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ABSTRACT

A series of macrocyclic metal (II) complexes weyatlsesized by template condensation of Malonic acid
dihydrazide and 5-chloroisatin with Co (1), Ni JlICu (II) and Zn (ll) salts in methanolic mediuBomplexes have
been characterized on the basis of various techesgiike Elemental analysis, Molar Conductance, Msdign
susceptibility, Thermal gravimetric analysis, FTIBY-NMR, ESR and UV-Visible spectroscopy. Octahedral
geometry is proposed for all the macrocyclic métBl complexes. These complexes have been testéldefo in
vitro antibacterial activities against bacterial ratns Bacillus subtilis, Staphylococcus aureus, Uekenonas
aeruginosa, and Escherichia coli. Some of the cergd have exhibited good antibacterial activity mptexes
were also tested for their antioxidant property dadnd good results.
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INTRODUCTION

Macrocyclic complexes of transition metals haveeieed a great attention due to their biologicaivitegs like

antibacterial, antifungal [1] antiviral, anticaromenic [2] and antifertile [3]. Synthetic macrodgccomplexes
mimic with some natural macrocycles like porphyringetalloproteins and cobalamine [4][5]. Macrocyahetal

chelating agents e.g. DOTA have DNA nuclease dgt[8] as well as useful for detection of tumoritess [7]. The
importance of transition metal aza-macrocyclic ctaxes is because of they used like models in giod systems
for protein metal binding sites, electrocatalysfuel cells [8], synthetic ionophores [9], luminest sensors [10],
anticancer drugs [11], M.R.I contrast agents [Ht]d radio-immunotherapeutic agents [13]. Theseiegtfns

develop a need for the design of new macrocycdjand and their transition metal complexes for imdaisand

biological applications [14]. Isatin is a versatif®lecule for designing various bioactive agentd i derivatives
have been reported for broad spectrum of antidrdivities [15]. Schiff bases of isatin possessidewange of
pharmacological applications like antibacteriakjfangal [16][17], anticonvulsant [18] and anti-HI\9] activities.

Macrocyclic metal complexes derived from Isatin &atbohydrazide effective against gram positivet&aea [20].

Therefore the researchers have shown interesatim ifor different fields.

Metal reduce the polarity of the complexes and eoba the penetration into lipid membranes. The Incetaplex
blocks metal binding sites in the enzymes of patinsgnterfere in the cellular respiration and tfameeinhibit the
protein synthesis. This restricts growth of thehpgenic species[21].

The synthesis by microwave irradiation is a brawéhgreen chemistry. The microwave-assisted synshasi

organometallic and coordination chemistry continti$ecome an astonishing pace and interestingubecaf
shorter reaction times, low cost, less pollutiampde reaction conditions and high yields [22][2B].continuation
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with our reported work synthesis and charactelomatf macrocyclic complexes of 5-chloroisatin analdic
dihydrazide with Cr(lll) and Fe(lll)[24], we presehere the synthesis and characterization of a senves of Co
(1N, Ni (1), Cu (1) and Zn (1) macrocyclic compxes of 5-chloroisatin and Malonic acid dihydrazidill the
complexes were studied for their in vitro antibaeteactivity against two Gram positive and two @raegative
bacteria. Complexes were also screened for thémaaiant property.

MATERIALS AND METHODS

2.1 Materials
Analytical grade chemicals were used. Malonic atiltydrazide and 5-chloroisatin were purchased f&igma-
Aldrich, metal salts and other chemicals were paseld from Himedia and HPLC.

2.2 Conventional method for the synthesis of metd#ll) complexes

Metal complexes were synthesized by template metti@ynthesis. In a hot stirring 50 mL methanolitusion of
Malonic acid dihydrazide (10 mmol), a 20 mL of naatblic solution of metal (Il) salt (e.g. cobattickel, copper
or zinc) (10 mmol) was added and refluxed for 3@.rdifter that 20 mL methanolic solution of 5-chlgwatin (10
mmol) added and refluxed for 8-10 h. The mixturesveaaporated to half of its volume and kept forroight
cooling. The dark coloured precipitate was filteragished with methanol, acetone, and diethyl edherdried in
vacuum desiccator; Yield ~ 55 %. All the complexese found soluble in DMSO and DMF, but insolulsieniater
and common organic solvents. The syntheses of e@plmay be represented as follgrigure 1):
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Figure 1 Synthesis of metal (Il) complexes
Where M = Co (ll), Ni (Il), Cu (I) and Zn (Il) an¥ = CI', NG;~CH;COOQO.

2.3 Microwave assisted synthesis of metal (II) cquexes

Malonic acid dihydrazide, 5-chloroisatin and thetahesalt were mixed in 1:1:1 ratio in a grinder.eTteaction
mixture was irradiated in UWave-1000, Sineo micregvaynthesizer by taking 8-10 mL of methanol aslaent.
The reaction was completed in 8— 10 min with higyietds (74 — 80 %). The product was then recrifztad with
methanol and dried in vacuum desiccator over amusliCaCGl. The purity of the product was checked by TLC
using silica gel G.

2.4 Analytical and physical measurements

The microanalyses of C, H and N were carried ouEbyo EA, Elemental Analyzer. The metal contentsewe
determined by Atomic absorption spectrophotomef®@ instruments. Electronic spectra were recorded on
LAMBDA 25 PerkinElmer spectrophotometer. The magnsusceptibility measurements of the complexesewer
carried out by Gouy balance. The FTIR spectra wexeorded on Thermo Scientific Nicolet iS50 FTIR
Spectrometer in the range 4000-400"amsing ATR from Thermo Fisher Scientific Techni€aintre, Mumbai. The

'H NMR spectra were recorded on Bruker NMR specttemat 400 MHz. The molar conductivity () was
measured on digital conductivity meter, Hach. X&&PR spectra were recorded by ESR-JEOL spectroratte
room temperature from SAIF, IIT Bombay. Thermaldstwas done by Universal TA instruments.

2.51n vitro antibacterial activity

The evaluation of in vitro antibacterial activity @l the complexes was carried out against twonGpmsitive B.
subtilis and S. aureus) and two Gram negative @tuginosa and E. cglibacteria by agar well diffusion method
[25]. All bacterial cultures were adjusted to 0.98adand standard, approximately equal to 1.5%Qf0/mL. Plates
were prepared by 20 ml Mueller Hinton agar medid spread 10QL culture over it. After 10 min wells were
bored with 8 mm sterile cork borer and filled wit®0 uL test compound of 2mg/mL in DMSO. Plates were
incubated for 24 h at 37 °C. The DMSO used as inagabntrol and Ciprofloxacin used as positive cohtThe
zone of growth inhibition measured with zone reader
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Minimum inhibitory concentration (MIC) of the conges was tested against bacterial strains by miuatiod
tube method [26]. Mueller Hinton Broth medium waegared and 100L was poured in each sterile tube no. 1-10.
Serial dilutions of all the complexes were prepaxefinal concentrations of 512, 256, 128, 64, B2, 8, 4, 2 and
1lug/mL in sterile test tubes. To each test tubepl06f inoculum was added. Ciprofloxacin was usegasitive
control. All tubes were incubated for 24 h at 37 9e MIC of all complexes was recorded as the kiwe
concentration of each in the test tubes with navtftaf bacteria. Each assay was performed in dafaic

2.6 Antioxidant Assay (DPPH, free radical scavengmactivity)

Antioxidant assay was done by DPPH method [27]fegint concentrations 10, 50 and 100ug/100uL in DifIF
complexes and butylated hydroxyl anisole (BHA) weaken in test tubes. To these test tubes 5 mLtisolwf
0.1mM methanolic DPPH was added and allow stanéiing30 minutes at room temperature. The control was
prepared without any complex or standard. The dlasme was measured by spectrophotometer at 517dm an
radical scavenging activity was calculated usidtpfang formula:

% Radical scavenging activity = [(Control OD — SdenPD)/ Control OD] x 100
RESULTS AND DISCUSSION

The microwave-assisted synthesis completed reaittiarshort time and higher yields compared toctireventional
method. The microwave irradiation technique imprbvhe yields from 55-80%. Analytical and physical
measurement data of macrocyclic metal (II) compdesteows that all the complexes may be representéatimula:

[M (C11HgNsO,Cl) X5] where M = Co (I1), Ni (ll), Cu (ll), Zn (Il) andX = CI', NO; -, and CHCOO . All the
complexes are dark coloured powder and are soinlid1SO and DMF. Molar Conductivity (1) measurement
of complexes in DMSO indicated them to be non-etdgte. All complexes were stable up to 250 °C gdating
their thermal stability.

3.1Elemental Analysis
All complexes exhibit satisfactory elemental anafysesultgTable 1).

Table 1 Analytical and physical data of the macrooglic metal (Il) complexes

S N Complexes N EIementaICanaIysis, fouan (calcd.)% - Colour Mol. wt.
1 [Co(CuHeNsO,CI)Cl] 14.39 (14.46)| 32.71(32.42) 1.92(1.97) 17.4518Y| Yellowish orangg  407.50
2 [Co(CHsNsO,CI)(NOs),] | 12.55 (12.79)] 28.82(28.69) 1.82(1.75) 21.1128) | Dark yellow 460.60
3 [Co(CuuHsNsO,CI)(OAC),] | 12.88 (12.96)| 39.73 (39.62) 3.26 (3.10)  15.624)5| Dark brown 454.68
4 [Ni(C11HsNsO,CI)Cl,] 14.56 (14.41)| 32.12(32.44) 1.99(1.97) 17.0612Y| Yellow 407.26
5 [Ni(C1iHgNsO,C)(NO3),] | 12.68 (12.74)] 28.48 (28.69) 1.81 (1.75) 21.33221| Yellow 460.36
6 [Ni(C1iHgNsO,CI)(OAc),] | 12.87 (12.91)] 39.70(39.64) 3.21(3.1) 15.6241%.| Dark brown 454.44
7 [Cu(CGuuHeNsOCI)Cl] 15.39 (15.41)| 32.13(32.05) 1.98(1.95) 16.8499H| Brown 41211
8 [Cu(CGuuHsNsO,CI)(NO3),] | 13.61 (13.65)] 28.42 (28.39) 1.84 (1.78) 21.14@2Z)| Brown 465.22
9 [Cu(GHsNsO,CI)(OAC),] | 13.78 (13.83)] 39.20(39.22) 3.10(3.07) 15.2974%| Light brown 459.30
10 [Zn(GiiHeNsO,CI)Cl] 14.12 (14.17)] 39.10 (39.06) 3.04 (3.06) 15.2318p| Yellowish orange  461.13

3.2Infrared Spectroscopy

The FTIR spectrum of Malonic acid dihydrazide shawpair of bands at 3270 and 3304 coorresponding to
starching vibrations of(NH,), but absent in spectra of all the complexes. Hamea single medium band at 3092 —
3241 cm® was observed in the spectra of complexes, which meaassigned to(NH) stretching vibrations[28]. A
strong band at 1670 chrassigned to(C=0) vibrations of the CONH moiety in the FTIR spram of Malonic acid
dihydrazide. In the spectra of all the complexds freak shifted to lower value 1607-1620%nsuggesting the
coordination of oxygen with the metal.

The strong band of(C=0) vibrations at1730 - 1745 &hof 5-chloroisatin were absent in metal complexed a
appearance of new strong absorption band in thernrdg42-1597 cimassigned to thg{C=N) vibrations [29]. This
indicates the formation of macrocyclic frame by @ensation of carbonyl groups and amino groups [BB& lower
values ofv(C=N) stretching vibration indicates the coordinatiof azomethine nitrogen towards metal atom [30].
The bands present at 3000-3050'¢m470-1594 cihand 1010-1340 cthmay be assigned t¢C-H), v(C=C) and
v(C-N) vibrations of 5-chloroisatin respectivelQ[g31].

The far infrared spectra show bands in the reg@®-555 cm® corresponding te(M—O) vibrations and 447-498
cn* corresponding te(M—N) vibrations in all the complexes [32][33kble 2).
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Table 2 Infrared spectroscopic data of macrocyclienetal (1) complexes

S.N. Complex v(NH) cm? | v(C=0) cm* | v(C=N) cm® | v(M-0) cm™ | v(M-N) cm?
1 | [Co(CuHsN5O,CI)Cl] 3216 1607 1594 522 491
2| [Co(CuHeNsO,C)(NO3),] 3212 1620 1592 526 498
3 | [Co(CuHeNsO.Cl)(OAC),] 3092 1610 1557 526 483
4 [Ni(C11HsNsO,CICl,] 3208 1618 1595 522 497
5 | [Ni(C.:HsNsO.C)(NO3)] 3206 1618 1595 522 497
6 | [Ni(CuH:N:O.Cl)(OAC)] 3195 1614 1597 531 455
7 [Cu(CiiHsNsO,CI)Cl] 3205 1617 1591 523 497
8 | [Cu(GuHsNsO,C)(NO3),] 3169 1619 1596 539 447
9 | [Cu(GuHsN:O,Cl)(OAC)] 3241 1612 1542 555 498
10 | [Zn(GuHsNsO,CI)Cl;] 3200 1617 1578 528 492

3.3'H NMR spectroscopy

The'H NMR spectrum of Zinc(ll) complex showed a singieB.45 ppm due to protons of the —CONH moiety.[34
A singlet at 2.4 ppm may be due to —Cptoton [35]. The multiplets at 7.20 — 7.88 ppm nkmy assigned to
hydrogens of aromatic rings [36]. A broad singlef@.80 ppm may be assigned to proton of the —Ndigof 5-
chloroisatin [37].

3.4 Electronic spectral and Magnetic studies

The electronic spectra of metal complexes were rdstb in DMSO (Table 3). Three absorption bands for
octahedral Cobalt (Il) complex at 8100-918¢),(12550-15750,) and 18700-20250 cin(vs) assigned téTlg (F)

— Ty (F), Tag (F) — “Agg (F) and*Ty4 (F) — *Ty4 (P) respectively have been reported [25]. In the (Tp
complexes the first band appeared usually in ieftaegion, sa; transition could not be observed. The two bands
appeared at 14593 - 148¥9)(and 20187 — 20208 ¢chivs) assigned tT4(F) — *Azy(F) and*T14(F) — *“T14(P)
transitionsrespectively in an octahedral environment. The rmigmmoments of the Co (II) complexes at room
temperature found 4.84-4.91 BM in agreement with dletahedral geometry and correspond to three ratpai
electrons. The electronic spectra of Ni () comxele exhibit three absorption bands at 12210-1228¢(g),
15860-16824 cit(v;), and 26910-27680 cl(vs) assignable t8A,,(F) — *T24(F), *Azg(F) — *T1g(F) and®Ay,(F)

— 3Tlg (P) respectively. The magnetic moment of Ni (Ilyrgexes at room temperature lie at 2.95-3.12 BM in
agreement with the octahedral geometry and cornelspto two unpaired electrons. The spectra areistens with
octahedral nature of these complexes [38]. Thetreleic spectra of Cu (Il) complexes show a singtead
absorption bands at 15465-19100"cdue to the mixing of all transitiorfﬁlg — zAzg (v1), ZBlg—> ZBzg (vo), and
ZBlg—> 2E1g (v3). The broadness of the absorption band may beaaddehn Teller distortion. The magnetic moment
of Cu (II) complexes at room temperature lie aD11886 BM in agreement with the octahedral geomi@®y}. The

Zn (1) complex exhibit a single band at 32550 cassignable to charge transfer from ligand to métal (I1)
complex is diamagnetic due to complete d-orbital gaometry may be octahedral [40].

Table 3 Electronic spectrum and magnetic moments da of macrocyclic metal (II) complexes

Electronic spectral bands . Magnetic Molar conductance
Complex 7 Assignment R 1 Geometry
(cm™) moment (ohm™cm”mole™)
Co(ll) 14593 — 14871, 20187 - Ti(F)>"AxF), _ _
complexes 20208 :Tlg(F)_";Tlc(P), 4.84-491 6.48 —7.28 Octahedral
- Az(F)—"Tog(F),
Ni(ll) 12210-12290 15860— A 30
- Azg(F)—>Tig(F), 2.95 - 312 7.91-8.36 Octahedral
complexes 16824, and 26910-27680 3A2g(F)—>3Tlg(P),
Co%”él'gxes 15465-19100 2B —?Azg, *B1g—"Bag, “B1g—E1q, 1.80 — 1.86 12.08 - 14.27 Octahedyal
Coﬁ;‘é:gxes 32550 LMCT Diamagnetic 8.02 Octahedral

3.5 Thermal study

TGA study carried out for [Cu (GHsNsO,Cl) Cl,] complex. The TGA curve of complex indicates thatight loss
occurred in a single stage 300-450 °C and l0s6.i8386, the remaining residue about 13.27% may kalrogide.
The weight loss may be due to decomposition of raddoions and ligand. The metal content determimain the
complex done by Atomic absorption spectrophotomageees well with the thermal studies.

3.6 ESR Spectra

ESR spectra of the Cu (Il) complexes were recom@ertbom temperature on X-band at a frequency ofCa-4
under the magnetic field of 5000 G. in presentsting Cu (I) complexes exhibiteq g 2.270 and g= 2.141. The
value of g (2.270) > g (2.141)> 2.0023 indicating that the unpaired etectlocalized in d%y?® ground state
characteristic of octahedral geometry with distortin complexes. The complexes hayevalue less than 2.3,
indicating covalent character of the metal ligadidh The geometric parameter (G) is calculatedhbyeixpression
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G = gr2.0023/g-2.0023. The calculated G value for Cu (ll) comgkexs 1.9, which is less than 4, indicating
exchange interaction in solid complexes.[41]

3.7 Antibacterial activity results and discussions

All the synthesized macrocyclic metal (II) complsxgere tested for their in vitro antibacterial ityi by agar well
diffusion method(Table 4) and MIC by macrodilution tube methdd@lable 5). Some of the complexes show good
antibacterial activity. The complex 4, 10 and 6whgood antibacterial activity againBt subtilisandS. aureus
Complex 4, 6 and 10 possessed good antibactetigitp@gainstP. aeruginosaComplex 6 (MIC 8 and 16 pg/mL)
among all the complexes found most effective ag&inam positive and Gram negative bacteria.

Table 4 Antibacterial activities of macrocyclic méal (1) complexes by agar well diffusion method

S N Compounds _Z_one of inhibition, diamet(_er (mm) _
T B. subtilis | S. aureus | P. aeruginosa | E. coli
1 | [Co(GiHsNsO,CI)Cly 22.2 19.8 17.4 11.8
2 [Co(CuuHeNsOCI)(NOs)] 16.9 17.1 16.8 10.4
3 | [Co(GuHsNsOCl)(OAC),] 17.0 16.4 13.8 17.3
4 [Ni(C11HsNsO,CI)Cl;] 24.2 22.0 23.8 18.2
5 | [Ni(C1iHsNsO.CI)(NOs),] 19.4 18.5 16.5 11.2
6 | [Ni(C1sHsNsO.CI)(OAC),] 24.0 25.1 24.2 10.2
7 [Cu(GuuHsNsOCI)Cl;] 21.6 22.4 19.2 10.8
8 [CU(CMHaNsozCl)(NO:g)z] 18.2 17.9 16.1 9.0
9 [Cu(GiiHeNsOCI)(OAC)] 22.4 21.3 21.3 9.9
10 [ [Zn(CuHeNsO,CI)Cly] 23.1 24.2 23.6 10.0

Ciprofloxacin 26.2 26.1 25.6 25.4

Table 5 MIC of macrocyclic metal (1) complexes bymacrodilution tube method

MIC (ug/mL)

S:N. Compounds B. subtilis | S.aureus | P.aeruginosa | E. coli
1 [CO(C_‘uHstOzCl)C|2] 32 64 128 >128
2| [Co(GuHsNsO,C(NOy);] 128 128 >128 >128
3 [CO(C_‘uHstOzCl)(OAC)z] 128 >128 >128 128
4 | [Ni(CuHsNsO,CI)Cl] 16 32 16 128
6 | [Ni(CiHsNsOCI)(OAC)] 32 8 16 >128
7 [CU(C_uHstOzCl)Cb] 32 32 64 >128
8 | [Cu(CuHsNsO,C(NOy),] 128 128 >128 >128
9 [Cu(CiaHsNsO0,CI)(OAC),] 32 32 32 >128
10 [Zn(Q1H3N502CI)CI2] 16 16 16 >128

Ciprofloxacin 5 5 5 5

3.8 Antioxidant Assay (DPPH, free radical scavenggnactivity)

All the metal (1) complexes were screened for fragical scavenging activity by DPPH method. Thmplex no.5
[Nl(ClngNsoQCI)(NO3)2], no.6 [Nl(ClngNSOQCI)(OAC)Q], no.9 [CU(QngNsoQCI)(OAC)z] and no.10
[Zn(C11HgNsO,CI)Cl,] exhibited good free radical scavenging activBydA used as standard. The presented results
are in percentage of free radical scavenging agtii#zigure 2).

80
g 70 M 10pg
bo
> o
8 250 i 100ug
we
w® .= 40
S B
T &30
o
o
w 10 -

O .

1 2 3 4 5 6 7 8 9 10 BHA
Complexes/ Standard

Figure 2 Antioxidant activities (1-10, metal complg and BHA as a standard)
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CONCLUSION

The macrocyclic metal (I) complexes were synthesizy conventional as well as microwave method and
characterized by various physical and spectralistuaihd investigated for antibacterial and antiamtdactivity. The
results are in agreement with coordination of mietias¢ with azomethine nitrogen and carbonyl oxydenor atoms
towards octahedral geometry for all metal (Il) céemps(Figure 1). The thermal study provides information about
thermal stability of the complexes. Among the sers®@me complexes have good antibacterial and aafioix

property.

Although, it has been suggested that coordinatamtuce the polarity of the metal complexes and ergwmithe
penetration into lipid membranes. The metal comféocks metal binding sites in the enzymes of pgéins
interfere in the cellular respiration and inhibktet protein synthesis. This restricts growth of ffehogenic
species[21].However further studies on the mechanisf antibacterial activity may required for better
understanding.
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