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Triple helical structure constructed by covalent bondings:
effective synthesis by a pre-organized partial structure and

helicity induced by aromatic–aromatic interactions
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Abstract—Discotic helical macrocycle constructed by aromatic tertiary amide was effectively synthesized using dichlorotriphenyl-
phosphorane as the condensation reagent. The yield was significantly higher when meta-substituted diaminobenzene was used as
the linkage for a two 1,3,5-tris(4-carboxyphenyl)benzene moiety than when para-substituted diaminobenzene was used. The yield
is thus dependent on whether the pre-organized partial diamide structure suits the construction of the macrocyclic structure.
� 2007 Elsevier Ltd. All rights reserved.
Recently, huge three-dimensional macrocyclic com-
pounds have received attention as skeletons for func-
tionalized molecules such as cation receptors,1 anion
receptors,2 and substrate-specific artificial receptors.3

Synthetic strategies for such macrocyclic compounds
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have been based on, for example, template synthesis as
seen in crown ether or cryptand,4 self-assembly of small
bi- or multi-dentate ligands by metal coordination,5 and
others.6 A number of macromolecules with a repeating
unit such as a helical oligomer or a large cyclic molecule
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have been synthesized via a strategy that includes pre-
organization of the bonding direction of a small partial
structure regulated by hydrogen bonding7 or by metal
coordination performed in advance. In this context, it
is of great interest whether intramolecular interactions
such as a CH–p or aromatic–aromatic interaction,
which is weaker than metal coordination and hydrogen
bonding, can work to correctly set several bond direc-
tions in the construction of macrocyclic compounds.
In the course of our investigations into an effective syn-
thesis of amide containing macrocycles,8 we found that a
simple partial structure pre-organized by aromatic–aro-
matic interaction, that is, a preferable syn conformation
of aromatic tertiary diamides, was extremely effective for
constructing huge covalently bonded macrocyclic com-
pounds. In this Letter, we report on the synthesis and
crystal structure of macrocylic compound 1 with a heli-
cal structure.

Macrocyclic compound 1 is synthesized by the direct
amide coupling of 1,3,5-tris(4-carboxyphenyl)benzene
with N,N 0-dimethyl-1,3-phenylenediamine using dichlo-
rotriphenylphosphorane as a very effective coupling
reagent, to construct macrocyclic aromatic amide, as
reported previously.9 A mixture of 1,3,5-tris(4-carboxy-
phenyl)benzene and N,N 0-dimethyl-1,3-phenylenedi-
amine (2:3 in molar ratio) was treated with 2.4 equiv
of Ph3PCl2 in 1,1,2,2-tetracholoroethane (50 mM for
amine) at 120 �C for 5 h. The crude product was purified
by gel permeation chromatography to give the macrocy-
clic aromatic amide 1 in 72% yield. The yield in the mac-
rocyclic reaction was much higher than those of other
multi-component amide coupling reactions from acid
chlorides and amines. In contrast to the high yield
obtained in the synthesis of 1, 1,3,5-tris(4-carboxyphe-
nyl)benzene was treated with N,N 0-dimethyl-1,4-
phenylenediamine under the same conditions to give
macrocyclic compound 2 in only 20% yield.

X-ray crystallographical analysis was performed on a
single crystal of compound 1 obtained from a mixture
Figure 1. (a) Stereoview of the crystal structure of macrocycle 1 in a
space-filling model. Hydrogen atoms are omitted. (b) Relative
positions of each set of two benzene rings of 1. The first set shows
the relative position of the central benzene rings of the molecule. The
other three sets show the relative positions of benzene rings in the side
arms of the molecule.
of chloroform and cyclohexane solution by slow evapo-
ration of the solvent.10 Figure 1a shows a stereoview of
the sole molecule, 8 Å in length and ca. 19 Å in diame-
ter, in the crystal. Four sets of aromatic–aromatic inter-
actions are observed in the molecule; two are parallel
aromatic–aromatic interactions and are observed be-
tween the central benzene rings and one of the three sets
of benzene rings in the side arms of the molecule. In the
other two side arms, tilted T-shaped aromatic–aromatic
interactions are observed (Fig. 1b), resulting in a helical
conformation for macrocycle 1. The crystal belongs to
the space group P21/c containing two pairs of enantio-
meric helical conformers per unit cell. Both enantiomers
of macrocycle 1 alternate along both the b- and c-axes,
and the racemic row of the macrocycle piles up along
the a-axis (Fig. 2a and b). The unit cell contains eight
Figure 2. (a) Projection on the bc plane of the unit cell of 1. (b)
Projection on the ab plane. Magenta- and cyan- colored molecules are
enantiomeric helical conformers that are mirror images of each other.
The hydrogen atoms and chloroform molecules are omitted.



Figure 3. Crystal structures of (a) meta-substituted diamide 3 and (b)
para-substituted diamide 4 in space-filling models and schematic
representations of the directions of their terminal phenyl rings.10
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molecules of chloroform to fill the spaces among the
macrocycles.

The yield on the macrocyclization reaction using meta-
diamine is much higher than that achieved using para-
diamine because the diamide moieties at both ends of
macromolecule 1 tend to exist in a syn conformation,
as shown in diamide 3 (Fig. 3a); that is, the fragments
work as a pre-organized structure in the formation of
macrocylic amide. By contrast, the macrocyclization
reaction using para-diamine resulted in a low yield be-
cause the diamide moieties at both ends of macromole-
cule 2 tend to exist in an anti conformational way, as
shown in diamide 4 (Fig. 3b).11

In conclusion, we designed and synthesized a macrocy-
clic aromatic amide with a helical structure in high yield.
The yield in the coupling reaction is dependent on the
pre-organized structure of the bis-amide moieties. The
helicity of macrocycle 1 was induced by the intramole-
cular tilted T-shaped aromatic–aromatic interactions
observed in the crystal structure. We are now using this
strategy of construction by covalent bondings to synthe-
size various huge macrocycles with interesting topologi-
cal properties.
Supplementary data

Supplementary data associated with this article can be
found, in the online version, at doi:10.1016/j.tetlet.
2007.04.089.
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