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The term “oxonium ion” is freighted with significance and evokes
images of fleeting intermediates or highly reactive chemical
reagents. Indeed, in terms of isolable oxonium species, trialky-
loxonium salts with inert counterions (such as BF4

- or PF6
-) are

the most powerful alkylating agents one is likely to encounter in
the laboratory. In general, they are prepared either by the reaction
of an epoxide with an ether in the presence of a Lewis acid,1 from
orthoformates and ethers via dialkoxy-carbenium salts,2 by the
reaction of diazoalkanes with ethers in the presence of an acid with
a non-nucleophilic counterion,3 or by simple alkylation of ethers
with alkyl halides in the presence of Lewis acids or silver salts.4

Herein, we report the synthesis of oxatriquinane (1) and ox-
atriquinacene (2), the rigid, tricyclic frameworks of which impart
to them properties unheard of in alkyl oxonium ion chemistry.

Our interest in this area proceeds from our work with the
analogous azatriquinane and azatriquinacene tricycles 3 and 4. The
successful oxidation of 4 to the stable, bowl-shaped aromatic
azaacepentalenide 5 led us to consider whether a neutral O-analogue
of 5, that is, 6, could be produced. Theoretical modeling of 6 has
suggested its aromaticity would surpass even that of 5, which itself
was predicted by NICS calculations5 to be at least as aromatic as
benzene.

The synthesis of 1 was accomplished as shown in Scheme 1.
Thus, cyclononatriene (7) is treated with m-cpba to give the known
monoepoxide 8 in high yield.6 Reduction of 8 with LiAlH4 in the
presence of ZnCl2 provided dienol 9, which underwent facile
iodoetherification to 10. Reduction of the iodine in 10 without
cleavage of the THF ring proved difficult but was eventually
achieved in modest yield with Raney nickel. Remarkably, final ring
closure to the tricycle 1 was most conveniently accomplished by
treatment of 11 with hydrogen bromide, providing the Br- salt of
1 in 94% yield. Ample evidence that the desired transformation
had taken place was seen in the 1H NMR spectrum of 1, which
was greatly simplified relative to 11 and showed a ca. 1 ppm
downfield shift of the protons R to oxygen. Despite efforts, 1 Br-

could not be induced to crystallize, so we prepared the correspond-
ing hexafluorophosphate and hexafluoroantimonate salts of 1 by
simple ion exchange, both of which were white, high-melting
crystalline solids.

It was at this point that we recognized that 1 possessed unusual
stability for an alkyl oxonium ion. First, it appeared that the
aforementioned anion exchanges could be done in a biphasic system
using aqueous solutions of the salts without decomposition of the
oxonium products. In fact, it turned out that an NMR spectrum of
1 could be recorded in D2O and that it could even be recrystallized
from water. Pushing this issue to the extreme, an aqueous solution

of the SbF6
- salt was heated at reflux in water and showed no

evidence of decomposition after 72 h. Finally, it emerged that the
PF6

- and SbF6
- salts of 1 could even be column chromatographed

on silica gel.
X-ray quality crystals of 1 SbF6

- were grown from CH2Cl2, and
the crystal structure was determined (Figure 1). The structure
distinguishes itself from those of other alkyl oxonium species in
the Cambridge Structural Database both in its longer C-O bond
distances (1.54 Å) and more acute C-O-C bond angles (109.8°).
The most accurate published crystal structure of an alkyl oxonium
salt is that of Me3O+ AsF6

-, which has C-O bond lengths and

Scheme 1 a

a Reagents and conditions: (a) m-cpba, CH2Cl2, 0 °C, 12 h, 85%; (b)
LiAlH4, ZnCl2, ether, 2 h, 98%; (c) I2, MeCN, 15 min, 80%; (d) Ra-Ni,
THF, 20 min, 54%; (e) HBr, CHCl3, 94%; (f) DBU, benzene, reflux, 12 h,
49% (from 9); (g) TfOH, MeCN, 100%.

Figure 1. X-ray crystal structure of cation of 1 SbF6
- showing thermal

ellipsoids at the 50% probability level. The counterion and a minor disorder
component are omitted for clarity.
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C-O-C bond angles of 1.47 Å and 113.1°, respectively.7 The acute
bond angles in 1 are the result of the puckering that accompanies
the trefoil fusion of three five-membered rings. The reason for the
lengthening of the C-O bonds is less clear, although it is interesting
to note that gas phase modeling of this cation at the B3LYP/6-
31+(g,d) level of theory results in virtually identical bond lengths.8

Examining the reactivity of 1 against weak nucleophiles other
than water showed that it was also inert at room temperature toward
alkyl alcohols, alkyl thiols, and iodide ion. The sterically hindered
base N,N-diisopropylethylamine also gave no evidence of reaction
with 1. However, SN2-type nucleophiles such as CN-, OH-, and
N3

- were quickly alkylated by 1, and it was a reaction of this type
between hydroxide and the monounsaturated tricycle 13 that
eventually led to the synthesis of oxatriquinacene 2.

Triquinacenes of the kind described above are tricyclic, bowl-
shaped trienes, the parent hydrocarbon analogue of which was first
synthesized by Woodward in the 1960s in order to probe the concept
of neutral homoaromaticity and as a potential precursor to dodeca-
hedrane.9 We were presented with an opportunity to prepare the
oxygen analogue 2 when it was observed that the hydrolysis of
oxatriquinene 13 proceeded not as expected, that is, at one of the
allylic positions, but mainly by attack at the methine carbon opposite
the CdC bond. As shown in Scheme 1, 13 could be obtained by
branching off the synthesis of 1 via elimination product 12. The
hydrolysis product 14 was oxidized to the ketone 15 (Scheme 2),
which could be brominated in the positions R to the carbonyl group
in modest but workable yield by simple reaction with Br2.
Elimination to 1710 followed by Luche reduction gave dienol 18,
which closed down to the oxatriquinacene cation 2 on treatment
with triflic acid.

Oxatriquinacene is formally a triply bis-allylic oxonium ion.
Apart from 2 and 13, no other stable allyl oxonium ions have been
reported to our knowledge. Cation 2 is more reactive than 1, and
is rapidly opened back to 18 in water, although its NMR spectrum
could be recorded in d3-acetonitrile, which would be alkylated to
the nitrilium salt by typical oxonium reagents. The protons in the
R positions of 2 show evidence of their extreme environment,
appearing at 6.80 ppm, which is downfield even of the olefinic
hydrogens. Attempts to crystallize 2 TfO- for the purposes of X-ray
diffraction have thus far proved unsuccessful.

In conclusion, we describe in this preliminary communication
the synthesis and some of the properties of novel cations 1, 2, and

13, which among them represent a number of firsts in the area of
alkyl oxonium chemistry: the first bromide salt, the first NMR
spectrum recorded in D2O, the first to be crystallized from water
and to even survive reflux in water, the first to be chromatographed,
and the first stable allylic representatives (2 and 13). Furthermore,
the crystal structure of 1 reveals the longest C-O bond distances
and most acute mean C-O-C bond angles of any published alkyl
oxonium structure. The extraordinary stability of 1 in the face of
conditions that would quickly degrade Meerwein-type salts can be
rationalized both in its tricyclic construction and in the angle strain
which accompanies the formation of medium rings (eight-membered
in the case of nucleophilic attack on 1).

Our intention at this point is to study in greater detail the
properties and chemistry of 1 and 2, with a particular eye to the
oxidation of the latter to the aromatic oxaacepentalene 6. We also
note in passing that the structural correspondence between 1 and
azatriquinane 3 may be significant in the sense that 3 has been
described as the most basic, simple trialkyl amine known, the
conjugate acid of which has a pKa value ca. 0.5 pKa units greater
than that of quinuclidine.11 This can be attributed in part to the
acute pyramidalization of the apical nitrogen but also to the fact
that the nitrogen cannot invert. The “availability” of the lone pair
in 1 leads to the intriguing question of whether a persistent, valence
shell expanded R3OH2+ or R4O2+ species could be observed, such
as have long been implicated as intermediates in work by Olah
and co-workers.12 We will visit this possibility both in theory and
experiment in a future report.
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Scheme 2 a

a Reagents and conditions: (a) aq NaHCO3, CH2Cl2, 64%; (b) CrO3,
pyridine, CH2Cl2, 30 min, 88%; (c) Br2, CHCl3, 0 °Cfroom temp, 4 h,
34%; (d) DBU, PhMe, 100 °C, 6 h, 65%; (e) NaBH4, CeCl3, MeOH, 3 h,
88%; (f) TfOH, MeCN, 87%.
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