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Abstract: Furanophane 2 has been converted via benzyne additionfaromatisation into the naphthafurophanes 5 and
8. The X-rav structure of the diepoxvdinaphthofurophane intermediate 6 is also reported. A preliminary dvnamic

NMR analvsis of the conformational behaviour of 8 Is presented. Copyright © 1996 Elsevier Science Ltd

Furan based macrocycles readily self-assemble by the condensation of furan with carbonyl compounds
under acidic conditions.! These compounds are attractive precursors for the synthesis of large cyclophanes via
the conversion of {several or all of) the furan units into acene units by means of Diels-Alder reactions with
appropriate dienophiles, followed by aromatisation of the adducts.2

Following our investigation® on the reactions of the cyclic tetramer of furan and acetone 1 with

benzynes, we now report an extension of these studies to include the larger cyclic hexamer 2.

When the furanophane 2 was treated with three moles of benzyne. generated in THF solution by
pyrolysis of benzenediazonium-2-carboxylate,# a t.l.c. analysis {SiO»: toluene:hexanes 1:3) revealed that the
mixture comprised principally of two major followed by two minor fractions. These were isolated by column
chromatography (SiO»; toluene:hexanes 1:3). The first fraction to be eluted contained the mono-adduct 3.3 the
second the bis- and tris-adduct(s), the third some other tris- and tetra-adduct(s), whilst the fourth contained
only tetra-adduct(s). Trace amounts of penta- and hexa-addition products were detected by MS in the fifth
fraction.

Thus it was immediately evident that, unlike its smaller homologue 1. which gives a single isomer for

each ratio of added benzyne3 2 forms a large number of products which vary both as a function of the
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number of added benzynes and of the regio- and stereochemistry of the additions. For example. three
regioisomeric bis-adducts can exist which can be referred to as 1.2- 1.3- and 1,4-. these numbers indicating
the relative positions of the furan units which have undergone cycloaddition. Regiochemically identical
adducts can have various stereoisomers because the benzynes can — in principle — undergo cycloaddition with
each furan unit from either side of the mean plane containing 2. For simplicity we shall assume an ideal
flattened-out, all oxygen atoms "in" conformation for the adducts for the purpose of identifying the relative
stereochemistry of the benzo rings, e.g. the syn- or anti-1,4-bis-adduct (vide infra). The stereochemical
complexity arising from this latter factor is lost on aromatisation if these compounds are conformationally
mobile, i.e. if the 2 3-carbon bridge of each naphthalene unit can pass through the cavity of the macrocycle.®
However. when we attempted to aromatise simultaneously all of the compounds contained in the crude
mixture, by catalytic hydrogenation of the olefinic double bonds of the epoxynaphthalene residues followed by
acid-promoted dehydration, we were unable to isolate any of the expected products.

The 'H and 13C NMR spectra of the mono-adduct 35 are consistent with it having Cs symmetry: thus,
six signals are observed for the methyl protons. The protons of one pair of the furan units appear as an AB
system whilst those of the other symmetry related pair are coincident, appearing as a singlet. However. all the
expected resonances (24 signals) including those of the six methyl and the three quaternary isopropylidene
carbon atoms are observed in the 13C NMR spectrum.

The olefinic double bond in the mono-adduct 3 was catalytically hydrogenated (Pd/C. CHCl3. Ha,
1 atm.) to give the epoxynaphthafuraphane 47 which upon acid-promoted dehydration (TsOH in toluene) gave
the naphthafuraphane 5.8 Unlike the smaller homologue obtainable from 1 the 'H NMR spectrum of 5
contains only sharp resonances which do not show any broadening at low temperature (-60 °C). The presence
of only three resonances for the methyl groups, of two AB systems, and one singlet for the furan units is
consistent with a time-averaged planar conformation.

Treatment of the second fraction obtained from the crude mixture with acetone gave a crystalline
compound which was characterised as the anzi-1.4-bis-adduct 6 on the basis of its EIMS. 'H and 13C NMR
spectra® and by a single crystal X-ray analysis!O (Figure 1).

The molecule adopts a C» symmetric conformation [about C(10)---C(25)] in which the four furan
residues are oriented with their planes essentially normal [83, 90. 90, and 86° for the furan rings containing
0(2) O3), (5), and O(6) respectively] to the mean plane of the macrocycle, as defined by the six
isopropylidene carbon atoms. The furan rings have their oxygen atoms oriented in an up-down-up-down
sequence. a conformation equivalent to that observed for the related tetraoxaquaterene 1112, Each furan ring
has at least one of its C-O bonds oriented in an anti geometry with respect to one of its adjacent
isopropylidene C-Me bonds.!!%¢ The two diametrically opposite epoxynaphthalene units are in an anii
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geometry with their epoxy oxygen atoms directed outwards. The planes of the benzo rings are steeply inclined
(67 and 66°) to the macrocyclic ring plane and are tilted inwards towards the ring centre; the macrocyclic cavity
is self-filling. The macro-ring conformation is stabilised by intramolecular C-H:--O and C-H-- -7t interactions.

The olefinic double bonds of the anfi-1,4-bis-adduct 6 were hydrogenated to give the epoxy-
naphthalenophane 7 !> which was then aromatised as for the mono-adduct to give the dinaphthafuraphane 8.3

Figure 1. (a) X-ray crystal structure of the anti-14-bis-adduct 6 and (b) diagram of the corresponding all oxygen atoms "in"
conformation which emphasises the anti-stereochemistry of the benzo rings. The arrows in (a) indicate the major contormational
changes assumed to obtain the representation shown in (b). Intramolecular C-H---O interactions: C(32)-H--OX6) and C(41)-
H:O(5); C+-+O, H~+0, and C-H--O distances and angles 3.03, 2.31 A, 132° and 3.04, 2.29 A, 134° respectively. Transannular
C-H-x interactions: olefinic C(2)-H:-[C(37)-C(42) benzo nng} and olefinic C(18)-H-*-[C(31)-C(36) benzo ring|; the H--t
distances and C-H---1 angles are 2.76 A, 140°, and 2.82 A, 140° respectively.

The 'H NMR spectrum of 7 contains nine sharp signals for the nine sets of symmetry related protons.
The 'H NMR spectrum of the dinaphthafuraphane 8 in CD>Cl» at room temperature is characterised by the
presence of very broad peaks for the furan protons, but which give a single AX system (8 5.06 and 5.50;
Jax = 3.1 Hz) at +90 °C in CDCl>CDCl. On cooling in CD2Cl> the spectrum changes dramatically. At
-70 °C, the furan protons appear as two AB systems of equal intensity, with one pair of signals at d 6.33 and
6.09 (JaB = 3.1 Hz) and the other pair at remarkably high field at d 4.20 and 3.26 (Jag = 3.1 Hz). The
protons at the 23-positions of the naphthalene units resonate as another AB system at & 7.64 and 7.52
(JaB = 7.9 Hz), whilst those at the 5,8- and 6,7-positions appear as separate pairs of signals (& 7.96 and
7.54) and a multiplet (8 7.03 - 6.97). These data indicate that the conformational arrangements on either side
of each naphthalene unit are different. The high field shifts of two pairs of C(3)-H/C(4)-H furan protons (they
are shielded by the naphthalene rings) indicate that two diametrically opposite furan rings are oriented with
their oxygen atoms directed away from the macrocycle cavity, whilst the other furan units are oriented with
their oxygen atoms directed inwards (as evidenced by the & values, vide supra. observed for their C(3)-
H/C(4)-H protons being similar to those found for 6). We discount the arrangement with adjacent furan rings
oriented co-directionally on account of steric considerations. On the basis of these data it is not however
possible to establish the relative orientation of the naphthalene units, i.e. if their benzo rings are syn or anti.
The !3C NMR spectrum of 8 in CD->Cl» at room temperature contains the expected 13 resonances consistent
with a time-averaged planar conformation.

The dynamic behaviour of the dinaphthafuranophane 8 demonstrates that the complexity created by the
syn-/ anti- mode of benzyne addition in the initial adducts is lost in the aromatised products. The successful

conversion of the mono- and especially of the anti-1,4-bis-adduct into the corresponding naphthafuraphanes
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suggests the possibility of converting other polyaddition products of 2 into acenophane derivatives and to
extend this methodology !4 (aryne addition/aromatisation) to larger oligomers.
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