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Abstract—The cis—trans photoisomerization of 1-bis(4-methoxyphenyl)vinylidene-2,3-dimethylcyclopropanes in aerated acetoni-
trile was sensitized by 9,10-dicyanoanthracene and chloranil in the presence of an additive via an electron-transfer chain process,
in which the cation radicals generated from the vinylidenecyclopropanes were involved as chain carriers. © 2001 Elsevier Science

Ltd. All rights reserved.

Photoinduced electron-transfer reactions of small ring
compounds have been the subject of considerable inter-
est from mechanistic and synthetic viewpoints in recent
years.!® The substrates so far examined include cyclo-
propanes, methylenecyclopropanes, oxiranes, aziridines,
cyclobutanes, methylenecyclobutanes, and so on. How-
ever, little is known about the photoinduced electron-
transfer reactions of vinylidenecyclopropanes, although
it is expected that a variety of such reactions is feasi-
ble.”'® We now report a novel cis—trans photoisomer-
ization of cis- and trans-1-bis(4-methoxyphenyl)-
vinylidene-2,3-dimethylcyclopropanes (c-1a and t-1a) in
the presence of an electron acceptor, which involves an
electron-transfer chain mechanism. A key step of this
photoreaction is the generation of the free radical
cation from la as a chain carrier.

Irradiation of an aerated acetonitrile solution contain-
ing c-1a and 9,10-dicyanoanthracene (DCA) through an
aqueous CuSO,—NH; filter solution (>350 nm light)
caused the cis—trans isomerization to give t-la (Scheme
1).!! Prolonged irradiation afforded a photostationary
state (PSS) mixture of c-1a and t-la in a 1:3 ratio.
Similar irradiation of t-1a afforded the same PSS. This
photoisomerization was also sensitized by chloranil
(CHL), which is a typical triplet electron-transfer sensi-
tizer. Efficiencies for the photoisomerization of c-la

Keywords: photoisomerization; vinylidenecyclopropane; photoin-
duced electron-transfer; cation radical; chain process.

* Corresponding  author.  Tel/fax:  +81-722-54-9289;  e-mail:
mizuno@chem.osakafu-u.ac.jp

and t-1a depended on the concentration of dissolved
oxygen, the polarity of solvents, and the additives,
although the PSS ratios were not changed. The pho-
toisomerization in the presence of air proceeded much
faster than that in the absence of air. The photoisomer-
ization in acetonitrile occurred much faster than that in
less polar solvents such as dichloromethane and ben-
zene. The addition of aromatic hydrocarbons such as
phenanthrene (Phen) and biphenyl (BP) and metal salts
such as Mg(ClO,), accelerated the photoisomerization,
where the values of @__,, exceed unity. Similar irradia-
tion of c¢-1b—c in the presence of DCA or CHL caused
the cis—trans photoisomerization, but the efficiencies for
the isomerization decreased with decreasing the elec-
tron-donating ability of substituents on the phenyl rings
of 1. These results are summarized in Fig. 1 and Tables
1 and 2.

The fluorescence of DCA in acetonitrile was efficiently
quenched by c-la—c at nearly diffusion-controlled rates.
The free energy changes (AG) for a single electron-
transfer from c-la—c to the excited singlet DCA
("DCA*) were estimated to be negative (Table 3).!2
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Figure 1. Plots of ¢-1 and t-1 % versus irradiation time. [DCA]=5x10"* mol dm3, [c-1]=[t-1]=8.4x1072 mol dm~ in CD,CN.

Table 1. Effects of oxygen, solvents, and substituents on the photoisomerization of ¢-1 to t-1 in the presence of DCA

Entry Substrate Solvent &t Atmosphere o°

1 c-la CH;CN 37.5 Degassed 0.17

2 c-la CH;CN 37.5 Aerated 0.67 (1.0)°
3 c-la CH;CN 37.5 Argon 0.23

4 c-la CH,Cl, 8.9 Aerated 0.25

5 c-la C¢Hg 2.3 Aerated 0.017

6 c-1b CH,;CN 37.5 Aerated 0.01

7 c-lc CH;CN 37.5 Aerated 0.009

@ g=dielectric constant of solvent.

® Values at >400 nm irradiation, [DCA]=5x10"* mol dm~3, [c-1]=1x10"2 mol dm™.

¢ The value in parentheses is a limiting quantum yield.

Table 2. Effects of sensitizers and additives on the photo-
isomerization of c-1a to t-la in aerated acetonitrile solu-
tion

Table 3. Thermodynamic and kinetic parameters for photo-
induced electron-transfer from c-1 to 'DCA*

Cyclopropane  kg* (mol="  E°* ,° (V)  AG® (kJ mol™")
Entry Sensitizer Additive? o° dm3 s71)
1 DCA - 0.67 c-la 8.3x10° 0.60 -98.3
2 DCA LiClO, (5x10~3) 2.57 c-1b 9.0x10° 0.65 -93.5
3 DCA Mg(ClO,), (2.5x1073) 4.65 c-lc 8.6x10° 0.85 -74.2
4 DCA Mg(ClO,), (5x1073) 13.7
5 DCA BP (1.5x1077) 1.32 2 Rate constant for the fluorescence quenching of DCA in aerated
6 DCA BP (1x1072) 1.87 acetonitrile. 7 (DCA, CH;CN)=15.4 ns.
7 DCA Phen (1x1072) 3.33 b Oxidation potential (V versus Ag/AgClO,).
8 CHL - 0.80 ¢ Calculated free energy change for the one electron-transfer process
9 CHL Mg(ClO,), (2.5x1073) 2.14 from c-1 to 'DCA* by Rehm—Weller equation. See reference 12.

4 Concentrations of additives (mol dm~3) are designated in parenthe-
ses.

® Values at >400 nm irradiation, [DCA]=5x10"* mol dm~3, [CHL]=
5%10~* mol dm~3, [e-1a]=1x10"2 mol dm™.

From these results, we propose a photoinduced elec-
tron-transfer mechanism as shown in Scheme 2 for the
photoisomerization of ¢-1 to t-1. The first stage is one
electron-transfer from c-1 to the excited singlet of DCA
or the excited triplet state of CHL to give a radical ion
pair [DCA™"--¢-1**] or [CHL*---c-1*°], respectively. The

radical ion pair produces the free radical ions DCA™*
(or CHL™") and ¢-1*°, or decays by back electron-trans-
fer to the ground states of DCA (or CHL) and c-1.
Dissociation of the radical ion pair to the free radical
ions occurs more efficiently in acetonitrile than other
less polar solvents, and is accelerated by adding metal
salts'®4b-44.13 or aromatic hydrocarbons,*®4d4¢14 or dis-
solved molecular dioxygen.'*> In the presence of addi-
tives, cis—trans isomerization occurs via the ring
cleavage of ¢-1** at the C1-C2 bond to give 2*°.!® The
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Trapping of 2*° with nitriles, molecular dioxygen, and
methanol was unsuccessful. The C1-C2 bond cleavage is
supported by the (3+2) photocycloaddition of 1-bis(4-
methoxyphenyl)vinylidene - 2,2,3,3 - tetramethylcyclo - pro-
pane with nitriles via photoinduced electron-transfer.’
However, an alternative process via C2-C3 bond cleavage
may not be ruled out.



