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STEREOSELECTIVITY IN THE DIELS-ALDER REACTIONS OF TROPYLIUM ION]
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Abstract: New Diels-Alder reactions of tropylium ion are studied, and the observed stereo-
selectivities suggest that solvent effects determine the steric course of these reactions.

Troplylium ion (1) has been found to undergo a number of Diels-Alder type reactions with
high endo selectivity.2 In aqueous dioxane, for instance, it reacts with cyclopentene to
yield products which on oxidation and catalytic hydrogenation give endo ketones such as 2 and 3
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but only minor amounts of the exo product 4. Other dienophiles react with similar select-
ivity. The pronounced stereoselectivity of these reactions is not well understood, however,
having been rationalized both in terms of electrostatic r‘epu]s‘ions3 and n-alkyl attractions in
the transition state.2b Nonetheless, tropylium ion is well suited for the study of the variety
of electronic factors that govern the steric course of polar cycloadditions generally. We

have therefore initiated an investigation of new Diels-Alder reactions of this ion in hopes of
further clarifying these effects.

The initial dienophile selected for study was allyl alcohol (5), the first acyclic dieno-
phile to be so studied in this reaction. This particular substrate should permit the develop-
ment of electrostatic attractions in the transition state which might drastically alter the
consistent preference for endo products. Further, it should be capable of trapping the inter-
mediate cations via internal nucleophilic attack by hydroxyl, thereby generating new ring
systems of potential synthetic interest.

Treatment of tropylium tetraﬂuoroborate4 with allyl alcohol at room temperature in water
gave ethers 6 and 7 in addition to small amounts of tropone (8)5’6 and unidentified materials.
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In the presence of added acid these same products were obtained in approximately the same
rat10.7 At 65° in water the hydroxy ether 9, arising from the hydration of 7, was also
obtained. Under acidic conditions the relative proportion of this hydration product was in-
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creased significantly.” These results are summarized in Table 1.

A1l products were readily separable by preparative gas-1iquid chromatography, and each
gave spectroscopic data (]HNMR, ]3CNMR, IR, and MS) consistent with the structures assigned.8b

Extensive decoupling and shift reagent studies further confirmed these assignments. Product 6
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was accompanied by small amounts of its regioisomer 10 which could not be removed. The assign-
ment of 6 to the major component of this mixture was based on an examination of molecular models
which suggested that it was significantly less strained than 10. The remaining two products (7
and 9) were formed isomerically pure and were distinguished from their regioisomers 11 and 12 as

follows. The hydroxy ether 9 was oxidized9 to the corresponding ketone 13. Tr‘eatment]0 of this
+ +
H'/H,0 CrO H /H,0
7 —2% g 12—
(2)
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product with K2C03/D20 Ted to the rapid incorporation of two deuteria into the molecule, an
observation that is consistent only with structure 13, thus confirming the assignments of 7 and
9 as we]].]]

An examination of Table 1 reveals profound differences between the reactions reported here
and previously observed Diels-Alder processes of tropylium ion. Most notably, of course,

stereoselectivity is low, and a slight preference for exo products is actually observed.
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Further, internal trapping of the ionic intermediates has indeed been achieved, ethers 6 and 7
arising from the corresponding exo and endo cations by nucleophilic attack of the hydroxyl
group (Equation 1).]2 An alternative mechanism invoking the prior formation of allyl tropyl
ether is unlikely and can be ruled out, since heating this ether']3
14 as the only detectable products.
The results reported here suggest that the stereoselectivity of the Diels-Alder reactions of

tropylium ion is largely a result of differential solvation of the isomeric transition

at 65° in aqueous THF yielded
tropone and ditropyl ether

states. Cyclic dienophiles, such as those used in all previous studies, strongly screen
one face of the developing allylic cation in the exo transition state (15), thus sharply

Table 1
Reactants Time Temperature Total Products
(Equivs.) (Hrs.) (°c) Yield (%)
1 5 TsOH (%) 6 7 8 9 Other
1 5 0 44 25 512 58 35 5 0 2
1 5 0 22 65 272 20 18 5 49 8
1 5 0.8 44 25 378 66 28 0 0 6
1 5 0.8 22 65 472 15 9 0 75 1
1 5 0 22 65 350 1 2 52 0 15

a) Reaction run in water. b) Reaction run in 20% (v/v) aqueous tetrahydrofuran.

reducing the possibility of solvent stabilization. A similar loss of solvation does not occur
in the endo transition state (16), hence the endo mode of reaction is greatly favored. Acyclic

,-.
r+

15 16
dienophiles like allyl alcohol are much less effective in screening the developing charge in
either transition state (eg. 17), and therefore neither the endo nor exo mode of reaction is to
be preferred. Stereoselectivity will be low in these cases as observed. To test this hypothesis
the reaction was carried out in a less polar solvent, 20% aqueous tetrahydrofuran. As anti-
cipitated, stereoselectivity remained low, but a shift toward normal endo selectivity was
observed (see Table 1). It thus appears that solvent effects play a dominant role in determin-
ing the steric course of Diels-Alder reactions of tropylium ion. We are continuing to
investigate the theoretical and synthetic aspects of these reactions.
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