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In the generic radical catioht™, the cleavage of the-€H bond
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Figure 1. Time-resolved absorption spectra of CA (%6103 M) and
(4-MeOGH4)2,CH; (1.0 x 1072 M) in Ar-saturated MeCN recorded 0.4
(©), 3.4 A), 12 (V), and 30 ©) us after the laser puls@dyc = 355 nm,
pulse width of 7 ns and laser energy of ca. 3 mJ pujsénset: kinetics

is much easier than in the neutral parent compound. The cleavaggecorded at 450 and 505 nm.

of this bond can occur homolytically or in a heterolytic fashion,
as shown in Scheme?..

Scheme 1

Path (b) is the one generally observed in solufioand
accordingly, radical cationk* represent a very interesting class

(4-MeOGH4)2.CH; (1.0 x 102 M) produced the time-resolved
spectra shown in Figure 1. The spectrum recordequ8.4fter

the laser pulse shows clear absorptions at 320 and 450 nm,
attributed to CA™ (Amax = 320, 425, and 450 nrf) and
(4-MeOGH4)2:CH" (Amax = 450 nm)? formed by reaction of

the excited triplet chloranil (too short-lived to be detected under
these experimental conditions) with (4-Megz),CH,. Very
surprisingly, however, the decay of €Aand (4-MeOGH,4),CHy "

did not lead to the formation of CAHand (4-MeOGH,).CH,

of strong carbon acids, whose kinetic and thermodynamic acidity the products of the expected proton transfer reaction (eq 1).

is the object of continuous investigatibh. The preference for

Accordingly, no rise in absorption was observed at-3360 nm,

the heterolytic pathway is so strong that it is also observed when the wavelength region where both CA&hd (4-MeOGH,),CH

the radical cation reacts with a radical anion, a typical situation
in photoinduced electron transfer reactién3he possibility of

the alternative path (a) involving a hydrogen atom transfer reac-
tion was rarely considered and, as far as we know, never

demonstrated?

In this context, the results presented here of a study of the
photoinduced electron transfer reactions of bis(4-methoxyphenyl)-

methane, (4-MeOgH,).,CH,, sensitized by chloranil (CA) in
MeCN, clearly indicating the occurrence of a hydrogen atom
transfer from the radical cation to the chloranil radical anion

are reported to absofb?13.14
CA"™ + (4-MeOPh)CH,”" —
CAH' + (4-MeOPh)CH' (1)
CA™ + (4-MeOPh)CH,"" —
CAH™ + (4-MeOPh)CH" (2)

Instead, CA™ and (4-MeOGH,4).CH,"" decayed, by second-

(CA™), appear certainly of interest. These results are presentedg qer kinetics > = 7.7 us), leading to the buildup of a very

here.
Photolysis by laser excitationid, = 355 nm}° of an
Ar-saturated MeCN solution of CA (3.6< 102 M) and
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intense signal at 505 nm (see inset of Figure 1), attributed to (4-
MeOGCsH,).CH" on the basis of literature dat&. In line with

this attribution, the decay rate of the 505 nm transient (a first-
order process witlk = 4.5 x 10* s %) is unaffected by oxygen,
but strongly increased by addition of watét> It seems therefore
reasonable to suggest that the reaction between @Ad (4-
MeOGH,).CH,** involves a hydrogen atom transfer process from
the radical cation to CA to produce a carbocation, as described
in eq 2. In line with this hypothesis, the spectrum recorded at
30us also clearly shows the presence of CAkhich absorbs at
320 and 450 nm.
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us in steady-state photolysis, probably the amount of water in our medium
(ca. 5x 1072 M) is sufficiently high to produce first-order kinetics.
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Even though this result was unexpected, it must be pointed
out that it could be predicted, at least on thermodynamic grounds.
Accordingly, on the basis of appropriate thermochemical cycles,
the AG° value for reaction 2 should he—29 kcal mol?,16i.e.,
largely more negative than the valukG° = —16.8 kcal mot?)
calculated for the proton transfer reaction (ed®)lhus, in this
system, hydrogen atom transfer is thermodynamically favored over
proton transfer.

The possibility that the carbocation is formed by reaction 1,
followed by the electron transfer reaction of the carbon radical
(E° < 0.16 V vs NHE}*'"®with ground-state chloranilE® =
0.254 V vs NHE)}* is considered unlikely as no change in the
formation rate of the carbocation was observed by increasing the
CA concentration. Moreover, the diarylmethyl cation is formed

with the same efficiency both in the absence and in the presence

of oxygen?® If the carbocation would be formed from the carbon
radical, the efficiency of its formation should be affected by the
presence of oxygen, which is expected to trap the carbon radical
(vide infra). Finally, CAH and its decay should be observed in
the spectrum, which is not the case.

Very interestingly, a different situation was found when the
laser photolysis of (4-MeOgEl,),CH, was performed in CkCls.
The time-resolved spectra obtained in this solvent are reported
in Figure 2. The formation of CA and (4-MeOGH,),CH,*,
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Figure 2. Time-resolved absorption spectra of CA (4«0L0~2 M) and
(4-MeOGH4),CH, (1.0 x 10°2 M) in Ar-saturated CHCI, recorded 0.1
(0), 0.4 ), 2.6 ), and 8 @) us after the laser pulsédyc = 355 nm,
pulse width of 7 ns and laser energy of ca. 3 mJ pd)sdénsets: kinetics
recorded at 350, 450, and 515 nm.
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state CAZ In line with this conclusion, the formation of the
carbocation at 515 nm was no longer observed in the presence
of Oy, which traps the carbon radical (the shape of the absorption
band centered at 350 nm also changed). A linear plot between
the first-order rate constant for the formation of the carbocation

both absorbing at 450 nm, was again observed. Even though theand the CA concentration was obtained, from which a second-

absorptions of these two species are difficult to distinguish, the
first-order decay of the 450 nm absorptid~{ 3 x 10" s %; see
inset of Figure 2) is fully consistent with the radical ions ‘CA
and (4-MeOGH,),CHy* decaying as a bound pair. The absorp-
tion at 450 nm decreases and is replaced (after abous) Dy

that of CAH (Amax = 360, 420, and 435 nrip13 and (4-
MeOGCsH4)2CH* (Amax= 350 nm)** Thus, in CHClI,, the radical
cation undergoes a proton transfer reaction (eqahy nota
hydrogen atom transfer reaction (eq 2), as observed in MeCN.
However, the decrease in absorption at 38360 nm was
accompanied by the buildup of an absorption at 515 nm, attributed
to the diarylmethyl cation. In line with this attribution, water

order rate constant of & 10’ M~ s for the reaction between
the carbon radical and CA was calculated.

Thus, a mechanistic changeover, from homolytic to heterolytic
C—H bond cleavage in the radical cation, is observed on going
from MeCN to CHCI,. This is probably due to the much stronger
basicity of CA~ in the latter solvent where, moreover, (4-
MeOGsH,4).CH,*" is deprotonated within a radicalon pair. In
CH.Cl,, therefore, reaction 1 may become favored over reaction
2. Anincrease in the reduction potential of (4-Megig).CH*
on going from MeCN to CKCl, might also play a role.

In conclusion, it has been clearly shown, for the first time,
that an alkylaromatic radical cation can undergo homolytic

accelerated the decay rate of the 515 nm absorption. First-orderreaking of the G—H bond when it reacts with CA in MeCN.
kinetics were observed, and the rate was found to depend on theThe low basicity of CA~ in MeCN (K, = 6.8)8 and the

concentration of CA, which suggests that the carbocation is
formed by the reaction between the carbon radical and ground-

(16) Calculated from the equatiaxG°(reaction 2)= AGhom(Ar,CH—H")
— AGhor{(CA—H") (Ar = 4-MeOGHa,). AGhor(Ar,CH—H") is the Gibbs
energy for the homolytic cleavage of the-8 methylene bond in the substrate
radical cation. Its value was estimated at°Z5by the equatior\Gnon{Ar2-
CH—H"") = 2.3RTpK,(Ar,CHy"+) — 23.08E°(H*/H*) + 23.06E°(Ar,CH*/Ar,-
CH); the value of K,(Ar,CH;"), —5.5, was calculated as already described
but using the most recently reportef(H*/H*) value in MeCN (1.77 V vs
NHE) .12 Since the oxidation potential for (4-Me@g,)PhCH is 0.16 V17
a substantially lower value is expected for the oxidation potential of
(4-MeOGH,),CH; thus,AGpen{Ar,CH—H*") should be<37 kcal motL. The
value of AGor(CA—H"), the Gibbs energy for the homolytic-&H bond
cleavage in CAH, was taken equal to the value (66.3 kcal nipkevaluated
in DMSO17¢
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1993 58, 5050-5054.
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— pK(CAH")]. pK4(Ar,CHzt) is as above, andKa(CAH*) in MeCN, 6.8,
was calculated at 25C by the equation i,(CAH*) = (1/2.RT)[AG°(CA—
H*) + 23.0E°(H'/H*) — 23.0E°(CA/CA*")]. AG°(CA—H) is estimated to
be 56 kcal mot! [the BDE for (CA—H*) (64 kcal mot)*aminus the entropy
factor (8 kcal mofY)],° E°(H*/H*) is as above, an&°(CA/CA*") is 0.254 V
(vs NHE in MeCN)

(19) (a) Friedrich, L. EJ. Org. Chem1983 48, 3851. (b) Penn, J. H.;
Deng, D.-L.Tetrahedron1992 48, 4823-4830.

(20) By considering that the values (M?* cm™!) are 16 for the
carbocatior# 10* for CA*~,*2 and 16 for the radical catiod!? respectively,
it has been estimated that the yield in carbocation fromr~Cénd (4-
MeOGsH4),CH,*" is around 13%. Probably, the hydrogen atom transfer
reaction competes with diffusive re-encounter of the radical cation with the
radical anion whose rate has been estimated tod @° M~1 s71 210 followed
by back electron transfer.

substantial spin density on the oxygen atoms probably play a
fundamental role in this respect, as well as, of course, the
reduction potential of the formed carbocation. Thermochemical
calculations indicate that in MeCN the homolytic process remains
thermodynamically favored with respect to the heterolytic one
as long as the reduction potential of the formed carbocation is
<0.7 Vvs NHE. Thus, the homolytic process may be much more
frequent than it was hitherto thoughitand chloranil-sensitized
photolyses in MeCN might represent an attractive new method
for the production and the study of a significant number of aryl-
methyl cations. We are presently working to test this possibility.

Acknowledgment. Thanks are due to the National Council of
Research (CNR) and the Ministry for the University and Scientific and
Technological Research (MURST) for financial support.

JA9820902

(21) (a) Sehested, K.; Holcman, J.; HartJJAm. Chem. S0d.977, 81,
1363. (b) Gan, H.; Leinhos, U.; Gould, I. R.; Whitten, D. &.Am. Chem.
Soc.1985 99, 3566.
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(b) Even though the yield in carbocation from (4-Megbiz),CH- is difficult
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(23) The homolytic process may escape detection if a carbocation is formed
whose absorption falls outside the investigated region of the spectrum or
overlaps with other signals.




