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ABSTRACT:

The chemical interaction of 24-dinitrophenylhydrazones of Cyclohexanone and
Benzophenone with chlorides of transition metals i.e.; Mn(l1), Co(11), Ni(I1), Cu(ll) and Zn(11)
resulted in mixed ligand complexes of the type [M(Cs1H28NgOs)(H20).Cl>]. The hydrazones
were prepared using green synthetic route by avoiding conc. H.SO4. Novel mixed ligand
complexes have been analyzed, characterized and compared with parent ligands on the basis
of chemical analysis and spectral studies.

The antimicrobial activities carried out on bacterial strains Escherichia coli, Bacillus subtilis,
Staphylococcus aureus and fungal strain Candida albicans showed the appreciable activity of
all these complexes against these strains.

KEYWORDS: Mixed Ligand Complexes; Transition metal ions; 2,4-
dinitrophenylhydrazones; Antimicrobial activity.

INTRODUCTION:

Mixed ligand metal complexes have often fascinated researchers since they are different from
conventional metal complexes. Such complexes are known and defined to include minimum
two different type of ligand systems attached to the same metal."" In fact, mixed ligand metal
complexes may vary in their expected behavior and properties due to the presence of more than
one type of ligand system. Hydrazones as ligands are versatile in nature owing to their
analytical importance"" and applications in medicinal chemistry. They are significant as
pharmacophoric cores of variety of antinociceptive, anti-inflammatory as well as antiplatelet
drugs.* Hydrazones and their complexes bring attention as they demonstrate great
diversification of reactivity and their significance in multiple areas of research i.e.;
pharmaceutical, biological and materialistic chemistry . X"

Considering the advantages of transition metal complexes and in progression of our recent
work focused on such complexes with Schiff base and oxime derivatives;* * herein, we
highlight and reportthe syntheses, characterization, antimicrobial significance of some novel
mixed ligand transition metal complexes derived from hydrazones of Cyclohexanone
andBenzophenoneusing transition metals viz. Mn(11), Co(ll), Ni(ll), Cu(ll) and Zn(l1).
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MATERIALS AND METHODS

Benzophenone, cyclohexanone, 2,4-dinitrophenylhydrazine and metal(l1) chlorides were used
as procured (purchased from Sigma-Merck and Fisher Scientific). Carbon, Nitrogen and
Hydrogen were registered on a C, H, N and S 11 series 2400 analyzer (Perkin-Elmer). Metals
and Cl were estimated using literature methods.*" IR spectra were registered on a Spectrum
Version: 10.4.00 spectrophotometer (Perkin Elmer) in the standard region 4000-400cm?, using
KBr. 'H-NMR spectra were registered on a Bruker Ascend 300 MHz system using ds-DMSO
as solvent and TMS as reference. Spectral studies (*H-NMR, IR) were carried out at MNIT,
Jaipur. Antibacterial activities were carried out at Seminal Applied Sciences Pvt. Ltd., Jaipur
and antifungal activities were carried out at Dr. B. Lal Clinical Laboratory Pvt. Ltd. - CIRD,
Jaipur.

Synthesis of Cyclohexanone-2,4-dinitrophenylhydrazone

An ethanolic solution of 2,4-Dinitrophenylhydrazine (4.20g, 21.197 mmol), cyclohexanone
(2.08 g, 21.197 mmol) and 2-3ml of glacial acetic acid were mixed and refluxed for an hour
(Scheme 1). The contents were cooled; obtained precipitate was filtered off under reduced
pressure and washed twice with ethanol to obtain the desired solid product 1-cyclohexylidene-
2-(2,4-dinitrophenyl)hydrazine.

EtOH/ACOH
Ref lux, 1h

Cyclohexanone 2,4-DNPH
1-cyclohexylidene-2-(2,4-
dinitrophenyl)hydrazine

Scheme 1.Green synthesis of Cyclohexanone-2,4-dinitrophenylhydrazone
A similar procedure resulted in synthesis of Benzophenone (2,4-dinitrophenyl)hydrazone.

Synthesis of mixed ligand Zn-complex, [Zn(C31H28NsOs)(H20)2Clz]

Ethanolic solution of ZnCl>(3.800 g, 27.882 mmol), methanolic solution of 1-cyclohexylidene-
2-(2,4-dinitrophenyl)hydrazine (7.758 g, 27.882 mmol) and methanolic solution of 1-(2,4-
dinitrophenyl)-2-(diphenylmethylene)hydrazine (10.103 g, 27.882 mmol) were mixed and
refluxed for 4 hours. The contents were cooled; obtained precipitate was filtered off under
reduced pressure and washed twice with ethanol to obtain the corresponding Zn-complex
[Zn(C31H28N808)(H20)2C|2]

h
\ EtOH-MeOH
+ Mcl, + Ph j@\ Refiux, dis ™ [M(C;31H,§NgOg)(H,0),Cl,]
O,N NO

2

1-(2,4-dinitrophenyl)-2-

1-cyclohexylidene-2-(2,4- (diphenylmethylene)hydrazine

dinitrophenyl)hydrazine

Scheme 2. Synthesis of mixed ligand complexes, [M(C31H2sNgOs)(H20)2Cl;]
A similar procedure resulted in synthesis of Mn-complex [Mn(Cs1H2sNgOs)(H20)2Cl], Co-

complex [Co(Cs1H2sNsOg)(H20)2Cl2], Ni-complex [Ni(Cs1H2sNgOg)(H20)2Cl2] and Cu-
complex [Cu(C31H2s8NgOg)(H20)2Cl>].
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RESULTS AND DISCUSSION

The chemical interaction of 2,4-dinitrophenylhydrazone of Cyclohexanone (C12H14N4O4) and
2,4-dinitrophenylhydrazone of Benzophenone (C19H14N4O4) with transition Metal(11) chlorides
in 1:1:1 molar ratios resulted in mixed ligand complexes [M(C31H2sNsOg)(H20).Cl2] (where;
M = metal i.e.; Mn/Co/Ni/Cu/Zn). All these colored complexes are obtained in 67-81% vyield,;
soluble in coordinating solvents such as Dimethyl sulfoxide and Dimethylformamide. They
have been analyzed using elemental analysis (where found and calculated values vary with less
than £3%); characterized and compared with free ligands using IR, 1H-NMR spectral findings.
The physical data for the mixed ligand complexes are provided in Table 1.

Table 1

Physical data for the synthesized mixed ligand complexes
Mixed Ligand Complex % Yield State and Color M.p. (°C)
[Mn(Ca1H28NgOg)(H20)2Cl2] | 67 Reddish brown solid 184-186
[Co(C31H28Ng0g)(H20)2Cl2] | 74 Dark pink solid 176-178
[Ni(C31H28NgOg)(H20)2Cl2] | 69 Dark blue solid 190-192
[Cu(Ca1H23Ns0s)(H20).Cl2] | 81 Dark green solid 204-206
[Zn(C31H28NgOs)(H20).Cl2] | 77 Orange solid 182-186

IR Spectra

IR spectra of free ligands were studied comparatively with spectra of complexes to determine
the binding mode of metals to hydrazones. The spectra of complexes show characteristic bands
around 3295-3215 cm, 915-870 cm™ attributed to v(N-H) and v(N-N), respectively;*i>>
which are at lower frequency as compared to free ligand systems. Bands in the spectra of
ligands around 1780-1765cm™ assignable to v(C=N) have shifted to lower values 1735-1710
cmin the spectra of complexes (Table 2), which depicts coordinating behavior of azomethine
nitrogen towards metal ions. The peaks registered around 3495-3450 cm™ along with peaks in
the region 840-820cm™ accounts for the presence of water coordination towards metal
ions.*VAdditionally; new peaks observed in the spectra of complexes around 585-445 cm
attributed to v(Metal-N) confirms the metal-ligand interaction.

Table 2

IR spectral for the synthesized mixed ligand complexes
Metal Complex v(N- v(H20) v(C=N), v(N- | v(Metal-

H) azomethine N) N)

[Mn(Ca1H28Ng0g)(H20)2Cl2] | 3215 | 3460, 840 | 1710 915 | 520
[Co(Cs1H28Ns0g)(H20)2Cl2] | 3295 | 3450, 825 | 1735 900 | 490
[Ni(C31H2s8Ng0Og)(H20).Cl2] | 3290 | 3475, 820 | 1725 910 | 585
[Cu(C31H28Ns0s)(H20).Cl2] | 3265 | 3495, 835 | 1710 885 | 445
[Zn(C31H28Ng0s)(H20)2Cl2] | 3280 | 3490, 830 | 1720 870 | 470
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IH-NMR Spectra*v

In spectra of complexes, the singlet peaks in the region 611.11-10.92 ppm can be associated to
the >NH protons, which signify that no deprotonation of N-H bonds occurred during formation
of complexes. The broad multiplet signals in the spectra of complexes between 6 8.92-7.33
ppm are ascribed to the aromatic ring protons in the ligands. Moreover, the medium intensity
signals in the region & 2.49-1.47 ppm have been attributed to the >CH, moiety of the
cyclohexane ring in spectra of mixed ligand complexes.

Antimicrobial Activity

In-vitro antimicrobial screening of the mixed ligand metal complexes were registered against
bacterial strains viz. Escherichia coli, Bacillus subtilis, Staphylococcus aureus and fungal
strain Candida albicans incorporating Kirby-Bauer well diffusion method,"! using MH agar
media. Discs were incubated at 37°C overnight. Standard laboratory cultured strains of
Escherichia coli, Bacillus subtilis, Staphylococcus aureus and Candida albicans were used.
The extracts were dissolved in DMSO (Dimethyl sulphoxide) at 5mg/mL, 10mg/mL
concentrations and 100ul of the test compound was used in the 6mm sized well. Ciprofloxacin
(5mg/mL) and Itraconazole (5mg/mL) were used as standards for analyzing inhibition zone
reflected by the test compounds against bacterial strains and fungal strain; respectively. The
antimicrobial results (Table 3) suggested the appreciable activity of all these complexes against
these strains (Figure 1). It has been noticed that the Zn-complex shows an overall better activity
against Escherichia coli, Bacillus subtilis, Candida albicans; while, Cu-complex shows
maximum activity against Staphylococcus aureus compared to other complexes at similar
concentrations.

Table 3
Antimicrobial activity data for the synthesized mixed ligand complexes

Metal Complexes at Concentration Zone OT _|nhibiti0r_1 (in mm) i

B. subtilis | E. coli | S. aureus | C. albicans
(G0N0 TS o
[Co(C31H28Ng0s)(H20)2Cl2] i(r)nrgrgnnl]_l_ll 12 ;g 23 ié
[Ni(Cs1H2sNgOs)(H20)2Cl] ignrggnnl; |_11 12 ié 22 12
[Cu(Cs1H28Ng0s)(H20)2Cl2] i(r)nng];nnl]_l_ll 12 ig ;i ;;
[Zn(Cs1H25Ns0s)(H20)2Cl:] i:)nn%gnrtcl ;z ;2 23 ;S
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* B. subtilis
~ E. coli
» S. aureus

* C. albicans

Mn-Complex = Co-Complex | Ni-Complex | Cu-Complex | Zn-Complex

Figure 1. Antimicrobial activities of thesynthesized mixed ligand complexes

CONCLUSION

In the present work, we have reported mixed ligand metal complexes synthesized by chemical
interaction of Cyclohexanone-2,4-dinitrophenylhydrazone and  Benzophenone-2,4-
dinitrophenylhydrazone with transition metal chlorides. Keeping in view the aforementioned
results, observations and findings; we propose the following coordination (Figure 2) for the
complexes [M(C31H28NsOg)(H20)2Cl2]. The microbial screening of these synthesized mixed
ligand complexes depicts their overall appreciable activity against Escherichia coli, Bacillus
subtilis, Staphylococcus aureus and Candida albicans. It has been observed that these
complexes possess are more antifungal character as compared to their antibacterial properties.

H20
¥
/ \

(21/ / \ NH

H,0

/
HN \

Figure 2. Probable coordination for the synthesized mixed ligand complexes
(where; M = Mn/Co/Ni/Cu/Zn)
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