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The cycloreversion of 1,4-diphenylbicyclo[3.2.0]hept-
2~ene (1) under triplet sensitization in benzene has been
studied by Y -radiolysis and pulse radiolysis. It has
been found that the cycloreversion of 1 to 1,4-diphenyl-

1,3-cycloheptadiene proceeds by an adiabatic mechanism.

The cycloreversion of cyclobutene and the related compound by
pyrolysis and photoexcitation 1is one of the most fundamental organic
reaction. Therefore the cycloreversion has been extensively investigated
by pyrolysis and photoreaction involving electron donor-acceptor system. 1)
However, little is known about the cycloreversion of cyclobutene compounds
via the triplet state, since they have too high triplet energy to allow the
sensitization by such typical triplet-sensitizers as benzophenone (BP). We
have developed the triplet reaction sensitized by the triplet state of
benzene generated by y-radiolysis and pulse radiolysis.2) Here we report on
the cycloreversion of 1,4-diphenylbicyclo[3.2.0])hept-2-ene (1) to 1,4-
diphenyl-1,3-cycloheptadiene (2)3) via triplet state by vy-radiolysis and

pulse radiolysis.
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The Y-radiolysis of 1 (0.01 mol dm=3) in benzene gave 2 quantitatively
up to a stationary state where the ratio of 1 to 2 is 0 : 100 whereas no

isomerization from 2 to 1 occurred (Fig. 1).4)

The triplet energy of 1 was
estimated to be 78 kcal mol~'from 0-0 band (369 nm) of its phosphorescence
spectrum measured in an EPA solution at 77 K (Fig. 2).5) Triplet state of
benzene can be generated by Y-radiolysis of benzene (G = 4.7).6) Since the
triplet state of benzene has relatively high energy (84.3 kcal mol‘1),7) Y-
radiolysis of a Dbenzene solution is a very useful method to produce the
triplet state of the solute added in benzene. The participation of the
ionic species from 1 can be ruled out by the fact that the formation of 2

was not affected by the addition of ion scavenger such as n-buthylchloride.
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Fig.1. The Y -radiolysis of 1(®) Fig.2. UV absorption spectra of 1

and 2(0) in benzene ; [1]=[2]= and 2 in hexane at room tem-

4 mmol dm~3 . perature and phosphorescence

spectrum of 1 in an EPA solution
at 77 K.
For the mechanistic analysis, T-T absorption spectra were measured by
a nanosecond pulse radiolysis for the degassed benzene solution.?8) In the
case of 1, the absorption maxima are observed at 325 nm and 380 nm (Fig.3).
The transient absorption at 380 nm raised immediately after irradiation and
then decayed at a rate of 3.6 x 10° 5"1, A transient absorption band at 325
nm decayed rapidly and then gradually raised. The slow formation was
assigned to 2 in ground state since the band agreed with the UV absorption
spectra of 2 shown in Fig. 2 and was not affected by the addition of
oxygen. The absorption of triplet state of 1 was not observed in transient
absorption spectra of 1 in Fig.3.
In the case of 2, the transient species measured immediately after the
pulse had a Apax around 385 nm. This band decayed in first order with a
-1

decay constant of 3.8 x 10° s In order to conform the formation of the

triplet 2, the pulse radiolysis of 2 was carried out in the presence of BP
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(Ep = 69 kcal mol ™! ). The T-T absorption band of BP (A pnax 530 nm) decayed
rapidly and the simultaneous formation of a new absorption band due to
substrate was observed (Fig. 4). An € paxvalue of triplet 2 was estimated
to be 3.0 x 102 dm? mol’1by means of the epgx value of triplet Bp.?)
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Fig.3. T-T absorption spectra of Fig.4. T-T absorption spectra of
1 in benzene; [1]= 4 mmol dm~S. 2 in the presence of BP in
benzene; [2]= 4 mmol dm~3 and
[BP]= 20 mmol dm~3.
Spectral features of the transient species observed for 1 and 2
are summarized as follows. A common intermediate ( Apax 380-385 nm, T =

2.7-2.8 us) was observed in both compounds 1 and 2 ,which was assigned to
a triplet state with a structure of 2, on the basis of the following
observations: (i) The 380-385 nm band of this species is very close to that
of 1,4-diphenyl-1,3-butadiene’®) (3; Apmax = 390 nm) and its lifetime is
long ( ups order) and (ii) The 380-385 nm band is quenched not only by
oxygen (1; 1.8 x 109 dm3 1, 2; 1.7 x 102 dm3 mol™1s™] ) but also by
azulene (ET = 39.8 kcal mol™ )1 (1; 5.8 x 108 dm3 mo1™'s™1, 2; 4.9 x 108
am3 1

2 is more than 40 kcal mol—1. Since the conversion of 1 into 2 is

mol_1s—

mol'1s— ). From this experiment, we assume that the triplet energy of
exothermic process of ca. 58 kcal mol—1 which was calculated wusing Eg
values and the strain energy difference (20 kcal mol-1 ) between 1 and 2.12)
The participation of other intermediates such as 1,4-biradical would be
ruled out. Therefore, it is suggested that the triplet state of 1 is
readily converted into the triplet state of 2 by an adiabatic process along

down hill energy surface (Scheme 1).
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