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The intense interest in synthetic macrocycles and 
their metal complexes depends on the fact that they 
mimic naturally occurring macrocyclic molecules 
in their structural and functional features, and in 
their rich chemical behavior. Of these, macrocyclic 
complexes with four nitrogen donor atoms have 
attracted considerable attention. Most macrocyclic 
ligands are best prepared with the aid of metal ions 
as templates to direct the steric course of the conden- 
sation reactions, which ultimately end with ring 
closure [I] . 

In previous papers we have described the template 
synthesis and characterization of Mg(II), Zn(l1) [2] 
and Sc(II1) [3] ICmembered polyaza macrocyclic 
complexes and the preparation and properties of the 
macrocyclic and ring-opened complexes of lantha- 
nides formed in the reaction of metal ions with 2,6- 
diacetylpyridine and appropriate amines [4-6 J . 

As a continuation of our studies on the effect of 
the nature and size of both the metal and the macro- 
cycle on the structure of the complex formed, and 
on the effectiveness of different metal ions in 
promoting macrocycle synthesis, we now report the 
template action of Ni(I1) and Co(U) ions in the 
synthesis of a planar quadridentate hexaaza macro- 
cycle. 

The macrocyclic complexes of stoichiometry 
[NiL’(H,O),] (C104)2*4H20 and [CoL1(H20),] - 
(C104)2*4Hz0, where L’ is 2,5,1 l,lCtetramethyl- 
3,4,12,13,19,20-hexaazatricyclo[13.3.1.16~10] eicosa- 
1(19),2,4,6,8,10(20),11,13,15,17-decaene, were prep- 
ared by the reaction of 2,6-diacetylpyridine (2 mmol) 
with hydrazine (2 mmol) in the presence of metal 
perchlorates (4 mmol) in refluxing ethanol with 
yields of 83% and 8%, respectively. The formula- 
tions of these complexes follow from spectral data 
(i.r., uv-vis, e.s.r.) and thermal analysis. Elemental 
analysis figures are consistent with the above 
formulae (talc. for Ni complex: C, 31.60; H, 4.42; 
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N, 12.29%; found: C, 31.51; H, 4.36; N, 12.37%; 
talc. for Co complex: C, 31.59; H, 4.42; N, 12.28%; 
found: C, 31.68; H, 4.48; N, 12.18%). The com- 
plexes appear to be air stable solids, moderately 
soluble in acetonitrile. 

The infrared spectra of these complexes (in KBr 
pellets, 4000-400 cm-‘) confirm the formation of 
the macrocyclic compounds by the absence of un- 
condensed functional group stretching modes of start- 
ing materials and the appearance of a strong 
absorption band at CU. 1600 cm-’ attributable to the 
coordinated C=N stretching mode [5, 71. The high 
and low energy pyridine bands are observed at CU. 
1570, 1460, 635 and 420 cm-’ suggesting coordina- 
tion of pyridine [2-6, 81. The presence of non- 
coordinated perchlorates in the complexes is inferred 
from the broad, intense band centered at 1100 cm-’ 
and a strong sharp band at 625 cm-‘, and also from 
the absence of splitting of the degenerate stretching 
and bending modes of the C104- ion, which is 
indicative of coordination species [93. A broad 
diffuse band in the 3500-3200 cm-’ region is 
assigned to O-H stretching modes for lattice water. 
A weak absorption observed at 530 cm-’ suggests 
that coordinated water is also present [2-6, lo]. 

The electronic spectra of acetonitrile solutions of 
the complexes exhibit bands at CQ. 270 and 335 nm 
attributable to the ?T + n* transitions of coordinated 
macrocycle. 

The electron spin resonance spectra of the cobalt- 
(II) complex taken in solution and in the solid state 
at room and liquid nitrogen temperatures give a value 
of g = 2.2 characteristic of spin paired complexes of 
Co(H) with square planar or octahedral symmetry 

[Ill. 
Further evidence for the formation of the macro- 

cycle comes from the mass spectra of the complexes. 
The highest m/z fragment observed at m/z 3 18 corres- 
ponds to the molecular weight of the uncoordinated 
macrocycle. The occurrence of a strong peak corres- 
ponding to the free macrocycle instead of the parent 
ion peak of the macrocyclic complexes is quite 
common for the other polyaza macrocycles and has 
been reported in the mass spectra of these com- 
pounds [6, 121. 

The thermogravimetric analysis indicates for these 
two complexes a loss of four molecules of water at 
30-60 “C, and two water molecules at 120-160 “C. 

On the basis of spectral and analytical data, along 
with the molecular model analysis, it seems 
reasonable to assume that these complexes have a 
six coordinate tetragonally distorted octahedral struc- 
ture (I) with the macrocycle occupying the equatorial 
plane and the axial positions being filled with water. 
This structure is highly stabilized by the formation 
of two five- and two six-membered chelate rings upon 
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coordination, which allows the high resonance of 
the system. The complexes satisfy the Htickel 
criterion having 147r electrons in the inner ring and 
are therefore chemically stable and comparable in this 
regard with the derivatives of phthalocyanines and 
porphyrins. 

The synthesis of the free ligand has also been 
achieved in two stages under high dilution conditions 
without the use of the coordination template effect, 
albeit with very low yield [2]. The importance of 
the metal ion in promoting the cyclic condensation 
of the reactants instead of the competing linear poly- 
merization reaction is thus apparent. 

In addition to the ring closed complexes discussed 
above, the ring-opened (6-acetyl-pyrid-2-yl) methyl 
ketone azine (L2) complexes of Ni(II) and Co(I1) 
ions were isolated from reaction of 2,6_diacetylpyri- 
dine with hydrazine in the presence of metal per- 
chlorates and identified by spectra data and thermal 
analysis. Chemical analysis established the stoichio- 
metries of the complexes isolated to be [NiL2- 
(H,O),] (Cl0&.4H# (talc.: C, 31;42; H, 4.39; 
N, 8.14%; found: C, 31.36; H, 4.46; N, 8.22%) and 
[COL~(H~O)~](C~O~)~.~H~O (talc.: C, 31.41; H, 
4.39; N, 8.14%; found: C, 31.34;H,4.36;N, 8.17%). 
These complexes appear to be identical with those 
prepared in the direct synthesis in which the appro- 
priate metal perchlorate reacts with (6-acetyl-pyrid- 
2.yI)methyl ketone azine in refluxing ethanol for 
4 hours. 

It should be noted here that free (6-acetyl-pyrid-2- 
yl) methyl ketone azine (II) is an intermediate in the 
preparative route to the free L’ macrocycle and was 

isolated and characterized in the manner described 
earlier [2]. 

The infrared spectra of these two complexes are 
very similar and are analysed in comparison with that 
of the free ligand. The most diagnostic band is the 
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C=N stretching mode indicating the partial condensa- 
tion reaction. This band, observed in the spectrum 
of the ligand at 1600 cm-‘, is shifted to lower 
frequencies by 40 cm-’ upon complex formation 
suggesting that the double bond character of C=N 
decreased as a consequence of coordination by the 
nitrogen atom [5, 131. An important feature 
common to Ni(I1) and Co(I1) L2 complexes is the 
occurrence of two medium absorption bands at 1700 
and 1650 cm-’ assigned to C=O stretching modes. 
In the infrared spectrum of the free ligand this 
absorption appears at 1695 cm-‘. The shift of this 
band to lower frequency in the complexes clearly 
indicates coordination through the oxygen atom 
t5, 141. 

The position of the other vC=O band at a slightly 
higher frequency than in the free ligand suggests that 
one of the two carbonyl groups remains uncoordinat- 
ed [5, 151. Bonding of the pyridine ring is shown 
by an increase in the frequency of the higher and 
lower energy pyridine ring vibrations by about 15- 
40 cm-’ in the complexes relative to the ligand. Such 
changes indicate the coordination of pyridine nitro- 
gen [5]. The infrared spectra of these two com- 
plexes show a very strong band at around 1100 cm-’ 
and another band at 625 cm-‘, neither of which has 
undergone any splitting, indicating the presence of 
ionic perchlorate. The vOH band appears as a broad 
absorption at 3420 cm-‘. A weak absorption is found 
at 870 and 550 cm-’ as expected for coordinated 
water. The presence of water bound in two different 
ways is supported by the results of thermogravimetric 
analysis. The complexes indicate the loss of four 
water molecules at 50-70 “C and two molecules of 
water at 130- 160 “C. 

The electronic spectra of Ni(I1) and Co(I1) com- 
plexes of (6-acetyl-pyrid-2-yl)methyl ketone azine 
for solutions in acetonitrile consist of three bands at 
ca. 245, 265 and 310 nm. The free ligand exhibits 
two bands at 232 and 288 nm. The differences in the 
spectra can be attributed to changes in energy levels 
of the ligand orbitals in coordination [ 131. 

Parent ion peaks were not observed in the mass spec- 
tra of the complexes which showed instead a highest 
peak at m/z 322 corresponding to the free ligand. 

On the basis of available evidence a tentative 
coordination number of six can be assigned in these 
complexes, which is achieved by coordination 
through the oxygen atom of one of the two carbonyl 
groups and three nitrogen donor atoms of the ligand 
with sufficient axial interaction of two water mole- 
cules to produce a distorted octahedral symmetry. 
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