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ABSTRACT

Alkoxycarbenium ions having no substituents on the cationic carbon have been accumulated as “cation pools” by the introduction of an ether
group in an appropriate position. Intramolecular participation of the ether oxygen is suggested to be responsible for stabilization of the
alkoxycarbenium ions.

Alkoxycarbenium ions1 are important reactive intermediates
in organic synthesis. Acidic activation of acetals (or equiva-
lents) is usually utilized to generate alkoxycarbenium ions.2

The reversibility of the method3 is disadvantageous from a
viewpoint of mechanistic studies. Electron-transfer reactions
serve as irreversible methods for generation of alkoxycar-
benium ions. For example, alkoxycarbenium ions have been
effectively generated by photoelectron-transfer reactions4 and
electrochemical oxidation reactions.5 Unique electron transfer
initiated cyclization (ETIC) involving alkoxycarbenium ions
is a recent intriguing synthetic application of the method.6

We have recently reported the electrooxidative generation
of alkoxycarbenium ions using the “cation pool” method.7

Alkoxycarbenium ions having an alkyl group on the cationic

carbons1 are readily generated from the corresponding
R-silyl ethers by low-temperature electrolysis and are ac-
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cumulated in the absence of nucleophiles (Scheme 1).8

Decrease of the oxidation potential by the introduction of
the silyl group and facile cleavage of the C-Si bond seem
to be responsible for the effective generation of alkoxycar-
benium ions.9 The alkoxycarbenium ions thus generated are
well characterized by NMR and react with a variety of carbon
nucleophiles such as allyltrimethylsilane to give the C-C
bond formation products. Alkoxycarbenium ions having no
substituents on the cationic carbon such as2 were, however,
difficult to accumulate as “cation pools” probably because
of their instability owing to lack of electron donating alkyl
substituents. In this paper, we describe a study of the
generation and accumulation of cation2 by using intramo-
lecular ether participation.

First, the electrochemical oxidation ofR-silyl ether3 to
generate the alkoxycarbenium ion2 (R′ ) C8H17) was
examined under standard conditions of the “cation pool”
method (solvent, CH2Cl2; supporting electrolyte, Bu4NBF4;
the anode, graphite felt; the cathode, platinum plate; tem-
perature,-78 °C) (Scheme 2). After the electrolysis cyclo-

hexenyltrimethylsilane was added to thus-generated solution.
Only 16% of the allylated product was obtained. The poor
yield may be attributed to the instability of2.

The stabilization of carbenium ions by ether participation
is well-known. For example, the use of an ether additive

leads to well-defined living cationic polymerization.10 The
efficient stabilization of the growing cation by nucleophilic
participation of the ether has been proposed. Thus, we
envisaged that similar ether participation could assist in
formation and accumulation of cation2. The reaction was
carried out, again, this time in the presence of 5 equiv of
Et2O. After treatment with cyclohexenyltrimethylsilane, the
desired product was obtained in 76% yield. The use of THF
instead of Et2O was also effective providing the product in
59% yield. Presumably ether participation stabilized2 by
forming an oxonium ion type species (Scheme 2).

Intramolecular participation to stabilize carbenium ions is
also well-known.11 For example, the introduction of a
coordinative group in an appropriate position leads to rate
enhancement of solvolysis because ionization of the starting
materials is assisted by the intramolecular participation
(Scheme 3).

Thus, we envisioned that intramolecular participation of
ether may stabilize alkoxycarbenium ions having no sub-
stituents on the cationic carbon to afford an oxonium ion
type intermediate5, and such cations could be accumulated
as “cation pools” (Scheme 4).

R-Silyl ethers4a-d were synthesized according to the
method that we reported previously (Scheme 5).12 Bromi-
nation of (methoxymethyl)trimethylsilane by NBS followed
by a substitution with a methoxyalkyl alcohol gave the
corresponding [methoxyalkoxy(methoxy)methyl]trimethyl-
silanes. The acetal was reduced with Et3SiH/BF3-OEt2 to
afford theR-silyl ethers having an ether tether.

R-Silyl ethers4a-d thus obtained were electrochemically
oxidized under the standard cation pool conditions (Table
1). When the electrolysis was completed, cyclohexenyltri-
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methylsilane (2 equiv) was added, and the mixture was stirred
for 15-120 min at-78 °C before the reaction was quenched
with triethylamine. The reactions gave the corresponding

allylated products in good to moderate yields, indicating that
alkoxycarbenium ions5a-d were generated and accumu-
lated. The reactions of5aand5b, in which the intramolecular
participation leads to the formation of five or six-membered
ring, took an hour or more to complete. Since the reaction
of alkoxycarbenium ions without such participation (1, R)
C8H17, R′ ) CH3) usually completes within a few minutes,8

reactions of5a and5b were extremely slow. These observa-
tions indicate that the intramolecular participation did take
place to stabilize the alkoxycarbenium ions. On the other
hand, cation5c, in which seven-membered ring forming
participation might take place, smoothly reacted with cy-
clohexenylsilane within 15 min. The result indicates that the
participation is weaker in this case because the seven-
membered ring formation is usually less effective than five-
or six-membered ring formation.

It has been reported that the formation of a five or six-
membered ring by ether participation accelerates solvolysis,13

which seems to be inconsistent with the trend observed in
the present study. But it was revealed that the solvolysis
involves two steps; i.e., the formation of a carbenium ion
(ionization step) and its reaction with a nucleophile (Scheme
3). Usually the ionization step is the rate determining step
and is accelerated by the intramolecular participation. In
contrast, we observed the reaction of the carbenium ion with
a nucleophile, which corresponds to the second step of the
solvolysis. Our results indicated that the reaction of the
carbenium ion with a nucleophile was decelerated by the
intramolecular participation because such participation sta-
bilizes the carbenium ion.

Other carbon nucleophiles such as a ketene silyl acetal
and an enol silyl ether were also found to react with5 to
afford the desired products, although the yields were low in
some cases.

The thermal stability of the alkoxycarbenium ions was
investigated (Scheme 6). The pool of alkoxycarbenium ion

5b produced by the anodic oxidation of4b at -78 °C was
allowed to warm to a second temperature (T, °C). After being

Table 1. Oxidative Generation of Alkoxycarbenium Ions from
R-Silyl Ethers Having an Internal Ether and Their Reactions of
Carbon Nucleophilesa

a Reactions were normally carried out with 0.4 mmol ofR-silyl ethers
and 2 equiv of carbon nucleophiles.b Isolated yield.c Determined by GC
analysis.

Scheme 5

Scheme 6
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kept there for 30 min, the pool was allowed to react with
cyclohexenyltrimethylsilane at-78 °C until the reaction
completed. The results are summarized in Scheme 6. Our
previous results for the alkoxycarbenium ion1, which has
an alkyl group on the cationic carbon are also listed in
Scheme 6 for comparison.8 Obviously,5b is more stable than
1. A large portion of1 decomposed at 0°C within 30 min;
however,5b is still alive under the same conditions. Although
a further study is needed to get a deeper insight into the
stability and reactivity of alkoxycarbenium ions, the ether
participation must play an important role.

In conclusion, we have succeeded in accumulating the
alkoxycarbenium ions having no substituent on the cationic
carbon using intramolecular participation of ether. The length
of the tether significantly affects the reactivity and the

stability of the cationic intermediates. Further studies are in
progress to elucidate deeper mechanistic insights of carbe-
nium ion chemistry by taking advantage of the “cation pool”
methods, in which carbenium ions are irreversibly generated
and accumulated in common organic solvents such as
dichloromethane.
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