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Abstract: Transition metal complexes of chalcones derived from the conden-
sation of 3-acetyl-6-methyl-2H-pyran-2,4(3H)-dione (dehydroacetic acid) and
p-methoxybenzaldehyde (HL!) or p-nitrobenzaldehyde (HL2) were synthesized
and characterized by elemental analysis, conductometry, thermal analysis, mag-
netic measurements, IR, 'H-NMR, UV-Vis spectroscopy and a microbial study.
From the analytical and thermal data, the stoichiometry of the complexes was
found to be 1:2 (metal:ligand). The molar conductance data revealed that all the
metal chelates were non-electrolytes. The thermal stability of the complexes was
studied by thermogravimetry and the decomposition schemes of the complexes
are given. The ligands and their metal complexes were screened for antibac-
terial activity against Staphylococcus aureus and Escherichia coli, and fungici-
dal activity against Aspergillus flavus, Curvularia lunata and Penicillium notatum.

Keywords: dehydroacetic acid; chalcones; thermal study; ligand field para-
meters; antimicrobial study.

INTRODUCTION

A number of f-dicarbonyl compounds in which the carbonyl function(s) is
bonded to C=C linkage(s) have gained considerable importance,! mainly because
such compounds are associated with many biological activities due to the pre-
sence of the a,B-unsaturated system, as evidenced from their antimalarial,? anti-
tuberculosis,? antiplasmodial,# antitrichomonal,® anti-oxidant® and analgesic’ acti-
vities, as well as their use as anti-inflammatory and cancer chemopreventive agents.8

Therefore, the synthesis and characterization of such unsaturated carbonyl
system and their metal complexes are of tremendous importance. Continuing ear-
lier research®-11 on biologically active complexes of dehydroacetic acid chalco-
nes containing F-dicarbonyl moieties and a carbonyl group directly linked to a C=C
group, the present paper reports a synthetic, spectral, thermal and biological study.

* Corresponding author. E-mail: abr_chem@yahoo.co.in
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EXPERIMENTAL

Dehydroacetic acid was purchased from Merck and was used as supplied. p-Methoxy-
benzaldehyde and p-nitrobenzaldehyde, used for the preparation of the ligands, were from Al-
drich. Metal chlorides used for the preparation of the complexes were from BDH. A.R. grade
solvents were used for the spectral measurements. The carbon, hydrogen and sulphur content
in each sample were determined using a Perkin Elmer 2400 CHNS analyzer. The IR spectra
(nujol) were recorded on a Perkin Elmer C-75430 IR spectrometer in the range 4000—450 cm!.
The 'H-NMR spectra were recorded in CDCl; at room temperature using TMS as the internal
standard on a Varian Mercury YH 300 MHz instrument. The metal contents were determined
by AAS on a Perkin Elmer PE-Analyst 300. The TG—DTA measurements were performed on
a Perkin ElmerTA/SDT-2960 instrument in a dry nitrogen atmosphere and at a heating rate of
10 °C min’!. The electronic spectra were recorded in DMF solution on a Shimadzu UV-1601
spectrophotometer. The magnetic susceptibility measurements of the complexes were per-
formed using a Gouy balance at room temperature with Hg[Co(SCN),] as calibrant. The mo-
lar conductivity was measured on an Elico CM180 conductivity meter with a dip-type cell
using a 1.0x1073 M solution of complexes in DMF.

Synthesis of ligand

A solution of 0.010 mol of dehydroacetic acid, 10 drops of piperidine and 0.010 mol of
aldehyde (p-methoxybenzaldehyde or p-nitrobenzaldehyde) in 25 ml chloroform was refluxed
for 8-10 h. 10 ml of the chloroform—water azeotrope mixture was separated by distillation.
Crystals of the product separated on slow evaporation of the remaining chloroform, which were
recrystalised from ethyl acetate.

Synthesis of metal complexes

To a chloroform solution (30 ml) of the ligand (10 mmol), a methanolic solution (20 ml)
of metal chloride (5.0 mmol) was added under constant stirring. The pH of the reaction mix-
ture was maintained around 7-8 by adding a 10 % methanolic solution of ammonia. It was
then refluxed for 2 h. The resulting metal complex was filtered hot and washed with chloro-
form, methanol and petroleum-ether and dried over calcium chloride in a desiccator.

Antimicrobial screening

The ligands and their metal complexes were screened for in vitro antibacterial activity
against gram positive bacteria, i.e., Staphylococcus aureus and gram negative bacteria, i.e.,
Escherichia coli by the paper disc plate method.!? The compounds were tested at a concen-
tration of 0.50 mg ml! in DMF and compared with a known antibiotic, viz. ciproflaxin at the
same concentration.

To evaluate the fungicidal activity of the ligands and the corresponding metal complexes,
their effect on the growth of Aspergillus flavus, Curvularia lunata and Penicillium notatum
was studied. The ligand and their corresponding metal chelates in DMF were screened in vitro
by the disc diffusion method.!? The ligands and complexes were dissolved separately in DMF
to obtain concentration of 125 and 250 pg/disc. The linear growth of the fungus was recorded
by measuring the diameter of colony after 96 h. The diameters of the zone of inhibition pro-
duced by the complexes were compared with griseofulvin antifungal drug.

RESULTS AND DISCUSSION

Elemental analyses show 1:2 (metal:ligand) stoichiometry for all the com-
plexes (Fig. 1). The analytical data of the ligand and the complexes are given in
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Table 1. They correspond well with the general formula [M(L! °r 2),(H,0),],
where M = Mn(II), Co(II), Ni(II) and Cu(II), and [M(L! °r 2),(C1)(H,0)], where
M = Fe(Ill), and L! = C;6H1405 and L2 = C{5H;NOg. The presence of coordi-
nated water was confirmed by TGA-DTA analysis. The low conductance of the
chelate solution supports the non-electrolytic nature of the metal complexes. 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.

R =0CH; or NO,

b)
< / > < 4 | ™ >
2
Fig. 1. The proposed structures of li-
M = Mn(ll), Co(ll), Ni(Il) and Cu(ll) M = Fe(lll) gands (a) and complexes (b).
TABLE I. Physical characterization, analytical and molar conductance data of the compounds
M, M.p. Yield Found (Calcd.), % Am
Compound gmol! °C % Color Vi C 0 N MO em? mol!
Ligand HL! 286.3 208 52 Yellow — 67.54 4.89 - -
Ci6H1405 (67.13) (4.93)
[C3,H3001,Mn]  661.5 272 59 Brown 8.11 57.92 4.32 - 12.7
(8.30) (58.10) (4.57)
[C5,Hpg01CIFe] 67991 268 68 Dark 8.20 56.12 4.00 - 13.3
brown (8.21) (56.52) (4.15)
[C3,H3001,Co0]  665.5 >300 61  Light 8.71 5731 444 - 15.1
brown (8.85) (57.75) (4.54)
[C3,H3001,Ni] 6653 258 57  Pale 880 57.07 4.65 - 13.7
green (8.82) (57.77) (4.55)
[C3H3001,Cu]  670.1 296 58 Green 9.32 58.01 4.44 - 17.5
(9.48) (57.35) (4.51)
Ligand HL? 3013 246 54 Yellow - 59.52 351 457 -

CisH1NOg (59.80) (3.68) (4.65)




1 07 6 PATANGE, PARDESHI and ARBAD

TABLE I. Continued

M, M.p. Yield Found (Calcd.), % A
Compound gmol! °C % Color Vi e m N MO em? mol!
[C30H24N,014Mn] 691.5 >300 52 Brown 7.79 51.79 3.36 3.97 10.1
(7.94) (52.10) (3.49) (4.05)
[C3oH,N,043CIFe] 709.7 >300 63 Red 791 5122 322 387 13.1
(7.87) (50.77) (3.12) (3.95)
[C30HpuN,014C0] 695.5 >300 61  Light 832 52.32 3.39 3.89 11.2
brown (8.47) (51.81) (3.48) (4.03)
[C30H4N,O4Ni] 695.2 >300 57  Pale 836 51.20 3.55 391 10.1
green (8.44) (51.82) (3.48) (4.03)
[C30H4N,014Cu] 700.1 >300 63 Green 9.23 51.08 3.59 4.11 12.2
(9.07) (51.46) (3.45) (4.00)
!H-NMR spectroscopy

Ligand HL!. "TH-NMR (300 MHz, CDCl3, &6/ ppm): 2.27 (3H, s, Cc—CHj),
3.85 (3H, s, —OCHj3), 5.93 (1H, s, Cs—H), 6.9-8.43 (6H, m, phenyl ring and
—CH=CH-), 16.65 (1H, s, —OH).

Ligand HL?. 'TH-NMR (300 MHz, CDCl3, 6/ ppm): 2.35 (3H, s, C¢~CH3), 6.03
(1H, s, Cs—H), 6.9-8.3 (6H, m, phenyl ring and -CH=CH-), 16.77 (1H, s, —OH).

IR Spectroscopy

The IR spectra of the ligands show bands at 3164-3120, 1739-1720, 1705—
—1675 and 1257-1222 cm™!, assignable to v(OH) (phenolic hydrogen bonded),
v(C=0) (lactone carbonyl), v(C=0) (acetyl carbonyl) and v(C—O) (phenolic) stretch-
ing mode, respectively (Table I1).14:15 In the IR spectra of all the metal chelates,
no band was observed in the region 3164-3120 cm 1. Instead, in its place, a broad
band characteristic of v(OH) of coordination water was observed in the region
3500-3200 cm~!.The presence of coordinated water was further confirmed by the
appearance of a non-ligand band in the region 830-840 cm™!, assignable to the
rocking mode of water.16 This was also established and supported by TG and
DTA analysis. The absence of v(OH) (phenolic) at 3164-3120 cm™! suggests
subsequent deprotonation of the phenolic group and coordination of the phenolic
oxygen to the metal ion. This was supported by an upward shift in v(C-O) (phe-
nolic)!7 by 2040 cm~!. The v(C=0) (acetyl carbonyl) was shifted to lower ener-
gy with respect to the free ligand, suggesting the participation of the acetyl car-
bonyl in the coordination.!4:15.17 The IR spectra of all the compounds showed a
prominent band at = 1377 and = 970 cm™!, typical of v(C—-O—C) and trans—CH=CH-
absorption. The presence of new bands in the region 600450 cm™! can be as-
signed to v(M-O) vibrations. 16

Hence, the ligands coordinated with the metal ions as monodeprotonated bi-
dentate and the coordination occurs via the acetyl and phenolic oxygen of dehyd-
roacetic acid moiety, as shown in Fig. 1.
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Magnetic and electronic absorption spectroscopy

The magnetic and electronic spectral data are given in Table II. The data is
of relevance for the proposed structure of the complexes (Fig. 1). The electronic
spectra of the Cu(Il) complexes in DMF revealed one broad band at 15128 and
25126 cm! for ligand HL! and at 15138 and 25000 cm~! for ligand HL2, assign-
able to a 2Eg - 2T2g transition and charge transfer, respectively. The observed
magnetic moment value for the Cu(Il) complexes was in the range 1.95-2.09 .
The electronic spectral data!8 coupled with the magnetic moment value suggest a
distorted octahedral geometry for the Cu(Il) complexes.!® The electronic spectra
of Ni(II) complexes display three bands at 9372, 15625 and 24213 cm™! for HL!
and at 9910, 15360 and 24885 cm™! for HL?, assignable to 3Aze — 3T, (F) (1),
3A2g = 3T (F) (v2) and 3Ay5 — 3T g (P) (1) transitions, respectively. This is in
accordance with earlier reported values for octahedral Ni(I) complexes.2!22 The
reductions of the Racah parameter (B) and the nephelauxetic effect (f) from the
value of the free ion suggest an appreciable amount of covalent character in the
metal ligand bonds.20-2! The calculated values of 10 Dq, B, 1»/v| and S (Table II)
lie in the range reported for octahedral geometry. The normal magnetic moment
2.99-3.19 up confirms the proposed geometry. The Co(Il) complexes show three
transitions at 9569, 18348 and 22675 cm~! for HL! and at 9900, 19182 and
23640 cm! for HL2, assignable to 4T1g (F) —» 4T2g (F) (»), 4T4 (F) > 4A2g
(F) (») and 4T1g (F) » 4T1g (P) (v3) transitions, respectively.!920 The calcu-
lated values of 10 Dq, B, /v and f together with the magnetic moment value
of the Co(II) complexes (Table II) suggest octahedral geometry. The obtained va-
lues of LFSE determine the stability of the complexes and follows the order in
terms of metal ion Cu(II) > Ni(II) > Co(II) for ligand HL! and HL2.

The Fe(Ill) complexes of ligands HL! and HL2 show three bands at, respecti-
vely, 14556, 21692, 24450 cm! and 14484, 22322, 24196 cm™!, assignable to
6A1 — 4T (G), 6A1 = *T, (G) and 6A| — 4E (G) transitions, respectively. The
spectra suggest distorted octahedral geometry.!9-21.23 The electronic spectrum of
Mn(II) complex of HL! displays weak bands at 17794, 19569 and 31056 cm™!,
whereas Mn(II) complex of HL2 displayed weak bands at 18382 and 24671 cm™!.
These bands are both Laporte and spin-forbidden. However, due to instantaneous
distortion of the octahedral structures around the metal cation, weak bands some-
times do appear.19:21

Thermal analysis

The Mn(II), Fe(I1I), Co(II), Ni(II) and Cu(II) complexes of ligand HL! were
chosen for a thermal study. The TG curve of the complexes of ligand HL! shows
three decomposition steps. On the TG curve of the Mn(II) complex, the first step
shows a steep slope between 150-200 °C with a mass loss of 5.0 % (calculated
5.4 %), indicating the removal of two molecules of coordinated water. An endo-
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thermic peak in the range 150-200 °C (Atpin = 175 °C) on the DTA curve corres-
ponds to the dehydration step. The anhydrous compound in second step decom-
poses within a short temperature range from 220-330 °C, with a 37.0 % mass
loss (calculated 36.3 %). An exotherm between 240 and 400 °C with a Atyax =
=270 °C on the DTA curve corresponds to this mass loss. This step may be at-
tributed to the removal of the non-coordinated part of the ligand, i.e., [CigH1602].
The third mass loss step in the range 400—790 °C corresponds to the decompo-
sition of the coordinated part of the ligand, with a mass loss 47.0 % (calculated
47.6 %). A broad endotherm is observed for this step. The mass of the final re-
sidue corresponds to stable MnO, 11.0 % (calculated, 10.7 %).

In the thermal study of the Fe(Ill) complex, an inclined slope from 175-195 °C
on the TG curve, with a mass loss of 7.0 % (calculated 7.9 %), indicates the re-
moval of one molecule of water and one chloride ion. An endothermic peak in
the range 180-240 °C was observed on the DTA curve (Atyin = 192 °C). The
complex continues to decompose in a second step between 210 and 300 °C, with
37.0 % mass loss (calculated 35.2 %). A corresponding exothermic peak between
250-280 °C (Atmax = 265 °C) on the DTA is attributed to the removal of the non-co-
ordinating part of the ligand. The third step corresponds to the decomposition of
remaining part of the ligand with a mass loss 47.0 % (calculated 46.3 %). The
mass of the final residue was 9.0 % (calculated 10.6 %), corresponding to FeO.

The thermal decomposition profile of the Co(Il) complex showed no weight
loss up to 140 °C. A mass loss of 5.0 % (calculated 5.4 %) was observed in the
range 140-175 °C. The endothermic peak between 140—165 °C (Atyin = 152 °C)
correspond to the loss of two molecules of water. The second step of decompo-
sition was between 265 and 400 °C with a 37.0 % mass loss (calculated 36.1 %).
The broad exothermic peak between 270-375 °C (Atyax = 346 °C) on the DTA
curve is attributed to the removal of the non-coordinating part of the ligand. The
mass loss continued with the slow decomposition of remaining part of the ligand
45.5 % (calculated 47.2 %). The mass of the final residue corresponded to CoO,
12.5 % (calculated 11.3 %).

The thermal decomposition profile of the Ni(II) complex showed a mass loss
of 5.0 %( calculated 5.4 %) in the range 150-175 °C, indicating the removal of
two coordinated water molecules. An endothermic peak on the DTA curve between
160-185 °C (Atmin = 162 °C) also corresponds to dehydration. The second step
of the decomposition was between 190 and 325 °C with a 37.0 % mass loss (cal-
culated 36.1 %). A broad exothermic peak between 200-350 °C (Atpax = 260 °C)
on the DTA curve is attributed to the removal of the non-coordinating part of the
ligand. The mass loss continued with the slow decomposition of the remaining
part of the ligand up to 900 °C with a 46.0 % (calculated 47.3 %) mass loss. A
broad endothermic peak between 450-850 °C was observed on the DTA curve.
The mass of the final residue of 12.0 % (calculated 11.2 %) corresponds to NiO.
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On the TG curve of the Cu(Il) complex, the mass loss commences at 120 °C
with an inclined slope from 155—185 °C with a mass loss of 6.0 % (calculated 5.4 %),
indicating the removal of two molecules of coordinated water. An endothermic
peak in the range 150-200 °C (Atpin = 158 °C) on the DTA curve also corres-
ponds to the dehydration. The second step of the decomposition continues on the
TG curve from 275 up to 375 °C, with a mass loss of 37.0 % (calculated 35.7 %)
and the exothermic peak (Atpax = 299 °C) on the DTA curve may be attributed to
the removal of the non-coordinated part of the ligand. The third step in the range
420-880 °C with a mass loss of 46.0 % (calculated 47.0 %) corresponds to the
decomposition of the coordinated part of the ligand. A broad endotherm was also
observed for this step. The mass of the final residue corresponded to stable CuO,
11.0 % (calculated 11.9 %).

Antimicrobial activity

The results of the antimicrobial study, Table 111, showed that the ligand HL!
had no antibacterial activity whereas the ligand HL? exhibited weak activity. This
may be due to the presence of the electron withdrawing group (-NO3) on the
phenyl ring. The Cu(Il) and Co(Il) complexes of ligand HL? showed moderate
antibacterial activity against both of the bacteria.

TABLE III. Antibacterial and antifungal activities of ligands and their metal complexes

Antibacterial activity Antifungal activity
Inhibition zone of
Compound bacterial growth, mm A. flavus  C. lunata P. notatum
S. aureus E. coli

a b
0.50mgml!  050mgmtt LT L bl

HL! 1.1 1.2 7 15 7 14 7 14
Ci6H140s

HL2 3.6 4.1 8 16 8 15 8 15
Cy5H;1NOg

[Mn(L1)5(H,0),] 1.6 1.8 9 17 8 17 8 17
[Mn(L?),(H,0),] 42 4.5 11 24 11 22 10 22
[Fe(L),(Cl)(H,0)] 2.1 2.1 8 16 7 19 7 15
[Fe(L2),(Cl)(H,0)] 4.5 4.9 9 20 9 19 9 20
[Co(L1Y,(H,0),] 5.1 5.6 10 20 10 20 10 20
[Co(L?)5(H,0)] 8.9 93 14 33 13 32 13 33
[Ni(L1),(H,0),] 4.2 4.6 9 19 9 19 9 19
[Ni(L2),(H,0),] 6.3 6.8 13 30 12 29 12 30
[Cu(L,(H,0),] 6.1 6.5 1 22 11 21 11 19
[Cu(L?),(H,0),] 9.2 10.7 15 37 14 34 14 36
Ciproflaxin 12.0 13.5 - - - - - -
Griseofulvin - - 31 34 29 33 30 34

3125 pg/disc; ®250 pg/disc

From the results in Table III, it can be concluded that the ligands and their
metal complexes show significant antifungal activity at a concentration of 250 pg



TRANSITION METAL COMPLEXES: ANTIMICROBIAL ACTIVITY 108 1

disc! against all the tested fungi. In addition, the activity decreased as the con-
centration decreased. The Cu(I)HL2 complex exhibited a higher antifungal acti-
vity than the standard at a concentration of 250 ug disc~!, while the Ni(II) and
Co(II) complexes of HL? showed nearly same antifungal activity as the standard.
The order of inhibition with respect to metal ions of HL! and HL?2 is Cu > Co >
> Ni > Mn > Fe. It was found that these complexes show strong antifungal ac-
tivity at lower concentration when compared to earlier reported literature.17-24

It was observed that the metal complexes show enhanced antimicrobial acti-
vity as compared to the ligands. The increased activity of the chelates can be ex-
plained on the basis of the overtone concept and the Tweedy chelation theory.2>
According to the overtone concept of cell permeability, the lipid membrane that
surrounds the cell favours the passage of only lipid-soluble materials, for which
reason liposolubility is an important factor controlling antimicrobial activity. On
chelation, the polarity of metal ion is reduced 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 m-electrons over whole chelate ring, which
enhances the penetration of the complexes into the lipid membranes and the block-
ing of the metal binding sites of the enzymes of the micro-organisms.

CONCLUSIONS

In the light of the above discussion, a distorted octahedral geometry for Cu(Il),
Mn(II) and Fe(IIl) complexes and an octahedral geometry for the Co(Il) and Ni(II)
complexes are proposed. The ligands behave as bidentate, coordinating through
the phenolic oxygen and the acetyl carbonyl group of the dehydroacetic acid moi-
ety. The complexes are biologically active and exhibit enhanced antifungal acti-
vities compared to their parent ligands. The Cu(Il), Ni(II) and Co(II) complexes
of ligand HL? show good antifungal activity, hence further study of these com-
plexes in agriculture could lead to interesting results.
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U3BOJ

IMPEJIABHN METAJIHU KOMIIVIEKCH CA KHCEOHUYHHNM JJOHOPHUM JIM'AHAVMA:
CHUHTE3A U TEPMUYKA, CIIEKTPAJIHA 1 AHTUMHUKPOBHA TTPOYUABABA

VAIBHAV N. PATANGE!, RAJENDRA K. PARDESHI! 1 BALASAHEB R. ARBAD?

! Department of Chemistry, Shri Chhatrapati Shivaji College, Omerga, Dist-Osmanabad — 413606,
Maharashtra u *Department of Chemistry, Dr. Babasaheb Ambedkar Marathwada
University, Aurangabad — 431004, Maharashtra, India

Jlobujenu cy mpenasHu METaIHH KOMIUIEKCH XaJKOHA N3BEICHUX KOHAE3alnjoM 3-areTui-6-
meTun-2H-mmupan-2,4(3H)-nuona (nexuapocuphieTHe KrcennHe) n p-MeTokcnbensamnexuna (HL)
unn p-anrpobensanaexuaa (HL2) 1 OKapaKTepHCAHN eIEMEHTATHOM aHATH30M, KOHIyKTOMETPH]OM,
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TepMHUUKOM aHaTH3oM, MargetHnym, IR, TH-NMR, UV—-Vis 1 npoyuaBameM MUKpOOHE aKTHBHOCTH.
W3 aHanuTHYKKX ¥ TEPMUYKHX MojaTaka HaleHa je crexumomerpuja 1:2 (Metam:urann). [lomamm 3a
MOJIapHY MPOBOAJBMBOCT MOTBPAWIN Cy Jla Cy OBM METAJIHH X€NaTH HEEeNeKTPOIuTH. TepmMuuka
CTaOMIIHOCT KOMIUIEKCa NPOy4aBaHa je TEPMOrpaBUMETPHjOM U []aTe Cy CXEME pacla/ia KOMIUIEKca.
Jluranay ¥ BUXOBU KOMILUIEKCH MeTajla Cy TeCTUPaHU Ha aHTHOAKTEePHjCKy aKTHBHOCT mpema Sta-
phylococcus aureus n Escherichia coli n aHTUTIBUBHYHY aKTHBHOCT nipema Aspergillus flavus, Cur-

vularia lunata v Penicillium notatum.

w N~

10.
11.
12.
13.
14.
15.
16.

17.
18.
19.
20.

21.
22.
23.
24.
25.

(ITpumsbeno 14. HoBemGpa 2007, peBuaupano 6. jyra 2008)
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