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Radiation-induced cis-trans isomerization of 1,2-bis(4-methoxy-
phenyl)cyclopropanes(CP) has been investigated in benzonitrile solu-
tion. The isomerization from cis-CP to trans-CP proceeded effi-
ciently ( G = 80 ) via a cationic chain mechanism. Three types of
transient species were spectroscopically detected by pulse radioly-
sis and y-irradiated low-temperature matrix studies. The reaction

mechanisms are discussed on the basis of these direct observations.

It has been well-known that diarylcyclopropanes isomerize via excited states,
radicals, and radical ions.1) However, the mechanistic details for the isomeriza-
tions via the radical cation remain obscure. It has been reported that the photo-
induced isomerization of 1,2-diphenylcyclopropane in the presence of an electron
acceptor proceeds via an electron transfer mechanism.273) 1In this case, back
electron-transfer occurs within the radical ion pair involving the ring-opened
radical cation which leads to the formation of a 1,3-biradical intermediate. By
the rapid ring-closure of the biradical, the isomerization reaction comes to
completion. On the other hand, Mizuno et al. reported that cis-1,2-bis(4-metho-
xyphenyl)cyclopropane (cis-CP) isomerizes by a cationic chain process.4) Recently,
it has been reported that the isomerization of a methoxyphenyl derivative of
cyclopropane is induced by a one-electron chemical oxidation even at -90 °c.5) 1n
the present paper we would like to report the chemical reactivity of free radical
cation of CP on the basis of the direct observation of the transient interme-
diates.

Aerated or deaerated benzonitrile solutions of cis-CP were irradiated by 60co
Y-ray. The 100 eV yields (G value) of trans-CP increased up to 22.6 (at 36 mmol
dm~3 of cis-CP) with increasing the concentration of cis-CcP.®) The double recip-
rocal plots of G(trans-CP) against the concentrations of cis-CP are shown in Fig.

1. The limiting G value which is obtained by the extrapolation of G values to an
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infinite concentration was about 80.
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the addition of a small amount of 0.5

triethylamine (3 mmol dm~3). Since a G- T

value of radical cation formation in g 04r

neat benzonitrile is less than one,7) o 03F

the present isomerization is concluded g

to proceed by a cationic chain mecha- E 0.2

nism. Enhancement of the isomerization @ 01k

by added oxygen might be caused by an

increased yield of radical cation and | Sb 160

the increased lifetime due to the trap- -1 -1
8) [cis-CP] /M

The isomerization from trans-CP to cis-

ping of solvated electrons by oxygen.

Fig. 1. y-Radiolysis of benzonitril

CP was very inefficient; G(cis-CP) was Y . Y 1ie
_3 ] solution of cis-CP.

2.3 at 25 mmol dm of trans-CP in an N
) ) ) —0— : deaerated solution.

aerated benzonitrile solution. v n
—e— : aerated solution.

The absorption spectra of a Y-
Dose : 430 Gy/h.

irradiated butyl chloride solution of CP

at low temperature are shown in Fig.

2.9) The spectrum observed for cis-CP at 77 K exhibited absorption bands with Amax
at 490 and 560 nm besides a very broad band around 800 nm. Upon warming up to 100
K the absorption band at 490 nm decreased gradually and a new sharp absorption
with A at 580 nm appeared. On the other hand, the spectrum for trans-CP at 77K
with Amax at 400 and a broad band around 800 nm was different from that of cis-CP
and the formation of the new band at 580 nm was also weakly observed.

The transient absorption spectra recorded at various times after an 8-ns

max

pulse irradiation10) to 1,2-dichloroethane solutions of CP at room temperature

are shown in Fig. 3. The absorption spectra observed for cis-CP were somewhat
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Fig. 2. Absorption spectra of Y-irradiated BuCl solution of CP (20 mmol dm‘3)
at 77 K and on warming up to about 100 K. a) cis-CP b) trans-CP
1: 77 K 2-9 or 2-10: during the warming.
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Fig. 3. Pulse radiolysis of 1,2-dichloroethane solutions of CP (5 mmol

dm'3) at room temperature. a) cis-CP b) trans-CP.

different from that at 77 K and characterized by a very strong 580-nm band. On
the other hand, the absorption spectra of trans-CP were rather similar to that at
77 K and the 580-nm band was very weakly detected. Since these transient species
can be quenched by the addition of triethylamine (25 mmol dm'3), it is clear that
these are cationic species.

Let us consider the structure of these transient species. The transient
absorption bands with Amax at 490 nm and 400 nm observed at 77 K may be assigned
to the cis- and trans-CP radical cation, respectively. On the other hand, the
580-nm band commonly observed in both systems but in a different extent may be
assigned to a ring-opened radical cation, whose formation was predominant for cis-
CP in consistent with the high efficiency of the isomerization from cis-CP to
trans-CP.

On the basis of the spectroscopic behavior of the intermediates and the
oxidation potentials of cis-CP and trans-CP, the following radical-cation chain
mechanism (Reactions 1-6) is consistent with the present isomerization from cis-CP

to trans-CP.

sW— st + e~ (1)

st + cis-CP ———= s + cis-cpP? (2)
cis-CPY — — cCP(open)? (3)
cP(open)? ——» trans-cp? (4)

trans-CPt 4+ cis-CP —— = trans-CP + cis-CP? (5)

e; (or S¥) + cis, trans-CPt — = neutralization (6)

Initial ionization of solvent molecules (s) by y-ray is followed by an inter-
molecular charge transfer to the solute molecule, cis-CP (Reaction 2) since the
ionization potential of cis-CP is sufficiently lower than that of the present

solvent (benzonitrile or butyl chloride).11) Chemical reactiyities of cis-cp?



436 Chemistry Letters, 1988

thus formed (Reactions 3 and 4) are compatible with the present spectroscopic
observation. The key step for the chain mechanism is charge transfer from trans-
CP? to cis-CP (Reaction 5). This step is endothermic by ca. 10 kJmol~'! on the
basis of oxidation potentials of cis- and trans-cp.12) However, the energy will
be sufficiently provided by thermal energy or compensated by a nonvertical charge
transfer. The final step (Reaction 6) is neutralization of cationic species de-
rived from the solute by solvated slectron or more probably by anionic species
derived from solvent (S* or Cl7). The mechanistic details for the inefficient
isomerization from trans-CP to cis-CP are not clear at present.

Finally, we would like to emphasize that the cis-trans isomerization of CP
proceeds through a free cationic mechanism. Thus, the efficiency becomes very high
under these reaction conditions. Such an efficient isomerization could not be
observed in the case of 1,2-diphenylcyclopropane and 1,2-bis(4-methylphenyl)cyclo-
propane.
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