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Abstract

Coordination compounds of (+)-2-amino-3-(4-hydroxyphenyl)propionic acid
and their mixed ligand complexes with 1,10-phenantroline were synthesized,
characterized using electronic and infrared spectral analyses and magnetic
susceptibility. The compounds were evaluated for antimicrobial and antioxi-
dant activities. Four different assays were applied for evaluating antioxidant
capacity of the compounds. The results obtained indicated a diametric square
planar geometry for both cobalt (+)-2-amino-3-(4-hydroxyphenyl)propionic
acid complex and its mixed ligand complex. It was suggested that for the bi-
nary cobalt(II) complex, the phenolic substituent coordinated with neigh-
bouring central metal ions. However, for the ternary cobalt(II) complex it
was suggested it was deprotonated. Octahedral geometry was proposed for
both copper complexes. Square planar geometry was indicated for the nickel
(£)-2-amino-3-(4-hydroxyphenyl)propionic acid complex and a mixture of
square planar and octahedral geometry for the nickel mixed ligand complex.
The cobalt mixed ligand complex elicited the highest activity for all the anti-
oxidant assays. In most cases the binary complexes exhibited better antimi-
crobial activities relative to their ternary counterparts.

Keywords

Coordination Compounds, Antimicrobial Agent, Antioxidant, Mixed Ligand,
1,10-Phenantroline

1. Introduction

A key part of research in medicinal chemistry involves the finding of compounds
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which may serve as lead for therapeutic use. These include coordination com-
pounds, because of their unique properties and broad range of applications; in-
cluding anti-microbial, -cancer and -oxidant [1] [2] [3] [4]. In combination with
a variety of ligands transition metals, form mixed ligand complexes. Some of
these have been shown to exhibit anti-biotic and -cancer activities [5] [6]. In this
regard, extensive applications have been found for 1,10-phenanthroline, a bidentate
ligand that forms very stable chelates with many first-row transition metals [7].
The ideally placed nitrogen atoms, of this molecule, along with its rigid planar
structure, hydrophobic, electron-poor heteroaromatic, and m-acidic properties,
cooperatively make 1,10-phenanthroline a classic chelating ligand, for mixed ligand
complexes [7].

Various metabolic processes in living systems and environmental stresses gener-
ate various reactive species. These include free radicals and mainly reactive oxy-
gen species (ROS) [8] [9] [10] [11]. Increased level of ROS can damage structure of
biomolecules and modify their functions and lead to cellular dysfunction and
possibly cell death. The cumulative effect of increased ROS can therefore in-
crease oxidative stress which may be manifested in the form of a variety of health
problems such as cancer, age related disease and cardiovascular diseases [8] [9]
[10] [11]. As a result of pathologies associated with the attack of free radicals,
there is a general need for antioxidant compounds. These compounds are capa-
ble of delaying or inhibiting the oxidation processes which occur under the in-
fluence of atmospheric oxygen or reactive oxygen species [12] [13] [14]. As such
in some cases they are considered to be involved in the defense mechanism against
pathogens resulting from such activities. In cases in which endogenous factors
are unable to ensure the control and complete protection of an organism against
the reactive oxygen species, the need for exogenous antioxidant compounds arises.
This may be obtained as nutritional supplements, pharmaceutical products and
some fruits. A class of compound with potential antioxidant activity is the phe-
nols and polyphenols [12] [13] [14].

Previous studies have indicated that some cancer cells are related to some mi-
croorganisms [15] [16]. Additionally, reports have shown that high levels of reac-
tive oxygen species have been detected in most cancers, where they promote tumor
development and progression [16] [17]. One of the principal public health prob-
lems of this century is the emergence of the resistant microorganisms, increasing
the numbers of infections caused by microorganisms no longer susceptible to the
common medicines used to treat them [17] [18]. Studies of potential lead com-
pounds with antimicrobial activity with antimicrobial and antioxidant activities
having minimal side effects are considered needful. Therefore it was considered to
synthesize coordination compound of (+)-2-amino-3-(4-hydroxyphenyl)propionic
acid (Figure 1), its mixed ligand complexes with 1,10-phenantroline (Figure 2)
and to investigate the antimicrobial and antioxidant activities of these compounds.
The compounds were characterized using infrared, electronic spectrophotoscopic

method and magnetic susceptibility.
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HO NH,

Figure 1. (+)-2-amino-3-(4-hydroxyphenyl)propionic acid.

Figure 2. 1,10-phenantroline.

2. Materials and Method

All materials used are of high analytical grade. Melting points were determined
in an open capillary tube on a Gallenkamp (Variable heater) melting point appa-
ratus. The infrared spectra of all synthesized product and their ligands and mag-
netic susceptibility measurement of the metal complexes were done at the De-
partment of Chemistry, Kwara state University Ilorin, Nigeria. The electronic
spectra of all the compounds were run in solution in the wavelength range 400 -
1000 nm at the Department of Chemistry North West University, Mafikeng
Campus; South Africa. The antimicrobial screening and antioxidant activity for
all the complexes was carried out in the Department of Pharmaceutics and De-
partment of Biochemistry and Molecular Biology respectively at Obafemi Awo-
lowo University, Ile Ife, Osun State, Nigeria.

The equations of the reactions are given in Equations (1)-(6).

CoCl, +3L! - |:CO<L1)2:| (Compound 1) (1)
CoCl, + 2L + 12 — |:C0(L1L2 ), L (Compound 2) )
cucl, +3L* - |:Cu (Ll)JCI (Compound b) 3)
CuCl, + 2L + L2 - [Cu (L), Lz] (Compound 4) (4)
NiCl, +3L" — [Ni (L )Ju (Compound 5) (5)
NiCl, + 2L + L —>[Ni(Ll)2 Lﬂ (Compound 6) (6)

where: L' = (+)-2-amino-3-(4-hydroxyphenyl)propionic acid
L? = 1,10-phenantroline
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2.1. Syntheses of Compounds

2.1.1. Synthesis of Compound 1

A cloudy solution of (+)-2-amino-3-(4-hydroxyphenyl)propionic acid (5.81 g,
0.03 M) in 10 ml of distilled water methanol mixture 3:1 (vol/vol), in a flat bot-
tom flask was heated and stirred. A solution of 2.37 g, 0.01 M of cobalt(II) chlo-
ride hexahydrate was then added drop-wise to the solution of (+)-2-amino-3-
(4-hydroxyphenyl)propionic acid. The mixture obtained was stirred and refluxed
for 4 hrs. A light pink precipitate was obtained washed with methanol and dried
in a desiccator. Yield: 0.74 g, 35%; M.pt/dt: 258°C. The product obtained was so-
luble in water and insoluble in ethanol, methanol.

2.1.2. Synthesis of Compound 2

A cloudy solution of (+)-2-amino-3-(4-hydroxyphenyl)propionic acid (3.66 g,
0.02 M) was poured in a beaker and 0.84 g, 0.02 M of NaOH was added and
stirred to give a clear solution. A solution of 1.85 g, 0.01 M of 1,10-phenanthroline
was also prepared separately. A solution of cobalt(II) chloride hexahydrate 2.39 g,
0.01 M was poured into a flat bottom flask and stirred. Both the (+)-2-amino-3-
(4-hydroxyphenyl)propionic acid and 1,10-phenanthroline solution were then
added drop wise and then stirred and refluxed for 4 hrs. The brown precipitate
obtained was cooled and washed with ethanol:water mixture (20:80 v/v) and
dried in a desiccator. Yield: 2.81 g, 65.8%; M.pt/dt: 278°C - 279°C. Compound 2
was soluble in ethanol, methanol and insoluble in water.

Similar procedure was used for the preparation of the under listed complexes.

2.1.3. Synthesis of Compound 3

A solution of cobalt(II) chloride dihydrate (1.70 g, 0.01 M) was added to (£)-2-
amino-3-(4-hydroxyphenyl)propionic acid (5.45 g, 0.01 M) and afforded a dark
blue precipitate of the complex product. Yield: 1.11 g, 70%; M.p/dt: 283°C (d). The
product obtained was soluble in water and insoluble in ethanol, methanol.

2.1.4. Synthesis of Compound 4

Cobalt(II) chloride dihydrate (1.71 g, 0.01 M) added to (+)-2-amino-3-(4-hy-
droxyphenyl)propionic acid 3.84, 0.1 M and 1,10-phenanthroline (1.81 g, 0.01
M) to afford a light blue of the complex product. Yield: 2.20 g, 78%; M.pt/dt:
303°C. The product obtained was soluble in water and insoluble in ethanol, me-
thanol.

2.1.5. Synthesis of Compound 5

Nickel(II) chloride hexahydrate (1.20 g, 0.005 M) solution was added to (+)-2-ami-
no-3-(4-hydroxyphenyl)propionic acid (2.80 g, 0.015 M) to afford a pale green
product. Yield: 1.01 g, 73%; M.pt/dt: 317°C (d). The product obtained was soluble

in water and insoluble in ethanol, methanol.

2.1.6. Synthesis of Compound 6
Nickel(II) chloride hexahydrate (2.39 g, 0.01 M) added to a mixed ligand of
(£)-2-amino-3-(4-hydroxyphenyl)propionic acid (3.71 g, 0.02 M) and 1,10-phe-
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nanthroline (1.82 g, 0.01 M) a gave a pale green of the complex product. Yield:
2.02 g, 71%; M.pt/dt: 294°C. The product obtained was soluble in water and in-

soluble in ethanol, methanol.

2.2. Antioxidant Activity Determination

2.2.1. Determination of Total Phenol Content

The method of determining the total phenolic content was described by Single-
ton and Rossi, 1965, Gulcin et al, (2004) [19] [20] using the folin ciocalteu’s phe-
nol reagent which is an oxidizing reagent. To a mixture of 0.1 ml of sample and
0.9 ml of water was added 0.2 ml of folin-ciocalteu’s phenol reagent and the re-
sulting mixture voltexed. After 5 minutes of standing, 1.0 ml of 7% (w/w) Na,CO,
solution then added and the solution was then distilled to 2.5 ml before incuba-
tion for 90 min at room temperature. The absorbance against a negative control
containing 1 ml of water in place of the sample was then taken at 750 nm. The
standard used was the Gallic acid at 0.1 mg/ml in order to determine Gallic acid
Equivalent (GAE) of sample, after preparing a calibration curve. Distilled water

was used as blank.

2.2.2. DPPH Assay

The radical scavenging ability of the compounds was determined using the stable
radical DPPH (2,2-diphenyl-1-picrylhydrazyl hydrate) as described by Brand-
Williams ef al, (1995) [21]. The reaction of DPPH with an antioxidant compound
which can donate hydrogen, leads to its reduction (Blois, 1958) [22]. The change
in colour from deep violet to light yellow was measured spectrophotometrically
at 517 nm. To 1.0 ml of different concentrations (10, 5, 2.5, 1.25, 0.625, 0.3125
mg/ml) of the compounds or standard (vitamin C) in a test tube was added 1.0
ml of 0.3 mM DPPH in methanol. The mixture was mixed and incubated in the
dark for 30mins after which the absorbance was read at 517 nm against a DPPH
control containing only 1.0 ml methanol in place of the compounds. The percent

of inhibition was calculated using the formula
1% = I:( Ablank - A&ample )/Ahlank :| %100

where:
Apnic = the absorbance of the control reaction (containing all reagents except
the test compound);

A
sample
Sample concentration providing 50% inhibition (IC,,) was calculated from the

= the absorbance of the test compound.

graph plotting inhibition percentage against concentration of the compound.

2.2.3. Determination of Total Antioxidant Capacity Using
Phosphomolybdenum Method

A solution of the reagent (1.0 ml); constituting 0.6 M sulphuric acid, 28 mM so-
dium phosphate (NaH,PO,2H,0) and 4 mM ammonium molybdate, was added
to 0.1 ml of the compounds or standard solutions of ascorbic acid (20, 40, 60, 80,

100 pg/ml) was added. The tubes containing the reacting mixture were incubated
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in a water bath at 95°C for 90 mins. The mixture was then allowed to stand and
cool to room temperature and the absorbance measured at 695 nm against a
blank which consisted of the reacting mixture containing distilled water in place
of the compounds. The antioxidant activities of the extracts were expressed as an

ascorbic acid equivalent.

2.2.4. Determination of Ferric Reducing Antioxidant Power (FRAP)
This was carried out as described by Benzie and Strain, 1999 [23]. A 300 mmol/L
acetate buffer of pH 3.6, 10 mmol/L 2, 4, 6-tri-(2-pyridyl)-1, 3, 5-triazine and 20
mmol/L FeCl;-6H,0 were mixed together in the ratio of 10:1:1 respectively, to
give the working FRAP reagent. A 50 pl aliquot of the oil extract at 0.1 mg/ml
and 50 ul of standard solutions of ascorbic acid (20, 40, 60, 80, 100 pg/ml) was
added to 1.0 ml of FRAP reagent. Absorbance measurement was taken at 593 nm
exactly 10minutes after mixing against reagent blank containing 50 pl of distilled
water.

All measurements were taken at room temperature with samples protected
from direct sunlight. The reducing power was expressed as equivalent concentra-
tion (EC) which is defined as the concentration of antioxidant that gave a ferric

reducing ability equivalent to that of the ascorbic acid standard.

2.3. Antimicrobial Methodology

The organisms used were five Gram-positive and three Gram-negative bacteria
and two fungi. These were S. aureus, S. epidermidis, B. subtilis 12, B. subtilis 82,
Clostridium sp., K. pneumonia, P. aeruginosa, E. coli, C. albicans and C. pseudo-
tropicalis, respectively. The agents were dissolved in water at room temperature
or hot water as appropriate to give a concentration of 40 mg/ml. The resulting
solutions were used to soak sterile Whatman No 2 discs (diameter of 6 mm) and
allowed to dry in an oven at 50°C. The discs were then utilized to determine an-
tibacterial and antifungal activities as previously described by Aiyelabola et al
2012 [24]. Discs that were impregnated with imipenem and chlorhexidine were
used as positive controls for bacteria and fungi respectively. Zones of inhibition

were used as indices of antimicrobial actions.

3. Result and Discussion

3.1. Infrared Spectra

The relevant vibrational frequencies in the infrared spectra of the ligands and
complexes and their assignments are summarized in Table 1. Information about
the metal ions coordination was obtained by comparing the IR frequencies of the

ligands with those of the metal complexes.

3.1.1. (*¥)-2-Amino-3-(4-Hydroxyphenyl)Propionic Acid Complexes
In the spectrum of (+)-2-amino-3-(4-hydroxyphenyl)propionic acid the phenolic
v(O-H) and the (N-H) stretching vibration frequency of the zwitterionic amine

appeared at 3205 and 3126 cm ™' respectively [21] [22]. Both stretching frequencies
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Table 1. Relevant infrared spectra bands for the ligands and complexes (cm™).

Bands v(O-H) v,s(N-H) vy(N-H) v, (COO) (cm™) vy (CO0) N(C=N) v(C-N) v(M-N) v(M-0O)
L 3205 3126 1650 1583
L" 1514, 1330
1 3550 3354 3324 1640, 1424, 1585, 1359 1246, 1174 649 575,532
2 3150 1654 1516, 1375 1430 1244, 1108 370 513
3 3515, 3442 3205 1588, 1452 1513, 1434 1244, 1042 649 575, 530
4 3309 3234 3158 1583, 1459 1352, 1403 1302, 1235 638, 604 541, 517
5 3590 3328 3278 1598, 1448 1515, 1384 1145 604 535
6 3660 3340 1586 1514 1424, 1359 1330 1143 642 530

were observed at lower frequencies than expected. It is however suggested that
this may be as a result of intramolecular hydrogen bonding between the hydrogen
atom of the positively charged amine substituent and the oxygen atom of phenol
[25] [26]. The deprotonation of the cationic amine and consequently the loss of
this hydrogen bond is suggested by the resultant increment in these absorption
frequencies in the spectra of the complexes (Table 1). The occurrence of the
v(N-H) of the amino substituent at higher energies at about 40 cm™ in case of
the cobalt(II) and copper(II) complexes as compared to the free ligand suggest
the bonding of amino nitrogen atom to the metal ion. Thus indicating deproto-
nation followed by coordination through the nitrogen atom [26]. This is in con-
sonance with the reduction in the bond length of the N-H bond as a result of
coordination. However, the nickel(II) complex did not exhibit this band, it is
suggested that this may be as a result of the anomalous behavior of the complex
or the masking of this peak by others as well as intermolecular interactions. The
former argument is however supported by the observed magnetic moment [27].

The COO~ stretching frequencies of complexes of amino acids have been re-
ported to be affected by coordination and therefore are useful tools in the struc-
tural elucidation of amino acids complexes [26] [28]. Evidence of the coordina-
tion of COO was provided by the asymmetric and symmetric vibrations of COO
group. The absorption bands at 1650 and 1583 cm™ in the free ligand are attri-
buted to the COO™ asymmetric and symmetric stretching frequencies, respectively.
The COO™ asymmetric for stretching frequency was shifted to higher frequencies
for compounds 5 and 3, however for compound 1 it shifted to lower frequency.
The COO™ symmetric for stretching frequency was shifted to lower frequencies
for all the complexes. The observed shifts for compounds 5 and 3 indicated the
monodenticity of the carboxylate ion on coordination [29] [30] [31] [32] [33].
On the other hand it suggests probable polymerization or dimerization for com-
pound 1, this was suggested by the lowering of the asymmetric stretching fre-
quency. Corroborating the suggested coordination of the nitrogen and oxygen
atoms was the observed metal-nitrogen (M-N) and metal-oxygen (M-O) bonds
around 610 - 682 cm™" and 570 - 575 cm™" respectively [26].
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3.1.2. Mixed Ligand Complexes

The v(O-H) band observed at 3205 cm™ in the spectrum of (+)-2-amino-3-(4-
hydroxyphenyl)propionic acid was shifted to higher frequencies in these com-
plexes, similar to their binary counterpart. Although compound 2 did not exhi-
bit this frequency, it is suggested that this may be an indication of the deproto-
nation of the phenolic substituent by the base [25] [26]. The N-H stretching
frequency observed as a strong band at 3126 cm™ in the spectrum of (+)-2-ami-
no-3-(4-hydroxyphenyl)propionic acid was shifted to lower regions in the co-
balt complex suggesting the addition of the Lewis base to the metal ion [25] [26].
This indicates the elongation of the N-H bond. In the case of the copper(II) com-
plex this band shifted to higher frequency suggestive of reduction of bonds, this
also serves as evidence of coordination of the nitrogen atom to the metal ion.
Similar to that observed for compound 5 the spectrum for compound 6 did not
exhibit this frequency; this has been attributed to the anomalous behavior of nickel
which was also corroborated by its observed magnetic moment [27].

In this instance, for the mixed ligand complexes the v, (COO~) absorption
was shifted to higher position by (136) cm™ while the band caused by Vagym(COO7)
lowered by (49 - 30) cm™ as compared with the free ligand. This therefore indi-
cates the coordination of the carboxylate group to the central metal ion [26]. The
monodentate nature of the COO™ functionality is suggested by the hypsochrom-
ic shifts in the v,,,,(COO") frequency and bathochromic shift for the v,,(COO")
frequency for compounds 2, 4 and 6 indicated the monodenticity of the carbox-
ylate ion on coordination [29] [30] [31] [32].

Additionally further confirmation of the coordination of amino nitrogen and

sym

carboxylate oxygen is given by the observance of metal-nitrogen (M-N) and
metal-oxygen at 600 and 500 cm™" respectively. Evidence for the coordination of
1,10-phenanthroline and thus the formation of mixed ligand complexes, was
observed in the shift in the v(C=N) ring vibrations of the uncoordinated
1,10-phenanthroline (Table 1) [26].

3.2. Electronic Spectra

The electronic spectra of the ligands showed two absorption bands at 265, 286
nm for (+)-2-amino-3-(4-hydroxyphenyl)propionic acid 181.19 attributed to n
> m* and n > 7* transitions and that of 1,10-phenanthroline at 310, 324 nm at-
tributed to m - n* and n > ©* transitions of the major chromophores, -NH,,
—CN and COO™ [25]. However on coordination, shifts in the bands were ob-
served. Measurements of the effective magnetic moments of coordination com-
pounds can be used to estimate the number of unpaired electrons. The stereo-
chemistry and bond type of the coordinated metal ion can then be determined
with the aid of valence bond or crystal field theory [27].

The electronic spectrum of compound 1 exhibited two bands at 512 nm and
735 nm corresponding to °A,, > ’B,, and *A,, > ’E,, respectively On the basis of
simplest model three spin-allowed bands are expected in a four coordinate co-
balt(I) complex, that is, *A,(F) > *T,(F), *A,(F) > *T,(F), and *A,(F) > *T,(P).
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Usually such complexes show two bands between 830 and 625 nm, which can be
assigned to *A,(F) > *T,(F) and *A,(F) > *T,(F), respectively; *A,(F) > *T,(P) is
usually observed as a well-defined shoulder at about 550 nm [31]. The UV-visible
spectrum of complex (1) exhibited bands at 512 nm and 735 nm corresponding
to ’°A,, > ’B,, and ’A,, > ’E, , respectively. Absorption at 259 nm is ascribed to
transitions m > 7 and n > 7 of the ligand [32] [33]. It exhibited a magnetic
moment of 2.66 BM suggestive of diametric, square planar. The subnormality in
magnetic moments may be ascribed to antiferromagnetism which is due to the
interaction between electron spins on neighbouring metal ions or polymeriza-
tion. It is generally accepted that the mechanism of the exchange interactions
involves the mutual pairing of electron spins via orbital overlap. Antiferromag-
netic exchange may be metal-metal interaction or super exchange. Metal-metal
interactions involve direct overlap of orbitals containing the unpaired electrons,
which influences the magnetic behavior whereas super exchange involves the in-
teraction of electrons with opposite spins on the two interacting ions via an in-
termediate diamagnetic anion(s) which results in effective pairing leading to a
minimum number of unpaired spins in the ground state of the system. Both the
mechanisms seem to be operative, thereby leading to the observed magnetic
moment [34] [35] [36].

The spectrum for the cobalt(II) complex of the mixed ligand, compound 2,
showed two bands at 460 nm and 620 nm corresponding to the transitions °A,g
> T,g and *A,g > °T,g respectively for octahedral geometry [27]. Absorption at
259 and 318 nm is associated with m > ©* transition of the ligand [43] [44] Its
magnetic moment of 1.066 BM is lower than that expected for Co(II) ion may be
ascribed to antiferromagnetism which is due to the interaction between electron
spins on neighbouring metal ions or polymerization. This is similar to that ob-
tained for compound 1 [34] [35] [36].

The electronic spectrum of compound 3 showed a well resolved band at 499
nm and a weak band at 517 nm typical for a tetragonally distorted octahedral
configuration and may be assigned to *B,, > A, and °B,, > ’E, transitions [27].
The observed magnetic moment 2.17 BM is therefore indicative of an unpaired
electron as expected for a & system. And is consistent with an octahedral geo-
metry and is in agreement with previous reports [27] [37].

The spectrum for compound 4 exhibited absorption band at 620 nm attri-
buted to ’E, - *T,g at the d-d transition for octahedral geometry. Absorption at
259 and 330 nm are associated with m - * and n - n* transitions of the ligands
[27] [33]. Its magnetic moment of 2.40 BM suggests Jahn Teller distorted octa-
hedral geometry. This is in agreement with previous reports [38] [39].

The spectrum of compound 5 elicited bands at 476 and 512 nm attributed to
A > Tl,and °A,, > °T, A, (F) > °T,(F) and °A,(F) > °T,(P) suggestive of an
octahedral geometry respectively suggestive of an octahedral geometry. Absorp-
tion at 259 nm is associated with m > n* and n > n* transitions of the ligand [27]
[33]. There is no clear cut distinction between the magnetic moments of tetra-
hedral and octahedral nickel(II) complexes. This is because they both have the
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same number of unpaired electrons in the d-orbital. On the other hand the square
planar complex is however diamagnetic. A magnetic moment of 2.22 BM was ob-
tained for compound 5 indicative of a mixture of octahedral geometry [27].

The nickel(II) complex of the mixed ligands showed a band at 636 nm which
corresponds to the transition *A,, > 3T, for octahedral geometry [27]. Absorp-
tion at 259 and 332 nm is associated with m - 7* transition of the ligand. The
complex elicited a magnetic moment of 1.66 BM. This may be interpreted as an
indication of a low-spin-high-spin equilibrium mixture with 15% - 20% para-
magnetic nickel(II) species and agrees with what was reported by Woods and
Patel (1994) to be octahedral in solution [27] [40].

Based on the results obtained a diametric square planar geometry is proposed
for compound 1, with the ligand coordinating via the nitrogen atom of the ami-
no moiety and the oxygen atom of the carboxylate ion. According to Nakamoto,
2009 it has been shown that the oxygen atoms of the carbonyl groups which are
not coordinated to the central metal ion are hydrogen-bonded either to the amino
group of the neighbouring molecule or to water of crystallization or are bound
weakly to the metal of the neighbouring complex. It is proposed that such car-
bonyl is weakly bound to the metal of the neighbouring complex for this com-
plex.

During the synthesis of compound 2, no reaction was observed on the addi-
tion of the reagents to the reaction medium. However, on basifying of the reac-
tion by the addition of sodium hydroxide solution, a brown precipitate was ob-
tained. There is no evident reason for this observation. We suggest that the addi-
tion of the base served as a catalyst, by lowering the activation energy of the
reaction. The reason for this may partly be as a result of the larger size of the co-
balt(II) ion in relation to the other metal ions used in this study. Furthermore, it
is known that 1,10-phenantroline exhibit structure directing ability, it forms a
chelate with the metal ion, such that the primary ligands may then occupy the
other vacant positions [41] [42]. This thus indicates that an alkaline medium is
more favourable for the synthesis of this mixed ligand complex. For compound 2
a diametric, square planar complex is also proposed. Although sodium hydrox-
ide may have served as a catalyst for the reaction in obtaining compound 2 the
dark drown coloration points to oxidation of the phenolic moiety by its depro-
tonation. It is further proposed that the primary ligand coordinated using the
amino nitrogen and a carboxylate oxygen atom. Similar to what obtained for
compound 1.

We further propose an octahedral geometry for compounds 3, 4 and 6. Addi-

tionally a square planar geometry is suggested for compound 5.

3.3. Antioxidant Activity

Four assays for evaluating antioxidant capacity of the compounds was applied
namely DPPH, TRAP, TAC and FRAP. The results obtained are presented in
Tables 2-5.
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3.3.1. Total Phenolic Content

It is well known that phenolic compounds are potential antioxidants; free radical
scavengers, as such there should be a close correlation between the content of
phenolic compounds and antioxidant activity. In this present study, the total phe-
nolic content of the compounds was investigated with compound 2 having the
highest total phenolic content followed by compound 1 and compound 5 with
the least activity. Order of activity is as follows 2 > 1 > 6 > 3 > 4 > 5. Thus indi-
cating that compound 1 may have the most outstanding antioxidant activity.
This is not quite surprising and supports the hypothesis that the phenolic OH in
the case of compound 2 is deprotonated and not coordinated to any central
atom [12] [13] [14]. Therefore it is more readily available relative to compound
1. As a consequence the result obtained serves to corroborate the deprotonation
of the hydroxyl moiety in compound 2.

3.3.2. DPPH Radical Scavenging Activity

DPPH has been widely used for free radical scavenging assessment due to its
ease and convenience. In this study all the synthesized compounds were found
to be effective DPPH radical scavengers. The activity of the complexes was more
superior to the standard, ascorbic acid (IC,, = 1.603), with order of activity; 2 >
1> 6 >3 >4 > 5. This result positively correlates with that obtained with total

phenolic content.

3.3.3. FRAP

The ferric ion reducing antioxidant power assay is used to determine the elec-
tron donating ability, of the matrix. The FRAP assay uses antioxidants as reduc-
tants in a redox-linked colorimetric method with absorbance measured with a
spectrophotometer [23]. The principle of this method is based on the reduction
of a colourless ferric-tripyridyltriazine complex to its blue ferrous coloured form
owing to the action of electron donation in the presence of antioxidants. In this case
compound 2 exhibited the best activity. Order of activity was2>1>4>6 >3 >5.

3.3.4. Total Antioxidant Capacity Using Phosphomolybdenum Method
This method is based on the reduction of molybdenum(VI) to molybdenum(V)
by the compounds and the subsequent formation of a green
phosphate/Molybdenum(V) complex at an acidic pH [43]. The observed activity
was of theorder2>1>6>3>4>5.

Table 2. Total phenolic content of the compounds based on gallic acid equivalent.

Compound GAE mg/g SD
1 41.42029 0.05124
2 44.15580 0.677836
3 40.31522 0.247069
4 38.34058 0.338918
5 17.09058 0.446697
6 40.78623 0.252326
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Table 3. The IC,, values of DPPH scavenging effect of the compounds.

Compound ICso ug/mL SD
1 0.680772 0.010003
2 0.567218 0.056051
3 0.741618 0.003939
4 0.742452 0.038416
5 3.729431 0.218153
6 0.537161 0.003352

Control = 1.603.

Table 4. Ferric reducing antioxidant power (FRAP) of the compounds based on ascorbic
acid equivalent.

Compound AAE mg/g SD
1 30.03855 2.531966
2 55.18612 6.012896
3 11.63715 0.414038
4 16.33538 0.651527
5 10.04096 0.641001
6 18.53391 1.951098

Table 5. Total antioxidant capacity of the compounds based on ascorbic acid equivalent.

Compound AAE mg/g SD
1 43.34801 10.1557
2 48.68562 9.58751
3 25.06672 2.732265
4 20.06272 1.702342
5 10.58847 3.126601
6 36.87617 7.783973

To date, there are various antioxidant activity assays, each one having their
specific target within a given matrix, all of them with advantages and disadvan-
tages. There is no method that can provide unequivocal results and the best so-
lution is to use various methods instead of one dimensional approach [43] [44].
In this regard more than one antioxidant assay was used for more detailed un-
derstanding of the antioxidant properties of samples. The results obtained showed
that the TPC indicated good correlation with DPPH, TAP and with some com-
pounds with FRAP. However no significant correlation existed between the re-

sult obtained for compound 3 and 4 using FRAP and other methods of antioxi-
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dant. This agrees with reports indicating that different results can be obtained
when different assays are applied to measure antioxidant activity [43] [44].

For all the assays compound 2 exhibited the highest activity. This is may be
unexpected as two molecules of the primary ligand is proposed for this com-
pound in relation to compound 1 which is proposed to have three phenolic -OH.
We propose that these phenolic ~OH in compound 1 are coordinated to neigh-
bouring central metal ion. This is supported by the magnetic moment and infrared
spectra. The result obtained for the four assays indicated that compound 5 exhi-
bited the least activity. The reason for this is not readily evident. However, this
suggests that the geometry assumed by a coordination compound is a function
of the central metal ion and as a consequence, its functionality [45] [46] [47].
The result obtained for the antioxidant properties of the compounds may there-
fore as a result be ascribed to the varying molecular structures assumed by each
compound. The results obtained further validates the anti—oxidant activity of
phenolic substituents [12] [13] [14]. Further studies on the antioxidant are how-
ever suggested for this compound.

For the entire four assays compound 5 exhibited the least activity, this observed
activity validates the proposed geometry for the complex. The lower activity of
compounds 3 and 4, copper complexes with octahedral geometry in comparison
with compound 6, the mixed ligand complex, alludes to the individualistic na-
ture of the central metal ion in defining the geometry of a given complex and as
a consequence its activity [45] [46]. This may be exemplified by the activity of
cisplatin, with platinum as the central metal ion, the use of other metal ions as
the central metal resulted in their null or lower activity in comparison with cis-
platin [47] [48].

3.4. Antibacterial Activity Testing

A comparison of the antimicrobial activity of the complexes against the reference
antibiotic demonstrated that the standards drug used imipenem and chlorhex-
idine elicited significantly better antimicrobial than the synthesized complexes
and ligands, (Table 6). The ligands (+)-2-amino-3-(4-hydroxyphenyl)propionic
acid did not exhibit any activity while o-phenantroline exhibited significant an-
timicrobial activity (Table 6). On coordination however the complexes had en-
hanced antimicrobial activity in some cases. This increase in antibacterial activi-
ty can be explained on the basis of Overtone’s concept and Tweedy’s chelation
theory [49] [50]. The lipid membrane that surrounds the cell favors the passage
of lipid soluble materials. As such this may be a factor for antimicrobial activity.
On coordination, the polarity of the metal ion is reduced to a greater extent due
to the overlap of the ligand orbitals and partial sharing of the positive charge of
the metal ion with the donor groups. Furthermore, it increases the delocalization
of m electrons over the whole chelate ring and hence enhances the liposolubility
of the complexes. This increased liposolubility enhances the penetration of the
complexes into the lipid membrane and the complex interferes in the normal ac-
tivities of the bacteria [49] [50].
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Table 6. Result of zone of inhibition for antimicrobial (mm) for the ligands and complexes.

L L? 1 2 3 4 5 6 C

S. aureus, - 38 09 07 08 06 07 04 44

S. Epidermidis - 36 06 - - - 05 - 34
B. subtilis 12 - 46 18 12 16 04 04 - 34
B.subtilis 82 - 34 10 - 05 11 - - 29
Clostridium - - 07 17 04 - 04 08 34
K. Pneumonia 09 42 04 - 09 08 - - 34
P. Aeruginosa - 10 - - - - - - 39
E. Coli - 32 09 - - - - - 33

C. Albicans - 15 04 - - - - - 36
C. pseudotropicalis. - - - - - 07 - - 36

where: C = imipenem and chlorhexidine for bacteria and fungi;
L' = (+)-2-amino-3-(4-hydroxyphenyl)propionic acid; L* = 1,10-phenantroline.

The cobalt(I) (+)-2-amino-3-(4-hydroxyphenyl)propionic acid complex eli-
cited the best activity among all the complexes. On the other hand compound
6 exhibited the least activity of all the compounds. In some cases, chelation
enhanced the activity of the coordination compounds relative to the ligand
[49] [50]. The cobalt(II) (+)-2-amino-3-(4-hydroxyphenyl)propionic acid com-
plex exhibited better activity than the mixed ligand complex with the exception
of the Clostridium. Mostly the (t)-2-amino-3-(4-hydroxyphenyl)propionic acid
were more active than their mixed ligand counterparts. In some cases, however
the mixed ligand complexes exhibited a fairly better active compared with the
2-amino-3-(4-hydroxyphenyl)propionic acid complexes. The compounds were
however not as effective as the standards imipenem and chlorhexidine against

bacteria and fungi.

4. Conclusion

Coordination compounds of (+)-2-amino-3-(4-hydroxyphenyl)propionic acid
and their mixed ligand complex with 1,10-phenantroline were synthesized, cha-
racterized. The primary ligand coordinated via the nitrogen atom of the amino
moiety and the oxygen atom of the carboxylate ion. On the other hand, the
secondary ligand coordinated via the nitrogen atoms of the molecule. The re-
sult obtained indicated a diametric square planar geometry for both cobalt(II)
(+)-2-amino-3-(4-hydroxyphenyl)propionic acid complex and its mixed ligand
complex. Octahedral geometry was proposed for both copper complexes. Square
planar for the nickel(II) (+)-2-amino-3-(4-hydroxyphenyl)propionic acid com-
plex and a mixture of square planar and octahedral geometry for the nickel mixed
ligand complex. Although phenolic substituents have been related with an-
ti-microbial and -oxidant activities, in this case the results obtained for both ac-
tivities do not correlate with each other. Thus, this further corroborates the fact

that the mode of activity of both biological activities may vary.
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