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Sir:

o' - Constants have been evaluated in neutral and sol-
vent free systems in the gas phase thermolysis of 1-aryl-
ethyl acetates in which the aryl group was 2- and 3-
thienyl, 2- and 3-benzothienyl, 2-furyl and 2-benzofuryl.

Aromatic electrophilic reactivity (including reports of

lincar free energy relationship) of 5-membered hetero-
cyclic ring systems has received considerable attention
during the last few years. Studies have been made recently
by bromination (2a-2d), chlorination (2a,2¢,2d), acetyla-
tion (2a), trifluoroacetylation (2e¢), nitration (2f), pro-
todesilylation (2g), protodetritiation (2h), protodeboro-
nation (2i), protodemercuration (2j), iododeboronation
(2K), protodedeuteriation (2I), and by a variety of side
chain reactions. For example, solvolysis studies have been
made on esters of aryl methyl carbinols (2m). In addition,
clectrophic aromatic reactivity has also been studied via
ionizalion potentials (2n).  Somewhat related are the
studies of ¢ and 0 "constants obtained from the evaluation
of ionization constants of substituted benzoic acid and
phenol using the thiophene nucleus attached to the
benenzoid ring reported by Marino, et al., (3). Marino,
et al., and Butler have reported o —constants from ioniza-
tion constants of various 5-membered ring heterocyclic
carboylic acids (4a) and of 5-substituted 2-thiophene car-
boxylic acid (4b).
thiophene has recently been reported (4¢).

Homolytic aromatic substitution of

With the exception of Linda and Marino’s studies of
ionization potentials (2m) all of the other studies have
been carried outl under condensed phase reaction condi-
tions where it is virtually impossible to separate solvent
participation on reactivity from the effects of changes in
structure of the reacting molecule.

Sometime ago, the advantages of using gas phase
thermolysis to determine ring reactivities in a fashion
similar to electrophilic aromatic substitution were dis-
cussed (5). Here we report the application of this method
to a study of the reactivity at the 2- and 3-positions of
thiophene, the 2- and 3-position of benzothiophene and
the 2-position of furan and benzofuran and compare the
results to condensed phase studies.

Heteroaromatic l-arylethyl acetates were thermolyzed
between the temperature of 624° and 657°K to an aryl-
ethylene and acetic acid. Under conditions where specially
coated reaction walls are used, this decomposition pro-
ceeds through a homogeneous, unimolecular first order

ArCHCH; —> ArCH=CH, + HHOAc¢
|
OAc

reaction most likely involving a cyclic transition state
with a polarized (808 -bond. The mechanism of this
reaction has been discussed in detail recently (06). 1t is
unlikely that sufficient energy is imparted to the ester
during thermolysis to form carbonium ions in the gas
phase. The values for log k/kg in the thermolysis of |-
arylethyl esters correlate (5,7) very well with o' —sub-
stituent constants (8). Reaclivity as measured by electro-
philic aromatic substitution has often been correlated with
o' - constants.

Results and Discussion.

The results for the rate constants, log A, Ky, AS#, log
k/kphcnyl and o' —constants for the thermolysis of these
heterocyclic 1-arylethyl acetates are shown in the Table.
The o' values obtained from this pyrolysis study are
compared to other ¢ values reported from condensed
phase studies, e.g. protodesilylation, iododebromination,
molecular  bromination, protodetritiation, solvolysis of
heteroaromatic 1-arylethyl acetates and other data obtain-
ed in a similar manner from the pyrolysis of l-arylethyl
acetates (7). When one considers the variation which may
result from solvent effects and the marked difference in
the methods used to evaluate substituent constants, the
similarity in the results is remarkable. The results obtained
by electrophilic aromatic substitution in ecach case are
higher than the values obtained from gas phase thermolysis.

Taylor (5a,7) has pointed out the problems and dis-
advantages of using condensed phase clectrophilic sub-
stitution reactions which involve high p values in deter-

mining substituent constants. One of the more obvious
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