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Silylation of Organic Halides. A New Method of
Forming the Carbon-Silicon Bond
Sir.

In a previous communication® we reported the efficacy
of the trichlorosilane~tertiary amine combination in the
selective reduction of polyhalo compounds. The iso-
lation of trichloromethyltrichlorosilane led us to propose
that the amine-catalyzed reduction of carbon tetrachlo-
ride by trichlorosilane may well proceed via the forma-
tion and subsequent cleavage of the carbon-silicon
bonded species. Reported here is a series of reactions
that, beyond supporting this mechanistic contention,
exemplify a novel method of forming stable carbon-
silicon bonds. The general process, the silylation of
organic halides, is represented in eq 1. Thus, refluxing

RX 4 HSiCl; + R’;N —> RSiCl; + R’;N-HX (D

a mixture of 25.3 g of benzyl chloride (200 mmol), 40.8
g of trichlorosilane (300 mmol), and 28.7 g of tri-n-pro-
pylamine (200 mmol) at 56-90° for 20 hr afforded on
work-up (ether precipitation of the amine hydrochlo-
ride, filtration, and fractionation of the filtrate) 27.1 g
(6027) of benzyltrichlorosilane, bp 100-102° (15 mm)
(lit.2 bp 95.8 ° (10 mm)).

Data for the silylation of a series of halides are sum-
marized in Table 1.

p-CH;CH,CH,Cl < CH;CH,Cl < p-CICeH,CH,Cl =
m-CF3CsH4CH2Cl.

More striking, however, is the ready conversion of the
polyhalides to polysilyl compounds.* In none of these
cases (entries 5~10) was more than a trace of a partially
substituted product detected. The high reactivity of
such halotrichlorosilyl intermediates is especially well
demonstrated in the reaction of trichlorosilane and tri-
n-propylamine with excess benzal chloride (entry 5),
from which a,a-bis(trichlorosilyl)toluene was obtained
in 599 yield. In a simplified interpretation of this
phenomenon, the intermediacy of carbanions stabilized
by the trichlorosilyl moiety can be invoked.®

RCHSICl; <> RCH=SiCl,

If one employs this view, the over-all silylation process
may be depicted® asin eq 2 and 3.

HSiCl; + R’,N === R,NH + -SiCl, )
RX + =SiCl; —> [R— & XSiCl] —> RSiCl; + X~ (3)

The several reactions leading to replacement of halo-
gen by hydrogen (Table I, entries 7, 9, 10) can be
viewed as variants of the reduction process previously
reported.! Whether such products result from cleavage

TableI. Silylation of Organic Halides by Trichlorosilane-Tri-#-propylamine
Reactants (mole ratios)
Entry (halide : HSICl; :(n-C3;H)3N) Conditions Productss (%)
1 CsH;CH:Cl (1:1.5:1) Neat, 20 hr, 56-90° C:H;CH,SIiCl; (66)
2 p-CH,C;H,CH,Cl (1:1.5:1) Neat, 20 hr, 57-143° p-CH;CsH,CH,SICl; (52)
3 p-CICsH,CH,C1 (1:1.5:1) Neat, 20 hr, 62-153° p-CIC:H,CH,SICl; (78)
4 m-CF3;CH,CH,CI (1:1.5:1) Neat, 20 hr, 60-152° m-CF;3;CsH,CH,SICl; (70)
5 C¢H;CHCL; (1:1.25: 1 Neat, 1 hr, 97-100° CH;CH(SICl;), (59)
12 hr, 30°
6 C¢H;CHCl; (1:3:2) CH,;CN, 14 hr, 35° CsH;CH(SICl,), (64)
7 C¢H;CHCI; (1:4:2.5) CH;CN, 14 hr, 35° C:H;CH(SiCl;), (66)
C¢H;CH.SiCl; (34)
8 CH;CHBr; (1:5:2) CH;CN, 18 hr, 43-44° CH,;CH(SICl;), (28)
9 CH,CCl; (1:4.5:3) CH;CN, 16 hr, 58-67° CH,;CH(SiCl;), (56)
10 CHCl; (1:4.5:3) CH:CN, 16 hr, 56-65° CH_(SiCly): (60)

a Satisfactory elemental analyses and spectral data (ir and nmr) were obtained for all silanes reported.

hydrohalide was isolated in addition to the silicon compounds listed.

When a mixture of n-butyl chloride, trichlorosilane,
and tri-n-butylamine (1:1:0.8) was heated at reflux for
2 hr, noxious vapors were evolved? but neither #-butyl-
trichlorosilane nor the amine hydrochloride was pro-
duced. It may be construed from this finding and
from the nature of the halides transformed (Table I) that
electron withdrawal from the reaction center is likely of
paramount importance. The process may be depen-
dent on the qualities of R (eq 1) as a potential carbanion.
Some substantiation of this postulate is provided by the
relative rates of silylation of the various benzyl chlo-
rides (Table I, entries 1-4), which increase in the order
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Stable Carbonium Ions. LXXXIX.!

The Tetramethylcyclobutenium Dication, an Aromatic
2 w-Electron System

Sir:

Simple molecular orbital theory predicts that the
cyclobutenium dication should have aromatic reso-
nance stabilization because it is a planar, monocyclic
system containing 4n + 2 (n = 0) 7 electrons.? A
number of investigators have tried to prepare this dicat-
ion or its derivatives but were unsuccessful.®* The
tetraphenylcyclobutenium dication was reported by
Freedman, but X-ray crystallographic studies on an
isolated crystalline salt showed the monocation mono-
donor-acceptor structure.>® There is now the serious
possibility that exchange phenomena involving the
monocation monodonor-acceptor complex and not the
dication are responsible for the observed apparent
equivalence of the phenyl groups in pmr studies in
solution.’

The preparation of the tetramethylchlorocyclobut-
enium cation 2 from tetramethylcyclobutenyl dichloride
1 and silver hexafluoroantimonate has been reported
by Katz.” He and others have reported the preparation
of other derivatives of this monocation.® Since the
work of Breslow on cyclopropenium cations indicates
that alkyl groups make an aromatic cation thermody-
namically more stable than aryl groups® (the kinetic
stability might, however, be decreased), we felt that the
tetramethylcyclobutenium dication might be stable in
SbF;~SO; solution.

We wish now to report our success in preparing the
tetramethylcyclobutenium dication, the first well-de-
fined cyclobutenyl dication. When 1 was added to
SbF;-SO, at —78°, a very pale yellow solution was
formed whose nmr spectrum was identical with that
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Figure 1. Nmr spectrum of tetramethylcyclobutene dichloride in
SbF;-SO; solution at —65°,

P

previously reported by Katz for ion 2 in SO, solution.
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After several minutes at —75°, a single new absorption
appeared as a sharp singlet at 6 3.68. The rate of ap-
pearance of the species giving this singlet increased with
increasing temperature and was apparently formed ir-
reversibly. In order to generate a maximum concen-
tration of this ion (which we believe to be 3) in SO, the
temperature was maintained at or below about —65°
because at higher temperatures absorptions character-
istic of 2 disappeared but were not proportionately re-
placed by the single line of 3.  About 60 of 2 could be
converted to 3 before appreciable decomposition took
place at —65°.  Figure I is a typical spectrum.
Solutions of ion 2 in FSO;H-SO, are completely
stable at —78° for at least 2 weeks. Solutions of 2 in
SbFs~SO; show a maximum concentration of 3 at —78°
after approximately 24 hr, and, thereafter, decomposi-
tion takes place to another species whose structure we
have been unable to determine. Solutions of 2 in 1:1
HFSO;-SbF; in SO, are more than 80%, decomposed
after only 6 hr at —78°. Decomposition of these solu-
tions can take place through the reaction of the dication
3 with the monocation 2. The dimeric species can be
quenched in methanol-sodium methoxide at —78° to a
white crystalline solid containing chlorine but no me-
thoxyl groups.!* We have not yet been able to assign a
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