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SYNTHESIS AND CONFORMATIONAL PROPERTIES OF
DIIMIDAZOLO{32 IMETACYCLOPHANE AND HOMOLOGS1)
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Ikawadani, Nishi-ku, Kobe 673, Japan

Diimidazolo[32]metacyclophane (ba), a novel [32]metacyclophane—
diene (4) derivative, was synthesized by the ring transformation of the
oxazole rings of dioxazo10[32]metacyclophane (la) to imidazole rings.
On the basis of proton nuclear magnetic resonance (lH-NMR) spectroscopy,
the preferred conformation of 5a in solution at room temperature
could be assigned as a syn form.
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Previously, we have reported the synthesis and the conformational properties
of diazolo[321metacyclophanes such as dioxazolol32Imetacyclophane (la)2) and
5,14—bis(4—bromophenyl)diimidazo10[32]metacyclophane (2).3) The structural feature
of these cyclophanes (la and 2) as novel [32Imetacyclophane-diene (4)4) derivatives
is to have two azole rings fused on the two methylene bridges of parent
[32Imetacyclophane (3). The conformation of la in solution at room temperature is
syn like 3.4) As expected, the energy barrier of the conformational change of la
is higher than that of 3 because of the annelation of two oxazole rings.

Similarly, the mobility of the cyclophane benzene rings of 2 annelated with two
imidazole rings was more strongly restricted than that of 3. However, the effect
of the imidazole ring on the conformation and the conformational rigidity could not
be directly estimated because of further substitution of bulky 4-bromophenyl group
to the imidazole rings at 1 position.

Here we describe the synthesis of diimidazolo[32]-metacyclophane (5a) and
homologous cyclophanes (5b and 5c¢)6) annelated with two non-substituted imidazole
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Table I. 1H-NMR Spectral Data of Diimidazolo[32]cyclophanes (5a-c¢)
(400MHz, DMSO-dg)

Compd. Imidazole
No. -CHgp - A ring-H B ring-H C2-H
6.74(2H, dd, J=6.6 6.49(1H, br s, Hpy)
and 1.6Hz, Hpg) 7.00(2H, dd, J=7.7
5a 4,03(4H, s) 6.82(1H, t, and 1.7Hz, Hpy) 7.84(2H, s)
J=6.6Hz, Hpg) 7.13(1H, t,
7.48(1H, br s, Hpy) J=7.7Hz, Hggy)

6.27(1H, br s, Hpp)
6.53(2H, dd, J=7.6
5b 3.70(4H, s) and 1.6Hz, Hpg) 6.80(4H, s) 7.55(2H, s)
6.76 (1H, t,
J=7.6Hz, Hpgz)

5.40(1H, br s, Hpgp)
6.92(2H, dd, J=7.6
5¢c 3.69(4H, s) 6.79(4H, s) and 1.7Hz, Hpa) 7.54(2H, s)
7.17(1H, t,
J=7.6Hz, Hp3)
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rings of dioxazolo[321metacyclophane (la) to imidazole rings and the conformational
properties of 5 on the basis of lH-NMR spectra. Typically, cyclophane 5a was
prepared by the treatment of la (10 mmol) in formamide (20ml) for 6 h at 170°C.
After the mixture was cooled to 5°C, the obtained precipitate was filtered and
recrystallized from methanol to afford a pure product [mp 272-275°C (dec.)]) in 88%
yield.8) The analogous cyclophanes (5b and 5c) were synthesized by the same ring
transformation procedure in 63% and 65% yields,8) respectively. Their infrared
(IR) spectra indicate the characteristic broad absorptiong) of imidazole associated
NH bond at 3500-2200cm~! and the mass spectra (MS) show the appropriate molecular
ions (M*). The lH-NMR signals of S5a were assigned on the basis of the two-
Qimensional proton-proton chemical shift correlation (COSY) spectrum in dimethyl-
sul foxide (DMSO)-dg. The 1H-NMR spectra of homologs 5b and 5c were readily
assigned from the coupling pattern and the intensity of signals and by comparison
with those of acyclic reference compounds (6),10) as summarized in Table I.

Cyclophane 5a undergoes rapid conformational change in solution at room tem-
perature because the methylene signal appears as a sharp singlet. The observation
of high-field shift of inner aryl! protons is generally useful for determination of
the preferred conformation of metacyclophane derivatives, but in the light of the
CPK molecular models, it appeared that the corresponding protons (Hp; and Hgy) of
5a were strongly affected by both the anisotropic effect of imidazole rings and the
electrostatic effect of the nitrogen atoms. As shown in Table I, the inner aryl
proton of the B ring (Hp;) was observed as a broad singlet at & 6.49 which was an
allowable value for an inner aryl proton of an anti conformer. On the other hand,
another A ring proton (Hp;) appeared as a broad singlet at & 7.48, which was too
low for the conformation of 5a to be assigned as an anti conformer even if the Hp;
was affected by those effects. The Hpo and HA3; which were little affected by
those effects, were observed at slightly higher field than those of the correspond-
ing protons of m-xylene (8 6.88-7.05).11) Judging from these findings, the
preferred conformation of 5a in solution at room temperature can be assigned as a
syn form. Both the Hp; (8 7.48) and the Hp) (6 6.49) of 5a were observed at higher
field than the corresponding protons (8 7.77 and & 6.98, respectively) of la.Z2a)
This trend suggested that the inner aryl protons was deshielded more strongly by
the electronegative oxygen atoms of la than by the nitrogen atoms of 5a.

Since the methylene and para-substituted benzene proton signals of
diimidazol0[32]metaparacyclophane (5b) and diimidazolo[32]parametacyclophane (5¢)
appear as sharp singlets, 5b and 5c¢ undergo rapid conformational flipping in solu-
tion at room temperature. As shown in Table I, the Hg; (&8 5.40) of 5c appeared at
higher field than the Hp; (6 6.27) of
5b. This suggested that the

difference of the relative positions,
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Thus, the convenient ring transformations of the two oxazole rings of
dioxazolo[azlcyclophanes (1) readily gave diimidazolo[32]cyclophanes (5) annelated
with two imidazole rings and the preferred conformation of 5a could be assigned as

a syn form as well as that of la fused with two oxazole rings.
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