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There has been much recent interest in the chemistry of cyclophanes.l)
Previously we reported the cycloaddition reaction of dispiro(2.2.2.2)deca~-4,9-
diene 1 with 1,3-butadienes, which afforded [8]paracycloph—4—enes.2) In this
report we describe the novel thermal cycloaddition of 1 with the styrene
derivatives Pa-2e which gave [2.4)paracyclophanes in fair to good yilelds.
Although a few methods have been reported so far for the preparation of (2.4])-
paracyclophane, they are tedious and have not much generality.j> The present
reaction is simple and provides & convenient route to (2.4)paragyclophanes
functionalized at C-1 and C-2.

The tert-butanol solution of 1 and 1,l1-diphenylethylene 2e ( 1:2 ) was
heated at 150-155“C in a sealed glass ampoule under argon.4) The reaction
completed in 12 hr. BSeparation of the products by column chromatography on
silica gel afforded l-phenyl(2.4)paracyclophane 3e (67 % ), whose structure
was elucidated on the basgsis of elemental analysis and the spectral proper-

2) Analogously, the reaction of 1 with the related styrene derivatives

ties.
2a-2d4 afforded 3%a-3d. The results are summarized in Table I. The NMR and UV
spectra of those products exhibited the characteristics observed in those of
[2.4)paracyclophane ; appearance of the aromatic proton signals at the unusual
ly high-field § 6.2-6.6 in the NMR spectra and, in the UV spectra, batho-
chromic shift of Amax to 282-p28% nt) and disappearance of fine structure were

d.Bb) In

noted. The spectra of 3a also agreed very well with those reporte
the mass spectrum ( 80-eV ) of 3e, the most intense peak occurred at m/e 180,

while in those of 2%a and 34, m/e 104 fragment appeared as the most intense
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peak and m/e 180 fragment wag virtually absent.5) RZ
These observations can be raticnalized in
terms of two B-cleavages and are in good RI
accord with the assigned structures.
The pregsent reaction may be accounted B H
for by the pathway outlined in Scheme I. Tt m/e 104
has been demonstrated that the thermal homolytic R' =C¢ Hs
cleavage of the cyclopropane ring in 1 tzkes place m/e 180

reversibly at 160°¢. %)

The biradical 4 thus formed added to the styrene deriv
ative and the resulting biradical 5 would collapse to &, which would isomerize
to 3 under the reaction conditions. The thermal isomerization of %-methylene-
cyclohexa-1,4-diene to toluene 1s the known reaction and takes place at the

boiling point of ether.7)

The formation of the open-chain products 7 also
supports the sbove scheme. The reaction with unsubstituted styrene 2a
resulted in the low yield of 3a probably because of the high aptitude of 2z to
polymerizge.

To obtain further information on the reaction mechanism, the measurement

of CIDNF spectrum was attempted. The NMR spectrum recorded during the reac-

Scheme 1
-—
1 I}
SH
H 1:n adducts
<H
R' R! R
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tion of 1 and Z2e in biphenyl at 190°C showed the polarization of signals and

the characteristic spectrum of aromatic protons in 3e shifted up-field

appeared as emission, thus confirming the radical pathway of the reaction.

However, the attempts to detect the signal which could be ascribed to Ge were

unsuccessful.
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