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A series of Co(II), Cu(Il), Zn(IT)-thiosalicylic-amino acids of the molecular
formula (M-TSA4-a.a.) - 2 H,O has been synthesized and characterized by chem-
ical analyses, molar conductance, electronic and i.r. spectral measurements.

( Keywords : Complexes, ternary,; Molar conductance)

Terndre Komplexe von Kobalt(II), Kupfer(II) und Zink (Il )—Amino- und Thio-
salizylsd@uren

Es wurde eine Reihe von Co(II), Cu(Il) und Zn(IT)-Thiosalizyl-Aminosdure
Komplexe der allgemeinen Formel (M-7SA4-a.a.) - 2 H,O dargestellt und mittels
chemischer Analyse, molarer Leitfdhigkeit und Elektronen- bzw. IR-Spektren
charakterisiert.

Introduction

Generally ternary transition metal complexes containing an amino
acid as a one ligand are of significant importance from the biological
point of view. A literature survey reveals that little attention has been
paid to ternary complexes containing amino acids. Complexes involving
1,10-phenanthroline and a-amino acids have been studied [1]. On the
other hand, Kwik and Ang [2] prepared some Cu(Il) complexes of bi-
pyridyl and phenanthroline (N,N donor ligands) and some amino acids.
In the present work, we report the isolation of ternary complexes of some
divalent transition metal ions, ziz. Co(II), Cu(Il), Zn(IT), containing thio-
salicylic acid (S, O ligand) as well as one of the following amino acids:
glycine (gly), L-alanine (ala) and L-valine (val). The structure of these
complexes were characterized by chemical analysis, electronic and in-
frared spectra as well as molar conductance measurements.



1220 A. M. Abdel-Mawgoud and R. Abdel-Hamid:

Experimental

All materials were of Analar® Grade. Stock solutions 0.01 mol metal salts
Cu(l, - 2 H,0, CoCl, - 2 H,0, Zn{NOs), - 6 H,O and thiosalicyclic acid were pre-
pared by dissolving accurately weighed amounts in the appropriate volume of
absolute ethanol. A stock solution of each amino acid was prepared in water-
ethanol mixture (1 : 1). Solutions of lower molarity were prepared by accurate
dilutions.

The ternary complexes were prepared by slowly addition of 1 mmol of aqueous
metal salt solution to i mmol solution of amino acid. The mixture was refluxed
for 1 hand concentrated. To this solution thiosalicylic ethanolic solution (1 mmol}
was added [the reaction mixture turns black in color in the case of Cu(Il) and
Co(II)] and refluxed for 2 h. The solution was heated till the volume was reduced
by approximately half, then cooled, whereby a crystalline product formed. This
was filtered off, washed several times with small portions of ethanol and then
dried in vacuo. In the case of Zn(IT), a white precipitate formed on the addition
of thiosalicylic acid solution. Microanalysis data and colors of the complexes are
reported in Table 1.

The electronic conductance measurements were performed at 25 °C in DMF
using a Pye conductance bridge. The UV and visible spectra were carried out
using matched 1 c¢m silica cells on a Pye Unicam SP 8-100 spectrophotometer.
The i.r. spectra of the complexes were recorded in potassium bromide using a
Perkin-Elmer 599 B infrared spectrophotometer. '

Results and Discussion

The ternary complexes isolated in the present study are given in Table
1, along with the values of their molar conductance in DMF. Generally,
the ternary complexes isolated have the general formula [(M (TSA)
(a.a)]- (H,0), - M = Co?*, Cu**, Zn?* and a.a = glycine, alanine,
valine. The Cu(Il) ternary complexes display a molar conductance
< 8.1 Ohm ™! cm® mol~! indicating the nonelectrolyte nature of such
complexes. This suggests that monovalent anions of both thiosalicylic
and amino acid moieties are coordinated to the central metal ion. This
result is consistent with the formulation suggested by the micro-analysis
results (Table 1).

Infrared Spectra

The presence of both two ligands amino and thiosalicylic acids in
coordination to the central metal ion is revealed by careful examination
of the infrared spectra of the ternary complexes prepared. The significant
infrared bands of the different Co(Il), Cu(Il) and Zn(IT) ternary com-
plexes synthesized in this investigation along with their assignment are
recorded in Table 2. Generally the recorded infrared spectra of the ternary
complexes display a broad band at 3 450-3 400 cm~' suggesting the
presence of water molecules in these complexes. This behaviour is sub-
stantiated by the results of chemical analyses of the ternary complexes
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as shown in Table 1. The S—H stretching frequency band appearing at
2 516 cm~ ! in the infrared spectrum of the free thiosalicylic acid is shifted
to higher or less energies in the spectra of all complexes (2 560-
2520 cm~Y). This reveals that coordination through the unionised S—
H group is achieved in all these complexes. This result is consistent with
the formulation suggested by the micro-analyses results (Table 1) in which
thiosalicylic acid appears to function as a mono-carboxylate. A con-
vincing evidence for this behaviour can be attained from the high pKa
value of the S—H group (9.52) relative to that of the COOH group (5.44)
for thiosalicylic acid [3, 4]. However, the observed shift in the vgy to
higher energies on complexation can be attributed to the high mesomeric
interaction in the six membered chelated ring, which is formed in the
complex in the presence of metal ion. Further remarkable similarities are
observed among the ternary complexes in the absorption regions due to
the amino and the carboxyl groups which are found to occur respectively
in (a) 3200-3 030 cm ™" (vyg,), 1 5381520 cm™! (NH, deformation)
and (b) 1 675-1 652 cm ™! (antisymmetric carboxylate stretching vibra-
tions) 14221410 cm ™! (symmetric carboxylate stretching vibrations).
It should be mentioned that the appearance of the antisymmetric car-
boxylate strétching vibration in the range 1 675-1 652 cm ! is consistent
with the ionised and not the unionised carboxylate group being coor-
dinated to the metalion. This is substantiated by the results of the chemical
analysis of the solid complexes (Table 1). Careful examination of the far
infrared absorption spectra of the ternary complexes clearly display the
M—N, M—O and M—S stretching vibrations in the ranges 505-
475 cm ™", 340-335 cm ! and 290-280 cm ! respectively [5-7].
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Electronic Spectra of the Cu(11)-Thiosalicylic Acid—Amino Acid Ternary
Complexes

The visible electronic spectra in DMF solutions of Cu(II)-amino acid
exhibit a broad band centered at 735 nm with molar extinction coefficient
3817 ! cm~ ! mol ~! suggesting a pseudo tetrahedral structure of the Cu-
amino acid complex [8]. On the other hand the DMF solution of the
ternary Cu(Il)-amino acid-thiosalicylic acid complex exhibits a shift in
the main visible band of the Cu(II)-amino acid complex to lower energies
(Mmax = 6350m, £, = 4517 'ecm ~!mol ™). This indicates a tetrago-
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nally distorted structure for the ternary complex prepared by complexation
of the Cu(II) amino acid complex with thiosalicylic acid as a secondary
ligand [9].

Based on the above discussion, one can deduce the fact that both the
monovalent anions of amino and thiosalicylic acid are coordinated to
the metal ion as N, O and S, O bidentate ligands respectively, where five
and six chelated rings are formed. The structure of the 1:1: 1 ternary
complexes studied in this investigation can be represented schematlcally
as below:

H
| / /NHZ—CH—R

|
| o _

I OH,
O

Co?™, Cu?t, Zn**
H (gly) CH; (ala); CH(CH3;), (val)
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