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Six dication-templated complexes were discovered in efforts to investigate the effect of linear imi-
dazolium-based template, 1,ω-bis(3,3′-methylimidazolium)alkyl dibromide, on pure inorganic halo-
metal clusters. Complexes {[C4(Mim)2](Pb2I6)}n (1) (ω = 4), {[C1(Mim)2] (Ag2I4)}n (2) (ω = 1),
{[C3(Mim)2](Ag2I4)}n (3) (ω = 3), and {[C4(Mim)2](Ag2I4)}n (4) (ω = 4) possess 1-D chain architec-
ture with different organic cations trapped in it. Compound {[C3′(Mim)2](CuBr3)} (5) (ω = 3) con-
tains the mononuclear anion (CuBr3)

2− and intra-molecular coupled organic cation with the formed
seven-membered ring. {[C2(Mim)2S2]2(Cu2I2)}n (6) (ω = 2) presents an infinite 2-D coordination
polymer as the first representative polyrotaxane example featuring the biimidazolium thiolate cation
ligand. All compounds were further characterized with IR spectra and thermal analysis properties.

Keywords: Template effect; N-substituted imidazolium salt; Halometal cluster; Crystal structures

1. Introduction

Template-oriented organic–inorganic hybrid materials have attracted interest owing to vari-
ety in topologies, fascinating properties and potential applications in catalysis, medicine,
materials, and magnetochemistry [1–3]. Among the various families of inorganic–organic

Four bis(N-heterocyclic carbene) precursors together with the cyclization and thiolation products
were utilized to construct six dication-templated metal halides from 0,1 to 2-D polypseudorotaxane.
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hybrid polymers, haloclusters (Cl, Br, I) are an important branch. The coordination chemis-
try of Cu(I) or Ag(I) halides (X = Cl/Br/I) featuring d10 shell has been of interest for large
structural variation and rich electronic and optical properties [4, 5]. Although metal–metal
interactions influence the properties of hybrids, such interactions are not the inevitable out-
come. A dramatic structural change in volume, rigidity, charge, symmetry of the basic inor-
ganic phases can be reached by introduction of new organic templates called structural
directing agents [6–10]. To our knowledge, inorganic haloclusters in hybrids tend to form
1-D chains [11] through evaporation and concentration of solutions at room temperature
(RT) which promise less halogen disorder. Among the reported hybrids with chain-like inor-
ganic arrangement, linear cations usually array along the chains. It is promising to tune the
mineral phase to display interesting properties triggered by the interactions with a linear
guest template.

The linear template, 1,ω-bis(3,3′-methylimidazolium)alkyl dibromide, linked by saturated
carbon chains with distinct length is flexible and can adopt energy allowed conformations,
and the halometal cluster can be templated by such cations. The templates carrying two
active carbene precursors may bring more inter- and intra-molecular interactions and more
possibility for formation of stable and metastable supramolecules. N-heterocyclic carbenes
(NHCs), unlike carbenes that are too reactive to be isolated, are electronically and sterically
stabilized and play an important role in organometallic chemistry and catalytic science
[12–16]. Deprotonating of NHC precursors is a common way to synthesize NHCs [17–23].
Thus, utilization of such N-substituted imidazolium salt as template affords opportunity to
explore the role of the counter cations in assembly and arrangement of halometal polyanions.

As extension of our research [24, 25], six NHCs precursors (table 1) based on templated
complexes were used to investigate effects of linear imidazolium-based template, 1,ω-bis
(3,3′-methylimidazolium)alkyl dibromide, on pure inorganic halometal clusters and reported
herein. These compounds were further characterized with IR spectra and thermal properties.

Table 1. The structures and names of diimidazolium N-heterocycles.

Names Schemes

1,1′-methylenebis(3-methyl-1H-imidazol-3-ium); abbr: [C1(Mim)2]
2+

N+N
N+ N

1,1′-(ethane-1,2-diyl)bis(3-methyl-1H-imidazol-3-ium); abbr: [C2(Mim)2]
2+

N+
N

N+
N

1,1′-(propane-1,3-diyl)bis(3-methyl-1H-imidazol-3-ium); abbr: [C3(Mim)2]
2+

N+
N N+

N
1,1′-(butane-1,4-diyl)bis(3-methyl-1H-imidazol-3-ium); abbr: [C4(Mim)2]

2+

N+ N
N+

N

2,10-dimethyl-6,7-dihydro-5H-diimidazo [1,5-a:5′,1′-c][1,4]diazepine-2,10-
diium; abbr: [C3′(Mim)2]

2+

N

N N

N

1,1′-(ethane-1,2-diyl)bis(3-methyl-1H-imidazol-3-ium-2-thiolate); abbr:
[C2(Mim)2S2]

N

N

N

N
SS
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2. Experimental

2.1. Materials and methods

1,ω-bis(3,3′-methylimidazolium)alkyl dications (ω = 1–4) were all prepared as bromide salt
by direct alkylation of 1-methylimidazole with 1,ω-dibromoalkanes, while acetonitrile
served as solvent [26]. Other chemicals and solvents were of analytical grade and obtained
from commercial sources without purification. The IR spectrum was recorded on a
Shimadzu IR435 spectrometer as KBr disk (4000–400 cm−1). A model NETZSCHTG209
thermal analyzer was used to record simultaneous TG curves in flowing air at 30 mL/min at
a heating rate of 5 °C/min to 800 °C using platinum crucibles.

2.2. Synthesis

2.2.1. Synthesis of 1. In a sealed tube to a solution of PbI2 (0.1 mM) and KI (0.5 mM) in
DMF a solution of KI (0.5 mM) in DMF/CH3OH (1 : 1, v/v, 10 mL) was added dropwise
and slowly to keep the interface clear. Then a solution of C4(Mim)2·2Br (0.1 mM, 38.0 mg)
in CH3OH (5 mL) was added carefully to the system. The reaction mixture was allowed to
stand at RT for about a week in the dark. Yellow crystals suitable for X-ray single crystal
diffraction analysis were collected in 75% yield. IR (KBr): 3447(s), 3086(w), 1629(w),
1588(m), 1559(m), 1450(w), 1423(m), 1161(s), 817(s), 732(s), 617(s), 614(s) cm−1.

2.2.2. Synthesis of 2. The procedure was similar to the synthesis of 1 with the solution of
C1(Mim)2·2Br (0.1 mM) in CH3OH (5mL) being added dropwise into solution of AgI
(0.1 mM) and KI (0.5 mM) in DMF. Keeping at RT for about a week in the dark resulted in
white crystals suitable for X-ray single crystal diffraction 60% yield. IR (KBr, cm−1): 3131(m),
1654(m), 1611(s), 1581(m), 1547(s), 1442(s), 1427(s), 1385(s), 1164(s), 1085(s) cm−1.

2.2.3. Synthesis of 3. The procedure was similar to the synthesis of 1 with solution of
C3(Mim)2·2Br (1.0 mM) in CH3OH (5 mL) being added dropwise into solution of AgI
(0.1 mM) and KI (0.5 mM) in DMF. White crystals suitable for X-ray single crystal diffrac-
tion analysis were collected in 45% yield. IR (KBr): 3149(W), 3095(m), 2975(m), 2865(m),
1645(m), 1578(m), 1562(m), 1455(m), 1172(s), 622(s) cm−1.

2.2.4. Synthesis of 4. The procedure was similar to the synthesis of 1 with solution of
C4(Mim)2·2Br (1.0 mM) in CH3OH (5 mL) being added dropwise into solution of AgI
(0.1 mM) and KI (0.5 mM) in DMF. White crystals suitable for X-ray single crystal dif-
fraction analysis were collected in 63% yield. IR (KBr): 3462(w), 3135(m), 3102(m),
3078(s), 2943(w), 1580(m), 1563(s), 1458(m), 1161(s), 827(s), 820(s), 816(m), 732(s),
615(s), 610(m) cm−1.

2.2.5. Synthesis of 5. The procedure was similar to the synthesis of 1 with solution of
C3(Mim)2·2Br (1.0 mM) in CH3OH (5 mL) being added dropwise into solution of CuBr
(0.1 mM) and KBr (0.5 mM) in DMF. Yellow crystals suitable for X-ray single crystal
diffraction analysis were collected in 40% yield. IR (KBr): 3107(s), 3088(s), 2945(w),

Cation-templated halometal complexes 809
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1675(m), 1557(s), 1544(m), 1445(m), 1412(m), 1373(m), 1244(m), 1189(m), 1077(w),
1039(m), 796(s), 778(s), 719(s), 667(s), 517(m) cm−1.

2.2.6. Synthesis of 6. (NH4)2MoO2S2 (0.3 mM), CuI (0.2 mM), and C2(Mim)2·2Br
(0.4 mM) were ground in an agate mortar and dissolved in 30 mL of DMF; the solution was
transferred to a flask and stirred for 10 h at 90 °C. The final solution was filtered and main-
tained in the dark. About three months later, deep-red crystals were obtained (yield 45%).
IR (KBr): 3447(s), 3093(m), 1654(w), 1565(m), 1478(m), 1419(m), 1402(m), 1251(s),
1200(m), 1142(w), 1092(w), 731(s), 671(s), 611(w), 507(m) cm−1.

2.3. X-ray crystallography study

Crystallographic data for 1–6 were collected at RT on a Bruker APEX-II area detector dif-
fractometer equipped with graphite-monochromated Mo-Kα radiation (λ = 0.71073 Å). The
structures were solved by direct methods and expanded using Fourier techniques. Non-
hydrogen atoms were refined with anisotropic thermal parameters. The hydrogens were
assigned with common isotropic displacement factors and included in the final refinement
by using geometrical constraints. The structures were refined with full-matrix least-squares
techniques on F2 using SHELXTL-97 [27]. Crystallographic data and structural refinement
details for 1–6 are summarized in table 2. Selected bond lengths and angles of 1–6 are sum-
marized in table 3.

3. Results and discussions

3.1. Synthesis

Crystallization of many halometallates were attempted separately with 1, ω-bis(3,3′-methyl-
imidazolium)alkyl (ω = 1–6) dibromide but only crystals of 1–6 were obtained. Remarkably,
we found a seven-membered ring formed via formation of a C–C bond of the carbene pre-
cursor [C3(Mim)2]

2+ in the structure of 5, and the cyclization product [C3′(Mim)2]
2+ of the

NHC precursor was first reported in this paper [scheme 1(a)]. When we investigated the
Mo(W)/Cu/S cluster-based hybrids [28(a)] assembled with the four title templates, structure
6 was realized, in which the carbene precursor [C2(Mim)2] reacted with S from
(NH4)2MoO2S2 (as a sulfur source) in the presence of CuI to form C–S bond in situ, resem-
bling the reaction of carbenes with O and S atoms [28(b)] [scheme 1(b)]. Except for the
template effect, [C2(Mim)2S2] in 6 also is a thiolate ligand to coordinate with Cu2I2 to gen-
erate the 2-D framework. There is no such interesting structure without NHCs reactions and
so 6 could be regarded as the first polyrotaxane example featuring the biimidazolium
thiolate cation ligand. New bonds (C–C or C–S) are formed via C–H activation. We assume
that copper(I) acted as catalyst in air in formation of 5 and 6, and the reported analogs [29]
in which copper(I) has the same role agreed with our results.

3.2. Crystal structures

3.2.1. Crystal structure of {[C4(Mim)2](Pb2I6)}n (1). As shown in figure 1(a), 1 features
chain-like (Pb2I6)n polyanions and organic dications. Each Pb is six-coordinate with six μ2-I
in octahedral geometry [2]. There are two crystallographically independent Pb2+ ions, and

810 H. Du et al.
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the alternative arrangement extends the ions into chains. The bond distances of Pb(1)···Pb
(2) and Pb(1)···Pb(2)# are 4.016 or 4.017 Å, longer than the sum of the van der Waals radii
of Pb2+ (3.62 Å), proving the absence of a Pb–Pb bond. The length of Pb–I ranges from
3.1902 to 3.2793 Å. The bond angles of Pb–I–Pb are 76.673°–77.253° and the bond angle
of I–Pb–I are 84.068°–95.932°. It is in channels surrounded by regular dications where the
polyanions are located, as shown in figure 1(b).

Table 3. Selected bond distances (Å) and angles (°) for 1–6.

Compound 1
Pb1–I2 3.1902(5) Pb1–I1 3.2347(5) Pb2–I1 3.2405(5)
Pb1–I3 3.2232(5) Pb2–I3 3.2111(5) Pb2–I2 3.2793(6)
I2–Pb1–I3 87.06(1) I3–Pb1–I1i 95.06(1) I1ii–Pb2–I2ii 84.06(1)
I2–Pb1–I3i 92.93(1) I3–Pb1–I1 84.93(1) I1–Pb2–I2ii 95.93(1)
I2–Pb1–I1i 94.39(1) I3–Pb2–I1ii 94.96(1) I1ii–Pb2–I2 95.93(1)
I2–Pb1–I1 85.60(1) I3–Pb2–I1 85.03(1) I1–Pb2–I2 84.06(1)

Compound 2
Ag1–I1 2.8319(9) Ag2–I2 2.8147(9) Ag2–I1 2.8910(9)
Ag1–I2 2.8428(9) Ag2–I3 2.8467(9) Ag1–Ag2 3.213(1)
Ag1–I4i 2.8524(9) Ag2–I4 2.8672(9) Ag2–Ag1 3.718(1)
I1–Ag1–I2 111.53(3) I3–Ag2–I4 99.03(3) Ag1–I1–Ag2 68.31(2)
I4i–Ag1–I3i 98.61(3) I2–Ag2–I1 110.61(3) Ag2–I2–Ag1 69.22(2)
I1–Ag1–I4i 112.08(3) I2–Ag2–I4 110.60(3) Ag2–I3–Ag1ii 81.00(3)
I2–Ag1–I3i 107.58(3) I3–Ag2–I1 109.22(3) Ag1ii–I4–Ag2 81.10(3)

Compound 3
Ag1–I2 2.8538(5) Ag2–I2i 2.8626(5) Ag2–I1ii 2.8661(5)
Ag1–I1 2.8832(5) Ag2–I2 2.8626(5) Ag2–I1iii 2.8661(5)
I2i–Ag1–I2 103.16(2) I1–Ag1–I1i 94.36(2) Ag2iv–I1–Ag1 85.28(2)
I2i–Ag2–I2 102.72(2) I1ii–Ag2–I1iii 95.09(2) Ag1–I2–Ag2 77.06(2)

Compound 4
Ag1–I1 2.8373(8) Ag1–I1i 2.8848(9) Ag2–I4 2.8808(8)
Ag1–I2 2.8413(8) Ag2–I2 2.8549(8) Ag2–I3 2.8868(8)
Ag1–I3 2.8796(8) Ag2–I4ii 2.8752(8) Ag1–Ag1i 3.314(1)
I1–Ag1–I2 110.87(3) I2–Ag2–I4ii 127.58(3) Ag1–I1–Ag1i 70.80(3)
I1–Ag1–I3 115.82(3) I2–Ag2–I4 104.33(2) Ag1–I2–Ag2 77.07(2)
I2–Ag1–I3 103.74(3) I4ii–Ag2–I4 95.10(2) Ag1–I3–Ag2 75.96(2)
I1–Ag1–I1i 109.20(2) I2–Ag2–I3 103.21(2) Ag2ii–I4–Ag2 84.90(2)

Compound 5
Br1–Cu1 2.370(1) Br2–Cu1 2.3937(9) Br3–Cu1 2.335(1)
C1–C2 1.34(1) C3–C4 1.445(9) C5–C6 1.35(1)
C1–N1 1.336(9) C3–N1 1.328(7) C4–N3 1.342(9)
C2–N2 1.358(9) C3–N2 1.31(1) C4–N4 1.336(8)
Br1–Cu1–Br2 114.24(4) N2–C3–C4 121.3(6) N4–C7–C8 114.5(6)
Br3–Cu1–Br1 125.50(4) N4–C4–C3 122.7(7) C7–C8–C9 116.0(7)
Br3–Cu1–Br2 120.18(4) C5–C6–N4 107.5(7) N2–C9–C8 113.2(7)

Compound 6
Cu1–S1i 2.415(3) Cu1–I1 2.650(2) S1–C2 1.705(8)
Cu1–S1 2.434(3) S1–Cu1iii 2.415(2)
S1i–Cu1–S1 109.07(7) Cu1–I1–Cu1ii 71.77(5) C2–S1–Cu1iii 104.8(3)
S1–Cu1–I1 109.37(8) Cu1iii–S1–Cu1 148.7(1) C2–S1–Cu1 97.0(3)

Symmetry codes for 1: (i) −x, −y + 1, −z + 1 (ii) −x + 1, −y + 1, −z + 1 (iii) −x, −y + 2, −z + 1; Symmetry codes for 2: (i) −x + 1,
y − 1/2, −z + 1/2 (ii) −x + 1, y + 1/2, −z + 1/2; Symmetry codes for 3: (i) −x + 1, y, −z + 1/2 (ii) x, y + 1, z (iii) −x + 1, y + 1, −z + 1/2
(iv) x, y − 1, z; Symmetry codes for 4: (i) −x + 1, −y + 1, −z + 1 (ii) −x, −y, −z; Symmetry codes for 5: (i) −x, −y, z + 1/2 (ii) −x +
1/2, y + 1/2, z + 1/2; Symmetry codes for 6: (i) x, −y + 1/2, z + 1/2 (ii) −x, −y, −z + 2 (iii) x, −y + 1/2, z − 1/2.
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3.2.2. Crystal structure of {[C1(Mim)2] (Ag2I4)}n (2). As shown in figure 2(a), the μ2-I
connects two crystallographic independent silver ions and the alternative arrangement of Ag
(1) and Ag(2) extend the ions into 1-D chains. The Ag–I distances are 2.8147–2.8911 Å.
The Ag–I–Ag bond angles are 68.31(2)°–81.10(3)° and the I–Ag–I bond angles are 98.61
(3)°–116.32(3)°, indicating distorted tetrahedral geometry. The Ag(1)–Ag(2) bond length is
3.214 Å, which is shorter than the sum of the van der Waals radii of Ag (3.50 Å) and indi-
cates the presence of Ag–Ag interaction; Ag(2)–Ag(1)# is 3.719 Å, which is longer than
3.50 Å and indicates the absence of Ag–Ag interaction. These Ag–Ag interactions occurred
in the chain alternatively and emphasized the uniqueness of this compound compared with
reported linear AgI chains with continuous Ag–Ag interactions [3(a)] or without Ag–Ag
interactions [3(b) and (c)]. All the organic dications stand in regular packing mode along
those chains to balance charge, as shown in figure 2(b).

3.2.3. Crystal structure of {[C3(Mim)2](Ag2I4)}n (3). The structure consists of organic
dications and (Ag2I4)n polyanions trapped in the channels formed by the dications
[figure 3(a)]. Through Ag coordination with four μ2-I in tetrahedral geometry, polyanions
are extended into 1-D chains similar with that in 2 except Ag–Ag interaction. Ag(1) and
Ag(2) extend alternatively along the inorganic chains. The Ag···Ag distance is 3.561 or
3.894 Å, both of which are longer than the sum of the van der Waals radii of Ag+ [3(b)
and (c)]. The Ag–I–Ag bond angles are 85.275° and 77.061° and the I–Ag–I bond angles
are 94.36°–118.37°. The channels surrounded by dications accommodate the inorganic
chains [figure 3(b)].

3.2.4. Crystal structure of {[C4(Mim)2](Ag2I4)}n (4). Similar with 3, 4 features chain-like
polyanions and flexible dications surround them as shown in figure 4(a). Each Ag is four-
coordinate with μ2-I forming a tetrahedron and iodide bridging to combine Ag ions forming
an infinite chain. Two crystallographic independent silver ions stack in Ag(1)–Ag(1)–Ag
(2)–Ag(2)–Ag(1)–Ag(1) mode along the inorganic chains. The Ag–Ag distances in Ag(1)–
Ag(1)#, Ag(1)–Ag(2), and Ag(2)–Ag(2)# are 3.315, 3.549, and 3.885 Å, respectively, and

Cu(I)

in air

[C3(Mim)2] 2+
[C3

'(Mim)2] 2+

N+

N

N+

N
(NH4)2MoO2S2+ Cu(I)

in air N

N

N

N
SS

[C2(Mim)2] 2+
[C2(Mim)2S2] 2+

N+
N N N+

N

NN

N

(a)

(b)

Scheme 1. (a) Schematic representation of the cyclization of imidazolium salt [C3(Mim)2]
2+ occurring during

crystallization of 5. (b) Schematic representation of the C–S bond formation in imidazolium salt [C2(Mim)2] occur-
ring during crystallization of 6.
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show no evident Ag–Ag interactions. The Ag–I bond lengths are 2.837–2.887 Å and the
I–Ag–I bond angles are 103.74°–115.82°, which show us the distorted tetrahedron due to
the effect of the organic dications via weak interactions. The Ag–I–Ag bond angles are
70.80°–84.90°. The polyanions are embraced by the trans dications, as shown in figure 4(b).

3.2.5. Crystal structure of {[C3′(Mim)2] (CuBr3)} (5). The unit structure of 5 consists of
one Cu coordinated with three μ-Br [8] and one dication [figure 5(a)]. The C–H···Br short
contacts hold the components together. In comparison with 3, the original dication con-
verted into a seven-membered-ring product via C–C coupling in the presence of CuBr

Figure 1. (a) The unit structure of 1 (symmetry codes: #1 − x, −y + 1, −z + 1; #2 −x + 1, −y + 1, −z + 1; #3 −x,
−y + 2, −z + 1). (b) The 3-D packing architecture of 1.
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instead of AgI. According to the literature [29, 30–32(a)], [C3(Mim)2] was oxidized by
oxygen in air catalyzed by Cu(I), proving the high activity of NHCs precursors. The Cu–Br
bond lengths are 2.336–2.394 Å and the Br–Cu–Br bond angles 114.24°–125.50°, which
both indicate the template effect of organic cation on the triangle geometry of the metal by
Cu–Br···H bonds and electrostatic interactions [figure 5(b)].

3.2.6. Crystal structure of {[C2(Mim)2S2]2(Cu2I2)}n (6). The X-ray single-crystal struc-
ture shows that 6 crystallizes in the monoclinic system with the space group P21/c. The unit
structure of 6 is shown in figure 6(a). In this structure there exists a 12-member ring

Figure 2. (a) The unit structure of 2 (symmetry codes: #1 −x + 1, y − 1/2, −z + 1/2; #2 −x + 1, y + 1/2, −z + 1/2).
(b) The 3-D packing architecture of 2.
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molecular box and related rotaxane structure [figure 6(b)]. Two Cu ions coordinating with
two μ2-I [Cu–I, 2.650(1) Å] form a four-member ring. It is μ2-S coordinating to copper
[Cu–S, 2.415(3) or 2.434(3) Å] that bridge to connect above building blocks into the 12-
member ring (–Cu–I–Cu–S–Cu–S–)2, and extend into a 2-D network. In each molecular
ring, anti-configurational [C2(Mim)2S2] formed via the C–H bond activation of the NHC
precursor and the formation of S1–C2 bonds and then all the cations were connected with
inorganic anions. In other words, each molecular ring was penetrated by the [C2(Mim)2S2]
ligand at the loosest point, thus a 2-D coordination polymer framework based on the
formation of a pseudorotaxane by threading of the 12-member molecular wheel with
[C2(Mim)2S2] string axle formed. Topologically, the network can be identified as a 2-D
(6, 3) net, shown in figure 6(c).

Figure 3. (a) The unit structure of 3 (symmetry codes: #1 −x + 1, y, −z + 1/2; #2 x, y + 1, z; #3 −x + 1, y + 1,
−z + 1/2; #4 x, y − 1, z; #5 −x, y, −z + 1/2). (b) The 3-D packing architecture of 3.
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3.3. TGA

In order to investigate the relation between weak interactions/metal–metal interactions and
the thermostability of lead/cuprous/silver halides, the TGA experiments of 1–6 were carried
out up to 900 °C in flowing air. The TG curves of 1–6 are shown in figure S1(a–f), see
online supplemental material at http://dx.doi.org/10.1080/00958972.2014.908288. The
decomposition of 1 mainly proceeded in two stages. The first stage took place from 300 to
425 °C and probably corresponds to elimination of dications [C4(Mim)2]; the second stage
from 495 to 860 °C mainly involved burning of the inorganic framework. The TG data
showed that the decomposition of 2 took place from 265 to 440 °C (related to the elimina-
tion of organic cations [C1(Mim)2]). The mass decreased sharply after 675 °C to the end.

Figure 4. (a) The unit structure of 4 (symmetry codes: #1 −x + 1, −y + 1, −z + 1; #2 −x, −y, −z). (b) The 3-D
packing architecture of 4.
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As the TG curve shows, decomposition of 3 took place at 300–440 °C and 440–635 °C,
which correspondingly related to elimination of organic cations [C3(Mim)2] and the extreme
burning of the inorganic component. Similarly, decomposition of 4 took place from 296 to
425 °C because of the loss of organic cation [C4(Mim)2]. The mass decreased from 680 °C
to the end, due to burning of the inorganic materials. The TG curve of 5 showed that the
decomposition took place at 220–420 °C corresponding to decomposition of organic cat-
ions. From 655 °C to the end the mass decreased because of the inorganic burning. The TG
curve of 6 showed that the organic cations decomposed at 280–385 °C, and the inorganic
frameworks were burned from 495 °C to the end with the mass decreasing continually.

Figure 5. (a) The unit structure of 5. (b) The 3-D packing architecture of 5.
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Thermal behavior of 1–4 and 6 are similar and the loss of organic dications mainly
occurred near 300 °C, which means weak interactions such as C–H···I/Br have limited
influence on thermostabilities. In contrast, the initial decomposition temperature of 5
decreased (far below 300 °C), indicating a lower thermal stability of the NHC cyclization
product [C3′(Mim)2]

2+. There are residues of 2, 4, and 6 at 900 °C compared with 1, 3, and
5 which are consistent with the existence of metal–metal interactions or coordination bonds
in the former.

Figure 6. (a) The unit structure of 6 (symmetry codes: #1 x, −y + 1/2, z + 1/2; #2 −x, −y, −z + 2; #3 x, −y + 1/2,
z − 1/2; #4 −x, −y + 1, −z + 2). (b) The two-layer packing architecture of 6. (c) View of the coordination environ-
ment of Cu in 6 along the a-direction, showing the (6,3) topology.
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4. Conclusion

We prepared six halometal complexes templated by linear imidazolium-based organic
cations 1,ω-bis(3,3′-methylimidazolium)alkyl dibromide. Similar carbene precursor and
metal–NHC complexes were reported by Özdemir et al. [32(b) and (c)] and our work
showed that the metal halides (PbI2, AgI, CuBr, and CuI) were not ideal metal bases for
formation of NHC complexes. From the six crystal structures of 1–6, different templates
make differences to the coordination environment of the transition metal ions. Compounds
2, 3, and 4 possess similar 1-D chain structures with different organic cations trapped. We
found that Ag1–Ag2 bonds exist only in 2; 3 or 4, induced by the smaller NHC precursor
[C1(Mim)2], and show different cations have special effects on polyanions, and smaller
organic cations may facilitate formation of the Ag···Ag interactions via hydrogen bonds
and electrostatic interactions. Unexpectedly, oxidative coupling reactions occur to both
NHCs precursors among 5 and 6 with copper(I). [C3(Mim)2]

2+ in 5 has been changed to a
seven-membered ring via double C–H activation in the presence of Cu(I) and air; the
seven-membered ring is stabilized by conjugation. [C2(Mim)2S2] in 6 forms C–S bonds
in situ via C–H activation catalyzed by Cu(I) under air, and the thiolate is a bridge to
coordinate with Cu2I2 generating a 2-D organic framework. Although a series of bication-
templated inorganic polymeric nets have been described [33–36], 5 has a different and more
interesting structure than those. Compound 6 may be regarded as the first polyrotaxane
example featuring the biimidazolium thiolate cation ligand. Further research about the
mechanism and reactions of NHCs precursors’ is currently underway.

Supplementary material

CCDC reference numbers 871217–871222 contain the supplementary crystallographic data
for 1–6. These data can be obtained free of charge via http://www.ccdc.cam.ac.uk/conts/
retrieving.html, or from the Cambridge Crystallographic Data Center, 12 Union Road,
Cambridge CB21EZ, UK; Fax: +44 1223 336 033 or E-mail: deposit@ccdc.cam.ac.uk.
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