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Abstract:

Five coordination compounds of Cu(ll), Ni(ll), Co(ll), Mn(I1)& Fe(l11) with 3-(3-(3,4-
dimethoxyphenyl) acryloyl)-4-hydroxy-6-methyl-2H-pyran-2-one derived from 3-acetyl-6-
methyl-pyran-2,4(3H)-dionebidentate ligandwere synthesized & characterized by elemental
analysis, TGA-DTA analysis, magnetic susceptibility, UV-visible, IR, *H-NMRspectroscopy,
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(ll) and all the other
complexes respectively. The thermal analysis of all the prepared coordination compounds
was studied by the TG-DTA method. 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 behaviour of the sole
ligands.

Keywords: Dehydroacetic acid; Transition metal complexes; Chalcone; Antimicrobial
activity

Introduction:

The chalcones having poly-
functional groups deals a lot of practical
advances besides distinctive structural
atmosphere for chelation. They are as well
identified for their biotic, manufacturing
and analytical reputation. Chalcones are
connected through several biotic actions
due to the existence of a, B unsaturated
carbonyl moiety*’. A number of chalcones
have shown insecticidal®?,

tuberculostatic™ germicidal®***! bacterio

static??,  fungicidal'®, antileishmanial,

antiplasmodial®, antiviral®and oncogenic’

actions.
3-acetyl-6-methyl-(2H)pyran-2,4-

(3H)dione (DHA) is an main biotic lively
organic materials. Investigations have
exposed that the mutually antibacterial as
well as antifungal properties of DHA
organic material'*. This organic material is
commonly used in food processing. It is
used to enrich vitamin-C strength in
vegetables processing” and as a
preserving®. In hydrous solution, even at
moderate concentration(0.02-0.2%), 3-
acetyl-6-methyl-(2H)pyran-2,4-(3H)dione
(DHA)  appearances an  excellent
antibacterial actions®.Chelation of such
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organic material through transition metal
ions such as Ni(ll), Cu(ll) and Fe(lll)
frequently increases its effects'® as
described for pathogenic moulds™.

It is healthy recognized
commencing the collected works that 3-
acetyl-6-methyl-(2H)pyran-2,4-(3H)dione
(DHA) compound have a strong capability
to form metal complexes. Also their
complexing capability, it moreover
displays favourable fungicidal, antiseptic
and antiprotozoal effects* .

A exploration of the collected
works shown that no research work has
been completed on transition metal
chelates of the 3-(3-(3,4-
dimethoxyphenyl)acryloyl)-4-hydroxy-6-
methyl-2H-pyran-2-onechalcone resulting
as of 3-acetyl-6-methyl-(2H)pyran-2,4-
(3H)dione (DHA) and 3,4-dimethoxy

benzaldehyde (Veratraldehyde).The
chelates of  Nickel(ll), Copper(ll),
Cobalt(11) and

Manganese(l1),

o o cHO
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Iron(I1l)through chalconewere as well
synthesized in the solid form and analysed
by various physical, analytical and spectral
techniques.

Experimental:

A solution of 0.01 mol of 3-acetyl-
6-methyl-(2H)pyran-2,4-(3H)dione
(DHA), 8-10 drops of piperidine base and
0.01 mole of 3,4-dimethoxy benzaldehyde
(Veratraldehyde) in 25 ml chloroform
were refluxed for 6-8hrs, numerous
quantity of the CHCLj3-H,Oazeotrope
mixture was separated by purification®*’.
Crystal of chalcone3-(3-(3,4-
dimethoxyphenyl)acryloyl)-4-hydroxy-6-
methyl-2H-pyran-2-oneproduct separated
on sluggish vanishing of the residual
solvent. The resultant precipitate was
filtered, washed many times with ethyl
alcoholand recrystallized from

chloroform®’18,

I CHa N\~ piperidine | S = ocH;
.. .. Reflux in CHCl;
HaC (=] (=] OCH3

OCH3

Dehydroacetic Acid 3,4-Dimethoxy

Benzaldehyde

Preparation Of Metal Complexes:

A 02mmol of  3-(3-(3,4-
dimethoxyphenyl)acryloyl)-4-hydroxy-6-
methyl-2H-pyran-2-onechalcone was
taken in round bottomed flask containing
30 ml of chloroform and0.01 mole of
transition metal chloride in 20 mlof
anhydrous methanol was added with
constant stirring. The PH of the reaction
mixture was maintained around 7.0-7.5 by
adding 10% methanolic solution of
ammonia. It was then refluxed for 2-3hr.
B. H. Jawale

H5C (o) o OCH;3

Chalcone

the subsequent metal chelatewas filtered in
hot form and washed with ethyl alcohol,
then dried over CaCl, in vacuum

desiccator®®’.

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
Megaterium, Bacillus Cereusand Gram-
negative i.e. Escherichia
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Coli,Shigellaboydiiby the paper disc plate
method®. The compound were tested at
concentrations of 1.0 mg ml™* in DMSO
(0.2ml) 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
Penicilliumnotatum, Saccharomyces
Cerevisiae and Aspergillus Oryzaewere
studied.  The ligand and  their
corresponding metal chelates in DMSO
were screened in vitro by the disc diffusion
method*. The ligands and complexes were
dissolved separately in DMSO to obtain
concentration of 500 g disc™. 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.
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Results and Discussion:
I) Physicochemical Characteristics:

The physical appearances as well
as micro analytical records of the3-(3-(3,4-
dimethoxyphenyl)acryloyl)-4-hydroxy-6-
methyl-2H-pyran-2-oneChalconeand their
transition metal chelates are given in Table
I. Elemental investigation indicates 1:2
(M:L) stoichiometry for every chelates®*".
The analytical records of the Chalcone and
its transition metal chelates matched
healthy by the common formula [
M(L)2(H,0).], where M= Co(Il), Mn (lI),
Cu (I1), Ni(ll), and [M(L)2(H2.0)(CL)],
where M=Fe(lll), L=C;7H;506. The non-
appearance of chloride ion except in the
Fe(lll) chelate was marked from the Vol-
hard experiment®® and existence of
chelated water molecules was definite by
TG/DT analysis. Meanwhile a particular
crystal of the chelates could not be isolated
after any common solvent, the probable
structure was anticipated based on
physicochemical,  spectral, = magnetic
susceptibility and thermalresults.

Table I: Physicochemical Results of Chalcone and their metal chelates

Compound Mr-l Colour | YiEld I\Q'P' in Found (Calcd.), %
gmol % §(®) M C H o

Lclgljﬂig: 36| oow | 62 162 (gjigg) (g:(l)g) (ggigg)
CoHyFeOr, | 686 | Golden | 30 276 (2:(1)2) (‘;’g:ig) (j:ji) (g:g%
CaHsCUO,, | 694 | Celadon | 72 260 (g:(l)g) (ggzég) (jzgg) é;:gé)
CaHaC00, | 689 | Orange | 82 252 (giﬁé) (23332) (jigg) (g:gj)
CaHaMnOp, | 685 Brown | 80 212 (2:8(1)) (23;2% (j:j% (%:gi)
Cub NiOy, | 689 | (NS | 70 218 (§j§§) (ggég) (iigé) (ngﬁ)

B. H. Jawale
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I1) Mass Spectra Of Chalcone:

The mass spectrum of the 3-(3-
(3,4-dimethoxyphenyl)acryloyl)-4-
hydroxy-6-methyl-2H-pyran-2-
oneChalcone displayed molecular ion peak
at m/z=317, which supports the molecular
weight of the Chalcone .

111) *H-NMR Spectrum Of Chalcone:

The 'H NMR spectrum of 3-(3-
(3,4-dimethoxyphenyl)acryloyl)-4-
hydroxy-6-methyl-2H-pyran-2-
oneChalconein deuterated chloroform at
normal temperature appearances the
resulting signals. 6 2.30 ( singlet, 3H, -CH3
group for DHA moiety), 3.97 ( singlet, 6H,
two -OCHsgroup associated with side
chainaryl moiety),5.98 (singlet, 1H, Cs-
hydrogen of dehydroacetic acidmoiety),
6.93-7.32 (multiplet, 3H, for Ar-H in side
chain aryl moiety), 7.98 (doublet, 1H, P
proton of o P unsaturated moiety on
chalcone), 8.24 (doublet, 1H, a proton of a
B unsaturated moiety on chalcone) and
14.82 (singlet, 1H, phenolic -OH of DHA
moiety)26'3°'35 _

IV) FTIR Spectra OfChalconeAnd Its
Complexes:

Applicable FTIR bands that offer
great structural confirmation for the
formation of 3-(3-(3,4-
dimethoxyphenyl)acryloyl)-4-hydroxy-6-
methyl-2H-pyran-2-oneChalcone and their
transition metal chelates are assumed.The
FTIR spectrum of free Chalcone displays
bandsat 3093cm™v (OH) stretching of the
intramolecular phenolic moiety of the 3-

acetyl-4-hydroxy-6-methyl-2H-pyran-2-
B. H. Jawale
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one DHA moiety, 1714cm™ v (C=0)
stretching of the lactone carbonyl on
dehydroacetic acid ring, 1642cm™v(C=0)
stretching of o P unsaturated carbonyl
group, 1260cm™v (C-O) stretching of
phenolic moiety on DHA and 996 cm™ v
(C=C) stretching of o p unsaturateddouble
bond®*"?"° In the Infrared spectra of
Nickel(ll), Copper(I1),Manganese(ll),
Cobalt(ll) and Iron(lll) transition metal
complexes, no band was found in between
the area of 3165 and 3100cm™. As a
replacement for, a wide-ranging band
representative of v (OH) of chelation water
molecules was saw in between the area of
3548 and 3200cm™. The attendance of
chelated water molecules was additionally
definite by the attendance of a non-ligand
band in between the area 825 and 845cm™.
This was again evidences by thermal
investigations. In case of complexes
nonappearance of v (OH) stretching of the
intramolecular phenolic moiety at 3100cm”
! recommends successive deprotonation of
the phenolic —-OH group and chelation of
phenoxide ion to the transition metal ion.
This was also reinforced by a rising shift
in v (C-O) stretching of phenolic moiety
on DHA**"% by 10-50cm™. The v (C=0)
stretching of o P unsaturated carbonyl
group was moved to lesser energy with
respect to the Chalcone, proposing the
involvement of the o [ unsaturated
carbonyl group in the chelation®®. The
FTIR spectrum of Chalcone and their
transition metal complexes exhibited a
noticeable band at ~1339 and ~956cm™,
representative of v (C-O-C) and trans —
CH=CH- absorption. The occurrence of
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new bands in between the region 600 and
450cm™ can be allocated to v (Metal-
Oxygen) vibration®.

Affording to the exceeding stated
records, the Chalcone performed as mono-
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deprotonated bi-dentate and the chelation
happens through the o [ unsaturated
carbonyl groupand phenolic oxygen of 3-
acetyl-4-hydroxy-6-methyl-2H-pyran-2-
one DHA moiety.

Table I1: Important IR spectralband of Chalcone and its metal chelates

: v (OH) v(C=0) | v(C-0) v
Ligan . = . M-
Cgr{; Olle(f: (dehydroaceti (\;a(cior(ze)) (acetyl (phenoli | (C=C) v (())
P ¢ acid moiety) carbonyl) C) (trans)
Ligand HL
clgf;:moﬁ 3093 1714 1642y 1260 996
Cz4H30Fe01, 1710 1644 1306y, 1002y igggﬁ
562(m
CasH3CuOy, 1705 16565 1311 979m) o
(m)
CasHzoC0O1, 1682, 16651) 1303 | 984y | 2200
478
CasHaoMnOy, 1676 1641, 1303, | 983m | 00w
442
CasHoNiOy, 1689 1637 1303 | 981y | o3Tm
5265
V) Magnetic Measurements 9372, 15625 and 24213 cm for Chalcone,

AndElectronic Absorption Spectra:

The Magnetic susceptibility as well
as  electronic  absorption  spectral
information areassumed in Table Il1l. The
records are of bearing for the suggested
structure of the chelates. The electronic
absorption spectrum of the Copper(ll)
chelates in dimethylformamide exposed
one comprehensive band at 15128 and
25126 cm “for Chalcone, predictable to a
’Ey —Tgelectronic transition also charge
transfer. The detected magnetic
measurement value for the Copper(ll)
chelateare  2.09ug>*’. The ultraviolet
spectral records®attached through the
magnetic measurement value propose a
distorted octahedral configuration for the
Copper(l1) chelate’. The UV spectrum of
Nickel(ll) chelatefound three bands at

B. H. Jawale

predictable to Ay —>Tog(F) (v1), *Agg
—3T1g(F) (v2) and Ay —°Tiy(P) (v3)
electronic transitions. This is in keeping
through formerly described values for
octahedral Nickel(l) chelates™**. The
considered value the range stated for
octahedral configuration. The magnetic
moment value of Nickel(ll) 3.03ugchecks
the suggested geometry®®’. The UV
spectral  investigation of  Cobalt(ll)
chelates appearance three electronic
transitions at 9569, 18348 and 22675 cm~
for Chalcone predictable to “Ty(F)
—*Toy(F) (v1), “T1g(F) —"Agg(F) (v2) and
4Tlg(F) —>4T1g(P) (v3)  electronic
transitions>>*+1°. The magnetic
susceptibility value of the Cobalt(Il)
chelateare 4.66pgit indicatesCobalt(ll)
chelate shows octahedral geometry.
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Table 111: Magnetic Susceptibility andUV data of Chalcone and its Chelates.

Cfgi(r:sgleea;nd v /em™ Band assignment Uer/ Ug | Geometry
Ligand HL 32442 INCT?
C17H1606 40545 INCT
14556 T14(F) = Tog(F)(v1)
CasH30FeOs; 21692 “T1g(F) —*Agy(F)(v2) 8.93 Octahedral
24450 i) =" Tiy(P)(vs)
15128 ’E, —°T, Distorted
CasHzoCUO1 25126 IgNCT ’ 2.09 Octahedral
9569 °A; —'T1(G)
CasH3C00y, 18348 EA,—*T,(G) 4.66 Octahedral
22675 °A; - E(G)
17794 .
CauHaoMnO 19569 Laporte and Spin Forbidden 5.77 Distorted
Octahedral
31056
9372 Aoy —Tog(F)(v1)
CasHzo NiOy, 15625 *Agg — 3Tiy(F)(v2) 3.03 Octahedral
24213 3A2(J _’3qu(13)(\’3)

The Iron(111) chelate of
Chalconedisplay three electronic transition
at 14556, 21692, 24450 cm™* predictable
to °A; —*T1(G), A1 —*TH(G) and °A,
—*E (G) transitions. These values suggest
octahedral confirmation for Iron(lll)
Chelate®**?. The magnetic moment value
of Fe(lll) 8.93ugchecks the suggested
geometry®’. The electronic absorption
spectrum of Manganese(ll) chelate of
Chalcone shows feeble bands at 17794,
19569 and 31056 cm . These bands
remain together Laporte and Spin-
forbidden. However, due to sudden
distortion ofthe octahedral configuration
nearby the Manganese(ll)metal cation,
feeble bands sometimes do seem®*.

VI) TG-DTA Analysis:

The Iron(111), Manganese(ll) and
Copper(Il)chelates of 3-(3-(3,4-
dimethoxyphenyl)acryloyl)-4-hydroxy-6-
methyl-2H-pyran-2-
oneChalconewerepreferred for a thermal
investigation.In the TG/DTAinvestigation
of the Iron(111) chelate, an prone slope in
B. H. Jawale

between the temperature range 175 and
195 °C on the thermogravimetric curve, by
a molecular weight damage of 7.0% (caltd
7.9%), point out the elimination of one
water molecule as well as one chloride ion.
An endothermic peak in between the
temperature range 180 and 240°C was
detected on the differential thermal
analysis curve (Atmin= 192°C). The
Iron(111) chelate endures to decay in a
subsequent stage between the temperature
range 210 and 300°C, through 37.0 %
molecular weight beating (caltd 37.8%)%%,
A equivalent exothermic peak in between
the temperature range 250-280 °C (Atmax=
265°C) on the differential thermal
analysisare recognized to the deduction of
the non-chelating fragment of the
Chalcone. The next step means third phase
relates to the decay of residual portion of
the Chalconein between the temperature
range 350-750°C by theweight damage
41.78 % (caltd 41.95 %). The weight of
the absolute residue was 10.2 % (caltd10.6
%), equivalent to Iron oxide.
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175-195°C
-H,O -CL

[ Fe(C7H;506),°H,0°CL

The thermogrametric curve of the
Manganese(ll) chelate of 3-(3-(3,4-
dimethoxyphenyl)acryloyl)-4-hydroxy-6-
methyl-2H-pyran-2-oneChalcone  found
three  disintegration steps. On the
thermogrametric curve of the
Manganese(ll) chelate, the initial step
expressions a sharp slope in between the
temperature range 150-200°C through a
molecular weight damage of 50 %
(caltd5.2%), representing the elimination
of two chelated water molecules??*. An
endo-thermic peak in between the
temperature range 150-200°C  (Atmin=
175°C) on the differential thermal analysis
curve relates to the dehydration stage. The
dehydrated material in second phase
decaybetween a less temperature range

150-200°C

Vol.11 No.4

- [Fe(C17H1506)2]

[ Mn(C,;H,;50¢)> (HZO)Z] 2H,0

On the thermal studies of the
Copper(ll) chelate,the weight loss initiates
at 120°C through an tending slope in
between the temperature range 160—190°C
by a weight damage of 6.5% (caltd 7.0%),
representing the deduction of two chelated
water molecules. An endothermic peak in
between the temperature range 150-200°C
(Atmin=158°C) on the differential thermal

analysis curve moreover relates to the
B. H. Jawale

= [MH(C 17H1 506)2]

ISSN - 2347-7075

210-300°C
-2CgH 0,

= [Fe(CgH504);]

350-750°C | C16H1905

FeO

starting 220-330°C, by a 37.0% molecular
weight beating (caltd 37.3%). An
exothermic peak between the temperature
range 240 and 400°C by a Atya= 270°C
on the differential thermal analysis curve
resembles to this weight damage. This
phase may be recognized to the deduction
of the non-chelated portion of the
Chalcone®*. The third stage in between
the temperature range 400 and 790°C
relates to the disintegration of the chelated
portion of the Chalcone, through a
molecular weight beating 47.0 % (caltd
47.6%). A wide-ranging endotherm is
detected for this phase. The weight of the
absolute remains resembles to stable
Manganese oxide, 12.60% (calculated,
12.9%).

220-330°C
-2CoH, 05

= [Mn(CgHsO4),]

400—7900ClC15H1007

MnO

dehydration. In the second stage of the
decay endures on the thermogravimetric
curve in between the temperature range
260and 345°C, through a molecular weight
beating of 37.0 % (caltd 35.7 %) besides
the exothermic peak (Atmax= 299°C) on the
differential thermal analysis curve may be
recognized to the deduction of the non-
chelated portion of the Chalcone. In the
third phase in between the temperature
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range 410-780°C through a weight
damage of 46.0 % (caltd 47.0%) relates to
the disintegration of the chelated portion

of the Chalcone. A comprehensive
160-190°C
[ Cu(Cy7H,50¢), (H,0), | 2H,0

Vol.11 No.4

>[Cu(Cy,H, 506)2]
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endotherm peak was similarly detected in
this phase. The weight of the absolute
residue matched to stable Copper oxide,
13.8 % (caltd 14.1%).

260-345°C
-2CoH 0>

= [Cu(CgH504),]

4107800ch16H1007

CuO

Fig.l: TG-DTA Curve of Fe(lll) Chelate of Chalcone
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Fig.l1l: TG-DTA Curve of Mn(Il) Chelate of Chalcone
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Antimicrobial Activity:

The synthesized ligand and its
coordination compounds were evaluated
for their in vitro antimicrobial activity
against Gram-negative (Shigellaboydii,
Escherichia Coli) and Gram-positive

Vol.11 No.4
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(Bacillus Cereus, Bacillus Megaterium)

bacterial strains and against
Saccharomyces Cerevisiae,
Penicilliumnotatum  and  Aspergillus

Oryzae antifungal strains.

Table 1V: Antibacterial effect of Chelator and its transition metal chelates

Inhibition zone diameter (mm)
Bacillus . . .. L .
. Bacillus Cereus ShigellaBoydii Escherichia Coli
Test Megaterium
Compound Con_cen Con_cen Con_cen Con_cen Con_cen Con_cen Con_cen Con_cen
tration, | tration, | tration, | tration, | tration, | tration, | tration, | tration,
0.5mg 1mg 0.5mg 1mg 0.5mg 1mg 0.5mg 1mg
ml™ ml™ ml™ ml™ ml™ ml™ ml™ ml™
Chelator
CHwOx 07 08 10 12 06 08 07 09
Ca4HzoFeOy, - - 14 16 - - 11 13
CasH3oCuO4, 16 18 20 22 15 17 17 19
Ca4H30C001, 12 14 18 20 14 16 13 15
CasH3oMnOy, 15 17 18 20 09 11 09 10
CasHazo NiO, 12 14 - - 11 13 - -
Ciprofloxacin 34 36 50 54 28 30 30 32

The antibacterial record tells that

antibacterial effects of transition metal
coordinated compound can be elucidated
on the origin of chelation theory®in

transition metal chelates displayed
enriched actions equaled to the free
chalconechelator. Such improved

.. . A4
addition to overtone’s conception™.

Table V: Antifungal Effects of Chelator and its transition metal chelates.
[Yield of Mycelial dry weight in mg (%o inhibition)]

Compo AspergillusOryzae Sag:ehrz;?;?g:es PenicilliumNotatum

und 250 ppm | 500 ppm | 250 ppm | 500 ppm | 250 ppm | 500 ppm
Ché'aﬁ?ré'j) 88(08) 72(10) 68(12) 52(14) 58(12) 52(14)

17V 1166
Ca4HaoFeOy, 76(14) 68(16) 72(17) 53(19) 65(17) 53(19)
Ca4H3oCuO;, 44(22) 35(22) 32(18) 23(20) 48(18) 23(20)
C34H30C00;, 36(20) 20(21) 38(16) 29(18) 32(16) 29(18)
Ca4H3oMnOy, 72(16) 56(18) 54(14) 48(16) 66(15) 48(16)
Ca4Hg NiOy, 78(14) 62(15) 66(14) 45(16) 77(14) 45(16)
Griseofulvin 40 42 39 40 32 34

The inhibition of growing of trial
fungous detected for all chelates was not

B. H. Jawale

caused by any transition metal ions or
chalcone ligand only, however was by
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reason of increasing result of equally
transition metal ion as well as chalcone
ligand in the chelates.

Conclusion:

The transition metal chelates of
Chlconedecay are comparatively at high
temperature signifying its great thermal
stability. Magnetic susceptibility
measurements ~ showed  diamagnetic
environment and existence of paired
electrons in chelates. TG/DTA
investigation of the chelates provides
information about disintegration form and
similarly supports occurrence of chelated
and lattice water molecules in metal
chelates. Antimicrobial activity it is
found that the complexes are more active
than their parent ligand.
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