Self-Assembly of Pyrrole Derivatives
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The metal complexes of ligands I, a
pyrrol-2-yl Schiff base or pyrrol-2-
ylmethyleneamine, have been
known for a long time.'*! Macro-
cycles containing pyrrol-2-ylmethy-
leneamine units, such as texaphyrins
and expanded porphyrins,” have
been extensively investigated.
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formed through the self-assembly of spacer-bridged bis(pyr-
rol-2-ylmethyleneamine) ligands with Zn" ions.

Ligands 2-5 were prepared in high yields (Scheme 1) by
the condensation of diamines with 4-ethyl-5-formyl-3-methyl-
1H-pyrrole-2-carboxylic acid ethyl ester (1) in ethanol. The
ligands 2-5 were each reacted with zinc(i1) acetate dihydrate
in THF (Scheme 2), to give the complexes 6-9, respectively, in
excellent yields. The complexes, isolated as red (6 and 8) or
yellow (7 and 9) powders, are soluble in most common organic
solvents. Crystals were grown by slowly evaporating their
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Linear-spacer-bridged bis(pyrrol-2-
ylmethyleneamine)s and their com-
plexes with metal ions were recently
reported,”™ which showed that
both the preparation of the ligands
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and the complexes were highly efficient, and the metal
complexes formed by pyrrol-2-ylmethyleneamines possessed
good solubility in common solvents. These facts encouraged
us to explore their use as a building block for supramolecular
self-assembly. In this paper we report the neutral double-
stranded helicates, trimeric triangles, and tetrameric squares
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Scheme 1. Synthesis and structure of ligands 2-5.

solutions in THF/EtOH (6 and 7), THF/MeOH (8), or THF/
di(ethylene glycol) (9). All of the crystals are stable in the
dark under a nitrogen atmosphere, but decomposed quickly in
the air.

Analysis of the complexes, primarily by MALDI-TOF
mass spectrometry, showed that the molecular masses of 6 and
7 were 1105 and 1284, respectively, which corresponds to
dimeric complexes with two ligands and two zinc centers.
However, the molecular masses of 8 and 9 were found to be
2209 and 1675, which corresponds to a tetrameric complex
(four ligands and Zn centers) and trimeric complex (three
ligands and Zn centers), respectively.
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Scheme 2. Schematic representation of complexes 6-9.

The 'H NMR spectra of the zinc complexes 6-9 in CDCl,
show a single set of proton resonances that could be fully
assigned, which suggests that they exist as single species in
solution. In all cases, the disappearance of the NH protons
from the free ligands was observed, which is in agreement
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with the double deprotonation of the Schiff bases. In
comparison with the corresponding free ligands, com-
plexes 6-9 have up-field shifts for most of the protons.
Interestingly, the -CH,- groups in both the ester group and
pyrrole ring of complexes 6, 8, and 9, in which there are rigid
phenylene spacers, show chiral behavior in solution. In the
free ligands, the two protons of the -CH,- groups of the ethyl
ester moieties are identical and give a single quartet, however,
they appear as two sets of multiplets in the complexes. Similar
behavior was observed for the methylene protons of the ethyl
groups in pyrrole ring. These results imply that the strong
coordination of the pyrrol-2-ylmethyleneamine with the zinc
ion removes the inherent enantiotropic nature of the protons
making them diastereotopic and chiral. These observations
are very similar to those reported by Bermejo and co-
workers.’) The *C NMR spectra of complexes 6-9 in CDCl,
consist of the expected signals.

X-ray analysis of complexes 6['” (Figure 1a) and 70U
(Figure 1b) indicate that their structures possess a double-
stranded helical geometry that results from a severe twist
around the phenyl or diphenylmethane bridge. This twist
divides the ligand into two pyrrol-2-ylmethyleneamine sub-
units, each of which is bound to a different Zn"ion. As a
result, the Zn" center and its two pyrrol-2-ylmethyleneamine
segments have an almost tetrahedral geometry, from which
the bond angles and bond lengths have only a small deviation.
The two Zn"ions in 6 and 7 are separated by 3.7 A and
11.0 A, respectively.

Figure 1. X-ray crystal structures of 6 (a) and 7 (b); H atoms and
solvent molecules are omitted for clarity.
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The X-ray structure of 8% (Figure 2) displays a tetranu-
clear distorted square composed of four Zn"ions and four
ligands, with inner dimensions of 8.7x8.7 A. All of the
benzene units lie almost perpendicular to the square plane

Figure 2. X-ray crystal structure of 8; two orientations are shown,
which emphasize the helical structure (above) and the cavity (below);
H atoms and solvent molecules are omitted for clarity.

formed through the Zn centers. At each metal center, one
pyrrol-2-ylmethyleneamine unit lies above the molecular
plane, while the other unit lies below. The framework of
compound 8 possesses D, geometry; two pyrrol-2-ylmethyl-
eneamine units adopt a trans arrangement, which is similar to
the recently reported molecular squares.* In compound 8,
the plane of the benzene ring in each ligand is slightly
deviated from those of the two pyrrol-2-ylmethyleneamine
units, with dihedral angles of 22.5° and 18.7°.

The X-ray analysis'"® of complex 9 (Figure 3) shows that it
possesses a triangular structure. The ligands bind to the three
metal centers so that one Schiff-base unit points up from the
molecular plane, while the other points down. This motif is
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Figure 3. X-ray crystal structure of 9; two orientations are shown,
which emphasize the helical structure (above) and the cavity (below);
H atoms and solvent molecules are omitted for clarity.

very similar to other recently reported triangular com-
plexes.'"!8] The separation of the Zn atoms in the near-
equilateral-triangular structure is approximately 7.5 A. How-
ever, the overall edges of the triangle in 9 are slightly bent due
to a slight deviation of the benzene ring plane from the two
Schiff base planes, the dihedral angles of which are 26.3° and
2.0°

The self-assembly of ligands2-5 reflects the steric
demand of the zinc ion and the arrangement of the pyrrol-
2-ylmethyleneamine moieties around spacer bridges. The
geometric flexibility derived from the phenyl or diphenyl-
methane bridges in 2-5 can allow the ligands to satisfy the
steric requirement of the zinc ion. In all cases, a distorted
coordination is mainly preferred by the zinc centers, which
forces the trans arrangement of both halves of the bis(pyrrol-
2-ylmethyleneamine) ligands.

In conclusion, we have demonstrated that pyrrol-2-
ylmethyleneamine is an ideal building block for supramolec-
ular architecture through self-assembly. It possesses similar
coordinate properties to its analogues, such as dipyrrin,'52%
and excellent solubility in common solvents. By varying the
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spacer bridges between two pyrrol-2-ylmethyleneamine units,
the resulting bis(pyrrol-2-ylmethyleneamine) ligands can self-
assemble to form supramolecules with interesting shapes,
such as double-stranded helicates, triangles, and squares.
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