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Abstract: A Schiff base ligand derived from 6-iodo-4-oxo0-4H-chromen-3-yl)methylene)-4-methyl-
1,2,3-thiadiazole-5-carbohydrazide was synthesized, along with its transition metal complexes of
Ru(l1n), Rh(1l), Pd(I1), Ag(ll), and Cd(Il), using microwave irradiation as a green approach, contrasting
with conventional methods. The structures of these compounds were thoroughly characterized through
elemental and spectroscopic analyses, including IR, *H-NMR, XRD, and electronic spectra, elucidating
their geometrical arrangements. Furthermore, the thermal stability of the Pd(Il), Ag(ll), and Cd(ll)
complexes was investigated via thermo-gravimetric analyses (TGA). Elemental analysis confirmed a
metal-to-ligand stoichiometry of 1:2 molar ratio. Additionally, the complexes were screened for their
potential biological activities, particularly antimicrobial properties.
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1. Introduction

Chromone hydrazones are extremely promising ligands in coordination chemistry, and the
biological properties of their metal complexes have been growing in recent years [1-2]. The
coordination chemistry of transition metals with ligands from the hydrazone family has been
of interest due to the different bonding modes shown by these ligands [3]. Generally, the
possible donor sites in hydrazones are amide oxygen and azomethine nitrogen [4]. However,
the possibility remains of generating complexes with new molecular architectures by suitable
substitution in the carbonyl and hydrazide part [5]. This is partially due to their capability of
acting as NO, ONO, NNO, and ONNO donors with the formation of either mono/bi or
polynuclear complexes [6-8]. Chromone hydrazones and their derivative analogs that have
potential biological activity are the focus of extensive investigation [9]. Specifically, the
chromone hydrazones have been screened for their antifungal, antibacterial, antioxidant,
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antimalarial, anti-inflammatory, and DNA binding [10]. Considering the above points and
considering the biological potentials of hydrazones [11]. We have synthesized eight chromone
hydrazones. The two chromones (3-formyl chromone and 6-methyl-3-formyl chromones) selected
here have a keto group, which provides a further binding site for metal cations and behaves as
chelating ligands. The spectroscopic data showed that the ONO/NO donor ligands act as
monobasic tri/bidentate chelates [12-13]. The coordination sites with the metal (II) ion are
pyrone oxygen, azomethine nitrogen, and hydrazonic oxygen [14]. The ligand systems of our
interest and their abbreviations are as follows. Microwave-assisted synthesis is considered one
of the most crucial subdivisions of green chemistry [15]. Microwave reactions under free or
less solvent conditions are eye-catching and present reduced pollution, low price, and high
productivity, with easy processing and handling [16-17].

2. Materials and Methods

All the analytical grades, reagents, and chemicals were used without further
purification. Solvents were purified and dried according to the literature method [18]. All
chemicals were obtained from Sigma-Aldrich and used without purification. The 6-iodo-4-o0xo-
4H-chromene-3-carbaldehyde and 4-Methyl-1,2,3,-thiadiazole-5-carbohydrazide; the
remaining all chemical solvents were purchased from Spectrochem Ltd.

2.1. Physical measurements.

Elemental analysis (C, H, N) was performed using the Perkin EImer CHN analyzer. IR
spectra of the ligands and their metal complexes were recorded on Bruker spectrometer within
the range of 4000-400 cm™. Thermal studies of the complexes were carried out using a Perkin
Elmer diamond TGA instrument. H-NMR spectra of the ligands were recorded on Bruker
spectrometer using DMSO-d6 as a solvent and TMS as an internal standard. Mass spectra were
recorded on water, Qt of micromass (ESI-MS).

2.2. Synthesis of Schiff base ligand.

The Schiff base ligand has been synthesized by reacting 6-iodo-4-oxo-4H-chromene-
3-carbaldehyde (1.00 mmole) and 4-Methyl-1,2,3,-thiadiazole-5-carbohydrazide (1.00
mmole). The reaction was carried out in a microwave oven for 30 minutes. The irradiated
product was washed with dry ether and filtered. The final product was recrystallized from
ethanol to give pale yellow crystals. The product's purity was monitored by using TLC, n-
hexane, and ethyl acetate (7:3) (Scheme 1)[19].

N,
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6-iodo-4-0x0-4H- 4-methyl-1,2,3-thiadiazole- (12E)-N'-((6-iodo-4-ox0-4H-chromen-3-yl)
chromene-3-carbaldehyde 5-carbohydrazide methylene)-4-methyl-1,2,3-thiadiazole-5-carbohydrazide

Scheme 1:The schematic route for the synthesis of Schiff base Ligand (L).
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2.3. Spectral data of ligand.

Color: Brown, Yield: 74%, M.P.: 244°C, Selected FT-IR bands (KBr, cm-1): 3163 v (NH), 1665 v(C=0
chromone), 1625 v (C=0 hydrazonic), 1574 v(C=N ); *H- NMR (DMSO-d6, § ppm ) 12.36 (1H,s, iminolic -
OH); 8.47 (S, 1H, HC=N), 6.94-8.26 (m, 4H, Ar-H); 2.98 (S, 3H, -CHj3); **C NMR (DMSO-d6, § ppm) 188.01
(C=0 chromone), 169.66 (C=0 hydrazone ), 160.94 (-HC=N), 15.44(-CHs. chromone )12.47(-CHs. hydrazone);

2.4. Synthesis of metal complexes.

The Schiff base ligand and metal salts were mixed in a 1:1 (metal: ligand) grinder ratio.
The reaction mixture was then irradiated in a microwave oven. The reaction was completed in
a short time, between 40-160 sec. The progress of the reaction and purity of the product was
monitored by a TLC plate. Each product was recrystallized from ethanol and ether, and
different colored crystals were obtained [20]. (Yield: 75-85 %) (Scheme 2).

M= Ru(l11),Pd(11) L M= Rh(l1),Ag(11),Cd(11)
Scheme 2. The schematic route for the synthesis of metal complexes.
3. Results and Discussion

In the present study of microwave-assisted synthesis, it was observed that the reaction
time had been drastically reduced with a better yield of the products. The difference was
observed probably due to the strong microwave effect and the high enhancement of reaction
rate. The conformation of results was also checked by repeating the synthesis process [21]. The
microwave irradiation technique was completed with 40-160 sec. and yielded 75-85%. All the
metal complexes are colored, solid, and stable towards air and moisture at room temperature.
They possess a sharp melting point. The complexes are soluble in dimethyl formamide and
dimethyl sulfoxide but insoluble in common organic solvents. The Physical and analytical data
of L and its metal complexes are represented in Table 1.

Table 1. Physical and analytical data of L and its metal complexes.

Elemental analysis found (calculated.)%
0
Compound Mol.(Ec\)X/n;ulae M'CP' Color % C % H % N % M
U (cal) (cal) (cal.) (cal.)
. C14HgIN4QO3S 38.20 2.06 12.73
Ligand (L) (439) 244 Brown 39.22) | 210) | (3.12) :
Ca2sH1612NsOsRUS2 34.33 1.65 11.44 10.32
[Ru(L)2] (979) >280 Red @35.44) | (80) | ar77) | (1064)
C28H16Cd12NgNgOsS2 33.94 1.63 11.48 11.35
[Ca(L)a] (991) >280 Brown (34.10) | (188) | (12.40) | (11.86)

3.1. FT-infrared spectra.

The characteristic IR bands of the chromone hydrazones give important information
about their various functional groups. The ligands showed a Strong band at 1665cm™ due to v
(C=0) group of the chromone moiety. This Strong band was shifted to the lower wavenumber
region 15-40 cm™ in their corresponding metal complexes, indicating the coordination of
https://nanobioletters.com/ 30f 10
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oxygen atom of the carbonyl group of the chromone moiety[22]. The stretching vibration of
the azomethine group (C=N) was observed at 1574 cm™ in the ligand. This band was shifted
to the lower wavenumber region 25-40 cm™ in their metal complexes, indicating the
participation of the nitrogen atom of the azomethine group in coordination with the metal ion.
The appearance of new broadband in the region 3234-3409 cm™ indicates the presence of
coordinated water in Ag(ll) and Cd(Il) metal complexes. The coordination of nitrogen and
oxygen atoms was supported by the appearance of non-ligand bands in the range 520-538 cm-
L and 422-462 cm™ region due to the v(M-0) and v(M-N), respectively. From the above
spectral data, it was concluded that Schiff base ligand acts as bidentate with coordinate two
water molecules in Ag(ll) and Cd(11) metal complexes and tridentate ligands in Ru(l11), Rh(ll).
The FT-IR spectral data containing relevant vibrational bands of the ligands and their metal
complexes are listed in Table 2.

Table 2. The selective infrared frequencies of ligand (L) and its metal complexes.

Compound Name C:l(l’f)m?)?’le h;éfoz(c?r)lic v(C=N) v(M-O) v(M-N)
L 1665 1625 1574 -
[Ru(L)2 1656 1603 1533 520 422
[Rh(L)2] 1633 1616 1530 512 418
[Pd(L)2] 1654 1605 1562 510 412
[Ag(L)2(H20)2] 1697 1627 1587 538 422
[Cd(L)2 (H20)] 1669 1632 1595 524 462

3.2. Electronic spectra.

The electronic spectral data of the ligand (chromone hydrazone) in DMF (10°M)
(Table.3) showed two bands with Amax (DMF) 313-356 nm (32573-32154 cm™) and 342-361 nm
(29239-27700 cm?) for chromone hydrazone ligands. The higher energy band may be assigned
to m-n* transitions of the azomethine linkage and the aromatic rings[23]. The medium energy
band may be assigned to n-z* transitions of the C=0 and C=N groups. UV-Visible spectral data
IS represented in Table 3.

Table 3. UV-visible spectral data of chromone hydrazone ligands in DMF (103M).
Electronic spectral bands (nm)

Amax (nnl)/(Smax*lo3 Lcm? mOl_l)
313 (1.31) - nor*
356 (5.2) - n—n*

No | Compounds

Absorbance

T T T v ¥
300 350 400 450 500
Wavelength (nm)

Figure 1. UV-visible Spectrum of Schiff base ligand (L).
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3.3. 'H-NMR spectra.

The *H-NMR spectrums of ligand and metal complexes were recorded in DMSO-d6.
The spectrum of ligand shows following signals: *H- NMR (DMSO-d6, § ppm ) 12.36 (1H,s,
iminolic -OH); 8.47 (S, 1H, HC=N), 6.94-8.26 (m, 4H, Ar-H); 2.98 (S, 3H, -CH3);[24].
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Figure 2.'H-NMR spectrums of Schiff base ligand.
3.4. Thermo gravimetric analysis.

Thermal analysis was used mainly to confirm the water molecule or solvent associated
with being in the sphere of coordination or the outer sphere of the complex [25] and the
information about its properties and the nature of the product's intermediate and final thermal
decomposition. From the TGA curves, the weight loss was calculated for the different steps
and compared with the theoretically calculated weight for the suggested formulas based on the
results obtained from the elemental analyses. Thermal stability of the synthesized metal
complexes was done up to 900°C at a heating rate of 10°C/min in a nitrogen atmosphere. Metal
complexes exhibit similar decomposition patterns, as is evident from their TGA graphs. The
TGA graph shows the decomposition of the Ru metal complex in two steps within a
temperature range of 10-700°C. The first step corresponds to the loss of (C11H7IN203). (Found
68.44 %, calc. 69.65 %) in the temperature range of 230-420°C. The second step corresponds
to the loss of (C3HsN2S)2 (Found 19.78 %, calc. 20.43 %) in the temperature range of 400-
600°C. The third step, which is the final product, leaves RuO as residue. The TGA graph shows
the decomposition of the Cd metal complex in three steps within a temperature range of 10-
700°C. The first step corresponds to losing two coordinated water molecules (Found 3.10%,
calc. 3.63 %) in the temperature range of 10-80°C. The second step corresponds to the loss of
(C11H7IN203)2 (Found 67.76 %, calc. 68.81 %) in the temperature range of 200-400°C. A peak
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corresponding to mass loss of (19.68% calcd.20.18 %) at 400-580°C was due to the loss of
(C3H4N2S): in the third step, and as a final product, it leaves CdO as residue.

Table 4. Thermal analysis data of metal complexes.

Comp. Molecular Stages Temp(c) Possible evolved Mass loss in (%) Residue
No. formula species Found Calc. species
CaosHisl2 1st 230-420 (C11H7IN203): 68.44 69.65
1 NsRuS2 2nd 400-600 (C3H4N:2S): 19.78 20.43 RuO
(979) 3rd 600-700 10.80 11.95

CoaH1cCalNaNg 13t 10-180 2H20 3.10 3.63
) 06Sa 2nd 200-400 (C11H7IN203)2 67.76 68.81 CdOo
(991) 3rd 400-580 (CsHaN2S):2 19.68 20.18
4th 580-700 12.14 13.01
3.5. Powder XRD studies.

The X-ray diffractograms of Ru(ll) and Cd(1l) complexes were recorded between 5-80°
at wavelength 1.541551 A.

Figure 3. Powder X-ray diffractogram pattern of [Ru(L),].

Figure 4. Powder X-ray diffractogram pattern of [Cd(L)2 (H20)-].

Table 5. X-ray diffractogram data of Ru(ll) and Cd (I1) complexes.

Parameters [Ru(L), [Cd(L)2(H20)]
Temperature 298K 298K
Wavelength (A) 1.541551 1.541551
Radiation CuKa CuKa
Crystal system Triclinic Monoclinic
Unit Cell Dimension
a(A) 9.68646 14.4806
b(A) 14.8043 16.9521
c(A) 17.0610 19.4501
a(®) 101.75 90
B(°) 100.29 106.21
v () 100.873 90
Average particle size (nm) 21.051401 14.923426

https://nanobioletters.com/
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The unit cell parameters and calculations were performed using powder-X software.
The average particle size was calculated using grain software [26]. Table 5 gives the summary
of unit cell parameters and average particle size. Miller’s indices and the calculated lattice
constants correspond to the triclinic system for Ru(1l) and the monoclinic for Cd(I1) complexes
are shown in Figures 3 and 4.

3.6. Antimicrobial activity.

The in vitro antimicrobial screening of synthesized ligand and metal complexes was
tested against four bacteria (S. aureus, S. pyogenes, E. coli, and S. typhi) and two fungi (C.
albicans and T. rubrum) by petri-plate containing 30 ml potato dextrose agar and nutrient agar
medium, the plates were incubated for 20-24 hr and 24-48 hr for bacteria and fungi stains,
respectively. The activities were measured in terms of the zone of inhibition in mm.
Cefotaxime, Azithromycin, and Clotrimazole were used as standard drugs for bacteria and
fungi, respectively, at 500 ppm concentration of sample as well as drugs.

The metal complexes exhibit higher inhibition against tested microorganisms than the
free ligand. The value in the above table indicates that the activity of the Schiff base ligand
became more pronounced when coordinated with the metal ions. The presence of azomethine
moiety and chelation effect with central metal enhances the antibacterial activities [27]. This
enhancement in the antibacterial activity of these metal complexes can be explained based on

the chelation theory.
Table 6. Results of antimicrobial activity of synthesized compounds.

Zone of Inhibition in mm
Compounds Gm +ve bacteria Gm -ve bacteria Antifungal activity
S. aureus S. pyogenes E. coli S. typhi C. albicans T. rubrum
Ligand (L) 08 08 09 10 08 9
[Ru(L)2 09 08 09 08 09 10
[Rh(L)2] 11 10 12 12 10 09
[Ag(L)2(H20)2] 16 14 15 16 19 21
[Cd(L)2 (H20)2] 18 16 16 14 18 20
Cefotaxime - - 26 20 - -
Azithromycin 24 26 - - -
Clotrimazole - - - - 14 16

Figure 5. Selected images of antimicrobial activity of ligands L its metal complexes.
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When a metal ion is chelated with a ligand, its polarity will be reduced to a greater
extent due to the overlap of ligand orbital and the partial sharing of the positive charge of the
metal ion with donor groups. Furthermore, the chelation process increases the delocalization
of the n-electrons over the whole chelate ring, which results in an increase in the lipophilicity
of the metal complexes. Consequently, the metal complexes can easily penetrate the lipid
membranes and block the metal binding sites of enzymes of the microorganisms. These metal
complexes also affect the respiration process of the cell and thus block the synthesis of proteins,
which restrict further growth of the organism. The antimicrobial activity of ligand and metal
complexes is shown in Table 6.

4. Conclusion

In the present work, Ru (111), Rh(I1), Pd(I1), Ag(ll), And Cd(Il) complexes were
prepared from 6-iodo-4-oxo-4H-chromene-3-carbaldehyde and 4- Methyl-1,2,3,-thiadiazole-5-
carbohydrazide These Schiff base are characterized using various spectral techniques. IR
spectra revealed the coordination of Schiff base ligand with metal ions through azomethine
nitrogen, chromone moiety's carbonyl oxygen, and hydrazide moiety's carbonyl oxygen. The
structural elucidation studies by various spectral techniques (IR, TGA, and *H NMR) suggested
that the nature of the ligand is tridentated and that the metal complexes' geometry is octahedral.
Thermogravimetric analysis studies demonstrate the stability of complexes and provide the
number of coordinated water molecules. Antimicrobial studies suggest that Schiff base and its
complexes play a vital role in developing a new class of antibiotics.
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