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ABSTRACT

Four novel ternary cobalt(ll) complexes of the cosiion [CoLX] where X = 1,10 phenonthroline A.2-{[(4-oxo-
4H-chromen-3-yl)methylene]lamino}benzoic acid (CMABAA-chloro-2-{[(4-oxo0-4H-chromen-3-yl)methylene]
amino}benzoic acid (CCMABA), 5-nitro-2-{[(4-oxo-4ttromen-3-yl)methylene]amino}benzoic acid (NCMABA)
and N'-[(4-oxo-4H-chromen-3-yl)methylene] benzolayitie (CMBH) were synthesized and characterizedsiyg
elemental analysis, FT-IR, UV-Vis, ESI-MS, molamdigctance, thermal analysis(TG,DTA) and magnetic
susceptibility measurements. The metal to ligamiclstometry in all the complexes is 1:1:1. The ctaxres of
CMABA, CCMABA and NCMABA are non-electrolytes;dbmplex of CMBH is 1:1 electrolyte in DMSO. CMABA,
CCMABA and NCMABA act as mononegative, tridentaf@nts coordinating through nitrogen of azomethine,
oxygen of chromone-carbonyl and oxygen of carboxgiioup. CMBH act as neutral, tridentate ligand,
coordinating through nitrogen of azomethine, oxygérthromone-carbonyl and oxygen of benzoyl grdypl0-
phenanthroline acts as neutral bidentate ligand andrdinating through two nitrogen atoms. All thesenplexes
are paramagnetic to the extent of one unpairedtedac Thermal analysis indicates the presence afrdioated
water molecule in all the complexes. Based on dicaly conductance, magnetic, thermal and electspectral
data, all complexes are assigned octahedral gegm&NA cleavage studies shows that Co(ll) complekesve
DNA. The biological activity of the ligand and @emplexes have been studied on four bacteria E.Badubtilis,
Pseudomonas and Edwardella and two fungi peniailland trichoderma by well disc and fusion methodi fanind
that the ternary metal complexes are more actiem the free Schiff base ligand.
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INTRODUCTION

Chromones have a wide range of biological actisitreluding tyrosine and protein kinase C inhikstantiallergic,
antiviral, antitublin, antihypertensive as well igiactive at benzoazepine receptors, lipoxygerasdooxygenase
and modulating P-glycoprotein-mediated multidrugiseance [1,2]. Chromone derivatives are essefaiathe
synthesis of many important oxygen heterocycleggmles and xanthones [3]. Photosensitive chrordeneatives
show prospects as light-sensitive components afrdiieg media for archival three-dimensional opticemory [4].
Kawase [5] et al. examined several formyl chromdoesheir tumor cell-cytotoxic, anti-Helicobactgylori, urease
inhibitory and anti-HIV activity and observed thd,8-dichloro-3-formylchromone showed comparabléi-an
Helicobacter pylori activity with metronidazole apdtent urease inhibition against jack bean ure@sethe other
hand, 6,8-dibromo-3-formylchromone exhibited poti@hibitory activity against the urease. It wasriduithat these
drugs showed increased activity, when administagethetal complexes rather than as organic compounds

In recent years much attention has been paid tsttidies of mixed ligand complexes of metals bezaisheir
wide applications in various fields of chemical ionfance and more particularly because of their gmes in
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biological systems. Mixed ligand metal complexerafsition metal ions involving Schiff bases fousgplication
towards understanding of many reactions in livingcgsses [6]. The study of ternary complexes ofhiehs with
two different types of ligands is a topic of intstrelue to their presence in biological systems@r.the other hand,
1, 10-phenanthroline (1, 10-phen) the ligand moiefythe ternary complexes presented in this workofis
considerable interest according to the biologicatl gharmacological properties [8]. Moreover, coesitble
attention was focused on the use of small metaptexes of the large planar aromatic chelating lidgafi, 10-phen
or 2, 2-bipyridine) as DNA intercalating agents.[% recent years such complexes were studied adelmo
compounds of biological importan€E0]. The importance of ternary complexes in natsrevident since a great
deal of biochemical reactions occurs within therdamation sphere of metal ions. Ternary complexemation has
important biological implications because of entehgrobability of bringing together two differeninéls of
ligands.

From the literature survey we observed that 3-fdroliyomone and ternary metal complexes are havipitant
biological applications, so as ongoing researchtheaght that it is worthwhile to synthesize anddstthe ternary
metal complexes with the title ligands. We pred@ne, the synthesis, characterization and evolufdiological
activities (DNA cleavage and antimicrobial) of tam Co(Il) complexes with CMABA / CCMABA / NCMABA /
CMBH as primary ligand and 1,10-phenanthrolinees®adary ligand.

EXPERIMENTAL SECTION

2.1 Chemicals: chromone-3-carbaldehyde, 2-amino benzoic acid, @x@-chloro benzoic acid, 2-amino-5-nitro
benzoic acid and benzoylhydrazine were purchasau Bigma-Aldrich chemicals, remaining all chemicaiwl
solvents were purchased from commercial sourcesis@d as such without purification.

2.2 Synthesis of the Schiff base ligand:

A mixture of chromone-3-carbaldehyde (0.01 mol) @ra@imino benzoic acid / 2-amino-4-chloro benzoiid d2-
amino-5-nitro benzoic acid / benzoylhydrazine (0nddl) was taken in ethanol and refluxed for 3 hatrd(C on
magnetic stirrer. The yellow colored Schiff basétamed were recrystallised from petroleum ethet mx@thanol.
Purity of the compounds was checked by TLC. Yi&l2:90%.
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Fig. 1 Proposed structures of Schiff base ligands

2.3 Synthesis of ternary metal complexesThe appropriate quantity of CMABA / CCMABA / NCMAB /
CMBH was dissolved in hot methanol and a hot sofutbf CoC}.6H,O in methanol was added. The mixture
solution was stirred for 40 minutes a80and then a solution of 1,10-phenanthroline ithaeol was added drop-
wise. The reaction mixture was refluxed with stigrifurther for 2-3 hours at 80. The precipitated solid was then
filtered, washed with cold methanol and dried waauum desiccator over anhydrous GacCl

2.4 Instruments used:The percentage composition of C, H and N of comgseand ligands were determined using
micro analytical methods on Perkin ElImer 240C (USAmental analyzer. FT-IR spectra of the ligand és
complexes were recorded by using KBr pellets inrirege 4000-400 cmon Perkin Elmer Infra red model 337.
The UV-Visible spectra of the Schiff base ligandlats metal complexes were carried out in DMSO gisin
Shimadzu UV-1601 spectrophotometéf. NMR spectrum of the ligand was recorded at 200MiHd 300MHz on
Varian Gemini Unity Spectrometer using TMS as in&rstandard. The mass spectra of the compounds wer
recorded by ESI technique on VG AUTOSPEC mass speeter. TGA and DTA analysis of complex were eatri

on Mettler Toledo Star system in the temperatungezD-1008C. The heating rates were controlled bycénin™.

57



Padmaja Mendu and C. Gyana Kumari J. Chem. Pharm. Res., 2015, 7(7):56-63

Magnetic measurements were carried out on a Golanta model 7550 using Hg[Co(NGEas standard. The
conductivity measurements were carried out in DM3M’M) using Digisum Electronic Digital conductivity ree,
0.01M KCI solution is used for calibration. Meltingoints of the ligand and decomposition temperatofre
complexes were determined on Polmen instrument émoal MP-96). Molecular modelings of the compoundse
carried out using Chem Office software.

2.5. DNA cleavage studies:

A DMSO solution containing the metal complexes (i) in a clean Eppendorf tube was treated with pUC19
plasmid DNA (3.3ul of 150 ug/ml) in Tris-HCI buffer (0.10 M, pH 8.0) contairgriNaCl (50 mM) in presence and
absence of additives. The contents were incubated i at 37 °C and loaded onto a 1 % agarosefigelraixing 5

ul of loading buffer (0.25 % bromophenol blue). Télectrophoresis was performed at a constant vol{agev)
until the bromophenol blue had travelled through?@®f the gel. Subsequently, the gel was stained. @omin by
immersion in ethidiumbromide solution. The gel vihen destained for 10 min by keeping it in stedistilled
water. The plasmid bands were visualized by viewlrgggel under a transilluminator and photographed.

2.6. Biological activity:

2.6.1. Antibacterial activity: The antibacterial activity of Schiff base liganddaits transition metal complexes
were studied against four bacterlacoli, B.subtilis, Edwadrellaand Trichoderma.Each of the compounds is
dissolved in DMSO at a concentrationlmg/ml. Papmcsd of Whatmann filter paper No.1 are used after
sterilization. The paper discs were saturated withl of the compound dissolved in DMSO solution aras placed

in Petri dishes containing nutrient agar media utated with the above-mentioned bacteria separafhe
inhibition zone was measured in millimeters aftéh2s incubation at 3C.

2.6.2. Antifungal activity: The complexes were screened for their antifung@igcagainst fungi vizPenicillium

and Trichoderma These fungal species were isolated from the fafeparts of the host plants i.e. potato dextrose
agar. The cultures of the fungi were purified bygée spore isolation technique. A concentratiod afig/ml of each
metal complex compound in DMSO solution was preghdoe testing against spore germination of eactgfisn
Filter paper discs of 5 mm in size were preparedisipg Whatmann filter paper no. 1 (sterilized imaatoclave)
and are saturated with 30 of the metal complex compounds dissolved in DM&gution. The fungal culture
plates were inoculated at 25%Cfor 48 h. The plates were then observed and iimaeters of the inhibition zones
(in mm) were measured and tabulated.

2.7. Molecular modeling’s:Molecular modeling’s for the proposed structuresneftal complexes were carried out
by using MM2CS Chem Office version 11.0 moleculardeling program.

RESULTS AND DISCUSSION

3.1. Physical characteristics of the complexes:
All the complexes are colored, stable at room teatpee and are non-hygroscopic. On heating, thely abénigh
temperatures. The complexes are insoluble in veatdrare soluble in DMSO.

3.2. Elemental analysis:

The analytical data of the complexes are repredeintdable-1. It is clear from the data that the experimental
values shown for each of the complexes, are in gagrdement with the theoretical values calculatadtlie
complexes. The values reveal that the metal totigatio is 1:1:1.

Table-1: Analytical data of ternary Cu(ll) complexes

Complex Formula M.Wit. C H N M
[CO(I)-CMABA-1,10-phen] | [CoCoHaN:O] | 549.4 (ggég) (431:8411) (1%?230) ég:?g)
59.14 | 316 | 701 | 983
(59.66) | (3.28) | (7.20) | (10.09)
58.16 | 3.04 | 911 | 9.75
58.60) | (322)| (9.43) | (9.92)
6312 | 3.94 | 923 | 10.66
(63.39) | (4.04) | (10.20)| (10.73)

[Co(I)-CCMABA-1,10-phen] | [CoCaH1eN:OCl] | 583.8

[Co(I)-NCMABA-1,10-phen] | [CoCuHiN,O;] | 594.4

[Co(ll)-CMBH-1,10-phenf* [CoCaeH2N4O4] 549.4
*Found (Calculated)

3.3. Conductivity:

The conductance values for the present ternaryl)Gminplexes of CMABA, CCMABA and NCMABA are around
60 Ohm'.cm’.mol™ in DMSO (10° M) indicating electrolytic (1:1) nature, where #® conductance value for
ternary Co(ll) complex of CMBH is 140.3 OHnen?.mol™ indicating that the complex is 1:2 electrolyte][11
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3.4. Thermal analysis (TGA/DTA): From the thermograms of these complexes, it isladed that the coordinated
water molecules are eliminated in the temperataege of 150-20C [12]. Further the ligands gradually
decompose to their corresponding metal oxidesgit témperatures. The thermogram of CMABA and CMBe&l a
given inFig-2. Presence of water molecule is further confirmedhe endothermic bands observed in the respective
DTA curve in the temperature region where the T@#ves should loss in weight. In addition to the @hedrmic
bands, the DTA curves of complexes also show exatizebands. These bands appeared at higher terapesat
which represent phase transition, oxidation andémomposition of the compound.

Fig-2. TGA/DTA spectrum of Co(ll)-CMBH-1,10-phen

3.5. Infrared spectra:

The important absorption frequencies of Co(ll) ctewnps are given iffable-2. IR spectra of the ligands (CMABA
/ CCMABA / NCMABA / CMBH) displayed medium intengitband around 1670 chdue to chromone carbonyl
group is shifted to lower frequency region in tleenary complexes suggesting the participation ofger of
chromone-carbonyl group in coordinatif8]. The IR spectrum of free Schiff base ligantisves an absorption
band around 1620 chassigned for the(C=N) of azomethine group. In the IR spectra ofresponding cobalt
complexes, this absorption band have been shifieldwer region by about 10 - 20 &mnwhich confirms the
coordination of azomethine group through nitrogemmg14].

The v(OH)(carboxylic acid) an@(C=0)(carboxylic acid) stretching vibrations aresetved around 3457 and 1641
cm?, respectively, for CMABA, CCMABA and NCMABA. Theapticipation of the carboxylate oxygen atom in the
complexes formation was evidenced from the disappea ofv(OH) andv(C=0) stretching vibrations in the
spectra of the complexes. In the same way was dbedmation of carboxylic group as carboxylate ibmough
oxygen atom is evidenced by the appearances@{COQO) and v.s-{COQO) vibrations in the spectra of the
complexes in the regions around 1383 and 1538, eespectivelyj15]. A band at 1638 cthdue tov(C=0) of
benzoyl hydrazine of CMBH is shifted to lower fremey region in the complex suggesting the parttmpaof
oxygen of benzoyl-carbonyl group in coordinatioB][1

The bands observed in the region 1500-1300fonthe free phenonthroline ligand are modifiedttie spectra of
ternary Co(ll) complexes. In particular, the pea&sresponding to the ring stretching frequenoi€sC andvC=N

at 1505 and 1421 c¢hmundergo shifts to higher frequencies at around51&ad 1428 cif indicating the co-
ordination of the 1,10-phenanthroline nitrogen atdmthe metal iofiL7]. The characteristic out-of-plane hydrogen
bending modes of free phenonthroline at 855 and @88, shift to lower frequency region, indicating the
participation of the 1,10-phenanthroline nitrogdanas in coordination with the metal i¢h8]. The far-infrared
region of the spectra shows new peaks around 48%20-568 cni-are assigned to theV-N andvM-O vibrations
respectivelyj19].

Table-2 IR Absorption frequencies of ternary Co(ll) complexes

vC=0 Coordinated vC=0 0.{(COO° v(COO
Complex (y-pyrone) water vC=N (benzoyl) (carsk()oxylaze) (car(boxyla)te) oM-N - oM-O
[Co(Il)-CMABA-1,10-phen] 1642 727 1607 - 1517 1380 424 558
[Co(I1)-CCMABA-1,10-phen 1657 728 1605 - 1516 1353 423 54y
[Co(Il)-NCMABA-1,10-phen 1681 727 1605 - 1516 1328 424 568
[CO(II)-CMBH-l,lo-pheni+ 1644 764 1614 1614 - - 424 550

3.6. Magnetic moments:

The magnetic moment values of the ternary Co(lihplexes are listed iable-3. Magnetically Co(ll) complexes
are of two types, one having three unpaired elastras in the case of high-spin octahedral and hietiral
geometries and the other having one unpaired elextas in the case of low-spin octahedral geonsetfibe
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magnetic moments of the present Co(ll) complex@nlithe range 4.87-5.01 B.M. suggesting high-sgitahedral
geometry [20].

Table-3 Electronic spectral data for ternary Co(ll) complexes

Complex Frequency (cmf) | pes B.M.
[Cc’l(,"l)(')(_:theAr?]A' 13106, 19724, 23697  4.92

[C"f,')lﬁgﬁﬂ,ﬁ?’* 10905, 15823, 2325¢ 4.87

[Cog!)l_(')\l_ﬁr%*?A_ 12626, 15337, 2314 4.89
[Cf(l'g_';:h"g%'f" 10560, 12547, 22371  5.01

3.7. Electronic spectra:

The electronic spectral data of the ternary Caftinplexes of all the ligands are presentedable-3. Electronic
spectra of some representative complexes of CMAB& HCMABA are shown irFFig-3. All the present Co(ll)
complexes show each three peaks around 10560 613547 - 19724 and 22371 - 23697 ‘cmhich are
attributed to*T1((F) — “TooF) , “T1(F) — *Ax(F) and*T1(F) — *“T1(P) transitions. These transitions suggest an
octahedral geometfg21].

2,220

17447

0.163 T T T T

192.0 373.0 554.0 735.0 916.0 1097.0

Wavelength(Nanom eter)

Fig-3. UV-Vis spectrum of Co(ll)-CMBH-1,10-phen

3.8."H NMR / ®*CNMR spectra:
The 'H NMR spectrum of the Schiff base ligand is recdrie DMSO-d. In the 'HNMR spectra of Schiff base
ligand a peak at 10.2bis assigned for the proton of carboxylic acid ohif base and a singlet at 8.8&ssignable
for proton of azomethine group.

The **C NMR spectrum of the Schiff base ligand is recdriteDMSO-d. In the’®C NMR spectra of Schiff base
ligand a peak at 188atis assigned for the carbon of chromone carbongkak at 168.8 is assigned for the carbon
of carboxylic group and a peak at 163.4 is assidoedzomethine carbon.

3.9. Mass spectra of the compounds:
The mass spectral data of Schiff base ligand anahétal chelates are in good agreement with th@dkieal values.

3.10. DNA cleavage studies:

The characterization of DNA recognition by trarmitimetal complexes has been aided by the DNA cigava
chemistry that is associated with redox-active bptp-activated metal complexes [22,23]. DNA cleavag
controlled by relaxation of supercoiled circularfoof pUC19 DNA into nicked circular form and lineform.
When circular plasmid DNA is conducted by electrop@sis, the fastest migration will be observed toe
supercoiled form. If one strand is cleaved, theescmils will relax to produce a slower-moving opzrcular form.

If both strands are cleaved, a linear form willdgemerated that migrates in between.

The cleavage efficiency of the complexes compacethat of the control is due to their efficient DNAnding
ability The proposed general oxidative mechanismd account of DNA cleavage by hydroxyl radicals via
abstraction of a hydrogen atom from sugar unitsphedict the release of specific residues arifiom transformed
sugars, depending on the position from which thdrbgen atom is removed. The cleavage is inhibitedrée
radical scavengers implying that hydroxyl radicaperoxy derivatives mediate the cleavage reaciitve. reaction

is modulated by a metallocomplex bound hydroxylgaldor a peroxo species generated from the caaatebO..
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In the present study, the pUC19 plasmid DNA gettetghoresis experiment was conducted at 37°C usimg
synthesized complexes in the presence Al.Hs an oxidant.

“ BLANK
' SAMPLE-1
l SAMPLE-2
! SAMPLE-3
' SAMPLE-4

Fig-4. Changes in the Agarose gel electrophoretiatiern of pUC19 plasmid DNA, induced by HO, and metal complexes: DNA alone
(Blank); DNA + Co(ll)-CMABA + H ,0,(sample-1); DNA + Co(Il)-CCMABA + H,0, (sample-2); DNA + Co(ll)-NCMABA + H,0,
(sample-3) and DNA + Co(Il)-CMBH + H,0, (sample-4)

From theFig - 4, it is observed that, at high concentration (50)ubbmplexes exhibit nuclease activity in the
presence of kD,. Control experiment using DNA alone (blank) does show any significant cleavage of plasmid
DNA even on longer exposure time. From the obsemesdllts, it is conclude that the supercoiled DNAsw

converted to necked DNA in case of complexes, GeQUMABA-1,10-phen (sample-1), Co(I)-CCMABA-1,10-

phen (sample-2), Co(ll)-NCMABA-1,10-phen (sample@)d Co(ll)-CMBH-1,10-phen (sample-4). All these
complexes cleave DNA as compared to control DNA.

3.11. Biological activity studies:

The antimicrobial activity of the Schiff base lighand its metal complexes were tested againstahe facteria
E.coli, Edwardella, Pseudomonasd B.subtilisand two fungipenicillium andtrichodermaby the well disc and
fusion method. The test solutions were prepareDMBO at a concentration of 1mg/ml. The zone ofbitlon
values were measured in millimeter after 24 hrsilation at 37C. The antimicrobial results are given in table-4.

Table-4. Antimicrobial activity in centimeter (cm)

Complex E.coli B.subtilis Edwardella Pseudomonas Penicillium Trichoderma
Co(ll)-CMABA-1,10-phen + + ++ ++ ++ ++
Co(ll)-CCMABA-1,10-phen  +++ ++ ++ ++ ++ +
Co(Il)-NCMABA-1,10-phen  +++ + + +++ + ++

Co(ll)-CMBH-1,10-phen ++ ++ +++ + +++ +

The value in the above table indicates that thaviactof the Schiff base ligand became more prormthwhen
coordinated with the metal ions. The presence afirethine moiety and chelation effect with centragtah
enhances the antibacterial activities. This enhaece in antibacterial activity of these metal coexgls can be
explained based on the chelation theory [24].

When a metal ion is chelated with a ligand, itsapity will be reduced to a greater extent due ® tkerlap of
ligand orbital and the partial sharing of the pesitcharge of the metal ion with donor groups. Rernore, the
chelation process increases the delocalizatiorhefiielectrons over the whole chelate ring, which ressiri an
increase in the lipophilicity of the metal complex€onsequently, the metal complexes can easilgtpsn into the
lipid membranes and block the metal binding sitesrzymes of the microorganisms. These metal caxeplalso
affect the respiration process of the cell and thlask the synthesis of proteins, which restrictiiar growth of the
organism.
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Proposed structures of ternary Co(ll) complexes:

R4

Ternary Co(ll) complex of CMABA / CCMABA / NCMABA
Where R=R=H, CMABA
R=Cl, R=H, CCMABA
R=H, R=NO,, NCMABA

Molecular modeling’s of proposed structures of terary Co(ll) complexes:

Co-CMABA-1,10-Phen Co-CMBH-1,10-Phen

CONCLUSION

The ternary Co(ll) complexes of CMABA, CCMABA, NCMB¥ and CMBH have been structurally characterized.
The metal to ligand stoichiometry in all the conxgle is 1:1:1. The complex contains one coordinatater
molecule. The complexes of CMABA, CCMABA and NCMABske 1:1 electrolytes and the complex of CMBH is
1:2 electrolyte in DMSO. CMABA, CCMABA and NCMABAch as mononegative, tridentate ligands coordinating
through nitrogen of azomethine, oxygen of chromocadsonyl and oxygen of carboxylic group. CMBH ast a
neutral, tridentate ligand, coordinating througtragen of azomethine, oxygen of chromone-carbongl axygen

of benzoyl group. 1,10-phenanthroline acts as aébtdentate ligand and coordinating through twoogien atoms.
All these complexes are paramagnetic to the exdetiiree unpaired electrons. Based on analytaaiductance,
magnetic and electronic spectral data, all comglexe assigned six-coordinated geometry. The nselaetivity of
the above ternary complexes shows that all the tomp cleave DNA through redox chemistry. The hjalal
activity of the ligand and its ternary complexeséddeen studied on four bacteEacoli, B.subtilis, Pseudomonas
Edwardellaand two fungipenicillium and trichodermaby well disc and fusion method and found ttia metal
complexes are more active on microorganisms tharfrée Schiff base ligand.
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