144

Jour.Chem.Soc.Pak. Vol. 27, No. 2, 2005

Kinetics of the Thermal Gas Phase Decomposition of
Methylcyclopropanecarboxylate Using Static Method

I. A, AWAN* M. ALI, J. NISAR AND T. MAHMOOD
National Center of Excellence in Physical Chemistry
University of Peshawar, Peshawar

(Received 25" January, 2003, revised 8" February, 2005)

Summary: Thermal decomposition of methylcyclopropane-carboxylate (MCPC) was studied
over the temperature range 682-793K and pressure between 5-50 Tbrr using static system.
Isomerization reactions to give methyl-3-butenoate, methyl-2-butenoate (cis+trans) and
methyl-2-propenoate accounted for 95% of the methycyclopropane-carboxylate decomposition.

These 1 somerizations are homogeneous first order, non-radical processes. The high pressure
Arrhenius parameters are given in the rate equations:

Kiow/s =10 7 * 12 exp(-236.9+£16.8k] mol /RT); ki/s'=10 !¢ exp(-243.6+22.5k) mole”
YRT);, kofs'"10 UM exp(-233.8+18.6 kimoleV/RT);, ky/s-1= 10 ™03 exp(-251.3210.7
kJmole’/RT)

Error limits quoted are statistically 95% certainty limits. The observed Arrhenius parameters
are consistent with the biradical mechanism. Results from the present study are compared with
those for cyclopropane isomerization to propene and it is found that the presence of CH30C=0
group on cyclopropane increases the rate constant for structural isomerization by lowering the
activation energy for the reaction by 35 kJ mole™.

Introduction

The kinetics of the thermal gas phase
decomposition of substituted ¢ yclopropane has been
of interest to kineticists due to their frequent use as a
model. The kinetics results from these studies
supported biradical mechanism in which a biradical is
formed with C-C bond rupture followed by vicinal
hydrogen transfer [1-2]. Thermal studies of alkyl [3],
vinyl [4], phenyl [5], cyno [6] and methoxy [7]
substituted cyclopropane all have been explained in
terms of biradical mechanism. The observed
Arrhenius parameters for these studies are consistent
with the stabilization effects, which these substituents
give to the radical centers. Gajewskietal [8] while
studying the pyrolysis of alkyl -2-methyl - and 2,3-
dimethylcyclopropane carboxylate observed that
substitution of a carbonyl group on cyclopropane
reduces the thermal geometric to structural isomeri-
zation rate ratio from 20-50 to 5-14.

No study on the thermal stability of methyl-
cyclopropane carboxylate has been reported to date in
the literature. Also, it is always of interest to expand
database of relevant reactions. The work reported in
this article was aimed to investigate the kinetics of
the gas phase d ecomposition o f methylcyclopropane
carboxylate and to see if the structural isomerization

products analogous to those observed for methy! and
methoxy cyclopropanes are formed and, if so, to
measure the effect of carbonyl group on the
Arrhenius parameters for the structural isomerization
of cyclopropahe.

Results and Discussion

Kinetics of the thermal gas phase decomposi-
tion of methylcyclopropane carboxylate was studied
in the temperature range 682-793 K. Initial runs were
carried out in an aged unpacked reaction vessel.
Methyl-3-butenoate and methyl-2-butenoate (cis and
trans) were identified as structural isomerization
products. The loss of the reactant accounts for the
sum of the area of the isomerization products.
Following reaction scheme summarizes the reaction
pertinent to this study.

ki, CHy=CH-CH,COOCH,

-

CHy-CHy-CH-COQCH; K
f————+

CH;-CH=CH-COOCH. (Trans)

ks
f————#  CH,CH=CII-COOCH; (Cis)

First order rate plots for the loss of the initiai
reactant (30 Torr initial reactant pressure) were linear
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as shown in Fig 1. The overall first order decompo-
sition rate constant (k) was calculated from the
initial slope of this plot. As the overall rate is
essentially first order, the plots of % productagainst
% (total reaction) will be linear if the rate of
formation is also first order, and therefore the slope
of %(product) against %(total reaction) = kyku
where k; is the rate constant for the formation of
individual product and k | ,; i s the rate c onstant for
the o verall 10ss o f reactant. Individual product plots
at 692 K are shown in Figure 2. The individual rate
constants for the products were measured using the
initial slopes of the plots of percentage of the relevant
reaction p roduct a gainst percentage overall reaction.
The rate constants so determined are listed in Table-
1. The following Arrhenius parameters were obtained
from these rate constants:

Kiota/s =10 7% 12 exp(-236.9+16.8kJ mol /RT)
ky/s '=10 1 exp(-243.6+22.5kJ mole”/RT)
ko/s™710 B2+ exp(-233.8+18.6 kJmole '/RT)

ky/s™'= 10 P08 exp(-251.3£10.7 kJmole /RT)

2
cos = -0.0018x + 1.9927 [ Series1
1.96
. \ ___| | Linear
> | | (Series1)|
1.92
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Fig. 1. First order rate plot for the loss o f methyl-
cyclopropanecarboxylate at 692 K (15 Torr

initial pressure).

The error limits quoted are statistical 95 %
certainty limits. The Arrhenius parameters were
determined by a linear, non weighted least square

nraocedura Q1
PIoceqaure | ).

The pressure dependence on the reaction rates
was investigated at 712 K. Total decomposition
showed no change in rates within the experimental
error, over the entire pressure range studied (5-50
Torr). Isomerization products rates were constant at
high pressure but tended to fall off slightly at lower
pressure.
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Fig. 2: Product distribution plot for methylcyclo-
propanecarboxylate pyrolysis at 692K
(initial pressure 15 Torr).

The surface effect on the reaction was studied
at 712 K using "aged" packed reaction vessel with 21
Torr initial reactant pressure. It was found that the
overall reaction rate increased of an average of 14 %.
The rates of production of isomerization products
were constant.

The results of present study indicate that the
initial decomposition of methylcyclopropane carbo-
xylate yield isomeric products by first order reaction.
The mode of decomposition seems to be in accord
with that observed for other monosubstituted
cyclopropanes. The absence of suitable type of alkyl
group precludes olefin formation from the alkoxy
portion of the molecule but the formation of
structural isomeric products occurs as a result of ring
cleavage at C1-C2 or C1-C3 followed by the vicinal
H transfer to radical center.

CH2-CH2-CH-COOCH3

i

CH2-CH2-CH-COOCH3
(biradical)

2,1 H shift 2,3 H shift

~

CH3-CH=CH-COOCH3
Cis + Trans methyl-2-butenoate

CH2 = CH-CH2-COOCI3
Mecthyl-3-butenoate

The kinetics of pyrolysis of methylcyclo-
propanecarboxylate may be compared with those of
other cyclopropane derivatives. From the data in
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Tablel. Rate constants for the decomposition of

methylcyclopropane carboxylate with an initial
pressure of 15 Torr in unpacked vessel.

Temp./K  kugay 10°sT /1077 1610757 kii07s!
682 4.46 2.50 0.47 0.41

692 6.91 3.85 081 0.94

702 9.87 7.02 1.19 1.38

718 29.00 16.10 3.21 3.30

722 42.20 21.80 5.87 5.05

728 60.80 35.10 7.40 775

KINETICS OF THE THERMAL GAS PHASE DECOMPOSITION

packed (S/V ca. 1 cm™. volume 150 cm’). Y oung’s
greaseless stopcocks were used in all parts of the
vacuum system associated with the pyrolysis and
with the analysis of pyrolyzed material. Reaction
vessels were immersed in a fused salt (NaNOy/
NaNO./KNO; ternary eutcctic) thermostat. The
temperature was maintained to + 0.1°C by ADP 5
temperature controller. Temperature was measured
with PT 100 resistance thermometer. D ead space of

Table 2. Rate constant at 665K for the gas phase thermal decomposition of some substituted cyclopropanes.

Reactant k(total)/ 107s™ Log Ass’ E, KJ mole”’ Ref
Cyclopropane 0.8 15.5 272.0 11
Methylcyclopropane 1.2 148 260.7 3
Vinylcyclopropane 1598 135 207.5 4(a)
Phenyleyclopropane 5236 13.6 202.2 S
Methoxycyclopropane 41 14.02 243.0 7
Methylcyclopropane carboxylate 15.6 138 236.9 This work

Table-2 it 1s evident that substitution of -COOCH; on
the cyclopropane increased the rate of decomposi-
tion. The lowering of the activation energy E, by 35
KJ mole’ for methylcyclopropane-carboxylate in
comparison to cyclopropane suggests that a biradical
is involved in the ring cleavage process. The biradical
formed from the methylcyclo-propanecarboxylate is
expected to possess resonance energy comparable to
a biradical formed from an alkylcyclopropane. From
the data it is obvious that the presence of
carbomethoxy substituent on the cyclopropane ring
reduces the activation energy for the structural
isomerization as well as lowers the ‘A’ factor;
presumably in stabilizing the transition state and
hence hinders the rotation of the carbomethoxy
group. The ‘A’ factor and activation energy for these
products are much closer to those observed for Alkyl
vinyl cyclopropanes and thus in this case, in the
transition state for H-atom transfer, the stablization
due to carbomethoxy group is lost. O ther s tudies of
the carboalkyl cyclopropanes support the biradical
mechanism and the magnitude of the effect of
cabomethoxy substituent discussed above s
consistent with those studies.

Experimental

Thermal kinetic studies were carried out as
previously described [10] in a conventional static
system using pyrex reaction vessels which were aged
by the pyrolysis of ca. 20 Torr Hexamethyldisiloxane
at 512 °C for 48 hours. Two reaction vessels were
employed; one was packed with short length of pyrex
tubing to give surface to volume ratio (S/V) of ca. 12
cm’, the other was of similar dimensions but was not

the reaction was 0.5
calculations.

% and was ignored in

Analysis were carried out on a Shimadzu GC
7AG gas chromatograph using 30m x 0.25 mm
Squalane WCOT maintained at ca. 0 °C with nitrogen
carrier gas. Flame ionization detector coupled to a
wide range of amplifier and Spectra Physics mode]
SP 4600 data jet integrator were used for the
quantitative estimation of the eluted products.
Products were identified by gas chromatographic
retention times.

Methylcyclopropane carboxylate was purcha-
sed from Aldrich company (USA) was 98 % pure and
used without further purification.
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