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Synthesis of cyclophanes having alternating arylene-ethy-
nylene as well as-ethenylene arrays is described. It is disclosed
that these compounds are chiral on the basis of X-ray analysis and
fluxional in solution on the basis of NMR spectra.

The construction of cyclic �-conjugated array is one of the
challenging topics.1 Above all, topologically interesting �-
conjugated molecules are attracting considerable attention from
the viewpoint of their structural and electronic properties2 as well
as host/guest interaction.3 Therefore, a variety of �-conjugated
cyclophanes bearing iterative arylene-ethynylene4 or -etheny-
lene5moieties have been synthesized so far. As part of our project
to explore �-conjugated cyclophanes bearing unique structural
features, we have tackled the synthesis of cyclophanes 1 since
these compounds were expected to adopt a magazine rack-like
structure on the basis of molecular modeling.

The desired compounds 1were readily synthesized byWittig
reaction between 2 and 3 (Scheme 1).6

With LiOEt (2.1 equiv) in THF,Wittig olefination of 2a, with
dialdehyde 3a (1.1 equiv) proceeded quite smoothly to furnish 1a
in a pure form (68%, Z; Z=E;E ¼ 91=9). Recrystallization from
EtOAc/hexane furnished pure crystals of (Z; Z)-1a, which was
subjected to X-ray analysis (Figure 1).7

Naphthylene analog 1b was obtained similarly in 60% yield
(Z; Z=E;E=Z;E ¼ 43=17=40). Although attempted isomeriza-

tion of (E;E) and (Z;E) isomers to (Z; Z) by UV irradiation8 or
thiol/AIBN catalysis9 was not successful, recrystallization from
AcOEt/hexane furnished single crystals of pure (Z; Z) isomer
which were suitable for X-ray analysis (Figure 2).10

X-ray analyses revealed both cyclophanes 1a and 1b adopt
the magazine rack motif as expected, yet, surprisingly, dihedral
angles of arylenes connected by the ethynylene unit are 23.0 � and
41.6 �, respectively, indicating that the structure is distorted from
the symmetrical one. As a consequence, the compounds are chiral
and the (M)- and (P)-isomers are packed alternatively in the
crystal as depicted schematically in Figure 3.

On the other hand, NMR spectra of 1a and 1b showed totally
symmetric patterns at rt. Upon lowering the temperature, signals

Scheme 1.

Figure 1. The ORTEP view of (Z; Z)-1a (thermal ellipsoids
for 50%probability). Selected bond lengths ( �A) and angles (�):
C(1)-C(2) 1.212(8), C(17)-C(18) 1.200(8), C(3)-C(8)-C(9)-
C(10) 68.2(8), C(9)-C(10)-C(11)-C(12) 34.0(9), C(15)-C(16)-
C(19)C(20) 23.0.

Figure 2. The ORTEP view of (Z; Z)-1b (thermal ellipsoids
for 50%probability). Selected bond lengths ( �A) and angles (�):
C(1)-C(2) 1.207(4), C(25)-C(26) 1.199(4), C(3)-C(12)-C(13)-
C(14) 52.4(5), C(13)-C(14)-C(15)-C(16) 34.5(5), C(23)-
C(24)-C(27)-C(28) 41.6. Several hydrogens are omitted for
clarity.
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experienced broadening to some extent although no splitting was
observed even at �80 �C.11 This phenomenon may possibly be
explained in terms of the rapid fluxional conformational change in
solution between the enantiomeric species which innately should
give rise to unsymmetrical patterns.12

In summary, we have succeeded in the syntheses of
cyclophanes with a magazine rack motif which is distorted into
chiral conformations in the solid state. In solution, these
molecules are quite fluxional even at low temperature.
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Figure 3. Partial view of (Z; Z)-1a in the crystal.

Chemistry Letters 2002 137


