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In many ways the chemical properties of the cyclopropane
ring resemble those of the carbon-carbon double bond.
Cyclopropane compounds have been found to undergo addi-
tion reactions with electrophilic, nucleophilic and radical
reagents.:2 Vinylcyclopropane compounds which exhibit
bifunctionality, a vinyl group and a cyclopropy! ring, show
much enhanced chemical reactivities and the homodienyl
vinylcyclopropanes show extension of conjugative effects
from the unsaturated double bond to the cyclopropane ring.
As a result, in certain chemical reactions the double bond
could be transmitted and the cyclopropane ring could be
opened more readily.? However, cyclopropane compounds
have aroused many controversial problems such as ring
strains, ring structures, transmission of resonance effects,
classical or nonclassical nature of cyclopropyl carbinyl
species (cation, anion and radical), efc. Especially, there has
been long standing controversies concerning the ability of
cyclopropane ring to extend or transmit conjugation and its
geometrical requirements, if any, for conjugation.t5

For this reason, we undertook the study of the dye—sensi-
tized photooxygenation of 1,1-diphenyl-2-vinylcyclopropane
(VCP-DPh) and compared the results with those of previous
observations.®

Dye-sensitized photooxygenation of 1,1-diphenyl-2-
vinylcyclopropane (VCP-DPh) was carried out in pure
acetone solution with 8 X1073 M VCP-DPh and 2X107¢ A
Rose Bengal. The solution was irradiated at 10°C under
oxygen with a 300-W sun lamp. The substrate was also

irradiated with benzophenone sensitizer at 366 nm under
oxygen. However, VCP-DPh was stable to singlet oxygen and
the expected photoene product {cyclopropylidene derivative)
or cycloaddition to vinyl group was not observed.

Singlet oxygen undergoes 1,4—cycloaddition with conju-
gated dienes to yield endoperoxides and the “ene” reaction
with alkenes to give allylic hydroperoxides and 1,2-cycload-
dition with electron-rich alkenes to form 1!,2-dioxetanes.
Depending on the nature of the substituents attached to
the reaction centres and on the bulkiness of more distant
parts of the molecule, stereoelectronic and steric effects
determine the regiospecificity, the regioselectivity, the stereo-
specificity, and the stereoselectivity of the reactions and
thus determine the product distributions observed with
real systems,

Ene-product formation seems to be affected little by the
nature of the solvent but is strongly dependent on the stereo-
electronic and steric effects exerted by the olefin on the attac-
king electrophilic singlet oxygen. Substitution of olefinic
hydrogens by electron—-donating alkyl groups enhances the
rate of ene-reactions with singlet oxygen. The reactivity of
olefins toward singlet oxygen increases linearly with decrea-
sing zc.c-ionization potentials of the olefins, i.e., with higher
occupied mc-c-orbitals.

The ene-mechanism requires that O, approaches the w
system perpendicular to the double bond plane and, in
addition, preferentially uses that allylic hydrogen which is
oriented approximately orthogonal to the olefinic plane. Such
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an orientation does not only provide for a closest approach
between the allylic hydrogen and the oxygen atom which is
not involved in C—O bonding, but also for a maximum
overlap of the p-orbitals of the developing new =, bond.

With regard to VCP-DPh, the conformation of ‘axially
positioned’ allylic hydrogen atom is hindered by the two
phenyl groups attached to C, atom of cyclopropane ring and
the z-electron density of the vinyl group is not enough to
produce photoene-product because of the absence of electron-
donating groups attached to the vinyl group.

Newman projection of VCP-DPh

at Cy atam.

In most cases, 1,2—cycloaddition of singlet oxygen to
olefins requires the presence of electron—donating groups in
the alkene, such as -NR,, -OR, and -SR. photooxygenation
of alkyl-substituted olefins generally results in the formation
of allylic hydroperoxides. However, if the ene reaction is
precluded by the substitution pattern or for steric reasons,
1,2-dioxetanes or their cleavage products may be formed.

The enhanced reactivity of z-electron-rich olefins in 1,2-
cycloaddition with singlet oxygen is in accord with the for-
mulation of this species as an electrophilic reagent-a conclusion
in harmony with its electronic structure, Bond formation
thus requires transfer of electron density from the highest
occupied molecular orbital (HOMO) of the olefin to the
lowest unoccupied molecular orbital (LUMO) of singlet

oxygen.
In the case of VCP-DPh, if the vinyl group is conjugated
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with the two phenyl groups via zm-character of the cyclo-
propane ring, the vinyl group is activated and undergoes
1,2—cycloaddition with singlet oxygen to yield 1,2-dioxetane,
However, two phenyl groups attached to cyclopropane ring
are not conjugated with the vinyl group and cyclopropane
ring does not transmit the conjugation. Therefore, the vinyl
group of VCP-DPh is not z-clectron-rich and does not
undergo 1,2—cycloaddition with singlet oxygen to produce
1,2-dioxetanes.

Cosensitized photooxygenation of VCP-DPh (1 X 1072 M)
in oxygen-—saturated acetonitrile solution with bipheny (1
X 1072 M) and 9,10-dicyanoanthracene (1 X 1074 M) vielded
3,3-diphenyl-5-vinyl-1,2-dioxolane (64.8 % yield), benzo-
phenone (35.2 9% yield), and 1,3-butadiene.”
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The discovery of superoxide dismutase (SOD)} by Fridovich
and McCord in 1969! has considerably stimulated the
investigation of superoxide anion radical (O;7), not only in
biochemistry but also in organic chemistry recently. Although
commercially available potassivm superoxide (KQ;), sodium
superoxide (NaQ,), and ammonium superoxide (NH,O,), as
sources of superoxide had been prepared, both its instability
in protic solvents and its limited solubility in organic solvents
such as dimethylsulfoxide (DMSO) and acetonitrile had
prevented studies of the chemistry of superoxide ion. How-

ever, the observation of Valentine and Curtis in which KO,
can be appreciably dissolved in aprotic solvents by complexa-
tion with crown ethers® has quickly promoted the use of this
reagent for many reactions with simple organic substrates.
Numerous reports dealing with reactions of various organic
substrates with ‘“‘naked” superoxide anion have appeared
within only past five years. However, only a few sporadic
works on the reaction of organic sulfur compounds with
0, appeared until oxidations of organic sulfur compounds
with 0,7 in the presence of 18—crown~6-ether were initiated.3-¢



