JOURNAL OF ORGANOMETALLIC CHEMISTRY 49X

Preliminary Notes

Rearrangements and electrophilic substitutions
of z-silylcarbonium ions

Lewis acid-catalyzed rearrangements of alkyl groups from a silicon atom to an
adjacent carbon atom are well described in the literaturel, a typical example being
the following reaction®:
Me,SiCH,Cl + AIC; —> Me,SiCH,* —t > MeySi-CH,CH,
C1

Surprisingly, aryl migrations under comparable conditions are relatively unknown,
the sole example reported in Eaborn’s excellent book! being the following3, which
occurs in low vield:

Ph Ph
Me,Si—CH,OEt + HF —— Me,Si—CH" — Me,Si—CH,Ph

We have recently found conditions whereby «-silvlcarbonium ions can be readily
generated and where, depending on the structure and/or conditions, theyv may be
caused to cleanly rearrange with phenyvl migration from silicon to carbon, or alter-
natively, to cleanlyv efiect electrophilic substitution of an aromatic compound.

Table 1 summoarizes brieflv our findings to date. xz-Silyldiphenvlcarbinols, pref-
erentially in a relatively non-basic solvent, are smoethly converted by boron fluoride
to carbonium ions which rearrange, fluorine becoming attached to silicon in place of
the migrating group. Phenylmethvlcarbinols appear to dehvdrate only, no rearrange-
ment product or substitution product being formed in either ether or toluene solvents.
Aonophenylcarbinols undergo rearrangement cleanly when boron fluoride and an
inert solvent is used, boron fluoride etherate giving only low yields after prelonged
reaction times, but boron fluoride in hexane giving essentially quantitative vields of
rearrangement preduct in a matter of minutes at room temperature. However, in
solvents susceptible to electrophilic substitution, particularly where these are more
reactive than benzene, rearrangement does not occur, the «-silylcarbonium ion instead
attacking the aromatic solvent (¢.g toluene, anisole, or fer{-butylbenzene) giving para-
substitution products in high vield. While an exhaustive search for possible orfho-
substitution products has not been completed, to date onlyv para-substitution has
been found from a-silylcarbonium ions. This appears consistent with the bulk of the
electrophilic reagent. In benzene itseif, at room temperature, approximatelv equal
amounts of substitution and rearrangement occur, and with solvents less susceptible
than benzene to electrophilic substitution, rearrangement again is the predominant
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course of the reaction. To date we have found no reaction, either rearrangement or
substitution, with simple silvlcarbinols such as triphenvisilvlmethanol or 1-triphenyl-
silylethanol.

o the extent that the reactions have been studied, similar results ai obtained
from x-germylcarbinols. Carbinols themselves such as 1,1,1,2-tetraphenylethanol, re-
arrange under the conditions of the reaction, but then lose a proton to form alkenes
such as tetraphenyvlethvlene.

TABLE |

REACTIONS OF CARBINOLS WITH BFy

Carbinol Conditionsa Products ‘( ;‘.l)"
SO
Ph,SiCPh.OH BF,-Et.O 12 h Ph,,FSiCPhy St
BF,-toluene Ph.FSiCPh, [sX3
Ph,SiCM=PhOH BF;. —Et- 48 h Ph,SiCPh=CH. 57
B[‘ -toluene PhySiCPh=CH, 92
Pr SiCHPhOH BF. —r-.zO 43 h Ph, FSICHPh. 50
BF -hexane Ph FSiCHPh, 9%
BF;-toluene Ph qxC!—IPh C HMe-p 93
BFj-anisole Ph \1LHPh CgH ()\h -p Ss
BF,~PhCMe,y 0°, 20 min, 795 I’h3SiCHPh CSPI{C.\IcS-p 54
BFy-benzene Ph,SiCHh, 500
Ph.FSICHPh, 50°
BF,-PhBr Ph.FS$iCHPh, Sg
BFy-Phi” Pn.f‘QICHI’h 35
Ph,Si-CHOH{D-CICH,} BF;-benzene, 57, 1o min Ph;SiCHIPh CgH1,Cl-p G1b
Ph FSiCHPh C H,Ci-p 3a”
Ph,SICHOH2-FCH 3 BF,-benzene 37, 1o min PhySiCHPh CgH,I"-p oo?
Ph.FSICHPh C H,F-p s0°
Ph,GeClh,OH BF,-Et,O tzh pr- :FGeCPh, 5z
BF,-hexane -..!'G—-‘C"ha R
P GeCHPLROH BF -hexane Ph.FGeCHPh. 95
BF,-toluene !’naGL(,H Ph C‘H{.\Ic-p S5
Ph,CCHPaOH BF,-hexane Ph.C=CPh. 6o
BF,-toluene Ph.C=CPh. -3
Ph,SiOH BF,-tolucne {Ph,Si0),B Go

£}

All reactions, unless noted, were run at room temperature {approximately 217) with reaction
times of I-y min as approximateiv 12 soh 'tiO'!a % Proportions cstimated b_\- NIMR tech-
niques. Yields of isolated products were lower.

Although these reactions could be written as tyvpical Wagner-Meenwvein rearrange-
ments which would involve intermediate siliconium 1ons, no evidence has been found
so far suggesting the intermedizcy of these species in the sense that no products
resuiting from attack of siliconium ion on aromatic substrate has been detected by
NMRte chniques. Under the conditions of the reaction triphenylsilanol itself in
toluene forms no triphenyl-p-tolylsilane, the onlv product of the reaction being tris-
(triphenvlsilvl) borate?, in contrast to the reported behaviour of triethylsilanol with
boron fluoride etherate3. On this evidence we suggest, following the initial formation
of a-silvicarbonium ions, that if these do not attack the solvent giving electrophilic
substitution, then a concerted aitack by some fluoride ion containing species (e.g. HF,
HOBF,, HBF,. or finoride ion) on silicon accompanies and facilitates the migration
of phenyl from silicon to carbon.
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SHX R Si-CR—CgH,—X-p

rd
- +
R,Si-CR’,OH —2-2+ R Si—CR’, R
X, R.Si—CR’, —— R,Si—CR-R
+SICR?, 23 2
Y_F F

The reactions were carried out by bubbling BF; into stirred soluticns of the
carbinols in appropriate solvents. Structures assigned have been confirmed by
analysis, infrared and NMR spectra, and in some cases mixed melting points with
authentic samples prepared by different unambiguous routes. We are continuing our
investigations on these reactions from both the mechanistic and svnthetic point of
view. To date it has provided an excellent route to certain substituted diphenyl- and
triphenvimethvisilanes, obtainable only with difficulty by other routes.
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The effect of copper(l) chloride on the addition of Grignard reagents
to ester carbonyl groups

As part of a study of the conjugate addition of Grignard reagents to «,f-unsaturated
esters! (for leading references see ref. I) we have recently investigated the reaction
of butvlmagnesium bromide with sec-butyl cyclopropanecarboxylate and di-sec-
butyl cvclopropane-1,1-dicarboxyvlate?. We found that for both these esters the
Grignard reagent attacks the ester molecule at the carbonyl group only, the sole re-
action preduct being a tertiarv alcohol. When the reactions were carried out in the
presence of copper(I) chloride the direction of the attack was still the same, but the
ratios produced of tertiary alcohol to unreacted ester were considerably smaller than
when the reactions were uncatalyvzed. This effect of copper(l) chloride was particularly
pronotnced in the case of the cyclopropanemonocarboxylic ester.

* Dow-Corning Silicones of Canada Predoctoral Fellow, 1962-1964.
“* Post-doctoral Fellow, 1961-1962.
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