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ABSTRACT

The research article presents the synthesis ofofiipracin derivative with Benzil dihydrazone and inetal
complexes with Co (I1), Ni(ll), Cu(ll) salts. Theolecular formula proposed for ligand is f84¢F2N1¢04) and for
complexes [M(GHeF2N1604)X;] where M= Co (1), Ni(ll), Cu(ll) and X= CI. 'H NMR, IR and UV-Vis, EPR
spectra were recorded to confirm the formation @igand (Ciprofloxacin derivative) and metal colewes. The
proposed geometry of complexes was octahedral whidarther confirmed by electronic spectra and meiir
moment analysis. The compounds were screened dorahtimicrobial, antioxidant activity using disdiffusion
method and DPPH Scavenger activity method. Nidtiinplex has shown significant antibacterial acgiwtith
maximum zone of inhibition against E. coli while(lQoand Ni(ll) complexes are most effective aghiB<Lereus.
Antimicrobial activity of the ligand has been enbed on complexation with Ni(ll) and Co(ll) ions. tlaxidant
activity of complexes was compared with ascorbid and ciprofloxacin itself and it was observedtti@u (II)
complex has shown remarkable antioxidant activityaaiable concentrations.
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INTRODUCTION

Quinolones represent a wide spectrum of synthetibacterial agents, by inhibiting two crucial bextal enzymes,
DNA gyrase and topoisomerase, respectively [1-Brdfloxacin is the most common therapeutic agenoag all
the quinolones belonging to this class, which isrently used in clinical practice for treating mypewterial
infections [4].

Complexation of the quinolone antibiotics with meta& known to enhance biological activities by @asing
bacterial resistance to the drug perhaps due toehifiposolubilities leading to greater intracedlubccumulations
[5-7]. The interaction of Ciprofloxacin and metahs have been widely studied especially due tinteresting
biological and chemical applications. It is welldwn that metal ions present in complexes acceldraedrug
action and the efficacy of the organic therapeagents [8].

Recent studies indicate an important role of mietas in the mechanism of action of these drugsai$ suggested
that the intercalation of the quinolone complexesatmetal is an important step in the antibactegialcesses
[9].Transition metal complexes derived from hydme® and derivatives also have been extensivelyiestuahd
remarkable antimicrobial activity for these comm@sshas been reported.

The pharmacological efficiencies of metal compledepend on the nature of the metal ions and tleadig [10].

There is an increasing requirement for the disgpwdrnew compounds having antimicrobial and antiaxit
activities to decrease the bacterial resistanckugs.
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In the present article synthesis of, Co (ll), Nj €u (II), and Zn(ll) complexes derived from ajfloxacin and
benzyl dihydrazone, their characterization anddgmal screening is discussed.

MATERIALSAND METHODS

2.1 Material All reagents were commercially available and usétout further purification. Solvents were dikd

from appropriate drying agents immediately prior use. Ciprofloxacin, hydrazine hydrate and Benzérev
purchased from sigma Aldrich and used as receiVbd. metal salts were purchased from S. D. FineMartk

India. DPPH and ascorbic acid were purchased frarcknindia. Bacterial strains were obtained frontidbial

type culture collection, IMTECH, Chandigarh.

2.2 MethodsThe microanalyses of C, H and N were carriedabBophisticated Analytical Instrument Facility.€Th
metal contents were determined by standard EDTAhodst Electronic spectra (DMSO) were recorded on
PerkinElmer LAMBDA 25 spectrophotometer in the rangf 200nm-900nm. The magnetic susceptibility
measurements of the complexes were carried out diyy ®alance at room temperature. The IR spectra wer
recorded on Thermo Scientific NicoletiS50 FT-IR &pemeter in the range 4000-400 cm -1 using ATRREP
spectra were recorded at JEOL-Japan at room tetoperand liquid nitrogen temperature both. Meltrognts were
determined by using digital melting point apparatus

2.3Biological assay

2.3.1Antibacterial activity

All synthesized macrocyclic complexes were testadrf vitro antibacterial activity against bactés#rains E. Coli
(gram-ve) and B. Cereus(gram +ve) using spot-omlaw Muller Hinton Agar(7.6g of Mueller hinton agar200

ml water) seeded with each of test pathogens. Tga@ngsms were isolated in nutrient agar medium seidctively
cultured at 98.% for 24 hrs. Discs were impregnated with equalira (100 pl) of each metal complex dissolved
in DMSO at a concentration of 1mg/ml. The clinistthins were also tested for their sensitivityiasfethe standard
antibiotics, ciprofloxacin by the disc diffusiomethod. The negative solvent control of DMSO was ahaintained
throughout the experimenthe zone of inhibition was measured in mm afteth@drs incubation by using a zone
reader.

2.3.2Antioxidant activity

Antioxidant activity was monitored for all the siiesised complexes, ciprofloxacin & standard antiant ascorbic
acid using 1%DPPH radical scavenging method. Swoistof various concentrations 25, 50, 75 and d@nl in

DMF. 1ml of each complex was added to a 4 mhethanolic solutions of 0.004 %( w/v) of DPPH iteat tube
and mixed well. The mixtures then incubated for rBhutes at room temperature. After that absorbamas
measured at 517nm by using methanol as a blan&ference. Ascorbic acid was use as a standardxatsia for

comparison.

3. SYNTHESIS

3.1 Synthesis of Benzyl Dihydrazone

Synthesis of benzildihydrazone as a reported meltyothking benzil solution in ethylene glycol andxed well
with hydrazine hydrate in the ratio of 1:2. Theuking yellow solution was refluxed for 4-5 twith continuous
stirring using magnetic stirrer. A white precipitais obtained after 8 hours that was filterefd afid washed with
water and diethylether and then dried in théyéeld-70%). Recrystallize from warm methanol.

HoN

. 2 NH2NH2 ® HZO Reflux

Benzil Hydrazine hydrate Benzildihydrazone

Scheme -1 Synthesis of benzil dihydrazone from Benzil and hydrazine hydrate

3.2 Synthesis of metal complexes derived from @gxacin and Benzil Dihydrazone.

3.2.1Conventional Method

All the complexes were synthesized by template oubthe. by condensation of Ciprofloxacin and benzyl
Dihydrazone in the presence of the respective entaimetal salt. To Ciprofloxacin (10 mmol) solutiaom
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methanol(50ml) heating at 4D respective divalent chromium, Ferrous cobaltkel, copper, zinc (5.0 mmol)
dissolved in the minimum quantity of methanol (~2Qmvas added. The resulting solution was refluf@d0.5h
and 2 ml of glacial acetic acid was added. SubsgtyeBenzil Dihydrazone (5.0 mmol), in DMSO, waddad to
the refluxing mixture and refluxing was continueat # hrs. Temperature was maintain between 35-4TH€E
mixture was cooled to room temperature overnigtecipitate was filtered off through G-4 crucibleashed several
time by ethanol and dried under vacuum desiccatorscooling the precipitate of metal complexes iffecent
colour were obtained. Precipitates were collectethvaeighed.

3.2.2Microwave Synthesis

Ciprofloxacin and metal salts were mixed in a bediyetaking methanol as a solvent, then the reacatioxture was
irradiated by the microwave oven for 5 minutes.eAf6 minutes 2 ml of glacial acetic acid was adaled then add
benzildihydrazone solution in DMSO(10 mmol) anadfiated again for 2 or 3 minutes. Reaction was deteqg in

7-8 minutes. Higher yield is obtained in this prex¢hen conventional method.

3.2.3Chemistry

The analytical data of divalent and trivalent tiioe metal complexes derived from ciprofloxacindabenzil
dihydrazone and the complexes formulated as [MH{&F2N1004)]Cl, where M=Co(ll) , Ni(ll) , Cu(ll) and Zn(ll)
and benzil dihydrazone and ciprofloxacin complethaiit metal ions formulated as g8 46F>N100.)

All the metal complexes are coloured solids. A#l 8ynthesized complexes are soluble in distilletey®MSO &
DMF and partially soluble in ethanol & Methanol wehcompletely insoluble in acetone.

Melting points of ligand and complexes are as fefio
CO(Q3H46F2N1004)C|2: 256JC NI((C48H46F2N1004)C|22400C,
CU(Q3H46F2N1004)C|2:2360C; Zn(Q8H46F2N1004)C|2: 2564)C,
Ligand: 168C.

RESULTSAND DISCUSSION

4.1 Analysis of physical properties
Physical state Colour Molecular weight of all syegized species is given in table 1

Table:-1 Physical propertiesand analytical data of divalent and trivalent transition metal complexes derived from ciprofloxacin and
benzil dihydrazone calculated (found)

Molecular
Complex Colour Weight | % of C| %of H %ofN %ofQ %ofM % ofCl%ofF
found
57.95 466 | 141 | 643 | 592 | 712 | 38
CO(CagHagFoN10O,)Cl | blue 99477 | 572y | (a23) | @a02)| 64) | &7 | 70 | 37
) ) 57.96 466 | 1408 | 643 | 590 | 712 | 38
Ni(CaHaePoN1O:)Clo | yellowish | 994.53 | 57 g) 4.42) | 13.96)| 65 | .8 | 7.0 | 37
) 57.68 463 | 1401 | 640 | 63 | 709 | 38

Cu(CaeHaoN1O,)Cl, | greenish | 999.39 | 570y | (417) | 14) | 635) | 6.3) | (7.0) | (3.7)

) 57.58 463 | 1401 | 640 | 63 | 709 | 38
Z0(CagHagPN160,)Cl> | white 10012 | 575) | (a25) | (13.96)| 6.3) | 6.25 | 7.0 | 37)

) 66.65 536 | 162 | 7.4
(C48H46F2N1004) white 864.9 (6629) (517) (159) (70) - - -

The complexes have been characterised with thediglpysical properties such as colour of complexadubility
, melting point , elemental analysis and variougspgtochemical techniques such as infrared ,*H-NN&Rteonic
spectra , UV ,and molecular weight determination. t@e basis of these studies , a six coordinatengey was
proposed for all the metal complexes.

4.2 IR Analysis

In the infrared spectra of ligand and complexesogttion peaks at ~3220 &nand ~3250 crhcorresponding to
v(NH,), were absent. In ciprofloxacin a prominent peals wbserved between 3500-3450cmhich is assigned to
stretching vibration of -OH group of acid but it svabsent in the spectra of ligand and complexesratichtes the
condensation of acid groups of ciprofloxacin andrenmgroups of benzildihydrazone. A lower shift wi{C=0)
stretching vibration from ~1715 cm-1 to ~1690-169%" in the complexes was observed due to coordinatitm
metal ions[14]. The band at ~ 1400-1450cm ciprofloxacin was assign te (C=0) vibration of carbonyl group
has been shifted to lower side in metal complex®s appears at 1390-1399trand gives indication about the
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coordination of metal with carbonyl oxygen[15]. Theak at 1650 to 1600 cm -1 may be assigned to lquias. A
strong absorption peak between 1050 and 100bwas assigned to C-F group.

4.3 *H-NMR studies

Following NMR peaks were obtained for synthesizgdnid.
Aromatic rings multiplet &= 7.2-7.6,

-NH group of benzyl dihydrazone at — 9.5(broad)

-NH group of ciprofloxacin at — 13.6(broad)

The signal for —NH proton of benzil dihydrazone heen shifted to downfield region due to coordmativith
metal through -NH group of BDH.

4.4Magnetic measurements and electronic spectnalies
The magnetic and electronic investigation is vempartant to propose a geometry specially in the acfsmetal
complexes.

Nickel complexes

The magnetic moment of nickel complex at room tenajpee is 2.92 B.M. The solution spectra of Nighmplex
exhibit a well discernable band with a shouldettlos low energy side. The other two bands geneddiberved in
the region at ~16,600 chv,), and ~28350 cit(vs), may be assigned &\, — *Ty4 (F) (vo), and 3Ag— °T1(P)
(vs), respectively. The first two bands result frora #plitting of one band;, at ~9900 and 11,750&mwhich can
be assigned t3B,,— °E, and*B;q — *Ba, assuming the effective symmetry to bg, Tcomponent of 3 in O,
symmetry). The intense higher energy band at ~®4¢30" may be due to a-1* transition of the (C=N) group
[16].

Copper complexes

The magnetic moments of copper complexes was ofdeémnvthe range of 1.74 B.M. The absorption speatrthe
copper complexes exhibit bands in the region ~Ad6* with a shoulder on the low energy side at ~14,9%0;c
and show that these complexes are distorted oat@hédsuming tetragonal distortion in the molectites d-orbital
energy level sequence for these complexes may’bagx Z>xy>xz>yz and the shoulder can be assigned“te: z
x*- y? (°Byy— B,y ) and the broad band contains both the-xy® - y*(°B;;—°E,;) and xz, yz—» x*- y* (Byg—
2Azg) transitions. The band separation of the spaifttae complexes is of the order 25505mwhich is consistent
with proposed geometry of the complexes. Therefibmaay be concluded that all the complex of Quitietals of
this series is distorted octahedral[17].

Cobalt complexes

The magnetic moment was measured at room temperaiwr lie in the range 4.91-4.94 B.M., which cqrogsls to
three unpaired electrons. The solution spectraobilt (II) complexes exhibit absorption in the s ~8100-
9000§,), ~12500-1575@%) and ~18700-20250 chvs), respectively. The spectra resemble to those whie
reported earlier as octahedral. Thus assumingftbetiwe symmetry to be Jpthe various bands can be assigned to:
Tig— Tag (F), 1), “Tig— Agg (F), (v2), “T1g— “Tag (P), #3), respectively. It appears that the symmetry ekeh
complexes is not idealized,(but is Dy, The assignment of the first spin-allowed band sephausible since the
first band appears approximately at half the eneffdie visible band[18].

3.4 EPR Analysis
EPR analysis is very informative to understandrtie¢al ion environment in complexes. X- band spectrall three
copper complexes 7,8, and 9 were recorded in DMSGaan temperature (300K) (Fig 1) and LNT(77K).

It shows magnetic equivalence of Cu nuclei in tbhavger sample and possibly the exchange interacaomshot
enough for hyperfine splitting of lines.

g/l & gL values of complexes 7 were calculated and foundet®.27 and 2.09 respectively which follows the
pattern g||>¢>2.002 and indicates the presence of unpairedrefeof copper predominantly in the’ely® orbital
[49].The relation of g values shows considerabl@wam of covalent characters of M-N bond of compkin the
ligand environment. The G values were also caledland found to be around 3.2 which suggests thaleat
characters of complexes.
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Based on the all characterization methods the megatructure of ligand and its metal complexesvddrfrom
benzildihydrazone and ciprofloxacin is shown irufig (1&2) as follows
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Fig. -1 Ligand Derived from Ciprofloxacin and BenzilDihydrazone
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Fig. -2 Complexes derived from Ciprofloxacin and benzyl dihydrazonein the presence of metal saltswhereM = Co(l1), Ni(l1), Cu(l1),
Zn(l1), X =CI’

4.5Antibacterial activity
The synthesised metal complexes were tested adacwi and B.cereus for their in vitro antibacatrctivity.
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The zone of inhibition of standard drug Ciproflokaagainst E.coli as well as B. cereus was 35mnienthie zone
of inhibition for the metal complexes was betweéh4d2mm against E.coli and 37-40mm agaiBstcereus It
shows metal complexes are more effective than atdndrug against these two bacterial strains. Zdnehibition
for ligand was 38mm against E.coli and 37mm agdnstereus. It shows that the ligand is less effedhan metal
complexes but it is more effective than standatibantic.

All of the synthesised complexes were checked tree of inhibition and the complex with nickel metah wa
more potent than all of the metal complexes agdtnstli. and the complexes with cobalt and niakekal ion are
more potent againg.cereus.
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Fig.3: Comparative study of zone of inhibition for all metal complexes, Ligand and standar d antibiotic Ciprofloxacin
against E.Coli and B. Cereus

It has been suggested that metal ions increaskidhagical activity of ligands. Presence of the alébns increase
the penetration power in the cell membrane thushoetmplex cross the bacterial membrane more éffdgtand
increase the activity of complexes. Azomethine grad Schiff bases also increase the biologicalvagtiof
complexes and also increased in hydrophobic cherauaid liposolubility of the molecules in crossitige cell
membrane of the microorganism and enhance biolbgiaation ratio and activity of complexes.

4.6Antioxidant activity
Antioxidant activity monitored all the synthesisegimplexes and ciprofloxacin using by DPPH radicalvenging
method.

N AH A N
1 I
N U HN
O, N NO, O,N NO,
NO, NO,
DPPH {ox) DPPH (red)
purple yellow

Scheme -3 Antioxidant mechanism of DPPH
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Inhibition % calculated by this formula

Scavenging activity (%) = % x100

[

Where Ac = absorbance of control and As= absorbance of sample

Graphical representation of antioxidant activity

70 1 Comparative study of antioxidant potential
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Fig. -4 Comparative study of Antioxidant activity of different metal complexes, Ciprofloxacin and Ascorbic acid at different
concentrations

From figure 4 it was observed that Cu(ll) compleshowing maximum antioxidant activity than othemplexes
and even greater than the standard antioxidantch\&upports the relevance of the present work.

CONCLUSION

The derivative of Ciprofloxacin with benzyl dihyai@ne and its metal complexes were successfulhyhsgited and
characterized.

It was observed that the microwave method is thtebeethod for the preparation of metal complareterms of
yield and its ecofriendly nature.

Antibacterial activity of synthesised metal com@s)better than standard antibiotic Ciprofloxachi. complexes
have given outstanding antibacterial activity agat.coli.

Cu complex has given significant antioxidant atyithan all other complexes at all concentrations.
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