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ABSTRACT

Mononuclear solid complexes of transitions metals Mn(l1), Fe(ll1), Co(lll), Ni(ll), Cu(ll) and zZn(ll). were
synthesized by using Schiff base hydrazone derived from 1-ethyl-4-hydroxy-2(1H)-quinolone and 1-phthalazine
hydrazine hydrochloride. The ligand and complexes have been characterized by elemental analysis, UV-visible
spectroscopy, FTIR, H'NMR, mass spectroscopy, magnetic susceptibility, conductivity and X-ray diffraction study.
From analytical data the stoichiometry of the complexes has been found to be 1:2 (metal : ligand). The
physicochemical study supports the octahedral geometry of all the complexes except Cu(ll) having distorted
octahedral geometry. The X-ray diffraction data suggests triclinic crystal system for all the metal complexes. The
ligand functions as ONN tridentate preferred in the coordination producing octahedral complexes. The
antimicrobial studies show the enhancement in the activity of ligand after complexation.

INTRODUCTION

Hydrazones and their metal complexes are havingtgobarmacological applications as anti-fungal [Afti-
inflammatory [2], anti-bacterial, anti-cancer, antmor agents [3]. Also, the metal complexes ofragdnes have
number of applications in molecular sensor [4],i-aridative, luminance probes [5]. The importance 16
phthalazinehydrazone arises from incorporating i2a@jane ring with phthalazine ring since quinolorirg is
having potential activity. The study of interactibetween quinolone and metals is an active areassarch in
bioinorganic chemistry [6]. Quinolone compounds éhavteresting biological properties such as antioti@l [7],
anticoccidal [8], antitumor activity. L. D. Popowa his co-workers reported a synthesis and quartfuemical
studies of Cu(ll), oxovanadium(ll) with bis-1-phthaine hydrazone complexes[9]. Phthalazine hydeazin
hydrazone complexes act as potential hypertengjeataln continuation of our research work on Sdhifses and
their metal complexes synthesis [10-11] in the gnépaper reports the preparation and charactierzaf some
new complexes formed by the reaction of Mn(ll),IFe(Co(lll), Cu(ll), Ni(ll), Zn(Il) with a Schiff base hydrazone
ligand that is (E)-1-ethyl-4-hydroxy-3[1-phthalayinydrazono]-1(H)-quinoline -2-one. The structuré tbese
complexes has been proposed on the basis of plyginocal and spectral analysis. The antibactenidlantifungal
activities of the ligand and metal complexes wdse &nvestigated against four bacteria and fouigfuA search
through literature reveals that no work has beeredm the present ligand and its metal complexes.

MATERIALSAND METHODS

All chemicals were of AR grade, purchased from Sightdrich and used for synthesis of ligand. AR grawetal
acetates of Co(ll), Mn(ll) and metal nitrates ofi(iT),Ni(I1),Zn(ll) from S. D. Fine chemicals werased for
complex preparation. Spectral grade solvents wsed tor spectral measurements. The carbon, hydroifeogen
contents were determined on Thermo Scientific (F2800) CHN elemental analyzer. IR spectra wererckm on
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FTIR spectrophotometer model RZXC Perkin Elmer lie range 400-4000 ¢ The UV/ Vis spectra were
recorded on Shimadzu UV 1800 Spectrophotometecdomplexes in DMSO'H-NMR spectra of ligand measured
in DMSO using TMS as an internal standard. The MS- spectra were recorded on a Waters, Q-TOF MicassV
(LC-MS). Magnetic moments were measured by Guoyshod and were corrected for diamagnetism of the
components using Pascal's constants. Conductagee measured on Elico Cm-180 Conductometer usifighl0
solution in DMSO. Powder XRD studies were carrietlwith a Bruker AXS D8 Advance X-ray diffractomete

Synthesis of ligand :

A hot 50ml ethanol was taken in clean and dry robnttomed flask. To this, (0.05 mol 9.82g) 1-phazahyl
hydrazine hydrochloride was taken. To neutralize $hlt of 1- phthalazin hydrazine hydrochlorideprsy base,
triethyl amine was added . The solution was warmgdo dissolution. In this hot solution, (0.05 ndl.55g) of 3-
acetyl-1-ethyl-4-hydroxy-2H)-one was added and the solution was warmed vatitimuous stirring. Yellow
solid product formed was filtered off, washed wathanol and dried in vacuuo.

The product was recrystallized from DMF-Ethanol mie (yield 85% mp.240° c)
Formation of the Schiff base ligand representeébblgwing reaction.

Reaction-

HNHG
OH O 2"NH

N OH | g
NK 0 i X Ntriethyl amine I\|I\ 0 N‘N/

Formation of theinvestigated Schiff base ligand and its proposed structure.

On the basis of elemental analysis, IR;NMR and mass spectra the above structure have peposed for the
synthesized ligand

Synthesis of metal complexes:

20 mL of a hot methanolic solution of metal saltO@ mol) was added to (0.002 mol) ligand dissoliredame
volume of methanol with constant stirring. Afterdittbn of metal salt in ligand solution, 1-phthdlee hydrazone
immidiately dissolved. The solution was adjuste@itd 7.5-8.5 by adding 10% alcoholic ammonia. Théaction
mixture was warmed and stirred on magnetic stioeb hours. The solid metal complex separatesloutas then
filtered, washed with methanol and dried in vacuuo.

RESULTSAND DISCUSSION

All complexes are coloured solids, stable for aid deat. The complexes are insoluble in water,nethanethanol,
DCM but easily soluble in polar solvents DMF /DMSO.

The analytical data like colour, melting point, ¥etements ,the magnetic moments and conductaecpresented
in Table 1. The elemental analysis and mass spetttamplex show 1:2 (Metal : Ligand) stoichiometoy all the
complexes .

Molar conductance and M agnetic susceptibility measurements:
Molar Conductance measurements were performed iSON10°M) solutions at room temperature. The molar
conductance data indicates that all the compleseaa@n electrolytic in nature.

Magnetic susceptibility of the powdered complexessvearried out by using Guoy's balance method @tnro
temperature with Hg[Co(SCN)4] as a calibrant . Effective magnetic moment values were calculatedidigg
formula,

I e =2.83 f T) ¥ BM

where,yy = molar susceptibility, T = absolute temperature Tie; Of metal ions were calculated by applying
diamagnetic corrections using Pascal's constants.
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The Mn(ll) complex has a magnetic moment 5.66 BNgneement with octahedral geometry. The Fe(llihglex
shows magnetic moment 5.9 BM in agreement with nteplovalue of octahedral Fe(lll) complex. Co(llbraplexes
was obtained due to air oxidation [12] which shaanthgnetic character which indicates that the Qo¢bmplex
has low spin octahedral geometry [13-14]. The Quw@dmplex shows magnetic moment 2.1 BM higher thjpim
only value 1.73 of BM due to John Teller distortidhconfirms distorted octahedral geometry. Ni@hd Zn(ll)
complexes show diamagnetic character indicatinghmdral geometry.

IR spectra:

The FTIR spectrum of metal complexes was compaiiiul thvat of free ligand in order to investigate thede of
chelation of metal ions with ligand. The IR pealksree ligand showed some characteristic band13033262,
2967, 1634, 1595, 1553, 990 and 751'cdue to NH, OH, CH, C=O(quinolone), >C=N (azomethjne
>C=N(phthalazine), N-N(stretching) and NH (out dére) respectively. It is observed that the bandbated to
OH in the ligand is also present in all complexadidates that OH group is not taking part in cooation. The IR
stretching frequency of >C=0(quinolone), >C=N(aztmre), >C=N (phthalazine) shift to lower frequemange
which indicates that they form coordinate bond witatal atom. The IR stretching frequency of >C=Q{glone)
shifts to lower frequency by 32-49 énindicates participation of 2-quinolone carbonytiye metal complexes. The
downfield shift in frequency of azomethine nitrogély 35-62 crif[15-17] in all the complexes indicates
participation of azomethine nitrogen. A downfieltifs of >C=N phthalazine ring nitrogen by 3-47 ¢nin
complexes indicates participation of phthalazimg mitrogen iwhich was further confirmed by obsdion of the
red shift in 990 cm for N-N stretching frequency[18]. The band appdaae751 critdue to NH(out of plane) also
shifts to higher frequency by 4-8 &nindicating participation of azomethine in complésa. The IR spectra of
metal complexes show new band in the 571-690 and 447-599 cthregion, which can be assignedut¢M-O)
andv (M-N) vibrations respectively[19]. The ligand aets neutral ONN tridentate Schiff base.

Table1: Physicochemical and analytical data of ligand and complexes

Sr. Molecular Colour | Mol. M.P % of Element. M agnetic Molar Geometry
No. Formula Wit. . Found (Calculated) moment conducta
C H N M BM. -nce
Mho
cm-?mol™*
Ligan (Ca1H19Ns02) Yellow | 373.3 240 67.65 5.09 19.02 | -
d (67.53) | (5.12) | (19.82
)
Mn L, | (Cs2HazeN1gOsMn | Brown 799.38 | >30 | 62.51 3.95 17.14 | 6.69 5.59. 8.1 Octahedrg
0 (62.99) | (4.53) | (17.59 | (6.876 |
) )
Fe Lb (Ca2HaeN10O4 Fe | Coffee | 800.12 | >30 | 62.51 3.95 17.14 | 6.50 5.59 10 Octahedra
0 (62.99) | (4.53) | (17.59 | (6.97) |
)
Coly | (CsHseN10O4Co) | Reddis | 803.53 | >30 | 62.15 4.12 18.09 | 7.22 Diamagneti | 4.0 Octahedra
h 3 0 (62.78) | (4.51) | (1743 | (7.33) | ¢ |
brown )
Ni L, (CazH36N10OsNi) | Brown | 803.29 | >30 | 62.58 412 16.89 | 7.5 Diamagneti | 6.5 Octahedra
0 (62.79) | (4.516 | (17.43 | (7.30) | c |
) )
Cul, Green 808.14 | >30 | 62.73 4.54 13.31 | 7.95 21 2.6 Distorted
(Ca2H36N1004Cu) 0 (62.422 | (4.48) | (13.33 | (7.863 Octahedra

) ) ) |

UV-visible spectra:

The electronic spectral data of the ligand andritetal complexes were carried out in DMSO. The Usthle
spectrum of a free ligand shows transitions at 2580152, 36231 cth These bands are appeared due- to*and
n- n* transitions of carbonyl and azomethine moiety[2ZDflese bands are present in metal complexes towithu
red shift which indicates the involvement of azé¢im& group in the coordination with metals. Thecélonic
spectra of the synthesized complexes exhibitsnaeloergy absorption. The electronic spectra of NMrgdmplex
exhibits band at 18214 ¢hassigned to thtA1g® — *“T1g" d-d transition. The Fe(lll) complex show transitiain
17513 crit due to Bg — A.g d-d transtion suggest octahedral geometry ardbed=e(lll) complex[21], Cu(ll)
complex showed band at 25974 ‘tmssigned to the charge transfer. The Mn(ll), Be(Tu(ll) complexes are
paramagnetic having octahedral geometry aroundnéital atom. The complexes of Co(lll), Ni(ll), Zh(Hoes not
show prominent transitions in visible region. Bddbands observed at 22371, 22624, 25000inrthe spectrum of
Co(lll), Ni(ll), zn(ll) complexes respectively arassigned to the LMCT transitions and spectralufest of
octahedral geometry.The type of d-d transitonsrzrbe identified due to the charge transfer bailohg from UV
region to the visible region. In general, the colotiall the complexes is dominated by the chargedfer. Extra
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band expected for d-d transitions have been suteder@o(lll) complex, which is diamagnetic indicatitow spin
octahedral geometry[12]. Ni(ll) and Zn(ll) complexare also diamagnetic expected f6ramd d° octahedral
systems.

M ass Spectra of the Ligand and its Complexes: In the
mass spectrum, the molecular ion peak of the lig@ndbserved at m/z 374.2(M+1), m/z 375.2(M+2) whic
confirms the molecular weight of ligand as m/z 3wt8ch is exactly equal to that calculated theogedtycfrom the
proposed structure. The molecular ion peaks ofth@l), Fe(lll), Co(lll), Ni(ll) complexes are obseed at 798.92,
800.1. 805, 803 m/z, respectively correspondintpéar molecular masses. This is further supportethb results of
elemental analysis. The mass spectra of complendicate that there is a formation of 1:2 metadig
stiochitometry. The absence of water molecules mbsesince the molecular ion peaks of complexestgxenatch
with the mass of 1:2 metal ligand proportion.

1004

gg

Mass spectrum of [Co(l11)CaH34N1004] complex.

"H'NMR spectra:

'H NMR spectra of ligand was recorded in DMSO. lbwh signals at 1.26 ppm.(t,3H,N-CH-CHs), 2.8 ppm.
(s,3H,N=C-CH), 4.26 1 ppm. (9,2H,N-CHCHj), 7.1-8.3[1 ppm. (m,8H,H1on), 12.0901 ppm. (s,1H,N-H), 17.35
0 ppm. (s,1H,-OHKqi0 in agreement with the proposed ligand structure.

X-ray diffraction study :

The X-ray diffractogram of representative metadés Mn(ll), Fe(ll), Co(ll) and Ni(ll) were scanndad the range O-
60° at wavelength 1.54 A’ The X-ray diffraction teah of the complex with respect to major peaksravelative
intensity greater than 10% have been indexed mgusbmputer program[22] . The above indexing proggaves
hkl planes , unit cell parameters and volume. Tiffeadtogram and associated data giv@svalues for each peak,
relative intensity and inter planer spacing (d-ealu The diffractogram of Mn(ll) complex shows niadlections
with maximum at 8 = (8.612) corresponding to d value 10.2594 A° esltlvolume = 1546.5 A° The unit cell of
Mn(Il) complex yields values of lattice constante=21.30 A°, b=9.0, ¢c=8.512A° and angle88°, p=108°,
y=86.5". Mn(Il) complex exhibit the conditionta#c anda#B#y =90° which indicate that Mn(ll) complex is of
triclinic lattice type. The diffractogram of Fe(llcomplex shows fifteen reflections with maxima2at (9.285°%)
corresponding to d value 9.517A°. The unit celFef{lll) complex yields values of lattice parametassa = 19.85, b
=8.75, ¢ = 8.9 A’ and =90.8 A°,p = 108.012 A’y =86.5 and unit cell volume V =1467.2°A1n occurrence with
these cell parameters of Fe(lll) complex, the ctonliatbc anda#B#y =90° indicate that the complex is of
triclinic lattice type. The diffractogram of Co(Jlcomplex shows thirteen reflections with maxima2at(9.119)
corresponding to d value 9.6895 A’ and cell volum491.29 A®. Observed values for lattice constants a=20.25
A’, b=8.9, ¢=8.75 A’ and =94°,8 =108.75° .y = 91°. Co (lll) satisfies the conditiomtlatc anda#p#y =90° which
confirms triclinic lattice type. The diffractogramf Ni(ll) complex shows eleven reflection with mma at 2
(11.057) corresponding to d value 7.995 A°, and1157.7 A% The observed value of lattice constants, a=16.65,
b=8.76, c=8.8 and. =94 °,p =109.125°y =84° satisfies the conditiontb#c ando#£B#y =90° indicating triclinic
lattice type. Overall X-ray studies indicates thitthe complexes are of triclinic lattice t X-raljffractogram of
Fe(lll) complex.
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Antimicrobial activity of the complexes:

The antibacterial activity of the ligand and it'emplexes were tested against the standard micraiiaing
Escherishia coli, Salmonella typhi, Staphylococcus aureus and Bacillus subtilis by agar cup method at fixed
concentration of 1%[18] and compared with knownitaatic viz penicillin (Table 2). For fungicidal &wity,
compounds were screened in vitro agaiAspergillus niger, Penicillium chrysogenum, fusarium moniliforme,
Aspergillus flavus by poison plate method with potato dextrose agadin The complexes were tested at 1%

concentration in DMSO and compared with controla(€&3)

The hydrazone Schiff base and all its complexe#vididally shows varying degrees of inhibiting effeon the
growth of the tested bacterial species. Ligandtardmetal complexes do not show activity againsinGGnegative
bacteriaEscherishia coli, Salmonella typhi. The ligand and some of the complexes show actaiginst Gram-
positive bacteric&aphylococcus aureus, Bascillus subtilis. The metal complexes show better activity Bascillus
subtilis. Only Mn(ll), Fe(lll) and Ni(ll) complexes are fad to be active agains&aphylococcus aureus bacterium.
However the activity of these complexes is consitdrless than that of standard drug. Results tifieagal testing
indicate that the ligand do not have activity againy of the fungi used in present study. Simylamlcase of the
Fe(ll), Cu(ll) and Zn complexes antifungal activisyabsent. However, the other metal complexes shoderate to
high antifungal activity. In these cases it fouhdttthe chelates exhibits higher toxicity as coregap their parent

ligand.

Table2: Report for Antibacterial Testing.
Medium - Nutrient Agar Method - Agar cup method Dose of compound - 1%cup size- 10 mm

Test compound Inhibition @e (nm)
Eschorishiacoli | Salmoncllatyphi | Staphylococcusaurues | Bacillus subtilis
penicillin 14 mm 20 mm 36 mm 28 mm
[C21H15N502] -——- ———— | e 11 mm
[C42H34N1cO4Mn] -- -—-- 12 mm 12 mm
[C42H34N1cO4Fe ] - -——- 12mm 11 mm
[C4zH34N1cO4Co0] -- o --- o
[C42H34N1cO4Ni] -— ——— 12 mm 12 mm
[ C42H35N1004Zn] -— -— -—— 14 mm
[C42H35N1cO4CU] -— -— -—— 11 mm
Legend - -ve = No Antibacterial Activity Zone of inhibition = ....... mm
Table 3 :Report for Antifungal Testing
Inhibit
Test compound | Aspergilliusniger | Penicilium chrysogenum | Fusarium noniliforme | Aspergilliusflavus
Griseofrin -ve -ve -ve -ve
[C21H1eNsO; ] +ve +ve +ve +ve
[C42H32H3eN1cO4Mn] RG RG RG +ve
[C4Hz:N1OsF€] +ve +ve +ve +ve
[C42H3eN1cO4CO] RG RG -ve RG
[C42H35N1cO4NI] RG RG RG +ve
[C42H32N1cO4CU] +ve +ve +ve +ve
[C42H32N1c04zn] +ve RG +ve +ve
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Legends- +ve - Growth -(Antifungal Activitpsent) -ve - -ve -No growth
(More than 90 % reduction in growth Antifungaliaity present) RG - Reduced Growth.

OH 1
N S5y N i
| Noy?
e
)N NO\}M \ON N(
-z ‘{\]
AN N'N\ N
H OH
The proposed Structur e of the complexes
When M =Mn (11), Fe(l11), Co(l11), Ni(Il), Cu(l1) and Zn(I1)

CONCLUSION

We have synthesized Mn(ll), Fe(lll), Co(lll), CulINi(ll), Zn(ll) complexes using phthalazinehydoa®e formed
by condensation of 1-phthalazine hydrazine hydaitié and 1-ethyl-4-hydroxy-2(1H)-quinolone. Thegalnd
behaves as tridentate with ONN donar sequence igoiBeric form towards the metal ions. The complexese
characterized by analytical and physicochemicalsuesments, which leads to proposal of octahedmaingéry to
all the metal complexes except Cu(ll) complex hgudistorted octahedral geometry. The ligand anddtaplexes
were screened for their antibacterial activity agaiGram-positive and Gram-positive bacteria. A parative study
indicates that the metal complexes exhibit higlwivity against Gram-negative bacteria than the figand, but it
is weak as compared to standard drug. The ligaddcamplexes were also tested for antifungal agtiiigand
does not show antifungal activity but the complesedn(Il), Co(lll) and Ni(ll) show antifungal actity against
all the tested fungi with reduced growth.
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