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4,4’-Biimidazole and two kinds of quaterimidazoles were designed and
firstly synthesized, aiming at constructing the charge-transfer
complexes with the intermolecular hydrogen-bonding interaction. The
one-dimensional hydrogen-bonded structure of 4.,4’-biimidazole
containing protonated 4,4’-biimidazole was confirmed by the crystal
structural analysis. TCNQ complexes of the oligoimidazoles exhibited
a semiconductive behavior with high conductivity.

Keywords: oligoimidazole; hydrogen-bonding; charge-transfer
complexes; hydrogen-bonded ligands; assembled metal complexes

83



Downloaded by [University of Haifa Library] at 10:55 11 August 2012

84 Y. MORITA et al.

INTRODUCTION

Hydrogen-bonding (H-bonding) interaction plays an important role in
the construction of molecular assemblies and supramolecular systems.
The creation of H-bonded charge-transfer (CT) complexes and metal
complexes can contribute to the development of the advanced
molecular-based  materials!'.  2,2’-Biimidazole (1), exhibiting
intermolecular H-bonding interaction in the solid state, behaves as an
electron-active molecule having the redox states coupled with four-step
proton- and electron-transfer processes (Figure 1). Actually, it was
demonstrated that 1 can form a variety of CT complexes with
electron-donating or electron-deficient molecules depending on its
redox states’!. In addition, 1 was found to serve as an interesting
building block for the assembled metal complexes through the
complementary H-bondings'™.
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FIGURE I  Four-step proton- and electron-transfer processes of 1.

In order to explore a variety of H-bonded CT complexes and the
assembled metal complexes, we have designed new oligoimidazoles 2,
3 and 4. We report on the synthesis and properties of 2, 3, 4 and the CT
complexes of 2-TCNQ and 3-TCNQ.
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RESULTS AND DISCUSSION

New oligoimidazoles 2, 3 and 4 were synthesized by the method
outlined in Scheme 1. These compounds showed broad stretching
absorption band around 2500~3500 em™ in IR spectra in KBr, which
indicate the strong N-H---N intermolecular H-bonding interactions.
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SCHEME 1 Synthetic method for oligoimidazoles 2, 3 and 4.

Recrystallization of (2)(HCI); from MeOH-aqueous NH3 gave a
single crystal composed of (2):[(2)(HCI):](H»O),. Its crystal data and
molecular structure were summarized in Table 1 and Figure 2,

respectively.

TABLE 1  Crystal data of (2),[(2)(HCl),](H,0),

crystal system monoclinic
space group C2/c
lattice constants a=23.445(3) A, h=6.9493) A
c=159742) A, B=111.5147) A
unit cell volume 2421.2(9) A’
VA 4
density (calc) 1.403 g/cm’

R-value 0.053
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The neutral 4,4’-biimidazole formed dimer structure through the
complementary double N-H-N H-bondings (Figure 2A), and each
component of a dimer was twisted by 20.2° (Figure 2B). Furthermore,
neutral dimers interacted with dication of 2 on the both molecules by
single N-H-‘N H-bonding, resulting in the formation of
one-dimensional H-bonded structure elongated along c-axis. The
imidazole ring of the dication molecule found to be twisted by 20.2°
against central C-C bond, and stacked with the neutral
4.4’-biimidazole.

- HO ~4 dication dication

= %W gl

neutral dimer e .
C-AX|§ —————— neutral dimer b-axis

FIGURE 2  A) One-dimensional H-bonded structure elongated along
c-axis, B) stacking of the neutral dimer with the dication
molecule elongated along b-axis.

The CT complexes, (2)(TCNQ)3(H20), § and (3)(TCNQ)4(H,0),
6, were obtained by the metathesis method of HI salts of 2 and 3 with
LiTCNQ, respectively (Scheme 2). The black colored CT complexes, §
and 6, showed the nitrile stretching frequencies of TCNQ moieties at
2194 and 2200 cm ', respectively, indicating the degree of CT for 5 and
6 to be 0.75 and 0.61 by the Chappell’s equation[4]. Electronic spectra
for 5 and 6 showed A-band near 3500 cm ™', which might be inferred an
intrastack CT transition of TCNQ moieties in the segregated stack[™

(Figure 3).
HI LTCNQ
@ EtOH MeOH @
HI LITCNQ
@ EtOH MeOH @

SCHEME 2 Preparation of the CT complexes 5 and 6.
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10 2IO 3IO
FIGURE 3  The electronic spectra of i) §, ii) 6, iii) LITCNQ in KBr.

40 x 103 cm®!

The room-temperature conductivities of the compressed pellets
for 5 and 6 were 1.6 x 107" and 1.0 x 107" Sem™, respectively, which
were relatively higher conductivities than that of 1-TCNQ
complexes[Zb]. The temperature dependence of the conductivities of 5
and 6 showed simple semiconductive behaviors with an activation

energy, 113 and 71 meV, respectively (Figure 4).
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FIGURE 4  The temperature dependence of the conductivities (o) of
5 and 6.
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In summary we have synthesized novel oligoimidazoles 2, 3 and
4 for the first time. 4,4’-Biimidazole (2) containing protonated 2 found
to be formed one-dimensional structure by the intermolecular N-H-‘N
H-bondings between neutral dimers and dication molecules. TCNQ
complexes of 2 and 3 showed A-band in electronic spectra, indicating
to be segregate structure with partial CT. Furthermore, they exhibited
semiconducting behavior with relatively higher conductivities than that
of CT complexes composed of 1 and TCNQ. In order to elucidate the
molecular packing and the effect of H-bonding interaction on the
physical properties, X-ray crystal structure analysis for 5 and 6 is

indispensable and in progress.
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