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ABSTRACT

A new series of transition metal complexes of Sdisfe ligand containing 4-hydroxy-3-methoxyberedayde
(vanillin), 4-aminoantipyrine and 2-aminothiazoleaye been synthesized. All the complexes have been
characterized by the use of elemental analysesamuanductance values, magnetic moments, FTHRNMR,
Mass and electronic absorption data. The Schifiebiasfound to act as tridentate ligand leading to actahedral
geometry of the complexes. The ESR spectra of cammeplex in Tetracyanoethylene (TCNE) solution ever
recorded at room temperature (RT) and liquid nieagemperature (LNT) and its significant features @eported.
The redox behavior of the copper complex at RT wlb studied. The in silico DNA results revealedtthobalt
and copper complexes are bound to the “Minor grécaed nickel and zinc complexes are bound to theajdu
groove” portion of DNA through hydrogen bonds arehte they are called “Minor groove and Major greov
binders” respectively. The Schiff base and its inetenplexes have been screened for their in vitrgbacterial
activities.

Key words: Metal complexes, 4-aminoantipyrine, ESR spedtrajlico DNA study, antibacterial activity

INTRODUCTION

The Schiff bases play a momentous role in the d@veént of coordination chemistry as they easilynfatable
complexes with most metals in different oxidatidatss [1] and they are most extensively used ligahe to the
easy synthesis procedure, remarkable expediencyaod solubility in common solvents. The Schiff éahave
been the subject of huge attention for a numbefeafs because of their an assortment of chemichkanctural
characteristics and also their showed applicatéanisiologically active molecules and these compexe known to
be biologically vital and act as models to underdtthe structure of biomolecules and metallo pnst¢2,3]. Many
studies suggest that DNA is the primary intracallthrget of antitumor drugs because the intenadigiween small
molecules and DNA can cause DNA damage in cancerelis [4-6]. The binding mechanism of metal compke
of DNA were studied in order to develop new pot@rniiNA targeting antitumor drugs.

It has been proved that Schiff bases of 4-aminpgritie and its complexes have a wide applicatiomédicine,
analytical and pharmacological areas [7,8]. Thiezgossess a broad range of antitumour, antibemitthacterial,
antifungal and anti-inflammatory activities [9-1dJhe above specific details were kept in mind dmeteby the aim
of this work is to synthesize and characterize h&e (I1), Co (II), Ni (II) and Zn (Il) complexesfdschiff base
ligand derived from 4-aminoantipyrine, 4-hydroxy¥thoxybenzaldehyde and 2-aminothiazole. The strechf
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synthetic compounds was elucidated by using eleshemialyses, magnetic moment, Mass, #R®NMR, Cyclic
Voltammetric technique, ESR and electronic absomptispectroscopy. The theoreticBINA studies and
antimicrobial activities of the metal complexes laéso been carried out for understanding the bioldactivities
of the synthetic compounds.

EXPERIMENTAL SECTION

2.1. Materials

4-Aminoantipyrine and 4-hydroxy-3-methoxybenzald#dywere obtained from Sigma. 2-aminothiazole was
purchased from SD Finechem Ltd. Metal chloridese purchased from Merck. All chemicals used wairdR
grade. Molar conductivity was determined using fyst Conductivity Bridge with a dip type cell ugitfireshly
prepared 18 M solutions in DMSO at RT. The IR spectra wereorded in KBr pellet on a Perkin-Elmer 783
spectrometer in the range 4000-400'crtV-Visible spectra of the complexes were recordedPerkin Elmer
Lambda EZ201spectrophotometer in DMSO solutitii-NMR spectra were recorded on a Bruker 300 MHz
instrument using CDGlas a solvent and TMS as an internal standard Rllhenagnetic measurements were carried
out using Guoy balance and the diamagnetic coomstivere made using Pascal’'s constant. FAB-MS speare
recorded with a VGZABHS spectrometer at RT in atBhenzylalcohol matrix. Cyclic Voltammetry studigvere
performed on a CHI 760C electrochemical analyzesimgle compartmental cells at RT using tetrabuyteonium
perchlorate (TBAP) as a supporting electrolyte. a6 EPR spectra of the copper complexes were redadrd
DMSO at RT and LNT at Sophisticated Analytical fnstent Facility (SAIF), IIT, Mumbai.

The Schiff base ligand was synthesized by two aggires as given below.
2.2. Synthesis of Schiff base ligand
Method 1
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-
aminoantipyrine (0.01 mol) and 2-aminthiazole (0n9dl) were taken in ethanol. To this mixture, 1fg@aohydrous
potassium carbonate was added and then refluxetiOftwours. The resulting solution was concentrate@ water
bath and allowed to cool at 0°C for ~24 h. The dsgdroduct formed was separated by filtration andheal
thoroughly with ethanol and then driedvacuum(Scheme ] (Yield: 68%, M. P. 184-186°C).
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Method 2

4-aminoantipyrine-2-aminothiazole was synthesizexl raported earlier [16]. Vanillin (0.01 mol) and 4-
aminoantipyrine-2-aminothiazole (0.01 mol) weresdised in hot ethanol. A few drops of acetic acierevadded
and the solution was refluxed for 10 h with contins stirring. The Schiff base product formed wiéteréd and
recrystallized from ethanoBgheme 2 (Yield: 60%). From these two methods the first gave a better yield of the
Schiff base ligand.

Step 1
NH
NH, 2
& /EHZ Reflux 4 h ~ =N
eriux —
—N. N= N‘N
o + s % s

N /
i = Ethanol @ N\Q
Step 2
2 z\; />—
Acetic acid
H *&

N\) Reflux 10 h

S\/’
Schiff base
Scheme 2. Synthesis of Schiff base by method 2

2.3. Synthesis of metal complexes
A solution of metal(ll) chloride in ethanol (2 mmaklas stirred with an ethanolic solution of the ificbase (2
mmol), for 2 h on a magnetic stirrer at room terapge. Then the solution was concentrated to oind tf the
volume on a water bath. The solid product so formved separated and washed thoroughly with hot ethenrd
dried invacuo.

2.4. In silico studies on DNA and metal complexes

The interaction of the metal complexes with DNA vaés0 studied by molecular modeling with speciénmence to
docking The crystal structure of the complex of netropsithvB-DNA dodecamer d(CGCGAATTCGCG)2 (NDB
code GDLBO05) was downloaded from Protein Data BEPRB). Initially, the crystallographic water molédes
were removed from the DNA. On the basis of literatevidences [14-16], we have selected the DNA esecgliand
it was subjected to DNA sequence to structure veeles [17] for generating the three-dimensional edaf DNA
based on experimental fiber-diffraction studies][1Bhe structure of the metal complexes was drawimgi
ChemDraw Ultral0.0 program and three-dimensionalictire of metal complexes was prepared by using
Discovery studio 3.1 [19]. The DNA-metal complexeraction was studied using Patch dock web se2@r The
PyMol stand-alone program [21] was used to visedlie interaction between DNA structure and medaifexes.
HBAT [22], the hydrogen bond analysis tool was usednalyze the strong and weak hydrogen bondsptres
between DNA and metal complexes. In this progrdm,dtandard hydrogen bond distance (H...A) and apgle
H...A) was set as 2.8 A and 90°, respectively.

2.5. Antibacterial activity

The antimicrobial activity of Schiff bases and thmietal complexes against human pathogenic bastesastudied
by agarwell-diffusionmethod. Fresh bacterial cultures of gram negdiaeteria namelyPseudomonas aerugingsa
Escherichia coli Proteus vulgarisand gram positive bacterBacillus subtilis(MTCC 41) andStaphylococcus
aureus(MTCC 96) were used for the antibacterial teste Tolonies of the stains were inoculated to Bragatt
Infusion broth and incubated at 37°C for 24 h ibitoshaker at 200 rpm. Turbidity was adjusted sitérile broth to
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correspond to the 0.5 McFarland standards befombking; standard inoculum of the microorganism wés
1.5x10 6 colony forming units (CFU mL-1) diluted2dl00 and given suspension of turbidity equal Mciarland
standard 0.5. The turbidity was adjusted to matbickarland 0.5 mL of 1.175% wi/v (0.048 M) Ba&1,0 to 99.5
mL of 1% w/v (0.36) sulphuric acid. The antimicrabproperties of test compounds were determinethbyvell-
diffusion method [23]. Standard antibiotic Tetracycline waed as reference. Organisms (24 h old cultureg wer
swabbed on the Mueller Hinton Agar (MHA) plateshwsterilized cotton swab sticks. Wells (9 mm diagnetvere
cut using a sterile cork borer. Stock solutionslbtompounds (25) were diluted with dimethyl sulfte. The stock
solutions were prepared for 3 mg of Compound/2 DBISO concentration. From the stock solution, efiéit
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 microchiphie plates
were incubated at 37°C overnight. The antibactex@ivity was measured as the diameter of the itibibzone
including the diameter of the well.

RESULTS AND DISCUSSION

The synthesized compounds are colored, non-hygpascmsoluble in water, soluble in hot ethanol, B8 and
DMF. The coordination of the metal to the trideatdgand is through the two N atoms of azomethireug and
one N atom of thiazole ring. Composition and idgntf the complexes were deduced from elementalysisa
(Table 1) and spectroscopic studies (IR, UV-Visl-NMR, EPR and Mass), magnetic and electrochensicalies.
The results of the elemental analyses of the coxaplare in good agreement with those required éyptbposed
formulae. In all cases the complexes isolated auad to have the general formula [MLCI, where M = Cu(ll),
Co(ll), Ni(ll) and zn(Il). The conductance measuents show that the complexes are electrolytes (2196
'em’mol™) and the mass spectra determinations indicate @iomeric nature.

Table 1 Color, reaction yield and elemental analysiof the ligand and its metal complexes

Found (Calculated) (%) (Aw)

compana | T |90 o [T o | | e | | e
mol?
L CotHaiNsOS 68 | Yellow| - (2%; é:gé ég:gg. 419.4

[CuL]Cl | CUCHoNO:S, | 52 | Green (?Z)i) (g;gg) (j'gg) ég:gg) 902.5 82 1.86
[CoLy] Clr | CoCuHiNiO:S, | 54 | Brown (Z'EZ) (gg:gg) (j'?‘l‘) égzég) 897.9 88 4.42
[NiL;J Cl, | NiCaHeNiO:S, | 63 | Green (g:éj) (ggg% (323‘2‘) ég:gg) 897.6 93 2.94
[ZnLs] Cl | ZNCuHeNiO:S, | 60 | Yellow (;'ég: (gg:ig (j:gg: ég:ig: 904.3 96 | Diamagneti

Table 2 The IR spectral data of Schiff base and itmetal complexes (cm)

Compound V(oH) | Y(CH=N) of thiazole | V(C-S)of thiazole V(c=N) OM-N) | YM-0)
Schiff base (L)| 3139 1560 835 1595, 1660

[CuL,] Cl, 3185 1537 838 1572,1622  42b 535

[CoL;] Cl, 3128 1520 842 1578, 1615 464 555

[NiL ] Cl, 3174 1532 856 1580, 1627 438 533

[ZnL;] Cl, 315¢ 154( 83C 1579, 162 | 482 51¢

3.1. Mass Spectra

The ESI mass spectra of the Schiff base ligandafld its copper complex [Cdl.Cl, recorded at RT were used to
compare their stoichiometry. The Schiff base shothedmolecular ion peak at/z419. The molecular ion peak for
the copper complex, observednatz902 confirms the stoichiometry of metal compleasgML,] Cl, type. It is also
supported by the mass spectra of other complexass Mpectra of Schiff base and its copper compkeygiaen in
Figs. 1 and 2.Microanalytical data are also in close agreemett tie values calculated from molecular formula
assigned to these complexes.
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Table 3 Electronic spectral data of Schiff base anils complexes

Compound

Absorption
nm (cm™)

Band assignments

Geometry|

Schiff base (L)

298 (33,557

INCT

[CuL;] Cl;

295 (33,298)
676 (14,792)

INCT
°E, — 2Ty, transition

Octahedral

[CoL;] Cl;

296 (33,783)
420 (23,809)
596 (16,778)
685 (14,49¢

INCT
“T1(F) — *T1(P) transition
“T1(F) — “Axg(F) transition
“T1o(F) — *“Tog(P)transitior

Octahedral

[NiL2] Cl,

310 (32,258)
418 (23,923)
605 (16,528)
710 (14,084)

INCT
Axg(F) — °T14(P) transition
3A2(F) — *T1¢(F) transition
®Az(F) — *Ta(F) transition

Octahedral

Table 4 Shape complementarity score of DNA-Metal Guoplex

S. No Compound Shape-Complementarity Score
1. DNA —[Col,] Cl, 4718
2. DNA —[Culy] Cl, 4666
3. DNA — [NiLy] Cl, 4578
4. DNA — [ZnL,] Cl, 4456

Table 5 Inter-molecular hydrogen bonds present in DNA-cobalt complex

Type | Donor |Donor Atom| Acceptor |Acceptor Atom d (?A’A) b (E(A) “A)d (X_(t;' A
C-H..N| Cytosine| _ C4 [CoLy] Cl, N7 2.783 | 3.627 134.0
C-H...N| Cytosine C4 [CoL;] Cl, N16 2.700 3.651 145.5
C-H..N| Cytosine| _ C4 [CoLy] Cl N29 2.456 | 3.139 119.4
C-H...O| Guanine C4 [Cof] Cl, 025 2.749 3.445 121.3
C-H...O|[CoL;] Cl, C19 Guanine 04 2.522| 3.27¢ 125.5
C-H...O|[CoL;] Cl, C22 Adenine 04 2.085 2.539 101.9
C-H...Q|[CoL;] Cl, C22 Adenine 03 2.902 3.580 120.9
C-H...O| Adenine C4 [Cof,] Cl, 024 0.966 1.805 112.5
O-H...Q[CoL;] Cl, 024 Adenine 05 2.860 3.410 117
O-H...O Guanine 04 [Cot] Cl, 025 2.065 3.074 172.5
C-H...Q|[CoL;] Cl, C26 Guanine 04 1.014 2.013 146
C-H...O|[CoL;] Cl, C26 Guanine 03 2.705| 3.295 113.5
C-H..0|[CoL,] Cl] €30 Thymine 04 2.823]  3.455 116.8
C-H...O|[CoL;] Cl, C30 Thymine 02 2.397 3.472 168.3
C-H..O|[CoL;] Cl| €31 | Thymine 02 2.59¢ | 3.67¢ 170.2
C-H...Q|[CoL;] Cl, C31 Cytosine 04 1.98¢ 2.32i 93.6¢4
C-H..O|[CoL;) Cl,| C&47 Thymine 03 2.534]  3.545 155.4
C-H...O|[CoL;] Cl, C54 Thymine O3 1.885 2.480 109.9
C-H..0|[CoL,] Cl,| _ C54 Thymine O1P 2.058  2.864 128.1
C-H...O|[CoL;] Cl, C54 Thymine O2P 1.951] 2.59( 113.7
C-H...C|[CoL;] Cl, C5¢ Guanint O2F 2.16¢ 2.55] 97.7¢
C-H...0|[CoL;] Cl, C5¢ Guanine O2F 2.21¢ 2.55] 95.0%
C-H...Q|[CoL;] Cl, C59 Guanine 05 2.107| 2.767 116.7

3.2. Infrared Spectra

The IR spectral information of the Schiff base &@adtomplexes are given ifable 2. The IR spectrum of the ligand
shows a broad band in the region 3100-3203,@ssignable toony group of vanillin. The appearance of this peak
in all the spectra of the complexes suggest that+@H group does not get involved in the complexatiThe
spectrum of the ligand shows two different-yy bands at 1595 and 1660 tmwhich are shifted to lower
frequencies in the spectra of all the complexeg@1B630 crif) indicating the involvement of —C=N nitrogen in
coordination to the metal ion. Also the ligand seawband at 1560 cfhwhich is attributed t®(cH=n) Of the thiazole
ring andvc-c at 1482 crit. The stretching vibration appears at 835'dmdue tovc.s) Of the thiazole ring [25]. A
shift in the band -y Of the thiazole ring (1520-1540 chin complexes indicates the coordination via thiaz
nitrogen (N— M). In all the complexes thec.s) remains unchanged indicating that the sulphumotsimvolved in
the coordination. IR spectra of complexes show hands at 425-482 ¢fand 518-555 ci assigned to(M—N)

and v(M-0) modes respectively.
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Table 6 Inter-molecular hydrogen bonds present in NA-copper complex

Type Donor i?g&r Acceptor Ai‘iiﬁ:or d(?A) AD(Z(A) Al (X (t; A
C-H...O Adenine C4 [Cull Cl, 052 2.223| 3.194 147.1
C-H...c Thymine C4 [CuL;] Cl, S11 1.97¢ | 2.66¢ 117.f
C-H..Cl | Guanint C4 [CuL;] Cl2 Cl62 2.09¢ | 2.38¢ 91.2¢
C-H...CI Guanine C3 [Cul Cl» Cle62 2.874 | 3.097 91.25
C-H...0 | [CuL)]Cl, C2 Thymine 04 2.764] 3.647 138.8
C-H...0 | [Cul)]Cl, C2 Thymine 02 2915 3.829 142.5
C-H...0 | [CuL)]Cl, C3 Thymine 04 2194 3.863 117.8
C-H...C | [CuLy] Cl, C1c Thymine O1F 2.92¢ | 3.68¢ 127.1
O-H..C | [CuL,]Cl, | 024 Adening Ot 2.86( | 3.41( 117
O-H...0 Guanine 04 [Cul Cl, 025 2.065| 3.074 172.5
C-H...0 | [CuL)]Cl, C30 Thymine 03 2.0260 2.707 117
C-H...0 | [Cul)]Cl, C30 Cytosine O1P 2.648 3.12p 105.5
C-H...0 | [CuL)]Cl, C30 Cytosine 05 2.759 3.80% 160.7
C-H...0 | [Cul)]Cl, C30 Cytosine O1P 2.64% 3.12p 105.6
C-H...C | [CuLy] Cl, C54 Cytosine 04 2.067 | 3.04: 148.2

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

Type Donor i?gﬁr Acceptor ACAC;PT:OF d (TA) Ap (E(A) AJa (X (';; A
C-H...N | [NiL;] Cl, C12 Adenine N6 2.252 3.01§ 126.3
C-H...O | [NiL] Cl, C12 Thymine 04 1.788 2.726 142.7
C-H...N | [NiL;] Cl, Cl: Adenine N6 2.58( 3.15( 111.€
C-H...N | [NiL;] Cl, C13 Adenine N6 2.195] 3.031 131.7
C-H...O | [NiL] Cl, C38 Adenine o2pP 2.356 2.864 106.9
C-H...O | [NiL;] Cl, C39 Adenine o2pP 2.957 3.162 90.74
C-H...N | [NiL;] Cl, C40 Adenine N7 2.805| 3.247 104.3
C-H...O | [NiL] Cl, C54 Adenine 05 2.906 3.381 106.8
C-H...O | [NiL] Cl, C54 Adenine 03 2.707 3.564 135.1
C-H...O | [NiL] Cl, C54 Adenine O1P 2.753 3.746 151
C-H...O | [NiL] Cl, C54 Adenine o2pP 0.380 1.280 111.4
C-H...0 | [NiL;] Cl, C54 Adenine 05 2.888 3.381 107.9
C-H...N | [NiL;] Cl, C55 Adenine N7 2.700| 3.505 130.3
C-H...N | [NiLy] Cl, C55 Adenine N6 2.197| 3.185 149.4
C-H...O | [NiL;] Cl, C56 Thymine 04 2.592 3.679 1744
C-H...O | [NiL;] Cl, C57 Adenine O2P 2.956 3.434 105.7
C-H...N | [NiLy] Cl, C57 Adenine N7 2.973 3.789 129.8
C-H...O | [NiL;] Cl, C59 Adenine o2pP 2.124 2.924 128.6

Table 8 Inter-molecular hydrogen bonds present in NA-zinc complex
Donor Acceptor [d(H---AJD (X---A)gq (X-H---A

Type Donor Atom Acceptor AIOE’I ( &) ( &) a( ©
C-H...0 | [ZnL] Cl, C4 Adenine o1P 2.620 3.381 126.8
C-H...N | [ZnL;] Cl, C22 Adenine N7 2.841] 3.804 148.4
C-H...N | [ZnL;] Cl, C22 Adenine N6 27320  3.47§ 125.8
C-H...0 | [ZnL] Cl, C22 Thymine 04 2.112)  2.564 102
C-H...O | Adenine C6 [Znd] Cl, 024 0.967 1.901 146.6

O-H...N | [ZnL] Cl, 024 Adenine N1 2213  3.087 149.7
O-H...N | [ZnL] Cl, 024 Adenine N6 0.513 1.134 94.99
C-H...N | [ZnL;] Cl, C26 Adenine N7 1.774 2.38( 110
C-H...N | [ZnLy] Cl, C26 Adenine N9 2.676)  3.341 119.2
C-H...0 | [ZnL] Cl, C37 Guanine 05 2.919 3.389 106.5
C-H...0 | [ZnL] Cl, C38 Cytosine 03 2.349 3.408 166.3
C-H...O | [ZnLy] Cl, C38 Guanine Oo2pP 1.142 1.59p 91.3]
C-H...0 | [ZnL] Cl, C38 Guanine 05 2.804 3.334 110
C-H...O | [ZnL,] Cl, C39 Cytosine 05 2.952 3.949 153.4
C-H...O | [ZnLy] Cl, C54 Adenine 05 2.941 3.51¢§ 113.1]
C-H...O0 | Adenine C2 [Znd] Cl, 0o2P 2.162| 2.691 100.8
C-H...C | Adening¢ Cc2 [ZnL;] Clp 058 2.06€ | 3.05¢ 133.:
C-H...O | [ZnLy] Cl, C54 Adenine 03 1.781 2.798 153.2
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Table 9 Statistics of inter-molecular hydrogen bond present between DNA and metal complex

Metal Complex [N-H...0O-H...ON-H...NO-H...NC-H...O[C-H...NN-H...90-H...9C-H...9C-H...CI
DNA—[CoLjCl,| 0 2 0 0 18 3 0 0 0 0
DNA—[CulCl,| 0 2 0 0 10 0 0 0 1 2
DNA—[NIL Cl,| 0 0 0 0 11 7 0 0 0 0
DNA—[ZnL,]C,| 0 0 0 2 12 4 0 0 0 0

Table 10 Antimicrobial activity data for Schiff base and its complexes

B. subtilis S. aureus P. vulgaris P. aeuroginosa
Compound | 20pL |40uL| 60puL|20uL}40ul 60pL |20uL | 40uL |60pL| 20pL |40uL| 60pL
L - 10 12 10| 12 16 - 9 11 - 12
[CuL;] Cl» - 12| 14 | 10| 12| 18 - 11] 13 - 1p 14
[CoL,] Cl, 10 12 13 10| 11 14 - 11 14 9 12 14
[NiL ] Cl, - 11 14 9 10 14 - 11 12 8 18 14
[ZnL] Cl, 12 | 13| 15| 14| 1§ 18 - 10 12 p 14
Fig. 1. Mass spectrum of Schiff base ligand
100 -
9o -
0 4+ . ....uLl L"'. TPPATL] e XY ‘. et il:l]. Lipd 'uinlhln'n- LAILLM . 1 N bl e
100 150 200 250 300 350 400 450 500

3.3.’H-NMR spectra

'H NMR spectra of the Schiff base ligand and itziomplex were recorded at RT in CRCSchiff base ligand
(L) exhibited the following signals: aromatic protat 6.84-7.38 (8H, m), -CH=N at 9.78 (1H, s), -N-CH at
3.145 (3H, s), C-CH at 2.485 (3H, s), -O-CH at 3.966 (3H, s), -OH proton at 6.18 (1H, s) and S-CH=CH- of
thiazole ring at 7.76 (1H, d). Thiazole proton of free ligand at 7®41H, d) also showed a downfield shift in the
complex providing an evidence of coordination datiole nitrogen to the metal. The azomethine praignals in
the spectra of zinc complex were moved to downfoelchpared to the ligand, suggesting deshieldirazomethine

group due to coordination with metal atom. Thenedssignificant change in all other signals of ligand.*H-NMR
spectra of Schiff base ligand is giverFig. 3.

3.4. Electronic spectra

The electronic absorption spectra of the Schiffedagand and its complexes were recorded in DMS@tism and
the spectral data are furnishedTiable 3. The electronic spectra can often give dependalfternation about the
ligand arrangements in the transition metal comggeX he electronic spectrum of the copper compkaibés two
bands, which are assigned as an intraligand cheagefer band (33,298 ¢W and ad—dband (14,792 ci) which
is due t02E9—>2ngtransition. This d—dband strongly favors distorted octahedral geometoyind the metal ion. It is
also supported by the magnetic susceptibility vdlu86 B.M). The cobalt complex showed four absorpbands
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at 33,783, 23,809, 16,778, and 14,498 'cmwhich are assigned as charge transff (F)—"T,(P),
T1(F)—"Ax(F) and*T,((F)—"Tx(F) transitions, respectively. The band at 14,488'confirmed the octahedral
geometry, which is also supported by its magneaigcsptibility value (4.42 B.M). The nickel complexvealed
threed—d bands at 14,084, 16,528, and 23,923 awhich are assigned ty(F)—>Tx(F), *Asf(F)—>T14(F) and
3Azg(F)—>3Tlg(P) transitions, respectively, being characterisfian octahedral geometry supported by its magneti
susceptibility value (2.94 B.M).

Fig. 2. Mass spectrum of copper complex

100+

| TR BT ‘.‘ |||||l'|||| ‘,nl‘. | ““ L L miz

L, i L L TV,
100 200 300 400 500 600 700 800 900 1000

3.5. Redox study

The cyclic voltammogram of the copper complex in 8® (from 0.8 to —1.0 V potential range) shows al wel
defined redox process corresponding to the formatib the Cu(ll)/Cu(lll) couple aE,, = 0.358 V and the
associated anodic peakBy. = 0.252 V Fig. 4). This couple is found to be reversible witk, = 0.106 V and the
ratio of anodic to cathodic peak currents corredgdn a simple one-electron process. Copper congiéexshows a
reversible peak in the negative region characteritthe Cu(Il)/Cu(l) couple &, = —0.364 V with the associated
anodic peak aEy,= —0.508 V for Cu(l)/Cu(ll) oxidation.

3.6. Electron paramagnetic resonance spectra

The EPR spectrum of copper complex gives impotitdotmation in studying the metal ion environmehihe EPR
spectra were recorded in DMSO at RT and L{Fig. 5and6). The spectrum of the copper complex at RT shows
one intense absorption band in the high field aridatropic due to the tumbling motion of the males. However,
this complex at LNT shows well resolved peaks at field region. The copper complex displays the/gue of
2.268 and gvalue of 2.069. These values show that Cu(ll) dempes predominantly in thex%iy2 orbital, as was
obvious from the value of the exchange interactéom G, estimated from the expression: G 7(@.00277)/(g —
2.00277).

If G > 4.0, the local tetragonal axes are alignadalbel or only slightly misaligned. If G < 4.0gsiificant exchange
coupling is present and the misaligned is significdhe observed value for the exchange interagiamameter for
the copper complex G > 4.0 suggests that the letalgonal axes are aligned parallel or slightlgatignment and
the unpaired electron is present in thﬁﬂ orbital. This result also explains that the exg®noupling effects are
not operative in the present complex [26].

Based on the above spectral and analytical dagaptbposed structure of the Cu(ll), Co(ll), Ni(Apd Zn(Il)
complexes is given iRig. 7.
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Fig. 3.*H-NMR spectrum of Schiff base ligand
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3.7. In silicoDNA-metal complex interaction

The Patch dock web server was used to study tleeaiction between DNA and metal complexes. One tashdr
docking conformations were generated for each noetaplex with the DNA molecule. The best dockintuton
was inferred by highest value of shape complemintscore(Table 4). The shape-complementarity score of four
complexes was computed using Patch dock web sefvem the molecular docking resuliSig. S8) the best
solution was selected and it was processed intaddymh Bond Analysis Tool (HBATpr computing the possible
inter-molecular hydrogen bonds present between Ditl metal complexes. The results showed that inter-
molecular C-H...O hydrogen bond played a crucial rale the stability all metal complexes with DNA. &h
information of inter-molecular C-H...O, C-H...N, O-H...@-H...N. C-H...Cl and C-H...S interactions were
given inTables 5-8 Cobalt, nickel and zinc complexes contain inteteaular C-H...O and C-H...N interactions
and copper complex having C-H...O, O-H...O, C-H...S and .CCl interactions. However, all the four complexes
did not contain other inter-molecular hydrogen ®adch as N-H...O, N-H...N, N-H...S, O-H...S, C-Hr, N-H...

n and O-H...n. Fig. 9andTable 9 explain the statistics of various possible interteaular hydrogen bonds present
between DNA and metal complexes.

Patch dock and HBAT analysis results suggest tblalt and copper complexes are bound to the “Mgropve
and nickel and zinc complexes are bound to the &&gjoove” portion of DNA through hydrogen bondsldrence
they are called “Minor groove and Major groove laraf respectively.

3.7. Antimicrobial study

The in vitro biological screening effects of the compounds wested against gram positive bacteria such as
Staphylococcus aureus, Bacillus subtilis ayrdm negativesuch asPseudomonas auroginosadProteus vulgaris

by well-diffusion method. The zone of inhibition (diameter in mm)ueaof the compounds against the growth
microorganisms are summarized thable 10. A comparison of the zone of inhibition value ofdnd and its
complexes shows that the metal complexes exhilkitgder activity than the ligand and control. Sunbreased
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activity of the complexes can be explained basetherOvertone’s concept [27] and the Tweedy chmtatihheory
[28].

Fig. 4. Cyclic voltammogram of copper complex
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Fig. 5. ESR spectra of copper complex at room tempsture
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Fig. 6. ESR spectra of copper complex at liquid nibgen temperature
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Fig. 8. Molecular docking results of DNA—-metal comfex interaction (a) DNA-[CoL;] Cl,, (b) DNA-[CuL;] Cl,, (c¢) DNA-[NIL;] Cl,and
(d) DNA—[ZnL ;] Cl,complex. [Color codes: Ligand: Yellow, Representatin: Stick, Display: PyMol]

(b)

(d)

Fig. 9. Statistics of various possible inter-moledar hydrogen bonds present between DNA and metal agplex a) cobalt b) copper c)
nickel and d) zinc complex
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CONCLUSION

The coordination chemistry of the Schiff base ligjatained from the reaction of 4-aminoantipyritédyydroxy-3-
methoxybenzaldehyde and 2-aminothiazole is destriGea(ll), Co(ll), Ni(ll), and Zn(Il) complexes dhe ligand
have been characterized by spectral and analydiat. The IR, electronic transition and ESR datal Ito the
conclusion that the Cu(ll) complex assumes a dmstiooctahedral geometry and the other complexeSagh),

Ni(Il) and Zn(ll) are octahedral in nature. In #lle complexes, the ligand acts as a tridentate.ifflsdico DNA

results reveal that cobalt and copper complexedamed to the “Minor groove and nickel and zinc pbemes are
bound to the “Major groove” portion of DNA througilydrogen bonds and hence they are called “Minoowgand
Major groove binders” respectively. The antibaekerscreening data reveal that the complexes haghehi
antimicrobial activity than the free ligand.
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