Synthesis and Characterization of a Schiff base derived from 6-methylcoumarin and 2-aminophenol and its
complexes using Cobalt (I1) ,Copper (I1) .

Abstract

Schiff bases and their metal complexes has been a subject of research for a long period till date. Various
researchers are focusing on synthesis of various Schiff bases with different metal salts to form complexes a nd
their unique properties tried to be identified. The coumarin possess a lot of ‘medicinal values and it was
reported that incorporating of metal ion into its structure increases its activity compared to the coumarin
based ligand as reported in literature.Such an attempt made here to synthesize a Schiff base from 6-
methylcoumarin and 2-aminophenol and its two metal complexes using cebalt and copper (Il) chloride salts.
Synthesis was confirmed by FTIR and antimicrobial activity of the ligand (Schiff base) and the metal complex
were determined by agar well diffusion method against some bacterial and fungal strains. The result from
activity revealed an enhanced antimicrobial activity of the metal complexes over their corresponding Schiff
bases.
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1: Introduction

Coumarins belong to a family of large and extensively studied compounds containing 2H-1- benzopyran-2-one
core structure, which consist of fused benzene and alpha-pyrone rings. This heterocyclic system is also known
as 1,2-benzopyrone, 2H-chromen-2-one, 2-0xo-1,2-benzopyran or o-hydroxycinnamic acid lactone. The
coumarin nucleus is a recurring motif in both natural and synthetic compounds that exhibit a broad spectrum
of biological properties including anticoagulant, anti-inflammatory, antioxidant, antiviral, antimicrobial and
anticancer.agents as well as enzyme inhibitors.[1]. The history of coumarins can be traced back to 1820 when
H.A. Vogel firstisolated the simplest member of this family —coumarin from the tonka beans. Later on , this
compound was first synthesized by W.M. Perkin in 1868 ,and discovered both natural and synthetic coumarins
are endowed with a great therapeutic potential due to the wide spectrum of biological properties including
anticancer, antimicrobial, antiviral, anti-inflammatory, neuroprotective and antioxidant activities .Hence, the
coumarin skeleton can be foresighted as a privileged scaffold for the design and synthesis of pharmacologically
active compounds. [2—8].Additionally, physicochemical properties and biological activities of coumarins might
be enhanced by combining coumarin moiety with other chemical species such as, for example , metal ions. The
literature survey reveals that several properties of the organometallic complexes offer great opportunities in
the development of new compounds with specific and new modes of action. Infact, incorporation of metals
such as cobalt, copper, zinc, silver, platinum, palladium, or iridium, into ligand molecules with biological activity
has been implemented in the development of novel coumarin-based complexes with better pharmacological



activity. As a consequence, a large number of coumarin —based metal complexes have been synthesized in
order to obtain more potent molecules. [9---13]

2 : Experimental :
2.1 Materials

All chemicals reagents and solvents used were of analytical grade and were used without further purification.
The metal (Il) salts used are Cobalt (Il) Chloride ihexahydrate and Copper(Il)Chloride dihydrate. All glasswares
used were thoroughly washed with detergent and repeatedly rinsed with tap water and distilled water was
finally used and then dried in an oven at 110°C.The melting points were determined using a Gallenkamp
Melting Point Apparatus, the infrared (IR ) spectra of the compounds were recorded using Cary 630 FTIR
Spectrometer, conductivity and magnetic susceptibility values all -determined using the Jenway 4010
conductivity meter and Sherwood Scientific MSB —MKI Magnetic susceptibility balance respectively.The
Sensitive Balance used was a Labtech electronic scale BL 3002 Japan, used in all'measurements involving
weight or mass.

2.2 Method
2.2.1 Synthesis of the Schiff base ( ligand) :

3.2g (0.02mole) of 6-metyhlcoumarin in 20em? ethanol was added to 2.18g (0.02mole) of 2-aminophenol in
30cm® ethanol, the mixture refluxed for 5 hours while:stirring , the volume reduced to one-half its original
volume by heating on a water bath. The heated mixture was allowed to cool at room temperature and a light-
brown crystals obtained which were filtered, recrystallized using ethanol and then dried in a desiccators over
anhydrous calcium chloride for 48 hours.

2.2.2 Synthesis of the metal (II) complexes :

The cobalt(ll) and copper (I) complexes were synthesized by mixing 0.75g (0.003mole) of each of the metal
salts and 1.5g (0.006mole) of the Schiff base, (that is in a ratio of 1:2) in ethanol the mixture heated at reflux
for Shours in each case the complex formed was filtered ,washed several times with hot ethanol and then
dried

3. Characterization techniques :

3.1 Solubility Test.



The solubility test was carried out for both the Schiff base and the two complexes , the test was done using
ethanol, methanol ,petroleum ether, benzene ,water , chloroform and dimethyl sulphoxide (DMSO). From
each of the three samples 20mg was taken and dissolved into about 4cm® of the corresponding solvent in a test
tube.

3.2 Melting point:

The melting point of the synthesized ligand as well as the decomposition temperature of the metal complexes
were recorded using a Gallenkamp Melting Point Apparatus with a thermometer range of 0-360°C

3.3 Molar conductance

The molar conductance of each of the two metal complexes was determined using a.Jenway 4010 conductivity
meter at a concentration of 10° M in DMSO. The measurement is used todetermine whether a given
compound is an electrolyte or non-electrolyte when in solution. Molar conductance is the conductivity of an
electrolytic solution divided by by the molar concentration of the electrolyte, and therefore measures the
efficiency with which a given electrolyte conducts electric current in solution.

3.4 Magnetic Susceptibility Measurements

Magnetic susceptibility measurements are widely used to study the magnetic properties of transition metal
complexes. The magnetic properties are due to the presence of paired or unpaired electrons in the filled or
partially filled d-orbitals in the outer shell of these. compounds.

3.5 Infrared (IR)

The IR spectra of the ligand and complexes were recorded on FT-IR-91184 (FTIR Spectrum Il ) model in the
range 450—4000 cm™ using KBr pellets.This spectra is use to determine the coordinating atoms and the
relative strength of the bonds.

3.6 Antibacterial studies ;

The Antibacterial studies of the Schiff base and the metal complexes were carried out using Staphylococcus
aureus, Salmonella typhias and Escherichia coli test organisms and Gentamicin as control and three fungal
strains Aspergillus fumigates, Candida albican and Mucor sps and Ketoconazole as control for the fungi. Using
Agar-well diffusion method, the test organisms were prepared by dissolving them in peptone water and they
were smeared over the surface of Muller Hilton Agar for the bacterial strain and potato dextrose agar for the
fungal strains.the tests were carried out in triplicates i.e..the ligand and the complex were dissolved separately in
DMSO. Three different concentrations (15mg/ml, 30mg/ml, and 60mg/ml).A well was made on the agar medium
inoculated with test organisms. The well was filled with the test solution using a micropipette and the plate was
incubated 24 hours for the bacteria and 72 hours for fungi at 37 °C. The results were obtained by measuring the
diameter (in mm) of the zone of inhibition of the activities of the Schiff base and metal complexes against the

test organisms.[14]



4. Results and Discussions:

The results of the physical properties and the infrared of the ligand and that of the complexes are given in the
following tables and discussed as follows.

4.1 Physical properties of ligand and its metal complexes

The reaction brtween 6-methyl coumarin with 2-aminophenol in a molar ratio of 1:1 produced the Schiff base
ligand a pale brown coloured substance with percentage yield of 60.60 % (scheme 1). The interaction between
the Schiff base ligand and the metal (I1) ions in ratio of 2:1 (L,:M ) giving a reddish-brown cobalt complex with
percentage yield of 71.80 % and a black coloured copper complex with a yield of 79.20% (scheme 2 )The
melting point of the ligand and the decomposition temperature of the cobalt and copper metal. complexes
found to be 158°C and 230°C and 264°C respectively (table 1). The high melting point indicates that the
compounds are stable and not easily decomposed.[15]. The higher melting points of the complexes also
suggest the chelating effect of the ligand, as chelating ligands form more stable complexes. In-another finding
as quoated by Daniel and Kiremine [16,17 ] that the difference in melting point between ligand and their
complexes proved that the new compounds form are different from the parental ligands. Moreover, lower
melting point of ligand than their respective complexes shows that complexation increases the intra-atomic
bonding effect of particles of the compounds.
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Scheme 2: Synthesis of the Schiff base metal complexes. [M= Co,Cu ]

Table 1: Some physical properties of the ligand and their complexes

Compound Colour M.P.(°C) Yield (% ) Conductivity(S cm’mol™)
Ligand pale-brown 158 60.60
Co complex Reddish-brown 230 71.80 15.04

Cu complex Black 264 79.20 12.76




4.2 Solubility test of ligand and its metal complexes

For the solubility the result in table 2 revealed the ligand and the two complexes were tested in different
solvents ,the result shows none of the complexes nor the ligand was soluble in water this indicating all have
low polarity. Ethanol and methanol dissolved the ligand and the two complexes ,also the ligand and the
complexes are all soluble in DMSO. Generally, transition metal complexes with organic ligands are relatively
non-polar. As a result they are soluble in organic solvents but not in polar like the water. At. molecular level,
solubility is controlled by intermolecular forces. However , a simple empirical rule- Likes dissolves like and is
based on the polarity of the systems that is polar solvents and non-polar molecules in non-polar solvents.[18 ]

Table 2: Solubility of the ligand and their complexes

Compound Ethanol Methanol Pet.Ether Benzene Water - Chloroform DMSO

Schiff base S S IS SS IS SS S
Co(L2) S S IS IS IS IS S
Cu(L2) S S IS S IS S S

Key : S=soluble SS=slightly soluble IS=insoluble

4.3 Conductivity measurement.of metal complexes in 10> DMSO

The molar conductivity values of the complexes in 10° M DMSO solution (Table 1) showed that of cobalt as
15.04pu Scm™ and 12.76uScm™ for.the copper complex , the low values suggest the complexes are non-
electrolytes [19 20 ] therefore occurs as a neutral solution. In 2006, Deligonul and Tumer [21] also ascertained
that low value of molar conductance indicates non-electrolytic nature of a complex. The conductance of a
solution is a measure of the ability of that solution to conduct a current. The use of conductivity enables the
determination-of ions in solution. The results obtained from magnetic susceptibility measurement (table 3)
revealed that the two complexes are all paramagnetic, which is due to the presence of unpaired electrons in
the d-orbital of the. metal ions, as such this make the complexes to also be less stable.

Table 3: Magnetic susceptibility test result of the complexes

Complex Co (L2) Cu(Ly)

Magnetic Susceptibility 13720 x 107 666.67 x 10°



4.4 1R Spectra of the Schiff base and its metal complexes

Fourier Transform Infrared Spectroscopy( FT-IR),an instrumental method of analysis based on the fundamental
principles of molecular spectroscopy, the FT-IR was utilized in order to identify the presence of certain
functional groups in the synthesized compounds, and as an approach to confirm the_identity of the
compounds through the collection of absorption frequencies. The principle behind the usage is that the
stretching modes of a ligand changes upon complexation due to subsequent changes in the positions of the
bands appearing in the spectrum [22]. The IR spectra, were assigned by comparing the spectra of the ligand
with that of the metal complexes and also with literature reports on similar systems . [23--25]..In the IR spectra
of the ligand as shown in ( table 4) revealed a medium sharp band at 1599cm™ ,which was assigned to ,C=N
stretching of azomethine group [26]. In the complexes these bands has shifted to a:lower region 1547cm™ and
1592cm™ for Cu (Il ) and Co (Il) complexes respectively, these bands:has suggested the coordination of
azomethine nitrogen to the respective metal atoms due to complexation.) [27, 28 ] The shift of the wave
number is expected as a result of the coordination of the nitrogen atom of the azomethine group to the metal
ions, which causes reducition in electron density in the azomethine link. [29] IR spectrum of the ligand shows
a strong band at 3376 cm™ due to v(OH) ligand stretching vibrations. This band is absent in the spectra of the
complexes indicating the dissociation of the phenolic proton on complexation and involvement of phenolic
anionic oxygen in coordination, [26] .A stretchingvibration due to v(C-O) at 1268cm™ was observed in the free
ligand, [30, 19 ] and shifted to higher frequencies of 1275cmi! in copper and 1286cm™ for the cobalt
complexes; this shifts proved that there is coordination of the phenolic oxygen leading to the formation of C-O-
M bond ].The ligand showed a strong absorption band due to'C-N- which occurred at 1462cm™ and shifted to
a new position of 1487cm™ in both complexes. This new value ascertained the nitrogen atom of the
aminophenol has been involved in complexation [25]. From the IR results it may be understood that the Schiff
base ligand coordinated to the metal ions through the azomethine nitrogen , hydroxyl group and the hetro
oxygen of the ligand.

Table 4: Relevant infrared bands of the ligand and their complexes

Compound v(O-H) v(C=N ) v(C=0) wv(C=C) WV(C-N) Vv(M-N) v(M-0) /em™

Ligand 3376 1599 1268 1514 1462 - --
Co(Ly) - 1592 1286 1487 1487 739 437
Cu(Ly) - 1547 1275 1577 1487 757 448

4.6 Antimicrobial activity

The Schiff base ligand and the two metal complexes were screened for antibacterial activity( in vitro) by agar
well diffusion method against three bacterial strains and three fungal strains. Gram-positive bacteria such as
Staphylococcus aureus, Gram-negative bacteria such as Escherichia coli,Salmonella typhi and three fungal



strains Aspergillus fumigates,Candida albican,and Mucor sps were used for the test. The results of the
biological activity indicated that the compounds are active against both gram (-) and (+) bacteria. The Schiff
base ligand alone is slightly effective against all strains of the micro-organisms. The Cu(ll) complex showed
moderate activity against all bacterial and fungal strains compared to the control antibiotics used, and it was
observed the effectiveness increases as with concentration ,except against Aspergillus fumigates and Mucor
sps in which the complex showed no action at a concentration of 15ug/mL The cobalt complex showed high
activity against Aspergillus fumigillus Salmonella typhi and moderate activity against Escherichia coli, and
Mucor sps but no activity against Candida albican, Conclusively the value for the minimum inhibition
concentration (MIC) shows the Schiff base is more active against the unicellular fungus (Candida albicans) and
Gram negative bacteria Escherichia coli this is because lower MIC value indicates higher drug activity, the
compounds are therefore promising antimicrobials subject to in vivo study outcome.

Table 5: Antimicrobial sensitivity test of Schiff base ligand and metal complexes against bacterial and
fungal isolates at various concentrations (ug/ML) using agar well diffusion method.

Test organism used concentration of ligand /complex Control antibiotics used

and inhibition zone

Co(Ly) Cu(L,) Ligand Gentamycin Ketoconazole

603015 603015 603015 80mg 200mg
Staphylococcus a. 201612 191712 14119 26mm -
Escherichia coli 141211 151310 161412 21mm
Salmonella typhi 201614 181614 1110- 17mm
Candida albican --- 181513 181612 19mm
Aspergillus fumigates 1210 - 1310- 14119 25mm
Mucor spp 119 8 16 13- 151210 25mm
KEY:
pg/Ml—micro unit per milliliter mm—millimeter
gentamycin --- antibacteria ketaconazole —antifungal
5. Conclusion

The synthesized Schiff base ligand and the metal (II) complexes and also their biological potentials investigated
aiming at contributing towards search for novel metal complexes that exhibit various biological activities. The
coordination through phenolic oxygen and imino nitrogen atom of the tridentate Schiff base ligand to the metal
ions confirmed using the FTIR. The insolubility of the ligand and the two complexes in water may be due to
their non-polar nature. The low molar conductance values of the metal (Il) complexes showed their non-
electrolytic nature. The infrared spectral data of the ligand when compared to those of the metal (Il )



complexes showed that coordination of the metal ion to the ligand is via the azomethine nitrogen, hydroxyl
group of the ligand and the hetro -oxygen in the coumarin. Their antimicrobial action has shown that the ligand
is effective against the tested organisms but the complexes were observed to exhibit higher antibacterial

action.

REFERENCES

1. Lukasz Balewski, Sylwia Szulta, Aleksandra Jalinska, and Anita Kornicka Front Chem, 2021 9; 781779

2. PereiraT. M., Franco D. P., Vitorio F., Kummerie A.E.,( 2018). Coumarin compounds in Medicinal Chemistry:

10.

11.

12.

some important Examples from the last Years, Ctmc 18, 124-148. 10.2174/1568026618666180329115523
[pubMed] [CrossRef] [Google Scholar]

. Srikrishna D., Godugu C., Dubey P. K., (2018). A Review on Pharmacological Properties of Coumarins.

Mrmc 18, 113-141. 10. 2174/ 1389557516666160801094919 [PubMed] [CrossRef] [Google Scholar]
Stefanachi A., Leonetti F., Pisani L., Catto M., Carotti A., (2018). Coumarin: a Natural Privileged and
Versatile 18Scaffold for Bioactive Compounds. Molecules 23, 250. 10.3390/molecules23020250 [PMC free
article] [PubMed] [CrossRef] [Google Scholar]

Akkol F.K., Genc Y., Karpuz B., Sobarzo-Sanchez E., Capasso R., (2020)..Coumarins and Coumarin- Related
Compounds in Pharmacotherapy of Cancer. Cancers 12 1959. 10. 3390/cancers 12071959 [PMC free
article ]J[PubMed ] [CrossRef ] [Google Scholar]

Al-Warhi T., Sabt A., Elkeed E. B., Eldehna W.-M., (2020) Recent Advancements of Coumarin- Based
Anticancer Agents: an up to date review. Bioorg. Chem. 103 104163. 10.1016/j.bioorg.2020.104163
[PubMed] [CroossRef][Google Scholar

Mishra S., Pandey A., Manvati S., (2020). Coumarin : an Emerging Antiviral Agent. Heliyon 6, e03217.
10.1016/j.heliyon.2020.e03217 [PMC free article] [PubMed] [CrossRef] [Google Scholar]

Abd-Elzah,M.M. (2001) Spectroscopic characterization of some tetradentate Schiff bases and their
complexes with nickel,copper and zinc. J. Chin. Chem.Soc., 48, 153-158. Patel G., Banerjee S. (2020).
Review on Synthesis of Bio-Active Coumarin-Fused Heterocyclic Molecules. Coc 24, 2566-2587. 10.
2174/1385272824999200709125717 [CrossRef] [ Google Scholar]

Gasser , Metzler-Nolte N.(2012). The Potential of Organometallic Complexes in Medicinal Chemistry. Curr.
Opin. Chem. Biol. 16, 84-91. 10. 1016/j.cbpa.2012.01.013 [PubMed] [CrossRef][Google Scholar]

Noffke A.L., Habtemarium A., Pizarro A. M, Sadler P. J. (2012). Designing Organometallic Compounds for
Catalysis and Therapy. Chem. Commun. 48. 5219-5246. 10.1039/c2cc30678f [PubMed] [CrossRef] [Google
Scholar]

Ibrahim D. M., Jumal J., Al-Adiwish W. M., (2019). Anti-cancer Screening of some Transition Metal ion
Complexes with Coumarin Derivatives. J . Transit. Met Complexes 2, 1-5. 10. 32371/jtmc/236074
[CrossRef] [ Google Scholar]

Parveen S., Arjmand F., Tabassum S. (2019). Development and Future prospects of Selective
Organometallic Compounds as Anticancer Drug Candidates Exhibiting Novel Modes of Action. Eur. J. Med.
Chem. 173. 269-286.



13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

Boros E., Dyson P. J., Gasser G. (2020). Classification of Metal-Based Drugs According to their
Mechanisms of Action . Chem 6, 41-60. 10.1016j. chempr.2019,10.013 [PMC free article ] [PubMed]
[CrossRef] [Google Scholar]

Mounika, K., Pragathi, A., & Gyanakumari, C. (2010). Synthesis characterization and biological activity of
a Schiff base derived from 3-ethoxy salicylaldehyde and 2-amino benzoic acid and its transition metal
complexes. Journal of scientific research, 2(3), 513-513.

Ahmed, A. and Akhtar , F. (1986) Cu (II) and Ni(Il) complexes with a tetradentate Schiff base derived from
2-hydroxy-1-napthaldehyde ethylenediamine. Indian Journal of Chemistry, 20A ; 737-758.

Daneil L. S. (2009) The synthesis and characterization of copper (Il ) complexes containing
thiosemicarbazone and semicarbazone ligands derived from ferrocene andpyrdyl fragments.

Kiremire, E. (2010) Method of synthesizing a complex active against the malaria parasite plasmodium
falciparum. US Patent App. 13/642, 615.

Saal, C. (2010). Optimizing the solubility of Research Compounds How to avoid going off track. Am. Pharm.
Rev., 13 14-87.

Osowole, A. A. (2008) Synthesis and characterization of some tetradentate Schiff base complexes and their
heteroleptic analogues. E-jounal of Chemistry, 5(1), 130-135.

Tawfig, A. A. (2011), Synthesis and characterization of divalent transition metals complexes of Schiff bases
derived from salicylaldehyde diamine derivatives. Al-Mustansiriya Journal of Science, 21(1): 101-108.
Deligonul, N.; Tumer, M. (2006) Synthesis , characterization, catalytic,electrochemical and thermal
properties of tetradentate Schiff base complexes. Transit. Metal Chem., 31,920-929

Nakamato, K. (1970), Infrared Spectra of Inorganic and Coordination compounds. John Wiley and sons :
New York, 194-197.

Atmaram M A.. and Kiran V. M.(2011). Synthesis, characterization and antimicrobial activity of mixed Schiff
base ligand complexes of transition metal (ll) ions. International journal of Chem Tech Reseach, 3 (1), 477-
482.

Muzammil, K., Trivedi, P-and Khetani, D. B (2015) Synthesis and characterisation of a Schiff base m-
nitroaniline and their metal.complexes. Research Journal of Chemical Sciences, 5(5), 52-55.

Iniama, G.E., Isaac,l.T. and Samson;. 0.0 (2015). Antimicrobial studies of synthesized zinc (Il) Schiff base
complexes of L-Arginine -2-hydroxy-1-napthaldehyde and glycine-2-hydroxy-1-nathaldehyde. International
Journal of Scientific and Technology Research. 4 (8) : 24-27

Gupta, A.K.and Barhate, V.D. (2012) Synthesis, Characterization and study of Microbiological Activity of
Some Transition Metal ion Complexes with [N-(o- hydroxybenzylidene) Pyridine-2-Amine] -(NOHBPA),
Research Journal of Phamaceutical, Biological and Chemical Science, Volume 3 Issue 3 page 1013

Shankera, K.; Rohinia, R.; Ravindera, V.; Reddy, P.M.; Hob, Y.P.(2009) Ru (Il) complexes of N4 and N202
macrocycle Schiff base ligands; their antibacterial and antifungal studies . Spectrochim Acta Part A, 73, 205-
211.

Shakir, KM.; Varkey, S.P.; Hameed, P.S. (1994) Synthesis and structural studies of binclear transition metal
complexes of diamidediiminhexaazmacrocycles. Polyhedron, 13. 1355-1361.

Venkatachalam, G,; Raja, N.; Pandiarajan, D.; Ramesh, R.(2008) Binuclear ruthenium (lll) Schiff base
complexes bearing N404 donors and their catalytic oxidation of alcohols. Spectrochim Acta Part A, 71, 884-
891.



30. Prasad, K.S.; Kumar, L.S.; Chandan, S.; Vijaya, B.; Revanasiddappa, H.D.(2011) Synthesis, characterization
and DNA interaction studies of Copper(ll) complex of 4(3H)-quinazolinone-derived Schiff base. An Univ.
Bucuresti. Chimie, 20, 7-13.

31. Chiehak, K.; Jacquenmard, U.; Brand, N.R. (2002) The construction of ruthenium (II) assemblies using axial
coordination .Eur. J. Inorg. Chem., 2, 357-368.

32. Abd-Elzar, M.M. (2001) Spectroscopic characterization of some tetradentate Schiff bases and their
complexes with nickel ,copper and zinc. J. Chin Chem. Soc., 48. 153-158.



