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ABSTRACT KEYWORDS
The new Mn(l1), Fe(l11), Co(l11), Ni(l1), Cu(ll), Zn(I1) solid complexes of Aroyl hydrazone;
newly synthesized Schiff base ligand (E)-4-Chloro-N’-(I-C4-hydroxy-1- ONO donar ligand;
methyl-2-Oxo-1,2-dihytroquinoin-3-yl)ethylidene) benzohydrazide were Mass;
synthesized, and characterized on the basis of elemental analysis, mag- P-XRD;
netic susceptibility, FTIR,*H NMR spectra, mass spectra, X-ray powder Biological activity.

diffraction and UV visible spectral data. Form the analytical data the
stiochitometry of metal complex has been found to be the 2:1 ligand to
metal ratio. Therefore the complexes may be formulated as[M(L,)], where
M =Mn(I1), Fe(l11), Co(l11), Ni(l1), Cu(ll), and Zn(11). On the basis of spec-
tral data octahedral geometry has been assigned to the Mn(Il), Fe(lll),
Co(l11), Ni(l1), Zn(1l), complexes, while Cu(ll) complex has distorted oc-
tahedral geometry. The ligand and their metal chealets have been screened
for their antibacterial activity using the Agar cup method at fixed concen-
tration of 1% against microbial strains, Eschershia coli, Salmonalla typhi,
Saphylococcus aureus, Bacillus subtilis. The antibacterial screening of
ligand and it’s complexes illustrates that all the ligands and complexes
seems to be inert towards the E. coli. The compexes show higher activity
than ligand against Saphylococcus aureus and Bacillus subtilis. Antifun-
gal activity of ligand and complexes were tested in vitro against fungi that
is Aspergillus niger, Penicilium chrysogenum, Fusarium moniliforme,
Aspergillus flavus by poison plate method using potato dextrose agar
medium at fixed (1%) concentration. Ligand does not show fungal activity
but it’s complexes show better activity in Co(ll1) complex show higher
activity than other complexes. It suggests that the incorporation of metal
ion in the ligand results in increasing the antimicrobial activity. X-ray dif-
fraction data suggests monoclinic structure of. Co(l11) complexes. Where
Mn(11), Fe(I11) and Zn(I1) complexes show triclinic nature.
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INTRODUCTION flexibilities of these Schiff baseligandstowardsthe

transition metal ions. Hydrazones are characterized

Schiff base metal complexes have been studied by presence of NH-N = CH group in the molecul €.
extensively in coordination chemistry due to the Aroyl hydrazones have additional >C = O group,
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Such molecules show various properties like eluci-
dation of mechanism of enzymeinhibition by hydra-
zine derivatives?3. Metal complexes of Cu(ll) and
Co(ll) aroylhydrazone show anticancer activity.
Aroylhyrazone complexes aso act as anticonvul-
sant®, antimicrobial, antiviral™, antitumor and an-
tioxidant’®. However the structural and biological
property of transition metal complexesderived from
3-acetyl-4-hydrxy-1-methyl-2(H)quinol one have not
been explored well. Synthesis of aroylhydrazone
using quinolone as starting material is very new to
coordination chemistry. We are interested in 4-hy-
droxy-2-quinol one moiety because the involvement
of thesederivativesinvariousbiologicd fields. like
their use in medicina and drug field” with wide
range such as antitubercul osis, anti-infammatory!®,
molluscicidal, larvicidal®, antitumor, antidepresent,
antioxidant™, This aroused our interest in the syn-
thesis of the ligand that is (E)-4-Chloro-N’-(I-C4-
hydroxy-1-methyl-2-Oxo-1,2- dihytroguinoin-3-yl)
ethylidene) benzo hydrazide using 3-acetyl-4-hy-
droxy-2(1H)-quinolone asastarting material and its
Mn(Il), Fe(ll1), Co(l11), Ni(ll), Cu(ll), and Zn(I1)
metal complexes. The importance towards biol ogi-
cal properties of quinolones and aroyl hydrazones
has promoted usto search for new ligand, with prob-
able enhanced activity of thiswork is to prepare a
new ligand by the condensation of these two spe-
ciesand their transition metal complexesin view of
determination of their structure and biological ac-
tivities. Unfortunately most of Schiff basesashow a
tendency to beinvolved in variousequilibrium, like
tatumaricinterconversion hydrolysisor formation of
ionized species™

MATERIALSAND METHODS

All chemicalswere of analytical grade and used

Keto form of ligand

—=>  Full Paper

without purification. 3- acetyl 4-hydroxy-1- methyl-
.2(1H) -quinolone was prepared according to the
literature procedure?. All metal salts were pur-
chased from SD fine chemicals. Elemental anayses
(C,H,N,O,Cl) were performed on Perkin Elmer-
2400. IR spectra were recorded on FTIR Spectro-
photometer model RZX C Perkin Elmer intherange
(400-4000 cm?), *H NMR spectra were recorded
on Bruker Avance Il at 400 M, using teramethyl
silane as an internal standard. Electronic spectra
were recorded using Shimadzu-1800 spectropho-
tometer using DM SO asasolvent. The LC-M S spec-
trawere recorded on aWaters, Q-TOF Micro Mass
(LC-MS). P-XRD studies were carried out with a
Bruker AXS D8 Advance was recorded employing
Cu k= radition (A= 1.541 A°) in the range 0-60°.
Conductance were measured on Elico cm-180
Conductometer using 10M solution in DM SO.
Room temperature magnetic datawere collected on
a Guoys balance using mercury (1) tetrathiocynato
cobaltacetate (1) as a calibrant. Diamagnetic con-
tributions were estimated for each compound by us-
ing Pascal’s constants.

Synthesisof ligand

3-acetyl-4-hydroxy-1-methyl-2(1H)-quinolone
(2.17g, 0.01 mol) dissolved in warm methanol
(50mL) and 5-10mL glacia acetic acid was added
init. Tothissolution, 4-chlorobenzhydrazide (1.705g,
0.01 mol) was added. The mixturewas refluxed and
stirred for three hours on rotaheating mantal during
which awhite precipitet was formed. The reaction
mixture was then cooled to room temperature and
the solid compound formed wasfiltered. It wasthen
washed with methanol and dried under vacuum.

The product was recrystallized from mixture of
ethanol-DMF. (Yield 70%, M.p.-255°c)

Formation of the Schiff base hydrazone ligand

OH cl
I“‘J o OH

Enol form of ligand
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Formation of the investigated Schiff base hydrazone ligand and its proposed structure

represented by following reaction.

Onthebasisof elemental anadysis, IR, 'H-NMR
and mass spectrathe above structure have been pro-
posed for the synthesized ligand

Synthesis of metal complexes

To the hot solution of ligand in methanol (0.02
mol in 25mL), hot methanolic solution of metal salt
(0.01 mol in 25 mL) was added drop wise. To this
reaction mixture, 10% methanolic ammonia was
added to adjust the pH of solutionto 7.5t0 8.5. The
reaction mixture stirred for 3-5 hoursin warm con-
dition on magnetic stirrer to get complex in solid
form. The solid complex was filtered off, washed
several times with methanol and dried in vacuum
over CaCl,,. Incaseof cobalt complex, Co(ll)acetate
was used as a salt but due to air oxidation cobalt
complex existsin Co(lll) state!*>14,

RESULTSAND DISCUSSION

All complexes are coloured solids, stable for
air and heat. The complexes are insoluble in water,
ethanol, methanol, DCM but easily solublein polar
solvents DMF /DM SO.

The analytical datalike color, melting point, %
of el ements, magnetic momentsand conductanceare
presented in TABLE 1. The elemental analysis and
mass spectra of the complexes show 1:2 (metal :
ligand) stoichiometry for all the complexes.

Molar conductance and magnetic susceptibility
measur ements

Molar conductance measurements were per-
formed in DM SO (10°M) solutions at room tem-
perature. The molar conductance data indicate that
all the complexes are non electrolytic in nature.

Magnetic susceptibility of the powdered com-
plexes were carried out by using Guoy’s balance
method at room temperaturewith Hg[Co(SCN) ] as
a caibrant. The effective magnetic moment values
were calculated by using formula,

n, 283y, T) ¥”BM

where, x,,=molar susceptibility, T= absolute tem-
perature. The p . of metal ion were calculated after
calculating diamagnetic corrections using Pascal’s
constantg®.

TheMn(I1) complex hasamagnetic moment 5.85
BM indicating the presence of five unpaired elec-
trons in agreement with high spin octahedral com-

TABLE 1 : Physical, analytical data of ligand and its metal complexes

Compound  colour  M.P°c Mol.Wt. C% H% N%  Metal é‘_(ﬁf/?, oﬁﬁgggéx; .
HL White 255  369.8 (6621'_179; (j:gé) (ﬁ:;g)
(MnLy) Coffee >300 792.94 ?57760?; é%& égi) ?792462) 5.85 115
(FeLy) Black >300 796.64 (g;gg) (igg) (18;2) (;?g) 5.44 7.12
(CoL) Fi)er‘i‘jiﬁ‘ 5300  798.73 (2573:22) (j:g% &8;22) (;:g% Diamagnetic 4.23
(NiLy) Green  >300  798.49 (g;:gg) (j:gé) égzgg) (3:22) Diamagnetic 7.91
(CuLyp) Green >300 803.34 (gégi) (igz) égig) (ggi) 2.2 2.53
(ZnLy) Yellow >300 801.99 (gég) (2;1% (183% (;g;) Diamagnetic 6.0
Inorganic CHEMI[STRY CH——
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Mass of [Co(lll) L] complex

plex*®. The Fe(lll) complex shows magnetic mo-
ment 5.44 BM indicative of five unpaired electrons
in agreement with reported valuefor high spin octa-
hedral Fe(lll) complexi*™18, The Cu(ll) complex
shows magnetic moment 2.2 BM higher than spin
only value 1.73 BM. due to John Teller distortion
which confirms distorted octahedral geometry(129,
Co(I1l) complex was obtained due to air oxidation.
It shows diamagnetic character that having zero un-
paired electrons indicating it’s low spin octahedral
nature®®>4. Ni(Il) and Zn(I1) complexes show dia-
magnetic character indicating octahedral geometry.

Electronic absor ption spectra

The el ectronic absorption spectra of ligand and
its complexes were recorded in DMSO over the
range 200-800 nm. The el ectronic spectrum of ligand
exhibits two absorption transitions at 28011 and
33726 cm* assigned to the n-n* and n-n* transitions
of azomethine and 2-quinoloneg?Y. Electronic spec-
tra of complexes show transitions in the range of
26315-23866 cnmr dueto chargetransfer. Asregards
d-d transition, the band which can be ascribed to
such kind of intraction are well developed in Cu(ll)
complex at 15503 cmr¥?2, The type of d-d transi-
tions can not be identified due to charge transfer
band, Colour of all complexesis dominated by the
chargetransfer.

FT-IR spectrum

The FTIR spectrum of metal complexes was
compared with that of freeligand in order to inves-
tigate themode of chelation of metd ionswith ligand.

In FTIR spectrum of free ligand, some characteris-
tic bands at 3432, 3191, 1615, 1633, 1594, 971,
747cm™-OH -NH, amide >C=0, >C=0(quinolone),
>C=N(azomethine), -NH (out of plane stretching),
and (N-N) stretching respectively are observed. In
all complexesthe ligand behaves asa ONO triden-
tateviathe>C=0 (quinolone), >C=N (azomethine)
and >C=0 (amide) groups. This fact is supported
by thefollowing evidences. system of theligandi?23,
In al complexesthereis presence of aband in the
region 3355-3432 cm due to OH indicating 4-hy-
droxy group of quinolone does not take part in coor-
dination. Shift to lower frequency of carbonyl group
of quinolone by 27-38 cm and absence of amide
frequency in all complexes indicates participation
of 2-quinolone and amide carbonyl in coordination
with meta ion.. Theshift of azomethine >C=N group
to lower frequency region by 17-56 cnriwith respect
to free ligand, indicates that the nitrogen of the
azomethine group coordinate to the metal ion?,
whichisfurther supported by observation of red shift
inthev (N-N) stretching frequency from 971 cmr to
990 cm ¥ jn complexes. The band at 749 cm* due
to NH out of plane adjacent to amide carbonyl in
complex shift to higher frequency by 6-10 cm,this
may be due to its presence in chelate system rather
than the open. In Zn(I1) and Mn(I1) complexes ab-
sence of NH stretching frequency dueto enolization
of NH is further confirmed by mass and *H NMR
spectra of these complexes. The IR spectra of the
metal complexes showed new band in the 432-525
cnmrt and 539-679 cm? region, which can be assigned
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IH NMR spectrum of Zn(I1) complex

tov (M-N) and v (M-O) vibration respectively.
M ass spectra of the complexes

Mass spectrum of the ligand supports its pro-
posed formulation. It revea sthe molecular ion peak
m/z at 369 am.u., consistent with the molecular
weight of theligand. Also their ispresenceof [M+2],
[M+1], a m/z 371.1, 370.1indicating presence of
chlorineatomintheligand. Base peak appearsat m/
z 368 am.u. duetolossof enolic OH proton by form-
ing stableion. The mass spectraof the complexes of
Mn(l1), Fe(l1T), Co(l11) and Zn(l1) support their pro-
posed structure. All complexes show [M*] molecu-
lar ion peak at m/z 792.94, 796.19, 799.1, 801 re-
spectively which exactly match with their calculated
masses. In all of these complexes 100% abundance
base peak has been shown with loss of two enolic
protonsand two NH protons. This also supportsthe
non participation of OH group in the coordination
with metal ion. However, In case of Mn(I1) and Zn(Il)
complexes, M* ion peak appear at m/z 792.94 and
801.99, respectively which are less by two mass
units, than their molecular weights. Thisis because
of theloss of two protons by enolization of NH pro-

tonswith adjacent amide carbonyl. Observed masses
of ligand and complexes exactly match with their
calculated masses.

H-NMR spectra of ligand and metal complexes

'H- NMR Spectra of ligand was recorded in
DMSO0. It showssignalsat 3.58 ] ppm.(t,3H,N-CH,),
2.8 ppm. (s,3H, N=C-CH,), 7.19-8.17 ppm. (m, 8H,
H, ., 11.54 ppm. (s,1H, N-H), 16.85 [J
(S’lH’OHenolic)

H-NMR spectrum of Zn(Il) complex as arep-
resentative example is discussed below. It shows
signals at 3.52 [1 ppm. (t,3H,N-CH,), 2.64 (] ppm.
(s,3H, N=C-CH,), 7.12-8.25 [ ppm.. (m,8H,H__ ),
16.32[1ppm. (s,1H,0H_ . . Thepeak of NH at 11.54
1(s,2H, N-H) disappearsin the complex indicating
the enolization of NH proton with amide carbonyl.
A singlet at (16.32) (1 ppm. has been assigned to
free OH proton, which shiftsdlightly to lower [T ppm.
inthe spectrum of Zn(11) complex. Thisindicate non
involvement of OH in coordination. Other downfield
signalsat 2.64 [ ppm. (s,3H, N=C-CH,) and 3.521
ppm. (t, 3H N-CH3) indicate the coordination of
azomethine nitrogen and carbonyl of quinolone. Their

Inorganic CHEMISTRY
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M=Fe(111), Co(l11), Ni(ll), Cu(ll). (Keto form of ligand)

isalso small downfield shift in aromatic proton(?®.
All above evidences indicates that these com-
plexes have structures as follows

X-ray diffraction study

The X-ray diffractogram, of a representative
complexes of Mn(ll), Fe(l11),Co(lll), Zn(I1) metals
were scanned in therange 0-60° at wavelength 1.54
A° The X-ray diffraction pattern of the complex with
respect to major peaks having relative intensity
greater than 10% have been indexed by using com-
puter program?7, The aboveindexing program gives
hkl planes, unit cell parameters and volume of the
unit cell. Thediffractogram and associated datagives
20 values for each peak, relative intensity and inter
planer spacing (d-values). The diffractogram of
Mn(11) complex shows 10 reflectionswith maximum
at 26(8.992) corresponding to d value 9.8264 A°,
cell volume=1523.584 A°3. The unit cell of Mn(1l)
complex yieldsvaluesof |attice constants, a=21.215
A°, b=8.86 A°, c=8.75A° and angle a=90°,
B=112.125°, y=86.5° Mn(Il) complex exhibits the
condition a=b=c and o=~p~y=90° ° which indicates
that Mn(ll) complex is of triclinic lattice type. The
diffractogram of Fe(Ill) complex shows 14 reflec-
tionswithmaximaat 26(9.173°) correspondingtod
value 9.632A°. The unit cell of Fe(lll) complex
yields values of lattice parameters a= 20.125, b =
9.0,c=86A°and a=91.12 A° B = 107.7 A° y=93
A° and unit cell volumeV =1480.87 A°3. In accor-
dance with these cell parameters of Fe(l11) complex
the condition a#b=c and 0~B-y=90° issatisfied that
the complex was triclinic lattice type. The
diffractogram of Co(lll) complex shows 10 reflec-

—=>  Full Paper

cl

M=Mn(Il), Zn(I1), (enol form of ligand)

tions with maximaat 26(8.269) corresponding to d
value 10.684 A° and cell volume = 1804 A°3 ob-
served values for lattice constants a=22.123
A°,b=9.75, c=8.75 A° and a =90°, B =107°,y= 90°,
Co (I11) the report satisfies the condition a=b=c and
a=y=90°, B+90 indicative monoclinic lattice type.
The diffractogram of Zn(ll) complex shows 11 re-
flectionswith maximaat 20(13.292) corresponding
to d value 6.6559 A° and V=1556.217 A°3. The ob-
served value of lattice constants,a=23.65, b=8.65,
c=8.0 and a=91°, =108°, y=90°. Satisfiesthe con-
dition azb=c and a=p~y=90° which indicate thetri-
cliniclatticetype of the complex. X-rays study indi-
cates that Co(l11) complexes are monoclinic lattice
type and Mn(ll), Fe(lI1), Zn(I1) complexes are tri-
clinic lattice type.

Biological activity
Invitroantibacterial activity of thecompounds

The antibacterial activity of ligand and its metal
complexes have been studied by theagar cup method
using DM SO as a solvent against bacterial strains
Escherishia coli, Salmonella typhi as Gram-nega-
tive bacteria and Saphylococcus aureus, Bacillus
subtilis as Gram-negative bacteria.

The antibiotic penicillium was used as standard
reference. The tested compoundswere dissolved in
DM SO which have no inhibition activity. All syn-
thesized compounds were tested at fixed 1% con-
centrationin DM SO. Thetest was performed on nu-
trient agar Cup of 10 mm diameter were borered in
the agar plate with stirile cork borer. All solutions
were prepared in DM SO(1%) was add on cup, One
cup for DM SO as blank and other for standard ref-
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X-ray diffractogram of Mn(ll) complex

TABLE 2 : Report for Antibacterial testing

Medium - Nutrient

Agar Method- Agar cup method

Dose of compound - 1%

cup size- 10 mm

compound Escherishia coli Salmonella typhi Stapylococcus aureus Bacillus subtilis

Ligand(L) -- 12 mm 12 mm
(MnL,) 16 mm 28 mm
(FeLy) 15 mm 14 mm
(CoLy) 15 mm
(NiLy) 12 mm 13 mm
(ZnLy) 18mm 20 mm

Penicillium 14 mm 20 mm 36 mm 28 mm

erence penicillium was also placed on the seeded
nutrient agar. Then the plates were shifted to incu-
bator at 37°c and incubated for 24 hours. Activity
measured in diameter (mm). The results obtained
are presented in TABLE 2

Inspection of the datarevealed that all complexes
and ligand lack the activity towardsthe Gram-nega-
tive bacteriaE. coli and S. typhi. On the other hand,
ligand and complexes shows activity against Gram-
positive bacteria S. aureus and B. substilius. Activ-
ity of Mn(ll) complex ishighest for B. subtiliswhich
isequal tothat of standard. Zn(I1) complex aso show
better activity against S. aureus. All other complexes
show higher activity than ligand against S. aureus
and B. subtilis which follows the order Mn(I1)>
Zn(1l), Fe(111), Ni(11), Co(l11).

Invitro antifungal activity of the compounds

Antifungal activity of ligand and complexeswere
tested invitro against fungi that is Aspergillusniger,

Penicillum chrysoganum, Fusarium Moniliforme
and Aspergillus flavus by poison plate method us-
ing potato dextrose agar medium at fixed 1%
concentrationin DM SO.

Gresiofulvin was prepared as standard reference
plate. Thefungal suspensionwas spot inoculated on
the plates prepared using compound with nicrome
wire loop. The plates were incubated at room tem-
peraturefor 48 hours?®. Theresult obtained are pre-
sented in TABLE 3. The ligand show moderate ac-
tivity against F. moniliforme but antifungal activity
not observed against three fungi. Ligand does not
show antifungal activity but it’s complexes shows
appreciable activity. Antifungal activity of com-
plexesincreased several timeson being coordinated
with metal ions. Co(I1l) complex shows more than
90% reduction of fungal growth for al fungi. Mn(I1)
complexes al so show more than 90% fungal growth
reduction for F. moniliforme. All other complexes

Inorganic CHEMISTRY
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TABLE 3 : Report for antifungal testing

Compound Aspergillus niger Penicillium chrysoganum Fusarium Moniliforme Aspergillus flavus
Ligand +ve +ve RG +ve
(MnLy) +ve RG -ve RG
(FeLy) RG +ve RG RG
(CoLy) -ve -ve -ve RG
(NiLy) RG RG RG +ve
(ZnLy) +ve RG RG +ve

Grisefulvin -ve -ve -ve -ve

Legends- + ve - growth -(antifungal activity absent); -ve - No growth (more than 90 % reduction in growth antifungal activity

present); RG - reduced growth

shows more than 50% reduction in fungal growth
for al fungus.

CONCLUSION

In the light of above discussion we have pro-
posed octahedral geometry for all the complexes.
On the basis of physicochemical and spectral data
discussed above, one can assumethat theligand be-
havesas, ONO tridentate, coordinating viaquinolone
carbonyl, azomethine nitrogen and amide oxygenin
al the complexes. In Mn(I)and Zn(I1) complexes
enolization of -NH proton with amide nitrogenitis
proved by NM R and mass spectral datain complexes
ligand act as monobasic tridentate. The XRD study
suggests monoclinic lattice type for Co(lll) com-
plexes and triclinic lattice type for Mn(ll), Fe(ll)
and Zn(ll) complexes. The complexes are biologi-
cally activeand are having greater activity compared
tofreeligand.
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