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ABSTRACT

Schiff base complexes derived from DFMPM and gkaiith Co(ll), Ni(ll) and Cu(ll) were synthesizedda
characterized by IR, UV-VisHNMR, elemental analysis, molar conductance, powtRD and SEM. The IR
results indicated the tetradentate binding modehaf ligand involving azomethine nitrogen and candato
oxygen. The electronic spectral results indicdtattCu(ll) complexe has Tetragonally distorted dwtdral
geometry, while Co(ll) and Ni(ll) complexes are afddral. Powder XRD and SEM indicate the nano
crystalline state of the complexes. The antimi@bactivity of the synthesized ligand and its gpdexes were
screened by disc diffusion method. The resultsvsihat the metal complexes were found to be motieec
than the ligand. The nuclease activity of the tigaand its complexes were assayed on lamda- DN#Ag us2|
electrophoresis in the presence of34. The DNA cleavage activity of complexes is grettan the ligand.
The in-vitro anticancer studies reveal that the o¢omplex had the moderate anticancer activityaimgt
HT-29 (Colon Carcinoma) cell with Kgvalue of 86.7M and Cu(ll) complex had g value of 83.24/M.
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INTRODUCTION

A large number of Schiff bases and their complelxage been investigated for their interesting angoirtant
properties, such as their ability to reversibly hioxygen, catalytic activity in the hydrogenatioh aefins
photochromic properties and complexing ability todgasome toxic metals. Shiff bases are a specasdf ligands
with a variety of donor atoms exihibiting interesti coordination modes towards various metals[19tje
azomethine linkage in Schiff bases is responsibletlfie biological activities such as antitumor, ilzatterial,
antifungal and herbicidal activities. A large numbé Schiff base (MO,) complexes have been reported so far, and
their catalytic and biological properties have betrdied intensively. The present study was unalegrt to throw
more light on the chelation behavior of Schiff b@lsptowards some transition elements, which malp e more
understanding of the mode of chelation of the nehif§base towards metals.

MATERIALS AND METHODS
Cardanol was obtained from M/S Satya Cashew, ChHemmdia. Formaldehyde (37% solution) hydrochloric
acid, epichlorohydrin, glycine, sodium hydroxidedasther chemicals used were of GR grade qualitpiokt

from Merck Chemicals. All the solvent used wasified by standard methods[8, 9]. The micro anabftidata
(C, H, N) were collected using Perkin Elmer 2408tinment. IR spectra were obtained using PE IRtspm
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instrument model : system 2006HNMR spectra were obtained using AMX-300 MHz, FT RM
Spectrometer. Conductance measurements were eldtasing systronics—305 conductivity meter. Elecic
spectra of the ligands and its complexes was obtausing Perkins EImer Lamda—25 UV-visible spectten
in the range of 200-1100 nm. Surface morphologétatiies was obtained using JSM-5610 scanningrelect
microscope. HT 29 (colon cancer) cell line wadiably procured from National Centre for cell sees,
Pune.

2.1 Synthesis of Schiff base ligand

The synthesis of Schiff base ligand was carried muteported methods[10]. Ethanolic solution of DFM
and glycine were taken in RB flask in 1:2 molatioa and refluxed for an hour. The reaction mixtwas
poured in ice, an yellow compound of Schiff basgatids was obtained[10]. The precipitated yellow
compound was filtered, washed with water and ddeer anhydrous calcium chloride. The crude samms w
recrystalised from 50% absolute alcohol. Yield %6Melting point = 28C.

2.2 Synthesis of Schiff base metal complexes
The metal complexes were prepared by adding aqueolusion of Cu(ll) nitrate, Ni(ll) nitrate, Co(llpitrate
to the ligand in ethanol in 1:1 molar ratio andlugéd for about twelve hours at ®J10]. The precipitated
solids were filtered, washed with ethanol, dietagier and hot water and finally dried under vaclat8CC.
Yield = 61 — 65%.

RESULTS AND DISCUSSION

All the metal complexes are coloured solids, stableards air and have high melting points (abo%6°@).
The complexes are insoluble in water and commoramicg solvents, but are soluble in DMF, CRGInd
DMSO.

3.1 Elemental analysis

The analytical data suggest that all the completesmono nuclear with the ligands coordinated sdéntral
metal atom. The metal to ligand ratio in all coey@s was 1:1 and their formulae have been companed
given in table 1. Conductivities of solution of tbemplexes in DMF showed that all the complexesrare-

electrolytes because their conductivity values evw. However, the conductivity value is highéan

expected for non- electrolytes probably due toiphsblvolysis of complexes in DMF medium.

Table : 1 Physical Characteristics and analytical dta of the complexes

vield Mol Melting Elemental Analysis Molar
Compound | ", ™ | Colour | Mol. formula Wt Doint conductance
’ °Cc c H N | ohm™cm? mol™
Ligand L 75.1 9.5 3.3
61 | Brown Cs,H76N,0 812 228 -
Cs1H7dN206 STTETZ6 (75.3) | (9.3) | (3.4)

67.3 8.5 3.1
CoL (H0), | 63 | Purple|] CoCsHgN,Og |906.9] >250 ©7.4) | @8) | (3.0) 12

. Pale . 67.2 8.4 3.2
NiL (H,0).] 65 green NiCs; HgoN,Og [ 906.7[ >250 ©7.4) | ©8) | 3.0 11

69.8 8.5 3.3
C H,6N,O, .
CuL 64 Green uGs; HygN,Og | 875.5 >250 (69.9) 8.6) | (3.1) 13

3.2 IR Sepctra

Selected IR Spectral bands for the ligand and dtmpiexes are given in table 2. The IR spectrumheffree
ligand is characterized mainly by the strong baatl8009 crit, 2926 cnit, 1596 cm™, 1452 crit and 1700
cm® which are attributed to the stretching frequen@é<-H, O-C, asym COO-, sym COO- and HC = N (
azomethine) respectively. The IR Spectrum of theefligands was compared with the spectra of metal
complexes. The characterized absorption bands 84#1 3487 cni and 3534 cit range were attributed to -
OH group of the lattice water or the coordinatedaraThe absorption bands in the range 2925,c2827 cnit
and 2926 cnt were assigned to stretching frequencies of C-He @hsorption bands in the range 2854'cm
2854 cm® and 2853 cr were assigned to stretching frequencies of O- @igr The absorption bands in the
range 1599cm, 1598cmt and 1597 cm, 1493 cnt, 1492cnt and 1495 cil were assigned to asym COO-
sym COO- stretching frequencies. The absorptiordban the range 1690 ¢m1690 crit and 1690 ci were
assigned to HC = N stretching frequencies. The énmeak in the metal complexes showed change intsshif
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compared to the ligand indicating coordinationtlué imine nitrogen atom to the metal ion. Anothbsaption
bands at 773 c¢h 773cm* & 772 cm' is assigned to M-N bond and 450 tmM50cnt & 475 cm' is assigned M -

O bonds|[8].
Table : 2 Selected UV and FTIR frequencies (cf) of the ligand and complexes

Ligand/ B

Complex Vo H Ve-H Vo-c Ve=N VassymcoG | Vsymcoo VM-N Vm-o Amax (nm)
Cs1H76N2Og - 3009 2926 1700 1596 1452 - - 239 274 801
[CoL(H,0),] 3441 2925 2854 1690 1599 1493 773 45 2232 212 ~350
[Ni L(H,0),] 3487 2927 2854 1690 1598 1492 773 45 22 212 ~333

[Cul] 3534 2926 2853 1690 1597 1495 772 479 229 219 ~ 400
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Figure 1 :FTIR Spectrum of Ligand
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Figure 2 : FTIR Spectrum of Co

(I1) Complex
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Figure 3 : FTIR spectrum of Ni (Il) complex
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Figure 4 : FTIR spectrum of Cu (ll) complex

3.3 Electronic spectra

The electronic spectral data of Schiff base andniétal complexes are given in table 2. The eledtrgpectra
of and its metal complexes are given in Fig. 4-eTigand shows a broad band at 239 nm which igasd

to it » mdtransition of the C = N chromophore[17] . In oadhal environment of the ligand fields, d orbitals
of Co (II) show the transition 4J(F) - 4T,4(P) with the electronic absorption bands at 55@5 &m. The
electronic spectrum of Ni (II) complex shows aneimde band at 333nm. This corresponds to the transit
3A,((F) - 3Ti4(P) which is the characteristic of octahedral gewyeThe electronic transition and its
absorption bands in the tetragonally distorted loetmal environment around Cu(ll) is 2B~ 2E 470nm-
450nm.

T T T T 1
200 400 600 800 1000 1200
Wavelength (nm)

Figure 5 : Electronic spectrum of ligand

T T T T 1
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Figure : 6 Electronic spectrum of Co(ll) complex

200 400 600 800 1000 1200
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Figure 7 : Electronic spectrum of Ni(ll) Complex
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Figure 8 : Electronic spectrum of Cu(ll) Complex

3.4HNMR spectra

On examining théHNMR spectrum of ligand ( fig.9) it exhibited a ftiplet signal atd = 7.16 ppm - 7.18
ppm for aromatic protons.The presence of HC = Nugris indicated by the singlet &= 7.2ppm. A signal at
0=6.73 ppm - 6.78 ppnd = 4. 10 ppm - 4.17 ppm, 3.32 ppm - 3.39 ppm ardppm - 2 ppm indicate the
presence of olefinic, - CHCOO, O - CH and -CH- protons.

Ths *HNMR spectrum of Co (Il) complex gave the signals &romatic protons § = 7.2 — 7.5 ppm) olefinic
protons § = 6.76 ppm), CHCOO protons ( 4. 156 ppm), O- GHprotons § = 3.4 ppm), — Ckl— protons §
= 1.2 -2 ppm) and CH = N protod € 7.7 ppm). There is a down field shift of imipeoton after complex
formation than in the ligand. ThdsINMR study also confirmed the structural informatithan in the ligand.
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Figure 9 : '"H NMR Spectrum of Ligand
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Figure 10 :'H NMR Spectrum of Co(ll) Complex
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Figure .11 Structure of Co(ll) & Ni (II) Complex
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Figure .12 Structure of Cu(ll) Complex

3.5 SEM Analysis:

Scanning electron micrography is used to wat&® morphology of the Schiff base metal plaxes .
The SEM picture of Cu(ll) complex is shown fig. 13. From the fig. 13 pitted and roughrface is
observed in the complex. The particle siZetlee Cu (II) complex was in the diameteange of few
microns[11-13].

X250 100pm 0000 1146 SEI

Figure 13: SEM image of Schiff base complex of Cul(l

3.6 Powder XRD

The XRD pattern of Cu(ll) complexes show wadifined crystalline peaks indicating that thamples
are crystalline in nature . The above comesexhave specific 'd'" values which can lsedufor its
characterization . The crystallite size of tbemplexes gkp could be estimated from XRD patterns by
the Scherre's formula[13-18]. XRD shows thai(l complexes have the average crystalkiee of 4.5
nm suggesting the complexes to be nano dhystgFigl4).
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Figure 14:XRD spectrum of Cu(ll) complex

3.7 Antimicrobial study

The biological activities of synthesized Sé&hbase and its metal complexes have beewied for
their antibacterial and antifungal activitidsy disc diffusion method , and the stock usioh (0.001
mol) was prepared by dissolving the compounids DMSO and the antimicrobial activity was
estimated based on the size of inhibitiomne in the discs [19-21]Four bacterial stains Klebsiella
sps, E.Coli, Streptococcus mutans, S.aureus viecabated for 24h at 3¢ and Fungal stains Candida

sps , Aspergillus sps were incubated for 48B7C.

Table : 3 Antimicrobial Activity for Bacteria

Zone of Inhibition (mm)
S.No Samples Media | Klebsiella .| Streptococcus
E.coli S.aureus
sps mutans
1 Cs1H7N,Og 6.0 6.0 6.0 6.0
2 [CoL(H,0),] 12.0 6.0 6.0 11.0
3 [Ni L(H,0),] Mueller [¢ 4 11.0 6.0 6.0
Hinton
4 [Cu L] Agar 6.0 6.0 10.0 6.0
5 PC(Gentamicin) 25.0 26. 24.0 25.0
6 NC 6.0 6.0 6.0 6

Table: 4 Antimicrobial Activity for Fungi

Zone of Inhibition (mm)
S.No Samples Media Aspergillus
Candida sps perg
sps
1 Cs1H76N20s 6.0 6.0
2 [CoL(H,0),] 13.0 6.0
3 [Ni L(H,0),] Mueller 6.0 12.0
Hinton

4 [Cu L] Agar 6.0 6.0

5 PC(Nystatin) 25.0 26.0
6 NC 6.0 6.0

The antimicrobial activity results (Table 3 & 4reveal that, the higher the activity ¢iie metal
complexes may be owing to the effect of ahetons on the normal cell membrane [22 ].tMe
chelates bear polar and nonpolar propert@gether ; this makes them suitable for permeato the
cells and tissues . In addition , chelation mawhance or suppress the biochemical potentia
bioactive organic species . Further, lipophijicitwhich controls the rate of entry of mmlées into the
cell , is modified by coordination, so the talecomplex can become more active than filee ligand .
Therefore , the metal complexes show greatdgimécrobial activities than the uncoordinatédand and
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free metal ion which in fact is in agreemewith the literature. The mode of actioof the
compounds may involve formation of a hydrogeond through the azomethine group (>C=N) wikle
active centres of cell constituents [23] reisgit in interferences with the normal cell pess.

3.8 DNA Cleavage Studies:

The DNA cleavage ability of the complexes monitored by gel electrophoresis. All the tale
complexes are able to convert super coilddADinto open circular DNA .[24-27] The resultsf DNA
cleavage are given in Figl6. The greateravdge efficiency of complexes compared tot tbé the
control experiments is due to their efficieBNA-binding ability . Control experiments ungi DNA
alone do not show any significant cleavagelamda - DNA even after a longer exposuime . This
result revealed the damage of DNA in Co(INi(ll) ,Cu(ll) complexes could be attributetb the
cleavage of DNA. The DNA cleavage activity obmplexes is in the order Ni(Il)>Co(I)>C(lwith
lamda - DNA . The oxidative DNA cleavage bynglet oxygen is likely to proceed via oxidat of
guanine nucleobase.

Figure 15: Gel electrophoresis diagram of the Scffibase metal complexes.

Lane 1: DNA + L + HO, Lane 2 : DNA + Cok + H,0O,
Lane 3: DNA + [Ni L(H,0),] Lane 4 : DNA + Cuk + H,O,
Lane 5: Control DNA Lane 6 : Marker

3.9 Anticancer Activity

The result of anticancer activities are presentedable 5 & 6. The colon carcinoma (HT-20) celisgre
sensitive to the Co (II) complex with angvalue of 86.76uM. The Cu (Il) complex had the better activity
with an IG, value of 83.24uM. The enhancement of cytotoxic activity may bsigsed to that the positive
charge of the metal increased the acidity of comtd ligand that bears protons, leading to steong
hydrogen bonds which enhanced the biological ag{®8]. It seems that changing the anion, coordarat
sites, and the nature of the metal ion has a pnooed effect on the biological behavior by alterthg binding
ability of DNA. Gaetke and Chow had reported thadtal has been suggested to facilitate oxidatisgue
injury through a free radical mediated pathway agals to the Fenton reaction. (fig 16, & fig 17 )

Table 5 : % viability of Co(ll) complex

Sample Concentration Average OD at Percentage
(ng/ml) 570nm Viability
Control 0.65¢

6.2 0.62i 95.81

12.5 0.557 85.1¢

25 0.51¢ 78.8¢

50 0.42¢ 65.1:

10C 0.27¢ 425
ICs0 = 86.76uM
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Co(lV) Complex at 100uM
Figure 16 : Microscopic observation of anticancenctivity

Table 6 :% viability of Cu(ll) complex

Sample Concentration Average OD at Percentage
(ng/ml) 570nm Viability
Control 0.703

6.25 0.689 98

12.5 0.611 86.91

25 0.513 72.97

50 0.443 63.01

100 0.304 43.24
ICs0 = 83.24pM

Cu(ll) Complex at 100 pM
Figure 17 : Microscopic observation of anticancenctivity

CONCLUSION

Schiff base complexes of Co(ll), Ni(ll) and Cu(lere synthesized from DFMPM using glycine were diea
described and characterized on the basis of analydind spectral data. The SEM & XRD analysisdath that
the crystals of Schiff base metal complexes aremagstalline in nature. Anti microbial study shalvéhat the
complexes have higher anti microbial activity thhe ligand. The DNA cleavage studies show thatGbélI)
Ni(ll) and Cu(ll) complexes cleave DNA more effinity. The in-vitro anti cancer studies reveal ttia Cu(ll)
complex had better anticancer activity against Hi{eBlon carcinoma) cell with I§g value of 83.24 uM .
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