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ABSTRACT

In a two-component columnar host system composed of racemic ( rac)-1,2-diphenylethylenediamine and rac-1,1′-binaphthyl-2,2 ′-dicarboxylic
acid, a cavity tuning mechanism resulted from changes in the structure of the columns using a specific combination of the following four
molecules: (1 R,2R)-1, (1S,2S)-1, (R)-2, and (S)-2.

Many organic supramolecular host-guest systems have been
reported, and increasing attention has been devoted to the
possibility of modulating the size and shape of cavities in
order to include various guest molecules and increase the
molecular recognition ability of the complexes.1 In order to
achieve this, supramolecular organic host systems composed
of two molecules have been developed.2 These systems allow
the precise control of the cavity by varying the arrangement

of the two-component molecules in the crystalline state. We
have recently developed a two-component host system that
capitalizes on a hydrogen- and ionic-bonded network. Chiral
1,2-diphenylethylenediamine is used as one of the two
components; the other one is biphenylacetic acid, diphenic
acid, or 1,1′-binaphthyl-2,2′-dicarboxylic acid.3 Characteristi-
cally, these host systems are formed by the self-assembly of
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a 1D columnar hydrogen- and ionic-bonded network structure
that lacks strong interactions between individual columns.
Therefore, these systems can include guest molecules by
changing the packing arrangement of the 1D columns.

In this paper, we report a new type of tuning mechanism
in a two-component columnar host system. A diamine
molecule, racemic (rac)-1,2-diphenylethylenediamine (rac-
1) (an equimolar mixture of (1R,2R)-1and (1S,2S)-1), and
dicarboxylic acid,rac-1,1′-binaphthyl-2,2′-dicarboxylic acid
(rac-2), were used as the component molecules.

Recently, it has been reported that arac-1-rac-2 host
system can containn-propanol (n-PrOH), n-butanol (n-
BuOH), andn-pentanol (n-PenOH) as guest molecules.4 The
obtained complexes consist of a similar 1D columnar
supramolecular hydrogen- and ionic-bonded network (Figure
1). This 1D column (blue circle in Figure 1), which is

pseudo-centrosymmetric, is composed of (1R,2R)-1(Figure
1, indicated in green), (1S,2S)-1(orange), (R)-2(blue), and
(S)-2 (purple) molecules, and their linkages consist mainly
of ammonium hydrogen atoms obtained by the protonation
of an amine in1 and carboxylate oxygens from the carboxylic
acid anion of2. Cavities (red circles in Figure 1) that contain
the guest molecules are formed by the self-assembly of this
1D column. These cavities can includen-alkyl alcohol
molecules by changing the packing arrangement of the 1D
columns.

In this study, in order to investigate the tuning mechanism
of the cavity in detail, twon-alkyl alcohols with longer or

shorter alkyl chains [n-hexanol (n-HexOH) and ethanol
(EtOH)] were used as the guests. The inclusion of guest
molecules was carried out by crystallizing the complex from
the “guest solutions” in which1 and2 were dissolved in a
solution of the guest molecule.5 As a result, an inclusion
complex [I for then-HexOH system (12 mg)6 andII for the
EtOH system (14 mg)7] was obtained from each solution.
In order to investigate the inclusion mechanism of this
system, the resulting crystals were subjected to X-ray
analysis. The structure of crystalI is shown in Figure 2.8

The stoichiometry of crystalI is (1R,2R)-1:(1S,2S)-1:(R)-
2:(S)-2:n-HexOH) 0.5:0.5:0.5:0.5:1, and its space group is
P21/c. This complex also possesses a columnar supramo-
lecular hydrogen- and ionic-bonded network along theb-axis
(Figure 2a,b). The column structure, a chiral 21-helical
column structure along theb-axis, is different from that of
past complexes. The complex consists of two types of chiral
21-helical columns with opposite chiralitiessone is composed
of (1R,2R)-1 (Figure 2, indicated in green) and (S)-2 (purple),
and the other is composed of (1S,2S)-1(orange) and (R)-2
(blue). In both of the columns, the linkages consist mainly
of ammonium hydrogen atoms from protonated amines in1
and carboxylate oxygens from the carboxylic acid anion of
2. Each column interacts via the naphthalene-naphthalene
edge-to-face interactions along thec-axis (2.93 Å, indicated
by red arrows in Figure 2c). The self-assembly of these 21-
helical columns with different chiralities leads to the forma-
tion of channel-like cavities along theb-axis (Figure 2c).
n-HexOH is trapped one-dimensionally along the direction
of the cavity by the hydrogen bonding between the hydroxyl
group ofn-HexOH and either the amino group of1 or the
carboxyl group of2.

The structure of crystalII containing EtOH is shown in
Figure 3.9

This crystal also comprises a 21-helical columnar su-
pramolecular hydrogen- and ionic-bonded network composed
of (1R,2R)-1 (Figure 3, indicated in green) and (S)-2 (purple),
similar to crystalI (Figure 3a,b). However, the packing style
of this 21-column is different from that of complexI (Figure
3c). Interestingly, crystalII is formed by the self-assembly
of a 21-column structure with the same chirality. That is,
this crystal is a chiral crystal, and the formed channel-like
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Figure 1. Cavities formed by self-assembly of 1D column
composed of (1R,2R)-1(indicated in green), (1S,2S)-1(orange),
(R)-2 (blue), and (S)-2 (purple) molecules. The blue and red circles
indicate 1D column and cavities containing the guest molecules,
respectively. Guest molecules are omitted.
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cavities have the same chirality in one crystal. The space
group isP212121, and the stoichiometry of (1R,2R)-1:(S)-2:
EtOH ) 1:1:1. Each column interacts via naphthalene-
naphthalene edge-to-face and benzene-naphthalene edge-
to-face interactions along thec-axis (2.49 and 2.75 Å,
indicated by red and purple arrows in Figure 3c, respec-
tively). EtOH is trapped one-dimensionally along the direc-
tion of the chiral channel-like cavity by the hydrogen bonding
between the hydroxyl group of EtOH and either the amino
group of1 or the carboxyl group of2. In one batch, chiral
crystals with an opposite chirality to crystalII were obtained.
These results suggest that this system may be induced and
controlled to form chiral crystals according to the guest
achiraln-alkyl alcohol.

In conclusion, from X-ray crystallographic analyses, it can
be observed that, in this two-component host system
composed ofrac-1,2-diphenylethylenediamine andrac-1,1′-
binaphthyl-2,2′-dicarboxylic acid, suitable cavities are formed
via recognition of the guest molecule in two steps. In the
first step, a 1D columnar structure suitable for the guest
molecule is formed by selecting a combination from among

the four molecules [(1R,2R)-1, (1S,2S)-1, (R)-2, and (S)-2],
and in the second step, achiral (or chiral) cavities suitable
for the guest molecule are formed by a variation in the 1D
column packing arrangement. Until now, the solvent effect
in the hydrogen-bonded network structure has not been
widely studied.10 This study is expected to be useful for
analyzing the inclusion mechanisms of multicomponent host
systems and designing new types of molecular host systems.
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Figure 3. Crystal structure of complexII. (a) Column structure is
parallel to theb-axis. (b) View down theb-axis. (c) Packing
structure observed along theb-axis. The red molecules indicate
EtOH. The red and purple arrows indicate naphthalene-naphthalene
edge-to-face and benzene-naphthalene edge-to-face interactions,
respectively.

Figure 2. Crystal structure of complexI. (a) Column structure is
parallel to theb-axis. (b) View down theb-axis. (c) Packing
structure observed along theb-axis. The red arrows indicate
naphthalene-naphthalene edge-to-face interactions.
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