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Mechanistic investigations of aryloxenium ioris, have been 3
limited.1~> This is surprising because they have been invoked to % 2a,T=30°C
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explain the products of electrochemical and chemical oxidations
of phenols$~1% and the generation of useful polymers such as poly- Figure 1. Dependence of [08iops
(2,6-dimethyl-1,4-phenylene oxid&}!2Some stable, highly delo-

calized1 have been characteriz&é? but there are discrepancies o formate, pH3.6.
over the regiochemistry of reactions of transiémgenerated from R SR
different sources, and the possible involvement of triplet fotfs’ o -
There is controversy over whether these ions are involved in all \\
the reported reactiord$8.11.120nly one detailed study of the aque- 3 Toml \!\'x acetate, pH4.7
ous solution chemistry of a sterically hindered transient exam- = F “‘;
ple has appearéedt is difficult to determine which of the reported x""‘*a--.__ﬁ
examples are genuine or how substituents affect the chemistry of 1 Kk = (33202) M T
1.
We have initiated a study df that is not highly stabilized by 010 ; : : : -
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Figure 2. Common ion rate depression faa.

extensive delocalization or by steric hindrance. Herein we describe
the chemistry of the transient idte generated fron2a, and the
possible generation of the much less stable from 2b. The

reactivity, selectivity, and calculated propertieslafand 1b are Scheme 1
compared to those of related nitrenium and carbenium ions. o} o} 0
Hydrolysis kinetics monitored by UV absorbance 2ar(30 °C) ko ks
and2b (80 °C) were first order from pH 1 to 8 in 5 vol % GH Kond[OAC]
CN—H;0, u = 0.5 (NaClQ). The pH dependence &fpsis shown PH" “OAc Ph Ph” "OH
in Figure 1. Kinetic data were fit to eq 1. The third terkay, is 2a 1a 3a
only observed foRb. The first termk,, corresponds to spontaneous, kazIN31
uncatalyzed decomposition of the ester. The nature of this reaction OH N
will be described here. The acid- and base-catalyzed reactions will ©/ . N30H
be described elsewhefeExtrapolation ofk, for 2ato 80°C (4.5
x 1073 s71) shows that at 80C spontaneous decomposition2z M 5
is 8.4 x 10%-fold more rapid than that o2b. 4/5=471
. _ 2). No rate depression is observed in formate or phosphate buffers.
Kobs = Ko 1 Ky[H™] + ko [OH ] 1) The ratiokoad/ks was determined from the dependencekgf on

. _[OAc™]. In phosphate buffer at pH 7.0, addition ogNleads to
In the absence of strong nonsolvent nucleophiles the decomposi-, .. +ion of4 and5 at the expense da, with no change in the

tion product of2a or 2b is the quinol3a or 3b. These could be magnitude Ofkyps The ratio kefks was determined from the
derived by solvent trapping dfa or 1b or by ester hydrolysis.  yenandence of the yield & on [Ns] (Figure 3).

Common ion rate depression and Nrapping show that under At 20 °C the related nitrenium ioBa s trapped by N~ with a
conditions in whichk, dominates, decomposition @a proceeds diffusion-controlled rate constark,,, of 5.0 x 10° M- 1, and
via an oxenium ion path (Scheme 1). Hydrolysis proceeds with a Kedks is 2.9 x 10° ML by both azide-clock and direct measure-
common ion rate depression in 1/1 HOAc/OAat pH 4.7 (Figure mentst415 Correction ofks, for 6a to 30 °C provides a value of

t Miami University. 6.5 x 1® M~1s71 and fork./ks a value of 2.1x 103 M~116.17 At
§ University of New England. 30 °C 6ais ca. 27-fold more selective for reaction withgNin
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Figure 3. Dependence of yield d3a on [N3™].

H,0 than isla Reaction of6awith N3~ generates only,'® while

6aandl0aare nearly equivalent (1.2607 vs 1.2610 A). The scled
HF stretching frequencies for the=€X bonds inla, 3a, 6a, and
10aare 1812.1, 1788.8, 1671.5, and 1731.5 §mespectively. The
data suggest thdta has a more distinctly “quinoidal” structure than
6a, resulting in appreciably more charge delocalization into the
distal ring. This is consistent with the 18% yieldfThe calculated
AE for the isodesmic reaction of eq 2 fda at HF level, pBP/
DN* level with ZPE corrections, and at pBP/DN* level with ZPE
and thermodynamic corrections ard2.2,—12.3, and—11.0 kcal/
mol, respectively. This suggests titatis considerably more stable
than1a relative to their hydration products. This agrees with the
lifetimes of the two cations in yD. For 1b the calculated\E are
—18.9,—19.2, and—18.4 kcal/mol, at the same levels as above,
indicating that stabilization by a-donor is more important to

lagenerates a ca. 18% yield of the product of attack on the distal aryloxenium ions than to arylnitrenium ions. Results of more

ring, 5, in addition to the major produet analogous tc.

If ky, for 1aat 30°C is diffusion-limited at 6.5x 1° M~1s71,
ks and koac for la are estimated as 8.4 10’ s and 2.8x 108
M~1s1 respectively. The lifetime ofa (1/ks) is ca. 12 ns. This
is considerably shorter than0.3 us, the estimated lifetime dfa
at 30°C, and its observed lifetime, O4&s at 20°C.}* However,
the lifetime oflais much longer than those estimated &®and9,
0.1 and 0.5 ns, respectively, in 1/1 TFEMat 20-25 °C 1518t
appears that in 0 aryloxenium ions are intermediate in stability

between nitrenium and carbenium ions of similar structure. The

only other reactive aryloxenium ion for which we know of a lifetime
estimate in HO is 1c. The azide-clock estimate for this ion is 0.55
us at 25°C.5 Steric hindrance to nucleophilic attack must play a

considerable role in stabilizing this species. An estimate of the

equilibrium constant for the formation dfa from 2a in aqueous
media,K; = ko/koac, is 8.9 x 1074 M at 30°C.

No common ion rate depression was observe®foat pH 4.7
up to [OAc] = 0.25 M. Thek, of 5.4 x 1077 s at 80°C is an
upper limit for formation oflb because alternative mechanisms
have not been ruled out. Sinda is formed at 80°C at a rate ca.

+ +
NH NH,

i ¢/N3
R Ph Ph Ph
6aR=Ph 7 8 9

a P
bR =CHs

10*-fold larger thank, for 2b, and it is likely thatkoac for both
ions at 80°C approaches the diffusion controlled limit,.Kor 1a
must be at least T€fold larger than forlb. 6b is also much less
stable thar6a with a lifetime in HO that is 750-fold shorter at ca.
0.8 ns at 20°C.1° Aryloxenium ions apparently share the well-
known stabilization of arylnitrenium ions by-donors!41519.20
Calculations onlab, 6ab and their hydration product3a,b,
10a,b(eq 2) optimized at HF/631G*, with energies computed at
pBP/DN*//HF/6-31G* 2! shed light on their properties. At this level

NH o) NH
AE

Q ' @ Q ’ @ (2)

ROOH & ar=ph R OH g

10 1 b R=CH; 3 6

of theorylais planar, while6a has a dihedral of 21°%about the
bond connecting the aryl rings. A dihedral of 24vBas calculated
for 6aat HF/3-21G¥ The C-C bond length for that bond ibais

1.421 and 1.457 A ifa. The G-O bond length ofla is shorter
than in3a (1.1875 vs 1.1968 A), while the-eN bond lengths for

detailed calculations will be presented elsewHéreurther work
will delineate in more detail substituent effects on aryloxenium ion
stability, and will attempt to determine whether these ions are
actually involved in previously reported cases.
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