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In the preceding paper1 it was shown that cis-bicyclo(4.2.0] oct-7-ene,
1, does open to cis, trans-1,3-cyclooctadiene, 2, (by trapping the diene) at
temperatures as low as 110°. In this paper we present additional evidence
including kinetic and equilibrium data for this opening.
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The rearrangement of cis, trans cyclooctadiene, 2, to cis-bicyclo[4.2.0]
N 2,3
we

have now measured the rate of this isomerization at six temperatures in the

oct~-7-ene, 1, at moderate temperatures was only recently observed.

range 64-90°. The reactions were carried out in dilute benzene solution and
analyzed by g.l.c.4 Under these conditions the reaction was strictly first
order; formation of 1 was quantitative (in more concentrated solution dimeriza-
tion of the diene was observed while in the neat hydrocarbon, dimer formed the
bulk of the products). The results, shown in Table I, produced a typical
straight line Arrhenius plot.

TABLE 1
Rate of Cyclization of 1,3-cis-trans-Cyclooctadiene
T(°C) 64.0 70.0 73.0 77.0 86.0. 90.0
kxlO5 (sec_l) 1.795 3.715 5.18 8.45 22.8 33.7

* and AS* were calculatedAby tha method of least

squares. log A = 13.14 * .12 E_ = 27,850 * 200 cal/mole re’ = 26.88 + 0.18
kcal./mole A8" = ~0.70 * 0.54 eu/mole.

Arrhenius parameters AH

It was not practical to directly measure the rate of the reverse reaction
1l > 2 at low temperatures but tiie position of equilibrium could be determined.
Purification of 1, effected by slow distillation on a Nester/Faust Teflon
spinning band column, produced product with less tnan 0.01% impurity by g.l.c.
analysis.4 After portions of this material were heated neat at four tempera-
tures between 90° and 170° and rapidly gquenched, g.l.c. analysis4 showed taat
a small neak corresponding to g rapidly grew and reached a constant value.
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In addition a small peak corresponding to cis, cis-1,3-cyclooctadiene 3, grew
slowly; initially much smaller than g, it steadily grew larger eventually sur-
passing 2 in size and continuing to grow. These results indicate a small
amount of 2 in equilibrium with 1, while the appearance of 3 indicates the
slow irreversible formation of this more stable isomer. The values for tne

equilibrium constants (1/2) are given in Table II.
TABLE I1

Equilibrium Constants for [%]/[2]
T(°C) 89.8 115.0 140.0 170.0

K=[l]/[g] 3350 2040 1400 805
From this data: AH = -5.60 * 0.26 kcal/mole AS = 0.73 * 0.66 eu/mole

Thus for the conrotatory opening of cis-bicyclo[4.2.0] oct-7-ene, } to the cis,
trans-diene, g, AH+ is 32.6 kcal/mole, this is in contrast to the much higher
value for apparent disrotatory opening to the cis, ¢is-diene § for waich Ea =-
43.2 kcal/mole.7 The enthalpy of activation for the conrotatory opening is
approximately 10 kcal/mole lower than for the apparent disrotatory opening,
in agreement with the Woodward-Hoffman theory8 that conrotatory opening should
be preferred.

We suggest that tha apparent disrotatory opening of 1 to § is actually a
two step process, proceeding first by an allowed conrotatory opening to g.

The second step of the reaction, isomerization of the cis, trans to the

I kobs R g
k
1 > k
1 2 3

cis, cis diene, then occurs by a 1,5-hydrogen shift. Such hydrogen shifts
occur readily at temperatures over 150° in many conjugated dienes, among them
cis, cis—l,3-cyclooctadiene9 and 1,3—cycloheptadiene.10 If this mechanism were

operating, the observed rate constant would be given by: kobs = klkz/k—l'
From published data7, the extrapolated rate constant, kobs’ at 150° is 6.8 x

- 9 - § . -
10 sec l. At this temperature kl/k—1 = 8.8 x 10 4, requiring k2 to be 7.7 x

10_6. The rate for a 1,5-hydrogen shift in cis, cis-1,3-cyclooctadiene at 150°

is 3.5 x 107° sec ! ?

cis, trans-diene) is certainly reasonable. Comparison of the rates at which

so this value for k2 (for the 1,5-hydrogen shift in tie

a number of cyclobutenes in the bicyclo{n.2.0] series opens to the cis, cis-
diene gives support to the two step mechanistic concept. The overall rates of
opening and the equilibrium constant X at 250° for four compounds are shown in
Table III.
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TABLE III

Comparison of Equilibrium and Rate Constants
for Isomerization in Bicyclo[n.2.0] series.

1

Compound K at 250° kobs x lossec_ at 250°
Bicyclo[3.2.0]hept-6-ene very small 2.0(11)
Bicyclo[4.2.0]oct-7-ene 0.032 12(7
Bicyclo[5.2.0]non-8-ene 0.5{12) 30 (12)
Bicyclo[6.2.0]dec-9-ene >100 (12) go (12)

If the reaction is a one step disrotatory opening, tnen one would expect the
rate of reaction to increase as the strain in the bond which is broken
increases (i.e., as the second ring becomes smaller). But this is the reverse
of the observed trend. On the otier hand, if the reaction is a conrotatory
opening followed by a hydrogen shift, the rate would depend on two factors:

the equilibrium constant, K (which increases greatly with increasing ring size)
and the rate of hydrogen shift, k2 (probably a little faster in smaller rings).
The net effect would be an increase in rate with increasing ring size. This
in fact, is the experimental observation and supports the analysis. Of course
this provides only an indication of, not proof for which of these pathways is
correct.13 Further experiments are necessary and are contemplated on cis and

also on trans-bicyclo[n.2.0] olefins.
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