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CrossMark

Od1), Cu(I), Ni(II), Co(IT), Mn(II), Fe(III), Ru(IIT) , Zn(II) and UO,(II) complexes of

hydrazone ligand containing azo group as side chain were prepared from condensation
of 2-hydroxy-4-((4-nitrophenyl)diazenyl) benzylidene)benzaldehyde with 2-(phenyl amino)
acetohydrazide. The ligand and its complexes were isolated in solid state and characterized by
analytical techniques such as elemental analyses, molar conductance, magnetic susceptibility
measurements and Electronic spin resonance (ESR) as well as spectroscopic techniques such
as UV-Visible, IR, 'H-NMR and "*C- NMR. The spectral data indicated that the ligand acted as
neutral bidentate or monobasic tridentate ligand bonded to the metal ions through an oxygen
atom of ketonic or enolic carbonyl group, an azomethine nitrogen atom and deprotonated phe-
nolic oxygen atom forming either tetragonally distorted octahedral or square planer geometry.
ESR spectra of the solid metal complexes (2-6) and (8) were studied. Antimicrobial activities
of the ligand and its complexes were evaluated against E. coli, Bacillus subtilis and Aspergillus
Niger by well diffusion method. Results showed that the complex (10) exhibited higher antifun-
gal activity, complex (7) exhibited higher antibacterial than the other complexes against E. coli,
while complex (10) exhibited higher antibacterial against B.subtilis than the other complexes.
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Introduction

Hydrazone compounds are a category of Schiff
base compounds with N-N linkage. Schiff base
is compound showed widely spread because of
their high effectiveness. These compounds were
drawn a significant interest to medicinal chemical
researchers for several years because of its varied
biological and pharmaceutical implementations.
For example, enzymatic activity antifertility, anti-
microbial, antitumor, antiviral, anti-inflammatory,
allergic inhibitors reducing activity radical scav-
enging [1-5]. The activity of these compounds
due to the presence of the azomethine group and
other subunits groups surrounding the azomethine
group. Moreover, Hydrazones and their transition
metal complexes are intensively studied in con-
nection with the increasing use of them as phar-
maceuticals, analytical reagents, and pesticides.
Particularly highly interest the researchers paid to

the heterocyclic derivatives of hydrazine, the cor-
responding hydrazones, and complexes based on
them, because of their biological activities[6-10] .
Metal elements play an important role in increas-
ing the effectiveness of Shiff base compounds be-
cause of their reception of the electrons as well
as the chargers it carries. On the other hand, azo
compounds are the largest class of industrial syn-
thesized organic dyes and have versatile applica-
tions in various fields. In recent years the study
of azo dyes and their metal complexes has been
of much interest because of their application in
various fields such as dyes, redox indicators, and
metallochromic reagents, biomedical studies, Po-
tential drugs, and high technology areas such as
laser and electro-optical devices. Azo compounds
have also played an essential role as antibacterial,
antifungal, anticancer, antituberculosis agents.
Azo Schiff base complexes have the most im-
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portant stereochemical models in coordination
chemistry due to their preparative accessibility
and structural variety.[11-15]. From this point of
view, this work aims to synthesize, characterize,
and evaluate antibacterial and antifungal activities
of diverse azo-containing (2-hydroxy-4-((4-nitro-
phenyl) diazenyl ) benzaldehyde ) and hydrazide
containing 2-(phenylamino)acetohydrazide.

Experimental

Chemicals and Instruments

All reagents employed for the preparation
of the ligands and their complexes were of
the analytical grade and used without further
purification. 2-hydroxy-4-((4-nitrophenyl)
diazinyl) benzaldehyde and 2-(phenylamino)
acetohydrazide were prepared by published
methods [16,17]. DMSO (assay 99.7%) and
absolute ethanol (assay > 99.8 %) were used.
Metal salts: Cu(CH,COO),.H,0, CuCl,.2H,0),
Cu(NO,),. 2.5H,0, Cu(S0,).5H,0,
Ni(CH,CO0),.4H,0, Co(CH,COO0),. 4H,)0,
Mn(CH,C0O0),. 4H,0, Zn(CH,COO),. 2H,0,
FeCl,.6H,O were provided from SIGMA-
ALDRICH company with purity ranged from 98
% to 99.995%. UO,(CH,CO0),.2H,0 (assay >
99.9 %), UO2(NO3)2 (assay > 99.9 %), VOSO,
(assay > 99.99 %), RuCl3.3H20 (assay > 99.9
%) were provided from American-Elements.
TLC confirmed the purity of all prepared
compounds. Elemental analysis (CHN) was
performed in the Analytical Unit within Cairo
University (Egypt) by the usual methods of
analysis. Standard analytical methods were used
to determine the metal ion content [18-20]. IR
spectra of the solid ligand and complexes were
recorded on a Perkin Elmer 681 and Perkin
Elmer 1430 spectrometer as KBr pellets in the
Analytical Unit within Cairo University (Egypt).
The 'H- and C-NMR spectra were recorded
with a JEOL JNM-ECP-400 MHz FT-NMR
spectrometer in d.-DMSO as a solvent, where
the chemical shifts were determined relative to
the solvent peaks. The ESR spectra of the solid
complexes were recorded using a Varian E-4
spectrometer in 3-mm Pyrex tubes at 298 K.
Diphenylpicryl hydrazide (DPPH) was used as
a g-marker for the calibration of the spectra. The
equation used to determine g-values is:

g~ (gDPPH) (HDPPH) H

Where: g .., = 2.0036

H,,p,, = the magnetlc field of DPPH in gauss

H = the magnetic field of the sample in gauss

The molar conductivity of the metal complexes
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in DMSO at 103 M concentration was measured
using a dip cell and a Bibby conductimeter
type MC1 at room temperature. The resistance
measured in ohms and the molar conductivities
were calculated according to the equation:
Ay = v ﬁ'.-’fg

Mw = £

where: A = molar conductivity (ohm' cm?
mol"), V = volume of the complex solution, K =
cell constant 0.92 cm™!, Mw = molecular weight of
the complex, g = weight of the complex, Q = re-
sistance measured in ohms. Electronic absorption
spectra were recorded on UV-6100PCS double-
beam spectrometer using lcm quartz cells taking
DMSO as the solvent. Magnetic susceptibilities
were measured at 25°C by the Gouy method us-
ing mercuric tetrathiocyanatocobaltate(Il) as the
magnetic susceptibility standard. Diamagnetic
corrections were estimated from Pascal’s constant
[21]. The magnetic moments were calculated
from the equation:

fy =2.84f 727 T .

The thermal analyses (DTA and TGA) were
carried out in the air on a Shimadzu DT-30 ther-
mal analyzer from 27 to 800 °C at a heating rate of
10 °C per minute.

Synthesis of ligand, N-(hydroxy-4-((4-nitrophe-
nyl)diazenyl)benzylidene)-2-(phenylamino)aceto-
hydrazide (H,L) (1)

2-hydroxy -4- ((4-nitrophenyl) diazenyl)
benzaldehyde (2.71 g, 0.01 mol, in 20 mL of
absolute ethanol) was added to 2-(phenylamino)
acetohydrazide (1.65 g, 0.01 mol. in 20 ml of
absolute ecthanol) [Fig. 1]. The mixture was
refluxed while stirring for one hour. The formed
solid product was filtered off, washed with cold
ethanol, followed by crystallization from ethanol
and finally dried under vacuum over anhydrous
CaCl,. (FW = 418.41), Yield: 85%, Color: Dark
yellow. Elemental Anal. Calc.% C, 60.28; H,
4.34; N, 20.09. Found% C, 59.79; H, 4.18; N,
19.66. IR spectra of H,L, (KBr, cm™): 3409(br)
v(OH), v(NH1) 3359, 3258, 3100, 1694 v(C=0),
1607 v(C=N), 1572, 1485 v(N=N), 1257 v(C-O)
o 70 L(N-N). 'H-NMR (DMSO-d,, 400 MHz): &
=5.2(s, 1H, OH), 7.85 (s, H,NH), 4.3 (s, 1H, Ph-
NH), 8.10 (s, I1H, N=C-H), 6.43-8.19 ppm (m, 12
H, aromatic protons). “C-NMR spectrum of H,L
(DMSO-d,, 400 MHz): & = 173 (C=0), 161.3 (C-
OH), 150.2 (C=NH), 143.5 (C-NH), 111-139.1
(aromatic carbon).
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Preparation of the metal complexes

Metal complexes; (2), (6), (9-11) and (13)
were prepared by mixing a hot ethanoic solution
of the metal salts: VOSO,-H,0O, CuSO,-5H,0,
Mn(CH,COO),-4H.,0, FeCl,-6H,0, RuCl,-3H,0,
and UO,(CH,COO), with a suitable amount of a
hot ethanoic solution of the ligand in molar ratio
IM : 1 L (metal : ligand) in the presence of 2 mL
of triethylamine (TEA) To precipitate. The reac-
tion mixture was then refluxed for 3 hours. The
formed precipitates were filtered off, washed with
ethanol, then with diethyl ether and dried under
vacuum over anhydrous CaCl,. The same method
is used to prepare complexes; (3-5), (7-8) and (12)
but in molar ratio 1M : 1L (metal : ligand) in ab-
sence triethylamine (TEA).

Vanadyl(IV) complex (2), [VO(H,L),(H,0)] C, H-
VN, O, (FW = 919.77),Yield: 55%, M.P. >300.
Color light brown, Molar conductance (A) is 25.5
Q'em’mol”!. Elemental Anal. Caled.% C, 54.84;
H, 3.95; N, 18.27; V, 5.54; Found% C, 53.99.; H,
3.89; N, 17.90; V, 5.32; IR (KBr, cm™): 3423(br)
L(H,0), 3360, 3259, 3100 v(NH), 1694 v(C=0),
1609 v(C=N), 1485 v(N=N), 1270 U(C—O)ph,
1033 v(N-N), 561 vV(M«0), 505 V(M«N).

Copper(Il) complex (3), [Cu(H,L)(CH,COO)],
CBH2 CuN,O, (FW = 540.00),Yield: 67%, Melt-
ing points (M P.) >300. Color: brown, Molar
conductance (A) is 13.3 Q'lcm’mol’. Elemental
Anal. Caled.% C, 51.16; H, 3.73; N, 15.56; Cu,
11.77; Found% C, 50.69.; H, 3.45; N, 15.25; Cu,
11.55; IR (KBr, cm™): 3363, 3261, 3090u(NH),
1693 v(C=0), 1605 v(C=N), 1474 v(N=N),
1277 v(C-0) ;, 965 L(N-N), 620 L(M«O0), 499
V(MeN), 1522, 1338 (A= 184) v, CH,COO,
v,..CH,COO.

asym

Copper(Il) complex (4), [Cu(H,L) CI]. C, H .Cu-

O,Cl (FW = 516.40), Yield: 62%, M.P.>300.
Color: green, Molar conductance (A) is 15.4
Qlcm’mol . Elemental Anal. Calcd.% C, 48.84;
H, 3.32; N, 16.27; Cu, 12.31; Found: C, 48.68.;
H, 3.08; N, 15.99; Cu, 12.25; IR spectra (KBr,
cm™'): 3360, 3259, 3100 v(NH), 1693 v(C=0),
1605 v(C=N), 1460 v(N=N), 1277 U(C-O)ph, 965
L(N-N), 620 V(M«+0), 499 L(M«N).

Copper(Il) complex (5), [Cu(H,L)(NO,)(H,0),]
C, H, CuN.O, (FW = 578.99),Yield% 55%, M.P.
>300. Color: ollve, Molar conductance (A) is 12.1
Qlem’mol”!. Elemental Anal. Caled.% C, 43.56;
H, 3.66; N, 16.93; Cu, 10.98; Found: C, 43.52.; H,
3.92; N, 16.21; Cu, 10.59; IR specra (KBr, cm™):
3434(br) v(H,0/0H), 3343, 3110, 1605 v(C=N),

1523 v(N=C-0), 1465 L(N=N), 1380 v(C-0),,
1257 v(C-0,,), 1023 L(N-N), 590 L(M-O), 478
L(MN), 1466, 1373 (A= 93) v(NO,).

Copper(II) complex (6), [Cu(H,L),(SO,)(H,O],
C,H,CuN O .S (FW = 1014.51),Yield% 61%,
M.P.>300. Color: olive, Molar conductance (A)
is 9.9 'em’mol!. Elemental Anal. Calcd.% C,
49.73; H, 3.78; N, 16.57; Cu, 6.26; Found% C,
50.60.; H, 3.49; N, 16.25; Cu, 5.89; IR spec-
tra (KBr, cm™): 3434(br) v(H,O/OH), 3356,
3259, 3106 (NH), 1694 v(C=0), 1605 v(C=N),
1464 v(N=N), 1288 U(C-O)ph, 980 v(N-N), 590
V(M«0), 467 L(M«N), 1193,1023, 896 v(SO,),

Nickel complex (7), [Ni(HL)(CH,COO)(H,0),]
C,H, NiNO, (FW = 571.17),Yield: 67%,
M.P.>300. Color: brown, Molar conductance (A)
is 13.3 Q''cm’mol!. Elemental Anal. Calcd.% C,
48.37; H, 4.24; N, 14.71; Ni, 10.28; Found % C,
48.80.; H, 4.42; N, 14.25; Ni, 10.21; IR (KBr,
cm): 3421(br) v(H,O/OH), 3272, 3101 v(NH),
1604 v(C=N), 1518 vV(N=C-0), 1465 v(N=N),
1257 v(C-0,,), 1018 L(N-N), 566 v(M-0), 489
V(MN), 1540, 1336 (A= 204) v, CH,COO,
v, CH.COO.

asym

Cobalt(IT) complex (8), [Co(H,L)(CH,COO)],
C,H,CoNO, (FW = 535383),Yield: 63%,
M.P>300. Color: reddish brown, Molar conduc-
tance (A) is 9.2 Q'cm’mol!. Elemental Anal.
Calcd.% C, 51.60; H, 3.77; N, 15.70; Co, 11.05;
Found % C, 52.39.; H, 3.79; N, 15.78; Co, 10.89;
IR (KBr, cm™): 3407 (br) v(OH), 3294, 3100
v(NH), 1604 u(C=N), 1250 U(C—O)ph, 1009
LV(N-N), 578 v(M«O0), 508 vV(M«N), 1545,
1338 (A=207) v,,,CH,CO0, v CH,COO.

Manganese(Il) complex (9), [Mn(H,L),]
C,H,MnN O, (FW = 889.75),Yield: 59%,
M.P.>300. Color: dark yellow, Molar conductance
(A) is 6.6 Q'ecm’mol!. Elemental Anal. Calcd.: C,
56.70; H, 3.85; N, 18.89; Mn, 6.17; Found: C,
56.52.; H, 3.56; N, 18.44; Mn, 5.89; IR spectra
(KBr, cm™): 3181, 3100 v(NH), 1606 v(C=N),
1514 v(N=C-0), 1464 v(N=N), 1242 v(C-O) ,
1006 v(N-N), 576 V(M-0), 490 V(M«N).

Iron(IIl) complex (10), [Fe(H,L),CI(H,0)]
C,H,FeCIN O, (FW = 944.12),Yield: 65%,
M.P>300. Color: dark brown, Molar conduc-
tance (A) is 14.5 Q'em’mol”!. Elemental Anal.
Caled.% C, 53.43; H, 3.84; N, 17.80; Fe, 5.92;
Cl, 3.75; Found % C, 52.99.; H, 3.77; N, 17.51;
Fe, 6.00 Cl, 3.25; IR (KBr, cm™): 3432 v(H,0),
3360, 3259 v(NH), 1694 v(C=0), 1606 L(C=N),
1485 v(N=N), 1271 v(C-0O) ;, 969 L(N-N), 563
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L(M—O0), 505 L(M—N).

Ruthenium(Ill) complex (11), [Rue(H,L),
CI(H,0)] C,,H, RuCIN O, (FW = 989.35),Yield:
61%, M.P>300. Color: dark brown, Molar con-
ductance (A) is 21.5 Q'cm’mol’. Elemental
Anal. Caled.: C, 50.99; H, 3.58; N, 16.99; Ru,
10.22; Found % C, 50.56.; H, 3.26; N, 16.49;
Ru, 10.25; IR spectra (KBr, cm™): 3431 v(H,0),
3358, 3251 v(NH), 1690 v(C=0), 1583 v(C=N),
1485 v(N=N), 1280 U(C-O)ph, 970 v(N-N), 562
v(M«—0), 513 v(M«N).

Zinc(I) complex (12), [Zn(H,L)(CH,COO)],
C,H,ZnNO, (FW = 541.83),Yield: 58%,
M.P.>300. Color: dark yellow, Molar conductance
(A)is 7.5.4 O'ecm®mol . Elemental Anal. Calcd.%
C, 50.99; H, 3.72; N, 15.51; Zn, 12.07; Found %
C, 50.61.; H, 3.74; N, 15.11; Zn, 11.81; IR spec-
tra (KBr, cm™): 3432 v(OH), 3287, 3102 v(NH),
1614 v(C=N), 1455 v(N=N), 1253 v(C-0) |, 1013
L(N-N), 582 v(M«—0), 458 L(M«N), 1546, 1336
(A=200) v, CH,COO, v, CH,COO.

asym

Uranium (VI) complex (13), [UO,(H,L),]
C,H,,UON O, (FW = 1180.93), Yield: 59%,
M.P>300. Color: orange, Molar conductance
(A) is 9.5 Q'cm’mol™!. Elemental Anal. Calcd.%
C, 42.72; H, 3.93; N, 14.23: Found % C, 42.38.;
H, 3.72; N, 13.97; IR spectra (KBr, cm™): 3411
v(H,0), 3215, 3115 v(NH), 1608 v(C=N), 1518
LV(N=C-0), 1460, v(N=N), 1259 v(C-O) , 1009
L(N-N), 578 v(M-0), 485 V(M«N).

In-vitro antimicrobial activity

The antimicrobial activities of the ligand
and its metal complexes were carried out in
the Botany Department Lab. of Microbiology,
Faculty of Science, El-Menoufia University.
They have been studied for their antimicrobial
activities by Well Diffusion Method [22].
The antibacterial activities were done using
Escherichia coli (E. coli ) and Bacillus subtilis
(B. subtilis) while the antifungal activity was
done using Fungus (4spergillus niger), at 250,
200 and 150 pg/mL concentrations in solvent
DMSO. Where DMSO poured disc was used as a
negative control. The bacteria were subcultured
in nutrient agar medium which, prepared using
(g.L!distilled water) NaCl (5 g), peptone (5 g),
beef extract (3 g), agar (20 g). while the fungus
was subcultured in Czapek Dox’s medium which
was prepared using (g.L! distilled water) yeast
extract (1g), sucrose (30 g), NaNO,, agar (20 g),
KCI (0.5 g), KH,PO, (1 g), MgSO,.7H,0 (0.5 g)
and trace of FeCl, .6H,0. This medium was then
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sterilized by autoclaving at 120 °C for 15 min.
After cooling to 45 °C the medium was poured
into 90 mm diameter Petri dishes and incubated
at 28 °C. After solidifying, Petri dishes were
stored at 4 °C for a few hours. Microorganisms
were spread over each dish by using a sterile bent
Loop rod. Disks were cut by the sterilized Cork
borer and then taken by sterilized needle. The
resulted pits are sites for the tested compounds
of known concentration. Standard antibacterial
drug (Tetracycline) antifungal drug (Nystatin)
and solution of metal salts were also screened
under similar conditions for comparison. Plates
were allowed to stand in a refrigerator for two
hours before incubation to allow the tested
compounds to diffuse through the agar. The Petri
dishes were incubated for 48 h at 28. The growth
inhibition zones around the holes were observed,
indicating that the examined compound inhibits
the growth of microorganisms. The inhibition
zone was measured in millimeters carefully.
All determination was made in duplicate for
each of the compounds. An average of the two
independent readings for each compound was
recorded.

Results and Discussion

The reaction of 2-(phenylamino)
acetohydrazide with 2-hydroxy-4-
((4-nitrophenyl) diazenyl) benzaldehyde in
EtOH 1:1 mole ratio led to the formation of
ligand H,L' (1), as shown in Figurel. The
reaction of the ligand (1) with metal salts using
(1:1) mole ratios in the presence of triethylamine
(2 mL) gives complexes; (2), (6), (9-11) and (13)
however, (1:1) in the in absence of tricthylamine,
it gives complexes; (3-5), (7-8) and (12) with
different geometries. All the compounds are
intensely colored, crystalline solids and stable
at room temperature and don’t decompose after
prolonged storage. The complexes are insoluble
in water, ethanol, methanol, benzene, toluene
acetonitrile, and chloroform, but completely
soluble in dimethylformamide (DMF) or
dimethylsulfoxide (DMSO). Elemental analyses,
spectroscopic techniques, and ESR spectra,
which presented in the experimental part and
tables 1&2 are compatible with the suggested
structures as shown in Figures 2-6. The
elemental analyses confirmed that the complexes
(2), (6), (9-11) and (13) were composed in molar
ratio 1L:1M, whereas the complexes (3-5), (7-8)
and (12) were found to be formed in molar ratio
2L:1M.
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——NH

H
N'_((E)-2-hydroxy-4-((4-nitrophenyl)diazenyl)benzylidene)-2-(phenylamino)acetohydrazide

Fig.1. Scheme. The preparation of the ligand (H,L, 1).
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[M(H2L)2X(H20)]

M=VO(I), X=0 ?)

M= Fe(111), X= Cl1 (10)

M= Ru(I11), X= Cl1 (11)

Fig. 2. Structural representation of VO(II), Fe(I1I) and Ru(I1I) complexes (2), (10) and (11).
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.

[Cu(H2L)X] \
X=0Ac (3)
X=Cl @) N—=N NO,

Fig.3. Structural representation of Cu(II) complexes (3) and (4).
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M= Co(I1I), X- OAc, Y=0 )
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Fig. 4. Structural representation of Cu(II), Ni(II), Co(II) and Zn(II) complexes (5) (7-8) and (12).
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Fig.5. Structural representation of Mn(II) and UO,(IT) complexes (9) and (13).
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Fig.6. Structural representation of Cu(II) complex (6).
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'H- and C-NMR spectra of ligand

The 'H- NMR spectrum of the ligand in DM-
SO-d° as a solvent showed signals, which are con-
sistent with the proposed values. The spectrum of
the ligand showed the absence of the signal of the
amino group (—NH,) characteristic to the starting
material (hydrazide). The spectrum showed three
sets of peaks, the first one observed as a singlet
at 5.2 (s, H) and 7.85 (s, 1H), 4.3(s, 1H) ppm,
which may be assigned to the hydroxyl (OH),
(-C=N-NH), and (ph-NH) protons respectively.
[23,24] This assignment confirmed by the deuter-
ated spectra in which the intensity of these bands
is considerably decreased. The second set ap-
peared as a singlet at 8.1 (s, 1H) ppm, which can
be assigned to the azomethine proton (H-C=N)
[24,25]. The third one appeared as multiples in
the 6.43-8.19 (m, 12H) ppm range, which attrib-
uted to aromatic protons. It was clear from the
"H-NMR spectrum of the ligand that it exhibits
the keto form only and no evidence for the pres-
ence of the enol form. This result was confirmed
from the appearance of the signal of the (NH) and
phenolic (OH) only and the absence of the (OH)
signal of the enolic form. The same conclusion
was reported by many authors[24] The *C-NMR
spectrum showed different peaks appearing at 173
and 161.3 ppm. These peaks can be attributed to
C=0 and —C-OH groups respectively[25,26]. The
peaks at 150.6, 143.5 ppm assignable to CH=N-
and C-NH group[22]. However, the peaks at 111.
-139.1 ppm range assigned to the carbon of aro-
matic carbons[27].

Conductivity Measurements

The molar conductivity of 1x10°M solution
of the metal complexes in DMSO at room tem-
perature showed low conductivity (6.6-25.5 €2
“lem?mol™! range (Table 1) indicating the non-
electrolytic nature of these complexes. This con-
firmed that the anions of these complexes are co-
ordinated to metal ion [28].

IR Spectra

The bonding mode of the ligand in the metal
complexes has been deduced from their IR spectra.
Important spectral bands of the ligand and its metal
complexes are presented in the experimental part. The
spectrum of the ligand (H,L) showed a strong band
at 3409 cmr! may be assigned to the v(NH) group,
whereas the strong band at 1694 cm™ due to the
carbonyl group of the hydrazide moiety [22,23]. This
observation indicates that the ligand is present in the
ketonic form in the solid-state [29,30]. The spectrum
showed a sharp band in the 3359 cm™, which may be

assigned to the stretching vibration of the phenolic
hydroxyl group [22]. The relatively strong and
medium bands, which located at 3258, 3100, 1607,
1485 and 970 cm™ corresponded to the amine groups
(N-NH), (CH,-NH), azomethine group[31], azo
group[32], and v(N-N)[22] respectively. The band,
which appeared at 1257 cm™ is due to the v(C-OH)
of the phenolic moiety [30]. The mode of bonding
of the ligand can be predicted by comparison the IR
spectra of the complexes with that of the free ligand.
The IR spectra data obtained for complexes showed
that the ligand behaves as either of the following:

1) Neutral bidentate as in the case of complex
(6) in which the ligand coordinated to metal ions
via hydroxyl group and the azomethine nitrogen
atom. The IR spectra of the sulfate complex (6)
have new bands, which appeared at 1257, 1193,
1158, 869 cm™. These bands indicate that the
sulphate ion is coordinated to the copper™ [33-36].
This mode of coordination was suggested by the
following evidence: i) the band characteristic to
V(NH) and carbonyl group were still present and the
band of the hydroxyl group is appeared as medium
indicating that, in these complexes, the ligand
coordinated to metal ion via hydroxyl group: ii) the
band characteristic to azomethine group v(C=N)
appeared as week band. At the same time, the band
due to v(N-N) was shifted to a higher frequency in
the 980 cm . The increase in the frequency of this
band v(N-N) is a clear indication to the increase in
the double bond character is off-setting the loss of
electron density via electron donation to the metal
ions and further confirmation of the coordination of
the ligand via the azomethine group [31].

2) monobasic tridentate bonding through the
enolic carbonyl oxygen (C-O), oxygen of hydroxyl
group and azomethine nitrogen (C=N) atoms as in
complexes (5) and (7-9). This mode of bonding
was suggested by the following evidence: i) The
bands characteristic to the carbonyl v(C=0), and
V(NH) groups disappeared indicating that the ligand
bonded to the metal ions in its enolic form via enolic
carbonyl oxygen atom, which is further supported
by the appearance of new bands in the 1514-1523
and 1372-1380 cm™' ranges corresponding to the
V(N=C-O) and v(C-0O), respectively[33]. 1ii) The
band characteristic to azomethine group v(C=N)
shifted or appeared as a week band in the 1603-
1607 cm!. At the same time, the band due to v(N-N)
was shifted to a higher frequency and appearing
in the 1009-1023 cm™ range. The increase in the
frequency of this band v(N-N) is a clear indication
to the increase in the double bond character is off-
setting the loss of electron density via electron
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donation to the metal ions and further confirmation
of the coordination of the ligand via the azomethine
group[31]. iii) The appearance of new bands in the
561-620 and 458-513 cm ranges for all complexes
may be assigned to the v(M—O), v\(M«O) and
v(M<«N) respectively [34]. The appearance of these
bands was taken as confirmation of the bonding of
the ligand with the metal ions that occurred via the
carbonyl oxygen atom in enolic or ketonic form,
azomethine nitrogen atom and/or deprotonated
phenolic hydroxyl oxygen atom. Complexes (3), (7-
8) and (12) have shown that the acetate ion may be
bonding to the metal ion in unidentate. The v, (CO,)
and v (CO,) of the free acetate ion are ca. 1560
and 1416 cm respectively. In unidentate acetate
complexes V(C=0) is the same as v (CO,) in free
acetate ion but v(C-O) show 1338, 1336 cm™. As
a result, the separation between the free v(CO) and
v, (CO,) indicate that the acetate ion is bonding
with metal ion as (CH,COO).

Magnetic Moment

The magnetic moments of the complexes
(2)-(11) at room temperature showed that all
these complexes are paramagnetic. vanadyl®™
complex (2) shows a magnetic value equal to
1.70 BM ,which is corresponding to one unpaired
electron[33,36] .The copper™ complexes (3)-
(6) show values in the 1.75-1.85 BM range
,which are consistent with one unpaired electron
system in octahedral environment[23]. Nickel(II)
complex (7) shows the value of 2.95 BM, which
is consistent with two unpaired electrons system
of the octahedral nickel™ complex.[32]. Cobalt™
complex (8) shows value 3.8 indicating a high
spin cobalt™ complex [37] .The magnetic moment
values of manganese™ and iron™™ complexes
(9) and (10) are 1.92 and 5.90 BM, respectively
suggesting square planar geometry around the
manganese(Il) and octahedral iron!" complexes.
The magnetic moment value of the ruthenium®?
complex (11) is 1.95 BM, which is characteristic
of d° low spin ruthenium™ complex [37].

Electronic Spectra

The electronic spectral data of the ligand
and its metal complexes in DMF solutions are
summarized in Table 3. The ligand showed
that the two lone pairs of electrons of the azo
group are not the only interacting non-bonding
electrons. Since the ligand is hydrazone, part of
it contains nitrogen and oxygen atoms, which also
may be extra sources of lone pair of electrons.
Thus, this type of transition, n—>n* is expected
to take place from these non-bonding orbitals to

different molecular orbitals extending over such
large molecules [38]. The data reveals that; the
ligand comprises three sets of bands in the UV
and visible regions. The first set of the shortest
wavelength appeared at 220 and 250 nm may be
assigned to the m—n* transition in the benzenoid
and Intra ligand m—n* transition [26,37]. The
second set appeared at 325 and 3350 nm may be
assigned to n—7* transition of the azomethine
and carbonyl group [26,37]. The third set located
at 375 nm may be ascribed to n—n* transition
involving the 77 electron of the azo group [38,39]
.The band located in the visible region at 410 nm
can be assigned to m—m* transition involving the
whole electronic system of the compounds with
a considerable charge transfer character arising
mainly from the phenolic moiety [38,39]. The
spectrum of vanadyl(II) complex(2) showed that,
there are three bands at 510, 565, 690 nm assigned
to sz(dx})—QAl(dzZ), 2Bz(alxy)—>281(dxz_yz) and
sz(dagz)—>E(dXZ’dyz) transitions, which confirmed
that, the vanadyl(Il) complex has a distorted
octahedral structure [40-43] .The spectrum of
copper complexes (3,4) displayed a broadband
around 500 nm, which may be assigned to 2B1g—>2Alg
transition and suggested to square planar geometry
around the copper(Il) ion [40,41], whereas the
electronic spectrum of copper(Il) complexes (5,6)
in DMF solution showed a broad band centered at
590-550 nm corresponding to 2Eg—»zT2g transition,
which confirmed distorted octahedral geometry
[40,42]. Nickel(Il) complex (7) exhibits three bands
located at 510, 570, 710 nm, which may be assigned
to ‘A, (F)—T, (P)(v,), *A,(F)—'T (F)(v,) and
3A2g(F )—>3T2g(F)(vl), which are characteristic to
nickel(Il) ion in an octahedral structure [40,43,44] .
The v,/ v, ratio for the complex is 1.36, which is
less than the usual range of 1.5-1.75, indicating a
distorted octahedral nickel(II) complex [44]. The
cobalt(Il) complex (8) showed a weaker broad
absorption band at 590 nm assigned to 4T1g(F )_’4T1g
(P) transition of octahedral geometry [40,42]. The
manganese(Il) complex (9) displays two weak
absorption bands at 390 and 490 nm assigned to
6A1g—>“Alg and 6A1g—>“T2g respectively, suggesting
tetrahedral geometry of manganese(Il) [45,46].
The iron(III) complex (10) gave four bands at 530,
480, 410 and 390 nm which due to 6A1g—>“T2g,
AT (G), °A,,—* Eg(G) and °A, —*A g(G),
transitions. These bands are characteristic of the
octahedral iron(I1l) complex [40-44]. However the
electronic absorption spectrum of ruthenium(IIl)
complex (11) displayed two bands at 520 and 650
nm. The first band is due to LMCT transition and
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Electronic Spectra

The electronic spectral data of the ligand
and its metal complexes in DMF solutions are
summarized in Table 3. The ligand showed
that the two lone pairs of electrons of the azo
group are not the only interacting non-bonding
electrons. Since the ligand is hydrazone, part of it
contains nitrogen and oxygen atoms, which also
may be extra sources of lone pair of electrons.
Thus, this type of transition, n—>n* is expected
to take place from these non-bonding orbitals to
different molecular orbitals extending over such
large molecules [38]. The data reveals that; the
ligand comprises three sets of bands in the UV
and visible regions. The first set of the shortest
wavelength appeared at 220 and 250 nm may be
assigned to the m—n* transition in the benzenoid
and Intra ligand m—n* transition [26,37]. The
second set appeared at 325 and 3350 nm may be
assigned to n—n* transition of the azomethine
and carbonyl group [26,37]. The third set located
at 375 nm may be ascribed to m—n* transition
involving the 77 electron of the azo group [38,39]
.The band located in the visible region at 410 nm
can be assigned to m—n* transition involving the
whole electronic system of the compounds with
a considerable charge transfer character arising
mainly from the phenolic moiety [38,39]. The
spectrum of vanadyl(II) complex(2) showed that,
there are three bands at 510, 565, 690 nm assigned
to 2B2(dxy)—>2Al(dz2), sz(dxy)—>2B1(dX2_y2) and
2BJabcy)—»E(dxz’dyz) transitions, which confirmed
that, the vanadyl(Il) complex has a distorted
octahedral structure [40-43] .The spectrum of
copper complexes (3,4) displayed a broadband
around 500 nm, which may be assigned to
’B,—’A,, transition and suggested to square
planar geometry around the copper(Il) ion [40,41],
whereas the electronic spectrum of copper(Il)
complexes (5,6) in DMF solution showed a broad
band centered at 590-550 nm corresponding to
2Eg—»zT2g transition, which confirmed distorted
octahedral geometry [40,42]. Nickel(Il) complex
(7) exhibits three bands located at 510, 570, 710
nm, which may be assigned to 3A2g(F)—>3Tlg(P)
(v,), 3Azg(F)—>3Tlg(F)(U2) and 3A2g(F)—>3T2g(F)
(v,), which are characteristic to nickel(Il) ion
in an octahedral structure [40,43,44] . The v,/ v,
ratio for the complex is 1.36, which is less than
the usual range of 1.5-1.75, indicating a distorted
octahedral nickel(IT) complex [44]. The cobalt(II)
complex (8) showed a weaker broad absorption
band at 590 nm assigned to 4T1g(F)_’4T1g (P)
transition of octahedral geometry [40,42]. The

manganese(Il) complex (9) displays two weak
absorption bands at 390 and 490 nm assigned to
°A,,—*A  and°A| —T, respectively, suggesting
tetrahedral geometry of manganese(Il) [45,46].
The iron(I1I) complex (10) gave four bands at 530,
480, 410 and 390 nm which due to "Alg—>4T2g,
GAlg—>4T1(G), 6Alg—>“ Eg(G) and 6Alg—>4Alg(G),
transitions. These bands are characteristic
of the octahedral iron(IIl) complex [40-44].
However the electronic absorption spectrum of
ruthenium(IIT) complex (11) displayed two bands
at 520 and 650 nm. The first band is due to LMCT
transition and the second is assigned to *T, —°A
transition. The band positions are similar to those
observed for other octahedral ruthenium(III)
complexes [40,41] .The diamagnetic complexes
zinc(Il) (12) and uranyl (II) (13) do not show
d-d transitions. The bands observed are due to
intraligand transitions.

ESR spectra (solid state):

The ESR spectra of copper complexes (2-
6) and (8) are recorded at room temperature.
The ESR spectra of the complexes showed
lines in the low field region with axial
symmetry type with two g-values indicating a
d,, ground state which is the most common
feature for copper(Ill) complexes [45,46]. These
data show g>g,>2.0023 characteristics of
a compound having an octahedral geometry
around the copper(Il) ion [47]. These lines were
corresponding to the interaction of the unpaired
each line for the others. The experimental ESR
parameters of copper(Il) complexes are presented
in Table 4. The parameter G is calculated
according to the equation G = (gH-2.0023)/(gl-
2.0023) and shows values >4, indicating that
there is no direct copper-copper interaction in the
solid-state. The g/A, is taken as an indication for
the stereochemistry of the copper(Il) complexes.
Addison has suggested that this ratio may be an
empirical indication of the tetrahedral distortion
of the square planar geometry [48]. The values
of g/A, quotient in the range (105-135 cm™) are
expected for copper complexes within perfectly
square-based geometry and those higher than 150
cm! for tetrahedrally distorted complexes. The
values for the complexes under investigation,
Table 4, indicate tetragonally distorted complexes
[49,50]. In this work, the copper (II) complexes
show B values in the range 0.76-0.88 indicating
the covalent character of the in-plane n-bonding.
Also, the complexes show B?>1 indicating the
ionic character of the out-of-plane m-bonding
[51].
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TABLE 3. UV-Vis. spectra of the ligand (H,L) and its metal complexes.

No Bands in DMF Electronic transition p  (BM)  Geometry
1 220,250,325, 350, 375, 410
2B2(dxy)—2A1(dz2)
2B2(dxy)—2B1(dx2-y2)
2 222’ 5;3 0, 310, 348, 375, 510, 1.70 octahedral
’ 2B2(dxy)—E(dxz,dyz)
3 250,330,360, 390, 500 B, —’A 1.80 Square planar
g 1g
4 250,330,360, 390,500 B, —?A 1.78 Square planar
g 1g
5 230,250, 285, 330, 390, 620 B A, 1.75 distorted
6 233,270,335, 360, 394, 620 ‘B,,~’'B,, 1.85 octahedral
A, (F)—T, (P)(v,),
. +570,510,395 372,340,270 ,iig A, (F)—*T, (F)(v) 2.05 octahedral
A, (F)—°T, (F)(v))
“T,, (F)—*T,_ (P)
8 220,240,300, 350,590 3.8 octahedral
6A1g_>4A1g
9 225, 240, 300,390 ,490 5.90 tetrahedral
6A —>4T
1g 2g
6A1g—4T2g
6A1g—4T1(G)
10 250, 320, 350, 380,410, 480,530 5.90 octahedral
6A1g—4 Eg(G)
6A1g—4A1g(G),
LMCT
11 250,310,370, 510, 565 1.95 octahedral
2T2g—2A2¢g
12 220,270, 305, 330, 347, 390 Dia.
13 230,275, 305, 400 Dia. Octahedral
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Antibacterial and Antifungal Screening

The ligand and its metal complexes have
been screened for their antibacterial and
antifungal activities at different concentrations
using well diffusion method against E. Coli
and Aspergillus Niger and the results obtained
are presented in Table 5. It is observed that
the activities of the compounds increase with
increasing the concentration of the solutions as
well as the metal complexes are more potent
than the parent ligand. This enhancement in
the activity can be explained based on the
chelation theory [52,53]. 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 are some
important constituents 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 a
diffusion barrier and provides suitable sites
for binding. Chelation can reduce not only
the polarity of the metal ion but also increases

the lipophilic character of the chelate and the
interaction between metal ions and the lipid
is favored. 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 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 cannot take place and
this will prevent the toxic reaction within the
pores. Chelation is not the only criterion for
antibacterial activity. Some important factors
such as the nature of the metal ion, nature of
the ligand, coordinating sites, and geometry of
the complex, concentration, hydrophobicity,
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. The
results show that complex (10) exhibits higher
antifungal activity, complex (7) exhibits
higher antibacterial £. Coli than the other
complexes and complex (10) show higher
agent antibacterial B.subtilis than the other
complexes.

TABLE 4. ESR parameters of vanadyl(II), copper(II) and manganese complexes.

No. g, g g A”(cm") A, (em?) A, (cm™) g”/A”(cm") G
2 2.025
3 2.061
4 2.112
5 2.106
6 2.22 2.042 2.10 186x10* 57x10* 98x10+ 119 5.03
8 -—- -—- 2.120 --- -—- -—- --- -—-
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TABLE 5. Biological activities of the ligand and its

metal complexes against bacteria and

fungus.
Inhibition zone in mm
A. niger  E. coli B. subtilis

DMSO
0 0 0
Nystatin 32 -- -
Tetracyclene -- 35 38
1 9 8 6
2 11 9 15
3 0 0 0
4 0 9 13
5 12 15 15
6 11 14 18
7 12 23 14
8 0 0 8
9 12 15 17
10 15 18 20
11 12 10 15
12 13 17 18
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