsiIyl)toluene (18%), 1,1-bis(trimethylsiIyl)-1-phenylethane (62%) 
and starting material (20%). Distillation provided the l,l-bis(trimethylsilyl)-l- 
phenylethane, as a colorless liquid, b-p. 68-69”C at 0.40 mmHg. Spectral data: 
‘H NMR (neat) 6 0.00 (s, 18 H), 1.32 (s, 3 H), and 7.01-7.20 ppm (m, 5 H); 
IR (neat) 304Os, 298Os, 159Os, 1470m, 1400m, 125Os, 85Os, 75Os, 68Os, 620m, 
and 530s cm- ‘; MS (m/e, relative intensity, assignment) 251,3-l, P + 1; 250, 
9.3, P; 235,18.7, P - CH3; 162,75-O, P - SiMe,; 147,21.8, P - SiMes - 2 CHs; 
104,7.5, P - 2 SiMe,; 73,100, SiMe,. 

Anal. Found: C, 67.09; H, 10.50. Calcd. for C14H26Si2: C, 67.11; H, 10.46%. 

5. Diphenylmethyl(trimethyl)silQne. This compound was prepared by a modi- 
fication of the method of Hauser and Hance [ 161. A suspension of diphenyl- 
methyllithium in 100 ml of dried tetrahydrofuran was prepared from 8.4 g 
(49.9 mmol) of diphenylmethane and 25 ml (49.9 mmol, 2.0 iV in n-hexane) of 
n-butyllithium. To the stirred red suspension was added 5.4 g (49.9 mmol) of 
chlorotrimethylsikme, the red color being discharged within one hour. After 
standing overnight the mixture was hydrolyzed and extracted with ether, the 
ether extracts dried over anhydrous magnesium sulfate and the fihered extracts 
freed of solvent. The residual solid was recrystahized from diethyl ether to give 
10.5 g (90%) of colorless crystals, m-p. 74-75°C [ht. 74.5-75_5”C], ‘H NMR 
spectrum (CDCl,) 0 (s, 9 H), 3.52 (s, 1 H), and 7.13-7.14 ppm (m, 10 H). 

6. TriphenylmethyZ(trimethyl)silane. This compound was also prepared by a 
modification of the method described by Hauser and Hance [16]. Triphenyl- 
methane (24 g, 100 mmol) was metalated by 45.4 ml (100 mmol, 2.2 N in 
n-hexane) of n-buthyllithium over a 4 h period at room temperature. The red 
color of the trityhithium suspension was discharged on the addition of 10.8 g 
(100 mmol) of chlorotrimethylsilane. After standing overnight, the usual work- 
up procedure gave a light yellow solid. Recrystallization from diethyl ether gave 
24 g (76%).of a white powder, m-p. 170-171°C [lit. 169.5-170.51, ‘H NMR 
spectrum (CDCl,): 6 0 (s, 9 H), and 6.80-7.30 ppm (m, 15 H). 

7. I-Trimethylsilyl-l,l,Ztriphenylethane. A stirred solution of 24 g (100 
mmol) of diphenyltrimethyIsiIyImethane in 200 ml of dried tetrahydrofuran 
was treated with 50 ml (100 mmol, 2.0 N in n-hexane) of n-butyllithium, 
which was added from a pressure-equahzing addition funnel. The resulting red 
solution was stirred at room temperature overnight and then 12.6 g (100 mmol) 
of benzyl chloride was added. The color of the mixture was discharged upon 
the addition of benzyl chloride. The reaction mixture was stirred at room tem- 
perature overnight and then hydrolyzed. Usual work-up, drying with anhydrous 
magnesium sulfate and solvent removal yielded a white solid. This solid was 
recrystallized from diethyl ether to give 18.1 g (80%) of white crystals, m.p. 
94-95°C. Spectral data: ‘H NMR (CD&) 6 0.00 (s, 9 H), 3.65 (s, 2 H) and 
6.62-7.50 ppm (m, 15 H); IR (CC14): 304Ow, 298Os, 194Ow, 187Ow, 16OOs, 
15OOs, 13OOs, 108Os, 104Os, 940m, 850s and 700s cm-‘; MS (m/e, assignment): 



330,P;256,Ph&--t;HPh;180, PhCH=CHPh;73,SiMe,. 
Anal. Found: C, 83.64; H, 8.02. CaIcd. for C,,H,,Si: C, 83.57; H, 7.92%. 

8. 2-Trimethylsilyl-1,1,2-triphenylethane. A 250 ml three-necked flask (with 
a two-way stopcock at the bottom), equipped with a mechanical stirrer and a 
pressure-equalizing additional funnel, was charged with 16.8 g (100 mmol) of 
diphenytiethane in 150 ml of dried tetrahydrofuran. To this mixture was 
added 45.5 ml (100 mmol, 2.2 N in n-hexane) of n-butyllithium, which caused 
the immediate development of a red solution. After St&ring at room tempera- 
ture for 12 h, this red suspension was drained through the bottom outlet into 
24.1 g (100 mmol) of a-bromo-a!-trimethylsilyltoluene dissolved in 50 ml dried 
THF, contained in a two-necked flask. The color of the solution of the anion 
was discharged immediately. Hydrolysis and work-up were carried out after 
stirring for 12 h at room temperature_ The ether solution was concentrated 
under reduced pressure to give a brown oil. Fractional crystallization from 
chloroform gave 6.6 g (40%) of 1,1,2,2_tetraphenylethane. Further crystahiza- 
tion from petroleum ether (b-p. 38.2-47.6”C) gave 3.3 g (35%) of 1,2-bis(t& 
methylsiIyl)-1,2Xiiphenylethane and crystahization over again from n-hexane 
gave 6.6 g (20%) of 2-trimethyl-1,1,2_triphenylethane, m.p. 141-142°C. Spec- 
tral data: ‘H NMR (CDC13) 6 0.00 (s, 9 H), 3.53 (d, 1 H, J = 13 Hz), 4.90 (d, 
1 H, J = 13 Hz), and 7.28-7.88 ppm (m, 15 H); IR (Ccl,): 304Ow, 297Ow, 
193Ow, 187Ow, 179Ow, 16OOs, 149Os, 145Os, 125Os, 1070m, 1030m, 850s and 
700s cm-‘; MS (m/e, assignment); 331, P + 1; 330, P; 256, Ph,C=CHPh; 167, 
Ph&H; 73, SiMe,. 

Anal. Found: C, 83.65; H, 7.84. CaIcd. for CZ3H,,Si: C, 83.57; H, 7.92%. 

9. EthyEdimethylsilyl(diphenyl)methane. Chloro(ethyl)dimethylsiIane was 
prepared in the standard manner by the reaction of dimethyldichlorosikme 
with ethylmagnesium bromide [ 173. The red-colored suspension of diphenyl- 
methyllithium in 200 ml dried tetrahydrofuran was obtained from the metal- 
ation of 16.8 g (100 mmol) of diphenylmethane in 150 ml of anhydrous tetra- 
hydrofuran with 100 mm01 of n-butyhithium (cf. section 8). To this red sus- 
pension, 12.3 g (100 mmol) of ethyldimethylchlorosilane was added. This 
mixture stood overnight at room temperature and then was worked up in the 
usual manner to give a yellow liquid. Fractional distillation gave 23.3 g (91.8%) 
of colorless liquid, b.p. 144-145°C at 0.4 mmHg. Spectral data: ‘H NMR 
(neat) 6 0.00 (s, 6 H), 0.33-0.99 (m, 5 H), 3.55 (s, 1 H), and 6.87-7.40 ppm 
(m, 10 H); IR (neat): 304Os, 298Os, 16OOs, 1450m, 1390m, 125Os, 1075m, 
85Os, 750s and 700s cm-‘; MS (m/e, relative intensity, assignment): 255,-4-O, 
P + 1; 254,19.6, P; 239,1.5, P - CH3; 225,1.4, P - C,H,; 167, 7.3, P - 
EtSiMe*; 8’7,100.0, EtSiMez; 59, 97.5 SiMea. 

Anal. Found: C, 80.09; H, 8.77. CaIcd. for CI,H2$i: C, 80.23, H, 8.72%. 

10. I-Ethyldimethylsilyl-1,1,2_triphenylethane. The lithium derivative of 
ethyldimethylsiIyl(diphenyl)methane was made by treating 19.03 g (750 mmol) 
of the compound in 100 ml of dried tetrahydrofuran with 31.2 ml (750 mmol, 
2.4 N in n-hexane) of n-butyhithium in the cold (ice-water bath) over a one 
hour period. After the addition was completed, the reaction mixture was stirred 
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Anionic rearrangements 

1. General procedure_ The same general procedure was used for all the anionic 
rearrangement reactions_ n-Butyllithium (in n-hexane) was slowly added to a 
solution of the organosilane in anhydrous N,N,N’,N’-tetramethylethylenediamine 
or tetrahydrofuran at 0°C (ice-water bath). These highly colored solutions, usu- 
ally dark red or brown, were stirred at room temperature for different periods 
of time. The reaction mixtures were hydrolyzed with distilled water or deute- 
rium oxide (99.8%) and extracted with ether. The ether extracts were dried over 
anhydrous magnesium sulfate and concentrated by rotary evaporation. In every 
reaction a GLC analysis of the reaction mixture was performed. The products 
were separated by means of preparative GLC and identified by their NMR, IR, 
and mass spectra, as well as by elemental analysis. 

2. Rearrangement of l,l-bis(trimethylsilyl)-1,2-diphenylethane. n-Butyl- 
lithium (15.8 ml, 36.72 mmol, 2.3 N in n-hexane) was added dropwise to a 
stirred solution of 3.0 g (9.18 mmol) of l,l-bis(trimethylsilyl)-1,2-diphenyl- 
ethane in 30 ml of N,N,N’,N’-tetramethylethylenediamine. Upon the addition 
of n-butyllithium the color of the reaction mixture first turned orange and 
then dark red after 5 min. After stirring at room temperature for 4 days, the 
reaction mixture was quenched with distilled water and extracted with ether. 
The ether layer was washed with 10% aqueous hydrochloric acid to obtain a 
neutral ether solution, which was dried with magnesium sulfate and concen- 
trated at reduced pressure to a brown oil. GLC analysis (2OO”C, 6 ft 10% SE-30 
on Chromosorb W) showed 5% of 1,2-bis(trimethylsilyl)-1,2_diphenylethane, 
90% of l-~dimethyl(trimethylsilylmethyl)silyl]-1,2-diphenylethane and 5% of 
starting material lt2-Bis(trimethylsilyl)-1,2_diphenylethane was identified by 
comparison with an authentic sample. The spectral data for 2,2,4,4_tetramethyl- 
5,6-diphenyl-2,4_disilahexane are as follows: ‘H NMR (neat) 6 -0.29 (s, 2 H), 
0 (s, 15 H), 2.30 (t, 1 H, J = 4 Hz), 3.30 (d, 2 H, J= 4 Hz) and 6.72-7.07 ppm 
(m, 10 H); IR (neat) 304Ow, 2945s, 1600m, 149Os, 1450m, 1400m, 105Os, 
85Os, 750m and 700s cm-‘; MS (m/e, relative intensity, assignment) 327, 0.4, 
P + 1; 326,l.E P; 180,19.6, CBH,CH=CHChHS), 145,100.0, Me,SiCH,SiMe,; 
73,29-l, SiMe3. 

Anal. Found: C, 73.69; H, 9.14. CaIcd. for C,J&,Si: C, 73.62; H, 9.21%. 
The time study of this anionic molecular rearrangement was performed by 

sampling after intervals of minutes or hours. One milliliter of the reaction mix- 
ture was introduced by means of a gas-tight syringe into a test tube co.ntaining 
0.2 ml of oxygen-free distilled water. The crude oil, obtained by the usual 
etheral extraction of the aqueous layer, was subjected to gas chromatographic 
analysis. 

3. Rearrangement of I-trimethylsilyl-1,1,24riphenylethane. n-Butyllithium 
(13.2 ml, 24.2 mmol, 2.0 N in n-hexane) was added dropwise to a solution of 
1.0 g (3-03 mmol) of 1-trimethylsilyl-1,1,2_triphenylethane in 10 ml of dried 
N,N,N’,N’-tetramethylethylenediamine. After stirring at room temperature for 
6 days, the reaction mixture was worked up as described above. A brown oil 
weighing 1.0 g was obtained. This crude oil was subjected to GLC analysis 
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(230°C, 6 ft 10% SE-30 on chromosorb W). In addition to 41.4% of starting 
material, and 9.9% of 1,1,2&riphenylethane, 48.74% of 2-trimethylsilyl-1,1,2- 
triphenylethane appeared as a rearrangement product. The rearrangement prod- 
uct was isolated by means of preparative GLC and identified by comparison of 
its retention time, fR and NMR spectra with those of an authentic sample_ 

4. Attempted rearrangement of 2-trimethylsilyl-1,1,2-triphenylethane. In 
accordance with the procedure described above, 0.5 g (1.5 mmol) of this com- 
pound was treated with 3.8 ml (6.0 mmol) of n-butyllithium in n-hexane. The 
red reaction mixture was stirred at room temperature for 4 days or longer. The 
crude product (100% recovery) was analyzed by GLC and by its NMR spectrum 
and was shown to contain only starting material. 

5. Rearrangement of I-ethyldimethylsilyl-1,1,2-triphenylethane_ According 
to the foregoing procedure, 2.5 g (7.0 mmol) of 1-ethyldimethylsilyl-1,1,2&i- 
phenylethane in 20 ml of dry TMEDA was treated with 25.5 ml (56.0 mmol, 
2.2 N in n-hexane) of n-butyllithium and stirred at room temperature for six 
days. After the usual work-up, the resulting crude oil was subject to gas chro- 
matographic analysis (23O”C, 6 ft, 10% SE-30 on chromosorb W). In addition 
to 1,1,2triphenylethane (2.2%) and starting material (78.5%), a rearrangement 
product (20.3%) was identified as 2-ethyldimethylsilyl-1,1,2triphenylethane, 
m.p. 80-81°C. Spectral data: ‘H NMR (CDCls) 6 0 (6 H, Me,Si), 0.23-1.43 
(m, 5 H), 3.43 (d, 1 H, J= 12 Hz), 4.81 (d, 1 H, J= 12 Hz), and 6.9-7.40 ppm 
(m, 15 H); IR (mineral oil); 145Os, 125Os, 85Os, 7OOs, 650m cm-‘; MS: 345, 
100, P - (C,H,); 256,60, (Ph&=CHPh); 87,100, Et&Me,. 

Anal. Found: C, 83.79; H, 8.08. Calcd. for C&H&li: C, 83.65; H, 8.19%. 

6. Attempted rearrangement of 2-trimethylsilyl-1,2_diphenylpropane. To a 
solution of 1.5 g (5.6 mmol) of this compound in a 10 ml of dry N,N,N’,N’- 
tetramethylethylenediamine was added 9.6 ml of n-butyllithium (22.4 mmol, 
2.2 N in n-hexane) at 0°C (ice-water bath). The red suspension was stirred at 
room temperature for 4 days. Usual work-up afforded 1.45 g of a crude product. 
Nuclear magnetic resonance and gas chromatographic analysis (6 ft 10% SE-30 
on chromosorb W) showed only starting material_ 

7. Rearrangement of l,l-bis(trimethylsilyl)-I-phenylpentane. l,l-Bis(tri- 
methylsilyl)-1-phenylpentane (1 g, 3.4 mmol) was treated with 9.1 ml (13.6 
mmol, 1.5 N in n-hexane) of n-butyllithium at 0°C (ice-water bath)_ The red 
mixture was stirred for 4 days at room temperature, and worked up in the 
usual way to yield 1.0 g of a crude yellow oil. Gas chromatographic analysis 
(2OO”C, at 12 ft 10% SE-30 on Chromosorb W) showed starting material and 
uct in a ratio of 30 : 70. The mixture was separated by means of preparative 
GLC, and the two fractions were identified by their retention times, IR and 

prod- 

NMR spectra: the smaller peak being starting material; the larger constituent, 
2,2,4,4-tetramethyl-5-phenyl-2,4disilanonane, a colorless liquid. Spectral data: 
‘H NMR (neat) 6 -0.39 (s, 2 H), 0 (s, 15 H), 0.61-2.01 (m, 9 H) and 6.86-7.11 
ppm (m, 5 H); IR (neat) 304Ow, 298Os, 1600m, 1450m, 125Os, 105Os, 85Os, 
750s,and700s cm -I. MS (m/e, assignment), 292, P; 277, P - CH3; 160, 
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Me,SiCH,Siiie,; 145, lMelSiCH,SiMeB; 87, CH,SiMes. 
Anal. Found: C, 69.00, H, 10.91. CaIcd. for C1,Hs2Si2; C, 68.83; H, 10.87%. 

8_ Rearrangement of 1,1-bis(trimethylsilyl)-I-phenylethane. In a procedure 
similar to that above, 1.0 g (4 mmol) of 1,1-bis(trimethylsiIyl)-1-phenylethane 
in 10 ml of dry N,N,N’,N’-tetramethylenediamine was treated with 8 mi (16 
mmol, 2.0 N in h-hexane) of n-butyhithium and stirred for 4 days at room tem- 
perature. The NMR spectrum of the brown crude product showed that molecu- 
lar rearrangement had occurred to an extent of ca. 65%. The rearrangement prod- 
uct was identified as 1-[dimethyl(trimethylsilyhnethyl)siIyl] -1-phenylethane by 
an analysis of new NMR spectral peaks, IH NMR (neat): 6 0.32 (s, 2 H), 2.05 
(t, 1 H, J = 7 Hz) and 6.88-7.10 ppm (m, 5 H). Attempts to isolate the rear- 
rangement product from the crude product were unsuccessful. 

9. Rearrangement of 1,2-bis(trimethylsilyl)-1,2_diphenylethane_ According to 
the foregoing procedure, 200 mg (0.61 mmol) of this compound in 5 ml of 
dried N,N,N’,N’-tetramethylethylenediamine was treated with 2 ml (3.6 mmol, 
2.26 N in n-hexane) of n-butyhithium. After being stirred 4 days at room tem- 
perature, the reaction suspension was hydrolyzed with distihed water. Extrac- 
tion with ether and removal of solvent gave 0.2 g of a brown oil. Gas chromato- 
graphy (2OO”C, 6 ft 10% SE-30 on chromosorb W) of the crude product indi- 
cated two main products, starting material and l-[dimethyl(trimethylsiIyl- 
methyl)siIyl]-1,2_diphenylethane in the r&o of 83 : 17. 

10. Rearrangement of triphenyl(trimethjrlsilyl)methane. Under a nitrogen 
atmosphere, a solution of 1 g (3.1 mmol) of triphenyl(trimethylsiIyl)methane 
dissolved in 10 ml of dry TMEDA was treated dropwise over 10 min with 5.7 
ml (15.5 mmol, 2.2 N in n-hexane) of n-butyhithium with stirring at 0” C (ice- 
water bath). The blood-red reaction mixture was stirred for 5 days at room 
temperature and then hydrolyzed with degassed water and worked up in the 
usual way to give 0.9 g of a crude oil. The crude oil was subjected to gas 
chromatography (2OO”C, 6 ft 10% SE-30 on chromosorb W) and four major 
products were obtained in the ratio 81.0 : 3.7 : 12.2 : 3.1. They were separated 
by preparative GLC and identified by the standard methods: triphenyhnethane 
(81-O%), l-diphenyhnethyl-2-trimethylsilylbenzene (3.7%), l-diphenylmethyl- 
3-trimethylsilylbenzene (12.2%) and 1-diphenyhnethyl-4-trimethylsilylbenzene 
(3.1%). 

1-Diphenyhnethyl-2trimethylsiIylbenzene: ‘H NMR (CDCls) 6 0 (s, 9 H), 
5.37 (s, 1 H) and 6.72-7.91 ppm (m, 14 H); IR (neat) 304Ow, 298Os, 1600m, 
1400m, 125Os, 1120m, 85Os, 77Os, 700s and 600m cm-l; MS (m/e, relative 
intensity, assignment) 317, 0.4, P + 1; 301,4.9, P -Me; 243,1.2, PhsC; 165, 
3.9; 135, 5.3, PhSiMe,; 73, 18.6; SiMes. 

Anal. Found: C, 84.29; H, 7.78. Calcd. for C,,H,,Si: C, 83.47; H, 7.63% 
1-Diphenylmethyl-3-trimethylsilylbenzene: ‘H NMR (CDC$) S 0 (s, 9 H), 

5.70 (s, 1 II) and 6.68-7.13 ppm (m, 14 H); IR (CCb) 304Ow, 298Os, 2000m, 
1600m, 1390m, 125Os, 112Os, 1040s and 850s cm-l; MS (m/e, relative inten- 
sity, assignment) 317,1.7, P + 1; 316,5.7, P; 301, 9.6, P-Me; 285,2.5, 
P - 2 Me; 243, 2.3, Ph&; 165,4.6; 150, 0.1, PhSiMes; 135, 2.8, PhSiMe*; 13, 
6.5, SiMe,; 
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Anal. Found: C, 83.65; II, 7.58. CaIcd. for C&H&%: C, 83.47; H, 7.64%. 
1-Diphenyhnethyl-4-trimethylsiiylbenzene: ‘H NMR (CDC4) 6 0.00 (s, 9 H), 

5.27 (s, 1 H), and 6.70-7.31 ppm (m, 14 H); IR (neat) 304Ow, 298Os, 1500m, 
1380m, llOOm, 85Os, 750s and 700s cm- ‘; MS (m/e, relative intensity, assign- 
ment) 317,1.9, P + 1; 316, 6.6, P; 302,23.5, P-Me; 243,1-l, Ph&; 165, 3.9; 
150, 0.4, PhSiMe3; 73, 7.1, SiMeJ. 

Anal. Found: C, 83.55; H, 7.76_ CaIcd. for CaZHZ4Si: C, 83.47; H, 7.64%. 

Il. Rearrangement of 1,2-bis(trimethylsilyl)benzene. To a solution of 300 mg 
(1.3 mmol) of 1,2-bis(trimethylsilyl)benzene [20] in 5 ml of dry N,N,N’,N’- 
tetramethylethylenediamine (TMEDA) was added 4.92 ml (10.4 mmol, 2.2 N 
in n-hexane) of n-butyhithium. The red suspension was stirred at room temper- 
ature for 5 days. The usual work-up yielded 0.3 g of the crude product which 
was analyzed by gas chromatography (150°C 6 ft 10% SE-30 on chromosorb 
W). Preparative GLC separation of the components revealed the presence of 
trimethylsiiylbenzene, 1,3-bis(trimethylsi.iyl)benzene, 2,2,4-trimethyl-4-phenyl- 
2,4-disilapentane, and starting material in the ratio 2.1 : 37.2 : 31.9 : 28.6. The 
GLC retention time, IR and ‘H NMR spectra of each product were compared 
with those of authentic samples. 

12. Attempted rearrangement of 1,3-bis(trimethylsilyl)benzene. From the 
same procedure as above, the meta isomer gave a product containing trimethyl- 
silylbenzene and 1,3-bis(trimetbylsilyl)benzene in a ratio of 59.7 : 40.3. 

13. Attempted rearrangement of 1,4-bk(trimethylsilyl)benzene. One gram 

(4.5 mmol) of 1,4-bis(trimethylsiIyl)benzene in 10 ml of N,N,N’,N’-tetramethyl- 
ethylenediamine was treated with 8.19 ml (18 mmol, 2.2 N in n-hexane) of 
n-butyllithium to give a blood-red color in ten min. Stirring at room tempera- 
ture for 4 days, followed by the usual work-up procedure, gave a crude liquid, 
0.97 g. Gas chromatographic analysis (15O”C, 6 ft 10% SE-30 chromosorb W) of 
the crude mixture showed the presence of trimethylsiIylbenzene and starting 
material in the ratio 9.5 : 90.5. Both products were identified by comparison of 
their retention times and their IR and IH NMR spectra with those of authentic 
samples. 

14. The cross-over experiments 
a) l.l-Bis(trimethylsilyl)-I-phenylpentane and I-ethyldimethylsilyl-1,1,2&-i- 

phenylethane. Anequimolarmixtke of0.36 g(1.25 mmol)ofl,l-bis(trimethyl- 

silyl)-1-phenylethaneand 0.42 g(1.25 mmolj ofl-ethyldimethylsilyl-1,1,2&i- 

phenylethane in 5 ml of dry N,N,N’,N’-tetramethylethylenediamine was treated 
with 9.09 ml (20 mmol, 2.2 N in n-hexane) of n-butyllithium. The reaction 
mixture was stirred at room temperature for 6 days, followed by the usual 
work-up. The lack of cross-over products was established by gas chromato- 
graphic separation of the crude product. Furthermore, the yield of the product 
resulting from a 1,3-triaIkyIsiIy1 group shift was 83.3% for the l,l-bis(trimethyl- 
siIyl)-l-phenylpentane, and 31.0% for a 1,2&iaIkylsiIyl shift in l-ethyldimethyl- 
silyl-1,1,2&riphenylethane. 

b) 1,2-Bis(trimethylsilyl)-1,2_diphenylethane and I-trimethylsilyl-l,l,2-tri- 



phenylethane. An equimolar mixture of 1,2-bis(kimethylsilyl)-1,2&phenyl- 
ethane (0.08 g, 0.25 mmol) and 1-trimethylsilyl-1,1,2_triphenylethane in TMEDA 
was treated with 1.8 ml of n-butyllithium (4 mmol, 2.2 N in n-hexane). The red 
reaction mixture was stirred at room temperature for 6 days. Gas chromato- 
graphic analysis (6 ft, 10% SE-30 on chromosorb W) of the crude product 
showed only the individual migration product from the first and second com- 
pounds in the ratio of 1-O : 1.2. 

15. Reactions of diphenyI(trimethylsilyl)methyllithium with tetrahydrofuran. 
To a solution of 3.6 g (15 mmol) of diphenylmethyl(trimethyl)silane in 75 ml 
of dry tetrahydrofuran was added 26.4 ml (60 mmol, 2.2 N in n-hexane) of 
n-butyllithium. After stirring at room temperature for 3 days, another 26-4 ml 
of n-butyllithium was introduced into the reaction mixture and the stirring con- 
tinued for 3 more days. At the end of this period the reaction mixture was 
decomposed by addition of distilled water and diethyl ether. The organic layer 
was separated, washed with water and dried (magnesium sulfate). Removal of 
solvent under reduced pressure afforded 5 g of brown oil, consisting of three 
main products as shown by gas chromatography (21O”C, 6 ft 10% SE-30 on 
chromosorb W). They were isolated by preparative GLC and identified as start- 
ing material, 3-trimethylsilyl-l,l-diphenylpropane; and 5,5&phenyl-5-trimethyl- 
silylpentanol, in ratio 39.6 : 28.4 : 32.0. 

1,1-Diphenyl-3trimethylsilylpropane: pale yellow liquid; spectral data: 
‘H NMR (CDC4) 6 0.00 (s, 9 H), 0.22-0.68 (m, 2 H), 1.82-2.30 (m, 2 H), 
3.85 (t, 1 H, J = 8 Hz) and 7.08-7.35 ppm (m, 10 H); IR (neat) 304Ow, 298Os, 
1400m, 125Os, 1160m, 850s and 700s cm- ‘; MS (m/e, relative intensity, assign- 
ment): 268,0.96, P; 253,0.9, P - CH,; 167,15.0, P - (CH2)$WJe3: 101,15.0, 
C,H,CH,C,H,; 73,100, SiMe+ 

Anal. Found: C, 80.59; H, 9.02. Calcd. for C18H24Si: C, 80.57; H, 8.94%. 
5,5-Diphenyl-5trimethylsilylpentanol: viscous pale yellow oil, spectral data: 

‘H NMR (CDCG) 6 0.00 (s, 9 H), l.lO-1,72 (br, 1 H), 1.90-2.38 (m, 6 H), 
3.54 (5,6 H, J = 6 Hz), and 7.20-7.57 ppm-(m, 10 H); IR (neat) 3320(br), 
304Ow, 297Os, 1590m, 1490m, 1390m, 125Os, 1090m, 85Os, 750s and 700s 
cm-‘; MS (m/e, relative intensity, assignment) 313,0.8, P + 1; 312,3.9, P; 281, 
0.6, P - CH,OH; 267,5.2, P - CH&HzOH; 241,2-O, P - (CH& - OH; 222, 
40.0, P - SiMez - OH; 193, 39.8, P - CH,CH,OH - &Me,; 167,33.3, 
P - (CH&@H - SiMe,; 73,100, SiMe,. 

Anal. Found: C; 76.73; H, 8.97. C&d. for C&I,&iO: C, 76.86; H, 9.03%. 

15. Atiempted rearrangement of l-trimethylgermyl-l,l,Ztriphenylethane. 
n-Butyllithium (13.2 ml, 24.2 mmol, 2.0 N in n-hexane) was added dropwise to 
a solution of 1.0 g (2.66 mmol) of the germanium compound in 10 ml of dried 
TMEDA. After 6 days at-25°C usual work-up revealed the presence of starting 
material and 1,1,2-triphenylethane in a 40 : 60 iatio. 
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