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ABSTRACT

In the present article macrocyclic ligand of typg&4H:4N4O,) and its transition metal complexes of type[M(C
H14N4O) X)X, where M=Cr(lll), and Fe(lll), X = Cl, NO; and CHCOO have been synthesized by template
condensation of 1,3-dicarbonyl-phenyl-dihydraziael ®,10-phenanthrenequinone(PhQ) in methanolic omedn
1:1:1 molar ratio. The structure and geometry ohtiyesized complexes and ligand is proposed on #sés lof
various modern physicochemical characterizatiorhtggues (spectral, thermal) and found to be sixrdoated
octahedral geometry of all the synthesized spetigsnd is coordinated to metal in a tetradentatenmer in all
complexes. Molar conductance measurements showedeborted macrocyclic complexes are weakly etédytic
in nature. All the synthesized compounds hava tested for their in vitro antibacterial activiggainst two gram
+ve and two gram -ve pathogenic bacterial straiis Btaphylococcus aureus, Bacillus cereus (grama)-and
Salmonella typhi, E.Coli(gram -ve) to accessttlibiting potential. The results obtained werengpared with
the standard antibacterial drug Ciprofloxacin. Thatiradical activity of some newly synthesized dexgs has
also been evaluated by using DPPH radical scavengiethod and compared with standard antioxidartofsic
acid.
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INTRODUCTION

Macrocyclic complexes have attracted the attentioresearchers because of their role in biological molecular
processes[1-3].In last few years extensive resehashbeen aimed to design new and highly effectixnehetic
macrocyclic metal complexes [4-13] because of tluddse relationship with naturally occurring magrda
molecules[14-16].Transition metal macrocyclic coexgls have been extensively studied by researaiheesarch of
designing new chemical agents because of thegellext biological activities, including antimicriah
anticarcinogenic, and antioxidant etc. [17-19].

These compounds have shown remarkable bacteriigiiting potential either by penetrating through tesial cell
wall to inactivate their enzymes or by generating®i and kill the bacteria. Presence of metal ions &catds the
drug action and efficiency of organic therapeutierats. The structure and geometry of coordinattmmpounds
also influence their antibacterial action with atHactors like thermodyanamic stability, hydrolytatability ,
kinetics of ligation, molecular weight etc. to r@be the metal ion to desired active site[20-23].
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Template condensation method of complex formaties heen very popular where metal ions are usedheas t
templating agent [20] and facilitate the formatifrcyclic products by providing selective routeréaction [21-23]
which is not possible in the absence of metal ion.

Metal complexes based on hydrazone unit have bégslaged wide range of biological and pharmaceutica
activities [24] because of the formation of —-CONHkage which is a useful building unit for peptidfrmation
from amino acids in biological systems. It alsoagivhigher stability to the molecules because oftiesence of a
chelatophore group of donor atoms in the coordimasphere [25-28].The coordination abilities ofsdigands
have attracted our attention and aroused our sttareelucidating new structures and evaluatirgyrtantimicrobial
potential as new therapeutic agents are alwayshsoug

Research work represents the preparation and d¢heeation of the chemical structures derived fraohe
condensation of 1,3-dicarbonyl-phenyl-dihydrazide &®,10-phenanthrenequinone with transition medals also
evaluate their antibacterial properties againsiouar pathogenic strains of bacteria. The complexese also
checked and evaluated for their antioxidant ab#ityit becomes great if the compounds are goodhamtbial as
well as good antioxidant.

MATERIALSAND METHODS

2.1Materials
All the chemicals and solvents used in this studyenof AR grade. Diethyl Isophthalate, 9,10-phenisrtequinone
and 98% hydrazine hydrate were purchased from &ig®A) and Aldrich(Germany).

The metal salts were purchased from S.D. fine, Mainhidia, Merck, Ranbaxy, India, and were usedeagived.
Solvents like methanol, ethanol and ether were aseslich without any distillation.

2.2Synthesis of precursor 1,3-dicarbonyl-phenyidiazide

Hydrazine hydrate (98% 2 cc) was added to a hoirggi ethanolic solution of Diethylbenzene-1,3-dlmaxylate
(0.01mole, 2.22 g) and refluxed for 4-5 h at 38¢40The reaction mixture was then allowed to coofaam
temperature; a white coloured precipitate was fatnide cooled precipitate was filtered through ¢hecible and
washed with ethanol and ether. Precipitate wasvaliicto dry in air and then put into dessicatorféother use.

+ 2 NH-NH, H,0
OC,H5 CoHs

Diethylisophthalate Hydrazine Hydrate

SIY G
Joueyld Ul Xnyay

HoN-NH NH-NH,

1,3-dicarbonyl-phenyl-dihydrazide
Scheme 1: Synthesis of 1,3-dicar bonyl-phenyl-dihydrazide

2.3 Isolations of complexes

A calculated amount of 1,3-dicarbonyl-phenyl-dirgzide (0.01mol,2.52gm) and corresponding trivaleetal
salt(0.01mol) was dissolved in methanol(50 ml}wdbntinuous stirring and 4-5 drops of dil. HClsaedded. The
resulting solution was refluxed at 35%@0for half an hour. Subsequently a solution of @;phenanthrenequinone
(0.01mol, 2.08gm) in 20 ml ethanol was added taritl continuously refluxed for 6~7 hours at 38@0The
mixture was then concentrated to half of its volumm®ugh evaporation. Dark colored precipitatesensgppeared,
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filtered, washed with methanol, acetone and dietfiyer and drieth vacuum The obtained yields were 60—65
%. The complexes were only soluble in DMF and DMS€heme 2
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Macrocyclic metal complex where M=Cr(Ill), or Fejil X=C-, NO5 or CH,COO

Scheme 2: Synthesis of metal macrocyclic complex [MLX_].X derived from 1,3-dicar bonyl-phenyl-dihydrazide and 9,10-
phenanthrenequinonein the presence of trivalent metal salts

2.5Analytical and physical measurements

The microanalysis for C, H, and N, O, and M wadized using an elemental analyzer (Perkin Elmer0240 IIT
Delhi. The magnetic susceptibility measurementshef compounds were carried out by Gouy balanceanr
temperature. The IR spectra were recorded on The&aentific Nicolet S 50 FT-IR Spectrometer in ttange
4000-400 crt using ATR. UV-Visible spectra in DMSO were recaiden PerkinElmer Lambda 25
spectrophotometer ranging 200-900nm. The molar ectatice was measured on digital conductivity mgi®G
system, G-3001). The metal contents in the compleere determined by Atomic absorption spectros¢Bykin
Elmer 5000).ESI Mass spectra were obtained fromLJBEOCU TOF JMS-T100LC mass spectrometer ranging
50.0-1000.0.Thermal analysis of complexes was edmiut by TGA Perkin Elmer thermo analyzer. THeNMR
spectra was recorded at room temperature in DMS@ oBruker AVANCE Il 400 NMR spectrometer (400 MHz
from IIT Delhi

Melting points were determined by using capillaifeslectrical melting point apparatus.

2.6 In vitro antibacterial activity
All the newly synthesized complexes were evalufdedheir antibacterial activities towards

Staphylococcus aureus & Bacillus cereus (gram +8a)monella typhi & E.coli (gram —ve) by using Agaell
diffusion method. Bacterial cultures were procuifredn microbial type culture collection IMTECH Chdgdrh and
subcultured on nutrient agar media.

The qualitative and quantitative analysis of ardgibeal potential of the newly synthesized ligant ats metal
complexes against all bacterial strains has bestiest by Agar well diffusion method [29].

For qualitative analysis, a microbial suspensioramproximately 1X10cfu/ml (0.5 McFarland) from a 24hr old
culture was used. 20 ml of MHA was poured into esightile petri plates, 100 ml inocula of the testnsbe was
swabbed onto each petri plate which is loaded wittient agar media (agar 20g+ peptones 5g+beed@x@g) and
kept for 30 minutes for incubation (adsorption).Wetlere bored using sterile borer (6mm), into thé&iant agar
loaded and seeded petri plates. These bores waedonith 100ml of the test compound at concewoinatiOmg/ml
prepared in DMSO. 75 ml of seeded nutrient agarpeased onto each petri plate and incubated fdrg4at 37C.
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Measurement of diameter of bacterial growth inlolitzones in mm for each test compound was used for
quantitative analysis.

For the detection of MIC the macro dilution brotethod was performed [30]. Serial dilutions of alittcompounds
ranging 512-16 pg /ml in DMSO were prepared witkierile tubes. Test compound containing tubes were
inoculated with a standardized bacterial suspensiail strains with 10cfu mL™ concentration. DMSO was used
as negative control. Tubes were incubated for r84ahd MIC for all test compounds and standardbantic was
observed.

2.7Antiradical activity
Free radical induced oxidative damage of DNA in hamis well known problem [31] so antiradical paoi@nof
some of the synthesized compound was investigatiad DPPH method [32].

Stock solution of 18M of DPPH was prepared in methanol and the solstifrall test compounds of concentration
0,100, 250 &500 pg/ml were prepared in DMF. To laihsample solution, 3 ml of methanolic solution@®PH
(10°M) was added and kept for 30 min for incubationroam temperature [32].

Free radical scavenging potential of synthesizadptexes was observed by measuring their absorbans&7nm
at room temperature.
RESULTSAND DISCUSSION

3.1Analytical and physical measurement

The analytical data showed the suggested formuleéxrocyclic complexes as: [MC2; H14N4O5] X5]X, where M

= Cr (Ill), Fe (1), X = CI, NO;” or CHLCOO and [G,H14N,O,] corresponds to the tetradentate macrocyclic
ligand. The analysis also suggest a 1:1 stoichignfetr all synthesized complexes The metal comexere
dissolved in DMF and molar conductivities of 20 wofl 10° M of their solutions were measured at room
temperature. All the complexes showed molar corshest 60-8@2 * cn? mol™. It was concluded from the results
that complexes are weakly electrolytic in naturg][3 herefore, these complexes may be formulatgdaX 5. X
however various analytical, spectroscopic and matg studies enabled the possible structure ojmhesized
complexes to be predicted.

All complexes gave satisfactory micro elementalyses results, as shown in Table I.

Table 1: Physical propertiesi.e. Molar conductance, molecular weight and elemental analysis of all synthesized species

Melting ' Mol. Weight Elemental analysis, Calculated(found)
Mol. Formula point(C) Colour %Yield ?grsgﬂlgn c H N o M
RN | s | e [ew | e | 22| 5| wn | ek
[Crélér)lgr?cﬁgé] e 295 Yegilr%\,:r?h 64% 595.4 (ggﬁ) (gig) (%é) éé'.g) (2'.2:;)
[Crc(;%gsgfr)]ﬂgog 290 Green 62% 604 (igig) (312,3) (1156.'928) ég'.é) (22461)
SO0 | i | e [eow | s | 3 | 5% | A5 [ 251 &
[Fe(clB)r%%S)n%osAc 280 Brown 60% 599.3 (5556 918) (g'g) (%f)) éi'i) (99322)
[F%(tﬁgc%ﬂﬂ“éos 283 Red brown|  62% 608 (321111) é:i) (igié) éng) (g'.ég)

3.2 Infra- red spectral Analysis

To understand the binding mode of ligand to metatamplexes, IR peaks obtained for free ligand itsmdnetal
complexes were compared successfully. Ligand gareetspecific IR absorption peaks in IR region 26@&n,
1620cm* , 1687crt and may be assigned tQ 1, ve=n, V_conn respectively. Disappearance of a pair of bands
corresponding tov{,) stretch at 3400 & 3250 chand 1674cm (ve-o)pHo While appearance of a strong band at
1620 cn'indicates the condensation between both of the cutse [34-35].

174



Vandna Singh et al Der Pharma Chemica, 2016,8 (15):171-180

The band corresponding t@-y appears at lower frequency by 10-30cin the complexes and indicates the
coordination of nitrogen atoms of azomethine gragpsetal atom [36] as a result of lower electrengity around
nitrogen atom of C=N bond.

Peak corresponding tec-o group of the -CONH moiety has been shifted to lloside and appears around 1620—
1640 cnt in the spectra of all the complexes[37] suggestirginvolvement of oxygen of the carbonyl gromp
coordination with metal and drift of electron digpgrom oxygen of >C=0 to the metal ion. Shiftin§ C=N and
C=0 band of dihydrazide confirms the tetradentatadination of ligand to metal.

Other bands present in the range 1300-1000ionall the complexes may be assigned to (C-N}chrE38].

In nitrate complexes, absorption bands are obseateti430-1410, 1315-1280 and 1050-1017*cfrequency
suggests unidentate coordination of both nitrabeigs to central metal ion [39].

Two specific bands corresponding tcL0)acetae@Nd Fc.o)acetate@re appeared in the region 1670-1650"@nd
1290-1250 cri respectively in all acetate complexes. The diffeesnf around 380-390 between these two peaks
indicates the unidentate coordination of the aedtat with the central metal ion [40].

The bands appeared in the region 450-420 ane attributed to (M-N) vibrations and indicate #toordination of
azomethine nitrogen to metal [41].
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Fig.1 FT-IR spectrum diCr (L)(OAc)-]JOAc (compound 2) recorded at room temperaturein the range 600-4000cm™

3.3 UV-VIS Spectral analysis and magnetic measurement

Electronic spectral technique is very helpful talerate the results obtained from other technigdestractural

investigation. The electronic absorption spectrdigdnd and all complexes were recorded in DMSQaam

temperature ranging 200nm-900nm. Broad peaks asereéd near 27000¢k29000ch™ and 35000-36000c¢m
region in ligand which are assigned to intra ligarahsitions of >C=0 and C=N bond in the moleciileis band
is observed slightly lower side in the complexes thucoordination of oxygen atom of >C=0 and niglogtom of
C=N bond and with metal ion and known as chargesfex band. [42]

Chromium complexeBlagnetic moment of chromium complexes was obsebetdieen 3.9 - 4.50 B.M. at room
temperature which is in proximity to the predictemlues for three unpaired electrons in the metal[B1]. The
electronic spectra of Cr (lll) complexes show baatl22252 and 18234 cm-1 may be assigned to 4A24 2g (F)
and 4A2g— 4T2g (P) respectively and pointing towards octahlegeometry[43].
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Iron Complexes

The magnetic moment of iron complexes lie betwe&5-5.90 B.M. corresponding to the five unpairegiceons
and is close to predicted high spin values forah@etal ions. The electronic spectra of Fe (lllinptexes show
various bands at 13530, 18968, and 31518 cm-1 reasbigned to 6Alg> 4T1 ( 4D), 6Alg— 4T1g and 6Alg
— 4T2g, respectively and pointing towards octahegeaimetry[44].

3.5 'H NMR spectrum for macrocyclic complex [Cr (L)(MGINO; in DMSO-d; ,60MHz frequency at room
temperature.

Peaks corresponding to —NH of hydrazide moiety,HAof both the molecules were observed in tHeNMR
spectrum of the ligand and complexes. A downfidldt of the peak for -NH proton is observed in cdexes
compared to the ligand due to the coordination witdtal ion and decreased intensity of electronsirato-NH
proton.

3.6 Thermal analysis (TGA)

The TGA spectrum of compound[Ee (L)(OAc),]JOAc was recorded at temperature fronfG0to 750C at a
heating rate of 1%/min. and observed that decomposition starts 8/G§12.02%) which may be due to the
removal of two chloride ions from the complexths calculated value is 11.9% which resembles ¢ontlass %
loss in spectra. Decomposition temperature beyo®@Cl rules out the presence of coordinated water & th
molecule. A sharp weight loss of 70.886% betweef’@2and 718C in TGA curve may be due to the
decomposition of the organic part (ligand) from twenpounds which is in accordance with the catedlaalue.
Further horizontal constant curve is attributedh® presence of metal oxides residue as the rengapart [45] as
the observed value (22%) resembles with the cdkilzgalue of corresponding metal oxide®g

3.7 Biological results

3.7.1 Determination of bacterial susceptibility

For the detection of MIC the macro dilution brotletinod was performed. Serial dilutions of all testpounds
ranging 512-16 pg /ml in DMSO were prepared witkierile tubes. Test compound containing tubes were
inoculated with a standardized bacterial suspensiail strains with 10cfu mL™ concentration. DMSO was used
as negative control. Tubes were incubated forr@4ahd MIC for all test compounds and standardbatic was
observed. (Table 2)

All experiments were performed in triplets and marage value is reported.

Table2: Invitro ANTIBACTERIAL ACTIVITY OF synthesized species through agar well diffusion method

Corresponding effect on given microorganism in ®ohdiameter
Compound. P ’ of Zonegof Inhibition i% mm M1C(ng/ml)
Staphylococcus Bacillus Salmonella i Staphylococcus Bacillus Salmonella E Coli
aureus cereus typhi E.Coli aureus cereus typhi Lol
1. 12.4 12.6 13.2 2.0 128 128 128 256
2 16.3 16.2 14 2.2 32 64 64 12§
3. 17.2 19.4 17.2 4 32 16 16 12§
4. 16.4 19.5 17.4 - 32 16 32 -
5. 12.5 12.5 11.2 2 64 64 64 25€
6. 14.5 17.6 14.4 2 64 64 64 256
Cipro 24 27.8 22.4 22 8 8 16 16
DMSO - -

(-) means no activity, Bacillus cereus, Staphyloascaureus, Escherichia coli, Salmonella typhiréicompoundl= £H;,N,O,; compound 2
= [Cr(L)(OAC),]OAc ; compound 3=[Cr(L)(N&)2JNO;.compound4=[Cr(L)(CR]CI compound 5=[Fe(L)(OAg)OAc. compound6=
[Fe(L)(NO,)INOs;
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Fig. 2: Zone of inhibition for compound 5 against Bacillus cereus

Corresponding effect of test complexes on given microorganism in
terms of diameter of Zone of Inhibition in mm
30 A
E 25 -
E
S 20 - B Staphylococcus aureus
2
2 15 - B Bacillus cereus
f=
= Salmonella typhi
5 10 - vp
Q mE.Coli
RS
0 -
NY s % 9 o O
. \eJ
OIS
Complexes/standard used

Fig.3: Comparative study of zone of inhibition for bacterial growth with standard antibiotic Ciprofloxacin

It was observed that all the compounds are moeztfe against gram +ve bacteria than gram —veehacsimilar

to the results reported earlier in literature [48-ANone of the complexes are effective signifitaagainst E.Coli.

Complexes of Cr(lll) are more effective than Fg(ltcomplexes against all the bacterial strainem@lexes were
showing greater susceptibility to bacteria than thespective ligand similar to the results earlieparted in

literature[54] and indicates the enhancement ajgiplic nature of ligand and better penetratiorbatterial cell

wall(bacterial susceptibility) on coordination. Cpounds of Cr (lll) are most effective against &k tstrains. It

indicates that the effect of individual metal,élsctron density, coordination potential, dipolememt, conductance
also affect its overall biological behavior [48-49]

The antimicrobial results of the ligand exhibitec¢@siderable enhancement on coordination withttiesition
metal ions against all bacterial strains.

3.7.2Antioxidant activity

It was observed that the absorbance of all tespoommds has been significantly reduced significaintlgpomparison
to pure DPPH solution (no test compound) (Tablew8)ich reveals the antioxidant nature of the comxgse All
tests were performed thrice and an average valtepirted. DMF was used as a negative control @aBHDwas
used as positive control.

Radical scavenging activity was calculated usirgfttlowing formula:
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% Radicalscavengingctivity= [O.D. conyor O.D. sampid  Optical densityqngo]*100
Here OD= Optical density

Table 3: Absorbance of complexes and standard Ascor bic acid at different concentration at 517 nm

Absorbance of test compounds at 517nm at differententrations
Concentration(pg/It) 0.0 50.0 100.0 250.0 500.0
A Ascorbic aci 1.245 0.843 0.657 0.315 0.145
A crcomples 1.245 0.754 0.673 0.385 0.256
A Fecomple 1.245 0.498 0.498 0.422 0.345
1.4 -
E
1.2 -
£
IS
- 14
n
® 0.8 -
] == Ascorbic acid
S 0.6
2 == Cr complex
9 0.4 - N
o Fe complex
<02 -
O T T T T 1
0 50 100 250 500
Concentration in microgram/It

Fig.4: Comparative study of antioxidant activity of different test compounds with Ascorbic acid (standard)

All compounds showed significant free radical sceyieg action through release of free radicals #teidint
concentration and indicated that their antioxidpatential is increasing as the concentration of tesnpound
increasing from 5@0g/ml to 20Qug/ml range. Complexes were most effective amohdhal complexes. Fe(lll)
complexes have given better results than the quoreing Cr(lll) complexes may be due to the differ of
number of unpaired electrons and its magnetic momiitrate complexes are more effective than aeetat
complexes may be due to higher electron withdravefiigct of nitrate group than others which facikathe easy
release of proton and hence higher radical scamgragitivity [50-51].

CONCLUSION

Present investigation shows that the tetradenigend derived from template condensation of 1,3udionyl-
phenyl-dihydrazide and 9,10-phenanthrenequinonedanates readily with all trivalent metal salts aaifiord the
synthesis of octahedral complexes

However detailed spectroscopic study including IR/, Mass and NMR was needed to investigate theénite of
structure and coordination on the reactivity of theresponding ligand.

Mass spectral study confirms a monocentric compidiile thermal studies have shown a good thernadiilgty of
complexes. An investigation of biological behavidrall synthesized species has shown significatibacterial and
antiradical results.

A detailed structural and biological investigatiof this series of complexes would throw more ligit the

influence of metal coordination on the reactivifynwacrocyclic molecules which may be further exptband used
as alternative therapeutic agents.
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Abbreviations:

B.M.: Bohr magneton; DMF: N, N-dimethylformamideMBO: Dimethylsulphoxide; CFU: Colony forming unMIC: Minimum inhibitory
concentration; MTCC: Microbial type culture collémt; IR: Infrared; EDTA: Ethylenediaminetetraacetacid; DPPH: 2,2-diphenyl-1-
picrylhydrazyl 1,1-diphenyl-2-picrylhydrazyl
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