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Abstract

One new tridentate N-coordinate ligand N’-Phenyl-N"-(phenyl(pyridin-2-
yl)methylene)ethane-1,2-diamine (L1) has been synthesized and characterized. The tridentate
Nz-coordinate ligand L1 has been used in the synthesis of a series of three mononuclear
complexes [M(L1)ClIz] [M = Cu(ll), Co(ll), and Zn(I1)] and one polynuclear Cd(Il) complex
[Cd(L1)CI2]n and these complexes were characterized by spectroscopic techniques. The
structure of all the complexes have been solved by single crystal X-ray diffraction studies and
the data reveals that all mononuclear complexes have distorted square pyramidal geometry and
polynuclear Cd(11) complex have distorted octahedral geometry. The antimicrobial activity of
all complexes were investigated against Gram positive (Bacillus subtilis, Staphylococcus
aureus) and Gram negative (Escherichia coli, Proteus vulgaris) bacteria by disk diffusion
method. All the compounds demonstrated significant antimicrobial activity while [Cd(L1)Cl:]»

exhibited the best antibacterial activity among all the synthesized complexes.
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2(A).1. Introduction

The coordination chemistry of transition metal complexes using Schiff base ligands
have been an interesting area of research in inorganic chemistry. This is because of the fact that
the transition metal complexes with Schiff bases have wide applications in many scientific
areas such as biological activities, polymer, pharmacy etc [1-5]. The Schiff bases have been
used as versatile chelating ligands because they form stable complexes with most of the
transition metal ions and they have significant importance in coordination chemistry. The
transition metal ions are most important for this as they can adopt different oxidation states and
geometries. Schiff base ligands with more than two coordination sites are of particular interest
as they not only form stable complexes but also form complexes with different geometries due
to the presence of different donating atoms which are important for the catalytic and magnetic
properties of the complexes. There are many reports on the transition metal complexes with
Schiff base ligands using more than two donor atoms [6-27]. As our interest is to study the
coordination properties and biological activities of transition metal complexes using Schiff
base ligands, we have synthesized one new tridentate Ns-donor Schiff base ligand and its
multinuclear complexes.

In the present work, we report on the synthesis and characterization with structure of
Nz-donor Schiff base ligand N’-Phenyl-N"'-(phenyl(pyridin-2-yl)methylene)ethane-1,2-
diamine (L1) and its mononuclear complexes [M(L1)CI2] [M = Cu(ll), Co(ll) and Zn(I1)] and
polymeric complex [Cd(L1)Cl:]n. The complexes were investigated for their antimicrobial

potential.

2(A).2. Experimental
2(A).2.1. Materials

The chemicals and solvents were analytical grade and purchased from commercial
sources. N-phenylethene-1,2-diamine, 2-benzoylpyridine (Aldrich), CuCl2.2H.O (Loba,
India), CoCl,.6H.0, ZnCl,. and CdCl, (Sisco chem, India) were reagent grade and used as
received.
2(A).2.2. Synthesis of Ligand (L1)

Synthesis of N’-Phenyl-N"-(phenyl(pyridin-2-yl)methylene)ethane-1,2-diamine(L1)
To the solution of N-phenylethene-1,2-diamine (1.361 g, 10 mmol) in ethanol (30 mL),
a solution of 2-benzoyl pyridine (1.832 g, 10 mmol) in the same solvent (15 mL) was added
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dropwise with stirring. The reaction mixture was then refluxed for 8 h. The solution was
concentrated on a vacuum rotary evaporator and the light-yellow coloured solid product was
isolated by filtration and recrystallized in hot ethanol.

Yield. 2.55g (80%). Found C = 79.51, H = 6.23, N = 13.57%, Elemental analysis calc. for
Ca0H19N3: C =79.65, H = 6.30, N = 13.94 %. IR (KBr, pellet, cm™): v(N-H), 3295 s; v(C=N),
1605 s; v (C=C)+ v (C=N)py, 1582 w; v (C=C)ph, 1534 w. *H NMR (400 MHz, CDCls, 20°C
d ppm); 3.45 (s, 2H, N-CH>-CH: of ethylene), 3.66 (d, 2H, J = 8Hz, N-CH>-CH> of ethylene),
6.72 (s, 1H, Ph/ring ), 6.65(d, 2H, J = 8 Hz, Ph/ring), 7.23 — 7.58 (m, 7H, Ph/ring), 7.60(s, 1H,
Py/ring), 7.61(s, 1H, Py/ring), 7.77(s, 1H, Py/ring), 8.64 (s, 1H, N-CH Py/ring).

2(A).2.3. Syntheses of Complexes
2(A).2.3.1. [Cu(L1)Cl2] (1)

To a stirring methanol solution (10 mL) of CuCl2.2H20 (0.042 g, 0.25 mmol), the Schiff base
ligand L1 (0.075 g, 0.25 mmol) in methanol (10 mL) was added drop by drop and the colour
changed immediately from light green to dark green. This mixture was stirred for 3 h at room
temperature, filtered and green coloured crystals were obtained after slow evaporation of the
solvent.

Yield. 0.087 g (80%). Found C = 55.36, H = 4.22, N = 9.46%. Elemental analysis calc. for
C20H19N3Cl2Cu: C = 55.06, H = 4.35, N = 9.63%. IR (KBr, pellet, cm™): v(N-H), 3380s;
v(C=N), 1633s; v(C=C)+ v(C=N)Py, 1597m; v(C=C)Ph, 1492m; v(M-N), 463W. Amax/NM (Emax
/moltcm™). 628(312), 399(2326), 302(6439). Am (Q'cm?mol 1) = 10. perr = 1.80 BM.

2(A).2.3.2. [Co(L1)Cl2] (2)

The complex was prepared by following the same method as that of complex 1 except CoCl.
salt was added instead of CuCl; salt. Dark Purple coloured crystals were obtained after slow
evaporation of the solution.

Yield. 0.080 g (72%). Found C = 55.66, H = 4.15, N = 9.63%. Elemental analysis calc. for
C20H19N3Cl2Co: C = 55.65, H = 4.40, N = 9.74%. IR (KBr, pellet, cm™): v(N-H), 3223s;
v(C=N), 1633s; (C=C)+ v(C=N)py, 1594w; v(C=C)Ph, 1492w; v(M-N), 453W. Amax/nm
(emax/mol™ cm™). 796(72), 507(105), 350 (8177), 271(8787). Am (Q*cm?mol ) = 15. pes =
3.87 BM.
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2(A).2.3.3. [Zn(L1)Cl2] (3)

The complex was prepared by following the same method as that of Cu (1) complex except
ZnCl> salt was added instead of CuCl» salt. Light yellow coloured crystals were obtained after
slow evaporation of the solution.

Yield. 0.085 g (78%). Found C = 54.87, H = 4.25, N = 9.52%. Elemental analysis calc. for
C20H19N3CloZn: C = 54.83, H = 4.34, N = 9.59 %. IR (KBr, pellet, cm™): v (N-H), 3233s;
v(C=N), 1633m; v(C=C)+ v(C=N)py, 1597m; v(C=C)Ph, 1494 m; v(M-N), 453w. Amax/NM
(emax/mol™ cm™). 360(1205), 274(4429), 219(5192). Am (Q'cm?mol 1) = 12.

2(A).2.3.4. [CA(L1)ClI2]n (4)

The complex was prepared by following the same method as that of complex 1 except CdCl;
salt was added instead of CuCl: salt. Colorless crystals were obtained after slow evaporation
of the solution.

Yield. 0.082 g (68%). Found C =49.36, H = 3.86, N = 8.75%. Elemental analysis calc. for
C20H19N3Cl2Cd: C = 49.51, H = 3.92, N = 8.66%. IR (KBr, pellet, cm™): v (N-H) 3373 s;
v(C=N), 1630 s; v(C=C)+ v(C=N)py, 1597 m; v(C=C)Ph, 1498m; v(M-N), 438w. Amax/nMm
(emax/molt cm™). 399(1036), 354(2767), 278 (11668), 234 (15192). Am (tcm?mol 1) = 15.

2(A).2.4. Physical Measurements

The FT-IR spectrum were recorded on a Bruker Alpha spectrometer using KBr pellets.
The micro analyses (C, H and N) were carried out using a Thermo finnigan Flash EA 1112
series elemental analyzer. UV-Vis spectra (850 - 190 nm) of the ligand and complexes were
recorded on a JASCO V630 in CH3CN solution (1 x 10 M). X-band EPR measurements were
performed on a JES-FA200 EPR spectrometer in liquid nitrogen temperature (77 K). Solution
conductivity were measured in acetonitrile solution using Equip-Tronics conductivity meter
(model no. EQ660 A). Room temperature magnetic susceptibilities of powder samples were

measured using Guoy balance.

2(A).2.5. Antimicrobial activity assay

The antimicrobial activity of the compounds was tested against Gram positive (Bacillus
subtilis, Streptococcus aureus) and Gram negative (Escherichia Coli, Proteus Vulgaris)
bacteria by using disk diffusion method. Various concentrations of the ligand and the

complexes were prepared in DMSO. The overnight grown bacterial cultures were spread on 4
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mm thick Luria Bertani (LB) agar plates. DMSO and chloramphenicol at various concentration
were used as a negative control and positive control, respectively. Then Whatman filter paper
disks of 5 mm impregnated in the test samples or the controls were placed on the LB agar
surface. The assay was performed in duplicates. The plates were then incubated at 37°C for 24
h. The plates were checked for appearance of zones of inhibition after incubation. The lowest
concentration of the test sample which prevented visible growth of microorganism, which thus

resulted in the formation of zone was considered as MIC of that sample.

2(A).3. X-ray Crystallography

The X-ray single crystal data of ligand and compounds 1, 2, 3 and 4 were collected on
Oxford X-CALIBUR-S diffractometer equipped with CCD detector. The details of
crystallographic data collection and some important features of the structure refinements of the
complexes are given in Table 2(A).1. Data were collected with Mo-Ka radiation (A= 0.71073
A) at 293 K for all the compounds. The data interpretations were processed with CrysAlisPro,
Agilent Technologies, Version 1.171.35.19 [28]. Absorption corrections were applied based
on multi-scan method [29]. The structures were solved by direct methods and refined by the
full-matrix least-square method based on F? technique using SHELXL-97 program package
[30]. All calculations were carried out using WinGX system Ver-1.64 crystallographic software
[31]. All non-hydrogen atoms were refined anisotropically. The positions of the hydrogen
atoms were calculated from the difference Fourier map, placed in the calculated positions and
constrained to ride on their parent atoms. ORTEP3 windows program were used for generating
for molecular graphics [32].

2(A).4. Results and discussion
2(A).4.1. Syntheses

The Schiff base ligand N’-Phenyl-N""-(phenyl(pyridin-2-yl)methylene)ethane-1,2-
diamine (L1) was synthesized as a light-yellow solid by the condensation of 2-benzoylpyridine
and N-Phenyl-ethylenediamine in ethanol [Scheme 2(A).1]. The ligand was characterized by
H NMR, FT-IR and structure determination by single crystal X-ray diffraction studies [Fig.
2(A).10]. The ligand is tridentate with Ns- coordination sites. The mononuclear complexes
[M(L1)CI2] [M = Cu(ll), Co(ll) and Zn(11)] and the polymeric complex [Cd(L1)Cl2]» were
obtained with good yield (>65%) upon one-pot synthesis of 1:1 mole ratio of metal chloride

salts and tridentate Schiff base ligand L1 in ethanol at room temperature [Scheme 2(A).2]and
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Table 2(A).1. Crystallographic data for ligand and Complexes.

Ligand (L1) [Cu(L1)ClI,] [Co(L1)ClI2] [Zn(L1)ClI2] [Cd(L1)Cl:]n
Empirical formula CooH19N3 C20H19N3Cl,Cu C20H19N3Cl2Co C20H19N3Cl2Zn C20H19N3Cl,Cd
Formula weight 301.39 435.82 431.21 437.65 484.68
Temperature(K) 293(2) 293(2) 293(2) 293(2) 293(2)
Crystal system Monoclinic Monoclinic Monoclinic Monoclinic Triclinic
Space group P2i/c P2i/n P2i/n P2i/n P-1
a(A) 11.0684(16) 7.6731(5) 7.8332(6) 7.8332(6) 6.9712(10)
b(A) 7.4680(10) 16.6429(10) 16.6979(11) 16.6979(11) 9.9514(8)
c(A) 20.378(3) 14.8484(9) 14.9982(10) 14.9982(10) 15.3955(16)
a(®) 90 90 90 90 92.713(7)
B(°) 105.284(14) 95.746(6) 94.228(6) 94.228(6) 92.760(10)
v(®) 90 90 90 90 106.968(10)
Volume(A3) 1624.9(4) 1886.7(2) 1956.4(2) 1956.4(2) 1018.3(2)
Z 4 4 4 4 2
Peaic(g/cm?®) 1.2320 1.534 1.464 1.486 1.581
w(mm?t) 0.074 1.449 1.159 1.537 1.343
F(000) 640.2 892.0 884.0 896.0 484.0
Crystal size(mm?) 0.6x0.4x0.2 0.3x0.2x0.2 0.3x0.2x0.2 0.3x0.2x0.2 0.3x0.2x0.2
Radiation(A) ]\/([)07?37(;): Mo Ka (A =0.71073) Mo Ka (A=0.71073) Mo Ka (A=10.71073) MoKa (A=10.71073)
20 range for data collection(®) 6.66 to 58.38 6.03 to 58.49 6.53 t0 58.31 6.53 t0 58.31 6.124 to 58.506
-15<h<13,-10<k -10<h<10,-22<k< -10<h<10,-22<k< -10<h<10,-22<k< -9<h<9,-13<k<13,
Index ranges
<9,-27<1<27 21,-20<1<19 21,-20<1<19 21,-20<1<19 -20<1<20
Reflections collected 9839 21399 21699 21699 21254
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Independent reflections

Data/restraints/parameters
Goodness-of-fit on F?

Final R indexes [1>26 (I)]

Final R indexes [all data]

Largest diff. peak/hole (eA)
CCDC

3769 [Rin = 0.0343,
Rsigna = 0.0505]
3769/0/208
1.052
R; = 0.0532, WR; =
0.1090
R; = 0.1035, WR; =
0.1362
0.36/-0.28
1960451

4549 [Rin = 0.0873,
Rsigma = 0.0878]
4549/0/239
1.051
R: = 0.0612, WR; =
0.0884
R: = 0.1058, WR; =
0.1007
0.43/-0.41
1982792

4692 [Rin = 0.0671,
Rsigma = 0.0641]
4692/0/239
1.046
R; = 0.0565, WR, =
0.1220
R: = 0.0934, WR, =
0.1406
0.62/-0.56
2044943

4692 [Rint = 0.0671,
Rsigma = 0.0641]
4692/0/239
0.991
R; = 0.0485, wR; =
0.0792
R; = 0.0847, WR; =
0.0922
0.31/-0.31
1982791

4865 [Rine = 0.1332,
Rsigma = 0.1277]
4865/0/235
0.999
R; = 0.0663, WR; =
0.1512
R; = 0.1353, WR; =
0.1950
1.54/-1.10
1982790
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rN —
NH NH2 Ethanol NH N
| y
O/ = Reﬂux 6hr N \

N-Phenylethylenediamine  2-benzoylpyridine N-(2-((phenyl(pyridin-2-

yl)methylene)amino)ethyl)aniline
(L1)

Scheme 2(A).1. Synthesis of ligand (L1)

characterized by elemental analysis, UV-Vis, FT-IR and single crystal X-ray diffraction
studies. The ligand L1 is tridentate and has utilized it’s all three nitrogen donor atoms for
coordination with metal ions in the mononuclear complexes but in case of polymeric
cadmium(Il) complex, the tridentate ligand L1 has utilized only two nitrogen donor atoms for
coordination. The coordination of ligand L1 in the metal centres were confirmed by FT-IR and
single crystal X-ray diffraction studies. Mononuclear complexes are five coordinated with
distorted square pyramidal geometry but the polynuclear Cd(l11) complex has six coordination
and the geometry around Cd centre is distorted octahedral. Molar conductivity measurements
in CH3CN shows all the complexes are non-electrolyte and there was no change in conductivity
even after 3h indicating no dissociation of the complexes in solution. The compounds are
soluble in all common organic solvents like acetonitrile, methanol, ethanol, acetone,

dichloromethane etc.

MCL,.XH,0
— > [M(L1)CL]
2-3 hr
CdCl1
N2 N 2 > [CA(L1)CL,],
L1 — where, M = Cu, Co, Zn.

Where, X =6 for Co(ll) and 2 for Cu(ll)

Scheme 2(A).2. Syntheses of complexes
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2(A).4.2. Spectral Data
2(A).4.2.1. *H NMR spectral Data

The ' H NMR spectrum of ligand L1 shows one singlet and one doublet appeared in the
region at 3.45 and 3.66 ppm confirms the presence of -CH>—CH.— group of ethylenediamine
moiety. The aromatic protons of phenyl ring appear at 6.65 -7.77 ppm as multiplet. One singlet

appeared in the region at 8.64 ppm confirms the presence of proton of pyridine ring.
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Figure. 2(A).1. *H NMR spectrum of Ligand (L1)

2(A).4.2.2. Mass spectral data

Mass spectrum of the synthesized Schiff base ligand (L1) confirmed the proposed
formula by detecting the following peaks. The observed peak at m/z 301 (CsoH3oN3), represents
the molecular ion peak of the Schiff base with 100% abundance. The other molecular ion peaks
(m/z 77, 106 and 195) appeared in the mass spectra are attributed to the fragmentation of
molecule obtained from the rupture of different bonds inside the molecule. From the data we
concluded that the molecular weight was in good agreement with the calculated molecular
weight of the investigated ligand L1.
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Figure. 2(A).2. Mass spectrum of Ligand (L1)

10

2(A).4.2.3. IR spectral data

IR spectrum of ligand exhibited several strong bands. Among these one strong band
exhibited at 3295 cm™* due to v(N-H), one sharp band at 1605 cm™ due to v(C=N), one strong
band at 1582 cm™ due to v(C=C)+ v(C=N) of the pyridine ring and at 1534 cm™ due to v(C=C)
of the benzene ring [15]

The IR spectrum of the complexes were assigned in comparison to the spectrum of the
Schiff base ligand L1. In all the complexes, one sharp band exhibited at ~3213 cm™ due to
v(NH) and another strong absorption bands exhibited at ~1641 cm™ due to v(C=N) group.
These two absorption bands are also present in the ligand but shifted to lower wave numbers
which may be attributed to the coordination of the ligand with the metal centres. The IR
spectrum of Cd (I1) complex exhibited a broad band at 3211 cm™ due to free v(N—H) vibrations
[33].
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Figure. 2(A).4. IR spectrum of [Cu(L1)ClI;]
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Figure. 2(A).5. IR spectrum of [Co(L1)Cl;]
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Figure. 2(A).7. IR spectrum of [Cd(L1)Cl:]n

2(A).4.2.4. Electronic spectral data

The UV-Vis spectra of complexes [M(L1)Cl2] were recorded in the range of 190 — 850
nm in (1 x 103 M) CH3CN. The high intensity bands appeared at less than 400 nm are due to
intra ligand n- 7t / 1t - r* transition. In the visible region, a broad absorption band was observed
at ~628 nm due to dxy,dyz — dx’—y? transition for copper (1) complex. This type of spectral
feature is typical for Cu(ll) complexes with square pyramidal geometry. Generally, trigonal
bipyramidal Cu(ll) complexes show two spectral bands in the region of < 750 nm (due to dxy, dy-
— d,%) and at > 800 nm (due to dxy, dx*-y% — d.?) transition [34]. Absence of spectral band in the
two regions and presence of one band at 628 nm in the copper compound also support the
geometry around copper(ll) center is distorted square pyramidal [35]. For Co(ll) complex, two
broad absorption bands observed at 706 and 501 nm and these were due to d-d transition or
ligand field transition. This type of transitions is generally observed for high spin cobalt (1)

complexes [35].
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Figure 2(A).8 Electronic spectra of ligand(L1) and complexes in CHsCN (1073 M).

2(A).4.2.5. Magnetic studies

The room temperature magnetic susceptibility measurement of the complexes show pieft

value for complex 1 is 1.80 BM indicating one electron paramagnetism, whereas pess value for

complex 2 is 3.84 BM indicating three electrons paramagnetism.

2(A).4.2.6. EPR spectra

The X-band EPR spectrum of Cu (1I) complex in the frozen solution (77 K) in DMSO
shows four-line splitting with gu = 2.229 and g. = 2.021 indicating the interaction of the

unpaired electron with nuclear spin of the copper(I1) nucleus (53 Cu; I = 3/2).

200 250

T

300

H/G

350

Figure 2(A).9 X-Band EPR spectrum of Cu(ll) complex in DMSO at 77 K
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2(A).4.3. Descriptions of Crystal Structures
2(A).4.3.1. Crystal structure of the ligand (L1)

ORTEP diagrams with atom numbering schemes of the ligand L1 is shown in [Fig.
2(A).10]. The ligand has crystallized in the monoclinic system with P2;/c space group. The
Schiff base ligand L1 has three nitrogen N1, N2 and N3 coordination sites. In the molecule, H
atom of H-N (1) has H-bonded with N3 of pyridine [Fig. 2(A).10(b)].

(@) (b)
Figure 2(A).10. (a). ORTEP diagram of the ligand L1 (40% probability factor for the thermal
ellipsoids). (b). H-bonding in the ligand L1.

2(A).4.3.2. Crystal structures of the [M(L1)CI2] [M = Cu(ll), Co(ll) and Zn(I1)].

The molecular structures with atom numbering scheme of the complexes 1-3 are shown
in Figs. 2(A).11-13 and selected bond lengths and bond angles of the complexes are given in
Table 2(A).2 and Table 2(A).3. All the complexes are isotype and crystallized in the monoclinic
system with P21/n space group. The ligand L1 is neutral and acts as tridentate in the complexes,
utilizing its all three nitrogen atoms N1, N2 and N3 for coordination with the metal centres.
All the metal centers have five coordination and the coordination environment around the metal
centres is MN3Cl2 and bonded with N1, N2 and N3 of the ligand L1 and two chloride atoms
CI1 and Cl2. Equatorial and axial bond angles of the complexes show that the coordination
geometry around the metal centres are described as distorted square pyramidal geometry [t=
0.15 to 0.3]. In the complexes, the equatorial positions are occupied by three nitrogen atoms
N1, N2, N3 of the ligand L1 and one chlorine atom CI1 and the axial position is occupied by
CI2 atom. The equatorial bond distances are in the range of 1.198 to 2.259 A and the axial bond
distances are in the range 2.250-2.406 A. The M-N bond distances are in the range of 1.989-

2(A)- 15



Chapter-2(A)

2.314 A and the M-Cl bond distances are in the range of 2.250 — 2.406 A. The M-NH distances
in the three complexes are not equal and much longer than M-N bond distances. Unequal bond
lengths produce distortion in the molecules.

In all three complexes, one molecule is connected with nearest molecule through short
intermolecular interaction between the Cl-atom of one molecule and H-atom of nearest benzene
ring of another molecule along b-axis [Table 2(A).4].

(b)

Figure 2(A).11. (a) ORTEP diagram of the Cu (1) complex with atom numbering scheme
(40% probability factor for the thermal ellipsoids). Hydrogen are omitted for clarity.
(b) 1D network of complex 1 through intermolecular interaction.
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(b)

Figure 2(A).12. (a) ORTEP diagram of the Co (I1) complex (40% probability factor for the
thermal ellipsoids). H-atoms are omitted for clarity. (b) 1D network of Co (Il) complex

through intermolecular interaction.
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(b)

Figure 2(A).13. (a) ORTEP diagram of the Zn (1) complex (40% probability factor for the
thermal ellipsoids). Hydrogen atoms are omitted for clarity.

(b) 1D network of Zn (1) complex through intermolecular interaction.

2(A).4.3.3. Crystal structure of [Cd(L1)ClI2]n

The ORTEP diagrams of Cd (I1) complex is shown in Fig. 2(A).14. The Cd (I1) complex
crystallizes in triclinic crystal system with space group P-1. The asymmetric unit of Cd(ll)
complex [Fig.2(A).14(a)] consists of one cadmium(ll) ion, two nitrogen atoms of the Schiff
base ligand and four Cl atoms. This structure consists of polymeric chain of Cd atoms and two
Cd centres are bonded by two bridging chloride ions as Cd-(Cl)2-Cd chain and produce four
membered ring. Each Cd centres has CdCIsN2 coordination environment with octahedral
geometry and surrounded by two nitrogen atoms N2 and N3 of the Schiff base ligand L1 and
four bridging Cl atoms. Two Cd-N bond distances of the ligand L1 are nearly equal (2.350 and
2.382 A) but four Cd-Cl bonds (2.519, 2.566, 2.628 and 2.795 A) are not equal and they are
much longer than Cd-N bond length of the ligand L1. The distance between the two cadmium
centres i.e. Cd-(Cl),-Cd distance is 3.699 A. Long and unequal bond lengths produce distortion
in the molecule. The equatorial positions of the Cd atom occupied by CI1, CI2 of the bridging
chloride, CI2 of another bridged Cd atom and N2 of the ligand and the axial positions are
occupied by N3 of the ligand L1 and CI2 of the second bridged. Ligand L1 acts as bidentate
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ligand in the molecule. The bridging nature of ClI atoms i.e. u-Cl give 1D polymeric zig-zag

chain along b-axis.

(b)

Figure 2(A).14. (a) ORTEP diagram of asymmetric unit of polymeric complex [Cd(L)Cl:]n
with atom numbering scheme. H-atoms are omitted for clarity. (b) The 1D polymeric zig-zag

chain of Cd (I1) complex.
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Chapter-2(A)

Ligand(L1) [Cu(LL)Cl] [Co(L1)CI7] [Zn(L1)Cl7] [CA(LL)Clz]n
N(2)-C(4aa)  1.276(2) Cu(1)-Cl(1) 2.258(9) Co(1)-Cl(2)  2.251(11)  Zn(1)-Cl(1) 2.250(9) Cd(1)-Cl(2}) 2.794(18)
N@)-C(1) 14612  cy)-cl2) 2.407(10) Co(1)-Cl(1) 2.252(12)  Zn(1)-CI(2) 2.252(9) Cd(1)-CI(1?) 2.628(18)
N(1)-C(3aa) 1.372(2)  Cu(1)-N(3) 2.036(3) Co(1)-N(2) 2116(3)  Zn(1)-N(2) 2.112(2) Cd(1)-CI(1) 2.566(2)
N(1)-C 1437(2)  Cu(1)-N@) 2.109(3) Co(1)-N@3)  2.179(3)  Zn(1)-N(3) 2.179(3) Cd(1)-N(2)  2.382(6)
N(3)-C(laa) 1334(2)  Cu(1)-N(2) 1.989(3) Co(1)-N(1)  2311(3)  Zn(1)-N(1) 2.304(2) Cd(1)-N@3)  2.350(5)
Cd(1)-CI(2)  2.519(17)
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Table 2(A).3 Selected bond angles (°) for ligand(L1) and complexes

Ligand(L1) [Cu(L1)Cl] [Co(L1)Cly]
C(1)-N(2)-C(4aa) 121.80(15) Cl1-Cu(1)-Cl(2)  112.01(4) CI(1)-Co(1)-CI(2)  119.50(5)
C-N(1)-C(3aa) 124.23(14) N(3)-Cu(1)-CI(1)  96.24(8) N(2)-Co(1)-CI(2)  138.17(10)
C(Oba)-C(1aa)-C(4aa) 121.78(16) N(3)-Cu(1)-CI(2)  96.62(8) N(2)-Co(1)-CI(1) ~ 102.31(10)
N(3)-C(laa)-C(4aa)  115.71(15) N(1)-Cu(1)-CI(1)  96.38(8) N(3)-Co(1)-CI(2)  96.74(9)
N(3)-C(laa)-C(Oba)  122.50(16) N(1)-Cu(1)-Cl(2)  95.19(9) N(3)-Co(1)-CI(1)  101.10(10)

N(3)-Cu(1)-N(1)  158.06(12) N(2)-Co(1)-N(3)  75.17(13)
N(2)-Cu(1)-CI(1)  148.59(9) Cl(2)-Co(1)-N(1)  95.39(8)
N(2)-Cu(1)-Cl(2)  99.39(8) CI(1)-Co(1)-N(1)  98.74(9)
N(2)-Cu(1)-N(3)  78.92(11) Co(1)-N(2)-N(1)  75.80(12)
N(2)-Cu(1)-N(1)  80.95(11) Co(1)-N(3)-N(1)  147.64(13)
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[Zn(L1)CI2] [CA(LL)Cl2]n
Cl(2)-Zn(1)-Cl(2) 119.49(4) CI(2)-Cd(1)-Cl(1?) 97.68(6)
Cl(1)-Zn(1)-N(2) 95.49(6) Cl(2)- Cd(2)-CI(2) 100.47(7)
Cl(2)-Zn(1)-N(2) 98.49(7) CI(1%) Cd(1)-- CI(1?)  175.89(6)
N(2-Zn(1)-CI(1) 138.18(7) CI(1)- Cd(1)-CI(2Y) 93.19(6)
N(2)-Zn(1)-CI(2) 102.31(7) CI(1)- Cd(1)- CI(1?) 89.19(6)
N(2)-Zn(1)-N(3) 75.15(10) N(2)- Cd(1)- CI(2Y 82.41(13)
N(2)-Zn(1)-N(1) 75.93(9) N(2)- Cd(1)-CI(2) 94.77(15)
N(3)-Zn(1)-Cl(1) 96.72(7) N(2)- Cd(1)- CI(1?) 94.38(14)
N(3)-Zn(1)-CI(2) 101.09(7) N(2)- Cd(1)-CI(1) 163.74(15)
N(3)-Zn(1)-N(1) 147.85(10) N(3)- Cd(1)- CI(2) 160.81(17)

Table 2(A).4 Intermolecular interactions of the complexes.
Compound/D-H----A D-H (A°) H---A (A°) D---A (A9) D-H---A (°)
[Cu(L1)Cl] (1)
Cl1-H16-C17 2.919 0.930 3.478 119.82
ClI2-H6-C6 2.765 0.929 3.653 160.01
Cl2-H22-C22 2.950 0.230 3.601 128.35
[Co(L1)ClZ] (2)
CI2-H20-C20 2.902 0.929 3.468 120.61
Cl1-H6-C6 2.763 0.930 3.648 169.42
[Zn(L1)Cl] (3)
Cl1-H20-C20 2.895 0.830 3.487 120.98
ClI2-H6-C6 2.757 0.830 3.642 159.18
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2(A).4.4. Antimicrobial activity study

The ligand and the derived complexes were evaluated for their antimicrobial
activity Table 2(A).5. Negative control plate lacked zone of inhibition while strong inhibition
was observed in the presence of chloramphenicol control, which proved the susceptibility of
microorganisms to antimicrobial agents. Ligand L1 was found to inhibit the growth of only E.
coli (MIC = 10 mM) and the derived complexes from this ligand possessed antimicrobial
activity with variable selectivity for tested microorganisms. [Co(L1)Cl;] and [Cd(L1)Cl2]a
were found to act against Gram positive bacteria only, where [Co(L1)Cl2] was active against
S. aureus (MIC = 10 mM) only and [Cd(L1)Cl.] displayed activity against B. subtilis (MIC =
5 mM) with significantly high activity against S. aureus (MIC = 0.5 mM). [Zn(L1)ClI;] along
with activity against Gram positive S. aureus and B. subtilis (MIC =5 mM), exhibited activity
against Gram negative E. coli (MIC = 10 mM). [Cu(L1)Cl,] was observed to exhibit
antimicrobial activity against all the tested microorganisms, with relatively more antimicrobial
activity against both S. auerus and B. subtilis (MIC = 5 mM) than against Gram negative E.
coli and P. vulgaris (MIC=10 mM). Whereas Kuzmanovi¢ et al. [36] showed the ligand type
was the factor determining antimicrobial activity of the complexes, evaluation of the
antimicrobial activity of complexes obtained by switching central metal ions against a single
ligand in our work demonstrated that the metal ion is another important parameter that decides
antimicrobial activity of the coordination complex. Considering all the mechanistic
frameworks currently known for antimicrobial activity of metals [37], it is understood that the
antimicrobial activity of Cu complex is the result of the ability of Cu to catalyse the Fenton
chemistry better than Cd, Zn and Co complex, which demonstrated activity against both Gram
positive and Gram negative bacteria is one such desired antimicrobial agent. The work provide
basis to design compounds in which both the metal and ligand partners act synergistically to
improve the overall activity of the antimicrobial compounds. Complexation of the metal ion
reduces the polarity of the metal ion, which eventually increases the lipophilicity of the
complex, a factor governing the ability of the antimicrobial agent to go past the microbial
plasma membrane composed of phospholipid bilayer [38]. Altogether the complexes were
found to target more effectively Gram-positive bacteria than Gram-negative bacteria. This can
be attributed to the structural differences in the cell wall between the Gram-positive and Gram-

negative bacteria.
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Table 2(A).5 Antimicrobial activity of the Schiff base ligand(L 1) and its metal complexes.

Compound MIC value in mM
E. coli P. vulgaris S. aureus B. subtilis
Ligand >10 >10 10 >10
[Cu(L)Cl2] 5 5 10 10
[Co(L)CI2] >10 10 >10 >10
[Zn(L)ClI2] 5 5 10 >10
[Cd(L)CI2]n 5 0.5 >10 >10
Chloramphenicol 0.0003 0.0015 0.0015 0.003
#MIC in mM

*E. coli — Escherichia coli gram -ve
*P. vulgaris — Proteus vulgaris gram -ve
*S. aureus — Staphylococcus aureus gram +ve

*B. subtilis — Bacillus subtilis gram +ve.

The latter carries an additional outer envelope of lipopolysaccharides, which foils the treatment
efforts against it. Additionally, the growing numbers of multi-drug resistant strains particularly
from Gram-negative group is a matter of global concern. Therefore, attempts are being made
to discover new agents which can target both Gram-negative and Gram-positive bacteria
effectively. From our study, copper-containing complex [Cu(L1)Cl;] which demonstrated
activity against both Gram-positive and Gram-negative bacteria is one such desired
antimicrobial agent. The work provides basis to design compounds in which both the metal and
ligand partners act synergistically to improve the overall activity of the antimicrobial

compounds.
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2(A).5.Conclusion

Mononuclear Cu(ll), Co(ll) and Zn(Il) and polynuclear Cd(ll) complexes have been
synthesized with Ns-donor Schiff base ligand L1 and characterized. Structural data shows that
mononuclear complexes of Cu(ll), Co(I1) and Zn(l1) have distorted square pyramidal geometry
and polynuclear Cd(Il) complex has octahedral geometry. Cd(ll) forms 1D coordination
polymer through bridging Cd-(p-Cl)2-Cd linkage. Antimicrobial studies demonstrated the
antimicrobial potential of the tested complexes 1, 2, 3 and 4 against Gram negative and Gram
positive bacteria. Copper(1l) complex was found to effectively target both Gram positive and

Gram negative bacteria and it is therefore put forward as a promising antimicrobial agent.
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Abstract

A series of six octahedral mononuclear metal complexes of the type [M(L1)2](ClOa4)2.
2H>0 where M = Cu(ll), Ni(ll), Mn(ll), Co(ll), Zn(Il) and Cd(ll) were synthesized with
tridentate Ns-donor Schiff base ligand N'-Phenyl-N"(phenyl(pyridin-2-yl)methylene)ethane-
1,2-diamine(L1) and characterized by elemental analysis, IR, mass spectra, electronic spectra,
conductivity measurement and magnetic study. Single crystal X-ray diffraction study of the
two complexes [Ni(L1)2](ClO04)2.2H20 and [Zn(L1)2](ClO4)2.2H20 showed both the complexes
have distorted octahedral geometry. Cytotoxic activity of the complexes showed dose depended

toxicity and Cu(ll) and Mn(Il) complexes have very low IC50 value among the complexes.
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2(B).1. Introduction

Transition metal complexes using Schiff bases have been an important area of research
in coordination chemistry since long time due to their wide range of applications in many areas
such as catalysis, magnetic and biological activities including antifungal, antibacterial, antiviral
and antipyretic properties etc. [1-15]. There are many reports on transition metal complexes
using multidentate Schiff base ligands with different donor atoms and they have played an
important role in the development of synthetic inorganic chemistry and have wide range of
applications [16-28].

As a part of our research on synthesis and structural characterization of transition metal
complexes with Schiff base ligands, we have reported mononuclear three coordinated
complexes [M(L1)CI2] [where M= Cu(ll), Co(ll) and Zn(Il)] and one octahedral polynuclear
complex [Cd(L1)Cl2]n with  Schiff base ligand N'-Phenyl-N"(phenyl(pyridin-2-
yl)methylene)ethane-1,2-diamine (L1) and studied their antimicrobial activities [29]. In this
paper, we report on the syntheses, characterization and crystal structures of mononuclear
octahedral complexes [M(L1)2](ClOa4)2 [M= Cu(ll), Co(Il), Mn(11), Ni(Il), Zn(Il) and Cd(I1)]
with ligand N’-Phenyl-N"(phenyl(pyridin-2-yl)methylene)ethane-1,2-diamine (L1) and studied

their cytotoxic activities.
2(B).2. Experimental
2(B).2.1. Materials

The chemicals and solvents were analytical grade and purchased from commercial
sources. N-phenylethene-1,2-diamine, 2-benzoylpyridine (Aldrich) were reagent grade and
used as received. The ligand N'-Phenyl-N"(phenyl(pyridin-2-yl)methylene)ethane-1,2-
diamine(L1) was synthesized as per reported method [29]. Metal perchlorate hexahydrate were
prepared by the reaction of metal carbonates with dilute HCIO4 acid and followed by

evaporation of the solution on steam bath.
2(B).2.2. Syntheses of complexes

2(B).2.2.1. [Cu(L1)2](ClO4)2.2H20 (1)
To a stirring solution of copper (1) perchlorate hexahydrate (0.092 g, 0.25 mmol) in methanol

(10 mL) was added a solution of ligand L1 (0.150 g, 0.50 mmol) dissolved in the same solvent
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stirred for additional 3h, filtered and the filtrate was left to evaporate slowly at room
temperature. Green compound was obtained after 2 days.

Yield. 0.146 g (65%). Found C = 53.00, H = 4.49, N = 9.50%, Elemental analysis calc. for
Ca0H42Ns010Cl2Cu: C =53.33, H = 4.66, N = 9.32%. IR (KBr pellet) cm™; v(N-H), 3284s; v
(C=N), 1630s; v(C=C)+ v(C=N)py, 1598m; v(C=C)ph, 1493m; v(M-N), 528vw; v(CIOy),
1068br;  §(0-CI-0), 623s. Amax/nMm (emax/mol®cm™): 650(441), 402(570), 290(3880),
221(6845). MS (ESI): m/z = 663.71 (100%) [CaoH22NsO10Cl.Cu]*. Am(CH3CN)
(Q tcm?mol™) = 246. perr = 1.82 BM.

2(B).2.2.2. [Ni(L1)2](ClO2)2.2H:0  (2)

To a stirring solution of nickel (I1) perchlorate hexahydrate (0.091 g, 0.25 mmol) in methanol
(10 mL) was added a solution of ligand L1 (0.150 g, 0.50 mmol) dissolved in methanol (10
mL). Colour of the solution changed to dark brown colour immediately and the solution was
stirred for additional 3 h. Filtered the solution and the filtrate was left to evaporate slowly at
room temperature. Square shape brown crystals were obtained after 2-3 days.

Yield. 0.135 g (60%). Found C = 56.07, H = 4.49, N = 9.95 %, Elemental analysis calc. for
Ca0H42NsO10CI2Ni: C = 56.27, H = 4.68, N = 10.17. IR (KBr pellet) cm™; v(N-H), 3229s;
v(C=N), 1635s; v(C=C)+ v(C=N)py, 1598m; v(C=C)ph, 1493m; v(M-N), 530vw; v(CIOy),
1105br;  §(O-CI-0O), 623s. Amax/nm (emax/mol*cm™): 841(275), 521(617), 280(4459),
245(5114), 225(6460). Am(CHsCN)(Q tcm?mol™) =243, petr = 2.75 BM.

2(B).2.2.3. [Mn(L1)z](ClO4)2.2H20 (3)

To a stirring solution of manganese (I1) perchlorate hexahydrate (0.090 g, 0.25 mmol) in
methanol (10 mL) was added a solution of ligand L1 (0.150 g, 0.50 mmol) dissolved in the
same solvent (10 mL). The colour of the solution was changed from light colour to brown
colour immediately and dark brown coloured solution was stirred for additional 3 h, filtered
and the filtrate was left to evaporate slowly at room temperature. Rectangular shape light brown
small crystals were obtained within 2 days.

Yield. 0.152 g (68%). Found C = 53.13, H = 4.43, N = 9.02%, Elemental analysis calc. for
CaoHa2NsO10CloMn: C = 52.89, H = 4.62, N = 9.25%. IR (KBr pellet) cm™; v(N-H), 3258s;
v(C=N), 1630s; v(C=C)+ v(C=N)py, 1598m; v(C=C)ph, 1493m; v(M-N), 524 vw; v(ClOy),
1098br; §(0-CI-0), 623s. Amax/nm (emax/mol*cm™): 380(1560), 283(5750, 233(9473). MS
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(ESI): m/z = 656.96 (100%) [CaoH42NsO10Cl2Mn]*. AM(CH3CN)(Q cm?mol™) = 225. petr =
5.80 BM.

2(B).2.2.4. [Co(L1)2](ClO4)2.2H20 (4)

To a stirring solution of cobalt (1) perchlorate hexahydrate (0.091g, 0.25 mmol) in methanol
(10 mL) was added a solution of ligand L1 (0.150 g, 0.50 mmol) dissolved in the same solvent
(10 mL). The solution changed to dark purple colour immediately. The solution was stirred for
additional 3h, filtered and the filtrate was left to evaporate slowly at room temperature. After
2-3 days, purple colour compound was obtained.

Yield. 0.165 g (75%). Found C = 53.32, H = 4.58, N = 9.62%, Elemental analysis calc. for
Ca0H42Ns010Cl.Co: C =53.57, H = 4.68, N = 9.37 %. IR (KBr pellet) cm™; v(N-H), 3214s;
Vv(C=N), 1619s; v(C=C)+ v(C=N)py, 1598m; v(C=C)ph, 1490m; v(M-N), 555vw; v(ClOy),
1095br;  §(O-CI-0), 623s. Amax/nm (emax/molicm™): 568(475), 469(418), 363(1109), 282
(2761). MS (ESI): m/z = 659.88 (100%) [CaoH42Ns010Cl2Co]*. AM(CH3CN) (Q *cm?mol™?) =
235. petf = 3.87 BM.

2(B).2.2.5. [Zn(L1)2](Cl04)2.2H20 (5)

To a stirring solution of zinc (I1) perchlorate hexahydrate (0.093g, 0.25 mmol) in methanol (10
mL) was added a solution of ligand L1 (0.150 g, 0.50 mmol) dissolved in the same solvent (10
mL). Colourless solution changed to light pale yellow colour immediately. The solution was
stirred for additional 3h, filtered and the filtrate was left to evaporate slowly at room
temperature. Small square platted yellow crystal were obtained within 2 days.

Yield. 0.157 g (70%). Found C = 53.35, H = 4.53, N = 9.46%, Elemental analysis calc. for
CaoH42NsO10Cl2Zn: C = 53.19, H = 4.65, N = 9.30%. IR (KBr pellet) cm™; v(N-H), 3244s;
v(C=N), 1639s; v(C=C)+ v(C=N)py, 1598m; v(C=C)ph,, 1493m; v(M-N), 526vw; v(ClOys),
1105br; §(0-CI-0), 623s. Amax/nMm (emax/mol*cm™): 294(4075), 284(5230), 230(8002). MS
(ESI): m/z = 665.25 (100%) [CaoH42N6O10Cl2Zn]*. AM(CH3CN) (Q *cm?mol?) = 236.

2(B).2.2.6. [Cd(L1)2](ClO4)2.2H:0 (6)

To astirring solution of cadmium(l1) perchlorate hexahydrate (0.104 g, 0.25 mmol) in methanol
(10 mL) was added a solution of ligand L1 (0.150 g, 0.50 mmol) dissolved in the same solvent

(10 mL). Colourless solution changed to light pale yellow colour immediately. The solution
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temperature. Small white needle crystals were collected after 2 days

Yield. 0.154 g (65%). Found C = 50.12, H = 4.28, N = 8.72 %, Elemental analysis calc. for
CaoH22NsO10CI.Cd: C = 50.55, H = 4.42, N = 8.84%. IR (KBr pellet) cm™; v(N-H), 3280s;
V(C=N), 1642s; v(C=C)+ v(C=N)py, 1597m; v(C=C)ph, 1495m; v(M-N), 521vw; v(ClOy),
1078br;  §(O-CI-0), 621s. Amax/nM(emax/mol-icm™): 294(3835), 282(5280), 233(8750).
Am(CH3CN)(Q tem?mol ™) = 250.

2(B).2.3. Physical Measurements

The IR spectra of the ligand and all the synthesized complexes were recorded on a
Bruker Alpha spectrometer using KBr pellets. The micro analyses (C, H and N) were carried
out using a Thermo Finnigan Flash EA 1112 series elemental analyzer. UV-Vis spectra (900 -
190 nm) of the ligand and complexes were recorded on a JASCO V630 in CH3CN solution (1
x 10 M). Equip-Tronics conductivity meter (model no. EQ660 A) was utilized to measure
solution conductivity in acetonitrile solution (1 x 10 M). Room temperature magnetic

susceptibilities of powder samples were measured using Guoy balance.
2(B).2.4 Cell line and culture

Neuroblastoma cancer (SH-SY5Y) cell line was obtained from NCCS, Pune, India
and maintained in MEM containing 10% FBS at 37°C in CO> incubator.

2(B).2.5 Cytotoxicity (MTT) assay

Neuroblastoma cells were cultured in 96 well plates, after adhesion, cells were exposed
to five different concentration of test compound for 24 h for cytotoxicity assay. After treatment
cells were washed with PBS (Phosphate buffer saline) and exposed to MTT [3-(4,5-
dimethylthiazol-2-yl-)-2,5-diphenyltetrazolium bromide] solution (5mg/ml) for 4h. Formazon
[5-(4,5-dimethylthiazole-2-yl)-1,3-diphenylformazon] crystals were dissolved in DMSO
solution and OD was measured at 570nm. Cytotoxicity of each concentration was calculated
and concentration vs cytotoxicity (inhibition of cell proliferation) graph was prepared.

Inhibition concentration 50 (1C50) for each compound was calculated.
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2(B).3. X-ray Crystallography

The single crystal X-ray data of compounds 2 and 5 were collected on Oxford X-
CALIBUR-S diffractometer equipped with CCD detector. The details of crystallographic data
collection and some important features of the structure refinements of the complexes are given
in Table 2(B).1. Data were collected with Mo-Kao. radiation (A= 0.71073 A) at 293 K for all the
compounds. The data interpretations were processed with CrysAlisPro, Agilent Technologies,
Version 1.171.35.19 [30]. Absorption corrections were applied based on multi-scan method
[31]. The structures were solved by direct methods and refined by the full-matrix least-square
method based on F? technique using SHELXL-97 program package [32]. All calculations were
carried out using WinGX system Ver-1.64 crystallographic software [33]. All non-hydrogen
atoms were refined anisotropically. ORTEP3 windows program were used for generating for

molecular graphics [34].
2(B).4. Results and discussion

2(B).4.1. Syntheses

The mononuclear complexes [M(L1)2](ClO4)2.2H20 [M = Cu(ll), Co(ll), Mn(ll),
NI(I1), Zn(11) and Cd(11)] were synthesized with good yield (>65%) upon stirring of 1:2 mole
ratio of metal perchlorate salt and tridentate Schiff base L1 in methanol at room temperature
[Scheme 2(B). 1]. The ligand L1 is tridentate and has utilized it’s all three nitrogen donor atoms
for coordination with metal ions in all the mononuclear complexes and this was confirmed by
IR data and single crystal X-ray diffraction studies. Molecular composition of the complexes

was confirmed by microanalysis, molar conductivity measurements and magnetic study.

/_\ M(C10y),.6H,O
Methanol

NH N=— » [M(L1),](C10y4), 2H,0

VA

r.t

L1

[M = Cu(l1), Co(11), Mn(11), NI(11), Zn(11), Cd(I1)]

Scheme 2(B).1. Syntheses of the complexes
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Table 2(B).1 Crystallographic data for complexes 2 and 5.

[Ni(L1)2](CI04)22H20  [ZNn(L1)2](ClO4)22H20

Empirical formula Ca0H42Cl2NgNiO10 Ca0H42C12NsZNn0O10
Formula weight 896.39 899.05
Temperature(K) 293(2) 293(2)

Crystal system Monoclinic Monoclinic

Space group C2/c C2/c

a(A) 33.5919(10) 33.6159(14)

b(A) 10.0089(3) 9.9488(4)

c(R) 26.1387(9) 26.4326(14)

a(®) 90 90

B(°) 107.530(4) 108.040(5)

v(°) 90 90

Volume(A3) 8380.2(5) 8405.5(7)

z 8 8

peaic(g/cm?®) 1.421 1.421

p(mm?t) 0.654 0.775

F(000) 3728.0 3712.0

Crystal size(mm®) 0.6x0.2x0.2 0.6 x0.4x 0.2
Radiation(A) Mo Ka (A=0.71073 Mo Ka (A=10.71073)
20 range for 6.12 to 58.02 6.15 to 58.404

data collection (°)

-39<h<39,-11<k<11, -39<h<39,-11<k<11,
Index ranges

-31<1<31 -31<1<31

Reflections collected 48146 48531
) 10152 [Rint= 0.04699, 10254 [Rinn= 0.0547,

Independent reflections

Rsigma = 00432] Rsigma = 00517]
Data/restraints/ 7355/13/556 10254/0/538
Parameters
Goodness-of-fit on F? 1.567 1.504

Final R indexes [I>26 (I)]  R1=0.0952,wR; = 0.0747 Ri =0.0983, wR; =0.0748
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_ ) Ri= 0.2273, wR2= R:=0.2305,wR2=0.2123
Final R indexes [all data]

0.2156
Largest diff. peak/ 1.31/-0.76 1.20/-0.92
hole (eA)
CCDC No. 2144027 2144028

The molar conductivity data of the complexes confirmed 1:2 electrolytes for all the
complexes indicating the presence of two perchlorate anions outside the coordination sphere.
Structural characterization of the Ni(ll) and Zn(Il) complexes show both the complexes are
mononuclear and have distorted octahedral structure geometry. The spectral and magnetic data
indicate all the complexes have octahedral geometry. The compounds are soluble in all common

organic solvents like acetonitrile, alcohol, acetone, dichloromethane etc.
2(B).4.2. Spectral Data
2(B).4.2.1. ESI-Mass spectral data

Mass spectrum of the complexes were taken ESI method and the mass spectrum of all
the complexes showed the molecular ion peaks with m/z = 301 correspond to molecular ion of
Schiff base ligand [C20H19N3]" ion. The spectrum of Cu(ll) complex showed a molecular ion
peak at m/z = 663.71 and the actual molecular mass of [Cu(l1)+2L1] is 665.5 indicating metal

100+ &
%32
362.45%95 663,40
Ly 30188 L
195.92 6.06
1288 pesas
40804
013 86336,
'?22 10590 4083 15 TR
Y 30073 11.04 66323 7639 766.00
10257, [T L BT
0 A 1l | 46308 83, RO D88 100414
L I | RS LR MRS S | L] BAELEL L AT RS S TS PRI T VRS PRI [V CELELEFF EVELE LT TLI LT

R0 40 S0 60 700 80 00 1000 {100 4200
m/z
Figure.2(B).1. ESI-Mass spectrum of [Cu(L1)2](ClO4)2.2H,0
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complexes showed molecular ions at m/z 659.88, 656.98 and 665.25, respectively and the
calculate mass of the complexes are 660.93[Co(I1)+2L1]", 657.93 [Mn(ll)+2L1]"and 666.25
[Zn(IN+2L1]" respectively. The mass spectral data of the complexes show the expected
molecular ion components and confirm the proposed structures.

10 A
1
0
B8 aip
e WA 3315
ez R 70152
0 .[ ] S 4011441483 656,08 ],103-1?;56.441 846,02
oo a0 40 50 0 70 80 80 400 4100 1200

m/z

Figure.2(B).2. ESI-Mass spectrum of [Mn(L1)2](ClO4)2.2H.0
10l &y

30003
32913
(Fa ;2923
£50.88
0847 s
a0t 0S5 65025
01, 85639 4603
21047 0% 057
10490 270,19\{ 50,11 636.22 I 75890
o ; y A
c oA \ | | y |L|J| ™ T
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m/z

Figure.2(B).3. ESI-Mass spectrum of [Co(L1)2](ClO4)2.2H20
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Figure.2(B).4. ESI-Mass spectrum of [Zn(L1)2](Cl0a4)2.2H20

2(B).4.2.2. IR spectral data

The IR spectra of the complexes exhibited several strong bands and were assigned in
comparison to the spectra of the Schiff base ligand L1. In all the complexes, one sharp band
exhibited at ~3244 cm™ due to v(NH) and another strong absorption band exhibited at ~1639
cm due to v(C=N) group. These two absorption bands are also present in the ligand but shifted
to lower wave numbers which may be attributed to the coordination of the ligand with the metal
centres. All the complexes show two bands- one broad band in the range of 1070-1100 cm
and another §(O-CI-O) at 621 cm™ indicating the presence of CIO4 outside the coordination

sphere [35].
2(B).4.2.3. Electronic spectral data

The UV-Vis spectra of the complexes were recorded in the range of 190-1000 nm in
CH3CN (conc.10 M). For all complexes, the high intensity bands appeared at less than 400
nm correspond to ligand n- * /1t - * charge transfer transitions. In the visible region, one
broad absorption band was observed for copper (11) complex at 650 nm and this is due to d-d

transition. This type of spectra is typical for Cu(ll) complex with octahedral geometry[36].

2(B)- 10



Transmittance [%]

Transmittance [%]

100

8O

60
I

40

20
1

0

Chapter-2(B)

Wavenumber cm-1

Figure. 2(B).5. IR spectrum of [Cu(L1)2](ClO4)2.2H,0
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Figure.2(B).6. IR spectrum of [Ni(L1)2](ClO4)2.2H.0
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Figure.2(B).7. IR spectrum of [Mn(L1)2](ClOa4)2.2H.0
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Figure.2(B).8. IR spectrum of [Co(L1)2](ClO4)2.2H2,0
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Figure.2(B).9. IR spectrum of [Zn(L1)2](ClO4)2.2H20
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Figure.2(B)10. IR spectrum of [Cd(L1)2](ClO4)2.2H20
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Similarly, nickel(ll) complex exhibited two absorption bands at 568 and 469 nm and Co (II)
complex exhibited two absorption bands at 841 and 521 nm and these are due to d-d transition
or ligand field transitions. This type of transitions is generally observed for high spin cobalt (1)

complexes [37].

2.0 1.0
— |_igand(L1) =====[Co(L1),I(CIOy), 2H,0
—Cd(L1),](CIO )5 2H,0 ’
[CA(L1),](CIO); 2Hy == Ni(L1),J(CIO),2H,0
—Z1(L1),](C104)52H,0 0.8 -
1.5 = [Cu(L1),](CI0);2H,0
- —Co(L1),](C1O4)52H,0
° —Ni(L1),](CI04)2H,0 8 0
g —Cu(L1),](C104)y2H,0 g =97
[ —
£1.0- [MN(L1),1(CI0),2H,0 2
) ]
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0.2 -
0.0 : ; 0
200 250 300 350 400 450 500 500 550 600 650 700 750 800 850 900 950 100(
Wavelength(nm) Wavelength(nm)

Figure. 2(B).11. Electronic spectra of the ligand(L1) and complexes in CH3CN (102 M).

2(B).4.2.4. Magnetic studies

The magnetic susceptibility measurement of the powder samples shows that the
effective magnetic moment (pefr) Of the complexes are 1.82, 2.75, 3.87 and 5.82 BM for Cu(ll),
Ni(Il), Co(ll) and Mn(Il) complexes, respectively indicating the presence of one unpaired
electron in Cu(Il), two unpaired electrons in Ni(ll), three electron in Co(ll) and five unpaired

electrons in Mn(11) complexes.
2(B).4.2.5. EPR spectra

The X-band EPR spectrum of copper(ll) complex was recorded in DMSO solution at
liquid nitrogen temperature (77 K) and exhibited a typical four line splitting pattern with well
resolved hyperfine peaks. This is due to interaction of the unpaired electron with the nuclear
spin of the copper nucleus (3% Cu: I = 3/2). The gu and g. values of the complex are 2.226
and 2.077, respectively. The observed feature g >g.>2 is diagnostic of a pseudotetragonal site

for copper(l1) and the ground states of Cu(ll) is predominantly dx? —y?2.
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Figure 2(B).12. X-Band EPR spectrum of Cu(ll) complex in DMSO at 77 K

2(B).4.3. Descriptions of Crystal Structures
2(B).4.3.1. Crystal structure of the [Ni(L1)2](ClOa4)2.2H20

The ORTEP diagram of the complex with atom-labelling scheme is shown in Fig.
2(B).13 and selected bond lengths and angles are given in Table 2(B).3. The molecule
crystallizes in monoclinic crystal system with space group C2/c. The structure determination
confirmed that the complex is ionic and each molecule has two perchlorate anions and two
water molecules outside the coordination sphere. In the structure, nickel(11) has six coordination
and is surrounded by six nitrogen atoms from two tridentate ligands. The equatorial positions
of the octahedron are occupied by four nitrogen atoms N1, N2, N3 and N5 and the axial
positions are occupied by two nitrogen atoms N4 and N6. The bond distance Ni-N1(2.222 A)
is longer than the other three bond lengths Ni-N2(2.005), Ni-N3(2.096 A) and Ni-N5(2.010
A) in the equatorial plane. The bond distances in the axial planes Ni-N4(2.227 A) and Ni-
N6(2.116 A) are not equal and the axial bond angle N4-Ni1-N6 (157.69°) is not linear. The
bond angles of N5-Ni-N2 (175.68) and N3-Ni-N1 (157.69) are not linear. The geometry around
the nickel (1) centre is distorted octahedral which can be described from unequal bond angles
and bond lengths.

In the molecule, oxygen atom O9 of H>.O molecule has short intermolecular interaction
with H1 of NH1 and H4 of H4N4. Similarly, H51 of H5109 has short interaction with one
oxygen atom O1 of CIO4 ion and another hydrogen atom i.e. H50 of H5109 has short
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interaction O10 of another water molecule. One H atom from another water molecule i.e. H53

of H53010 has short interaction with one oxygen atom O8 of CIO4 ion.

Figure.2(B).13(a). ORTEP diagram of the cationic part of the complex [Ni(L1)2](ClOa4)2.2H20

with atom numbering scheme (50% probability factor for the thermal ellipsoids). H-atom and

H20 and perchlorate molecules are omitted for clarity. (b). Intermolecular interaction of

complex 2

Table 2(B).2 Intermolecular interaction of the Ni(11) Complex

Compounds/parameters D-HA) H—AR) D—AR) <(DHA
[Ni(L1)2](C104)22H:0 (2)

N1-H1-O9 0.798 2.260 3.054 174.24

N4-H4A-09 0.800 2.261 3.053 170.29

09-H51-01 0.950 2.550 2.978 107.34

09-H50-010 0.994 1.897 2.681 133.63

010-H53-08 1.051 2.088 3.016 145.77
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Bond lengths (A°)

Bond angles (°)

[Ni(L1)2](Cl0O4)2.2H20

[Zn(L1)2](ClO4)2.2H20

[Ni(L1)2](Cl104)2.2H20

[ZNn(L1)2](Cl04)22H20

Nil-N2
Nil-N5
Nil-N3
Nil-N6
Nil-N1

2.005(3)
2.010(3)
2.096(4)
2.115(3)
2.222(4)

Znl- N2
Znl-N5
Znl- N3
Znl - N6
Znl - N4
Znl- N1

2.066(4)
2.066(3)
2.160(4)
2.159(4)
2.317(4)
2.367(4)

N2-Nil-N5
N2-Nil-N3
N5-Nil-N3
N2-Nil-N6
N5-Nil-N6
N3-Nil-N6
N2-Nil-N1
N5-Nil1-N1
N3-Nil-N1
N6-Nil-N1
N2-Nil-N4
N5-Nil-N4

175.69(14)
77.67(13)
104.65(14)
105.59(13)
78.20(14)
89.48(14)
80.63(13)
97.24(15)
158.02(13
93.05(14)
96.41(13)
79.96(14)

N2 -Zn1-N5
N2-Zn1-N3
N5-Zn1-N3
N2 -Zn1-N6
N5 -Zn1-N6
N3-Zn1-N6
N2-Zn1-N4
N5-Zn1-N4
N3-Zn1-N4
N6-Zn1-N4
N2-Zn1-N1
N5-Zn1-N1

172.11(14)
76.85(15)
110.36(14)
107.22(15)
76.26(14)
92.38(14)
98.23(16)
78.39(14)
94.14(15)
154.54(14)
77.22(14)
95.80(14)
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2(B).4.3.2. Description of structure of [Zn(L1)2](ClO4)2.2H-20

The ORTEP diagram of the complex with atom numbering scheme is shown in Fig.
2(B).14. The molecule crystallizes in the monoclinic crystal system with space group C2/c .
The structure shows zinc centre has octahedral geometry and two tridentate ligands are
coordinated to the zinc centre. Two perchlorate anions and two water molecules are outside
the coordination sphere. The bond distances in the equatorial plane show the Zn-N1(2.366A)
is much longer than other three equatorial Zn-N2 (2.006A), Zn-N3(2.160A) and Zn-
N5(2.006A) bond distances. The bond angle of N1-Zn-N3 (153.67) is much deviate compare
to the bond angle N2-Zn-N5 (172.11°). The axial bond distance of Zn-N4(2.317A) is longer
than Zn-N6(2.159 A) and the axial bond angle N4-Ni-N6 is 154.53° is not linear. The geometry
around the zinc (I1) centre is distorted octahedral which are due to unequal bond angles and
bond lengths.

In the molecule, hydrogen atom H40 of C40H40 has short interaction with one oxygen
atom O8 of CIO4 ion and another oxygen atom O6 of CIO4 ion has intermolecular H-bonding
interaction with H7B of H7BC7.

(@) (b)

Figure.2(B).14(a). ORTEP diagram of the complex [Zn(L1)2](ClO4)2.2H.0 with atom
numbering scheme (50% probability factor for the thermal ellipsoids) H-atom and H.O

molecule are omitted for clarity. (b). Intermolecular H-bonding interaction in complex 5.
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Table 2(B).4 Intermolecular hydrogen bonds of the Zn(11) Complex

Compounds/parameters D-H(A) H—AA) D——AA) <(DHA
[Zn(L1)2](ClO4)22H20
C40-H40-08 0.930 2.713 3.442 135.88
C7-H7B-06 0.970 2.682 3.344 125.86

2(B).4.4. Cytotoxicity assay

MTT assay was carried out to check for the cytotoxicity potential of the metal
complexes. These metal complexes were then compared with their respective metal salts and
ligand to study the alteration in their cytotoxicity behaviour. The IC50 values (concentration
required for 50% inhibition of cell growth) are listed in Table 2(B).5. From the results,

compared to the ligand, complexes have higher activities due to the presence of metal moieties
and chelation in the compounds [38].
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Figure.2(B).15. Cytotoxicity activity of the ligand (L1) and it’s M(Il) complexes were tested
against neuroblastoma cancer cell line (SH-SY5Y)
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The activity of the synthesized compounds (1-6) and their respective ligands show that
all complexes have better activity than respective ligands against SH-SY5Y cancer cell lines. It
is clearly observed that complexation with metals has a synergetic effect on the biological activity
of these compounds and the biological activity depends upon the type of metal ion. Copper and
manganese complexes had quite contrasting effect compared to their salts and ligand. This
confirms the conclusion that the cytotoxic activities of Schiff base can be enhanced by
coordinating the ligand to Cu(ll) and Mn(Il) cations [39-41]. Copper(ll) and manganese(ll)
showed potent cytotoxicity activity and had 1C50 value are 0.083 are 0.097 mM, respectively,

whereas all the other complexes exhibit moderate cytotoxic effect.

Table 2(B).5 1C50 Value of the complexes.

Compound IC50 (mM)
[Cu(L1)2](ClO4)2.2H20 0.083
[Ni(L1)2](ClO4)2.2H.0 0.40
[Mn(L1)2](ClO4)2.2H20 0.097
[Co(L1)2](ClO4)2.2H20 0.16
[Zn(L1)2](Cl04)2.2H20 0.23
[Cd(L1)2](ClO4)2.2H20 0.11

Ligand (L1) 0.645
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2(B).5. Conclusion

The tridentate Ns-coordinate ligand N’-Phenyl-N"(phenyl(pyridin-2-yl)methylene)-
ethane-1,2-diamine(L1) has been used in the synthesis of a series of six mononuclear octahedral
complexes [M(L1)2](Cl104)2.2H20 [M = Cu(ll), Co(ll), Mn(11), Ni(ll), Zn(ll) and Cd(11)] and
the complexes were characterized by spectroscopic techniques and single crystal X-ray
diffraction studies. Structural data shows all have distorted octahedral geometry and cytotoxic

activities of the complexes showed they have dose depended cytotoxic activity.
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