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ABSTRACT

A novel series of mononuclear macrocyclic metal complexes of the type [M(CxHxoN4O4) X 5] using the metal (1)
salts { M= Co(ll), Ni (1) and Cu (I1) and X= OAc } were synthesized by the reaction of diethylphthalate with O-
phenylenediamine by adopting template method. The complexes have been characterized on the basis of
microanalytical, IR, UV-Vis spectral and magnetic measurement studies. Spectral studies suggested a distorted
octahedral geometry around the copper ion in copper complex where as octahedral geometry around the cobalt and
nickel ionsin their complexes. The antimicrobial activity of the complexes have been screened in vitro against two
bacteria Pseudomonas aeruginosa and Saphylococcus aureus and two fungi Rhizopus stolonifer and Penicillium
notatum to access their inhibiting potential. Metal complexes exhibited enhanced antimicrobial activity in
comparison to their fragments.
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INTRODUCTION

The significance of macrocyclic compounds extendsflarge number of life composing and naturallgweng
complexes with enormous biological functions totvasmbers of synthetically made ones for diversdogical and
non biological functions [1-3]These compounds have been explored for their atélal [4-6],fungicidal [7-8],
antitumour , anticonvulsant[9]and catalytic [10}ieities. The available literature has also evidgh@bout their
anti oxidant [11] and anti HIV activitigd2]. They are also used as MRI contrast agefit3-15], NMR shifts
reagents, [16] sensitizers in dye sensitized solar cells, for femetal removal from aqueous solution, diet
supplementation[174nd catalytic cleavage of RNA and DNA [18he thermodynamic and kinetic inertness of
transition metal complexes of poly azamacrocydliamds have significant industrial application [1B] view of
immense pharmacological and analytical significaofcemacrocyclic complexes, it has been createthtanest to
synthesize some new macrocyclic complexes which m@present a novel class of metal-based antimiatelgients
and can provide opportunities for a large numbesyothetic variations for modulation of the aciidt

EXPERIMENTAL SECTION
Physical and analytical measurements

All chemicals used were of A.R. Grade. All the salis used were of high purity and distilled in lettory before
use according to standard procedures. All the cexasl were prepared by one pot template synthesisder to
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produce high yield without side reaction due toypwrization. The microanalysis of C, H, N and O evearried
out at SAIF CDRI, Lucknow using Carlo Ebra 1108 ra#atal analyser. The metal contents were deterntiyed
standard pyridine complex formation method [20]eTIR spectra were recorded in the range 4000-206 @m
Perkin Elmer spectrophotometer (model RXI) usingrBllets. The electronic spectra of the compléreBMF
were recorded on Shimadzu UV 1800 spectrophotom&tes magnetic susceptibilities were measured ainro
temperature on a Gouy balance using CUSIO as calibrant.

Synthesis of 5, 16, 25, 32- tetraoxo-1, 8, 17, 24-tetraaza- cyclodo-triacontane Co (I1) complex: An ethanolic
solution (20 ml) of diethyl phthalate (1.98 ml, OM) was mixed with 15 ml ethanolic solution of o-
phenylenediamine (1.082 g, 0.01M) in a round botflask with constant shaking. To this solution, ibaqueous
solution of cobalt acetate tetra hydrate (2.490.91M) was mixed and contents were refluxed for ®h cooling
the solution a brownish precipitate was obtainédvds filtered washed with alcohol, followed by tthid ether.
Finally, it was dried in vacuum desiccator overyrbus CaGl . Yield = 72 %, and m.p 245 °C; Elem. anal. calcd.
C54.31H 3.67,N 7.92,0 9.05 % FoundC 55.65,H 4.89, N 8.830 10.18 %.

Synthesis of 5, 16, 25, 32- tetraoxo-1, 8, 17, 24-tetraaza- cyclodo-triacontane Ni (11) complex: In a250 ml round
bottom flask, 0.396 ml (0.002 M) diethyl phthaldissolved in 20 ml ethanol, was mixed with 0.216 @002 M)
o-phenylenediamine, dissolved in 15 ml ethanolthis, 15 ml aqueous solution of (0.49 g, 0.002 kel acetate
tetra hydrate was added. The resulting solution rgflaxed for 7 h and allowed to cool. A dark grgeecipitate
was obtained which was filtered, washed with al¢@mal followed by diethyl ether. The drying of pigtate was
done in vaccum desiccator over anhydrous €adeéld = 68% and m.p 275°C. Elem.anal. Caz84.33H 3.67N
7.92,0 9.05 FoundC 55.89,H 4.97,N 6.65,0 11.06 % .

Synthesis of 5, 16, 25, 32- tetraoxo-1, 8, 17, 24-tetraaza- cyclodo-triacontane Cu(l1) complex: 0.99 ml (0.005 M)
diethyl phthalate was dissolved in 20 ml ethyl &lwloand 0.54 gm (0.005 M) o-phenylenediamine wasalied in
15 ml ethyl alcohol separately. Both solutions wigamsferred to a round bottomed flask and theml&queous
solution of (0.99 g, 0.005 M) copper acetate mowoate was added. The mixture was refluxed for Gdhallowed
to cool at room temperature. A black product wasioled which was filtered and washed with alcolotibfved by
diethyl ether. The obtained product was dried inuwen desiccator over anhydrous CGa@ield = 53 % and m.p
280°C. Elem. Anal. Calc@ 53.96H 3.65N 7.87,0 8.99 FoundC 54.45,H 4.66, N 6.540 10.02%.

Antimicrobial Studies

The macrocyclic complexes and their individual figaconstituents were screened for antimicrobiigg in vitro

by determining zone of inhibition using disc diffis method [21]against two bacterial strair@seudomonas
aeruginosa and Staphylococcus aureus and two fungi R.stolonifer and Penicillium notatum at different
concentrations (100,50 and 25 pg/ml). The complexese dissolved in 10% DMF which was found to be
biologically inactive. All the bacterial and fungsttains used in this study were obtained fidlirindia Institute of
Medical Sciences, New DelhiThe results were expressed as the mean of zanaibition (in mm) of the repeated
experiments with standard deviation (+ SD). Theaot#d results were compared with standard dégstamycin

in case of bacteria arfdlucanazolein case of fungi.

RESULTS AND DISCUSSION

The elemental analysis and spectroscopic data ®fcthmplexes support their mononuclear nature wiin t
molecular formula [M (GH20N404) X 5] {where M= Co (ll), Ni (1) and Cu (Il) and X= OAQg.

IR Spectra

The IR spectra of all complexes exhibited an attsmpband in the region 1661.7-1659.7 trdue to >C=0
stretching vibrations. A medium intensity absorptiband obtained in the region 3470.3-3400.2' amay be
assigned to >N-H stretching vibrations. This valsihigher as compared to normal value for >N-H tshiag
vibrations, which suggested that >N-H moiety isolwed in the coordination with metal ion. The invement of N-
H moiety in coordination is further confirmed byetlappearance of a band in the region 493.3-483-5which
may be attributed due to M-N stretching vibratioAppearance of a band in the region 1081.7-10766 may be
attributed due to C-N stretching vibrations. Tharghintensity band in the region 1724.7-1721.9 H3@l7.5-1359.8
cm® may be assigned to asymmetric and symmetric kirgaibrations of coordinated acetate ions respelgt for
the complexes. The complexes also exhibited alisorpignals for C-H and C=C stretching vibrationghe region
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3021.9-3021.3 and 1590.2-1586.4 tmespectively. All complexes exhibited a weak bamdhe region 530-510
cm*due to M-O stretching vibrations.

Electronic spectra

Cobalt (Il) Complex The electronic spectra of Co (Il) complex displaylkte bands at 13450, 15,815 and 19676
cm* corresponding to transitions frofflyg (F) — *To(F), *T1g— Ay and*Ti4 (F) — “T14(P) respectively These
transitions as well as the measured value of magmaiment 4.78 BM suggested the octahedral geoni2®iyfor

this complex.

Nickel (II) Complex

Ni (Il) complex exhibited three spin allowed traimis from>Ax— “Tag, *Azg — *Tigand®A,; — *Ti(P) [12]
which fall at 12,656, 18,210 and 26,107 chrespectively which are in good agreement with dceahedral
geometry. The magnetic moment value of this complag found 3.16 BM which further indicated the bedral
environment around the metal ion.

Copper (II) Complex

The electronic spectra of Cu (Il) complex displayledte bands at 13,105, 16,135 and 25,997carresponding to
the transitiongB,y — Aq, “Big— “B,gand By, — “Eyqrespectively [23], which are in good agreement whité
distorted octahedral geometry for this complex. Tregnetic moment of this complex was found 1.83 BMch
confirmed the distorted octahedral geometry.

On the basis of elemental analyses, IR, electrsméctral data and magnetic moment values the pl@k#incture of
complexes have been given in Fig. 1.
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Fig.1: Where M= Co (lI), Ni (Il) and Cu (ll) and X= OAc

Antimicrobial results and discussion

The cobaltcomplex exhibited maximum zone of inhibition 26.0mmat the concentration 100g/ml against
Staphylococcus aureus where as at lower concentration (@Bml) the maximum zone of inhibition was found 7.5
mm againstPseudomonas aeruginosa. The Nickel complex exhibited maximum zone of intidn equal to 12.5
mm and 17 mm at lower concentration |{8fml) against Staphylococcus aureus and Rhizopus stolonifer
respectively The copper complex exhibited maximum zone of iitlb at higher and lower concentrations against
the same fungus namé&enicillium notatum which were found to be 21 and 14 mm respectivehe $olvent used
(10% DMF) was found to be biologically inactivewe can effectively conclude that the whole of théraicrobial
effect is due to the different concentrations oftahecomplexes and ligand constituents. The comparisf
antimicrobial results of complexes with standartitecterial and antifungal drugs showed significamd matching
biological properties. The mean inhibition diametenes with standard deviation of the complexesglwith their
ligand fragments are shown in the Tables 1,2 & 3.
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TABLE 1: The mean inhibition diameter zone values \ith standard deviation (in mm) for 5, 16, 25, 32-
tetraoxo-1, 8, 17, 24-tetraaza- cyclodo-triacontane Co(l1) complex against tested microorganisms.

Gentamycin/
Conc in pg/ml 100 50 25 (100) Ca 00 Flucanazole
(100

8 | P.aeruginosg 12.5+0.71| 8.0+141| 75+0.71| 6.5%0.71| 6.5+0.7 19.0+0
Q
3]
> Saureus | 26.0+141 20.0%+0 | 120+0.71 11.5+£0.71] 6.0%0 21+0
— R. stolonifer | 14.5+0.71) 10.0+1.41] 7.0+1.41 6.0+0 8.0+ 1.4 150=+0
e
>
L | P.notatum 20.0+0 | 155%0.71 13.0+1.41| 11.5+£0.71] 6.0%0 155+1.41

C, = Orthophenylenediamine C4 = Diethylphthalate S= Gentamycin (Antibiotic drug), Flucanazole (Anti-fungal drug)
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Fig (a): Mean inhibition zone at different concentations of complex, fragments and standards againgtsted pathogens

TABLE.2: The mean inhibition diameter zone values \ith standard deviation (mm) for 5, 16, 25, 32- tetraoxo-
1, 8 17, 24-tetraaza- cyclodo-triacontane Ni (I1) complex against tested microorganisms

Gentamycin/

Conc in pg/ml 100 50 25 G (200) Ca 00 Flucanazole
[ (100;
‘S | P.aeruginosa | 15.0+1.41| 7.5%0.71 6.0x0 10.0+1.41 6.0 %( Boa71
3]
a S aureus 195+0.71 14 .0+1.4| 125+0.71| 10.0+1.41] 6.5x0.71 20.9+0.71
S | Rstolonifer | 24.0+1.41 20.5+0.71| 17.0+1.41] 10.5+0.71| 9.0+ 1.4[ 14.9+1.41
>
w P. notatum 1500 11.0+1.41 9.0+1.41 12+0 6.0+ 1141 15.4+1.41

C, = Orthophenylenediamine C4 = Diethylphthalate S= Gentamycin (Antibiotic drug), Flucanazole (Anti-fungal drug)
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Fig.(b) : Mean inhibition zone at different concentations of complex, fragments and standards againsested pathogens
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Fig.(c) : Mean inhibition zone at different concentations of complex, fragments and standard againdested pathogens
CONCLUSION

In the present work the macrocyclic complexes vegrehesized by adopting template method. The strestof the
complexes were confirmed by elemental analysestispelata and magnetic measurement values. I thteslies

it was noticed that Co (Il) and Ni (ll) complexeavie octahedral geometry while Cu(ll) complex hastadted
octahedral geometry. The antimicrobial activity thle complexes and ligand fragments was determined b
evaluating minimum zone of inhibition by disc défon method.

A comparative study indicated that the complexdsiteted enhanced antimicrobial activity than thieidividual
ligand fragments. Such enhanced activity of metahglexes may be because of increased lipophiliditg to
chelation which in turn enhances penetration of gewes in to lipid membrane and blocks metal bigdites in
enzymes of microorganisms. Other factor for enhangce of activity may be due to the presence of ardioated
carboxylic moieties which bonds to trace metalsiinroorganismg24-30].
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TABLE 3: The mean inhibition diameter zone values \ith standard deviation (mm) for 5, 16 , 25, 32-
tetraoxo-1, 8, 17, 24-tetraaza- cyclodo-triacontane Cu(l1) complex against tested microorganisms.

Gentamycin/
Conc in pg/ml 100 50 25 G200 Ca (100) Flucanazole
(100
©
5 P. aeruginosa 11.0+1.41 75+0.71 6.0 £1.41 6.5+0.71 6.0 0 918.41
°
g S aureus 125+0.71 11.5+0.71 125+0.71 10.0+1.41 6A 21.1+0.71
g, R. stolonifer 13.0+1.41 13.0+0 10.0+0 14.0£1.41 8.0+1.41 5.131.41
=}
L P. notatum 21.0+0 18.5+0.71 14.0+1.41 10.0+1.41 6.5+0.71 15.4+1.41
C, = Orthophenylenediamine C4 = Diethylphthalate S= Gentamycin (Antibiotic drug), Flucanazole (Anti-fungal drug)
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