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ABSTRACT

A new Schiff base,(E)-N’-(-1-(1-ethyl-4-hydroxy>@&l,2-dihydroquinolin-3-yl)ethylidene)nicotinohgdide and
its Cu(ll),Ni(l), Co(lll), Mn(ll)and Fe(lll) compkxes have been prepared. The characterizationgainti was
processed by elemental analysis and spectroscamibniques like IR*H NMR and mass spectroscopy. The
structure of the complexes have been investigatgdelemental analysis, magnetic susceptibility, mola
conductance, UV- Visible, infrared, mass spectrpgderom analytical data, the stoichiometry of thmmplexes
was found to be 1:2 (metal:ligand). On the basisnafgnetic susceptibility and spectral data, octabedeometry
has been assigned to all metal complexes. Antibatctivity of ligand and its complexes wereditd against
Gram-positive bacteria, Staphylococcus aureus, IRecisubtilis and Gram-negative bacteria Salmoneifahi,
Escherishia coli by agar cup method. Their antifaingctivity was also tested against Aspergillusenjgenicillium
chrysogenum,Fusarium moniliforme and Aspergilla/ds by poison plate method using potato dextrage a
medium at one percent concentration.
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INTRODUCTION

Schiff bases, which are potential chelating ligamascoordination chemistry show promising applicats in
medicine as anti-oxidant, anti-microbial and anflammatory agents (1,2). Tridentate Schiff baséh @NO
donor atoms are well known to coordinate with vasianetal ions. In recent years, metal complexegs heseived
much attention in biochemistry and pharmacy as sioign compounds for the creation of novel drugg(1These
studies revealed that complexation of metal ion$ different Schiff base ligands improves the biential of the
ligands. It is well accepted that metal ions cardifydboth magnitude and direction of the pharmagalal activity
of the parent ligand as a result of changes i 8ieg¢, shape, charge density distribution andxguitential (4).The
use of metal complexes as pharmaceutical drugst@sn promise in recent years. Hence the receatrels has
been centered on the search of new and more efficaanetal based drugs with novel chemotherapeutic
properties.Due to rich coordination chemistry dflentate Schiff bases, it has attracted great déahterest.
Hydrazones and aroyl-hydrazones show various bicdbgctivities like, anticonvulsant, antidepredsamalgesic,
antimicrobial, antitumor,antiplatelet and antivi(aB). Similarly 4-hydroxy-2-quinolone is well knamto possess
various medicinal applications, like, antitubereulanti-inflammatory ,larvicidal, antitumor, antjplesent and
antioxidant (5-8 ).In view of the potential valuesbiological activities of hydrazones and 4-hydyeéquinolone
prompted us to develop a new Schiff base by combitihnese two moieties with a hope to get their eoafive
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effects to improve the biological activities of Hgwynthesized ligand and its metal complexes.dntiauation of
our earlier similar work (9-16), we report herelre tsynthesis, characterization andsitro studies of Schiff base
ligand (E)-N’-(1-(1-ethyl-4-hydroxy-2-oxo-1,2-dihgyoquinolin-3-yl)ethylidene)isonicotinohydrazide tked by the
condensation of 2-quinolone with nicotinic hydraziand its Cu(ll), Ni(ll), Co(lll), Mn(Il) and Fe(l) complexes.
Ligand coordinates to the metal ion as a tridengxthiff base via quinolone carbonyl, azomethineogién and
amide oxygen in all the complexes. A search ofdiiere reveals that no work has been done on éimsitron metal
complexes of Schiff base hydrazone derived frorotimec hydrazide and quinolone.

MATERIALSAND METHODS

All chemicals used were of analytical grade anddusithout purification.All metal salts were purckedsfrom SD
fine chemicals. 3-acetyl-1-ethyl-4-hydroxy-2(1H)iwoplone was prepared by reported method ( 17). Eigat
analysis(C,H,N,O) were performed on Perkin EImed@¥R spectra were recorded on FTIR spectrophotemet
model RZXC Perkin-Elmer in the range (4000-400%AH NMR spectra were recorded on Bruker Avance Il at
400 MHz using tetramethylsilane as an internal ddathElectronic spectra was recorded on Shimad#i0 18
spectrophotometer using DMSO as solvent.Mass speeais recorded on Waters, Q-TOF Micro Mass (LC-
MS).Solution conductivity was measured by using’ M solution in DMSO on Elico cm-180 conductometer.
Magnetic data at room temperature were collectedsoays balance. Mercury (Il) tetrathiocynato colzaletate
was used as a calibrant. Diamagnetic contributioer® calculated for each compound by Pascal’s aatsst

Synthesis of Ligand :

3-acetyl-1-ethyl-4-hydroxy-2(1H) quinolone was maeed by reported method ( 17) and reacted witbtimic acid
hydrazide under reflux condition by using methaamlsolvent.Initially quinolone(10g) was taken amdtled upto
dissolution. nicotinic hydrazide (5.93g) was alsated upto dissolution in methanol.quinolone-INHoravas kept
in 1:1 molar ratio.Both contents were mixed in rddmottomedflask in 1:1 molar ratio and refluxedhastirring for

2 hours. Orange product, (E)-N’-(1-(1-ethyl-4-hyxlye?-oxo-1,2-dihydroquinolin-3-yl)ethylidene)isomiino
hydrazide was formed. It was then filtered, washeth methanol and dried under vacuum. On the basis
elemental analysis, FTIRH NMR and mass spectra the following structure hiagen proposed for the present
ligand.

Fig-1 Reaction of theligand formation

OH O N N
H [ ] I
N N
N H2N’N X Methanol
N~ SO o) 3-hr reflux
K Nicotinic hydrazide
3-acetyl-1-ethyl-4-hydroxy-2(1H)-quinolone (E)-N'-(1-(1-ethyl-4-hydroxy-2-oxo-1,2-dihydroquinolin-3-

yl)ethylidene)nicotinohydrazide

Synthesis of Metal Complexes:

The complexes were synthesized by reaction of nsaialand the ligand , in amounts equal to meligind molar
ratio of 1 : 2. The complex was prepared by addirgghanolic solution of metal salt to the methansbtution of
ligand subsequently raising the pH of the mixturadgally to 8.0 by adding 10% ammonia solution ietmanol.
The reaction mixture was refluxed with constantristyy for 4 to 6 hrs to get solid colored precifpteof the
complex. The precipitate was filtered, washed sdvidmes with methanol and dried in a desiccatocdastant
weight. Co(ll) acetate was used as the metal salithee complex was obtained as Co(lll) complex tweair
oxidation (18-19).

RESULTSAND DISCUSSION

The complexes are colored solids, stable in airiaadluble in water and nonpolar solvents but Si@luin polar
solvents like DMF and DMSO.The analytical data loé figand and its metal complexes, molar conduetanc
DMSO (10°M) and magnetic moments are listed in Table-1. floéar conductivities are in the range that indisate
the non-electrolytic nature of all the complexebe Elemental analysis show 1 : 2 (metal : ligahoickiometry in
the complexes.
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FTIR Spectra:

The IR spectra of the free ligand and the metal pleres were compared and assigned on the basiarefut
comparison. A broad band in the ligand centere8489 cni attributed to 4-hydroxy group of quinolone is also
present in the range 3410-3420 tim all of the metal complexes indicating noninatvent of —OH group in
coordination. The peak exhibited at 1629cdue to ( C=0 ) vibration of quinolone in the ligawas shifted to
lower frequency 1594-1599 chin the complexes. This shift to lower frequency3®35 cni confirms that this
group forms coordinate bond with the metal. Thedbappeared at 1602 ¢nin the ligand attributed to amide >C=0
vibration was found to be absent in all complexeggesting the coordination of ligand through amidebonyl
group. The band appeared at 1587'cdue to azomethine>C=N group in the ligand shifgs15-25 cn and
appeared in the region 1562-1572cimdicative of the coordination of azomethine njiea atom to the metal (20).
This is further supported by the small red shifthe N-N stretching frequency in the metal compsef@l).This
coordination behavior of the ligand is also probgdhe appearance of IR bands in the complexesaitO And
M-N vibrations in the range 474-502 cm-1 and 428-dBi'respevtively.

The above discussion reveals that the ligand coatd$ to the metal ion as a tridentate via quireloarbonyl,
azomethine nitrogen and amide oxygen in all thepteres (22,12).

Mass and *H-NM R Spectra of the Ligand:
In the mass spectrum of the ligand molecular ioakpe observed at m/z 351 a.m.u. correspondingViel]
consistent with the calculated molecular weight.350

'H-NMR Spectra of ligand was recorded in DMSO. lowk signals at 1.28ppm (t, 3H N-CH-CH), 4.228 ppm
(0, 2H, N-CH-CHy), 2.896 ppm (s,3H, N=C-Ckhzomethine Ck),7.12-8.155 ppm (m, 8H, Hom), 8.815 ppm
(s,N-H), 16.63ppm (s, 1H,Qkic ) in agreement with the proposed ligand structure.

Electronic Spectra and M agnetic Studies:
The electronic spectra of the ligand show seriebarfds within the range 224-238 nm, 252-256 nm 3581423
nm,attributed to nz* andn —=* transitions (23-24).

The Cu(ll) complex showed a band in the region,-588 nm expected for d-d transition (25) and a sddmand in
the region 334-398 nm which is assigned to theggharansfer transition (26). A magnetic moment &11BM
which is higher than the spin only value (1.73) BMpected for one unpaired electron confirmed thahedral
geometry of the complex (27). Ni(ll) complexes dramagnetic and show bands in the region 327-38& nento
charge transfer (28-29). The absence of band b&@Wwnm indicates octahedral geometry. The diamégnature
and green color of Ni(ll) complex give additionalpport to its octahedral geometry. The electragectra of
Co(lll) complex exhibits weak bands at 414 nm, 380 and 382 nm are assigned to LMCT transitions athdr
bands appeared at 557-527 nm are due to d-d ioarssiThe diamagnetic nature and the observedreféctspectra
confirms the low spin octahedral geometry of Cy(tidmplex (30). Mn(ll) complex show three weak bsat 714-
527 nm, 413-389 nm and 365-348 nm which may beyaedito the spin and parity forbidden transiti%thﬁJ —>4Tlg
(G) ,°A13 T2 (G) , and’A,; —*Ayy, *E, (G) respectively indicating octahedral geometry-82). The octahedral
geometry is also supported by the observed magmetinent 5.46 BM.The electronic spectra of Fe(ltdnplex is
characterized by three weak bands at 713-701 nah8%2nm and 324-317 nm assigned to spin fOI‘bid&A@g
—*T,4 (D) , °A14—T1y and®A;,—T,, transitions respectively (33-34). The effectivagnetic moment 5.30 B.M.
obtained for Fe(lll) complex further confirms itstahedral geometry. On the basis ofphysico-chenaicdlspectral
study, Following structure may be proposed forabmplexes.
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Fig-2 Proposed structure for the complexes

Table- 1. Physical and Analytical Data of Ligand and its M etal Complexes

C% H% N% 0% M etal% Molar Condu.
Comp-ound Mol.formula Colour Mol.wt M.P Found | Found | Found | Found pearB.M. ohmem?mol ™
(calg) (calg) (calc) (calc)
CroHhsOsNa Orange | 350 | 185°C ?6‘;13) (g:ﬁ) (ﬁ:g) &i:% NA NA
Co(L): | Co[CisHsaOeNg] | Brown | 756.93| »300°C] (gg:ég) (ﬁ;) (g:gg) &g:gg) 7.78 mgﬁ]"eﬁc 9.4
Mn(L)z | Mn[CasHssOeNs] Bl_rig\?vtn 752.93 | >300°C (gg:g% (j:gj) (gég) (ﬁ:g% 7.29 5.46 10.3
Cu(L)y | Cu[CisHseO6Ns] Bt')?g\'l‘viﬁh 76154 | »>300°C (gg:gg) (g:g% (gigé) (gjgi) 8.34 191 6.8
Fe(Ly | Fe[GsHOeNs] | Black | 753.84| >300°C (ggjgf‘) (jill) (g:(l’% (g:g;) 7.40 5.30 55
Ni(L)» | Ni[CssHssOsNs] | Greenish | 75670 »300°C ég:?% (j:gg) (g:gé) &2:3‘2‘) 7.75 mgﬁ'etic 71

Microbial Activityof Schiff Base Ligand and its M etal Complexes:

The ligand and its metal complexes have been sedeeiiiro for their antibacterial and antifungal activitibg
agar- cup method using DMSO as a solvent and poate method using potato dextrose agar mediuBMISO
respectively.

In the study of antibacterial activitpenicillium was used as standard reference. The procedurefarsde study
was as follows: The tested compounds were dissdlvddMSO which does not have inhibition activityll Ahe
compounds were tested at fixed concentrations (ih%))MSO. The test was performed on nutrient aggr of
10mm diameter bored in the agar plate with the loflgterile cork borer. The prepared solutions wadeed
separately in to each bore. One cup with DMSO bkkak and other for standard referempeamicillium were also
placed on the seeded nutrient agar. The plates iweubated for 24 hours. The resultant activitiesasured in
diameter (mm) are presented in Table-2.

From Table-2 it is found that the ligand and ab thetal complexes do not show any activity aga@rstm —ve
bacteria, E. coli and S. typhi, except Mn(ll) coeyplwhich show highest activity against E.coli conagtée to the
standardpenicillium On the other hand, the ligand show consideratiigity against Gram +ve bacterig, aureus
and remains inactive against B. subtilis. The naasive is theNi(ll) complex which shows better ipitory action
against both gram positive bacterial species. Nigid Cu(ll) complexes also inhibit the growth.Haee Co(lll)
and Fe(lll) complexes do not have significant dffagainst both the species. All these active metahplexes
exhibited a more inhibitory effect compared to ligand. This is because the chelation reduces tterity of the
metal ion because of partial sharing of its posittharge with the donor groups which results ith®increase of
lipophilic nature of the complexes which in turnvdas its permeation to the lipid layer of the mean®.
Moreover,other factors, like stability constant@lan conductivity, solubility and magnetic momeatso affect the
antimicrobial activity of the complexes (35). Theserved enhancement in the activity of ligand aftenplexation
can be explained on basis of chelation theory (36)
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The antifungal activities were tested by the regmbrnethod (37).The fungal suspention was spot iatedi on the
plates using compound with nicrome wire lo@resiofulvinwas prepared as standard reference plate. Thesplat
were incubated at room temperature for 48 hours.rébults obtained are listed in Table- 3.

From the Table 3 it may be seen that the ligand asta very effective antifungal agent since altptarrests the
growth oftested fungi. Though the ligand exhilbbits best antifungal activity against all of therféungi used in the
study, its metal complexes are found to be inactigainstA. Flavus However, the complexes show high activity
against all other fungi. The best antifungal atfivias obtained for Cu(ll) and Fe(lll) complex&zcond highest
activity was observed for Co(lll) complex. Nickedroplex exhibits high activity againBenicillium chrysogenum
and moderate activity agairfsisarium moniliformeand remains inactive against other fungal species.

Table 2. Antibacterial Activity

Medium : Nutrient Agar Methodgar Cup Method
Dose of compound : 1% CupesizZL0 mm
Sr.No | Compound | Escherishiacoli | Salmonellatyphi | Staphylococcusaureus | Bacillus subtilis
1 L -ve -ve 16mm -ve
2 Co(L), -ve -ve -ve -ve
3 Mn(L), 14mm -ve 18mm 12mm
4 Fe(L) -ve -ve -ve -ve
5 Cu(L) -ve -ve 17mm 13mm
7 Ni(L) » -ve -ve 21mn 22mn
8 DMSO -ve -ve -ve -ve
9 Penicillin 14mm 20mm 36mm 28mm
Legends : -ve - No Antibacterial Activity

Zone of inhibition : -- in mm

Table 3 Antifungal Activity

Medium : Potato Dextrose Agar Method :i$tm plate
method
Dose : 1%

S.No | Compounds | Aspergillusniger | Penicilliumchrysogenum | Fusariummoneliforme | Aspergillusflavus
1 L -ve -ve -ve -ve
2 Co(L)y RG RG -ve RG
3 Mn(L), RG +ve +ve +ve
4 Fe(L) -ve -ve -ve +ve
5 CulL), -ve -ve -ve RG
7 Ni(L), +ve -ve RG +ve
8 DMSO +ve +ve +ve +ve
9 Griseofulvin -ve -ve -ve -ve

Legends: +ve —Growth (Antifungal Activity absent)
-ve — No Growth ( More than 90% reduction in growiitifungal Activity present)
RG — Reduced Growth (More than 50% and less th&h @@luction in growth observed)

CONCLUSION

A novel ligand (E)-N’-(1-(1-ethyl-4-hydroxy-2-oxo;2-dihydroquinolin-3-yl)ethylidene)isonicotinohydide and
its Cu (Il), Mn (ll), Fe (ll), Cu (II) And Ni (I) complexes were synthesized and characterizedlcoyemtal
analysis, molar conductance, magnetic measurentéhtdMR, mass and UV-Vis spectra. The chemical aniglys
and spectral data indicate that the ligand act©ME® tridentate Schiff base coordinating to the indteough
guinolone carbonyl, azomethine nitrogen and amidgen in all the complexes. Antibacterial activitiythe ligand
and its complexés vitro were studied against some Gram-positive and Gregative bacteria. Their antifungal
activity was also tested against four fungal sgairhe complexes were found to have more biologictVity than
their parent ligands.
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