
pubs.acs.org/ICPublished on Web 10/21/2010r 2010 American Chemical Society

Inorg. Chem. 2010, 49, 10241–10243 10241

DOI: 10.1021/ic101880r

Hard/Soft Heterometallic Network Complex of a Macrocycle with Endo/Exocyclic

Coordination

Yongnu Jin,† Hyun Jee Kim,† Jai Young Lee,†,‡ So Young Lee,† Won Joon Shim,§ Sang Hee Hong,§

and Shim Sung Lee*,†

†Department of Chemistry andResearch Institute ofNatural Science, GyeongsangNationalUniversity, Jinju 660-701,
South Korea, ‡Department of Chemistry, Konyang University, Nonsan 320-711, South Korea, and §Oil & POP
Research Group, Korea Ocean Research and Development Institute, 391 Jangmok-myon, Geoje 656-830, South Korea

Received September 14, 2010

One-pot assembly reactions of an S2O4 macrocycle with CuI in the
absence and presence of KI afforded an emissive one-dimensional
looped coordination polymer linked with a cubane-type copper iodide
cluster and an endocoordinated potassium(I) coordination polymer
linked with a ribbon-type copper iodide cluster, respectively.

Related to the existence of a central cavity, macrocyclic
ligands have long been employed to tune such ring systems for
endocyclic metal-ion recognition.1 Thiamacrocycles, however,
often form not only endocyclic (metal-in-cavity) complexes but
also exocyclic ones inwhich themetal ions exist also outside the
cavity.2 Indeed, a range of mono- and multinuclear complexes
of thiamacrocycleswith exocoordinationhavebeen reportedby
us3 and others.4 We recently suggested that such endo- and
exocoordination could be controlled by using the discriminat-
ing anion coordination ability.5 Such an anion effect on the

metal position was successfully employed to illustrate how the
coordinating ability of the anion controls a color change
through the formation of endo- and exocyclic complexes with
an N-azo-coupled NO2S2 macrocycle system.6

On the other hand, the self-assembly process involving
copper(I) halides and multinuclear ligands often leads to
discrete complexes and continuous ones because the copper-
(I) halides are capable of adopting a variety of structural
motifs such as rhomboid dimers, cubanes, hexagonal prisms,
one-dimensional (1D) chains, and double-stranded stairs.7

Further, numerous copper(I) halide complexes ranging from
mononuclear species to long-chain polymers are luminescent.8

We recently reported calix[4]bis(dithiacrown)-based, endo-
coordinated disilver(I) complexes as well as an exocoordianted
three-dimensional (3D) network connected by CuI-based
clusters.3h Also, we have reported 3D CuI coordination net-
works of calix[4]bis(dithiacrown) that show crystal-to-crystal
transformation on coordinated solvent removal accompanying
irreversible3e and reversible3f solvatophotoluminescences.
Not only are we interested in investigating the factors that

influence the self-assembly of metal complexes into distinct
endo- or exocoordinated products, but we also want to
advance our understanding of a methodology of emerging
significance in macrocyclic chemistry that may serve as a
potent controllable phenomenon.
As part of ongoing efforts, we have focused our attention

on a hard/soft heteronuclear macrocyclic complex system
that would potentially influence the coordinated metal-ion
position as well as networking. In the present study, KI and
CuI have been employed to investigate how the resulting
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products are influenced by the use of either metal. The
proposed dibenzo-type O4S2 macrocycle L9 (Scheme 1) em-
ploys two S donors as bridgeheads for the required exocoordi-
nation, which, in turn, serves to minimize the softness of the
crown ring. This approach enabled us to prepare two distinct
1D coordination polymers 1 and 2 from one-pot reactions ofL
with CuI in the absence and presence of KI, respectively, as
depicted in Scheme 1. Herein we report their synthesis and
crystal structures along with the photoluminescent properties.
L was prepared according to our previously published

method.9 Liquid-liquid diffusion of CuI in acetonitrile onto
a dichloromethane solution of L upon standing afforded the
colorless crystalline product 1. Single-crystal X-ray analysis
revealed that 1 is a 1D polymeric array of formula [(Cu4I4)-
(L)2]n (Figure 1). The asymmetric unit of the complex part of 1
contains one L, two Cu atoms, and two I atoms. The cubane-
type Cu4I4 cluster cores are located at the center of four L, and
each cluster core is tetrahedrally coordinated by four S donors

fromfouradjacentLbyCu-Sbonds [2.300(1) and2.316(1) Å],
forming an infinite 1D poly(cyclic dimer) structure. The Cu4I4
moiety defines a slightly irregular cubane-type arrangement of
alternating Cu and I atoms.10 Two crystallographically inde-
pendentCu centers have similar geometry.EachCuatom is in a
distorted tetrahedral coordination environment, being linked to
threeμ3-I atomsandoneSdonorofL.Accordingly, fourCu-S
bonds [2.300(1)-2.316(1) Å] between the cubane core and
S donors coming from four adjacent ligands occupy well-
separated positions, and these ligand molecules are arranged
spaciously to minimize steric hindrance.
Having obtained the copper(I) iodide network complex ofL,

we then proceeded to the preparation of the corresponding
heteronuclear complex by employing 1 as a precursor. How-
ever, 1 is almost insoluble in most common solvents and only
sparingly soluble in warm dimethyl sulfoxide, where a subse-
quent decomposition is observed. So further reactions using 1
was not available. When the metal salt was changed from CuI
to CuI plus KI in an one-pot assembly reaction with L, the
colorless crystalline product 2was successfully obtained. X-ray
analysis revealed that 2 is a 1D network of formula {[K(L)-
(CH3CN)2][Cu4.25I5.25](CH2Cl2)0.75}n involving a heteronuc-
lear KI/CuI unit, in which two different metals positioned
inside and outside the cavity (Figure 2). Interestingly, the array
structure of 2 resembles the shape of the ribbon with some
pendent: a copper(I) iodide cluster backbone as the ribbon and

Scheme 1. 1D Network Complexes of L Prepared in This Work

Figure 1. (a) Coordination environment of exocyclic copper(I) iodide
complex 1, [(μ4-Cu4I4)(L)2]n, and (b) its 1D looped-chain network struc-
ture linked with a cubane-type Cu4I4 cluster.

Figure 2. (a) Coordination environment of endocyclic potassium(I) and
exocyclic copper(I) iodide heteronuclear complex 2, {[K(L)(CH3-
CN)2][Cu4.25I5.25](CH2Cl2)0.75}n and (b) its 1D network structure linked
with a ribbon-type copper(I) iodide cluster. The noncoordinating solvent
molecule was omitted.
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the macrocyclic potassium(I) complex unit as the pendent. The
KI ion in the cavity is eight-coordinated, with coordination to
four O and two S atoms from L. The remaining two sites
are occupied by two acetonitrile solvent molecules from the
opposite side of the copper(I) iodide ribbon. The bond angles
around the K atom vary from 54.6(2) to 167.6(2)�. The K-O
[2.763(6)-3.082(6) Å] andK-S [3.176(2) and3.301(3) Å] bond
distances are slightly longer than those reported previously for
such bonds.11 This could be a result of the high coordination
number of the K atom in this complex. Unlike the case of 1, 2
possesses four crystallographically independent Cu atoms
linked by two I atoms, forming a rhomboidal Cu-I2-Cu unit
in a ribbon structure. The local coordination environment of
four Cu atoms shows two different modes. The Cu1 and Cu3
atoms are in a distorted tetrahedral coordination environment,
beingcoordinated to threeμ3-I atomsandoneSdonorofL.The
Cu2 and Cu4 atoms are also in a tetrahedral coordination
environment with four coordination sites occupied by four I
atoms. Consequently, potassium(I) iodide induced not only the
endocyclic complexation of the KI ion but also the rearrange-
ment of the copper(I) iodide cluster by coordination of an I ion.
Because the photoluminescence behavior of copper(I) halide

cluster based thiamacrocyclic complexes is often very depen-
dent on their structures,3f the luminescent properties of the
present systemswere compared.The photoluminescent proper-
ties of the above products were investigated in the solid state at
room temperature. Compound 2 displays no photolumines-
cence in the solid state, while 1 exhibits strong blue-green emis-
sion with the maximum intensity at 509 nm (λex=365 nm;
Figure 3).A similar emissionband from489 to 568nmwas also
observed previously for other cubane-type copper(I) halide

clusters because of the cluster-centered excited state withmixed
halide-to-metal charge-transfer character.10

Thermogravimetric analysis (TGA) and differential ther-
mal analysis (DTA) performed on 2 (Figure 4) shows a sharp
weight loss of 5.14% at around 140 �C corresponding to the
loss of coordinated acetonitrile molecules (expected value
5.32%). The DTA curve also shows a sharp endothermic
peak at the same temperature, which corresponds to heat
absorption due to the loss of coordinated acetonitrile. The IR
spectrumof2obtainedafter heating to140 �Calso confirms the
removal of acetonitrile by the disappearance of the absorption
peak at 2366 cm-1 (νCN). The initial weight loss completed at
about 130 �C corresponds to uncoordinated dichloromethane
in the lattice. Because single crystallinity was not retained
during the removal process of coordinated acetonitrile by
heating, further structural studies were not available.
In summary, homo- and heteronuclear coordination poly-

mers with different networking motifs were prepared from
one-pot reactions of a thiaoxamacrocycle with CuI in the
absence and presence of KI. The KI added with CuI induced
not only the endocyclic complexation of a KI ion but also the
rearrangement of a copper(I) iodide cluster by coordination
of an I ion. On the basis of this work, further synthesis and
structural and photophysical studies of novel heteronuclear
coordination polymers are also underway in our laboratory.
CCDC 787695 (1) and CCDC 787696 (2) contain the

supplementary crystallographic data for this paper. These
data can be obtained free of charge from the Cambridge
Crystallographic Data Centre via www.ccdc.cam.ac.uk/
data_request/cif.
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Figure 3. Solid-state photoluminescence spectra of 1 and 2 at room
temperature (excitation at 365 nm).

Figure 4. TGA/DTA curves of 2.
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