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Synthesis of a new macrocyclic compound and its self-assembly

PAN, Zhi-Quan®'® ¢ (& £ )
CHEN, Jiu-Tong® (/% A 47)

LUO, Qin-Hui* **(Z# %)

LONG, De-Liang® (£ £ &)

* Coordination Chemistry Institute and State Key Laboratory of Coordination Chemistry , Nanjmg Unversity ,

Namjing , Jiansu 210093, China

b Wuhan Institute of Chemical Technology, Wuhan, Hubei 430073, China
¢ Fuzhou State Key Laboratory of Structure Chemistry, Fuzhou, Fujian 350002, China

A new macrocyclic compound has been synthesized by conden-
sation of pyridine-1-oxide-2, 6-dialdehyde with diethylenetria-
mine. The self-assemly behaviours were studied by X-ray
diffraction. The results show that the self-assembly were con-
trolled by intermolecular hydrogen bonds and n-7 stacking ef-
fects.
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There has been a great deal of interests in

actions in recent years.' DeSantis and co-workers pre-
dicted a roughly planar structure for cyclopeptides made
A lot of tube-shaped struc-

tures with nanometer dimension have been construct-

up of D and L amino acids.?

ed.>® But only a few papers have been presented for

Schiff-base macrocyclic molecules to construct nanotubes
through molecular self-assembly.”'" We synthesized a
macrocyclic compound (L-4H,0) by (2 +2) condensa-
tion of pyridine- 1-oxide-2 , 6-dialdehyde (o-dfp) with
diethylenetriamine ( deta ) 1 The molecular stacking
forms tube-shaped structure by intermolecular hydrogen
bonds. A three-dimensional layer structure in crystal was
obtained by molecular self-assembly. The structural fea-
tures in solid state are dictated by directional hydrogen
bonding and -7 interaction. Although some of the ring-
contracted forms in the presence of and the absence of
metal ions'®"® have been reported for Schiff base macro-

cycles, there are no hydrogen bonds existing in the

molecules.
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Fig. 1 A perspective view of macrocyclic compound L.
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A decrease in the ring size from 24- to 18- mem-
bered ring is displayed here, which was demonstrated by
X-ray crystal analysis'® (Fig. 1). Each molecule con-
tains a symmetry centre and two chiral carbon atoms (C
(6), C(6A)) at symmetric site. The two pyridine rings
are parallel each other with a dihedral angle 0 = 0.12°,
and both are nearly perpendicular to macrocyclic plane

with angles of 91.8°. The pyridine ring and oxygen atom
of pyridine oxide are coplanar with the maximum devia-
tion of 0.0007 nm. The approximate planes of imidazole
rings are vertical to the pyridine plane. The distance of
0. 324 nm between two pyridine rings shows a in-
tramolecular w-r interaction which increases the stability

of imidazole rings.

Fig. 2 Molecular stacking diagram of macrocycle showing one-dimensional tubular structure.
Hydrogen-bonding interaction is shown with dotted lines.

Fig. 2 shows a one-dimensional tube-shaped struc-
ture, which is controlled by directional hydrogen bond-
ing. Because there are hydrogen atoms attached to nitro-
gen in the contracted rings oriented at a right angle to
the aromatic rings which contain the strong electron
donors in proper position. The intermolecular hydrogen
bonds can be formed between stacking rings. Each
macrocycle is linked by intermolecule hydrogen bonding
between the hydrogen atoms of imine at imidazole ring
and oxygen atoms of N-oxide at the nearest macrocyclic
molecule (N(Im)—H---O(Py)). In addition, inter-
molecule hydrogen bonding also involves the hydrogen
and oxygen atoms of two waters as well as nitrogen atoms
of imine group N(2) in one molecule and N(4) in
an adjacent molecule to it (Fig. 2b). The average
distance of hydrogen bonding is
0.2946(3) nm, which indicates that there is a strong
interaction between two macrocycles. The lengths and

angles of hydrogen bonds are listed in Table 1. To opti-
mize hydrogen bonding interaction, the macrocycle
planes are parallel and are ellipsed with respect to one
another, the cavities of macrocycles form inclined tubu-
lar structure, the angle between the tube and the macro-
cyclic planes is about 57.30°. The distance between
centres of two adjacent macrocyclic planes is about
0.86969 nm. The cross section area of the tube is about
0.326 x 0.800 nm’.

Table 1 Bond lengths (nm) and angles (°) of hydrogen bonds

Hydrogen bond * H-X Y—H:--X Angle

O(1)(H(1B)--0(2) $1 0.1908(3) 0.2995(3) 172.81(8)
0(1)(H(1A)---N(2) $2 0.1035(3) 0.2883(3) 161.55(8)
0(2)(H(2A)-'N(4) $3 0.1906(3) 0.2963(3) 172.56(8)
N(2)(H(2N)---0$4 0.2020(2) 0.2918(2) 165.41(6)
O(2)(H(2B)---0(1)  0.2154(3) 0.2838(3) 176.60(7)

81 -x42, -y, —z+1; $2 ~x+1, -y, ~z41;
$3x+1, y-1, z; $4 —x, ~y+1, —z+1.
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Fig. 3 Molecular stacking diagram showing two-dimensional sheet structure.
Hydrogen-bonding interaction is shown with dotted lines.

As shown in Fig. 3, the tube stacking is parallel to ~ N(2)---H(1A)(0O(1)). Four water molecules between
one another, forming a two-dimensional sheet structure. tubes form a eight-membered ring by means of hydrogen
The distance between the adjacent tubes is about 0.908  bonding, and the hydrogen atoms interact with N(2) and
nm. The two tubes are held together by hydrogen bond- ~ N(4) of four macrocycles.
ing (N(4)---H(2A)-0(2), 0(2)---H(1B)-0(1) and '

Fig. 4 (a) Molecular stacking diagram showing - interaction in macrocycles. (b) A view into the pores

of the three-dimensional layer structure. The water molecules were omitted for clarity.

The 7-n stacking interaction of pyridine rings and  tween two layers is also 0.324 nm, which is equal to
Van der Waals force make the sheets forming a three-di-  that of two pyridine rings at the same macrocycle. There
mensional layer structure (Fig. 4). The distance be-  is no hydrogen bonding between two layers, but the
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sheet packing in C axis by means of -7 interaction and

Van der Waals force forms a porous structure filled with

water molecules. The across section area is about 0.385

nm’. Therefore self-assembly of this macrocyclic three-

dimensional layer structure is not dominated only by di-

rectional hydrogen bonding but also by m-n interaction.
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