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CYCLOADDITION REACTION OF TROPYLIUM ION AND CYCLOHEPTATRIENE
Shé 18, Akira Mori, lkuo Saito, Kunio Sakan, Hiromi Ishiyama and Kazuo Sasaki
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In a previous paper (1), we have shown that tropylium jon undergoes facile cycloaddition reaction
with cyclopentadiene to result in the formation of the ion | with high degree of perispecificity and stereo~
specificity. Inan extension of the study, we have carried out the reaction of the ion with cycloheptatriene.
The result is described herein.

Tropylium perchlorate (Il), when allowed to react at room temperature with 4 molar equivalents of
cycloheptatriene (Ill) in 66% aq. dioxane for 21 hours, yielded a complex mixture of alcohols in 32%
yield (2). Chromic anhydride (pyridine complex) oxidation of the mixture followed by careful chromato-
graphy using SiO2 and SiO2 impregnated with AgNO3 afforded, besides two known ketones (3), IV ( 2%)
and V (1%), four new isomeric ketones VI, m.p. 103-104° (3%), VI, m.p. 106° (9%), VIII, colorless
liquid (1%), and IXa, m.p. 86-90° (1%) (4). That Il is the reacting species is supported by the facts that
the reaction proceeds only at low pH region where Il is stable (2) and that ditropyl ether which might
be in equilibrium with Il failed to undergo cycloaddition reaction at room temperature.

The structures of the new ketones, VI, VII, VIil, 1Xa, were deduced on the basis of the physical
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data shown in the Table. The presence of cyclopropyl ketone in VI and VIl is demonstrated in IR

~f
(v 1688-1690 cm' ) and NMR (5], 82, 5]3 and J1’2, J]’]3, J2’13).

is based on the NMR (Js of the bridge head protons). The position of the methylene group in Vil was
revealed from NMR using EU(DPM)

Stereochemistry of VI and VIII

3 H9 adjacent to the methylene shifted twice as much as the allylic
H3. Stereochemistry of VIl was concluded from the following observation: While VI was recovered from
reflux in xylene for 20 hours, VIl afforded the new isomeric ketone X, m.p. 116.5-118°% in 58% yield,
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deuterated X was found in the reaction of VIl in the presence of excess cycloheprcfriene-7-d.|. Physical
data of IXa are in close similarity with those of the tropone-photodimer IXb (5).

The entire course of the reaction can be summarized as follows:
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The reduced reactivity of Il toward 11 compared with that of cyclopentadiene (1), reflected in the
slow reaction rate and the low total yield of the products, follows the general tendency of cycloaddition
of these compounds. As is seen in the chart, Il always reacts as 4% component, demanding Il to serve
as either 2 or 67 reactant. Perispecificity, judged from the product ratio, is rather low ([4n+ 247 :

[4n+ 6x]=VI+ VII+ VI : IV+ V+ 1Xa=3 : 1). Stereospecificity, A : B=VI+ VI : VIi=4 : 9 for
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[47 + 2q] reaction and C : D=1Xa : IV+ V=1 : 3 for [44+ 64] reaction, is also low, and further in the
former reaction stereochemical preference (A : B=4 : 9) Is opposite to the case of cyclopentadiene (1)
where the ratio, endo : exo is 40 : 1. This may indicate the complicated secondary effect operating in
the transition states.

It is noteworthy that ions A and B form cyclopropane ring on the far side of the methylene group.
Although the difference in internal strain at the bridge head carbons may be a reason for such a specif-
icity, electronic factor should not be overlooked: Thus the ion B can have a conformation in which a
terminus (C6) of the diene system is situated closely (~2.2 3) to
C]O' and which stabilizes B] more than 32 by the transannular
interaction. As the result of the greater contribution of B] than

of B2, nucleophile would attack the ion B more at C.|4 than at

C13' Likewise in the ion A,'a conformation in which C6 is
facing (~2.5 A) to C]4 rather than C]3, would allow preferential attack of a nucleophile at C10 or at
C]3' From this consideration, VII| is more likely to have 4,6-diene structure.

Although any conformation of A, B and F are incapable geometrically of further cycloaddition, the
more symmetrical ions C and D have better geometry for the reaction. In fact, the ion D having better
electron demand, proceeds to | through either G or H.  Although symmetrical allylic ion is known to
undergo the cycloaddition at both ends (6), the strong perturbation with the double bond in D would
modify the situation and the ion H may results. The formation of | and J from H has been shown in our
preceeding paper (3). Intervention of G is supported by the formation of X from VII.
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