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2D Hydrogen Bonded Copper (II) Coordination Network Con-
structed by the Combination of Flexible and Rigid Ligands
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Complex [ Cu(2,2'-bipy) (L") ] (Cl0O4),(1) has been syn-
thesized by the self-assembly of Cu(ClO,), with a rigid ligand
2,2'-bipyridine and a flexible potential tetradentate ligand N,
N'-bis( hydroxyethyl) ethylenediamine (H,L!). Crystal analy-
ses reveal that the potentially tetradentate ligand H,L! acts in
a tridentate mode by the coordination of one hydroxyl oxygen
atom and two amino nitrogen atoms. The Cu(II) atom coor-
dinates additionally with two bipyridyl nitrogen atoms, giving
a distorted square pyramidal geometry. Each complex
molecule is connected with four surrounding melecules along
the ac plane by multiple hydrogen bonds, leading to 2D sheets
constituted with 0.7874 nm x 1.0891 nm metallomacrocyclic
rectangles. Each vertex of the rectangle is occupied by a cop-
per atom, and the four sides are comprised of multiple hydro-
gen bonds.

Keywords Self-assembly, hydrogen bonds, copper(1l) com-
plex, 2D networks

The self-assembly of metal coordination
supramolecular structures is one of the most active topics
of current chemistry due to their potential applications in
catalysis,! host-guest chemistry? and molecular electron-
ics.? Combination of metal ions and ordered hydrogen-
bonding to build a variety of architectures has caused
growing interests.*” Conformational rigid ligands, such
as 4,4'-bipyridine, are commonly utilized in these cases
in order to reduce the unfavorable entropic factors® in the
process of constructing supramolecular assemblies with
predictable structures. In contrast to this, the applica-
tion of flexible ligand to build metal-containing hydro-
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gen-bonded network still remains relatively unex-
plored.*!" Whereas, self-assemblies of flexible compo-
nents driven together by weak interactions, including hy-
drogen bonds, are essential in many biological process-
es.® The relationships between the structures of the flexi-
ble ligands and the supramolecular coordination struc-
tures need further investigations.

In this work, a mixed ligands complex [ Cu(2,2'-
bipy) (H,11)] (ClO;), (1) has been self-assembled
from the reaction system of Cu(ClO,), * 6H,0 with a
rigid ligand 2,2’ -bipyridine and a flexible potentially te-
tradentate ligand N, N'-bis(2-hydroxyetheyl) ethylenedi-
amine ( H,I!) which has complementary groups as
donors and acceptors for hydrogen bonding. X-ray struc-
ture reveals that 1 forms a 2D supramolecular structure
through the multiple hydrogen-bonding connections. Cu-
(C10,),-6H,0 (0.148 g, 0.40 mmol), H,L'(0.0593
g, 0.40 mmol), 2, 2'-bipyridine (0.0625 g, 0. 40
mmol) and aqueous NaOH (0.20 mL 4.0 mol/L, 0.80
mmol) were added to 100 mL of methanol. The resulting
solution was refluxed for 3 h, and concentrated in vac-
uo . The resulting green powder was collected, washed
with ether and dried. Yield 97%, 0.22 g. Crystals
suitable for X-ray analysis were grown by slow evapora-
tion of a methanol solution of the complex. The structure
of 1 was established by X-ray analysis.!? Selected bond
lengths and angles for 1 are listed in Table 1. The cop-
per center adopts a distorted square pyramidal geometry
(Fig. 1) by coordinating to two bipyridyl nitrogen
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atoms, N(1) and N(2), two amino nitrogen atoms,
N(3) and N(4), and one hydroxyl oxygen atom O(2)
from the ligand H,L'. The Reedijk distortion index t'*
(t =0 for a square pyramid, and t = 1 for a trigonal
bipyramid) value for Cu(1) is 0.28. The nitrogen atoms
N(1), N(2), N(3) and N(4) constitute the base of the
pyramid with Cu—N distances in the range of 0.2006—
0.2049 nm, consistent with other basal distances of
square pyramidal copper complexes;'* whereas O(2) oc-
cupies the apical position with a Cu—O distance of
0.2255(3) nm. Each ring of the bipyridyl ligand is
nearly coplanar; the angle between the two pyridyl rings
is extremely high,ls with a value of 23.8(1)°. It is
worth noting that the symmetrical potential tetradentate
ligand H,1! acts as an unsymmetrical tridentate ligand by
the coordination of the two nitrogen atoms and one hy-
droxyl oxygen atom O(2) to the copper(II) atom, leav-
ing the other oxygen atom O(1) to form the outer-sphere
hydrogen-bonding.

Fig. 1 View of [ Cu(2,2’-bipy) (H,1}) ](Cl0,), (1) molecular
structure showing the numbering scheme at the 30%
probability level with the H atoms omitted for clarity.

Table 1 Selected bond lengths (nm) and angles (deg) for 1

Cu(1)—N(1) 0.2016(3) Cu(1)—N(2) 0.2027(3)
Cu(1)—N(3) 0.2049(3) Cu(1)—N(4) 0.2006(3)
Cu(1)—0(2) 0.2255(3)

N(4)-Cu(1)-N(1) 164.82(12) N(4)-Cu(1)-N(2) 101.81(12)
N(1)-Cu(1)-N(2) 81.34(13) N(4)-Cu(1)-N(3) 85.87(13)
N(1)-Cu(1)-N(3) 99.27(13) N(2)-Cu(1)-N(3) 148.28(12)
N(4)-Cu(1)-0(2) 79.21(12) N(1)-Cu(1)-0(2) 85.66(11)
N(2)-Cu(1)-0(2) 98.01(12) N(3)-Cu(1)-0(2) 113.68(12)

Approximately along the ac plane of the crystal
structure, each complex molecule is connected with four
surrounding molecules by multiple hydrogen bonds'®
(Table 2), leading to 2D sheets constituted with 0. 7874
nm X 1.0891 nm metallomacrocyclic rectangles (Fig.
2) . Each vertex of the rectangle is occupied by a copper
ion. The four sides are comprised of multiple hydrogen
bonds, i.e., N(3)—H, N(4)—H and pyridyl C—H
groups act as proton donors; the perchlorate anions act
as proton acceptors; and the uncoordinated O (1)—H
groups act as both donors and acceptors at the same
time. The pyridyl rings in one sheet are exactly fitted in
the rectangles of a neighboring sheet. The unfavorable

entropic factors for the flexible ligand in the process of
forming the ordered supramolecular structure can be
overcome by the exira stability contributed by the multi-
ple hydrogen bonds.

In conclusion, it has been shown that the
copper(Il) complex of the rigid ligand 2, 2’-bipyridine
and the flexible ligand H,I! forms an ordered
supramolecular strucutre of metallomacrocyclic rectan-
gles. The hydrogen bonding interaction involved here is
important in construction of the supramolecular struc-
ture. H,L' is a good organic ligand which can afford
multiple donors and acceptors for hydrogen bonding to
build various supramolecular structures.
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Table 2 Hydrogen-bonds for 1 (nm and deg)

D—H d (H--A) ZDHA d (D:++A) A (symmetry operations)
O(1)—H(1) 0.2154 169.91 0.2882 o(8) [x+1, y, z]
0(2)—H(2) 0.1897 177.32 0.2758 o(1) [x-1, y, z]
N(3)—H(3) 0.2492 153.60 0.3121 0(10)
C(7)—H(7A) 0.2551 145.89 0.3362 o3)[ -x+1, —y+1, —z+1]
C(15)—H(15B) 0.2528 139.19 0.3323 0(3)
N(4)—H(4) 0.2511 138.05 0.3176 0@y [-x+1, —y+2, -z]
C(10)—H(10A) 0.2581 140.02 0.3347 06) [-x+1, —y+2, -z]

Fig. 2 2-D sheet of complex 1 consisted of metallomacrocyclic rectangles approximately along the ac plane.
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