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Self-assemblies of the conformationally labile ditopic ligand
1,3-bis(4-pyridylthio)propan-2-one (L) with square-planer
nodes CoII, NiII and with linear nodes AgI have afforded
three new coordination polymers, {[Ni(L)2Cl2]}� (1), {[Co(L)2-
(SCN)2]·(DMF)2}� (2) and {[AgL]NO3}� (3), respectively.
Structural analyses of these polymers and conformational
analyses of L have revealed that metal-assisted conforma-
tional selectivity and unique combinations of conformational
isomers of L around the metal nodes probably play the key
role in determining the structural topologies. In 1, a C2 sym-
metric array of two sorts of conformational isomers of L

Introduction

Flexible ditopic or multitopic organic ligands that en-
code more variable chemical information, such as their flex-
ibility and conformational freedoms, have attracted increas-
ing interest in crystal engineering.[1–11] A combination of
selective metal ions with tailored flexible ligands is very
fruitful in building a large assortment of coordination poly-
mers with unique architectures,[12–19] sometimes with inter-
penetrations[20–24] and interesting material properties.[25–29]

Moreover, some conformational isomers of a flexible ligand
in solution may be induced, enhanced, recognized and sta-
bilized by numerous factors, especially by metal coordina-
tion preferences in a self-assembly process, providing ad-
ditional opportunities to design and build unique coordina-
tion motifs as well as to separate an unfavorable conforma-
tion. This is clearly highlighted by Stang’s rational design
based on the conformationally defined dihedral angle of
4,4�-dithiodipyridine,[30] although such cases are still com-
paratively rare.

Recently, we have concentrated on the coordination
chemistry of flexible ligands, particularly on metal-based
supramolecular architectures of N-containing heterocyclic
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around NiII centers results in a 3D interpenetrating frame-
work, while in 2 a combination of two types of conforma-
tional isomers of L around the inversion center CoII provides
a 3D interpenetrating architecture of CdSO4-like topology. In
3, L presents only a typical conformation, with higher steric
energy, that links linear nodes AgI, leading to a 1D U-like
chain. The magnetic properties of 1 and 2, as well as the
interesting fluorescent properties of 3, have also been inves-
tigated.
(© Wiley-VCH Verlag GmbH & Co. KGaA, 69451 Weinheim,
Germany, 2005)

thioethers with various arene bridges, and have obtained
several unique structural motifs.[31–34] While this work was
in progress several reports of new AgI polymers coordinated
by related N-containing heterocyclic thioethers with alkane
bridges appeared.[35,36] Pursuing our work in this area, we
deliberately designed dithioether ligand 1,3-bis(4-pyridyl-
thio)propan-2-one (L) (Scheme 1). The advantages of this
ligand are (i) as arene bridges are displaced by propan-2-
one groups, the conformational transformation barrier is so
low that some conformations of L may be induced by weak
forces, such as solvent and electrostatic effects, and recog-
nized by metal-coordination and further stabilized in
crystallization; (ii) the relative rigidity resulting from the
permanent planar requirement of the propan-2-one group,
needed for sp2 hybridization of its central carbon, enlarges
conformational otherness, resultining in differences from
analogs with simple alkane bridges; (iii) incorporating the
ketone group into the alkane chain endows the ligand with
a hydrogen-bond receptor, which will functionalize the re-
sultant architecture. Consequently, using L to assemble
with the square-planar nodes NiII and CoII in solvothermal
methanol or DMF/diethyl ether systems, we were able to
prepare two new 3D interpenetrating polymers with distinc-
tive topologies, owing to metal-assisted conformational se-
lectivity and unique combinations of ligand L. In contrast,
the assembly of L with linear node AgI in a three-layered
diffusion system produced a 1D U-like polymer, where ni-
trate anions template both the architecture of the polymer
and the typical conformation of L. We report here the re-
sultant structures of {[Ni(L)2Cl2]}� (1), {[Co(L)2(SCN)2]
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·(DMF)2}� (2) and {[AgL]NO3}� (3), along with conforma-
tional analysis of L. Furthermore, we also report quantita-
tive magnetic characterizations of complexes 1 and 2, and
the fluorescence properties of ligand L and complex 3.

Scheme 1. Ligand L.

Results and Discussion

Synthesis and Conformational Analysis of 1,3-Bis(4-pyridyl-
thio)propan-2-one (L)

Ligand L was prepared by the substitution reaction of
1,3-dichloro-2-propanone and sodium methylate, following
the strategy we utilized previously to synthesize N-contain-
ing heterocyclic thioether ligands;[31–34] however, the sepa-
ration of L from the oil phase was a key problem. Ulti-
mately, the pure solid-phase of L was obtained through sub-
tle use of its temperature-dependent solubility in water in
the separation and purification process.

Scheme 2. Formation process of conformational isomers of L (with the A form as example) and representation of conformational isomers
of ligand L obtained in its coordination complexes.

© 2005 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim www.eurjic.org Eur. J. Inorg. Chem. 2005, 1303–13111304

Propan-2-one is a planar molecule that shows no confor-
mation due to sp2 hybridization of its central carbon atom.
However, as sulfur atoms are introduced at the 1 and 3 car-
bon atoms, the substituted compound displays three typical
conformations, namely A, B and C isomers. In addition, as
two 4-pyridyl groups are bound to the two sulfur atoms,
three typical conformational isomers are expected, e.g. A1,
A2 and A3 of conformation A (Scheme 2). Thus the re-
sulting ligand L can adopt many conformational isomers.
Generally, these conformational isomers will be balanced in
solution due to their lower steric and larger solvation en-
ergy. Among them, five types of conformational isomers of
L were obtained through assembly of L with tailored metal
nodes (Scheme 2). The common feature of isomers A1, A2
and A3 is that the two sulfur atoms linked to propan-2-
one group are almost coplanar with propan-2-one group
(namely plane SCCCS). For the A1 conformation, the two
nitrogen atoms of pyridyl groups are also located in the
SCCCS plane, similar to the optimized conformational iso-
mer Lideal by Gaussian 03.[37] However, the combination of
two pyridyl groups at either the same or each side of the
SCCCS plane will afford isomer A2 or A3, respectively. For
C1 and C2 isomers, their two 4-mercaptopyridine groups
bind to each side of the propan-2-one plane to form the
trans conformations, but the obvious distinction shown in
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Scheme 2 defines them as different conformations. Further-
more, using Gaussian 03 we calculated quantitatively their
conformational energies (Table S1). Compared with the op-
timized conformational isomer Lideal (the energy of Lideal is
arbitrarily regarded as the standard of zero), their steric
energies (kJ mol–1) are evaluated as EA1

steric 400.94, EA2
steric

411.65, EA3
steric 406.01, EC1

steric 389.86 and EC2
steric 724.51.

Clearly, the energy gaps between those conformational iso-
mers range from 5 to 22 kJmol–1, except for EC2

steric which
is notably higher due to the relatively low statistical distri-
bution of propan-2-one groups in this L. But as we will
show, metal-induced conformational isomers A1, A2, C1
and C2 and their unique combinations around metal cen-
ters may play a crucial role in pre-defining the resultant
polymeric architectures.

Crystal Structures of {[Ni(L)2Cl2]}� (1) and {[Co(L)2(SCN)2]·
(DMF)2}� (2)

Complex 1 was obtained from a solvothermal methanol
system. An X-ray structural analysis discloses that it crys-
tallizes in orthorhombic space group Ibca and is a 3D six-
fold interpenetrating diamondoid framework. Each NiII

center is in a distorted octahedral environment surrounded
by four pyridines that occupy equatorial sites in a pad-
dlewheel array and two Cl– that occupy axial sites (see a in
Figure 1). The Ni–N bond distances range from 2.123(8)
to 2.128(8) Å and Ni–Cl is 2.398(3) Å, while the in-plane
andaxis-transition angles are 179.4(3) and 179.33(17)°,
respectively. The NiII centers are linked by four L and act
as square-planar nodes in the network. Exo-bidentate spa-
cers L in 1 display A1 and C1 conformational isomers, and
the unique array in A1A1C1C1 form around the metal cen-
ters produces a C2 axis that passes through the NiII center
and equally bisects the equatorial plane N1–N1A–N2A–
N2. Furthermore, neighboring L around the Ni1 center ex-
tend above or below the equatorial plane, resulting in the
sharp deviation of binding sites N1B, N1C, N2B and N2C
from the least-squares plane N1–N1A–N2A–N2–Ni1, with
deviation distances of N1B, N1C, N2B and N2C from the
least-squares plane of 4.98771, –4.98771, –6.0371 and
6.0371 Å, respectively. Clearly, the four nickel(ii) nodes
bonded by N1B, N1C, N2B and N2C atoms are expected
to be at the vertexes of a distorted tetrahedron. In this man-
ner, a 3D diamondoid framework forms (b in Figure 1),
which is indicative of a distinctive difference from widely
encountered 2D grids constructed by square-planar nodes
with other ditopic ligands.[38–41] Adjacent NiII···NiII bridged
by A1 and C1 are separated by 16.435 and 14.869 Å,
respectively (b in Figure 1). The long spacers between coor-
dination sites result in large cavities within the diamondoid
cages. However, due to the absence of large guest molecules
to fill the void space, the potential voids are filled through
mutual interpenetration of five independent equivalent
frameworks, generating a sixfold interpenetrating 3D archi-
tecture (c in Figure 1).

Eur. J. Inorg. Chem. 2005, 1303–1311 www.eurjic.org © 2005 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim 1305

Figure 1. Views of the C2 symmetric array of conformational iso-
mers A1 and C1 around six-coordinate NiII centers (a), the single
diamondoid cage generated through twelve L (six A1 and six C1)
bridging ten NiII centers (b), and the sixfold interpenetrating dia-
mondoid network with bridging and terminal ligands L and Cl–

omitted for clarity (c) in 1.

Complex 2, assembled in a DMF/diethyl ether system,
crystallizes in monoclinic space group C2/c and possesses
a 3D threefold interpenetrating network with CdSO4-like
topology. Each CoII center in 2 is also in a compressed octa-
hedral environment surrounded by four pyridines, which oc-
cupy equatorial sites, and by two SCN– that occupy axial
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sites (a in Figure 2). The Co–N bond distances range from
2.087(6) to 2.210(5) Å while the in-plane and axis-transition
angles are 180.0(3) and 180.0(2)°, respectively. In complex
2, each CoII center, linked by four L, plays the role of
square-planar node, in the same way as the NiII node in
complex 1. Exo-bidentate spacers L in 2, however, display
A1 and C2 conformational isomers and array in
A1C2A1C2 form around the inversion center CoII. More-
over, two A1 isomers bound to the Co1 center extend either
above or below the least-squares plane N1–N2–N1A–N2A–
Co1, with their binding sites N1B and N1C deviating
sharply from the least-squares plane, by –8.1064 and
8.1064 Å, respectively. In contrast the N2B and N2C bind-
ing sites of the two C2 isomers deviate comparatively
slightly from the least-squares plane, by –1.9237 and
1.9237 Å, respectively. Consequently, the architecture of 2
is completely different from that of 1 with the diamondoid

Figure 2. Combination of conformational isomers A1 and C2 around the inversion center of the six-coordinate CoII (a), the 3D open
framework containing large tunnels (b), schematic of the CdSO4-like topology (c) and the 3D threefold interpenetrating network with
bridging and terminal ligands L and SCN– omitted for clarity (d) in 2.

© 2005 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim www.eurjic.org Eur. J. Inorg. Chem. 2005, 1303–13111306

framework. As clearly shown in part b of Figure 2, the com-
bination of A1 isomers and CoII nodes forms 1D undulat-
ing chains, which are further alternately connected along
two perpendicular directions by the coordination of C2 iso-
mers with CoII nodes. Consequently, a 3D network with a
CdSO4-type topology is generated. Furthermore, the
CdSO4-like architecture produces large channels that have
an opening of about 30.720×14.722 Å2 (see b and c in Fig-
ure 2). Part d in Figure 2 shows the threefold interpen-
etration of CdSO4-like architecture in the crystal, which ef-
fectively reduces the void space. Even so, it has a porous
rather than a close-packed structure, such that DMF mole-
cules are entrapped within it.

A combination of four-connected nodes and ditopic li-
gands can provide 2D grids or novel 3D nets, some interest-
ing architectures of which have been exploited recently.[42,43]

Notably, both complex 1 and 2 are 3D nets bridged by the
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same ditopic ligands L bonded to four-connected nodes
CoII or NiII, but possess different topologies. Although
many factors are involved, conformational isomers of L and
their unique combination around metal centers, as depicted
above, presumably play the key role in determining the
structural topologies.

Crystal Structure of {[AgL]NO3}� (3)

Complex 3, obtained through a three-layered diffusion
method, crystallizes in orthorhombic space group Pnma
and possesses a 1D U-like chain architecture. The AgI ion
in 3 shows linear coordination, in which the N1–Ag1–N1A
angle is 180.0(3)° and Ag1–N1 and Ag1–N1A bond lengths
are 2.151(7) Å (Figure 3). Each L, similar to other dithio-
ether ligands containing 4-pyridyl groups in AgI com-
plexes we reported previously,[34] acts as an exo-bidentate
ligand and bridges two AgI centers with its two pyridyl ni-
trogen atoms to construct a 1D chain structure. Interest-
ingly, L in 3 only presents an A2-typical conformation with
higher steric energy than that of isomers A1 and A3. The
inversion array of A2 around AgI centers results in the
unique U-like framework, with the AgI···AgI distance and
deep length of the “U” chain (S···S) being 7.283 and
13.365 Å, respectively, which differ from the structures
found in AgI and N-containing heterocyclic thioethers.[34,36]

Notably, nitrate ions located in “U” chains stabilize the A2-
typical conformation of L through weak interactions be-
tween its oxygen atoms and AgI (O3···Ag1A and O3···Ag1,
2.872 Å).

Figure 3. 1D U-like chain architecture in 3, showing the weak inter-
actions between the counter-anion and AgI as well as the template
of counter-anions.

Magnetic Properties of Complexes 1 and 2

The temperature (T) dependencies of the magnetic
susceptibility (χM) of complexes 1 and 2 were measured in
the range 2–298 K under fixed fields of 5 and 10 kG, respec-
tively; Figures 4 (see a and b) show the corresponding χM

vs. T and μeff vs. T plots. For 1, μeff decreases very slowly
from 3.45 μB at 298 K to 3.29 μB at 8 K and then rapidly
decreases to 2.53 μB at 2 K. The μeff of 3.45 μB per NiII at
room temperature is larger than that calculated for the spin-
only case (2.83 μB), revealing a significant orbital contri-
bution, which always causes zero-field splitting. The mag-
netic behavior of complex 1 can be explained by large zero-
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field splitting, as well as a weak ferromagnetic interaction
under the molecular field approximation. The best fit of
Equation (1) to the data was achieved with g = 2.31, D/k =
12.25 K, θ = 0.94 and R = 4.5×10–6 [R = ∑(χobsd –χcacld)2/
∑χobsd

2].

Figure 4. χM (�) and μeff (Δ) vs T with the theoretical fit (−) for 1
(a), and χM (�) and μeff (�) vs. T with the theoretical fit (−) for 2
(b).

For complex 2, the experimental μeff per CoII ion at room
temperature is ca. 5.38 μB, which is larger than that calcu-
lated for the spin-only case (3.87 μB), indicating a typical
contribution of the orbital momentum for the 4T1

g ground
state.[44] Upon cooling, μeff gradually decreases to 4.06 μB

at 9 K and then dramatically decreases to 3.35 μB at 2 K.
The χM

–1 vs. T plot is essentially linear, and least-squares
fitting of the data to the Curie–Weiss law gives C =
3.62 cm3 mol–1 K and θ = –17.50 K. The negative value of θ
may be attributed to antiferromagnetic interactions between
CoII ions. To date, quantitative magnetic analyses of co-
balt(ii) complexes have been a challenge due to the com-
plexity of magnetic anisotropy originating from spin–orbit
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coupling and axial distortion. However, when cobalt(ii) ions
are located in a perfect or slightly distorted octahedral li-
gand field, the isotropic model proves to be preferable for
describing the magnetic data.[45] As indicated in the struc-
ture description, each CoII center in 2 is ligated by six nitro-
gen atoms in a slightly distorted octahedral geometry and
these metal nodes are linked by long spacers L to build a
3D CdSO4-like framework. Thus, a simplified analysis of
this coupling system is based on considering the exchange
coupling between two adjacent paramagnetic centers in an
infinite chain and interchain interaction (zJ) under the mol-
ecular field approximation. Assuming an isotropic exchange
between CoII ions, the magnetic susceptibility per CoII ion
can be expressed as:

The best fit (assuming zJ = 0) of the experimental data
to Equation 2 yields J = –0.36 cm–1, g = 2.28, with an agree-
ment factor R = ∑(χobsd –χcacld)2/∑χobsd

2) = 2.0×10–5. It
seems that the spin-only model gives quite a good fit.

On the basis of the molecular structures and the mag-
netic calculations of complexes 1 and 2, we conclude that
the interaction via the bridge L is very weak – indicative of
the long and unconjugated ligand L being unfavorable for
the electronic interactions needed for efficient superex-
change between paramagnetic metal centers.

Fluorescence Properties of Ligand L and Complex 3

Figure 5 depicts solid-state photoluminescent spectra of
3 and free ligand L at room temperature. Free ligand L is
strongly photoluminescent and exhibits intense green emis-
sion with a single broad band at λmax = 537 nm, corre-
sponding to an excitation at λmax = 370 nm. The emission
properties of 3 are complicated and very interesting. Al-
though several AgI polymers that emit photoluminescence
at room temperature have been reported,[46–49] complex 3
shows, unusually, multiple emission bands. When excited at
365 nm, it displays two weaker blue emission bands at λmax

= 416 and 442 nm and one stronger, broad, green emission
band at λmax = 541 nm. The low-energy band of 541 nm for
3 is very similar to that found for free ligand L in terms of
position and band shape. Therefore, it is assigned to a sil-
ver(i)-perturbed intraligand transition. Perhaps, the two
higher energy emission bands with weaker intensities, in-
dicative of a slight modification in the photoluminescent
activity in 3, could be ascribed tentatively to either ligand-
to-metal (LMCT) or metal-to-ligand charge-transfer transi-
tions (MLCT), but further exact assignments have not car-
ried out. Notably, free ligand L and its AgI complex 3 dis-
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play useful photoluminescent activity in the blue/green re-
gion.

Figure 5. Fluorescence spectra of ligand L excited at 370 nm (dot-
ted line) and complex 3 excited at 365 nm (solid line) in the solid
state at room temperature.

Conclusions

We have synthesized flexible ligand L [L = 1,3-bis(4-pyri-
dylthio)propan-2-one] and its three new coordination poly-
mers {[Ni(L)2Cl2]}� (1), {[Co(L)2(SCN)2]·(DMF)2}� (2)
and {[AgL]NO3}� (3). Assemblies of L with four-connected
square-planar nodes NiII and CoII lead to two 3D interpen-
etrating nets with distinct topologies due to the metal-as-
sisted conformational selectivity and unique combinations
of ligand L around the metal centers. In 3, L only presents
a typical conformation, with higher steric energy, that links
linear nodes AgI, leading to a 1D U-like chain, where
counter-anions template both the architecture of the poly-
mer and the A2-typical conformation of L. Clearly, L pres-
ents conformational lability that can be utilized in metal-
assisted assemblies to affect the coordination architectures.
Magnetic studies on complexes 1 and 2 show that the long,
unconjugated ligand L is unfavorable for the electronic in-
teractions needed for efficient superexchange between para-
magnetic metal centers. Interestingly, complex 3 displays
unusual fluorescent emission with multiple bands in the
blue/green region. Moreover, as the ketone group incorpo-
rated into the ligand will functionalize the resultant archi-
tecture, further exploitation of such ligands in crystal engi-
neering and material is underway.

Experimental Section
WARNING! Although we experienced no problems in handling
these perchlorate compounds, they should be treated with great
caution due to their potential for explosion.

General Remarks: All materials, reagents and solvents were pur-
chased from commercial sources and used as received. Elemental
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Table 1. Crystal data and structure refinement for 1–3.

1 2 3

Empirical formula C26H24Cl2N4NiO2S4 C34H38CoN8O4S6 C13H12AgN3O4S2

Formula mass 682.34 874.01 446.25
Temperature [K] 293(2) 130(2) 293(2)
Crystal system orthorhombic monoclinic orthorhombic
Space group Ibca C2/c Pnma
a [Å] 18.447(11) 22.65(4) 5.5447(5)
b [Å] 15.952(8) 16.34(2) 14.5664(15)
c [Å] 21.40(2) 12.57(5) 22.6241(22)
α [°] 90.00(0) 90.00(0) 90.00(0)
β [°] 90.00(0) 118.60(4) 90.00(0)
γ [°] 90.00(0) 90.00(0) 90.00(0)
V [A3] 6297(8) 4086(18) 1827.3(0)
Z, ρcalcd. [Mg m–3] 8, 1.439 4, 1.421 4, 1.622
μ (Mo-Kα) [mm–1] 1.081 0.774 1.351
θ range [°] 2.54 to 22.50 1.61 to 22.50 3.60 to 22.50
Goodness-of-fit on F2 0.974 1.090 1.301
R1, wR [I � 2σ(I)] 0.0944, 0.2329 0.0709, 0.1933 0.0660, 0.1578
(all data) 0.1372, 0.2728 0.0737, 0.1959 0.0695, 0.1601

Table 2. Selected bond lengths [Å] and angles [°] for 1–3.

Complex 1
Ni1–N1 2.128(8) Ni1–N1A 2.128(8)
Ni1–N2 2.123(8) Ni1–N2A 2.123(8)
Ni1–Cl1 2.398(3) Ni1–Cl1A 2.398(3)
N2–Ni1–N1 87.8(3) N1–Ni1–N1A 92.4(5)
N2–Ni1–N2A 92.1(5) N2A–Ni1–N1A 87.8(3)
N1–Ni1–Cl1A 90.1(2) N1A–Ni1–Cl1 90.1(2)
N2–Ni1–Cl1A 91.2(2) N2A–Ni1–Cl1A 89.3(2)
N1–Ni1–Cl1 89.5(2) N1A–Ni1–Cl1A 89.5(2)
N2–Ni1–Cl1A 89.3(2) N2A–Ni1–Cl1 91.2(2)
N2A–Ni1–N1 179.4(3) N2–Ni1–N1A 179.4(3)
Cl1A–Ni1–Cl1 179.33(17)
Complex 2
Co1–N1 2.210(5) Co1–N1A 2.210(5)
Co1–N2 2.165(6) Co1–N2A 2.165(6)
Co1–N3 2.087(6) Co1–N3A 2.087(6)
N2–Co1–N1 88.7(2) N3–Co1–N1 91.5(2)
N3–Co1–N2 89.7(3) N3–Co1–N2A 90.3(3)
N3A–Co1–N2A 89.7(3) N3A–Co1–N2 90.3(3)
N3–Co1–N1A 88.5(2) N3A–Co1–N1A 91.5(2)
N2A–Co1–N1A 88.7(2) N2–Co1–N1A 91.3(2)
N3A–Co1–N1 88.5(2) N2A–Co1–N1 91.3(2)
N1A–Co1–N1 180.0(3) N2A–Co1–N2 180.0(3)
N3–Co1–N3A 180.0(2)
Complex 3
Ag1–N1 2.151(7) Ag1–N1A 2.151(7)
N1A–Ag1–N1 180.0(3)
Symmetry codes: A = ½ –x, y, –z for 1; A = ½ –x, ½ –y, –z for 2; A = –x, 1 –y, –z for 3.

analyses were determined on an Elementary Vario ELIII elemental
analyzer. IR spectra were measured as KBr pellets on a Nicolet
Magna 750 FT-IR spectrometer in the range 400–4000 cm–1. The
NMR spectrum was recorded on a Varian Inova-500 spectropho-
tometer at room temperature and chemical shifts are quoted in δ
(ppm) relative to the deuterated solvent used. Fluorescent spectra
were measured with an Edinburgh FL-FS90 TCSPC system. Tem-
perature-dependent magnetic measurements were determined on a
Quantum Design SQUID-XL7 magnetometer.

Synthesis of 1,3-Bis(4-pyridylthio)propan-2-one (L): L was synthe-
sized under nitrogen. Sodium methylate (0.540 g, 10 mmol) and 4-
pyridinethiol (1.11 g, 10 mmol) were vigorously stirred in MeOH
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(50 mL) for 1 h before a quantitative amount of 1,3-dichloro-2-pro-
panone (0.635 g, 5 mmol) was added. The resulting solution was
heated at 60 °C for 12 h and then filtered after cooling to room
temperature. Removal of the solvent from the resultant red filtrate
gave a brown oil that afforded yellow needle crystals after
recrystallization from warm water. The crystalline product was re-
dissolved in warm water (20 mL) and neutralized with NaHCO3

powder. The so-obtained pale yellow precipitate was filtered off,
washed with cold water and a little methanol, and then dried in air
to give 0.773 g (2.80 mmol) of L (56%). C13H12N2OS2 (276.4):
calcd. C 56.50, H 4.38, N 10.14, S 23.20; found: C 56.42, H 4.35,
N 10.00, S 23.05. 1H NMR (500 MHz, [D6]DMSO): δ = 8.481 [d,
J (HH) = 6.0 Hz, 4 H, H2,6py], 7.519 [d, J (HH) = 5.0 Hz, 4 H,
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H3,5py], 4.594 (m, 4 H, -CH2-) ppm. IR (KBr): ν̃ = 3032 (w), 2942
(w), 1730 (vs), 1575 (vs), 1538 (s), 1482 (m), 1409 (vs), 1381 (s),
1220 (m), 1028 (s), 801 (vs), 702 (s), 497 (m) cm–1.

Synthesis of {[Ni(L)2Cl2]}� (1): Solvothermal treatment of
NiCl2·6H2O (0.024 g, 0.1 mmol), L (0.055 g, 0.2 mmol) and meth-
anol (10 mL) at 80 °C for 1 day gave yellow-green prismatic crystals
of 1 (0.048 g, 0.07 mmol, 70%). C26H24Cl2N4NiO2S4 (682.34):
calcd. C 45.77, H 3.54, N 8.21, S 18.80; found: C 45.50, H 3.60, N
8.20, S 18.57. IR (KBr): ν̃ = 3060 (w), 2916 (m), 1720 (m), 1601
(vs), 1535 (w), 1484 (s), 1417 (s), 1216 (m), 1072 (m), 806 (m), 718
(m), 502 (w) cm–1.

Synthesis of {[Co(L)2(SCN)2]·(DMF)2}� (2): KSCN (0.019 g,
0.2 mmol) in DMF (5 mL) was added to a solution of Co-
(ClO4)2·6H2O (0.037 g, 0.1 mmol) and L (0.055 g, 0.2 mmol) in
DMF (5 mL) with stirring. The resulting mixture was stirred for
1 h and then filtered. Slow diffusion of diethyl ether (25 mL) into
the blue filtrate for three weeks gave block orange crystals of 2
(0.065 g, 0.074 mmol, 74%). C34H38CoN8O4S6 (874.01): calcd. C
46.72, H 4.38, N 12.82, S, 22.01; found: C 46.30, H 4.45, N 12.79,
S 21.77. IR (KBr): ν̃ = 3099 (w), 3059 (w), 2928 (w), 2873 (m),
2065 (vs), 1718 (w), 1664 (s), 1593 (vs), 1537 (w), 1485 (m), 1417
(m), 1221 (m), 1065 (m), 807 (m), 720 (m), 627 (w), 501 (m) cm–1.

Synthesis of {[AgL]NO3}� (3): A mixture of DMF (5 mL), meth-
anol (5 mL) and CH3CN (5 mL) was added dropwise along the
wall of tube (50 mL) that contained a solution of AgNO3 (0.017 g,
0.1 mmol) and DMF (5 mL) as the bottom layer. A solution of L
(0.028 g, 0.1 mmol) and methanol (10 mL) as the top layer was
then transferred into the tube in the same way. After slowly diffus-
ing for two weeks, the mesosphere gave khaki needle crystals of 3
(0.023 g, 0.052 mmol, 52%). C13H12AgN3O4S2 (446.25): calcd. C
34.99, H 2.71, N 9.42, S 14.37; found: C 35.10, H 2.64, N 9.17, S
14.50. IR (KBr): ν̃ = 3091 (w), 2916 (w), 1720 (m), 1597 (s), 1535
(w), 1489 (m), 1422 (m), 1371 (vs), 1232 (m), 1114 (m), 1062 (m),
1026 (m), 806 (m), 718 (m), 636 (w), 487 (m) cm–1.

X-ray Structure Determinations: Single-crystal data were collected
on a Rigaku Mercury-CCD diffractometer at room temperature
for 1 and 3, and at 130 K for 2, using graphite-monochromated
Mo-Kα radiation (λ = 0.7107 Å). The structures were solved by
direct methods and refined on F2 by full-matrix least-squares pro-
cedures using the SHELXTL software suite.[50] All non-hydrogen
atoms were refined anisotropically and the hydrogen atoms were
treated as idealized contributions. For complex 2, the propan-2-
one groups of half L were split into two equivalent parts and the
accommodated DMF solvent was treated as disordered; the maxi-
mum and minimum peaks in the final difference maps were 1.678
and –0.511 eÅ–3, respectively, and the largest residual density peak
was close to the sulfur atom of SCN–. Table 1 summarizes the crys-
tallographic data of 1–3 and Table 2 lists selected bond lengths and
angles. X-ray crystallographic data in CIF format for 1–3 have also
been deposited. CCDC-247593 to -247595 (for 1–3) 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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