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Bornylene (3,7,7-trimethylbicyclo[2.2.1]hept-2-ene) undergoes a retro-Diels-
Alder reaction at elevated temperatures in the gas phase to yield ethylene and
1,%5,5-trimethylcyclopentadiene. The product 1,5,5-trimethylcyclopentadiene is
unstable and a methyl shift occurs, giving rise to an equilibrium mixture of four

Cg hydrocarbons (4).
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We have studied these reactions in stirred flow reactor systems which have
been described in detail previously (5). We established that reactions 1 and 2
are both first-order and homogeneous in the temperature range 328-430°C. The
activation parameters are AHi# = 44,73 (t0.86) kcal/mole, Asl* = 2.29 (¥1.34) e.u.,
and AH2+ = 43.83 (¥1.25) kcal/mole, Aszf‘ = 0.75 (¥1.93) e.u. The indicated errors
are standard deviations from a least squares regression line.

The results for the bornylene decomposition which we have outlined above
ralse a question concerning the reported results of the pyrolyses of bornyl and

isobornyl acetates (6) and chlorides (7,8). Upon pyrolysis in the gas phase each
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of these compounds is said to yield a mixture of CioH16 hydrocarbons identified
as tricyclene, camphene, and bornylene, with results summarized in table 1.

The identification of camphene and tricyclene as major products of these py-
rolyses serves as part of the supporting evidence for "quasi-heterolytic" mechan-
isms (ionic transition states) in gas phase elimination reactions (8,9). We wish
to question the obtention of bornylene as a major product, and thus by inference

the quantities of camphene and tricyclene in the reaction mixtures.

TABLE 1

Hydrocarbon Products from Pyrolysis of Bornyl Derivatives

‘g-.~.\~,.zfiiiii Tricyclene Camphene Bornylene
Reactant

Bornyl acetate (6) 23.3% 14.8% 61%
Isobornyl acetate {6) 31.5 48.4 20.1
Bornyl chloride (7) 55 25 20
Isobornyl chloride (8) 5 70 25

The rate constants at 340°C. for the pyrolysis of each of the four compounds
in table 1 and for bornylene decomposition ares bornyl acetate 1.23 x lO'4 (0.79
x 107%), isobornyl acetate 8.02 x 10”4 (1.61 x 10™%), bornyl chloride 1.84 x 1074
(0.37 x 107%), isobornyl chloride ~20 x 10™% (~5 x 107%), and bornylene 85.1 x 107%
These rate constants are in units of sec'l, calculated from the activation para-
meters given in the cited papers (6-8). The parenthetical values are rate con-
stants for formation of bornylene assuming the distribution of products given in
table 1. One notes that the rate constant for decomposition of bornylene is seve-
ral times larger than any of the formation constants.

If one assumes a pattern of consecutive and simultaneous reactions as outlined
in eq. 3, the fraction of bornylene in the product mixture can be estimated. For
this calculation the rate constants for formation of camphene, tricyclene, and born-
ylene are assumed proportional to the percentages given in table 1. At 340°, in
the case of isobornyl chloride, at 20% total conversion to products, the product

mixture should contain approximately 17% bornylene and 8% bornylene decomposition
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ke
_——"S > camphene (C)
Kn kp
Bornyl acetate (A) —————> bornylene (B) — other products (P)
k
\‘-———J;————> tricyclene (T) (3)
A= Aoe -(kA + kc + kT) t
- (~kt)_ (-knt)
B = (e' A% -e!TBY) (kpA )/ kg-k,)

products, the remainder consisting of tricyclene and camphene. These figures are
in rough agreement with the literature values (6) (table 1), except for the missing
bornylene decomposition products. However, the amount of bornylene in the product
mixture would decrease drastically as the reaction proceeds, being only 4.9% of
the products at 80% conversion. In the case of bornyl acetate, at 20% total con-
version to products, the product mixture should contain only 3.9% bornylene, and
over 56% of bornylene decomposition products should be obtained. Calculated re-
sults and experimental results (table 1} also do not correspond for bornyl

chloride and isobornyl acetate.

One possible explanation for the discrepancies between the calculated and
experimental distributions of products, is that the C8 fragments {(eq. 2) polymer-
ized or dimerized, and were then not easily evaluated by the gas chromatographic
techniques used for hydrocarbon analysis. If the samples were condensed before
analysis, dimerization or polymerization becomes quite likely. In our work on
the bornylene pyrolysis it proved necessary to take gas samples directly from the
hot reactor in order to obtain a correct analysis of the reacting gas.

1f the above explanation is correct, a reevaluation of the importance of rear-
rangement reactions in these gas phase pyrolytic reactions will become necessary.
We believe that the rearrangement products might be the products of reactions

other than the gas-phase unimolecular pyrolyses.
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