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ABSTRACT

Five coordination compounds of Cu(ll), Ni(ll), Co(lIl), Mn (1) & Fe(lI1l) with bidentate ligand derived from
3-acetyl-6-methyl-2H-pyran-2,4(3H)-dione (dehydroacetic acid) & 4- isopropyl benzaldehyde, were synthesized &
characterized by elemental analysis, TGA-DTA analysis, magnetic susceptibility, UV-visible, IR, *H-NMR
spectroscopy, Mass & antimicrobial activity. From the analytical & spectral data, the stoichiometry of these
coordination compounds was found to be 1:2 (metal: ligand). The physic-chemical data propose a distorted
octahedral and octahedral geometry for the Cu (I1) and all the other complexes respectively. The thermal analysis of
all the prepared coordination compounds was studied by the TG-DTA method. The synthesized ligand and its
coordination compounds were evaluated for their in vitro antimicrobial activity against Gram-negative (Shigella
boydii) and Gram-positive (Bacillus Cereus) bacterial strains and against Saccharomyces Cerevisiae and Penicillium
notatum antifungal strains. It is observed that some of the coordination compounds are antimicrobial active & show
higher potency than the sole ligand. Complex formation changes significantly the antibacterial as well as antifungal/
bioactive behavior of the sole ligands.
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1. INTRODUCTION

In recent times, numerous B-dicarbonyl compounds in which the carbonyl functions bonded to olefinic
linkages have gained considerable importance (Krishanankutty, 2003) mainly because of such unsaturated R-
dicarbonyl compounds & corresponding coordination compounds possess interesting biochemical properties such as
antitumor, antioxidant, antifungal & antimicrobial activities (John, 2002; Oyedapo, 2004; Anto, 1995).

One of the oxygen heterocyclic compounds 3-acetyl-6-methyl-2H-pyran-2, 4(3H)-dione (DHA) was
reported to be an excellent chelating agent & to possess promising fungicidal, bactericidal, herbicidal & insecticidal
activities (Rao, 1980; Rao, 1978; Schleiffenbaum, 1992; Stanley, 1996). In addition, DHA is resourceful moiety for
the preparation of various bioactive heterocyclic compounds (Levai, 2006). A search of the literature revealed that
no work has been done on d-block metal coordination compounds of the chalcones derived from 4-
isopropylbenzaldehyde and dehydroacetic acid (DHA). In this paper, we disclose the synthesis, characterisation,
properties, antibacterial and antifungal activity of transition metals [Cu (1I), Ni (11), Co (1), Mn (1) & Fe (11D)]
coordination compounds obtained from bidentate ligand (chalcone) containing a carbonyl group directly linked to
the a, B-unsaturated system derived from DHA & 4-isopropyl benzaldehyde.

2. EXPERIMENTAL

Material and Methods: DHA (purity = 99%) for synthesis was purchased from Merck, Germany & used as it is. 4-
isopropylbenzaldehyde of A.R. grade obtained from AVRA chemicals were used for the synthesis of the ligands.
A.R. grade hydrated metal chlorides from Thomas Baker were used for the synthesis of the chelates. The carbon,
hydrogen & nitrogen content in each sample were measured on a Perkin Elmer (2400) CHNS analyzer. The IR
spectra (KBr), between 4000-450 cm™ were recorded on a Perkin Elmer (C-75430) IR spectrometer. The *H-NMR
spectrum of the ligand was recorded in CDCLson Bruker instrument. The mass spectrum of the ligand was recorded
in Qc-01 DAD Mass-spectrometer, thermo gravimetric analysis (TGA-DTA) were realized on a METTLER-
TOLEDO-DB V13.00 instruments. The UV-VIS spectra of the chelates were recorded on a Shimadzu UV-2202
Spectrophotometer. Magnetic susceptibility measurements of the chelates were performed using a Gouy balance at
room temperature using Hg [Co (SCN)4] as the calibrant.

General procedure for the synthesis of the ligand (HL): A solution of 0.01 mol of dehydroacetic acid, 10 drops
of piperidine & 0.01 mole of 4-isopropyl benzaldelyde in 25 ml chloroform were refluxed for 8-10 hrs, 10 ml of the
chloroform-water azeotrope mixture way separated by distillation. Crystal of product separated on slow evaporation
of the remaining chloroform. The resulting precipitate was filtered, washed several times with ethanol &
recrystallized from chloroform (Patange, 2007; Munde, 2009).
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Figure.l. Synthesis of Ligand

General procedure for the synthesis of metal complexes: To a chloroform solution (30ml) of the ligand (2mmol),
methanolic solution (20ml) of metal chlorides was added with constant stirring. The PH of the reaction mixture was
maintained around 7.5 by adding 10% methanolic solution of ammonia. It was then refluxed for 2hr. the resulting
metal complex was filtered in hot condition & washed with ethyl acetate methanol, pet-ether & dried over calcium
chloride in vacuum desicator.

General procedure for the antimicrobial activity: The ligand and its metal complexes were screened for in vitro
antibacterial activity against Gram-positive i.e. Bacillus Cereus, Bacillus Megaterium and Gram-negative i.e.
Shigellaboydii and Escherichia Coli by the paper disc plate method (Thornberry, 1950). The compound were tested
at concentrations of 1.0 mg ml* in DMF (0.1ml) was placed on a paper disk (6mm in diameter) with the help of
micropipette and compared with a known antibiotic, viz. Ciprofloxacin at the same concentrations. To evaluate the
fungicidal activity of the ligands and the metal complexes, their effects on the growth of Saccharomyces Cerevisiae,
Aspergillus Oryzae and Penicillium notatum were studied. The ligand and their corresponding metal chelates in DMF
were screened in vitro by the disc diffusion method (Bauer, 1966). The ligands and complexes were dissolved
separately in DMF to obtain concentration of 500 ug disc-1. The linear growth of the fungus was recorded by
measuring the diameter of the colony after 96 hr. The diameters of the zone of inhibition produced by the complexes
were compared with Griseofulvin, an antifungal drug.

3. RESULTS AND DISCUSSION

The elemental analyses showed 1:2 (metal: ligand) stoichiometry for all the complexes (Fig.2). The
analytical data of the ligand and its metal complexes corresponded well with the general formula [ M(L)2(DMF)],
where M=Mn (1), Co(ll), Ni(ll), Cu (I1), and [M(L)2(DMF)(CL)], where M=Fe(lll), L=C1sH1804. The absence of
chlorine except in the Fe (111) complex was evident from the Vol-hard test. The complexes were coloured, stable in
air, insoluble in water and common solvents, except for DMF and DMSO. Since a single crystal of the complexes
could not be isolated from any common solvent, the possible structure was predicted based on analytical,
spectroscopic, magnetic and thermal data.

Figure.2. Proposed structure of complex, X=DMF when M=Mn (11), Co(l1),Cu(ll) and Ni(ll) and X=ClI

when M=Fe(l11)
Table.1. Physical Characterization and analytical data of ligand and its metal complexes
Ligand/ F.W. | M.P./decomp. Temp. | Yield Colour Found (Calcd.), %
complexes (°C) % M C H N
Ligand HL 298 141 55 Yellow - 7202 |6.06 |-
Ci18H1504 (72.47) | (6.08)
CsoHa1CIFENOg | 759 260 40 Golden 726 |60.99 |531 |1.80
(7.36) | (61.71) | (5.44) | (1.85)
Ci2H4sCuN20O19 804 242 42 Celadon 7.82 |6251 |595 |341
(7.90) | (62.71) | (6.01) | (3.48)
C42H18CoN2010 799 248 32 Orange 730 |6285 |[590 |341
(7.37) | (63.07) | (6.05) | (3.50)
Cs2HasMNnN2010 | 795 250 33 Brown 6.71 |62.80 |596 |3.50
(6.90) | (63.39) | (6.08) | (3.52)
C42H48NiN2010 799 256 60 Green 7.22 62.63 5.97 3.45
Yellow (7.34) | (63.09) | (6.05) | (3.50)
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'H NMR spectra of ligand: The *H NMR spectra of free ligand in CDCl3 at room temperature shows the following
signals. d 1.30 (d, 6H, -CH(CHs)2), 2.30 (s, 3H, -CH3), 2.96 (m, 1H, methylene ), 5.97 (s, 1H, C5-hydrogen of DHA
moiety), 7.29-7.66 (m, 4H, Ar-H), 8.01 (d, 1H, olefinic proton), 8.32 (d, 1H, olefinic proton) and 13.51 (s, 1H,
phenolic OH of DHA moiety).
Mass spectra of ligand: Mass spectral data confirmed the structure of the ligand (HL) as indicated by the peaks
corresponding to their molecular mass shown in (fig.3).

nama:

Figure.3. Mass spectra of ligand (HL)
FTIR spectra: The FTIR spectrum of free ligand shows characteristic bands at 3100, 1725, 1626, 1233-1211 cm™*
assignable to v(OH) of the intramolecular phenolic group of the dehydroacetic acid moiety, v(C=0) (lactone
carbonyl), v(C=0) (acetyl carbonyl) & v(C-O) (phenolic ) stretching mode, respectively (Ramarao, 1985; Carugo,
1990). In the IR spectra of all the metal chelates, no band was observed in the region of 3200-3000cm. Instead, in
its place, a broad band characteristic of v(OH) of coordination water was observed in the region 3570-3200cm™. The
absence of v(OH) (Phenolic) at 3100cm suggests subsequent deprotonation of the phenolic group and coordination
of phenolic oxygen to the metal ion. This was supported by an upward shift in v(C-O) (phenolic) (Rao, 2003) by 20-
40cm™. The v(C=0) (acetyl carbonyl) was shifted to lower energy with respect to the free ligand, suggesting the
participation of the acetyl carbonyl in the coordination (Ramarao, 1985; Carugo, 1990; Rao, 2003). The IR spectra
of all the compounds showed a prominent band at 1377 & 970cm?, typical of v(C-O-C) and trans ~CH=CH-
absorption. The presence of new bonds in the region 600-450cm™ can be assigned to v(M-O) vibration (Nakamot,
1970).

Hence, the ligands coordinated with the metal ions as monodeprotonated bi-dentate and the coordination
occurs via the acetyl & phenolic oxygen of dehydroacetic acid moiety, as shown in Fig.2.
Table.2. Characteristic IR frequencies (cm-1) of the ligand and its metal complexes

Compound v (OH) (dehydroacetic acid | v (C=0) | v(C=0) v (C-0) v(C=C) | v (M-
moiety) (lactone) (acetyl (phenolic) | (trans) 0)
carbonyl)

Ligand HL 3100(s) 1725 1626(m) 1714w 1645 1690

CisH1804

CagHa1CIFENQy | - 1648m) 1622w 1626 1621wy | 1619
488(s)

Ca2H4gCuN2Oyp | - 1645(w) 1619(s) 1264(s) 977(s) 560(w)
480(s)

Ca2H4sCoON2Oyg | - 1690(s) 1626(s) 1235(w) | 968(m) | 531(m)
476(w)

C42H48MnN201o - 1648(m) 1603(W) 1247(m) 1001(m) 585(m)
533(s)

Ca2HagNiN2O1g | - 476(m) 585(W) 533(5) 551(m) 531(5)

Magnetic moment and Ultra-violet-Visible analysis: The electronic spectra of all the complexes were recorded in
DMEF solution. The electronic spectrum of the Mn(11) complex exhibited three bands at 18345¢cm™ (¢ = 26 dm? mol-
tem™), 19763 cm-1 (e = 16 dm® molt cm™?) and 23154 cm (e = 28 dm® mol~t cm™?), which are assigned to °A;; —
T1g(G), BA1— *T2g(G) and ®Aig— *Tag, “E14(4G) transitions, respectively, indicating an octahedral configuration
around the Mn(ll) ion. The octahedral geometry of Mn(ll) was further confirmed by the value of the magnetic
moment (5.84 pg). Three electronic transitions were observed in the electronic spectrum of the Fe(lll) complex, at
14472 cm™ (e = 22 dm® mol* cm™?), 21322 cm™ (¢ = 26 dm® mol* cm™) and 24272 cm™ (¢ = 32 dm® mol* cm™?),
which are assigned to *A;g—*T14(G), SAig— “T2(G) and ®Aig— “E4(G), respectively, suggesting an octahedral
complex of Fe(lll), which was confirmed by the value of magnetic moment (5.93 pg) (Lever, 1968). The electronic
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spectra of the Co(ll) chelate exhibited three bands at 9487 cm™ (¢ = 17 dm® mol~ cm™), 18656 cm™ (¢ = 59 dm?3
mol* cm™) and 21551 cm™ (e = 98 dm® mol~ cm™?), which are allotted to *T1g(F)— “T24(F), “T14(F)— *Axg(F) and
“T1g(F)— “T14(P), respectively, indicating octahedral configuration around the Co(ll) ion. The magnetic moment of
the Co(ll) complex was 4.54 ug. The calculated spectral parameters v2/v1, 10Dq, B, p and the ligand field stabilizing
energy (LFSE) have the values 1.96, 9169 cm™, 783.1 cm?, 0.81 and 26.20 kcal mol™?, respectively, which are in
good accord with the reported values of an octahedral Co(ll) complex (Lever, 1968). The electronic spectra of the
Ni(1l) chelate exhibited three bands at 9345 cm (e = 34 dm® mol* cm™), 15698 cm™ (e = 67 dm® mol~* cm™) and
22471 cm™ (e = 188 dm® mol? cm™), which are allotted to 3Az— 3T2g(F), 3Azg—3T1g(F) and 2Azg—3T1g(P),
respectively. The ligand field parameters v2/v1, 10Dq, B, B and the LFSE have the values 1.68, 9345 cm™, 675.6
cm?, 0.65 and 26.69 kcal mol, respectively. These values, as well as the magnetic moment value (3.13 us), support
an octahedral geometry of the Ni(Il) complex (Lever, 1968). The spectra of the Cu(ll) chelate consisted of a broad
band at 14225 cm™ (¢ = 94 dm® mol cm™), assigned to the 2Eq— ?Toq transition of a distorted octahedral geometry
(Eichhorn, 1953). In addition to this band, the band observed at 25316 cm™ (e = 1143 dm® mol~ cm™) arises from
intra ligand charge transfer. The LFSE value of the Cu (I1) complex is 42.64 kcal mol. The obtained values of LFSE
determine the stability of the chelates and follows the order in terms of metal ions Cu (I>Ni(11)>Co(ll).
Thermal analysis: All chelates showed high thermal stability and decomposed above 250 °C, showing the absence
of any lattice or attached water molecules. The TG curve of Cu(ll) chelate showed the first decomposition step
between 180-320 °C with a mass loss of 39.92 % (calcd. 41.80 %), and the exothermic peak on the TGA-DTA curve
between 200-300 °C (ATmax = 280 °C) corresponds to the loss of two attached DMF molecules and the non-
coordinated element of the ligand. The second step of the decomposition occurred between 340—700 °C with a mass
loss of 42.0 % (calcd. 41.62 %) and a broad exotherm in DTA corresponds to the loss of the coordinated element of
the ligand. The final residue 15.08 % (calcd. 14.86 %) corresponds to CuO. The TG curve of the Mn(Il) complex
showed a rapid first step decomposition between 240-350 °C with 48 % mass loss (calcd. 48.14 %), associated with
an exothermic peak on the DTA curve (ATmax = 247.38 °C)), indicating the loss of two attached DMF molecules and
the non-coordinated element of the complex, i.e., the aromatic ring with a beta carbon (Patange, 2008). The complex
did not remain stable at higher temperatures and exhibited slow second step decomposition between 360-950 °C
with a mass loss of 42 % (calcd. 42.22 %). The broad endothermic peak for this step on the TGA-DTA curve
corresponds to the oxidative degradation of the coordinated part of the ligand. The decomposition was completed at
"950 °C leading to the formation of the stable metal oxide MnO (observed 10 %, calcd. 9.54 %). The TGA-DTA
study of the Fe (111) chelate shows stability up to 325 °C. The first step showed a rapid decomposition between 340—
400 °C with a 45 % mass loss (calcd. 45.3 %). A broad exotherm was observe in the DTA (ATmax = 366.1 °C). This
step may be ascribed to the removal of one coordinated DMF molecule, one chloride ion (may be oxidized as Cly)
and the non-coordinated element of the ligand. The complex continued slow decomposition with a mass loss of 44
% (calcd. 44.42 %) between 400-900°C. A broad endotherm was found for this step in the DTA. The mass of the
final residue match to the stable FeO (observed 11 %, calcd. 10.2 %). The Co (Il) complex decomposed in two
successive steps in between 300-850 °C. Two coordinated DMF molecules and the non-coordinated element of the
ligand were removed in the first step at 300—400 °C with a mass loss 47.5 % (calcd. 47.88 %). A broad exothermic
peak was observed between 200—400 °C (ATmax = 338.12 °C). The complex finally decomposed to CoO with the
loss of the coordinated element of the ligand (observed 42 %, calcd. 42 %) between 400-850 °C. The Ni (1) complex
also decomposed in two steps between 300-900 °C. The first step between 300—400 °C in the TG analysis
corresponded to the elimination of two attached DMF molecules and the non-coordinated element of the ligand with
a mass loss of 47.5 % (calcd. 47.89 %). A broad exotherm between 200400 °C was observed (ATmax = 332.51 °C).
The second step of the decomposition was found between 400—900 °C with a mass loss of 42.5 % (calcd. 42.01 %).
A broad exotherm in DTA could be assigned to the loss of the coordinated element of the ligand. The final weight
10 % (calcd. 9.99 %) corresponds to NiO.
Antimicrobial activity: The antibacterial and antifungal activity of ligand and metal chelates was tested in vitro
against bacteria such as Shigella Boydii, Bacillus Cereus, B. Megaterium and E. Coli by paper disc plate method
(Mane, 2001).The complexes were evaluated at the concentration 1mg/ml in DMF and compared with known
antibiotics viz Ciprofloxacin (Table.3). The results of the in vitro fungicidal activity of the compounds against
Saccharomyces Cerevisiae, Penicillium Natatum and Aspergillus Oryzae determined by the mycelia dry weight
method (Tan, 1984) with glucose nitrate media, are shown in Table.4, in which the results of the control are also
presented from table.3 and 4, it is clear that the inhibition by the metal complexes was higher than that of sole ligand
and results are in good accord with earlier reported literature (Patange, 2008 & 2011, Rao, 2003; Mane, 2001).
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Table.3. Antibacterial activity of HL and its metal complexes
Compounds Inhibition zone diameter (mm)
Shigella Boydii | Bacillus Cereus | Bacillus Megaterium | Escherichia Coli
Concentration, | Concentration, | Concentration, Concentration,
1mg/ ml 1mg/ ml 1mg/ ml 1mg/ ml
Ciprofloxacin | 30 54 36 32
Ligand HL 11 12 04 09
C18H1804
C39H41C|FGNOQ 20 14 08 15
C42H43CUN2010 12 16 08 21
C42H43C0N2010 26 18 06 17
Ca2HasMnN2O1o | 20 22 12 16
Ca2HagNiNO1o | 20 20 10 19
Table.4. Antifungal activity of HL and its metal complexes
Compounds Inhibition zone diameter (mm)
Saccharomyces Cerevisiae | Penicillium Natatum | Aspergillus Oryzae
Concentration, Concentration, Concentration,
0.5mg/ mi 0.5mg/ ml 0.5mg/ ml
Griseofulvin 40 34 42
Ligand HL 08 16 07
C18H1804
CaoH41CIFENOq | 12 21 12
Cs2H4sCuN2Oyo | 10 32 11
CaoHssCoON2O1g | 13 30 14
C42H43MnN2010 14 22 13
Cs2HagNiN2O1p | 18 31 12

The improved activity of these complexes can be elucidated on the basis of the overtone theory and the
Tweedy Chelation Theory (Raman, 2004). According to the overtone theory of cell permeability, the lipid membrane
that surrounds the cell favor the passage of only lipid soluble materials, for which reason liposolubility is an important
factor controlling antimicrobial activity. On Chelation with metal ion, the polarity of metal ion is decreased to a
greater extent due to overlap of the ligand orbital and partial sharing of its positive charge with the donor groups and
also due to delocalization of the p-electrons over whole chelate ring, which improves the penetration of the
coordination compounds into the lipid membranes and the blocking of the metal binding sites of the enzymes of the
micro-organisms.

4. CONCLUSION

The physic-chemical data propose a distorted octahedral and octahedral geometry for the Cu (Il) and all
(Mn(I1), Fe(l1), Co(ll) and Ni(ll)) other complexes respectively. The ligand act as a bidentate ligand coordinates
thruogh the phenolic oxygen and the acetyl carbonyl group of the dehydroacetic acid moiety. The complexes are
biologically active and exhibit enhanced antifungal activities compared to their parent ligands, hence further study
of these complexes could show desirable effects in agriculture field.
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