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Abstract: Repetitive Diels-Alder reactions! of 1,2,5,6-tetra-exo-methylene-
cyclooctane (3) and {2.2]-(2,3)-furanophane (6) provide novel band-type
structures. 3 and 6 differ significantly in the relative rate of the first
and second cycloaddition.

Redox polymers with separate electrophores (= electroactive groups) are of
fundamental and practical significance.? A unique example is the polymeric
band-type structure 1 in which acene subunits are linked with the formation
of ortho-cyclophanes. We have recently prepared polymer 2 which constitutes a
suitable precursor for a band structure with ortho-anthracenophane moieties.?
The method of synthesis is the Diels-Alder reaction between the bis- diene
1,2,5,6-tetra-exo-methylenecyclooctane (3) and a bis-dienophile such as para-
benzoquinone. The initial 1:1-Diels-Alder adduct 4 can readily be dehydro-
genated to 5 which is prone to undergoing a poly-reaction.?® Crucial to this
approach is the relative rate of the first and second Diels-Alder addition to
3. This will control not only the mechanism of the polymer forming reaction,
but also the eventual access to oligomeric model compounds.

We investigate here the stepwise Diels-Alder reaction of 3 by kinetic
analysis and by identification of the resulting oligomers. Since a twist
within the butadiene units of 3 and 5 is expected to influence the ease of
the Diels-Alder reaction, the present study also includes furanophane® 6 in
which both butadiene moieties are coplanar.

A straightforward kinetic analysis of the Diels-Alder reactions of 3
requires the use of a monofunctional dienophile such as 1,4-naphthoquinone
(NQ). while 3 and NQ readily react at room temperature with formation of
monoadduct 7 (3 ¢+ NQ = 1 : 0.8, CDCl;, 25°C, k; = 2.2 . 10-® 1/mol.s, yield
80%3), compound 7 does not undergo further Diels-Alder reaction under these
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conditions. Diadduct 8 is only formed at elevated temperatures (100°C,
toluene, 70%). A related result appears from the reaction of 3 with dimethyl
acetylenedicarboxylate (DMAD), since even a twofold excess of DMAD only gives
monoadduct 9 (CDCls, 25°C, k; = 4.1 . 10°* 1/m.s, 85 ). However, compound 9
can be transformed into the related diadduct 10 by heating with one equiva-
lent of DMAD (70°C, CCl4, 18 h, B2 %).

The reluctance of 7 and 9 to undergo a second Diels-Alder reaction must be
ascribed to the geometry of the remaining butadiene moiety. The crystal
structure of monoadduct 95 reveals a large angle of torsion about the central
Cc-C-bond of the butadiene unit (¢ = 102°). A comparison of the 'H-NMR spectre
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of 3, 7 and 9 shows that this is also the case in solution.® It appears that
the signals of the exo-methylene protons suffer from a shielding effect when
the twist of the butadiene unit increases.

The crystal
structure of 15.

Diels-Alder adducts of furan and benzoquinone are known to undergo a ready
retro-reaction.’ The present comparison of bis-dienes 3 and 6 is therefore
restricted to the cycloaddition with DMAD.

Bisfuran 6 differs from 3 in that its reaction with one equivalent of DMAD
does not afford the expected monoadduct 11. Instead, several products are
obtained due to the competition of intra- and intermolecular® Diels-Alder
reactions (see below). One product, namely cage type compound 13, could be
identified by a crystal-structure analysis.® It can be readily deduced that
an intramolecular cycloaddition of 11 produces the reactive intermediate 12
which is subsequently stabilized by a [2+2]cycloaddition with DMAD to give
13.

The oxonorbornadiene structure of monoadduct 11 possesses a terminal
double bond which due to the ring strain acquires an increased dienophilic
character. Accordingly, the bifunctional intermediate 11 constitutes a
monomer which is capable of undergoing a poly-Diels-Alder reaction. Indeed,
upon chromatographic work-up products are isolated which exhibit strongly
broadened H-NMR signals of furan, oxanorbornadiene and oxanorbornene sub-
units as would be expected for structure 1l4. The preparation and characteri-
zation of band-type structure 14 will be dealt with elsewhere.?®

The reaction of DMAD with 3 and 6, respectively, reveals that the diene
subunit of intermediate 11 is more reactive than that of 9. Nevertheless, the
poly-reaction of 11 can be suppressed by treating 6 with an excess of DMAD
which affords bis-adduct 15. A crystal structure of 15 points toward a
syn-arrangement of the oxygen bridges.®

In view of the complex reactivity of 11 the Diels-Alder reaction between
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bis-dienophile 15 and bis-furan 6 could be an interesting alternative for the
formation of band-type structures.

It appears that 5 and 9 are less susceptible to a Diels-Alder reaction
than 11. Even in the presence of Lewis acids and at elevated temperatures
monoadduct 9 cannot be polymerized. On the other hand, the use of adduct 1(
as bis-dienophile is inhibited by its pronounced tendency toward
aromatization.
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