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INTRODUCTION

Coordination chemistry of substituted hydrazone ligands
is well known since past few decades due to their structural
flexibility, chelating abilities, diverse bonding modes towards
transition metal ions and numerous biological applications
[1-4]. The presence of azomethine group in Schiff’s bases is
known for antifungal [5], antibacterial [6], antitubercular [7],
antitumor [8] and anticancer [9] properties. Oxygen containing
heterocyclic compound like dehydroacetic acid (DHA) is well
known chelating agent with excellent insecticidal and herbi-
cidal activities [10,11]. The copper complex of hydrazone based
ligand prepared by the condensation of dehydroacetic acid
with 1,2-diaminopropane displays electro catalytic behaviour
towards electro reduction of aryl and alkyl halides [12]. Transi-
tion metal complexes of hydrazone are reported for excellent
catalytic activities in different chemical reactions such as poly-
merization of ethylene [13], epoxidation of olefins [14,15] and
transamination of carboxamides with amines [16].
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Different transition metal complexes were synthesized from novel 3-bromo-2-[1-(4-hydroxy-6-methyl-2-oxo-2H-pyran-3- |
yl)ethylidene]hydrazide ligand (H.L) and characterized by spectral techniques. The synthesized ligand was found to act mono as well as |
di deprotonated (OH, NH) manner and stoichiometry of the ligand to metal ions was confirmed to be 1:1 in case of complex using metal
chloride salts, whereas 1:2 in case of metal(II) complexes using metal acetate(II) salt. Structures of metal complexes were confirmed by |
IR, 'H NMR, TGA, XRD, elemental analysis and UV technique which revealed that Mn(II), Co(II), Ni(I), Cu(Il) complexes were |
octahedral geometry and those of Cu(Il), Zn(II) showed square planner and tetrahedral geometry around metal ion respectively. Furthermore |
H,L and its metal complexes were screened for antimicrobial activity which showed that ligand enhanced its biological activity after |
coordination with metal ions. In particular, Cd(Il) and Mn(II) complexes exhibited excellent antifungal activity. |
|

Keywords: ONO donor ligand, Transition metal complexes, Antimicrobial.

In continuation of our present work in the synthesis and
biological evaluation of metal complexes [17-19]; in the present
article we report synthesis of dehydroacetic acid (DHA) based
tridentate 3-bromo-2-[1-(4-hydroxy-6-methyl-2-oxo0-2H-
pyran-3yl)ethylidene]hydrazide (H,L) ligand and its transition
metal complexes. H,LL was synthesized by the condensation
of dehydroacetic acid (DHA) and 3-bromobenzhydrazide.
Synthesized ligand was characterized by different spectroscopic
techniques. The synthesized ligand and its complexes were
furthermore screened for antimicrobial activity.

EXPERIMENTAL

All the purchased chemicals were analytical grade and
used without further purification. Solvents were purified and
dried according to literature method [20]. Dehydroacetic acid
(DHA) and ethyl-3-bromo benzoate were Alfa Aesar and Spec-
trochem made respectively. Metal salts were SD Fine made &
used without further purification.
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Synthesis of 3-bromobenzhydrazide (3a): A mixture of
ethyl-3-bromobenzoate (1) (2 mmol) and hydrazine hydrate
(2) (80 %) (3 mmol) was refluxed for 7 h. The progress of reaction
was monitored by TLC using 20 % EtOAc:n-hexane. After
completion of reaction; the reaction mixture was cooled, the
precipitated solid was filtered off, recrystallized from ethanol
and confirmed by 'H NMR as the pure hydrazide (3a) (Scheme-
D). Yield = 80 %, Colour-White, solid, m.p. 158 °C; '"H NMR
(200 MHz, DMSO-ds) ppm 4.54 (br., s., 2 H, NH,), 7.37 - 7.47
(dd, J=8.5, 8 Hz, 1H), 7.67 - 7.86 (m, 2 H), 7.98 (dd, J = 1.83,
1.71 Hz, 1H), 9.89 (br,, s., 1 H, NH).
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Scheme-I: Synthesis of 3-bromobenzhydrazide

Synthesis of 3-bromo-2-[1-(4-hydroxy-6-methyl-2-oxo-
2H-pyran-3-yl)ethylidene]-hydrazide (H,L) (5a): 3-Bromo-
benzhydrazide (3a) (1 g; 0.004 mol) was added to a solution
of dehydroacetic acid (DHA) (4) (0.785 g; 0.004 mol) in
ethanol (15 mL) and the mixture was refluxed for 1.5 h. The
pale yellow precipitate obtained was filtered off; washed with
ethanol and recrystallized from ethanol as the pure ligand
H,L.Yield-85 %, Colour-White, m.p. 278 °C (Scheme-II).

Spectral data of ligand (H;L): IR (KBr, Vi, cm™):
3134.33 (NH), 1662.64 (pyranone C=0), 1600 (C=0); 'H
NMR (500 MHz, DMSO-d;) 6 ppm 2.13 (s, 3H, CH3), 2.63 (s,
3H, N=C-CHs5), 5.89 (s, 1H, ring proton), 7.50-7.54 (dd, J =

OH,
| (0) | O-1>/LO
_ NN Br
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M= Cu (II), Zn (D).
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Scheme-II: Synthesis of ligand (H.L)

10,7.5 Hz, 1H, Ar-H), 7.86-7.92 (m, 2H, Ar-H), 8.08-8.09 (dd,
J =1.8,1.5 Hz, 1H, Ar-H), 11.73 (br., s, 1H, CONH), 16.00
(br., s, 1H, enolic OH of DHA); *C NMR (500 MHz, DMSO-
ds): 6 ppm-17.07 (s, azomethine- CH3), 19.30 (s, DHA-CH,),
94.93 (quat, DHA), 105.91 (s, DHA),121.80 (quat, Ar), 127.08
(s, Ar), 130.45 (s, Ar), 133.68 (quat, Ar), 135.21 (s, Ar) 162.32
(quat, azomethine), 163.34 (quat, C=0), 171.28 (quat, DHA),
182.00 (quat, 2C, DHA enolic); LC-MS: m/z (%) 365.0 (M+H),
367 (M+2).

General procedure for the synthesis of metal complexes
(6a-g): Methanolic solution of corresponding metal salt (chloride
or acetate) was added to the methanolic solution of ligand
(H,L). A slightly basic pH of the mixture for 1:1 ratio of metal
to ligand was maintained by adding alcoholic ammonia and
the contents were refluxed for 6 h. The reaction was confirmed
to be complete after the disappearance of starting materials
on TLC. The products were filtered off, washed with hot
methanol thrice (Scheme-III). The physical and analytical data
of synthe-sized compounds is mentioned in Table-1.

RESULTS AND DISCUSSION

Infrared spectra: The band at 3514 cm™ in infrared
spectrum of free ligand for —OH stretching of pyranone ring
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M= Mn (II), Co (II), Ni (II), Cu (II), Cd (II).

Scheme-III: Synthesis of metal complexes (6a-g)

TABLE-1
PHYSICAL AND ANALYTICAL DATA OF THE SYNTHESIZED COMPOUNDS

Elemental analysis (%): Found (Calcd.)

Compd. No. Compound m.f. (F.W.) m.p. (°C) Colour C T N

5a Ligand (H,L) C,sH;;N,O,Br 278 White 49.20 3.63 7.77 -
(364.00) (49.33) (3.59) (7.67)

6a [Mn(HL),] C;,H,,N,OsBr,Mn > 300 Light yellow 46.12 3.04 7.26 7.08
(780.93) (46.00) (3.09) (7.15) (7.01)

6b [Co(HL),] C;,H,,N,O4Br,Co > 300 Brown 45.84 3.30 7.03 7.36
(385.00) (45.77) (3.07) (7.12) (7.49)

6¢ [Ni (HL),] C3,H,,N,O4Br,Ni > 300 Orange 45.84 3.13 7.26 7.35
(384.00) (45.78) (3.07) (7.12) (7.46)

6d [Cu(HL),] C;,H,,N,O¢Br,Cu > 300 Greenish 45.46 3.23 7.15 8.01
(788.92) (45.50) (3.05) (7.08) (8.02)

6e [Cu(L)(H,0)] C;sH3N,0sBrCu > 300 Blue 40.62 2.77 6.28 14.35
(442.93) (40.51) (2.95) (6.30) (14.29)

of [Zn(L)(H,0)] C;sH;5sN,OsBrZn > 300 Yellow 40.53 2.82 6.36 14.60
(443.92) (40.34) (2.93) (6.27) (14.64)

6g [Cd(HL),] C;H,,N,O4Br,Cd > 300 Cream yellow 42.95 2.79 6.78 13.25
(839.89) (42.86) (2.88) (6.66) (13.37)
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disappearing in all metal complexes clearly indicates the parti-
cipation of pyranone oxygen in coordination with the metal
ions by deprotonation [21]. The strong band for azomethine
group at 1595 cm™ in ligand was shifted to lower side in the
IR spectrum of all metal complexes, indicating the coordination
of azomethine nitrogen to metal ion. In free ligand band at
1662 cm™ arises due to C=0 stretch of pyranone ring in all metal
complexes which indicates its non-participation in coordi-
nation. Spectral data suggests that the ligand has coordinated
through azomethine nitrogen, amide carbonyl oxygen and oxygen
of pyranone ring by deprotonation in all metal complexes, but
in 2:1 ratio of ligand to metal the amide C=O coordinated
without deprotonation.

The band for O-H stretch at 3514 cm™ in free ligand dis-
appears in [Zn(L)(H,O)]. An additional band appearing at 3522
cm’ is due to coordination of water molecule to metal ion.
Azomethine nitrogen band at 1595 cm™ was shifted to lower
region at 1573 cm™ indicating the coordination of azomethine
nitrogen to metal ion. The absence of band at 3134 cm™ for
amide N-H stretch in complex indicates the coordination of
amide oxygen through enolate by deprotonation. Thus, from
IR data the ligand acts as monobasic for [Mn(HL),], [Co(HL)-],
[Cu(HL)], [Ni(HL).] complexes and dibasic for [Zn(L)(H.O)],
[Cu(L)(H,O)] complexes.

NMR analysis: Two signals observed at 16.00 and 11.73
d ppm correspond to enolic OH and amide NH respectively in
the '"H NMR spectrum of the free ligand. These signals were
disappeared in '"H NMR spectrum of [Zn(L)H,O)] complex
indicating the coordination of these two sites via deprotonation.
The aromatic protons in the range of 7.902-8.092 § ppm reso-
nating as multiplet in '"H NMR spectrum of non-coordinated
ligand have shifted slightly to downfield in the range 8.05-
8.16 8 ppm of metal complex. Two CH; protons were observed
as singlets at 2.136 and 2.632 § ppm in free ligand have moved
to 2.06 and 2.55 § ppm respectively after formation of the
complex [22].

In ®C NMR spectrum of free ligand signals observed at
182.00 and 17.07 ppm corresponds to 2C (quat.) (DHA) and
azomethine(s) CH; respectively were shifted to 178.86 and 19.19
d ppm in the spectrum of [Zn(L)H,O)] complex, indicating
the coordination of ligand-OH via deprotonation. The azome-
thine carbon has moved to downfield in the spectrum of complex
indicating the participation of azomethine nitrogen in comp-
lexation with metal ion. The two aromatic quartets for carbons
observed at 121.80 and 133.68 § ppm in the ligand were shifted
to downfield at 121.44 and 132.21 & ppm, which also confirms
the coordination of amide NH via deprotonation.

Thermal analysis: Thermal study of metal complexes
gives an idea about the presence or absence of lattice or coordi-
nated held solvent molecules and is useful to confirm their
composition and thermal stability. The thermal analysis was
performed under nitrogen atmosphere in the temperature range
of 25-800 °C at a heating rate of 10 °C per min.

The thermogram of [Zn(L)H,O)] gives two peaks as shown
in Fig. 1. At about 260 °C, most of the organic material along
with water has been evaporated. Whereas at 450 °C, the metal
was converted to its oxide which is not decomposed upon
heating upto 600 °C.
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Fig. 1. TGA-DTA analysis of [Zn(L)(H,O)]

Electronic spectra: Electronic spectra of the synthesized
transition metal complexes were recorded in DMSO solvent
at room temperature. The complexes exhibited two bands in
the range 349-375 nm which were assigned for charge transfer
spectra observed after complex formation [23]. This indicated
the coordination of azomethine nitrogen to metal ions and
another band in the range of 280-290 nm corresponding to
the m—7* transition (Fig. 2).

Antimicrobial study: Antimicrobial activity of the synthe-
sized compounds was evaluated against one bacterial Strepto-
coccus aureus and two fungal species Aspergillums niger and
Alternaria alternata using petri plate method at 250 ppm con-
centration in DMSO solvent and compared with the standard
antibiotics - streptomycin and carbendazim respectively. The
petri plate (stains) containing 30 mL nutrient agar and potato
dextrose agar (PDA) medium for bacteria and fungi were
incubated for 20-24 h and 24-48 h respectively at 37 °C and
the zones of inhibition were measured in terms of mm. The
results were compared with the standard antibiotics. The metal
complexes showed more inhibitory effects than the non-coor-
dinated ligand against used species under identical condition.

From Table-2, antibacterial activity of ligand and the synthe-
sized metal complexes was found to be less against Strepto-
coccus aureus as compared with the standard drug streptomycin.
However Cd(II) and Mn(II) complexes exhibited excellent
activity against Alternaria alternata than the standard drug
carbenzadim. The remaining compounds showed lesser
activity. On the other hand; Cd (II) complex exhibited excellent
activity against Aspergillums niger even more than the standard
drug carbendazim.

Conclusion

In conclusion, a new 3-bromo-2-[1-(4-hydroxy-6-methyl-
2-ox0-2H-pyran-3-yl)ethylidene] hydrazide ligand and its
transition metal complexes were synthesized and characterized.
Antimicrobial activity of the synthesized compounds revealed
that the Cd(II) complex shows excellent activity against fungal
species and Mn(II) complex shows moderate to good activity
against A. niger and Alternaria alternata, respectively. However,
antibacterial activity of all the screened compounds was found
to be less in comparison with the standard.
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Fig. 2. Electronic spectra of the synthesized metal complexes

TABLE-2
ANTIMICROBIAL ACTIVITY OF THE SYNTHESIZED
LIGANDS AND ITS TRANSITION METAL COMPLEXES

Mean zone of inhibition diameter in mm

C?\rlnpd. Compound Antifungal screening Antlbact.erlal
0. screening
A. niger  A. alternata S. aureus
5a Ligand (H,L) 15 5 15
6a [Mn(HL),] 22 35 15
6b [Co(HL),] 20 27 17
6¢ [Ni (HL),] 15 5 11
6d [Cu(HL),] 5 20 12
6e [Cu(L)(H,0)] 20 35 12
of [Zn(L)(H,0)] 20 22 20
6g [Cd(HL),] 30 40 12
Standard (Carbendazim) 24 26 -
Standard (Streptomycin) — — 40
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