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The no vel biologically active two mon onucl ear tet ra coordin ated copp er (II) compl exes were
sy nthesised and formul ated as [M(L)(L 1) H 2O].2H 2O,where L=lig and and L 1=1,10 -ph enantholin e. the
newly synth esi zed compl exes hav e been characterized by element al analysis , mol ar conduct ance,
UV-Vis ibl e, IR, mass spectra and magn etic property studies. The spectral studies have shown that the
compl exes are paramagn eti c and tetrah edral stru ctu re. The metal compl exes were test ed for
antib acteri al and antifun gal activiti es show some compl exes exhibit mod erate activity .
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INTRODUCTION
N-substituted phenothiazines are versatile compounds
possessing anticholinergic, antihistaminic, antiamoebic and
antiemetic activities. These compounds are found to be
exhibiting fungicidal and antibacterial activities. They are
extensively used in the fi eld of psychiatry and chemotherapy
[1]
. They are good electron donors exhibiting low ionization
potential. N-substituted phenothiazines ful fil the basic
prerequisite for an active ligand possessing three active
coordinate sites in the forms of a heterocyclic nitrogen and
sulphur atoms in the side chain. Due to these multifaceted
characteristic, they find widespread utilization in biology,
medicine and chemical analysis. Recently, N-substituted
phenothiazines have attracted a large interest in th e photo
ionization studies performed for solar energy conversion
processes. It is used for pre-anesthetic medication, as a muscle
[2-4]
relaxant and in the treatment of tetanus
. It has now been
discovered that some derivatives of N-substituted
phenothiazines show surprisingly high stabilizer activity and
more solubility in a broad range o f mineral and synthetic oils.
Thus the subject matter of the instant invention is a lubricant
composition comprising synthetic oils, mineral oils, mixtures
thereof and an antioxidative compound. Such antioxidant
combinations may show a synergistic action that is the

*Co rrespo ndi ng author: Cha ndras hekara , P.G.,
As sociat e pro fessor, Dep artment Of Chemistry , Y uvaraja’ s Colleg e,
Un iversity of Mysore, Mysore, India.

stabilizing effect o f such a mixture b eing greater than the sum
of the performances of the individual antioxidant. Such
synergistic performance can be obtained when combining the
instant compounds along with certain aromatic amines or
hindered phenols or with both types of antioxidants. Among
the different transition metals, copper metal has gained a
special position because of its appearances in biological
systems, which are essentially needed to many biological
processes. A numbe r o f proteins and enzymes have copper in
their active sites, it is associated with a variety of biological
functions like oxygen transport and activation, electron transfer
etc [5-8]. The copper containing enzymes and prot eins constitute
an very import ant class of biologically active compounds [9].
The biological functions of copper proteins/enzymes in clude
electron t rans fer, dioxygen transport, oxygenation, oxidation,
reduction, and disproportionate[10,11]. The most common
oxidation state of Cu is +2, and Cu(II) complexes have been
extensively studied. These complexes have trigonal pl anar,
tetrahedral, octahedral, distorted octahedral, pentagonal
[12]
bipyramidal and square planar geometries
. Copper
complexes of bis (thiosemicarbazones) are found to be hypoxia
selective agents that can be used for imaging lack o f oxygen in
biological tissues. Recently Chen et al have shown that the
copper complexes of plumbagin have high er anticancer
properties and are less toxic to healthy cells than commonly
used platinum-based drugs, such as cisplatin. Bernadette
Creaven et al. [13] have been investigated the anticancer and
antifungal activity of copper (II) complexes of quinolin-2(1H)one deriv ed Schi ff bases. Antioxidant activity of Cu(II)
complexes of Schi ff bases derived from α- or β-alanine and
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salicylaldehyde were reported by J an Vanco et al. [14]. Raman
[15]
et al.
have studied the DNA interaction and antimicrobial
activity of novel Cu (II) complexes with Schi ff base derived
from 2-aminophenol and o-aceteoacetotoluidide. Copper(II)
complexes bind to CT -DNA through intercalative mode. The
ligand biocidal activity
was appreciably enhanced on
complexation. DNA binding studies of Cu(II)-phenanthroline
[16].
complexes have been studied by Senthil kumar et al.
Various modes of DN A interactions o f Cu(II) complex es in the
presence of phenanthroline have been reported. Oxidative
DNA damage of mixed Cu(II) complexes with sul fonamides
and phenanthroline have also been reported by Benigno
Macias et al. [17]. The scission of pl asmid DNA by the Cu(II)
complexes may be due to the steric effect. Copper is a bioessential element and their complexes have been extensively
utilized in metal-mediated DNA cl eavage for the generation of
[18]
activated oxyg en species
. It has been r eported that tetraaza
macrocyclic copper coordin ation compounds have anti-HIV
[19]
activities
. The above literature survey revealed th at no
attempt has been made for the synthesis of copper(II)
complexes with synthesized-Substituted phenatiazine ligands.
Therefore, in the present investigation the author has made an
effort to synthesize Cu(II) complexes of the above cited
ligands (L1 -L6 ). The author has also studied the inte raction of
Cu(II) ion with 1,10-phenanthroline. The synthesized
complexes were characterized by physical and sp ectroscopic
techniques. The antimicrobial activity of the synthesized Cu(II)
complexes were evaluated against antimicrobial by disc
diffusion method.

MATERIALS AND METHODS
[20]

The ligands [L] were prepared as described in the literature
for phenothiazine. Metal salt, copper acetate and 1, 10phenanthroline was obtained from Padmashri Sci entific.. All
organic solvents such as methanol, ethanol, diethyl ether,
dimethyl form amide, dimethyl sul foxide and DMSO-d6 were
of analytical grade reagents and were us ed without further
purifi cation. Double distilled water was used in all
preparations. Elemental analyses of complex es were estimated
in an elementorvairo-EL instrument. Molar conductivity
measurem ent in DMF was made on an ELICO-CM-180
conductivity bridge with a conductivity cell having cell
-1
constant 0.51cm . UV-Visible spectra were recorded using a
Shimadzu UV1601 spectrophotometer. IR spectra were
recorded in KBr using a perkin Elmer 157 FT -IR spectrometer
-1
from 4000 to 400cm . The magnetic susceptibilities of the
complexes were m easured in Johnson Matthey magnetic
susceptibility balance which uses HgCo(SCN)4 as calibrant, at
room temperatu re. Melting points were determined on a MeltTemp apparatus in laboratory devices .T he mass spectra of
ligands were recorded on TOF MS ES+ 9.25e4 spectrometer.
.Nitrogen content was analysed by micro-combustion Dumas
.T he metal content was determined by atomic absorption
spectrometry (perkin elmer Analyst 400 spectrophotometer).
Metal content was estimated by standard procedures aft er
decomposition in nitric acid [21]. The electronic spectra were
0
recorded at 25 C on a Jasco V560 in di ffuse reflectance
technique.
General Synthesis of metal Complexes: A Known
concentration of the transition metal salt (1 m mol) (copper
acetate in a minimum volume of methanol was added drop
wise with stirring to a concentrat ed methanolic solution of
ligand (1 m mol) follow ed by addition of 1:10-phenanthroline

(1 m mol) in limited amount of methanol. The mixture was
0
0
refluxed for 6 hr at 50 -60 C on water bath. On cooling,
coloured solid product was obtained, the obtained metal
complexes were collect ed by filtration and purified by washing
with distilled cold ethanol and then with ether and dried over
fus ed calcium chloride in vacuum. Each of the new complexes
does not possesses a sharp melting points ranging from 2500
300 C.Some complexes have high melting point, which
indicate their greater thermal stability.
Biological Activity: All the newly synthesized compounds are
screened for biological activity such as antimicrobial by agar
well diffusion method, antioxidant activity.
Antibacterial activity: The antibacterial activity were carried
out against both positive and gram negative species
B.Substilis, Ralstonia Solanacearum, Pseudomonas aeruginosa
and Esherichia coli it is performed by disc diffusion technique
method using nutrient agar medium.
Antifungal Activity: The antifungal activity was test ed against
Aspergillus fl avus, Fusarium and phoma. The test organisms
were sub-cultured in potato dextrose agar medium and
incubated at 37 ᴏ C for 48 h .

RESULTS AND DISCUSSION
The molecular formula and structure of the complexes were
determined on the basis of elemental analysis, mass, molar
conductance, UV-visible, IR, and magnetic studies. The
complexes are soluble in methanol, ethanol, acetonitrile ,
DMF, acetone & DMS
Physical properties of the complexes: The analytical data and
physical properties of ligands and its metal complexes are
given in table 1 .Complexes are coloured ,crystalline in nature
and stable at room temperature as indicated by the melting
1
point. The data shows that the ligand L forms a 1:1:1(M:L:L )
complexes with Cu(II) ions. The prepared complexes were
found to have formul a
[M(L)(L1)H2 O].2H2 O , [M(L)(L1)].2H2 O .
Where M = Cu (II), L is ligand, L1 is 1:10-phenathroline
Molar conductivity measurement: The molar conductance for
the complexes measu red at room temperature in DMF solution
-3
3
at 10 mol/dm were measu red to establish the charge of the
-1
2
1
metal complexes, it is in the range of 12-20 ohm cm mol ,
indicates that all the complexes exhibit non-electrolytic
characteristic property, the nature is due to no counter ions in
the proposed structures of the metal complexes [21].
Elemental analysis: The calculated elemental data are in
agreement with the experimental results, except for halide ions.
UV-Visible spectra: The UV-Visible sp ectral data of the
ligands and its complexes are p resented in t able-3. The broad
band’s observed in the region of 260 -275 nm in the spectra o f
all complexes can be attributed to the intra-ligand transitions.
The molar absorptivities o f the complex es falling in the range
4
4
-1
-1
of 0.24 x 10 to 1.10 x 10 L mol cm , are higher than that of
4
the ligand in the free state which is 0.21 x 10 L mol-1 cm-1.
The shift in the b ands in UV- Vis spectra are attributed to the
intramolecular transitions of π→π* type.
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Tabl e 1. Physi cal characteristi cs and anal ytical data of the compl exes
SL. NO
1
2
3
4
5
6

Complexes
1
[Cu(L 1 )(L )H 2O].2H2 O
1
[Cu(L 2 )(L )H 2O].2H2 O
1
[Cu(L 3 )(L )H 2O].2H2 O
1
[Cu(L 4 )(L )].2H2 O
1
[Cu(L 5 )(L )].2H2 O
1
[Cu(L 6 )(L )].2H2 O

o

Color
Light Green
Light Green
Light Green
Light Green
Light Green
Light Green

Melting point ( C)
0
>260 C
0
>260 C
0
>260 C
0
>260 C
0
>260 C
0
>260 C

2

-1

Molar c onductanc e (mho cm mol ) (ionic ratio)
12.4
12.8
14.0
16.0
15.6
18.2

Yield (%)
68
69
75
76
65
82

Tabl e 2. Elemental analysis of metal complexes
C Exp(Theor)%
54.22(54.25)
55.53(55.52)
56.33(56.30)
59.90(59.85)
60.42(60.46)
61.04(61.02)
49.95(49.97)

Molecular formula/
Mass
C26H27 ClN3 O4 SCu
573
C27H26 ClN3 O4 SCu 586
C28H28 ClN3 O4 SCu 600
C3oH30 N4 O4 SCu 605
C31H32 N4 O4 SCu 619
C32H34 N4 O4 SCu 633
C26H30 Cl2N2O5 S2 Cu673

H Exp(Theor)%
4.52(4.54)
4.46(4.48)
4.70(4.71)
5.03(5.00)
5.20(5.23)
5.40(5.42)
4.44(4.48)

N Exp(Theor)%
7.27(7.29)
7.21(7.18)
7.04(7.03)
9.29(9.30)
9.10(9.09)
8.86(8.88)
4.16(4.15)

M Exp(Theor)%
11.00(11.02)
10.03(10.08)
9.85(9.86)
9.80(9.79)
9.53(9.56)
9.32(9.35)
9.40(9.43)

Tabl e 3. UV-visibl e spectral data of ligand and its metal com plexes
ƛmax (nm)
262
270
265
275
265
273
269
275
265
273
265
271

Ligands and Complexes
L1
1
[Cu(L 1 )(L )H 2O].2H2 O
L2
1
[Cu(L 2 )(L )H 2O].2H2 O
L3
1
[Cu(L 3 )(L )H 2O].2H2 O
L4
1
[Cu(L 4 )(L )].2H2 O
L5
1
[Cu(L 5 )(L )].2H2 O
L6
1
[Cu(L 6 )(L )].2H2 O

4

-1

-1

Molar a bsorptivity (£)(10 ,M cm )
0.280
0.293
0.137
0.242
0.173
0.850
0.081
0.248
0.210
0.820
0.208
0.512

transition
*

π-π

*

π-π

*

π-π

*

π-π

*

π-π

*

π-π

Tabl e 4. IR absorption of ligand and its metal compl exes
Absorption
-1
(C=O)(cm )
1674
1672
1675
1674
1670
1668
1671
1669
1683
1682
1686
1685

Complexes
L1
1
[Cu(L 1 )(L )H 2O].2H2 O
L2
1
[Cu(L 2 )(L )H 2O].2H2 O
L3
1
[Cu(L 3 )(L )H 2O].2H2 O
L4
1
[Cu(L 4 )(L )].2H2 O
L5
1
[Cu(L 5 )(L )].2H2 O
L6
1
[Cu(L 6 )(L )].2H2 O
Complexes
1
[Cu(L 1 )(L )H 2O].2H2 O
1
[Cu(L 2 )(L )H 2O].2H2 O
1
[Cu(L 3 )(L )H 2O].2H2 O
1
[Cu(L 4 )(L )].2H2 O
1
[Cu(L 5 )(L )].2H2 O
1
[Cu(L 6 )(L )].2H2 O

Absorption (Ar-1
N)(cm )
1323
1308
1325
1309
1365
1342
1352
1338
1369
1340
1374
1345
µ eff (BM)
1.72
1.72
1.75
1.73
1.74
1.74

Absorption (C-1
S-C)(cm )
690
688
690
689
697
698
692
691
683
682
687
687

Absorption
-1
(M-N)(cm )
445
435
435
440
445
435

-1

Absorption (H 2 O)(cm )
3325
3445
3320
3400
3350
3550

Geometry proposed
Tetrahedral
Tetrahedral
Tetrahedral
Tetrahedral
Tetrahedral
Tetrahedral

Tabl e-6: Antibacterial activity of ligands and their metal compl ex Zone of inhibition in mm
com pounds
L1
1
[Cu(L 1 )(L )H 2O].2H2 O
L2
1
[Cu(L 2 )(L )H 2O].2H2 O
L3
1
[Cu(L 3 )(L )H 2O].2H2 O
L4
1
[Cu(L 4 )(L )].2H2 O
L5
1
[Cu(L 5 )(L )].2H2 O
L6
1
[Cu(L 6 )(L )].2H2 O
Standa rd

B.Substilis
7.5
8
8
8
9
12
7
8
7.2
10
7.4
13
12

Ralstonia Solanace arum
6.5
12
6
9
8
14
3.5
14
9
16
4
9
15

Pseudomonas aeruginosa
5
12
8
17.5
6
18
13
21
2
18
4
16.5
15

Esherichia coli
7
14
7.2
16.5
9.5
18.8
8
16.5
6.8
14.5
7
15
15
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Table 7. Antifungal activity of ligands and their metal complexes Zone of inhibition in mm
com pounds
L1
1
[Cu(L 1 )(L )H 2O].2H2 O
L2
1
[Cu(L 2 )(L )H 2O].2H2 O
L3
1
[Cu(L 3 )(L )H 2O].2H2 O
L4
1
[Cu(L 4 )(L )].2H2 O
L5
1
[Cu(L 5 )(L )].2H2 O
L6
1
[Cu(L 6 )(L )].2H2 O
Standa rd

Asperigillus flavour
8
10
7.5
12.5
12
14
14
18.2
16
17.9
14
19
15

Fusarium
8
12
8
13.4
6
14
12
18.1
7
16.6
7
15
20

Phoma
10
16
12
20.1
8.1
19.9
8
15
12
17.8
8
20
20

3.1 39

2.0 00

Abs.

0.0 00

-2.0 00

-4.0 00
-4.6 51
1 90. 87

300 .00

400 .00

500 .00

n m.
3.558

2.000

0.000

Ab s.
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30 0.00

4 00.00
nm .

Fig ure 1: UV spectra of com plexes 1 and 4

5 00.0 0
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Fig ure 2: IR spectra of compound [Cu(L 1)(L1)H2O].2H 2O

Fig ure 2: IR spectra of compound [Cu(L 5)(L1)].2H 2O

Fig ure 4. Mas s spectrum of com pound [Cu(L 2)(L1)H2O].2H 2O

This may be taken as an indirect evidence for the involvement
of N atoms of ligand in the coordination process. The
electronic spectra confirm the complexation between metal
[22]
ions and the ligand .
Infrared spectra: The type of bonding in metal complexes is
studied by comparing the IR spectra of ligands with the spectra
of metal complexes. Relevant IR absorption frequencies o f the
ligand and its metal complexes are presented in Table 4. Figure
2.

The ν(Ar-N) frequency in the complex is observed around
1300-1340 cm-1 which is lower than that observed in free
ligand and this evidence supports to the coordin ation of
phenothiazine nitrogen. Involvement o f phenothia zine nitrogen
in the complexation is also supported by the presence o f a new
band at 458-436 cm-1, assignable to ν(M-N) for these Cu(II)
complexes [23]. The IR spectra of free ligands shows
characteristic bands to lactum ν(C=O) in the region 1675-1657
-1
cm-1 and v(C-S-C) in the region 680-699cm , These band
were not shifted in the IR spectra of the Cu(II) complexes,
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Fig ure 5. Structure of complex based on spectrosco pic analysis

indicating the non participation of carbonyl oxygen and
sulphur in coordination. In the uncomplexed ligands , the
presence of a broad band in the 2000-2730 cm-1 range is
assigned to the interaction of the quaternary ammonium ion,
(R3 NH)+ ion with a halide ion. In the IR spectra o f the m etalligand complexes, this band has shifted with diminished
intensity suggesting that the exocyclic N atom of th e amino
group is indirectly involved in coordination with the metal
center. A b and observed in the 3000-2800 cm-1 region in the
spectrum of ligands may be assigned to the heterocyclic
nitrogen atom carrying an amine side chain. [24] This band of
ligand shows a shift upon complexation suggesting its
coordination to the metal (II) centre. In addition, complexes
show a broad band in the 3250-3560 cm-1 region, supporting
the hydrogen bonded OH interactions of the water molecules
and sharp pe ak in the range o f 1618-1624cm-1 ,these peaks can
be assigned to OH stretching and bending vibration which
indicates the presences of coordinate wat er molecule in the
complexes and also complex spectrum shows that bands in the

600-700 cm-1 and 715-740 cm-1 regions, attributable to the
heterocyclic C-S-C vibrational
modes of N-substituted
phenothiazines. In the IR spectra of the corresponding metal
complexes 4, 5 and 6, this band either disappeared or reduced
to a small hump showing that the tertiary nitrogen atom o f the
side chain is another site of coordin ation. This shows that
ligand act as a bidentate ligand with heterocyclic nitrogen atom
and tertiary nitrogen atom as two coordination site.[25].
Magnetic
properties:
The
magnetic
susceptibility
measurem ents of the complexes were obt ained at room
temperature using Gouy balance. Pure Hg[Co(SCN)4 ] was and
[26]
used as calibr ation standard
. The magnetic moment v alves
of the synthesized metal complexes are given in table-5. The
effective magnetic moments (μeff) of copper(II) complexes
obtained are in the range of 1.72-1.75 B.M. which is consistent
with the presence o f on e unpaired electron [27 ]. It is possible to
draw up the electronic transitions and predict the geometry
with the aid of magnetic moments of most metal ions.
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Mass Spectra: Mass spectrometry has been widely applied to the
[28-29]
characterization of coordination compounds
. The mass
spectra of all the Cu(II) complexes have been recorded. All the
spectra exhibit parent peaks due to molecular ions. The proposed
molecular formula of these complexes was confirmed by
comparing their molecular formula weights with m/z values.
Mass spectral studies provide evidence for the proposed
constitution of the complexes. The two complexes are selected as
representative show the molecular ion peaks [M+]=573.9890,
+
+
+
[M +2]=575.9924 and [M ]=605.9249, [M +2]=607.9355 that
correspond to the formula weight [Cu(L)(L1)H2O].2H2O and
[Cu(L)(L1)].2H2O respectively, for monomeric complexes.
Besides, the spectra show some prominent peaks corresponding to
various ion fragments. T he peak intensity gives an idea of the
stability of the fragments.
Biological activity
Antimicrobial activity: The newly synthesized Ligands and
complexes were screened for their antimicrobial activities
against the selected species of bacteria and fungi such as
B.substilis
Ralstonia Solanacrrum,
Esherichia
coli,
Aspergillusfl avus, Fusarium and phoma. The activities were
compared with standard antibacterial and anti fungal drugs such
as Chloromphericol and Nystalin, respectively. The results
were comp ared with standard drugs and depi cted in table 6 and
7. The data pertaining to the antimicrobi al potential of ligands
and their Cu (II) complexes are presented in Table 5. The
results indicate that the complexes show more a ctivity than the
free ligands against same microorganisms under similar
experimental conditions. T he remarkable activity was observed
for complexes 3,4 and 5 may be arisen from the morpholine,
which may play an important role in the antibacterialactivity.
This would suggest that the chelation could facilitate the
ability of a complex to cross a cell membrane and can be
explained by Tweedy’s chelation th eory [30 ]. All the test
compounds show slightly lesser activity than the standard
antibiotics. All Compounds were showing too good antifungal
activity than antibacterial. All of the ligands showed lowest
antimicrobial activity, but all the metal complexes under study
were d efinitely showing better antimicrobial a ctivity compared
to the ligands and standard antibiotics Chloromphericol and
Nystalin.
Proposed structure of metal complexes: The N-substituted
phenothiazine complex crystal were poor in quality such that
to permit X-ray crystallographic analysis of th e structure
.T herefore tentative complex structure for the compounds
proposed in th e study are based on various physic-chemical
methods. The elemental analysis, mass magnetic susceptibility,
spectroscopic, IR, UV and molar conductance data.
Conclusion
The synthesized complexes have been characterized by utilizing
the various physic-chemical methods. The molar conductance of
all the complexes in DMF shows that they are non-electrolytes.
Non-electrolytic nature of the studied complexes showing the
anions is coordinated to the central metal ion. The magnetic and
electronic spectral studies support an tetrahedral geometry for all
the metal complexes. Mass spectrum of the complexes shows two
or three steps thermal degradation. Mass spectrum of the complex
confirms the proposed structure. The proposed geometry of the
complexes are given in figure-5. The antimicrobial activities of
synthesized complex compounds were screened against two
bacteria and three fungi using disc diffusion method. The result
revealed that most of the synthesized complex compounds
exhibited antimicrobial activities.
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