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Abstract

In the present paper a series of triphenylphosphine complexes containing mixed ligands like 2-aminothiazole (Ath) and
2-aminotriazole (Atz) have been prepared. The complexes are of the formula [MCl;((Pph;)(Ath),] and [MCl;((Pph;)(Atz),],
[M =Ru(III), Ce(Ill) and La(IIT)]. These complexes were characterized by different spectral techniques. Additionally, the
computational study has been performed using density functional theory (DFT) and the calculation is used to examine the
electronic structure of the synthesized complexes. The biological activities of all the synthesized complexes were evaluated
and the comparative account in properties between the triphenylphosphine metal complexes containing 2-aminothiazole
and 2-aminotriazole ligands has been made. The DNA-binding property of these metal complexes was investigated using
electronic absorption spectroscopy and fluorescence spectroscopy. The antibacterial and antifungal activity against bacterial
species (Gram —ve bacteria: Escherichia coli, Salmonella typhi) and (Gram +ve bacteria: (Staphylococcus aureus and Bacillus
subtilis) and fungi (Aspergillus niger and Candida albicans). The antioxidant study was carried out against the 2,2-diphenyl-
1-picrylhydrazyl radical (DPPH’) which showed that the metal complexes are good antioxidant, as compared to BHT. Further,
the in-silico molecular docking study was performed to predict the possible binding sites of the metal complexes.

Keywords DFT - DNA binding - Antioxidant - Molecular docking

1 Introduction

A series of mixed ligand complexes Ln(Pip);(Phen)
(Ln(IIT) =La, Ce-Nd, Sm-Lu, Y; HPip (CAPh type
ligand) = 2,2,2-trichloro-N-(dipiperidin- 1-yl-phosphoryl)
acetamide, Phen= 1,10-phenanthroline) has been synthesized.
The newly formed metal complexes are structurally character-
ized by different spectroscopic techniques [1]. Lanthanum(III)
tris (o-tolyl/benzyldithio-carbonates), [La(ROCS,)]
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(R=0-, m-, p-CH;C¢H, and C¢H5CH,) were isolated as yellow
solid by the reaction of LaCl;-7H,O with sodium salt of tolyl/
benzyldi-thiocarbonates, ROCS,Na (R=o0-, m-, p-CH;C4,H, and
C¢H;CH,) in methanol under anhydrous conditions in 1:3 molar
ratio. These complexes have formed adducts with nitrogen and
phosphorus donor molecules by straight forward reaction of
these complexes [2]. Lanthanum complexes were also obtained
with a diimine ligand in three different redox states [3]. Some
lanthanum(IIT) complexes have been synthesized by reacting
lanthanum(III) metal salt with Schiff bases derived from 3-sub-
stituted-4-amino-5-mercapto- 1,2,4-triazole (L) and glyoxal/bia-
cetyl/benzyl. All these complexes were not soluble in common
organic solvents but sparingly soluble in DMF and DMSO. The
chelation of the complexes has been proposed in the light of
analytical and spectral studies [4].

A number of cerium alkoxides were synthesized from
the reaction of Ce{N[Si(CH;);],}; and the appropriate
alcohol:neopentyl alcohol [H-OCH,C(CH;);=H—-ONep],
tert-butyl alcohol [H-OC(CH;);=H-OtBu] or 2,6-diphe-
nylphenol using toluene, tetrahydrofuran (THF) or pyridine
(py)- Once isolated, several of these species were further
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reacted with a series of sterically varied carboxylic acid mod-
ifiers including isobutyric acid [H-O,CCH(CH;),=H-OPc]
and trimethylacetic acid [H-O,CC(CH;);=H-OBc] [5].

Many mixed-ligand complexes containing chelating
p-diketonate ligands have been successfully employed as
molecular precursors for the MOCVD (metal—organic chem-
ical vapour deposition) production of pure CeO, and yttria-
doped CeO, thin films due to their relatively high volatility
[6-8]. Ce(Pc), is a sandwich complex in which the cerium
atom is 8-coordinated by the isoindole nitrogens of the two
staggered convex Pc-rings [9, 10].

A novel method was developed for preparing a series
of trans nitrosyl complexes of general formula trans-
[Ru(NH;),L(NO)](BF,);, where L=1imidazole, L-histidine,
pyridine, or nicotinamide [11].

Quantum chemical calculations at the DFT level have
been carried out to analyze quantitatively the Ru'~(NO)™,
Ru'"-(NO)? and Ru"'~(NO)° bonds in trans-[Ru"(NH;),(L)
(NO)]Yand trams—[RuH(NH3)4(L)(NO)]q_1 complexes, where
L=4-picoline (4-pic), C-bound imidazole (imC), N-bound
imidazole (imN), nicotinamide (nic), pyridine (py) and
pyrazine (pz). Equilibrium geometries and the vibrational
frequencies are reported for the ground state (GS) and
light-induced metastable states, MS; and MS, presenting
good agreement with the experimental data. The nature of
the Ru"™-(NO)* and Ru"~(NO)° bonds was investigated by
means of the energy decomposition analysis (EDA) [12, 13].

In the view of the above, herewith we report synthesis
of complexes of Ru(IIl), La(IIT) and Ce(III) triphenyl phos-
phine compounds with Ath and Atz ligands. In this paper
the structure and biological activity of the above complexes
have also been compared.

2 Experimental
2.1 Reagents and Physical Measurements

All the reagents needed for the present work were commer-
cially available, analytical grade and obtained from Sigma
Aldrich, Merck and Hi Media Ltd., utilized without further
purification. Microanalytical data (Carbon, Hydrogen and
Nitrogen) was carried out on Vario EL.CHNOS elemental
analyser. The electronic spectra of the compounds were
recorded on Shimadzu model 1650 UV-Visible double beam
spectrometer in the range of 200—800 nm in DMF solution
(1073 M). FTIR spectra studies were carried out using KBr
discs on a Bruker alpha-T FTIR Spectrophotometer in the
range of 4000-400 cm~!. The conductivity measurement
of the metal complexes was determined in (107> M) DMF
solution using an ELICO-CMS82 conductivity bridge. The
magnetic moment values of the complexes were calculated
at room temperature on a Gouy balance model 7550 apply-
ing Hg[Co(NCS),] as a calibrant.

2.2 Synthesis of [Ru(Pph;)(Ath),Cl;]

To the ethanolic solution of RuCl; (0.5 g, 3.6 mmol), the
solution of triphenylphosphine (0.94 g, 3.6 mmol) in etha-
nol was mixed and stirred at reflux for 10 min. To the above
solution, the hot ethanolic solution of the 2-aminothiazole
(0.36 g, 3.6 mmol) was added. The mixture was refluxed
with stirring for 6 h; the solid so precipitated after evapo-
ration of excess solvent to dryness was collected and was
dried under vacuum to get dark-green/block coloured solid.
The solid product was recrystallized from the methanol
and the obtained complex was kept in a vacuum desiccator.
The melting point of the product was > 300 °C. Yield: 69%.
The physical properties and the analytical data is given in
Table 1, MS (C,;H,oCl,RuN,PS)=498.72 g/mol. The pro-
posed structure of the complexes is shown in Fig. 1.

2.3 Synthesis of [Ru(Pph;)(Atz),Cl;]

To synthesize this complex, the procedure given above
was followed excepting the addition of 2-aminotriazole
(0.36 g, 3.6 mmol) in ethanol rather than 2-aminothia-
zole. The dark green colored product left out after the
evaporation of excess solvent. Yield: 69%. The physical
properties and the analytical data is given in Table 1, MS
(C,H,4CL,RuN,PS) =498.72 g/mol.

2.4 Synthesis of [La(Pph;)(Ath),Cl;]

The ehanolic solution of triphenylphosphine (0.94 g,
3.6 mmol) was added to the ethanolic solution of LaCl,
(0.5 g, 3.6 mmol) and the solution was stirred with heat-
ing for about 10 min. To the above solution, a hot etha-
nolic solution of the 2-aminothiazole (0.36 g, 3.6 mmol)
was added and the resulting solution was refluxed with stir-
ring on a magnetic stirrer with hot-plate fitted with water
cooled condenser for about 4-5 h. The solid is precipitated
on evaporating the excess of ethanol to dryness under vac-
uum to give yellow coloured solid. The solid product was
recrystallized from the methanol and the obtained complex
was kept in a vacuum desiccator. Yield: 69%. The physical
properties and the analytical data are given in Table 1. MS
(C,,H,yCl;LaN,PS)=498.72 g/mol. LC-MS (positive): m/z
499.02.

2.5 Synthesis of [La(Pph;)(Atz),Cl;]
The procedure given above was followed to synthesize this
complex but, excepting addition of the solution of 2-amino-

thiazole ligand (0.36 g, 3.6 mmol) in ethanol, 2-aminotria-
zole was added. The colour of the product is straw-yellow.
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Table 1 Physical and analytical

) . Compound C H N S Cl Conduct- Mol. Wt M pt
data of the synthesized ance °C)
complexes (Ohm™!

cm? mol™)

[RuCl;(Pph;)(Ath),]  43.02 3.36 8.36 9.57 15.87 54 668.9 >300
(42.98) (3.28) (8.28) 9.51)  (15.77)

[RuCl;(Pphj)(Atz),] 41.42 3.63 17.57 - 16.67 6.5 636.0 >300
(40.93) (3.05) (16.91) (17.21)

[LaCl;(Pph;)(Ath),]  40.72 3.28 7.92 9.06 15.03 6.2 705.0 >300
(40.68) (3.22) (7.89) 9.00)  (15.00)

[LaCl;(Pphs)(Atz),]  39.10 3.43 15.68 - 15.74 7.5 673.0 >300
(40.87) (2.99) (16.79) (16.13)

[CeCl;(Pph3)(Ath),]  40.65 3.27 7.90 9.04 15.00 5.8 706.0 >300
(40.61) (3.21) (7.88) (9.00) (14.95)

[CeCl;(Pphs)(Atz),]  39.03 3.42 16.55 - 15.71 5.9 674.0 >300
(38.99) (3.39) (16.49) (15.69)

Fig.1 Proposed structure of the
complexes
P P
cl——M Cl cl——M Cl
/ ' \ NH, '
/\
/N Cl N;< HN™ Ny Cl N
J\ K/S = (/ J
HoN
S~ N, 2 N‘k
H NH,

Yield: 69%. The physical properties and the analytical data
are given in Table 1. MS (C,,H,yCl,LaN,PS)=498.72 g/
mol.

2.6 Synthesis of [Ce(Pph;)(Ath),Cl;]

An ethanolic solution of CeCl; (0.5 g, 3.6 mmol) was mixed
with a hot stirring ethanolic solution of triphenylphos-
phine (0.94 g, 3.6 mmol) and the solution was stirred for
about 10 min. The solution of 2-aminothiazole (0.36 g,
3.6 mmol) in ethanol was added to the above solution
and stirring continued for about 4-5 h. The yellow col-
oured solid precipitated on evaporation of ethanol to dry-
ness under vacuum. The solid product was recrystallized
from the methanol and the obtained complex was kept in
a vacuum desiccator. Colour of the product is pale-yellow
and the melting point is > 300 °C. Yield: 69%. The physical
properties and the analytical data are given in Table 1. MS
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M = Ru, La and Ce

(C,;H,yC1,ZnN,PS)=498.72 g/mol. LC-MS (positive): m/z
499.02.

2.7 Synthesis of [Ce(Pph;)(Atz),Cl;]

This complex was synthesized by following the procedure
as discussed above except the addition of the solution of
2-aminotriazole ligand (0.36 g, 3.6 mmol) in ethanol rather
than 2-aminithiazole was added. The melting point of the
brown colored product was > 300 °C. Yield: 69%. The physi-
cal properties and the analytical data are given in Table 1.
MS (C,,H,yCl,CeN,PS)=498.72 g/mol.

2.8 DFT Studies
All computational calculations for the mixed ligand com-

plexes were obtained using the Gaussian 09 software.
The molecular geometry for synthesized compounds were
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computed using density functional theory (DFT) based
on Backe’s three parameter hybrid exchange functional
(B3LYP) and with LANL2DZ basis set. The optimized
structure of the tested compounds has been visualized using
chemcraft 1.7 software. Quantum chemical parameters such
as (Egomo)> (Brumo), energy gap (AE) and several other
parameters were evaluated for the investigated molecule
[14].

3 Biological Studies
3.1 DNA Interaction Studies

The binding interaction between the metal ions and C7-
DNA was investigated using UV—-Vis spectroscopy. The
required amount of DNA solution was prepared by dis-
solving in buffer medium (50 mM NaCl, 5 mM Tris—HCl
and pH 7.2) UV absorbance value at 260 and 280 nm gave
a ratio of about 1.8-1.9, revealing that the DNA is clear
from the protein contamination. The concentration of C7-
DNA per nucleotide was determined from its absorbance by
employing a molar extinction coefficient value of 260 nm
(e=6600 M~' cm™") [15]. The metal complexes were dis-
solved in DMSO solvent because of low solubility in buffer
solution. Absorption titration studies were carried with a
fixed concentration of the complexes (10 pM) and by vary-
ing the concentration of DNA (0-50 pM). An equal volume
of CT-DNA was added to the both complex solution and
reference solution in order to remove the absorbance of CT-
DNA itself. The intrinsic binding constant (Kj) values of
the complexes with DNA were measured by the following
equation.

[DNA]/(e,—¢;) = [DNA]/(e,—¢¢) + 1/K, (ey—¢;)

where [DNA] is the concentration of CT-DNA in base
pairs, €, is apparent coefficient of A, ,/[complex], &; and
g, correspond to the extinction coefficients of the free and
fully bound forms of the complex respectively. A plot of
[DNA]/(e, — &;) versus [DNA] gave a slope of 1/(g,, — €;) and
Y-intercept equal to 1/K (g, — &), Ky, is the ratio of slope to
intercept.

3.2 Fluorescence Quenching Studies

The experiment involving CT DNA was performed in 5 mM
Tris—HCI/10 mM NaCl, pH 7.2 bufter solution. Tris—HCl buffer
was prepared using doubly distilled water, followed by preparing
of stock solution of CT DNA by dispersing the desired amount
of CT DNA in the buffer solution. The resulting stock solution
was stored at 4 °C and used within 4 days. To this metal com-
plexes were added in successive additions. Then samples were

excited at 320 nm. The relative binding of the complexes to CT-
DNA was determined by Stern—Volmer equation, I /I=1+KSV
r, where I and I are the fluorescence intensities in the absence
and presence of complexes respectively, KSV is a linear
Stern—Volmer constant and r is the concentration [16].

3.3 Antimicrobial Activity

The newly synthesized mixed ligand metal complexes were
screened for their in vitro antimicrobial activity against two
Gram-positive (Staphylococcus aureus, Bacillus subtilis) as
well as two Gram-negative (Escherichia coli, Salmonella
typhi) bacteria and two yeasts (Aspergillus niger, Candida
albicans). Chloramphenicol and Fluconazole were used as
standard antibacterial agent (control). The in-vitro antimi-
crobial activities of the newly synthesized compounds were
examined by agar well diffusion method [17]. The test com-
pounds had been dissolved in dimethylformamide to get a
concentration of 0.5 and 1 mg/cm?. Sample poured petri-
plates were inoculated with microorganism and incubated
at 37 °C for 24 h. DMF showed no inhibition zones. After
incubation, the millimeter of inhibition zone around the
well was measured. The minimum inhibitory concentration
(MIC) value of the compounds was determined by serial
dilution technique [18].

3.4 Antioxidant Activity

The in-vitro radical scavenging activity of newly synthe-
sized mixed ligand complexes against 2-diphenyl-1-picryl-
hydrazyl (DPPH) radical was determined by Blios method
[19]. Different concentrations (50-100 pg/mL) of the tested
compounds were used for examination. 1 mL aliquot of the
test sample was added to 4 mL of a methanolic solution
of DPPH and then the reaction mixture was incubated at
37 °C for 30 min in dark. After the completion of incubation
time, the absorbance was taken at 517 nm and the percentage
free radical scavenging % was calculated by the following
equation. The butylated hydroxyl toluene (BHT) was used
as positive control and all tests were conducted in triplicate.

Scavenging ratio % = [Ai — Ao /Ac — Ao] x 100%

where Ai is the absorbance in the presence of the test com-
pound; Ao is absorbance of the blank in the absence of the
test compound; Ac is the absorbance in the absence of the
test compound.

3.5 Molecular Docking
In-silico molecular docking studies were performed

using HEX 6.1 software [20]. The structure of the syn-
thesized mixed ligand complexes have been drawn by

@ Springer
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CHEMSKETCH and saved to mol format by OPENBABEL
(https://www.vcclab.org/lab/babel/). The crystal structure of
the Human Serum Albumin (PDB ID: 1h9z) was taken from
the protein data bank (https://www.rcsb.org/pdb). All calcu-
lations were carried out on an Intel pentium4, 2.4 GHz based
machine running MS Windows XP SP2 as operating sys-
tem. The output results were analysed by ligplot and paymol
software. The docking scores proved valuable information
regarding the interaction of prepared compounds with active
sites of the receptors.

4 Results and Discussion

The mixed ligand complexes were synthesised by following
the literature as discussed in the experimental section. The
physical properties and analytical data of the synthesized
complexes are compiled in the Table 1. The molar conduct-
ance value of the complexes recorded in DMSO solvent at
Ca. 107> M. All the complexes are non-electrolytic in nature.
A slight higher conductivity values for these complexes is
due to partial dissociation of the complexes in solution and
equilibrium may be established.

4.1 IR Spectral Studies

The IR spectra of the ligand and their complexes are
recorded as KBr pellet. Infrared spectra of the ligands and
their metal complexes are almost same except slight shift
in the position of the peaks with different intensity con-
firms the coordination of ligand to metal ions. A sharp band

Fig.2 FT-IR spectrum of
[Ru(Pphy)(Ath),Cl4]

@ Springer

around 3230 cm™! was due to -NH,. The band due to C=N
stretching of ligand has been observed at lower frequency by
20-30 cm™! due to the formation metal complexes indicat-
ing the involvement of tertiary nitrogen in the coordination.
The weak bands in the range 540-650 cm™~! indicate M—N
bond and a band in the region 437-490 cm™! is due to M-Cl
stretching [20, 21]. The IR spectra of the mixed ligand metal
complexes are showed in the Figs. 2, 3, 4, 5, 6, 7 and the
values are compiled in Table 2.

4.2 UV-Absorption Spectral and Magnetic
Susceptibility Studies

The electronic absorption spectra of heterocyclic mixed
ligand Ru(III) complexes recorded in DMF within the range
of 900-200 nm, the band positions are showed in Figs. 8 and
9. The spectra showed four to five bands within the region
15,748-36,101 cm™". Ruthenium(III) ground state is 2ng
and the first excited doublet levels in the order of increas-
ing energy are 2A2g and T, o> Which arise from t42g e! , con-
figuration [22]. The ligand Ath and Atz showed bands in
the region (32,786 cm™") 305 nm to (25,641 cm™") 390 nm
due to 1 — n* and n— 7* transitions respectively of the aryl
ring and the double bond of the > C=N- group [23, 24].
The electronic spectra of high spin [RuCl;(Pph;)(Ath),]
and [RuCl;(Pph;)(Atz),] in which, the ruthenium(III) ion
is in d° electronic configuration has relatively high oxi-
dizing properties and a large crystal field parameter and
the charge transfer band of the type L;,— T,, is notice-
able in the low energy region, which obscures the weaker
bands due to d—d transitions [25, 26]. In [RuCl;(Pph;)
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(Ath),], the band at (20,830 cm™") 480 nm, (19,607 cm™")
510 nm, (17,090 cm™") 585 nm and (14,814 cm™") 675 nm
due to 2T,g(F) —*T,g(P) (v3), *T,g(F) — Ty (F) (1),
and °T,, —*A,g or °T ,(v)) and °T,, —>A,, transitions,
which is in conformity with the assignments made for
similar ruthenium(III) complexes [27]. Absorption in the
region 19,343-25,576 cm™! displayed bands due to charge

transfer transitions. The design of the absorption spectra
for the heterocyclic Ru(IIl) complexes confirm the pro-
posed octahedral environment around the ruthenium(III)
ion [17]. [RuCl;(Pph;)(Atz),] displayed four spin forbid-
den bands at (20,202 cm_l) 495 nm, (19,047 cm‘l) 525 nm,
(16,528 cm™") 605 nm and (14,814 cm™!) 675 nm due to
transition *T,g(F) —“T,g(P) (v3), *T,g(F) —*T,, (F) (1),
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Table 2 IR spectral data of the synthesized complexes (cm~") significant absorption in the visible region for lanthanide(III)
complexes that may be due to the fact that the f—f bands are
Complex N-H C=N M-P MN gll_ very weak and are obscured by the intense charge transfer
bands that appear in this spectral region.
[RuCly(Pphy)(Ath),] 3150 1510 845 650 450
[RuCl,(Pphy)(Atz),] 3066 1579 821 607 445 4.3 Magnetic Moment Studies
[LaCly(Pphy)(Ath),] 3100 1555 841 597 440
[LaCl,(Pph;)(Atz),] 4041 1506 840 549 445 The magnetic moment value for the [RuCl;(Pph;)(Atz),]
[CeCl,(Pph;)(Ath),] 3150 1500 850 600 490 and [CeCl;(Pph;)(Atz)] complex was found to be 1.57 and
[CeCl,;(Pph;)(Atz),] 3050 1539 836 540 437 2.45 B.M respectively. The magnetic moment value for the

andzTZg—>4A2g or 2T1g(V1)~ The spectrum of the com-
plex also displayed two bands, a high intensity band at
(25,974 cm™') 385 nm is ascribed to symmetry forbidden
ligand to metal charge transfer [23].

[CeCl;(Pph;)(Ath),] and [CeCl;(Pph;)(Atz)] showed
bands in the range of 402—468 nm, which may be assigned to
ligand—metal charge transfer transitions Figs. 10 and 11. No

@ Springer

[RuCl;(Pph;)(Ath),] and [CeCl;(Pph;)(Ath),] complex
was found to be 1.76 and 2.43 B.M respectively. Slightly
higher value in magnetic moment value for triazole com-
plexes may be due strength of the ligand. These values sug-
gest that all the complexes found to have octahedral geom-
etry as proposed. The magnetic moment data show that the
lanthanum(III) chloride complexes are diamagnetic in nature
while all other complexes are paramagnetic as expected [28].
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Fig.8 Uv—Visible spectrum of

[RuCl,(Pphs)(Ath),]

Fig.9 Electronic spectra of
[RuCl;(Pph;)(Atz),]

Fig. 10 UV-Visible spectrum
of [CeCl;(Pph;)(Ath),]
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Fig. 11 Electronic spectra of
[CeCl;(Pph;)(Atz),]

Fig. 12 Mass spectrum of
[RuCl;(Pph;)(Ath),]

Fig. 13 Optimised geometry
and standard bond length of
[RuCl;(Pph;)(Ath),]
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Fig. 14 Optimised geometry
and standard bond length of
[RuCl;(Pph;)(Atz),]

Fig. 15 Standard bond angles of
[RuCl;(Pph;)(Ath),]

4.4 Mass Spectral Studies 5 DFT Studies of Complexes

The mass spectral study of [RuCl;(Pph;)(Ath),] is recorded, The computational calculations of the complexes by Becke’s
which show a molecular ion peak at 668.06 is in good agree-  three parameter hybrid exchange functional (B3LYP) with
ment with the calculated mass of the compound and showed  support of chemcraft 1.7 software [29, 30] has been used
in Fig. 12.
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Fig. 16 Standard bond angles of
[RuCl;(Pph;)(Atz),]

Fig. 17 HOMO-LUMO of
[RuCl,(Pph,)(Ath),]

Orbital energies (¢V)

A-HOMO

for visualisation of optimised structures. The selected bond
length, bond angle and dihedral angle is represented. The
HOMO-LUMO energy band gap of the above complexes
respectively found.

The optimised geometry determined by DFT stud-
ies, the bond lengths and bond angles as well as HOMO
and LUMO energy of all the complexes determined. In
[RuCl,(Pph;)(Ath),] and [RuCl,(Pph;)(Atz),] the bond

@ Springer

AE 1.13 oV

HOMO oneorgy -5.72 oV

length, bond angles and the energy difference between
HOMO and LUMO are represented in Figs. 13, 14, 15, 16,
17, 18. The minimum energy for HOMO of [RuCl;(Pph;)
(Ath),] is =5.72 eV while, that for LUMO is —4.59 eV.
The HOMO-LUMO energy band gap of the complexes is
important for the electron transfer within the molecule. The
HOMO-LUMO energy band gap of [RuCl;(Pph;)(Ath),]
is found to be 1.13 eV. In [RuCl;(Pph;)(Atz),] complex,
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Fig. 18 HOMO-LUMO of

RuCl,(Pph,)(Atz),]

Orbital energies (¢V)

G-LUMO

Table 3 Selected structural parameters of [RuCl;(Pph;)(Ath),]

AE 2,982 eV

LUMO energy - 11.059 eV

HOMO energy -14.071 eV

Bond

Bond length (1&)

Angle

(@)

Dihedral angle

(@)

C(24)-H(43)
P(25)-Ru(32)
C(26)-N(27)
C(26)-N(28)
C(26)-N(31)
N(27)-C(29)
N(27)-H(40)
N(28)-N(30)
C(29)-N(30)
C(29)-H(42)
N(30)-Ru(32)
N(31)-H(36)
N(31)-H(37)
Ru(32)-CI(33)
Ru(32)-CI(34)
Ru(32)-CI(35)

1.122
2.344
1.429
1.244
1.446
1.446
1.028
1.352
1.446
1.122
1.926
1.028
1.028
2.240
2.240
2.240

C(26)-N(31)-H(37)
H(36)-N(31)-H(37)
N(5)-Ru(32)-P(25)
N(5)-Ru(32)-N(30)
N(5)-Ru(32)-CI(33)
N(5)-Ru(32)-Cl(34)
N(5)-Ru(32)-CI(35)
P(25)-Ru(32)-N(30)
P(25)-Ru(32)-CI(33)
P(25)-Ru(32)-Cl(34)
P(25)-Ru(32)-CI(35)
N(30)-Ru(32)-CI(33)
N(30)-Ru(32)-CI(34)
N(30)-Ru(32)-CI(35)
CI(33)-Ru(32)-Cl(34)
CI(33)-Ru(32)-CI(35)
CI(34)-Ru(32)-CI(35)

119.999
119.999
90.000
90.000
90.000
90.000
180.000
90.000
0.573
90.000
90.000
89.427
0.000
90.000
89.427
90.000
90.000

H(42)-C(29)-N(30)-N(28)
H(42)-C(29)-N(30)-Ru(32)
N(28)-N(30)-Ru(32)-N(5)
N(28)-N(30)-Ru(32)-P(25)
N(28)-N(30)-Ru(32)-CI(33)
N(28)-N(30)-Ru(32)-CI(34)
N(28)-N(30)-Ru(32)-CI(35)
C(29)-N(30)-Ru(32)-N(5)
C(29)-N(30)-Ru(32)-P(25)
C(29)-N(30)-Ru(32)-C1(33)
C(29)-N(30)-Ru(32)-Cl(34)
C(29)-N(30)-Ru(32)-CI(35)

164.211
47.259
60.000

—30.000
—30.000
179.597
—120.000

173.432
83.432
83.432

- 66.971

—6.568
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Table 4 Selected structural
parameters of [RuCl;(Pph;)

Bond Bond length (A)

Angle @) Dihedral angle @)

(Atz),] C(35)-H(66) 1.122 N(9)-Ru(59)-N(16)  72.177 N(45)-Ru(59)-Cl(60) 76.837
N(36)-C(37) 1.105 N(9)-Ru(59)-N(38)  65.585 N(45)-Ru(59)-Cl(61) 103.163
N(36)-H(63) 1.028 N(9)-Ru(59)-N(45)  144.109  CI(60)-Ru(59)-Cl(61) 180.000
C(37)-N(38) 1.125 N(9)-Ru(59)-CI(60) 138.670 C(6)-C(1)-C(2)-C(3) 0.006
C(37)-C(39) 1.155 N(9)-Ru(59)-Cl(61)  41.330 C(6)-C(1)-C(2)-H(71) —179.422
N(38)-N(59) 1.741 N(16)-Ru(59)-N(38) 137.586 H(70)-C(1)-C(2)-C(3) - 179.423
C(39)-C(40) 1.118 N(16)-Ru(59)-N(45) 143.604 H(70)-C(1)-C(2)-H(71) 1.149

Table 5 Selected structural Bond Bond length (A) Angle ©) Dihedral angle ©)

parameters of [LaCl;(Pphs)

(Ath),] N(1)-C(2) 1.446 N(1)-C(2) 1.446 N(1)-C(2) 1.446
N(1)-C(3) 1.446 N(1)-C(3) 1.446 N(1)-C(3) 1.446
N(1)-La(32) 2.366 N(1)-La(32) 2.366 N(1)-La(32) 2.366
C(2)-S(4) 1.790 C(2)-S(4) 1.790 C(2)-S(4) 1.790
C(2)-N(6) 1.446 C(2)-N(6) 1.446 C(2)-N(6) 1.446
C(3)-C(5) 1.324 C(3)-C(5) 1.324 C(3)-C(5) 1.324
C(3)-H(53) 1.122 C(3)-H(53) 1.122 C(3)-H(53) 1.122
S(4)-C(5) 1.743 S(4)-C(5) 1.743 S(4)-C(5) 1.743
C(5)-H(41) 1.122 C(5)-H(41) 1.122 C(5)-H(41) 1.122
N(6)-H(38) 1.028 N(6)-H(38) 1.028 N(6)-H(38) 1.028
N(6)-H(39) 1.028 N(6)-H(39) 1.028 N(6)-H(39) 1.028
N(7)-C(8) 1.446 N(7)-C(8) 1.446 N(7)-C(8) 1.446
N(7)-C(9) 1.446 N(7)-C(9) 1.446 N(7)-C(9) 1.446
N(7)-La(32) 2.366 N(7)-La(32) 2.366 N(7)-La(32) 2.366
C(8)-S(10) 1.790 C(8)-S(10) 1.790 C(8)-S(10) 1.790

C(8)-N(12) 1.446 C(8)-N(12) 1.446
C(9)-C(11) 1.324

the energy observed for HOMO is — 14.071 while, for
LUMO - 11.059 eV. The HOMO-LUMO energy band
gap found to be 2.982 eV indicating that the aminothiazole
containing ruthenium complex having easy electron excita-
tion when compared to the ruthenium complex containing
amintriazole Figs. 17, 18.

The bond length and bond angles between Ru and donor
atoms of different ligands are given in Tables 3, 4. The Ru-P
of tripheny phosphine found to be 2.344 A and Ru-N of
amino thiazole ligand has bond length 1.926 A while Ru—Cl
found to be 2.240 A. The N-Ru—CI bond angle is 89.427°
similarly, CI-Ru—Cl is 89.427° and another N-Ru—P angle
found to have 90°. The bond lengths and bond angles indi-
cate that the distorted octahedral geometry for the complex.
Similarly, for other complexes the bond lengths and bond
angles have been recorded and collected in Tables 3, 4, 5,
6,7,8.

@ Springer

In the case of [LaCl;(Pph;)(Ath),] and [LaCl;(Pph,)
(Atz),] the energy for HOMO found to be —8.57
and — 7.442 respectively while that for LUMO is — 8.06
and —5.722 eV respectively, Figs. 19, 20, 21, 22, 23, 24.
The HOMO-LUMO energy band gap (AE) for these two
complexes are 0.51 and 1.722 eV respectively, indicating
that the previous complex has more easier electron excita-
tion compared to the latter one. Similarly, for [CeCl;(Pphs)
(Ath),] and [CeCl;(Pph;)(Atz),] complexes Figs. 25,
26, 27, 28, 29, 30, the energy for HOMO obtained is to
be —7.941 and 5.703 respectively while, that for LUMO
is —4.444 and —3.154 eV respectively. The HOMO-LUMO
energy band gap (AE) in the case of [CeCl;(Pph;)(Ath),]
is 3.497 eV while, in the case of [CeCl;(Pph;)(Atz),], it is
found to be less by amount 2.549 eV, this is a clear indica-
tion that the complex containing aminotriazole has lower
excitation energy.
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Table 6 Selected structural Bond Bond length (A) Angle ©) Dihedral angle ©)
parameters of [LaCl;(Pph;)
(Atz),] C(13)-C(15)  1.386 C(26)-N(31)-H(37) 119.999 N(24)-La(32)-N(30) 120.000
C(13)-P(19)  1.864 H(36)-N(31)-H(37)  119.999 N(24)-La(32)-CI(33) 120.000
C(14)-C(16)  1.386 P(19)-La(32)-N(24)  90.000 N(24)-La(32)-CI(34) 150.000
C(14)-H(48) 1.122 P(19)-La(32)-N(30)  90.000 N(24)-La(32)-CI(35) 90.000
C(15)-C(17) 1386 P(19)-La(32)-CI(33)  90.000 N(30)-La(32)-CI(33) 0.000
C(15-H@7) 1.122 P(19)-La(32)-CI(34)  90.000 N(30)-La(32)-Cl(34) 90.000
C(16)-C(18)  1.386 P(19)-La(32)-CI(35) 180.000 N(30)-La(32)-CI(35) 90.000
C(16)-H(46) 1.122 N(24)-La(32)-N(30) 120.000 CI(33)-La(32)-CI(34) 90.000
C(17)-C(18)  1.386 N(24)-La(32)-CI(33) 120.000 CI(33)-La(32)-CI(35) 90.000
C(17)-H(45) 1.122 N(24)-La(32)-CI(34) 150.000 Cl(34)-La(32)-CI(35) 90.000
C(18)-H(44) 1.122 N(24)-La(32)-CI(35)  90.000 C(3)-C(1)-C(2)-C(4) 0.000
P(19)-La(32) 2.784 N(30)-La(32)-CI(33)  0.000 C(3)-C(1)-C(2)-H(56) —179.427
C(20)-N(21) 1.429 N(30)-La(32)-CI(34)  90.000 H(55)-C(1)-C(2)-C(4) —179.427
C(20)-N(22) 1.244 N(30)-La(32)-CI(35)  90.000 H(55)-C(1)-C(2)- 1.146
H(56)
C(20)-N(25) 1.446 CI1(33)-La(32)- 90.000 C(2)-C(1)-C(3)-C(5) 0.000
CI(34)
NQ21)-C(23) 1.446 CI(33)-La(32)- 90.000 C(2)-C(1)-C(3)-H(54) —179.427
CI(35)
N(@21)-H@41) 1.028 Cl(34)-La(32)— 90.000 H(55)-C(1)-C(3)-C(5)  179.427
CI(35)
N(22)-N(24) 1.352 C(26)-N(31)-H(37)  119.999 H(55)-C(1)-C(3)- —0.000
H(54)
C(23)-N(24) 1.446 HB36)-NQB1)-H@37) 119.999 C(1)-C(2)-C(4)-C(6) 0.000
C(23)-H(43) 1.122 P(19)-La(32)-N(24)  90.000 C(1)-C(2)-C(4)-H(58) —179.427
N(24)-La(32) 2.366 P(19)-La(32)-N(30)  90.000
N(25)-H(38) 1.028 P(19)-La(32)-C1(33)  90.000
Table 7 Selected structural Bond Bond length (A)  Angle ©) Dihedral angle ©)
parameters of [CeCl;(Pph,)
(Ath),] N()-C(2) 1.446 C(2)-N(1)-C(3) P(31)-Ce(32)
N(1)-C(3) 1.446 C(2)-N(1)-Ce(32) 124499  Ce(32)-CI(33)
N(1)-Ce(32)  2.326 C(3)-N(1)-Ce(32) 124500  Ce(32)-Cl(34)
C(2)-S(4) 1.790 N(1)-C(2)-S(4) Ce(32)-C1(35)
C(2)-N(6) 1.446 N(1)-C(2)-N(6) C(2)-N(1)-C(3)
C(3)-C(5) 1.324 S(4)-C(2)-N(6) C(2)-N(1)-Ce(32)  124.499
C(3)-H(53) 1.122 N(1)-C(3)-C(5) C(3)-N(1)-Ce(32)  124.500
S(4)-C(5) 1.743 N(1)-C(3)-H(53) 124498  N(1)-C(2)-S(4)
C(5)-H41) 1.122 C(5)-C(3)-H(53) 124498  N(1)-C(2)-N(6)
N(6)-H(38) 1.028 C(2)-S(4)-C(5) S(4)-C(2)-N(6)
N(6)-H(39) 1.028 C(3)-C(5)-S(4) N(1)-C(3)-C(5)
N(7)-C(8) 1.446 C(3)-C(5)-H(41) 125.039  N(1)-C(3)-H(53) 124.498
N(7)-C(9) 1.446 S(4)-C(5)-H(41) 117.368  C(5)-C(3)-H(53) 124.498
N(7)-Ce(32)  2.326 C(2)-N(6)-H(38) 120.000  P(31)-Ce(32)
C(8)-S(10) 1.790
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Table 8 Selected structural parameters of [CeCl;(Pph;)(Atz),]

Bond Bond length (1&) Angle ©) Dihedral angle ©)

C(1)-C(2) 1.386 P(19)-Ce(32)-CI(34) 90.000 C(26)-N(28)-N(30)—Ce(32) 141.906
C(26)-N(28) 1.244 P(19)-Ce(32)-CI(35) 180.000 N(27)-C(29)-N(30)-N(28) —15.140
C(26)-N(31) 1.446 N(24)—-Ce(32)-N(30) 120.000 N(27)-C(29)-N(30)—-Ce(32) —132.092
N(27)-C(29) 1.446 N(24)-Ce(32)-CI(33) 120.000 H(42)-C(29)-N(30)-N(28) 164.211
N(27)-H(40) 1.028 N(24)-Ce(32)-Cl1(34) 150.000 H(42)-C(29)-N(30)—Ce(32) 47.259
N(28)-N(30) 1.352 N(24)-Ce(32)-CI(35) 90.000 N(28)-N(30)-Ce(32)-P(19) 180.000
C(29)-N(30) 1.446 N(30)-Ce(32)-CI1(33) 0.000 N(28)-N(30)-Ce(32)-N(24) 90.000
C(29)-H(42) 1.122 N(30)-Ce(32)-Cl1(34) 90.000 N(28)-N(30)-Ce(32)-CI1(33) —154.365
N(30)-Ce(32) 2.326 N(30)-Ce(32)-CI(35) 90.000 N(28)-N(30)-Ce(32)-Cl1(34) —89.000
N(31)-H(36) 1.028 Cl1(33)-Ce(32)-CI1(34) 90.000 N(28)-N(30)-Ce(32)-CI1(35) 0.000
N(31)-H(37) 1.028 CI1(33)-Ce(32)-CI(35) 90.000 C(29)-N(30)—-Ce(32)-P(19) —66.568
Ce(32)-CI(33) 2.640 C(29)-N(30)—Ce(32)-N(24) —156.568
Ce(32)-CI1(34) 2.640 C(29)-N(30)—-Ce(32)-CI1(33) —40.933
Ce(32)-CI(35) 2.640 C(29)-N(30)—Ce(32)-Cl1(34) 23.432

Fig. 19 Optimized geometry
& Standard bond length of
[LaCl(Pph;)(Ath),]

6 Biological Activities
6.1 DNA Binding Experiments

The binding interaction of only two complexes with CT-DNA
was monitored by comparing their absorption spectra with and
without CT-DNA. The Figs. 31, 32 represents the absorption
spectra of the [RuCl;(Pph;)(Ath),] and [RuCl;(Pph;)(Atz),]
respectively, in the presence and absence of CT-DNA and both
the complexes exhibited well resolved bands at 270-280 nm
with increasing the DNA concentration (0-50 uM). The K,
values obtained for [RuCl;(Pph;)(Ath),] and [RuCl;(Pphs;)
(Atz),] are 4.02 and 4.55 x 10° M~! respectively in the region
270-280 nm with increasing concentration of DNA. The

@ Springer

intrinsic binding constant value suggests that the interactions
of complexes with CT-DNA as tabulated in Table 9. It is clear
that, the intense absorption bands observed for the free metal
complexes is in the region 295-320 nm, while for bound, it
is in the range 297-322 nm, suggests 1 — 7* transitions. As
the concentration of the CT DNA increases, a slight red shift
and hypochromism of about 2-3 nm range was exhibited by
the metal complexes. Red shift and hypochromicity is the
feature observed when intercalative binding mode is present
due to the strong stacking interactions between the base pairs
of DNA and the aromatic chromospheres of the complexes.
Also, the intrinsic binding constant values were evaluated by
the change in the absorbance values as the DNA concentration
increases gradually [31, 32].
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Fig.20 Optimized geometry
& Standard bond length of
[LaCl;(Pph;)(Atz),]

Fig.21 Standard bond angle of
[LaCl;(Pph;)(Ath),]

6.2 Fluorescence Quenching

To investigate further the interaction mode between the
complex and CT-DNA, the fluorescence titration experi-
ments has been performed. The complexes emits lumi-
nescence in Tris-buffer with maximum wavelengths in
the range 360-410 nm shows the emission spectra of the
complex in the absence and presence of varying amounts
of CT-DNA. In the emission spectra for the complex, with

increasing CT-DNA concentration the emission intensity
is decreased due to self-stacking of some free bases in the
compound along the DNA surface [59]. The experimental
result provides a direct evidence for the interaction between
the complexes containing aminothiazole ligand with Ru(III),
Ce(III), La(IIT) and CT DNA through the groove binding
mode are shown in Figs. 33, 34, 35, 36. The fluorescence
quenching of DNA with increasing concentration of metal
complexes were expressed in terms of Ksv values calculated
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Fig.22 Standard bond angle of
[LaCl;(Pph;)(Atz),]

Fig.23 HOMO-LUMO of
[LaCl;(Pph;)(Ath),]

>

o ————————

E G-AUMO LUMO energy -8.06 eV
g AE 0.51 eV

=2

8 U-HOMO
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Fig.24 HOMO-LUMOof
[LaCly(Pph,)(Atz),]

T awwo

% LUMO energy -5.722 eV
g ae.]1.722 eV

-

X awnomo

Fig. 25 Optimised geometry
and standard bond length of
[CeCl;(Pphs)(Ath),]
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Fig.26 Optimised geometry
and standard bond length of
[CeCl;(Pph;)(Atz),]

Fig. 27 Standard bond angles of
[CeCl;(Pphs)(Ath),]

from slope of plot I /I versus r. The binding constant Ksv
values are found to be 5.683x 10* M, 5.241 x 10* M and
6.203 x 10* M™! respectively for Ru(II), Ce(Il) and La(II)
complexes which are consistent with the values observed
in other groove binding systems [33]. The quenching may
be due to the complexes interacting with DNA through an
groove mode and it is clear from Ksv values. All the com-
plexes bound strongly with DNA, which is confirmed with
the electronic absorption study.

@ Springer

6.3 Antimicrobial Activity

The different microorganisms such as, two Gram-positive (S.
areus, B. subtilis) as well as two Gram-negative (E. coli, S.
typhi) bacteria and two yeasts (A. niger, C. albicans) were used
to study the biological activity of ligands and all the four com-
plexes. In general, all the complexes showed higher activity
for Gram (+) than for Gram (—) bacteria, but slightly higher
activity observed in complexes containing triazole ligand
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Fig. 28 Standard bond angles of
[CeCl;(Pph;)(Atz),]

Fig.29 HOMO-LUMO of
[CeCly(Pph3)(Ath)2

Orbital energies (¢V)
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Fig.30 HOMO-LUMO of
[CeCl,(Pph,)(Atz),]

Orbital energies(eV)

Absorption
w

1 ] I I I
280 300 320 340 360

Wavelength (nm)

Fig.31 Electronic absorption spectra of the [RuCl;(Pph;)(Ath),]
complex in buffer solution (5 mM Tris~HCI/10 mMNaCl at pH 7.2).
Plot [Ru]=10 pM, [DNA]=0-50 pM

(Table 10). The highest active compound for Gram (—) bac-

teria was complex [RuCl;(Pph;)(Atz),] while the complexes
[RuCl;(Pph3)(Atz),] and [CeCl;(Pph;)(Atz),] showed highest

@ Springer

LUMC-3.153 eV

ar=2.549 eV

Absorption

S A —

1
360

| 1
320 340
Wavelength (nm)

1
280 300

Fig.32 Absorption spectra of in [RuCl;(Pph;)(Atz),] Tris—HCI buffer
upon addition of DNA.[Ru] =10 pM, [DNA]=0-50 pM

activity for Gram (+) bacteria. The results revealed that both
complexes are excellent antifungal agents. The higher activ-
ity of the metal complexes is may be due to the smaller sized
metal ions which enhance the polar nature of the complex to
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Table 9 Electronic absorption data upon addition of CT-DNA to the
complexes

Al (nm) H (%) Binding
constant Ky

Complex Amay (M)

Free Bound

™M™
[RuCly(Pph;)(Atz)] 295 298 2 834  4.02x10°
[RuCly(Pphy)(Atz)] 320 322 2 9.15 4.55x10°

Huorescence

Wavelength (nm)

Fig.33 Emission spectra of the [RuCl;(Pph;)(Ath),]complex at room
temperature in Tris—HCIl/NaClbuffer solution (pH 7.2) in the absence
and presence of FS-DNA, lex =363 nm. The arrowshows the inten-
sity changes upon increasing the concentration of FS-DNA (0.0-
38.1 pM)

0.6 4

0.5 +

Huorescence
o
w
1

0.0 Ll b L]
360 380 400

] L]
420 <20

Wavelength (nm)

Fig.34 Emission spectra of the [LaCl;(Pph;)(Ath),Jcomplex at
room temperature in Tris—HCI/NaCl bufter solution (pH=7.2) in the
absence and presence of FS-DNA, lex=410 nm. The arrow shows
the intensity changes upon increasing the concentration of FS-DNA
(0.0-38.1 pM)

0.5 -

0.4 4

0.3 o

Huorescence

w aa

L) L) L]
320 360 400 440

Wavelength (nm)

Fig.35 Emission spectra of the [CeCl;(Pph;)(Ath),Jcomplex at
room temperature in Tris—-HCI/NaCl buffer solution (pH 7.2) in the
absence and presence of FS-DNA, lex=404 nm. The arrow shows
the intensity changes upon increasing the concentration of FS-DNA
(0.0-38.1 pM)

BN ——
RN —a—
l\”—.—
0% =
0.4 -
g 03 -
0.2 -
0.1 T T T T
2 3 4 S [S

(1] /fomeA)

Fig.36 Plot of I,/I vs.[DNA] for [RuCly(Pphy)(Ath),], [LaCly(Pphs)
(Ath),] and [CeCly(Pph;)(Ath),]

larger extent which leads to the increase in lipophilicity. These
results are in good correlation with the DNA interaction and
docking studies of the metal complexes [34, 35].

6.4 Antioxidant Activity Using the DPPH Method

The DPPH radical scavenging activity data represented in
Table 11. DPPH solution in methanol gives strong absorbance
at 517 nm. The synthesized metal complexes were screened
for antioxidant activity against DPPH radical at 10-100 pg/
mL concentration. The antioxidant activities of the synthe-
sized compounds are expressed by comparing with standard
BHT. All the complexes exhibited good antioxidant activity
compared to the standard [36, 37]. The equation below has
been used to obtain the percentage of scavenged DPPH radical:

Percentage scavenging activity =

Absorbance of control — Absorbance of sample »

100

Absorbance of control

@ Springer
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Table 10 In-vitro antimicrobial

Compd\Conc. (ug/mL
activity of compounds and their ompd\Cone. (pg/mL)

Antibacterial activity

Antifungal activity

inhibition zone (MIC) in mm E. coli S. typhi S. aureus B. subtilis  A. niger C. albi-
cans
100 200 100 200 100 200 100 200 100 200 100 200

[RuCl;(Pph;)(Ath),] 19 20 17 19 22 21 22 26 19 25 17 20
[RuCl;(Pph;)(Atz),] 18 24 16 21 22 23 20 29 19 25 18 20
[LaCl;(Pph;)(Ath),] 19 25 17 20 21 22 22 29 20 24 17 19
[LaCl;(Pph;)(Atz),] 18 24 19 20 19 24 23 31 17 21 20 21
[CeCl;(Pphs)(Ath),] 15 13 17 21 19 22 24 30 18 22 21 22
[CeCl;(Pph;)(Atz),] 16 17 15 20 20 26 19 25 18 24 19 19
Std 1 25 28 24 27 25 30 28 34 - - - -
Std 2 - - - - - - - - 26 30 22 26
Control - - - - - - - - - - - -
Where Std1. is chloramphenicol, Std2. is fluconazole, control is DMSO

Lot Antipxidant activity Compounds % of Scavenging activity at different concentrations in pg/mL

of the synthesized compounds

10 20 30 40 50 60 70 80 90 100

[RuCl;(Pph;)(Ath),] 21.12 2928 46.51 5121 61.13 70.15 73.72 7429 8231 S8l1.11
[RuCl,(Pph3)(Atz),]C1 18.12 27.17 3694 41.19 4722 66.17 71.25 81.12 82.13 88.23
[LaCl;(Pph;)(Ath),] 19.44 2456 4231 41.62 5752 67.61 72.18 79.17 83.41 87.61
[LaCl;(Pph;)(Atz),] 20.22 3031 3532 4092 4563 5831 58.57 66.17 6853 71.33
[CeCl;(Pphs)(Ath),] 19.51 29.45 3877 44.14 4752 51.15 54.89 6356 67.58 73.41
[CeCl,(Pph;)(Atz),]C1 21.32 2832 36.52 40.76 44.67 4935 58.92 68.59 69.03 71.33
BHT 3243 3894 50.21 56.78 6547 7824 85.83 9253 94.87 97.56

Fig. 37 Antibacterial docking of [RuCl;(pph;)(Ath),] Docking score
— 325.02 kJ/mol ™

6.5 Molecular Docking Studies

In ordered to understand and to support in-vitro biologi-
cal potency of the synthesized metal complexes and DNA

@ Springer

Fig. 38 Antibacterial docking of [RuCl;(Pph;)(Atz),]: Docking score
—331.25 kJ/mol ™!

interactions docking studies has been studied. The docking
used to determine the orientation of inhibitors bound in the
active site of receptors. As the metal complexes exhibited
good DNA binding property, in the present study 2MBR
selected and human estrogen receptor which are involved in
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Fig. 41 [CeCl;(pph;)(Ath),]: Docking score — 319.02 kJ/mol™!

Fig. 42 [CeCl;(Pph;s)(Atz),]: Docking score — 329.52 kJ/mol ™!

cancer causing mechanism in biological system. Ciprofloxa-
cin drug was used as standard for docking studies which was
known to be potential inhibitor of human estrogen receptor.
The docking study was carried out using Hex 8.2 soft-
ware; both the receptor and complex were uploaded in pdb
file format. The E-Total values obtained from the HEX soft-
ware after completion of docking process indicate that the
strong interaction of complex with the receptors. E-Total
values and their docked structure are shown in Figs. 37,
38, 39, 40, 41, 42. The complexes [RuCl;(Pph;)(Ath),],
[LaCl;(Pph;s)(Ath),] and [CeCl;(Pph;)(Ath),] showed
least docking score of —325.02,—-321.02 and —319.02 kJ/
mol~! respectively with the protein receptor SEC2 (PDB
code: 1STE) in Staphylococcus aureus. On the other
hand, the complexes [RuCl;(Pph;)(Atz),], [LaCl;(Pph,)
(Atz),] and [CeCl;(Pph;)(Atz),] exhibiting the docking
score —331.25,—345.19 and — 329.52 kJ/mol ! respectively.
On comparing the docking results, the complexes contain-
ing aminotriazole (Atz) have slightly more negative values,
indicating that they are more potential DNA binder than the
complexes containing aminothiazole (Ath) ligand [38].

7 Conclusion

The article involves synthetic procedure of a series of tri-
phenylphosphine complexes containing mixed ligands
like; 2-aminothiazole (Ath) and 2-aminotriazole (Atz). The
complexes are of the formula, [MCl;((Pph;)(Ath),] and
[MCL,((Pph;)(Atz),], [M=Ru(ll), Ce(Ill) and La(1I)]. A
series of mixed ligand complexes were structurally charac-
terized by different physicochemical and spectroscopic tech-
niques. The electronic, magnetic susceptibility and molar
conductance data confirmed the octahedral geometry for

@ Springer
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the complexes. DFT studies have been carried out on all
the complexes to compare the structure and properties of
the complexes. Bond lengths, bond angles HOMO-LUMO,
energy gap (AE) were calculated and are in a good agree-
ment with the experimental results. Moreover, the interac-
tion of metal complex with calf thymus DNA have been
effectively examined using electronic absorption titrations
and fluorescence studies, the results reveal that complexes
could bind to CT-DNA through groove binding. The anti-
fungal and antibacterial activity against both Gram +ve and
Gram —ve bacterial species have been carried out. All the
tested complexes showed good antibacterial activity com-
pare to the standard. The antioxidant potential of the com-
pounds was examined by DPPH radical scavenging assay.
All the mixed ligand complexes showed promising anti-
oxidant activity than the free ligand. The docking studies
have been carried out to find the structure and the mode
of binding of complexes with DNA strands. On comparing
the docking results, the complexes containing aminotriazole
(Atz) have slightly more negative values, indicating that they
are more potential DNA binder than the complexes contain-
ing aminothiazole (Ath) ligand.
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