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Diels-Alder reaction is kinetically characterized by the large negative entropy of activation (AS*
~~35 eu) and small frequency factor (log A~6), which indicate highly ordered transition state and
synchronous formation of new o -bonds (1,2).

lonic two-step mechanism was once suggested (3) for cycloaddition reaction of troponoids with maleic
anhydride (MA) mainly from the fact that, while 2-methoxytropone yielded endo product stereospecifically,
tropolone afforded both endo and exo products in nearly equal ratio. However, the tight transition state
was later revealed for the cycloaddition reaction with acrylonitrile on the basis of the isotopically labeled
experiment (4). Consequently, kinetic study of the former reactions was undertaken, using tropone (I},
2-chlorotropone (II), 2-methoxytropone (l11) and tropolone (1V), in the solvents with different polarity in
order to establish the nature of the transition state by observing the extents of substitution effect and
solvent dependency of the reaction.

The reaction was carried out at four different temperatures in p-cymene and in adiponitrile under
pseudo-1st order condition (5) and followed by the decrease in the intensity of the UV maxima of troponoids.
The resulted reaction rates and activation parameters are listed in TABLES | and I, except for IV which is
discussed later.

The activation parameters shown in TABLE 1l are in good agreement with the general values found
for the typical Diels-Alder reaction (1,2). Further, the rate constant k shown in TABLE | decreases in
the order of MeO > H > Cl in each solvent, the reversed order from that for the reactions of troponoids

and cyclopentadiene (F> Cl>H>OMe) (6) and the relative rates k } and k
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are much smaller than the normal ionic reaction but close to the value found in the cycloaddition of
anthracene derivatives and MA (7). These values strongly indicate that the reactions proceed as the
normal cycloaddition reactions through the highly oriented compact transition states in all the three
cases. However, the reactions in adiponitrile are definitely slower than in p-cymene (kB/A in TABLE ).
This observation, meaning that the stabilization by solvation of polar
solvent occurs more in the starting systems than in transition states due
to the dipolar character of troponoids, can be attributed to the less

polar transition state such as A. Thus, all of the data provide strong

collaborative evidence to the four-centered concerted mechanism for the
present cycloaddition reactions. The less negative AS# values in adiponitrile compared with those in
p-cymene are consistent with the above conclusion.

As is mentioned before, tropolone (IV) gives the exo adduct (VI) as well as the normal endo adduct
(V) (3a), only exception in the mode of reactions between simple troponoids and MA. Our kinetic study
provided no reliable quantitative result because V and VI form concurrently and the intensity change of
the UV maximum of IV stops at early stages under the conditions used for the above reactions. However,
at the lower temperatures (up to 100°), the predominant formation of V over V! was observed in the NMR
spectrum of the reaction mixture. Furthermore, the mutual isomerizations between V and VI were able to
be traced at 80-100° by the same technique and the reaction rate kV—’VI was found to be ca 1.6 times

larger than kVI Intramolecular nature of the isomerizations was verified by the reaction in the

—\V°
presence of tropolone-3,5, 7-d3 (IV-dB) 8), No IV-d3 was incorporated in the reaction products at the
carlier stage of the reaction (9). Therefore, the major course of the cycloaddition reaction can be

visualized by the initial formation of V as in the other cases, followed by the intramolecular isomerization

to VI possibly via transition state B, although the direct formation of VI can not be ignored (10).
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Information about the shape of the transition state in the cycloaddition was obtained from the
investigation of the cycloreversions. Activation parameters, Ea ~34 kcal/mol, A ~4x1013/ sec. and
AS*~+3.5 eu. were found for both reactions, V=21V + MA and VI->IV + MA, the values comparable
for the general cycloreversions (11). Furthermore, secondary isotope effect kH /kD determined using

V-d,and Vl—d3 , was found to be 1.03 and 1.09 for V and VI, respectively. These values are again

3
in good agreement with those found in the similar cycloreversions (12). From these pieces of evidence,

the transition state in the reactions IV=>V is also highly oriented as in the other cases described before.
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