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A p-t-butylcalix[4]arene bearing four redox-active phen-
ylenediamine pendant groups on the lower rim was synthe-
sized and characterized spectroscopically and electrochemi-
cally. The interconversion of the oxidation states of the pen-
dant groups was demonstrated both chemically and electro-
chemically.

n-Conjugated compounds, such as aniline' and thiophene®
telomer or oligomer, have recently attracted much attention as
redox-active building blocks to create functionalized electronic
materials. The regulated orientation of redox-active m-conju-
gated chains is envisioned to provide an efficient redox system.
The utilization of a molecular scaffold is considered to be a
convenient approach to orient the m-conjugated chains. For
this purpose, redox-active phenylenediamine pendant groups
were demonstrated to be incorporated into a porphyrin® or ru-
thenium bipyridyl complex” in a previous study. The preorgan-
ized macrocyclic conformation of calixarenes has been fo-
cused on for supramolecular systems, such as molecular cap-
sules,’ rotaxanes, and catenanes.® Calix[4]arene is envisaged
to be a scaffold for constructing a dimensionally oriented 7t-
conjugated electronic system, which is considered to be prom-
ising for potential applications to, for example, redox-switch-
ing receptors and efficient catalysts.” From these points of
view, we herein report on the synthesis of a p-t-butyl-
calix[4]arene bearing four redox-active phenylenediamine
pendant groups.

The reaction of 5,11,17,23-tetra-t-butyl-25,26,27,28-tetra-
kis(carboxymethoxy)calix[4]arene (1) with 1,1’-carbonyldiim-
idazole, followed by a treatment with excess amounts of N-(4-
acetylaminophenyl)-N’-(4-aminophenyl)- 1,4-phenylenedi-
amine, led to the formation of calix[4]arene 2 bearing four
phenylenediamine pendant groups on the lower rim via the
corresponding acylimidazolide (42%, Scheme 1).%° The four
pendant groups were incorporated successfully. The structure
of 2 was determined by a comparison of spectral data with
those of 4, a single-strand unit of 2.!° The IR spectrum (KBr
pellet) of 2 showed amide NH and C=O stretching bands at
3385 and 1663 cm ™!, respectively. In the 'H NMR spectrum
of 2, the protons attributable to the four pendant groups were
observed equally. Furthermore, the broad signals of H, in
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Scheme 1. i) 1,1’-Carbonyldiimidazole, THF, rt, 1.5 h; N-(4-
acetylaminophenyl)-N’-(4-aminophenyl)-1,4-phenylenedi-
amine, THF, reflux, 2 days, 42%. ii) Ag,0O, 18-crown-6,

DMF, room temperature, 20 h.

DMSO-d; indicate a restricted conformation of the pendant
groups (2: 7.40 ppm (br), 4: 7.43 ppm (d, J = 9.0 Hz)).

The oxidation states of the redox-active phenylenediamine
pendant groups of 2 could be interconverted chemically. The
treatment of 2 with Ag,O in DMF at room temperature resulted
in the oxidation of the phenylenediamine moieties to the
quinonediimine ones to afford the calix[4]arene 3 quantitative-
ly, which bears four quinonediimine pendant groups.!! The
formation of 3 was supported by the disappearance of the
amine NH stretching band at 3385 cm™' and the appearance of
a quinonoid ring breathing band at 1594 cm ™! in the IR spec-
trum (KBr pellet)."> The conversion from 2 to 3 was also mon-
itored spectroscopically. As the oxidation reaction proceeded,
a broad CT band assignable to the quinonediimine moieties ap-
peared at around 500 nm. It should be noted that the treatment
of the thus-obtained solution of 3 with 10 molar amounts of
NH,NH,-H,0 at room temperature for 12 h under argon led to
a disappearance of the CT band along with the formation of the
reduced derivative 2.

The cyclic voltammogram of 2 in a THF solution showed
two one-electron redox processes attributable to the phe-
nylenediamine moiety at —86 and 328 mV (E,,) vs Fc/Fc*
(Scheme 2, Fig. 1). These redox potentials were shifted ca-
thodically in comparison with those of 4 (E,,: —2 and +400
mV). This difference might be due to the presence of the four
pendant groups on the lower rim."?

In conclusion, phenylenediamine pendant groups were in-
troduced into the lower rim of the calix[4]arene scaffold, pro-
viding a dimensionally oriented redox system. The intercon-
version of the oxidation states of the pendant groups can be
performed by chemical or electrochemical redox reaction.
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Scheme 2. Redox processes of 2.
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Fig. 1. Cyclic voltammograms of 2 (0.25 mM, solid line)
and 4 (1.0 mM, dotted line). Solv. THF containing 0.1 M
Bu,NCIO,, scan rate: 100 mV s~ ',
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