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We have recently shown that 1-arylalkanol radical catfons,
e.g., [4-MeOPhCH(OH)RY, in aqueous solution can exhibit
oxygen acidity in addition to the expected and well-known
carbon acidity, depending on pH. Thus, whereas at-pH
4-MeOPhCH(OH)R]" radical cations underga-C—H deproto-
nation (R=H, k =15 x 10 R = Me = 7.0 x 10 s},
determined by conductancégt pH = 10, a very fast OH-
induced reactionk~ 5 x 10° M~1 s71) takes place involving
deprotonationat the OH group It was suggested that a
benzyloxyl radical forms (either directlycg¢ncertedwith OH~
attack) or via anintermediateradical zwitterion) which then
undergoes a formal 1,2-hydrogen atom $HiR = H, Me) con-
verting the oxyl radical into a carbon-centered radical or a
p-fragmentation reaction (R= tBu) leading to 4-methoxyben-
zaldehyde and the radical* RScheme 1). However, the oxyl
radical postulated in Scheme 1 has so far not been seen.

Since decisive support for the suggested OH deprotonation
consists of thelirect observation of the benzyloxyl radical in the
reaction with OH of a suitable 1-arylalkanol radical cation pre-
cursor, we have now studied the reaction of 4-methoxycumyl
alcohol (MCA) radical cation in acidic and basic solutions. If
this species is indeed deprotonated at the OH group by, @té
cumyloxyl radical should form, and there should be a good chance
to detect it since the only reaction of this radicgfifagmentation
leading to"CH; (the least stable alkyl radical), a process expected
to be relatively slow.

Along these lines, the radical cation of MCA was generated
by pulse radiolysis in water using $O or TI?" as the oxidant.
Under acidic conditions (pH= 4.1), at 4us after the pulse, the
complete formation of MCA was observed which exhibits the
characteristi¢” anisole-type absorption bands centered-200
and 440 nm.

The radical cation, as generated witFTIdecayed with the
(low) rate constant 2.9 10? s * by formation of H', as measured
by time-resolved AC-conductance. On this time scpfteducts
of this decay were not visible withptical detectior?
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(4) Gilbert, B. C.; Laue, H. A. H.; Norman, R. O. C.; Sealy, RJCChem.
Soc., Perkin Trans. 2976 1040. Dobbs, A. J.; Gilbert, B. C.; Laue, H. A.
H.; Norman, R. O. CJ. Chem. Soc., Perkin Trans1®76 1044. Gilbert, B.
C.; Holmes, R. G. G.; Laue, H. A. H.; Norman, R. O.XChem. Soc., Perkin
Trans. 21976 1047.

10.1021/ja980645n CCC: $15.00

. $0d.998,

120,11516-11517

Scheme 1
OH

|
chOCH—R + on®

o \\\"
(l)e ?.
H3COCH>R [ H3CO—QCH-R
R= tB/ \: =H, CHy
on
HgCO—Q—CHO + R HSCOO—C—R

However, when the reaction was performed atsHO0, afast
decay of the radical cation was observed, resulting in the formation
of 4-methoxyacetophenongx= 280 nm)*® The rate constant
5.1 x 1® M~* s71 was measured for the OHnduced reaction,

a value almost identical to those previously obtained for the
reaction of other 4-MeOPhCH(OH)R radical cations under similar
conditions? Itis therefore reasonable to assume that MC#s@

is deprotonated by OHat the alcoholic OH group with or
followed by electron transfer to yield the intermediate 4-meth-
oxycumyloxyl radical which subsequently forms 4-methoxy-
acetophenone bg-cleavagé' (Scheme 1).

Full support of this hypothesis was obtained when the reaction
was carried out at pkH= 11 where the rate of decay of the radical
cation is 10 times larger than that at pH10.

Under these conditions, the spectra presented in Figure 1 were
obtained which clearly show that the product of the radical cation
decay at 440 nm (see also inset a) is a species characterized by
a broad absorption band centered-&60 nm which subsequently
decays (inset b, the “spike” after the pulse is due to the removal
of e,, by $0¢*") giving rise, with the same rate, to 4-methoxy-
acetophenone (inset &).

On the basis of these observations, the 660-nm absorption band
is assigned to the 4-methoxycumyloxyl radical, for whichax
of 590 nm was reported for acetonitrile as solvErt. In these
studies, it was found that the visible absorption band of cumyloxyl
radicals is solveninsensitive when measured in a large variety
of noraqueous solvents. We felt, however, that a red-shift of
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(8) Some steady stateradiolysis experimentsvere carried out at pk=
4.0, using S@~ to generate the radical cation. Under these conditions the
only observed product was 4-methoxyacetophenone, but its yield (based on
the initial concentration of radical cation, calculated from the radiation dose)
was only 3.5%. A reasonable explanation is that the long-lived radi-
cal cation reacts with the radicalH,C(CH;);OH (formed through H-atom
abstraction from 2-methyl-2-propanol K9H), thus leading to the regeneration
of MCA. In agreement with this hypothesis is the observation of a 4-fold
acceleration in the rate of decay of MEAwhen 2-methyl-2-propanol was
added in a concentration sufficient to scavenge 50% of the initially produced
OH radicals, which leads to the production *6H,C(CH;),OH instead of
TI2*. The details of the mechanism of the decay of MCh acid medium
are currently under investigation.

(9) Irradiations were carried out on Ar-saturated aqueous solutions contain-
ing 1 mM MCA, 0.5 mM K:S,Og, and 0.2 M 2-methyl-2-propanol, at room
temperature, using ®Co y-source at dose rates of 0.5 Gy sfor the time
necessary to obtain a 40% conversion with respect to peroxydisulfate. The
pH of the solution was adjusted to 4 or 10 with HGI@ NaOH, respectively;
in the latter case, 1 mM NB,O; x 10H,O was added to avoid undesired pH
changes upon irradiation. Products were identified and quantitatively deter-
mined by HPLC (comparison with authentic samples).

(10) Steady-state experiments confirmed that under these conditions,
4-methoxyacetophenone is produced from MCh quantitative yield.

(11) The methyl radical was in fact detected via EPR by trapping with
CH2=NOZ*)(We thank Dr. K. Hildenbrandt for performing this experiment
at pH= 11).
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Figure 1. Time-resolved absorption spectra observed on reaction pf SO  Figure 2. Absorption spectra of transients obtained after 248-nm laser

with MCA (1 mM) recorded on pulse radiolysis of an Ar-saturated flash photolysis of an Ar-saturated @EN solution containing 5 mM

aqueous solution (pH 11.0), containing 0.1 M 2-methyl-2-propanol, 1 ~ 4-methoxycumylkbutyl peroxide, recorded 0.1, 0.35, 2, and§ after

mM NaB4O; and 10 mM KS,0g, at 112 @), 222 £), 324 @) and 624 the laser flash. Insets: (a) buildup of 4-methoxyacetophenone monitored
ns (») after the 20 ns, 10-MeV electron pulse. Insets: (a) decay of MCA  at 280 nm; (b) decay of the 4-methoxycumyloxyl radical monitored at
monitored at 440 nm; (b) buildup and subsequent decay, monitored at 580 nm;. (c) comparison between the transient absorption spectra of

660 nm assigned to the 4-methoxycumyloxyl radical; visible is also the MeOCumO generated by 248-nm LFP in GEN (®) and in CHCN/

fast decay of the electron, due to eq 3; (c) buildup at 290 nm assigned to H.0 1:1 ().

4-methoxyacetophenone.

were obtained with thensubstitutecumyloxyl radical where a
red shift of 30 nm was observed for the same solvent change,
thus showing the generality of the phenomefbn.

In conclusion, we have obtained for the first tintfrect
evidence that 1-arylalkanol radical cations can be deprotonated
at the OH group to finally form a highly reactive alkoxyl radical.
Apparently, the oxygen acidity of these radical cations is displayed
only in fairly basic media, and this can be rationalized in terms
of the oxygen-bonded hydrogen being a hard acid center, requiring
a hard base (OH to react. With the neutral base water (at pH
< 5), thenormal (weak) C-H acidity prevails, as concluded from
systems containing aw-hydroger? There is an interesting
theoretical aspect in this oxygen acidity as it finally leads to an
intramolecular electron transfer from the side-chairO( or
—OH, depending on whether the zwitterion (see Scheme 1) is an
intermediate rather than a transition state) to the aromagigstem
of the radical cation, involving orbitals which, different from those
of the G,-H bond, do not directly overlap. Finally, another novel
observation reported in this paper is that the visible absorption
band of cumyloxyl radicals undergoes a significant red-shift on
going from nomaqueous to aqueous solvents. This effect of
wateris in contrast to the solveimsensitivity'®14with respect to
nonagueous solvents.

Amax could not be excludedn water in view of the special
characteristics of this solvent, which should stabilize the excited
state of the 4-methoxycumyloxyl radical, suggested to be char-
acterized by a quite large charge separatfon.

To test this hypothesis, we synthesized 4-methoxycurbyityl
peroxide (4-MeOPhC(CH,OOC(CH)s3)*® and produced the
4-methoxycumyloxyl radical, 4-MeOPhC(GHO* (MeOCumO),
by 248-nm photolysis of the peroxide in @EN and in CHCN/

H,0 1:1 (v/v)1® Figure 2 displays the spectrum of MeOCumO
recorded in CHCN at 100 ns after the laser flash. The spec-
trum, with aAmax of 580 nm for the visible absorption band,
is in excellent agreement with tRat* previously reported?*?
MeOCumO, the species responsible, undergoes a first-order
change, such that ati& after the flash is present, the spectrum
of 4-methoxyacetophenone whose buildup at 280 nm (inset a)
occurs with the same raté & 1.0 x 10° s7%) as the decay of
MeOCumO at 580 nm (inset b).

In inset c, the visible absorption band of the 4-methoxycumyl-
oxyl radical in CHCN (@) is compared with that in C4#CN/

H,0 1:1 (open diamonds). Itis evident that the presence of water
results in a red-shift of~45 nm. This observation supports the
attribution of the 660 nm absorption in water to the 4-methoxy-
cumyloxyl radical since an even larger red-shift should occur on
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