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Abstract—Cyclization of an adamantylidene-based olefin induced by aminium hexachloroantimonate salts under a nitrogen
atmosphere revealed that oxidative activation by these salts may be due to SbCl6

−, which in combination with an oxidant
counter-ion provides SbCl5 as the true reactive species. © 2001 Elsevier Science Ltd. All rights reserved.

The reactivity of triarylaminium salts such as tris(2,4-
dibromophenyl)aminium hexachloroantimonate (A)
and tris(4-bromophenyl)aminium hexachloroanti-
monate (B) in promoting useful chemistry pertains basi-
cally to their one-electron oxidant character.1–3

However, it has been shown that they can also act as
promoters of acid-catalyzed processes.4–6 So far, the
oxidative power of these salts has been invariably re-
cognized in the triarylaminium radical cation working
as direct acceptor of the electron coming from the
electron-rich substrate. On the other hand, the possibil-

ity for these salts to induce acid-catalyzed chemistry has
been simply explained on considering them as inevitable
sources of protic acid: the radical cations intermediates
they generate often being highly acidic species.

We now report that aminium hexachloroantimonates,
particularly A, may release antimony pentachloride,
which can behave as the true active species in both
types of above reactions, namely as an oxidant in
radical cation chemistry or as a Lewis acid in carboca-
tion-mediated transformations. Clear evidence on the

Scheme 1.
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direct involvement of SbCl5 in oxidative behaviour of A
came from cyclization reaction of an adamantylidene-
based olefin induced by this salt in nitrogen saturated
dichloromethane (DCM) solutions.

2-(1-Benzylethylidene)adamantane (1)7 [Eox=1.75 V
versus SCE],9 upon treatment with catalytic amounts
(5–10 mol%) of A10 in oxygen saturated DCM at room
temperature, has been found to give carbonyl com-
pounds 2b (31% isolated yield) and 2b� (59% isolated
yield) (Scheme 1, path a). As previously reported for
analogous systems,11 these compounds result from an
aminium salt induced monodeoxygenation process on
1,2-dioxetane intermediate 2a, whose formation could
be revealed by performing reactions at lower tempera-
ture (−78°C). Direct implication of the aminium moiety
in the generation of radical cations as intermediates of
these processes has been reported.

Upon treatment with A in nitrogen saturated solutions,
1 still reacted to give a cycloisomer that was obtained in
quantitative gaschromatographic yield (86% isolated
yield) within 1 h, and identified as 2�-methyl-
spiro[adamantane-2,1�-indane]12 (3) (Scheme 1, path b).
Most importantly, we found that: (a) this reaction, far
from being catalytic like related oxygenation processes,
required stoichiometric quantities of A amounting to 50
mol%; (b) during the reaction molecular chlorine was
evolved;13 (c) antimony pentachloride, used instead of
the aminium hexachloroantimonate in the same stoi-
chiometric ratio, gave similar reactions, affording quan-
titative gaschromatographic yield of 3 and Cl2 as a
by-product, not only under an inert atmosphere but
also in oxygenated conditions. All these points can be
accommodated in Eq. (1).

21+SbCl5�23+SbCl3+Cl2 (1)

The close similarity of behaviour between the aminium
hexachloroantimonate A and SbCl5 would be easily
understood considering SbCl6− as a possible precursor
of the latter, which thus should also be responsible for
the transformations formally induced by A. Tests on
reactivity of various hexachloroantimonates and
aminium salts pointed out that the active role of
SbCl6−, though indirect, is essential for these reactions
and strictly dependent on the oxidative power of its
counter ion. In fact, with tris(4-bromophenyl)aminium
hexachloroantimonate [E red=1.16 V versus SCE] or
trityl hexachloroantimonate [E red=0.64 V versus SCE]
cycloisomerization of 1 was still observed, but was
apparently slower and less efficient (�40% after 1
week) than those with A [E red=1.66 V versus SCE]. On

the other hand, in similar reactions carried out either
with tris(4-bromophenyl)aminium tetrafluoroborate
[E red=1.06 V versus SCE] and trityl tetrafluoroborate
[E red=0.46 V versus SCE] or with the non-oxidant
triphenylbenzylammonium hexachloroantimonate, no
traces of 3 were detected. The mechanistic relationship
between the aminium salt A and SbCl5 would rely on
the capability of the aminium radical to oxidize SbCl6−,
as shown in Eq. (2).14

Ar3N+�+SbCl6−�Ar3N:+SbCl5+1/2Cl2 (2)

The chloride ion to molecular chlorine oxidation by
tris(2,4-dibromophenyl)aminium radical cation is an
exergonic process (�G=−12.2 kcal/mol), which would
contribute to loose SbCl5 from the strong coordination
to chloride in SbCl6−. Even so, this is not a spontaneous
process since it occurs only in the presence of the
substrate which should consume SbCl5. Clear evidence
that the tris(2,4-dibromophenyl)aminium radical cation
is capable of easily oxidizing a chloride ion was pro-
vided by reactions performed in the presence of
equimolar quantities of tetrabutylammonium chloride:
a more vigorous evolvement of Cl2 was observed, and
as a consequence of the consumption of the primitive
oxidizing agent (the aminium radical), the 1 to 3
cycloisomerization was completely inhibited.

The chemistry described in Eq. (2) is reminiscent of the
explanation given by Kochi15 to account for the efficacy
of triethyloxonium hexachloroantimonate in the one-
electron oxidation of several aromatic hydrocarbons: in
that case was the alkylating power of the oxonium ion
toward SbCl6− to free SbCl5 as the effective oxidant.
Furthermore, the role of SbCl5 as one-electron oxidant
in our reactions under a nitrogen atmosphere is
strongly suggested by the observed 2:1 stoichiometry.
This corresponds exactly to the redox stoichiometry
that has been established by Kochi15 for reactions of
preparation of crystalline aromatic radical cation hex-
achloroantimonates using SbCl5.

A plausible mechanism that would also account for Cl2
development is illustrated in the sequence of Eqs. (3)–
(5): the initial formation of the substrate radical cation
1+� is followed by rearrangement (see Scheme 2) into
the product radical cation 3+�, which in turn would
oxidize the hexachloroantimonate ion to give the neu-
tral product and molecular chlorine. Summation of the
stoichiometries of Eqs. (3)–(5) does result in the 2:1
stoichiometry of Eq. (1).

21+3SbCl5�2[1+�SbCl6−]+SbCl3 (3)

Scheme 2.
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2[1+�SbCl6−]�2[3+�SbCl6−] (4)

2[3+�SbCl6−]�23+2SbCl5+Cl2 (5)

Stoichiometric requirement of SbCl5 by itself would
militate against the hypothesis that this reagent may
act as a Lewis acid, in which case a catalytic process
seems to be most likely. However, the weak consis-
tency of an acid mechanism found confirmation in
results of reactions carried out with BF3 or CF3CO2H
also used in more than stoichiometric amount: with
both, Lewis and protic acid, no reaction was observed.

The fact that radical cation intermediates seem to be
involved in cyclization as well as in oxygenation reac-
tions raises mechanistic questions of why the aminium
radical cation behaves as an effective oxidant only in
the latter type of reactions, and why reactions with
SbCl5 under an oxygen atmosphere do not afford oxy-
genation products. To answer these questions one can
speculate that the endergonic (�G=2.07 kcal/mol)
one-electron transfer from 1 to the aminium radical
cation of A would still result effective in generating
the active species 1+� only if this latter can be con-
sumed in a fast reaction with oxygen. According to
this, to account for the absence of oxygenation prod-
ucts in reactions with antimony pentachloride, a dis-
tinction between radical cation intermediates generated
by aminium radical cation and those by SbCl5 is in
order. A reasonable hypothesis is that the first are
formed as free species by an outer-sphere mechanism,
while the latter, probably generated by an inner-sphere
mechanism, have an ion-pair structure that might pre-
clude reaction with oxygen.

In conclusion, we have found a novel reaction mode
for aminium hexachloroantimonate salts, which would
apply towards substrates that are difficult to oxidize
directly by aminium radical cation. In these cases the
aminium salt, especially the more powerful tris(2,4-
dibromophenyl)aminium hexachloroantimonate, can
behave as a source of SbCl5 which in turn works as
the active oxidant. However, preliminary results seem
to indicate that SbCl5 is equivalent to the aminium
salt also in reactions proceeding by acid catalysis, e.g.
cyclodimerization of 1-aryl-1-phenylethylene.6
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