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Abstract

Heterobinuclear complexes have been synthesized by stepwise reactions using the mononuclear complex, [Zn(Tsc),] -
- H,0, as a complex ligand towards the metal ions, vanadyl(IV), manganese(Il), iron(III), cobalt(II), nickel(II) and cop-
per(Il). The complex ligand was synthesized by the reaction of zinc acetate dihydrate with salicylaldehyde followed by
the condensation with thiosemicarbazide. The structures of the complex ligand and the prepared complexes were eluci-
dated by elemental analyses, IR, electronic, mass, 'H and '*C NMR spectra as well as molar conductivity and magnetic
susceptibility measurements. All the complexes exhibited octahedral geometrical arrangements formulated as
[Zn(Tsc),VO(SO)(H,0)], [Zn(Tsc),MCl,(H,0),] (M = Mn, Fe and Co) and [Zn(Tsc),Fe(0x)CI2] except the nickel(IT)
and copper(Il) complexes, [Zn(Tsc),CuCl(H,0)], [Zn(Tsc),NiCl,], which have square planar geometries. The complex
ligand and some of its heterobinuclear complexes showed antibacterial activity against the sensitive organisms Staphy-
lococcus aureus as Gram—positive bacteria, Escherichia coli as Gram—negative bacteria and antifungal activity against
the fungi Candida albicans and Aspergillus flavus.
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1. Introduction

Thiosemicarbazones and their metal complexes pre-
sent a wide range of applications that stretch from their
use in analytical chemistry, through pharmacology to nuc-
lear medicine.'™ The presence of amide, imine and thione
groups makes them potential polydentate ligands>® and it
is not surprising that numerous thiosemicarbazone com-
plexes have been prepared and characterized.” In addition,
in the last few years there has been a growing attention to-
wards thiosemicarbazones related to their range of biolo-
gical properties, specifically as antifungal, antiviral, anti-
bacterial and anticancer agents '8

The search for new synthetic routes to multimetallic
complexes is pertinent in coordination chemistry and cry-
stal engineering." Binuclear complexes particularly hete-
robinuclear systems®*?! are of special interest due to their
relevance to different branches on natural science,

physics, chemistry and biology. Interest in polynuclear
complexes is stimulated by the relevance of these com-
pounds in molecular magnetism, material sciences, indu-
strial catalysis, and bioinorganic chemistry, and they are
ubiquitous in nature as active sites in a variety of metal-
loenzymes.?*** In the present work, we have synthesized
the mononuclear complex, [Zn(Tsc),] - H,O, through the
reaction of zinc acetate dihydrate with salicylaldehyde
followed by the condensation with thiosemicarbazide.
The use of this complex as a ligand towards vanadyl(IV),
manganese(Il), iron(III), cobalt(Il), nickel(I) and cop-
per(Il) yielded a series of heterobinuclear complexes with
different modes of bonding. However, mononuclear
zinc(II) complex, [Zn(Tsc)(H,0)], was obtained from the
reaction of the complex ligand with zinc(II) ion. The
structures of the complex ligand and the prepared comple-
xes were characterized by elemental analyses, IR, electro-
nic, mass, 'H and *C NMR spectra as well as molar con-
ductivity and magnetic susceptibility measurements. The
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prepared compounds showed antibacterial activity against
the sensitive organisms Staphylococcus aureus and Esche-
richia coli and antifungal activity against the fungi Candi-
da albicans and Aspergillus flavus.

2. Experimental

2. 1. Materials

Manganese(II), iron(III), cobalt(I), nickel(Il), cop-
per(Il) and zinc(I) were used as chloride salts and were
Merck or BDH. Zinc(Il) acetate, vanadyl(IV) sulphate, sa-
licylaldehyde, thiosemicarbazide, oxalic acid, lithium
hydroxide were BDH or Analar. Organic solvents (etha-
nol, absolute ethanol, methanol, diethylether, dimethyl-
formamide (DMF) and dimethylsulfoxide (DMSQO)) were
reagent grade chemicals and were used without further
purification.

2. 2. Measurements

Microanalyses of carbon, hydrogen, nitrogen, sulfur
and chlorine were carried out on a Perkin Elmer
2400(USA) instrument at the Microanalytical Center, Cai-
ro University, Giza, Egypt. FT-IR spectra were recorded
on a Perkin-Elmer 598 spectrometer (4000-400 cm™) in
KBr pellets. Mass spectra were recorded at 70 eV and 300
°C on a GC MS-QP 100 Ex 5988 mass spectrometer.
Electronic spectra were recorded at room temperature on
a Jasco model V-550 UV/Vis spectrophotometer as solu-
tions in DMF. The 'H and '*C NMR spectra, as solutions
in DMSO-d,, were recorded on a Bruker WP 200 SY
spectrometer at room temperature using TMS as an inter-
nal standard. Molar conductivities of 10~ M solutions of
the solid complexes in DMF were measured on the Cor-
ning conductivity meter NY 14831 model 441. Magnetic
susceptibilities of the complexes were measured by the
Gouy method at room temperature using a Johnson Matt-
hey, Alfa Products, Model MKI magnetic susceptibility
balance. The effective magnetic moments were calculated
from the expression p; = 2.828 (), T)"? B.M., where ),
is the molar susceptibility corrected using Pascal’s con-
stants for the diamagnetism of all atoms in the com-
pounds. Analyses of the metals were carried out using ICP
Perkin Elmer Precisely Optical Emission Optima Spectro-
meter 2100 DV. Melting points of the complexes were de-
termined using a Stuart melting point instrument. The an-
timicrobial activity was carried out at the Microanalytical
Center, Cairo University, Giza, Egypt.

2. 3. Synthesis of the Organic Ligand, H,L (1)

A mixture of salicylaldehyde, (2.3 mL, 21 mmol)
and thiosemicarbazide (1.92 g, 21.0 mmol) in absolute et-
hanol was refluxed for 3 h. where a yellow precipitate was
formed on hot, then allowed to cool slowly and collected

by filtration, washed with ethanol then diethylether and fi-
nally air-dried. The yield was 86%, m.p. 230-232 °C.

2. 3. 1. Synthesis of Zinc(II) Complex of the
H,L ligand, [Zn(Tsc)OAc)] - /2H,0 (2)

An ethanolic solution (30 mL) of Zn(OAc), - 2H,0
(1.13 g, 5.15 mmol) was added gradually to an ethanolic
solution (40 mL) of the ligand (1.0 g, 5.12 mmol). The so-
lution was refluxed for 2 h. and a dark yellow precipitate
was formed. The precipitate was filtered off, washed with
ethanol then diethylether and finally air-dried. The yield
was 81%, m.p. >400 °C.

2. 3. 2. Synthesis of the Complex Ligand,
[Zn(Tsc),] - H,O (3)

An ethanolic solution of salicylaldehyde (5.15 mL,
49 mmol) was added gradually to an ethanolic solution
(30 mL) of Zn(OAc), - 2H,0 (5.4 g, 24.6 mmol) in molar
ratio 2:1(sal:Zn*"). The mixture was stirred for 3 h. then a
solution of thiosemicarbazide (4.48 g, 49.2 mmol) in etha-
nol (20 mL) was added and the resulting mixture was ref-
luxed for 4 h. where a yellow precipitate was formed. The
precipitate was filtered off, washed with ethanol then di-
ethylether ether and finally air-dried. The yield was 75%,
m.p. >400 °C. Figure 1 represents the synthesis of the
complex ligand (3) as compared to the organic ligand H,L
(1) and its Zn(II) complex (2).

2. 4. Synthesis of the Metal Complexes

Lithium hydroxide monohydrate, LiOH H,O in met-
hanol was added gradually with constant stirring to the
complex ligand, [Zn(Tsc),] - H,O, in ethanol, in molar ra-
tio 2:1 (LiOH: [Zn(Tsc),] - H,0). Metal chloride in etha-
nol was added gradually with constant stirring to the abo-
ve mixture in molar ratio 1:1 (metal ion:[Zn(Tsc),] - H,0).
The resulting mixture was refluxed for 3 h. where solid
precipitates were formed, filtered off and washed several
times with ethanol then diethylether and finally air-dried.
In case of VO(IV) complex, least amount of water was ad-
ded to ensure the complete dissolution of VOSO, - H,O.
In case of cobalt(Il) and zinc(Il) complexes (8 and 11), the
complexes were synthesized only by stirring. The comple-
xes are insoluble in common organic solvents but they are
partially soluble in DMF and/or DMSO.

The following detailed preparations are given as
examples and the other complexes were obtained similarly.

2. 4. 1. Synthesis of the [Zn(Tsc),NiCl,], Complex
9)
Lithium hydroxide monohydrate, LiOH - H,O

(0.185 g, 4.4 mmol) in methanol (10 mL) was added gra-
dually with constant stirring to the complex ligand,
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[Zn(Tsc),] - H,0, (1.0 g, 2.12 mmol) in ethanol. Nickel(IT)
chloride hexahydrate, NiCl, - 6H,0 (0.524 g, 2.2 mmol)
in ethanol (20 mL) was added gradually with constant
stirring to the above mixture. The resulting mixture was
refluxed for 3 h. A reddish-orange precipitate was formed,
filtered off and washed several times with small amounts
of ethanol then diethylether and finally air-dried. The
yield was 74 %, m.p. >400 °C.

2. 4. 2. Synthesis of the [Zn(Tsc)(H,0)], Complex
1n

Lithium hydroxide monohydrate, LiOH - H,O
(0.142 g, 3.4 mmol) in methanol (10 mL) was added gra-
dually with constant stirring to the complex ligand,
[Zn(Tsc),] - H,0, (0.8 g, 1.7 mmol) in ethanol. Zinc(II)
chloride, ZnCl, (0.23 g, 1.7 mmol) in ethanol (20 mL) was
added gradually with constant stirring to the above mixtu-
re. The resulting mixture was stirred for 3 h. A pale yellow
precipitate was formed, filtered off and washed several ti-
mes with least amounts of ethanol then diethylether and
finally air-dried. The yield was 85%, m.p. >400 °C.

2. 5. Antimicrobial Activity

The standardized disc—agar diffusion method®® was
followed to determine the activity of the synthesized com-
pounds against the sensitive organisms Staphylococcus
aureus as Gram—positive bacteria, Escherichia coli as
Gram-negative bacteria and the fungi Candida albicans
and Aspergillus flavus. Tetracycline was used as a stan-
dard reference in the case of bacteria while Amphotricine
B was used as a standard antifungal reference.

The tested compounds were dissolved in dimethyl-
sulfoxide [(DMSO) which has no inhibition activity] to
get concentration of 2 mg/mL. The test was performed on
medium potato dextrose agar (PDA) which contains infu-
sion of 200 g potatoes, 6 g dextrose and 15 g agar.”’ Uni-
form size filter paper disks (3 disks per compound) were
impregnated by equal volume (10 pL) from the specific
concentration of dissolved test compounds and carefully
placed on incubated agar surface. After incubation for 36
h at 27 °C in the case of bacteria and for 48 h at 24 °C in
the case of fungi, inhibition of the organisms which evi-
denced by clear zone surround each disk was measured
and used to calculate mean of inhibition zones.

3. Results and Discussion

3. 1. Characterization of the Complex
Ligand, [Zn(Tsc),] - H,O

The complex ligand, [Zn(Tsc),] - H,O, was prepa-
red by the reaction of zinc(Il) acetate with salicylaldehyde
followed by the condensation with thiosemicarbazide. For

comparison, zinc(Il) complex of the organic H,L ligand,
which was formed by the condensation of salicylaldehyde
with thiosemicarbazide, was synthesized and characteri-
zed. The analytical and spectroscopic methods showed
that the complex ligand is completely different than the
zinc(IT) complex of the organic ligand.

The structure of the complex ligand was elucidated
by elemental analyses, IR, electronic, 'H and *C NMR
spectra and the obtained data were compared with those
for the oganic ligand, H,L, and its Zn(II) complex 2. The
elemental analyses (Table 1) showed that the molecular
formula for the complex ligand is [Zn(Tsc),] - H,O while
the organic ligand H,L reacted with zinc(I) acetate dihy-
drate (either in 1:1 or 1:2 molar ratio) yielding
[Zn(Tsc)OAc)] - Y2H,0.

The IR spectrum of the H,L ligand (Table 2) showed
two strong bands at 3442 and 3319 cm™' which may be as-
signed to v, and v, of the amino group, respectively. Also,
the medium band observed at 3173 cm™ may be assigned to
V(NH). The band observed at 2808 cm™ may be assigned to
the hydrogen bonded phenolic OH group, v(OH). Finally,
the strong bands at 1614, 1266 and 829 cm™! may be attribu-
ted to v(C=N), v(C-0) phenolic and v(C=S), respectively.
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Figure 1. Synthesis of the complex ligand (3) as compared to the
organic ligand H,L(1) and its Zn(II) complex (2).
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In the IR spectrum of the Zn(II) complex of H,L li-
gand, the bands assigned to v(C=N) and v(C=S) were
shifted to lower wave number, indicating the participation
of these groups in chelation.”®? Also, the appearance of
new bands at 1548 and 1433 cm™' may be due to
v, (COO7) and v (COO"), respectively, of the CH,COO"
group. The separation of the two bands, Av = (v, —v) =
115cm™, is comparable to the values cited for the mono-
dentate character of the acetate group.’® On the basis of
the above interpretation, it was concluded that the ligand
acted as a tridentate ligand through the azomethine nitro-
gen, thionic sulphur and phenolic oxygen. The complex
ligand showed bands characteristic for v, (NH,), v (NH,),

il e e e
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A
|
k rl |
J]Ull J\j
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T T Y T [ | ] r———
11 10 8 8 7 8

Figure 2. (A) 'H and (B) '*C NMR spectra of the complex ligand (3).

—_— e

V(NH), v(C=N) and v(C=S) groups at nearly the same po-
sitions as H,L ligand.

The electronic spectra of the H,L ligand, its Zn(II)
complex and the complex ligand in DMF (Table 3) sho-
wed three bands in the ranges 430-390, 350-310 and
270-256 nm. The higher energy band is assigned to n—m*
transitions of the azomethine linkage and the aromatic
benzene ring. The medium energy band is assigned to
n—t* transitions while the lower energy band is attributed
to charge transfer (CT) transitions within the molecule.

'H and C NMR spectral data (8 ppm) of the H,L Ii-
gand, its Zn(IT) complex and the complex ligand relative
to TMS (0 ppm) in DMSO-d,, Table 4, lend further sup-

80

60
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port of the suggested structures of them. In case of Zn(II)
complex of H,L ligand, [Zn(HL)OAc)] - ¥2H,0, the signal
due to the phenolic OH proton was disappeared, indica-
ting the deprotonation of this group upon complexation.
The signal due NH group was shifted to 7.7 ppm however,
the signal due to NH, group remained intact. Also, the
new singal observed at 1.85 ppm may be due to the coor-
dinated aectate group. This is supported by the *C NMR
spectrum of the complex where new signals were obseved
at 8 = 173.5 and 22.5 ppm which may be assigned to the
C=0 and CH, groups of the acetate ion, respectively. Al-
so, the signal due to the azomethine group was shifted
downfield from 140.1 to 151.7 ppm, indicating that the
Zn-N bond is more strong than Zn—O or Zn-S bonds.*'
The '"H NMR spectrum of the complex ligand, [Zn(Tsc),]
- H,0, (Figure 2) showed signals that support its sugge-
sted structure. One signal is observed for the phenolic OH
proton at 10.9 ppm. In the '*C NMR spectrum of the com-
plex ligand (Figure 2), two signals were observed for each
group (C=S, C-O and C=N groups), indicating the inequi-
valent coordination towards the Zn(II) ion. The mass
spectrum of the complex ligand (Figure 3) showed the
molecular ion peak at m/z 453, which compares well with
the calculated formula weight of the anhydrous complex
ligand, [Zn(Tsc),], (F. Wt. 453.9).

© 188z

& 75 e 426
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Figure 3. Mass spectrum of the complex ligand, [Zn(Tsc),] - H,O.

3. 2. Characterization of the Heterobinuclear
Complexes

All of the prepared complexes were found to be
stable at room temperature, non-hygroscopic and insolub-
le in water and most common organic solvents. The mel-
ting points of the complexes were found to be above 400
°C. The analytical and physical data for the complex li-
gand and its heterobinuclear complexes are listed in Table
1. The elemental analyses of the complexes agreed well
with the proposed formulas.

3. 2. 1. IR Spectra

The IR spectral data are listed in Table 2. Compari-
son of the IR spectra of the complexes with that of the
complex ligand revealed that the complexes showed band

Table 3. Electronic spectra, magnetic moments and molar conductivity data of the complex ligand and its complexes

Electronic spectral Megr. Conductance®

No.  Complexes bands (nm)? B.fli/l. Ohm™ cm? mol™!

1 H,L 390 sh, 350, 256 - -

2 [Zn(Tsc)OAc)]-¥2H,0 410, 320, 270 Diam. 10

3 [Zn(Tsc),]-H,0 430, 310, 265 Diam. 9

4 [Zn(Tsc),VO(SO )(H,0)] 610, 440 1.61 19

5 [Zn(Tsc),MnCL,(H,0),] 510 5.2 15

6 [Zn(Tsc),FeCl,(H,0),] 610, 510 sh, 450 sh 5.7 45

7 [Zn(Tsc),Fe(ox)Cl,] 650, 530 5.8 22

8 [Zn(Tsc),CoCl,(H,0),] 520, 430 sh 5.0 23

9 [Zn(Tsc),NiCl,] 565, 500 Diam. 10
10 [Zn(Tsc),CuCl(H,0)] 580, 490 1.68 18
11 [Zn(Tsc)(H,0)] 440 Diam. 8

2 Solutions in DMF (107> M).

Table 4. 'H and '*C NMR spectral data® of the complex ligand and its diamagnetic complexes

'H assignments

13C assignments

Complexes OH NH HC=N NH, CH, C=S CcC-0 C=N C=0 CH,
phenolic

H,L (1) 11.39(b) 98() 8.6 8.39 - 177.7 156.5 140.1 - -

[Zn(Tsc)OAc)]-¥2H,0 (2) - 77(®) 89 8.33 1.85 175.5 159.8 151.7 173.5 225

[Zn(Tsc),]-H,0 (3) 10.9 9.6 78,79 74 - 178.6, 157.5, 140.9, - -
174.2 152.7 134.1

[Zn(Tsc),NiCL,] (9) 10.7 9.5 78,79 1735 - 176.6, 155.5, 1382, - -
174.8 151.5 131.2

[Zn(Tsc)(H,0)] (11) - - 7.8 6.8 - 174.3 164.1 152.6 - -

#b: broad
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in the range 3599-3491 cm™' assignable to v(OH) of the
coordinated or uncoordinated water molecules associated
with the complexes which are confirmed by elemental
analyses. Also, SOH(HQO) band is observed in the range
1654—1634. Also, the band at 1605 cm™ assigned to
V(C=N) in the complex ligand was shifted to lower wave
number in all of the complexes, indicating the participa-
tion of the azomethine nitrogen in chelation.*>** In com-
plex 4, the bands observed at 1145, 1126 and 732 cm™ in-
dicated the chelating bidentate SO,* group.® Also, the
characteristic band of the v(V=0) is observed at 957
cm™'.3%¥ In complexes 6 and 7, the bands due to v(NH,)
were shifted to lower wave number, indicating the partici-
pation of the amino group in chelation.* This is consistent
with the fact that Fe** ion is a hard acid that prefers the
NH, group (hard base) more than C=S group (soft base).
In complex 7, the new band observed at 1666 cm™' may be
due to the presence of the bidentate oxalate ion. This rela-
tively higher value may indicate that one of the oxygen
atoms of the oxalate group coordinates to the metal ion.*’

3. 2. 2. Conductivity Measurements

The molar conductance values of the complexes in
DMEF (10~ M solutions) were measured at room tempera-
ture and the results are listed in Table 3. The values show
that all complexes have non-electrolytic nature. In case of
complexes 6, 7 and 8, the relatively high values of the mo-
lar conductance data may be due to the replacement of the
coordinated chloride ions by solvent molecules, a pheno-
menon usually encountered in complexes containing chlo-
ride ions.*’

3. 2. 3. Electronic Spectra and Magnetic
Measurements

3.2.3. 1. The VO(IV) Complex

The VOIV) complex, [Zn(Tsc),VO(SO,)(H,0)]
(Figure 4), was obtained from the reaction of the complex
ligand with VOSO, - H,O. The electronic spectrum of the
complex showed two bands at 610 and 440 nm. The first

NH

\:‘
T
N Riese

= \0/ N 0
Uf/ \ ﬁ J’H:

= N /C
C Z \NH \Nfiz
H

H
C

—N

BN
.

Figure 4. The proposed structure of the VO(IV) complex (4).

band is due to d-d transition and is consistent with the oc-
tahedral geometry*' while the second band is due to char-
ge transfer. The IR spectrum of the complex showed the
coordination of the sulphate group as a bidentate ligand.
The octahedral geometry is completed by a water molecu-
le. The magnetic moment of the complex is 1.61 B.M.
which is expected for d'-system.

3. 2. 3. 2. The Mn(II) Complex

The reaction of MnCl, - 4H,0 with the complex li-
gand yielded the heterobinuclear complex, [Zn(Tsc),-
MnCl,(H,0),], (Figure 5). The electronic spectrum of the
obtained complex showed a band at 510 nm correspon-
ding to the 6A1 o 4T1 transition which is consistent with
the octahedral geometry of the complex.*? The effective
magnetic moment of the complex is 5.8 B.M. which falls
in the range expected for octahedral manganese(Il) com-
plexes.**

NH,
H
..-—’_:‘,"'.- N\ C
Nf

\Zn

w0

$ |
N C
= i
C \ NH NH,
H
M X Complex
Mn H,0 5
Co H,0 8
Ni nil 9

Figure 5. Proposed structures of the Mn(II), Co(II) and Ni(II) com-
plexes.

3. 2. 3. 3. Fe(III) Complexes

The reaction of FeCl, - 6H,0 with the complex li-
gand yielded the heterobinuclear complex (6), [Zn(Tsc),-
FeCl,(H,0),]. Also, the reaction was carried out in the
presence of oxalic acid, as a secondary ligand, giving the
complex (7), [Zn(Tsc),Fe(ox)Cl,]. The electronic spectra
of the Fe(IIT) complexes (6 and 7) showed two absorption
bands in each, the former complex (6) were at 610 and
510 nm and the latter complex (7) were at 650 and 530
nm. These bands are due to d-d transitions in an octahe-
dral geometry.* The values of the magnetic moment of
the iron(IIl) complexes (6 and 7) are 5.7 and 5.8 B.M.,
respectively which is consistent with the presence of five
unpaired electrons in the Fe(IIl) ion in an octahedral geo-
metry.*® Based on the above interpretation, as well as the
IR spectral data, tentative structures of these complexes
are shown in Figures 6 and 7.
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Figure 7. The proposed structure of the mixed-oxalato Fe(III) com-
plex (7).

3. 2. 3. 4. The Co(II) Complex

The reaction of CoCl, - 6H,0 with the complex li-
gand yielded the heterobinuclear complex (8), (Figure 5).
The electronic spectrum of the obtained complex showed
a band at 520 nm corresponding to ‘T, (F) — 4A2g(F)
transition which is consistent with the octahedral geome-
try of the complex.?’ The effective magnetic moment of
the complex is 5.0 B.M. which falls in the 4.7-5.2 B.M.
range expected for octahedral cobalt(IT) complexes.*

3. 2. 3. 5. The Ni(Il) Complex

The reaction of NiCl,-6H,0O with the complex ligand
yielded the heterobinuclear complex (9) (Figure 5). Based
on the electronic spectral and magnetic data, the nickel(II)
complex, has the square-planar geometry with its characteri-
stic features. The complex is diamagnetic, indicating a squa-
re planar geometry of the Ni(I) ion. The electronic spec-
trum of the complex (Table 3) showed two bands at 565 and
500 nm, corresponding to the 'A, o 'A, 5, transition, conﬁr—
ming the square-planar geometry around the Ni(II) ion.*
The 'H and *C NMR spectral data of the complex (Table 4)
lend further support of its suggested structure.

3. 2. 3. 6. The Cu(Il) Complex

The Cu(l) complex, [Zn(Tsc),CuCI(H,0)], (Figure
8), was obtained from the reaction of the complex ligand
with CuCl, - 2H,0. The electronic spectrum of the com-
plex showed two absorption bands at 580 and 490 nm
which may be corresponding to *B, o 4A and ’B, R
E , respectively, indicating the square planar geometry of
the complex. The effective magnetic moment of the com-
plex is 1.68 B.M. which is consistent with the proposed
square planar structure. %!
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Figure 8. The proposed structure of the Cu(II) complex (10).

3.2.3.7. The Zn(I) Complex

The mononuclear Zn(II) complex, [Zn(Tsc)(H,0)],
was obtained from the reaction of the complex ligand with
ZnCl,. The electronic spectrum of the complex exhibited
one absorption band at 440 nm which is attributed to char-
ge transfer transitions. The IR spectrum of the complex
showed that the bands due to v(C=N) and v(C=S) were
shifted to lower wave number. The new band observed at
1623 cm™ may be due to the new azomethine group for-
med upon the loss of the NH proton. The '"H NMR spec-
trum of the complex showed the disappearance of the phe-
nolic OH and NH protons. *C NMR spectrum of the com-
plex showed signals at 174.3, 164.1 and 152.6 ppm that
may be assigned to C=S, C-0, and C=N groups, respecti-
vely. Based on the above interpretation, a tentative struc-
ture of the complex is shown in Figure 9.
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Figure 9. The proposed structure of the Zn(II) complex (11).
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3. 3. Antimicrobial Studies

The antimicrobial activity of the H,L ligand, com-
plex ligand and its heterobinuclear complexes was investi-
gated against the sensitive organisms Staphylococcus au-
reus as Gram—positive bacteria, Escherichia coli as
Gram-negative bacteria and the fungi Candida albicans
and Aspergillus flavus. The results are listed in Table 5.
Inspection of these data reveals that some of the tested
compounds are biologically active against Staphylococcus
aureus and Escherichia coli. Also, the complex ligand,
[Zn(Tsc),] H,O, [Zn(Tsc),VO(SO,)(H,0)] and
[Zn(Tsc),CuCI(H,0)] showed higher antifungal activity
than its corresponding organic ligand and Amphotricine B
as a control antifungal agent.

4. Conclusions

A complex ligand, [Zn(Tsc),] - H,O, was synthesi-
zed by the reaction of zinc acetate dihydrate with salicy-
laldehyde followed by the condensation with thiosemicar-
bazide. The reactions of the complex ligand with va-
nadyl(IV), manganese(Il), iron(Ill), cobalt(Il), nickel(II)
and copper(Il) gave a series of heterobinuclear complexes.
On the other hand, the reaction of the complex ligand with
zinc(I) ion gave a mononuclear complex. Characteriza-
tion and structure elucidation of the complex ligand and
the prepared complexes were achieved by elemental
analyses, IR, electronic, mass, 'H and '*C NMR spectra as
well as molar conductivity and magnetic measurements.
The spectroscopic data showed that the complex ligand
acts as a neutral bidentate with vanadyl(IV), mangane-
se(Il), iron(III) (in the presence of oxalic acid), cobalt(IT)
and nickel(IT) ions. With copper(Il) and iron(IIl) ions, it
acts as a monobasic bidentate ligand. The prepared com-
pounds showed antibacterial activity against the sensitive

organisms Staphylococcus aureus as Gram—positive bac-
teria and Escherichia coli as Gram—negative bacteria and
antifungal activity against the fungi Candida albicans and
Aspergillus flavus.
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Z uporabo mononuklearnega kompleksa [Zn(Tsc),] - H,O kot kompleksnega liganda za vanadilove(IV), manganove(Il),
zelezove(IIl), kobaltove(Il), nikljeve(Il) in bakrove(Il) ione, smo sintetizirali heterobinuklearne komplekse.
Kompleksni ligand smo pripravili z reakcijo med cinkovim acetatom dihidratom, ki ji je sledila kondenzacija s
tiosemikarbazidom. Strukturo kompleksnega liganda in heterobinuklearnih koordinacijskih spojin smo dolo¢ili z ele-
mentno analizo, IR, elektronsko, masno, 'H and '*C NMR spektroskopijo kot tudi z merjenjem molske prevodnosti in
magnetne susceptibilnosti. Kompleksi s formulami [Zn(Tsc),VO(SO,)(H,0)], [Zn(Tsc),MCl,(H,0),] (M = Mn, Fe in
Co), [Zn(Tsc),Fe(ox)Cl,] in [Zn(Tsc),NiCl,] imajo oktaedri¢no geometrijo, medtem ko je kompleks [Zn(Tsc),
CuClI(H,0)] kvadratno-planaren. Kompleksni ligand in njegovi heterobinuklearni kompleksi kaZejo antibakterijsko ak-
tivnost proti Gram-pozitivni bakteriji Staphylococcus aureus in Gram—negativni bakteriji Escherichia coli in aktivnost

proti glivam Candida albicans and Aspergillus flavus.
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