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Abstract

In this study, new mixed ligand complexes have been prepared from bis(2,4,4-
trimethylpentyl)dithiophosphinic acid (CigH3sPS,) and 2,9-dimethyl-1,10-phenanthroline
(C14H12N,) with various metal(I1) ions. The molecular formula of the metal complexes were
[MN(C16H34PS2)(C1sH1N2)ICT (1), [Fe(CasH34PS:)(CraH1N)ICH (2),  [Co(CisHaaPSy)
(C14H12NR)ICI (3), [Zn(C16H34PS;)(C1aH12N2)CH (4) and [Cd(C16HasPS2)(C14H12N,)ICI (5).
These complexes have been characterized by various physico-chemical techniques such as
melting point, molar conductance, magnetic susceptibility measurements as well as UV-
Vis, IR, TG and mass spectroscopic analyses. The surface morphology was determined by
scanning electron microscope (SEM). The magnetic moment value, color as well as spectral
measurements suggested that the geometrical structures of the metal complexes were
tetrahedral. The spectral data showed that bis(2,4,4-trimethylpentyl)dithiophosphinic acid
and 2,9-dimethyl-1,10-phenanthroline ligands acted as uninegative and neutral bidentate
ligand, respectively. The obtained mixed ligand complexes were more stable in air and
highly soluble in common organic solvent. The bio-efficacy of ligands and metal
complexes have been screened against the test microorganism using agar disc diffusion
method. The complex 4 showed potential antibacterial activity against Sterptococcus
aureus as compared to standard drug, imipenem. On the other hand, the complex 3 also
displayed more potent antifungal activity against Lecanicillium fungicola. Moreover, the
complex 3 was also found to have better scavenging activity against 2,2-diphenyl-1-
picrylhydrazyl.
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1. Introduction

Bis(2,4,4-trimethylpentyl)dithiophosphinic acid (BDTPA) is sulfur substitution of organo-
phosphorous extracting reagent. Sulfur has lower electronegativity as compared to
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oxygen. Thus electrons of sulfur atom are more easily shared in the formation of metal-
sulfur bond and increase the bond strength. BDTPA has been widely used as reagent for
the extraction of trace metals in sample [1]. As a ligand, 2,9-dimethyl-1,10-phenanthroline
(DMP) is a bidentate heterocyclic nitrogenous species. Attached methyl groups have
tendency to donate electrons to the group/atom attached to them. Thus lone pair electrons
on nitrogen atoms of DMP can easily bond with metal ion and form five-membered ring
structure. DMP has potential complexation, chemotherapy, catalytic, and biological
activities. DMP had been used as an analytical reagent in both analytical and coordination
chemistry. Complexes containing 2,9-dimethyl-1,10-phenanthroline  applied as
photovoltaic cells and molecular sensors [2-4] as well as these complexes have been
showed potent DNA binding affinity, DNA cleavage ability and higher cytotoxicity
against human MCF-7 breast cancer cell line [5,6]. Moreover, mixed ligand complexes
containing heterocyclic nitrogenous ligands have a unique role in drug industry and
potential applications in various fields, e.g. as promising antitumor activity [7], anticancer
[8], antifungal, antibacterial [9], antioxidant [10], antimycoplasmal activity [11] as well
as coordination polymers, corrosion inhibitors, optical materials and solar cell dyes [10].
Numerous metal complexes with 2,9-dimethyl-1,10-phenanthroline as a ligand or mixed
with other ligands were reported [12-15]. As a continuation of research in this area, we
report herein the synthesis, characterization and biological study of mixed ligand
complexes with bis(2,4,4-trimethylpentyl)dithiophosphinic acid and 2,9-dimethyl-1,10-
phenanthroline. The mixed ligand complexes were found to have the general formula
[M(C16H34PS,)(C14H1oNL)]CI (M= Mn(l1), Fe(11), Co(l1), Zn(I1) or Cd(I1)).

2. Materials and Methods

All chemicals were analytical grade reagents from Merck and Sigma Aldrich and used
without further purification. IR spectra were recorded on an IR Affinity 1S
spectrophotometer, Shimadzu, Japan with samples prepared as KBr pellets. UV-Visible
absorption spectra were recorded on a T60 UV-Visible spectrophotometer (PG
Instruments, UK) programmed with Win5 software, version 5.1. The Mass spectra were
obtained on a JEOL-JMS-D300 spectrometer. Thermogravimetric analysis was carried out
on a TG 60, Shimadzu, at a heating rate of 10 °C min™ from room temperature to 800 °C
under nitrogen gas. The percentage mass loss was recorded against the temperature.
Magnetic susceptibility and molar conductance measurements were made on a magnetic
susceptibility balance (Sherwood Scientific, UK) and an ECOSCAN CON5
conductivity/temperature meter (Eutech Instruments, Singapore, Serial No. 101886),
respectively. Particle size and surface morphology were observed on a JEOL, JSM-6360
LV with energy-diffusive X-ray spectroscopy JEOL, JED-2300.

2.1. General procedure for synthesis of mixed ligand complexes

The appropriate quantity of hot saturated methanolic solution of metal chloride salt (1
mmol, 0.198 g of MnCl,.4H,0, 0.235 g of FeCl,-6H,0, 0.238 g of CoCl,-6H,0, 0.136 g of
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ZnCl, or 0.228 g of CdCl,-2.5H,0) was added in methanolic solution of 2,9-dimethyl-
1,10-phenanthroline (1 mmol, 0.208 g) with continuous stirring at 60 °C. To this resulting
solution a hot saturated methanolic solution of bis(2,4,4-trimethylpentyl)dithiophosphinic
acid (1 mmol, 0.322 g) was added. The solution was refluxed at 100 °C with continuous
stirring whereupon the complex was precipitated. The precipitate was separated by
filtration and washed several times with hot methanol. The complexes were purified by
recrystallization from methanol solution. Finally, pure complexes were dried in vacuum
over anhydrous calcium chloride. The purity of the complexes was verified using thin-
layer chromatography (TLC).

2.2. DPPH free radical scavenging ability

The antioxidant activity of the mixed ligand complexes (1-5) was determined by DPPH
method [16,17]. 2 mL of various concentrations of the samples (31.25, 62.50, 125, 250
and 500 pg) was added to 2 mL of 0.004 % chloroformic solution of DPPH. The samples
were vortexed and incubated in the dark place for 30 min at room temperature. The
absorbance was measured against a blank at 517 nm. Butylated hydroxyl toluene (BHT)
was used as a standard for comparison. The assay was carried out in triplicate and the
mean was reported. The DPPH radical scavenging activity was calculated by the
following equation:

DPPH radical scavenging activity (%) = [(Acontrot — Asample)/Acontrot] X 100

Where Acontrol iS the absorbance of reaction without sample and Ag,mpie is the absorbance of
test sample. Sample concentration providing 50% inhibition (ICsy) was calculated from
the graph.

2.3. Antibacterial and antifungal screening

The antimicrobial activity of ligands and their mixed ligand complexes (1-5) was screened
against Sterptococcus pneumoniae (S. pneumoniae), Bacillus subtilis (B. subtilis),
Staphylococcus aureus (S. aureus), Staphylococcus epidermidis (S. epidermidis) and
Clostridium botulinum (C. botulinum) bacteria and Aspergillus flavus (A. flavus),
Lecanicillium fungicola (L. fungicola) and Aspergillus niger (A. niger) fungi species using
disc diffusion method [15,18,19]. The stock solution (1 mg/mL) of the sample was
prepared by dissolving 10 mg of the test compound in 10 mL of chloroform. Control was
prepared by solvent instead of stock solution. Sterile media was poured into sterilized
petri dishes and allowed to settle for 15 min. Then 100 pL of microorganism was
inoculated on media with the help of micropipette. Later on, the sample was placed on the
filter disc. Diameter of filter disc was 4 mm. The petri dishes were incubated at 37 °C for
24 h in case of bacteria and 48 h at 30 °C for fungal strains. Standard antibacterial drug
(imipenem) and antifungal drug (fluconazole) were also screened under similar condition
for comparison. In order to clarify any effect of chloroform on the biological screening,
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separate study was carried out only in chloroform. The zone of inhibition was measured in
mm and average zone inhibition was determined. Duplicate data was taken for the
calculation of mean inhibition.

3. Results and Discussion
3.1. Molar conductivity and nature of species

The molar conductance values of metal complexes were found to be in the range 82-102
ohm™cm?mol™ ( Table 1) suggesting 1:1 electrolyte as well as ionic in nature due to the
presence of one chloride ion in the outside of coordination sphere [20,21]. The results
reveal that the isolated mixed ligand complexes were 1:1:1 (L: M: L) ratio. Melting point
gives primary information about the formation of complex. The higher melting point of
the prepared complexes (200-271 °C) as compared to ligand indicating the formation of
metal complexes [22,23]. The sharp melting point indicated the purity of metal
complexes. Mixed ligand complexes were soluble in most common solvents like
acetonitrile, chloroform, dichloromethane, DMF and toluene. The experimental physico-
chemical data of the metal complexes were in good agreement with the proposed
structural formula.

Table 1. Physical properties of the ligands and mixed ligand complexes.

Ligand/Complex Color '(\igl?gg point &gld z\ohm‘lcmzmole‘l)
DMP Light beige 166 - -

BDTPA Greenish liquid - - -

1 Green 253 52 102

2 Coffee 201 43 86

3 Blue 200 40 91

4 White 265 51 82

5 White 271 55 88

3.2. IR spectra and mode of bonding

The infrared spectra gives important information about the nature of functional groups and
binding mode of ligand to metal ion in complex. The characteristic absorption bands in
the IR spectra were represented in Table 2. A medium band at 1654 cm™ was attributed to
stretching mode of the C=N in 2,9-dimethyl-1,10-phenanthroline [24-27]. This band was
shifted to lower frequency (30-38) in the complexes which clearly indicated the
coordination of the two nitrogen atoms with metal ion. The new peaks in the region 511-
544 cm™ can be assigned to asymmetric stretching M-N in metal complexes proving the
coordination of the 2,9-dimethyl-1,10-phenanthroline as bidentate cleating agent [28-31].
The bands at 2866-2868 and 2901-2957 cm™ can be attributed to symmetric and
asymmetric stretching mode of C-H, respectively [32]. In mixed ligand complexes the
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characteristic bands of v(C-H) were almost same, as expected. This further informed that
these parts did not participate in  coordination. The free bis(2,4,4-
trimethylpentyl)dithiophosphinic acid showed a medium band at 2638 cm™ for v(S-H)
vibration [33]. This band was found to have disappeared in respective complexes
confirming the coordination of sulfur atom with metal ion via deprotonation. A medium
band of v(P=S) was observed at 637 cm™ [1,33,34]. This band was shifted to lower
frequency (24-37 cm™) in metal complexes. In this case, sulphur atom of thiophosphoryl
group coordinated with metal ions due to the donation of electrons from sulphur to the
empty d-orbitals of metal ions. In addition, the weak peak in the region of 419-426 cm™
was assigned to stretching vibrations of M-S bond confirming the coordination of sulfur
atoms of bis(2,4,4-trimethylpentyl)dithiophosphinic acid with metal ion as uninegative
bidentate fashion [1,24].

Table 2. Selected infrared absorption frequencies (cm™) of ligands and their metal complexes.

k‘gﬁ%‘?ex V(C=N) v(P=S) W(S-H) X%_E))&
BDTPA - 637 2638 :

DMP 1654 } : :

1 1622 607 : 419 & 540
2 1616 613 i 419 & 516
3 1622 609 : 419 & 544
4 1624 601 : 426 & 527
5 1620 600 : 420 & 511

3.3. Electronic spectra and magnetic properties

The electronic spectra provide feasible indication about the ligand arrangement in metal
complexes. It also distinguishes among the square-planar, tetrahedral and octahedral
geometries of complex. Magnetic moment value gives reliable information about
paramagnetic or diamagnetic nature as well as geometry of complex. Color further assists
to find out the correct geometry of the complexes [35]. The ligand (DMP) showed two
bands at 265 nm and 295 nm, which ascribed to transitions 1 — 7* and n — w*,
respectively. An absorption peak of BDTPA exhibited at 260 nm and 290 nm, which
assigned to 1 — w* and n — w* transitions, respectively. These bands were shifted
towards shorter wavelength region in the spectra of metal complexes which is an evidence
of coordination of ligand to metal ions [36]. The UV-visible spectroscopic data, color and
magnetic moment values of the test compounds are listed in Table 3. Complex 1 exhibited
one absorption band at 582 nm which assigned to °A,—*T; transition due to tetrahedral
geometry. The magnetic moment and green color of the complex are an additional
evidence for tetrahedral structure [37,38]. The high-spin complex 2 showed a weak band
at 527 nm owing to °T,— °E transition. In addition, the magnetic moment value as well as
yellow color of the complex ascribed for tetrahedral geometry [39,40]. The four
coordinated complex 3 displayed two peaks at 471 nm and 684 nm, assigned to
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*T,(F)—"T,(P) transition. The magnetic moment value and blue color of the complex are
consistent with tetrahedral stereochemistry [41-43]. Metal complexes with white color
(4 and 5) did not show d-d electronic transition due to completely filled d'*-orbital [41].
According to magnetic moment value, complex 1-3 were paramagnetic while 2 and 3
were diamagnetic in nature.

Table 3. Electronic spectra, magnetic moments and geometry of ligands/metal complexes.

Ligand/Co Band € Mef

mplex (nm) (Lmol'lcm'l) Assignments (BM) Geometry

BDTPA 260 3275 n— ¥ - -
290 2691 n— m*

DMP 265 3081 n— ¥ - -
295 2863 n— m*

1 230 935 n— ¥ 5.73 Tetrahedral
270 811 n— m*
582 56 ATy

2 230 1658 T — ¥ 5.19 Tetrahedral
265 1621 n— m*
527 126 T,—%E

3 235 2696 T — ¥ 4.38 Tetrahedral
265 2808 n— ¥
529 130 AT,(F)—*T,(P)

4 239 1456 e Diamagnetic Tetrahedral
275 2064 n— ¥

5 230 1392 n— ¥ Diamagnetic Tetrahedral
270 1217 n— ¥

3.4. Thermal analysis

Thermogravimetric analysis is a powerful tool to confirm both the composition and
stability of the complexes. Fig.1 represents the proposed chemical change as a function of
temperature and corresponding mass loss in each step. 2,9-dimethyl-1,10-phenanthroline
was decomposed progressively in two steps. The first mass loss of DMP occurred in the
range 256 to 327 °C having mass loss 12.56% due to elimination C,H, (cal 12.50). The
second mass loss happened in the range of 328 to 544°C due to deduction of 5C,H, and
C,N, molecules with a found mass loss of 87.44% (cal 87.50%). All metal complexes
were decomposed progressively in three steps with almost same trend. In complex 1 the
first mass loss occurred in the range 277 to 327°C having mass loss of 5.75% due to the
elimination of 0.5Cl, molecule (cal 5.65%). The second degradation step happened in the
range of 328 to 386 °C with mass loss of 33.58% (cal 33.61%) corresponding to loss of
6C,H, and C;,N, species. The third step occurred in the range 387 to 574 °C with mass
loss of 46.67% (cal 46.71%) due to the deduction of C,H,, 7C,H,;, PH; and H,S
molecules. Finally, 14.00% (cal 14.04%) metallic residue remained as MnS. The first
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thermal decomposition of complex 2 ensued in the range of 70 to 203 °C with mass loss
of 5.70% (cal 5.64%) due to the elimination of 0.5Cl, molecule. The second step occurred
in the range of 204 to 284 °C with mass loss of 33.53% (cal 33.55%) corresponding to the
loss of 6C,H, and C,N, moiety. Third step happened due to the loss of C,H,, 7C,H,4, PH3
and H,S molecules with a found mass loss of 46.61% (cal 46.63%) in the range of 285 to
480°C followed by the formation of 14.16% FeS (cal 14.17%). In complex 3 the first mass
loss ensued in the range 92 to 202 °C with mass loss of 5.66% (cal 5.62%) corresponding
to the deduction of 0.5CI, molecule. The second step decomposition occurred in the range
of 203 to 318°C due to the loss of 6C,H, and C,N, species with mass loss of 33.38% (cal
33.39%). The third step occurred in the range of 319 to 491 °C with mass loss of 46.39%
(cal 46.41%) due to the loss of of C,H,, 7C,H,, PH3 and H,S molecules, leading finally
stable 14.57% CoS as residue (cal 14.45%). The first decomposition of complex 4
occurred in the temperature range of 257 to 305 °C with mass loss of 5.63% (cal 5.57%)
corresponding to the loss of 0.5CI, molecule. Second decomposition step happened in the
temperature range 306 to 368 °C with mass loss of 33.11% (cal 33.13%) due to the loss of
6C,H, and C,N, species. Third decomposition step occurred in the temperature range 369
to 606 °C with mass loss of 46.02% (cal 46.04%) corresponding to the loss of C,H,,
7C,H,4, PHs; and H,S molecules leading finally to the most stable species zinc sulphide as
residual product (Found 15.24; cal 15.27%). The first step of complex 5 occurred in the
range 232 to 303 °C having mass loss of 5.18% (cal 5.16%) due to the elimination of
0.5Cl, molecule. The second degradation step happened in the range of 304 to 412 °C
with mass loss of 30.66% (cal 30.69%) corresponding to loss of 6C,H, and C,N, species.
The third step occurred in the temperature range of 413 to 694 °C with mass loss of
42.62% (cal 42.65%) due to the deduction of C,H,, 7C,H,, PH3; and H,S molecules.
Finally, 21.54% (cal 21.51%) metallic residue remained as CdS. The experimental
molecular mass of metal complexes were in good agreement with suggested molecular
formula.

100 -
——Complex 1

80 7§ Complex 2
& ——Complex 3
w60 -
8 ——Complex 4
w40 A ——Complex 5
S ——2,9-DMP

20 A N

0 T T T 1
0 200 400 600 800

Temperature (°C)

Fig. 1. TG spectra for the ligand (DMP) and metal complexes.
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3.5. FAB-mass spectra

The data of mass spectroscopic analysis are presented in Table 4. The molecular ion peak
of metal complex 1-5 was appeared in the FAB mass spectra at m/z = 620.7, m/z = 621.1,
m/z = 623.8, m/z = 629.0 and m/z = 677.4, respectively. Moreover, complex 1-5 showed
another characteristic peak at m/z = 585.7, m/z = 586.1, m/z = 588.8, m/z = 594.0 and m/z
= 642.5, respectively due to the loss of one chloride ligand [44-46]. Both molecular ion
and characteristic peak of metal complexes were in good agreement with their assigned
molecular formula. This further confirmed that the mixed ligand complexes were 1:1 ratio
as well as mononuclear composition.

Table 4. Characteristic peaks of FAB-mass spectrum of the mixed ligand complexes.

Complex [M]* [M-CI]* [M-CisH3PS,CI]"  [CioH1oN5]
1 620.7 585.7 266.2 158.8
2 621.1 586.1 265.9 158.8
3 623.8 588.8 268.2 158.8
4 629.0 594.0 273.4 158.8
5 677.4 642.5 322.0 158.8

3.6. Scanning electron microscopy

The surface morphology is one of the characteristics of solid materials. The scanning
electron microscope (SEM) was used to evaluate the morphology and particle size of
sample. A beam of high-energy electrons of scanning electron microscope creates a
variety of signals from the surface of solid matter. These signals provide information
about the image of the shape, size of the particles, ductility of substances, strength of
materials and how the atoms are arranged in an object. The scanning electron microscope
can be as essential tool in metallurgy, forensic science, gemology as well as medical
science. From the SEM photographs, the morphology of ligand (DMP) was
homogeneously distributed in solid powder. On the other hand, morphology of respective
metal complexes was not uniformly distributed and exhibited different structures. The
SEM micrographs showed complexes 1, 2, 3 and 4 seemed to be spherical like structure
with the particle size approximately 197, 151, 181 and 167 um, respectively. Besides,
complex 5 showed gravel like structure.

3.7. Antioxidant activity

Free radicals generate during normal cellular function in body system. Free radicals (such
as superoxide anion, hydroxyl radical and hydrogen peroxide) are very reactive. Because
of that they interact with proteins, lipids and nucleic acids, may produce various chronic
diseases. Therefore, to obstruct the free radical damage in body system, it is important to
control drugs that may be rich in antioxidant. Antioxidants have the ability to scavenge
free radicals or terminate chain reactions. They play an important role in repairing cellular
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damage and preventing various human diseases. The scavenging free radical ability of
metal complexes is an important property [36,47]. Recently to protect the resultant
damage, numerous natural as well as synthetic free radical scavengers have been
developed and studied [22,47]. The newly synthesized mixed ligand complexes were
investigated for their antioxidant properties by DPPH radical scavenging method. 1,1-
diphenyl-2-picrylhydrazyl (DPPH) shows a strong absorption band at 517 nm due to its
odd electron. An antioxidant reacts with it and produces stable 1,1-diphenyl-2-
picrylhydrazine. As a result, the band intensity of DPPH decreases [48]. Table 5 and Fig.2
demonstrate the free radical scavenging activity of metal complexes and BHT. The
decreasing absorbance as well as the lower 1Cs, value indicated the higher antioxidant
activity of test compounds [49-51]. The ICs value of test compounds in descending order
was 5 > 1> 4 > BHT > 2 > 3. Complex 1, 4 and 5 showed poor scavenging activity as
compared to BHT. The free radical scavenging activity of complex 2 was lower than that
of 3, but better than standard antioxidant (BHT). Moreover, complex 3 was found to have
better scavenging activity as compared to the standard antioxidant.

Table 5. DPPH free radical scavenging activity of metal complexes.

Compounds
1 2 3 4 5 BHT
ICs (ppm)  2.03 1.58 1.57 1.98 2.41 1.75
R? 0.927 0.943 0.969 0.949 0.793 0.958

RZ correlation coefficient

65.0
—@—BHT
60.0 ——1
< —=2
= 55.0 ——73
0 4
x
2 50.0 5
=
£
45.0 o
40.0 T T )
1.5 2.0 2.5 3.0

Log of concentration (ppm)

Fig. 2. Antioxidant activity for metal complexes.
3.8. Antibacterial and antifungal activity

The antimicrobial activity of the complexes are presented in Table 6. Both bis(2,4,4-
trimethylpentyl)dithiophosphinic acid and 2,9-dimethyl-1,10-phenanthroline ligands did
not show any activity against test microorganisms. Complexes 2, 3 and 4 exhibited
moderate activity against Staphylococcus aureus, Clostridium botulinum and Bacillus
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subtilis. In addition, complex 4 showed potent antibacterial activity against Sterptococcus
aureus as compared to standard, imipenem. The remaining metal complexes showed low
activity against all bacterial strains. In the case of antifungal study complex 3 was found
to be more potentially active against Lecanicillium fungicola. Besides, complex 4
exhibited promising activity against Aspergillus niger as compared to standard drug,
fluconazol. The biological activity of metal complexes depend on the molecular structure,
number of chelate rings, polarity of metal complexes, etc. Only lipid soluble substances
can pass through the lipid membrane of microorganism. In the present study some mixed
ligand complexes showed less activity due to the lower lipophilicity of the complexes.
Because of that the metal complexes could neither block nor inhibit the growth of the
microorganisms. While some mixed ligand complexes displayed greater activity than
ligands. The increasing activity of mixed ligand complexes can be explained by chelation
theory [35]. The lipophilic nature increased in mixed ligand complexes due to chelation.
Therefore, the chelation could increase the ability of metal complex to penetrate through
the lipid membrane of test microorganism.

Table 6. Antimicrobial activity of the mixed ligand complexes.

Zone of inhibition (mm) against bacteria Zone of inhibition (mm)

Complex against fungi
/Standard S. B. S. s Clostridium A. L. A.
pneumonia subtilis aureus epidermidi flavus  fungicola  niger
1 07 08 08 08 09 06 05 05
2 07 9 12 08 08 05 08 10
3 08 09 07 07 16 06 15 05
4 07 12 23 09 08 06 07 13
5 09 07 09 08 05 06 05 06
Imipenem 29 26 28 25 28 - - -
Fluconazole - - - - - 15 17 16
4. Conclusion

In this paper five new mixed ligand complexes have been successfully synthesized and
characterized by various physico-chemical techniques. Based on the experimental data the
bis(2,4,4-trimethylpentyl)dithiophosphinic acid acted as uninegative bidentate ligand. The
conductance values reveal that the mixed ligand complexes were 1:1 electrolyte in nature.
Magnetic moment, color, UV-Vis spectral, mass and TG observation suggested
tetrahedral geometry of all metal complexes. Thermally the mixed ligand complexes were
more stable. Moreover, complex 4 showed strong antibacterial activity against
Staphylococcus aureus. Besides, complex 3 and 4 exhibited good activity against
Lecanicillium fungicola and Aspergillus niger fungi species, respectively.
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