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Summary: The cycloaddition of the dispiro compound, 2, with a variety
of 1,3-butadienes affords diacetates of p-Cg-bridged hydroquinones,
which are led to the corresponding hydroquinones and p-benzoquinones.

Multifunctionalized cyclophanes are of much current interests. Recently,
attentions have been focused on the donor-acceptor interaction between the two

1)

aromatic rings in the [m.nlcyclophanes. Variously functionalized cyclophanes

have also been employed as model compounds of enzymes exploiting the specific,

2) In

well-defined stereochemical arrangement of the functional groups in them.
order to develop these fascinating areas further, developments of the synthetic
method of such cyclophanes are highly desirable. If our previously reported
method3) to prerare [31paracvclophane derivatives can be extended to the
functionalized starting compound, a number of functionalized cyclophanes, bridged
with a relatively short-alkyl chain in particular, can be materialized easily.
Such was indeed the case and we report the preparations of bridged hydroquinones

and p-benzoquinones in the present paper.

Treatment of the readily accessible diketone,
1.3) . ) 0 OAc OAc
1, with isopropenyl acetate in the presence of
catalytic amount of TsOH afforded colorless, 0 AcO
crystalline 4,9-diacetoxydispiro(2.2.2.2]deca-4,9-
diene, 2, in 94% yield. When 2 and two equiv of 1 2
~ ~

1,3-butadiene in benzene were heated at 170° for
7 h, two 1:1 addition products were obtained, for which the structures

represented by 33 (66%) and 4 (11%) were assigned.4)

The reaction was general
and a variety of substituted 1,3-butadienes underwent analogous cycloadditions
with 2 giving 3 in 50-90% yields. The addition of unsubstituted or 2-substituted
1,3-butadiene to 2 produced single adduct possessing a trans-double bond on the

5)

bridge whereas the reaction with 2,3-disubstituted diene furnished a mixture

of two rotational isomers, ;ﬁ and QF, which were separated and characterized.6’7)
Although the mechanism of the present cycloaddition reaction has not been studied
in detail, it probably proceeds by way of the biradical intermediate resulting
from the homolysis of the cyclopropane ring in 2 as has been proposed for the

reaction of the parent dispiro compound.B) The diacetates obtained were
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Table 1. Yields (isblated) of 3, 3, and &.
Rt rR? R 3 5 3
a. H H H 661) g7 g12)
cyclo-C3Hs H  H 683) 83 752)
c. COyCHj3 H H go?)
d. H CH3 H 65 90 _-2)
e. H cN oN A 37 76 682}
B 28 80 712)
£, H OEt OEt A 26 70 76
B 26 78 -3

1) Besides 33, 4 was obtained in 11% yield.

2) Yield of § obtained from 3 without isolating 5.
4) Mixture of

3) Mixture of epimers (1:0.7).

epimers
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Yield by GLC.

5) The product, §,
underwent a secondary reaction under the conditions.
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hydrolyzed in alkaline

aqueous EtOH in the usual
way to give the correspond-
ing hydroquinones, 3, which
were subsequently oxidized
with FeClj or Ce(NO3)4-
2NH4NO3 to the p-benzo-
quinones, §. The results
are summerized in Table 1.
The electronic spectra
of 5 and 2,5-dimethyl-
hydroquinone, 7, are shown
in Fig. 1. Bathochromic
shift of 3-9 nm in the
spectra of %a and RE
compared to that of 7 may
be attributable to the
deformation of the aromatic
ring in 5 from a planar
) Of the
two dicyano substituted

derivatives, ié,exhibits

configuration.

a strong extra absorption
band at 361 nm (£=3100)
indicating the presence of

a transannular electronic

In striking contrast, QE,showed only a shoulder of low intensity at
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Fig. 2. The electronic spectra of § and § in EtOH.

the same region. Indeed the absorption intensity of ié at 361 nm is higher by a
factor of about 20 than that of iE. The clear-cut dependence of the absorption
intensity on the donor-acceptor orientation in such a simple system is
noteworthy.l)
The Cg-bridged p-benzoguinones, §, obtained by the oxidation of 3, were
purified by sublimation under reduced pressure. The thermal instability of 64
thwarted the isolation in an analytically pure state. The oxidation of QE led to
a colorless product, in contrast with ;2 which gave Qg in good yield. Even
yellow-color development indicating the formation of p-benzoqguinone was not
observed during the oxidation of QE. Analysis of the colorless product
demonstrated that the p-benzoquinone, Qg, underwent a facile secondary reaction,
which will be discussed in the accompanying report. The electronic spectra of §
are shown in Fig. 2 together with that of 2,5-dimethyl-p-benzoquinone, §. The
transannular charge-transfer interaction in § is not so evident. Stronger
absorptions at 350-450 nm in the spectra of gg and Q% compared to the absorption
at the same region in that of 8 may indicate the transannular electronic inter-
action in the former two compounds.lo) Although the diethoxy derivative, Q%, is
tinted orange compared to yellow 63, 6g, and 8, no notable extra absorption band
is observed in long wavelength region of the spectrum of Qé, in marked contrast
with the observation in §é. It is inferred that the unsaturated bond in Q% is
not so electron-rich as expected because of the steric hindrance against the
conjugation between the double bond and the lone pair electrons on the oxygens.
For the effective conjugation between those groups, all the double bond, the
oxygen, and E?e methylene carbon of the ethyl group are required to lie on the

same plane. In such a conformation, however, the severe steric hindrance

between the bridging methylenes and the ethyl groups results as depicted in
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Fig.
the plane of the double bond, thus resulting in the diminished
flow of the electron density from the oxygen to the double bond.
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3. Probably the ethyl groups are forced to twist away from
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