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A CONFORMATIONAL STUDY OF THREE ISOMERIC [3.3]CYCLOPHANEQUINONES¥*

Teruo SHINMYOZU, Takahiko INAZU, and Tamotsu YOSHINO
Department of Chemistry, Faculty of Science, Kyushu University 33,
Hakozaki 6-10-1, Higashi-ku, Fukuoka 812

Three isomeric [3.3]cyclophanequinones 2-4 were synthesized. The
conformations of these compounds were discussed on the basis of the
NMR spectra. The electronic spectra suggested that the paracyclophane
system adopted the most suitable conformation for charge transfer
interaction.

1)

In the previous paper we reported the synthesis of [3.3]paracyclophane-5,8-
quinone (1) which showed a characteristic broad CT band at 406 nm in acetonitrile.
We were interested in studying on the influence of the relative orientation of a
benzene and a benzoquinone moiety on CT interaction in the [3.3]cyclophanequinonem
system.

Recently S. Misumi et al. reported the interesting phenomenon that the meta-
cyclophane system exhibits the most intensive CT band in [2.2]tropyliocyclophanes.3)
Now we wish to report the syntheses of three isomeric [3.3]cyclophanequinones:
{3.3]metacyclophane-6,9-quinone (2), [3.3]metaparacyclophane-6,9-quinone (3), and
[3.3]metaparacyclophane-14,17-quinone (4).

2,6-Bis (bromomethyl)-4-t-butylanisole (5), which was readily prepared by the
bromomethylation of 4-t-butylanisole, and tetraester 6 were coupled in the pres-
ence of NaH in refluxing dioxane to give cyclic tetraester 7 in 27% yield. The

4) because both the inner aro-

ester 7 was considered to adopt an anti conformation
matic proton and the methoxy protons exhibited higher field shifts by 0.77 and 0.17
ppm compared with those of 2,6-dimethyl-4-t-butylanisole, respectively. The ester 7
was hydrolyzed into diacid 8a under alkaline conditions in 84% yield. The acid 8a
was treated with lead tetraacetate and LiCl in pvridine-HMPA at 90° for 1lh to give
dichloride 8b in 63% yield. The dichloride 8b was reduced with lithium and t-buta-
nol in refluxing THF to give 6-t-butyl-9-methoxy[3.3]metacyclophane (8c) in 63% yield.
8c: colorless needles from ethanol, mp 134.5-135.5° The inner aromatic proton of 8c
occurring at 7.23 ppm shifted markedly to lower field by 1.1 ppm as compared with
that of 7. Furthermore, the chemical shift of the inner aromatic proton showed no
temperature dependence between -90°(CD2C12) and +150°(DMSO-d6). These results indi-
cated that 8c was fixed to a syn conformation. The metacyclophane 8c was demethyl-
ated by BBr3 in refluxing benzene and resulting t-butylphenol derivative 9 was treated
with anhydrous thallium trifluoroacetate in refluxing CCl4 for 10h to give desired
quinone 2 in 50% yield from 8c according to the method developed by McKillop et al.>)
2: yellow needles by sublimation, mp 147.5-148.5°.

By the coupling reaction of dibromide 5 and ester 10, cyclic tetraester 11 was
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obtained in 11% yield. The aromatic protons of para-bridged ring of 11 exhibited a
pair of multiplets at 6.40 and 6.91 ppm with equal intensity. Therefore both rota-
tion of the para-bridged ring and inversion of the meta-bridged ring were assumed to
be restricted. The ester 11 was decarboxylated by the usual methods described above
to give 1l2c in 60% yield from 11. 12c: colorless needles from ethanol, mp 115-116°.
Similarly, the aromatic protons of para-bridged ring of 1l2c appeared unequivalently
at 6.06 and 6.94 ppm with equal intensity. This unequivalence was attributed to the
fixed conformation. [3.3]Metaparacyclophane-6,9-quinone (3) was obtained in 36%
yield from 12c. 3: yellow needles by sublimation, mp 121.5-122.5°. [3.3]Metapara-
cyclophane-14,17-quinone (4) was synthesized by a similar procedure as described in
Scheme 1. The aromatic and the methoxy methyl protons of 14 appeared as singlet,
respectively. Therefore the meta-bridged ring was considered to be inverted rapidly
at room temperature. 4: yellow crystals by sublimation, mp 115—118°.6)
The NMR spectral data are shown in Fig. 1. The olefinic protons of the metacy-
clophanequinone 2 showed a higher field shift compared with those of the other qui-

nones and the spectrum was temparature independent between =70 (CD2C12) and +200°
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(Hexachlorobutadiene). These data suggested that 2 was fixed to the syn conformation
as depicted in Fig. 2. In [3.3]metacyclophane, the syn conformation was found to be

more stable than the anti one and the energy barrier for the ring inversion was esti-
mated to be ca. 11 kcal/mol.7)
to additional stabilization of the syn conformer by CT interaction.

The fixation to the syn conformation in 2 was ascribed

The aromatic protons of 3 appeared as a pair of multiplets at 6.90 and 7.00 ppm
at room temperature. The unequivalence of the protons suggested that both benzene
ring rotation and benzoquinone ring inversion were restricted. On the other hand,
the olefinic protons of 4 appeared as singlet at 6.20 ppm. Therefore, the benzene
ring was assumed to be inverted rapidly at room temperature in 4. The energy barrier

for the benzene ring inversion in parent [3.3]metaparacyclophane was estimated below

8 kcal/mol by low temperature NMR spectrum.s)
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Fig. 1. NMR spectra in CDC13.

The inner aromatic proton(Hi) of 4 occurring at 6.55 ppm, which was located over
the center of the benzoquinone ring, shifted only slightly to higher field. Moreover,
the difference of the chemical shifts of two kinds of aromatic protons of 3 was only
0.1 ppm, whereas that of the compound 12c was 0.88 ppm.

The electronic spectra of the compounds 1-4 are shown in Fig. 2. The compounds
2-4 did not show any maxima of the CT bands, though 1 showed a characteristic broad
CT band at 406 nm. The bands of 2-4 were considered to be submerged with the inten-
sive m-n* band, because these bands became less intensive and shifted to shorter wave
length region than that of 1. These observations suggested that the CT interaction
in the metacyclophane 2, structure of which has a superposed conformation but was
deviated from the parallel stacking of a donor and an acceptor moieties, was weaker
than that in the paracyclophane 1. In the case of the metaparacyclophanequinone,
which has a partially superposed conformation and was deviated from the parallel
stacking, the CT interaction was also weaker than that of 1. Therefore, we conclude
that the paracyclophane system, which has a parallel and near center-on-center stack-
ing of a donor and an acceptor moieties, adopted the most suitable conformation to
the CT interaction in [3.3]cyclophanequinones. This result was in fair agreement

with those of the theoretical calculations by C. K. Prout et al.9)
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