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1,1-Dimethylcyclopropane from Pyrolysis of Neopentyl Chloride

By J. S. Smariro and E. S. SWINBOURNE*
(University of New South Wales, Kensington, N.S.W. Australia)

THE suggestion that 1,1-dimethylcyclopropane may
be formed as an intermediate in the pyrolysis of
neopentyl chloride has been made separately by
Maccoll and Swinbourne! and by Anderson and
Benson.? The absence of this compound from
the C4H,, products of neopentyl chloride pyrolysis
at 444° as observed by Maccoll and Swinbournel:3
was attributed to rapid isomerization under the
reaction conditions, as these products were
observed always to consist of a mixture of methyl-
butenes in equilibrium proportions. These studies
were carried out using Pyrex vessels ‘“‘seasoned”
with the pyrolysis products of allyl bromide.

In view of the known catalytic activity of
hydrogen bromide,* the pyrolysis of neopentyl
chloride was re-examined by us with vessels from
which brominated hydrocarbons had been carefully
excluded. In these wvessels, which had been
seasoned with the decomposition products of
3-chloro-2-methylpropene, the rate of pyrolysis of
neopentyl chloride at 444° (10%, = 3-2 sec.”!) was
slightly lower than that reported by Maccoll and
Swinbourne (10%%, = 3:7 sec.”!) but the CH,,
products included 1,1-dimethylcyclopropane as
well as the three isomeric methylbutenes in non-
equilibrium proportions. These products accoun-
ted for 50—559% of the neopentyl chloride
decomposition, the remaining products being similar
to those reported by Maccoll and Swinbourne.
(Analysis was by gas chromatography.)

The composition of the C;H,, products altered
during the course of the reaction. In the early
stages (<59, decomposition) it was 439, 1,1-
dimethylcyclopropane (DMC), 369 2-methylbut-
l-ene (2MB1), 209, 2-methylbut-2-ene (2MB2),
1% 3-methylbut-1-ene (3MBI1). Towards the
later stages, the relative amount of DMC diminished
considerably and the composition of the C;H,,
products approached that of an equilibrium
mixture (30% 2MBI1, 669, 2MB2, 49, 3MBI).
Separate studies on DMC and the methylbutenes
showed that, although hydrogen chloride catalyzed
isomerizations among these compounds, little
isomerization had occurred prior to 5%, decomposi-
tion of neopentyl chloride at 444°. The isomeriza-
tion of DMC in the presence of hydrogen chloride
was expressible as the sum of an uncatalyzed
reaction producing mainly 3MB1 and 2MB2, and a
catalyzed reaction producing mainly 2MB1. Thus,

—d[DMC]/dt =
Funcat. [DMC] + Zcat, [DMC][HCL]

At 444°, 10%ypcat. = 94 sec.”l, 10-2keqy = 1-2
mole—!ml. sec.~1. The products and the rate of the
uncatalysed reaction were in good agreement with
the findings of Flowers and Frey.®

The rates of formation of DMC, 2MB2, and
3MBI1 in the early stages of neopentyl chloride
decomposition at 444° were increased by the addi-
tion of hydrogen chloride and decreased by the
addition of isobutene or propene, however the
initial rate of formation of 2MB1 was little affected
by these additions, or by a seven-fold increase in
the surface-volume ratio of the reaction vessel.
The effect of propene addition upon the rate of
DMC formation was particularly marked: when
added in an equimolar proportion, it dropped the
rate by 809,. This behaviour is consistent with the
production of 2MB1 from neopentyl chloride by a
unimolecular process (mechanism suggested by
Maccoll and Swinbourne',®) and of DMC and
2MB2 wia a free-radical process (mechanism
suggested by Anderson and Benson?). The 3MB1
is probably not formed directly from neopentyl
chloride, but comes from DMC isomerization.
Radical (I) could form DMC by ring-closure
associated with the ejection of a chlorine atom.
Radical (II) could form 2MB2 by 1,2-migration of a
methyl group associated with ejection of a chlorine
atom; radical rearrangements of similar types have
been reviewed by Fish.® It is unlikely that the
decomposition of neopentyl chloride involves a
t-pentyl type intermediate: pyrolysis of t-pentyl
chloride at 444° produced hydrogen chloride and
2MBI1 (43%) plus 2MB2 (579,) with no detectable
amount of DMC.
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The presence of traces (~ 10-2 mm.) of hydrogen
bromide was sufficient to double the rate of forma-
tion of C;H,, products from neopentyl chloride at
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444°. Decomposition was significantly faster for
runs in a vessel after it had been in contact with
hydrogen bromide, and isomerizations among the
C;H,, products were also more rapid. Other
workers? have noted the activity of reaction vessel
coatings produced from allyl bromide, particularly
with respect to their ability to promote isomeriza-
tion of olefins. The results of the present study
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suggest that the presence of traces of hydrogen
bromide in such coatings may be an important
factor contributing to their activity.

The authors are grateful to Professor H. M. Frey
for a gift of 1,1-dimethylcyclopropane.
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