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Summary: Several complexes of some monothioacetylacetonate (TAA) of four-coordinate
nickel, copper, zinc and palladium have been prepared in order to examine their low-frequency
FT-IR spectra. On the basis of their IR data a relationship between structural changes caused by

metal substitution in these complexes is suggested.

Introduction

In recent years metal(I) complexes of
tetradentate ligands of [0,S,]> and [N,S,]> types
have gained sustained attention since they may
serve as model complexes of metalloenzymes active
sites. By varying the substituents and chain length
in these ligands as well as metal ions one can fine
tune their electronic and structural properties to
mimic those found in nature. Hundreds of these
compounds have been synthesized and their
physicochemical properties measured [1,3]. Among
them, Ni(II) and Cu(ll) complexes have been
studied the most since they show extreme
sensitivity to the influence of the coordinating
ligand as well as they can be substituted into
various types of metal-containing enzymes [3-8].

Data obtained from x-ray diffraction, x-ray
absorption, electron spin resonance, magnetic
circular dichroism and vibrational spectroscopy
suggest [1-4, 7-13] that in simple tetradentate
complexes, where there is no significant steric
interaction, Ni(I) prefers a square-planar, while
Cu(ll) appears to be in more of a pseudotetrahedral
geometry.

Here we report the synthesis and low-
frequency FT-IR spectra of M(TAA),, bis-(mono-
thioacetylacetonato)M complexes, where M =
Ni(II), Pd(IT), Cu(IT) and Zn(Il). The main goal of
this study is to provide a relationship between
structural changes caused by different metal
substitution in the complex and their spectral
patterns.

Results and Discussion

The FT-IR specra of M(TAA),, complexes
are presented in Fig. 1. Previously, Siiman e al.
{12,13] reported IR spectra and band assignment
based on normal coordinate analysis of Ni(II) and
Pd(IT) complexes. Our data agree quite well within
the +5 cm™ range with those presented earlier. In
addition, some weak bands are observed in the
spectra presented in this work.

As shown in Figure 1, Ni(Il) and Pd(Il)
complexes exhibit similar patterns in frequency
and intensity in the whole range except the bands
at 256 (Ni) and 227 cm™ (Pd). As was discussed
previously [12,13], Ni(TAA), has a cis-planar
structure with Cyy Eoint symmetry. Thus, two v
(Ni-S) vibrations of A; and B, symmetry are
expected. The v (Ni-S) of A, symmetry appears in
IR spectrum as an intense band, while the Ni-S
symmetric stretching (B;) can be missing in IR
spectrum due to its low intensity. Thus, the strong
band at 256 cm™ is readily assigned to v (Ni-S), i.e.
it is up-shifted by 5 cm™ in comparison with this
reported earlier. The v (Ni-S) of B, symmetry is
not observed in the spectrum. Similar situations are
encountered for the Pd(TAA), complex which
exhibits the v(Pd-S) mode 227 cm”, ie. 3 cm™
higher than that reported previously. The v(Ni-S)
and v(Pd-O) cannot be located easily in the spectra
since they strongly mix with the 3 (C-CHa)
vibrations. However, these stretchings are expected
to appear at around 400 cm™,

When Zu(Il) binds to the TAA ligands this
metal complex adopts a tetrahedral structure,
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Fig. 1: FT-IR spectra of M(TAA), complexes A -
Ni(TAA),, B - Pd(TAA),, C - Zn (TAA),,
D - Zu(2"-thienyICSCHCOCF:);, E -
CU(TAA)z.

where the C, axis bisects the SZnS and OZnO
angles [17]. Therefore, the symmetric displacement
of the sulfur atoms is along the same C; axis as in
the previously discussed cis-planar structure.
Consequently, the Zn-S symmetric stretching is
expected to appear in the IR spectrum as an intense
band, while the Zn-S asymmetric stretching will be
either very weak or absent in this spectrum.
Examination of Figure 1 allows us to assign the
band at 198 cm™ to the v(Zn-S) vibration since this
is the only single, intense band in the 200 cm™!
range. Also, when both methyl groups in TAA are
substituted by thienyl and -CF, groups, the IR
spectrum changes. However, the band at 197 c¢m™
stays showing that this band has to be assigned to v
(Zn-S). Similar to Ni(II) and Pd(I) complexes, the
Zn-S asymmetric stretching and v(Zn-O) are not
observed in the spectra.

The Cu 1:2 metal to ligand complexes of
monothioacedtylacetonates have been reported
from dipole moment data to assume a distortion
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from square planar toward a tetrahedral
configuration (1). The IR spectra of Cu(TAA),
differs from those spectra discussed above. The
most puzzling features in the Cu(TAA), spectrum
are two strong bands at 185 and 218 cm™. It is less
likely that the distortion of the symmetry from cis-
planar geometry can cause the appearance of these
two bands, i.e TAA has to form two different Cu-S
bands. Taking in account our discussion about
NidI), Pd(I) and Zn(Il) complexes, as well as a
mass effect on a metal-sulfur vibration and a half-
band width of those bands, we assign the 218 cm™
band to v (Cu-S), while the assignment of the 185
cm” band cannot be certain at this moment.

A further analysis of the spectra in Fig. 1
shows features for the Cu(TAA), complex which
are quite similar to the Zn(TAA), complex but
different from the Ni(TAA), and Pd(TAA),
complexes. For example,. the one band at 637 cm™
(out of plane, C-H) in the Cu(TAA), complex is
comparable o the 639 cm” band in Zn(TAA),,
whereas, the Ni and Pd complexes show two bands
in this region. Similarly, one band at ca. 500 cm™
(3(C-CH;) + 8 (CCS) + 8 (CCO) + 8(CCC)] in the
Cu(TAA), and PJ(TAA), complexes [12,13].
Evidence for a distortion of Cu(TAA), towards a
tetrahedral geometry is also shown in the IR
spectrum of the Zn complex (Fig. 1) where the
methyl groups have been substituted by thienyl and
-CF; groups.

Finally, the dipole moments of the Ni and
Pd complexes of the ligand, CH,CSCH,COCHS,,
are 2.26 D and 2.21 D, respectively, whereas the -
Zn and Cu complexes have similar dipole moments
of 2.89 D and 2.90 D, respectively [18]. These data
also support a distortion towards a tetrahedral
configuration for Cu(TAA),.

Experimental

The monothioacetylacetone used in this
work was prepared by the method of Duus and
Anthonsen [14]. The crude ligand was used to
prepare the complexes.

To 4.0 g of CH;CSCH:COCH; was added a
boiling solution of zinc acetate dihydrate (2.0 g) in
60 mL of absolute ethanol. The solution was
immediately filtered and cooled in an ice bath for
30 min. The Zn(CH,CSCHCOCH;), was filtered
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and recrystallized from 60 mL of absolute ethanol.
The other metal complexes of TAA were prepared
by our previously reported receipts [15].

Anal. Calc for C;gH,45;0,Zn; C, 40.62; H,
4.77; S, 21.68. Found: C, 40.54; H, 4.99; S, 21.4.

The  Zn(2'-thienyICSCHCOCF;);  was
accomplished by previously reported method [16].

Depending on a sample 3.5-5.5 mg of
complex was suspended in Apiezon L vacuum
grease and placed between polyethylene windows
to measure solid-state IR spectra at room
temperature, These spectra were recorded on a
Digilab (Bio-Rad) FT-IR 14 Model interfaced to an
IBM 486 computer. To obtain a good quality
spectrum, usually 200 - 300 scans were taken at a 2
cm” resolution. Spectra were then imported into
SpectraCalc  software (Galactic Instruments,
Nashua, NH) for further data analysis.
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