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Hot Molecule Effects in the Thermal Isomerization 
of Methylbicyclo[2.1.0]pent-2-enes 

Sir: 

There is a controversy about the mechanism of the 
isomerization of bicyclo[2.1.0]pent-2-ene to cyclopenta-
diene. Originally a biradical process was proposed. J<2 

Later experiments3 with deuterated bicyclopentene and 
2-methylbicyclo[2.1.0]pent-2-ene were interpreted as 
conclusive evidence for the occurrence of an allowed 
[a2s + ,,2a] process. The methyl compound results have 
not been substantiated and diametrically opposite ex
perimental results have been reported.4 These two 
sets of data were obtained in the liquid phase. About 
this work we merely note in passing that even if the 
allowed process were of major importance the experi
mental findings of Baldwin and Andrist3 of only one 
product are inexplicable on kinetic grounds. 

The report of some gas-phase results prompts us to 
present some RRKM calculations that are pertinent. 
Briefly, Baldwin and Andrews5 found that in the gas 
phase at 50°, l-methylbicyclo[2.1.0]pent-2-ene isomer-
izes to both 1-methyl- and 2-methylcyclopentadiene. 
Similarly, 2-methylbicyclo[2.1.0]pent-2-ene gave both 
methylcyclopentadienes. Since the interconversion be
tween the cyclopentadienes is appreciably slower at 50° 
than is the isomerization of the bicyclo[2.1.0]pent-2-enes 
they conclude that the decomposition of each reactant 
yields both cyclopentadienes directly. This would be 
consistent with allowed processes (but would not, inci
dentally, be subject to the kinetic objections mentioned 
above). These experimental findings are completely 
explicable on the basis of the initial formation of only 
one isomer (the one predicted by the biradical mecha
nism) and are exactly as expected. The scheme is shown 
below for l-methylbicyclo[2.1.0]pent-2-ene (eq 1-6). 
Step 1 represents the collisional activation-deactivation 
process of a unimolecular reaction and steps 3 and 5 
simple collisional deactivation steps. Step 6 is a short
hand form and is applicable to all unimolecular re
actions in their high-pressure region. Steps 2 and 4 
may be treated by RRKM theory. 

Reliable Arrhenius parameters are not available for 
Ar6 and k~6; however, calculations have been carried 
out using the rate constants reported by Baldwin and 
Andrews5 at 50° and assuming an " ^ " factor for 
both reactions of 1013. Other calculations used an 'M" 
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factor of 10ia, deliberately chosen to be unrealistically 
low, and also a further set used different A factors for 
Ar6 and A"-6 to increase the possible difference in energy 
of activation of these reactions. The results are pre
sented in Table I. The values of the ratios of 1- and 2-

Table I. Ratio of 1- to 2-Methylcyclopentadiene as a 
Function of Pressure 

A/B" 
AIBh 

AIB' 

1 

0.937 
0.938 
1.647 

Pressure, Torr -
10 100 

0.939 
0.944 
1.650 

0.951 
1.01 
1.670 

1000 

1.07 
1.639 
1.870 

10« 

140 
670 
220 

" Assuming log ks = 13 — 26,745/ 
1 Assuming log k% = 12 - 25,271/9 
= Assuming log k6 = 12.7 - 26,299/9; Io 
9 = 2.303i?r,- R = 1.987 CaIm 0 I - 1 K 

log k-t, = 13 - 26.967/9. 
log A.-_6 = 12 - 25,493/9. 
' " = 13.0 - 26.967/9. 

methylcyclopentadienes (AjB) at various pressures cor
respond to hypothetical "zero time" reactions. In 
Table II we report the time evolution of the system. 

Table II. 

AIB' 
A/Bb 

Time Evolution of System at 50° 

0 

1.009 
1.639 

500 

1.008 
1.634 

1000 

1.006 
1.629 

4000 

0.998 
1.593 

8000 

0.984 
1.538 

» At 100 Torr. b At 1000 Torr. Data relate to footnote b of 
Table I. 

Table I shows that irrespective of the particular choice 
of Arrhenius parameters the ratio AIB is essentially 
constant below 100 Torr and does not increase greatly 
up to 1000 Torr. At very high pressures the ratio of 
A/B is sufficiently large that little or no 2-methylcyclo
pentadiene should be formed in the liquid phase in 
accord with the findings of McLean, et al.i 

The predicted ratio of AjB for runs carried out at 
around 1 atm pressure is between 1.0 and 1.75 depending 
on the particular choice of Arrhenius parameters; 
Baldwin and Andrews5 obtained 1.6. Within the un-
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certainties of the data used this agreement must be con
sidered remarkable. 

The formation of the "wrong" methylcyclopentadiene 
arises because step 2 yields a molecule which contains 
the energy of activation of this step and the large con
tribution due to the high value of AH for this reaction. 
(This was estimated6 to be 36 kcal mol -1, but calcula
tions using values of 35 and 36.5 kcal mol - 1 produced 
insignificant changes in AjB). The methylcyclopenta
diene initially contains more than 63 kcal mol - 1 of 
excess energy; the energy of activation for step 4 (and, 
of course, 6) is about 26 kcal mol -1, so this process 
takes place very rapidly in the absence of collisional 
stabilization. Thus, although the interconversion be
tween methylcyclopentadienes (and, similarly, 5-
deuteriocyclopentadiene and its isomers) is relatively 
slow at 50°, because they are produced by what is essen
tially a process of chemical activation, this interconver
sion is of considerable importance, under the experi
mental conditions employed. 

The calculated values of A/B depend only on the 
validity of RRKM theory and the energetics of the re
action; they do not depend on the detailed nature of 
the transition state. Thus, while the results are con
sistent with a biradical mechanism they do not require 
such a mechanism; the results do, however, require that 
by whatever process (biradical or concerted), [-methyl
cyclopentadiene is formed directly from 1-methylbicyclo-
[2.1.0]pent-2-ene. The fact that the ratio of A/B is 
close to the experimental value means that it is prob
able that the mechanism presented represents the sys
tem completely, and hence it is unnecessary to postulate 
the direct formation of any 2-methylcyclopentadiene. 
Even if a small fraction of the yield of 2-methylcyclo
pentadiene did arise directly, this could not be deter
mined on the basis of the gas-phase experiments re
ported, nor indeed from any gas-phase experiments that 
could be carried out at reasonable pressures. 
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Spiro[4.4]nonatetraene and Spiro[4.4]nona-l,3,7-triene 

Sir: 

Spiro[4.4]nonatetraene (1) has been the subject of 
discussion concerning the overlap of orthogonal rib
bons of p orbitals1 (spiro conjugation) and experi
mentally accessible examples of planar tetracoordinate 
carbon.2 It has also been the subject of at least two 
attempted syntheses,3 both of which failed to provide 
detectable quantities of 1. Highly substituted deriva-
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tives, such as l,2,3,4-tetramethyl-6,7,8,9-tetrachloro-
spiro[4.4]nonatetraene, have been prepared4 but are not 
useful in testing the relevant bonding theories because 
of electronic and/or steric perturbations by the sub-
stituents. We wish to report direct and simple syn
theses of spiro[4.4]nonatetraene and spiro[4.4]nona-l,-
3,7-triene(2).6 

Originally, an efficient route to 2 was sought as a 
potential pathway to 1, and cyclopentadiene (3) was 
chosen as an obvious synthon. Treatment of trans-
2,3-epoxy-l,4-dibromobutane (4) with acetone in the 
presence of stannic chloride produced a mixture of 
cis- and ?ra«s-2,2-dimethyl-4,5-bis(bromomethyl)diox-
olanes (5a and 5b) in the ratio of 10:1, respectively.6 

Condensation of cyclopentadiene with 5a using excess 
sodium hydride in tetrahydrofuran gave the spiro-
dioxolane 6 in 50-60% yield (bp 80-84° (3.0 Torr)). 
Hydrolysis of 6 (dilute hydrochloric acid in aqueous 
methyl alcohol under conditions of slow distillation) 
produced the diol 7 which was converted to the bis-/>-
toluenesulfonate ester 8 (mp 124-126°, 40% overall for 
6 -»• 8). All attempts to convert the diol 7 to spiro-
[4.4]nonatetraene (1) via pyrolysis of the diacetate 9 or 
dixanthate 10 gave low (ca. 20%) yields of indene as the 
only C9H8 product. Similarly, attempted base-pro
moted elimination of /j-toluenesulfonic acid from 8 
failed to produce 1. 

BrCH, BrCH, ° \ 

K B r C H - ^ Q / ^ / 
BrCHj 2 

3, 5L° §• 

^ V J x X-X=OH 
[ /^Z^ 8 , X = 0 S 0 2 - £ - l o l y l 

9 , X=OCOCH 3 

I1O , X=OCS 2 CH 3 

The reaction of excess sodium iodide with 8 in acetone 
at 100° in a closed system for 20 hr gave spiro[4.4]nona-
1,3,7-triene (2) in 70% yield, after short-path distillation. 
The triene 2 is obviously an attractive precursor of 1, 
but all attempts to introduce a substituent such as 
halide at C-6 failed. For example, reaction of 2 with 
jV-bromosuccinimide under the usual conditions for 
allylic bromination led to indene in 23% yield; no 
monobromide of 2 was isolated. The failure of the 
above approaches to 1 is not surprising, considering 
the reactivity of 1 (see below). 

A very simple, low-temperature approach to 1 
proved successful. The diacid chloride 11 (bp 57° 
(1.0 Torr)) of diallylmalonic acid was prepared from the 
diacid using thionyl chloride in carbon tetrachloride at 
reflux for 15 hr (88% yield). In methylene chloride 
solution containing several mole equivalents of nitro-
methane, the diacid chloride 11 reacted with aluminum 
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