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Mechanistic studies of aryloxenium ions1 are limited,1-8

although they have often been proposed to explain synthetically
useful oxidation reactions of phenols,9-12 and the generation of
commercially useful polymers.13,14 Some isolatable, highly delo-
calized1 have been observed,6-8 but they give little understanding
of the properties of transient1. Discrepancies over the regiochem-
istry of reactions of purported1, and the possible involvement of
triplet ions still exist. There is a lack of evidence for the involvement
of oxenium ions in most of the cases in which they have been
invoked.

We have initiated an investigation of aryl- and alkyl-substituted
transient oxenium ions. Previously we indirectly detected the
generation of 4′-substituted-4-biphenylyloxenium ions1a-c from
catalyzed or uncatalyzed hydrolysis of2a-c through18O-labeling
studies in 18O-H2O, common ion effects, and azide-trapping
(Scheme 1).15-17 In this paper we report the first laser flash
photolysis (LFP) generation and observation of transient cation1b
and a kinetic study of its decomposition in aqueous solution.

Quinol ester2b was employed as a precursor for1b. Laser flash
excitation was carried out with a 5 ns pulse at 266 nm in
O2-saturated pH 7.1 0.02 M phosphate buffer (µ ) 0.5(NaClO4)),
in the presence or absence of N3

-. Figure 1A shows two strong
transient absorbance bands atλmax ) ca. 360 nm (A-360) andλmax

) ca. 460 nm (A-460). A-460 decays more rapidly than A-360
after excitation. Figure 1B shows that in the presence of 1 mM
N3

- the decay rate of A-460 increases, while the decay rate of A-360
appears to be unaffected. At least two intermediates appear to be
formed after LFP: one associated with A-360 and one with A-460.
In Ar-saturated buffer these two transient bands are also formed,
but an additional short-lived species with strong absorbance at 360
nm that decays within the first 20 ns after excitation is also
observed. This species is suppressed, but not eliminated, in the O2-
saturated buffer. It can be detected at very early reaction times (e20
ns) at 360 nm (first spectrum in Figure 1A). The decay rates of the
two longer-lived bands (A-360 and A-460) detected in O2-saturated
buffer are unaffected by O2.

Kinetics of the decay of A-460 monitored at 460 nm (22°C)
are summarized in Figures 2 and 3. In the absence of N3

- the
transient decays with first-order kinetics. Figure 2 shows that
quenching of A-460 in the presence of N3

- exhibits pseudo-first-
order kinetics. Figure 3 shows linear dependence ofkobs on [N3

-].
Kinetic data were fit to eq 1, whereks is the first-order rate constant
for decay of A-460 in the buffer alone, andkaz is the second-order
rate constant for the N3--dependent reaction.

The results indicate that A-460 is due to a single intermediate
that reacts with N3-. The reaction between N3- and the intermediate

is apparently diffusion-limited with akaz of (6.6( 0.2)× 109 M-1

s-1. A diffusion limit of ca. 5-7 × 109 M-1 s-1 has previously
been observed for the reaction of N3

- with transient carbenium
and nitrenium ions under similar conditions.18,19

Steady-state photolysis of2b was performed (Figure S1 in
Supporting Information):2b was irradiated by UVC at 235-280
nm in solutions identical to those used for LFP. Irradiation of2b
for 45 s generated3b as a major product detected by HPLC, but
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kobs) ks + kaz[N3
-] (1)

Figure 1. Transient absorbance spectra obtained after 266 nm excitation
of 2b in O2-saturated pH 7.1 phosphate buffer in the absence of N3

- (A) or
in the presence of 1 mM N3- (B): red, 20 ns after flash; green, 120 ns
after flash; blue, 220 ns after flash. All spectra recorded with a 20 ns
window.

Scheme 1. Formation of Aryloxenium Ions by Hydrolysis
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its yield was only 9%. Authentic3b decays rapidly during
photolysis; after excitation for 45 s, 27% of3b remained. After
correction for decomposition, the calculated yield of3b from
photolysis of2b is ca. 30-35%. Irradiation of2b in the presence
of 40 mM N3

- led to complete suppression of the HPLC peak for
3b. We could not detect4b; authentic4b does not survive these
photolysis conditions. Similar results were obtained from irradiation
of 2b with UVB at 281-315 nm for 90 s. The hydrolysis of2b in
the dark leads to quantitative formation of3b, which is completely
replaced by4b in the presence of 40 mM N3-.17

Several lines of evidence indicate that the intermediate detected
at 460 nm is identical with the indirectly detected ground-state
intermediate1b. The intermediate does not react with O2 indicating
that it is not a radical species, but it does react efficiently with the
good cation trap N3-.18 The ratiokaz/ks of (1.14 ( 0.09) × 103

M-1 obtained from the LFP study is equivalent to the one obtained
from the N3

--trapping product study for hydrolysis of the same
precursor2b at 30°C ((1.0( 0.2.)×103 M-1).17 The lifetime (1/
ks) of the intermediate in the absence of N3

- is (170 ( 10) ns.
This agrees very well with the previously predicted lifetime of1b
of 150-180 ns that was based on the assumption of diffusion
limited kaz.17 Finally, the steady-state photolysis shows that the same
product,3b, is generated during photolysis and hydrolysis of2b,
and this product can be suppressed by N3

-. The yield of3b from
photolysis is lower than that observed from the hydrolysis of2b,
but Figure 1 shows that photolysis does lead to species other than
1b.

The transient absorbance A-360 (t g 1 µs to eliminate contribu-
tions from the fast decaying component) decays in a biphasic
manner (Figure S2 in Supporting Information) with two first-order
rate constants. It is not clear whether there are two simultaneously
formed or two sequentially formed intermediates. Neither rate

constant depends on [N3
-] or O2. The lifetimes of these intermedi-

ates (ca. 12 and 75µs) are much longer than that of1b. We do not
yet know the identity of reaction products generated from these
intermediates.

Ren and McClelland observed a significantly longer lifetime
(3.65 µs) for 5b than we observed for1b.20 This confirms our
previous conclusion, based on azide clock data, that aryl-substituted
nitrenium ions are ca. 20-30 fold more stable than oxenium ions
of analogous structure.17 We will continue this study with emphasis
on structural characterization of1b, identification of the other
transients detected in this study, and detection of less stable1.
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Figure 2. Decay of A-460 in O2-saturated pH 7.1 phosphate buffer, 1 mM
N3

-. Data were fit to a standard first-order rate equation (blue curve). The
green curve shows the time course of A-460 decay in the absence of N3

-.

Figure 3. Plot of kobs vs [N3
-]. Data were fit by a linear least-squares

procedure to obtainks andkaz. Adjustedr2 ) 0.9895.
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