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Resear ch Article

Preparation of Octahedral Cu(ll), Co(I1), Ni(I11) and Zn(l1) Complexes Derived from 8-
for myl-7-hydroxy-4-methylcoumarin: Synthesis, Characterization and Biological study
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ABSTRACT

A series of octahedral Cu(ll), Co(ll), Ni(ll) anch@dl) complexes has been synthesized with
ONO donor Schiff base ligar(tl) derived from the reaction of 8-formyl-7-hydroxyrdethyl
coumarin andN-(4-phenylthiazol-2-yl)hydrazinecarboxamide. Themlical structures of the
compounds were elucidated by elemental analysisvandus physico-chemical techniques.
Thermal analyses studies indicates the presenceooflinated water molecules in Cu(ll) and
Zn(Il) complexes. The compounds were screened lieir tantibacterial and antifungal
activities by MICs method and DNA cleavage activRGE method. Also, brine shrimp
bioassay was also carried out to study ithevitro cytotoxic properties, the compounds
reveals the significant activity.
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1. Introduction

It has long been known that many of the metal iares actively involved in the
biological processes of life and have been a topimterest. The mode of action of these
metal ions are often complex, but are believednimlve in bonding through the various
hetero atoms (ONO/S) of the heterocyclic residuebialogical molecules, i.e., proteins,
enzymes, nucleic acids, etc. [1-3]. Some metal dexes have been used as the anticancer
drug in clinic. Currently Lanthanide (lll) complexare being investigated extensively for a
variety of functionalities and applications, sushnaedicine, optical probes, microelectronics,
and others [4-7]. Schiff base ligands with N andd@or atoms continue to occupy an
important role in metal coordination chemistry, uldeg in an enormous number of
publications, ranging from pure synthetic work toodarn physicochemical and
biochemically relevant studies of metal complex&40Q].

Sulfa drugs have attracted the attention of themistebecause their therapeutic
significance as they were used against a wide mpacof bacterial ailments. Also, some
sulfa drugs were used in the treatment of tubesisianalaria, cancer and leprosy [11,12].
The core molecule thiazole is an important cladsedérocycles contains two hetero atoms (S
and N) placed in the heterocyclic ring at 1 and d&igons respectively. Compounds
containing this moiety have wide range of applmadi in pharmaceutical, phytosanitary,
analytical industrial aspects and have diverseogiohl activities [13,14].

Coumarins are also an important class of compowixtained from nature and
synthetic origin that possess diverse array of pphaological and biological relevance such
as antitumor, anti-inflammatory, anticoagulant,i-#t¥/, herbicidal and fungicidal activities
[15-17]. Some of the coumarin derivatives are uasdNA intercalators used in cancer
treatment because of its planar chromophore [1BJo,At has been proved that the naturally
occurring 7-hydroxy-4-methylcoumarin is potentiabadl molecule for cancer drug
development [19]. Also, the compounds containing thoiety form very stable complexes
with various metal ions due to the presence of pheimydroxyl group at it®rtho-position,
which coordinates to the metals i@ deprotonation [20].

Herein, octahedral Cu(ll), Co(ll), Ni(ll) and Zn)Iltomplexes has been synthesized
with ONO donor Schiff base ligandl) derived from the reaction of 8-formyl-7-hydroxy-4-
methyl coumarin andN-(4-phenylthiazol-2-yl)hydrazinecarboxamide coniagn carbonyl
(C=0), azomethine (C=N) and hydroxyl group (OH) pastential chelating sites. The

structures of the complexes are elucidated usimgpuws physicochemical techniques. The



corresponding biological relevance of all the coemps have been compared with those of
the free Schiff base ligan(l) and standard drug.

2. Experimental

2.1. Materials and methods

All solvents and starting materials were purchasemm commercial chemical
suppliers and used without further purification)ess otherwise stated. The precursor, 8-
formyl-7-hydroxy-4-methyl coumarin and-(4-phenylthiazol-2-yl)hydrazinecarboxamide are
prepared as per literature methods [20-22].

2.2. Instrumentation

The metal and chloride contents of the complexe® wstimated gravimetrically as
per standard methods [23]. Carbon, Hydrogen ana@éh analysis was performed on Vario
EL 1l CHNS analyser. IR spectra were recorded ankid Elmer Spectrum RX-I FTIR
spectrophotometetH NMR spectra were recorded on Bruker, 400 MHz speteter using
Zs-DMSO as solvent. ESI mass spectra were recordetiass spectrometer equipped with
ESI source having mass range of 4000 amu in quidamm 20,000 amu in Tof. Electronic
spectra were recorded on ELICO SL-164 double beahvisible spectrophotometer (ca. 10
3 M in DMF). Molar conductivity of metal complexesas measured on Elico-CM 180
Conductivity Bridge (ca. I8 M DMF). ESR measurements of solid [Cu(L)(Ch@®).]
complex was carried out on BRUKER Bio Spin speceten working at a microwave
frequency of 8.75-9.65 GHz using DPPH as referemitle field set at 3000 Gauss using
tetracynoethylene as the ‘g’ marker (g = 2.0027hermo gravimetric analyses data were
measured on Perkin Elmer thermal analyser in nimogtmosphere with a heating rate of 20
°C min™.

2.3. Synthesis of Schiff baseligand (L)

A solution of 8-formyl-7-hydroxy-4-methyl coumariand N-(4-phenylthiazol-2-
yhhydrazinecarboxamide in absolute ethyl alcol8fl (nL) was refluxed on water bath for
about 5-6 with an addition of a catalytic amountgtdcial acetic acid (2-3 drops). A light
yellow precipitate was collected by filtration, visesl with absolute ethyl alcohol, and dried

in vacuo. The pathway for the synthesis of SchaéligandL ) is presented ifcheme 1.
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Scheme 1- Synthesis of 2-((7-hydroxy-4-methyl-2-oxo-2H-chromen-8-yl)methylene)-N-(4-
phenylthiazol-2-yl)hydrazinecarboxamide (L)




2.4. Preparation of metal complexes

Mixture of Schiff base ligandL) (0.001 mol) and respective metal chlorides (0.001
mol) in 20 mL of absolute ethyl alcohol was refldxan water bath for about 6-7 h and pH of
the reaction mixture was adjusted to ca.7.0-7.®gusbdium acetate (0.5 g) and reflux is
continued for about an hour more. The reaction unétvas cooled to room temperature and
poured in to distilled water the separated preaipg were filtered off, washed with distilled
water, then with hot ethanol and finally dried imaecuum over fused calcium chloride.

2.5. Biological Evaluation
2.5.1. Antibacterial and antifungal assay

The antimicrobial activity ofL and its [Cu(L)(CI)(HO),], [Co(L)2], [Ni(L)2] and
[Zn(L)(CI)(H20);] complexes have been studied for their antibaaiteand antifungal
activities using Muller-Hinton agar and potato dege agar (PDA) by disc and well
diffusion methods respectively. The activities weoarried out in four different
concentrations (100, 50, 25 and 12 mL™* in DMSO solvent). The antibacterial activity
was tested against four bactersa,aureus (MTCC 3160),B. subtilis (MTCC 736),E. cali
(MTCC 46) andS typhi (MTCC 98) and antifungal activity against four fun@. albicans
(MTCC 227),C. oxysporum (MTCC 1777),A. flavus (MTCC 1883) andA. niger (MTCC
1881) by MIC method [24].

The activity was carried out in accordance with thernational recommendation
given by the CLSI. The minimum concentration oft esmpound with no visible growth of
bacteria/fungi is reported as MIC for their respecistrains. Blank tests have shown that
DMSO in the preparation of the test solution doesaffect the test organisms. The obtained
results were compared under similar conditionsgi§8entamycin and Fluconazole, a broad-
spectrum antibiotic for bacterial and fungal stsaiespectively.

2.5.2. DNA cleavage studies

The DNA cleavage activity was performed using suqméled plasmid DNA pBR322
as a target molecule as per the literature metB&f dnd obtained results were compared
with the standard DNA marker.

2.5.3. In vitro Cytotoxicity study

For the study, Brine shrimp nauplArtemia salina) were used for cytotoxicity assay
and followed the protocol given yeyer et al. [26] with some modifications. Brine shrimp
nauplii eggs were hatched in a shallow rectanglikdr (22 X 32 cm) filled with artificial sea

water. An unequal partition was made in the distihhe help of punctured device. About 50
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mg of eggs were sprinkled into the large compartimehich was darkened and the minor
compartment was open to ordinary light. After twaysl nauplii were collected by a pipette
from the lighter side.

The stock solutions of the each test compounds @¢Lnmh™') were prepared by
dissolving 10 mg of each test compound in 10 mDBfSO, different concentrations of the
test compounds were placed in separate vials avadl ¥olume is adjusted to 10 mL using
artificial sea water. After two days, when shringovhe were ready, 10 nauplii were then
placed in each vial, after 24 h incubation thesviakere observed using a magnifying glass
and the number of survivors in each vial was calinfests were performed in duplicate and
the data were analysed by a Finney computer progvadatermine the LE values [27]. The
results were compared with a positive control Blgoim, an anti-cancer drug.

3. Resultsand discussion
3.1. Chemistry

The synthesized [Cu(L)(CH@D).], [Co(L)2], [Ni(L)2] and [Zn(L)(ChH(HO),]
complexes are colored solids, stable at room teatyper and infusible at high temperature.
The elemental analysis data provided in supplemgmiaterial Table S1 are agreeing well
with the proposed composition bfand its metal complexes. These data supports ti& me
to ligand stoichiometric ratio of the complexesli? of the type [M(L)] (M = Co and Ni)
and 1:1 stoichiometry of the type [M(L)(CDH§B).] (M = Cu and Zn). The observed molar
conductance values for all the metal complexeg@dow to account for any dissociation,
indicating their non-electrolytic nature.

3.2. IR gpectral studies

The IR spectrum of, displayed a broad band at 3420cdue to phenolic OH and
showed high intensity strong bands at 1710 ch692 cnf, 1663 cnt and 1270 cri are due
to lactone carbonyl, amide carbonyl, azomethinection and phenolic C-O respectively.
Also, medium intensity bands are observed at 3282 and 3048 cil due to amide NH and
NH attached to thiazole moiety respectively.

On comparing, the IR spectra of theand its [Cu(L)(CI)(HO),], [Co(L)2], [Ni(L) 2]
and [Zn(L)(Cl)(HO),] complexes, it was clearly observed that, the abseof absorption
band due to phenolic OH at 3420 tmf ligand in all the complexes indicates the fotioma
of coordination bond between metal ion and phenmiggen atom of coumarin moietya
deprotonation. This is further confirmed by sharpréase in the absorption frequency about
21-45 cmt of phenolicv(C-O) which appeared in the region 1291-1315cim all the
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complexes representing the involvement of oxygemadf phenolic oxygen in coordination.
The most prominent change is the shift of amidéaayl v(C=0) to lower frequency side
about 05-66 cmwhich appeared in the region 1687-1626émall the complexes confirms
the involvement of oxygen atom of amid¢C=0) in coordination as such without
undergoing enolization. Also, the shift of azomeéhifunctionv(C=N)to lower frequency
side about 32-81 crhand appeared in the region 1582-1631'dmall the metal complexes
indicating the participation of nitrogen atom ofoarethine function in coordination. The
medium intensity weak bands appeared in all theahwmplexes at 3201-3237 ¢nand
3050-3063 cni were due to amide NH and NH attached to thiazoléetpaespectively,
which appeared almost at about the same region ease of ligand, thus confirming their
non-involvement in coordination. Also, the absarptband due to lactone carbonyl function
was appeared in all the complexes at 1700-1728i@m at about the same region as in the
case of ligand confirming its non-involvement irocdination.

Formation of metal complexes was further confirrhgdhe appearance of new weak
intensity, non-ligand bands in the region 509-5#0'c449-495 crit in all the complexes and
peak at 366 cthand 343 crit (in case of Cu and Zn complexes) are assignecetuéncies
of v(M-O), v(M-N) and v(M-CI) bonds respectively. In case of [Cu(L)(CI}P),] and
[Zn(L)(CI)(H20),] complexes, the appearance of broad band at 3#8band 3372 cm
respectively are due to coordinated water molecihe. prominent IR spectral datalofand
its metal complexes together with their assignmarggresented ifiable 1.

3.3.'H NMR spectra

The 'H NMR spectrum oL displayed (Supplementary dafig. S1) three singlets
each at 12.2, 11.4 and 11.1 ppm which are asctdptbtons of phenolic OH, amide NH and
NH of thiazole moiety respectively. A charactedstinglet appeared at 8.1 ppm is assigned
to azomethine proton (HC=N). In addition to thiseiaromatic protons have resonated as
multiplet in the region 6.9-7.9 ppm and a signa2 4t ppm is due to three protons of methyl
group of coumarin moiety. ThéH NMR spectrum of diamagnetic [Zn(L)(C1)§B).]
complex (Supplementary daféig. S2) displayed two singlets each at 11.1 and 10.5 ppn
ascribed to protons of amide NH and NH of thiazelgpectively. A singlet proton signal at
8.3 ppm is assigned to azomethine proton (HC=N)addition to this the nine aromatic
protons have resonated as multiplet in the regi@f870 ppm and a signal at 2.5ppm is due to
three protons of methyl group of coumarin moiety.



The phenolic OH signal of, which was found at 12.2 ppm has completely
disappeared in [Zn(L)(C))(}D);] complex confirming the involvement and bonding of
phenolic oxygen atom in chelation with metal \a deprotonation. Also, appearance of a
new signal at 3.6 ppm corresponds to four proténwao coordinated water molecules.

3.4. ESI mass spectral studies

The ESI mass spectrum (Supplementary d&ta,S3) of L displayed a molecular ion
peak recorded at M20 (100%) is equivalent to its molecular weight avhich is also a base
peak.

The ESI mass spectrum of [CofL.gomplex (Supplementary dafég. S4) displayed
M*+1 peak recorded at 897 (7%). The molecular ionk pescorded at M 896 (5%)
underwent fragmentation in two routg&xheme - S1). First, on loss of ¢H; radical and CQ
molecule of coumarin moiety gave a fragment iorkpgeaorded at m/z 813 (6%). In another
route, the molecular ion underwent fragmentatiod gave a peak recorded at m/z 338
(100%) which is also a base peak due to the loss déprotonated ligand, G@nolecule,
benzene molecule, GHadical and two hydrogen radicals. The Schematissnspectral
fragmentation pattern of [Co(k])complex is in consistency with its proposed stue which
is provided in the supplementary da@aeheme-S1.

The ESI mass spectrum of [Zn(L)(CIY®l);] complex (Supplementary dateig. S5)
displayed M+1 peak recorded at m/z 556, 558 (9%, 3%). Thisemdér ion recorded at M
555, 557 (3%, 1%) underwent a fragmentation in taugdes(Scheme - S2). First, on loss of
CeH4O, molecule, GH radical of coumarin moiety and two coordinatedtewamolecule
giving a fragment ion peak recorded at m/z 386, 388%, 30%). Further this on
simultaneous loss of#8,0species of coumarin, Chloride radical and two bgdn radicals
gave a fragment ion peak recorded at m/z 295 (8M%%6qanother route, the molecular ion
underwent fragmentation and gave a peak recordedzaB64 (100%) which is also a base
peak, this is due to the loss of CO molecule, twordinated water molecule and phenyl,
CHsz and Chloride radicals. This on further loss gHED radical of coumarin moiety gave a
peak recorded at m/z 321 (31%). The Schematic rapsstral fragmentation pattern of
[Zn(L)(CI)(H20),] complex is in consistency with its proposed dinoe which is provided in
the supplementary dat8cheme - S2.

3.5. Electronic spectra and magnetic susceptibility studies

The green coloured [Cu(L)(CDHEB),] complex displayed a low intensity single

broad asymmetric band in the region 15149-17986".cithe broadness of the band
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designates the three transitidsg— “A1g (v1), “Big— “Bag (v2) and’Byg— °E4 (vs) which
are similar in energy and give rise to only oneadrband and the broadness of the band may
be due to dynamic Jahn-Teller distortion. The ol@didata suggests the distorted octahedral
geometry for [Cu(L)(CI)(HO),] complex [28]. The obtained ¢ value of the
[Cu(L)(CI)(H20),] complex is 1.84 BM, which is slightly higher th#re spin-only value due
to one unpaired electron 1.73 BM, indicates a adedl geometry around the Cu (Il) ion
[29]. The electronic spectra of brown coloured [Qgl complex displayed two absorption
bands at 16887 cfmand 19695 ci. These bands are assigned tdbg (F) — “Axg (F) (12)
and 4Tlg, (3] —>4ng (P) () transitions respectively, which are in good agreet with the
reported values for octahedral geometry [30]. Tdveelst bandy; could not be observed due
to the limited range of the instrument used, buoild be calculated using the band fitting
procedure given by Underhill and Billing [31]. Thansition values ofy, v, andvs suggest
the octahedral geometry arrangement for [Cg(tpmplex. The observed lower magnetic
moment value for [Co(lz) complex is 4x 5.02 BM, which is well within the range ot
4.70-5.20 BM for octahedral geometry [32]. The [N} complex under present
investigation exhibited two absorption bands inrégion 14946 ciand 25168 ¢, which
are assigned t8A;— 3Tig (F) (v2) and®Azy (F) — °Tag (P) () transitions respectively,
suggest an octahedral geometrical environment drdlir(ll) ion [33]. The transition value
of bandv; was calculated by using a band fitting procedurt.[3he observed magnetic
moment value for [Ni(Lj] complex is ¥ 2.94 BM, which is also well within the expected
range of 4#2.83-3.50 BM, suggesting the consistency with dsbedral geometry [34]. The
[Zn(L)(Cal)(H.0),Jcomplex is found to be accordingly diamagnetic nature and it is
proposed to have a octahedral geometry.

The proposed geometry of [Cu(L)(CI@),], [Co(L),] and [Ni(L),] complexes was
further confirmed by the calculated values of ligdield parameters such as, nephelauxetic
parameter [§), Racah inter electronic repulsion parameter (Bjand field splitting energy
(10 Dq) and ligand field stabilization energy (LBYB5]. The calculated B’ values for the
[Co(L)2] and [Ni(L);] complexes are lower than the free ion values,ctvhg due to the
orbital overlap and delocalization of d-orbitalh€lp values are significant in determining
the covalency for the metal-ligand (M-L) bond aheyt were found to be less than unity,
suggesting a considerable amount of covalency Her NI-L bonds. The3 value for the
[Ni(L) ;] complexes was less than that of the [Cg(lgomplexes, indicating the greater



covalency of the metal-ligand bond. The positidralosorption band maxima assignments
are presented ihable 2.
3.6. Electronic Spin Resonance spectra

The ESR spectrum of [Cu(L)(C)@d),] complex (Fig. 1) at room temperature
exhibits anisotropic signals with g valug=92.139 and g= 2.034 which is characteristic for
axial symmetry [36]. Since the;@nd g values are closer to 2 ang>gg. suggesting an
octahedral geometry [37]. The trend>gg, > 2.0023 shows that the unpaired electron is
localized in the _y2 orbital in the ground state. In addition, the exu® coupling
interaction between two Cu(ll) ions is explainedHgthaway and Billing expression G ¢
2.0023/g- 2.0023. When the G value is greater than 4, tichange interaction between the
copper centres is negligible, whereas if its vaduess than 4 and the exchange interaction is
noticed. In present study, that G value is 4.20icate the exchange coupling effects are not
operative. The ESR spectra of [Cofl.JNi(L) 2] and [Zn(L)(CI)(H:O),] complexes at room
temperature do not show ESR signal because the spm lattice relaxation of the [Cod])
and [Ni(L),] broadness the lines at higher temperatures [8&}tlae diamagnetic nature of the
[Zn(L)(CI)(H20),] complex. The ESR spectra show signals that magdoseunted for the
presence of free radicals that can result frontkhavage of any double bond and distribution
of the charge on the two neighbour atoms. The ppesef unpaired electrons from any
source inside the molecule can be responsibldnéoappearance of these signals [38].
3.7. Thermal analyses

The thermogram of [Cu(L)(Cl)(#D).] complex(Fig. 2) showed that the complex is
decomposed in four successive stages. The firgé sthdegradation occurred at 165 °C, due
to the loss of two coordinated water molecules (B4%, Calc. 6.50%). The resultant
complex on further degradation furnished a breaBl#t °C by the loss of a coordinated
Chlorine atom and CHspecies of coumarin moiety (Obs. 10.27%, Calc6)9.6urther,
thecomplex showed third stage of decompositiordat°& due to loss of 810, molecule of
coumarin moiety (Obs. 20.68%, Calc. 19.89%). Furtttee complex at 430 °C showed the
break which was due to the loss ofHg species of thiazole moiety (Obs. 24.42%, Calc.
27.23%). Thereafter, the complex showed a gradeadw loss up to 731 °C, due to loss of
remaining organic moiety. The final weight of tlesidue corresponds to cupric oxide.

The thermogram of [Co(k) complex indicated its degradation in three susiees
stages. The first stage of decomposition represbetsveight loss of a 1,0, species of
coumarin moiety at 358 °C (Obs. 9.33%, Calc. 9.36)e resultant complex further
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underwent degradation in second stage and gavek lae@804°C (Obs. 46.35%, Calc.
45.14%) which corresponds to the loss of two mofez-amino-4-phenylthiazole molecules.
Further, the complex underwent third stage of demmsiion and gave a break at 375 °C
(Obs. 43.20%, Calc. 41.71%), which correspondsh® weight loss of GHsOsgroup of
coumarin moiety. Thereafter, the complex showedadupl weight loss up to 632 °C, due to
remaining organic moiety. The weight of the residagesponds to cobalt oxide.

Similarly, [Ni(L)2] and [Zn(L)(CIl)(H:O),] complexes underwent a decomposition in
three and four successive stages respectivelyrentinal weight of the residue corresponds
to the formation of respective metal oxides. Theppsed stepwise degradation pattern of
[Cu(L)(C)(H20)2], [Co(L)2], [Ni(L)2] and [Zn(L)(Cl)(H:O),] complexes at different stages
are due to the loss of different organic moietiggh wespect to temperature, which is
illustrated inTable 3.

3.8. Biological Evaluations
3.8.1. Antibacterial and antifungal assay

The MIC values of the tested compounds and stasdagdinst the respective strains
are summarized in supplementary dasble S2 and S3. It is important to note that in most
of the cases, metal complexes exhibited a morditany effect than thé . This activity was
found to be enhanced on coordination of the ONGydatoms of thé with metal ions. This
enhancement in the activity of the complexes olerligand can be explained on the basis of
chelation theory [39, 40]. It is also known thatlgtion enhances the ligand to act as more
powerful bactericidal/fungicidal agents by inhibdithe growth of bacteria/fungi, thus zone
of inhibition of metal complexes was found to begHher compared to the ligand. The
enhancement in the antimicrobial activity may b&oralized on the basis that ligands
mainly possess azomethine (C=N) bond. More ovenetal complex, the positive charge of
the metal ion is partially shared with the hetevoa atoms (N and O) of the ligand and there
may be n-electron delocalization over the whole chelatingtem [41] as a result the
lipophilic character of the metal chelates waseased and favour their permeation through
the lipoid layer of the bacterial cell membraned hlocking of the metal binding sites in the
enzymes of microorganisms. In general, metal cor@gleare more active than the ligands
because metal complexes may serve as a vehiclactvation of ligands as the principal
cytotoxic species [42].

3.8.2. DNA cleavage activity
From the DNA cleavage activity gel pictuf€ig. 3), it is clearly evident that there

was a difference in the migration of the lanes ¢.danto 5) ofL and its [Cu(L)(CI)(HO),],
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[Co(L)2], [Ni(L)2] and [Zn(L)(Cl)(H:O),] complexes respectively. Control experiments
clearly revealed that the untreated DNA does notwshny cleavage (Lane C), whereas all
the compounds have exhibited cleavage of pBR322 DDIAthe basis of these outcomes, we
can infer that all the newly synthesized compouwnaser present study are good pathogenic
microorganism inhibitors. These compounds inhib& growth of pathogenic organism by
cleaving the genome [43].
3.8.3. Cytotoxicity

It is an excellent tool for monitoring the prelimny assessment of toxicity. Brine
shrimp lethality bioassay is a development in theag procedure of bioactive compounds,
which indicates cytotoxicity as well as a wide rangf pharmacological activities
(vizantiviral, anti-cancer, insecticidal, pesticidalDS, etc.) of the compounds [44]. Results
for the lethality were noted in terms of numberdafaths of larvae. The summary of the
cytotoxicity assay results were presented Tiable 4. The standard anti-cancer drug
Bleomycin showed the L{gvalue of 0.410 X 10. Among all the tested compounds [Co{L)
complex showed the highest cytotoxicity with deDvalue 1.106 X 10, followed by
[Zn(L)(CI)(H20),] complex with LDy value1.112 X 18 respectively. On the other hand, the
L and its [Cu(L)(CI)(HO),], [Ni(L) 2] complexes were showed moderate activity.
4. Conclusions

A new octahedral [Cu(L)(CD(ED).], [Co(L)2], [Ni(L)2] and [Zn(L)(CI)(HO),]
complexes were synthesized with ONO donor Sclaffebligand 2-((7-hydroxy-4-methyl-2-
o0xo0-2H-chromen-8-yl)methylene)-N-(4-phenylthiazol-2-yliirgzinecarboxamiqe). The
spectral data suggest the octahedral coordinateomgtrical arrangement for all the
complexes having 1:2 stoichiometric ratio of theey[M(L),] (M = Co and Ni) and
[M(L)(CI)(H20),] (M = Cu and Zn). Thermal analyses data provides information
regarding the presence of coordinated water madscun [Cu(L)(Cl)(HO),] and
[Zn(L)(CI)(H,0),] complexes. The antimicrobial activity of all theetal complexes was
found to be enhanced on the formation of compléwe fesults of DNA cleavage studies infer
that, all the newly synthesized compounds are #blearry out an efficient cleavage of
pBR322 DNA. In addition to that, the [Co@dland [Zn(L)(CI)(H.O);] complexes showed
good cytotoxic property. Hence from these obseowati it was concluded that and its
metal complexes gave remarkable, versatile andatduinformation of coordination
compounds and also they are found to be powerfhdbive compounds. Based on the

spectral data following geometries have been pregésr the metal complexes:
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complexes
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* Synthesis of new class of bioactive metal compleoggaining thiazole core.

» All the newly prepared compounds showed completavege of super-coiled DNA
pBR322.
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Table 1 - IR spectral data (€inof Schiff base ligan¢L) and its metal complexes

Ligand/ VOH VH20  VNH VNH vc=0 vc=0 Ve=N vco VM-O  VMN  VmC
Complexes (phenolic) (amide) (thiazole) (lactone) (carbonyl) (azomethine) (phenolic)

L 3420 -- 3232 3048 1710 1692 1663 1270 -- -- --
[Cu(L)(C)(H20),] - 3430 3226 3050 1728 1683 1614 1291 528 449 366
[Co(L)2] - -- 3237 3050 1709 1687 1631 1291 540 495  --
[Ni(L) 2] -- 3201 3050 1700 1626 1582 1295 520 465  --
[Zn(L)(CI)(H20)] -- 3372 3225 3063 1705 1685 1619 1315 509 473 343

Table 2 - Electronic spectral data and ligand fddameter data

Complexes Transitions in ¢ Dq B B B%  volvi LFSE
vi Vo vs  (cm?)  (cm? (k cal.)
[Cu(L)(C)(H20)] 15149-17986 - - - T < 2840
[Co(L)2] 7887 16887 19695 894 861 0.886 11.32 214 1542
[Ni(L) 2] 9160 14946 25168 916 841 0.808 3140 163 31.40

*Calculated values
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Table 3 - Thermal degradation pattern of metal dergs with respect to temperature

Metal Temperature Weight loss Metallic Assignment
Complexes (°C) (%) residue (%)
Obs. Calc. Obs. Calc.
[Cu(L)(CI)(H20),] 165 584 6.50 -- -- Loss due to two coordinatedexr molecules
310 10.27 9.66 -- -- Loss due to a coordinatetbi@te atom and Cklspecies of
coumarin moiety
340 20.68 19.89 -- -- Loss due tgHD, molecule of coumarin moiety
430 24.42 27.23 -- -- Loss due taHg species of thiazole moiety
Upto 731 -- -- 11.22 12.90 Loss due to remainirgaaic moiety
[Co(L)] 258 9.33 9.36 -- -- Loss of a,840, species of coumarin moiety
304 46.35 45.14 -- -- Loss of two moles of 2-amdnphenylthiazole molecules
375 43.20 41.71 -- -- loss ofi{E1s03 group of coumarin moiety
Up to 632 -- -- 12.11 13.97 Loss due to remainirgaaic moieties.
[Ni(L) 2] 154 11.59 11.04 -- -- Loss due to €gtoup and gH4O-, species of coumarin moiety
358 36.73 36.85 -- -- Loss due to/HzO, molecule of coumarin and oBgN,S
molecule of thiazole moiety
372 26.95 26.60 -- -- Loss due tgHgS species
Up to 380 -- -- 10.14 12.13 Loss due to remainirgaaic moiety
[Zn(L)(CI)(H20).] 160 7.02 6.48 -- -- Loss due to two coordinatedenr molecules
220 9.78 9.62 -- -- Loss due to coordinated Chiem@tom and methyl species of
coumarin moiety
334 36.44 37.49 -- -- Loss due to a molecule afifro-4-phenylthiazole
490 26.34 2351 -- -- Loss due tgHCspecies and COnolecule
Upto 731 -- -- 10.71 12.23 Loss due to remainirgaaic moiety.
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Table 4 - Brine shrimp bioassay data

Compounds LIy (M/mL)

L 2.262 X 10¢°
[Cu(L)(C(H:0)]  2.142 X 10°
[Co(L),] 1.106 X 10
[Ni(L) 7] 2.216 X 1¢*
[Zn(L)(CI)(H,0);] 1.112 X 10°
Bleomycin 0.410 X 19

Fig. 1 - ESR spectrum of [Cu(L)(Cl)ga),] complex
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Fig. 2 - The Thermogram of [Cu(L)(Cl)¢8).] complex
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Fig.3 - DNA cleavage on plasmid pBR 322
M: Standard DNA, C: Control DNA (untreated pBR 32R)L, 2:[Cu(L)(Cl)(H20),3:[Co(L),]
4:[Ni(L) 2] 5:[Zn(L)(CI)(H20)2]
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Figure captions:

1. Fig. 1 - ESR spectrum of [Cu(L)(Cl)ga),] complex

2. Fig. 2 - The Thermogram of [Cu(L)(Cl)g®),] complex

3. Fig. 3 - DNA cleavage on plasmid pBR 322
M: Standard DNA, C: Control DNA (untreated pBR 32R)L, 2:[Cu(L)(CI)(H20),
3:[Co(L)2] 4:[Ni(L) 2] 5:[Zn(L)(C)(H20)]
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Resear ch Highlights:

Synthesis of Octahedral Metd (I1) complextes.

The synthesized complexes shows promising antimicrobial activities compared to
ligands.

Thermogravimetric studies for Cu(ll) and Zn(I1) complexes indicated the presence of
coordinated water molecules.

The prepared complexes have good ability to cleave the pBR322 DNA.
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