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ABSTRACT

Eight new tetraazamacrocyclic complexes of the types [M(CsHxuNgO4).2H,O] (CHCOO), and
[M(C14H20N5O4).2H,Q] (CH3COO ), , where M= Co (I1)/ Ni (I1) / Cu (Il) /Zn(I1), have been synthesized by the
reaction of oxaloyldihydrazide and benzyl / acetylacetone by adopting template method. All the synthesized
compounds were characterized by running their TLC for single spot, elemental analyses, infrared spectral studies,
"H-NMR spectral studies, magnetic susceptibilities measurements and electronic spectral studies. The elemental
analyses and spectral analysis results revealed their Metal: Ligand (1:1) stoichiometry. Magnetic moment values
and electronic spectral studies suggested octahedral geometry for Co (I1), Ni (I1) complexes while distorted
octahedral geometry for Cu (I1) complexes. Synthesized dihydrazide and all macrocyclic complexes were screened
for antimicrobial activity against two bacteria Saphylococcus aureus and Escherichia coli and two fungi
Aspergillus niger and Aspergillus flavus. ODH-AA Cu (I1) complexes was found most active against both bacteria
while ODH-AA Zn (II) complex was most active against both fungi.
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INTRODUCTION

In recent years chemistry of macrocyclic metal clexgs has become a fascinating area of researchodineir
diversified applications in analytical and biologfidields. Macrocyclic complexes of transition taleions have
received great attention due to their biologicaivitees, including antiviral, anticarcinogenic [1§ntifertile [2],
antibacterial and antifungal [3]. Macrocyclic compds are also important due to their use as dyépigments [4]
as well as NMR shift reagents [5]. They have patipplications in fundamental and applied scisriéé such as
metal selective extraction [7], stabilization ofugnal oxidation state [8], sensor technology [9-Ihhgnetic
resonance imaging, catalysts and models for bicddgstructures and functions [12-18]. Some macricyc
complexes of lanthanides e.g3dare used adIR| contrast enhancing agents [19-20]. Macrocyalickel
complexes have been reported [21] as DNA recognditd oxidation while macrocyclic copper complefied use
in DNA binding and cleavage [22]. Macrocyclic nlethelating agents have been reported as detetttmgur
lesions [23]. In continuation of previous reseanatk [24-26] in this research paper we have repbtte synthesis
and antimicrobial studies of eight new tetraazam@aelic complexes of Co(ll), Ni(ll), Cu(ll) and Zh) metal
ions.

EXPERIMENTAL SECTION

All the chemicals used were of the AR grade. Aaatgtone, diethyl oxalate, benzil were procured fherck and
hydrazine hydrate was used from Sisco.

Synthesis of oxaloyldihydrazide (ODH):1.3 ml (0.01M) diethyl oxalate was dissolved inribethanol and 0.99 mli
(0.02M) hydrazine hydrate, dissolved in 10 ml etilawas mixed with constant shaking. This mixturaswefluxed
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for 4 h and allowed to cool in a freezing mixtuiihe obtained white shiny product was filtered, veashvith
alcohol following by diethyl ether and dried in wacover anhydrous Cagl

Synthesis of [3, 4, 11, 12-tetraoxo-7, 8, 15, 16-Ph, [16]-1, 2, 5, 6, 9, 10, 13, 14-Ng- 6, 8, 14, 16-tetraene] M(lI)
complexes: 10 ml acetic acid solution (30%) of oxaloyldihydide (0.59 g, 0.005M) was mixed with 20 ml
ethanolic solution of benzil (1.05 g, 0.005M) witbnstant shaking. The contents were refluxed forethd 15-20
ml aqueous solution (0.0025 M) of 0.62 g cobaktate tetrahydrate/0.62 g nickel acetate tetralgd@49 g
copper acetate monohydrate /0.54 g zinc acetatgdidite was added and again refluxed for 6-8 h. @ekb
precipitates were obtained which were filtered, eak with water, ethanol followed by diethyl ethemda
recrystallized from acetonitrile. Finally, precigtiés were dried over anhydrous Ga@lvacuo.

Synthesis of [3, 4, 12, 13-tetraoxo-7, 9, 16, 18-Me, [18]-1, 2, 5, 6, 10, 11, 14, 15-Ng- 6, 9, 15, 18-tetraene] M (I1)
complexes : 0.51 ml acetylacetone (0.005M), dissolved in 20ofnkéthanol, was added to 20 ml 30% acetic acid
solution of 0.59 g oxaloyldihydrazide (0.005M) arefluxed for 2 h. 10-15 ml aqueous solution (0.0d2%f 0.62 g
cobalt acetate tetrahydrate / 0.62 g nickel acétdtahydrate 0.49 g copper acetate monohydreid ) zinc acetate
dihydrate was added and again refluxed for 5-7 chalowed to cool. Obtained coloured precipitatesenfiltered
washed with water followed by ethanol then dietbtier and recrystallized from a mixture of acetisit DMF
(2:1) and dried in vacuo .

Antimicrobial Activity: The Antimicrobial screening of the synthesized couoms were carried out against the
bacteria Saphylococcus aureus (gram +ve) andescherichia coli (gram -ve) and fungiAspergillus niger and
Aspergillus flavus by adopting Serial Dilution Method [27] $miitable nutrient medium (6.0 g peptone, 3.0 gtyeas
extract, 1.5 g beef extract, 1.5 g agar only fansknd 1.0 g dextrose in one litre distilled wdterbacteria and
10.0 g peptone, 20.5 g agar only for slant 20.Cegtrdse in one litre distilled water for fungi). &&fed diluted
solutions of the test compounds, with the microaoigms under examination using aseptic conditioarew
incubated at 37C for 24 h in case of bacteria and at°@8for 96 h in case of fungi in a B.O.D. incubaf®he test
tube having the highest dilution, i.e lowest coraion showing no visible turbidity was chosen tioe MIC value.

Physical and analytical measurements

The purity and formation were ascertained by deit@ng the melting points of recrystallized samples
electrothermal melting temperature apparatus imogapillaries, by running single spot on TLC aratbon,
hydrogen and nitrogen analyses (Reported in Tapleafried out by micro analytical technique on ridmtal
Analyser Euro-E 3000. Infrared spectra were reabiidethe range of 4000-400 €ron ‘Bruker spectrophometer’
by using KBr pellets!H- NMR spectra of the synthesized dihydrazide waorded in acetone solvent on NMR
spectrophotometer Bruker DRX 300(MHz FT- NMR witwi and high temperature facility (-90°C to +80°GJl a
electronic spectra of complexes were recorded dmlhdia UV-Visible spectrophotometer UV 300 DMSO at
room temperature. The magnetic susceptibilitiesewmeasured at room temperature on a Gouy balanng us
CuSQ.5H,0 as calibrant.

RESULTS AND DISCUSSION

IR spectral studies: In the IR spectra of dihydrazide a band appear@d42.21 crifwhich may be attributed due to
—NH stretching vibrations of —NHyroup [28]. In the IR spectra of dihydrazide atidveacrocyclic complexes the
band due to >NH stretching vibrations has been rebsein the regions 3323.63-3267.74 ‘tnMacrocyclic
complexes of ODH-BENZIL exhibited a band in theioeg 3064.52-3000.65 ¢hwhich may be attributed due to
C-H stretching vibrations [29] of aromatic rinigy the IR spectra of ODH-AA two medium sharp infgndands
appeared in the region 2927.45-2918.04"camd 2852.32-2813.88 ¢hwhich may be attributed due to —CH
stetching vibrations of —CHgroup and —Ck moiety respectively. A medium sharp intensity bamdhe region
1720.75-1697.65 cth in dihydrazide and all metal complexes may bebatted due to >C =O stretching vibrations
[29]. IR spectra of all macrocyclic complexes exteih two bands in the regions 3457.30-3411.77 amd 899.92-
800.65 crit which indicated the presence of co-ordinated wai@ecules in the coordination sphere of macrocycli
complexes. The co-ordinated water molecules inrdination sphere have been further confirmed bytihgahe
metal complexes in vacuum at 100 °C oveDP IR spectra of the all complexes exhibited a medisharp
intensity band in the region 1599.53-1557.61"craspectively which may be attributed due to >C=Metshing
vibrations of azomethine linkage [30]. This registower region as compared to normal region i620:1590 crit
which indicating that the N atom of azomethine #igk has participated in the co-ordination. ThepBcta of all
macrocyclic complexes exhibited medium sharp irtgfmnds in the region 527.60-483.02 tand 463.55-440.20
cm*which may be attributed due to the formation of Mt M-O stretching vibrations [31] respectively.
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'H-NMR spectral studies: The *H-NMR spectra of ODH exhibited a singlet &0.094 ppm due to proton of —
CONH group. A singlet at 2.896 ppm due to —NHorotons [32] was also observed in the spectrayothesized
dihydrazide (ODH).

Electronic  spectral studiess The electronic  spectra of Co(ll) complexes dispthyethree
bands in the region 783.37-770.18, 663.42-628.35,2%5-518.14 nm corresponding to transitié‘nﬁ@—>4Tlg(P),
4Tlg—>4AZg (3] and4Tlg—>4T2g(F) respectively. Appearance of these bands atitdig octahedral geometry [33] for
these complexes. The magnetic moment values ot tkesplexes were found 4.71-4.60 BM which further
indicated the octahedral environment around thehiet.

In the electronic spectra of Ni(ll) complexes #hreands in the region 780.32-775.27, 575.45-525446,32-
384.52 nm have appeared which may correspondetottansitionSA;—°T1q (P) JA,—°T1g (F) and®Ay—>Ta,
respectively which suggested that these compleaes bctahedral geometry [33]. The magnetic momahtes for
these complexes were found 3.20-3.12 BM, whichuither in conformity for distorted octahedral getiye

The electronic spectra of Cu (Il) complexes exkithithree bands in the region 778.12-772.17, 63894525,
395.57-388.37 nm corresponding to transititBig—Eyg “Big— Bag and 2B1g»’A;4 These transitions as well as
magnetic moment values of complexes (1.87-1.84 Bl in close agreement with the distorted octahedra
geometry [34] for these complexes.

In the electronic spectra of Zn(dpmplexes no significant band was noticed duedmdgnetic nature of Zn(ll).

On the basis of elemental analyses, IR, electrspéctral data and magnetic moment values the pl@isédoicture
of complexes may be given as (Figs.1 and 2)

— -1 +2
- C —— C o _
= T~Nm
_—NH \ J\
CcO v ., CO
| ™M | (CH,COO ),
fale) / 79 "\ CO
H T
\N e /N//N
~~c¢ —4—c=
©/ H,O \©

M*2= Co(Il), Ni(I1), Cu(l1) and Zn(11)
Fig.1: [3, 4, 11, 12-tetraoxo-7, 8, 15, 16-P116]-1, 2, 5, 6, 9, 10, 13, 14gN6, 8, 14, 16-tetraene] M(Il) complexes

+2

(CH;COO ),

M*2= Co(Il), Ni(ll), Cu(l1) and Zn(11)
Fig.2: [3, 4, 12, 13-tetraoxo-7, 9, 16, 18-MHES8]-1, 2, 5, 6, 10, 11, 14, 155N, 9, 15, 18-tetraene] M(Il) complexes
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TABLE | : Physical and analytical data of oxaloyl dhydrazide (ODH) and macrocyclic complexes

% Analysis M.P/D.T
S. No Compounds Molecular Formula Colour Carbon Hydrogen Nitrogen AN o
c F T C[]F ]| cC F| @®c

1. ODH GHgN4O, Shiny white | 20.33] 22.83 5.0B 4.37 47.45 49|21 240
2. ODH-BENZILCo(ll) | [Co(G;H24Ng0O4).2H,0]Ac; | Dark brown| 54.20; 55.32 4.2p 5.9 14.05 15/56 250
3. ODH-BENZIL Ni(ll) | [Ni(C3H24NgO4).2H,0] Ac, | Red 54,22 55.92 426 5.39 14.05 1521 220
4, ODH-BENZIL Cu(ll) | [Cu(G;H2NgO4).2H,0] Ac, | Dark green | 53.89 54.88 4.J4 587 13/97 1211 244
5. ODH-BENZIL Zn(Il) | [ZNn(GszH24NgO4).2H,0] Ac, | Brown 53.77| 55.56 4.2 3.1p 13.94 1256 280
6. ODH-AA Co(ll) [Co(GuH2Ng0,).2H,0] Ac, | Dark brown| 37.43] 3890 5.1p 6.46 19.41 18[33 230)
7. ODH-AA Ni(l1) [Ni(C14H20NsO4).2H,0] Ac, | Dark green | 37.45 38.68 5.20 6.837 1942 20.60 250
8. ODH-AA Cu(ll) [Cu(GuH2NgO,).2H,0] Ac, | Dark green | 37.14 39.31 5.5 4.02 195 1846 244
9. ODH-AA Zn(I) [Zn(CiH2cNsO4).2H,0] Ac, | Brown 37.02| 38.79 5.14 46P 1919 18RB35 280

Abbreviation : F = Found, C = Calculated, M.P. = Melting Point, D.T. = Decomposition Temperature

Table 2: The Minimum Inhibitory Concentration (X10  mole) values of oxaloyl dihydrazide (ODH) macrocylic complexes

S No Compounds Bacteria Fungi
) Staphylococcus aureus | Escherichiacoli | Aspergillusniger | Aspergillusflavus
1. ODH 211.8 211.8 211.8 211.8
2. ODH-BENZIL Co(ll) 31.3 31.3 31.3 31.3
3. ODH-BENZIL Ni(ll) 15.6 15.6 31.3 31.3
4. ODH-BENZIL Cu(ll) 15.5 15.5 15.5 15.5
5. ODH-BENZIL Zn(ll) 311 311 311 311
6. ODH-AA Co(ll) 43.3 43.3 43.3 43.3
7. ODH-AA Ni(ll) 21.6 21.6 43.4 43.4
8. ODH-AA Cu(ll) 10.7 10.7 21.5 21.5
9. ODH-AA Zn(ll) 42.9 42.9 10.7 10.7
10 Ciprofloxacin 9.4 9.4 - -
11 Griseofulvin - - 8.8 8.8

A comparative study of MIC values (Table.2) indezhthat dihydraziddas moderate antimicrobial active against
both bacteria and fungi its activity increased hie form of its macrocyclic complexes. The enhaniiibgical
activity of the macrocyclic complexes can be ekmd on the basis of Overtone’s concept [35] anceddis
Chelation theory [36]. According to this theoryhiis been suggested that coordination reduces thatpmf the
metal ion to a greater extent because of partiatisty of the positive charge of the metal ion [3dlh donor
groups. Further, this coordination process alsceases the delocalizationolectrons over the whole chelate ring
and enhances the lipophilicity of the complexescitgubsequently enhances the penetration throwgliptt layer
of cell membranes and blocking of the metal bindiitgs in the enzymes of microorganisms. These texap also
perturb the respiration process of the cell and tiiock the synthesis of the proteins that restrigither growth of
the organism. The comparison of antimicrobial agtitesults showed that all the synthesized compgewrere less
active as compared to standard drug ciprofloxé&imtibiotic drug) and griseofulvin (Antifungal driigHowever,
complex ODH-AA Cu (ll) and ODH-AA Zn(ll) exhibitedery close antibacterial and antifungal activitythe
standard Ciprofloxacin and Griseofulvin respectvel

CONCLUSION

In the present research work all the compounds wen¢hesized by adopting template method. Basedacous
physicochemical studies such as elemental analy$®sspectral studies, electronic studies and magnet
susceptibilities measurements it was noticed trat(I and Ni (II) complexes have octahedral geamethile
Cu(ll) complexes have distorted octahedral geomdthe antimicrobial screening of the synthesizethpounds
has been carried out against the bact8m@ahylococcus aureus (gram +ve) andescherichia coli (gram -ve) and
fungi Aspergillus niger andAspergillus flavus by adopting Serial Dilution Method. ODH-A2u(ll) complexes was
found most active against both bacteria while ODA-Zn (1) complex was most active against both fung
However, All the synthesized compounds were fouesk lactive as compared to standard drug ciprofloxac
(Antibiotic drug) and griseofulvin (Antifungal driig
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