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ABSTRACT

A novel series of transition metal complexes of IEuCo(ll), Ni(ll) and Zn(ll) derived from 2-hydpy-3-
formylquinoline, 4-aminoantipyrine and 2-aminothif were synthesized and characterized by'tRNMR, UV-
Vis., ESR and Mass spectra. IR spectral studiessgshe binding sites of the Schiff base ligand i metal ion.
Molar conductance data and magnetic susceptibiliBasurements give evidence for monomeric and newtrare
of the complexes. The electrochemical behaviotin@topper complex at room temperature (RT) wadiestiu The
X band ESR spectrum of the Cu(ll) complex at RT lepuid nitrogen temperature (LNT) was recordedeTih
silico DNA results reveal that copper complex isitab to the “Minor groove and cobalt, nickel andzitomplexes
are bound to the “Major groove” portion of DNA thugh hydrogen bonds and hence they are called “Minor
groove and Major groove binders” respectively. Thevitro biological activities of the ligand angsicomplexes
were tested against pathogenic bacterial speciehé&schia coli, Pseudomonas aeruginosa, Bacillustitia and
Staphylococcus aureus and fungal species Candluleaas.

Key words: 4-aminoantipyrine, 2-hydroxy-3-formylquinoline, S$ighbase, in silico DNA study, antimicrobial
activity

INTRODUCTION

The Schiff bases are widely used ligands due tw fheile synthesis, significant versatility andogbsolubility in
common solvents. Thus, they have played a vit& imolthe development of coordination chemistryhees/treadily
form stable complexes with most metals in differexidation states [1]. In Schiff bases, the azoinetlinkage is
an important for biological activity; several azdhiees were reported to possess significant artébiat [2-4],
antifungal [5, 6], anticancer [7], and diuretic igities [8]. Quinoline and its derivatives, natdyalccurring
antibiotic, are one of the most widely used asheaatierial, anticonvulsant and antimalarial drugd.39. In recent
decades, a great deal of interest in the metal mp of nitrogen—oxygen chelating agents derivednf4-
aminoantipyrine Schiff bases have various applbcatiin antifungal, antibacterial [14], analgesiedative,
antipyretic, anti-inflammatory [15] and greater DN#inding ability [16]. Thiazoles have a broad rangke
antitumor, antibiotic, antibacterial, antifungaldaanti-inflammatory activities [17-20]. The preseviirk deals with
the synthesis, characterizatiam,silico DNA studies and antimicrobial evaluation of the ifdmase derived from 2-
hydroxy-3-formylquinoline, 4-aminoantipyrine andagiinothiazole and its Cu (ll), Co(ll), Ni(ll) andn@l)
complexes.
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EXPERIMENTAL SECTION

2.1 Experimental

2.1. Materials and Methods

2-hydroxy-3-formylquinoline was synthesized by theethod reported earlier [21]. 4-Aminoantipyrine apéd
aminothiazole were obtained from Sigma. Metal dblkes were purchased from Merck. All chemicals usede of
AR grade. Solvents were purified and distilled befase. Molar conductivity was determined usingti®ysc
Conductivity Bridge with a dip type cefl83 spectrometer in the range 4000-400"ctdV-Visible spectra of the
complexes were recorded on Perkin Elmer Lambda EZp@ctrophotometer in DMSO solutidhl NMR spectra
were recorded on a Bruker 300 MHz instrument u§iBgl; as a solvent and TMS as an internal standard Rllhe
magnetic measurements were carried out using Gatanbe and the diamagnetic corrections were maithg us
Pascal’s constant. FAB-MS spectra were recorded asilGZABHS spectrometer at RT in a 3-nitrobenzgabl
matrix. Cyclic Voltammetry studies were performed @ CHI 760C electrochemical analyzer in single
compartmental cells at RT using tetrabutylammonperchlorate (TBAP) as a supporting electrolyte. ath EPR
spectra of the copper complexes were recorded ir8OMt RT and LNT at Sophisticated Analytical Instent
Facility (SAIF), IIT, Mumbai.

2.2 Synthesis of Schiff base ligand
The Schiff base ligand was synthesized by two nusttas given below.

Method 1

4-aminoantipyrine-2-aminothiazole was synthesizegd the method reported earlier [22]. 2-Hydroxy-3-
formylquinoline (0.01 mol) and 4-aminoantipyrineagiinothiazole (0.01 mol) were dissolved in hot athaA few
drops of acetic acid were added and the solutios rgfluxed for 10 h with continuous stirring. Theh8f base
product formed was filtered and recrystallized frethanol Scheme ) (Yield: 68%).

Step 1
NH, NH,
\K/LO 4 H2NYS Ethanol \ﬁ:'\'
N~y I\/) Reflux 4 h ~NN s

Step 2

NH, '
©\/\/KJ\H N /N‘N =N Acetic acid \N&N OH
b NS \
N~ OH © S\/,N Reflux 10 h N

Schiff base

Scheme 1. Synthesis of Schiff base ligand by methad

Method 2
4-hydroxy-3-methoxybenzylidine-4-aminoantipyrine svasynthesized by the condensation of 4-hydroxy-3-
methoxybenzaldehyde and 4-aminoantipyrine as regorearlier [13]. 4-hydroxy-3-methoxybenzylidine-4-
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aminoantipyrine (0.01 mol) and 2-aminthiazole (OsMinol) were taken in ethanol. To this mixture, 1lofy
anhydrous potassium carbonate was added and tfiexecefor 10 hrs. The resulting solution was cartcated on

a water bath and allowed to cool at 0°C for ~2%te solid product formed was separated by filtraand washed
thoroughly with ethanol and then drigd vacuum(Scheme 2 (Yield: 60%). Of these two methods the first one
gave a better yield of the ligand.

Step 1 = I

|
<~ NH2 ~_N OH
& + \N\N > —N
H <__N 1) Reflux 5 h N o
O OH @

2-hydroxy-3-formylquinoline-4-aminoantipyrine

I |
\N>IN OH N Ethanol/K,COs5 N OH
\ + HN— ] —N
N™Xg S Reflux 10 h Ny N
Y
@ 2-aminothiazole @ s\/)

Schiff base

Scheme 2. Synthesis of Schiff base ligand by methad

2.3 Synthesis of metal complexes

Equimolar amounts of Schiff base ligand and mettédride were refluxed with hot ethanolic solutidgO(mL) for
about 2 h. Then the solution was concentrated t® third of volume on a water bath. The solid comple
precipitated was filtered off and washed thoroughity ethanol and dried imacuo

2.3 In silico studies on DNA and metal complexes

DNA with metal complex interaction was studied bgletular modeling with special reference to dockihige
crystal structure of the complex of netropsin wBADNA dodecamer d(CGCGAATTCGCG)2 (NDB code
GDLBO05) was downloaded from Protein Data Bank. @fsgraphic water molecules were removed from the
DNA. On the basis of literature evidences [23, 24¢, have selected the DNA sequence and it was eljg¢o
DNA sequence to structure web server [25] for gatirey the three-dimensional structure of DNA based
experimental fiber-diffraction studies [26]. Metabmplexes structure was drawn using ChemDraw Wtfal
program and three-dimensional structure of metaiptexes was prepared by using Discovery studidZ/lL The
DNA-metal complex interaction was studied usingcRalock web server [28]. The PyMol stand-alone oy
[29] was used to visualize the interaction betwB&A structure and metal complexes. HBAT [30], thaltogen
bond analysis tool was used to analyze the hydrbgens present between DNA and metal complexethidrin-
house developed program, the standard hydrogen distahce (H...A) and angle (X-H...A) was set as 2.anf
90°, respectively.

2.4. Biological Activity

The biological evaluation of synthesized Schiff 8asnd its Cu(ll), Co(ll), Ni(ll), and Zn(Il) comptes have been
studied for their antibacterial and antifungal tits bywell diffusiontest using Mueller-Hinton Agar (MHA) and
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Sabouraud Dextrose Agar (SDA). Stock solutionsllof@mpounds were diluted with dimethyl sulfoxidéhe stock
solutions were prepared for 3 mg of Compound/2 hDBISO concentration. From the stock solution, efiéint
diluted measurements such asp2Q40 uL 60 pL (20 pL diluted sample contains 3@ of the test compound) were
immediately dispensed into agar wells of culturecidated plates (MHA) using sterilized microchipsie plates
were incubated at 37°C overnight. The antimicrobigtivity was measured as the diameter of the itibibzone
including the diameter of the well.

RESULTS AND DISCUSSION

3.1 Elemental analysis and molar conductivity measents

The analytical data for the ligand and complexgegtioer with some physical properties are summaiizdable 1
The analytical data of the complexes correspond wigh the general formula MLCI, where M = Cu(lKGo(ll),
Ni(Il) and Zn(ll); L = C4H1gN6OS. The magnetic susceptibilities of the complexteRT are consistent with square-
planar geometry around the central metal ion.

The formation of these complexes may proceed aowptd the equation given below:

MCI,.nH,O + L — MLCI + HCI + nH,O
Where, M = Cu(ll), Co(ll), Ni(ll) and Zn(ll)

The metal(ll) complexes were dissolved in DMSO &nel molar conductivities of ItM solutions at RT were
measured. The higher conductance values (128<€14&n? mol™) of the complexes indicate their electrolytic
nature [31].

3.2 Mass spectra

The mass spectra of the ligand and its copper and @omplexes were recorded and compared for their
stoichiometric compositions. The molecular ion pé&akthe ligand is observed at 440 m/z ratio. Thaewular ion
peak for the copper complex was observed at m/z &8&h confirms the stoichiometry of copper conxpbes
MLCI type. It is also supported by the mass specafazinc complex, M+1 peak appeared at m/z 541.
Microanalytical data are also in close agreemetth whie values calculated from molecular formulaigaesd to
these complexes.

3.3 Infrared Spectra

The IR spectra give valuable information regardimg nature of the functional group attached tomiegal ion. The
IR spectral data of the Schiff base and its comgdeare given ifable 2. The IR spectrum of the ligand dissplays a
broad band in the region 3200-3600%rassignable toony group. The disappearance of this peak in all feetsa
of the complexes indicate that the —OH group i®iwed in complexation. The spectrum of the ligahdves two
differentvc-ny bands in the region 1615-1690 ‘tnwhich are shifted to lower frequencies in thecspeof all the
complexes (1600-1650 chhindicating the involvement of —C=N nitrogen inocdination to the metal ion [32-33].
Also the ligand shows a band at 1610 tmhich is attributed t®cr=ny Of thiazole ring an@c-c, at 1552 crit. The
stretching vibration appearing at 785 tia due tovcs) of thiazole ring [15]. A shift in the band at 16801 of the
thiazole ring (1600-1580 ci) in complexes suggest the coordination via thiazilrogen (N— M) [34]. In all the
complexes thec) remains unchanged indicating that sulphur is neblved in the coordination. IR spectra of
complexes show new bands at 444-488'cand 528-568 ci assignable tay(M-N) and v(M-O) modes
respectively [35].

3.4'H-NMR spectra

'H NMR spectra of the Schiff base ligand and itziomplex were recorded at RT in CRCSchiff base ligand
(HL) exhibited the following signals: aromatic poos at 7.14-7.48 (10H, m), -CH=N at 9.76 (1H, s), -N-CH at
3.0846 (3H, s), C-CH at 2.445 (3H, s) and S-CH=CH- of thiazole ring at 7.§41H, d). N-CH=CH of thiazole
proton of free ligand at 7.86 (1H, d) also showed a downfield shift in the coexpproviding an evidence of
coordination of thiazole nitrogen to the metal. Theak at 12.14 is attributable to —OH of quinoline moiety
observed in Schiff base. The absence of this petdrfor zinc complex indicates the loss of the @biton due to
chelation. The azomethine proton signals in thetsa®f zinc complexes were moved to downfield camad to the
Schiff base ligand, suggesting deshielding of azbime group due to coordination with metal atomefghis no
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significant change in all other signals of the figa'H-NMR spectra of Schiff base ligand and its zinmptex are
given inFigure 1-2.

3.5 Electronic absorption spectroscopy

The electronic absorption spectra were recorde808t K. The various absorptions, band assignmemdstiae
proposed geometry of the complexes are givehaible 3. The electronic spectra of copper complex displays t
bands, which are assigned as an intra-ligand cheagsfer band (31,446 cthand d-d band (19,685 chhwhich is
due tozBlg—>2A1g transition. This d-d band strongly favors squdesxar geometry for the copper complex [36-38].
It is further supported by its magnetic susceptipitalue (1.73 B.M) [39]. The UV-visible spectruaf Cobalt(ll)
complex shows two peaks at 28,409 cand 22,421 cth The first peak is due to intraligand charge tfanband
and the band at 22,421 ¢ris due to théAlgalBlg transition. This is true of square-planar geomethis is further
confirmed by its magnetic susceptibility value @B.M). Nickel(ll) has a (§) configuration giving peaks at 27,932
cm® and 22,988 cih The first peak is assigned to the intraligandrgaaransfer band and the second peak is for
1Alg — 1Blg for square planar geometry [40]. No transitionsenabserved in the visible region for Zn(Il) comple
consistent with the'fl configuration of the Zn(ll) ion. This complex isa found to be diamagnetic in nature and as
expected for ¥ configuration. According to stoichiometry of thesemplexes and elemental analyses they are four
coordinated, which could be a square-planar gegmetr

3.6 Cyclic Voltammetry

The electrochemical behavior of Schiff base coppemplex has been examined by cyclic voltammetry.
Tetrabutylammoniumperchlorate (TBAP) was used ggpeuing electrolyte. The cyclic voltammogram ofth
copper complex in DMSO (scan rate 100 myshows a well-defined redox process correspontirige formation

of Cu(ll)/Cu(l) couple at f, = -0.056 V and the associated cathodic peak@t E0.121 V. This couplesifound to

be quasi-reversible withE, = 0.177 V and the ratio of anodic to cathodic peakents corresponding to a simple
one-electron proce§sl].

3.7 Electron paramagnetic resonance spectra

The ESR spectra of the copper complex, record&MSO solution at 300 and 77 K are showrigure 3-4.The
frozen solution (LNT) spectrum shows a well resdiMeur line spectrum and no features characterigtica
dinuclear complex. This is also indicated by thegneic moment of copper complex (1.73 B.M) whichfaons
the mononuclear nature of the complex. The spin il@mman parameters for the copper complex werewated
from the spectra. The g-tensor values of this cipeomplex can be used to derive the groundestat square-
planar complexes, the unpaired electron lies indhe? orbital, givinnglg as the ground state withy g g > 2,
while the unpaired electron lies in the arbital, giving 2Alg as the ground state with o> g, > 2. From the
experimental values, it is clear that(8.18) > @ (2.03) > 2, which suggests that the complex is sgptanar. This
is further supported by the fact that the unpaibsgttron lies predominantly in the;zq,z orbital [42-45], as was
evident from the value of the exchange interactesm G, estimated from the expressi@n= (g,— 2.00277)/( g—
2.00277).

If G > 4.0, the local tetragonal axes are alignadhlel or only slightly misaligned. If G < 4.0gsiificant exchange
coupling is present and the misalignment is appldei The experimental value for the exchange aetem
parameter for the copper complex (G = 6.5) suggéstisthe local tetragonal axes are aligned parailslightly
misaligned and that the unpaired electron is ptesethe qz_yz orbital. This result also shows that the exchange
coupling effects are not operative in the comph&].[

Based on the above spectral and analytical dagaptbposed geometry of the metal(ll) complexesivergin
Figure 5.

3.8 In silico DNA-metal complex interaction

The Patch dock web server was used to study tkeesiction between DNA and metal complexes. For eacking
results, the best solution was inferred by highedtue of shape complementarity scdii@ble 4). The shape-
complementarity score of the four complexes waspded using Patch dock web server. From the maiecul
docking resultgFigure 6), the best solution was selected and it was predesso Hydrogen Bond Analysis Tool
(HBAT) for computing the possible inter-molecular hydrodmmds present between DNA and metal complexes.
HBAT results revealed that two inter-molecular C-B..and C-H...N hydrogen bonds played a vital roletfar
stability all the complexes with DNA. The detailk inter-molecular C-H...O, C-H...N and C-H...S interactso
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were given inTables 5-8 However, Co(ll), Cu(ll) and Ni(ll) complexes didot show other inter-molecular
hydrogen bonds such as N-H...O, O-H...O, N-H...N, O-H..\NH...S, O-H...S, C-H...S, C-H.n, N-H... = and
O-H... n. Zn(ll) complex exhibits C-H...O, C-H...N and C-H...Sténactions.Figure 7 and Table 9 gives the
statistics of various possible inter-molecular togdm bonds present between DNA and metal complexes.

Patch dock and HBAT analysis results propose tiawia hydrogen bonding cobalt, nickel and zinc plaxes are
bound to the “Minor groove” portion of DNA and henthey are called “Minor groove binders” and copper
complex is bound to “Major groove” portion and edll‘Major groove binders”.

3.9 Antimicrobial activity
The Schiff base ligand and its metal complexes teen monitored for their antibacterial activitagginst various

pathogenic bacteria such Bscherichia coli Pseudomonas aerugingsBacillus subtilis Staphylococcus aureus
and fungal activity again&andida albicansTetracyclineandamphotericinwere used as the standard for bacterial
and fungal studies respectively. The antimicrobilvity of the Schiff base and its complexes weasted against
human pathogenic bacterias and the zones of iidmnbire given inTable 10. A comparative study of the growth
inhibition zone values of Schiff base and its compk show that metal complexes display higher actdial
activity than the free ligand and this is probathlye to the greater lipophilic nature [47-49] of ttwamplexes. Metal
complexes activity can be explained on the bas@wartone’s concept [50] and Tweedy's chelatiorotiigs1].

Table 1 Physical and analytical data of the synthézed Schiff base and its complexes

Empirical Found (Calculated) (%) (Am)
. A
Compound Formula Yield (%)Colou M c H N Formula we|g|’ﬂmcc):;'r112 eit (B.M.)
Schiff base (HL  CysHpcNsOS 68 | Brown - 65.26 (65.44)4.24 (4.5989.25 (19.0¢ 440.5 - -
[CuL] Cl  [[CuCuHiNsOS] C| 58 | BlacK11.66 (11.80)53.89 (53.93)3.14 (3/%6)17 (15.6] 538.5 128 1.73
[CoL] Cl  [CoCnuHisNsOS] C| 54 Red| 11.22 (11.04)53.42 (53]99)3.37 (31594 (15.74 533.8 130 3.52
[NiL]CI  [NiC ,HNOS]Cl 62 [ Greeffl1.14 (11.00)54.35 (54.02)3.25 (3/49)05 (15.7  533.6 135| Diamagnetic
11.87 53.20 3.99 15.17 . .
[ZnL] ClI  [ZNnCyH1NeOS] C| 44  |Browi (12.10) (53.35) (3.54) (15.55) 540.3 148| Diamagnetic

Table 2 The IR spectral data of Schiff base andstcomplexes (ci)

Compound VoH) | Vs V(c=N) VM-N) | VM-0)
Schiff base (HL)| 3439 785 1645, 1688 - -
[CuL] CI - 788 | 1622,1638 488 52§
[CoL] CI - 782 | 1618,1645 444 530
[NiL] CI - 786 | 1615,1627| 485| 533

[znL] CI - 78C | 1629,164 | 47z 56¢

Table 3 Electronic spectral data of Schiff base anids complexes

Compound AbsorptP n Band assignments Geometry|
nm (cn™)
Ligand (HL) | 364 (27,472) INCT
318 (31,446) INCT
[CullCl | 508 (19,685)| 2Bi,—>Ayq transition Square plana
352 (28,409) INCT
[CoLJCl | 445 (22,421)| *A;; — 'By, transition Square plana
. 358 (27,932) INCT
[NiL] CI 435 (22,988)| 'A;; — By transition Square plana

INCT=Intraligand charge transfer band.

Table 4 Shape complementarity score of DNA-Metal coplexes

S.No | Metal Complex| Shape-Complementarity Scpre
1. | DNA-[ColL]CI 430€
2. DNA —[CulL] CI 4390
3. DNA —[NiL] CI 4484
4. DNA —[znL] CI 4394
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Table 5 Inter-molecular hydrogen bonds present in DNA-cobalt complex

Type | Donor | Donor AtonAcceptorAcceptor Atomd (H---A)D (X---A)g (X-H- - - A)
A ) ©
C-H...N| Adening C2 [CoL] CI N16 2.949 3.997 163.5
C-H...N|Cytosing C4 [CoL] CI N2 2.021 3.038 153.9
C-H...O| Adening C2 [CoL] CI 024 2.582 3.523 145.1
C-H..N[Thymind  C4 [CoL] CI N3 2976 | 3.711 124.9
C-H...N|Thymine C1 [CoL] CI N10 1.690 2.070 93.72
C-H...Q Thymine C1 [CoL] CI 024 2.885 3.367 106.8
C-H..N[Thymind C1 [CoL] CI N5 2173 | 2.875 125.8
C-H...O Thymine C1 [CoL] CI 024 2.842 3.367 113.3
C-H...Q Thymine 04 [CoL] CI 024 2.842 3.073 98.15
C-H...N[[CoL] CI C6 Thyming N1 1574 | 2584 151.3
C-H...Q[CoL] CI C6 Thyming 02 2.706 3.5627 131.7
C-H...Q|[CoL] CI C8 Thyming O1P 2.204 3.017 1294
C-H...Q[CoL] CI C8 Thyming 0O2P 2.062 3.026 145.7
C-H...Q/[CoL] CI C8 Thyming 05 2.830 3.297 105.7
C-H...Q|[CoL] CI C9 Thyming O1P 2.461 3.170 1214
C-H...Q[CoL] CI C9 Thyming 05 2.554 2.906 97.54
C-H...N|[CoL] CI Cc23 Adening N3 2.926 3.945 157.4
C-H...Q|[CoL] CI c27 Adening 03 2.988 3.305 97.34
C-H...Q[CoL] CI Cc27 Thyming 05 2.719 3.629 141.6
C-H...Q|[CoL] CI Cc28 Adening 03 1.846 2.798 144.6
C-H...Q|[CoL] CI C30 Guaning 04 2.884 3.856 149.7
C-H...Q[CoL] CI C31 Cytosing 04 2.493 3.462 148.7
C-H...Q/[CoL] CI C32 Cytosing 03 2.124 2.972 132.5

Table 6 Inter-molecular hydrogen bonds present in DNA-copper complex

Type | Donor | Donor AtorfAcceptofAcceptor Atomd (H---A)D (X---A)g (X-H---A
A) &) ©

C-H...N|[CuL] CI C8 Adening N6 20606 3.232 115.7
C-H...Q|[CuL] CI Cc9 Thymine 04 2.80( 3.88¢ 177.2
C-H...O|[CuL] CI Cic¢ Thymine O2F 2.15: 2.85¢ 120.
C-H...Q|[CuL] CI C20 Adening 03 2.628 3.589 147.9
C-H...Q|[CuL] CI C20 Thyming 0O2P 1.419 2.369 142.3
C-H...O|[CuL] CI C21 Adening O1P 2.213 2.552 95.33
C-H...Q|[CuL] CI Cc21 Adening 05 2.991 3.202 91.19
C-H...Q|[CuL] CI C2z Adenine O1F 1.94Z 2.42; 102.7
C-H...O|[CuL] CI Cc2¢ Guanint O2F 2.17¢ 3.21: 160.(
C-H...Q|[CuL] CI C29 Cytosing O1P 2.300 3.254 146.2
C-H...Q|[CuL] CI C29 Cytosing 05 2.111 2.698 111.2
C-H...O|[CuL] CI C30 Cytosing 0O2P 1.059 1.981 135.7
C-H...N|[CuL] CI C32 Cytosing N4 2.763 3.540 127.9
C-H...Q|[CuL] CI C32 Guaning 06 2.872 3.837 147.4
C-H...O|[CuL] CI C3:z Thymine 04 2.821 3.73¢ 1412

Table 7 Inter-molecular hydrogen bonds present in NA-nickel complex

Type | Donor | Donor AtorfAcceptor Acceptor Atonyd (H---A)D (X---A) g (X-H---A
A A ©

C-H...QThymine| C4 [NiL] CI 024 2.970 3.752 128.8
C-H...N|Thymine| C4 [NiL] CI N16 2.092 2.537 100.9
C-H...N|Cytosing C4 [NiL] CI N12 2.723 3.510 128.7
C-H...Q/[NiL] CI Cc9 Cytosing 03 2.997 3.623 116.8
C-H...Q/[NiL] CI C13 Thyming 02 2.847 3.781 144.8
C-H...Q/[NiL] CI C19 Thyming 04 2.367 3.001 115.8
C-H...Q/[NiL] CI C20 Thyming 02 2.192 3.091 139.3
C-H...Q/[NiL] CI C20 Thyming 04 2.554 3.188 116.6
C-H...Q/[NiL] CI Cc21 Thyming 04 2.803 3.701 1404
C-H...Q/[NiL] CI C23 Thyming 03 2.319 3.338 156.4
C-H...Q/[NiL] CI C30 Thyming O1P 2.627 3.003 99.59
C-H...Q/[NiL] CI C31 Adening 03 2.373 3.220 134.0
C-H...Q/[NiL] CI C33 Cytosing 04 2.248 2.858 113.0
C-H...Q/[NiL] CI C33 Cytosing 04 2.620 2.858 91.10
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Table 8 Inter-molecular hydrogen bonds present in DNA-zinc complex

Type | Donor| Donor AtorfAcceptorAcceptor Atomd (H---A)D (X---A){q (X-H---A
A) A ©
C-H..N[Thymind  C4 [ZnL] CI N12 2793 | 3.457 119.0
C-H...N|Cytosing C4 [znL] CI N3 1.282 1.957 110.8
C-H..N|[Thyming  C4 [ZnL] CI N5 2555 | 3.350 128.9
C-H...S|[Thymind  C4 [znL] CI S7 1302 [ 2.245 139.2
C-H..N|[Thymind  C4 [znL] CI N10 2879 | 3.488 115.3
C-H..N[Thymind 04 [2nL] CI N5 2172 | 3.129 139.2
C-H...S[Thymind 04 [znL] CI S7 2473 3.183 1185
C-H...O[[znL] CI C6 Thyming 04 1143 | 2.195 159.1
C-H..O[[ZnL] CI| C13 [ Thymine 03 2484 | 3.326 133.9
C-H..O[[ZnL]CI[ C22 [ Cytosing 04 2.687 | 3.340 118.4
C-H..O[[ZnL] CI| C23 [ Thyming 02 2107 | 2.954 133.1
C-H..O[[ZnL]CI| C30 | Cytosing 02 1965 | 2.677 120.1
C-H..O[[znL]CI[ C30 [ Guaning 04 2.247 | 3.046 129.0
C-H...N|Cytosing C1l [znL] CI N2 2.844 3.201 94.45
C-H...N|[Cytosing  C1 [ZnL] CI N3 2.644 | 3.504 123.5
C-H..O[[ZnL]CI[ C31 [ Cytosing 04 0.915 [ 1.663 1125
C-H..N[[ZnL]CI[ C31 | Cytosing N1 2170 | 3.176 153.8
C-H..O[[ZnL]CI| C31 | Cytosing 02 2592 | 2.960 98.98
C-H...N[Cytosing  C3 [ZnL] CI N3 2695 | 3.333 118.0
C-H..O[[ZnL]CI| C32 | Cytosing 04 1660 | 2.139 100.0
C-H..O[[ZnL]CI| C32 [ Guaning 05 2980 | 3.875 139.5
C-H...N[Cytosing  C3 [ZnL] CI N2 2.096 | 2.308 91.11
C-H..O[[ZnL]CI[ C32 | Cytosing 05 2.058 | 2.807 123.1
C-H..O[[ZnL]CI| C33 [Cytosing _ O1P 1564 | 2.223 112.4
C-H..O[[ZnL]CI[ C33 [ Cytosing 05 1534 | 2247 116.6
CH...O[[znL] CI| €35 [Thymine 03 1.39: | 2.25( 129.7
Table 9 Statistics of inter-molecular hydrogen bond present between DNA and metal complexes
Metal Complex| N-H...O-H...O[N-H...N[O-H...N]C-H...O]C-H...N[N-H...S[O-H...S[C-H...S
DNA-[CoL]CI| © 0 0 0 16 7 0 0 0
DNA-[Cul]CI| © 0 0 0 13 2 0 0 0
DNA- [NiLJCI[ 0 0 0 0 12 2 0 0 0
DNA— [ZnL]CI[ © 0 0 0 14 10 0 0 2

Table 10Antimicrobial activity data for the Schiff base and its metal complexes

E. coli P. aeruginosa B. subtilis S. aureus C. albicans
Compound30ugs0uglOu L300 gO0udB0U IS0 90U BOUdE0Ud90u 30U gE0U OO0
Ligand (HL} 11| 12| 13| 19 12 14 10 12 14 11 12 [10 |14

[CulJCl | 13|18 |23 |16| 21| 22| 13 1§ 17 1p 12 13 14 18 PO
[Col]Cl |11 |12 |24 |11| 13| 15| 12 14 16 14 15 16 15 19 p4
[NiL]Cl |13 |16 | 18 | 12| 13| 14| 13 1§ 17 1p 12 13 10 14 8
[ZnL]Cl |19 |23 |26 | 12| 13| 14| 15 17 21 16 17 21 14 18 PO

Zone of Inhibition (mm)
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Figure 1 *H-NMR spectra of Schiff base ligand
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Figure 3 ESR spectra of copper complex at RT
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Figure 4 ESR spectra of copper complex at LNT
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Figure 5 Square planar geometry of metal complexesshere M = Cu(ll), Co(ll), Ni(ll) and zZn(ll)
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Figure 6 Molecular docking results of DNA—metal corplex interaction (a) DNA-[CoL] ClI, (b) DNA-[CuL] CI ,
(c) DNA-|NIL] Cl and (d) DNA-[ZnL] CI complex. [Col or codes: Ligand: Yellow, Representation: Stick,
Display: PyMol]

(b)

(d)
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Figure 7 Statistics of various possible intermoledar hydrogen bonds present between DNA and metal
complexes (a) DNA-[CoL] ClI, (b) DNA-[CuL] CI, (c) DNA-[NIL] Cl and (d) DNA-[ZnL] CI complex

(a) (b)
mN-H...0 ONH..O
mO-H...0 mO-H..0
ON-H...N ONH...N
OO-H...N 0O-H..N
mC-H..0 mC-H..O
mC-H...N OCH.. N
mN-H...S mNH..S
i OOH...S
bt mCH..S
(d)
EN-H...0 BN-H...0
mO-H...O0 mO-H...O
ON-H...N ONH...N
OO-H...N 0O-H..N
mC-H...O mC-H...O
@C-H..N BCH..N
EN-H...S EN-H...S
0O-H...S OO-H...S
ECH..S ECH..S
CONCLUSION

Cu(ll), Co(l), Ni(ll) and Zn(ll) complexes with $iff base derived from 2-hydroxy-3-formylquinoling-
aminoantipyrine and 2-aminobenzothiazole have bmgrnhesized and characterized on the basis of ekamne
analyses, molar conductance, magnetic moment agctrap data. The Schiff base act as tetradentgsmdi. All
complexes show square planar geometry. The cyoltammogram of Cu(ll) complex showed a well defimedox
couple Cu(ll)/Cu(l) with quasireversible nature.eTinteraction of these complexes with DNA was itigesed by
in silico method. From the observation, Co(ll), Ni(ll) and(Encomplexes interact with DNA through minor
groove approach while Cu(ll) interacts with DNA dhigh major groove approach. Antibacterial and angél
studies of the ligand and complexes have also eelied which indicate that activity increases belation.

Acknowledgements

The authors express their sincere to IIT, Bombagjd for ESR spectra. We are thankful to CDRI, lnmk for
elemental analyses.

67



S. Mahalakshmiet al J. Chem. Pharm. Res., 2013, 5(7):56-69

REFERENCES

[1]KS Prasad; L Shiva Kumar; S Chandan; B JaydlalkisHD Revanasiddappa8pectrochim. Acta, Part, 011,
81, 276-282.

[2] AK Bhendkar; K Vijay; AW RautActa Cienc. Indica, Chen004,30, 29-32.

[3] YK Vaghasiya; R Nair; M Soni; S Baluja; S CltanJ. Serb. Chem. Sg2004,69, 991-998.

[4] K Vashi; HB Naik.Eur. J. Chem.2004,1, 272-276.

[5]1 R Mtrei; M Yadawe; SA PatilQriental Journal of Chemistn1996 12, 101-102.

[6] ME Hossain; MN Allam; J Beguninorg. Chim. Actal996,249, 207-213, 1996.

[7]1 VE Kuz'min; AG Artemenko; RN LozytskeéBAR and QSAR in Environmental Resep26l05,16, 219-230.

[8] CT Barboiu; M Luca; C Pop; E Brewster; ME Ditesicu.Eur. J. Med. Chem1996,31, 597-606.

[9] Zeng-Chen Liu; Bao-Dui Wang; Bo Li; Qin Wanghe&ng-Yin Yang; Tian-Rong Li; Yong LiEur. J. Med.
Chem 45, 5353-5361.

[1L0]PD Duh; SC Wu; LW Chang; HL Chu; WJ Yen; BS WgaFood Chemistry2009 114, 87-92.

[11]H Paritala; SM FirestindBioorg. Med. Chem. Let2009,19, 1584-1587.

[12]M Andaloussi; E Moreau; N Masurier; J Lacrolk¢C Gaudreaultzur. J. Med. Chem2008,43, 2505-2517.
[13] GS Kurdekar; MP Sathisha; S Budagumpi; NV Kaulk; VK Revankar; DK SuresiMed. Chem. Res2012,
21, 2273-2279.

[14] GG Mohamed; MM Omar; A IbrahinEur. J. Med. Chen2009,44, 4801-4812.

[15] S Chandra; D Jain; AK Sharma; P SharMalecules2009,14, 174-190.

[16]N Raman; N Selvan; P Manisank8pectrochim. Acta, Part, 010,76, 161-173.

[17]JG Michael; ML Tachel; LM Susanm; HB John; MBIton. Bioorg. Med. Chem2004,12, 1029-1036.

[18] AF Robert Clinical Microbiology Reviewsl988,1, 187-217.

[19]KY Jung; SK Kim; ZG GaoBioorg. Med. Chen004,12, 613-623.

[20]M Kalanithi; D Kodimunthiri; M Rajarajan; P Bnimaraj.Spectrochim. Acta, Part 011,82, 290-298.

[21] P Nath; SD Dhumwadlournal of Chemical and Pharmaceutical Resea#i,2,4, 851-865.

[22]J Senthil Kumaran; S Priya; N; Jayachadram&hiMahalakshmi.Research Journal of Pharmaceutical
Biological and Chemical ScienceX)13,4, 279-287.

[23]N Raman; S Sobha; A Thamaraichelv@pectrochim. Acta, Part 010,78, 888-898.

[24]J Senthil Kumaran; S Priya; N Jayachandram@amilahalakshmijJournal of Chemistry2013, 10 pages.

[25] http://www.scfbio-iitd.res.in/software/drugdgs/bdna.jsp .

[26] S Arnott; PJ Campbell-Smith; R Chandrasekahatdandbook of Biochemistry and Molecular Biolo@yd ed.
Nucleic Acids-Volume I, G.P. Fasman, Ed. Cleveland: CRC Pr#836 411-422.

[27] Accelrys Software IncDiscovery Studio Modeling Environment, Rele@sk San Diego: Accelrys Software
Inc., 2012.

[28] D Schneidman-Duhovny; Y Inbar; R Nussinov; Walfson.Nucleic Acids ResearcBp05 33 W363-367.
[29] http://www.pymol.org/

[30] A Tiwari. Insilico Biol.,2007, 7, 651-661.

[31]WJ GearyCoordination Chemistry Reviewkd71,7, 81.

[32] MF Iskander; L Ei-Syed; KZ Ismailransition Met. Chem1979,4, 225.

[33]N Raman; JD Raja; A Sakthivel. Chem. Sci2007, 119, 303.

[34]M Thomas; MKM Nair; RK RadhakrishaBynth. React. Inorg. Met.-Org. Chett095,25, 471-479.

[35] ABP Lever; E Mantovaninorg. Chem. 1971, 10, 817.

[36] ABP Lever.Inorganic Electronic Spectroscopllsevier, New York, NY, USA1968.

[37] G Maki.J. Chem. Phys1958,28 651.

[38]RP Ray; D Senlournal of Indian Chemical Societ}948,25, 473.

[39] VK Rema Devi; A Fernandez; M Alaudeeksian J. Chem2003,15, 1380.

[40]KG Dutton; GD Fallon; KS Murrayinorg. Chem.1988,27, 34-38.

[41]M Base; K Ohta; Y Babu; MD Sastr@hem. Phys. Lett2000,324, 330.

[42] RK Ray; GB Kauffmanlnorg. Chim. Actal1990,173, 207.

[43]K Jeyasubramanian; SA Samath; S ThambidurdituRugesan; SK Ramalingamrans. Met. Chem1996,20,
76.

[44] AMF Benial; V Ramakrishnan; R Muruges&pectrochim. Acta, Part,2000,56, 2775.

[45]LJ Boucher; EC Tyanan; TF Yellectron Spin Resonance of Metal Chelates

Plenum Press, New York969

[46] MJ Pelczar; ECS Chan; NR KriegMicrobiology, 5th Edn., Mcgraw-Hill, New Delhi1988

68



S. Mahalakshmiet al J. Chem. Pharm. Res., 2013, 5(7):56-69

[471Y Anjaneyalu; RP Radsynth. React. Inorg. Met.-Org. Chert986,16, 257.

[48]L Mishra; VK Singh,ndian J. Chem., Sect A993 32 446.

[49]S Belaid; A Landreau; S Djebbar; O Benali-Bd&it G Bouet; JP Bouchara. Inorg. Biochem.2008,102, 63.
[50]N Dharamaraj; P Viswanathamurthi; K Natarajarans. Met. Chem2001,26, 105.

69



