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In general, the thermal isomerization of bicyclo[3.2.0]hepta-3,6—dien—2—one
dérivatives (A) leading to tropone derivatives (B) requires high temperatures
around 400° (2), because the disrotatory opening of the cyclobutene ring included
is a thermally forbidden process (3,4). However, it has been reported that
1—methoxybicyclo[3.2.0]heptadienone (IA), upon heating around 180°, has been iso-
merized to the 3-methoxy derivative (IC) accompanied by the 2-methoxytropone (IB)
(5): That the thermal isomerization of IA to IC is an example of the antara-
facial-antarafacial Cope rearrangement was supported by kinetic studies (1) as

well as by the molecular orbital symmetry theory (4).
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Recently, we have studied the thermal reaction of 1-aminobicyclo[3.2.cﬂ—
hepta-3,6-dien~-2-one derivatives which are isoelectronic with the l-methoxy
derivative (IA), and found out the striking fact that l-arylamino derivatives
ITA~VIA (6) are readily transformed into the corresponding 2-arylaminotropones
(IIB~-VIB) upon heating at temperatures lower than 100°, whereas l-acylamino
derivatives VIIA'and VIIIA (6) treéated around 170°, rearranged to 3-acylamino-
bicyclo[3.2.o]heptadienones (VIIC and VIIIC), m.p. 81-82° and 107-109° (7), in
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good yields respectively. We wish to discuss in this paper mainly the former
isomerization of compounds from type A to type B.

Although a few examples in which the thermal ring opening of the bicyclo-
(3.2.Q)heptadiene system occurs at relatively low temperatures has been reported
(8, 9, 10); their reaction mechanism is still in ambiguity (3). In order to
clarify the reaction path for such thermal reactions of l-arylamino derivatives
IIAAVIA, a study of the effect produced by the substitution in the para posi-
tion of the aryl group and the solvent effect were investigated. Figure 1 shows
Hammett's plots of rate factors valuable for the thermal reaction of IIA, IIIA,
IVA, VA and VIA. The rate of the ring opening was measured by UV spectroscopy
at 80.1° in a benzene (f = -1.78). On the other hand, the rate of the isomeri-
zation of IIA was also measured at 68.0° and 80.1° in several solvents. Figure
2 exhibits relationships between the rate and the dielectric constant of the
solvents used. Although the rate of ring opening in methanol is about fifteen
times faster than that in benzene, a linear relationship was obtained in aprotic
solvent. From these experiments it could be postulated that the thermal ring
opening of l-arflamino derivatives IIA~VIA proceeds probably via ionic inter-
mediates such as IID. As an example the transformation of ITIA to IIB is depic-

ted in the following scheme. However, l—anilinobicyclo[3.2.d)hept-3—en—2-one
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Fig. 1. Hammett's plots for the Fig., 2. Solvent effect on the
thermal isomerization of ITAA~. VIA, thermal isomerization of IIA.
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(IX), m.p. 105-106° (7), which was prepared by hydrogenation of IIA, on heating

at 150° for 3 hr resulted in a complete recovery of IX without the ring opening.

Table 1 gives the rate of the thermal reaction of IIA to IIB which was
measured in a benzene solution., The Arrhenius plot of the data shown in Table
1 provides a straight line, from which activation parameters shown in Table 2

were calculated.

Table 1. The first order rate Table 2. Activation parameters.
constant of ITIA IIB ITA-»IIB TA-»TB*
Temp {(c°) k x 105(880'1) Ea (Kcal/mol) 24.7 3%.5
68.0 3.23 st (e.u.) - 8.9 - 9.2
80.1 12.1 (at 80.1°) {(at 170°)
82.0 13.3
102.0 88.8 * See ref. 1.

The Ea value for the isomerization of l-anilino derivative IIA is smaller
than that for l-methoxy derivative IA, but the AS? value is almost the same
for both compounds. For the thermal isomerization of IA to IB and IC, a twisted
structure (E) has been proposed as the common trasition state (1,4). Since our
experiments suggest that the transition state for IIA ~» IIB may have an ionic
character and have the same grade of rigidity as E, we wish to propose a new
twisted transtion state (F) for the isomerization. This transtition state (F)
is unique in being composed from an allyl cation and a butadiene unit; its
formation is thermally allowed based on orbital symmetry considerations as well

-

as the transition state (E)(4).
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It should be noted that a variety of substituents located at the C-1 posi-
tion of the bicyclof3.2.d]heptadienone system have an influence on the mode of
the thermal isomerization. On heating at moderately high temperatures, 1-
methoxybicyclo compound IA afforded IB and IC competitively, whereas l-arylamino
compounds ITA~r VIA gave IIB~~ VIB, and l-acylamino compounds VIIA and VIIIA
afforded VIIC and VIIIC. The substituent effect which may stabilize the ionic
transition state (F) is in the following order; NHAr)» OCH3> NHCOR. The twisted
IID may be considered as one canonical structure of the transition state F (X=
NHPh) . Thus the above results can be explained by assuming that the reaction-
mode is affected by relative stability of the transition states (E) and (F).

We are continuing kinetic studies on the Cope rearrangement of l-acylamino-
bicyclo[S.Z.Q]heptadienones, in order to clarify the ambiguities included in
this paper.
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