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Four new complexes [MnII(L1OO)(H2O)][ClO4]·2H2O (1),
[ZnII(L1OO)][ClO4]·2H2O (2), [CuII(L3OO)][CF3SO3]·H2O (3),
and [ZnII(L3OO)][ClO4] (4) (L1OO– = 3-[(2-(pyridine-2-yl)-
ethyl){2-(pyridine-2-yl)methyl}amino]propionate; L3OO– = 3-
[(2-(pyridine-2-yl)ethyl){(dimethylamino)ethyl}amino]propion-
ate) have been synthesized and characterized by elemental
analysis, IR, and UV/Vis spectroscopy. Structural analysis re-
vealed that 1, 3, and 4 are one-dimensional chain-like coordi-
nation polymers. In 1 distorted octahedral MnN3O3 and in 3
square-pyramidal CuN3O2 coordination is satisfied by three
nitrogen atoms and an appended carboxylate oxygen atom of
the ligand, and an oxygen atom belonging to the carboxylate
group of an adjacent molecule. In 4 trigonal bipyramidal
ZnN3O2 coordination environment is provided by two nitro-
gen atoms and an appended carboxylate oxygen atom of the

Introduction

In recent years coordination polymers, consisting of
metal–ligand coordination compounds in which the metal
centers are interconnected by organic linkers and the metal–
ligand units which generate a variety of supramolecular
architectures, have attracted great interest due to their di-
verse structural topologies and potential applications in
areas of catalysis and materials science.[1] The increasing
interest in this field is justified by the intellectual challenge
in controlling and manipulating the self-assembly process.[2]

Magneto-structural studies on polynuclear complexes,
aimed at understanding the underlying structural factors
that govern the magnetic-exchange interaction between
paramagnetic centers mediated by ligand bridge(s), con-
tinue to be of interest.[3–5] Polynuclear metal carboxylates[6]

are good candidates for the investigation of magnetic-ex-
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ligand in the equatorial plane, and the two axial positions
are satisfied by a tertiary amine nitrogen and an oxygen atom
belonging to the carboxylate group of an adjacent molecule.
In 1 the MnII center is coordinated by an additional water
molecule. In these complexes each monomeric unit is se-
quentially connected by syn-anti carboxylate bridges. Tem-
perature-dependent magnetic susceptibilities for 1 and 3 are
measured, revealing antiferromagnetic interactions through
syn-anti carboxylate bridges between the MII centers. Analy-
sis of the crystal packing diagram reveals that in 1 extensive
π–π stacking involving alternate pyridine rings of adjacent
1D chain exists, which eventually lead to the formation of a
2D network structure.
(© Wiley-VCH Verlag GmbH & Co. KGaA, 69451 Weinheim,
Germany, 2009)

change interaction between adjacent metal ions. It is well
known that the carboxylate group can bridge metal ions to
give rise to a variety of polynuclear transition metal com-
plexes, ranging from discrete entities to three-dimensional
systems.[7–9] Carboxylate group can assume many types of
bridging conformations, the most important being tri-
atomic syn-syn, syn-anti, anti-anti and monoatomic.[10,11]

The generation of binuclear systems is favored by syn-syn
conformation whereas syn-anti favors the formation of ex-
tended structures with varying nuclearity. The former medi-
ates the antiferromagnetic exchange pathway between the
metal centers, while the latter favors the ferromagnetic ex-
change interaction with some exceptions where antiferro-
magnetic coupling is favored.[8]

Very recently we have shown[12] that the carboxylate-ap-
pended anionic (2-pyridyl)alkylamine ligands afforded 1D
coordination polymers of CoII and CuII supported by
L1OO– (3-[(2-(pyridine-2-yl)ethyl){2-(pyridine-2-yl)meth-
yl}amino]propionate) and a discrete CuII

4 cluster supported
by L2OO– (3-[N-methyl{2-(pyridin-2-yl)ethyl}amino]propi-
onate), providing examples of ligand denticity-controlled
self-assembly process (Scheme 1). Temperature-dependent
magnetic susceptibility measurements revealed (i) spin-
canted antiferromagnetism in 1D coordination polymer of
CoII, (ii) weak antiferromagnetic exchange interaction in
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1D coordination polymer of CuII, and (iii) ferromagnetic
exchange interaction in tetracopper(II) complex. Because
these ligands are not expected to saturate the coordination
positions around the metal ion preferring five-/six-coordi-
nation, self-assembly reactions may occur through the de-
protonated carboxylate groups, leading to carboxylate-
bridged polymeric one-dimensional chains. Hoping that
synthetic generality of the formation of 1D coordination
polymers supported by carboxylate-appended anionic (2-
pyridyl)alkylamine ligands could be established, and from
the aforesaid perspective in this work we have included an-
other (2-pyridyl)alkylamine-based ligand L3OO– (3-[(2-
(pyridine-2-yl)ethyl){(dimethylamino)ethyl}amino]propio-
nate) (Scheme 1) with flexible carboxylate linker. Specifi-
cally, we have synthesized and characterized new one-di-
mensional carboxylate-bridged complexes [MnII(L1OO)-
(H2O)][ClO4]·2H2O (1), [ZnII(L1OO)][ClO4]·2H2O (2), [CuII-
(L3OO)][CF3SO3]·H2O (3), and [ZnII(L3OO)][ClO4] (4),
with closely similar metal–ligand bonding characteristics.
Complexes 1, 3, and 4 are structurally characterized. We
present here also the magneto-structural behavior of 1 and
3.

Scheme 1.

Results and Discussion

Syntheses and General Characterization

The syntheses of [MnII(L1OO)(H2O)][ClO4]·2H2O (1),
[ZnII(L1OO)][ClO4]·2H2O (2), [CuII(L3OO)][CF3SO3]·H2O
(3), and [ZnII(L3OO)][ClO4] (4) were achieved in H2O/
CH3OH (in the case of 1 it is CH3OH) by straightforward
reaction between [MII(H2O)6]X2 [M = Mn (1), Zn (2), Zn
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(4) and X = ClO4
–; M = Cu (3), X = CF3SO3

–] and lithium
salt of appropriate ligand (L1OO–Li+/L3OO–Li+) in 1:1
metal ion–ligand stoichiometry. The syntheses of these
complexes were based on the consideration that appended
carboxylate group in the polydentate ligand would help in
the self-assembly process and eventually would form syn-
anti carboxylate-bridged coordination polymer (see below).

Elemental analysis, IR, and UV/Vis spectra are in excel-
lent agreement with the above formulations of the four new
complexes.

Description of Structures

Crystal Structure of [MnII(L1OO)(H2O)][ClO4]·2H2O
(1)

A perspective view of the cationic part of 1 is shown in
Figure 1. Selected metric parameters are collected in
Table 1. The ligand L1OO(–) acts as a tetradentate ligand
towards a MII ion and acts as a monodentate bridging li-
gand towards a neighboring MII center, utilizing the ap-
pended carboxylate group. Each MII ion is coordinated by
an ethylpyridyl nitrogen N(1), a tertiary amine nitrogen
N(2), a methylpyridyl nitrogen N(3), and a carboxylate oxy-
gen O(1) from the ligand L1OO(–) and with an oxygen O(3)
of H2O. The MII ions are bridged by a carboxylate group
[oxygen atom O(2) belongs to the carboxylate of an adja-
cent molecule] to form a one-dimensional (1D) polymeric
chain with an intramolecular Mn···Mn distance of
5.5663(22) Å. The angles between trans atoms at the metal
center are in the range 158.14(15)–170.09(11)°. The cis
angles span wide ranges 75.37(14)–101.94(12)°. Thus in 1
appreciable distortion of metal coordination environment

Figure 1. Perspective views of [MnII(L1OO)(H2O)][ClO4]·2H2O (1)
[only donor atoms are labeled] (a) showing metal coordination en-
vironment at two MnII centers and (b) 1D polymeric chain. All
hydrogen atoms are excluded for clarity.
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Table 1. Selected bond lengths [Å] and angles [°] of [MnII(L1OO)(H2O)] [ClO4]·2H2O (1), [CuII(L3OO)][CF3SO3]·H2O (3), and [ZnII-
(L3OO)][ClO4] (4).

[MnII(L1OO)(H2O)] [ClO4]·2H2O (1)

Mn–O1 2.158(3) Mn–O2# 2.126(3)
Mn–O3 2.217(3) Mn–N1 2.227(4)
Mn–N2 2.346(4) Mn–N3 2.230(4)
C16–O1 1.259(5) C16–O2 1.255(5)
Mn···Mn# 5.5663(22)
O1–Mn–N1 92.11(13) O1–Mn–N2 87.94(12)
O1–Mn–N3 97.92(12) O1–Mn–O2* 81.69(11)
O1–Mn–O3 170.14(12) O2* –Mn–O3 88.60(12)
N1–Mn–O2* 101.15(14) N2–Mn–O2* 167.73(13)
N3–Mn–O2* 99.47(13) O3–Mn–N1 88.03(13)
O3–Mn–N2 101.90(13) O3–Mn–N3 85.36(12)
N1–Mn–N2 85.69(15) N1–Mn–N3 158.16(14)
N2–Mn–N3 75.40(14) Mn–O1–C16 130.2(3)
Mn–O2–C16 134.5(3) O1–C16–O2 125.3(4)
O1–C16–C15 119.0(3) O2–C16–C15 115.7(4)

[CuII(L3OO)][CF3SO3]·H2O (3)

Cu–O1 2.231(5) Cu–O2 1.938(5)
Cu–N1 1.984(6) Cu–N2 2.025(6)
Cu–N3 2.060(7) C13–O1 1.232(8)
C13#–O2 1.284(8) Cu···Cu# 5.281(9)
O1–Cu–N1 92.8(2) O1–Cu–N2 92.6(2)
O1–Cu–N3 101.7(2) O1–Cu–O2 92.26(19)
O2–Cu–N1 97.6(2) O2–Cu–N2 175.0(2)
O2–Cu–N3 91.1(2) N1–Cu–N2 83.3(2)
N1–Cu–N3 162.8(2) N2–Cu–N3 86.9(2)
C13–O1–Cu 123.7(4) Cu–O2–C13# 124.1(4)
O1–C13–O2* 125.1(6) O1–C13–C12 120.3(6)
O2*–C13–C12 114.7(6)

[ZnII(L3OO)][ClO4] (4)

Zn–O1 1.998(3) Zn–O2 2.042(3)
Zn–N1 2.073(4) Zn–N2 2.200(3)
Zn–N3 2.100(3) C13–O1 1.251(5)
C13–O2 1.256(5) Zn···Zn# 5.4027(9)
O1–Zn–N1 136.78(14) O1–Zn–N2 88.61(12)
O1–Zn–N3 111.78(14) O1–Zn–O2 84.68(11)
O2–Zn–N1 104.56(13) O2–Zn–N2 172.86(12)
O2–Zn–N3 99.92(13) N1–Zn– N2 78.78(13)
N1–Zn–N3 108.04(14) N2–Zn–N3 84.81(13)
Zn–O1–C13 135.4(3) C13#–O2–Zn 137.8(3)
O1–C13–O2* 123.3(4) O1–C13–C12 120.7(3)
O2* –C13–C12 116.1(3)
# Symmetry operators for the generated atoms: –x + 3/2, y – 1/2, –z + 1/2 for 1; –x + 1/2, y – 1/2, –z + 1/2 for 2 and –x + 1/2, y
–1/2, –z + 1/2 for 3.
* Symmetry operators for the generated atoms: –x + 3/2, y + 1/2, –z + 1/2 for 1; –x + 1/2, y + 1/2, –z + 1/2 for 2 and –x + 1/2, y +
1/2, –z + 1/2 for 3.

from ideal geometry is apparent. Moreover, each MnII ion
in 1 is displaced from the basal plane (defined by N1, O1,
N3, and O3) by 0.1010(3) Å towards O(2). Notably, the
Mn–O(2)–C(16)–O(1#)–Mn# bridging network appreciably
deviates from planarity [dihedral angle between the planes
Mn–O(2)–C(16) and Mn#–O(1#)–C(16): 22.12(1)°] and the
angle between the plane of the carboxylate group coordi-
nated to Mn# and MnN2O2 plane is 87.17(3)°.

The Mn–O bond lengths [2.126(3)–2.224(3) Å] are com-
parable to those typical of Mn–O bond lengths (2.0–2.2 Å)
observed in six-coordinate MnII complexes with similar co-
ordination environment supported by closely similar li-
gands.[6i,13] For the Mn–N bonds the trend is less promi-
nent; the Mn–N(amine) bond length 2.342(4) falls within
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the range of reported complexes (2.25–2.35 Å) and also the
average Mn–Npy (py = pyridine) bonds [2.228(4) Å] fall
within the range of reported values (2.20–2.38 Å).[6e,13]

Crystal Structure of [CuII(L3OO)][CF3SO3]·H2O (3)

A perspective view of the cationic part of 3 is displayed
in Figure 2 and the selected metric parameters are given
in Table 1. The coordination environment of each CuII ion
reveals a square-pyramidal geometry with coordination by
three nitrogen atoms of L3OO– and an oxygen atom belong-
ing to the carboxylate group of an adjacent molecule com-
prising the basal plane (N1, N2, N3, and O2) and the apical
position is provided by the carboxylate oxygen atom of
L3OO– [Cu–O(1) 2.236(3) Å]. In essence, each CuII center
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is linked with adjacent CuII center by syn-anti carboxylate
bridge to form a 1D polymeric chain with an intramolecu-
lar Cu···Cu distance of 5.281(9) Å. The CuN3O2 coordina-
tion sphere is slightly distorted (τ value: 0.19)[14] from an
ideal geometry. In fact, each CuII ion is displaced by
0.1606(3) Å from the least-squares plane defined by the
N3O basal plane towards the carboxylate oxygen atom
O(1). Moreover, the axial Cu–O(1) bond is not perfectly
perpendicular to the CuN3O plane but bent off by 4.70°.
Notably, the Cu–O(2)–C(13)–O(1#)–Cu# bridging network
appreciably deviates from planarity [dihedral angle between
the planes Cu–O(2)–C(13) and Cu#–O(1#)–C(13):
23.40(2)°] and the angle between the plane of the carboxyl-
ate group coordinated to Cu# and CuN3O plane is
67.27(2)°.

Figure 2. Perspective views of [CuII(L3OO)][CF3SO3]·H2O (3) (only
donor atoms are labeled) (a) showing metal coordination environ-
ment at two CuII centers and (b) 1D polymeric chain. All hydrogen
atoms are excluded for clarity.

The Cu–Npy bond length of 1.975(6) Å is shorter than
the average Cu–Nam (am = tertiary amine) distance of
2.044(3) Å, providing a comparatively stronger coordina-
tion.[6j]

Crystal Structure of [ZnII(L3OO)][ClO4] (4)

A perspective view of the cationic part of 4 is shown in
Figure 3 and the selected metric parameters are collected
in Table 1. The coordination environment of each ZnII ion
reveals a trigonal-bipyramidal geometry with two nitrogen
atoms and a carboxylate oxygen atom of L3OO– comprising
the basal plane (N1, N3, and O1), whereas the apical posi-
tions are filled by an oxygen atom belonging to the carbox-
ylate group of an adjacent molecule [Zn–O(2) 2.042(3) Å]
and a tertiary amine nitrogen atom from L3OO– [Zn–N(2)
2.119(3) Å]. Each zinc(II) ion is coordinated by a syn-anti
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carboxylate bridge to form a 1D polymeric chain with an
intramolecular Zn···Zn distance of 5.4027(9) Å. The
ZnN3O2 coordination sphere is appreciably distorted (τ
value: 0.60)[14] from ideal geometry. In fact, each ZnII ion
is displaced by 0.2138(1) from the least-squares plane de-
fined by the N2O basal plane towards the carboxylate oxy-
gen atom O(2). The angle between the plane of the carbox-
ylate group coordinated to Zn# and ZnN3O plane is
78.621(12)°. Moreover, the axial Zn–O(2) bond is not per-
fectly perpendicular to the ZnN2O plane but bent off by
11.47°.

Figure 3. Perspective views of [ZnII(L3OO)][ClO4] (4) [only donor
atoms are labeled]. (a) showing metal coordination environment at
two ZnII centers and (b) 1D polymeric chain. All hydrogen atoms
are excluded for clarity.

The Zn–Npy bond length of 2.072(4) Å is shorter than
the average Zn–Nam distance of 2.109(3) Å, providing a
comparatively stronger coordination.[15] This observation is
similar to that observed for 3.

Noncovalent Interactions

A closer inspection of the crystal packing-diagram re-
veals that complex 1 is engaged in extensive π–π stacking
interaction[16] involving alternate pyridine rings of adjacent
1D chains, leading to the formation of 2D network struc-
ture (Figure 4). The interacting pyridine rings are in a stag-
gered conformation. The π–π stacking parameters are as
follows: centroid–centroid distance: 3.6057 Å; perpendicu-
lar distance between the rings: 3.4452 Å and displacement
angle (measured by the angle between the pyridine ring nor-
mal and centroid–centroid vector) β = 17.161°; dihedral an-
gle between the planes is 0.0°.[16] The centroid–centroid dis-
tance and displacement angle in the 2D network indicate a
strong parallel displaced π–π stacking between the pyridine
rings.[16]
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Figure 4. Formation of 2D network through π–π stacking between
the one-dimensional polymeric chains of [MnII(L1OO)(H2O)]-
[ClO4]·2H2O (1).

Spectroscopic Properties

IR spectra of the complexes show νas(COO–) stretching
frequency in the range 1606–1611 cm–1 and νsym(COO–) in
the range 1419–1450 cm–1. The difference between νas-
(COO–) and νsym (COO–) is about 170 cm–1, suggesting a
bridging coordination mode for the carboxylate group.[6e]

The absorption spectral feature of the copper(II) com-
plex 3 in H2O (see Figure S1 in the Supporting Infor-
mation) does not support the presence of five-coordinate
CuII centers in solution.[17] The asymmetric band at 14
600 cm–1 suggests the presence of a distorted octahedral ste-
reochemistry around copper(II). Two possibilities exist.
Either the low-energy transition falls out of the range for
which the spectrum was recorded or each CuII ion, in ad-
dition to five bonding interactions, has a long Cu–O inter-
action due to coordination by H2O.[12]

X-band EPR spectrum (CH3CN/toluene; 1:1, v/v) of 1
exhibits an isotropic signal at g = 2.007 (Figure S2). The
spectrum of 3 is characterized by an axial signal with g� =
2.21 and g� = 2.08, clearly attesting the fact that the geome-
try around CuII in 3 is square-based and the unpaired elec-
tron resides in the dx2 – y2 orbital (Figure S2).[6e,17]

Magnetic Studies

Variable-temperature magnetic susceptibility measure-
ments were performed on polycrystalline samples of 1 and
3 in the temperature range 2–300 K. Their magnetic proper-
ties under the form of χMT vs. T plot (χM being the mag-
netic susceptibility per metal ion) are shown in Figures 5
and 6, respectively. At room temperature, χMT is
4.07 cm3 mol–1 K (µeff = 5.68 µB) for 1 and 0.41 cm3 mol–1 K
(µeff = 1.81 µB) for 2. These values are close to those ex-
pected for a high-spin MnII ion (µeff = 5.91 µB with g = 2)
and a CuII ion (µeff = 1.73 µB with g = 2), respectively.
Upon cooling, χMT continuously decreases to reach a value
of 1.5 cm3 mol–1 K (µeff = 3.46 µB) for 1 and
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0.18 cm3 mol–1 K at 2 K (µeff = 1.20 µB) for 3, at 2 K. This
behavior is indicative of the occurrence of antiferromag-
netic interactions in both compounds. The susceptibility
plot does not exhibit any maximum in the temperature
range studied, although an incipient maximum seems ap-
pear below 2 K in both compounds.

Figure 5. Plot of χMT vs. T for a powdered sample of [MnII-
(L1OO)(H2O)][ClO4]·2H2O (1). The solid line represents the best
simulation obtained with the model described in the text. The plot
of χM vs. T is in inset.

Figure 6. Plot of χMT vs. T for a powdered sample of [CuII-
(L3OO)][CF3SO3]·H2O (3). The solid lines represent the best theo-
retical fit, described in the text. The plot of χM vs. T is in inset.

Given that the structures of 1 and 3 are made up of iso-
lated chains of metal ions, the carboxylate groups are in the
syn-anti bridging mode, and assuming that the antiferro-
magnetic interactions are mainly due to intrachain ex-
change interactions through the carboxylato bridge, their
magnetic behavior can be analyzed through the correspond-
ing antiferromagnetic chain models. When the value of the
local spin is large, it may be treated as a classical vector and
an analytical expression for the magnetic susceptibility of
an infinite chain of classical spins has been derived by
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Fisher.[18] This expression, in which the classical spin has
been scaled to a real quantum spin, S, is given in Equa-
tion (1). In practice, this expression seems fairly good for S =
5/2 and so, it can be used for MnII chains[3] such as that in
1.

The least-squares best-fit parameters for 1 are J =
–0.25 cm–1 and g = 2.0 (R = 2.8 �10–5, R is the agreement
factor defined as R = Σi[(χMT)i

obsd – (χMT)i
calc]2/[(χMT)i

obsd]2).
This J value is in agreement with values obtained for other
carboxylate-bridged MnII complexes. Magneto-structural
studies on polynuclear MnII complexes containing a single
carboxylate bridge show the occurrence of a weak antiferro-
magnteic coupling[19,6h] with values of J about –0.2 cm–1

(syn-anti conformation) and –0.6 cm–1 (anti-anti conforma-
tion). For double and triple carboxylate bridges the ex-
change interaction is stronger[6i] (–J ≈ 0.9 to1.7 cm–1 and –J
≈ 3.5 to 4.4 cm–1 for doubly- and triply-bridged complexes,
respectively).

In the case of a chain with S = 1/2 local spins, such as
that in 3, there is no analytical method that can be used to
determine the magnetic susceptibility, in contrast to the
case where a large local spin is present. This problem was
solved numerically by Bonner and Fisher[20] by considering
ring chains of increasing size and extrapolating to infinite.
The numerical expression is given by Equation (2) and we
have used it to fit the magnetic susceptibility of 3.

The least-squares best-fit parameters for 3 are J =
–1.88 cm–1 and g = 2.08 (R = 3.5 �10–5).

This weak exchange interaction is in agreement with
those observed for other carboxylate-bridged CuII com-
plexes.[21,22] It is well known that the carboxylate bridge that
links the CuII ions in syn-anti conformation offers weak
either ferro- or antiferromagnetic interactions between the
metal ions.[6m,12] In addition to the conformation of the
bridge, the relative orientation of the magnetic orbitals cen-
tered on the CuII ions is very unfavorable. In 3 the carboxyl-
ate bridge links an equatorial position of one CuII ion with
an axial position of the adjacent CuII ion.[12] The magnetic
orbital for CuII ions in a square-pyramidal surrounding is
of the dx2 – y2-type (the x and y axes are roughly defined by
the equatorial bonds). Some, admixture of the dz2 orbital
is present as a result of trigonal distortion. The magnetic
coupling is very weak because it is the result of the interac-
tion of a dx2 – y2- with a dz2-type orbitals, the latter having a
very small spin density.[23] This unfavorable orientation of
the magnetic orbitals centered on the CuII ions accounts for
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the difference between the values of JMn (–0.25 cm–1) and
JCu (–1.88 cm–1) for 1 and 3, respectively. The number of
unpaired electrons (magnetic orbitals) on each metal center
(nMn = 5 and nCu = 1) have to be taken into account in
order to compare these magnetic coupling constants,[3,24]

the expression being
nCu

2JCu = nMn
2JMn. In this sense, a value of JCu =

25(–0.25) = –6.25 cm–1 would be expected for complex 3 in
the case where the equatorial–equatorial exchange pathway
were involved as in the MnII complex.

Finally, these J parameters must be viewed as the upper
limit values, because the possible interchain interactions
have been neglected, and they could be operative through
the extended π–π network (Figure 4). However, it is not
possible to reproduce the experimental data for both com-
pounds if we take into account only these interchain inter-
actions by using a Weiss constant, χM = C/(T – θ). This
fact suggests that in 1 and 3 intrachain exchange interaction
dominates.

Concluding Remarks

In the present study, carboxylate-appended (2-pyridyl)-
alkylamine polydentate ligands L1OO– and L3OO– have
been utilized to synthesize four 1D chain-like coordination
polymers of MnII, CuII, and ZnII utilizing syn-anti carbox-
ylate bridges. While the MnII ion is six-coordinate (dis-
torted octahedron), the CuII and ZnII centers are five-coor-
dinate (distorted square pyramidal and distorted trigonal
bipyramidal, respectively). Structural analyses provide ex-
amples of the metal-ion dictated number of donor atoms
around a chosen metal ion in the self-assembly process. No-
tably, the 1D chain of MnII coordination polymer sup-
ported by L1OO– forms a 2D framework, as a result of π–
π stacking of pyridine rings of two adjacent layers, utilizing
the coordination mode of the chosen ligands. Temperature-
dependent magnetic susceptibility measurements reveal the
presence of weak antiferromagnetic interactions for 1D co-
ordination polymers of MnII and CuII. The successful syn-
theses of these complexes enriched the syn-anti carboxylate-
bridged complexes not only structurally but magnetically as
well. Future efforts will investigate how the stereochemical
demand of this class of ligands would direct the molecular
shape and control the magnetic properties of the resulting
complexes. Such an endeavor is on in this laboratory.

Experimental Section
General: All reagents and solvents were obtained from commercial
sources and used as received. Solvents were dried/purified following
standard procedures.[25] The ligand L1OO–Li+ was prepared as be-
fore.[12] The methodology followed to prepare L2OO–Li+ is
adapted[12] from reported procedures.[26]

Synthesis of [MnII(L1OO)(H2O)][ClO4]·2H2O (1): To a magneti-
cally stirred solution of L1OO–Li+ (0.20 g, 0.67 mmol) in CH3OH
(10 mL) was added solid [MnII(H2O)6][ClO4]2 (0.24 g, 0.67 mmol)
portionwise. After 3 h, the white precipitate that formed was col-
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lected by filtration and dried in vacuo. Recrystallization from a
mixture of H2O/CH3OH (v/v, 1:1) by slow evaporation afforded
pale yellow crystals, suitable for structural studies; yield 0.17 g
(55%). C16H24ClMnN3O9 (492.43): calcd. C 38.99, H 4.87, N 8.53;
found C 38.76, H 4.91, N 8.61. IR (KBr; selected peaks): ν̃ = 3405
[ν(OH)]; 1606 [νasymm(CO)], 1444 [νsymm(CO)]; 1091 and 624
[ν(ClO4

–)]. UV/Vis spectra [λmax/nm (ε/–1 cm–1)]: 259 (8200).

Synthesis of [ZnII(L1OO)][ClO4]·2H2O (2): To a magnetically
stirred solution of L1OO–Li+ (0.20 g, 0.67 mmol) in CH3OH
(10 mL) was added solid [ZnII(H2O)6][ClO4]2 (0.25 g, 0.67 mmol)
portionwise. After 3 h, the white precipitate that formed was col-
lected by filtration and dried in vacuo. Recrystallization from a
mixture of H2O/CH3OH (v/v, 1:1) by slow evaporation afforded
pale yellow crystals, suitable for structural studies; yield 0.15 g
(55%). C16H22ClN3O8Zn (484.84): calcd. C 39.60, H 4.54, N 8.67;
found C 39.26, H 4.23, N 8.97. IR (KBr; selected peaks): ν̃ = 3433
[ν(OH)]; 1606 [νasymm(CO)], 1444 [νsymm(CO)]; 1096 and 625
[ν(ClO4

–)]. UV/Vis spectra [λmax/nm (ε/–1 cm–1)] (H2O): 259
(8150). 1H NMR (400 MHz, D2O): δ = 8.585 (d, JH,H = 5.6 Hz, 1
H, pyridine-H6), 8.467 (d, JH,H = 5.6 Hz, 1 H, pyridine-H6�), 7.922
(t, JH,H = 8 Hz, 1 H, pyridine-H4), 7.858 (t, JH,H = 8 Hz, 1 H,
pyridine-H4�), 7.350–7.452 (m, 4 H, pyridine-H3,3�,5,5�), 4.376 (d,
JH,H = 16 Hz, 1 H, -CH2NC5H4), 3.754 (d, JH,H = 16 Hz, 1 H, –
CH2NC5H4), 2.843–3.266 (m, 4 H, –CH2CH2NC5H4), 2.095–2.658
(m, 4 H, –CH2CH2CO2) ppm.

Synthesis of [CuII(L3OO)][CF3SO3]·H2O (3): To a solution of
L3OO–Li+ (0.20 g, 0.78 mmol) in H2O (10 mL) was added solid
[CuII(H2O)6][CF3SO3]2 (0.36 g, 0.78 mmol) portionwise. The mix-
ture was refluxed for 2 h and then it was kept for slow evaporation.
After a few days, a crystalline product started separating out.
Recrystallization was achieved from DMF/EtOAc (1:2, v/v) af-
forded dark blue crystals, suitable for structural studies; yield 0.20 g
(60%). C14H22CuF3N3O6S (480.95): calcd. C 34.93, H 4.57, N 8.73;
found C 35.21, H 4.23, N 8.27. IR (KBr; selected peaks): ν̃ = 3424
[ν(OH)]; 1608 [νasymm(CO)], 1419 [νsymm(CO)]; 1323 [νasymm(SO3)],
1029 [νsymm(SO3)]; 1243 [νasymm(CF3)], 1170 [νsymm(CF3)]. UV/Vis

Table 2. Data collection and structure refinement parameters for [MnII(L1OO)(H2O)][ClO4]·2H2O (1), [CuII(L3OO)][CF3SO3]·H2O (3),
and [ZnII(L3OO)][ClO4] (4).

1 3 4

Molecular formula C16H24ClMnN3O9 C14H22CuF3N3O6S C13H20ClN3O6Zn
Mr 492.77 480.95 415.14
Crystal color, habit yellow, block blue, block yellow, block
T [K] 100(2) 293(2) 293(2)
Crystal system monoclinic monoclinic monoclinic
Space group P21/n (#14) P21/n (#14) P21/n (#14)
a [Å] 15.333(5) 14.593(5) 13.947(3)
b [Å] 9.320(5) 9.409(5) 9.143(2)
c [Å] 15.628(5) 14.649(5) 14.050(3)
β [°] 108.525(5) 92.310(5) 112.801(4)
V [Å3] 2117.6(15) 2009.8(5) 1651.5(6)
Z 4 4 4
Dc [gcm–3] 1.546 1.590 1.670
µ [mm–1] 0.802 1.253 1.684
F(000) 1020 988 856
Reflections collected 13440 12867 10550
Unique reflections, Rint 5227, 0.0403 4963, 0.0614 4050, 0.0377
Observed reflections [I� 2σ(I)] 4006 2796 2992
Goodness-of-fit on F2 1.034 1.106 1.126
R[a] (Rw)[b] [I�2σ(I)] 0.0699, 0.1731 0.1063, 0.2911 0.0481, 0.1115
R[a] (Rw)[b] (all data) 0.0954, 0.2011 0.1690, 0.3380 0.0738, 0.1457

[a] R1 = Σ(|Fo| – |Fc|)/Σ|Fo|. [b] wR2 = {Σ[w(|Fo|2 – |Fc|2)2]/Σ[w(|Fo|2)2]}1/2.
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spectra [λmax/nm (ε/–1 cm–1)] (H2O): 685 (130), 290 (sh, 3050), 257
(6150).

Synthesis of [ZnII(L3OO)][ClO4] (4): To a stirred solution of
L3OO–Li+ (0.12 g, 0.437 mmol) in H2O (10 mL) was added solid
[ZnII(H2O)6][ClO4]2 (0.16 g, 0.437 mmol) portionwise. After 2 h the
solution was kept for slow evaporation, which afforded pale yellow
crystals suitable for structural characterization; yield 0.12 g (65%).
C13H20ClN3O6Zn (414.8): calcd. C 37.61, H 4.82, N 10.12; found
C 38.01, H 4.71, N 10.36. IR (KBr; selected peaks): ν̃ = 1611
[νasymm(CO)], 1434 [νsymm(CO)], 1097 and 623 [ν(ClO4

–)]. UV/Vis
spectra [λmax/nm (ε/–1 cm–1)] (H2O): 256 (6150). 1H NMR
(400 MHz, D2O): δ = 8.401 (d, JH,H = 5 Hz, 1 H, pyridine-H6),
7.922 (t, JH,H = 7.8 Hz, 1 H, pyridine-H4), 7.454–7.422 (m, 2 H,
pyridine-H3,5), 4.163 (d, JH,H = 16.8 Hz, 1 H, –CH2NC5H4), 3.871
(d, JH,H = 16.8 Hz, 1 H, –CH2NC5H4), 2.557–3.049 (m, 4 H,
–CH2CH2NC5H4), 2.195–2.500 (m, 4 H, –CH2CH2CO2), 2.036 [s,
6 H, –N(CH3)2] ppm.

Caution: Perchlorate salts of compounds containing organic ligands
are potentially explosive! However, the small quantities used in our
studies did not pose an hazard.

Physical Measurements: Elemental analyses were obtained using
Thermo Quest EA 1110 CHNS-O, Italy. Spectroscopic measure-
ments were made by using the following instruments: IR (KBr,
4000–600 cm–1), Bruker Vector 22. UV/Vis: Perkin–Elmer
Lambda 2 and Agilent 8453 diode-array spectrophotometers. 1H
NMR spectra were obtained on JEOL JNM LA 400 (400 MHz)
spectrometer using CDCl3 and D2O solution. Chemical shifts
(ppm) are referenced to TMS. X-band EPR spectra were obtained
on a Bruker EMX 1444 EPR spectrometer operating at 9.455 GHz
(fitted with a quartz Dewar for measurements at 120 K). The spec-
tra were calibrated with diphenylpicrylhydrazyl, DPPH (g =
2.0037).

Magnetism: The measurements on powdered samples were carried
out (in València) with a MPMS-55 Quantum Design SQUID Mag-
netometer under an applied magnetic field of 0.01 Tesla for T �
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50 K in order to avoid saturation effects and 0.1 Tesla for T �

50 K. Diamagnetic corrections were applied by using Pascal’s con-
stants.

Crystallography: For 1, diffracted intensities was collected on a
Bruker SMART APEX CCD diffractometer, with graphite-mono-
chromated Mo-Kα (λ = 0.71073 Å) radiation at 100(2)K. Data for
3 and 4 were collected at 293 K on a Enraf Nonius MACH2 dif-
fractometer, equipped with graphite-monochromated Mo-Kα radia-
tion (λ = 0.71073 Å). For data reduction the Bruker Saint Plus
program was used. Data were corrected for absorption and the Lo-
rentz and polarization effects. The structures were solved with SIR-
92 and refined with the SHELXL-97 package incorporated in
WinGX 1.64 crystallographic collective package.[27] Anisotropic re-
finements were performed by full-matrix least-squares procedure
on F2. The positions of the hydrogen atoms were calculated as-
suming ideal geometries, but not refined. Pertinent crystallographic
parameters are summarized in Table 2. For 3, some degree of disor-
der was observed with triflate counteranion. Two oxygen atoms
O(3) and O(4) were displaced over two positions and they were
refined with site occupation factor of 0.80/0.20 and 0.75/0.25
respectively. For 3, one peak of 3.408 eÅ–3 was found near Cu atom
at a distance of 0.941 Å and one peak of 1.66 eÅ–3 was found near
S atom at a distance of 0.860 Å. This may be due to the poor
quality of the crystals chose for data collection. Intermolecular
contacts of π···π stacking were examined with the DIAMOND
package.[28]

CCDC-723681 (for 1), -723682 (for 3), and -723683 (for 4) contain
the supplementary crystallographic data for this paper. These data
can be obtained free of charge from The Cambridge Crystallo-
graphic Data Centre via www.ccdc.cam.ac.uk/data_request/cif.

Supporting Information (see also the footnote on the first page of
this article): UV/Vis spectra in H2O for 3, EPR spectra of 1 and 3,
1H NMR spectra of 2 and 4.
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