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The DHA derivatives of heterocyclic ring system has potent anti-microbial, anti-fungal, anti-bacterial and anti-cancer 
characteristics in addition to significant chelating characteristics with several metal ions. The current study involves the 
synthesis of Schiff base metal complexes using the pyrimidine heterocyclic system and dehydroacetic acid (DHA) with ions 
of Co2+, Ni2+, Cu2+, Mn2+ and Zn2+. The hydrazone ligand is coordinated with the metal complexes of Co2+, Ni2+, Cu2+, 
Mn2+ and Zn2+ ions, as determined from the 1H NMR, Mass, UV and FT-IR spectra, via O and N donor atoms with 
deprotonation of the -OH functional group. The ligand-to-metal complexes ratio has been found to be 2:1 using mass 
spectral data. This article describes the HOMO and LUMO orbitals of their energies. Synthesized metal complexes of 
Cu2+ and Zn2+ are shown to have remarkable antibacterial activity. All of the various metal complexes exhibit greater 
antibacterial activity when compared to free hydrazone. 
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Schiff bases are of highest significance among 
nitrogen-containing synthetic substances because they 
have a higher ability to favourably interact with 
transition metals to create coordination complexes1. 
One of the most prevalent methods for preparing 
Schiff base is the condensation reaction of primary 
amine with a carbonyl molecule (aldehyde/ketone)2. 
Schiff base ligand and transition metal ions 
incorporate to form distinctive coordinate 
compounds3. These compounds are not only visually 
appealing much like an array of colours, but they also 
have various potential biological and catalytic 
capabilities4. 

A metal complex of copper is utilized as a catalyst 
(Wilkinson’s catalyst) in the hydrogenation of 
olefins5. Schiff's bases are useful in medicinal 
chemistry, biological mechanisms, analytical 
chemistry, organic and inorganic chemistry due to 
their propensity to compound with various metals6-10. 
The inclusion of the azomethine group (-C=N-) in 
Schiff base enhances its reliability in medicinal 
chemistry11. This is due to the presence of two 
electrons on the -N atom, which actively engage in 
chelation with transition metal ions12 (Fig. 1). Schiff 
base compounds are recognized for their antibacterial, 
antitumor, anti-fungal, anti-cancer, anti-helminthic, 

anti-tuberculosis, DNA photo-cleavage, DNA 
binding, analgesic, antioxidant and anti-viral 
effects13-20. 

Result and Discussion 
In a clean, dry round-bottom flask, pyrimidine 

hydrazone was dissolved in 70% aqueous EtOH 
solution while being constantly stirred with a 
magnetic stirrer. Then, a hot EtOH solution of 
dehydroacetic acid (DHA) was added gradually. For 

Fig. 1 — Structure of metal complex 
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three hours, the effect reaction mass was refluxed in a 
water bath at 75°C. The product has a melting point of 
181°C and it is yellowish solid with an 80% yield. 

The round-bottomed flask was filled with 0.1 mole 
of hydrazone ligand and then with MeOH. The first 
transition series metal acetate was dissolved in 15 cm3 
of MeOH and then added drop-wise to the 
heated reaction mass. A stoichiometry of 2:1 between 
the hydrozone ligand and metal was achieved 
by reflux-heating the reaction mass for 3 h 
(Scheme 1). 

DFT calculations 
The B3LYP/6-31G(d,p) approach was used to do 

all density-functional theory (DFT) computations 
within the Gaussian 09 software package. In order to 
accommodate for solvent effects, the optimized 
geometries (Fig. 2) in solution were calculated 
using the self-consistent reaction field (SCRF) 
approach. 

Fig. 3 illustrates the presentation of HOMO and 
LUMO and their respective energies. The presence of 
both MOs throughout the delocalized π-system 
suggests an excitation type of π-π* with an energy gap 
of 3.948 eV, which is the HOMO → LUMO 
transition. The determined reactivity indices for 
ionization potential (I = -EHOMO), electron affinity 
(A = -ELUMO), chemical potential (μ = -(I + A)/2), 
hardness (η = (I -A)/2) and electronophilicity index 
(ω = μ2/2η) were –0.244, –0.212, –0.054 and –0.043 
eV respectively, according to the HOMO and LUMO 
energies21. 

Anti-bacterial Study 
The technique of well diffusion was used to assess 

the antibacterial activity of the extracts. A solution of 
the material in DMSO (1 mg/mL) was prepared for 
the sample. The medium was then examined for its 
antibacterial properties. 

The antibacterial activity of synthesized Schiff's 
base hydrazone and its complexes with Co2+, Ni2+, 
Cu2+, Mn2+ and Zn2+ ions was tested against bacterial 
strains such as Bacillus subtilis, Staphylococcus 
aureus and Pseudomonas syringae, Pseudomonas 
aeruginosa using the agar well diffusion method in 
the presence of DMSO /DMF as a solvent (Table 1). 
In order to compare the antibacterial activity of 
synthetic compounds, oxacillin has been chosen as a 
standard reference medication. The metal complexes 
demonstrated moderate to exceptional antibacterial 
activity compared to the ligand under the same 
experimental circumstances at RT, according to the 
results. Coordination has been demonstrated to 
significantly enhance activity. It was determined that 
the ligand's and its complexes biological effects were Fig. 2 — Optimised geometry of ligand 

Fig. 3 — The HOMO, LUMO orbitals of the ligand with energies of –0.212 and –0.054 

Scheme 1 — Synthetic path way to hydrazone ligand 



INDIAN J. CHEM., JUNE 2025 616

categorized as Order. The increased ligand Cu activity 
is demonstrated by the fact that, upon connecting with 
metal ions, the polarity of Cu2+ ions decreases more 
considerably due to ligand orbital overlap and a 
partial distribution of the metal ion's positive charge 
with donor groups. 

Experimental Section 
To determine the structure of the produced molecules, 

a variety of approaches were used. The Avance-(II) 
Bruker 400 model was used to record the 1H and 
13C NMR of hydrazone and their metal complexes at 100 
and 400 megahertz, respectively, using tetramethylsilane 
as a reference standard. All of the produced compounds 
underwent CHN analysis using a Perkin Elmer 2400 
CHN elemental analyzer. Using the KBr pellets approach, 
the Perkin Elmer-spectrum RX-1 FT-IR model was used 
to investigate the infrared spectra of hydrazone and its 
complexes. Mass spectra were recorded using the Agilent 
Mass Spectrometer. Using dimethyl sulfoxide as a solvent 
and a Shimadzu UV 1800 analyzer, the electronic spectra 
of the produced compounds were examined. All the 
chemicals was acquired from Merck and used without 
distillation. All DFT calculations were performed using 
Gaussian 09 software package utilizing the B3LYP/6-
31G(d,p) method. 

Synthesis of Ligand 
Pyrimidine hydrazine (0.05 mol) was dissolved in 

40 cm3 70% aqueous EtOH solution with continuous 
stirring on a magnetic stirrer in a clean and dry 

100 cm3 round bottom flask, followed by the gradual 
addition of 30 cm3 hot EtOH solution of 
dehydroacetic acid (DHA) (0.05 mol). The 
consequence reaction mass was refluxed in a water 
bath for 3.0 hours at 75°C. TLC was used to visualize 
the improvement of the reaction. When the reaction 
was done, it was cooled to RT. The yellowish crystals 
obtained were filtered and carefully washed with an 
excessive amount of cold EtOH. It was crystallized 
from EtOH and dried in a vacuum air dryer to 
eliminate any solvent residue. Product is yellowish 
solid with an 80% yield and a melting point of 181°C. 

Synthesis of Metal complexes 
In a 100 cm3 round bottom flask, 0.1 mole of 

hydrazone ligand was added, followed by 50 cm3 of 
MeOH. To obtain a clear solution, the temperature 
was raised to 75-80°C and stirred continuously for 15 
minutes. After dissolving metal acetate (0.1 or 0.05 
mole) of the first transition series in 15 cm3 MeOH, it 
was added drop-wise to the reaction mass that had 
been heated above. For three hours, the reaction mass 
was heated to reflux in order to create complexes that 
were 2:1 Hydrazone ligand to metal stoichiometric. 
The solid precipitate of metal complexes was filtered 
and washed with cooled MeOH, followed by two 
washes with a non-polar solvent to remove any 
impurities. Metal complexes were kept in an oven at 
50-55°C for 3-4 hours to eliminate solvent residues.
All produced compounds were coloured except for the
Zn(II) complex (Table 2).

Table 1 — Anti-bacterial activity data of ligand and its complexes 

Compd Area of Inhibition (mm) 

B. subtilis S. aureus P. syringae P. aeruginosa
Ligand 8 8 8 8
Co(II) 12 8 14 8
Ni(II) 14 26 15 14
Cu(II) 28 31 26 24
Mn(II) 10 13 8 10
Zn(II) 10 27 22 22

Oxacillin 38 33 37 33

Table 2 — Physical data of ligand and metal complexes 

Compd Color m.p. (°C) Elemental analysis – Found 

C H N M
Ligand Light yellow 181 58.32 5.59 19.43 – 
Co(II) Light orange 275-277 53.08 4.77 17.69 9.30 
Ni(II) Dark grey ˃280 53.10 4.77 17.69 9.27
Cu(II) Light green ˃280 52.70 4.74 17.56 9.96
Mn(II) Pale yellow 255-257 53.42 4.80 17.80 8.73 
Zn(II) White 253-255 52.55 4.72 17.51 10.22 
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Infrared Spectra 
A flexible method for examining the binding 

mechanism and determining which hydrazine donor 
atoms performed responsibility for coordination 
with metal ions is infrared spectroscopy. To 
determine the binding mode, the infrared spectra of 
ligand was compared to that of synthetic metal 
complexes. The resulting distinctive IR stretching 
frequencies are displayed in Table 3. In ligand , IR 
stretching frequencies were observed at 3445, 
1575,1682 and 1001 cm–1. These frequencies may 
be attributed to υ OH (intramolecular hydrogen 
bonding), υ C=N (azomethine str.), υ C=O 
(carbonyl str.) and υ C-O (enolic str.), respectively. 
In the case of metal complexes, all of the stretching 
frequencies previously stated were likewise noted, 
although with some positional movement. The 
participation of this azomethine N atom of 
hydrazine in cooperation with metal ions was 
suggested by the downward change in stretching 
frequencies caused by υ C=N in the case of a metal 
complex. Additionally, when comparing the 
stretching frequencies of υ C=O in metal complexes 
to ligand, there is no apparent shift, indicating that 
the carbonyl -O atom does not participate in 
coordination with metal ions. 

The involvement of the –O donor atom of ligand 
in cooperation with metal ions was suggested by the 
observed upward shift in υC-O stretching 
frequencies in the case of metal complexes. Due to 
υ M-N and υ M-O, which demonstrated the 
coordination of hydrazone with metal ions via 
oxygen and nitrogen donor atoms of ligand, two 
additional stretching frequencies were provided in 
the range of 588-649 and 473-534 cm–1 in the case 
of metal complexes. This further supported the 
involvement of N and O atoms in coordination as 
well as the creation of metal complexes. The 
presence of water molecule traces may be the cause 
of the band around 3400–3500 cm–1 in the infrared 
spectrum data. 

Mass Spectra 
The ligand and its transition metal complexes with 

cobalt (II), nickel (II), copper (II), zinc (II) and 
manganese(II) are displayed together with their mass 
fragmentation spectral data. Mass spectrometry was 
used to confirm the mass of ligand  and its 
compounds. The molecule [M+1] ion peak was 
located at m/z = 288.2 in the mass spectra of ligand. 
The molecular peaks for the Co(II), Ni(II), Cu(II), 
Mn(II) and Zn(II) complexes were found at m/z 
633.3[M+1], 632[M+1], 637.2[M+1], 629.1[M+1] 
and m/z 638.1[M+1] in that sequence. 
 
UV-Visible Spectra 

As demonstrated in the Table 4, the UV-VIS 
spectra of ligand and all of its produced metal 
complexes revealed that methyl sulfoxide had a molar 
concentration of 10–4.Four bands were seen in the UV 
spectra at 352.02 nm, 275.34 nm and 237.98 nm at 
Schiff's base (ligand). The intra ligand π-π* and n-π* 
transition of >C=O or -C=N group in hydrazine is 
responsible for these absorption bands. In the case of 
all produced metal complexes, these bands moved to 
higher frequencies with hypsochromic shift, 
indicating that the nitrogen of the -C=N group was 
involved with the metal ions. 
 
NMR Spectra 

Ligand and its metal complex with transition 
metals were analyzed by 1H and 13C NMR in 
deuterated dimethyl sulfoxide (DMSO-d6) using tetra-
methylsilane as a reference standard. Every NMR 

Table 3 — FT-IR data of ligand and its complexes 

Compd IR Frequency ( Stretching in cm–1) 

υOH υC=N υC=O υC-O υM-N υM-O 
Ligand 3445 1575 1682 1001 – – 
Co(II) 3444 1522 1676 1005 648 530 
Ni(II) 3430 1523 1677 1007 649 530 
Cu(II) 3394 1540 1654 1014 641 531 
Mn(II) 3447 1524 1686 1002 646 531 
Zn(II) 3444 1525 1388 1002 648 532 

Table 4 — UV-VIS spectrum data of ligand and its complexes 

Compd λMax (nm) 
Ligand 352.02, 275.34, 237.98 
Co(II) 363.58, 301.98, 261.90 
Ni(II) 343.41, 266.92 
Cu(II) 387.07, 305.37 
Mn(II) 340.47, 280.97 
Zn(II) 345.65, 280.96 
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spectrum was included in the accompanying 
documentation. The ligand NMR spectra and its metal 
complexes are shown. The signal at δ 2.60 (singlet, 
3H) was caused by -CH3 of -N=C-CH3, δ 2.12 
(singlet, 3H) by -CH3 of DHA, δ 5.83 (singlet, 1H) by 
DHA ring proton, δ 6.90 (singlet, 1H) and δ 8.50 
(doublet, 2H) by pyrimidine ring proton, δ 16.53 
(broad singlet, 1H) due to -OH proton, and δ 10.68 
(singlet, 1H) due to -NH proton, were all detected by 
the 1H NMR of ligand.  

Similarly, The 1H NMR of spectra of Zn complex 
showed thesignal at δ 2.09 (singlet, 3H) due to -CH3 
of -N=C-CH3, δ 2.38 (singlet, 3H) due to -CH3 of  
DHA, δ 5.74 (singlet, 1H) due to DHA ring proton, δ 
6.89 (singlet, 1H), δ 8.30 (singlet, 1H) and δ 8.60 
(singlet, 1H) due to pyrimidine ring proton, δ 11.10 
(singlet, 1H) due to -NH proton and δ 1.77 (singlet, 
3H) due to –CH3 of    -CH3COO. 
 
Conclusion 

The accomplished metal complexes of Co2+, Ni2+, 
Cu2+, Mn2+ and Zn2+ ions interact with ligand via O 
and N donor atoms with deprotonation of -OH 
functional group, according to the 1H NMR, Mass, 
UV and FT-IR spectrum data. The metal salts to 
ligand stoichiometry was determined to be 1:2 based 
on mass spectrum data. Cu2+ and Zn2+ metal 
complexes that were synthesized were discovered to 
have outstanding antibacterial activity. When 
compared to free hydrazone, all other metal 
complexes had strong antibacterial activity. 
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