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Abstract

The new various metal complexes of 5-benzoyl-4-hydroxy-2-methyl-6-phenyl-2 H-pyridazin-3-one were synthesized. All the complexes were
evaluated for their antimicrobial activities against Gram-positive, Gram-negative bacteria and fungi using microdilution procedure. The Cd(II)
and Ni(IT) complexes exhibited selective and effective activities against one Gram-positive bacterium (Staphylococcus aureus ATCC 6538), one
Gram-negative bacterium (Pseudomonas putida ATCC 12633) and against two yeast (Candida albicans ATCC 27541 and Candida tropicalis
1828) in contrast to poor activity observed other microorganisms. The new synthesized complexes were characterized using IR, '"H-NMR and

UV spectral data together with elemental analysis.
© 2005 Elsevier SAS. All rights reserved.
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1. Introduction

In recent decades, the problems of multi-drug resistant mi-
croorganisms have reached on alarming level in many coun-
tries around the world [1-3]. A number of recent clinical re-
ports describe the increasing occurrence of meticillin-resistant
Staphylococcus aureus (MRSA), vancomycin-resistant entero-
cocci (VRE) and other antibiotic-resistant human pathogenic
microorganisms in the United States and European countries
[4]. Infections caused by those microorganisms pose a serious
challenge to the medical community and need for an effective
therapy has led to a search for novel antimicrobial agents. In
our previous papers [5,6] we described the synthesis and anti-
bacterial and antifungal activities of pyrazol, pyridazinone and
pyrazolo[3,4-d]pyridazin (Fig. 1) derivatives, respectively.

In these studies, we revealed that the pyridazin derivative
compounds showed weak activity against fungi and bacteria,
however, some of the prepared pyrazolo[3,4-d]pyridazine deri-
vatives, containing chloro group, displayed higher MIC values
than the above mentioned standard drugs.

Metal chelation is involved in many important biological
processes where the coordination can occurs between a variety
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of metals ions and a wide range of ligands [7]. Many types of
ligands are known and the properties of their derived metal
chelates have been investigated [8—10]. The complex combina-
tion with copper of pyridazin derivatives and sulfamethoxypyr-
idazine complexes of Cu(Il), Ni(Il), Co(Il) and Ag(I) have a
considerable anti-inflammatory and antimicrobial activity
against Gram-positive, Gram-negative bacteria and fungi [11,
12]. In this paper we report the synthesis of new Cu(Il), Co(II),
Cd(II), Ni(IT) and Zn(II) complexes with 5-benzoyl-4-hydroxy-
2-methyl-6-phenyl-2 H-pyridazin-3-one (LH) [5]. Elemental
analysis, IR, "H-NMR, UV spectral data and molar conduc-
tance were obtained to determine the structure of the com-
plexes. Moreover, the new complexes were tested against re-
presentative Gram-negative and Gram-positive bacteria, as well
as fungi.
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Fig. 1. Structure of the ligand (LH).
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2. Results and discussion
2.1. Chemistry

Reactions of LH with metal(Il) salts yielded complexes
possessing a 1:2 metal/ligand ratio. Ligand reacted
with Cu(CH3COO0),-H,0, Co(CH3COO0),-4H,0,
ZH(CH3COO)22H20, CdClzZHzO N1C126H20, and formed
the complexes having only a 1:2 metal/ligand stoichiometry.
The newly synthesized pyridazinon complexes are very stable
at room temperature in the solid state. The metal complexes are
generally soluble in DMF and DMSO. The elemental analytical
data of the complexes reveal that the compounds have a metal/
ligand anion stoichiometry of 1:2 corresponding to the general
formulae of [M(L),]'mH,O where L is the anion of LH. The
analytical data are in good agreement with the proposed stoi-
chiometry of the complexes. The colors, yields, melting points,
IR and electronic absorption spectral data of all the compounds
are presented in Table 1. All the complexes did not show elec-
trolytic properties (1.35-4.50 Q' cm® mol ") [7-9].

Bidentate complexes were obtained from 1/2 molar ratio
reactions with metal ions and LH ligand. The ligand LH, on
reaction with metal salts yields complexes corresponding to
the general formula [Co(L),(H,0),]'H,O, [Cu(L),], [Zn(L)
»(H,0),], [Ni(L),(H,0),] and [Cd(L),(H,0),]. The complexes
were prepared by the general reaction shown below:

methanole/chloroform

2LH + MX, ‘- nH,0 AN M(L),

M= Co(ll)  Cu()  Zn(Il)  Ni(Il) Cd(Il) LH = C,3H,,N,05
n= 4 1 2 6 2

m= 3 — 2 2 2

k=1 1 - 4

X = CH3COO CH3COO CH;COO (1 Cl

Table 1

The metal/ligand ratio of all the complexes was found to be
1:2. They also, all the complexes except Cu(Il), have two, and
three additional molecule of water of coordination and water of
crystallization

2.1.1. Infrared spectral study

The most important infrared spectral bands of the investi-
gated metal complexes are summarized in Table 1. The free
ligand is characterized by strong bands at 1669, 1288 and
3117 em ' which may be ascribed to the stretching vibrations
of C=0 (carbonyl), C—O (phenolic) and OH (phenolic) groups,
respectively [8—10]. The band at 1669 cm ' due to the stretch-
ing mode of the C=0 group in the spectrum of the free ligand
shows a remarkable shift to lower frequency with splitting in
the 1658—1648 cm ™' region in all the spectra of the complexes
suggesting that the coordinating carbonyl oxygen atoms of the
ligand are involved in complex formation [8-10,13]. In the
spectra of all the complexes the phenolic C—O band at
12701278 em™ ' is shifted to lower frequency (10-18 cm™").
It is suggested that the oxygen atom of this phenolic (C-O)
group is involved in bridging to the metal ions. A broad band
in the 3300-3490 cm™ ' range is observed in the spectra of the
Ni(1), Co(II), Cd(Il) and Zn(II) complexes. An additional band
at 840 cm ' suggests that water molecules are coordinated to
metal ions [8—10,13]. This band may be assigned to water OH
stretching frequencies confirming the elemental analyses. Also,
thermal studies results that indicate water molecules are in-
volved in the chemical composition of these metal complexes.
Moreover, a large number of heterocyclic ring vibrations at
15801200 cm ' are seen during the formation of the com-
plexes, these bands are shifted to lower wave length. Bands

of M-0, appear, respectively, at 420-465 cm .

2.1.2. Proton nuclear magnetic resonance spectra

Deuterated chloroform or deuterated DMSO were used as
solvent to measure the "H-NMR spectra of the ligand [5] and
its complexes Zn(II), Cd(Il), respectively. The spectrum of the

Characteristic IR and electronic absorption spectral data of the ligand and its metal complexes

Compounds M.p. (°C) Yield (%) % Ay (Q' C=0 OH/H,0 Cc-0 M-O Junax (Emax, M1 cm™")
cm? mol )

LH 218 40.0 1.1 1669s 3117m, b 1288 s — 340 (2980), 306

CisH 4N,04 (6520), 281 (6800)

(306.2 g mol ") (light yellow)

[CuL,] > 300 80.0 1.35 1658s - 1278m 465w 524 (22), 340 (3902)

C36H26CuN,O5 507w

(673.94 g mol ") (green)

[CoL,(H,0),]-H,0 215¢ 68.0 2.70 1651m 3300-3500 1272 w 445w 628 (12), 487 (816)

C36H3,CoN4O, w, b 510w 356 (3602)

(723.51 g mol™") (brown)

[NiL,(H,0),] 250¢ 78.0 3.15 1648m 3300-3490m, b 1277s 450w 515 (40), 479 (115)

C36H30Ni N4Og 511w 361 (1690)

(705.29 g mol™") (light green)

[ZnL,(H,0),] 183¢ 76.0 1.89 1650m 3419-3450m, b  1272m 440w 343 (1434), 302

C36H3:N400Zn 510w (2462), 282 (3654)

(711.79 g mol ™) (dirty white)

[CAL,(H,0),] 197¢ 69.0 450 1650m 3350-3500m, b 1270w 460w 339 (2434), 303

C36H30CuN4Og 510w (4460), 279 (6650)

(759.0 g mol™) (cream)

Key: s (strong), m (medium), w (weak).
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Fig. 2. Supposed structure of the M (II) complexes.

ligand shows peaks at 9.4 (s), 3.9 (s) and 7.8-7.2 (m). These
peaks are attributed to —OH phenolic, -CH; and aromatic pro-
tons, respectively. In the spectrum of the Cd(Il) and Zn(Il)
complexes —CHj3 and aromatic proton peaks were observed at
the same position with the exception that the peak due to the
phenolic group resonance is absent. This is considered as an
additional evidence for the deprotonation of the phenolic OH
group and shows involvement of the phenolic oxygen in bond-

ing (Fig. 2).

2.1.3. Electronic spectra

The bands in the 340-250 nm range are attributed to the
n—7* transition of the benzenoid and pyridazine rings. In the
spectra of the complexes, these bands are slightly shifted to
shortest wave length. On the basis of the magnetic data, the
Cu(Il) complex probably has a tetrahedral structure. The com-
plex exhibits a weak transition at 524 nm corresponding to
2B1g—>2A1g which suggests the presence of four-coordinate
geometry [14].

The magnetic moment value of 4.22 BM obtained for the
brown Co(Il) complex was in the range expected for cobalt
(II) in octahedral geometry. The electronic spectra also showed
a rather weak d—d transition in the visible region of the spec-
trum. The bands at 487 and 628 nm may be assigned to
*T,,—"*T), (P) and *T,,—*A,, transitions as expected for an
octahedral cobalt(Il) complex [8—10,14]. The electronic spec-
trum of the Ni(I[) complex shows two d—d transitions at 515
and 479 nm which indicate an octahedral environment around
the metal ion (Fig. 2). The electronic spectrum of the Zn(Il)
and Cd(Il) complexes, which are diamagnetic, has bands in
the 302-280 nm range, and these bands may be due to the
n—n* and m—n* transitions of the benzene and pyridazine
rings group in a complex with octahedral geometry. These data
also support the conclusion that H,O groups are coordinated
axially to all the metal complexes, except Cu(Il) complex.

2.2. Biological results

Antimicrobial activities of the prepared compounds were
tested against bacteria, such as Bacillus cereus ATCC 7064,
S. aureus ATCC 6538, Escherichia coli ATCC 4230, Pseudo-
monas putida ATCC 12633 and against human pathogenic fun-
gi (Candida albicans ATCC 27541, C. albicans 1481, Candida
tropicalis 1828 and Candida krusei 24941 using broth micro-
dilution procedure. Ampicillin trihydrate for bacteria and flu-
conazole for fungi were used as reference drugs. The minimal

inhibitory concentrations (MICs, mg ml™') of tested com-
pounds against bacteria and fungi are shown in Tables 2 and 3.

As shown in Tables 2 and 3, the ligand showed weak activ-
ity, whereas the complex compounds had the highest antimi-
crobial activities against Gram-positive, Gram-negative bacter-
ia and fungi with minimum inhibitory concentrations in the
range of 0.16-0.005 mg ml™'. The results of antibacterial ac-
tivities indicated that slight differences between the activities of
all the complex compounds against tested bacteria, except Cd
(IT) complex. The Cd(IT) complex showed selective and effec-
tive antibacterial activity against one of the Gram-positive bac-
teria (S. aureus ATCC 6538) and one of the Gram-negative
bacteria (P. putida ATCC 12633), also poor activity against
other tested microorganisms (E. coli ATCC 4230 and
B. cereus ATCC 7064). S. aureus ATCC 6538 strain is highly
pathogenic to humans. The Cd(II) complex showed highest
antibacterial activity against this bacterium compared to other
tested bacterial strains (Table 2).

Table 3 summarized antifungal activities of the tested com-
plexes against human pathogenic yeast species. According to
these results revealed that the newly synthesized Cd(II) and Ni
(II) complexes had promising antifungal activities against two
yeast strains (C. albicans ATCC 27541 and C. tropicalis 1828)
and poor activities against other yeast. These results suggested
that the Cd(Il) and Ni(II) complexes had effective and selective
antimicrobial activities against both bacteria and yeast.

Cu, Co, Ni and Zn are essential for microorganisms as trace
nutrients. In contrast, Cd has not been identified as a trace nu-
trient and is (in fact) thought to have no beneficial roles in
bacteria and fungi. Therefore, cadmium, and its derivatives
are more toxic than other trace elements against microorgan-
isms at micro or millimolar levels. Although microbial resis-
tance to antibiotics and the divalent cations carried on plas-

Table 2
MICs* of the compounds LH, Co(Il), Cu(ll), Cd(Il), Ni(Il) and Zn(II)
complexes against Gram-positive and Gram-negative bacteria

P. putida  E. coli B. cereus  S. aureus
Compounds ATCC ATCC ATCC ATCC

12633 4230 7064 6538
LH 1.28 0.64 1.28 0.64
[CoL,(H,0),]-H,0 0.04 0.08 0.08 0.16
[CuL;] 0.16 0.16 0.16 0.16
[CdL,(H,0),] 0.01 0.04 0.04 0.005
[NiL,(H,0),] 0.04 0.08 0.08 0.08
[ZnL,(H,0),] 0.04 0.08 0.04 0.04
Ampicilline 0.02 0.005 0.005 0.01

* MICs values were determined as mg ml™" active compounds in medium.
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Table 3

MICs* of the compounds LH, Co(II), Cu(Il), Cd(1I), Ni(Il) and Zn(II) complexes against fungi

Compounds C. albicans ATCC 27541 C. albicans 1481 C. tropicalis 1828 C. krusei 24941
LH 0.64 1.28 0.64 1.28
[CoL,(H,0),]-H,O 0.02 0.02 0.04 0.04
[CuL,] 0.01 0.02 0.02 0.04
[CdL,(H,0),] 0.005 0.04 0.005 0.04
[NiL,(H,0),] 0.005 0.02 0.02 0.04
[ZnL,(H,0),] 0.01 0.04 0.01 0.04
Fluconazole 0.005 0.01 0.005 0.01

* MICs values were determined as mg ml™' active compounds in medium.

mids, a mechanism resistance to organometallic compounds of
these metals is still unknown [15]. Moreover, several studies
reported that the organometallic compounds of the divalent ca-
tions are more toxic than their metallic forms, particularly
when compared to their own inorganic equivalents [16,17].
Here, we proposed that the reason for this higher antimicrobial
activity might be related to the structure of the Cd(II) complex
rather than the presence of the metal form of cadmium. Also,
the other cause for the effect could be bounded to the damaged
of the membrane permeabilization and the membrane lipid
composition.

In conclusion, we have synthesized and evaluated in vitro
the antimicrobial activity of the new various metal complexes
of  5-benzoyl-4-hydroxy-2-methyl-6-phenyl-2 H-pyridazin-3-
one. According to the in vitro results indicated that the new
various metal complexes of pyridazin-3-one had commonly
of greater toxicological significance than the ligand. Especially
we suggested that the Cd(II) and Ni(Il) complexes might be a
promising candidate of new antimicrobial agents.

3. Experimental protocols

MeOH, EtOH, CHCIl;, DMF, n-butanol, toluene, diethy-
lether, n-heptane and were obtained from E. Merck and
Aldrich. 5-Benzoyl-4-hydroxy-2-methyl-6-phenyl-2 H-pyrida-
zin-3-one was synthesized according to the literature [5]. The
metal salts Cu(CH3COO),'H,O, Co(CH3COO0),4H,0,
Zn(CH;C0O0),2H,0, CdCl,-2H,0 and NiCl,'6H,0 were ob-
tained from E. Merck. All solvents were dried and purified
before use. Elemental analyses (C, H, N) were performed by
using a Carlo Erba 1106 elemental analyzer. The IR spectra were
obtained using KBr discs (4000-400) cm ™' on a Bio-Rad-Win-
IR spectrophotometer. The electronic spectra in the 200-900 nm
range were obtained in DMF on a Unicam UV2-100 UV/visible
spectrophotometer. Molar conductance of the ligand and their
transition metal complexes were determined in DMF at room
temperature by using a Jenway model 4070 conductivitymeter.
The '"H-NMR spectra of the some complexes were recorded
with a Varian XL-200 NMR instrument. All experiments were
followed by TLC using DC Alufolien Kieselgel 60 F 254 Merck
and Camag TLC Lamp (254/366 nm).

3.1. Synthesis

3.1.1. Synthesis of the ligand (LH)
The LH was synthesized according to the literature [S]. An
equimolar mixture of furandione (0.278 g, 1 mmol) and

methylhydrazine (3.1 ml, I mmol) was mixture in room tem-
perature in dry benzene (30 ml) for approximately 60 min.
After the precipitate was filtered off solvent was removed by
evaporation, the oily residue treated with ether and the formed
crude product was recrystallized from acetic acid to give
0.122 g (40%); 'H-NMR (CDCly): 6=9.41 (b, H, OH),
§=7.8-7.2 (m, 10H, Hyom), 3.9 ppm (s, 3H, CH;); '*C-NMR
(CDCl3): 6=193.56 (C=0, benzoyl), 159.21 (C=0), 152.34
(Cy), 148.88 (Cs), 138.20, 137.11, 136.15, 131.52, 131.22,
130.81, 130.46, 130.27, 121.99, 42.56 ppm (N-CHj3) [5].

3.1.2. Synthesis of the complexes

0.61 g (2.00 mmol) of the ligand was dissolved in 30 ml of
chloroform, and a solution of 1.00 mmol of the metal salt [
Cu(CH5COO0),'H,0 (0.20 g), Co(CH3COO),4H,0O (0.25 g),
Zn(CH3COO0),2H,0 (0.22 g), CdCl,2H,O (0.22 g) and
NiCl,'6H,0 (0.24 g)] in 15 ml methanol was added dropwise
with continuous stirring. The mixture was stirred further for
1.5-2.5 h at 80 °C. The precipitated solid was then filtered
off, washed with diethyl ether, followed by cold methanol/
chloroform (1:1 ratio) and dried in vacuum desiccators.

3.2. Biological assays

3.2.1. Compounds

Test compounds were dissolved in DMSO (12.5%) at an
initial concentration of 2.5 mg ml™' and then were serially di-
luted in culture medium.

3.2.2. Cells

Bacterial strains and C. albicans ATCC 27541 were sup-
plied from American Type Culture Collection (ATCC). Other
human pathogenic fungal isolates (C. albicans 1481,
C. tropicalis 1828 and C. krusei 24941) were obtained from
Department of Infectious Diseases, Faculty of Medicine, Yii-
ziincli Y1l University, Van, Turkey.

3.2.3. Antibacterial assays

The MICs of the chemical compounds assays were carried
out as described by Clause [18] with minor modifications. Am-
picillin trihydrate was used as reference antibacterial agent. So-
lutions of the test compounds and reference drug were dis-
solved in DMSO at a concentration of 2.56 mg ml'. The
twofold dilution of the compounds and reference drug were
prepared (1.28, 0.64, 0.32, 0.16, 0.08, 0.04, 0.02, 0.01,
0.005>) mg ml'. Antibacterial activities of the bacterial
strains were carried out in Muller—Hinton broth (Difco) med-
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ium, at pH 7.2, with an inoculum of (1-2) x 10° cells ml"' by
the spectrophotometric method and an aliquot of 100 pl was
added to each tube of the serial dilution. The chemical com-
pounds-broth medium serial tube dilutions inoculated with
each bacterium were incubated on a rotary shaker at 37 °C
for 18 h at 150 rpm. The minimum inhibitory concentrations
of the chemical compounds were recorded as the lowest con-
centration of each chemical compounds in the tubes with no
growth (i.e. no turbidity) of inoculated bacteria.

3.2.4. Antifungal assays

Antifungal activities of the yeast were performed by follow-
ing the guidelines in NCCLS document M27-A using the mi-
crodilution broth method [19]. Fluconazole was used as refer-
ence antifungal agent. Solutions of the test compounds and
reference drug were dissolved in DMSO at a concentration of
2.56 mg ml™'. The twofold dilution of the compounds and re-
ference drug were prepared (1.28, 0.64, 0.32, 0.16, 0.08, 0.04,
0.02, 0.01, 0.005 >) mg ml~'. Antifungal activities of the yeast
were performed in RPMI 1640 medium (Sigma) which had
been buffered to pH 7.0 with 0.165 M morpholinopropanesul-
fonic acid (Sigma), as outlined in document M27-A. The stock
yeast inoculum suspensions were adjusted to concentration of
(0.5-2.5) x 10° cells ml™' by the spectrophotometric method
and an aliquot of 100 pl was added to each tube of the serial
dilution. The chemical compounds-broth medium serial tube
dilutions inoculated with each yeast were incubated on a rotary
shaker at 37 °C for 18 h at 150 rpm. The minimum inhibitory
concentrations of the chemical compounds were recorded as
the lowest concentration of each chemical compounds in the
tubes with no growth (i.e. no turbidity) of inoculated yeast.
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