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Properties of Radical Cations Generated by the Pulse Radiolysis of 1,0-Bis(diarylethenyl)alkanes.
Trapping of Distonic 1,4-Radical Cation by Molecular Dioxygen
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Physical and chemical properties of radical cations generated from
ArpC=CH(CH2)nCH=CAr) (Ar = 4-CH30CgH4, n = 2-4) were studied by use of pulse
radiolysis and y-radiolysis techniques. When n =3 and 4, 1,4-radical cations were
formed via intramolecular cyclization of initially formed radical cations. The 1,4-radical
cations were trapped by molecular dioxygen at the diarylalkylmethyl radical site, which
suggests the "distonic" character of the species.

The photoinduced electron-transfer reaction of 1,1-diarylethenes in the presence of an electron acceptor in
acetonitrile affords cyclodimers under inert gas atmospherela’b) and affords 1,2-dioxanes under oxygen
atmospherc.lb'e) For these photoreactions, 1,4-radical cations have been proposed as a key intermediate, in
which cationic and radical sites are seemed to be separated from each other (distonic radical cationz)). However,
the physical and chemical properties of these distonic radical cations remain equivocal. We now report that 1,4-
radical cations can be generated by the pulse radiolysis of 1,w-bis(diarylethenyl)alkanes 1b-c in 1,2-
dichloroethane and also by the y-radiolysis in a butyl chloride matrix at 77 K.1€,3) Measurements of transient
absorption spectra provided unambiguous evidence supporting that the 1,4-radical cations are distonic radical
cations and their radical sites can be trapped by molecular dioxygen.
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The pulse radiolysis of 1,1,7,7-tetrakis(4-methoxyphenyl)-1,6-heptadiene (1b, 0.01 mol dm-3)in 1,2-
dichloroethane was carried out under argon at room temperature.4) Figure 1 shows time-resolved transient
absorption spectra observed in the pulse radiolysis of 1b. Two characteristic absorption bands were observed at
Amax 355 and 400 nm at 10 ns after the pulse irradiation. The 400 nm band decayed according to a pseudo-first-
order kinetics. Decay of this band was accompanied by the rise of a new band at Amax 485 nm and also by the
rise of the 355 nm band. The rate constant for decay of the 400 nm band (k = 1.0 x 108 s'l) was in fair
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Fig. 1. Transient absorption spectra obtained at 10 ns (—(O—), 20 ns (~A-), and 50 ns (- @-) after
8 ns pulse irradiation of 1b (0.01 mol dm) under argon in 1,2-dichloroethane at room temperature and
time dependent profiles monitored at 350, 400, 480, and 500 nm.
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Fig. 2. Transient absorption spectra obtained at various times after 8 ns pulse irradiation of 1b (0.01mol dm?)
under oxygen and 2b (0.01 mol dm™) under argon in 1,2-dichloroethane at room temperature (—(O— : 10 ns
after the pulse for 1b; —A— : 30 ns after the pulse for 1b; - @~ : 350 ns after the pulse for 1b; ——
400 ns after the pulse for 2b) and time dependent profiles for 1b monitored at 350, 400, 480, and 500 nm.
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agreement with that for the rise of the 485 nm band (k=1.2x 108 s'1). The rate of the rise of the 485 nm band
was independent of the concentration of 1b. Similar spectral changes were observed when the y-radiolysis of 1b
was carried out in a butyl chloride matrix (0.01 mol dm-3) at 77 K.4) These results suggest that the spectral
changes in the pulse radiolysis and the y-radiolysis are caused by a successive conversion: radical cation 4b —
1,4-radical cation 5b (Scheme 1). Comparison of the spectra observed in the pulse radiolysis of 1b with those
of the reference compound 3 (vide infra) and analogous alkenes1€.3) indicates that the absorption at 400 nm can
be assigned to radical cation 4b, the absorptions at 485 and 355 nm to radical cation Sb.

Molecular dioxygen caused a remarkable change in the transient absorption spectra. Figure 2 shows
transient absorption spectra observed in the pulse radiolysis of 1b in 1,2-dichloroethane under oxygen
atmosphere. The 400 nm band decayed similarly to the pulse radiolysis of 1b under argon. The rise of the 355
nm and 485 nm bands was observed after the pulse irradiation. Then, both the bands decayed gradually,
accompanying the appearance of a new band at Amax 500 nm. Plots of the rate constants for decay of the 355 nm
band and the 485 nm band against the concentration of molecular dioxygen gave straight lines. The slopes of
these two lines were approximately equal. These results indicate that the species associated with the 355 and 485
nm bands are quenched by molecular dioxygen according to a first-order kinetics,5) but the species associated
with the 400 nm band is not quenched appreciably. The 500 nm and 355 nm bands were also observed in
transient absorption spectra obtained in the pulse radiolysis of the dioxane 2b6b) (0.01 mol dm-3) in 1,2-
dichloroethane under argon. All the above results can be explained by assuming that the diarylalkylmethyl radical
site of 5b is trapped by molecular dioxygen to form the oxygenated radical cation 6b (Scheme 1). Noteworthy is
here that besides the disappearance of the 355 nm band due to the diarylalkylmethyl radical moiety of 5b, the
absorption due to the diarylalkylmethyl cation moiety is sifted from 485 nm to 500 nm by the conversion of 5b
into 6b. This is apparently ascribed to the change in interaction between the cation and radical moieties of 5b and
6b.

Pulse radiolyses of a homologous series of compounds 1a and 1¢, and also a reference compound 3 were
conducted in a similar manner. For 1¢, very similar spectral changes to those for 1b were observed. However,
in the cases of 1a and 3, absorption bands in 400 nm region decayed more slowly ( k = 3.8 x 100 s-1 for 1a and
k=4.0x 10051 for 3) than the corresponding absorption band for 1b. New absorption bands appeared at
Amax 520 nm for 1a and at Amax 510 nm for 3 with slower rates. Intensities of these new bands were weaker
than the corresponding bands for 1b and 1c. These results indicate that the chemical behavior of the reactive
species generated by the pulse radiolysis of 1a-c is affected by the methylene chain length of the compounds.

The proposed mechanism for the major pathways of the pulse radiolysis reaction of 1,1-diarylethene
derivatives is given in Scheme 1. In the case of 1b, the radical cation 4b is formed via a one-electron oxidation
by a radical cation of 1,2-dichloroethane, DCE*" ; it is known that DCE*" is generated as a primary reactive
species in the y-radiolysis in 1,2-dichloroethane.”) It should be noted that in 4b, the radical cation center is
localized on one of the diarylethenyl moieties and the other diarylethenyl moiety exists in close proximity to the
radical cation center. Intramolecular cyclization of radical cation 4b affords distonic 1,4-radical cation 5b. The
attack of molecular dioxygen on the radical site of Sb affords 6b. Molecular dioxygen does not attack a
delocalized radical cation such as 4b. The distonic 1,4-radical cation is also formed from 1c. In the cases of 1a
and 3, such a distonic radical cation is not formed. A molecular model shows that a severe steric strain would
exist in 1,4-radical cations of 1a and 3, if they are formed. The destabilization in 1,4-radical cations caused by a
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steric strain accounts for the experimental facts that cyclodimers are not formed in photoinduced electron-transfer

reactions of 2-substituted 1,1-diarylalkenes.22.6)

DCE —AMA—= DCEt + o /(CH2)3\
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