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ABSTRACT

The coordination capability of the new tetrapyridyl pendant-armed azamacrocyclic ligand L, towards
Co(II), Ni(II), Cu(Il) and Cd(II) ions was studied. The ligand and the complexes were characterized by
microanalysis, LSI mass spectrometry, IR, UV-Vis and NMR spectroscopy, magnetic studies and conduc-
tivity measurements. Crystal structures of [Co,L(CH3CN);](Cl04)4-2CH5CN and [Cd,L(NOs),](NOs3),-2H,0
complexes have been determined. The X-ray studies show the presence of dinuclear endomacrocyclic
complexes with the metal ion in a similar distorted octahedral environment, coordinated by one pyridyl
bridgehead group, two amine nitrogen atoms and two pyridyl pendant-arms. The sixth coordination posi-
tion around the metal ion is completed by one acetonitrile molecule in [Co,L(CH3CN),](Cl04)4-2CH3CN
and by one monodentate nitrate anion in [Cd,L(NO3),](NO3),-2H,0. Different sort of intramolecular

X-ray structure

non-classical hydrogen bonds were found in the crystal lattice of both structures.

© 2009 Elsevier B.V. All rights reserved.

1. Introduction

Polyazamacrocyclic ligands have been a subject extensively
investigated in the coordination chemistry research during last
three decades due its ability to form complexes with different me-
tal ions or anionic species with considerable potential in such areas
as catalysis, modelling of metalloenzyme, molecular recognition,
etc [1-5].

The presence of pendant-arms into the macrocyclic skeleton
have attracted a great deal of interest owing to the fact that the
ligating groups attached to the macrocyclic backbone can offer
additional donor groups to produce important changes in the
control of the stability, selectivity, stereochemistry and certain
thermodynamic parameters [6-9], or promote the formation of
dinuclear or polynuclear metal complexes with interaction
between the metal centres, as well as act as hosts for organic
cations with different properties and applications [1,4]. Several
examples of macrocyclic ligands bearing pyridyl pendant groups
have been described in the literature [10-12]. The flexibility of
those pendant groups makes them a more versatile molecules,
which allow coordination of the encapsulated metal or promotes
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the formation of polymeric complexes, depending on the steric
requirements of the metal ion employed [13,14].

In this sense, the ligand L! (Scheme 1) have resulted to be a
sample of versatile pendant-armed azamacrocyclic ligand from
which many metal complexes of different nuclearities and proper-
ties were prepared [15-19].

Hence, as part as our research in the macrocyclic coordination
area, we have previously reported a metal complex series of the
potential hexadentade azamacrocyclic ligand L’ [20-22]. Now, we
described here the synthesis and the structural characterization
of a series of dinuclear complexes of Co(II), Ni(Il), Cu(Il) and Cd(II)
with the tetrapyridyl hexaazamacrocycle L, obtained by attaching
four pyridyl pendant groups to the macrocycle L.

2. Experimental
2.1. Chemicals and starting materials

The macrocyclic precursor L' has been synthesized following
the previously reported method [20]. 2,6-Diacetylpyridine,
ethylendiamine, Ba(Il) chloride, 2-picolyl chloride hydrochloride,
CO(NO3)2‘6H20, Nl(N03)26H20, CU(NO3)2~3H20, Cd(NO3)24H20,
CO(C104)26H20, NI(C104)26H20, CU(C104)26H20 and Cd(ClO4)2
6H,0 were commercial products obtained from Alfa and Aldrich,
and were used without further purifications. The solvents used
were of reagent grade and purified by usual methods.
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Scheme 1.

Caution: Although no problems were encountered during the
course of this work, attention is drawn to the potentially explosive
nature of perchlorate salts.

2.2. Synthesis of the macrocyclic ligand, L

The synthesis of the ligand L was achieved starting from the iso-
meric mixture of the macrocyclic precursor L'.

The precursor ligand L’ (3 mmol, 1.15 g) was dissolved in aceto-
nitrile (100 mL) under reflux and 2-picolyl chloride hydrochloride
(18 mmol, 2.95 g) and Na,CO3 (40 mmol, 4.32 g) were added. The
mixture was refluxed for 6 h and stands to cool. The solution
was filtered off and evaporated to dryness. The residue was then
extracted with water-chloroform. The organic layer was dried over
anhydrous Na,SO4 and evaporated to yield a brown oil that was
recrystallised in acetonitrile giving the ligand L as a white solid.

Anal. Calc. for C4eHs4Nyo (MW: 747): C, 74.0; H, 7.3; N, 18.7.
Found: C, 73.9; H, 7.3; N, 18.6%. Yield: 52%. IR (KBr, cm™!): 1589,
1571, 1459, 1434 [v(C=N),, and V(C=C)]. LSI-MS, m/z: 748
[L+H]". Color: white.

2.3. 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-66 V spectro-
photometer. Solid state electronic spectra were recorded on a Hit-
achi 4-3200 spectrophotometer using MgCO; as reference.
Magnetic studies were determined at room temperature on a
vibration sample magnetometer (VSM) Digital Measurement Sys-
tem 1660 with a magnetic field of 5000 G. Conductivity measure-
ments were carried out in 107> mol dm~> acetonitrile solutions at
20°C using a WTW LF3 conductivimeter. NMR spectra were
recorded on a Bruker 500 MHz using CDCl; as solvent.

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

Slow recrystallization from acetonitrile gave crystals of
[COzL(CchN)zl(ClO4)42CH3CN and [CdzL(NO3)2](N03)22H20 suit-
able for X-ray diffraction. The details of the X-ray crystal data, and
the structure solution and refinement are given in Table 1. Mea-
surements were made on a Bruker SMART CCD 1000 area diffrac-
tometer. All data were corrected for Lorentz and polarization
effects. Empirical absorption corrections were also applied for all
the crystal structures obtained [23]. Complex scattering factors
were taken from the program package sHeLxtL [24]. The structures
were solved by direct methods which revealed the position of all

non-hydrogen atoms. All the structures were refined on F? by a
full-matrix least-squares procedure using anisotropic displace-
ment parameters for all non-hydrogen atoms. The hydrogen atoms
were located in their calculated positions and refined using a riding
model.

2.5. Synthesis of metal complexes — general procedure

The reactions were carried out in 1:1 metal:ligand molar ratio
in all cases. The appropriate metal salt (0.5 mmol) was dissolved
in acetonitrile (10 ml) and added to a stirred solution of the mac-
rocyclic ligand L (0.5 mmol) in acetonitrile (15 ml). The solution
was stirred for 3 h and concentrated to the air at room temperature
to obtain crystalline precipitates The resulting products were fil-
tered off, dried and recrystallized from acetonitrile.

2.5.1. [CosL](NO3)4

Anal. Calc. for C46H54N14012Co, (MW: 1112.9): C, 49.6; H, 4.9;
N, 17.6. Found: C, 49.5; H, 4.8; N, 17.4%. Yield: 37%. IR (KBr, cm™!):
1606, 1577, 1444 [v(C=N),, and v(C=C)], 1384, 1058, 838, 767
[V(NO57)]. LSI-MS, m/z: 989 [Co,L(NO3),]*", 927 [Co,L(NO3)]*",
865 [Co,L]*". Apm/Q 'em?mol™! (in CH3CN): 210 (2:1). Color: pink.

2.5.2. [Co,L](ClO4)44CH3CN

Anal. Calc. for C54H66N14016C14C02 (MW ]4269) C, 45.5; H,
4.7; N, 13.7. Found: C, 45.7; H, 4.7; N, 13.6%. Yield: 35%. IR (KBr,
cm™'): 1606, 1575, 1444 [V(C=N),y and v(C=C)], 1091, 626
[V(Cl04)]. LSI-MS, m/z: 865 [Co,L]**. Apm/Q 'cm?mol~(in CH3CN):
480 (4:1). Color: pink.

2.5.3. [NiL](NO3)4-2H-0

Anal. Calc. for C46H58N14014Ni2 (MW 1092) C,48.1; H, 5.1; N,
17.1. Found: C, 48.1; H, 5.3; N, 17.2%. Yield: 44%. IR (KBr, cm™'):
1608, 1587, 1448 [v(C=N),, and v(C=C)], 1384, 1031, 831, 767
[V(NO37)]. LSI-MS, m/z: 989 [Ni,L(NO3),]**, 927 [Ni,L(NO3)]*",
865 [NiL]**. Am/Q 'cm®mol™! (in CH5CN): 258 (2:1). Colour:
green.

2.5.4. [Ni,L](Cl04)42CH3CN

Anal. Calc. for C50H60N12016C14Ni2 (MW 13402) C,44.8; H,4.5;
N, 12.5. Found: C, 44.7; H, 4.6; N, 12.3%. Yield: 50%. IR (KBr, cm™):
1608, 1582, 1448 [v(C=N),y, and v(C=C)], 1091, 630 [v(ClO4")]. LSI-
MS, m/z: 862 [Ni>L]**. Apm/Q 'cm®mol~'(in CH3CN): 447 (4:1). Col-
our: green.

2.5.5. [CUZL](N03)4
Anal. Calc. for C46Hs54N14012Cuy (MW: 1120.3): C,49.3; H,4.9; N,
17.5. Found: C, 48.7; H, 4.9; N, 17.4%. Yield: 42%. IR (KBr, cm™!):
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Table 1

Crystal data and structure refinement for [Co,L(CH3CN),](ClO4)4-2CH5CN and [Cd,L(NO3),](NOs),-2H,0.
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C0,L(CH3CN);](C104)4.2CH5CN

Cd>L(NO3);|(NO3)>-2H,0

Empirical formula
Formula weight
Temperature (K)
Wavelength (A)
Crystal system
Space group

Unit cell dimensions

Volume (A3)
VA

Density (calculated) (Mg/m?)
Absorption coefficient (mm™')

F(000)

Crystal size

0 Range for data collection
Index ranges

Reflections collected
Independent reflections
Completeness to 0

C37H33N705Cl;Co
713.43

293(2)

0.71073
Monoclinic
P21/n

a=13.729(2) A
b=13.572(2) A
B=102.972(3)°
c=16.986(3) A
3084.4(8)

4

1.536

0.790

1476

0.23 x 0.17 x 0.07 mm?
1.94-26.02°
-16<h<16,0<k<16,0<1<20
26438

6064 [R(int) = 0.0490]
99.9% (26.02°)

C46Hs58N14014Cd>
1255.86

293(2)

0.71073
Monoclinic
P21/n

a=19.346(7) A
b=13.279(5) A

B =104.956(6)°
c=20.608(8) A

5115(3)

4

1.631

0.911

2560

0.24 x 0.22 x 0.10 mm?
1.29-27.11°
-24<h<23,0<k<16,0<1<26
46052

11227 [R(int) = 0.0333]
99.4% (27.11°)

Absorption correction Sadabs
Maximum and minimum transmission
Refinement method
Data/restraints/parameters 6064/0/408
Goodness-of-fit on (GOF) F2 1.065

Final R indices [I > 2a(I)]

R indices (all data)

Largest difference in peak and hole (e A=)

0.9468 and 0.8391
Full-matrix least-squares on F2

R, = 0.0483, wR, = 0.1255
R, = 0.0825, wR, = 0.1404
0.573 and —0.351

Sadabs

0.9144 and 0.8109

Full-matrix least-squares on F?
11227/0/689

1.049

Ry =0.0400, wR; = 0.0956

Ry =0.0657, wR, = 0.1063

1.001 and —0.575

1608, 1588, 1444 [v(C=N),, and v(C=C)], 1384, 825, 765 [v(NO5)].
LSI-MS, m/z: 996 [Cu,L(NOs),]**, 934 [Cu,L(NO53)]**, 872 [Cu,L]*".
Am/Q 'em?mol~! (in CH5CN): 265 (2:1). Colour: blue.

2.5.6. [CusL](Cl0.4)+3CH;CN

Anal. Calc. for C5;HgzN13016C14Cuy (MW: 1391.2): C, 44.8; H,
4.6; N, 13.1. Found: C, 45.1; H, 4.5; N, 12.9%. Yield: 46%. IR (KBr,
cm™'): 1608, 1477, 1444 [v(C=N),, and ¥(C=C)], 1089, 624
[v(ClO47)]. LSI-MS, mjz: 872 [CuL]*. An/Q 'cm?mol™! (in
CH3CN): 452 (4:1). Color: blue.

2.5.7. [Cd>L](NO3).4-2H,0

Anal. Calc for C46H5gN14014Cdy (MW: 1258.2): C,43.9; H, 4.6; N,
15.6. Found: C, 43.6; H, 4.5; N, 15.6%. Yield: 45%. IR (KBr, cm™'):
1602, 1575, 1456 [v(C=C) and v(C=N),,], 1384, 1095, 821, 771
[V(NO37)]. LSI-MS, m/z: 1096 [Cd,L(NOs),]?*, 1034 [Cd,L(NO3)]*",
972 [Cd,L]*". Am/Q 'em®mol™! (in CH3CN): 280 (2:1). Color: white.

2.5.8. [Cd5L](ClO4)4-3H50

Anal. Calc. for C45H60N10019C14Cd2 (MW 1424]) C, 38.8; H,
4.2; N, 9.8. Found: C, 38.7; H, 4.1; N, 9.8%. Yield: 46%. IR (KBr,
cm™'): 1602, 1577, 1444 [v(C=N),, and v(C=C)], 1085, 628
[V(ClO47)]. LSI-MS, m/z: 972 [Cd,L]*. Am/Q 'em?mol~'(in CH5CN):
452 (4:1). Color: white.

3. Results and discussion

The ligand L has been synthesized by the N-alkylation of the
secondary amines present in the precursor ligand L’ using 2-picolyl
chloride hydrochloride in acetonitrile. The macrocycle was charac-
terised by elemental analysis, IR, LSI-MS, 'H and '3C NMR spec-
troscopy. The IR spectrum shows two splitting bands with
maxima at 1589, 1571, 1459, 1434 cm ™, in the region associated
with the v(C=N) and v(C=C) vibrations from the pyridine groups,
suggesting the incorporation of pyridyl pendant-arms into a pyri-

Table 2

1H and '*C NMR spectra of L in CDCls.

IH l3c

Assignment S (ppm) Assignment é (ppm)

H; 7.55 (t, 2H) C1, Cio 136.2, 135.8
H,, Hio 7.15 (m, 8H) C,, Co, C1q 119.9, 121.6, 122.6
Hy 3.95 (m, 4H) G, Cg 161.5, 161.3
Hs 1.25 (s, 12H) Cy 57.9

Hs 2.66 (m, 8H) Cs 15.0

H; 3.79 (dd, 8H) Ce 49.8

Ho y Hiy 7.50 (d, 8H) C; 60.5

Hiz 8.45 (d, 4H) Cio 148.7

dine based macrocyclic backbone. The disappearance of the sec-
ondary amine stretch at 3300 cm™! in the precursor ligand, L,
further confirms that the alkylation reaction took place. The LSI-
MS gave a peak at m/z 748 [L+H]" corresponding to the incorpora-
tion of four pyridyl pendant groups in the precursor L'.

The 'H and '>C NMR spectra of L were recorded in CDCl; solu-
tion at 298 K. The proton spectrum (Table 2) shows the expected
triplet signal due to the H; proton of the pyridine units at §
7.5 ppm, whilst the expected doublet corresponding to H, collapse
in a multiplet at § 7.1 ppm with the proton signals of the pyridine
pendant-arms Hqo. H4 protons appears as a multiplet at § 3.9 ppm,;
the methyl groups Hs appears as a singlet at 6 1.2 ppm; the signal
at 6 3.8 ppm is attributable to the geminal H; protons and the ali-
phatic protons Hg appear as a multiplet at § 2.6 ppm. (see Scheme 2
for labelling).

The proton spectrum is consistent with an effective C;, symme-
try of the 6S,9R,15R,18S-meso form of the ligand L found in the
crystal structures of the Co(II) and Cd(II) complexes with this li-
gand. This is confirmed by the 3C NMR spectrum, which shows
twelve signals for the 46 carbon nuclei of the ligand backbone.
The assignment of the 'TH NMR signals was achieved with the aid
of standard DEPT, COSY and HMQC experiments (Table 2).
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Scheme 2.

The coordination ability of this macrocyclic ligand, L, towards
hydrated nitrate and perchlorate salts of Co(II), Ni(Il), Cu(Il) and
Cd(II) was studied. The complexes were synthesized as described
in the experimental section and, in general, the reactions gave ana-
lytically pure products. Complexes were characterized by micro-
analysis, LSI-MS, IR, UV-Vis spectroscopy, magnetic studies and
conductivity measurements.

The IR spectra of the complexes show similar features. The
v(C=N) and v(C=C) bands of the aromatic rings are generally
shifted to higher wavenumbers than in the free ligand, suggesting
the coordination of the pyridine groups to the metal ions [25].

The IR spectra of the perchlorate complexes feature absorptions
attributable to ionic perchlorate at 1100 cm™. The lack of splitting
of this band indicates that these groups are not coordinated to the
metal centres [26,27]. Instead, for the nitrate complexes, the band
at 1383 cm™! associated with the presence of ionic nitrate is
accompanied by several bands in the region associated with nitrate
vibrations and these clearly identify the coordinated nitrate groups
[28].

The results of LSI-MS of the complexes provide important evi-
dence of the formation of the dinuclear complexes as they feature
peaks attributable in all cases to [M,L(NO5),]?*, [M,L(NO3)]** and
[M,L]** for the nitrate complexes or [M,L]*" for the perchlorate
complexes.

The reflectance spectra of the Co(Il) complexes show two d-d
transition bands at ca. 10 000 and 20 000 cm™!, which are due to
the *Tyg — *T1g and “Ty4(P) — *T14(F) transitions, respectively, and
are of the type expected for distorted octahedral high-spin Co(II)
complexes [29]. The reflectance spectra of the nickel complexes
show three bands at ca. 10300, 16 400 and 26 000 cm™'. These
bands are attributable to the 3Tyg «— Ayg, >Ti4(F) — Ay and
3T,4(P) « Ay, transitions, respectively, and are indicative of octa-
hedral Ni(Il) compounds. One absorption band at ca. 14 780 cm™!
is also present for nitrate complex, probably due to the spin forbid-
den transition 'Eg — 3A,, usually observed in Ni(Il) complexes
[30,31].

The electronic reflectance spectra of the Cu(Il) complexes exhi-
bit a broad band at ca. 17 000 cm™! and an octahedral geometry is
proposed [32].

The room temperature magnetic moments obtained for Co(II)
complexes (4.6 and 4.7 B.M. per Co atom for nitrate and perchlo-
rate complex, respectively), are consistent with the presence of
high-spin octahedral Co(Il) ions. The magnetic moments at room
temperature for the Ni(Il) and Cu(ll) complexes were 2.8-2.7 and
1.9-1.8 B.M (per metal atom), respectively, and these values are
within the range usually observed for octahedral Ni(Il) and d° sys-
tems, respectively [33].

The molar conductance values for the complexes measured in
acetonitrile at 298 K lie in the range reported for 2:1 electrolytes
for nitrate and 4:1 for perchlorate complexes [34], showing the
different coordinative nature for both type of anions.

3.1. X-ray structures

3.1.1. Crystal structure of [Co,L(CH3CN),](ClO4)4-2CH3CN

Crystals of [Co,L(CH3CN),](Cl04)4-2CH3CN adequate to be stud-
ied by X-ray diffraction were obtained by slow recrystallization of
the complex in acetonitrile. It crystallizes in the monoclinic sys-
tem, P2(1)/n group. Crystal data and structure refinement are given
in Table 1. The molecular structure and selected bond lengths
relating to the coordination environment of the metals are given
in Fig. 1.

The [Co,L(CH3CN),](Cl04)4-2CH5CN crystal structure presents a
crystallographically imposed symmetry in the unit cell and is con-
sistent with the dinuclear cation complex [Co,L(CH3CN),]**, four
independent perchlorate groups and two crystallization acetoni-
trile molecules.

The complex structure is endomacrocyclic and each Co(Il) ion is
coordinated by one pyridyl bridgehead group, the two amine nitro-
gen atoms contiguous to that pyridyl ring and its corresponding
pyridyl pendant-arms. The sixth coordination position is com-
pleted by one acetonitrile molecule. Thus, the metal ions are six
coordinate with a Ng donor set, and the coordination geometry
can be better described as distorted octahedral. The main distor-
tion from a regular geometry can be attributed to the values of
the five-membered chelate rings angles at the metal atoms, formed
by the tertiary amine and the pyridyl donor groups which deviate
significantly from 90°; 73.21(11), 73.47(11), 75.18(11) and
74.72(10)° for N(1)-Co-N(2), N(1)-Co-N(3), N(2)-Co-N(4) and
N(3)-Co-N(5), respectively.

The equatorial plane can be considered formed by the nitrogen
atoms [N1 N3 N4 N1s (rms 0.6602)]. The Co ion is almost in that
plane, displaced only 0.021 A from them, whilst the axial positions
are occupied by the amine N2 and the pyridyl pendant-arm N5
donor atoms [N2-Co-N5, 155.80(11)°].

The structure is quite different to that found previously for
[Co,L'(NO5)4]-2H20, [Cu,L'(H20)2](NO3)4 [17] or [CupL'(CH5CN),]-
(Cl04)4-2CH5CN [15] which consists on a dinuclear exomacrocyclic
complexes with the pyridine bridgehead groups non-coordinated
to the metal ions.

All the nitrogen donor atoms from the macrocyclic ligand are
coordinated to the cobalt ions. The shortest Co-N bond distance
corresponds to the pyridyl bridgehead groups, Co-N1, 2.109(3) A.
The Co-Npendane distances are 2.113(3) and 2.168(3)A, and the

Fig. 1. Crystal structure of [Co,L(CH3CN),](Cl04)4-2CH3CN complex; selected bond
lengths (A) and angles (°): Co-N(1) 2.109(3); Co-N(4) 2.113(3); Co-N(5) 2.168(3);
Co-N(1S) 2.169(3); Co-N(3) 2.312(3); Co-N(2) 2.316(3); N(1)-Co-N(4) 145.89(11);
N(1)-Co-N(5) 128.66(11); N(4)-Co-N(5) 84.99(11); N(1)-Co-N(1S) 86.28(11);
N(4)-Co-N(1S) 106.00(11); N(5)-Co-N(1S) 82.65(11); N(1)-Co-N(3) 73.47(11);
N(4)-Co-N(3) 117.69(10); N(5)-Co-N(3) 74.72(10); N(1S)-Co-N(3) 127.89(11);
N(1)-Co-N(2) 73.21(11); N(4)-Co-N(2) 75.18(11); N(5)-Co-N(2) 155.80(11);
N(1S)-Co-N(2) 89.52(10); N(3)-Co-N(2) 126.84(10).
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Table 3
Shorter atom-atom distances [A] for [Co,L(CH3CN);](ClO4)s-2CH3CN  and
[Cd>L(NO3),]J(NOs3)>2H,0.

[Co,L(CH3CN),](C104)4-2CH5CN [Cd,L(NO3),](NO3),-2H,0

C3-C16_$1 3.513(3) C44-H44.-012n 2.408(3)
C3-C17_$1 3.793(4) C21-H21b--09n 2.662(3)
C2-C17_$1 3.645(3) C20-H20a--05n 2.369(3)
C21-H21.-05p 2.628(4) C22-H22c--02n 2.320(3)
C21-H21.-08p 2.538(3)

Symmetry transformations used to generate equivalent atoms: $1 —x+2, -y +1,
—z+1.

longest coordination bond distances correspond to the amine
nitrogen atoms [Co-N2, 2.312(3) A and Co-N3, 2.316(3) A]. All of
these bond distances are in the order found for similar CON6 com-
plexes [17,35,36]. Finally, the Co-acetonitrile distance is of
2.169(3) A, similar to that found in other complexes with a CoN6
core [37,38].

The macrocyclic ligand has a markedly step conformation
where the pyridyl bridgehead groups lying parallel to each other,
and the angle between these rings and the plane described for
the tertiary amine nitrogen atoms (rms = 0) is 89.2(1)°.

The intramolecular Co---Co distance, 5.549 A, is shorter than that
found in [Co,L'(NO5),]-2H,0 (9.33 A), but too long to consider the
existence of a significant intermetallic interaction [39,40].

The pyridyl bridgehead groups (N1C1-C5) and the pyridyl pen-
dant-arms (N4_$1C14_$1-C18_%1) are slightly tilted (dihedral an-
gle 25.7(1)°) with some shorter atom-atom distance (C3-C16_%$1,
3.513 A). However, the centroid-centroid distance of 4.1 A is too
long to suggest the presence of m,m-interactions. Non classical
intramolecular H-bonds between non-coordinated perchlorate an-
ions and hydrogen atoms of the pyridine rings (C-H---O) were
found (see Table 3).

3.1.2. Crystal structure of [Cd>L(NO3),](NOs3)»-2H;0

The dinuclear complex [Cd;L(NOs3),](NO3),-2H,0 was obtained
by recrystallization in acetonitrile of the complex obtained from
the reaction between Cd(II) nitrate and the macrocyclic ligand L
in a 1:1 molar ratio. The crystal structure was studied by X-ray dif-
fraction and the molecular structure of the complex is shown in
Fig. 2 together with the atomic numbering scheme adopted and se-
lected bond length distances (A) and angles (°).

The [Cd,L(NO3),]?* cation shows two crystallographically inde-
pendent cadmium ions located in a similar coordination environ-
ment. The metal ions are hexacoordinated and each cadmium ion
is surrounded by one pyridyl bridgehead unit, two tertiary amine
nitrogens contiguous to that pyridyl bridgehead, and by their cor-
responding pyridyl pendant-arms. The coordination environment,
NsO core, is completed by a monodentate nitrate anion. The geom-
etry around the metal ions can be described as distorted octahe-
dral, being the equatorial planes that formed by N(1)-N(6)-N(7)-
O1n (rms 0.73) and N(3)-N(4)-N(9)-04n (rms 0.72) for Cd1 and
Cd2, respectively. The axial positions are occupied by the amine
and pyridyl pendant-arms atoms, N2-Cd1-N10, 161.02(10)° and
N5-Cd2-N8, 161.17(10)°.

The crystal structure does not differ to much than that found
previously for the dinuclear complexes [Cd,L'(NO3),](NOs), [17]
and [Zn,L'(NO3),](NO5),-H,0 [19], where the coordinated nitrate
anions give rise to a heptacoordinated environment NsO, for cad-
mium ions, and N4O pentacoordinated for cinc ions.

The pyridyl bridgehead groups of the macrocyclic backbone
provide the shortest bond to the metal atoms [Cd1-N1,
2.274(3) A, Cd2-N4, 2.267(3) A]. This distance is slightly shorter
than that corresponding to pyridyl pendant-arms [Cd1-Npendant,
average value of 2.297 A, and Cd2-Npendant, average value of

Fig. 2. Crystal structure of [Cd,L(NO3),](NO3),-2H,O complex; selected bond
lengths (A) and angles (°): N(1)-Cd(01) 2.274(3); N(2)-Cd(01) 2.672(3); N(3)-
Cd(2) 2.508(3); N(4)-Cd(2) 2.267(3); N(5)-Cd(2) 2.677(3); N(6)-Cd(01) 2.501(3);
N(7)-Cd(01) 2.292(3); N(8)-Cd(2) 2.297(3); N(9)-Cd(2) 2.303(3); N(10)-Cd(01)
2.303(3); O(1 N)-Cd(01) 2.347(3); O(4N)-Cd(2) 2.330(3); N(1)-Cd(01)-N(7)
134.32(10); N(1)-Cd(01)-N(10) 130.77(10); N(7)-Cd(01)-N(10) 92.56(11); N(7)-
Cd(01)-0(1N)  90.43(13); N(1)-Cd(01)-N(6)  70.97(9);  N(7)-Cd(01)-N(6)
119.42(10); N(10)-Cd(01)-N(6) 72.77(10); N(1)-Cd(01)-N(2) 68.20(9); N(7)-
Cd(01)-N(2) 69.20(10); N(10)-Cd(01)-N(2) 161.02(10); O(1 N)-Cd(01)-N(2)
85.73(10); N(6)-Cd(01)-N(2) 120.15(9); N(4)-Cd(2)-N(8) 131.21(10); N(4)-
Cd(2)-N(9) 133.12(10); N(8)-Cd(2)-0(4 N) 89.97(11); N(4)-Cd(2)-N(3) 71.20(9);
N(8)-Cd(2)-N(3) 72.78(10); N(9)-Cd(2)-N(3) 118.36(10); O(4 N)-Cd(2)-N(3)
147.22(10); N(4)-Cd(2)-N(5) 67.58(10); N(8)-Cd(2)-N(5) 161.17(10); N(9)-
Cd(2)-N(5) 68.74(10).

2.300 A], but both types of bonds are quite shorter than those cor-
responding to the [Cd,L!(NO3),](NO3), complex mentioned above.
The longest Cd-N bond distance corresponds to the amine groups
[Cd1-Namine, average value of 2.587 A and Cd2-N.mine, average
value of 2.642 A]. Two of the nitrate ions act as monodentate,
Cd1-01n, 2.347(3) A and Cd2-04n, 2.330(3) A, values in accor-
dance with other similar nitrate six coordinated Cd(Il) complexes
[41-44].

The macrocyclic ligand is also in a step conformation. The dihe-
dral angle between the pyridyl bridgeheads is only of 2(1)° and the
angle between these rings and the plane described for the tertiary
amine nitrogen atoms (rms 0.0155) is 64.67°.

In this case, the intramolecular Cd---Cd distance is 6.254 A, long-
er than the distance found in [Cd,L!'(NO3),](NO3), (5.784 A), and
also too long to consider the presence of an intermetallic bond.

Non classical intramolecular H-bonds between no coordinated
nitrate anions and hydrogen atoms of the pyridine rings and of
methyl groups (C-H---O) were also found in the crystal structure
(see Table 3).

4. Conclusion

The complexation behaviour of the new tetrapyridyl pendant-
armed azamacrocyclic ligand, L, towards nitrate and perchlorate
salts of M(II) [M = Co, Ni, Cu, Cd] in acetonitrile have been studied.
All the complexes are dinuclear with a distorted octahedral coordi-
nation geometry around the metal ions. The crystal structures
of [Co,L(CH3CN),](Cl04)4-2CH3CN and [Cd,L(NOs3),](NO3),-2H,0
complexes have been determined. In both cases the ligand is
bounded to the metal ions by one pyridyl bridgehead group, the
two amine nitrogen atoms contiguous to that pyridyl ring and its
corresponding pyridyl pendant-arms. The six coordination position
is completed by one acetonitrile molecule or by one monodentate
nitrate anion. Different non-classical intramolecular H-bonds were
found in the crystal structure.
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