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Thermolysis of Bicyclo[2.2.0]hex-2-ene
Sir:

The cyclodissociation of bicyclo[2.2.0]hex-2-enel (2ab,
Figure 1) bridges two long studied series of similar reactions.
Common to both is a problem stili unresolved in any general
way. How does molecular strain enhance reactivity when a
“least-motion” mechanism is symmetry-forbidden?

Bicyclo[2.2.0]hexane (1b) employs its strain to select a
symmetry-allowed but otherwise unanticipated (,25 + ,2a)
path to hexa-1,5-diene.? Dewar benzene (3b), at least in part,
crosses over to the benzene triplet surface,® Bicyclo[4.2.0]
oct-7-ene (4a) is believed to choose a sequence of two sym-
metry-allowed steps——conrotatory ring opening to the cis-trans
diene and then 1,5-hydrogen shift—to provide the isomeric
cis-cis diene.**> The more thoroughly investigated cyclodis-
sociation of 1a to cyclopentadiene® remains mechanisticaily
the most obscure.”

Our approach, as elsewhere,2® has been to generate a
complete list of mechanistic alternatives, both “plausible” and
otherwise. Then, through experiment, as many as possible are
rigorously excluded,

In this case, product analysis (>97% cyclohexa-1,3-diene,
uncontaminated by 'H NMR- or GC-detectable impurities)
and homogeneous first-order kinetic data (Table 1) rigorously

>
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Figure 1. Hitherto available thermolysis AH¥ and AS¥ data.
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TableI, Gas Phase (240-420 Torr) Kinetic Data
Temp, °C 103k2 R factor?
102.5 417 £ 0.006 0.011
110.9¢ 1.06 £ 0.06 0.032
123.4 389 +0.18 0.019
137.4 205+ 1.0 0.038
151.6¢ 72.8+£2.5 0.018
AH*4 32,15+ 0.09
0.071

AS¥d 24402
E,4 32.95 +£0.09

. 0.071
A4 (7.4 £0.8) x 10'3

a Uncertainties are standard deviations. # W. C. Hamilton, “Sta-
tistics in Physical Science”, Ronald Press, New York, N.Y ., 1964, p
157. < Insensitive to a sixfold increase in surface area. ¢ Each set
derives from concurrent nonlinear least-squares fitting of integrated
GC area ratios obtained at all temperatures between 3 and 87% re-
action.

excluded many C¢Hg isomers as potential transient interme-
diates. Some are already known to provide other products (e.g.,
Al4.bicyclo[2.2.0}hexene!®) and/or to react too slowly at these
temperatures (e.g., trans-hexa-1,3,5-triene,'! cyclohexa-
1,4-diene,'? bicyclo[2.1.1]-'3 or bicyclo[3.1.0]hex-2-enes, !4
tricyclo[3.1.0.026]-15 or anti-tricyclo[3.1.0.024]hexanes'S).
Still others (e.g., 2-vinylbicyclo[1.1.0]butane, tri-
cyclo[2.2.0.026]hexane) may reasonably be presumed to fall
into one or another of these two categories.?® A particular ef-
fort was made to guarantee the absence (<1%) of cis-hexa-
1,3,5-triene, both in residual reactant and in initial product.
Otherwise, the reported rate of its transformation to cyclo-
hexa-1,3-diene (10°k = 0.22, 25.6 at 100°, 150°)!'7 would
strongly have implicated mechanism 1.

g — £ = O

Next, cyclohexa-1,3-diene-d,, obtained from the 5-exo,6-
exo-d, substrate 5, was oxidized to meso-dideuteriosuccinic
acid of >95% isotopic and diastereomeric purity. In this way,
the absence of the (,2, + ,25) — (25 + »45) variant of eq 1 is

I
o 0 o
HO
L — : — o
!
H o H
8 H H 0 M

confirmed. More generally excluded is any mechanism that
might violate the stereochemical integrity of the two adjacent
methylene groups. Among these, eq 2 is analogous to the (more
difficult) transformation of bicyclo[2.1.0]pentane to cyclo-

(2)

pentene.'® Finally, the absence of >1.3% of 6 or of >0,2% of
7 in residual reactant requires that neither eq 3 nor 4 effectively
compete with cyclodissociation.'®

D
—— W H (3)
H

D

x-Oo

Communications to the Editor



5718

(4)

Next excluded were all mechanisms that would retain the
central C-C bond and/or destroy one of its two adjacent
sp3-sp? C-C bonds (e.g., eq 56°9). In detail, the cyclohexa-

(8)

—_—

P ) )
)
)
NC. CN
)
Ne N
—— + 9 +
(7
£ . . .
8 ° ° ’
NC N
NC CN
10

1,3-diene-d; obtained from 1,4,5-endo-d3 precursor 8 was
transformed into its tetracyanoethylene adduct—11, con-
taminated with <5% of 9 + 10.

o] D
o]
= |
o]
5 T
NC cN
o]
I

We thus can find no pericyclic alternative to the symme-
try-forbidden least motion mechanism 6—but only if the re-

- -

action proceeds in a single step.2® There still remain two as yet
unknown C¢Hg isomers, not excluded as reactive intermediates
by any of the data now in hand. The first is the cis-trans isomer
of the product 12,2'-26 most transparently accessible by con-

D

ax —

(7

rotatory ring opening (eq 7). The second, the trans isomer of
the reactant 13, would need arise in less customary ways. Two
syminetry-allowed ones are illustrated in eq 8.

It is, of course, by no means obvious that 12 and 13 are
bound states, much less that either one satisfies the necessary
thermodynamic prerequisite. (A AH° no more than 33 kcal/
mol above that of its precursor.) Nevertheless, both alternatives

are worth considering if only because they can be tested ex-
perimentally—eq 7 by nonsteady state scavenging and eq 8 by
isotopic labeling.?2 The data now gathered, we contend, ex-
clude all other possibilities.

Supplementary Materials Available: Two reaction schemes (syn-
theses of 5 and 8), five tables of '"H NMR and kinetic data (8 pages).
Ordering information is given on any current masthead page.
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