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ABSTRACT

In this communication, electrochemical and antimimal studies of tetraazamacrocyclic complexes
[FeCyoH3N,4Clo] [1a] and [CoCH3N4Cly] [ 1b] have been carried out. The spectral studies werdocmed the
octahedral geometry of these macrocyclic complegsglic voltammetric studies were carried out on dsh
(0.031 crf) electrode in DMF. These studies have shown oeetreh quasirreversible redox processes for these
macrocyclic complexes on the basis of their peglastion AE) and peak current ratio {i,o). Diffusion
coefficient (Q) and heterogeneous electron transfer rate const&fi} were also calculated with the help of
Nicholson and Kochi’s method and found in the ord8yy; > K%,. Antimicrobial activity of these macrocyclic
complexes was also tested against E. coli, P. aeos@, B. cereus, S. aureus and antifungal actiagginst C.
albicans. The observed antimicrobial activity wasnpared with a standard drug, Gentamycin.
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INTRODUCTION

The ability of synthetic macrocyclic complexes tamt the properties of naturally occurring macrdaysystems
is now well recognized. The design and synthesisiios of natural macrocyclic systems and to prettietr
properties [1-5]. There has been much intereshénfield of mixed-valence macrocyclic complexegradtal ions.
The significant roles of macrocyclic complexes playin living systems by metal ions that depend logirt
confinement within approximately planar tetrademtdtally enclosed highly conjugated macrocycliznfework.
Much of the mystique associated with the bindingnaflecular oxygen by naturally occurring heme, basn
removed by successful challenge to this field [6Fe biological activity of natural products withedicinally
useful properties and some of their derivatives syithetic analogues furnished the early hypothak@ut the
possible relationship of chemical structure and-aVéiological behavior of these substances [1D-12

Tetraazamacrocyclic complexes have been widelyiedudor their antimicrobial and anticancer propesti
Macrocyclic ligands are prominent in naturally octug ligands in biology, such as the 16-memberegki ring in
the porphyrin macrocyclic framework of heme proteand the 15-membered ring in the Corrine macraxcycl
framework of vitamin B, [13]. Currently available, the most potent andc#ie CXCR4 antagonists are the non
peptide bicyclam derivatives macrocyclic complexalhwere originally developed as antiviral ageritecking the
cell entry of T cell tropic HIV strains. The proype bicyclam macrocyclic complex, AMD3100, is ahiigspecific
CXCR4 antagonist that inhibits binding and functfrthe natural chemokine ligand system SDF -liaifsal cell
derived factor - 1a) with high affinity and potendfacrocyclic complexes of Nickel are known to lz@ainogenic
in humans and experimental animals. The mechansadking to tumor formation are not clear, it is fioned that
macrocyclic complexes of nickel can enhance thetoylcity and genotoxicity and accumulate in genetiaterial
[14-15]
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In this communication, synthesis, characterizatielgctrochemistry and antimicrobial activity of riathyl-
dibenzo[b,h]tetraphenyl-2,3,8,9-tetraazacyclodoek847,9-tetraecne macrocyclic complexes of Fe(Jllx] and
Co(ll) [1b] complexes have been carried out.

MATERIALS AND METHODS

The elemental (C, H, N) and mass spectral studigkese macrocycles were carried out at Centrdtuneental
Laboratory (CIL) Panjab University, Chandigarh (EagXperience and TOF MS ES+6018e3). The molar
conductance of these macrocycles complexes wasdext@n Auto ranging Conductivity/TDS Meter (TCM+)5
The electronic and IR spectra of these macrocyditplexes were recorded on Double Beam Spectroptedén
(Shimadzu 2450 spectrophotometer) in methanol aridn®&dzu-8400S double beam spectrophotometer by KBr
DRS method respectively. The electrochemical studfeéhese macrocyclic complexes were carried erPtatinum
electrode (0.031 cfhusing Auto lab Metrohm 663 VA Stand Instrumengtraethylammoniumperchlorate (TEAP)
used as supporting electrolytes. The pre-treatwielt electrode was carried out before every expent.

2.1. Preparation of the Macrocyclic complexes:
The macrocyclic complexes have been synthesizeatdiog to the literature method [16].

2.1.1. Synthesis of [1a] macrocyclic complex

3,4-diaminotoluene (0.244 g, 2 mole), benzil (0.4202 mole) and iron (Ill) chloride (0.162 g, 1 raplwere
dissolved in 50 mL methanol in round bottom flaSke reaction mixture was refluxed for 6-8 hoursdakk brown
colored reaction mixture was obtained, which themcentrated and the concentrate was kept in désicca
overnight. Dark brown colored crystals of macro@ycbmplex appeared, which was then filtered, andhed with
methanol, acetone and diethyl ether and dried ouwa. The crystals were recrystallized, and charaetd by
spectroscopic techniques like CHN, UV-Vis, FT-IRidamass spectra. Analytical data is giventable 1 and
scheme for the synthesis of [1a] macrocyclic compieshown irfig. 1.
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Fig. 1: The synthesis scheme of Dimethyl—dibenzo[ljtetraphenyl—Z,_B, 8, 9-tetraazacyclododeca-1,3%tetraene macrocyclic c_omplexes
of Fe(”l) ([FEC42H32N4C|2]C|) [la]

2.1.2. Synthesis of [1b] macrocyclic complex

3,4-diaminotoluene (0.244 g, 2 mole), benzil (0.42@ mole) and cobalt (II) chloride hexahydrate287 g, 1
mole) were dissolved in 50 mL methanol in roundidiot flask. Rest of the method was similar as dbsdriabove.
Analytical data is given itable 1 and scheme for the synthesid4f] is shown irfig. 2.
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Fig. 2: The synthesis scheme of Dimethyl-dibenzofijtetraphenyl-2, 3, 8, 9-tetraazacyclododeca-1,3%tetraene macrocyclic complexes
of CO(“) ([COC42H32N4C|2]) [1b]
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Table 1: Physical properties of [1a] and [1b] macroyclic complexes

Molar conductance | M.P c H N
Complexes Colour (ohmcm2mol™) (°'C). Mol. Wt. | (found) | (found) | (found)
(%) (%) (%)
. 67.65 4.24 7.42
[1a] Light yellow 65 245 755 65.21) | (3.39) (7.16)
69.81 4.43 7.75
[1b] Brown 30 250 722 68.73) | (4.73) (8.16)

RESULTS AND DISCUSSION

3.1. IR spectra

The IR spectra of the macrocyclic complexes shoaréhtense band near 1620-1650tdue to C=N group. The
other characteristic bands for both macrocycleswdserved in the region 1230-1370%¢rh050-1260 cim, 690-
890 cm* and 2930-3000 cthwhich may be assigned for the vibrations of pheimgs and C-H stretching of methyl
groups respectively [17]. The other absorption abristics appeared in the region 520-490" amhich may be
assigned for(M-N) vibrations. The IR data for these macrocyclmplexes is given itable 2.

Table 2: IR data of both [1a] and [1b] macrocycliccomplexes

. _ C=C str. C—H str.
Macrocyclic complexes| >C=N str. (Aromatic) (Methyl) M—N str.
[1a] 1645 1235, 1125, 78 2935 495
[1b] 1630 1355, 1230,864 2985 515

3.2. Electronic spectral studies:

The electronic studies of these macrocyclic congdewere carried out in DMF. The observed data lfer t
macrocycles are given in the followitgble 3. On the basis of observed results, the octahedmahgey has been
assigned for both macrocycles of Fe(lll) and Co(Tihe ligand field parameters studies for both meyclic
complexes (R B andp) have been calculated with the help of Orgel epemyd Tanabe-Sugano diagrams using
vglv; andv,/v, ratio [18]. The nephelauxetic parametf) Was also calculated using the relatigh= B / B where
the values of B for free metal ions are taken adlBe= 1153 cm' and Co(ll) = 971 cm[19].

Table 3: Electronic spectral data for both [1a] and1b] macrocyclic complexes

Electronic Spectra Ligand Field Parameter
Complexes E(Q;r%y Transition Stereochemistry (cIanq'l) vl vy B (cm?) B
[1a] 2647 *T»¢(D) —°E4(D) Octahedral 1705 1.2 1125 0.76
16335 T1(F) = Too(F)
[1b] 15246 “Tig(F) — “Agg Octahedral 985 1.6 987 0.74
26235 “Ti(F) = “Toe(P)

3.3. Mass Spectra:

The mass spectra of [1a] macrocyclic complex shoavaedblecular ion peak (M+1) at m/z 756 and othexkpeat
m/z 684 and 669 which may be attributed to thewelga of CH and CI units respectively. [1b] macrocyclic
complex showed a intense molecular ion peak (MtIh/a 723 and other peaks at m/z 651 and 636 whieh
assignable to the cleavage of £ahd Cl units respectively [20].

3.4. Electrochemical studies:

Electrochemical studies of [1a] and [1b] macroayadomplexes have been carried out in DMF contaifirigv
TEAP as supporting electrolyte at a scan rate 6f @¥s”. Cyclic voltammograms of [1a] and [1b] macrocyclic
complexes are shown fiy. 3. Diffusion coefficient () and heterogeneous electron transfer rate condtdnfor
[1a] and [1b] macrocyclic complexes have been ¢aled with the help of Nicholson and Kochi methaxpés
[21-24].

The cyclic voltammogranF{g. 3a) of [1a] macrocyclic complex was recorded at 20@sthscan rate exhibited two
anodic peaks corresponding to the cathodic peakoardanodic peak without corresponding cathodikp&he
first redox process of [1a] macrocyclic complexaisjuasirreversible redox couple*#Ee™ corresponds to peak
separatiorAE = 0.17 V and formal potential;& = -0.56 V which is also supported by the peak enirratio
(ipdipe=1). The second quasirreversible redox process serubd with formal potential iz = 0.65 V and peak
separatiom\E = 0.15 V.
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The cyclic voltammogramFjg. 3b) of [1b] macrocyclic complex showed a reversibkdax couple L/[*
corresponding to peak separatit = -0.13 V and formal potentiaE(,,) -1.01 V. The reversibility of this couple is
also supported by the peak current raitigig.~ 1) while Cd?Ca™ redox couple is found at formal potential +0.56
V with peak separation AE = 0.14 V. This redox process is the quasirrevegs#d also indicated by the peak
current ratioipdi,.. The redox process, ECo™ of this macrocyclic complex is also found the quasersible
redox process, supported by corresponding peaka@maAE andthe peak current ratio. Further, the plotsiof
againstvt’? were found to be linear, indicating that the regoacess was controlled by diffusion, following the
Randles-Sevcik equation for reversible electrocleahrieactions.

i =2.69 x 16 n®?ADY?CV?

Wheren is the number of electrons transferred in redmcess, A is the area of the electrode surfacé)(dris the
diffusion coefficient (crfis), C is the concentration of analyte (M) and the scan rate (V5.

The theoretical values of diffusion coefficientgfDand heterogeneous electron transfer rate cong@htwere
calculated at 200 mV/sscan rate using Nicholson and Kochi methods whiere found in the decreasing order
D™ (2.01x 10 cnf/s) > D' (1.58 x 1P cnt/s) and Ky, (5.19 x 10° cm/s) > Ky, (4.09 x 16 cm/s).
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Fig. 3: Cyclic voltammograms of (a) [1a] and (b) [b] macrocyclic complexes recorded in DMF (1x1®M) containing 0.1 M TEAP
solution as supporting electrolyte at a scan ratef@00 mvs*

3.5. Biological activity:

The antimicrobial activities of [1a] and [1b] macyalic complexes were studied by agar well diffusimethod.
The microbial cultures for these macrocyclic compke were adjusted to 0.5 McFarland standards, wviete
visually comparable to a microbial pathogen susipensf approximately 1.5 x £acfu/ ml. 25 ml of agar media
were poured into four petri plates and was swabtigd 100 pl microbial inoculums of the test micrganisms and
kept for 30 minutes. A 6 mm well was cut at thetoerof each agar plates and were filled with maygcbc
complexes [25-26]. DMF was used as solvent mediuritlwwas used as a negative control where as mtha
Gentamycin used as positive control. After 24 himdubation at 3T each plates were observed for the
measurement of diameter at inhibition zone andasecfor fungus, inhibition zone was measured af&h of
incubation at 2&. Antimicrobial activity for both macrocyclic congxes were evaluated by measuring the zone of
growth inhibition against the test organisms witine reader (Hi Antibiotic Zone Scale). [27-28]

The [1b] macrocyclic complex showed maximum zonénbfbition againsg. coli (21 mm) followed byS. aureus
(16 mm),B. subtilis (16 mm)and P. aeruginosg19 mm). [1a] macrocyclic complex exhibit maximumne of

inhibition againsE. coli (20 mm) followed byB. subtilis(17 mm) andS. aureug18 mm),P. aeruginosd17 mm).

Against fungal pathoge@. albicans [1a] macrocyclic complex was found most effect{¥8 mm) followed by the
[1b] macrocyclic complex (16 mm) as showedign 4.
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Table 4: Antimicrobial activity of [1a] and [1b] macrocyclic complexes

Macrocyclic complexes Diameter of inhibition zone (mm)
E.coli | P.aeruginosa | B.subtilis | S.aureus | C. albicans
[1a] 20 17 17 18 18
[1b] 21 19 16 16 16
Gentamycin 24 24 24 24 20

P.

; === Fe(ll) Complex
aeruginosa

C. albicans
== Co(Il) Complex

Gentamycin

S. aureus B. subtilis

Fig. 4: Graphical presentation of antimicrobial actvity of the macrocyclic complexes against pathogen

The antimicrobial activity of these macrocyclic quexes has been observed due to azomethine grobigh w
coordinate with metal ions. Difference in the zoimhibition of macrocyclic complexes depends on the
impermeability of microbial cells or on the diffai@e in Ribosome of microbial cells [29]. The ingean
antibacterial activity with the increases in thencentration of macrocyclic complexes on normal ¢tels been
observed. This effect of metal chelates on incréasthe antibacterial activity can be explainedtba basis of
chelation theory [30]. On chelating, the polarifiytibe metal ion reduced to a greater extent dueverlap of the
ligand orbital and partial sharing of positive aparof metal ion with donor groups. The delocal@atof x-
electrons enhances liphophilicity as a result patien of the macrocyclic complexes take place v gite of
enzymes. These macrocyclic complexes also hindemrélpiration process of cells and block the syishef
proteins that restricts further growth of organigt-32].

CONCLUSION

In this communication, tetraazamacrocyclic compsegEFe(lll) and Co(ll) have been synthesized ey tdmplate
method using 3,4-diaminotoluene and benzil. Thetsakestudies have confirmed the octahedral gegnietrboth
macrocyclic complexes. Cyclic voltammetric studswowed the interesting results for their unusuataton
states. Heterogeneous rate constant were alsolataituand were found in the ordef’d > K%, These
macrocyclic complexes have shown good promise faimécrobial activity against Gram +ve and Gram -ve
bacteria.
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