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a b s t r a c t

The coordination behaviour of a series of pyridyl azamacrocyclic ligands, some of them containing
cyanomethyl and cyanoethyl pendant-arms, towards Mn(II) ion was studied. All the complexes were
characterized by microanalysis, LSI mass spectrometry, IR, UV–Vis spectroscopy and magnetic measure-
ments. Crystal structures of [MnL1][MnBr4] (1), [MnL3][MnBr4] � 2CH3CN (3), [Mn2L5Br4] � 2CH3CN (5) and
[Mn2L6Br4] (6) complexes have been determined. The X-ray studies show the presence of an ionic mixed
octahedral–tetrahedral complex for 1 and 2, with the manganese ion of the cation complex, endomacro-
cyclicly coordinated by the six nitrogen donor atoms from the macrocyclic backbone in a distorted octa-
hedral geometry. Instead, the complexes 5 and 6 are dinuclear, and both manganese ions are coordinated
by one pyridinic and two amine nitrogen atoms from the macrocyclic backbone and two bromide ions,
being the geometry around the metal better described as distorted square pyramidal. In all cases, the
nitrile pendant-arms do not show coordination to the metal ion.

� 2009 Elsevier B.V. All rights reserved.
1. Introduction

The coordination chemistry of macrocyclic ligands have re-
ceived an extensive attention during last decades due its consider-
able potential in such areas as catalysis, modelling of
metalloenzyme, molecular recognition, etc. [1]. The introduction
of pendant-arms into the macrocyclic framework can led to impor-
tant changes in the control of the stability, selectivity, stereochem-
istry and certain thermodynamic parameters [2–5]. The ligands L1

and L4 (Scheme 1) are a sample of versatile macrocyclic polyamine
ligands from which many other ligands have been derived by
attaching functional groups on its backbone, and their metal com-
plexes show interesting properties and functions [6–16].

We have previously reported a series of potential decadentate
ligands (L2, L3, L5 and L6) by attaching four cyanomethyl or cyano-
ethyl groups to that macrocycles [17–20], which potentially pro-
vide six nitrogen donor atoms from the macrocyclic backbone
and four N donors from the nitrile pendant-arms.

In other hand, it is well-known that high-spin manganese
complexes are largely investigated due their importance in differ-
ent areas such as materials chemistry, catalysis or biochemistry
[21–25]. Manganese ion plays an important role in some enzymes
of great biological importance in the living systems. We can
emphasize between them, the manganese superoxide dismutase,
which has been shown to contain a mononuclear manganese
active site [26]; pseudocatalase which contains a dinuclear active
All rights reserved.
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site [27,28] or the tetranuclear manganese center in the active
site of the photosystem II [29,30].

Hence, as part as our research in the macrocyclic coordination
area, we described here the synthesis and the structural character-
ization of a series of mononuclear and dinuclear Mn(II) complexes
with the hexaazamacrocycles L1, L4, and their cyanomethyl or cya-
noethyl pendant-arms derived: L2, L3, L5 and L6.

2. Experimental

2.1. Chemicals and starting materials

The ligands L1 and L4 were prepared according to a modification
of a literature method [31,32]. The ligands with nitrile pendant-
arms (L2, L3, L5 and L6) were synthesized starting from the precur-
sors L1 and L4 [17–19]. Hydrated bromide manganese (II) salt was
commercial product (from Aldrich) and it was used without further
purification. Solvents were of reagent grade and were purified by
standard methods.

2.2. Physical measurements

Elemental analyses were performed in a Carlo-Erba EA micro-
analyser. LSI-MS were recorded using a Micromass Autospec spec-
trometer with 3-nitrobenzyl alcohol as the matrix. Infra-red
spectra were recorded as KBr discs on a Bruker IFS-66V spectro-
photometer. Solid state electronic spectra were recorded on a Hit-
achi 4-3200 spectrophotometer using MgCO3 as reference.
Magnetic studies were determined at room temperature on a
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vibration sample magnetometer (VSM) Digital Measurement Sys-
tem 1660 with a magnetic field of 5000 G.

2.3. X-ray data collection, structure determination, and refinement

Slow recrystallization from acetonitrile gave crystals of
[MnL1][MnBr4], [MnL3][MnBr4] � 2CH3CN, [Mn2L5Br4] � 2CH3CN
and [Mn2L6Br4] suitable for X-ray diffraction. The details of the
X-ray crystal data, and the structure solution and refinement are
given in Table 1. Measurements were made on a Bruker SMART
CCD 1000 area diffractometer. All data were corrected for Lorentz
and polarization effects. Empirical absorption corrections were
also applied for all the crystal structures obtained [33]. Complex
scattering factors were taken from the program package SHELXTL

[34]. The structures were solved by direct methods which revealed
the position of all non-hydrogen atoms. All the structures were re-
fined on F2 by a full-matrix least-squares procedure using aniso-
tropic displacement parameters for all non-hydrogen atoms. The
hydrogen atoms were located in their calculated positions and re-
fined using a riding model.

2.4. Synthesis of metal complexes – general procedure

The MnBr2 � 4H2O metal salt (0.40 mmol) was dissolved in ace-
tonitrile (15 mL) and added to a stirred solution of the ligand, Ln

(0.25 mmol) in acetonitrile (20 mL). The solution was stirred for
2 h and concentrated to the air at room temperature to obtain crys-
talline precipitates. The resulting products were filtered off, dried
and recrystallized from acetonitrile.

2.4.1. [MnL1][MnBr4] (1)
Anal. calc. for C18H26N6Br4Mn2 (MW: 755.9): C, 27.6; H, 3.5; N,

11.1. Found: C, 27.7; H, 3.6; N, 10.9%. Yield: 47%. IR (KBr, cm�1):
1614, 1579, 1473 [m(C@N)py and m(C@C)]. LSI-MS, m/z: 382
[MnL1]+, 375 [MnBr4]+. Color: pale pink.

2.4.2. [MnL2][MnBr4] (2)
Anal. calc. for C26H30N10Br4Mn2 (MW: 912.1): C, 34.4; H, 3.3; N,

15.4. Found: C, 34.1; H, 3.2; N, 15.2%. Yield: 39%. IR (KBr, cm�1):
1609, 1583, 1456 [m(C@N)py and m(C@C)], 2252 [m(C„N)]. LSI-MS,
m/z: 538 [MnL2]+, 375 [MnBr4]+. Color: pale pink.

2.4.3. [MnL3][MnBr4] � 2CH3CN (3)
Anal. calc. for C34H44N12Br4Mn2 (MW: 1050.3): C, 38.9; H, 4.2;

N, 16.0. Found: C, 39.1; H, 4.3; N, 16.1%. Yield: 42%. IR (KBr,
cm�1): 1609, 1581, 1476 [m(C@N)py and m(C@C)], 2426, 2250
[m(C„N)]. LSI-MS, m/z: 594 [MnL3]+, 375 [MnBr4]+. Color: pale
pink.

2.4.4. [Mn2L4Br4] (4)
Anal. calc. for C20H30N6Br4Mn2 (MW: 784.0): C, 30.7; H, 3.9; N,

10.7. Found: C, 30.4; H, 3.7; N, 10.6%. Yield: 37%. IR (KBr, cm�1):
1610, 1582, 1475 [m(C@N)py and m(C@C)]. LSI-MS, m/z: 785
[Mn2L4Br4]+, 625 [Mn2L4Br2]+, 465 [Mn2L4]+. Color: pale pink.

2.4.5. [Mn2L5Br4] � 2CH3CN (5)
Anal. calc. for C30H40N12Br4Mn2 (MW: 998.2): C, 36.1; H, 4.0; N,

16.8. Found: C, 35.9; H, 4.1; N, 16.6%. Yield: 41%. IR (KBr, cm�1):
1616, 1579, 1474 [m(C@N)py and m(C@C)], 2251 [m(C„N)]. LSI-MS,
m/z: 861 [Mn2L5Br3]+, 781 [Mn2L5Br2]+, 621 [Mn2L5]+. Color: pale
pink.

2.4.6. [Mn2L6Br4] (6)
Anal. calc. for C32H42N10Br4Mn2 (MW: 997.2): C, 38.6; H, 4.2; N,

14.1. Found: C, 38.4; H, 4.0; N, 14.2%. Yield: 48%. IR (KBr, cm�1):
1617, 1579, 1475 [m(C@N)py and m(C@C)], 2250 [m(C„N)]. LSI-MS,



Table 1
Crystal data and structure refinement for [MnL1][MnBr4], [MnL3][MnBr4] � 2CH3CN, [Mn2L5Br4] � 2CH3CN and [Mn2L6Br4].

[MnL1][MnBr4] [MnL3][MnBr4] � 2CH3CN [Mn2L5Br4] � 2CH3CN [Mn2L6Br4]

Empirical formula C18H26N6Br4Mn2 C68H88N24Br8Mn2 C32H40N12Br4Mn2 C32H42N10Br4Mn2

Formula weight 755.97 2100.66 1022.28 996.28
Temperature (K) 293(2) 120(2) 293(2) 293(2)
Wavelength (Å) 0.71073 0.71073 0.71073 0.71073
Crystal system Monoclinic Triclinic Triclinic Orthorombic
Space group P21/c P�1 P�1 Pna21

Unit cell dimensions
a (Å) 10.6699(8) 11.205(2) 8.681(3) 16.352(2)
b (Å) 18.7147(13) 11.973(2) 11.050(4) 15.804(2)
c (Å) 14.2287(10) 17.060(3) 11.586 15.0231(18)
a (�) 94.198(4) 103.367(9)
b (�) 110.352(2) 92.383(4) 98.926(7)
c (�) 112.503(4) 106.644(8)
Volume (Å3) 2663.9(3) 2102.9(7) 1006.3(7) 3882.4(8)
Z 4 1 1 4
Density (calculated) (Mg/m3) 1.885 1.659 1.687 1.704
Absorption coefficient (mm�1) 6.964 4.441 4.637 4.804
F(000) 1464 1044 506 1976
Crystal size (mm3) 0.25 � 0.15 � 0.13 0.26 � 0.14 � 0.07 0.22 � 0.21 � 0.11 0.21 � 0.11 � 0.10
Theta range for data

collection (�)
1.87–21.60 1.85–23.81 1.86–23.81 1.79–22.72

Index ranges �11 6 h 6 11, �19 6 k 6 19,
�8 6 l 6 14

�12 6 h 6 11, �13 6 k 6 13,
�19 6 l 6 18

�9 6 h 6 9, �7 6 k 6 11,
�13 6 l 6 11

�17 6 h 6 17, �17 6 k 6 15,
�16 6 l 6 15

Reflections collected 9406 8901 4341 14455
Independent reflections [R(int)] 3039 [0.0477] 5745 [0.0546] 3979 [0.0625] 4957 [0.0939]
Completeness to theta 97.9% (21.60�) 88.8% (23.81�) 81% (23.81�) 99.4% (22.72�)
Absorption correction
Maximum and minimum

transmission
0.4646 and 0.2749 0.7463 and 0.3914 0.6295 and 0.4286 0.6451 and 0.4319

Refinement method Full-matrix least-squares on F2 Full-matrix least-squares on F2 Full-matrix least-squares
on F2

Full-matrix least-squares on F2

Data/restraints/parameters 3039/0/271 5745/0/471 2801/0/228 4957/13/433
Goodness-of-fit on F2 0.881 0.751 0.860 0.675
Final R indices [I > 2r(I)] R1 = 0.0330, wR2 = 0.0530 R1 = 0.0494, wR2 = 0.0781 R1 = 0.0647, wR2 = 0.1370 R1 = 0.0426, wR2 = 0.0498
R indices (all data) R1 = 0.0680, wR2 = 0.0577 R1 = 0.1328, wR2 = 0.0936 R1 = 0.1119, wR2 = 0.1515 R1 = 0.1193, wR2 = 0.0634
Absolute structure parameter 0.028(10)
Largest difference peak and

hole (e Å�3)
0.679 and �0.56 0.974 and �0.393 1.1213 and �0.780 0.354 and �0.330
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m/z: 998 [Mn2L6Br4]+, 916 [Mn2L6Br3]+, 677 [Mn2L6]+. Color: pale
pink.

3. Results and discussion

Mn(II) metal complexes of the Ln ligands were synthesized by
reaction of the appropriate ligand and the bromide metal salt in
refluxing acetonitrile. The complexes were synthesized as de-
scribed in the Section 2 and, in general, the reactions gave analyt-
ically pure products. Complexes were characterized by elemental
analysis, LSI mass spectrometry, IR, UV–Vis spectroscopy and mag-
netic measurements.

The IR spectra of the complexes show similar features. The
m(C@N) and m(C@C) bands of the aromatic rings are generally
shifted to higher wavenumbers than in the free ligand, suggesting
the coordination to the metal ions [35].

The complexes with the ligands showing pendant-arms dis-
play a medium intensity band in the region 2250 cm�1 attrib-
uted to the m(C„N) mode, suggesting the no coordination of
the nitrile groups to the metal. However, in the case of complex
3, an additional band at 2426 cm�1 is observed, and can be
attributable to the p,p-interaction in the solid state between
py–CH3CN–CNpendant, similar to that found in other complexes
with those ligands [36].

The results of LSI-MS of the complexes provide important evi-
dence of the formation of the different nuclearity of the complexes
as they feature peaks attributable in all cases to the species [MnLn]+

and [MnBr4]+ (n = 1–3) or [Mn2LnBrx]+ (n = 4–6).
The reflectance spectra of the complexes do not exhibit any
band in the 250–2000 nm region, according to the absence of
spin-allowed transitions for manganese(II). The value of the room
temperature magnetic moments (by metal atom) is between 5.4–
5.7 B.M., corresponding to high-spin state Mn (II).

3.1. X-ray structures

3.1.1. Crystal structure of [MnL1][MnBr4] (1) and
[MnL3][MnBr4] � 2CH3CN (3)

By slow recrystallisation of the compounds [MnL1][MnBr4] and
[MnL3][MnBr4] � 2CH3CN in acetonitrile, crystals to be studied by
X-ray diffraction could be obtained. The molecular structures of
the cationic complex are shown in Figs. 1 and 2a, respectively, to-
gether with the atomic numbering scheme adopted and selected
bond distances (Å) and angles (�). Crystal data and structure refine-
ment are given in Table 1.

Both complexes present a similar structure, consistent with the
cationic complex [MnLn]2+ and a well separated [MnBr4]2� anion.

In both cases the structure of the cation [MnLn]2+ shows the
presence of a Mn(II) mononuclear complex, where the metal ion
is endomacrocyclicly coordinated by the six N donor atoms from
the macrocyclic framework. The coordination geometry around
the Mn(II) ion can be described as {N6} distorted octahedral.

The equatorial plane can be described by the amine nitrogen
atoms [N(2)–N(3)–N(5)–N(6), rms 0.6198 and 0.6153 for 1 and 3,
respectively], with the N atoms from the pyridine rings occupying
the axial positions. The angles N(1)–Mn(1)–N(4), 167.01(19) and



Fig. 1. Crystal structure of the cation complex [MnL1]2+; Selected bond lengths (Å)
and angles (�): N(1)–Mn(1) 2.194(4); N(2)–Mn(1) 2.286(4); N(3)–Mn(1) 2.302(4);
N(4)–Mn(1) 2.197(4); N(5)–Mn(1) 2.277(4); N(6)–Mn(1) 2.274(4); Mn(2)–Br(4)
2.4879(11); Mn(2)–Br(1) 2.4913(10); Mn(2)–Br(2) 2.4980(10); Mn(2)–Br(3)
2.4979(10); N(1)–Mn(1)–N(4) 167.01(19); N(1)–Mn(1)–N(6) 74.61(17); N(4)–
Mn(1)–N(6) 112.90(16); N(1)–Mn(1)–N(5) 118.63(16); N(4)–Mn(1)–N(5)
73.94(18); N(6)–Mn(1)–N(5) 79.16(17); N(1)–Mn(1)–N(2) 74.87(17); N(4)–
Mn(1)–N(2) 97.83(16); N(6)–Mn(1)–N(2) 149.22(16); N(5)–Mn(1)–N(2)
112.59(16); N(1)–Mn(1)–N(3) 93.41(15); N(4)–Mn(1)–N(3) 74.50(18); N(6)–
Mn(1)–N(3) 106.23(17); N(5)–Mn(1)–N(3) 147.45(16); N(2)–Mn(1)–N(3)
79.51(16); Br(4)–Mn(2)–Br(1) 111.86(4); Br(4)–Mn(2)–Br(2) 114.12(4); Br(1)–
Mn(2)–Br(2) 106.67(3); Br(4)–Mn(2)–Br(3) 106.71(4); Br(1)–Mn(2)–Br(3)
109.86(4); Br(2)–Mn(2)–Br(3) 107.52(4).

Fig. 2. (a) Crystal structure of the cation complex [MnL3]2+; Selected bond lengths
(Å) and angles (�): N(1)–Mn(1) 2.143(6); N(2)–Mn(1) 2.285(6); N(3)–Mn(1)
2.335(7); N(4)–Mn(1) 2.135(6); N(5)–Mn(1) 2.362(6); N(6)–Mn(1) 2.331(6);
Mn(2)–Br(4) 2.4888(17); Mn(2)–Br(5) 2.4988(16); Mn(2)–Br(3) 2.5058(18);
Mn(2)–Br(1) 2.5275(16); N(4)–Mn(1)–N(1) 176.5(3); N(4)–Mn(1)–N(2) 104.1(2);
N(1)–Mn(1)–N(2) 74.7(2); N(4)–Mn(1)–N(6) 106.7(2); N(1)–Mn(1)–N(6) 74.5(2);
N(2)–Mn(1)–N(6) 149.2(2); N(4)–Mn(1)–N(3) 75.4(3); N(1)–Mn(1)–N(3) 107.5(2);
N(2)–Mn(1)–N(3) 81.9(2); N(6)–Mn(1)–N(3) 106.6(2); N(4)–Mn(1)–N(5) 74.2(3);
N(1)–Mn(1)–N(5) 102.8(2); N(2)–Mn(1)–N(5) 106.2(2); N(6)–Mn(1)–N(5) 81.7(2);
N(3)–Mn(1)–N(5) 149.6(2); Br(4)–Mn(2)–Br(5) 112.06(6); Br(4)–Mn(2)–Br(3)
111.41(6); Br(5)–Mn(2)–Br(3) 105.53(6); Br(4)–Mn(2)–Br(1) 105.68(6); Br(5)–
Mn(2)–Br(1) 105.51(6); Br(3)–Mn(2)–Br(1) 116.62(6). (b) Crystal structure of
[MnL3]2+ � 2CH3CN showing the p,p-interactions between nitrile pendant-arms,
acetonitrile solvent molecules and pyridine ring.
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176.5(3)� for 1 and 3, respectively, show that the macrocycle ligand
is slightly folded in both cases.

The ligand adops a typical ‘‘twist-wrap” conformation with a
dihedral plane between pyridine rings of 84.2(2) for 1 and
82.1(2)� for 3.

The different electronic nature of the N donor atoms induces
also geometrical distortions from the ideal octahedral geometry,
which are manifested by significantly different Mn–N bond
lengths. The shortest bond distances between the metal ion and
the donor atoms belong to the pyridinic nitrogen, with an average
value Mn–Npy of 2.195 and 2.139 Å for 1 and 3, respectively. The
Mn–Nam bond lengths are similar in both complexes, with an aver-
age value of 2.2818 and 2.3283 Å for 1 and 3, respectively, and they
are in the order to that found for similar complexes of Mn(II) [37–
39].

The [MnBr4]2� anion lies in a general position within the unit
cell and it presents a roughly tetrahedral symmetry typical for this
specie [40,41]. The Mn–Br bond distances are in the range
2.4879(11)–2.4989(10) Å for 1, and 2.4888(17)–2.5275(16) Å for
3. The Br–Mn–Br angles are in the range 106.67(3)–114.12(4)
and 105.51(6)–116.62(6)� for 1 and 3, respectively.

In the case of the [MnL3]2+ cation complex, the nitrile groups are
no coordinated to the manganese ion, probably due to their linear
nature, as has been found in other previously related crystal struc-
tures [17–20]. However, intramolecular interactions between the
p-systems of the pyridine rings, the nitrile pendant-arms and the
acetonitrile solvent molecules, can be observed (Fig. 2b) [36].
The crystal lattice of 3 shows the presence of two acetonitrile
molecules near of one the pyridine rings and the nitrile pendants
of the ligand. One of these acetonitrile solvent molecule is sited
between the pyridine ring and one nitrile pendant group, with a
dcentroid–C„N and dC„N–C„N of 3.5 Å, in both cases. If we consider
the distance between the centroid of the pyridine ring and the
C„N groups of the nitrile pendant and the acetonitrile molecules,
as analogous to the centroid–centroid distance, these distances
should be considered as indicative of the presence of intramolec-
ular p,p-interactions. The second acetonitrile molecule shows
dC„N–C„N and dcentroid–C„N distances of 3.6 and 4.1 Å, respectively,



Fig. 3. Crystal structure of [Mn2L5Br4] � 2CH3CN; Selected bond lengths (Å) and
angles (�): N(1)–Mn(1) 2.167(7); N(2)–Mn(1) 2.443(6); N(3)–Mn(1) 2.431(6);
Mn(1)–Br(2) 2.4857(18); Mn(1)–Br(1) 2.5162(18); N(1)–Mn(1)–N(3) 72.9(2);
N(1)–Mn(1)–N(2) 73.1(2); N(3)–Mn(1)–N(2) 143.4(2); N(1)–Mn(1)–Br(2)
152.50(18); N(3)–Mn(1)–Br(2) 104.29(18); N(2)–Mn(1)–Br(2) 99.52(16); N(1)–
Mn(1)–Br(1) 100.47(18); N(3)–Mn(1)–Br(1) 95.47(17); N(2)–Mn(1)–Br(1)
103.68(17); Br(2)–Mn(1)–Br(1) 107.02(7).
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showing the possible p,p-interaction between the acetonitrile
molecule and nitrile pendant group, but too long between the
acetonitrile molecule and pyridine ring for it.

3.1.2. Crystal structure of [Mn2L5Br4] � 2CH3CN (5) and [Mn2L6Br4] (6)
By slow concentration of acetonitrile solutions, crystals suitable

for X-ray diffraction of [Mn2L5Br4] � 2CH3CN and [Mn2L6Br4] were
obtained. The molecular structure together with selected bond
lengths (Å) and angles (�) are given in Figs. 3 and 4, respectively.
The crystal data and structure refinement are given in Table 1.
Fig. 4. Crystal structure of [Mn2L6Br4]; Selected bond lengths (Å) and angles (�):
Br(1)–Mn(1) 2.4709(19); Br(2)–Mn(1) 2.4826(19); Br(3)–Mn(2) 2.5002(19); Br(4)–
Mn(2) 2.488(2); Mn(1)–N(1) 2.143(9); Mn(1)–N(6) 2.361(9); Mn(1)–N(2) 2.392(8);
Mn(2)–N(4) 2.111(11); Mn(2)–N(5) 2.380(9); Mn(2)–N(3) 2.399(8); N(1)–Mn(1)–
N(6) 75.2(3); N(1)–Mn(1)–N(2) 75.2(3); N(6)–Mn(1)–N(2) 146.8(3); N(1)–Mn(1)–
Br(1) 143.5(2); N(6)–Mn(1)–Br(1) 100.0(2); N(2)–Mn(1)–Br(1) 94.8(2); N(1)–
Mn(1)–Br(2) 107.6(2); N(6)–Mn(1)–Br(2) 100.1(2); N(2)–Mn(1)–Br(2) 103.0(2);
Br(1)–Mn(1)–Br(2) 108.88(7); N(4)–Mn(2)–N(5) 74.6(4); N(4)–Mn(2)–N(3) 75.7(4);
N(5)–Mn(2)–N(3) 145.5(4); N(4)–Mn(2)–Br(4) 142.2(3); N(5)–Mn(2)–Br(4) 96.3(3);
N(3)–Mn(2)–Br(4) 96.4(2); N(4)–Mn(2)–Br(3) 104.5(3); N(5)–Mn(2)–Br(3)
101.6(2); N(3)–Mn(2)–Br(3) 102.5(2); Br(4)–Mn(2)–Br(3) 113.30(9).
In both cases, the complexes are neutral and dinuclear. The
Mn(II) ions are endomacrocyclic coordinated in a {N3Br2} core by
one pyridinic nitrogen atom, the two contiguous amine groups to
this pyridine ring and two bromide atoms. For 5, the asymmetric
unity shows only half molecule of the Mn(II) complex, and the
environment around the manganese atom can be better described
as distorted square pyramidal with s = 0.16, where the Br(1) is
occupying the apex of the pyramid. For 6, the environment around
each manganese atom is also better described as distorted square
pyramidal with s = 0.06 for Mn(1) and Mn(2). In this case, Br(2)
and Br(3) are occupying the apex of the pyramid for the Mn(1)
and Mn(2) environment, respectively.

The distance between the manganese ions, 5.345 and 6.03 Å for
5 and 6, respectively, indicates the no interaction between metal
ions.

The pyridinic nitrogen atom provides the shortest bond dis-
tance to the manganese atom for both complexes, with N(1)–
Mn(1) of 2.167(7) Å for 5 and N(1)–Mn(1) 2.143(9) Å or N(4)–
Mn(2) 2.111(11) Å for 6. The aliphatic Mn–N bond distances vary
from 2.377 Å [average value for Mn(1) in 6] to 2.437 Å [average va-
lue for 5]. The Mn–Br distances are in the range 2.4709(19)–
2.5162(18) Å, and they are consistent with the values observed in
other similar pentacoordinated manganese complexes [42,43].

In both cases, the crystal structure shows that the macrocyclic
ligands are no twisted, but in 5 the ligand presents a step confor-
mation with the pyridine rings parallel to one another and a dihe-
dral angles of 71� to the plane described by the four tertiary amine
nitrogen atoms. Instead in 6, the macrocycle ligand is folded, with a
dihedral angle 33.8� between the pyridine rings and a distance be-
tween centroids of 4.1 Å, too long to be considered as p,p-
interaction.
4. Conclusion

The complexation capability of a series of azamacrocyclic li-
gands – some of them containing nitrile groups as pendant-arms
– towards Mn(II) bromide salt have been studied. The crystal struc-
ture [MnL1][MnBr4], [MnL3][MnBr4] � 2CH3CN, [Mn2L5

Br4] � 2CH3CN and [Mn2L6Br4] complexes have been determined.
In all cases the ligands are bounded to the metal ions by the nitro-
gen donor set of the macrocyclic backbone, remaining the nitrile
pendant-arms without participating in the coordination. The
Mn(II) complexes with the ligands L1 and L3 present an ionic mixed
octahedral–tetrahedral complex. The manganese ion is endomac-
rocyclicly coordinated in an N6 octahedral geometry in the mono-
nuclear cation complex. Instead, the complexes with L5 and L6 are
neutral and dinuclear, with the metal ions in N3Br2 distorted
square pyramidal environment. In the case of complex
[MnL3][MnBr4] � 2CH3CN, the presence of intramolecular p,p-inter-
actions between pyridine ring, an acetonitrile molecule and nitrile
pendant group can be also observed.

5. Supplementary material

CCDC 720558, 720559, 720560 and 720561 contain the supple-
mentary crystallographic data for [MnL1][MnBr4],
[MnL3][MnBr4] � 2CH3CN, [Mn2L5Br4] � 2CH3CN and [Mn2L6Br4].
These data can be obtained free of charge from The Cambridge
Crystallographic Data Centre via www.ccdc.cam.ac.uk/data_re-
quest/cif.
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