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A novel snake-like zinc(i1) coordination polymer with blue photo-
luminescence, {[Zn(bimb)(OAc),]-6H,0}., [bimb = 4,4'-bis-
(imidazol-1-ylmethyl)biphenyl, OAc = acetate anion], was
obtained by reaction of Zn(OAc),-2H,0O with the ligand bimb.
The X-ray crystal structural analysis indicates that two indepen-
dent single-stranded helical chains are interwoven like two
entwined snakes and held together through hydrogen bonds and
n-m interactions.

Taking inspiration from the examples of biological systems,
many chemists are trying to design and prepare aggregates
with specified structures from molecular building blocks.!?
Due to structural similarities to nucleic acids, polymetallic heli-
cal complexes are of special interest and have been investigated
extensively in the past decade.® For double and higher-order
infinite helices, there are two possibilities as suggested by Sai-
laja and Rajasekharan.* One is that the strands of the helix are
independent infinite chains held together through non-covalent
interactions other than the coordination bond, which is analo-
gous to the situation in DNA. The other one is that the strands
of the helix are attached through coordination bonds to a col-
umn of metal atoms that form the axis of the helix. To the best
of our knowledge, the reported examples of the first type are
mainly silver(1) complexes in which the chains are linked by
weak Ag---Ag or van der Waals interactions.*™*** In this
paper, we report an infinite double-stranded helical zinc(ir)
coordination polymer {[Zn(bimb)(OAc),]-6H,0}.,, in which
the strands are held together by hydrogen bonds and weak
n-1 interactions.

On the other hand, it has been reported that 1,4-bis(imida-
zol-1-ylmethyl)benzene (bix) reacted with AgNO;> or
Zn(NOs),-6H,0° to give an infinite polyrotaxane network
and with Mn(NO,),’ to generate an infinite 1D chain. In order
to investigate the influence of the bridging ligand on the forma-
tion of supramolecular complexes, we designed and synthe-
sized a new ligand, 4,4’-bis(imidazol-1-ylmethyl)biphenyl
(bimb), and have obtained a poly-metallocage complex
[Mn(bimb);][ClO4],-2H,0 by reaction of the bimb ligand with
Mn(ClOy4),-6H,0.® The results suggest that even subtle
changes in the organic ligand may have a great influence on
the formation of metal-organic frameworks. Now we have
extended the study of the reaction of bimb with other metal

1 Electronic supplementary information (ESI) available: color version
of Fig. 3. See http://www.rsc.org/suppdata/nj/b2/b200383j/.
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salts and obtained a novel complex with specific topology
and blue photoluminescence by reaction of bimb with zinc(ir)
acetate.

The crystalline product was studied by thermogravimetric
analysis (TGA) and luminescence measurements. The TGA
results showed that all of the six water molecules per formula
unit were lost below 85 °C with a weight loss of 18.0% (calcd.
17.8%). No further weight loss was observed for the dehy-
drated compound up to 270°C. Zinc(11) complexes with pyri-
dine and polypyridine ligands have been reported to show
photoluminescence properties.”'® However, the photolumines-
cence of zinc(1r) complexes with imidazole-containing ligands is
not well-known. In our case, the complex in the form of the
powder was found to exhibit intense blue photoluminescence
with an emission maximum at 439 nm upon photoexcitation
at 360 nm. The observed luminescence is probably attributable
to intraligand transitions.’

X-Ray crystallographic analysis provides direct evidence for
the structure of the complex. The complex crystallizes in the
orthorhombic space group €222, and Fig. 1 shows the asym-
metric unit of [Zn(bimb)(OAc),]-6H,O with the atom number-
ing scheme. Each zinc atom coordinates with two nitrogen
atoms from two different bimb ligands and two oxygen atoms
of two different acetate anions, and each bimb ligand in turn
binds to two zinc atoms to form a 1D helical chain structure
(Fig. 2). The coordination environment of the zinc atom can
be regarded as a distorted tetrahedron, which is similar to

Fig. 1 Crystal structure of the asymmetric unit of [Zn(bim-
b)(OAc),]-6H,O with atom numbering scheme; hydrogen atoms and
water molecules are omitted for clarity; thermal ellipsoids are drawn
at 30% probability.
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(b)

Fig. 2 (a) Perspective view of two helical chains; hydrogen atoms,
acetate anions and water molecules are omitted for clarity. (b)
Space-filling representation of two entwined snake-like chains.

the previously reported zinc(i1) complex with the same N,O,
binding site."' The Zn-N bond lengths are 2.001(4) and
2.005(5) A (Table 1), which are analogous to those of
[Zn(bix),(NO5),]-4.5H,0 [1.994(3)-2.056(4) A].° The NI12-
Znl-N22 and O31-Znl-O41 angles are 111.2(2)° and
100.7(3)°, respectively. In each bimb ligand, the dihedral angle
between two terminal imidazole ring planes is 39.0° and the
one between two benzene ring planes is 28.3°, which are larger
than those in the reported complex of [Mn(bimb)s]-
ClO4]>-2H,0.% In both the Zn(i) and Mn(11) complexes, the
bimb ligand has an extended geometry with a “Z” shape;
namely, the two terminal imidazole groups are in opposite
directions with reference to the average plane of the biphenyl
group.®

It is noteworthy that two independent single-stranded helical
chains are interwoven with each other to form a double-
stranded helix [Fig. 2(a)] and it can be seen more clearly from
the space-filling diagram that such a double helix looks like
two entwined snakes, as illustrated in Fig. 2(b). The dihedral
angle between the two strand planes defined by the zinc atoms
in each strand is 49.6°. Two strands are held together by for-
mation of C-H---O hydrogen bonds between the CH of the
imidazole group from one strand and an oxygen atom of the
CH;COQ™ anion from another strand with a C-O distance
of 3.49 A. In addition to the C-H---O (acetate) hydrogen
bond, there are two C-H(imidazole)- - -O(water) bonds with
C-O distances of 3.48 and 3.33 A, three O(water)-
H.--O(acetate) and six O(water)-H---O(water) hydrogen
bonds. Distances ranging from 2.62 to 2.92 A between the
two oxygen atoms indicate the presence of O—H- - -O hydrogen
bonds, although the hydrogen atoms of water molecules could
not be found from the experimental data. The existence of such
C-H---O hydrogen bonds has been reported for histidine-
containing peptides, proteins and supramolecular frame-
works.!> These hydrogen bonds link the double helix to
generate a network structure (Fig. 3 and Fig. Sl in color).
In addition, weak face-to-face m-m interactions are also

Table 1 Selected bond distances (A) and angles (°) for complex
{[Zn(bimb)(OAc),]-6H,0}

Zn1-031 1.972(4) Znl-041 1.989(9)
Znl-N12 2.001(4) Zn1-N22 2.005(5)
031-Zn1-041 100.7(3) 031-Znl-N12 110.0(2)
041-Zn1-N12 120.0(3) 031-Zn1-N22 117.29(17)
041-Zn1-N22 97.3(3) NI12-Znl-N22 111.2Q2)
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Fig. 3 Network structure of the complex linked by hydrogen bonds,
indicated by dashed lines.

responsible for the formation of the double-stranded helix
since the nearest center-to-center distance between two ben-
zene ring planes of two strands is 4.17 A with a dihedral angle
of 15.9°.

Experimental

Preparation and measurements

The ligand bimb was prepared according to the literature
method.® A solution of Zn(OAc),-2H,0 (22.0 mg, 0.1 mmol)
in water (10 ml) was added to a solution of bimb (31.4 mg,
0.1 mmol) in ethanol (10 ml) at room temperature. The mix-
ture was stirred for 15-20 min and then filtered. The clear fil-
trate was allowed to stand for 4 weeks at room temperature,
from which colorless needle crystals suitable for X-ray analysis
were obtained. Yield: 56%. Anal. caled for [Zn(bim-
b)(OAc),]-6H,O (M, = 605.94): C 47.57, H 5.99, N 9.25;
found: C 47.53, H 6.05, N 9.45; 'H NMR (D,0O, 500 MHz,
298 K): ¢ 7.57 (s, 2H), 6.90 (s, 2H), 6.81 (s, 8H), 6.72 (s,
2H), 4.89 (s, 4H), 1.83(s, 6H).

Thermogravimetric analysis (TGA) of the crystalline sample
was carried out on a simultaneous SDT 2960 thermal analyzer
under flowing N, with a heating rate of 10°C-min~" in the 20—
600°C temperature range. Luminescence spectra were
recorded on a Hitachi 850 fluorescence spectrophotometer at
room temperature (25°C).

X-Ray crystallography

A crystal of {[Zn(bimb)(OAc),]-6H,0},, with approximate
dimensions 0.25 x 0.10 x 0.05 mm was mounted and data col-
lection was carried out on a Rigaku RAXIS-RAPID imaging
plate diffractometer at 200 K, using graphite-monochromated
Mo-Ka radiation (4 = 0.7107 A). The structure was solved by
direct methods using SIR92'* and expanded using Fourier
techniques.'* All data were refined anisotropically by the
full-matrix least-squares method for non-hydrogen atoms.
The hydrogen atoms, except for those of the water molecules,
were generated geometrically. The atoms C41, O41, 042 are
disordered and have two positions with site occupancy factors
(SOF) of 0.646(8) and 0.354(8). All calculations were carried
out on an SGI workstation using the teXsan crystallographic
software package.'> Details of the crystal parameters, data



Table 2 Summary of crystal data and refinement results for the com-

plex {[Zn(bimb)(OAc),]-6H,0} .,

Empirical formula C,4H36N4Zn0O
Formula weight 605.94
Crystal system Orthorhombic
Space group C222,

a/A 17.6000(8)
b/A 23.0061(11)
¢/A 14.9063(6)
U/A 6034.5(5)

VA 8

T/K 200

p/mm™! 0.870
Measured reflections 6893
Observed reflections 1744

Rint 0.071

R[I > 20(D)] 0.0429

wR [I > 26(D]" 0.0484

“w = 1/[0°(Fo)* + (0.0068P)%], P = (F* 4+ 2F.)/3.

collection and refinement for the compound are summarized in

Table 2.

CCDC reference number 191361. See http://www.rsc.org/

suppdata/nj/b2/b200383j/.
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