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Abstract

In the search for new drugs, coumarins are an important class of compounds due to their chemical and biological
properties, such as their potential to reduce cancer, diabetes, and cardiovascular diseases. They are heterocyclic
compounds that contain oxygen in their structure and are found in plants.To improve the chemical and biological
properties of the coumarin-3-carboxilic acid, were prepared metal transition complexes of Cu(Il), Ni(Il) and Zn(II) of
coumarin-3-carboxilic acid by a new synthetic route. All complexes were characterized by Ultraviolet (UV), Infrared
(FTIR), and Raman spectroscopy; Scanning electronic microscopy (SEM); X-Ray diffraction (XRD), as well as
conductivity and elemental analysis. Electron microscopy and X-ray analysis showed that the degree of crystallinity of
the complexes changes when compared with the precursor, 3-carboxy-coumarin acid, and the degree of crystallinity
depends on the nature of the metal ion attached to coumarin. In addition, the antioxidant action of the complexes was
evaluated by the DPPH method, and the results showed a higher activity of the complexes when compared with the
precursor, suggesting that these complexes may present biological properties of interest.

Keywords: Coumarin; Synthesis; Complexes; Antioxidant; Coordination.

Resumo

Na busca por novos medicamentos, as cumarinas sdo uma classe importante de compostos devido suas propriedades
guimicas e biolégicas como, potencial de reducdo de doengas cancerigenas, diabetes e doencgas cardiovasculares. Sao
compostos heterociclicos que contém oxigénio em sua estrutura e sdo encontrados em plantas. Com objetivo de melhorar
as propriedades quimicas e bioldgicas do acido cumarino-3-carboxilico foram preparados complexos de transicdo de
Cu(ll), Ni(l1), Zn(1l), utilizando o acido cumarina-3-carboxilico como precursor utilizando-se uma nova rota sintética.
Todos os complexos foram caracterizados por espectroscopia de Ultravioleta (UV), Infravermelho (IV) e Raman;
Microscopia eletrdnica de varredura (MEV); Difratometria de raios-X (DRX), bem como condutividade e analise
elementar. A microscopia eletrnica e as analises de raios-X mostraram que o grau de cristalinidade dos complexos muda
quando comparado com o precurso, acido 3- carboxi-cumarina, e sua cristalinidade depende da natureza do ion metalico
ligado a cumarina. Além disso, avaliou-se a acdo antioxidante dos complexos pelo método DPPH, cujos resultados
indicaram uma maior atividade dos complexos quando comparados com o precursor, sugerindo que esses complexos
podem ter potenciais propriedades bioldgicas de interesse.

Palavras-chave: Cumarina; Sintese; Complexos; Antioxidante; Coordenacéo.
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Resumen

En la busqueda de nuevos farmacos, las cumarinas son una clase importante de compuestos debido a sus propiedades
quimicas y bioldgicas, como la reduccion potencial de las enfermedades cancerosas, la diabetes y las enfermedades
cardiovasculares. Son compuestos heterociclicos que contienen oxigeno en su estructura y se encuentran en las plantas.
Para mejorar las propiedades quimicas y biol6gicas del acido cumarinico-3-carboxilico, se prepararon complejos de
transicion de Cu(ll), Ni(Il), Zn(ll), utilizando el &cido cumarinico-3-carboxilico como precursor utilizando una nueva
ruta sintética. Todos los complejos se caracterizaron mediante espectroscopia Ultravioleta (UV), Infrarroja (FTIR) y
Raman; Microscopia electronica de barrido (MEB); Difraccion de rayos X (DRX), asi como conductividad y analisis
elemental. Los analisis de microscopia electrénica y de rayos X mostraron que el grado de cristalinidad de los complejos
cambia al compararlos con el precursor, el acido 3-carboxi-cumarinico, y su cristalinidad depende de la naturaleza del
ion metalico unido a la cumarina. Ademas, se evalud la accion antioxidante de los complejos mediante el método DPPH,
cuyos resultados indicaron una mayor actividad de los complejos en comparacion con el precursor, lo que sugiere que
estos complejos pueden tener potenciales propiedades biolégicas de interés.

Palabras clave: Cumarina; Sintesis; Complejos; Antioxidante; Coordinacion.

1. Introduction

Coumarin is found in plants such as cinnamon, guaco, lavender, and peppermint. It is a simple oxygen-containing
heterocycle that has received significant attention due to its biological properties including in medicine, food, the chemical
industry, and botany (Wang et al., 2013), (Song et al., 2017), (Wang et al., 2019). Coumarins play a key role in natural products
and act as a secondary metabolite in plants (Elhusseiny, Aazam, Al-Amri, 2014). They can be found in different concentrations
and are distributed in fruits, roots, stems, and leaves as well as in bacteria and fungi (Patil et al., 2015). In nature, more than 3400
coumarins have been found, and these are distributed in 160 families (Musa, Cooperwood & Khan., 2008). The coumarins stand
out for their biological properties, which is attributed to the functional groups present in their structure (Lv et al., 2015).
Dicumarol was the first oral drug with oral anticoagulant action derived from warfarin (3-phenylacetyl ethyl, 4-
hydroxycoumarin)  (Mueller, 2004). Afraxetine (7,8-dihydroxy-6-methoxychromen-2-one) and dafnetin  (7,8-
dihydroxycoumarin) are known for their anti-inflammatory and antioxidant activity as superoxide radical scavengers. These are
involved in various inflammatory processes. (Paya et al., 1994).

The properties of coumarins may be related to the effects of antioxidant activities along with other mechanisms of action
such as anti-inflammatory action and interactions with enzymes (Borges Bubols et al., 2013), (Creaven et al., 2006).

It is well known that a variety of coumarin-derived complexes can be obtained through different coordination modes
with varying spectroscopic properties and potential applications in different areas especially when coordinated to d-block
transition metal ions (de Alcantara et al., 2015).

The biological action of coumarin-3-carboxylic acid (HCCA) can be potentiated by complexing with metals through
different coordination modes with spectroscopic properties and potential applications (Creaven et al., 2011), (Islas et al., 2018).
One example is an increase in the antimicrobial activity of the coordination of the silver (I)-HCCA complex versus free ligand
as reported previously (Creaven et al., 2006). A series of complexes of HCCA with Zn, Co, Ni, and Mn ions were synthesized,
and their molecular structure and spectroscopic studies were determined based on density functional theory (Creaven et al.,
2011). However, more detailed analysis about the physicochemical properties and structure of the complexes for pharmaceutical

applications has not been performed.

2. Methodology
2.1 Material
All of the chemicals including coumarin and the acetate salt of diphenyl picrylhydrazyl radical (DPPH) were obtained

from Sigma-Aldrich and Merck. All solvents used were of PA grade.
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2.2. Analytical instruments

IR spectra were obtained in solid state via reflectance between 4000 and 400 cm™ on a Nicolet-Nexus instrument,
Raman spectra were collected using a Bruker RFS — 100/S; a 1064 nm YAG laser was used as the excitation source at 400 mW.
The melting point was measured using QUIMIS equipment, and the UV/VIS spectra were obtained in a water solution between
200 and 500 nm with a Femto 800-XI spectrometer. The conductivity analysis was performed in DMF solution (3mM) and
expressed in Q@ *cm? mol*. Analysis with scanning electron micrographs (SEM) was performed with a Supra 35-VP instrument
(Carl Zeiss, Germany). The samples were evenly distributed on SEM specimen stubs with double adhesive tape. The micrographs
were obtained with an accelerating potential of 2 kV. Monochromatic Cu Ka radiation (wavelength =1.54056 A) was produced
by Rigaku-DMax/2500PC, Japan. The powdery samples were packed tightly in a rectangular aluminum cell prior to exposure to
the X-ray beam. The scanning regions of the diffraction angle, 26, were 10 - 80°, and radiation was detected with a proportional
detector.

2.3 General Synthesis of complexes

A methanol solution containing an equimolar amount of intended salt [Cu(CH3sCOO),H.0], [Ni(CH3C0O0),.4H,0] or
[Zn(CH3C00)2.2H,0] (10 mL) was slowly added dropwise to a solution of 1.6 mmol of coumarin-3-carboxylic acid (HCCA)
in 20 mL of methanol at 50°C. The mixture was stirred for 1 h. The solutions were stored at 5°C for 24 hours until precipitation.
The precipitate was filtered and washed with cold methanol.

2.4 Antioxidant Activity

The solution contained 1mL of DPPH (diphenyl picrylhydrazyl radical) (60 uM) and different concentrations of
complexes were prepared. For coumarin-3-carboxylic acid (HCCA) the concentrations varied from 100 to 1000 uM, for Zn(l1)-
HCCA from 42 to 420 uM, for Ni(1l)-HCCA from 42 to 420 uM and for Cu(Il)-HCCA from 65 to 650 uM. Ethanol PA was
added to each solution until the volume of 2 mL and DPPH concentration of 30 uM. The solutions were vigorously mixed and
allowed to stand in the dark for 30 min at 25 °C. The absorbance of the resulting solutions was measured at 517 nm against a

blank sample containing only DPPH (the negative control). Rutin was the reference (Ikeda et al., 2015).

3. Results and Discussion
3.1 Synthesis and Characterization of Complexes

The reactions of coumarin-3-carboxy acid (HCCA) and salt [Cu(CHsCOO);H;0], [Ni(CH3;COO0),.4H,0] or
[Zn(CH3CO0),.2H,0] produced new complexes Cu(I1)-HCCA, Ni(Il)-HCCA and Zn(I1)-HCCA. These were characterized by
melting point, elemental analyses, UV/Raman /FTIR spectroscopy, conductivity, X-ray diffraction (XRD), and scanning

electronic microscopy (SEM). The color, melting point, conductivity, and elemental analysis are shown in Table 1.
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Table 1. Physico-chemical characteristics of Cu(l1)-HCCA, Ni(l1)-HCCA and Zn(11)-HCCA.

Elemetal Analyses

Melting . Conductivity*
Complex Color ) Yield %C % H
Point (°C) (Q em?mol™)
% Exp (Calc) Exp (Calc)

Light
Cu(ll)-HCCA > 300 67.4 | 46.0(46.1) 2.9 (2,9) 8.14

green
Ni(ll)-HCCA Green > 300 48.1 49.2 (49.6) 3.2 (3.4) 5.42
Zn(I)-HCCA | White > 300 47.1 | 50.0 (50.6) 2.7 (3,1) 5.55

The elemental analysis data suggests a minimum molecular formula for the complexes of [Cu(C1oHsO4)(CH3COO)]
to Cu(Il)-HCCA, [Ni(CzH110s).(CH3sCOO)2H,0] to Ni(ll)-HCCA, and [Zn(C2H110s).(CH3COO).H,0] to Zn(11)-HCCA.

Although the formation of binuclear structures was considered, the elemental analysis data for the three complexes correlated

*3 mM. Source: Authors.

better with a mononuclear structure (Table 1). However, the Ni(Il)-HCCA and zZn(Il)-HCCA has a ratio of two coumarin
molecules to one metal center; Cu(ll)-HCCA is one coumarin molecule to one copper ion (Fig 3). The experimental data of
conductivity for Cu(ll)-HCCA, Ni(ll)-HCCA, and Zn(ll)-HCCA (Table 1) showed that the complexes have low conductivity
and are classified as non-ionic. According to the experiments conducted by ElI-Wahab, only complexes with a conductivity above
54 Q'cm?mol* are considered ionic. The UV spectrum of HCCA has a maximum at 290 nm and a low intensity signal at 334
nm. The complexes of Cu(Il)-HCCA, Ni(Il)-HCCA, and Zn(Il1)-HCCA presented similar profiles of HCCA, however there was
a small shift to 286 and 318 nm (Figure 1) indicating the interaction of metal ions with the conjugated ring. The peak at 286 nm
could be related to the metal-ligand charge transfer transitions representing the HCCA(r) to a M(dyz)/HCC(n*) orbital transition.
The shoulder at 318 nm corresponds to the transition from a M(dxz)/HCCA(r) orbital to the HCCA(n*) orbital (Creaven et al.,

Figure 1. Spectra in ultraviolet region of HCCA, Cu(l1)-HCCA, Ni(l1)-HCCA and Zn(11)-HCCA.
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The vibrational FTIR and Raman spectra of Cu(ll)-HCCA, Ni(ll)-HCCA, and Zn(Il)-HCCA were measured and
compared with the HCCA (Figure 2). In the region between 3300 and 2500 cm™, there were broad and weak bands corresponding
to vO-H stretching. Between 1440 and 1395 cm there was medium vC-O bending of the carboxylic acid group. These data
indicate the permanence of the hydrogen atom in HCCA (Table 2); These results were confirmed by Raman spectroscopy (Figure
2), whose characteristic stretching frequency of vO-H at 3080 cm* was observed for all HCCA binders and all complexes. Metal
ions interact with coumarin molecules via the carboxylic and carbonyl groups, and those interactions promote a polarization of
the bond leaving the vC=0 bond. This in turn promotes a shift of the vC=0 band to lower frequencies versus the HCCA bands
(Table 2). The vM-O bond is observed at 594, 592, and 594 cm for Cu(ll)-HCCA, Zn(ll)-HCCA, and Ni(ll)-HCCA
respectively. According to Patil et al. (2015) the copper complexes of 6-formyl-7, 8-dihydroxy-4-methyl coumarin and o-

toluidine-3-aminobenzotrifluoride have a vM-O stretch near 580 cm™* corroborating our assignment of vCu-O of Cu(Il)-HCCA.

Table 2. Principal bands (cm™) of the IR spectra for HCCA, Cu(Il)-HCCA, Ni(ll)-HCCA and Zn(ll)-HCCA.

Compounds VO-H Ve=o Ve=o Ve=c VOH VMo
(carboxilic) (carbonyl)

HCCA - 1738 1673 1607;1565 1417 -
Cu(ll)-HCCA 3160 1686 1610 1576; 1552 1339 594
Ni(I1)-HCCA 3219 1663 1616 1584;1561 1394 594
Zn(I)-HCCA 3198 1662 1608 1584;1560 1390 592

Source: Authors.

The Raman spectra for HCCA and complexes Cu(ll)-HCCA, Ni(I1)-HCCA and Zn(I1)-HCCA, exhibited a weak peak
at 3080 cm™* was assigned to the vO-H , indicating the permanence of the hydrogen acid in all complexes. The peaks at 1476
and 1380 cm™* are medium vO-H bending of the carboxylic acid group stretching (due to the coupling of the angular deformation
in the plane of the vO-H and the axial deformation of vC-O, confirming the presence of carbonilic hydrogen in de complexes.
The bands assigned to the vC=0 (stretching) and vC=C aromatic (stretching) was also confirmed by the Raman spectra in
Figure2.


http://dx.doi.org/10.33448/rsd-v10i3.13430

Research, Society and Development, v. 10, n. 3, 47910313430, 2021
(CC BY 4.0) | ISSN 2525-3409 | DOI: http://dx.doi.org/10.33448/rsd-v10i3.13430

Figure 2. IR and Raman spectra of HCCA, Cu(Il)-HCCA, Ni(Il)-HCCA and Zn(I1)-HCCA.
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According to the IR and Raman data, the coordination of the metal ions occurred through the carboxylic and carbonyl
group at positions 2 and 4 of the heterocycle for all complexes. The vH-O of the carbonyl group is present in all complexes.
Raman and IR data for all complexes indicate coumarin-3-carboxy acid (HCCA) binder H carboxylic remains in the molecule
after metallic coordination. According to the conductivity data (Table 1) all the synthesized complexes are neutral suggesting
the presence of two negatively charged binders coordinated to Cu(ll), Zn(I1), and Ni(lIl) ions, forming the respective complexes.
Therefore, based on spectroscopic data (Table 2 and Figure 2), conductivity and elemental analysis (Table 1) it is suggested a
octahedral structure for Ni(I1)-HCCA and Zn(11)-HCCA. There is coordination of two molecules of coumarin-3-carboxy acid
occurred, but there is deprotonation of only one HCCA and interaction of one molecule of ethyl acetate leaving the complexes
neutral (Figure 3A). For the Cu(ll)-HCCA complex, it is suggested a square planar structure with coordination of only one
molecule of coumarin-3-carboxy acid, which does not suffer deprotonation and the coordination of one molecule of acetate
(Figure 3B).
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Figure 3. Structures suggested (A) to Ni(Il)-HCCA and Zn(l1)-HCCA; (B) to Cu(ll)-HCCA.
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X-ray diffraction data of the three complexes Cu(Il)-HCCA, Ni(Il)-HCCA, and Zn(11)-HCCA were compared with the
HCCA (Figure 4). All peaks corresponding to the HCCA (#: 50-2380, a:11.383, b:5.544, ¢:13.887, system: monoclinic) were
identified. The Cu(ll)-HCCA complexes exhibited line broadening of the crystalline diffraction peak and showed lower
crystallinity. The Ni(I)-HCCA and Zn(I1)-HCCA complexes exhibit sharp peaks while no peaks were observed for the rest of
the complexes indicating their higher crystallinity. The crystallographic nature of the complexes was indicated by comparing the
diffractograms of the ligand and the complexes. The literature suggests this may be due to the incorporation of water molecules
into the coordination sphere (Khan et al., 2013). Although single crystal X-ray crystallography is the most precise source of

information regarding the structure of a complex, the difficulty in obtaining suitable crystals in a proper symmetric form has

rendered this method unsuitable for such a study.

Figure 4. X-ray diffraction analysis of HCCA, Cu(l1)-HCCA, Ni(ll)-HCCA and Zn(I1)-HCCA.
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Scanning electron micrographs of the HCCA, Cu(ll)-HCCA, Ni(Il)-HCCA, and Zn(Il)-HCCA samples are presented
in Figure 5(a-h). Figure 5(a) shows that the HCCA particles have irregular sizes, but with a structure that is regularly scattered
(Figure 5b). Figure 5(c-d) shows that the Cu(Il)-HCCA grains are small with similar sizes. The micrographs of Ni(ll)-HCCA
and Zn(I1)-HCCA (Figure 5(e-f, g-h)) indicated the presence of defined crystals free of any sign of the metal ion. In the metal

complexes, crystals grew via agglomerates of plates of various sizes (Khan et al., 2013).

Figure 5. Scanning electron micrographs of (a, b) HCCA, (c, d) Cu(ll)-HCCA, (e, f) Ni(l1l)-HCCA and (g, h) Zn(I1)-HCCA.
Magnitude: 200 X and 20000X.

Source: Authors.

3.1 Antioxidant activity of Complexes

The antioxidant potential of the complexes was evaluated via the DPPH method (Halli et al., 2012) at concentrations
ranging from 100 to 1000 uM (Figure 6). Cu(l1)-HCCA had the best correlation between percentage of free radical inhibition
and concentration (31% at 160 uM) while HCCA inhibits 2% at a concentration of 236 uM, Zn(Il)-HCCA 22% at 529 uM and
Ni(I1)-HCCA 22% at 834 uM. However, when the antioxidant activity of the complexes is compared with the antioxidant activity

of rutin, this is still much lower than the positive control, 95% of inhibition at 320 uM (Figure 6).

8
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According to the literature, the transition metal complexes derived from coumarins show greater antioxidant action
than their respective precursors (de Alcantara et al, 2015). Comparing the antioxidant activity results obtained from Cu(ll)-
HCCA and Ni(I1)-HCCA with Cu(ll) and Ni(Il) complexes derived from 3-aminicoumarin, the latter showed 1.6 and 5 times
higher activity, respectively, than Cu(I1)-HCCA and Ni(I11)-HCCA complexes (Kadhum et al, 2011). However, no comparative
study of the antioxidant action of 3-aminicoumarin and its complexes has been shown.

The increased antioxidant activity of these complexes can be attributed to the electron withdrawing effect of the Zn(l1),
Ni(ll) and Cu(ll) ions, which facilitates the release of hydrogen carboxylic to reduce the DPPH radical (Ejidike & Ajibade,
2015). The DPPH radical scavenging ability of the test samples can thus be ranked in the order Rutin > Cu(I11)-HCCA > Ni(ll)-
HCCA > Zn(11)-HCCA > HCCA.

Figure 6. Maxima % of antioxidant activity of HCCA, Cu(ll)-HCCA, Ni(ll)-HCCA, Zn(I1)-HCCA and Rutin.
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Source: Authors.

4. Conclusion

A new method has been developed for the synthesis of Cu(Il)-HCCA, Ni(ll)-HCCA, and Zn(I1)-HCCA. The SEM and
XRD analyses showed that the degree of crystallinity of the complex depends on the nature of the metal ion bound to HCCA.
Ni(I1)-HCCA and Zn(Il)-HCCA showed higher crystallinity than Cu(Il)-HCCA. All complexes presented better antioxidant
activity than the HCCA precursor.
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