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Copper(II) complexes with the 1:1 condensation products of
DL-phenylalanine and either 2- or 5-methyl-4-formylimidazole,
[CuCI(HL>M¢)] (1) and [CuCI(HL>M¢)]-MeOH (2), were pre-
pared, and their assembly structures were determined. Both
complexes assumed two-dimensional (2D) assembly structures
due to a helical chain structure constructed by the intermolecular
imidazole—carboxylate hydrogen bond and interchain Cu*-Cl
coordination bond. 2 crystallized in acentrosymmetric space
group C222, showing a spontaneous resolution, while 1 crystal-
lized in centrosymmetric space group P2;/a.

The fields of crystal engineering and supramolecular chem-
istry have attracted much attention in which a self-assembly
process plays an important role and a number of synthetic strat-
egies have been proposed.! The self-assembly process involving
a metal ion is especially attractive and useful for the purpose of
the constructing a variety of molecular architectures and func-
tional materials.> Chirality has been one of the most important
subjects because asymmetric synthesis and optical resolution
are not only important in chemistry but also practically impor-
tant in pharmacology and industry. Numerous studies have been
devoted to elucidating the detailed mechanism of enantioselec-
tivity.

We have studied metal complexes with multidentate Schiff-
base ligands involving the imidazole group that can function as a
self-complementary building block for the assembly reaction.’
Depending on the ligand framework and metal ion, a variety
of assembly structures, such as the cyclic-oligomer, zigzag-
chain polymer, and 2D network structures, have been generated.
In this study, we studied the enatioselective self-assembly struc-
tures of the Cu" complexes with the tridentate Schiff-base
ligands of the 1:1 condensation products of DL-phenylalanine
and either 2- or 5-methyl-4-formylimidazole, [CuCI(HL>M¢)]
(1) and [CuCI(HL>M¢)].MeOH (2). Here, we report enantiose-
lective assembly 2D structures depending on the substituent
and spontaneous resolution of 2.

The tridentate ligands, HL>M¢ and HL>M¢, were prepared
by mixing DL-phenylalanine and either 2- or 5-methyl-4-formyl-
imidazole in 1:1 molar ratio in methanol. To the ligand solution
was added a methanol solution of CuCl,+2H,0, and the resulting
solution was allowed to stand for several hours to produce the
Cu" complex.* The complexes 1 and 2 were obtained as plate-
like and needle crystals, respectively.

The complex 1 crystallized in the monoclinic centrosym-
metric space group P2;/a (No. 14).> The molecular structure
with the atom numbering scheme is shown in Figure 1. As shown
in Figure 2, the imidazole group of a Cu™® complex is hydrogen-
bonded to the carboxylate oxygen atom O(1) of the adjacent Cu'"
complex with the hydrogen-bond distance of N(2)--O(1) =
2.810(2) A. 1t should be noted that the oxygen atom O(1) is co-

Figure 1. Molecular structure of [CuCI(HL>M®)] (1) with the
atom numbering scheme. Thermal ellipsoids are drawn with
the 50% probability level.

Figure 2. Hetero-chiral 2D network structure of [CuCl-
(HL2M¢)] constructed by intrachain imidazole—carboxylate hy-
drogen bond of N(2)--O(1) = 2.810(2) A and the interchain
Cu*—Cl coordination bond of Cu*~Cl = 2.8936(7) A. Two com-
plex species of the adjacent chains are related by an inversion
center and are bridged by two CI~ ions with Cu-Cl =
2.2326(6) A and Cu*-Cl = 2.8936(7) A to give a di-u-chloro
binuclear structure.

ordinated to the Cu' ion. As a result of the repeating hydrogen
bonds, the complex produces a helical chain structure running
along the b axis, where within a helical chain the adjacent two
Cu" complexes are related by a twofold screw axis and have
the same chirality. The crystal consists of the helical chains,
where the adjacent two helical chains with opposite chiralities
are linked by the interchain Cu*-Cl weak coordination bond
with Cu*-Cl = 2.8936(7)A to produce a hetero-chiral 2D net-
work structure, as being seen in Figure 2.

Although the complex 2 was prepared from the reaction of
CuCl,+2H,0 and the ligand involving DL-phenylalanine, a piece
of the crystals crystallized in acentrosymmetric space group
C222; (No. 20), demonstrating that a spontaneous resolution oc-
curs.” The Flack parameter calculated indicates that the crystal
consists of D-phenylalanine moiety. Figure 3 shows the molecu-

Copyright © 2006 The Chemical Society of Japan



Chemistry Letters Vol.35, No.7 (2006)

Figure 3. Molecular structure of [CuCl(HL>M¢)]-MeOH (2)
with the atom numbering scheme. Thermal ellipsoids are drawn
with the 50% probability level.

Figure 4. Homo-chiral 2D network structure of [CuCl-
(HL>M¢)] constructed by intrachain imidazole—carboxylate hy-
drogen bond of N(2)--O(1) = 2.903(5) A and the interchain
Cu*—Cl coordination bond. Two complex species of the adjacent
chains are bridged by two CI™ ions with Cu-Cl = 2.244(2) A
and Cu*-Cl = 2.737(2) A.

lar structure with the atom numbering scheme. Figure 4 shows
the 2D network structure, in which the imidazole group of a
Cu" complex is hydrogen-bonded to the carboxylate oxygen
atom O(1) of the adjacent Cu'" complex with the hydrogen-bond
distance of N(2)---O(1) = 2.903(5) A. As a result of the repeat-
ing hydrogen bonds, the complex species with the same chirality
produce a helical chain structure. In the crystal, the adjacent
chains with the same chirality (D-form) are linked by the weak
interchain Cu*~Cl coordination bond of Cu*-Cl = 2.737(2)A
to produce a homo-chiral 2D network structure. It should be not-
ed that the interchain Cu*—Cl distance of 2 is shorter than that of
1 (Cu*—Cl = 2.8936(7) A).

In summary, the two Cu'! complexes with the tridentate
ligands involving imidazole and chiral amino acid moieties, 1
and 2, were prepared. Each complex functions as a chiral self-
complementary building block to produce an assembly helical
chain structure due to the intrachain imidazole—carboxylate hy-
drogen bond. The same chirality is preserved at least within a
helical chain. The adjacent chains are linked by the weak inter-
chain Cu*-ClI coordination bond. Homo- or hetero-chiral inter-
chain discrimination depends on the steric effect of the substitu-
ent at the imidazole moiety. Homochiral interchain interaction
due to the shorter Cu*—Cl distance is preferable for 2 and the
spontaneous resolution occurs.
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