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ABSTRACT

A novel series of symmetric compartmental 16-meetbtatraaza macrocyclic complexes were synthesiziu)
template method with the help of ligands 1,8-diamaphthalene, 2,4-dioxopentane and metal ions M12ratio.
The synthesized complexes afforded hexacoordirgeethetry of the general formula [M(TML}Xvhere TML=
Tetraazamacrocyclic ligand; M = Co(ll), Ni(ll) an@u(ll); X = CI", CH;COO or NG;or M= Zn (Il)and Cd(ll); X

= CH3COQO. The resulting complexes have been characterizéidthe help of elemental analyses, conductance
measurements, magnetic measurements, TGA, elextiofiared, far infrared, NMR, ESR and Mass spalctr
studies. The optimized energy calculations were aksrried out. Powder X-ray diffraction points towa the
presence of triclinic crystal system. The metal glexes have also been identified for antioxidariivies as well

as screened for in vitro antimicrobial activities.

Keywords: Tetraazamacrocyclic ligand, biological screenimmgciral characterization, metal complexes, powder
XRD, TGA.

INTRODUCTION

Schiff base macrocycles have fetched a massiveifiseymce in macrocyclic and supramolecular chemistr
Research on diverse aspects of new macrocyclic cangs has evoked considerable worldwide interesédent
years [1, 2]. The relationship of electronic prdijgsr and reactivity of these synthetic macrocyclenplexes to
those of naturally occurring macrocycles, such@plpyrin [3, 4] and corrins continue to promoteajrimterest in
their design and preparation. Because of the nwmseaoeas of chemistry where aza-macrocyclic coneglérave
found a niche, the preparation of new macrocyalimplexes with ever more elaborate structures s algital area
of research [5, 6]. Transition metal macrocyclianptexes have received much attention as an actwe qf
metalloenzymes [7] and as biomimic model compoyBHdt is due to their resemblance with naturadtpins like
hemerythrin and enzymes. The chemistry of macracys@mpounds in particular is also important dueheir
catalytic [9] and biological applications [10]. the light of above facts, the present study dedtls the synthesis,
spectroscopic and antioxidant as well as antimiatobvaluation of Co(ll), Ni(ll), Cu(ll), Zn(ll) ad Cd(ll)
complexes synthesized from 1,8-diaminonaphthalede2ad-dioxopentane.
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MATERIALS AND METHODS

Materials

The reagents and solvents employed were used asvedcwithout further purification. The precursats3-
diaminonaphthalene and 2,4-dioxopentane were pedctrom Acros, New Jersey, USA. The metal saltsewer
purchased from S. D. fine Mumbai, India; Merck, Baxy, India. These chemicals were used as received.

Physical measurements

The microanalysis of C, H and N was determined w&ithermo quest elemental analyser at STIC, Cobhélting
points were determined using capillaries in eleatrmelting point apparatus. Molar Conductancehef¢omplexes
was measured on a digital conductivity meter (HB&t&n, G-3001) in DMSO. The metal content in theapkexes
were determined by literature methods [11]. The metig susceptibility measurements were made at SATF
Rorkee, on a vibrating sample magnetometer (mod& P55). The IR and Far IR spectra were recorde@#DIR
spectrophotometer (Perkin Elmer RX-1), in the ra#§80-200 cnt using KBr pellets at SAIF, Punjab University,
Chandigarh. All the powder X-ray diffraction (PXRBhalysis was carried out on Bruker D8 X-ray diffcaneter.
Electronic spectra (DMSO) were recorded on a cédrgdectrophotometer. ESR was obtained at |IT, BgmiMR
and Mass spectra were recorded at SAIF, Punjabddsity, Chandigarh.

Synthesis of complex

All the complexes were synthesized by template oekite. by condensation of 1, 8-diaminonaphthakeme 2,4-
dioxopentane in the presence of the respectivdadivanetal salt. To a hot stirring methanolic smint(~50 cni) of

1, 8-diaminonaphthalene (10 mmol) was added divatebalt, nickel, copper, zinc or cadmium salt (Bfol)
dissolved in the minimum quantity of methanol (~261®). The resulting solution was refluxed for 0.5h.
Subsequently, 2, 4-dioxopentane (10 mmol), in nrethavas added to the refluxing mixture and refhgxiwas
continued for 6-8 hrs. The mixture was cooled tommaemperature whereby dark colored precipitateséd which
were filtered, washed with methanol, acetone arthgl ether and dried in vacuum. The obtained gieldre ~ 45-
60%.

The synthesis of complexes may be shown by theviitlg scheme:

__H
/ X
(L Joms] =N
o A4 '
o MW

H..r-'
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|
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Where W= CofIT), BT, Cafll), Znill)
K= O, NGy, O
Scheme: 1. Synthesis of Complexes derived from dé&minonaphthalene and 2, 4-dioxopentane with didant metal salts

Complex 1: [Co (GgH2gN4) Clo): Yield-60%, Shiny Black, Calc. M=10.26, C=62.74.91, N=9.75; Found
M=10.24, C=62.66, H=4.39, N=9.59; M4, .. =4.80B.M.

Complex 2: [Co (GoH2gN4) (NOs),]: Yield-52%, Dark Brown, Calc. M=9.39, C=57.42, #50, N=13.39; Found
M=9.28, C=57.32, H=4.37, N=13.21; ~M.O, ef. =4.75B.M.

Complex 3: [Co (GgH2gN4) (OAC)]: Yield-47%, Black, Calc. M=9.48, C=65.70, H=5.5459.01; Found M=9.46,
C=65.60, H=5.47, N=9.02; "M12, perr. = 4.60B.M.
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Complex 4: [Ni (CagH2eN.) Cl]: Yield-54%, Black, Calc. M=10.22, C=62.75, H=4,%=9.76; Found M=10.15,
C=62.10, H=4.48, N=9.54; "M11, jies. = 3.15B.M.

Complex 5: [Ni (CsgHoeNg) (NOs),): Yield-62%, Brown, Calc. M=9.36, C=57.44, H=4.58=13.38; Found
M=9.23, C=57.08, H=4.38, N=13.30; M4, L. = 3.09B.M.

Complex 6: [Ni (CaoHzsNa) (OAC)]: Yield-65%, Black, Calc. M=9.45, C=65.72, H=5.32=9.02; Found M=9.42,
C=65.45, H=5.42, N=9.00; "¥L9, ie. = 2.99B.M.

Complex 7: [Cu (GgoHgNy4) Cly]: Yield-57%, Dark brown, Calc. M=10.97, C=62.227487, N=9.67; Found
M=10.95, C=62.12, H=4.66, N=9.62; M8, . = 1.75B.M.

Complex 8: [Cu (GgH2gN4) (NOs)s]: Yield-48%, brownish black, Calc. M=10.05, C=50,(H=4.46, N=13.29;
Found M=10.02, C=56.89, H=4.38, N=13.28; 2MI5, yie¢. = 1.78B.M.

Complex 9: [Cu (GgH2gN4) (OAC),]: Yield-55%, Dark brown, Calc. M=10.15, C=65.2175147, N=8.95; Found
M=10.11, C=65.13, H=5.39, N=8.85; M7, uet. = 1.70B.M.

Complex 10: [Zn (CsH2gN4) (OAc)]: Yield-47%, Black, Calc. M=10.41, C=65.02, H=5,468=8.92; Found
M=10.40, C=65.00, H=5.43, N=8.89; "8, L. = 0B.M (Diamagnetic)

Complex 11: [Cd (GoHsNs) (OAc)]: Yield-47%, Black, Calc. M=16.65, C=60.50, H=5,08=8.30; Found
M=16.60, C=60.45, H=5.03, N=8.19; “M.8, . = 0B.M (Diamagnetic)

BIOLOGICAL ASSAY

Antimicrobial assay

Test microorganisms

Total five microbial strains were selected on thsib of their clinical importance in causing digsam humans. one
Gram-positive bacteridacillus subtilisqMTCC 121); two Gram-negative bacterigscherichia coliMTCC 1652)
and Pseudomonas aeruginogITCC 741) and two yeas€andida albicangMTCC 3017), andSaccharomyces
cerevisiae(MTCC 170) were screened for evaluation of antiéa@al and antifungal activity of the chemical
complexes. All the microbial cultures were procufemin Microbial Type Culture Collection (MTCC), IMHCH,
Chandigarh. The bacteria were sub cultured onemttagar whereas yeast on malt yeast agar.

Primary Screening

The antimicrobial activities of all the 11 complexeere evaluated by the agar well diffusion metfid@]. All the
microbial cultures were adjusted to 0.5 McFarlarahdard, which is visually comparable to a micrbbigspension
of approximately 1.5 xF@fu/ml. 20ml of agar medium was poured into eactni pate and plates were swabbed
with 100 pl inocula of the test microorganisms &egt for 15 min for adsorption. Using sterile cdadrer of 8mm
diameter, wells were bored into the seeded agaegland these were loaded with a 100 pl volume with
concentration of 2.0 mg/ml of each compound redaristl in the DMSO. All the plates were incubate@AC for

24 hrs. Antimicrobial activity of each compound weasluated by measuring the zone of growth intdhithgainst
the test organisms with zone reader (HiAntibiottme scale). DMSO was used as a negative controteabe
Ciprofloxacin was used as positive control for lkeaet and amphotericin-B for yeast. This proceduas werformed
in three replicate plates for each organism.

Determination of Minimum Inhibitory ConcentratioMiC)

MIC is the lowest concentration of an antimicrobimpound that will inhibit the visible growth of a
microorganism after overnight incubatiaviiC of the synthesized complexes against bacteridl yeast strains was
tested through a modified agar well diffusion metHa3]. In this method, a twofold serial dilutiorf each
chemically synthesized compound was prepared byriconstituting the compound in DMSO followeddilyation

in sterile distilled water to achieve a decreagingcentration range of 512 to 1.0 pg/ml. A 100 gllwne of each
dilution was introduced into wells (in triplicat&) the agar plates already seeded with 100 pl afidsirdized
inoculum (16 cfu/ml) of the test microbial strain. All test phat were incubated aerobically a®@7or 24 hrs and
observed for the inhibition zones. MIC, taken asltwest concentration of the chemical compountidbenpletely
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inhibited the growth of the microbe, showed by eaclzone of inhibition, was recorded for each teganism.
Ciprofloxacin and amphotericin B was used as pasitiontrol while DMSO as negative control.

Antioxidant assay

The free radical scavenging potential of macrocyntietal complexes were assayed using DPPH (2, iedipl-
picryhydrazyl) radical by literature reported methd4]. DPPH is a stable free radical containingodd electron
and it is utilized for the detection of radical geaging potential. In the antioxidant activity agshe ability to
scavenge the stable free radical DPPH is determliiyedecrease in absorbance at 517nm. The compleses
dissolved in DMSO. Briefly 1 ml of each complex wibn, prepared in DMSO, was added to the 3 ml of
methanolic solution of DPPH (0.1 mM). After 30 mithe absorbance of the complexes was taken anBil7
Ascorbic acid was used as positive control and arethwas used as negative control whereas DPPHi@olras
used as Blank. The % of scavenging activity of DFfR#é¢ radical was measured by using the followiogriula
[15]:

% Radical scavenging Activity = l[%ﬂ%{}%ﬂ x 100

Where A is the absorbance of the control andsthe absorbance of the sample at concentration ¢
RESULTS AND DISCUSSION

Chemistry

The analytical data of the metal complexes showasttie formula of macrocyclic complexes may be espented as:

[M (C3oH2sNs) Xs]; where M= Co (I1), Ni (1), Cu (II), Zn (1) andzd (I1) and X= Ct, NO;* and CHCOQ™. The
test for anions was positive only after decomposimgcomplexes, indicating their presence insigectiordination
sphere. The complexes were soluble in DMSO & DMke Tomplexes were stable up to 320°C and afterthieat
colour of the compound changed to black. The mommmaature of these complexes was confirmed by the
molecular mass found from the mass spectral datad@tivity measured in DMSO indicated them to lo&-n
electrolyte (10-20 ohifcrm?mol ™) [16]. Several attempts to obtain a single crysaitable for x-ray crystallography
were unsuccessful that why we have gone for powd®D. However the analytical, spectroscopic and ne#ign
data indicated octahedral geometry of the complexes

IR Spectra

The preliminary identification regarding formatiohthe complexes was obtained from the IR spefitrdings. The
presence of single medium intensity band in thgez8206-3309 cthmay be assigned to (N-H) stretch [17] of 2,4-
dioxopentane indicating the presence of imine-eéaotomeric form. The IR spectra of all the comptex® not
show bands corresponding to free amino or carbgrolip rather a strong intensity band appeared enreigion
1590-1630 cm-1 confirms the condensation of théaayl group of acetyl acetone and the amino grofip o
diaminonaphthalene and the formation of macrocystibiff's base [18] as these bands may be assigng€C=N)
stretching vibrations [19, 20]. The lower valuew€=N) may be explained on the basis of drift of tbee pair
electron density of the azomethine nitrogen towdhésmetal atom [21, 22] indicating that coordiaatioccurred
through the nitrogen of the C=N groups. The medint@nsity bands present in the region 2830- 295 .amay be
assigned to(C-H) stretching vibrations of the methyl groupstuoé 2,4-dioxopentane moiety.

The far infrared spectra show bands in the reg@®470 crit corresponding te (M-N) vibrations [23-25]. The
presence of bands in all complexes in the regiob-4#D cn, originating from (M-N) azomethine vibrational
modes, identifies coordination of the azomethirteogen [26]. The bands present in the range 300e&2bmay be
assigned to/(M-ClI) vibrations [23-25]. The bands present in tiegion 220-250 cthin all nitrato complexes are
related tov (M-O) stretching vibrations [23, 24].

'H NMR Spectra

The'H NMR Spectra of the Zinc (1) complex shows multipat 6.55-7.10 ppm, corresponding to the aronvatig
protons of the naphthalene moiety [27]. The singtdd.9 ppm may be assigned to the protons of tieeod the two
methyl group of 2,4-dioxopentane moiety and theepothethyl group appears at 1.96 ppm. The methidedggn (-
CH-) of 2,4-dioxopentane gives singlet at 2.14 ppime 1H NMR Spectra also shows a broad singlet1d gpm
corresponding to the protons of —NH group [28]. p&mk corresponding to —NH2 (of naphthalene moietg3
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observed indicating the absence of —NH2 group & dbmplex and hence formation of macrocyclic framye
condensation of carbonyl group of 2,4-dioxopentamé —-NH2 group of diaminonaphthalene.

]
1
Laa
=
[}
[FE}

mz=2574

Figure: 1. Mass fragmentation of [Ni (GoH2sN4) Cl;]

Mass Spectra
The EIMS mass spectra of Co (ll), Ni (Il), Cu (1Bn (I) and Cd(Il) macrocyclic complexes exhibdrpnt peaks

due to molecular ions [M]Jand [M+2]. The proposed molecular formulas of these compglere confirmed by
comparing their molecular formula weights with nvalues. The molecular ion peak [M]peaks obtained for
various complexes are as: at 573.1 for [GeltigsN4)Clo], [Mol.wt.-574.4]; 572.2 for [Ni(GoH2sN4)Cls], [Mol.wt.-
574.1]; at 577.0 for [Cu($gH2sN,4)Cly], [Mol.wt.-579.0]; and at 626.1 for [ZnggH 25N 4)(OAC),], [Mol.wt.-628.0].
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Similarly the molecular ion peaks are obtained dtiner complexes also. The mass fragmentation patiér
[Ni(C3gH2sN4)Cly] complex is shown in figure 1. The data were innd@agreement with the proposed molecular
formula of these complexes that is [M3(B,eN4) X,]. This indicates the formation of the macrocydliame. In
addition to the molecular ion peaks, the specsa akhibit other peaks assignable to various fragsnarising from
the thermal cleavage of the complexes.

Magnetic Measurements & Electronic Spectra

Cobalt Complexes

The magnetic moment of cobalt complexes at roompé&zature were 4.60-4.75 B.M., corresponding toethre
unpaired electrons [29]. The electronic spectraaifalt complexes showed bands at ~ 9065-11,80)0 13,450-
15,650¢,) and 19,395-21,550 cma&j, similar to those reported for distorted octalaédomplexes [29]. Thus, the
bands may be assigned‘®y—Tog (F), (1); “Tig —Azg (F), () and*Tiq (F) —*T14 (P), (s); respectively. The
assignment of the first spin allowed band seemasiiiée since the first band appears at approximdtalf the
energy of the visible band [30].

Nickel Complexes

The magnetic moment of nickel complexes at roonptnature were observed in the range of 2.70-3.80 Bhese
values were in tune with high spin configuratioml athow the presence of an octahedral environmenhndrthe Ni
(1) ion in all the complexes [31]. The spectra Nif (II) complexes recorded in DMSO solution exhibitwell
discerned band with a shoulder on the low enerdg.sihe other two bands generally observed in éggon
16,525-17,570 crh(v,) and 23,075-26,083 ci(vs) are assigned tA,; —°Ty4 (F), (1) and®A,q —°Tyq (P), ()
respectively. The first two bands result from tipétsng of one bandy, and were in the range of ~ 9,210-10,610
and 11,270-12,540 chwhich may be assigned 8,,—°E, and®B,;, —°B,,, assuming the effective symmetry to
be Dy, (component oszg in octahedral symmetry) [30]. The intense higheergy bands at 34570 c¢hmay be due
to n—n* transition of the (C=N) group. The spectra wemnsistent with distorted octahedral nature of these
complexes(Figure 2)
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2k}
§ 0.6 870.3
= G605 .1
[

10454

B0
=
@ 3834

0.2

0.0

T T T T T T T T T T T T T T T T T 1
200 300 400 500 &S00 FOoo 200 900 4000 1100
W avelength (nm)
Figure: 2. Electronic Spectra of [Ni (GoH2sN4) (NO3)2]

Copper Complexes

The magnetic moment of copper complexes at roonpeesture were observed in the range of 1.74-1.80.,B.
corresponding to one unpaired electron. The elpittrepectra of the copper complexes exhibit bamds &7,610-
19,530 crit with a shoulder at ~ 14,250-15,075 tmnd showed that these complexes have distortethextal
geometry [30]. Assuming tetragonal distortion ire tmolecule, the d-orbital energy level sequence toay
represented as?¥*>z>xy>xz>yz and the shoulder may be assigned tex’-y* (*Byy— “Byg) and the broad band
contains both xy» x*y* (*B1;—°Ey) and xz, yz» x*-y* (°B1q —>A,) transitions[29] Band separation in the spectra
of these complexes was of the order of 2,530",cmhich was consistent with the proposed geome3gj.|
Therefore, it may be concluded that all the commenplexes are distorted octahedral.
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ESR Spectra

ESR spectra of the Cu (ll) complexes were meastrgdaand frequency of 9.1GHz under the magnetitdfie
strength of 3,000G. ESR measurements have beenfdoGe complexes using powder sample at Liquidddien
Temperature in the solid state.The spectra prowiftemation about the coordination environment aebCu(ll)
ion and showed a broad isotropic signal. The spgmtovide only value ofig and do not give any idea about the
individual g perpendicular and g parallel valuese Tgvalue of the complexes lies in the range 2.121-2.¥8hich
shows that the Cu(ll) complexes are in octahedralrenment.

TGA (Thermogravimetric Studies)

The thermal stabilities of the complexes were itigased using TGA technologies. The thermogravirnetnalysis
(TGA) was obtained at a heating rate of 10°C/mia imitrogen atmosphere over a temperature ran§6-800 °C.
The complex [Ni (GoH2gN4) (OAC),] decompose above 80C as illustrated by figure 3. The decompositidketa
place in two steps. Absence of any decompositiep 8t the temperature range 100-Z50suggests absence of
coordinated water molecule [33]. The first stegamperature range 250-40Q@ may correspond to the loss of an
acetate ligand (Calc. - 9.52%; Obs. - 9.6%). Trmoré step in the range 475-8@may correspond to the slow
decomposition of organic part involving the moi€yH;¢N,NiO, (Calc. — 59.67%; Obs. — 59.7%).

100.0

-60.0

DTG ug/min
DTA W
TG %

1 1 1 1 1 1
1000 2000 3000 4000 5000 600.0 700.0
Temp Cel

Figure: 3. Thermogram (TG) Curve of [Ni (CzoH2sN4) (OAC),] complex

Molecular Modelling

The ligand-M(Il) complexes were optimized using BR. (Becke-3—Lee-Yang-Parr) functional with 6-31G§,
basis sets in GaussianO9W program [34]. The gegnugitimized structure of [Co gH2sN4) Cly] complex is
shown in figure 4. The HOMO and LUMO energy gaphaf complexes was calculated at B3LYP/6-31G(d®lle
which reflects the chemical activity of the moleeulThe calculated self-consistent field (SCF) epesf) [Co
(C3gH2gN,) Clo] is -1552.38 a.u. at B3LYP/6-31G(d, p). The HOM@d.UMO energy gap explains the fact that
eventual charge transfer interaction is taking eladthin the molecule. The HOMO is located over thé
heteroatoms including central metal ion and the HEBMJMO transition implies an electron density triardo the
central metal ion. The atomic compositions of ttenfier molecular orbital. The HOMO and LUMO orlétare
distributed not only on the conjugated moleculaskb@nes, but also on substituents. The selected leorgths and
bond angles are as listed in table-1.
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Figure: 4. Geometry optimized structure of [Co (GoH2sN4) Cl;] complex

Table: 1. Structural parameters of [Co (GoH2sN4) Cl;] complex

Parameters Bond Length(A) Parameters Bond Angles (Degree)
15N-63Co 2.52 65CI-63Co-15N 89.18
18N-63Co 3.06 8N -63Co-15N 115.48
8N-63Co 1.96 8N -63C0-64Cl 77.82
9N-63Co 211 65CI-363Co-18N 76.25
65CI-63Co 2.15 64Cl-63Co-9N 101.97
64Cl-63Co 2.15 9N-63Co-18N 88.46
17C=18N 1.46 15N-63Co-64Cl 90.82
14C-15NH 1.47 18N-63Cc-15N 67.2(
11C-9NH 144 10C-8N-63Co 106.13

10C=8N 1.45 8N-63C0-9N 88.70

Powder XRD

The X-ray diffractogram of metal complex [Cds(8,sN,4) (OAC),], as shown in figure 5,was scanned in the range
4-85 degree at wavelength 1.54060 A and the generatting 30mA, 40 kV. The Interplanar spacing (d-@|th,

k, | and lattice parameters were calculated runmdigvolO4 in computer programmer FullProf suite J[3%he
indexing was confirmed from high figure of merie.i. 18.4. The diffractogram of Cd(ll) complex shod6
reflections. The X-ray diffraction pattern of thengplex has been indexed with the peaks having grélaan 10%
intensity. The lattice parameters for the compleasva= 30.2464, b=3.5106, c=4.1645,79.728,=114.950,y=
107.264 and volume=382.14. The conditigitc ando£y#p for these complexes satisfy triclinic crystal gyst
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! Initial file: E\parveen\speciral data\PXRDVPXRD data\dE. UXD
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Figure: 5. XRD graph of [Cd (CgoH2sN4) (OAC),]

Table: 2. X-ray diffraction data of the [Cd (CsoH2sN4) (OAC),] complex

2TH. Obs 2TH. Cal Diff.2TH. d-spacing h K 1
6.676 6.667 0.009 13.22947 2 0 0
13.329 13.339 -0.010 6.63721 4 0 O
23.598 23.606 -0.008 3.76706 0 0 1
26.636 26.636 -0.001 3.34398 0 1 o0
29.095 29.089 0.006 3.06673 2 1 0
30.830 30.816 0.015 2.89792 3 1 0
34.736 34.732 0.00: 2.58054 0 1 1
36.471 36.467 0.004 2.46161 1 1 1
39.653 39.642 0.011 2.27110 5 1 -1
40.087 40.094 -0.00% 2.24752 7 1 0
42.691 42.690 0.000 2.11628 7 1 -1
45.873 45.888 -0.016 1.97661 2 0 -2
54.840 54.845 -0.006 1.67271 0 2 0
59.613 59.620 -0.007 1.54967 2 -1 2
64.241 64.250 -0.008 1.44874 5 -1 2
68.291 68.249 0.042 1.37236 6 1 2

BIOLOGICAL STUDIES

Antimicrobial results

The synthesized macrocyclic complexes were screforettheir antibacterial and antifungal activityf e tested
complexes, all the complexes showed some notalibaaterial activity against the Gram-positivBagillus
subtilis), Gram-negative E. coli) bacteria and yeastS( cerevisiaeand Candida albicans However, these
complexes were not effective and did not exhibig aativity against Gram negative bacteria (Pe.aeruginosa)
(Table-3).
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Table: 3.1n vitro antimicrobial activity of synthetic chemical compainds through agar well diffusion method

Compound Diameter of growth of inhibition zone (mm}’
No.
Bacillus subtilis  Escherichiacoli  Pseudomonasaeruginosa  Saccharomycescerevisiae  Candida albicans
1 - 13.3 - - 14.3
2 11.2 14.¢ - 24.€ 12.€
3 13.6 - - 15.3 -
4 13.3 12.6 - - 24.6
5 12.6 13.0 - 17.3 13.3
6 13.3 16.3 - 20.6 12.6
7 14.6 15.6 - - 15.3
8 11.6 15.3 - - 13.6
9 16.3 20.6 - - 12.3
10 20.3 20.3 - - 15.0
11 24.3 25.6 - 20.6 21.3
Ciprofloxacin 24.0 25.0 22.0 - -
Amphotericin-B - - - 19.3 16.6

- No activity; *Values, including diameter of the well (8mm), aeans of three replicates

MIC of all complexes were determined against Grasitjve (i.e.Bacillus subtili3 Gram-negativeE. col) bacteria

and yeast (i.eS. cerevisia@nd Candida albicansand then compared with MIC shown by standardbéotic i.e.
Ciprofloxacin and standard antifungal drug i.e. Amgericin-B, respectively as shown in Table 4, fey6
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Figure: 6. Bar Graph representation of Minimum Inhibitory Concentration (MIC) of Complexes

Table 4: Minimum inhibitory concentration (MIC) (in pg/ml) of compounds by using modified agar well fiusion method

Conlllrzjound Bacillus subtilis  Escherichiacoli  Saccharomycescerevisiae Candida albicans
1) nt 128 nt 128
2) 32 128 8 128
3) 128 nt 128 nt
4) 128 128 nt 8
(5) 128 128 64 128
(6) 12¢ 12¢ 32 12¢
()] 128 128 nt 128
(8) nt 128 nt 128
9) 12¢ 32 nt 12¢
(10) 32 32 nt 128
(11) 8 8 32 16
Ciprofloxacir 6.2 6.2 nt nt
Amphotericin-B nt nt 12.5 12.5

www.scholarsresearchlibrary.com

-= No activity; nt=not tested.
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It may be noted that out of all the macrocycliangbexes, complex 11 was found to be most poteninaga
pathogens under test and can be used as antingteggnt in pharmaceutical industries after testisgoxicity to
human beings.

Antioxidant activity

The antioxidant activity of newly synthesized coexyadls were tested by free radical scavenging agctivsing

DPPH. The complex 1 i.e. [Co £§E1,gN,4) Cl] have lowest |G, value or highest % inhibition i.e. the concentrati
of the complexes required to reduce the initialogison by 50% as shown by table-V. The tested pleres

contain the azomethine hydrogen which is acidimature and can be donated to the DPPH free rathical

converting it to stable free radical [36]. The arttdant activity of nitrate complexes is higher rihéhe acetate
complexes. This may be explained on the basisgifdrielectron withdrawing effect of nitrate ligaasl compared
to others and thus enhancing the easy releasetfmr(Figure 7)

IC50 (pg/ml)

800 -
700
600 -
500 -
400 - ¥ IC50 (pg/ml)
300 -
200 -
100 -

0 1
AA 1 2 3 4 5 6 7 & 9 10 11

Figure: 7. Graphical representation of ICs values of test complexequg/ml)
CONCLUSION

The newly synthesized complexes are hexacoordindied analytical, spectral and magnetic momentistud
confirm the formation of macrocyclic frame and ibinding with the metal ions. Based on all theadists a
distorted octahedral geometry may be proposed Ifafdahese complexes. The powder X-ray diffractistudies
suggest that the system belongs to triclinic sysfg®. All the complexes were found to be potetyialctive
towards microbial strains up to different levelsdasomplex 11 was found to be best antimicrobialnag&he
antioxidant activity of complex 1 was found to betaisignificant level and it is the best antioxitlagent in the
series. It has been suggested that chelation/emdioh reduces the polarity of the metal ion maibecause of
partial sharing of its positive charge with donoouyp within the whole chelate ring system [38]. Sprocess of
chelation thus increases the lipophilic naturehef¢entral metal atom, which in turn, favours #srpeation through
the lipoid layer of the membrane thus causing tle¢aincomplex to cross the bacterial membrane mibeetiely
thus increasing the activity of the complexes. Besifrom this many other factors such as solubiliipole
moment, conductivity influenced by metal ion may fiEssible reasons for remarkable antibacteriavitie$ of
these complexes [39].
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