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Abstract

New Schiff base was synthesized by reacting isonicotinoylhydrazones with anisaldehyde to get
a new Schiff base ligand N'-(4-methoxybenzylidene) pyridine-4-carbohydrazide. Newly synthesized
ligand was successfully complexed with Cu(Il), Co(Il) and Zn(II) metal ions in alcoholic medium. The
ligand and complexes obtained were characterized quantitatively and qualitatively by using micro
elemental analysis, IR spectroscopy and UV—Vis spectroscopy. Spectral study reveals that, metal centre
moieties are four-coordinated with square planar geometry for Cu(Il) and Co(Il) complexes and
tetrahedral geometry for and Zn(Il) complex. Synthesized compounds were tested for antimicrobial and
antifungal activity. The preliminary in vitro antibacterial screening activity revealed that complexes
showed moderate activity against tested bacterial strains and slightly higher compared to the ligand.
The synthesized Schiff base ligand and the complexes were also screened for the in vifro antifungal
studies and studies show that the metal complexes were found to be more active than the ligand.
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1. Introduction

Schiff bases ligands and their metal complexes have a variety of applications in
biological, clinical, analytical and industrial fields [1], which makes them extensively studied
class of compounds in chemistry [2]. Schiff bases represent an important class of ligands in
coordination chemistry, producing very stable complexes with several transition metals
generally in (II) oxidation states [3]. Among these, heterocyclic Schiff base ligands and their
metal complexes do have significant interest because of their pharmacological properties [4].
Present investigation deals with the synthesis of Schiff base derived from an amino and
carbonyl compound which is an important class of ligands that coordinate to metal ions via
azomethine nitrogen [5-8]. In literature, several azomethine derivatives have been reported to
possess remarkable anticancer, antibacterial, antifungal and antimalarial activities [9] due to
the presence of C, N linkage.

Due to the easy synthetic approachability and structural variability, schiff base
complexes are considered to be important stereo chemical simulations in transition metal -
coordination complex chemistry [10, 11]. Study of the interaction between drugs and transition
metals is an important and active research area in chemistry [12]. Metal ions used to play a
vital role during the biological process of drug utilization in the body. The high affinity of the
Schiff bases toward the transition metal ions to form complexes upon chelation is utilized in
preparing their solid complexes [13]. Through the present work studies were conducted to

synthesize some biologically active Schiff base ligand and their transition metal complexes.
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2. Experimental

All the reagents were used namely Isonicotinoylhydrazones (INH), anisaldehyde, metal
chlorides and ethanol is of synthetic grade.

Elemental microanalysis of the compounds, C, H and N were performed using
Shimadzu elemental vario EL III model elemental analyser. Melting points of the ligand and
its complexes were recorded on an OMEGA melting point apparatus. The pH measurement
was done on the Elico-16 pH meter. The IR spectra were obtained in a KBr disk using a BIO-
RAD FTS 135 spectrometer, the UV-VIS spectra were recorded in PC based double beam
spectrophotometer 2202 in N,N’-dimethylformamide (DMF) solution.

2.1 Synthesis of Schiff base ligand

To an ethanoic solution of INH (0.01M), solution of anisaldehyde (0.01M) in ethanol
was added dropwise. The above mixture was refluxed for 4-5 hours in a water bath. Then the
reaction mixture was evaporated and cooled at room temperature. The separated white crystals
of ligand was washed with alcohol, ether and recrystallized from ethanol (yield: 76%). The
prepared compound was checked for purity by TLC using glass plates percolated with silica

gel 60 GF254 and suitable solvent system as mobile phase.

2.2 Synthesis of metal complexes

Alcoholic solution of metal salt (Copper (II) chloride, Cobalt (II) chloride and Zinc (II)
chloride of 0.01M) were added to alcoholic solution of newly synthesized Schiff base N'-(4-
methoxybenzylidene) pyridine-4-carbohydrazide (0.02M) in 1:2 (metal: ligand) molar ratio.
Then, the mixture was heated under reflux for half an hour. The resulting coloured precipitate
was collected by filtration and washed with methanol and finally recrystallized from ethanol.
2.3 Biological assay: preparation of nutrient broth

Nutrient broth gel was prepared to study antimicrobial activity of the synthesised

/

compounds. Different concentrations of metal complex in a test tube (0.(5, ,O.l, 0.15, 0.2 and
W
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0.25 M) were taken for Gram positive and Gram negative bacteria respectively. Nutrient broth
gel was added to each test tube and covered with cotton plug. The solution is then kept in an
autoclave about an hour and after autoclaving it is cooled at room temperature. By using Broth
Dilution Method, it was tested for gram positive bacteria Staphylococcus aureus and gram
negative bacteria Escherichia coli. Added two drops of Schiff base solution and complex
solution to each test tube using pipette and stirred well before keeping it in BOD incubator.
After 24 hours microbial growth was examined by comparing it with the control solution. Both
showed positive results.

The newly synthesized compounds were also screened for their antifungal activity
against Aspergillus flavus, Chrysosporium keratinophilum and Candida albicans (MTCC 227).
The compounds were dissolved in DMSO and antifungal activity was determined by well plate
method at concentration of 1 and 0.5 mg/mL. The required amounts of each fungal strain were
removed from the stock and suspended in 5ml of distilled water with 2 drops of Tween 80.
This suspension was uniformly spread on Petri plates containing Potato dextrose agar media
using sterile swabs. After applying the samples into the wells formed by using the same
technique for tests on bacteria, the plates were incubated at 25°C for 3 days. The plates were
then examined for the presence of zone of inhibition and the results were recorded. Flucanazole

was used as a positive control at a concentration of 0.5 and 1 mg/ml.

3 Result And Discussion

3.1 Physical measurements

Schiff base complexes are obtained by heating under reflux of respective metal salt with
ligand in 1:2 molar ratios. The purity of the ligand and complexes were checked by TLC using
glass plates percolated with silica gel 60 GF254 and suitable solvent system as mobile phase.
The ligand and metal complexes are of different colours, the ligand is wh}i’e while the complex
of Cu(Il), Co(Il) and Zn(Il) are red, orange and yellow in colour téceptively. The molar
conductance of all the complex was measured in DMF usifi§ F0%2M solutions at room
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temperature. The low molar conductivity values suggest the non-electrolytic nature of the metal
complex [14]. The Schiff base ligand is soluble in common organic solvents. The resultant
Schiff base complexes are soluble in DMF and insoluble in other common organic solvents.
Complexes gave a sharp melting point indicating the isolation of fairly pure complex. The
micro-elemental analysis for C, H and N of the complex obtained was in agreement with the
predicted formula for complex. Physical properties of the ligand and its complexes were listed

in Table 1.

Table 1: Analysis physical data of Schiff base and its complex

Yield
Compound Formula Colour M.P(°c) o, Cal (found )%
° (Kmax)
C H N
Ligand Ci14Hi3N30; White 118-120 76 65.87 5.13 16.46 440 nm
(65.72) | (5.24) (16.24)
Copper [Cu(Cs6Hs2N120] Red 240-248 84 65.46 5.18 16.65 650 nm
CL.HO
complex (65.34) | (5.16) (16.53)
Cobalt [Co(CssHs2N120] Orange | 280-285 86 65.46 5.18 16.65 640 nm
CL.H,O
complex (65.41) | (5.20) (16.62)
Zinc [Zn(CssHs:N120] Yellow | 245-250 79 65.46 5.18 16.65 550 nm
CL.H,O
complex (65.39) | (5.22) (16.60)

3.2 Chemistry and electronic spectra
The condensation reaction of INH and anisaldehyde under reflux conditions results in
the formation of the Schiff base ligand namely N'-(4-methoxybenzylidene) pyridine-4-

carbohydrazide. The ligand is subsequently reacted with chloride salts of (ir,u(II), Co(Il) and
v
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Zn(II) to give corresponding metal complexes. The proposed synthetic route of the ligand and
the complexes are given in Scheme 1.

The electronic spectra of ligands and complexes are recorded in the 200—800 nm range.
Transitions for the Schiff base ligands which corresponded to the imine (—C=N) attributed to
n—n* and n-m*transitions around 335 nm and 433 nm, respectively [15]. In complex the
transitions n-n* appeared in Schiff base may shift either to the lower or higher wavelength
region [16]. The shift indicated metal ion coordination via nitrogen atoms of imine groups of
the Schiff bases [17]. Due to diamagnetic nature of zinc (II) metal complexes shows n—n* and
n—7* transitions attributed to imine groups. The electronic spectra of copper and nickel
complex shows one broad band around 650 and 640 nm due to B ->A 1 transition suggesting

a square planar geometry [18].

3.3 Stoichiometry of the reaction product

Complex obtained are studied in DMF solution to determine the M/L ratio in the
complex by Job’s Method [19]. A series of solutions are prepared with a constant concentration
(1073 M) of the metal ion and ligand. The M/L ratio was determined from the relationship
between the absorption of the absorbed light and the mole ratio of M/L. The study shows that
the metal to ligand, ratio is 1:2 stoichiometric in nature. In view of this result, a reaction

mechanism is proposed and metal to ligand ratio is to be considered as 1:2.

Scheme: Reaction of INH with anisaldehyde followed by the complex formation (M=Cu, Co, Zn)

/
v
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3.4 Infrared spectroscopy

The IR spectra of the free ligand is compared with those of the complex in order to
determine the coordination sites that may be involved in chelation. There are some
characteristic peaks in the spectra of the ligands, which are helpful in predicting the bonding
mode of ligand and metal. The main bands in the IR spectra of ligand and its complexes are
presented in (Table 2). The IR spectrum of the ligand exhibits a strong band at 1661 cm™ due
to v(C=0) of the amide group (Figure 1). This has strongly displaced in complex indicating
coordination through the carbonyl oxygen. A band at 1598 cm™ due to v(C=N) azomethine
group has shifted to lower frequency, 1514, 1550, 1512 cm™ in complexes [30-22]. This
suggests the involvement of the azomethine nitrogen in chelation. In t._he lower frequency

region, the weak bands observed at 500 to 400 cm™ (Figures 2a, 2b{ \2;5 have been assigned
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respectively to the M-N and M-O vibrations in metal complexes [23]. Accordingly, spectral
study reveals the involvement of azomethine nitrogen and the carboxylate oxygen in chelation.

Fig 1. IR spectra of the Schiff base

Fig 2a. IR Spectrum of the metal complex (M=Cu)

Fig 2b. IR Spectrum of the metal complex (M=Co)
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Table 2. IR frequencies in (cm™) of the ligand and its metal complex

Ligand/complex |v(C=0) v (C=N) |v(M-N) |v(M-O)
L=(Schiff base) 1661 1598 _ _
[Cu(L) CLH,O - 1514 565 433
[Co(L) CLH,O - 1550 511 420
[Zn(L) CLH,O - 1512 541 440

3.4 Antimicrobial activity

ISSN NO: 0031-4773

The antibacterial activity of synthesized ligand and their metal complexes were

screened against two bacteria, Staphylococcus aureus (Gram positive) and Escherichia coli

(Gram negative) by using Broth Dilution Method. Results reveal that the metal complexes

shows better inhibitory activity than Schiff base ligand (Table 3). Chelation of organic species

with metal atom results in the enhancement of biological activity [25]. According to Tweedy’s

chelation theory [26], chelation reduces the polarity of the metal atom by the partial sharing of

its positive charge with donor groups which leads to greater m—electron delocalization in the

entire metal complex ring [27]. Thus, enhances the lipophilicity of the complex. This increased

lipophilic character of the complex favours the complex permeation through the lipid layers of

the cell membrane of the bacteria.
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Table 3. Antimicrobial study of Schiff base and metal complexes

Compound name

Escherichia coli

(Gram negative)

Staphylococcus aureus

(Gram positive)

Concnmg/ml | 0.05| 01 ]015] 02 | 025 | 005 | 01 J015] 02 | 025
Schiff base 141 | 13.6= | 16.0 | 146 | 146+ | 09.1+ | 12.1= | 11.1 | 101 | 09.1+
(mm) 02| 02 |2021=0202 02 | 02 |02 02 |02

Copper complex | 152 | 15.6+ | 16.6 | 17.6 | 17.6+ | 09.6+ | 11.6+ | 13.6 | 11.6+ [ 12.6+

(mm) 102 | 02 | =02 | =02 02 02 | 02 | =02 02 |02

Complex (mm)

Cobalt
169 | 153+ | 173 | 185 [ 153+ | 09.2+ | 13.9+ | 15.6 | 11.6+ | 13.6+

+02 [ 02 |02 |+0.2 [0.2 0.2 02 |02 02 |02

Complex (mm)

Zinc
187 | 16.8+ | 183 | 20.3 | 18.6+ | 09.9+ | 15.6+ | 16.6 | 11.6+ | 14.6+

+02 [ 02 |02 |+0.2 [0.2 0.2 02 |02 02 |02

Std. Streptomycin | 17.2 | 183+ | 20.3 | 21.3 [ 21.3+ | 10.6+ | 17.6= | 19.6 | 19.6+ | 19.6+

(mm)
+0.1 | 0.1 |[=0.1]=0.1[0.1 02 | 02 [+02] 02 |02

3.5 Antifungal activity

The in vitro antifungal activities of the compounds were tested against Aspergillus
niger, Chrysosporium Keratinophilum and Candida Albicans by well plate method [28, 29] at
concentration of 0.5 and 1 mg/mL. Synthesized metal complexes showed stronger antifungal
activities than the free ligand. Flucanazole was used as the standard. Although there is a
sufficient increase in the fungicidal activity of the ligand complex as compared to the free
ligand (Schiff base), they cannot attain the effectiveness of the conve_ntional standard

f

fungicides. The results of antifungal studies are summarized in Table 4. r i
\4

r'ri‘hi‘;:n_'.ﬂ

A.J. Institute of Engineering & Technology
Mangaluru-575006

VOLUME 50 1217 ISSUE 12 2020




PENSEE ISSN NO: 0031-4773

Table 4. Antifungal study of Schiff base and complex

. Aspergillus Chrysosporium Candida
M
icrobs Flavus Keratinophilum Albicans
Conc. in mg/ml 1 0.5 1 0.5 1 0.5
Control 00 00 00

Schiff base (mm) | 1240.6 | 5£0.3 | 8+0.4 | 5+0.5 | 15+0.7 | 14+0.3

Copper complex | 14+0.5 | 7+0.8 | 11£0.8 | 7£0.3 | 20+0.9 | 16+0.5

Cobalt complex | 15£0.9 | 8+0.5 | 12+0.3 | 9+0.8 | 21+0.5 | 17+0.3

Zinc complex 16£0.3 | 9+0.8 | 13+0.5 | 11+0.3 | 22+0.9 | 19+0.3

Std.
Flucanazole 17£0.2 | 10+£0.1 | 16+0.2 | 14+0.2 | 23+£0.2 | 20+0.2

4 Conclusion

In the present work we have synthesized Schiff base by condensation of INH with
anisaldehyde and their metal complexes. Physico-chemical and various spectral studies
revealed that ligand having oxygen and nitrogen donor atom were formed effectively.
Synthesized Schiff base was complexed with Cu(Il), Co(Il) and Zn(II) metal with 1:2
(metal:ligand) stoichiometry. Compounds have shown to exhibit promising antimicrobial and
antifungal activity. The increase in the anti-bacterial and antifungal activity of the ligand
complexes may be attributed due to the effect of the metal ion on the normal cell processes.
Further studies are required to explore these complexes as effective drug. To examine the
possible antifungal effect of metal complexes on the fungal cell membrane, ergo sterol, sorbitol
assay can be evaluated which gives further insights about the synthesised complexes as
effective antifungal drug. This work can be further applied for the development of novel ligand

— transition metal complexes as effective biological agents.

.'III
r .. H""

I."'-rnmd-_:p_;'n

'd-ul. I:".al”h]’t‘l C_- L|'-ﬂ|||:-:‘-'|”|:+ i FEC””UIUIJ‘
Mangaluru-375006

VOLUME 50 1218 ISSUE 12 2020



PENSEE ISSN NO: 0031-4773

5. Acknowledgments
The authors are thankful to B M S College for Women, Bengaluru for providing

the lab facilities to carry out the research work.

Principal

A.J. Institute of Engineering & Technology
Mangaluru-575006

VOLUME 50 1219 ISSUE 12 2020



PENSEE ISSN NO: 0031-4773

REFERENCES

1.

10.

11.

12.

13.

14.

15.
16.

Y. Emad, M. Ahmed, S. Khulood, S. Nadia, S. Jumat and A. Bashar, “Metal Complexes
of Schiff Base: Preparation, Characterization and Antibacterial Activity” Arabian
Journal of Chemistry., vol.10, no.2, (2017), pp. 1639-1644.

S. Annapoorani and C. Krishnan, “Synthesis and Spectroscopic Studies of Trinuclear N4
Schiff Base Complexes” international Journal of Chem Tech Research., vol.5, no.1,
(2013), pp. 180-185.

S. N. Madhavan, A. Dasan and S. J. Raphael, “Synthesis, Characterization, Antifungal,
Antibacterial and DNA Cleavage Studies of Some Heterocyclic Schiff Base Metal
Complexes” Journal of Saudi Chemical Society., vol.16, no.1, (2012), pp. 83-88.

K. C. Gupta and A. K. Sutar, “Catalytic Activities Of Schiff Base Transition Metal
Complexes”, Coordination Chemistry Review., vol.252, no.12-14, (2008), pp. 1420-
1450.

S. Kumar, D. N. Dhar and P. N. Saxena, “Applications of Metal Complexes of Schiff
Bases—a Review” Journal of Scientific & Industrial Research., vol.68, no.1, (2009), pp.
181-187.

D. Sinha, K. Anjani, T. S. Singh, G. Shukla, P. Mishra, H. Chandra and A. K. Mishra,
“Synthesis, Characterization and Biological Activity of Schiff Base Analogues of
indole-3-carboxaldehyde”, European Journal of Medicinal Chemistry., vol.43, no.1,
(2008), pp. 160-165.

. P. Budhani, S. A. Igbal and S. M. M. Bhattacharya, “Synthesis, Characterization and

Spectroscopic Studies of Pyrazinamide Metal Complexes”, Journal of Saudi Chemical
Society., vol.14, no.3, (2010), pp. 281-285.

A. Albert, The Physico-Chemical Basis of Therapy: Selective Toxicity, sixth ed.
Chapman & Hall, London, (1979).

V. Alexander, “Design and Synthesis of Macrocyclic Ligands and Their Complexes of
Lanthanides and Actinides” Chemical Reviews., vol.95, no.2, (1995), pp. 1273-342.

K. Sudha, “Antimicrobial Activity of Copper(Il) and Cobalt(Il) Complexes of Citral-
Valine Derived Schiff Base”, Asian Journal of chemistry., vol.32, no.1, (2020), pp.
192-194.

S. Chakrabarti, D. Dasgupta and D. Bhattacharyya, “Role of Mg?* in Chromomycin A3
— DNA Interaction: A Molecular Modeling Study” Journal of Biological Physics.,
vol.26, no.2, (2000), pp. 203-218.

D. Tao, X. Yang, Y. Li, Y. Gio and L. Yang, “Synthesis, Characterization, and
Antibacterial Activities of Some Rare Earth Metal Complexes of Pipemidic Acid”,
Chemical and Pharmaceutical Bulletin., vol.51, no.5, (2003), pp. 494-498.

M. N. Hughes (Ed.), The Inorganic Chemistry of Biological Processes, second ed.
Wiley, New York (1981).

W. J Geary, “The Use of Conductivity Measurements in Organic Solvents for the
Characterisation of Coordination Compounds” Coordination Chemistry Review., vol.7,
no.1, (1971), pp. 81-122.

A. B. P. Lever, Inorganic Electronic Spectroscopy. Elsevier (1984).

B. S. Garg, R. K. Sharma and E. Kundra, “Copper (II), nickel(II), cobalt(Il) and zinc(II)
Complexes of 2-[2-(6-methylbenzothiazolyl)azo]-5-dimethylaminobenzoic acid:
Synthesis, Spectral, Thermal and Molecular Modelling Studies”, Spectrochimica Acta
Part A: Molecular and Biomolecular Spectroscopy., vol.72, no{ %3, (2009), pp. 291-297.

priﬁf;:n}1

A.J, Institute of Engineernng L Technology
M.‘..uumuiu-flfﬁ 086

VOLUME 50 1220 ISSUE 12 2020



PENSEE ISSN NO: 0031-4773

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

T. Baran, A. Mentes and H. Arslan, “Synthesis and Characterization of Water Soluble
O-carboxymethyl Chitosan Schiff Bases and Cu(Il) Complexes”, International Journal
of Biological Macromolecules., vol.72, no. 5, (2015), pp. 94-103.

S. Antony, D. M. Theodore, K. Saravanan, K. Karuppasamy and S. Balakumar,
“Synthesis, Spectroscopic and Catalytic Studies of Cu(Il) Co(IT) And Ni(II) Complexes
Immobilized on Schiff Base Modified Chitosan”, Journal of Molecular Structure.,
vol.1050, no.24, (2013), pp. 53-60.

D. Harris, Quantitative Chemical Analysis, 8th ed. W.H. Freeman and Company; New
York (2002)

M. Shebl, “Synthesis, Spectral Studies, and Antimicrobial Activity of Binary and
Ternary Cu(Il), Ni(IT), And Fe(Ill) Complexes of New Hexadentate Schiff Bases
Derived From 4,6-Diacetylresorcinol and Amino Acids”, Journal of Coordination
Chemistry., vol.62, n0.19, (2009), pp. 3217-3231.

K. Nakamoto, Infrared and Raman Spectra of Inorganic and Coordination Compounds,
third ed. John Wiley and Sons (1978)

C. S. Thatte, M. V. Rathnam and A. C. Pise, ‘“Chitosan-Based Schiff Base-Metal
Complexes (Mn, Cu, Co) as Heterogeneous, New Catalysts for the B-Isophorone
Oxidation”, Journal of Chemical Sciences., vol.126, no.3, (2014), pp. 727-737.

Y. Anjaneyula and R.P. Rao, “Preparation, Characterization and Antimicrobial Activity
Studies on Some Ternary Complexes of Cu(Il) With Acetylacetone and Various
Salicylic Acids” Synthesis and Reactivity in Inorganic and Metal-Organic
Chemistry., vol.16, no.2, (1986), pp. 257-272.

H. Naeimi and M. Moradian, “Synthesis and Characterization of Nitro-Schiff Bases
Derived from 5-nitro-salicylaldehyde and Various Diamines and their Complexes of
Co(I)” Journal of Coordination Chemistry., vol.63, no.1, (2010), pp. 156-162.

K. N. Mahajan and R. V. Singh, “Synthesis, Characterization and Antimicrobial Studies
of Sb (III) Complexes of Substituted Thioimines”, Indian Journal of Chemistry Section
A, vol.46, no.2, (2007), pp. 1221-1225.

M. M. Jesmin, M. S. Salahuddin, M. R. Habib and J. A. Khanam, “Antimicrobial
Activity of Some Schiff Bases Derived From Benzoin, Salicylaldehyde, Aminophenol
and 2,4 Dinitrophenyl Hydrazine”, Mycobiology, vol.36, no.1, (2008), pp. 70-73.

A. A. Al-Amier, Y. K. Al-Majedy, H. H. Ibrahim and A. A. Al-Tamimi, “Green
Antioxidants: Synthesis And Scavenging Activity Of Coumarin-Thiadiazoles As
Potential Antioxidants Complemented by Molecular Modeling Studies” Journal of
Medicinal Chemistry., vol.6, no.2, (2016), pp. 173-177.

R. M. Atlas, Manual of Industrial Microbiology and Biotechnology (ASM Press,
Washington DC, (1999).

A. R. Portillo, B. Vila, T. A. Freixa and S. Can-igueral, “Antifungal Activity of
Paraguayan Plants Used in Traditional Medicine”, Journal of. Ethnopharmacol., vol.76,
no.l1, (2001).

fllll:

Principal

A.J. Institute of Engineering & Technology
Mangaluru-575006

VOLUME 50 1221 ISSUE 12 2020





