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Abstract

A new series of VO(II), Mn(II), Fe(II), Co(1I), Ni(II),
Cu(Il), Zn(II), ZrO(11), Ru(IIl), Sn(Il), Cd(Il) , Ho(III) Ti(Il)
and UQO(II) complexes of (E)-2-(p-toluidino)-N'-(2-
hydroxbenzylidene) acetohydrazide have been synthesized
and characterized by elementals analyses, HI-NMR, IR, UV-
Vis. spectra, magnetic moments and conductance
measurements. The IR data show that the ligand behaves
monobasic tridentate or dibasic tridentate towards the metal
ion. Molar conductances in DMF solution indicate that the
complexes are non-electrolytes. Antibacterial and antifungal
tests of the ligand and some of its metal complexes revealed
that, the complexes are more potent bactericides and
fungicides than the ligand.
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Introduction

Current interest in the coordination chemistry of hydrazones has arisen through
their uses in biological systems [1]. Interest in studying this class of compounds lies
in its antibacterial, antitumor and antitubercular activities [2]. Also, it has been used
as analytical reagent [3] and as polymer —coating, ink, pigment [4] and fluorescent
materials [5]. Synthesis and characterization of metal complexes of a bishydrazone
derived from isatin monohydrazone and 2-hydroxyl-1-naphthaldehyde showed
interesting biological properties [6,7]. Transition metal complexes of salicyladehyde
thiazolyl hydrazone were prepared and characterized [8]. Coordination chemistry of
acythydrazones as well as number of copper(Il) complexes had been extensively
studied [9]. Dinuclear copper and iron complexes were also studied because they
were able to mimic bimetallic sites in various enzymes [10], and showed antifungal
and antibacterial activities [l1]. Metal(Il) complexes of 2-acetypyridine
benzoylhydrazone ligand were synthesized and crystallographically characterized
[12]. Manganese(1I), iron(Il), nickel(1I), cobalt(Il) and zinc(Il) complexes of 2,6-
diformyl-4-methylphenoldibenzoylhydrazone had been prepared and characterized
by elemental and spectroscopic measurements [13]. Cobalt(1I), nickel(11), copper(II)
and zinc(IT) complexes of glyoxal bis(2-pyrazinoyl) hydrazone had been prepared
and characterized on the basis of analytical data and various physicochemical studies
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[14]. Mono, di- or trinuclear dioxouranium complexes of vanillin
benzoylhydrazone, salicylaldehyde benzoylhydrazone and 2-hydroxyacetyl benzene
salicylhydrazone had been prepared and characterized by elemental, X-ray analyses
and spectroscopic measurements [15]. Extensive investigations of this kind of
complexes have been undertaken recently, however, we report the synthesis and
characterterization of metal complexes of phenylamino acetoacetyl acetone

hydrazone.

Experimental
Reagent grade chemicals were used. Elemental analyses were determined by the

Analytical Unit of Cairo University of Egypt. Standard methods were used to
determine the metal ion content. All metal complexes were dried in vacuum over
anhydrous CaCl;. The IR spectra were measured using a Perkin-Elmer 683
spectrophotometer (4000-200 cm"'). Electronic spectra in DMF solutions were
recorded on a Perkin-Elmer 550 spectrophotometer. The conductances of 10° M
solution of the complexes in DMF were measured at 25 °C with a Bibby
conductometer type MCL. The '"H-NMR spectrum of the ligand in deuterated DMSO
was recorded using a 300 MHZ Varian NMR spectrometer.

Preparation of the ligand [H,L] (1), and its metal complexes

Preparation of ligand [H,L] (1);

salicyladehyde (01.3 gm, 0.1 mol) was added dropwise to a solution of 2-(p-
toluidino)acetohydrazide (1.8 gm, 0.01 mol} in 25 mL EtOH. The mixture was
refluxed for 3 hours and cooled to room temperature. The solid product was filtered
off, washed several times with EtOH and dried over anhydrous CaCl,.

Preparation of the metal complexes (2) and (15-20);

These complexes were prepared by mixing stiochiometric ratios (2:1) of the
ligand (30 mL EtOH) and metal salts (50 mL) ethanol. The mixture was refluxed on
a hot plate with stirring for (1-2) hrs. Cooling to room temperature, and fine crystals
which separated were filtered off, washed several times with EtOH and dried over

anhydrous CaCls.
Preparation of the metal complexes (3-14);

These complexes were prepared by mixing stiochiometric ratios (1:1) of the ligand
(30 mL EtOH) and metal salts (50 mL EtOH). The mixture was refluxed on a hot
plate with stirring for (1-2) hrs. Cooling to room temperature, and the precipitate
formed was filtered off, washed several times with EtOH and dried over anhydrous

CaCl,



SYNTHESIS, SPECTROSCOPIC CHARACTERIZATION AND BIOLOGICAL ACTIVITY OF METAL COMPLEXES WITH A NEW SCHIFF
BASES AS A LIGAND 3

Microbiology:

Fungus Media:

Czapek dox agar medium was prepared by standard method [16]. Aspergillus
Niger was spread over each dish by using sterile bent Loop rod. Disks were cut by
sterilized Cork borer and then taken by sterilized needle. The resulted pits are sites
for the tested compounds . The Plates are incubated at 30 "C for 24- 48 hrs. and then
any clear zones present were detected.

Bacteria Media: _

Nutrient agar medium was prepared by standard method [16]. E.coli was
spread over each dish by using sterile bent Loop rod. Disks were cut by sterilized
cork borer and then taken by sterilized needle .The resulted pits are sites for the
tested compounds. The plates are incubated at 37 °C for 24- 48 hrs. and then any
clear zones present were detected

RESULTS AND DISCUSSION:

The reaction of the ligand (1) with metal salts using (1:1) or (2:1) molar ratios. The
new complexes are intensely coloured, crystalline solids, and stable at room
temperature. The complexes are insoluble in non polar and polar solvents but
soluble in polar coordinating solvents such as DMSO and DMF. Elemental analyses
and physical data (Table ), and spectral data (Tables II and IiI), are compatible with
the suggested structures as shown in Figure 1.

'H- NMR Spectrum

The 'H-NMR spectrum of this ligand shows a singlet corresponding to the proton
(CH=N-} at 8.30 ppm. The CH; protons appeared as a duplet at 8 3.80 ppm, and the
aromatic proton at § 6.50-8.20 (5H phenyl), & 6.8-7.80 (4H phenyl), at 8 4.20 ppm
shows a singlet corresponding to the two protons (NH2) and at § 10.10 ppm broad
singlet corresponding to the one proton (OH)

Conductivity Measurements

The molar conductance values of the complexes in DMF (10'3M) are in the (2.1-
8.3 Q' em® mol™) range (Table I), the low values indicate the non —electrolytic
nature of the complexes[17].

IR Spectra

The bonding mode of the ligand in the metal complexes has been deduced from
the IR spectroscopy. Important spectral bands of the ligand and its metal complexes
are presented in Table (I). The IR spectrum of IR spectrum of the ligand showed
broad band at ¥ 3500 cm™ assigned to (OH) group, the two bands at ¥ 3450 and
3470 cm’! assigned to (2 NH) groups and another band at V' 1705 em™ and 1614

em™ due to v (C=0) and v(C=N) respectively [18-20]. Also, The bands appear at
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1518 and 1326 cm™, correspond to v(CH=C)x and v(C-O) respectively [19,21]. In
order to know, the mode of coordination between the ligand and the metal ion, the
IR spectrum of the ligand is compared with that of the metal complexes. The
complexes show a broad band in the 3684 — 3100 em™ range, corresponds to a
lattice water, except complexes (3), (9), (16), (18) and (19) and the coordinated
water appears in the 3380 — 2750 em™ range except complexes (2) and (15-20)
respectively [21-23]. The complexes show a band in the 1750-1650 em”! range
(Table II) , which is assigned to v(C=0) group [24,25], however, the band appears
in the 1625-1600, 1595-1546 and 1543-1462 em” ranges are due to v(C=N),
v(C=C)a; and v(CH=C) vibrations respectively [19,26]. Extensive IR spectral studies
reported on the metal acetato complexes [27], indicate that, the acetato ligand may
be coordinated to a2 metal center in either a monodentate. The v,(CQ;) and v(CO3)
band of the monodentate acetate ions are at 1560 and 1416 cm™ respectively. as
found for complexes (4), (6), (7), (8) (11) and (12), however, complex (9) shows
band at 1466 cm™ (Table II), assigned to terminal nitrate groups [27]. The
complexes (5), (103, (12) (13) and (14) show two bands at (423-380) cm’” range
corresponding to terminal coordinate chloride atoms [19]. Complex (20) shows band
at 918 cm’' is due to O=U=0 group [26]. The bonding of the metal ions to the ligand
through the oxygen and nitrogen atoms is further supported by the presence of new
band in the 693-610 and 623-505 cm™ ranges, is due to V(M-O) and v(M-N)
respectively [27].

The above results together with elemental analysis indicated that the hydrazone
behaves as monobasic tridentate ligand towards the metal ion, coordinated via the
carbonyl oxygen of the hydrazide moiety, oxygen of the salicyladehyde moiety in
phenolic form and azomethine nitrogen atom.

Magnetic Moment
The room temperature magnetic moments of the complexes (2) - (20) are presented

in Table 1. Ni(Il) complex (7) gave moments 2.8 B.M., indicating octahedral
geometry. The low moments indicates, spin exchange interactions take place
between the Ni(Il) ions through the acetate group. Cobalt(II) complexes (6) gave
moments in the 4.9 B.M. (Table I), indicating high spin octahedral cobalt(Il)
complexes [28]. The magnetic moments for the copper(ll) complexes (8), (9) and
(10) are 1.6, 1.3 and 1.7 B.M. and for complexes (9) and (10), the moments are well
below the spin-only moment (1.73 B.M.), indicating spin-exchange interactions take
place between the copper(ll) ion in a square planar or octahedral geometry [29]. The
magnetic moment values for manganese(Il) complexes (4) is 3.6 B.M. suggest
octahedral geometry around the manganese(ll) ion [28]. Iron(IIl) complex (5) gave
moment 5.74 B.M., indicating high spin iron(IlI) octahedral geometry [6].
Ruthenium(I1l) complex (12) gave a magnetic monients 1.6 B.M., which is well
below, than the spin only moment, indicating that the spin-exchange interactions
take place between ruthenium(lil) ion in an octahedral geometry [30].
Zirconium(IV) complex (17), Tin(Il) complex (18), zinc(ll) complexes (11),
cadmium(II) complex (16) and uranyl complex (20) gave diamagnetic moments .
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Electronic Spectra ‘
The electronic spectral data of the ligand (1) and its metal complexes in DMF

solution are presented in Table (III). The mckel(ll) complex (7) shows a bands at
460and 520 nm, the bands are attributable to Agg(F) — “Tg(F) (v2) and A;B(F) —
ng(F) (vy) transitions, respectively indicating an octahedral nickel(IT) complex
[32]. The vy / v ratio for the complex is 1.13 which is less than the usual range of
1.5-1.75, indicating distorted octahedral nickel(II) complexes [33]. The cobalt(Il)
complexes (6) slmws band in the 375, 580 and 650 om. The bands are assigned to
Tig (F) — ng P, Tlg (F) —'Ay; and Tlg(F) — *Ty(F), transitions
respectively, corresponding to high spin cobalt(Il) octahedral complexes [34]. The
copper(1l) complexes (8), (9) and (10) show different bands (Table Iil). The show
bands at 350- 375 410- 460 and 520- 565 nm range are assigned to ligand — metal
charge transfer, g ’E and Bl - Bz transitions, indicating a distorted octahedral
structure [9,33, 36 Manganese(ll) complcxes (4) show band at 460, 535 and 620 nm
corresponding to Alg - 4Eg, A — ng and A;g - 1 ¢ transitions which are
compatible to an octahedral geometry around the manganese(Il) ion [48]. Iron(liI)
complexes (5) show band at 460, 530 and 620 nm. The first two bands are due to
charge transfer transition while the last band is considered to arise from the °A; —
*T| transition, these bands suggest, distorted octahedral geometry around the
iron(III) [36,38]. Ruthenium(Ill) complex (12), shows bands at 420 and 675 nm
respectively. First one is due to LMCT transition and the last band is assigned to
Tz — *Aq, transition. The band position are similar to those observed for other
octahedral ruthenium(Ill) complexes [39,40]. Vanadium(IV) complexes (2,3),
Zinc(Il) complex (11), Titanium(II) complex (13), Holmium(IIl) complex (14),
Cadmium(II) complex (16), Zirconium(I1V) complex (17), Tine(II) complexes (18),
Yiterbium (I1I) complex (19) and, Uranyl(V1) complex (20) show bands (Table III)
indicating intraligand transitions [38,41].

Antibacterial and Antifungal Screening

The ligand and its metal complexes have been screened for their antibacterial
and antifungal activities and the results obtained are presented in Table (I1V). All the
metal complexes are more potent bactericides and fungicides than the ligand [42,
43]. This enhancement in the activity can be explained on the basis of chelation
theory [44, 45). Chelation reduces the polarity of the metal ion considerably; mainly
because of the partial sharing of its positive charge with donor groups and possible
n- electron delocalization on the whole chelate ring. The lipid and polysaccharides is
some important constituent of cell walls and membranes, which are preferred for
metal ion interaction. In addition to this, the cell wall also contains many amino
phosphates, carbonyl and cysteinyl ligands, which maintain the integrity of the
membrane by acting as diffusion bairier and also provides suitable sites for binding.
Chelation can reduce not only the polarity of the metal ion, but increases the
lipophilic character of the chelate, and the interaction between metal ion and the
lipid is favoured. This may lead to the breakdown of the permeability barrier of the
cell resulting in interference with the normal cell processes. If the geometry and
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charge distribution around the molecule are incompatible with geometry and charge
distribution around the pores of the bacterial cell wall, penetration through the wall
by the toxic agent can not take place and this will prevent the toxic reaction within
the pores. Chelation is not the only criterion for the antibacterial activity. Some
important factors such as the nature of the metal ion, nature of the ligand,
coerdinating sites, and geometry of the complex, concentration, hydrophilicity,
lipophilicity and presence of co-ligands have considerable influence on antibacterial
activity. Certainly, steric and pharmacokinetic factors also play a decisive role in
deciding the potency of an antimicrobial agent. Apart from this, the mode of action
of these compounds may also invoke hydrogen bond through the ~>C=N-N=CH-
group with the active centers and thus interfere with normal cell process. The
presence of lipophilic and polar substituents is expected to enhance antibacterial
activity. The antibacterial and antifungal activities of the hydrazone ligands and
metal complexes were screened using the disk diffusion [46]. The results (Table [V)
showed that, cobalt(II) complex (6) shows higher antibacterial activity than the other
complexes but complexes (8) and (13) show higher activity antifungal than the other
complexes. The variation in the activity of different complexes against different
microorganisms depends either on the impermeability of the cells of the microbes or
differences in ribosome's in microbial cells [47,48].
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Table IL IR speetral assigument for ihe ligands and there metal complaxes.

AHMED NOMAN AL-HAKIMIA, AL1 ABDU MUTIE_RB , AHMED ALl AL-HAZMIA AND MOHAMMED HASSANA
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TABLE III:- Uv.-Vis. spectra of the ligand (H,L), (1) and its metal complexes

11

No. Molecular formula Bands in DMF
1 [H:L], [CisHiN;04] 345, 365, 350,320
2 [(HL),VO] 540, 435, 360, 320 -
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3 [(L)VO(H;0)] 550, 430, 360, 305
4 [(HL) Mn(OAc)(H,0);]4H0 620, 535, 460, 315, 225

5 [(HL) FeCl, (H,0)]5H0 620, 530, 460, 310, 255
B [(HL) Co(OAc)(H,0).] H:0 650, 580, 375,215

7 [(HL)Ni(OAc)( H20)2]2H,0 520, 460, 360,255

8 [(HL)Cu(OAc)( H,0);]2H,0 530, 430, 375,310,220

9 [(HL) Cu(NO3)(H:0).] 550, 410, 350, 320, 260

10 [(HL)CuCl(H,0);]3H;0 565, 430, 375, 305, 260
11 [(HL)Zn(OAc)( H;0)] H,0 365, 310, 260

12 [(HL)Ru CL (H0)]2H,0 675, 420, 345, 310, 255
13 [(HL)Ti,Cl,] 2H,0 495,355, 310, 255 '
14 [(HL)HoCl,J4H,0 500, 365,310, 255

15  [(HL)Cu]2H:0 470, 350, 320, 260

16 [(HL)Cd] 565, 400, 380, 325, 310,
17 THHL),ZrO3H,0 475, 395, 370, 335, 310,
13 [(HL):Sn] 445, 400, 380, 330,
19 L)HL)Yb] 680. 390, 360, 345, 350,
20 [(AL),U0;] SH;0 380, 355, 310, 300, 260

TABLE IV:- The effect zone of the ligand (1) and its metal complexes
microorganisms by cm

Comp. No. at 250 pg /mL
Fungi Bacteria

(1) -Ve -Ve

(4) -Ve 1.4

(5) 0.8 -Ve

(6) -Ve 2.8

(7 -Ve 2

(8) 1.6 1.7

on
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(10) L5 1.8
(1) -Ve 235
(13) 1.6 2.5
(14) -Ve 1.7
(19) -Ve -Ve

(Fungi = Aspergillus Niger

Bacteria = E. coli



