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Electron transfer reaction is one of fundamental reactions involving radical ions as the

intermediate in chemistry and biochemistry. Radical ions have been widely investigated in

photochemistry and radiation chemistry. Photoinduced electron transfer reaction between

electron-donor and acceptor molecules is a conventional method to generate the radical cations

and anions, respectively. Since radical cations and anions are generated as ion pairs, interaction

between both radical ions must influence on chemistry of radical cations and anions in the

photoinduced electron transfer reaction.

Cycloreversions of cycloalkane radical cations such as isomerization of quadricyclane

radical cation to norbornadiene radical cation" and ring-cleavage of radical cations of aryl-

substituted cyclobutanes21 have been reported to occur within ion pairs in the photoinduced

electron transfer reactions. Therefore, other method is necessary to study cycloreversions of

free radical cations of cyclic compounds. Since free radical cations are generated by radiolysis

in alkyl halides solution and matrices, pulse radiolysis and y-radiolysis have been used in the

present study.

We have studied reactions of bicycloalkene radical cations generated by pulse radiolysis

in 1,2-dichloroethane (DCE) solutions at room temperature and y-radiolysis in n-butylchloride

(BuCl) rigid matrices at 77 K. l,5-Diarylbicyclo[3.2.0]hept-6-ene (1) and 1,4-diarylcyclohepta-

1,3-diene (2) were prepared according to the literature3' and purified by recrystallization from

ethanol (Miyazaki Univ.). The L-band linear accelerator at ISIR, Osaka University was used

as the source of electron pulse. The energy was 28 MeV and the pulse width was selected as

an 8 ns. The dose was 0.74 kGy per pulse and the beam diameter was ca. 4 mm. y-Radiolysis

was carried out in a Pyrex cell using a Co source up to a dose of 0.49 kGy at room

temperature (ISIR, Osaka University ). The optical absorption spectra of the 77 K matrices

were measured with a spectrophotometer and multichannel-photodetector.
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in DCE or h . A,1 _ P h

1 a , b n-BuCI 2a, b b. Ar - Ph,

y-Radiolysis of 1 at 1.0 x 10"3 M in DCE gave 2 in 100 % yield, while that of 2 did not
give 1. A transient absorption spectrum with a peak at 560 nm and with the almost equivalent
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AO.D. was observed immediately after an electron pulse (8 ns duration) during pulse radiolyses

of la and 2a (Fig. 1). The transient absorption spectrum is assigned to 2a radical cation (2a'+),

since it is almost equivalent with that of ?rans,rrart.y-l,4-diphenyl-l,3-butadiene radical cation

(3*+) generated under the same conditions. Therefore, cycloreversion of la** occurs to give

2a*+ within the electron pulse (8 ns) or at the rate constant of k> 1.3 x 108 s ' at room

temperature in 100% yield. Similarly, the equivalent transient absorption spectrum with a

broad peak at 570-620 nm and with the almost equivalent DOD was observed immediately

after an electron pulse during the pulse radiolysis of lb and 2b. The transient absorption

spectrum is assigned to 2b**, since the similar one with the same peak at 570-620 nm of

rra«5,/ran^-l-(l-naphthyl)-4-phenyl-l,3-butadiene radical cation (4**) was observed during

the pulse radiolysis of 4 under the same conditions. Therefore, cycloreversion of lb** occurs

to give 2b** within 8 ns with k> 1.3 x 108 s1 at room temperature in 100% yield.
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Fig. 1. Transient absorption spectra recorded immediately after an electron pulse during
the pulse radiolyses of argon-saturated DCE solutions of la, 2a, lb , 2b, 3, and 4 (5.0 x 10"
M) at room temperature.
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The similar absorption spectrum with a peak at 560 nm and with the almost equivalent

absorbance was observed after fradiolyses of 1 and 2 in rigid matrices of glassy BuCl

solutions at 77 K (Fig. 2). The absorption spectrum is assigned to 2**, since it is almost

equivalent with that of 3*+ generated under the same conditions. Therefore, cycloreversion of

1** occurs to give 2** rapidly in 100% yield even in BuCl rigid matrices at 77 K.
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Fig. 2. Absorption spectra recorded after y-radiolyses of la, 2a, lb , 2b, 3, and 4 (5.0 x
10" M) in degassed n-buthyl chloride rigid matrices at 77 K.

It should be noted that no cycloreversion occurs from bicyclo[3.2.0]hept-6-ene radical

cation having the same skeleton as 1*+ but no aryl-substituents on the cyclobutene ring.

One-electron oxidation may occur from the -orbital of the olefinic bond (HOMO) of the

cyclobutene ring, but does not lead to the cycloreversion to cyclohepta-l,3-diene radical

cation. Therefore, the cycloreversion of 1 involves interaction of C6-C7 7t-orbital and C,-C,

a-orbital of the cyclobutene ring and 7i-orbital of aryl-substituents. The positive charge is

distributed mainly or localized an 7i-orbitals of aryl-substituents because of the lower oxidation

potential of aryl-substituents. However, the positive charge must develop in the cyclobutene

ring enough to decrease C,-C, o-bond strength through the interaction between 7t-orbitals of

aryl-substituents and C,-C5 a-orbital for the occurrence of the fast and quantitative

cycloreversion. Cleavage of C,-C5 a-bond of 1*+ occurs concertedly with formation of C,-C7

- 8 8 -



JAERI-Conf 2000-001

and C5-C6TC-bonds and disappearance of C6-C7 7t-bond to give 2*4. In other words, the electrocyclic

reaction of C{-C5 o-orbital and C6-C7 TT-orbital of 1*+ proceeds in a disrotatory manner giving

2a*+

Because of lower ionization potential of naphthalene (IP = 8.12 eV) than that of benzene

(IP = 9.23 eV), the positive charge is more localized in the naphthyl group than in the phenyl

group in lb*4, while the positive charge is delocalized in two phenyl groups in la*4. Although

the K-G interaction between 7t-orbitals of aryl groups and C,-C5 a-orbitals must be different

in la*4 and lb*4, the 100 % yield of the cycloreversion suggests that the n-a interaction is

enough for la** and lb*4 to develop positive charge on C,-C5 a-orbital and to decrease the

C,-C5 bond strength. Substitution by one aryl group on C, position of bicyclo[3.2.0]hept-6-ene

radical cation may work the cycloreversion to give cyclohepta-l,3-diene radical cation.

It is noteworthy that the AO.D. of two peaks of 4** at 560 and 640 nm is much larger than

that of 2b*+, although the AO.D. of the peak at 560 nm is same for 2a*4 and 3*\ Since 2a*4,

2b*4, 3**, and 4*4 are generated with a same concentration under the same pulse radiolytic

conditions, the difference of the AO.D. indicates that the molar absorption coefficient (e) of

4^ at the peak at 570 - 620 nm is much larger than that of 2b*4, but that the e value is same

for 2a*4 and 3*. The e value of the D2«— Do absorption band is sensitive to the -electron

conjugation of radical cations of olefinic compounds with aromatic substituted. More

conjugation of -electrons with higher planarity leads to larger 8 value. Therefore, it is

suggested that -electrons is not fully conjugated among 1-naphthyl group, phenyl group, and

two olefinic bonds in 2b*4 compared with 4^, while the conjugation is equivalently attained in

2a*4 and 3*\ and that the 1-naphthyl group is twisted around the C-C bond between the

olefinic carbon and ipso-carbon of the 1-naphthyl group in 2b*4 compared with 4*4.

In conclusion, the quantitative cycloreversion of I*4 to 2*4 is found to occur within 8 ns

and with&> 1.3 x 108 s ' at room temperature and rapidly even in BuCl rigid matrix at 77 K. It

is suggested that the mechanism involves development of the positive charge in the cyclobutene

ring of I*4 through the interaction between 7t-orbitals of aryl-substituents and C,-C5 a-orbital,

which leads to cleavage of C,-C5 a-bond, formation of C,-C7 and C5-C6 7t-bonds, and

disappearance of C6-C7 7i-bond to give 2*4.
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