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ABSTRACT

A new series of water-soluble transition mixed tigacomplexes of Co (Il) and Ni (Il) have been sgsited from
the Schiff base ligand (HL) derived from morpholdezivatives as a primary ligand with 1,10-phenacatime (X)
and 2,2'-bipyridine (Y) as co-ligands. Structurabfures were obtained from their elemental analysgsgnetic
susceptibility, molar conductance, mass, FT-IR, U= spectral studies. The data show that allrttieed ligand
complexes have composition of [MLXJ4H and [MLY]4HO. The spectral data showed octahedral geometry
around the central metal ion. The redox behavionradtal complexes was studied by cyclic voltammé&tne
binding strength and binding mode of complexes Wit DNA (Herring Sperm) have been investigated by
absorption titration and viscosity measurement &sid The results show a considerable interactiotwben
complexes and HS-DNA. The nuclease activities efctimplexes have shown that they cleave calf thyphls
under aerobic condition and in the presence gHthrough redox chemistry. The in vitro biologicahda
antioxidant activities have shown that the mixgarid complexes have higher potent activities tharfree ligand.

Keywords: Morpholine, Schiff base, Antioxidant, DNA bindingNA cleavage.

INTRODUCTION

Schiff base complexes are used as ligand becaube abmbination of molecular nitrogen with centradtal ions
and also it has been reported to possess antinatrpioperties [1-4]. Morpholine derivatives wergported to
possess antimicrobial [5-6] anti-inflammatory [7&]d central nervous system activities [10-11]. b&erocyclic
compounds exhibit biological activities due to firesence of multifunctional groups. Most of themmehal, O and
S containing groups which form strain-free fivesit-membered ring and give 1:1 (M-L) chelate witkted ions
such as Ni (II) and Co (ll). Metal complexes exhiloiteractions with DNA have been studied with #ims of

developing both probes for nucleic acid structuaed chemotherapy agents [12]. Bidentate ligandh ssc2,2'-
bipyridine, 1,10-phenanthroline readily form comg@e with most of the transition metal ions. Thesgehbeen
extensively used in both biological and preparatieerdination chemistry [13-15]. Transition metalmplexes
have been adopted for their spectral, electroctemioperties and ability to change the ligand emvinent while
binding and cleaving with DNA. These studies as®amportant in determining the pathway of metal ioxicity

[16-17]. The aromatic rings of the ligands wereduse stack the bases of DNA. The existence of omyged

nitrogen atoms that can create hydrogen bondsth&fNA, and the metal complexes show a positivegh so as
to interact electrostatically with phosphate grogbsDNA. Generally, metal complexes capable of @using

ribosyl hydrogen are expected to oxidize guaninetber nucleobases. Current efforts are carriedt@wtesign
mixed ligand complexes as chemical nucleases seifab direct strand scission. The interaction s&adetween
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complexes and DNA is one of the most important etspén biological research aimed at discovering and
developing new type of anti- proliferative agent8][because DNA is one of the main molecular targetth@n
design of anticancer compounds [19]. The practisal of transition metal complexes as chemical miselés also
documented [20-21]. Hence, we have explored théhegis, characterization, biological, electrochamicadical
scavenging, DNA binding and cleavage studies oeghiigand complexes containing tridentate schiffeba

EXPERIMENTAL SECTION

All reagents 3-morpholinopropylamine, salicylaldday metal(ll) salts and DPPH used were extra puiRegbade
(Sigma/Aldrich) and used without further purificaii Solvents were used for physical measuremept®fAR
grade and purified by standard methods [22]. Triistilled water (specific conductance = 1.81+ 81 cm?) was
stored in a C@free atmosphere and was used for solution prépasatMelting points of all the mixed ligand
complexes were determined on Gallen kamp apparatuspen glass capillaries and were uncorrected. The
elemental analysis of carbon, hydrogen and nitrogere recorded in an Elementar Vario EL Ill, CHN&lgser at
STIC, CUSAT, India. Molar conductance of the compke was measured in EtOH solvent using 305 systroni
conductivity bridge by using 0.01 M KCI solutions ealibrant. The mass spectra were analyzed by &&SI-MS
spectrum in a 3-nitro-benzylalcohol matrix. Magoetiisceptibility measurement on power samples wagd out

by the Gouy method using Hg[Co(SCNas calibrant and the diamagnetic corrections vegied in compliance
with Pascal’'s constant. Electronic absorption gpeof the complexes in ethanol medium were recoroleda
Shimadzu UV1800 spectrometer (path length, 1 cr@}I@ONm range. IR spectra were recorded using p&iiet

on a Shimadzu FT-IR affinity spectrometer in 400800 cni range and Electrochemical studies were carried out
using electrochemical analyser model CHI620C. @yetiltammetric measurements were performed usigigssy
carbon working electrode (3 mm dia), Pt wire aaxifielectrode and an Ag/AgCl reference electrofiié solutions
were purged with Mfor 30 min prior to each set of experiments. Taitglammonium perchlorate TBAP was used
as the supporting electrolyte. The magnetic sugubfyt data of the complexes were obtained witfsauy balance

at room temperature using copper sulphate as braati Calf thymus DNA was purchased from Geneiénd
Viscosity experiments were carried on an Ubbelodeeometer, immersed in a thermostated water-batihtained

at 30 + 0.1°C. The CT-DNA Cleavage, HS-DNA bindiagd antioxidant studies were recorded in EtOH gmiut
using UV-Transilluminator, and 1800 UV-Visible sp®photometer in DST-SERB sponsored Research lab,
Chemistry Research Centre, MSEC, Kilakarai, Rantepatram, Tamilnadu, India.

2.2 Synthesis of Schiff base [HL]

An ethanolic solution (20 ml) of 3-morpholinopropgtine (1.44 g, 10 mmpl and salicylaldehyde
(2.22 g, 10 mmol) were reflux for 3h. The resultsgution was evaporated slowly to separate solgentpletely
from reaction mixture. On cooling, the yellow orangiquid of 2-(3-morpholinopropylimino) methyl phen
(Figure 1) was formed then purified by column chatagraphy with petroleum ether and methanol solwgrture.

[HL] : [Yield: 2.1 g, 79 %] Analysis: calculated for8,N,O,: C, 67.7; H, 8.1; N, 11.3 %. Found: C, 67.1; I9;8.
N, 11.7 %; FAB-MS (relative abundance, %): m/z 2#8;(KBr, cm®): 3210v(O-H phenolic), 163G/(-CH=N),
1200v(C-O Phenolic), 1143(C-O aliphatic), 1338(C-N aliphatic), 3056/(C-H aromatic), 2949(C-H aliphatic),
2852v(C-H iminic); UV-Vis in EtOH {ma/nNm):399, 315, 254.

2.3 Synthesis of metal complexes with 1,10-phenontiadMLX]4H,0O

A solution of the LH (0.124 g, 0.5 mmol) in ethan@0 ml) was added to a solution of metal salt® lik
[Co(Ac),]4H,0 and [Ni(Ac)]4H,0 (0.5 mmol) in 20 ml ethanol and the mixture wafluxed for ca. 4 h. An
ethanolic solution of 1,10-phenonthroline (X) (000§, 0.5 mmol) was mixed and refluxed for 2 h. Tasulting
solution then concentrated to one third and kepbam temperature for 48 h. The solid complexesewiermed
washed thoroughly with ethanol and dried in vacudesiccator. All the complexes were recrystallizeontf
ethanol.

[CoLX]4H ,0: [Yield: 0.20 g, 60 %] Analysis: calculated for CH3gN4Og: C, 54.5; H, 6.2; N, 9.1 %. Found: C,
54.4; H, 6.1; N, 9.1 %; FAB-MS (relative abundanée): m/z 617; IR (KBr, cnl): 1620 v(-CH=N); 1401
v(acetate), 1228(C-O Phenolic), 1143(C-O aliphatic), 1338 (C-N aliphatic), 306%(C-H aromatic), 295%(C-H
aliphatic), 2850v(C-H iminic), 1570v(C-N phenonthroline), 860(H,0), 653v(M 0), 492 v(M-N); UV-Vis in

2
EtOH (uma/nm): 980, 612, 399; Conductance in EtQH,); 21.2 ohritcm moI Magnetic momentle (BM): 4.8.

[NILX]4H ,0: [Yield: 0.13 g, 59 %] Analysis: calculated for ®H3gN4Og: C, 54.5; H, 6.2; N, 9.1 %. Found: C,
54.2; H, 6.2; N, 9.0 %; FAB-MS (relative abundané&): m/z 617; IR (KBr, c): 1622 v(-CH=N); 1404
v(acetate), 1229(C-O Phenolic), 1139(C-O aliphatic), 1349(C-N aliphatic), 3056/(C-H aromatic), 2956 (C-H
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aliphatic), 2856v(C-H iminic), 1558v(C-N phenonthroline), 845(H,0), 659v(M-0), 483 v(M-N); UV-Vis in
2 -1
EtOH (uma/NM): 942, 548, 418; Conductance in EtQk): 19.6 ohrifcm mol ; Magnetic momenie; (BM): 3.1.

2.4 Synthesis of metal complexes with 2,2'-bipyridivié Y]4H,0O

A solution of the LH (0.124 g, 0.5 mmol) in ethan@0 ml) was added to a solution of metal salt® lik
[Co(Ac),]J4H,0 and [Ni(Ack]4H,O (0.5mmol) in 20 ml ethanol and the mixture walused for ca. 4 h. An
ethanolic solution of 2,2-bipyridine (Y) (0.0781, §.5 mmol) was mixed and refluxed for 2 h. Theulésg
solution then concentrated to one third and kepbain temperature for 48 h. The solid complexeseviermed
washed thoroughly with ethanol and dried in vacudesiccators. All the complexes were recrystallifexn
ethanol.

[CoLY]4H ,0: [Yield: 0.18 g, 59 %] Analysis: calculated for CgH3gN4Og: C, 52.6; H, 6.4; N, 9.4 %. Found: C,
52.5; H, 6.6; N, 9.5 %; FAB-MS (relative abundanée): m/z 593; IR (KBr, ci): 1598 v(-CH=N); 1399
v(acetate), 1232(C-O Phenolic), 1140(C-O aliphatic), 134@(C-N aliphatic), 3065/(C-H aromatic), 2943(C-H
aliphatic), 2848v(C-H iminic), 1569v(C-N bipyridine), 855v(H,0), 617v(M-0O), 497 v(M-N); UV-Vis in EtOH

2 -1
(Ama/NM): 987, 617, 410; Conductance in EtQ&,}: 19.4 ohrifcm mol ; Magnetic momenije; (BM): 4.7.

[NILY]4H ,0: [Yield: 0.17 g, 57 %] Analysis: calculated for ©sHsgN4Og: C, 52.6; H, 6.4; N, 9.4 %. Found: C,
52.7; H, 6.3; N, 9.7 %; FAB-MS (relative abundanée): m/z 593; IR (KBr, ci): 1616 v(-CH=N); 1400
v(acetate), 1229(C-O Phenolic), 1139(C-O aliphatic), 1344/(C-N aliphatic), 3069(C-H aromatic), 2941(C-H
aliphatic), 2849(C-H iminic), 1565v(C-N bipyridine), 840v(HZO) 657v(M 0), 487v(M-N); UV-Vis in EtOH

(Amadnm): 975, 607, 380; Conductance in EtQk,J: 21.2 ohmlcm mol Magnetic momentile (BM): 3.3.

o)
X
(\ N NN NH, OH
( )\) —l_
3-Morpholinopropan-1-amine 2-Hydroxybenzaldehyde
Reflux/ethanol

(\ W
( )\)
2-(3-Morpholinopropylimino)methyl phenol (HL)

Metal Acetate salts Metal Acetate salts
+ +
1,10-Phenonthroline(X) 2,2'-Bipyridine(Y)

L L
\W(;\(\ 4H,0 AcO™ \ \ 4H,0
i /

[MLX]4H,0 [MLY}4H,0

M = Co(II) and Ni(II)
Figure 1 Synthesis of schiff base ligand and its wed ligand complexes
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2.5DNA binding Studies

2.5.1 Absorption method

All the experiments involving the interaction oftisomplexes with herring sperm (HS) DNA were carggit in
Tris-HCI buffer (50 mM NaCl/5 mM Tris-HCI, pH 7.18t room temperature. A solution of HS DNA in thdfbu
gave a ratio of UV absorbance at 260 and 280 nabofit 1.8-1.9, indicating that DNA was sufficienfige from
protein [23]. The HS-DNA concentration per nucldetivas determined by absorption spectroscopy ukagiolar
absorption coefficient of 6600 Mcmi* at 260 nm [24]. The compounds were dissolved imixed solvent of 5%
methanol and 95% Tris-HCI buffer for all the expeents. Stock solutions were stored at 4 °C and usttn 4
days. Absorption titration experiments were perfednwith fixed concentration of the compounds (30)paith
varying concentration of DNA (0-60 uM). The abs@ptspectra have measured by an equal amount of A
added to all the test solutions and the refereakgisn to eliminate the absorbance of DNA its@5].

2.5.2 Viscosity measurements

Cannon-Ubbelodhe viscometer maintained at a constamperature of 27.0 £ 0.1°C in a thermostatikghavas
used to measure the relative viscosity of DNA sohg. A 3.0 mM stock solution of each ethidium brdenwas
prepared. A 0.4 mM solution of HS DNA was used. Tbemplex]/[DNA] ratio was maintained in the rang®.2.
Flow time was measured with a digital stopwatchhvéih accuracy of 0.01 s. The flow time of each damas
measured three times and an average flow time wlaslated. Data were represented graphicallyag)t” versus
concentration ratio ([Complex]/[DNA]), whetgis viscosity of DNA in the presence of complex agds viscosity
of DNA alone [26]. Viscosity values were calculafeam the observed flow time of DNA-containing stduns (t >
100 s) corrected for the flow time of buffer aldtg i.e.nat-t,

2.6 DNA cleavage Studies

The DNA cleavage experiment was conducted usind®F by gel electrophoresis with the correspondingtah
complex in the presence of,®,b as an oxidant. The reaction mixture was incubdietbre electrophoresis
experiment at 35 °C for 2 h as follows: CT DNA 3B, 50 uM each complex, 50 uM,8, in 50 mM Tris-HCI
buffer (pH = 7.2). The samples were electrophordésed h at 50 V on 1% agarose gel using Tris-acatid-EDTA
buffer (pH = 7.2). After electrophoresis, the geisastained using 1 pg/érethidium bromide and photographed
under UV light.

2.7 In vitro Antioxidant activity

All the mixed ligand complexes were tested forvitro antioxidant activities at 37 °C by DPPH free radlic
scavenging assay method as prepared by Blois $1iitions of mixed ligand complexes at differenb@entrations
(10, 20, 30, 40 and 50 uM) were prepared in EtOWest. 1 mL of each sample solution having différen
concentrations and 4 mL of 0.1 mM DPPH solutioneveken in different test tubes and the mixture slasok
vigorously for about 2-3 min. Then test tubes wiaraibated in dark room for 20-30 min at 37 °C. Arik DPPH
solution without the sample was used for the basedbrrection and it gives a strong absorption marn at 517
nm (purple color withe = 8.32 x 16 M™ cm®). After incubation, the absorbance value for esaimple 510-520 nm
was measured using a UV-visible spectrometer. Tisemwed decrease in the absorbance values indicatéhe
mixed ligand complexes show scavenging activityeeFradical scavenging effects in percentage wasilesdéd
using the formula:

(Acontrol - Asample) %100

Scavenging effects (%) = n
control

Where Aqniol iS the absorbance of the control (blank) ang.Adis the absorbance of the complex. All the analyses
were made in three replicate for each and thidtesiere compared with each other.

2.8 In vitro biological study

2.8.1Antibacterial activity

NCCLS approved standard nutrient agar was used edium for testing the activity of microorganisms as
antibacterial agents. For preparing the agar m&dgpof beef extract, 5 g of peptone, 5 g of yeastact and 5 g of
sodium chloride were dissolved in 1000 ml of distll water in a clean conical flask. The pH of tbéuson was
maintained at 7.0. The solution was boiled to digsthe medium completely and sterilized by auteiclg at 15 Ibs
pressure (126C) for 30 min. After sterilization, 20 ml of medigas poured into the sterilized petri plates. These
petri plates were kept at room temperature for stme. After few minutes the medium got solidifiedthe plates.
Then, it was inoculated with microorganisms usitegile swabs. The stock solutions were preparedissolving
the compounds in ethanol at 1520 to find the inhibition zone values. In a typiqabcedure, a well was made on
the agar medium inoculated with microorganisms .[ZBhe well was filled with the test solutions usiiag
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micropipette and the plates were incubated af@7or 24 h. During this period, the test solutidiffuded and
affected the growth of the inoculated bacteria. ifidbition zone was developed and it was notechim.

2.8.2Antifungal activity

NCCLS approved standard potato dextrose agar wed as medium for antifungal activity by well diffas
method. For preparing the agar media, 200 g oftpa=tract, 20 g of agar and 20 g of dextrose wissolved in
1000 ml of distilled water in a clean conical fla3lhe solution was boiled to dissolve the mediummgletely and
sterilized by autoclaving at 15 Ibs. pressure (A2Pfor 30 min. After sterilization, 20 ml of medieas poured into
the sterilized Petri plates. These Petri platesevkept at room temperature for some time. After faimutes the
medium got solidified in the plates. Then, it wasdulated with microorganisms using sterile swaliee stock
solutions were prepared by dissolving the compotundzsthanol at 1M to find the inhibition zone values. In a
characteristic procedure, a well was made on tlae agdium inoculated with microorganisms [29]. Vel was
filled with the test solutions using a micropipedied the plates were incubated at@G7or 72 h. During this period,
the test solution diffused and affected the groeftthe inoculated fungi. The inhibition zone waveleped and it
was noted in mm.

RESULTS AND DISCUSSION

All the mixed ligand complexes are hygroscopic @aune. They are soluble in water, ethanol, metharfalorform
and insoluble in petroleum ether and hexane. Tleasgnalytical data for the synthesized complexeswsthat the
metal to primary ligand and co-ligand ratio is 1:Ifhe observed molar conductance of the complexEsOH (10

¥ M) at room temperature is constituent with the -etectrolytic nature of the complexes and in theeaize of
counter ions in the proposed structure of the medahplexes [30]. Figure 1 shows the structure gérd and
synthesized mixed ligand complexes. The physicapgrties of the complexes are summarized in Tabléhg
analytical data correspond well with the generaifala of complexes like [MLX]4K0 and [MLY]4H,0.

3.1 Mass spectroscopy

The observed molecular ion peak confirms the pregdsrmulae and is in good agreement with theiotégcal
molecular weight as calculated from micro-analytidata. The Schiff base ligand [HL] showed a molacion
peak at m/z 248 which was also supported by theogen rule’, since the compound possesses twogaitr atoms.
The molecular ion peaks for the [CoLX]4Bl and [CoLY]4HO complexes have observed at m/z 617 and 593
confirms the stoichiometry of metal chelates as {tH,0 type.

Table 1 Physical characterization, analytical, molaconductance and magnetic susceptibility data ofe ligand and the complexes

Found (Cacld.) (%) Molar

-1
Conductancél (ohm L
" (BM)

Compound Molecular formul3 Colour | Yield (%) M c H N

2 -1
cmmol )

67.1 | 89 11.7
[HL] C 14H20N20; Orange 79 | 677)| 81) | 113)
. 9.8 544 | 6.1 9.1
[CoLX]4H0 C0GgH3aN4Os Dark Pink 60 ©.6) | 545)| 62)| ©1) 21.2 438
. . 9.4 542 | 6.2 9.0
[NiLX]4H ;O NiCpgH3eN 405 Pale Green 59 ©6) | 542)| 6.2)| (9.1) 19.6 3.1
9.9 525 | 6.6 95
(10.0) | (52.6) | (6.4) | (9.9
10.2 | 52.7 | 6.3 9.7

(10.0) | (52.6) | (6.4) | (9.4)

[CoLY]4H0 C0oGeH3aN4Os Dark Pink 59 19.4 4.7

[NiLY]4H 20 NiCz6H3aN4Os Pale Green| 57 21.2 3.3

3.2Electronic absorption spectroscopy

The electronic absorption spectra of the ligand it mixed ligand complexes were recorded in ethah300 K.
Ligand is showed two intra ligand charge transt®&QT) transition bands for phenyl ring and the aetinne
chromophore (-CH=N). In the metal complexes thisdsaare shifted to a longer wavelength which ishaited to
the donation of lone pair electron of nitrogen atofithe ligand to the metal @&M). The electronic spectrum
(Figure 2) of [CoLX]4HO complex is showed three d—d bands which are raaexstigs"Tlg(F) — 4ng(F) v, (10204
cm), *T1(F)—*Ax(F) v (16340 crif) and*T,(F)—*T1¢(P) v3 (25062 cnit) d-d transitions respectively, which are
strongly favoured for the octahedral geometry [31-8nd also the observed magnetic moment valuecofI}
complex is 4.7-5.2 BM (paramagnetic), which is @onéd the octahedral geometry. Similarly, the speutof
[NILX]4H ,O complex is showed three d—d bands which are masigas®A,(F)—°T(F) v1 (10615 cril),
*Ao(F)—°T1(F) v, (18248 crit) and *A,(F)—°T1(P) vs (23923 crit) d-d transitions respectively, which are
strongly favoured for the octahedral geometry asd the observed magnetic moment value of Ni (@@nplex is
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2.9-3.4 BM, which is confirmed the octahedral getssnelhe d—d transition favours octahedral geomatound the
metal ion and the data were summarized in Tabléh&.calculated Dq values of Ni (Il) and Co (Il) qolexes are in
the range of 608-1062 chwhich is suggested as a weak field ligand. Theesbf Racah inter electronic repulsion
parameter (B) for the complexes are always lesa tha corresponding free iongBralue. The observed B
(complex) values are less Bree ion) which is indicated that the ligand isoodinated to the metal ion and Dq
values for the Ni (II) and Co (ll) complexes wellscacalculated from the equation Dq w/L0] and {»-v1/10]
respectively. If the value of Nephelauxetic paran@) is equal to unity or greater than unifyX 1), it is indicated
the greater ionic character of M-L bond. The obedifyvalues of the complexes were less than urfity (), was
suggested the greater covalency of the M-L bona@. dibserved value ¢ value of {./v,) ratio is in the range of
1.60 — 1.72 which is considered as an identificatib octahedral geometry in the Ni (II) and Co ¢h)xed ligand
complexes. The LFSE values were calculated frometheations LFSE = 12 Dq for Ni (ll) and 6 Dq for Q9
complexes. The ligand field parameters and magwatiges have been proposed that an octahedral gsoj3@].

Table 2 Electronic absorption spectral data of theomplexes

Abs. Region Ligand Field parameter
Complex cm? Band assignment| Dq B B Bo | vo/vi | LFSE Da/B Suggested Geometry
(Amax) cm?® | em? | ecm! | (%) | cm® | K Cal q
25062
[HL] (399) INCT
31746 (315) INCT
39370 (254)

Tig(F)—"Too(F) v
10204 (980)
[COLX] 4H,0 | 16340 (612)| “Ti(F)—*Axg(F)v. | 614 | 719| 070 30| 160 36.8 0.85 Octahedral
25062 (399)
“Tig(F)—*T1(P) v3
SAZQ(F)_)STZQ(F) Vi

10615 (942)
[NIiLX] 4H 0 | 18248 (548)| A(F)—°Tio(F)v» | 1062 | 688 | 0.71 29| 1.72 12.] 1.54 Octahedral
23923 (418)
32 (F)—°T1g(P) va
Ti(F)—"Tog(F) v1

10132 (987)
[CoLY] 4H,0 | 16207 (617)| “Tio(F)—“*Ax(F)vs | 608 | 680 | 0.66] 34| 1.6 36.5 0.89 Octahedral
24390 (410)
“Tig(F)—*T1(P) v3
SAZQ(F)_)STZQ(F) Vi

10256 (975)
16474 (607)| *A(F)>Tig(F)v, | 1026 | 801| 0.82 18| 1.61 1231 1.28 Octahedral
26316 (380)

[NiLY] 4H ,0

3Asg(F)—°T1e(P) va
Where INCT = intra ligand charge transfer band
"Racah inter electronic repulsion parameteg)(Br free ions = 1030 and 971 crfor C®* and Nf*.

20
a- [CoLY}4H,0 N
b - [COLX]4H.0
1.6 4 . 2
¢ - [NILX}4H,0 .
d- [NILY}4H,0 £ [HL]
.51.
o 12-
Q
8
=
2
2 084
<
0.4
0.0
T T 1 I

) . T T T T T T . T
500 550 600 650 700 750 800 850
Wavelength (nm)
Figure 2 Electronic absorption spectra of mixed lignd complexes and ligand peak (inset)
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3.3IR Spectroscopy

The IR spectrum of the ligand is showed the charisticv(-CH=N) bands in the region 1630 Smwhich is shifted

to lower frequencies in the spectra of all the ctemgs (1620-1598 cHj indicating the involvement of -CH=N
nitrogen in coordination to the metal ion [39-4The ligand is showed a broad band in the region03@t’,
assignable to phenolic —OH groups, which is absetite spectra of the all metal complexes suggesfirening the
disappearance of phenolic proton and oxygen atmmivaed in the formation of M-O bond. MorpholingéC-N-C)
band is appeared in the region 1375 cmhich is shifted to lower frequencies in the speof all the complexes
(1355-1338 cr) indicating the involvement of C-N-C nitrogen inardination to the metal ion. The IR spectra are
evident that the ligand acts as tridentate chejatigent. In all complexes, carboxylate of the deetpoup is
strongly absorbedv{) in the range of 1667-1662 ¢nand ¢sym more weakly at 1404-1399 chiTable 3). It is
suggested that they are consisting of unidentaterdimation site due to the value of differencedwaen
asymmetry and symmetry is greater than 200" ¢Av.s > 200 cnt). The spectra of the metal chelates is also

showed new bands in the region 659-617'and 497-483 cih which are indicated the formation ¢fM-O) and
v(M-N) bonds.

Table 3 IR spectral data of the synthesized compouds

Complex | v(C=N) S§C' V(A%“')-O' Véch')-’\“ Ph_%H)v(O_ (Acgtate) (HZO) CO_IL%?:Z(:VgX/Y) vg\;l_ U%I
(AL 1630 | 1200 | 1146 | 1375 3210 . - -
[ia';é] 1620 | 1223 | 1143 | 1338 - iigig 860 1570 653 | 492
Bo 1622 | 1229 | 1139 | 1349 - iigig 845 1558 650 | 483
e | 1598 | 1232 | 1140 | 1340 - igggg 855 1569 617 | 497
['Z‘L';:g 1616 | 1229 | 1134 | 1355 - iigzg 840 1565 657 | 487

Where a-asymmetry and s-symmetry

3.4Redox studies

Cyclic voltammogram of the cobalt and nickel cormple were recorded in ethanol solution (potentiageal.O to -
1.0 V) show a well-defined redox process (FiguréaBand (b)) corresponding to the formation of QdClo(l)
couple and Ni(Il)/Ni(l) couple. The [CuLX]44® and [NiLX]4H,O complexes display a reversible voltametric
cathodic peak at 0.11 and 0.14 V and reversiblalianpeak at -0.25 and -0.29 V. The quasi-reversigak is
obtained for the copper complexes of 0.14 and ¥.t&spectively at a scan rate of 100 Vi addition, the ratio
of anodic and cathodic peak currentflip, = 1) is being corresponded to one electron transfacess (Table 4).

Table 4 Cyclic voltammogram data of the mixed ligad complexes (0.001M) in ethanol at 300 K in ethanabntaining 0.1M (TBAP). Scan
rate 100 mvs

Complex Couple EQV) | Epa(V) | AEp (V) | Ipa(UA) | Ipc (HA) | Ipa/lpc
[CoLX]4H,0 | Co(ll)/Co(l) | 0.11 -0.25 0.14 -2.89 2.92 0.99
[NiLX]4H O | Ni(l)/Ni(l) | 0.14 -0.29 0.15 -2.74 2.90 0.95

6.0x10°

3.0x10° -

0.0 4

A)

-3.0x10°

Current

6.0x10°

-9.0x10°

T -~ T b T T v T v T

—
06 04  -02 0.0 0.2 0.4 06
Potential (V)

Figure 3 (a) The cyclic voltammogram of the [NiLX]41,0 complex in ethanol at 300 K
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Figure 3 (b) The cyclic voltammogram of the [CoLX]4,0 complex in EtOH at 300 K

3.5DNA binding studies

3.5.1 Electronic Absorption method

Absorption titration is employed to determine theding mode and binding strength of the complexéh WNA.
Transition metal complexes can be bound to DNA ad®alent and/or non-covalent interactions (intexted,
electrostatic and groove binding). Complex bindDiA through intercalation usually results in hypommism
(decrease in absorbance) and bathochromism (réy), de@cause intercalative mode involves a strotagksng
interaction between aromatic chromophore and thse Ipamirs of DNA [41]. Electrostatic interaction @dmplex
with DNA is showed the lower hypochromicity with mathochromic shift [42]. Complex binds to DNA thgh
covalent binding generally results in hyperchromigsulting from breakage of secondary structurBNA due to
the fact that phosphate group can be provided uliatde anchors for coordination with complexese Extent of
hyperchromism is also revealed the nature of bmdaffinity. The absorption spectrum of Co(ll) and(IN
complexes with increasing concentration of HS-DNAshown in Figure 4 (a), (b), (c) & (d). As the centration
of DNA increases, hypochromism is observed in tharge transfer band of each complex along withréldeshift
of about 2-5 nm which is suggested to the covabemiing of metal complexes with DNA. The, Kalues were
calculated from the perturbation observed in chdrgesfer band of the complexes. The absorptioma deds
analyzed to evaluate the intrinsic binding consi@y), which can be determined from a plot of [DNA}€:)
versus [DNA] using the following equation [43].

[DNA] [DNA] 1

(ca—e) (ep—e) Kplep—&p)

Where [DNA] is the concentration of HS-DNA in bapairs. The apparent absorption coefficiesises; and g,
correspond to &sd[M], the extinction coefficient for the metal(I§omplex in fully bound form respectively., ks
given by the ratio of slope to the intercept. Thedr K, values can be accredited to non—planarity of sulestt
which might be caused the severe steric constragds the metal core when the complex approacleeBMA base
pairs. The values of n Table 5 clearly show that the [CoLX]4€ have more DNA-binding activity compared to
[CoLY]4H,0, [NiLX]4H,O and [NiLY]4H,O complexes. The calculated intrinsic binding canstK,) and free
energy changeAG,™) of mixed ligand complexes are presented in T&bl@he negative free energy changes
observed in all cases indicate that the complaexesact with DNA in a spontaneous manner [44-46].

Table 5 Intrinsic binding constant (K,) and free energy changeAG,”) of mixed ligand complexes

Complex Frég )(nBr‘T:))und AL (nm) | Chromism (H% Blgs;rl%gczjh;]_slgan Type of Chromism & shiff AG,™ (kJ MY
[CoLX]4H,O | 394 399 5 84.91 8.04 Hypo & red -53.73
[NILX]4H O | 306 309 3 23.13 7.10 Hypo & red -50.53
[CoLY]4H,O | 388 391 3 11.17 4.17 Hypo & red -36.81
[NiLY]4H O | 306 308 2 41.88 6.79 Hypo & red -49.38

H% = [(Afree_ Abounl) / Afree] 100%
Kp= Intrinsic binding constant determined from the-W¥é. absorption spectral titration.
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Figure 4 (a) Electronic spectra of [CoLX]4HO in Tris—HCI buffer upon addition of HS-DNA. [Complex] = 30 uM, [DNA] = 0-50 puM.
Dotted line shows free complex and thick line showsmplex upon addition of [DNA]

05

4

[CoLY] H,0

b

0.4 -

& 3

[DNA)(Eq-2f)

o
w
1
3
-

Absorbance

0.1 4

1 M T M T N T . T
330 360 390 420 450
Wavelength (nm)

Figure 4 (b) Electronic spectra of [COLY]4H,0 in Tris—HCI buffer upon addition of HS-DNA. [Complex] = 30 uM, [DNA] = 0-50 puM.
Dotted line shows free complex and thick line showsmplex upon addition of [DNA]
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Figure 4 (c) Electronic spectra of [NiLX]4H,0 in Tris—HCI buffer upon addition of HS-DNA. [Complex] = 30 uM, [DNA] = 0-50 pM.
Dotted line shows free complex and thick line showsmplex upon addition of [DNA]
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Figure 4 (d) Electronic spectra of [NiLY]4H,O in Tris—HCI buffer upon addition of HS-DNA. [Complex] = 30 uM, [DNA] = 0-50 uM.
Dotted line shows free complex and thick line showsmplex upon addition of [DNA]

3.5.2 Viscosity titration measurement

As a means for further clarifying the binding oéto and Ni complexes, viscosity measurements wamrged out
on HS DNA by varying the concentration of the addethplexes. Hydrodynamic measurements which argtsen
to length increase are regarded as the least amimgand the most critical tests of binding in soluin the absence
of crystallographic structure data [47]. A claskicgercalative mode causes a significant incraasseparation of
base pairs at intercalation sites and hence amaserin overall DNA length. By contrast, compleiest binds
exclusively in the DNA grooves by partial and/omraglassical intercalation, under the same condstidypically
cause less pronounced or no charge in DNA solutiscosity [48]. The values ofyfny)" were plotted against
[complex]/[DNA] (Figure 5). The results reveal thakthe complexes exhibit increase in relativecuisty of DNA,
which suggest all the complexes bind to DNA by ricédation [49].

1.6 - | [COLX]
—&— [CoLY)

& [NiLX]
—=— [NiLY]

1.2 S

0.4 4

T T T T T v T v T T T
0.2 0.3 0.4 0.5 0.6 0.7 0.8
[Complex]/[DNA]

Figure 5 Effect of increasing amounts of complexesn the relative viscosities of HS DNA

3.7DNA Cleavage activity
The CT-DNA cleavage study by gel electrophoresishoe was performed with mixed ligand complexesatG.

The cleavage properties were studied in a medius0aiM Tris-HCI/NaCl buffer (pH = 7.2) in the prese of
H,0,. Bromophenol blue was used as a photosensitiher DNA cleavage efficiency of the complex depend#®
different attaching capacity to DNA. The observégtmphoretic results (Figure 6) conclude that [K[dH,O (lane
4) and [CoLY]4HO (lane 5) complexes cleave the DNA appreciablycampared to the control DNA while
[CoLX]4H,0 (lane 3), [NiLY]4HO (lane 6) and ligand (lane 2) fail to include aignificant cleavage on DNA
even on long exposure time. It is also observed fileee radical scavengers inhibited the DNA cleavadhich
confirms the involvement of free radical. On theibaa general radical oxidative mechanism is psegdor DNA

10
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cleavage. It is believed that the DNA cleavage ®yalhcomplexes arises as a result of attack ofisiiife hydroxyl
radical (OH) on DNA through Fenton type mechanism as repoegatier. The hydroxyl free radical is formed a
result of reaction between the complex and theisixig agent, KO, via Fenton or Haber-Weiss mechanism [50].
According to the Fenton mechanism, the complex a& & catalyst for hydroxyl radical generation fidg®, [51].

M"AB + e — M'AB
M'AB + H,0,— M" AB + OH + OH

The hydroxyl free radical abstracts a hydrogen atmm sugar moiety of DNA to form sugar radical.€Be sugar
radicals then undergo hydrolytic cleavage at sypysphate backbone to release specific residuenda on the
position from which the hydrogen atom is being reaeth Further, it was reported that when DNA is tirough
agarose gel during elecrophoresis, the fastestatiogr was observed for the open cicular form. Taesterable
activity fo DNA cleavage found with mixed ligandmaplexes containing Co(ll) and Ni(ll) compared wittat of
the control may also be partially due to the apitif these complexes to convert open circular DN# iits linear

form.

Figure 6 The nuclease activity of present complexgisivestigated on CT DNA by agarose gel electrophesis in the presence of oxidant
(H205)

Lanes right to left> Lane 1, CT DNA alone; Lane 2, DNA + [HL]; Lane BNA + [CoLX]4H,0 +H,0,; Lane 4,
DNA + [NiLX]4H ,0 +H,0,; Lane 5, DNA + [CoLY]4HO +H,0,; Lane 6, DNA + [NiLY]4HO +H,0..

3.8 DPPH Radical Scavenging studies
Antioxidant activities of mixed ligand complexes reeascertained by DPPH free radical scavengingya3sas

method depends on the ability of the antioxidarddoate its electron to DPPH which in turn depemdshe ability
of 1,1-diphenyl-2-picryl-hydrazyl (DPPH) to changelor from purple to yellow. From the results,stshown that
the mixed ligand complexes have higher activiti@ntligand (Table 6) which may due to the presefdche M(II)

ion moiety in the complex [52]. In additon, theiaridant activities of these complexes are giveFRigure 7 and 8.

(Acontrol - Asample)

Scavenging effects (%) = x 100
Acontrol
75
[NiLY] 4H2( =
—=—[HL]
60 [®[CoLX]4H,0 /f
—8— [CoLY] 4H,0 e
[NiLX] 4H.O ~
=1
245
3
=
c
o
=304
15 4
1 I

L) I
0.4 0.8 1.2 1.6
[complex] x 10 * M

Figure 7 Electronic absorption spectrum of DPPH fre radical scavenging activityfor mixed ligand compxes
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Table 61n vitro antioxidant of activities of ligand and its mixedligand complexes at different concentraion by DPPHree radical
scavenging assay method

Scavenging activity (%)
Complex 95 M T 20 uM|_ 30 uM| 40 uM__50 M
[HL 9 19 26 32 35
[CoLX]4H,0 28 45 59 68 78
[CoLY]4H,0 20 38 47 50 57
[NiLX]4H ;O 12 23 29 37 42
[NiLY]4H ,O 22 39 48 54 61
25 y Decrease in intersity
a
2.0 b
C
d
£1.5
g
z e
<1.04
0.5
oot~ -
450 500 550 600 650 700 750 800

Wavelength (nm)

Figure 8 Electronic absorption spectra of a= [HL],b= [NiLX]4H ,0, c=[CoLY]4H,0, d=[NiLY]4H ,O and e= [CoLX]4H,O by DPPH free
radical scavenging method at a concentration of 100M

3.9 Antimicrobial activity

The in vitro antimicrobial activity of the investited compounds were tested against the ba@eaiiaonella typhi,
Escherichia coli, Bacillus subtilis, Staphylococcasireus, Streptococcus faecalis, Salmonella typhimu
Klebsiella pneumonia and fungi Shigella boydii, Gala albicans, Aspergillus nigdyy well diffusion method. The
sensitivity of microorganisms to antimicrobial cdewp was measured as inhibition zone (mm) are suizedin
Table 7. A comparative study of the ligand andniiged ligand complexes (inhibition zone values)igates that
complexes exhibit higher antimicrobial activity ththe free ligand is given in Figure 9. From thhiliition zone
values, it was found that the mixed ligand compéewere more potent than ligand. Further studieseqaired to
explore these complexes as drugs. Such increadedtyaof the complexes can be explained on theisha$
Overtone’s concept [53] and Tweedy’s Chelation thgb4]. According to Overtone’s concept of celrpeability,
the lipid membrane that surrounds the cell faviies passage of only the lipid-soluble materials ttuavhich
liposolubility is an important factor, which conksahe antifungal activity. On chelation, the pdlaof the metal
ion will be reduced to a greater extent due todherlap of the ligand orbital and partial sharirfgtlee positive
charge of the metal ion with donor groups. Furtt@enthe mode of action of the compound may belugebthe
formation of a hydrogen bond through the azometigmaip with the active centre of cell constituemésulting in
interference with the normal cell process.

Table 7 Antibacterial activity of the Schiff base igand and its mixed metal complexes

Gram positive bacterig Gram negative bacterip Fungji
Complex | g | ¢ | b |E|F |G| H| 1|3
[HL] 7.7 8.4 102 115 7.2 157 106 143 10.2

[CoL]4H,0 186 | 16.6| 174 214 128 188 193 158 17.4
[NiL]4H .0 20.3 | 222| 186 229 18p 205 203 197 18.6
[CoLX]4HO | 15.7 | 21.4| 20.3| 17.3 154 22|17 202 192 243
[NiLX]4H,O | 19.3 | 20.2| 20.4| 21.3 185 20/6 198 21.3 224
[COLY]4HO | 17.7 | 19.4| 20.4| 17.% 194 206 20.2 193 225
[NiLY]4H,O | 20.3 | 20.2| 20.7| 21.%5 18p 22/6 188 20.3 21.4
Streptomycin| 28.7| 27.2 287 26{1 274 255 27.3 72828.6

B =S. aureus, C = B. subtilis, D = S. faecalisfEE. coli, F = S. typhimurim, G = K. pneumonia, HS: boydii, | = C. albican and J = A. niger
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Figure 9 Antibacterial and antifungal activities of complexes at a concentration of 7M determined by well diffusion method

CONCLUSION

A new tridentate schiff base ligand, Wpe was derived from the condensation of 3-molipbpropyl amine and
salicyladehyde. Four mixed ligand complexes comtginCo(ll) and Ni(ll) and ligand were synthesizedda
characterized by spectral and analytical technigieesm the study it has been concluded that trentigoind to the
M(l1) ions through two N (imine & morpholine ringind phenolic C-O atoms. The data is showed thainilked
ligand complexes have the composition of type [MANKJO and [MLY]4H,0. The UV-Vis spectral data suggest
that these complexes exhibit octahedral geometigyhave showed low electrical conductance whigkalks that
the chelates are non-electrolytes. Their magnetsceptibility values are provided evidence for thenomeric
nature. The measurement of DNA binding affinitynoifked ligand complexes towards HS-DNA using absompt
spectral analysis is suggested the highgstafue for complex [CoLX]4ED. The binding of M(Il) complexes with
DNA has been confirmed from a red shift along withdecrease in intensity of the charge transfer band
(hypochromicity).The spontaneous nature of bindiegween complex and DNA was inferred from the nggat
free energy value calculated from ¥alue. The results from absorption spectral andogiy studies revealed that
all the complexes can bind to DNA by intercalattbrough the covalent binding mode of interactionrtker, the
interaction of the complexes with CT-DNA was invgated by gel electrophoresis. The presence ofeasin the
gel diagram indicates the presence of radical elgav The DNA cleavage activity of [CoLX]48 and
[NiLY]4H ,O complexes with CT-DNA demonstrated remarkablevitgt while [CoLY]4H,O, [NiLX]4H,O
complexes and ligand (HL) showed no activity underobic condition and in the presence @OK Thein vitro
biological and antioxidant studies have shown thatmixed ligand complexes have higher potent aiet/than the
free ligand. The higher activity of complexes exisih against bacterial and fungal strains have lienpreted on
the basis of the presence of both electron withohgand electron donating moieties in the chelatg. r
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