
A two-dimensional network formed by
self-associating silver(I) perchlorate
with 3-[4-(2-thienyl)-2H-cyclopenta-
[d]pyridazin-1-yl]benzonitrile

Xiao-Yan Li, Qi-Kui Liu, Jian-Ping Ma, Ru-Qi Huang and

Yu-Bin Dong*

College of Chemistry, Chemical Engineering and Materials Science, Shandong

Normal University, Jinan 250014, People’s Republic of China

Correspondence e-mail: yubindong@sdnu.edu.cn

Received 2 December 2008

Accepted 22 December 2008

Online 10 January 2009

In the organometallic silver(I) supramolecular complex

poly[[silver(I)-�3-3-[4-(2-thienyl)-2H-cyclopenta[d]pyridazin-

1-yl]benzonitrile] perchlorate methanol solvate], {[Ag(C18-

H11N3S)](ClO4)�CH3OH}n, there is only one type of AgI

center, which lies in an {AgN2S�} coordination environment.

Two unsymmetric multidentate 3-[4-(2-thienyl)-2H-cyclo-

penta[d]pyridazin-1-yl]benzonitrile (L) ligands link two AgI

atoms through �–AgI interactions into an organometallic box-

like unit, from which two 3-cyanobenzoyl arms stretch out in

opposite directions and bind two AgI atoms from neighboring

box-like building blocks. This results in a novel two-

dimensional network extending in the crystallographic bc

plane. These two-dimensional sheets stack together along the

crystallographic a axis to generate parallelogram-like chan-

nels. The methanol solvent molecules and the perchlorate

counter-ions are located in the channels, where they are fixed

by intermolecular hydrogen-bonding interactions. This archi-

tecture may provide opportunities for host–guest chemistry,

such as guest molecule loss and absorption or ion exchange.

The new fulvene-type multidentate ligand L is a good

candidate for the preparation of Cp–AgI-containing (Cp is

cyclopentadienyl) organometallic coordination polymers or

supramolecular complexes.

Comment

The design and synthesis of supramolecular complexes exhi-

biting novel structures and properties have provided exciting

new prospects for chemists (Fujita et al., 1995; Hagrman et al.,

1999; Dong et al., 2000; Kitagawa et al., 2004). It is well known

that fulvene is one of the most important classes of ligands in

organometallic chemistry, and it is widely used in the

construction of organometallic complexes (Little, 1961; Knox

& Pauson, 1961; Stone & Little, 1984). In principle, the

abundant coordination chemistry of fulvene could afford us an

excellent opportunity to construct organic–inorganic hybrid

materials that might be different in topology and physical and

chemical properties from those based on common organic

spacers. A continuing project in our laboratory has been the

development of organometallic coordination frameworks

generated from conjugated symmetric and unsymmetric

fulvene ligands, which can adopt either cis or trans confor-

mations to bind the soft acid AgI ion through not only the

terminal –CN and furan or thiophene functional groups but

also the fulvene C atoms into organometallic coordination

polymers or discrete complexes (Dong et al., 2002, 2003; Dong,

Jin et al., 2004; Dong, Wang et al., 2004; Wang et al., 2005). In

this paper, we report a novel two-dimensional network which

was formed by the self-assembly reaction of a new fulvene

ligand with silver perchlorate. We have recently synthesized

the new multidentate thiophene- and benzonitrile-containing

unsymmetric fulvene ligand 3-[4-(2-thienyl)-2H-cyclopenta[d]-

pyridazin-1-yl]benzonitrile (L) and investigated its self-

assembly reaction with AgI salts. Crystallization of L with

AgClO4 in a methylene chloride/methanol mixed solvent

system at room temperature afforded a new organometallic

supramolecular complex, (I).

There is only one type of AgI center in (I), which lies in an

{AgN2S�} coordination environment (Fig. 1). Two N atoms

[N1 and N3ii; symmetry code: (ii) �x, y � 1
2, �z + 1

2] from the

pyridazine ring and –CN donors of different ligands [Ag1—

N1 = 2.313 (5) Å and Ag1—N3ii = 2.171 (6) Å], one S atom

from a thiophene ring, which comes from the same ligand as

the pyridazine group [Ag1—S1= 2.935 (2) Å], and one

�-donor from a coordinated cyclopentadienyl (Cp) ring of a

third neighboring ligand constitute the AgI coordination

environment. The two Ag—C bond lengths [2.624 (7) and

2.650 (7) Å] lie in the range of normal Ag—C distances (2.47–

2.86 Å), while the remaining Ag—C contacts are greater than

3.12 Å, which is beyond the limit commonly observed in AgI–

aromatic complexes. Thus, the substituted five-membered Cp

ring in L coordinates to the AgI ion with an �2 binding mode,

which is typical of arene–silver complexes (Munakata et al.,
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2000). In our previous work, some similar fulvene-type

ligands, such as 4-[2-phenyl-4-(2-thienyl)-2H-cyclopenta[d]-

pyridazin-1-yl]benzonitrile (Dong et al., 2006) and 4-[4-(furan-

2-yl)-2H-cyclopenta[d]pyridazin-1-yl]benzonitrile (Dong et

al., 2005), displayed different coordination modes with AgI

ions. In particular, the S atom from the thiophene ring or the

O atom from the furan ring of the ligand did not coordinate to

the AgI ion.

In the solid state in (I), two L ligands link two AgI atoms

through �–AgI and heteroatom–AgI interactions into an

organometallic box-like unit (Fig. 1), from which two

3-cyanobenzoyl arms stretch out in opposite directions and

bind two AgI atoms in neighboring box-like building blocks.

This results in a novel two-dimensional network extending in

the crystallographic bc plane (Fig. 2). The Ag� � �Ag distance

within an individual cage is 6.796 (2) Å. Similar organome-

tallic cages with related fulvene ligands have been observed

previously, linked into one-dimensional chains (Dong et al.,

2005). By contrast, we obtained here a novel two-dimensional

network by linking these box-like units.

This two-dimensional network contains a parallelogram-

like macrocycle with approximate (crystallographic) dimen-

sions of 16.2 � 7.7 Å (Fig. 2). The sheets stack along the

crystallographic a axis, thus propagating the parallelogram-

like channels in this direction. The methanol solvent mol-

ecules and perchlorate anions are located in the channels,

where they are held in place by hydrogen bonds. The first

hydrogen bond (O� � �H—N) consists of the O atom of the

methanol solvent molecule and the NH group in the pyrida-

zine ring of the ligand L. The second hydrogen bond (O—

H� � �O) involves the OH group of the methanol molecule and

an O atom of the perchlorate ion. The guest methanol mol-

ecules and perchlorate counter-ions are thus fixed in place by

intermolecular hydrogen-bonding interactions. Self-assembled

coordination polymers containing cavities or channels play an

important role in materials science because of their potential

applications in adsorption and desorption and host–guest

chemistry. The intriguing architecture and topology in (I) may

provide opportunities for this type of behavior.

To date, a number of AgI-containing coordination polymers

have been successfully generated from inorganic silver salts

and various types of rigid and flexible organic spacers based

on Ag–heteroatom (Hagrman et al., 1999; Blake et al., 1999;

Dong et al., 2002) or Ag–� interactions (Batten & Robson,

1998; Li et al., 2000). In contrast, the chemistry of supra-

molecular architectures based on fulvene molecules has

received considerably less attention. In our previous work

(Dong et al., 2005), we synthesized some fulvene-type ligands

and obtained a series of coordination polymers by self-

assembly of fulvene ligands with various silver salts. In

general, these ligands linked Ag atoms through cyclopenta-

dienyl �–Ag and pyridazine N—Ag interactions into one-

dimensional zigzag chains. However, in (I), the ligands bind

Ag atoms through cyclopentadienyl �–Ag and cyano group

N—Ag interactions to form one-dimensional wavy chains.

These wavy chains are then linked by the pyridazine N—Ag

interactions into a two-dimensional network. Thus, the fulvene

organic spacer reported here appears to be a good candidate

for the preparation of Cp–AgI-containing organometallic

coordination supramolecular complexes. This encourages us

to undertake further studies on fulvene ligands of this type

and explore their interesting coordination chemistry.

Experimental

The fulvene ligand L1 (see reaction scheme in Comment) was pre-

pared according to the method of Dong et al. (2005). A solution of L1

(0.4 g) in anhydrous EtOH (20 ml) and a large excess of hydrazine

hydrate was heated to reflux for about 7 h. After the mixture was

cooled to room temperature, the solvent was removed under reduced

pressure to give a red–orange solid. The product was recrystallized
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Figure 2
The crystal packing of (I), viewed along the a axis. Methanol solvent
molecules and perchlorate counter-ions are located in channels, where
they are fixed by intermolecular hydrogen-bonding interactions (dashed
lines).

Figure 1
A view of (I), with displacement ellipsoids drawn at the 30% probability
level. For the sake of clarity, only the major component of the anion is
shown. H atoms have been omitted. [Symmetry codes: (i) �x, �y + 1,
�z + 1; (ii) �x, y � 1

2, �z + 1
2.]



from EtOH to give orange crystals of L. A solution of AgClO4

(20.7 mg, 0.10 mmol) in MeOH (10 ml) was layered on to a solution

of L (29.1 mg, 0.10 mmol) in methylene chloride (10 ml). The solu-

tions were left for about one week at room temperature, and yellow

single crystals of (I) suitable for single-crystal X-ray diffraction were

obtained after that time.

Crystal data

[Ag(C18H11N3S)]ClO4�CH4O
Mr = 540.72
Monoclinic, P21=c
a = 7.2729 (17) Å
b = 20.340 (5) Å
c = 13.608 (3) Å
� = 103.022 (3)�

V = 1961.3 (8) Å3

Z = 4
Mo K� radiation
� = 1.31 mm�1

T = 298 (2) K
0.34 � 0.24 � 0.07 mm

Data collection

Bruker SMART CCD area-detector
diffractometer

Absorption correction: multi-scan
(SADABS; Sheldrick, 1996)
Tmin = 0.665, Tmax = 0.914

8044 measured reflections
3443 independent reflections
2713 reflections with I > 2�(I )
Rint = 0.054

Refinement

R[F 2 > 2�(F 2)] = 0.065
wR(F 2) = 0.181
S = 1.05
3443 reflections
272 parameters

3 restraints
H-atom parameters constrained
��max = 1.74 e Å�3

��min = �1.06 e Å�3

H atoms were placed in geometrically idealized positions and

included as riding atoms, with C—H distances of 0.93 (aromatic CH;

sp2), 0.98 (aromatic CH with C coordinated to Ag; sp3) and 0.96 Å

(CH3), an N—H distance of 0.86 Å, and an O—H distance of 0.93 Å,

and with Uiso(H) values set at 1.5Ueq(C) for methyl H atoms and at

1.2Ueq(C,N,O) otherwise.

Data collection: SMART (Bruker, 1997); cell refinement: SAINT

(Bruker, 1997); data reduction: SAINT; program(s) used to solve

structure: SHELXS97 (Sheldrick, 2008); program(s) used to refine

structure: SHELXL97 (Sheldrick, 2008); molecular graphics:

SHELXTL (Sheldrick, 2008); software used to prepare material for

publication: SHELXTL.
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Table 1
Hydrogen-bond geometry (Å, �).

D—H� � �A D—H H� � �A D� � �A D—H� � �A

N2—H2A� � �O1 0.86 1.91 2.714 (7) 155
O1—H1A� � �O5 0.93 2.30 3.049 (13) 137


