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ABSTRACT. Complexes of Co(IT), Ni(II) and Cu(II) ions with tetra amine hydrazide ligand [H,L] were prepared
and characterized using physical and spectral methods. Analytical data showed that the complexes found in (1:2)
ligand:metal ratio. Spectral studies revealed that the ligand bonded to the metal ion in neutral tetradentate or
tetrabasic tetradentate manner through azomethine nitrogen atom, protonated/deprotonated hydroxyl group. From
the electronic spectral data together with magnetic susceptibility values a distorted octahedral structure can be
proposed for all complexes except complex 2 which has square planar structure. Electron spin resonance spectra for
Co(Il) complex 6 revealed axial symmetry with g|| > gL > ge, indicating distorted octahedral or square planar
structures and the unpaired electron exists in a d(x2—)2) orbital with marked covalent bond feature. Quantum
chemical calculations have been performed to study structures and energetics of the ligand and its complexes. The
prepared complexes showed good to excellent antimicrobial activity, and the most active complexes against
Aspergillus niger were 3 with zone of inhibition of 23 mm. Complex 7 showed interesting activity against
Escherichia coli with zone of inhibition of 23 mm.

KEY WORDS: Metal complexes, Nitrogen moiety, Antimicrobicide activity

INTRODUCTION

Schiff bases derived from an amino and carbonyl compound are an important class of ligands that
coordinate to metal ions via azomethine nitrogen and have been studied extensively. In
azomethine derivatives, the C=N linkage is essential for biological activity, several azomethine
have been reported to possess remarkable antibacterial, antifungal, anticancer and antimalarial
activities [1], which leads to great in vivo stability and generally, a lack of toxicity for higher
vertebrates, including humans. The incorporated metals in the lattice of donor atoms of Schiff
base change the physiological, morphological, and pharmacological activities of the compounds.
The Schiff base compounds are of promising research interest owing to the widespread
antibacterial resistance of the medical science. Moreover, the revival of research is essential to
generate new Schiff base metal complexes with a diverse range of applications. Schiff base
complexes have been used as drugs and have valuable antibacterial [2, 3], antifungal [4-6],
antiviral [7, 8], anti-inflammatory [9], and antitumor activities [10]. Besides these, they also bear
strong catalytic activity in various chemical reactions in chemistry [11]. It is a broad spectrum,
semisynthetic penicillin type antibiotic that has potent bactericidal activity against many gram
positive and gram negative bacterial pathogens [12]. It takes action against bacteria by preventing
them from forming the cell wall and stopping them from growing. In medical science, it has
important application for the treatment of bronchitis, ear infection, pneumonia, throat infections,
tonsillitis, typhoid, and urinary tract infections. In combination with other antibiotics, it bears
potential applications for the successful treatment of many pathogenic infections.
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In this study, a new Schiff base ligand was synthesized by condensation of 2,2'-(1,4-
phenylene)diguanidine and 2-hydroxybenzaldehyde (salicylaldehyde). The new ligand was
reacted with Co(Il), Ni(Il) and Cu(ll) ions to afford the corresponding metal complexes.
Moreover, the preliminary in vitro antibacterial screening activities of the complexes obtained are
carried out and the results are reported herein.

EXPERIMENTAL
Analytical and physical measurements

All the reagents were of the best grade available and used without further purification. C, H and
N analyses were determined at the Analytical Unit of Cairo University, Egypt. A standard
gravimetric method was used to determine metal ion [13]. All metal complexes were dried under
vacuum over P4Ojo. The IR spectra were measured as KBr pellets using a Perkin-Elmer 683
spectrophotometer (4000-200 cm™). Electronic spectra (qualitatively) were recorded on a Perkin-
Elmer 550 spectrophotometer. The conductance of 10 M solutions of the complexes in DMF
were measured at 25 °C with a Bibby conductimeter type MCIL. '"H-NMR spectra (ligand and its
Cu(Il) and Zn(II) complexes) were obtained with Perkin-Elmer R32-90-MHz spectrophotometer
using TMS as internal standard. Mass spectrum of the ligand was recorded using JEULJMS-AX-
500 mass spectrometer provided with data system. The thermal analyses (DTA and TGA) were
carried out in air on a Shimadzu DT-30 thermal analyzer from 27 to 800 °C at a heating rate of
10 °C per min. Magnetic susceptibilities were measured at 25 °C by the Gouy method using
mercuric tetrathiocyanato cobalt(Il) as the magnetic susceptibility standard. Diamagnetic
corrections were estimated from Pascal's constant [ 14]. The magnetic moments were calculated

from the equation: My = 28470, T . The ESR spectra of solid complexes at room temperature
were recorded using a Varian E-109 spectrophotometer, DPPH was used as a standard material.
The TLC of all compounds confirmed their purity.

Synthesis of Ligand (H,L) (1)

1,4-Phenylenediamine (5.00 g, 0.0463 mol) and thiourea (7.04 g, .0923 mol) by (1:2) molar ratio,
were dissolved in 50 mL of EtOH then two drops of glacial acetic acid was added and the mixture
was refluxed until the reaction was completed. After cooling to room temperature, the solid was
filtered. The precipitate was washed with ethanol to afford the corresponding hydrazide (2,2'-(1,4-
phenylene)diguanidine). The second step containing the addition of salicylaldehyde (25.6 g,
0.2128 mol) to the (2,2'-(1,4-phenylene)diguanidine) (10 g, 0.0532 mol) by (4:1) molar ratio and
the mixture was refluxed for 4- 6 hours until the final product is obtained as a grey solid material.
The resulting solid was filtered and washed several times with ethanol and then dried under
vacuum (Scheme 1). With m.p. 250 °C. Elemental analysis for C3sH24Ne¢O4 (85) (%): found
(caled): C, 71.99 (71.52); H, 3.83 (3.97); N, 13.99 (19.92). IR (KBr, cm™'), 3440/3550-3150
V(OH/H,0), 1360 v(C-0), 1635, 1615 v(C=N)azo, 1570, 755 V(Ar)in;, 'H NMR (600 MHz,
DMSO-d6, J, ppm): 5.0 (s, 4 H, OH sacytadehydc), 8.20—6.80 (m, 20 H, C-H, aromatic).

Synthesis of H,L ligand metal complexes

The complexes (2-7) were prepared by adding metal salts [Cu(CH3COO),]-2H,0, CuCl,,
[Ni(CH3COO0),]-6H,0, NiCl,-6H,0, [Co(CH3C0OO0),]-6H,0 and CoCl,-6H,O (2 mol, in 50 mL
of ethanol) to ligand [H4L] (2 g, 1 mol, in 50 mL of absolute ethanol) in the presence or absence
of 2 mL of triethylamine, The mixture was refluxed for 5 h with stirring. The resulting solid
complexes were filtered off while heated, washed several times with hot ethanol and finally dried
over P4010.

Bull. Chem. Soc. Ethiop. 2023, 37(4)



Syntheses of novel disperse dyes based on arylazophenols 903

Cu*? complex (2). Yield (65%); m.p. > 300 °C; colour: dark green; pes= 1.72; molar conductivity
(4m): 16.1 Q' cm? mol !, Elemental analysis for [(L)Cux(H>0)4].H,0, C3sH34CuNeOy (822):
found (caled): C, 52.62 (52.82); H, 4.17 (3.97); N, 10.23 (10.05); Cu, 15.47 (15.35). IR (KBr,
cm"), 3380/3600-3320 v(OH/H,0), 1340 v(C-0), 1620, 1605 v(C=N)azo, 1590, 750 V(Ar)sing,
580 v(Cu—0), 427 v(Cu«N).

Cu™? complex (3). Yield (65%); m.p. > 300 °C; colour: dark green; peg= 1.73; molar conductivity
(Am): 10.4 Q' cm? mol . Elemental analysis for [(L)Cux(H20)4].H>0, C3sH32CLiCuNeOg (914):
found (caled): C, 47.33 (47.52); H, 3.53 (3.38); N, 9.20 (9.24); Cu, 13.91 (13.88); Cl, 15.52
(15.62). IR (KBr, cm '), 3370/3515-3220 v(OH/H,0), 1322 w(C-0), 1625, 1610 v(C=N)azo,
1570, 745 V(Ar)ting, 560 v(Cu—O0), 427 v(Cu«N) and 420 v(Cu«Cl).

Ni?* complex (4). Yield (73%); m.p. > 300 °C; colour: brown; pes= dia.; molar conductivity (Am):
13.2 Q! cm® mol . Elemental analysis for [(HsL)Ni2(OAc)4].H20, CssHaNizNgO13 (980): found
(caled): C, 53.91 (54.14); H, 4.32 (4.15); N, 8.57 (8.61); Ni, 11.98 (12.02). IR (KBr, cm™}),
3390/3560-3225 v(OH/H:0), 1325 v(C-0), 1615, 1600 v(C=N)imine, 1560, 764 745 V(A1 )ring,
1550/1349 v(CH3COO), 519 v(Ni-0), 455 v(Ni-N).

Ni?* complex (5). Yield (71%); m.p. > 300 °C; colour: brown; pes= dia.; molar conductivity (Am):
14.3 Q@' cm? mol . Elemental analysis for [(HsL)Niz(Cl1)4].3H,0, C36H34C14Ni,NgO7 (921): found
(caled): C, 46.90 (47.1); H, 3.72 (3.57); N, 9.12 (9.16); Ni, 12.73 (12.78); Cl, 15.38 (15.45). IR
(KBr, cm ™), 3370/3640-3265 v(OH/ H,0), 1345 v(C-0), 1620, 1605 v(C=N)imine, 1573, 753
V(AT )ring, 555 V(Ni-O), 468 v(Ni-N), 418 v(Ni—Cl).

Co®* complex (6). Yield (66%); m.p. > 300 °C; colour: dark red; perr= 3.99; molar conductivity
(4m): 6.5 Q' cm® mol . Elemental analysis for [(HsL)Cox(OAc)s].H>0, C4sHNsC0,015 (981):
found (calcd): C, 53.89 (54.11); H, 4.32 (3.89); N, 8.57 (8.61); Co, 12.02 (12.1). IR (KBr, cm™),
3410/3620-3210 v(OH/H20), 1335 v(C-0), 1626, 1608 v(C=N)imine, 1573, 760 V(Ar)ring, 545
v(Co«0), 458 v(Co<—N).

Co®* complex (7). Yield (63%); m.p. > 300 °C; colour: dark red; peff = 3.85; molar conductivity
(4m): 11.6 Q' cm? mol!. Elemental analysis for [(HsL)Co0y(Cl)4].2H,0, C3¢H3,Cl4C02N¢Os
(904): found (caled): C, 47.81 (48.5); H, 3.57 (3.17): N, 9.29 (9.34); Co, 13.03 (13.09); Cl, 15.68
(15.57). IR (KBr, cm™'), 3420/3620-3255 v(OH/H,0), 1342 v(C-0), 1618, 1609 v(C=N)imine,
1565, 770 V(AL)sing, 550 v(Co—0), 450 v(Co«—N), 415 v(Co<Cl).

Biological activity

The well diffusion method was used to measure the antimicrobial activity [ 15-18]. Both positive
(amphotericin B for fungi, tetracycline for bacteria) and negative (solvent, DMSO) controls were
used in the technique. The complexes and ligand were tested against Aspergillus niger fungi and
Escherichia coli bacteria cultured on Czapek Dox agar and nutrient agar as media, respectively.
In a typical procedure, a well was made in the agar medium inoculated with the fungi or bacteria.
The well was filled with the test solution (20 mg ml™!) using a micropipette and the plate were
incubated at 37 °C for 72 h. During the test the solution diffused and the growth of the inoculated
fungi or bacteria was affected. The inhibition zone developed on the plate was recorded. Each test
was conducted three times and the activity index for the complexes was calculated using the
following formula:

Activity index = (Diameter of inhibition zone for test compound/Diameter of inhibition zone for
standard) x 100
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RESULTS AND DISCUSSION
Chemistry

The preparation of the new ligand (HsL) involved two steps as illustrated in Scheme 1. Initially
1,4-phenylenediamine reacts with thiourea in (1:2) molar ratio affords 2,2'-(1,4-
phenylene)diguanidine, which then reacts with salicylaldehyde at molar ratio (1:4) to give the
novel Schiff base ligand (H4L). The structure of the ligand was elucidated using elemental analysis
and spectral methods. Moreover, the ligand was utilized for chelation with various metal(Il) salts.
The analytical and physical data (Table 1), spectral data (Tables 2 and 3) showed that, the
complexes are formed in (1L:2M) stiochiometric ratio. All the complexes are stable at room
temperature, insoluble in common solvents, viz: MeOH, EtOH, CHCl;, CCls and (CH3),CO but
soluble in DMSO [12, 13]. Ligand [H4L] (1), was synthesized by condensation of tetraamine
hydrazide with salicylaldehyde (1:4) molar ratio as shown in Figure 1.

HZNY
NH,

NH>

N
H,N NH, CHO
(1:2) molar ratio H
+ ETOH, reflux 4 h o
S ——
2-hydroxybenzaldehyde
NH, (1:4) molar ratio
1.4 phenylenediamine thiourea N ETOH, reflux 6 h

NH,
HoN

2,2'-(1,4-phenylene)diguanidine

SN2

RN ¢ N

AN < > _ 7

/C—N N=C_

N N OH
OH

7O

ligand (1). [H4L]

Scheme 1. Preparation of ligand (H4L).
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Table 1. Analytical and physical data of the ligand [HsL] and its metal complexes.

905

) mp. |Yield Anal./Found (Calc.) (% Molar conduclt
No.|Ligand/Complexes Color [FW ©C) | (%) C " N M ¢l | ance 2Am (IQ
cm’mol™)
[H4L 71.99 | 3.83 | 13.99 -
M CssH]24N604 Grey 16042501 85 | 71 55y |3.97)|13.91) - -
L)Cuz2].4H.0 Dark 5495 [ 4.02 | 10.58 | 16.07
) 536%I3OC]UZN607 areen |S02[7390] 63 |(53.80)|4.01)|(10.46)|(15.81)] ~ 16.1
[(HsL)Cux(Cl)s] 2H:0 | Dark 4733 |3.53 ] 9.20 | 13.91 | 15.52
) C36H32Cl4Cu2N6O6 green 914/>300) 65 (47.52)((3.38)| (9-24) [(13.88)|(15.62) 104
[(HsL)Ni2(OAc)s].H20 5301 [432 | 8.57 | 11.98
) C44H42Ni2N6013) ] Brown|9801>3001 73 | 541 4)l4.15)| 8.61 |(12.02)] - 13.2
[(HsL)Niz(Cl)a]. 3H20 4690 | 3.72 ] 9.12 | 12.73 | 1538
()| C1H4CLNINGO Brown 9211=3001 71} 47 1) |3.57)| 9.16) |(12.78)(15.45) 14.3
[(H4L)Co2(OAc)4].H2O | Dark 53.89 | 4.32 | 8.57 | 12.02
) c44H42N6c(02013)] red |28173001 66 |54 11y 3.89) 861y | (12.1)| - 16.5
H4L)Co2(Cl1)4].2H20 Dark 47.81 | 3.57 | 9.29 | 13.03 | 15.68
(7) [(€36H32C14é02%\]]606 red |P047390 63 1 g sy |37 034 [13.09)|a5.73) e
Table 2. Mass spectra of ligand(1) and its complexes.
Complex No. Fragment m/z Rel. Int.
CeHs0 93 13
C7HsON 119 16
CsHsON 131 20
CoHsN.0 157 22
()] Ci5Hi10N202 250 14
Ci5H10N302 264 25
C21H14N;302 340 10
C22H14N1O2 366 11
C23H14N502 392 27
C29H19 N5O3 485 29
C30H19N6O3 511 16
C36H24N6O4 604 14
@) C7HsNO: 136 21
C11H12NO6Cu 317.5 13
CisHi1sN207Cu 435.5 25
Ci9H16N307Cu 461.5 27
C25H20N307Cu 537.5 24
C26H20N4OsCu 563.5 22
C33H24N505Cu 681.5 23
C34H30N5012Cu2 827 15
C36H30Cu2N6O7 785.7 16
C7H9NO; 155 15
C7HoNO;CLCu 289.5 17
C14H4N204C2Cu 408.5 18
3 Ci5H1aN304CL.Cu 434.5 20
C21H1sN304CLCu 510.5 21
C22HisN4O4CLCu 536.5 23
C29H23N505CL.Cu 655.5 16
C29H23N505ClsCuz 790 19
C30H23N605ClsCuz 816 25
C36H2sN6O06ClaCuz 909 27
@ C/HNO, 137 17
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C11H13NOgNi 301.6 18
C1sH1sN207Ni 432.6 22
Ci9H1sN307Ni 458.6 24
C25sH22N307Ni 534.6 21
C26H22N4O7Ni 560.6 20
C33H27Ns50sNi 679.6 19
C37H33N5012Ni2 855 18
C44H38N6O13Ni2 975.2 17
5) C7H11NO4 173 16
C7H11INO4CLaNi 302.6 18
C14H16N205C1Ni 421.6 10
Ci15H16N305CLNi 447.6 14
C21H20N305CINi 523.6 16
C2H20N405C1Ni 549.6 17
C29H25N506C1Ni 668.6 22
C29H25N506Cl4Niz 798.2 28
C36H30N6O7CLsNip 917.2 24
6) C7HNO2 137 17
C11H13NO6Co 313.9 19
CisHisN207,Co 432.9 15
C19H18N307Co 458.9 22
CasH22N307Co 534.9 24
Ca6H22N40O7Co 560.9 26
C33H27N505Co 679.9 23
C37H33N5012Co2 856.8 21
C44H338N6013C02 975.8 19
7) CsHoO3 129 18
C7H9NO; 146 15
C7HoNO;CLCo 284.9 13
C14H14N204C12Co 403.9 14
Ci5H14N304CLCo 429.9 21
C21Hi1sN304CLCo 505.9 20
C22Hi1sN4O4CLCo 531.9 22
C29H23N505CLCo 650.9 24
C29H23N505C14Co2 780.9 26
C36H2sN6O6ClsCo2 899.8 24
Table 3. Infrared spectral bands (cm™') of HsL ligand and its metal complexes.
No. | viony | VI |y c=ny 3}853 V(C-0) | v(ADkme | V(OAD [y M-0)|v(M-N) [vM-C1)
NS 1620, | 1385 1605, 755 ] ] ]
3040-2840 | 1570 976 1323
1608, - 1590, 750
@ | 3429 B070-2850] 1529 - 1320 i 80 | 47 -
3399 1617, 1382 1570, 745
&) 3090 - 2865 1565 | 972 1321 - 360 | 450 | 420
3430 1615 1383 1560, 764
@ 30852870 1567 | 972 1320 T 1ss0,1349 | 519 | s -
342 161 1382 1573
®) 7 ho95_ 2793 15677’ 971 1319 T - 335 | 468 | 418
3424 1616, 1383 1573, 760
© 055 - 2810] 1567 1970 1320 1562, 1415 4 458 )
3429 1613, 379 1565, 770
™ 3110-2825 1534 | 965 1301 - 350 1 450 | 415
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NMR spectra

The "H NMR and '*C NMR spectra for compound (1) were measured in DMSO-d6. The 'H NMR
spectrum of (1) (Figure 3) shows that all the peaks are duplicated due to tautomerization. Peaks
at 5.0 ppm belong to the OH protons. The aromatic protons can be observed as multiplet at 8.20—
6.80 ppm for 20 hydrogen atoms present at aromatic protons. The *C NMR spectrum of (1)
showed peaks appeared at 163.0 ppm refers to hydrazide imine carbon (C=N) as duplicated peak
due to tautomerization. While the aromatic carbons CH peaks were at 147.2 and 116.9 ppm.

Mass spectra

The mass spectrum of ligand (1) (Table 2) supports the proposed structure with the molecular ion
peak at m/z 609. Furthermore, four fragments can be seen. That at m/z 540 belongs to loss of four
OH groups from the ligand; the second peak at m/z 391 corresponds to the loss of two phenyl
groups; the peak at m/z 225 is expected to be for the loss of other two phenyl groups and the base
peak was phenyl group at m/z 77.

Infrared studies

The IR spectral results of [H4L] ligand (1), its metal complexes and their assignments are collected
in Table (2). The investigation of [H4L] ligand spectrum reveals several fundamental weak-broad
bands at 3425; (3040); (2915, 2840) assigned to the O—H stretching mode corresponding to the
phenolic hydroxyl group overlapped with adsorbed water molecules; aromatic and aliphatic
(C-H), respectively. Also, the spectrum shows a bands at 1620, 1570 and 1323 cm! assignable to
stretching vibration of (C=N) group, v(C=C) and v(C-O) [26 - 28]. The additional bands located
at 1385 and 976 cm’! are restricted to §(OH) and y(OH).

The Schiff base ligand [HsL] has two ONNO donor sites; therefore, it could react with all
metal ions in the molar ratio (2:1) (M:L); M = Cu(Il), Ni(Il) and Co(II). The ligand coordinates
through two azomethine N atoms and two phenolic O atoms with each metal ion in the binuclear
complex acts as a neutral ligand except complex (2) where the ligand undergo deprotonation
before complexation with Cu ion. This is supported through characterization of the metal
complexes and suggested by DFT studies. The IR spectra of all metal complexes show a shift in
v(C=N) (azomethine) stretching to a lower value by 3-12 cm™! indicating coordination through
the azomethine N atoms. The v(OH) bands in the complexes remain at the same position as that
of the ligand due to overlapping with water of crystallization. However, (OH) and y(OH) bands
of the ligand (1383; 976 cm!) undergo change in their shape and position, 3-7; 3—-11 cm,
respectively, indicating the involvement of phenolic (OH) in coordination in all complexes except
complex (2). The disappearance of peak at 3(OH) and y(OH) in complex (2) may be attributed to
the deprotonation of the ligand before complexation with Cu ion. In addition, the coordination of
the phenolic groups with the metal ions can be examined by the v(C—O) stretching mode, which
is shifted to lower frequencies in all metal complexes. The coordination of phenolic/enolic O and
azomethine N atoms is further supported by the appearance of new nonligand bands between 519—
580 and 427-480 cm' due to the v(M-O) and v(M-N) vibrations in all complexes. The
appearance of new nonligand bands between 415-420 cm™! due to the v(IM-Cl) [26-28].

UV—Visible spectra and magnetic moment measurements

The UV—Visible spectral data for the ligand and its complexes are listed in (Table 4), which
showed three bands in the UV region at 275, 305-335 and 375 nm. The first one is ascribed to
intraligand transition in the hydrazide moiety which is nearly at the same position after
complexation. The next two bands are ascribed to the {n—n*} transition of the azomethine and
nitrogen groups. These peaks changed to lower energy on complexation, which indicates the

Bull. Chem. Soc. Ethiop. 2023, 37(4)
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coordination of these groups with the metal ions. Additionally, the spectra of the complexes
revealed new bands in the range 346—418 nm, which can be ascribed to the ligand-to- metal charge
transfer (LMCT) transitions [26, 27].

Table 4. The electronic absorption spectral bands (nm) and magnetic moment (BM) for the ligand [H4L] and
its complexes.

No. Amax (nm) Uefr in BM
1) 275,335,375 -

2) 255, 321, 389, 503, 563, 662 1.72
3) 283, 304, 380, 455, 532, 645 1.73
4) 286, 310, 485, 630, 738,910 2.25
(5) 283, 306, 386, 493, 617, 720 2.37
(6) 287,295, 390, 535, 635 3.99
(7 280, 290, 395, 532, 630 3.85

For the Cu*" complex (2) 255, 321 and 389 nm, these bands are within the ligand and bands
at 503, 563 and 662 nm are corresponding to ’Big—’B,g, ’Big—’Eg and 2Big—’Ag,
respectively, suggesting a square planar geometry [13, 29]. Complex (3) in elongated tetragonally
distorted octahedral or square planar geometries of Day symmetry, three spin-allowed transitions
are expected, 2A1;<"Biy, 2Bog«—?Big, 2Eg—?B),, which appear in the ranges (455, 532, 645) nm,
respectively [31]. The transitions indicating that they have a tetragonally distorted octahedral
geometry (Figure 1). Sometimes these theoretical explanations are difficult to see in practice due
to overlapping and become hard to resolve into separate peaks owing to the slight difference in
energy between the d levels. Complexes (2, 3) exhibit magnetic moment values in the 1.72 and
1.73 BM related to spin-only value which confirmed the structure of the complexes. The
octahedral geometry of Ni(Il) complexes (4, 5) is characterized by spectral bands at 517, (630,
738, 910) and (493, 617, 720)nm attributed to *A,g(F) — *T1g(P)vs, *Azg(F) — *Tig(F)v: and
3Arg(F) — 3Tag(F)vi, respectively [29, 31]. Electronic transitions, compatible with a octahedral
geometry for the Ni?*ion. This geometry is confirmed by the magnetic nature of these complexes
[31, 32]. The Co(II) complexes (6, 7) shows d—d transitions at 506, 534 and 622 nm corresponding
to *Tig(F) — *Tig (P), *T1g(F) — *Asg (F) and *T g(F) — *Tag (F), indicating high-spin octahedral
geometry for Co(II) ion [30, 33].

At room temperature magnetic moments of the complexes (2)—(7) are shown in Table (4).
Copper(Il) complexes (2) and (3) show values 1.72 and 1.73 B.M., corresponding to one unpaired
electron in an octahedral geometry however, Nickel(II) complexes (4) and (5) give paramagnetic
properties that confirmed t,g® eg* electronic configuration with no unpaired electrons in an
octahedral Ni(II) complexes. Cobalt(Il) complexes (6) and (7) give values 3.99 and 3.85 B.M.
that confirmed tg® eg? electronic configuration with two unpaired electrons in an octahedral
Co(II) complexes. Based on elemental analyses and spectral methods, the suggested chemical
structures for the synthesized metal complexes are represented in Figure 1.

Electron spin resonance (ESR)

The ESR spectral data for complexes (2) and (6) are presented in Table 5. The spectra of copper(11)
complex (2) are characteristic of species, d” configuration and having axial type of a dxo.y2) ground

state which is the most common for copper(Il) complexes [34, 35]. The complexes show g;> g,
>2.0023, indicating octahedral geometry around copper(1l) ion [36, 37]. The g- values are related
by the expression [36, 38]. G = (g-2)/(g,-2), if G > 4.0, then, local tetragonal axes are aligned

parallel or only slightly misaligned, if G < 4.0, the significant exchange coupling is present.
Complex (2) shows values indicating spin — exchange interactions take place between copper(1l)
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ions. This phenomenon is further confirmed by magnetic moments values. Also, the gj/A values
considered as a diagnostic of stereochemistry [39], in the range reported for tetragonal distorted
octahedral complexes 150 to 250 cm!. The calculated orbital publications for the cobalt(I)
complexes (6) indicates a d(x2.y2) ground state [40]which shows isotropic spectra with values 2.15

confirmed octahedral structure [35, 40].

N
\ / \C_N N_C/ \Cu 4H,0
Cu I - 2
\N/ \N/ o
6 |
Complex (2)
—
HO ‘ | OH
NN N
M C=——N N—C\ /MFX n. H,O
X// \N/ N OH
HO |
~
No. M X N
3 Cu(Il) Cl 2
4 Ni(ID) OAc 1
5 Ni(IT) Cl 3
6 Co(1) OAc 1
7 Co(1) Cl 2

Figure 1. Structure of complexes (2-7).
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Table 5. ESR data for the metal (II) complexes.

AH Al Aisob ad2
No. g g1 gisoa G*° AExy AEx, KLZ KHZ K gH/AH a?| B2 Blz 28

(CGH©INE) (%)
(2) |2.18|2.03(2.07 [125]| 25| 63 | 3.6 |16220[20615/0.46(0.57|0.72|173.8 |0.58|1.23[1.01|-275| 82.3
@ | - -{215]--7-1-1-1-1-1-"1-17-1-1-71-7- -

2) gio = (284 + g)/3, b) Aiso = QAL+ A3, ©) G= (g - 2)/ (gt - 2).

Table 6. Thermal data for some of metal complexes.

Complex Temp. DTA (peak) | TGA (wt. loss) .
No. (°C) Endo Exo Cale. Found Assignments
45 Endo - - - Broken of H-bondings
70 Endo - 1.83 1.46 | Loss of (H20) hydrated water molecule
Complex 160 Endo - 2451 | 24.29 | Loss of coordinated four (OAc) groups
@ 350 - Exo - - Melting point
460 - 650 - Exo | 21.87 | 21.33 | Decomposition process with formation of
two CuO
45 Endo - - - Broken of H-bondings
Complex 80 Endo - 3.96 3.65 | Loss of (2H20) hydrated water molecules
3) 210 Endo - 16.27 | 16.08 | Loss of coordinated four (Cl) molecules
325 Exo - - - Melting point
435 - 660 - Exo | 21.75 | 21.12 | Decomposition process with the formation
of two CuO
40 Endo - - - Broken of H-bondings
75 Endo - 1.85 1.58 | Loss of (H20) hydrated water molecule
Complex 170 Endo - 24.66 | 24.57 | Loss of coordinated four (OAc) groups
“) 335 Endo - - - Melting point
455 - - Exo | 20.69 | 20.72 | Decomposition process with the formation
675 of two NiO
Complex 44 Endo - - - Broken of H-bondings
) 80 Endo - 5.89 5.75 | Loss of(3H20) hydrated water molecules
165 Endo - 16.45 | 16.18 | Loss of four (Cl) molecules
315 Exo - - - Melting Point
430 - 680 ) Exo | 2069 | 2081 Decompc_osition process with the formation
of two NiO
46 Endo - - - Broken of H-bondings
80 Endo - 1.84 1.17 | Loss of(H20) hydrated water molecule
Complex 175 Endo - 24.64 | 24.52 | Loss of four (OAc) acetate groups
©) 320 Exo - - - Melting Point
430 - 685 ) Exo | 2075 | 20.68 Decomposition process with the formation
of two CoO
48 Endo - - - Broken of H-bondings
70 Endo ) 4.0 417 Loss of two (H20) hydrated water
molecules
Corr;p lex 185 Endo - 16.44 | 16.52 | Loss of four (Cl) molecules
™ 360 Exo - - - Melting Point
430 - 680 ) Exo | 2075 | 20.78 Decomposition process with the formation
of two CoO
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Thermal analyses

In order to obtain further information about the thermal stability as well as the nature of water
molecules associated with the complex structures, DTA and TGA techniques were applied on
complexes (2-7) in the temperature range 25-800 °C. The results of the thermal analyses are
presented in Table 6. The thermal data revealed that the calculated weight loss and proposed
formula are in agreement and indicated that the complexes are mostly decomposed in two, three
or four stages that can be interpreted as following: (i) Dehydration of all complexes takes place
in the range 40-80 °C with weight loss ranging from 1.83 (1.46) to 5.59 (5.75) % corresponding
to removal of hydrated water molecules according to the complex structures (Table 6). (ii) The
second step is related to the removal of acetate, or chloride anions from complexes (2-7) takes
place at 160-185 °C which can be confirmed from the percentage of weight loss (Table 6). (iii)
The last step is the complete degradation of complexes (2—7) through loss of the organic part at
430-680 °C leaving the metal oxide which can be confirmed from the percentage weight loss
(Table 6). All complexes passing the melting point which pointed in (Table 6) without any weight
loss.

Table 7. Antimicrobial activities of ligand and its complexes against 4. niger and E. coli.

A. niger E. coli

Compound Inhibition zone Activity index Inhibition zone Activity index

(mm) (%) (mm) (%)
DMSO 0 0 0 0
Amphotericin B 17 100 0 0
Tetracycline 0 0 37 100
1 15 88.2 10 27
2 15 88.2 15 40.5
3 23 138.2 20 54.1
4 13 67.5 20 54.1
5 20 117.5 22 59.5
6 12 324 18 48.6
7 18 105.9 23 62.2

Biological activity

The well diffusion method at 10 mg mL™! concentration in DMSO was used to measure the
antimicrobial activity against A. niger and E. coli. The results (Table 7) showed that ligand (1)
has activity similar to that of the antifungal drug amphotericin B with a 17 mm inhibition zone,
while some of the synthesized complexes (2—7) were more active than amphotericin B. The most
active complex was the copper chloride one (3) with a 23 mm inhibition zone (activity index (Al)
= 138.2%), and the second most active was nickel(II) complex (5) with a 20 mm inhibition zone
(Al = 122.3%). The rest of the complexes showed activity in the range 13-18 mm. The order of
antifungal activity is shown in Figure 2. In the case of antibacterial activity against E. coli, ligand
(1) does not show any activity in comparison with tetracycline as an antibacterial with a 37 mm
inhibition zone. The prepared complexes showed good to moderate activity. The reason for this
order is strongly related to the lipophilicity of the central metal ion obtained based on Overton's
and Tweedy's chelation connotation and theory. In conformity with Overton's concept of cell
permeability, the lipophilic soluble complexes are allowed to pass through the cell membrane
since the liposolubility is a key factor which affects antimicrobial activity. On coordination, the
metal ion polarity becomes restrained to a great extent due to interference of the ligand orbital
and partial sharing of the positive charge of the metal ion with donor groups. Moreover, it
promotes the distribution of m-electrons through the chelating ring and enhances the complex
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lipophilicity, as a result increasing the penetrating ability of the complexes through the lipid
membranes and blocking the metal binding sites of cell enzymes. The synthesized complexes also
have an effect on the respiration process of the cell which leads to a blocking of the generation of
proteins, which affects the growth of microbe cells [46-51].

40 A =
35
30
25
20 r _
15 + W A. niger
10
I I E. coli
5 -
I e e e e i e e e
L P& Y Y » x5 0 A
Qo\) Q® & O
NG >
s & <&
‘?50

Figure 2. Order of antifungal and antibacterial activities of ligand and its complexes against A.
niger and E. coli.

CONCLUSION

Novel Cu(Il), Ni(II) and Co(II) complexes of multidentate Schiff base ligand were prepared.
These complexes have been characterized by '"H NMR, mass spectra, IR, UV-Vis, ESR spectra,
magnetic moments, and conductance measurements, as well as, elemental and thermal analyses
(DTA and TGA). The new complexes were non-electrolytes, non-hygroscopic and were
dissolvable in DMSO but insoluble in common natural solvents. Out of the 6 complexes, Cu(Il),
Ni(II) and Co(II) complexes enhanced biological activities against G+ve and G-ve bacteria and
against fungi with very rare cytotoxic effects on normal cells in comparison to the parent ligand
and to the standard drug indicating their promising antimicrobial agents.
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