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ABSTRACT

Cobalt(l1), Nickel(1l), Copper(ll) complexes have been synthesized with newly synthesized biologically active
ligand. The novel ligand has been synthesized by the condensation of 2-amino-4-methyl-5-carbethoxy-1,3-thiazole
and 8-formyl-7-hydroxy-4-methylcoumarin. The probabl e structure of the complexes has been proposed on the basis
of analytical and spectroscopic data (IR, UV-Vis, ESR, ES-mass and TG-DTA). Electro chemical study of the
complexes has also been recorded. The elemental analyses of the complexes confine to the stoichiometry of the type
ML,.2H,0 [M=Co(Il), Ni(I1) and Cu(ll)]. The Schiff base and its metal(I1) complexes have been screened for their
antibacterial (Staphylococcus aureus (MRSA), Escherichia coli, Salmonela typhi) and antifungal activity
(Aspergillus niger, Candida albicans, Aspergillus flavus) by MIC method. The DNA cleavage is studied byraga
gel electrophoresis method.
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INTRODUCTION

The Schiff bases and their metal complexes aredfidonbe of greater interest in coordination cheryifi-3].
Various cobalt, nickel and copper metal complexeseweported to have antimicrobial activity [4-Bloreover, the
enhancement in the biological activity and the dase in the cytotoxicity of both metal ion and tigacan be
achieved by the incorporation of transition metabithe Schiff bases [6].The interaction of transition metal
complexes with DNA have extensively been studiedtieir usage as probes for DNA structure and theiential
application in chemotherapy [7-8]. One of the impnt DNA related activities of the transition metaimplexes is
that, some of the complexes show the ability tawteDNA. Recently, Cu(ll) complexes have been regbto be
active in DNA strand scission [9-11].

Thermal analyses techniques play an importantirotbe phase of structural elucidation of metal ptares [12-
14]. In particular, thermo-gram gives the ampl@infation regarding coordination ob® and Cl, Br etc.

Thiazole heterocycles are present in numerous mlgecof interest to the natural product, synthetiganic,
agricultural, and medicinal chemistry communitiEgamples comprise the Bistratamide natural prodiid} the
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herbicide CMPT and antibiotic Thiostrepton. Thigazahd many substituted thiazoles possess integdsifogical

activities probably conferred to them by the stramgmaticity of their ring system [16] and also ywanteresting

class of compounds because of their wide rangpmfcation as an antimicrobial [17], anti-inflamroat [18], anti-

degeneratve [19] and anti-HIV activities [20]. Idd&ion to the thiazole, coumarins and their ddiixes portrayed
the structural variety and significant biologicaldapharmacological properties as well. Many ostheompounds
possess antbacterial, antifungal and insecticidévides. The hydroxy coumarins are typical phén@ompounds
and therefore act as potent metal chelators arel rxdical scavengers. They are powerful chain-lmgaknti-

oxidants. Metal complexes of coumarin derivativesveh extensively been investigated and reported foom
laboratory.

MATERIALSAND METHODS

I nstrumentation
All the chemicals purchased were of reagent gradieused without purification, TLC was performedtbe TLC
plates procured from Merk.

The IR spectra of the ligand and its Co(ll), Ni(Hhd Cu(ll) complexes were recorded on a HITACHD-2R
spectrophotometer in the 4000-250"cregion in KBr disks. The electronic spectra of toenplexes were recorded
in DMSO on a VARIAN CARY 50-BIO UV-spectrophotometin the region of 200-1100 nm. THél NMR
spectrum of ligand was recorded in DMSgrd BRUKER 400 MHz spectrometer at room temperatsieg TMS
as an internal reference. ESI mass spectra wemdest on LCMS 2010, SHIMADZU, JAPAN. The mass
spectrometer was operated in the +ve ion mode. elbetrochemistry of Cu(ll) complexes were recoraed
CHI1110A-electrochemical (HCH Instruments) analy@dade in U.S.A). Thermo gravimetric analysis datare
measured from room temperature to 1000°C at argeatite of 10°C/min. The data were obtained by gisin
PERKIN-ELMER DIAMOND TG/DTA instrument. Molar condtivity measurements were recorded on a ELICO-
CM-82 T conductivity bridge with a cell having celbnstant 0.51 and magnetic moment of the complesees
carried out by using Faraday balance. Resorcinal pvacured from Sigma Aldrich Chemical CompanytHar 7-
hydroxy-4-methyl-coumarin, 8-formyl-7-hydroxy-4-nhgt-coumarin and 2-amino-4-methyl-5-carbethoxytbiaz
were prepared as described in the literature [41-22

Synthesis of 2-amino-4-methyl-5-carbethoxythiazole

Ethyl-2-chloro acetoacetate (0.1 mol.) and thiou@4 mol.) are dissolved in ethanol and refluxed 3-4 hrs.
Then, the reaction mixture was cooled to room taatpee and made alkaline with conc. ammonium hyidiex
The precipitated 2-amino-4-methyl-5-carbethoxytbiezwas filtered and recrystallized from ethanole(d 80%,
M.P. 175- 177C.)

N
O o0 S X—NH,
A~ )J\ Ethanol \ Z/
—_—
o + HN NH, Reflux e}
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Fig. 1. Synthetic route of ligand
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Synthesis of ligand

A mixture of 2-amino-4-methyl-5-carbethoxythiazodend 8-formyl-7-hydroxy-4-methylcoumarin in 1:1 mola
proportions was boiled under reflux for 2-3 h inthanol as a medium containing few drops of conegetr HCI.
The product was separated, filtered, washed wittohal and recrystallized from ethanol. Thin layer
chromatography (in 1:3 ratio eluent of ethyl acetabd hexane) revealed the presence of single uhif base.
(M.P.- 198- 199C). Flow chart of synthesis of ligand is shown ig.RA.

Synthesis of metal complexes

An alcoholic solution (25mL) of Schiff base (2 m Imavas refluxed with 1 m mol of metal (Il) chlogd [M=
Co(ll), Ni(ll) and Cu(ll)] in ethanol (25mL) on sten bath for 1h. Then, 2 m mol. of sodium acetats added and
refluxing was continued for another 3h. The separatomplexes were filtered, washed thoroughly witter,
ethanol and ether and finally dried in vacuum dused CaGl.

RESULTSAND DISCUSSION

All the complexes are colored, stable in air and-hggroscopic solids. All the complexes are instdub water,
sparingly soluble in organic solvents and compjeseluble in DMSO and DMF. The elemental analysesisthat,
the cobalt(ll), nickel(ll) and copper(ll) complexdsve 1:2 stoichiometry of the type MBH,O. The molar
conductance values are too low to account for @ssodiation of the complexes in DMF. Hence, all tbenplexes
are regarded as non-electrolytes in DMF. The metaltents were estimated gravimetrically by the dadh
methods [23]. Carbon, hydrogen, nitrogen and sulphere estimated by C, H, and N analyzer. Analjtica
magnetic and conductivity data of the complexedaggcted in Table-1.

Table- 1. Elemental analyses of ligand and its metal complexes along with magnetic moment and conductance data

Sl. No. Compound C (%) H (%) N(%) S (%) Metal ¢1in BM  Molar conductance
1 Ligand(LH) 58.103 4.323 7.633 8.637
(58.064) (4.301) (7.526) (8.602)  ---
Co(ll) 4.232 6.703 7.901 7.241
2 Complex ~ °1.899(58.064) ,'neo) (5'690) (7.646) (7.048) +93 4.3
3 Ni(l1) 51.901 4.223 6.599 7.932 6.890 3.99 4.9
Complex (51.674) (4.066) (6.698) (7.655) (6.937) : :
4 Cu(ll) 52.579 4.443 6.873 7.799 7.452 1.72 35
Complex (51.367) (4.042) (6.658) (7.609) (7.491) : :

Values given in the parenthesis are calculated val ues.

FTIR Spectral studies

Infrared frequencies along with their tentativeigrssients for the ligand and its complexes are prteskein Table-2.
The FTIR spectrum of ligand exhibits broad weakdanthe region of 3053 cimcould be attributed to the intra-
molecular hydrogen bonded —OH. The medium to higknisity band at 1632 ¢his assigned ta/(C=N) of
azomethine group. Two ester groups, one from comntactone has given peak at 1739 cdue to v(C=0) [24]
and another carbonyl stretching of carbethoxy grofughiazole moity at 1707 ch The medium stretching band at
1097 cm' observed in free ligand is ascribed to v(C-S-Chhidizole ring [25]. High intensity band presentla?s
cm™ with an additional band around 1515 tnegion is due to stretching of phenolic C-O.

The observed changes, in case of Co(ll), Ni(ll) &udll) complexes, are as under.

A broad and weak band in the region of 3053'cassigned to H- bonded —OH in Schiff base remaifisabpeared

in all the complexes. The high intensity band dughenolic C-O, appeared in the region 127%5émthe Schiff
base, appeared as a medium to high intensity bamohd 1390 cm in complexes. These comparative observations
support the formation M-O bond via deprotonatiohe band at 1515chin the Schiff base shifted to 1526 ¢m
suggesting the behavior of phenolic oxygen as mentade. The medium intensity band appeared at &682due

to v(C=N) in Schiff base, showed lower shift in the gdexes. The lower shift in the v(C=N) of Schiff leas
indicates that, the imine group is coordinatecht metal (Il) ions through nitrogen atom. And igtlier confirmed

by they(M-N) in the region of 473-460 cm The band located at 1739 ¢rand 1707 cm due to lactonyl(C=0)

of coumarin moiety and carbethoxy v(C=0) respetyivef Schiff base remained unchanged in complexes,
indicating the absence of their involvement in cloation. The same thing is with v(C-S-C) indicgti8 atom is
not involved in coordination. The presence of cowatkd water molecules in the complexes are coefirtoy the
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observed broad band in the region of 3433-3430 ¢&6] and two weaker bands in the region 836-833 amd
779-759 crit due tov(-OH) rocking and wagging mode of vibrations resjvety [27].

Thus, the IR spectral data results provide strongesmces for the coordination of potential bideatéand with the
metal (Il) ions.

Table- 2. Important IR frequencies (in cm™) of ligand and its metal complexes

Coordinated water Lactonyl H bonded Phenolic

Sl. No. +(OH) vc=0) "N onstetching yco) YMN)
1 1739 1632 3053 R
2 3430 1740 1598 1340 460
3 3430 1740 1593 1331 470
4 3432 1738 1599 1338 473

"H NMR spectral study

The HNMR spectrum of Schiff base exhibits singlet ai881ppm, 10.43 ppm and 6.28 ppm due to phenolic —OH,
azomethine proton (CH=N) and C-3 proton of coumarig respectively. And another two singlets &82ppm to
2.49 ppm are due to methyl protons of coumarin thfazole rings. Two doublets at 7.91-7.93 ppm ar®$-66.98
ppm are attributed to C-5 and C-6 protons of coimming. The quartet and triplet peaks at 4.12-84ppm and
1.20- 1.25 ppm are assigned to methylene and mpthtdns of carbethoxy group of thiazole ring respely.

Electronic spectral studies
Electronic absorption spectra of all compounds weecerded in DMSO over the range 200- 1100 nm.

The electronic spectra of Co(ll) complex shows @bsorption bands, one at 549 nm (18213"cmith medium
intensity due tdTyg (F) — “Tog (F) (v1), and another at 910 nm (10989 Ymwith low intensity due t4T,g (F) —
“T.9 (P) ¢3), which are the characteristic bands of octahe@odll) complexes.

The Ni(ll) complex showed three bands at 942 nn6{P0cn), 612 nm (16326 cif) and 377 nm (26476 cih
attributed to th€A,q —Tag (va), *Azg — *Tag (F) (v2) and>Ayy — >Ty4 (P) () transitions respectively, which
indicate the octahedral geometry around Ni(ll) ion.

And Copper (Il) complexes showed band in the 684b4619 crit) and 561 nm (17,825 ¢ty regions which may
be ascribed to 28—2Eg and 2Bg—2B,g transitions, respectively, corresponding to distb octahedral geometry
around Cu(ll) ions.

Magnetic studies

The magnetic moments obtained at room temperatardisted in Table- 1. The Co(ll) complex shows metis
moment of 4.93 BM. This value is within the expectange of 4.7-5.2 [28-29] BM for octahedral conxgle
Hence, the Co(ll) complex has octahedral configonatThe Ni(ll) complex shows magnetic moment EBBM.
It is reported that, the octahedral Ni(ll) complexhibits magnetic moment in the range of 2.5-3.5 Bd]. The
Cu(ll) complex shows magnetic moment 1.72 BM igtdly higher than the spin-only value, expected doe
unpaired electron, which offers possibility of actahedral geometry [31]. Magnetic moment valuesggeagthe
octahedral geometry around metal (I1) ions.

ESR spectral studies

The ESR spectral studies of Cu(ll) complex provifermation regarding metal ion environment. Theagd g
values have been found to be 2.1481 and 2.0404ctgply. The g, value calculated comes out to be 2.0763. The
trend, g > gu, showed that the electron is localized ja,g The g, value was calculated to be 2.0763, this deviation
0.y from that of free electron (2.0023) is due to ¢bgalence property [32]. This is again supportediwelson and
Neiman, where @f less than 2.3 indicates covalent environmehé parameter ‘G’, determined as G -@ / (g

-2) is found to be 3.6658 which is less than 4 sstjgg the considerable interaction in the solatestThe ESR
spectral data clearly suggests that, the Cu(ll)pterhas distorted octahedral geometry aroundhié 3pectrum is
showed in Fig. 2.
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Fig. 2. ESR spectrum of Cu(ll) complex

ESI - mass spectral study

The ESI- mass spectrum of Cu(ll) complex, as aesgntative, has been studied and depicted in Figh8
spectrum shows a molecular ion peakafl m/z 841 which is equivalent to its moleculaigié [ML,. 2H,0]". And
the peak at 873 is due to the methanol adduct mptex molecule.

The same pattern has been observed in case dieatdmplexes. The ESI mass spectrum of Ni(ll) aodIC
complexes gave molecular ion peaks at m/z 836 8ddS®, the ESI- mass spectra of all the complexagge one
of the supportive data for the formation of octalabdomplexes.
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All the prepared complexes were studied for theérmal behavior over the temperature range of %30 under
nitrogen atmosphere. The thermograms of Co(Il)JIN& Cu(ll) complexes are shown in Fig. 4, 5 & All the
three metal complexes underwent decompositionrigeticonsiderable steps. As a representative, Guifjplex is

discussed in detail.

www.scholar sresear chlibrary.com

265



Sangamesh A. Patil et al Der Pharma Chemica, 2014, 6 (3):261-271

Step- 1. Mass loss in the first step, as depicted in thentbgram of Co(ll) complex, is due to two water nules

coordinated to the metal ion in the temperaturgiranfrom 150-200C. The peak is exothermic [33]. Empirically,
it can be written as under.

Co(GseH30N4010S;).2H,0  —————————> C0(GgH30N4010S;)-2H,0

Step- 2. The exothermic peak in the temperature range of 260°C shows the decomposition of thiazole moieties
from the ligand. The peak value centered atZ7FEmpirically [34], it can be written as under.

C0(036H30N401032) T CO(szH 1406)'Cl4H16N4O4SZ

Step- 3. The remaining coumarin part of ligafigand underwentlecomposition in the temperature ranging from

390- 490°C and the exothermic peak value is centered at’@g35]. And this decomposition can empirically be
shown as under.

C0(022H14OG) 2H0 —————= > Metal 0XideC14H 16N101S,

TG-DTA curves of Ni(ll) complex show weight lossesthree steps. In the first step, in the tempeeatange 155-
180°C is attributed to the combined mass loss of otiedacelled two coordinated water molecules. Tressnloss
at second step is observed in the temperature BB@e370°C is attributed to the loss of thiazole moiety. Thass
loss at third step at 39%C is attributed to the elimination of coumarin nigieThus, the TG/DTA study of
complexes gave strongest evidence in the elucidatigeometry of metal complexes.
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Fig. 4. Thermogram of Co(l ) complex
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Fig. 6. Thermogram of Cu(ll) complex

Electrochemistry
Electrochemical properties of the complexes weuglist in dimethyl sulfoxide (DMSO) containing 0.05 n-
BusNCIO, as the supporting electrolyte.

The ligand was found to be electro-inactive, heit@ called is an “innocent” ligand. And Cu(Iomplex, in its
cyclic voltammogram, has displayed a reduction pek.= 0.5831 V with a corresponding oxidation peak gtE
0.3119 V. The peak separation of this couplg,f is 0.2712 V at 0.1V and increases with scan rate.
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Fluorescence study
The emission spectra of the ligand and its Co(llifJl) and Cu(ll) complexes were investigated in and
reported in Fig 7.

The ligand was characterized by an emission bamghdar500 nm. The Co(ll) complex has shown an eomssand
at 452 nm, Ni(ll) complex at 467 nm and Cu(ll) cdexpat 449 nm. In case of complexes, the intensityhe
emission band is decreased. This decrease in téasity of the emission is due to the quenchingerty of metal
ions.

~Co Ex-352(EM), Ni Ex-268(EM), Cu(EM), Ligand (EM),

0‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘
300 400 500 600

Fig. 7. Fluorescence spectra of ligand and its metal complexesin DMF solution

nm

RESULTS

In vitro antimicrobial activity
Many authors have studied [36-38] biological praéigsrof transition metal compounds of coumarindgives.

Antimicrobial results of ligand and its metal coexs are presented in Table- 3. Schiff base shewer: activity
againstStaphylococcus aureus (MRSA), Escherichia coli, Salmonella typhi. We could notice the enhancement in the
activity when it is stitched with Co(ll), Ni(ll) @ahCu(ll). Cu(ll) complex, in particular, has showeelter activity
against both bacteria and fungi. This higher amtiobial activity of metal complexes, compared tgalfid, is
probably due to change in structure due to coofiinaand chelating tends to make metal complexéasenore
potent and powerful bacteriostatic agent. Thushitihg growth of micro-organisms [39].

DNA cleavage

Fig. 8 shows results of oxidative DNA cleavage eipents were carried out with the ligand and itstahe
complexes. Control experiments categorically resahat, untreated DNA does not show any cleavi&ig§
Lane C), whereas all the metal complexes exhiliteavage activity on DNA.

The difference in the migration is observed int# lanes of our synthesized compounds comparéuktoontrol
DNA of E. coli (Lane C). This shows the control DNdone does not show any apparent cleavage, whEx#s,
Ni(Il) and Cu(ll) complexes have shown. The resitidicated the important role of metal ions in &eld DNA
cleavage reaction. From these results, we inférGodl), Ni(ll) and Cu(ll) complexes act as poteniclease agent.
And with this, we can conclude that, the compotintigit the growth of pathogens by cleaving thewes.
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Table- 3. Antibacterial and Anti fungal activities of ligand and its metal complex

Conc. Growth inhibition against bacteria Growth inhibition against Fungi
Compounds (ug mit) (in mm) (in mm)
S. aureus E. coli S typhi A. niger C. albicans A. flavus
100 9 14 8 4 3 2
Ligand(LH) 200 9 16 9 5 4 3
40C 12 17 11 5 4 3
100 9 11 8 3 3 3
Co complex 200 10 11 9 4 3 4
400 12 11 10 4 4 5
100 10 11 9 4 4 4
Ni complex 200 10 12 10 5 6 5
400 13 12 11 5 6 6
100 14 15 11 6 8 3
Cu complex 200 15 16 12 6 9 4
400 18 19 14 7 9 4
100 20 23 16
Gentamycin(Std) 200 24 26 21
400 25 28 25
100 9 11 7
Amphotericin(Std) 200 11 12 9
400 12 14 12

M: standard molecular weight marker, C: control DNA of E. coli, Other lanes are of respective metal complexes treated with DNA of E. coli.
Fig.8. DNA cleavage activity on genomic DNA of E. coli
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Where M= Co(l1), Ni(Il) and Cu(l1)
Fig. 9. Proposed structure of Metal complexes

CONCLUSION

The synthesized ligand acts as a bidentate ligarnidhacoordinates through the azomethine nitrogemadnd the
oxygen atom of phenolic group via deprotonatiomital ion. The bonding of ligand to metal ion wasfamed by
the analytical, IR, electronic, magnetic, ESR, E®lass studies. Electrochemical study of Cu(ll) clemman

provide the degree of the reversibility of one #&lat transfer reaction and it has quasi-reversihiracter. Among
the Co(ll), Ni(ll) and Cu(ll) complexes, Cu(ll) siws better antimicrobial activity toward®aphylococcus aureus

(MRSA), Escherichia coli, Salmonella typhi. From DNA cleavage study it can be concluded tted, compound
inhibits the growth of the pathogenic organism leacing the genome.

The observations of all the analytical and spectasih put together made us to propose a most debthcture as
shown in Fig. 9, in which the complex has the s$tmimetry of the type [ML2H,0] {where M = Co(ll), Ni(ll), and
Cu(ll)}
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