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This paper comprises two series of complexes which showed different modes of coordination. The fist series
involved an N,N’,N”’-donor Schiff base ligand from the reaction of 2-acetylpridine as carbonyl compound with
N,N’-dimethylethylenediamine (L1), the second series involved N,N’,O-donor Schiff base from the condensation
reaction of 2-hydroxyacetophenone (ketone) as carbonyl compound with N,N’-dimethylethylenediamine (L2).
The ligands and complexes were characterized by using melting point, elemental analysis, FT-IR, NMR, and
UV/Visible spectroscopy. The complexes showed very low cytotoxicity towards MCF-7 breast cancer cell line.
They also showed moderate zone inhibition against Gram positive bacterium Methicillin-resistant
Staphylococcus aureus, Acinetobacter baumannii and Pseudomonas aeruginosa. No antimicrobial activity
observed with Klebsiella pneumonia.

Anticancer; MCF-7;
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INTRODUCTION

Many pyridines find application in areas where
bioactivity is important, as in medicinal drugs and in agricultural
products such as herbicides, insecticides, fungicides, and plant
growth regulators (Goe, 1982). 2-Acetylpyridine is used as a
chemical intermediate in organic synthetic, pharmaceutical &
agricultural chemical manufacture and as an analytical reagent.
Also used as a food additive as a flavor enhancer, flavoring agent
or adjuvant (Goe, 1982) In the area of bioinorganic chemistry the
interest in the imines complexes lies in that they provide synthetic
models for the metal-containing sites in metalloproteins/enzymes
and also contributed enormously to the development of medicinal
chemistry, radio immunotherapy, cancer diagnosis and treatment
of tumor (Adoracion et al., 2004; Larry, 2003). In addition, some
of the complexes containing N and O donor atoms are effective as
stereo specific catalysts for oxidation (Kureshy et al., 1999)
reduction (Yasuhiro et al., 1986), hydrolysis (Ross et al., 1986),
biocidal activity (Parbati et al., 2001) and other transformations of
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organic and inorganic chemistry. Some of the members of the first
row transition metals play major roles in various biological
activities on which recently have been included in anticancer
agents to exploit their various applications because of the
exceptionally wide range of reactivity available and have been
particularly attractive (Nenad et al., 1996) these transition metal
complexes offer a great diversity in their action; such as anticancer
and antiviral properties (Bernadette et al., 2010; Garoufis et al.,
2009, Bernadette et al., 2010; Raman et al., 2010 and Shakir et al.,
2011), DNA binding and DNA cleavage activities (Shahabadi et
al., 2010) and many other biological activities (Mladenova et al.,
2002). It is also known that the existence of metal ions bonded to
biologically active compounds may enhance their antimicrobial
activities (Prakash et al., 2010). Such as anticonvulsant (Sridhar et
al., 2002), antifungal (Bharti et al., 2010), anti-HIV (Pandeya et
al., 1999), antiviral and anticancer (Zhang et al., 2009) and
antimicrobial (Mandal et al., 2011; Yusnita et al., 2009; Pignatello
et al., 1994; Nair et al., 2010; Tajudeen et al., 2009 and Ling-Wei
etal., 2011).
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(Scheme 1): Synthetic pathway for the Schiff base ligands and their complexes.

Nosocomial infections caused by multidrug resistant
bacteria are an increasing medical problem worldwide, particularly
among immuno compromised patients and those hospitalized in
intensive care units. Both gram positive and gram negative
bacteria have developed high level resistance to multiple classes of
antibacterial agents. These include methicillin  resistant
Staphylococcus aureus (MRSA), Pseudomonas aeruginosa,
Acinetobacter baumannii, Escherichia coli and vancomycin
resistant enterococci (VRE) (Guidos et al., 2010). Few available
drugs such as linezolid and some newer glycopeptides, tigecycline
are active against MRSA and VRE but their success rates are
variable (Esposito et al., 2007). As such, there is a need to explore
other sources of effective antibacterial compounds to augment the
limited choice of drugs for therapeutic treatment.

In this paper, some Schiff base complexes of newly
synthesized N,N’N”” and N’N”’O donor Schiff base ligands from
the Reaction of N,N-dimethylethylenediamine with  2-
acetylpyridine and 2-hydroxyacetophenone in presence of CI, N3,
and SCNions (scheme 1). All the complexes were examined for
potential anti-cancer and antibacterial applications.

EXPERIMENTAL SECTION

Materials and methods
N,N-dimethylethylenediamine, 2-hydroxyacetophenone
and 2-acetylpyridine were purchased from the Aldrich-Sigma

Melting Point Determination

Melting points were determined using a MEL-TEMP 1|
melting point instrument at Department of Chemistry, University
of Malaya and were not corrected. All samples are placed in the
micro haemotocrit tube (soda lime glass). The melting points of
the sample were recorded after they have completely melted.

Carbon, Hydrogen and Nitrogen (CHN) Analyses

Microanalyses for carbon, hydrogen and nitrogen in the
compounds were carried out on a Perkin-Elmer 2400 elemental
analyzer at the Department of Chemistry, Faculty of science
University of Malaya. All compounds (1.75-2.00 mg) were
weighted in aluminium foil capsules. The instrument was
calibrated with sulfamethinezine.

Infra Red (IR) Spectroscopy

The Infrared spectra were recorded on a Perkin Elmer
Spectrum 400 ATR-FT-IR spectrometer at the Department of
Chemistry, Faculty of science University of Malaya. All the
spectra were run in the range of 400-4000 cm™ at room
temperature.

Nuclear Magnetic Resonance (NMR) Spectroscopy

The 'H and *C NMR spectra of the Schiff bases were
recorded using a Bruker Apex 600MHz; FT-NMR spectrometers
chemical shifts are given in & values (ppm) using TMS as the
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internal standard. Deuterated dimethylsulphoxide (DMSO) was
used as solvent.

Ultraviolet-Visible (UV-Vis) Spectroscopy.

The spectra (solid) were obtained from reflectance
electronic technique by using UV-3600 Shimadzu UV-Vis-NIR
Spectrophotometer and were scan from 200-1000, while the
spectra (DMSO) were recorded in quartz cuvettes on a Shimadzu
1601 spectrophotometer in the region of 200-1000 nm.

Single Crystal X-Ray Diffraction

The single crystals of suitable size were mounted on a
glass fibre using perfluoropolyether oil and cooled rapidly to 100
K in a stream of cold N2. Diffraction data were measured using a
Bruker APEX Il CCD area-detector diffractometer (graphite-
monochromated Mo Ka radiation, k = 0.71073 A). The orientation
matrix, unit cell refinement and data reduction were all handled by
the APEX Il software (SAINT integration, SADABS absorption
correction). The structure was solved using direct methods and
vectors in the program SHELXS-97 and was refined by the full
matrix least-squares method on F2 with SHELXL-97. All the
nonhydrogen atoms were refined anisotropically and all the
hydrogen atoms were placed at calculated positions and refined
isotropically. Drawings of the molecules were produced by using
XSEED.

Cell Lines
Human cell lines will be obtained from the American
Type Culture Collection ATCC, USA.

Bacterial strains

The antibacterial activities of the investigated compounds
were tested against a panel of multi-drug resistant nosocomial
bacterial pathogens, consisted of MRSA, A. baumannii, K.
pneumonia and P. aeruginosa. All tested bacterial strains were of
clinical origin and have shown resistance to at least 4 antibiotics
based on disc diffusion assay. For each bacterial species, six to ten
strains were included in the antibacterial study to capture possible
drug resistance variation within species. All bacterial strains used
in this study were obtained from the bacteria culture collection of
Biomedical Science Laboratory, Institute of Graduate Studies
University of Malaya, Malaysia.

SYNTHESIS OF THE COMPOUNDS

N,N*-dimethyl-N>- ( 1-(pyridin-2-yl ) ethylidene) ethane-1,2-
diamine (L1)

The ligand was obtained from the condensation reaction
of  2-acetylpyridine (0.61 g, 5 mmol) and N,N-
dimethylethyldiamine (0.44 g, 5 mmol) in ethanol (25 mL) at a
temperature of 75-85 °C and refluxed for three hours. The product
was oily yellowish solution, which became yellow hygroscopic
solid after 12 hours at 55°C in an oven. The solid product was
dissolved in methanol and heated to 60 °C. After evaporating from

the solvent under reduced pressure, a yellow solid was formed.
The ligand is characterized by using melting point, elemental
analysis, IR, NMR and UV/Vis-spectroscopy. Yield: 54%.
Molecular formula: C;;HiN; (191.27). Analytical Calculated.
(Found): C, 69.87 (68.48); H, 8.80 (8.98); N, 13.58 (14.98). IR
(ATR cm—1): 2946.18, 2825.46, 2781.92 v(C-H), 1698.01,
1639.70 v(C=N), 1585.72, 1566.34 v(C=N)pyr, 1464.83, 1435.25
v(C-C), 1153.71, 1103.38 v(C-N). UV-Vis [Ana (nm) (DMSO)]:
321 (n—m*); 233 (m—n*). 'H-NMR (600 MHz 3, DMSO-d6):
8.28-7.87 (CHx-Ar), 2.76-2.68 (NCH,-CH;N), 1.22 (CHs), 1.9
(6H, CH4-N). ®C NMR (600 MHz, §, DMSO-d6): 166.59 (C=N,
Schiff) 147.58 (CO-phenolic), 145.83 (C-aromatic), 139.56 (CH-
aromatic), 126.82 (CH-aromatic), 122.62 (CH-aromatic), 54.43
(2C, CH.-aliphatic), 43.44. 43.29 (2C, CHs-n,n-dimethyl), 14.69
(CHjz, Methyl).

COMPLEXES OF LIGAND L1

A series of copper(ll), iron(ll), manganese(ll), nickel(ll),
tin(Il) and zinc(ll) complexes of L1 figure 1 Schiff base were
prepared in situ by mixing 2-acetylpyridine (0.61 g, 5 mmol) and
N,N-dimethylethyldiamine (0.44 g, 5 mmol) in ethanol (25 mL) at
a temperature of 75-85 °C and refluxed. After 2 hr an ethanolic
solution containing metal(ll) halides and in other case hydrated
metal(ll) acetates in the presence of potassium bromide (KBr),
sodium thiocyanate (NaSCN), sodium azide (NAN,) and Sodium
iodide (NALI,) was then added and the mixture was refluxed for 2-5
hours (Scheme 1). The resultant precipitates were filtered off,
washed with cold ethanol and dried under vacuum.

\ /N /"
N N \
Fig. 1: Proposed structure for L1.

Dichlorido{N,N-dimethyl-N’-[1-(2-pyridyl)ethylidene] ethane-
1,2-diaminex’ N,N’,N”"}copper(I1) (Cu(L1)Cl,)

Light Green solid, 94% yield, m.p. >400 °C, Analytical
calculated for C11H17CI2CuN3 (324.01) C, 40.56; H, 5.26; N,
12.90, Found C, 41.99; H, 5.62; N, 12.87. IR: ATR vyu/cm ™
3050.31 (CH aromatic) 2979.67-2910.48 (CH aliphatic), 1659.15
(C=N Schiff), 1446.12 (C-C), 1163.20, 1144.79 (C-N), 573.40 (M-
N).

{N,N-Dimethyl-N’-[1-  (2-pyridyl) ethylidene] ethane-1,2-
diamine-k®’N,N”,N”’} bis(thiocyanato-k™) nickel(11) [Ni(L1)
(SCN), (H,0)]

Green solid, 91% vyield, m.p. >400 °C, Analytical
calculated for C13H17N5NiS2 (366.13) C, 42.65; H, 4.68; N,
19.13. Found C, 42.85; H, 5.00; N, 19.82. IR: ATR vpa/cm *
3090.22 (CH aromatic) 2890.11-2855.30 (CH aliphatic), 2060.45,
2082.19 (S=C=N), 1621.60 (C=N Schiff), 1449.21 (C-C), 1116.78
(C-N), 514.83 (M-N), 467.51 (M-0). UV-Vis: Apx/nm DMSO
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745.00 (d—d*).574.00 (LMCT); 305 (n—=n*); 279.00 (n—m*).
The x-ray crystal structure for the complex has been reported
(Nuraetal., 2011).

Dichlorido{N,N-dimethyl-N’-[1-(2-pyridyl)ethylidene] ethane-
1,2-diaminex®N,N’,N”’} manganese(I1) [Mn(L1)Cl,]

Brown solid, 82% vyield, m.p. 345-350 °C. Analytical
calculated for C11H17CI2MnN3 (317.12) C, 41.66; H, 5.40; N,
13.25. Found C, 41.68; H, 5.41; N, 13.25. IR: ATR vpa/cm
3100.37 (CH aromatic), 2838.02-2823.55 (CH aliphatic), 1650.30
(C=N Schiff), 1463.72 (C-C), 1109.21 (C-N), 554.54 (M-N). for x-
ray crystal structure of the manganese(ll) complex has been
reported (Nurul et al., 2011).

Dibromido{N,N-dimethyl-N’-[1-(2-pyridyl)ethylidene] ethane-
1,2-diaminex’N,N’,N"} copper(11) [Cu(L1)Br,]

Dark blue solid, 79% vyield, m.p. >400, Analytical
calculated for C11H17Br2CuN3 (414.63): C, 31.86; H, 4.13; N,
10.13, Found: C, 32.09; H, 4.33; N, 10.90. IR (ATR cm-1):
3020.13 v(C-H), 2086.68, 2016.35 v(C=N), 1656.11 v(C-C),
144.44 v(C-N), 1115.16 v(M-N), 522.96 v(M-N).

{N,N-dimethyl-N’-[1-  (2-pyridyl) ethylidene] ethane-1,2-
diaminexN,N’,N"}bis(azido-x")copper(11) [Cu(L1)(N),]

Green solid, 63% vyield, Melting point 390-395 °C.
Analytical calculated for C11H17CuN9 (338.86): C, 38.99; H,
5.06; N, 37.20, Found: C, 40.09; H, 5.04; N, 37.90. IR: ATR
Vma/cm ' 3070.00 (CH aromatic), 2959.67-2810.48 (CH aliphatic),
2050.45 (N=N=N), 1650.15 (C=N Schiff), 1441.12 (C-C),
1113.20, 1144.79 (C-N), 543.40 (M-N).

Diiodido{N,N-dimethyl-N’-[1-(2-pyridyl)ethylidene]ethane-1,2-
diaminex®N,N’,N}zinc(11) [Zn(L1)1,]

Grey solid, 55% yield, Melting point >400 °C. Analytical
calculated for C11H17I12N3Zn (510.47): C, 25.88; H, 3.36; N,
8.23. Found: C, 26.26; H, 3.67; N, 7.91. IR: ATR vp,/om*
3070.77 (CH aromatic) 2956.52-2852.42 (CH aliphatic), 1652.20
(C=N Schiff), 1433.32 (C-C), 1119.13 (C-N), 557.71 (M-N). 'H-
NMR (600 MHz, 8, DMSO-dg): 8.595-8.588 (d, 1H, aromatic
protons), 8.27-8.20 (m, 2H, aromatic protons), 7.85-7.80 (t, 1H,
aromatic protons), 3.82 (s, 4H, 2CH,), 3.74-3.72 (t, 2H, 2CH,),
2.82-2.80 (t, 6H, 3CH2), 2.65 (s, 3H, CH,). *C-NMR (600 MHz,
8, DMSO-dg): 167.50 (1C, C=N), 145.46 §(C aromatic carbon),
142.63 (CH aromatic carbon), 140.41 (CH aromatic carbon),
127.66 (CH aromatic carbon), 122.81 (CH aromatic carbon), 63.45
(2C, 2CH, ethylenediamine carbons), 56.09 (2C, 2CH;N,N
dimethyl), 15.82 (1C, CH; methyl ketone carbon).

{N,N-dimethyl-N’-[1-  (2-pyridyl) ethylidene] ethane-1,2-
diaminex®N,N’,N”}-  bis (thiocyanato-x) manganese(ll)
[Mn(L1)(SCN),(H0O)]

Brown solid, 86% yield, Melting point 375-380 °C.
Analytical calculated for CL3H17MnN5S2 (362.38): C, 43.09; H,
4.73; N, 19.33. Found: C, 45.64; H, 5.05; N, 19.49. IR: ATR

Vmax/cm ' 3043.53 (CH aromatic), 2984.21-2855.19 (CH aliphatic),
2081.01 v(S=C=N), 1651.08 v(C=N), 1442.00 (C-C), 1165.11 (C-
N), 461.09 (M-N).

2-(1-(2-(dimethylamino)ethylimino)ethyl)phenol (L2)

The ligand was obtained from the condensation reaction
of 22-hydroxyacetophenone (0.61 g, 5 mmol) and N,N-
dimethylethyldiamine (0.44 g, 5 mmol) in ethanol (25 mL) at a
temperature of 75-85 °C and refluxed for three hours. The product
is oily orange solution was formed, which became orange colored
hygroscopic solid after 12 hours at 55°C in an oven. The solid
product was dissolved in methanol and heated to 60 °C. After
evaporating from the solvent under reduced pressure, an orange
colored solid was formed. This ligand was characterized by using
melting point, elemental analysis, IR, NMR and UV/Vis-
spectroscopy. Yield: 45%. Molecular formula: Cy,HigN,O
(206.28). Analytical Calculated. (Found): C, 69.87 (68.48); H,
8.80 (8.98); N, 13.58 (14.98). IR (ATR cm—1): 3422.23 v(O-H)
2944.14 v(C-H), 1642.32 v(C=N), 1445.43 v(C-C), 1182.71 v(C-
N). UV-Vis [Ana (hM) (DMSO)]: 322 (n—n*); 223 (n—n*). 'H-
NMR (600 MHz 8, DMSO-d6): 11.09 (1H, OH), 8.23-7.89 (CH,-
Ar), 2.74-2.69 (NCH,-CH,N), 2.22 (CHjy-), 1.9 (6H, CH4s-N). “*C-
NMR (600 MHz 6, DMSO-d6): 169.60 (C=N) 150.59 (1C, CO-
phenolic), 148.84 (1C, C-aromatic), 142.56 (1C, CH-aromatic),
129.83 (1C, CH.aromatic), 125.62 (1C, CH-aromatic), 57.43 (2C,
CH,-aliphatic), 46.44, 46.30 (2C, CH3-N,N-dimethyl) 17.69 (1C,
CHs-methyl).

COORDINATED COMPLEXES FOR L2

A series of copper(ll), manganese(ll), nickel(ll) and
zinc(I1) complexes of L2 figure 2 Schiff base were prepared in situ
by mixing 2-hydroxyacetophenone (0.20 g, 1.65 mmol) and 4-(2-
aminoethyl)morpholine (0.21 g, 1.65 mmol) in ethanol (20 ml) and
refluxed. After 2 hr an ethanolic solution containing metal(ll)
halides was then added and the mixture was refluxed for 2-5 hours
(Scheme 1). The resultant precipitates were filtered off, washed
with cold ethanol and dried under vacuum. The crystals of the
complexes were obtained at different conditions.

/
5o

Fig. 2: Proposed structure for L2

Chlorido[2-(1-(2 (dimethylamino)ethylimino)ethyl)
copper(ll) [Cu(L2)CI]

Green solid Melting point 355-360 'C. Analytical
calculated for C12H17CICuN20 (304.28): C, 47.37; H, 5.63; N,
9.21. Found: C, 48.19; H, 6.11; N, 9.39. IR: ATR vpg/em™
3105.05 (CH aromatic), 2957.60-2869.67 (CH aliphatic), 1579.98
(C=N Schiff), 1432.88 (C-C), 1113.24 (C-N), 526.00 (M-N)
492.67 (M-0).

phenol]
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Bromido[2-(1-(2-(dimethylamino)ethylimino) ethyl) phenol]
copper(ll) [Cu(L2)Br]

Brown solid Melting point 355-360 ‘C. Analytical
calculated for C12H17BrCuN20 (348.73): C, 41.33; H, 4.91; N,
8.03. Found: C, 42.19; H, 4.91; N, 8.29. IR (ATR cm—1) 3102.43
(CH aromatic), 2980.76 (CH aliphatic), 1654.00 v(C=N), 1433.12
(C-C), 1121.01 (C-N), 531.00 (M-N), 423.98 (M-0O).

Chlorido[2-(1-(2-(dimethylamino)ethylimino) ethyl) phenol]
zinc(I1) [Zn(L2)CI]

Yellow solid, 82% vyield, Melting point >400 °C.
Analytical calculated for C12H17CIN20Zn (306.12): C, 47.08; H,
5.60; N, 9.15. Found: C, 48.48; H, 5.79; N, 9.98. IR (ATR cm—1)
3105.64 (CH aromatic), 2981.16, 2850.01 (CH aliphatic), 1654.08
v(C=N), 1435.91 (C-C), 1119.87 (C-N), 531.12 (M-N), 433.53
(M-0). 'H-NMR (600 MHz, 3, DMSO-dg): 8.40-7.86 (4H,
aromatic protons), 3.98-3.69 (4H, NCH,-CH,N ethylenediamine
protons), 2.95-2.70 (6H, CHs-N,N-dimethyl protons), 2.60 (3H,
CH; methyl ketone protons). “*C-NMR (600 MHz, 8, DMSO-de):
168.90 (C aromatic carbon), 148.01 (CH aromatic carbon), 146.64
(CH aromatic carbon), 140.50 (CH aromatic carbon), 137.22 (CH
aromatic carbon), 134.40 (CH aromatic carbon), 65.60 (2C, 2CH,
ethylenediamine carbons), 56.45 (2C, CHs-N,N-dimethyl), 18.90
(1C, CHzmethyl ketone carbon).

Bromido[2-(1-(2-(dimethylamino)ethylimino) ethyl) phenol]
zinc(I1) [Zn(L2)Br]

White solid, 87% yield. Melting point 345-355 °C.
Analytical calculated for C12H17BrN20Zn (350.57): C, 41.11; H,
4.89; N, 7.99. Found: C, 42.94; H, 4.98; N, 7.99. IR (ATR cm-1)
3070.60 (CH aromatic), 2983.21 (CH aliphatic), 1650.01 (C=N
Schiff), 1428.51 (C-C), 1121.41 (C-N), 557.29 (M-N), 451.01 (M-
0). 'H-NMR (600 MHz, 5, DMSO-dg): 7.58-6.98 (4H, aromatic
protons), 3.10-2.80 (2H, NCH,-CH;N), 3.98-3.66 (6H, CH;-N,N-
dimethyl), 2.24 (3H, CH; methyl ketone protons). *C-NMR (600
MHz, 5, DMSO-dg): 169.52 (1C, C=N), 148.46 (C aromatic
carbon), 145.60 (CH aromatic carbon), 141.40 (CH aromatic
carbon), 126.90 (CH aromatic carbon), 120.80 (CH aromatic
carbon), 60.40 (2C, 2CH, ethylenediamine carbons), 53.09 (2C,
CHs-N,N-dimethyl), 15.81 (1C, CH; methyl ketone carbon).

Chlorido[2-(1-(2-(dimethylamino)ethylimino) ethyl) phenol]
nickel(Il) [Ni(L2)CI]

Green solid, 76% vyield, 360-365 °C. Analytical
calculated for C12H17CIN2NiO (299.42): C, 48.14; H, 5.72; N,
9.36. Found: C, 49.25; H, 5.73; N, 9.50. IR (ATR cm—1) 3050.05
(CH aromatic), 2743.53-2700.66 (CH aliphatic), 1605.42 (C=N
Schiff), 1474.35-1436.35 (C-C), 1112.37 (C-N), 508.09 (M-N),
423.95 (M-0).

Bromido[2-(1-(2-(dimethylamino)ethylimino) ethyl) phenol]
nickel(11) [Ni(L2)Br].

Brown solid, 68% yield, Melting point >400 °C.
Analytical calculated for C12H17BrN2NiO: (343.87): C, 41.91; H,

4.98; N, 8.15. Found: C, 42.00; H, 5.01; N, 8.28. IR (ATR cm—-1)
3058.77 (CH aromatic), 2780.11-2745.30 (CH aliphatic), 1597.05
(C=N Schiff), 1471.21 (C-C), 1116.78 (C-N), 505.83 (M-N), 422
(M-O).

Chlorido[2-(1-(2-(dimethylamino)ethylimino) ethyl) phenol]
manganese(l1) [Mn(L2)CI]

Brown solid, 73% yield, Melting point 380-385 °C.
Analytical calculated for C12H17CIMnN20 (295.67): C, 48.75;
H, 5.80; N, 9.47. Found: C, 48.99; H, 5.84; N, 9.50. IR(ATR
cm—1) 3103.63(CH aromatic), 2834.23-2815.08(CH aliphatic),
1651.50v(C=N), 1449.24 (C-C), 1105.55 (C-N), 528.23 (M-N),
461.77(M-0).

Bromido[2-(1-(2-(dimethylamino)ethylimino) ethyl) phenol]
manganese(l1) [Mn(L2)Br]

Brown solid, 65% vyield, Melting point >400 °C.
Analytical calculated for C12H17BrMnN20 (340.12): C, 42.38;
H, 5.04; N, 8.24. Found: C, 42.97; H, 5.17; N, 8.40. IR (ATR
cm—1) 3107.01 (CH aromatic), 2838.02-2813.55 (CH aliphatic),
1650.80 (C=N Schiff), 1443.72 (C-C), 1109.21 (C-N), 524.54 (M-
N) 461.59 (M-0O).

lodo[2-(1-(2-(dimethylamino)ethylimino)ethyl)phenol] zinc(11)
[Zn(L2)I]

Yellow solid, 82% vyield, Melting point >400 °C.
Analytical calculated for C12H17CIN20Zn (359.44): C, 40.10; H,
4.77; N, 7.79. Found: C, 41.08; H, 4.79; N, 7.98. IR: ATR
Vmax/cm ' 3110.07 (CH aromatic), 2974.47 (CH aliphatic), 1656.07
v(C=N), 1421.82 (C-C), 1115.53 (C-N), 521.12 (M-N), 423.92
(M-0). '"H-NMR (DMSO-ds,): & 8.60-7.85 (4H, aromatic protons),
3.88-3.69 (8H, CH, morpholine), 2.85-2.65 (4H, NCH,-CH,N
ethylenediamine protons), 2.55 (3H, CH; methyl ketone protons).
BC-NMR (DMSO-ds,) 166.50 (1C, C=N), 145.46 (C aromatic
carbon), 142.60 (CH aromatic carbon), 140.40 (CH aromatic
carbon), 124.90 (CH aromatic carbon), 120.20 (CH aromatic
carbon), 70.40 (2C, 2CH, ethylenediamine carbons), 60.29 (2C,
2CH3N ethylene carbons), 18.00 (1C, CH; methyl ketone carbon).

MTT-CULTURE OF CELLS AND CYTOTOXICITY ASSAY

The MCF-7 cells (human breast cancer cells) were
seeded into 96 well plates at an initial cell density of
approximately 5x10° cells cm™. After 24 hours incubation for cell
attachment and growth, the medium was removed and replaced
with fresh medium containing varying concentrations of the
compounds. The compounds added were first dissolved in DMSO
at the required concentration. Subsequent 6 desirable
concentrations was prepared using growth medium.

Control wells received only DMSO. Each concentration
of the compound under study was assayed in six replicates. The
assay was terminated after 48 hours incubation period. Again, the
medium was removed and cell viability was determined after
further 4 hours with 5 mg cm™ MTT [3-(4,5-dimethylthiazol-2-yl)-
2,5- diphenyltetrazolium] bromide; also named thiazol blue.
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DMSO was then added per well and the dissolving formazan
precipitate was read by using elisa plate reader, Dynatech MR5000
at 570 nm. And comparison was made with positive control
cisplatin.

ANTIMICROBIAL TESTING

The synthesized compounds were screened for potential
antibacterial activity by testing against two randomly selected
strains from each bacterial species, using disc diffusion assay
(Jeffrey et al., 2008). Briefly, a loopful of an overnight bacterial
culture of each strain was suspended in sterile 0.85% saline (BDH)
to the concentration of approximately “10%” cfu/ml (equivalent to
0.5 Mc Farland units) before inoculated evenly on the entire
surface of Mueller Hinton agar (Oxoid) with a sterile cotton swab.
Sterilized paper discs (Thermo Fisher, 6mm diameter),
impregnated with 30 g of respective synthetic Schiff compound,
and was placed on the inoculated agar plate. DMSO disc was used
as a negative control in the test. The diameter of inhibition zone
around the impregnated paper disc was measured after 18 hour of
incubation at 37°C. All tests were performed in duplicate.
Synthetic Schiff compounds, in which inhibition zone was
observed in any one of the four species tested, were selected for
MIC with broth micro-dilution assay. Only compounds with MIC
value lesser than “10 pg/mL,” is considered potentially active
against the corresponded bacterial species; and further tested
against the entire collection of the corresponded bacterial species
with disc diffusion assay. This was to determine the variation in
the susceptibility responses to the tested compound within the
bacterial species tested.

The two selected strains for each species in the initial
screening were: MRSA 0804-25 and MRSA 0807-7 for MRSA;
AC 0612-7 and AC 0903-21 for A. baumannii; KB 71 and KB 83
for K. pneumonia; and PA45 and PA104 for P. aeruginosa.

MIC determination

Minimum inhibition  concentration (MIC) was
determined with 96-well broth micro-dilution assay. The inoculum
was prepared by suspending an overnight culture in a sterile 0.85%
saline (BDH) to approximate 10° cfu/ml (equivalent to 0.5
McFarland units) and further diluted in cation adjusted Mueller
Hinton broth (CMHB; BD) to the concentration of 10° cfu/ml.
Two-fold serial dilutions of the tested compound were prepared in
CMHB across the 96-well microtiter plate with the highest
concentration starting from 750 ppm (750 pl/ml) in duplicate rows.
The prepared suspension of the bacteria was added to each well
except the negative control wells of the microtitre plate in a 1:1
ratio with final bacteria concentration of approximately “5 x 10°”
cfu/ml. The inoculated microtitre plates were incubated at 37°C for
24 hour.

The MIC was determined as the lowest concentration of
the test compound that exhibits no visible growth. A further
confirmative test was done by adding 30 pl of MTT dye (Sigma)
to each well. Wells with color changes within 30 - 60 minutes

incubation at room temperature were scored as positive growth.
The lowest concentration of the tested compound that exhibits no
color changes (yellow) is determined as the MIC value.

RESULTS AND DISCUSSION

Synthetic Chemistry

The reaction of N,N-dimethylethylenediamine with 2-
acetylpyridine resulted in the formation of corresponding Schiff
base ligand; N,N’-dimethyl-N2-(1-(pyridin-2-yl)ethylidene)ethane-
1,2-diamine (L1). The prepared Schiff bases further reacted
copper(Il), manganese(ll), nickel(ll) and zinc(ll) ions in the
presence of either CI, Br, I, SCN™ and N3 ions giving rise to
different coordination complexes (Scheme 1). The compounds
exhibited NMR, IR and UV-Visible spectra consistent with the
proposed structures which allowed the synthesized complexes to
be recognized as Dichlorido{N,N-dimethyl-N’-[1-(2-
pyridyl)ethylidene]ethane-1,2-diaminex®N,N”,N’}  manganese(ll)
[Mn(L1)CL,], Aqua {N,N-dimethyl -N’-[1-(2-pyridyl)-ethylidene]
ethane-1,2-diaminex®N,N’,N”"}bis(thiocyanato-")  nickel (1)
[Ni(L1)  (SCN)x(H,0)],  Dibromido{N,N-dimethyl-N’-[1-(2-
pyridyl)ethylidene]ethane-1,2-diaminex®N,N’,N”"}zinc [Zn(L1)
Br,], Dichlorido {N,N-dimethyl- N’-[1-(2-pyridyl)ethylidene]
ethane-1,2-diaminex® N,N”,N""}copper(ll) [Cu(L1)Cl,], Dibromido
{N,N-dimethyl-N’-[1-(2-pyridyl)ethylidene]ethane- 1,2-diaminex’
N,N’,N"}copper(I1) [Cu(L1)Br,], [N,N-dimethyl-N’-[1-(2-pyridyl)
ethylidene]ethane-1,2-diaminex®N,N’,N"]bis(azido-kN)copper(II),
[N,N-dimethyl-N’-[1-(2-pyridyl)ethylidene]ethane-1,2- diaminei®
N,N’,N"]-bis (thiocyanato-kN)manganese(I1)[Mn(L1)(SCN),
(H,0)], Diiodido{N,N-dimethyl-N’-[1-(2-pyridyl)ethylidene]
ethane-1,2-diaminex®N,N’,N”}  zinc(ll) [Zn(L1)l,]. Also the
reaction of N,N-dimethylethylenediamine with 2-hydroxy-
acetophenone resulted in the formation of corresponding Schiff
base ligands 2-(1-(2-(dimethylamino) ethylimino)ethyl)phenol
(L2) further reacted copper(ll), manganese(ll), nickel(ll) and
zinc(I1) ions in the presence of CI, Br, I, SCN™ and N3 ions
giving rise to different coordination complexes (Scheme 1)
namely: Chlorido[2-(1-(2-(dimethylamino)ethylimino)ethyl)
phenol] copper(ll) [Cu(L2)CI], Bromido[2-(1-(2-(dimethylamino)
ethylimino)ethyl)phenol] copper(ll) [Cu(L2)Br], Chlorido[2-(1-(2-
(dimethylamino)  ethylimino)ethyl)phenol]zinc(ll)  [Zn(L2)CI],
Bromido[2-(1-(2-(dimethylamino) ethylimino) ethyl) phenol]
zinc(IN[Zn(L2)Br],Chlorido[2-(1-(2-(dimethylamino) ethylimino)
ethyl)  phenol]nickel (1)  [Ni(L2)CI], Bromido[2-(1-(2-
(dimethylamino) ethylimino) ethyl)phenol]nickel(1) [N1(L2)Br],
Chlorido [2-(1-(2-(dimethylamino)ethylimino)ethyl)phenol]
manganese (I1) [Mn(L2)CI], Bromido[2-(1-(2-(dimethylamino)
ethylimino)ethyl) phenollmanganese(ll) [Mn(L2)Br], lodo[2-(1-
(2-(dimethylamino) ethylimino)ethyl)phenol]zinc(l1) [Zn(L2)I].

Elemental analysis data and physical properties of
ligands and complexes are summarized in the experimental part;
ligands were obtained in a liquid form. The reaction of ligands
with transition metals produced a series of metal complexes with
different colors. The data obtained from the melting point
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apparatus showed that the complexes’ melting point were higher
than 300°C. The percentages of C, H and N obtained are in
agreement with calculated values. The IR spectra of transition
metal complexes were carried out in 4000-400 cm ' range. The
characteristic IR stretching frequencies of the metal complexes
along with their proposed assignments are summarized in
experimental part. There are similarities in the IR spectrum of the
metal complexes to each other, except for some slight variations in
the shifts and intensities of few vibration peaks caused by different
metal (I1) ions, indicating that the metal complexes had similar
structure. However, there were some significant differences
between the metal (I1) halides complexes and that of the azides
and thiocyanate complexes, as expected. The IR spectra of all the
complexes possess very strong characteristic absorption bands in
the region of 1670.00-1650.00cm™ which is attributed to the C=N
stretching vibration of the Schiff base imino functional group
(Gwaram et al., 2012; Khan et al., 2011; Nakamoto et al., 1978;
Laskar et al., 2001 and Banerjee et al., 2005). For thiocyanates and
azide complexes a chemical shifts were observed at a region of
2110-2020 attributable to metal coordination (Pallab et al., 2010).
The spectra for the complex showed M-N bands at a lower
wavelength in the range of 477-575 cm™ (Raman et al., 2011;
Khan et al., 2011). Electronic spectra and magnetic properties of
complexes were recorded in DMSO and are summarized in table
1. The electronic spectra of Mn** ion Mn(L1)Cl, exhibited bands
at 272, 603 and 813 corresponding to °A; — “E(D) in distorted
square bipyramidal geometry (Syamal et al., 2002).
Mn(LMA)(NCS),(H,0) with a transitions of °A; — “E(D) and °A,
— “T,(D) can attributed to the band at 203, 486, 327, and 641 nm
indicates that they have tetrahedral geometries. The electronic
spectra of Mn(L2)Br and Mn(L2)CI indicate that they have
tetrahedral geometries. The °A; — “Epp) and °A; — *Typ) can
attributed to the band at 290, 606, 813 and 364, 601 nm
respectively (Syamal et al., 2002; Lever 1968). Moreover, the
magnetic moments of the complexes were 5.30-6.50 BM which
was within the expected spin-only value. The electronic spectra of
Ni(Il) complexes Ni(LMA)(NCS),(H,O) showed d-d transitions in
the region of 270, 364 and 807. These are assigned to the
transitions *Axge — “Ti0p), *Adr — “Ti0r and *Age — “To0e
consistent with distorted octahedral geometry (Tansir et al., 2008;
Shayma et al., 2009; Cotton et al., 1998 and Selbin et al., 1983).
The magnetic moments of nickel(Il) complexes are in the range of
2.90-3.00 BM as expected for the complexes having monomeric
structures. The higher value of the magnetic moment for Ni** d®
complex was 3.00 BM which was probably due to the orbital
contribution. The spectrum of Cu(ll) complex Cu(L1)(NCS),
complex exhibits broad bands in the region of 28190 and 643
corresponding to the d-d transition “e,g o) — 20:9(p). Therefore,
these transitions confirmed that the Cu(ll) complex has a distorted
square pyramidal geometry (Shayma et al., 2010). The magnetic
moment (W) Vvalues in the range of 1.85-2.30 BM for the
copper(I1) complexes are within expected region for the high spin
system table 1.

Lastly the electronic spectra for Zn(ll) and Cd(Il) complexes with
an electronic configuration of d' did not presented any (d-d)
transitions. Instead the absorption bands observed were due to
charge transfer transitions which suffered from blue shift with
hyper chromic effect (Shayma et al., 2009). Coordination of the
free ligand to Zn(ll) and Cd(ll) ions, is supported by the
appearance of three main bands. Both 1 —n* and n—=n* transition
bands experience bathochromic shift and appear at the shorter
wavelength of 220-250 nm and 280-370 nm respectively
(Mohamed et al., 2009). The exhibition of the new bands at the
region between 300-630 nm can be associated with the (LMCT)
charge transfer in the spectra of metal complexes supported the
formation of the Zinc(1l) and Cadmium(ll) complexes (Yusnita et
al., 2009; Gwaram et al., 2012). All these absorptions for the free
ligands and their corresponding metal complexes have been fully
assigned. The chemical shift in the region 8.70-7.80 ppm, were
observed for zinc and tin complexes respectively and they were
assigned to the aromatic ring protons (Ceyhan et al., 2011). The
other single peaks appeared in the region 2.60 ppm-2.90ppm
respectively were attributed to 8(CHz) indicating the methyl on the
carbonyl group in the complexes (Ceyhan et al., 2011). In the °C
NMR spectra of the metal complexes, the signal at region of
165.00 ppm-170.00 can be assigned to the azomethine (C=N)
carbon atoms for complexes (Gwaram et al., 2012). Aromatic ring
carbon atoms of the ligands were determined in the region of
120.00-160.00 ppm (Gwaram et al., 2012).

X-ray crystallography

The compound crystallizes with two molecules per
asymmetric unit into triclinic crystal system a = 9.70890(10) A,
b= 10.16870(10) A, c¢= 15.8397(2) A, a= 76.3130(10)°, =
82.1760(10)°, y = 77.0200(10)° with a space group of P-1. It is
clear that the two molecules in the asymmetric unit are almost
identical. The asymmetric unit consists of two geometrically
slightly different molecules; the weighted r.m.s. fit for the
superposition of the non-H atoms in both molecules (after
inversion) being 0.078 A. The zinc(ll) ion in Zn(L1)Br; is penta-
coordinated by the N,N',N"-tridentate Schiff base ligand and two
Br atoms in a distorted square-pyramidal geometry. The molecular
structure with atom-numbering scheme is shown in figure 3, the t
value being 0.17 which is in accordance with (Addison et al.,.
1984). The crystal parameters are reported in table 2 and selected
bond lengths and angles are given in table 3 and table 4
respectively. This arrangement is similar to what was observed in
the structure of the closest analogous zinc complex (Gwaram et
al., 2011). In the crystal, pairs of the molecules, related by
symmetry 1+ X, y, z, are bonded into centrosymmetric dimers via
C7-H20B---Br, interaction figure 4. The Zn-Br and Zn—N bond
lengths (Zn2-Brl = 2.4356(5), Zn1-Br2 = 2.4152(6), Zn2-Br3
2.4187, Znl1-Br4 = 2.4201 and Zn2-N1 = 2.183(3), Zn2-N2
2.112(3), Zn2-N3 = 2.223(3), Zn1-N4 = 2.201(3), Zn1-N5
2.106(3), Zn1-N6 = 2.217) are comparable to those reported for
similar complexes (Gwaram et al., 2011).
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Table. 1: Electronic spectra and magnetic properties of complexes.
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Parameters
Compound Amax Absorb. emac (LMol em™) Assignment Uett (B.M)
L1 487 0.058 116.00 n— m* -
272 2.501 5182.00 *A10— “Ei0)
[Mn(L1)Cl,] 603 0.065 130.00 A0 — ‘Ta06) 5.34
813 0.094 188.00 SAGE — ‘Tige
270 2.061 4042.00 *Aoiry — “T10m
[Ni(LL)(NCS):H,0] 364 0.900 1800.00 zAzgm - legm 2.98
807 0.109 218.00 Acle) — T2
281 2.696 5392.00 CT.M->L 1.89
[Cu(LT)(NCS)] 643 0.125 250.00 Epqm) — *Bigny
[Zn(L1)CL] 284 3675 7350.00 CT.M>L zero
603 0.084 168.00 CT.M->L
280 2.285 4570.00 n— T* Zero
[Zn(L1)(NCS)2] 606 0.064 128.00 CT.M—>L
[Cd(L1)CL,] 279 0.285 570.00 CT.M—L Zero
407 0.089 178.00 CT.M->L
280 2.767 5534.00 n— T* -
[CA(L1)(NCS).] 467 0.055 110.00 CT.MoL
L2 272 3.612 7224.00 n— T* Zero
364 1.823 3646.00 n—m*
290 2.285 4570.00 CT.M—->L
[Mn(L2)Br] 606 0.064 128.00 A1 —*E(p) 6.40
5610750 1500.00 A 510
. : 1— E(D) .
[Mn(L2)C] 601 0.124 248.00 SAI—*Tom)
279 0.241 482.00 n— m* Zero
[Zn(L2)Br] 307 1.068 2138 CT.M oL
277 2.672 5344.00 n— m* Zero
[Zn(L2)Cl] 626 0.114 228.00 CT.MoL
Table. 2: Crystal data and structure refinement for Zn(L1)Br;
Identification code a
Empirical formula C1:H17Br2NsZn
Formula weight 416.47
Temperature/K 569(2)
Crystal system triclinic
Space group P-1
alA 9.70890(10)
b/A 10.16870(10)
c/A 15.8397(2)
o/° 76.3130(10)
B/° 82.1760(10)
v/° 77.0200(10)
Volume/A? 1474.88(3)
z 4
Peaicmg/mm? 1.876
m/mm’* 7.067
F(000) 816.0
Crystal size/mm?® 04%x02x0.1
20 range for data collection 2.66 to 50.5°
Index ranges -11<h<11,-11<k<12,-19<1<19
Reflections collected 11871
Independent reflections 5314[R(int) = 0.0269]
Data/restraints/parameters 5314/0/308
Goodness-of-fit on F? 0.994
Final R indexes [I>=2c (I)] R:=0.0270, wR, = 0.0674
Final R indexes [all data] R; =0.0350, wR, = 0.0714
Largest diff. peak/hole / e A 1.12/-0.64
Table. 3: Bond Lengths for Zn(L1)Br,
Table 2: Bond Lengths for Zn(L1)Br,
Atom Atom Length/A Zn2 Brl 2.4356(5) Zn2
Znl Br2 2.4152(6) zZn2 Br3 2.4187(6) zZn2
Znl Br4 2.4201(6) zZn2 N1 2.183(3) zZn2
Znl N4 2.201(3) zZn2 N2 2.112(3) zZn2
Znl N5 2.106(3) zZn2 N3 2.223(3) zZn2
Znl N6 2.217(3) zZn2 Brl 2.4356(5) zZn2
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Table. 4: Selected Bond lengths for Zn(L1)Br,

Table 3: Selected Bond lengths for Zn(L1)Br;

Br2 Znl Br4 113.98(2) N3 Zn2 Brl 102.10(8) N3 Zn2
N4 Znl Br2 98.56(8) N3 Zn2 Br3 97.06(8) N3 Zn2
N4 Znl Br4 94.57(8) C1 N1 Zn2 114.6(2) C1 N1
N4 Znl N6 150.60(12) C5 N1 Zn2 126.2(2) C5 N1
N5 Znl Br2 109.33(9) C5 N1 C1 119.1(3) C5 N1
N5 Znl Br4 136.43(9) C6 N2 Zn2 119.9(3) C6 N2
N5 Znl N4 74.27(11) C6 N2 C8 122.9(3) C6 N2
N5 Znl N6 78.20(12) C8 N2 Zn2 116.7(2) C8 N2
N6 Znl Br2 100.09(8) C9 N3 Zn2 104.6(2) C9 N3
N6 Znl Br4 98.33(9) C9 N3 C10 110.8(3) C9 N3
Br3 Zn2 Brl 111.98(2) C9 N3 Cl1 109.9(3) C9 N3
N1 Zn2 Brl 97.39(8) C10 N3 Zn2 111.4(2) C10 N3
N1 Zn2 Br3 95.85(8) C10 N3 Cl1 109.2(3) C10 N3
N1 Zn2 N3 150.54(11) Cl1 N3 Zn2 110.9(2) Cl1 N3
N2 Zn2 Brl 111.45(8) C12 N4 Znl 114.8(2) C12 N4
N2 Zn2 Br3 136.38(8) C16 N4 Znl 126.1(3) C16 N4
N2 Zn2 N1 74.76(11) N2 Zn2 N3 77.63(11) N2

Fig. 4: Packing structure along a-axis of Zn(L1)Br,
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MTT assay

MTT assay was used to determine the metal complexes
cytotoxicity against human breast cancer cells MCF-7. This assay
served as an index used to determine cytotoxicity of the metal
complex to stimulate or inhibit cell viability and growth by
detecting the reduction of tetrazolium salt to blue formazan by
mitochondrial enzyme activity of succinate dehydrogenase in
living cells. MCF-7 cells were treated with varying concentrations
of the complexes for 48 h, and the cells viabilities were measured
by MTT assay. The metal complexes were found to have showed a
very weak activity on MCF-7 breast cancer cell line table 5, as
compared to the current anticancer drugs.

Antibacterial activity

A series of Schiff-bases compounds were synthesized
and screened for potential antibacterial activity against the
emerging multi-drug resistance nosocomial bacterial pathogens in
hospital settings, namely, MRSA, A. baumanii, K. pneumonia and
P. aeroginosa. In the first level antibacterial screening with disc
diffusion assay, all compounds under study were tested against
eight clinical strains, with two from each bacterial species.
Inhibition zones were observed in metal-bonded Schiff base
compounds. However, no inhibition zone was observed in any of
the compounds tested against K. pneumonia.

All of the copper (1) and nickel(ll) metal-bonded Schiff-
base compounds were moderately inhibitive against MRSA, while
showed weak antibacterial activity against A. baumanii and P.
aeroginosa in the disc diffusion test table 6. The compounds were
then analyzed further for the MIC value using broth micro-dilution
assay. The result from broth micro-dilution assay was in total
analogue to the disk diffusion screening. The test showed that, all
of the copper and Nickel compounds were active against MRSA,
with MIC value ranged from 2.0 to 3.4 pg/mL table 6. Both A.
baumanii and P. aeroginosa were resistant to the tested
compounds. Therefore, it was concluded that compounds were
inhibitive only against the gram positive bacterium, MRSA. A
comparative study of minimum inhibitory concentration (MIC)
values of the Schiff base L and the two complexes indicate that the
zinc complexes have better activity than the free Schiff base
ligand. This higher antimicrobial activity of the metal complexes,
compared with that of Schiff base ligands, is perhaps due to the
change in structure as a result of coordination, and chelating tends
to make metal complexes act more powerful and potent
bacteriostatic agents, thus inhibiting the growth of the
microorganisms (Zahid et al., 2006; Chohan et al., 2003). On
chelating, the polarity of the metal atoms will be reduced to a
greater extent due to the overlap of the ligand orbital and partial
sharing of positive charge of the metal atoms with donor atoms.

Table. 5: ECs values in pg/ml of the tested compounds on WRL68 and MCF-7 cell lines.

Cpd. EC50 pg/ml Cpd. EC50 ug/ml
WRL68 MCF-7 WRL68 MCF-7

1 L1 n.d. n.d. 11 L2 n.d. n.d.

2 Cu(L1)Cl, >100 >100 12 Cu(L2)Cl >100 >100
3 Cu(L1)Br; >100 >100 13 Cu(L2)Br >100 >100
4 Cu(L1)(Ns) 65.5 53.37 14 Zn(L2)Br >100 >100
5 Ni(L1)(SCN),(H,0) >100 >100 15 Zn(L2)CI >100 >100
6 Mn(L1)Cl, 59.81 87.93 16 Ni(L2)CI >100 >100
7 Mn(L1)(SCN),(H,0) >100 >100 17 Ni(L2)Br >100 >100
8 Zn(L1)12 >100 >100 18 Mn(L2)CI 45.06 61.53
9 Zn(L1)Br, 23.94 >100 19 Mn(L2)Br 57.01 >100
10 Cisplatin - 2.50 20 Zn(L2)I >100 >100

Table. 6: The Summary of antimicrobial activity of the synthesis compound for 2 selected strains of Methicillin-resistant Staphylococcus aureus (MRSA,

Acinetobacter baumannii (AC), pneumonia (KB) and Pseudomonas aeruginosa (PA).

Compound MRSA 0804-25 MRSA 0807-7 AC 0612-7 AC 0903-21 KB 71 KB 83 PA 45 PA 104
Zone of inhibition in mm (MIC in ua/ml)

L1 0 0 0 0 0 0 0
Cu(L1)CI2 0 0 0 0 0 0 0 0
Ni(L1)(NCS), 20 (2.2) 18 (2.0) 10 (>90.0) 10 (>90.0) 0 0 8 (>90.0) 8 (>90.0)
Mn(L1)CI2 0 0 0 0 0 0 0 0
Cu(L1)Br2 19 (2.6) 17 (2.8) 7 (>90.0) 7 (>90.0) 0 0 8 (>90.0) 8 (>90.0)
Cu(L1)N3 17 (3.0) 16 (3.0) 9 (>90.0) 8 (>90.0) 0 0 10 10
Zn(L1)I2 0 0 0 0 0 0 0 0
Zn(L1)Br2 0 0 0 0 0 0 0 0
Mn(L1)(NCS), 0 0 0 0 0 0 0 0

L2 0 0 0 0 0 0 0 0
Cu(L2)Cl 16 (3.2) 12 (3.4) 0 0 0 0 0 0
Cu(L2)Br 18 (3.0) 15 (3.0) 9 (>90.0) 8 (>90.0) 0 0 17 (6.0) 19 (4.0)
Zn(L2)Br 0 0 0 0 0 0 0 0
Zn(L2)ClI 0 0 0 0 0 0 0 0
Ni(L2)CI 19 (2.6) 17 (2.6) 9 (>90.0) 8 (>90.0) 0 0 10 (>90.0) 9 (>90.0)
Ni(L2)Br 21(2.2) 20 (2.8) 10 9 0 0 9 (>90.0) 9 (>90.0)
Mn(L2)CI 0 0 0 0 0 0 0 0
Mn(L2)Br 0 0 0 0 0 0 0 0

Control (DMSO) 0 0 0 0 0 0 0 0
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Further, it increases the delocalization of p-electrons over
the whole chelate ring and enhances the lipophilicity of the
complexes. This increased lipophilicity enhances the penetration
of the complexes into lipid membrane and blocks the metal
binding sites on enzymes of micro-organisms.

CONCLUSION

In this paper we presented synthesis, characterization and
cytotoxicity mediated by synthesized metal complexes on MCF-7
cells. The Schiff-based complexes showed a moderate inhibitive
activity only against the Gram positive bacterium (Methicillin-
resistant Staphylococcus aureus). Very weak antimicrobial
activity was observed with Acinetobacter baumannii and
Pseudomonas aeruginosa. No antimicrobial activity observed with
Klebsiella pneumonia. Further study on time-kill assay is needed
to confirm if the compound are bactericidal. In advanced, the study
of mechanism of action (MOA) of the compound is suggested to
further expand the knowledge on its target organism and
application.
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