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ABSTRACT

The mixed ligand complexes of the type [M(L)(L)Cl,] , where M = Co(I1), Ni(l1), Cu(ll), Zn(11), Cd(11) and Hg(l1), L
= primary ligand derived from reaction between benzofuran-2-carbohydrazide and 3, 4, 5-trimethoxybenzal dehyde
(TMeOBFC) and L' = secondary ligand, malonyldihydrazide (mdhz) have been synthesized. The structures of the
complexes have been proposed in the light of analytical data, IR, UV-Vis, *H NMR, DART-MS, ESR spectra, and
magnetic studies. The antibacterial and antifungal activities of the ligands and their metal complexes have been
screened against bacteria E. coli and S. aureus and fungi A. niger and A. flavus.
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INTRODUCTION

Schiff base ligands are of significant interest oy for their pharmacological properties as aatilrial,
antifungal, and anticancer agents [1, 2], but &sdheir capacity for chemical recognition of amsoand metals of
biochemical and environmental importance [3, 4]hiBchase complexes of transition metals are oftipalar
interest to inorganic chemists because their straktspectral, and chemical properties are oftemgly dependent
on the nature of the ligand structure [5 — 8]. Eberdination chemistry of transition metal compkexéth mixed
ligands are of current interest because they camige new materials with useful properties suchnmegnetic
exchange[9, 10], electrical conductivity [11], pbloiminescence [12]nonlinear optical property [13], and
antimicrobial activity [14]. The biological imporiae of mixed ligand complexes is that they are sones more
effective than the free ligands [15]. Mixed-ligaodmplexes containing nitrogen and oxygen donorsrapertant
owing to their antifungal, antibacterial, and aaticer activities [16].

The aim of the present work is to synthesize aratatierize the Co(ll), Ni(ll), Cu(ll), Zn(ll), Cdl and Hg(ll)
mixed ligand metal complexes with primary ligandridged from benzofuran-2-carbohydrazide and 3, 4, 5-
trimethoxybenzaldehyde (TMeOBFC) and secondaryntigas malonyldihydrazide (mdhz). The Schiff basd an
their metal complexes were screened for their antéyial and antifungal activities.
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MATERIALSAND METHODS

Experimental

All the chemicals used were of analytical reagerstdg (AR) and of highest purity available. Benzafu@-
carbohydrazide and malonyldihydrazide were syn#ieelsaccording to the literature procedures [17, TBg metal
and chloride contents were determined as per Vegetcedure [19]. Carbon, Hydrogen and Nitrogeryaisawere
carried out micro analytically on a Perkin EImer0O24model at the Central Drug Research Institute RGD
Lucknow. The IR spectra of the Schiff's base arartmixed ligand complexes were recorded in KBigislin the
region 4000-350 cthon a Perkin Elmer 783 FT-IR spectrophotometer. @leetronic spectra of the Co(ll), Ni(ll)
and Cu(ll) complexes were recorded on an Elico-84-8louble beam UV-visible spectrophotometer inrtdmge
200-1100 nm in DMF (1&M) solution. The'H NMR spectra were recorded in DMS@-@h a Bruker 300 MHz
spectrophotometer using TMS as an internal standdrd ESR spectrum of the Cu(ll) complex in polgtajline
state was recorded on a Varian-E-4X band EPR sg@wttometer using TCNE as ‘g’ marker (g=2.0027 7oam
temperature. DART-mass spectra were recorded deCh.-AccuTOF JMS-T100LC Mass spectrometer having a
DART (Direct Analysis in Real Time) source. Dry liieh was used with 4 LPM flow rate for ionization380°C,

the orifice 1 set at 28 V. Molar conductivity meemmaents were recorded on a Elico CM-180 condugthsitdge in
DMF (10° M) solution using a dip-type conductivity cell & with a platinum electrode and the magnetic
susceptibility measurements were made at room tenpe on a Gouy balance using Hg[Co(NgS)s the
calibrant.

Synthesis of (E)-N'-(3, 4, 5-trimethoxybenzylidene)benzofur an-2-car bohydrazide [TM eOBFC]

A solution of benzofuran-2-carbohydrazide (1.76 GgQ1 mol) in ethanol (25 mL) was added to 3, 4, 5-
trimethoxybenzaldehyde (1.96 g, 0.01 mol) in etthgd0 mL). The reaction mixture was refluxed on atev bath
for 4-5 h. The Schiff base separated on partialoreahof the solvent and cooling to room temperataselight
yellowish crystalline solid, which was filtered, sfeed with ethanol and recrystallised from ethambe synthesis
of Schiff base is shown in Scheme-1.
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Scheme-1. Synthesis of Schiff base [TMeOBFC]
CioH1505N; [ TMeOBFC]: Mol. Wt = 354, mp = 233 °C, Yield = 72 %
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Synthesis of Metal(I11) Mixed Ligand Complexes

An ethanolic solution (20 mL, 0.01 mol) of the appmriate metal chloride, Mgl (M = Co, 2.378 g; M = Ni, 2.377
g; M =Cu, 1.705 g; M = Zn, 1.363 g; M = Cd, 2.04;3M = Hg, 2.715 g) was added to an ethanolic smhu30
mL) of the Schiff base, primary ligand [TMeOBFC]%8 g, 0.01 mol). An ethanolic solution (20 mL, Dsol) of
the secondary ligand malonyldihydrazide (1.32 g3 wdded to the previous solution and the reactiotune was
refluxed for about 3 h on a water bath and thereags alcoholic solution of sodium acetate was addeithe
mixture to adjust the pH 6 to 7 and further refldifer about an hour. The complexes precipitateceviiéiered and
washed with distilled water, then with alcohol dimdlly dried in vacuum over fused calcium chlorig¢eld = 56 —
62 %).

Biological activities

The Schiff base ligand and its Co(ll), Ni(ll), Ch(1zn(ll), Cd(Il) and Hg(ll) complexes have bestudied for their
antibacterial and antifungal activities by agafiudifon method respectively in DMF solvent agaigstherichia coli
and Staphylococcus aureus bacterial species using agar nutrient as the mediuingentamycin as the standard drug
and againsiAspergillus niger and Aspergillus flavus fungi species using potato dextrose agar as theumednd
fluconazole as the standard drug [20, 21]. Theksgmution (10 mg / 10 mL) was prepared by dissajvihe
compounds in DMF. A circular well was made at teater of each petri dish with a sterilized steekboThen, 0.1
mL of each test solution was added to the wellgisimicropipette and the plate was incubated, &3 bacteria
and 48 h for fungi at 37C and the diameter of inhibition zone were noted.

Table-1 Elemental analysis, molar conductance and magnetic susceptibility data for Schiff base [TMeOBFC] and their mixed ligand
metal complexes

Molecular formula of Mol. weight C% H% N% M% Cl% Ay et
Schiff base / Complexes ) found | calcd| found| caled found calgd foupd caled nfbd calcd M (BM)
CioH1805N; h

TMeOBEC (L) 354 64.21| 64.41 482 508 7.7p 7.91
[Co(L)(L)Cl) 616.3: 42.62 | 42.87 | 4.0z | 4.2% | 13.3¢ | 13.64 | 9.2¢ | 9.5€ | 11.21 | 11.5( | 18.2¢ | 4.8¢
[Ni(L)(L)C,] 616.07 42.65| 42.89 4.01 425 1336 13|64 9p1 39511.23| 1151 16.27 299
[Cu(L)(L)Cly 620.93 42.23] 4254 3.92 4.2p 1321 1353 10.02.23p 11.18| 1142 1228 1.79
[Zn(L)(L)CI;] 622.77 42.21) 42.43  3.89 420 13.18 1349 10.23.5(1p 11.13| 11.39 21.5% -
[Cd(L)(L)CI] 669.79 39.23| 3945 3.7 391 1223 1255 1645.786 10.23| 1059 19.17
[Hg(L)(L)CI] 757.97 34.69| 34.86 3.21 34p 10.82 11/09 26.21 .46 9.08 9.35| 20.34

* Molar conductance valuesin ohm’*cnémole™.
RESULTSAND DISCUSSION

The analytical data shows that all of the complekase 1:1:1(metal : primary ligand : secondary didja
stoichiometry (Table-1). The molar conductance esl(12.23 — 21.55 ohifarm’mole™) are too low to account for
any dissociation of the complexes in DMF, indicgtinon-electrolytic nature of the complexes [22]] &le
complexes are light in color, stable and non-hygopg in nature and possess high melting pointg. ddmplexes
are insoluble in common organic solvents but s@ubIDMF and DMSO.

Magnetic Properties

Magnetic susceptibility measurements at room teatpeg exhibit paramagnetism for Co(ll), Ni(ll) a@u(Il)
complexes and 44 values are listed in Table-1. Cobalt(ll) complekesin octahedral field are orbitally degenerate
which causes an orbital angular momentum contibutd the magnetic moment and the experimental etagn
moment values lie between spin-onigs = [4S (S + 1)J?= 3.88 BM andus, = [4S (S + 1) + L (L + 1}f*=5.2
BM values. The obtained magnetic momang) value for the complex is 4.88 BM lying in the ganbetweemnso
and g, indicatingan octahedral geometry around Cobalt(ll) [23, Z4le Ni(ll) complex shows magnetic moment
value of 2.99 BM indicating an octahedral environtn@ound Ni(ll) ion [25, 26]. The observed magoetioment
for the Cu(ll) complex is 1.79 BM suggesting a dittd octahedral geometry for Cu(ll) complex [27].

Electronic spectra

The electronic spectra of the Co(ll), Ni(ll) and (@Qucomplexes were recorded for freshly preparetlitton in
DMF(10° M) at room temperature and their data are prodirdchble-2. The electronic spectra of Co(ll) comple
show two bands at 15923 and 19894'cifhese two bands are assignabl&Tig (F) — A, (F) (v2) and*T4 (F) —
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4ng (P) () transitions respectively in an octahedral envinent [28]. Thev; bandwascalculated using an equation
suggested by Underhill and Billing [29].

The Ni(ll) complex exhibit two bands at 15223 ar221 cn assignable t8A,, (F) — *Ti4 (F) (v) andA,g (F)
— 3Tlg (P) (v3) transitions respectively in an octahedral envinent. The lowest bang could not be observed due
to limited range of the instrument used. Howeuds calculated by using band fitting procedure][29

The Cu(ll) complex exhibit a single broad asymneeband in the region 13056 — 17535 trithe broadness of the
band indicates that the expected three transitBps— *A1q (v1), “B1g— “Bag (v2) and’Byg— °E, (vs) are similar in
energy and give rise to only one broad band. Tladress of the band may be due to dynamic Jahriler Te
distortion. All of these data suggest a distortethlbedral geometry around Cu(ll).

The octahedral geometry [30] for Co(ll), Ni(ll) ar@u(ll) mixed ligand complexes is further supported the
values of ligand field parameters such as Racadr-glectronic repulsion parameter)(Bigand field splitting
energy (10 Dq), covalency factop)(and ligand field stabilization energy (LFSE) [3The B values for the
complexes were lower than free ion values, whiclarisindication of orbital overlap and delocalizatiof d —
orbitals. Thep values obtained are less than unity suggestingnaiderable amount of covalent character for the
metal — ligand bonds. Thevalue for Ni(ll) complex is less than the Co(Ihraplex, indicating more covalency of
M — L bond [32].

Table-2 Electronic spectral bands and ligand field parameters of the Co(l 1), Ni(I1) and Cu(l1) complexesin DMF (10°M) solution.

Complexes Vl’ransmvonsm er Dq (cmY) | B' (cm) B B% | va/vi | LFSE (k.cal)
1 2 3

[Co(L)(L)CIy] | 7447 | 15927 | 1989« 851 90€ 0.937 | 6.69¢ | 2.14¢ 14.58¢

[Ni(OQ(C)Cl] | 9250 | 15223] 26221 925 912 | 0.877 12.308 1.646 al.71

[Cu(L)(L)Cl 13056 - 17535 1530 - - - - 26.228

2 calculated values

IR spectra

Due to the complex nature of the IR spectra ofrtiireed ligand metal complexes with varying interesitit is very
difficult to assign all the bands, attempts, howeveve been made to assign some of the imporianational
stretching bands on the basis of the reports aleila the literature.

The Schiff base TMeOBFC shows medium broad band48 cn and at 3216 cthdue tov (NH) stretch of
hydrazine residue. These bands are assignegd tpandvs,, stretching vibrations of secondary amide. Theselba
shift to higher wave numbers by about 8-16'amthe complexes, this shows clearly that the imwivement of
‘N’ of NH group in bonding with metal ions [33]. Ehstrong intensity bands appearing at 1693 and at 1626
cm® are assigned te (C=0) andv (C=N) stretching vibrations respectively in frégahd. These bands shift to
lower wave numbers by about 27-567tin the spectra of metal complexes indicating thggnd coordinate to
metal ion through oxygen of C=0 group and nitrogerN=CH- group [34, 35]. The band observed at 1681 is
assigned to (N-N) stretch of hydrazine residue, this bandtshié higher wave numbers by about 10-16'émthe
metal complexes, confirming the bonding through ohthe nitrogen atom of hydrazine moiety [36].

The secondary ligand malonyldihydrazide shows a gabands corresponding to(NH,) at 3306 and 3295 ¢
[37]. These bands are assignedvigm and vsym stretching vibrations of primary amine and shitd lower
wavenumber side in all the metal complexes, indigathe involvement of nitrogen of primary aminekanding
with metal ion

Metal-ligand vibrations are generally observedhe far-IR region and usually give valuable inforimatregarding
the bonding of ligands to metal ions. However, tigand new bands appeariiy the region 530-518 chmand
460-411 cnt were assigned te (M-O) andv (M-N) stretching vibrations [38 — 40]. The wealkensity bands
appearing in the region 390-362 tiare assigned to(M-Cl) stretching vibrations.

'H NMR spectra
'H NMR spectra of [TMeOBFC] and their Zn(Il) and @)icomplexes were recorded in DMSQ-d
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The signal ab (12.13) (s, 1H) is assigned to amide proton (-CONithd the signal &t (8.44) (s, 1H) is assigned to
azomethine proton (-N=CH-) in [TMeOBFC]. The sighdue to (-CONH-) are shifted to downfield in tipestra
of Zn(Il) 6 (12.56) (s, 1H) and Cd(I§ (12.47) (s, 1H) complexes, indicating coordinatafroxygen of —-CONH-
with metal ions. The azomethine protons shifts dielah in the spectrad (8.65, 8.71) (s, 1H) supporting
coordination of ‘N’ of the -N=CH- group with the taé ions. The aromatic protons at(6.94 — 7.83) shift
downfield in the complexes. The signalsgB3.29) (s, 3H, -OCH), 6 (3.67) (s, 3H, -OCE) ands (3.91) (s, 3H, -
OCH,) are due to the protons of three -OC#toups present on the phenyl ring. THts NMR observations
supplement the assigned geometry.

M ass spectra

The DART-mass spectrum of the Schiff's base [TMeGBRas showed a molecular ion peak at m/z 355, lwisic
one mass unit more than that of the molecular weajhthe Schiff's base. The DART-mass spectrum raf t
[Ni(L)(L )Cl,] showed a molecular ion peak at m/z 616 whichame as that of the molecular weight of the
complex. Thus Mass studies support the proposeghasition.

ESR spectrum of Cu(ll) complex

The ESR spectra of Copper(ll) complex in a polyise state has been recorded at room temperatheeg and

gr values have been found to be 2.286 and 2.059 ridgglgc The g, was calculated to be 2.138. The spectra have
asymmetric bands withyg> g. > 2.00277 (TCNE) observed, indicating the unpagkttrons lie predominantly in
the d. _,, orbital with possibly mixing of g because of low symmetry [41]. Appreciable differeetween the|g
and g values indicates a high degree of Jahn-Telleodish around Copper(ll). The axial symmetry partane
‘G’ is determined as G = (g 2.00277) / (g- 2.00277) = 4.962 is found to be more than 4 [42].

Antibacterial and antifungal activities

The investigated compounds were tested for theivigcagainst two bacteri&. coli andS. aureus and against two
fungi A. niger andA. flavus by agar diffusion method. The results were summedrin Table-3 along with standards.
A comparative study of the ligands and their comgdeindicates that complexes exhibit higher antioti@l
activity than the free ligands [43, 4#rom the Table-3 and figs 1 and 2, it is clear @afll), Cu(ll) and Cd(Il)
complexes are found to be more potent than othastigated complexes. A marked enhancement ofigctiras
exhibited in all the complexes against all the baat / fungal strains. It was evident from the ad#hhat the
antimicrobial activity of all the compounds wasrea&sed on coordination. Increased activity on neelation can
be explained on the basis of chelation theory. fHutors capable of increasing lipophilic nature expected to
enhance the antimicrobial property. While chelatismot the only criterion for antimicrobial actiyj it is an
intricate blend of several contributions such asrhture of the metal ion and the ligand, the gegnud the metal
complex, the lipophilicity, the steric, and the phacokinetic factors [45].

Table-3 Antimicrobial activity of the ligandsand their mixed ligand metal complexes.

Zone of inhibition in mm
Schiff base / Complexes Bacteria Fungi
E.coli | S aureus | A niger | A flavus
TMeOBFC (L) 11 12 14 16
mdhz (L) 13 15 16 15
[Co(L)(L)Cl] 18 19 19 21
[Ni(L)(L )Cl] 14 15 17 16
[Cu(L)(L)Cl] 18 20 20 21
[Zn(L)(L)Cl,] 15 16 16 17
[Cd(L)(L)Cl)] 19 18 19 20
[Hg(L)(L)Cl] 16 17 15 16
Gentamycine 20 22 -- -
Fluconazole -- - 22 23
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Figure-1. Antibacterial results of Schiff base[TMeOBFC] (L), malonyldihydrazide (L"), mixed ligand metal (11) complexes and
Gentamycin (Std) at 1 mg/mL concentration.
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Figure-2. Antifungal results of Schiff base [TMeOBFC] (L), malonyldihydrazide (L"), mixed ligand metal (1) complexesand Fluconazole
(Std) at 1 mg/ mL concentration
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CONCLUSION

In this paper, we report new mixed ligand complesithe type [M(L)(L)Cl;], where M = Co(ll), Ni(ll), Cu(ll),
Zn(l1), Cd(ll) and Hg(ll), L = primary ligand (TMeBFC) and L= secondary ligand (mdhz) were synthesized. The
Schiff base TMeOBFC acts as neutral bidentate by cooidg#trough azomethine ‘N’ and ‘O’ of —CONH- group
to the metal ions, whereas mdhz coordinate thraagino groups. Based on analytical data and specpas
studies we propose octahedral structures (Fig-3llltthe complexes. Biological activity results sisothat metal
complexes are more active compared to parent Igyand

b

H
(@) C/ \ =(|:
|| / OCH,
Q
\
c—M—cl ocH,
NH, HzN OCH,
HN NH
N/
O/C\ﬁ/ \O
2

Where M= Co(Il), Ni(11), Cu(I1), Zn(I1), Cd(l1) or Hg(l1)
Figure-3. Suggested structuresof Co(l1), Ni(l1), Cu(ll), Zn(11), Cd(I1) or Hg(l1) complexes
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