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The photosensitized conversion of cis,cis,-1,3-cyclooctadiene \(_‘]‘.l‘ to
bicyclo B.Z.O]oct-7-ene Q). has been shown to be a two-step process involving
initial sensitized isomerization of the diene to its gg,!ra_ns_—isomerl 2),
followed by conrotatory thermal closure of ,_2_~to.§v:2v3 Fonken has reported that
when 2 _is heated at temperatures of 80° or higher, it is converted to S.in
quantitative y:leld.2 At this time we wish to report that 2 undergoes both iso-
merization and dimerization and that at 25° the major path involves combination
of two trans double bonds to afford three (2 + 2) cyclodimers.

cis,trans~1,3-Cyclooctadiene Sz)_ was prepared by the method of Liu1
and isolated following the procedure described by Cope.4 Heating 2 _in a sealed

tube under a nitrogen atmosphere in the dark gave a mixture of 1, and three

3,
cyclobutane dimers _3_,‘_5_)_! and 6.
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Table I shows the results of two experiments in which the composition per-
centages were determined at different temperatures. It is interesting to

note that an insignificant amount of 3 _is formed at 25°.

Table I. Thermolysis of cis,trans-1,3-Cyclooctadiene

Temperature, °C Time, hours Composition, %
L 2 & 4. 5 &
25 40.0 7 14 2 16 6 53
20 0.5 2 12 14 17 5 51

The mixture of dimers could be separated by a careful spinning band
distillation followed by preparative vapor phase chromatography. The mass
spectra of all three dimers exhibit small parent peaks at 216 and base peaks
at 108 with a cracking pattern very similar to that of 1,3~cyclooctadiene.

The infrared spectrum of each isomer is void of bands in the trans-double bond
stretching frequency region, Hydrogenation of the dimer mixture required two
mole equivalents of hydrogen and afforded three saturated hydrocarbons. The
relative amount of each saturated dimer corresponded to the same ratio of the
three dimers originally present in the sample prior to hydrogenation. This
observation requires that the three dimers be stereochemically or structurally
dissimilar.

The structure of the major dimer LQL was assigned on the basis of
spectral and hydrogenation data as the trans-cis (syn double bond) dimer.
Hydrogenation of § afforded a single product’gzl (mp 55-56°) which was identi-
cal to the product obtained from both the catalytic reduction of tricyclo-
[8.6.0.02:%)nexadeca-2,16-diene (8)% 7’2 and the trans-cis-dimer (9) of 1,5-
cyclooctadiene.9 Catalytic hydrogenation of dimer_én(mp 34-35°) gave a
saturated hydrocarbon &;2& which was found to be identical with the product ob-
tained from the reduction of the trans-trans (anti) dimer (11) of cis,trans-
1,5~cyclooctadiene. Catalytic reduction of J_gave a hydrocarbon glg), mp
58-59°, that possesses a different vpc-retention time than the saturated

stereoisomers 7 and 10. It also proved to be different from the saturated
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trans,trans (syn) dimer obtained by ZieglerlQ and the cis,cis (syn) dimer

obtained by Schroderll but was identical to the saturated dimer obtained
from the reduction of the cis,cis (anti) dimer of cyclooctatetraene. 12
The syn assignment of the double bonds in the three dimers is the most likely
on the basis of their nmr spectra5 and mechanistic considerations.

The concerted, suprafacial, thermal fusion of two olefins to form
a cyclobutane ring is a symmetry-forbidden process.13 This transformation,
can im theory, proceed in a concerted symmetry allowed fashion by a (#2s +
72a) combination of the two w-bonds. This combination predicts that the
stereochemical relationships at three of the four carbons of the cyclobutane
ring will be retained while one carbon will be inverted. The isolation of
the trans-cis (syn) dimer as the major isomer from the thermolysis of 2 indi-
cates that the predominant portion of the reaction occurs in a stereochemical
sense compatible with orbital symmetry theory. It is interesting to note
that the dimerization of cis, trans-1,5-cyclooctadiene also gives three dimers.9
Most noteworthy is the fact that the major dimer in that case is not the one
predicted from orbital symmetry considerations. Further discussion on the
differences bhetween the two systems will be postponed until a more thorough

study of the dimerization can be undertaken.
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