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ABSTRACT

Three complexes of copper(Il) and iron(Il) with mixed ligands
acetylacetonebis(thio-semicarbazone)- ABTSH: and benzaldazine- BA have been
prepared and characterized using different physico-chemical techniques including the
determination of metal contents, mole-cular weight, measurement of molar
conductivity, magnetic moment, molar refraction, infrared and electronic spectra.
Accordingly, octahedral complexes having general formulaes
[Cua(ABTSH2)2(BA):ClL;]Cls and [Ma(ABTSH;)2(BA)2(S04)2] {M= Cu(Il) or (Fe(II)}
have been proposed.

The resulted complexes screened for antifungal activity in vitro against the
citrus pathogen Aspergillus niger and Fusarium sp. which caused root rot of sugar and
the beans pathogen Alternaria sp. All the complexes exhibited significant antifungal
activities against these pathogens. The antifungal activity of these complexes were
comparable with the standard fungicides in ethanol The complex
[Cu2( ABTSH;)2(BA):C1;]Cl; had the best antifungal activity against Alternaria sp.

Keywords: Thiosemicarbazone, azine, mixed ligand, copper(I) and iron(II)

complex, anti-fungal activity.

INTRODUCTION

Copper compounds have been
used to kill various form of fungi and
bacteria. Paints used for ship's hills,
contained copper to prevent the
excessive growth of marine organisms
on the surface of the hull [1]
Thiosemicarbazones comprised a well-
known group of nitrogen and sulfur
donors have been extensively used for
complex formation [2-4]. This may be
due to their capability of acting as
multidentate NS, NNS or SNNS
donors with the formation of either
mono- or bi- or poly-nuclear
complexes[5-7]. In addition to their
interesting ligational properties,
thiosemi-carbazones and their
complexes had important catalytical
and biological applications [8].
Agood deal of work has been reported
on the preparation, spectral and
structural investigation of azines and
their complexes. due to their capability

of acting as multidentate donor [9-12].
Azines and their complexes had
important  analytical  applications,
photosensiti-zer in solar cells and
biological activities [13,14].
Mixed ligand complexes of transition
and non-transition metal ions aroused
consider-able interest due to their
importance in the field of metallo-
enzymes and other biological activities
[15,16]. A good deal of work has been
published on their complexes [17-19].
Due to the importance of mixed
ligand complexes, we took a modest
part in the coordination chemistry of
mixed ligand complexes and some
articles have been published on their
coordination chemistry with transition
and non-transition metal ions [20-24].
As decomposers, fungi played
an important role in soil formation, but
they can also harm crops. Most of the
harm they caused occurs during a
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plant's early growth stages. Fungi can
also spoil stored food and are
particularly devastating to the world's
fruit harves [25]. Diseases caused in
plants by fungi occerred worldwide,
caused considerable damage, typically
have been unpredictable and difficult
to control culturally or chemically, and
host resistance to disease has been
inadequate. For these reasons, it is
imperative that as much basic
knowledge as possible be gained about
the taxonomy, biology, physiology,
ecology, and host-parasite interactions
of these important and devastating
plant pathogens to enable us to
discover and develop new ways to
control them [26].

Pathogenesis is a complex,
dynamic  process involving  the
Pathogen's inherent capabilities and
multiple factors that govern penetration
and infection of a host plant. The host
plant has an array of defense
mechanisms that must be breached,
inactivated, or annulled before disease
can develop. This interaction between
host and Pathogen also is dependent on
the surrounding environment and on
time, The Pathogen's battery of
attacking mechanisms includes cell
wall- and middle lamella-degrading
enzymes, toxins, enzymes to degrade
host tissue and defense substances, and
rapidity of infection. The host can
resistant attack by the presence of
physical barriers, resistant cell wall
materials, performed antifungal
compounds, infection-stimulated
antifungal compounds, and inadequate
nutrients for Pathogen growth and
development. If the host responds
slowly or inadequately with one or
more of these defense mechanisms,
disease ensures, and death results [26].

We do know that cell wall-
degrading enzymes, enzymes capable
of destroying cellular components, and
production of oxalic acid are
associated with disease development.

The exact role of these components in
pathogenesis is not clearly defined, but
the pieces are beginning to fit together
[26].

Since, the power of infecting is
shown by the power of penetrating the
membranes  [cuticle]  which  are
evidently dissolved at the point of
penetration. Hence it is very probable
that this power depends on the
presence of a substance which can
dissolve the membrane [26].

Pectolytic enzymes associated
with diseases caused. These enzymes
have been associated with quantitative
decrease in the pectic substances
contant of diseased tissue and with
histochemical and structural changes in
host cell middle lamellae. In addition,
pectolytic enzyme activity has been
localized in infected tissue. Besides
cell wall-degrading enzymes, afew
other enzymes such as phosphatidase B
capable to hydrolyze phosphatide
component of cell ~membranes.
Potentially, proteolytic enzyme
responsible for degradation of host
protoplasm and possibly cell wall
constituents may be detected [26].

The effect of pathogens appears
to dependent on a  complex
combination of factors that can
overwhelm the host plant by rapidly
acting before the host plant can
respond.  These factors include:
production of infection cushions or
appressoria  to enable mechanical
penetration of the host cuticle,
formation of specialized, organized
infection hyphae that are capable of
rapid intercellular development
beneath the host cuticle and in the
cortex elaboration of appropriate
pectolytic enzymes and oxalic acid to
degrade the middle lamella of host
cells, chelation-inhibitors of enzyme
activity, change the pH of host tissue to
arrange more favorable for enzymeic
action, and toxify host cells, making
them less responsive to invasion, and
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production of degradative enzymes
capable of hydrolyzing cell wall and
protoplasmic constituents and
providing a constant, abundant supply
of nutrients for rapid growth and
development of infective hyphae [26].
The antifungal activities of
coordinated compounds have been
studied by many workers. Complexes
of Schiff bases [27], copper [28] and
mixed ligands [29] showed a good
antifungal activities. Moreover,
thiosemicarbazone and their complexes

showed a very good antifungal
activities [30,31].

In the present work, new
copper(Il) and iron(IT) complexes with
mixed ligand
{acetylacetonebis(thiosemicarbazone)
and benzaldazine (Figure 1)} have
been prepared and characterized
physico-chemically. The complexes
were screened for their antifungal
activity against Aspergillus  niger,
Fusarium sp. and Alternaria sp., and
they have been exhibited significant
antifungal activities.

/CHz\
H3C—%‘ C—CHs
Il
N N
- \NH
Hll\l |
NH: NH2
(ABSH2)

Figure 1: Structures of the ligands

Material and Methods:
1- Starting Materials

All the chemicals used were
supplied from BDH or Fluka.
2- Synthetic Methods
Acetylacetonebis(thiosemicarbazone)-
ABTSH; has been prepared according
to the standard method [32].
Benzaldazine ligand has been prepared
according to previous method [32] .

Complexes of the type
[Cu2(ABTSH2)2(BA):CLL]CL, has been
prepared by the reaction of aqueous
solution of copper(Il) chloride in 5 ml.
distilled water (0.5 g; 0.00186 mole)
with  hot ethanolic solution of
benzaldazine (0.00186 mole) and hot
ethanolic solution of 0.00186 mole
acetylacetonebis(thiosemicarbazone) in
2:2:2 molar ratio. The mixture has

been ref-luxed for three hours followed
by evaporation to about half it's
volume then cooled. The product was
isolated by filteration, washed with
diethylether and dried. The other
complexes were prepared by applying
the same procedure (the amounts in
grams were listed in Table 1)
3- Analytical and
Measurements :

Copper and iron contents have

Physical

been  determined by  applying
precipitation  method  after  the

decomposition of the complexes with
concentrated  nitric  acid  [33].
Molecular weights of the complexes
have been determined cryoscopically
(decreasing in freezing point) [34].
Refraction measurements have been
carried out with Atago Illumination,
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Atago Co-LTD, Japan using 107 M
dimethylformamide solution. The molar
refraction is an additive and constitutive
property. It has been used to construct the
correct structure of the compound.[34].
The conductivity measurements have
been carried out with an electrolytic
conductivity measuring set LF-42
using 107 M dimethylformamide
solution at 25 °C. Magnetic
susceptibility of the complexes have
been measured by Bruker B.M6 The
infrared spectra of the ligands and their
complexes have been recorded on FT-
IR Bruker type Tensor 27 in the range
400-4000 cm™” using KBr pellets.
Electronic spectra has been recorded
by Shimadzu UV-1601
Spectrophotometer for 10™* M solutions
of the ligands and their complexes in
dimethylformamide at 25 °C , using a
lem cell .

4- Antifungal Activity:

Three  microorganism  fungi
have been selected to study the
antifungal activity of the three
complexes in this study Aspergillus
niger, Fusarium sp., and Alternaria sp.
All the fungi have been obtained from
Plant Protection Department , Faculty
of Agriculture and Forestry, Mosul
University.

The fungi were isolated from
the affected plants by applying
Agnihorti method [35] and purified
using classification keys that were put
by Barrutt and Hunter [36]. The
antifungal activity has been evaluated
by applying Al-Khafaf method [37]
that depended on Abbott method [38]
as follows:

0.1 gm of the complex was
dissolved in 100 ml. ethanol (95%) . 1
ml. of this solution was added to
sterilized petrydish containing Potato
Dextrose Agar (PDA) which was left
for one day (24 hr.) until the ethanol
was evaporated A part of a side of the
colony (4 days age growing) was
inoculated in the center of the sterilized

dish above. The dish was incubated at
25+3 °C for 5-6 days and the inhibition
zone was measured. In all the
experiments the mean of each triplicate
was measured. Blank dish of ethanol
(95%) has been used as control.

RESULTS AND DISCUSSION
The reaction of copper (IT) and
iron(II) salts with acetylacetonebis
(thiosemicarbazone and benzaldazine
may be represented by the following
reactions :
2CuClL+2BA+2ABTSH,—
[CU;(ABTSHQ)](BA)QCI;]C];

2MSQ4.nH,0+2BA+2ABTSH: — [M
(ABTSH:)2(AB)2(S04):] + nH,0
(wheren=5 or 7).

The resulted complexes were
colored solid. Copper, iron contents
and the molecular weights revealed

that the complexes had the
compositions
[Cll‘_}(ABTSHg);(BA)zC[;]CIQ and

[M(ABTSH,):(AB)»(S04),] (Table 2).
The values of the molar conductivities
of the complex-es (Table 2)
approached those expected for 1:2 and
non-elecotrolytes [39]. The room
temperature magnetic moment of
Cu(Il) complexes lied in the range of
1.82-1.88 which were compared to the
expected values for six coordinate
high-spin octahedral complexes[22].
The magnetic moment of iron(II)
complex has been found to be 5.10
B.M. which is within the range of
values corresponding to high spin
octahedral complexes of iron(Il) ions
[20] (Table 2).

The infrared spectra of
ABTSH, ligand (Table 3) showed a
strong band at 1635.58 cm™ assigned
to C=N group shifted towards a lower
frequency on coordination due to the
decrease of the bond order as a result
of metal nitrogen bond formation [40].
The next strong band at 1200.25 cm™
and 1169.12 cm™ attributed to the
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stretching and bending frequencies of
C=S group. The first value splitted
into two peaks one remained at the
same position and the other shifted
towards a lower frequency on
coordination, indicating the formation
of chelation between the sulfur of one
C=S group and the metal ion [40]. The
other strong bands at 3399.04 cm™ and
1450.00 cm™ attributed to Uiz and
Onpz remained unaltered in all the
complexes indicating that there is no
coordination  through this  group
[21,29,30] .

The  spectra  benzaldazine
showed a strong band in the region
1624.00 cm™ due to C=N stretching
vibration group [40]. This band was
shifted towards a lower frequency
(Table 3) which demonstrated that the
two azine nitrogen was coordinated to
the metal ion[40]. Moreover, the
positive shift in the N-N vibration band
on complexation can be added as
further support to the coordination of
the azine nitrogen to the metal ion.

The spectra of complex I
showed a new band at 525.50 cm’
attributed to ionic M-CI [40], whereas
the Vni.cireoord) Was not observed due to
instrumental limitation. The spectra of
the complexes 2 and 3 showed three
bands around 1010.00, 1073.00 and
1125.00 ¢cm” due to SO group [40]
indicating that the sulphato group acted
as monodentate ligand bonding to the
metal ion through the oxygen atom
[40].

On the other hand the spectra of
all the complexes showed new bands
around 450.82-456.45 cm™ and 556.62-
55827 cm” due to vy and vy,
respectively [17,21,31]. The presence
of these bands supported the formation
of the complexes under investigation.

The electronic spectra of the
complexes in DMF solution have been
recorded giving ultraviolet spectra, d-d
spectra and charge transfer spectra
(Table 4).The ultraviolet spectra for

ABTSH, showed bands at 39550 ¢m™
and 26178 cm™ attributed to n—x and
a—n* electronic transitions,
respectively. The ultraviolet spectra for
BA ligand showed bands at 38750 cm”™
and 27941 cm™ attributed to n—x and
n—n* electronic transitions,
respectively. All these transitions were
also found in the spectra of the
complexes but they were shifted to
lower frequencies (Av=1700-2000 cm’
') confirming the coordination of the
ligands to the metal ions[41]. The
electronic spectra of Cu(Il) complex
showed a band at 13835 and 13850 cm’
! which may be assigned to Eg— “Tag
transition in an octahedral
environment. The eg group state is
highly susceptible to John-Teller
configurational stability due to which
copper (IT) ion in the complexes had
distorted octahedral geometry. The
electronic  spectra of  copper(Il)
complexes also showed a band at
31200 and 31215 em™ due to charge
transfer spectra[42]. The electronic
spectra of Fe(Il) complex is a
characteristic  of an  octahedral
geometry having high spin electronic
configuration.  According to this
electronic distribution, only one well-
defined *T,g— Eg transition
However, due to the Jahn Teller
effect, the "Eg term is split in two
terms which are responsible for the
occurrence of a band and a shoulder in
the spectrum. Hence Fe(Il) complex
showed a pair of low intensity bands at
12500 and 10210 em”, arising from
"Tag—"Arg and "Tg—"Bg,
transitions similar to those found for
distorted octahedral complexes. The
doublet is attributed to a Jahn Teller
distortion in the excited state [42]. The
electronic spectra of iron(II) complex
also showed a band at 35200 cm™ due
to charge transtfer spectra [42].

It is well known that in order to
the antifungal activity to be effective
the antifungal compounds must have
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ability to penetrate inside the fungi cell
( some times the antifungal compounds
caused changes in the medium in
which the fungi was grown and made it
unsuitable for the growth of the fungi).

After the antifungal compound
was penetrated through the
protoplasmic membrane of the fungi,
the compound started to did it's toxic
effect inside the fungi cell. Some
antifungal compounds may increase
the resistance of the host plant in a way
that can made changes in the cell wall
tissue of the plant and made it very
difficult to be penetrated by the fungi
that caused the diseases. There are
numbers of explanations that can allow
the antifungal compound to does it's
toxic effects including the following
points:

1- Reaction of antifungal compound
with the vital enzymes and inhibited
them.

2- Influence the oxidation-reduction
reaction which affect the production of
energy.

3- Influence the wvital processes
through the similar composition of
some antifungal compound with the
compound exist in fungi cell, therefore
it can enter wrongly in a numer of vital
reactions and sometimes can led to the
death of fungi.

4- The antifungal compound may
interacts with some vital compounds,
this can influence the vital immunity of
the compound which the fungi cell
needed. The reaction with some amino
acids may influence the process of
protein synthesis [43].

The activity of the prepared
compounds were compared with other
known antifungal compounds(dodine
and rovral used as antifungal for
Alternaria sp., and benlate used as
antifungal for Aspergillus niger and
Fusarium sp.).

The complex
[CLIQ(ABTSHZ)2(BA)2C12]C12 showed
a good antifungal activity against

Aspergillus niger and Alternaria sp.,
but very low activity against Fusarium
sp. While the complex
CLIQ(ABTSH;):(BA)](SO.;):] showed a
good antifungal activity against only
Aspergillus  niger but no activity
against the other two fungi (Fusarium
sp. and Alternaria sp.). Whereas the
complex [Fe:(ABTSH:)2(BA)2(SOy):]
showed a good antifungal activity
against only Aspergillus niger and
Alternaria sp., but very low activity
against Fusarium sp.

CONCLUSSION

According to the analytical |,
physical and spectral studies, the
following observations have been
achieved that lead to establish the
following points:
1- The ligand ABTSH: acted as
tridentate chelating bridging ligand
joint to the metal ion through the two
azomethine  nitrogen and  one
thiosulfur.
2- The ligand BA acted as bridging
ligand joint through the two nitrogen
atoms.
3- The chloride 1ion acted as
monodentate ligand and also as
countert ion in complex 1.
4- Sulfate ion acted as monodentate
ligand joint through oxygen atom
5- Copper(Il) and iron(II} ions had
hexacoordinated resulting in a high
spin distorted octahedral geometry.
From the present study we can
concluded that the complexes had the
following proposed geometries(Figure
2).
6- The complexes showed good
antifungal activity against Aspergillus
niger and Alternaria sp., whereas no or
very low activity against fusarinm sp.
The complex
[CUZ(ABTSHQ)Q(BA):CIQ]CIQ showed
best antifungal activity  against
Alternaria sp.
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Figure 2 : Proposed structures of the complexes
Table 1 : Amounts of ligands, %yield of the complexes
No. Complexes Wigt XBIRH, [Whel B %Yield
(gm) (gm)
1 | [Cuz(ABTSH;),(BA).CL]Cl, 0.9145 0.7732 90.2
2 | [Cu2(ABTSH;)2(BA)2(S0O4):] 0.4930 0.4168 80.9
3 | [Fe2( ABTSH,)2(BA)2(S04)-] 0.4424 0.3741 87.5
Table 2: Analytical and physical properties of the complexes
e | Gotar | DEP | ang. [anng Ref. M% M. Wt.
) °c L ot x107* Calc. Obs.) Calc. (Obs.)
1 Green 204d | 1355 1.82 1.435574 10.79 (10.72) 1177 ( 1190)
2 D_“rk 166d | 114 | 1.88 1.435571 10.35 (10.38) 1227 (1233)
green
3 C]:})r(:cl;l 220 6.5 5.10 1.435577 9.24 (9.20) 1212 (1202)
* Ay Molar conductivities in 07 cm” mol ™ **1;: Magnetic moment in Bohr Magneton: d=decomposition

points: Ref'= refraction

Table 3 : IR spectra of complexes ( values in cm-1)

Ne, Vey U ¢=s (thio) UnH ONH, (‘::;l) VNN VaLN UaLs
ABTSH- | 1635.00 1200.25 3399.04 | 1450.00 - - - -
BA - - - 1455.00 1624.00 950.00 - -
1 1600.54 | 1200.25.1145.54 | 3400.20 | 1455.00 1556.21 980.20 | 450.82 | 558.27
%X 1601.59 lZl)tl.Z_:n 3399.05 | 1455.00 1558.05 982.50 | 431.00 | 536.62
1142.50
3 1602.24 | 1200.25.1150.35 | 3399.45 | 1435.00 1556.25 983.50 | 456.45 | 557.35
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Table 4 : Electronic spectral data of the ligands and their complexes

No UV region d-d transition C.T
- Tt em?! | noa* em? (v, em? | v, cm™? em™
ABTSH- 39550 26178
BA 38750 27941
1 37800, 37050 24378. 25191 13835 31200
2 37550, 36750 244750, 26241 13850 31215
3 37750, 36750 24175, 23940 12500 10210 (shoulder) | 35200
Table 5: Antifungal activity of the complexes
Aspergillus niger Fusarium sp. Alternaria sp.
Comp. No. | Trip. | Dia. | Inh.% | mean® | Trip. | Dia. | Inh.% | mean® | Trip. | Dia. | Inh.% | mean %o
1 0.00 [ 100.00 1 1.75 | -20.69 1 0.00 | 100.00
2 1.70 73.23 L 2 1.15 | 20.69 & 2 0.00 | 100.00
83.83 5 g
! 3 1.00 84.25 8382 3 1.20 17.23 32 3 0.00 | 100.00 100:00
1 0.95 85.04 1 1.40 345 1 0.50 43.18
2 0.00 [ 100.00 2 1.50 -3.45 & 2 0.95 -7.95 &
2 8.0 7.9
. 3 150 ] 7638 | OM T3 (w0 [2sa ] P T3 a0 [see | 7
1 1.20 81.10 1 145 0.00 1 0.70 20.45
2 1.30 79.53 2 1.55 -6.90 R 2 0.00 | 100.00
3 3.4¢
? ER I B A I W WU e 3 w0 1000 ]
St. Exp. 6.35

Dia. = Average of two perpendicular diameter of the fungi colony; Inh. =

inhibition zone

Trans. Met. Chem.; 28:954-960
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