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The coordination chemistry of pyrazole and its derivatives has been the subject of
many investigations. The complexes have been studied both in the aqueous solutions
[1-9] and in the solid state [ 10—14]. It has been proved that the relatively high stabili-
ty of the complexes in solutions has been caused by the considerable w-acceptor pro-
perties of the ligands. Conjugation of the pyrazole and benzene rings increases
delocalization of ;w-electrons. This fact influences donor-acceptor properties of the
heterocyclic ring.

For this reason, the Co(II), Ni(II), Cu(II), Zn(II), Cd(II) and Ag(I) complexes of
indazole and 5-aminoindazole were prepared in the solid state and investigated by
elemental analysis, IR and far-IR spectroscopy, ligand field spectra and magnetic su-
sceptibility data. Unfortunately, it was impossible to study the stability of complexes
in a water solution because of too low solubility of the ligands shown in Fig. 1.

Figure 1. Indazole and 5-aminoindazole.

Ruthenium(IIl) indazole complexes have been intensively studied, because they
show antitumor activities [15—17], as non-platinum antitumor agents.

In the experimental studies the following high purity reagents were used without
further purification: indazole (Aldrich), m.p. 147-149°C , and 5-aminoindazole (Al-
drich), m.p. 175-178°C. Other chemicals were from POCh-Gliwice. The complexes
were prepared as described below: 2 mmole of metal nitrate was dissolved in 20 cm’
of hot mixtures of methanol-water (1:1). This solution was added under stirring to a
solution of 10 mmoles of ligand in hot methanol. The complexes precipitated imme-
diately. They were washed with methanol and dried in a vacuum desiccator.

Elemental analyses of the complexes were performed on a Model 240 Perkin El-
mer Analyzer. The IR spectra in the range 4000—400 cm ' were made using KBr pellets
of samples, while those in the far-IR range 400-100 cm' were made in nujol. The IR
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spectra were performed on a Specord M80, and those of far-IR on a Digital FTS-60 spec-
trophotometer. The reflectance spectra were made using LiCO; pellets on Carry 500
UV-VIS-NIR spectrophotometer.

The resolution processing of the weakly resolved bands in the diffuse reflectance
spectra of Cu(Il) complexes has been performed by applying the variable digital filter
method described by Bierman and Ziegler [18] and used successfully by others
[19-21] and us [22-23]. The computer program by J. Myrczek [19] was used to this
purpose.

Magnetic susceptibility measurements at room temperature were made on Ma-
gnetic Susceptibility Balance from Sherwood Scientific. The effective magnetic mo-
ments were calculated as u = 2.828\/;{7 (B.M.), wherey is the molar susceptibility of
sample.

The elemental analyses results of all the studied complexes are in agreement with
suggested stoichiometries within 1%. The complexes were characterized by IR and

far-IR spectroscopy. Table 1 summarizes the most important spectral bands and pro-
posed assignments of the free ligands and their complexes.

Strong absorption bands occur in the range 1620—1500 cm™'. These absorptions
involve stretchingv(C=N) and v(C=C) vibrations [24]. The bands in the spectra of the
complexes are shifted to lower frequencies, presumably due to the formation of a
bond between the ring nitrogen atom and the metal ion.

Table 1. Infrared absorption bands of indazole (in), S-aminoindazole (ain) and their complexes in the range

4000-100 cm ™.
Other
Compound WOH) v(NH) v(NH) #CH) O(NH,) v»(C=N,C=C) w»(NOs) bands
Indazole 3175s  2950s 1621s, 1503m
[Co(in)4(NO3),] strong broad 1510s, 1482m 1380s  216s
band 1352a
at ca. 3310
[Ni(in)4NO3)] strong broad 1511m, 1484m 1380s  217s
band 1343s
at ca. 3240
[Cu(in)4(NO3)s] 3128s  2880s 1511m, 1482s  1376s  238s
1354s
[Zn(in);(H,0)3](NO3),  3540m, br strong broad 1513m, 1480m 1384s  213s
band
at ca. 3300
[Cd(in)yH,0)3](NOs),  3540m, br 3198s  3022s 1508m, 1475m 1384s  219s
[Ag(in), INOs 3180s  2970s 1508m, 1447m 1384s  230s
5-Aminoindazole 3352s 3210s 2930s  1640s 1576s, 1512s
[Co(ain);(H,O)x](NO3)>  3550m, sh strong broad band 1552s,1496s  1384s  222s
1640s
at ca. 3350 267s
[Ni(ain),(NO;), | 3310s  3215s 2935s  1625m  1548s,1504s  1375s  214s

1342s  276s
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Table 1 (continuation)

[Cu(ain),(NO,),] strong broad band 1630m 1552s, 1460s  1380s  256s
at ca. 3250 1350s

[Zn(ain)yH0)](NOs),  3550br  3350s 3210s  2930s  1640s  1552s, 1476s  1384s  275s

[Cd(ain),(NO,),] 3340s 3220s 2930s 1610s  1548s,1500s 1380s  288s
1360s

[Ag(ain)]NO3 3345s 3234s  2922s  1635m  1515s,1486s  1384s  28ls

s — strong, m — medium, w — weak, br — broad, sh — shoulder.

In the 5-aminoindazole complexes of Ni(II), Cu(Il), Cd(IT) and Ag(l), a distinct
displacement toward lower frequencies of strong bands at 1640 cm ' and 3352 cm™
[24]is observed. It may be due to the formation of abond between a nitrogen atom and
the metal cation. The observed shift may also be a result of hydrogen bonds forma-
tion. After planned X-ray studies, this problem should be solved.

Strongv(NO3) absorption bands occur in the spectra of all the complexes. In some
cases these bands are split, thus, suggesting that nitrate anion is coordinated to metal
ion in these complexes [25].

A comparison of the far-IR spectra of the ligands and their complexes reveals that
the new strong bands, that are not present in the ligands, appear in the spectra of the
complexes. These bands can be attributed to the M—N stretching vibrations [26].

The electronic absorption bands and their assignments for Co(II), Ni(Il) and
Cu(II) complexes of indazole are shown in Table 2. The spectra of the 5-aminoindazo-
le complexes were impossible to study because ligand shows strong absorption in the
visible range. The bands of electronic spectra of Co(Il) and Ni(II) complexes corre-
spond to the d-d electron transitions in the ligand field with octahedral symmetry [27].

Table 2. Electronic bands (cm ') and magnetic moments (B.M.) of indazole (in) and 5-aminoindazole (ain)

complexes.
Complex Electronic bands and their assignments Uer.
[Co(in)4(NO3),] 9480 4T]g(F) - 4]"2g 4.77
20660 *T1o(F) = T 14(P)
1(1n 3)2 26 = 12 .
[Ni(in)4(NO3)2] 10820 3 Asg = Tag 3.17
17430 3 Asg = *Tig(F)
27720 ?Asg = Tig(P)
[Cu(in)4(NOs),] 11540 Big=> A 2.07
13640 B, B,
18060 B> E,
[Co(ain);(H,0);](NO;), 4.84
[Ni(ain)(NO3):] Strong absorption of the ligand 3.08

[Cu(ain),(NO,)] 2.18
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In the case of the Cu(Il) complexes, the single asymmetric band was resolved with the
digital filter method. The band under digital filtration process resulted in three com-
ponent peaks. The positions of the bands indicate a pseudo-octahedral configuration
with a tetragonal distortion with the following one electron orbital sequence: dx2—y2 >
dz2 > dyy > dy, dy,. [tis in agreement with the general observations that Cu(Il) d-d tran-
sitions are close in energy [28,29].

The values of the room temperature effective magnetic moments of Co(II), Ni(II)
and Cu(Il) complexes (Table 2) are in the acceptable ranges for the presence of three
unpaired electrons of Co(II) d’, two unpaired electrons of Ni(II) d* and single unpa-
ired electron of Cu(Il) d’, in the complexes with coordination number six [27,28].
Thus, it can be concluded that all the complexes of the divalent metal ions have coor-
dination number six with pseudo-octahedral environment of central ion.
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