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ABSTRACT

The synthesis of 1,4,5,8,9,12,13,16-octamethoxytetraphenylene (6) is accomplished in five steps from 3,6-dimethoxy-2-nitroaniline (8). Its inclusion
property and the electrochemical data of the corresponding tetraquinone 7 are presented.

Since the first successful synthesis of tetraphenylene by
Rapson, Shuttleworth, and Niekerk in 1943,1 extensive efforts
have been made to explore its chemistry as well as that of
its derivatives. Their inclusion properties toward solvent
molecules2 as well as their electronic and physical properties3

have been carefully studied. Recently, 2,3,6,7,10,11,14,15-
octamethoxytetraphenylene has been suggested to be a
potential redox indicator on the basis of its redox-controlled
reversible C-C bond formation.4

Although many aspects concerning the chemistry of
tetraphenylene were studied, the construction of supermol-

ecules consisting of tetraphenylene derivatives as building
blocks is still not known. Triggered by the aforementioned
reasons, we have started a research project with the eventual
aim to construct three-dimensional molecular scaffolds using
tetraphenylenols or their derivatives as building blocks. In
our project, we would like to prepare all five tetraphenylenols
1-5 as shown in Figure 1.
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Figure 1. Five tetraphenylenols1-5 for the construction of
molecular scaffolds.
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We herein report the synthesis of 1,4,5,8,9,12,13,16-
octamethoxytetraphenylene (6). The inclusion property of6
and the electrochemical data of its corresponding tet-
raquinone7 will also be delineated.

The synthesis of6 is described in Figure 2. Sandmeyer

reaction between diazotized 3,6-dimethoxy-2-nitroaniline (8)5

and potassium iodide gave 2-iodo-3,6-dimethoxy-1-nitroben-
zene (9) in 80% yield. Ullmann coupling reaction6 of 9
afforded the symmetrical 3,3′,6,6′-tetramethoxy-2,2′-di-
nitrobiphenyl (10) in 51% yield. The two nitro groups in10
were reduced to amino groups in 71% yield by hydrazine
reduction in the presence of palladium on charcoal in
refluxing methanol.6

Another Sandmeyer reaction between diazotized 2,2′-
diamino-3,3′,6,6′-tetramethoxybiphenyl and potassium iodide
completed the synthesis of 2,2′-diiodo-3,3′,6,6′-tetramethoxy-
biphenyl (11) in 67% yield.6

The results in Table 1 show the reaction conditions for
the conversion of11 to 6. In agreement with the literature,7

treatment of11 with n-BuLi in diethyl ether as solvent led
to 6 as the major product, whereas the use of tetrahydrofuran
only gave 1,4,5,8-tetramethoxybiphenylene (12)5 as the major
product. The use ofn-BuLi at 0 °C resulted in smooth
lithiation of 11 after 8 h. From thin-layer chromatographic
studies, lithiation at-78 °C remained incomplete after

prolonged treatment, and prominent deterioration of the
lithiated species was observed at room temperature. With
the exception of CuCl2, both CuBr2 and ZnCl2 gave
exclusively12as the only product. The optimum conditions
for the realization of6 in 31% yield are thereforen-BuLi,
Et2O, 0 °C with CuCl2.

It was found that6 formed a 1:2 clathrate inclusion
compound with dichloromethane. Many attempts have been
made to examine the inclusion properties of6 toward other
organic solvents to no avail. However, in mixed solvent
systems, the host-guest selectivity between6 and dichlo-
romethane is remarkable: for example, in CH2Cl2/C6H5Me/
C6H6/C6H14 (1:1:1:1), CH2Cl2/C5H5N/p-C6H4Me2 (1:1:1),
CH2Cl2/C6H5OMe/p-C6H4Me2 (1:1:1), CH2Cl2/CH2Br2/CH2I2/
p-C6H4Me2 (1:1:1:1), CH2Cl2/CHCl3/CCl4/p-C6H4Me2 (1:1:
1:1), and CH2Cl2/MeCOMe/H2O (1:1:1) solvent systems,
only the 2:1 complex of dichloromethane and6 was formed,
which was confirmed by an X-ray crystallographic analysis9

(Figures 3 and 4) and NMR spectroscopic data.

Figure 5 shows the conversion of6 to its corresponding
tetraphenylenol and quinone derivatives. Deprotection of the
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Figure 2. Synthesis of 1,4,5,8,9,12,13,16-octamethoxytetraphen-
ylene (6) from 3,6-dimethoxy-2-nitroaniline (8).

Table 1. Attempted Conditions for the Conversion of11 to 6

type of
alkyllithium

lithiation
temp (°C) solvent

metal
salt

isol
yield of
6 (%)

isol
yield of
12 (%)

n-BuLi -78 Et2O CuCl2 10 4
(2.1 equiv) 0 Et2O CuCl2 31 8

rt Et2O CuCl2 16 7
0 THF CuCl2 3 21
0 Et2O/THF (1/1) CuCl2 5 13

t-BuLi -78 Et2O CuCl2 3 2
(2.1 equiv) 0 Et2O CuCl2 1 4
t-BuLi -78 Et2O CuCl2 4 2
(4.5 equiv)
n-BuLi 0 Et2O CuBr2 0 10
(2.1 equiv) 0 Et2O ZnCl2 0 5

Figure 3. Molecular structure and atom labeling of6‚2CH2Cl2.
Thermal ellipsoids are drawn at 50% probability level. Hydrogen
atoms are omitted for clarity. The average formal single and double
bonds in the central ring are 1.495(5) and 1.390(4) Å, respectively.
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methoxy groups of6 employing boron tribromide at ambient
temperature afforded 1,4,5,8,9,12,13,16-octahydroxytetraphen-
ylene (5) in quantitative yield. Phenol5 was oxidized to its
corresponding tetraquinone7 in 67% yield by the use of lead
tetraacetate.

To examine the electrochemical property of7, a cyclic
voltammetric method was employed. As shown in Figure 6,
the cyclic voltammogram of7 indicates three reversible
couples atE° ) -0.597,-0.813, and- 1.296 V, respec-
tively (see footnote b of Table 2).

In the first two couples, both reversible processes exhibit
an equal peak separation of 116 mV and nearly equal anodic
and cathodic peak currents at cathodic potentials. Table 2

gives the reduction potentials for otherp-quinones as well
as those of tetraquinone7.7 TheE° values were taken from
cyclic voltammetry peak potentials as (Ea + Ec)/2. The data
show that the potential difference between the addition of
the first and second electron is exceptionally small in7 (∆E°
) 0.2 V). One of the likely explanations is that charge
transfer occurs between the semi-quinone and the opposite
p-benzoquinone unit. Owing to the characteristic saddle shape
of tetraphenylene, face-to-face interaction may occur between
two oppositep-benzoquinone units that facilitate the distribu-
tion of charge. It is therefore likely that the second electron
requires less energy to overcome the repulsive force inside
the semi-quinone. However, the actual cause of the small
∆E° is still unclear to us. In addition, a cyclic voltammetric
method was also applied to6. Although the anodic peak
corresponding to the oxidation of6 to 62+ is ill defined, on
the return scan the cathodic peak atEred ) 0.172 V
representing the reduction of62+ to 6 is clear.4

Insummary,thesynthesisof1,4,5,8,9,12,13,16-octamethoxy-
tetraphenylene6 has been accomplished. A 1:2 clathrate
inclusion compound was obtained between6 and dichlo-
romethane. In addition, the cyclic voltammogram of tet-
raquinone7 shows extraordinarily small∆E° between two
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(020) and between such adjacent layers lie the CH2Cl2 solvate molecules.
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Figure 4. Stereoview of6‚2CH2Cl2. In the crystal structure,
molecules of6 are arranged in a layer matching the plane (020),
and between such adjacent layers lie the CH2Cl2 solvate molecules.

Figure 5. Synthesis of 1,4,5,8,9,12,13,16-octahydroxytetraphen-
ylene (5) and its corresponding quinone7.

Table 2. Electrochemical Data ofp-Quinones and
Tetraquinone7a

a Compound7 shows exceptionally small∆E° values as compared with
that ofp-benzoquinone.b All potentials are referenced to the ferrocenium/
ferrocene couple. TheE° values were taken from cyclic voltammetry peak
potentials as (Ea + Ec)/2.

Figure 6. Cyclic voltammogram of7: CH2Cl2, 0.12 M [Bu4N]+-
[BF4]-, scan rate) 100 mV s-1.
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reduction potentials. It is believed that charge transfer may
occur intramolecularly between a semi-quinone and the
oppositep-benzoquinone unit in7. Further investigation of
the electrochemical properties of7 and inclusion properties
of 5 are in progress.
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