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Fragmentation reactions of radical cations, and particularly
those involving G-H and C-C bond cleavage, are attracting
continuous interest due to their many practical and theoretical
implications? In this research area, we recently reported that,
in aqueous solution, the cleavage of aC bond in alkyl-
aromatic radical cations is assisted by the presence af@hl

J. Am. Chem. S0d.997,119,4078-4079

age of the G-C bond according to eq 1. In contrast, the decay
of 2 leads to thex-hydroxybenzyl type radica* (Amax at 300
nm), via cleavage of the €H bond (eq 2). In agreement with
the pulse radiolysis results, steady stpteradiation of1 and
2 gave 4-methoxybenzaldehyde and 4-methoxyacetophenone,
respectively, the latter deriving from oxidation 8f, in the
presence of fg?".5

The rate constants of reactions 1 and 2 in water, measured
by the decrease of the 450 nm absorption of the radical cétion,
turned out to be 1.& 1P and 3.7x 10* s, respectively; i.e.,
the C-C bond cleavage (of*") is ca. 5 times faster than the
deprotonation reaction (d#*). With both 1** and 2*, the
decay rates were found to increase in the presence of OH
(Figure 1), whereby the rate constants for the Gddtalyzed
process are almost identickl& 5 x 10° M~1 s71) for the two
radical cations. At first sight, this is a very surprising result in
view of the fact that witHl** the base catalysis can only involve
the O—H bond whereas wit*+ the C-H bond is expected to
be involved.

To gain further information on this phenomenon, we also

group? Base catalysis was observed, and a hydrogen-bondedstudied the radical catiors™ and5**, where the only possible

transition state was suggested. In an effort to throw more light
on this phenomenon, we have now discovered that-4®»H
group can assist as well the cleavage of-aHCbond (C-H
deprotonation). The results of our study, which permit more
general conclusions to be drawn on the nature ofdHeH
group assistance in fragmentation reactions of radical cations
are presented herewith.

The starting point was the similar effect of Otbn the
fragmentation reactions of the radical catidns and2**, the
former of which involves the cleavage of the-C bond (eq 1,

fragmentation reaction is-€H deprotonation, as described in
egs 3 and 4 and as experimentally observed.
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B symbolizes a base) and the latter one, however, that of the

C—H bond (eq 2).
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The two radical cations were generated igOHrom 1 or 2
using SQ'~, and their reactions were studied by the pulse
radiolysis technique, as previously descriBedBoth radical
cations showed the characteristic absorption bands centere
around 290 and 450 nfh.It was observed thal™ decayed to
form 4-methoxybenzaldehyde (absorption at 285 nm) by cleav-

The kinetic study of these reactions showed that in the
absence of NaOH the rate of deprotonatiorduf (7.5 x 10*
s71) is similar to that of5* (1.0 x 1P s71), as expected since
the OH and OMeo-substituents should exhibit very similar
electronic effects. However, the Oltatalyzed reaction is
drastically different for the two compounds as clearly visible
from the slopes of the corresponding plots in Figure 1. The
OH™-catalyzed deprotonation df* (squares) is 27 times faster
than that of5** (triangles) (5.4x 1®° vs2.0 x 1B M~1s™1),
although with4** and 5" the same bond is (finally) broken.
Even more interestingly, the second-order rate constant for the
OH™-catalyzed decay of** is almost identical with those for
the case ofi*t and2'*, as indicated above. These values«(5
10° M~1s™Y) are characteristic for reaction of Ohith protons
bonded to a heteroatom such as oxy§efihe kinetic isotope
effect was also studied, using 4-Me@z—CD,OH and
d—CDzOMe instead o#4 and5. With the radical cation from
the alcohol - CD,OH), the rate constant for reaction with OH
was 5.3x 10° M7t s ie., the same as that from the
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(5) Irradiations were carried out on argon-saturated aqueous solutions
containing the substrate,,80s (substrate/oxidant ratia2), and 0.2 M
2-methyl-2-propanol at room temperature, usingf@o y-source at dose
rates of 0.3-0.9 Gy s'%, for the time necessary to obtain a 40% conversion
with respect to peroxydisulfate. Products were identified and quantitatively
determined by HPLC (comparison with authentic samples).

(6) Experiments were carried out at 26 by pulse-irradiating argon-
saturated aqueous solutions containing the substrate, peroxydisulfate, and
2-methyl-2-propanol. For the kinetic study of the radical cation decay, the
ionic strength of the solution was buffered with 0.5 MJ8&, and 1 mM
NaHPO, was added to avoid undesired pH changes upon irradiation. The
decay followed first-order kinetics. Second-order rate constants for the base-
induced process were obtained from the slope of the pldis,afs [NaOH].

(7) The two radical cations were generated frérand5, respectively,
and their decay kinetically studied as described in ref 6. In both cases, the
decay of the radical cation, monitored at 450 nm, produced the correspond-
ing carbon-centered radical (absorption at about 300 nm), as described in
egs 3 and 4.
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Figure 1. Effect of [OH"] on the rate of decay df** (open circles),
2t (full circles), 4t (squares), an8'* (triangles).

Scheme 1

OH

CHaocHR + OH~

-H,0 [+

i ; 1
CHGOCHR —_ cr«p—@—(l;m
e
C|)H
CR

u
CHSO@CHO CHSO@
+ R°

nordeuterated compound, which means tkit)/k(D) = 1.0,
whereas for the ether{CD,OMe), k(H)/k(D) was determined
to be 1.8.

These observations clearly indicate that the Gidtalyzed
decays of the radical catiods', 2°t, and4**, all of which bear
an OH group on ther-carbon, have a fundamental mechanistic
feature in common, independent of whether@Cor C—H bond

a -H,0

R=H,CHs
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the g-fragmentation reaction, so it is not surprising that no
spectral evidence was found for the presence of the benzyloxyl
radical @max around 560 nmj}?

The mechanism discussed above nicely accounts for the
experimental facts, particularly the kinetic isotope effect data,
presented in this paper. In this case it is perfectly understandable
that the rate constants for catalysis concerning the radical cations
1+, 2+, and4'* and its deuterated analogue are practically the
same: accordingly, very similakp and intramolecular electron
transfer energies are foreseeable for these spkties.

Possibly, the mechanism of Scheme 1 holds only for reactions
with OH™ (or bases of similar or greater strength); different
mechanisms might operate with weaker bases. For example,
in water, C-C bond cleavage irl*" might be assisted by
hydrogen bond formation as previously suggestedthout
involving complete OH deprotonation. Fart and4't in the
absence of OH, direct attack to the €H bond might occur,
in agreement with the observation that, under these conditions,
2" and 4"t decay with a rate similar to that &, whose
deprotonation can only involve the cleavage of thetChond!4
On the other hand, in an alkylaromatic radical cation, the kinetic
acidity of a-C—H bond is expected to be significantly higher
than that of ay-O—H bond since only the former bond can
interact with the SOMO of the radical cation which resides on
the aromatic ring. Thus, it is reasonable that, in the presence
of so weak a base as water, the deprotonation of the radical
cation mainly involves the €H bond. In the presence of the
strong base OH however, OH deprotonation becomes pre-
dominant and the mechanism changes to that of Scheme 1.

In conclusion, we have presented data indicating that the
OH-induced deprotonation ofi-hydroxy-substituted alkyl-
aromatic radical cations in water to form the corresponding
carbon radical does not involve the direct attack of the base at
the C—H bond, as generally believed. We suggest that in the
first step the base deprotonates t®H bond to produce a
benzyloxyl radical, either directly or via a radical zwitterion

cleavage eventually occurs. It is reasonable to assume andyhich then undergoes an intramolecular (side chain to nucleus)

supported by the high rate constant 0&510° M~* s™* that  electron transfer. The resulting benzyloxyl radical is then
this common mechanistic feature involves the interaction of the converted into the carbon radical by a 1,2-hydrogen atom shift,

base with thex-OH group, as detailed in Scheme 1. this reaction constituting the-deprotonation.

The first step is deprotonation at the OH group, leading to a
radical zwitterion (step a). In the second step the radical
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alternative is that the conversion of the radical cation into the '€!lOWsniP-
benzyloxyl radical takes place in a single step. In other words, JA970259Q
deprotonation and intramolecular electron transfer may be

concerted (step c).

The fate of the benzyloxyl radical depends on the nature o

R, as illustrated in Scheme 1. When, aslin (R = tBu), R
can give rise to a stabilized carbon radical suchtBs, a

pB-fragmentation reaction follows, and 4-methoxybenzaldehyde

is formed!® This pathway is energetically less feasible when
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