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Abstract

Coordination compounds of 2-amino-3-methylbutanoic acid were synthe-
sized with chromium(III) and oxovanadium(IV) ions. M:L; 1:2. Adducts of
these complexes using 1,10-phenantroline and ethylenediamine were further
synthesized, M:L, (1:2). These compounds were characterized using electron-
ic, infra-red spectrophotometry, magnetic susceptibility measurement and
percentage metal analyses. The zones of inhibition and minimum inhibitory
concentrations of the compounds against eight microbes were studied. The
results obtained indicated an octahedral geometry for the Cr(III) complexes,
indicative of additional coordination of two water molecules. On the other
hand a square pyramid geometry was obtained for the binary oxovanadium
complex and its 1,10-phenantroline adduct. However, for the oxovanadium
ethylenediamine adduct a distorted octahedral geometry was proposed. The
result for the antibacterial studies indicated that both mixed ligand complexes
of 1,10-phenantroline exhibited good antibacterial activity, and in some cases
better activity than the standard, streptomycin.

Keywords

Coordination Compounds, 2-Amino-3-Methylbutanoic Acid, Mixed Ligand
Complexes, Minimum Inhibitory Concentration, 1,10-Phenantroline,
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1. Introduction

As a result of the vast diversity of transition metal coordination chemistry,

prospects for the design of coordination compounds in more recent times have
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been a subject of great interest [1]. The pharmacological activity of these metal
compounds depends on the metal ion, ligands and the structure of the com-
pounds. These factors are partly responsible for the ability of these coordination
compounds, to locate the proper target site of activity and as a consequence their
pharmacological activity [1] [2] [3] [4]. It is known that certain metal ions pene-
trate through bacteria cell walls, in the form of complexes, into the cell and inac-
tivate certain enzymes, thus killing such bacteria [5] [6]. Furthermore, prior re-
ports have also indicated that the efficacies of various therapeutic agents are of-
ten enhanced upon coordination with a suitable metal ion [7] [8] [9].

A class of coordination compounds being more studied in recent times is the
mixed ligand complexes. These complexes have at least two different ligands
coordinated to a metal ion [9] [10] [11] [12]. The pharmacological activity of
these mixed ligand complexes is highly dependent on the nature of the metal
ions and the donor sequence of the ligands. This is because different ligands ex-
hibit different structural and biological properties [13] [14]. Their increased ac-
tivity may be ascribed to a synergistic or additive activity of the differing ligands
on the metal ion and the complex as a whole, thereby enhancing the activity of
the complex [13]. Moreover, they may have the potential to thwart drug resis-
tance [14]. They also have the potential for increased broad spectrum of activity
[15]. A versatile ligand often used in the syntheses of mixed ligand complexes is
1,10-phenantroline, it is a heterocyclic organic compound. It is rigid and its inser-
tion within cyclic and acyclic structures can impact to the resulting complex a high
degree of pre-organization [16]. The antimicrobial activity of 1,10-phenantroline
is also well established [17] [18]. Ethylenediamine is also another well known li-
gand used in coordination chemistry. Reports have shown that numerous
bio-active compounds and drugs contain the N-CH,-CH,-N linkage, which ex-
ists in ethylenediamine [19].

In spite of a huge number of antibiotics and chemotherapeutics available for
medical use, there is still an outbreak of diseases caused by different pathogenic
bacteria and the development of resistance to antibiotics [6] [9] [14]. Researchers
are as a consequence searching for new antibacterial agents. Furthermore, earlier
studies have also shown that some coordination compounds of biologically im-
portant compounds such as amino acids exhibited promising antimicrobial ac-
tivities on chelation [6] [20] [21]. As a result of the probable enhanced antibac-
terial activity of mixed ligand complexes it was therefore considered to synthes-
ize coordination compounds of 2-amino-3-methylbutanoic acid (Figure 1) with
chromium(III) and oxovanadium(IV). Their mixed ligand complexes with
1,10-phenantroline and ethylenediamine (Figure 2 and Figure 3), M:L1:L2 and
M:L1:L3 metal ligand ratio (1:1:1) (where M= Cr(III) or VO(IV), L1 =
2-amino-3-methylbutanoic acid, L2 = 1,10-phenantroline, L3 = ethylenediamine)
were also synthesized. These compounds were characterized using infra-red,
electronic and atomic absorption spectroscopy and magnetic susceptibility mea-

surement. The antibacterial assays of the synthesized compounds was carried out
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Figure 1. 2-amino-3-methylbutanoic acid, (L1).
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Figure 2. 1,10-phenantroline (L2).
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Figure 3. Ethylenediamine (L3).

using disc diffusion agar method to determine their zones of inhibitions against
eight microbes; three gram positive and five gram negative bacteria. The minimum

inhibition concentrations of the more active compounds were also obtained.

2. Materials and Method

2.1. General

All materials used are of high analytical grade. Melting points were determined
in an open capillary tube on a Gallenkamp (Variable heater) melting point ap-
paratus. The infrared spectra of all synthesized product and their ligands were
obtained at the Centre for Energy Research and Development Obafemi Awolo-
wo University Ile-Ife, Osun State. Magnetic susceptibility measurement of the
metal complexes was obtained at the Department of Chemistry, Kwara State
University Ilorin, Nigeria. The electronic spectra, of all the compounds, were
obtained in solution, in the wavelength range 400 - 1000 nm at the Department
of Chemistry, Obafemi Awolowo University, Ile-Ife, Osun State Nigeria. The
metal analyses for all synthesized compounds were obtained using atomic ab-
sorption spectroscopy at the Centre for Energy Research and Development Ob-
afemi Awolowo University Ile-Ife, Osun state. The antimicrobial screening for
all the complexes was carried out in the Department of Microbiology at Obafemi
Awolowo University Ile Ife, Osun state. Nigeria.
The equations of the reactions are given in Equations (1)-(6).

CrCl; + 2(L1) » [(Cr(L1),(H,0),] (Compound 1) (1)
CrCl; + L1+ L2 > [Co(L1)(L2)(H,0),] (Compound 2) 2)
CrCl; + L1+ L3 > [Co(L1)(L3)(H,0),] (Compound 3) (3)

VOSO, +2(L1) > VO(L1),] (Compound 4) (4)
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VOSO,4 + L1 + L2 > VO(L1)(L2)] (Compound 5) (5)
VOSO,4 + L1 + L3 > VO(L1)(L3)(H,O)] Compound 6) (6)

where: L1 = 2-amino-3-methylbutanoic acid

L2 = 1,10-phenantroline; L3 = ethylenediamine.

2.2. Syntheses of Compounds

2.2.1. Synthesis of Compound 1

An aqueous solution of chromium(III) chloride hexahydrate (1.59 g, 0.01 M)
was poured into a flat bottom flack and was heated with stirring. To this was
added, drop-wise, an aqueous ethanolic solution of 2-amino-3-methylbutanoic
acid (2.36 g, 0.02 M). The reaction mixture was heated for 2 h, during which a
pink precipitate was obtained. This was filtered washed first with methanol then
diethyl ether and dried in a desiccator.

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

2.2.2. Synthesis of Compound 2

Chromium(III) chloride hexahydrate (1.58 g, 0.01 M) in a flat bottom flask
to which was added 2-amino-3-methylbutanoic acid (1.18 g; 0.01 M) and 1,10-
phenantroline (1.80 g, 0.01 M) heated with stirring. This gave a dark green pre-

cipitate.

2.2.3. Synthesis of Compound 3

Chromium(III) chloride hexahydrate (1.61 g, 0.01 M) to which 2-amino-3-me-
thylbutanoic acid (1.32 g; 0.01 M) and ethane-1,2-diamine monohydrate (0.78 g,
0.01M) was added and heated with stirring. This gave a light pink precipitate.

2.2.4. Synthesis of Compound 4
Vanadium(IV) oxide sulphate (1.63 g, 0.01 M) and 2-amino-3-methylbutanoic
acid (2.38 g; 0.02 M) gave a pink precipitate.

2.2.5. Synthesis of Compound 5
Vanadyl sulphate (1.63 g, 0.01 M) to which was added 2-amino-3-methylbutanoic
acid (1.32 g; 0.01 M) and 1,10-phenantroline (1.83 g, 0.01 M), heated with stir-

ring, gave a grey precipitate.

2.2.6. Synthesis of Compound 6
Vanadyl sulphate (1.65 g, 0.01 M), 2-amino-3-methylbutanoic acid (1.34 g; 0.01
M) and ethylenediamine monohydrate (0.79 g, 0.01 M), gave a grey precipitate.

2.3. Antimicrobial Methodology
2.3.1. Zones of Inhibition

The organisms used were three Gram-positive and five Gram-negative bacteria.
The agents were dissolved in water at room temperature or hot water as appro-
priate 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
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oven at 50°C. The discs were then utilized to determine antibacterial as pre-
viously described by Aiyelabola ef al 2012 [22]. Discs that were impregnated
with streptomycin were used as positive controls for bacteria. Zones of inhibi-

tion were used as indices of antimicrobial actions.

2.3.2. Minimum Inhibitory Concentration Determination

The determination of the minimal inhibitory concentration (MIC) for the anti-
bacterial activities of three of the compounds and standard drugs were evaluated
using the microdilution method, using an adaptation of the methodology as de-
scribed by Pasdar, H and co-worker, 2017 [23]. Each test compound and stan-
dard drug individually was prepared in aqueous ethanol to obtain 10 pg/mL
concentrations (stock solution). The aim of the broth micro-dilution method
was the evaluation of the lowest concentration of the examined antibacterial
agent to inhibit the visible growth of the microorganism being investigated.
Muller-Hinton Broths (MHB) was used as bacterial nutrients. The inoculum
size of all strains was adjusted to 1.5 x 10®° CFU/mL using 0.5 McFarland stan-
dard solutions for each antibacterial compound and standard drug (streptomy-
cin). Fifteen tubes of 5 mL volume were used in 3 rows such that each row con-
tained 5 tubes. Afterwards, 1 mL of Muller-Hinton Broth (for Row 1 and 2) and
1 mL of standard drug broth (for row 3) were added in Tubes 1 - 5 in each row.
Then, 1 mL of the antibacterial compound (stock solution) was added to the first
tube in each row (for Row 1 and 2) and mixed. After mixing, 1 mL of the first
tube in each row was serially carried over to the second tube in the same row,
mixed and the content of the second tube was transferred to the third tube in
each row. This serial dilution was repeated to Tube 4 in each of the rows and 1
mL of Tube 4 was discarded. Tube 4 had no bacteria and was used as a negative
control. Tube 5, without antibacterial agent, was used as a positive control. Thus,
the micro-dilution provided antibacterial concentrations of 5, 2.5, 1.75 and 0.875
ug/mL respectively. Finally, 100 pL of bacteria suspension was added to Tubes 1
-3 and 5 in Rows 1 - 3 and were incubated for 24 h at 37 ‘C. The highest dilution
of active sample to inhibit evident growth of the microorganism was expressed
as the MIC [23].

3. Result and Discussion
3.1. Physico-Chemical Properties

The colour, percentage yield, percentage metal and melting points of the synthe-
sized compounds are presented in Table 1. The compounds showed a wide va-
riety of colour from pink to grey. The compounds were obtained at good yield.
Sharp melting points were obtained for the compounds suggesting the purity of
the compounds. The compounds were fairly soluble in ethanol/water mixture
and insoluble in most organic solvents. The percentage analysis for the com-
pounds was obtained using atomic absorption spectroscopy/titremetric method.

The results obtained are in good agreement with the calculated values; as
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Table 1. Some Physico-chemical Properties of the ligands and complexes.

Proposed . Mp/d.t Magnetic moment %metal

Compound Proposed mol. Formula mowt Colour %yield c (BM) Found (Cal.)

L1 CsHuNO: 117.15 White NA 298 NA NA

L2 Ci2HsN, 180.21 White NA 117 NA NA

L3 CoHsN» 60.00 Colourless NA NA NA NA
1 [(Cr(L1)2(H20),]Cl 353.80 Pink 61.4 270 3.14 15.20 (14.77)
2 [Co(L1)(L2)(H20):]ClL 455.20 Deep green 72.3 269 3.84 11.87 (11.42)
3 [Co(L1)(L3)(H,0).]CL 335.00 Light pink 77.1 274 3.84 15.44 (15.52)
4 VO(L1)2] 297.00 Pink 69.2 284 1.75 17.45 (17.17)
5 [VO(L1)(L2)].SO4 822.42 Gray 76.4 285 1.97 12.54 (12.40)

6 [VO(L1)(L3)(H20)]2SO4 618.00 Gray 73.6 306 2.05 8.67 (8.31)

such the results obtained corroborated the proposed composition of the com-

pounds.

3.2. Infra-Red
3.2.1. Ligand

1) 2-amino-3-methylbutanoic acid: The spectrum of 2-amino-3-methylbutanoic
acid exhibited characteristic vibrational frequency bands such as the N-H) of
the cationic NH; ion observed at 3400 cm™ (Table 2). The spectrum further
displayed bands at 1607 cm™ and 1495 cm™ which are consistent with the
asymmetric and symmetric COO™ stretching frequencies and both are typical
vibrational frequencies of 2-amino-3-methylbutanoic acid [24] [25] [26].

2) 1,10-phenantroline: The spectrum for this compound elicited a band at
1588 cm ™! assignable to the C=N) [26].

3) Ethylenediamine: The infrared spectrum revealed a band at 3373 cm™
which was ascribed to the YN-H) of the amine substituent of the ligand. Two
other sharp bands were also observed at 1567 and 1403 cm™, Table 2 and are
ascribed to C-C-N) and {C-N) of C-C-NH, bond vibration [24] [25] [26].

3.2.2. Complexes

Chromium complexes

1) Compound 1: A shift was observed to higher wave number for the N-H)
symmetric stretching frequency thus suggestive of deprotonation and hence coor-
dination of the nitrogen atom of the amino moiety to the metal ion. This was
supported by the M-N stretching frequency observed at 612 cm™ [24] [25]
[26]. On the other-hand a shift was observed to higher wave number for the
COO™ symmetric stretching frequency and a shift to lower wave number for
the 14ym(COO") by (80) cm™. Previous reports have suggested that this indicates
coordination of the ligand to the metal ion. A difference of 219 cm™ exists between
both the 1,;m(COO") and 1aym(COO") thus indicating the monodentate nature of
the COO" substituent of the ligand in this complex. Corroborating the coordina-
tion via the oxygen atom is the M-O band observed at 580 cm™. Furthermore,
evidence for the coordination of water molecule to the metal ion was provided by
the bands observed at 2587, 1033 and 810 cm™ assignable to {C-OH), C-O)
and Y C-0) bending and rocking vibrational frequencies [24] [25] [26].
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Table 2. Relevant infrared spectra bands for the ligands and complexes (cm™).

Compound NH COO COO C=N M-N M-O
L1 3400 1607 1495 -
L2 - - - 1588
L3 3373 1567 1403 - -
1 3424 1634 1415 - 612 580
2 3362 1635 1398 1506 562
3 3390 1638 1411 - 632 536
4 3481 1653 1455 - 647 570
5 3444 1635 1399 1504 615 537
6 3365 1639 1400 - 672 568

2) Compound 2: Evidence for coordination of the 2-amino-3-methylbutanoic
acid in this mixed ligand complex was provided by the N-H), n(COO) and
Vaym(COO) bands observed at 3362, 1635 and 1398 cm™ respectively. Support for
the formation of the mixed ligand and hence coordination of 1,10-phenantroline
was observed by the shift in the {C=N), 82 cm™ in comparison to that of the li-
gand, it should be noted that this was absent in the spectrum of 2-amino-3-me-
thylbutanoic acid [24] [25] [26]. Absorption frequencies observed at 1032 and
1015 and attributable to C-O) suggest coordination of water to the metal ion
[9] [24] [25] [26] [27].

3) Compound 3: For this mixed ligand complex evidence for coordination of
the 2-amino-3-methylbutanoic acid was observed in the shift of the W N-H),
Vym(COO) and vuym(COO). This were further corroborated by the M-N),
YM-0) bands [26]. The band observed at 1325 cm™ was assigned to the »C-
C-N) of C-C-NH, from ethylenediame. This indicated a shift of 95 cm™ on
coordination, thus indicative of coordination of the metal ion to the ligand. Ad-
ditional coordination by water molecule was suggested by the appearance of the
A C-0) band and M-0) [24] [25] [26] [27].

3.2.3. Vanadium Complexes

1) Compound 4: Similar to the bis(2-amino-3-methylbutanoic acid)chromium
(III) complex, a shift to high frequency was observed for the IN-H) stretching
frequency by 81 cm™ [26]. As such, this suggested the coordination of the nitro-
gen atom of the ligand to the metal ion. This was further supported by the
UM-N) observed at 637 cm™. The spectrum also showed two sharp bands at
1653 and 1455 cm™, which are assignable to characteristic ¥ym(COO") and
Vaym(COO") of the ligand. This indicated a shift in comparison to those of the
free ligand. The difference of 197 cm™ between both band frequencies suggests
the monodentate nature of the ligand in this complex [9] [26]. Coordination of
the oxygen atom of the carboxylate ion was also supported by the M-0) at 570
cm™. A band observed at 950 cm™ was attributed to V=0), suggestive of the
monomeric nature of the complex [28] [29] [30].

2) Compound 5: This spectrum exhibited a band at 3444 cm™ ascribable to
UN-H) of the amino substituent of 2-amino-3-methylbutanoic acid. Thus, sug-
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gesting coordination of the metal ion with the primary ligand, 2-amino-3-me-
thylbutanoic acid. Coordination of the secondary ligand 1,10-phenantroline to
the metal jon was suggested by the band observed at 1504 cm™ attributable to
C=N stretching frequency of 1,10-phenantroline [26]. This indicated a shift by
84 cm™ to higher wave number in relation with the free base. As such this serves
to establish the formation of the mixed ligand complex. The band observed at
986 cm™, assigned to V=0) is indicative of the monomeric nature of the com-
plex [28] [29] [30].

3) Compound 6: The UN-H) of the primary ligand was observed at 3365
cm™. A broad band in the shape of a trough appeared at 2100 cm™ and was at-
tributed to the C—OH). This therefore, suggests coordination of a water mole-
cule. Bands at 1639 and 1400cm™ were assigned to vm(COO~) and 14ym(COO") of
the ligand, 2-amino-3-methylbutanoic acid [24] [25] [26]. A sharp band at 1390
cm™ corresponds to the {C-C-N) of C-C-NH, bond vibration, of the secondary
ligand. Two medium bands observed at 1230 and 1120 cm™ were assigned to the
A C-N) of both the primary and secondary ligand [24] [25] [26]. The M-0O)
was observed at 672 and 612 cm™, thus, supportive of coordination of the oxy-
gen atom from the carboxylate substituent of the primary ligand and also coor-
dination a water molecule to the metal ion [26]. A weak band observed at the
low energy region of the spectrum at 520 cm™ was assigned to the M-N). This
thus confirms the coordination of the nitrogen atom of the primary ligand to the
metal ion. However the V=0) band was absent. According to Greenwood and
Earnshaw, a sixth ligand may be weakly bonded trans to the (V=0) moiety and
thus produce a distorted octahedral structure; with a concomitant reduction in
the stretching frequency of the (V=0) bond. This they suggested may be inter-
preted in terms of electron donation from this sixth bond, thereby making the
vanadium atom less able to accept charge from the oxygen of (V=0) and so re-
ducing the bond order. Additionally previous reports have shown similar com-
plexes to be polymeric, with the vanadium ion attaining 6-coordination by
stacking, so that the sixth position of each vanadium is occupied by the oxygen
from the (V=0) beneath [28] [29] [30].

3.3. Electronic Spectrum and Magnetic Moment

3.3.1. Ligand

The electronic spectra of the ligands exhibited bands in the ultraviolent region of
the electromagnetic spectrum as a result of the major chromophores which ex-
ists on the ligands, Table 3. The spectrum of 2-amino-3-methylbutanoic acid
elicited a band at 252 nm and was assigned to n > 7* transition. The spectrum of
1,10-phenantroline showed two intense bands 310 and 324 nm which corres-
ponds to n > 7* and 7> 7* transitions [24] [25]. For ethylenediamine the spec-
trum revealed a band at 495 nm attributable to 7 > ¢* transition [24] [25]. Evi-
dence of coordination of the metal ion with the corresponding ligands was pro-
vided by the d-d transitions of the metal ion observed in the complexes, which

were absent in the ligands. Further corroborating coordination of the ligands
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Table 3. Relevant electronic spectra bands.

Compound Intraligand Band (nm) d-dbands (nm)
L1 252
L2 310, 324
L3 495 -
1 302 465, 505, 695
2 286 435
3 413 480
4 295, 359 650, 712
5 267,285 518,720
6 295, 450 580, 716

to the metal ions were shifts observed in the bands observed in the ultraviolet
region of the spectra of the coordination compounds in relation to that obtained
for the free base [28].

3.3.2. Chromium Complexes

1) Compound 1: The electronic spectrum of this compound exhibited two sets
of bands: a strong band at 302 nm; one weak band at 465 nm, two broad bands
at 505 and 695 nm. The strong band in the ultraviolet region was ascribed to the
n > 7 transition of the ligand. This thus indicated a shift in this transition in
comparison with the free base, 2-amino-3-methylbutanoic acid. On the other
hand the other three bands were attributed to the *Ax(F) > *T14(P), *A%(F) >
*T1g(F) and *Ax(F) > *Ty(F) transitions characteristic of d* Cr(III) configuration,
suggestive of an octahedral geometry. This is in agreement with previous studies
[31] [32] [33]. The observed magnetic moment at 3.14 BM is close to the spin only
magnetic moment for Cr(III) with d® configuration, but lower than that expected
for this configuration [32] [33]. This may be ascribed to antiferromagnetism, sug-
gesting that the Cr(III) ion has its spins aligned in opposite directions [32]. Com-
pound 1: The electronic spectrum of this compound exhibited two sets of bands:
a strong band at 302 nm; one weak band at 465 nm, two broad bands at 505 and
695 nm. The strong band in the ultraviolet region was ascribed to the n > 7* tran-
sition of the ligand. This thus indicated a shift in this transition in comparison
with the free base, 2-amino-3-methylbutanoic acid. On the other hand the other
three bands were attributed to the *A,(F) > *T14(P), *Ax(F) > *T1,(F) and *A,,(F)
> *T,,(F) transitions characteristic of d* Cr(III) configuration, suggestive of an
octahedral geometry. This is in agreement with previous studies [31] [32] [33].
The observed magnetic moment at 3.14 BM is close to the spin only magnetic
moment for Cr(III) with d* configuration, but lower than that expected for this
configuration [32] [33]. This may be ascribed to antiferromagnetism, suggesting
that the Cr(III) ion has its spins aligned in opposite directions [32].

2) Compound 2: The spectrum of this compound elicited two bands, one in-
tense band at 286 nm assigned to n > #* transition and a broad band at 435 nm
attributable to the d-d transition of the metal ion and ascribed to *A(F) >
*Tg(F) transition, suggestive of an octahedral geometry [32] [33]. Its magnetic
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moment 3.84 BM, is consistent with the spin-only magnetic moment of 3.87 BM
for an octahedral geometry for a d* electron configuration system. It therefore
corroborates an octahedral geometry for compound 2 [32].

3) Compound 3: Similar to that of compound 2, two bands were also observed
for this complex at 413 and 480 nm. These were assigned to 7> 7* intra-ligand
transition and *A,;> *T1,(F), d-d transition respectively [32] [33], thus suggestive
of an octahedral geometry for Cr(III) ion. Its magnetic moment of 3.84 BM fur-

ther supports an octahedral geometry [32].

3.3.3. Oxovanadium Complexes

1) Compound 4: The electronic spectrum of compound 4, exhibited four
bands. Two intense bands were observed at 295 and 359 nm and were assignable
to n> 7* and 7> 7* intra-ligand transitions. It also showed two broad bands at
650 and 712 nm ascribed to 2B, > %E and ?B, > 2B,, d-d transitions [24] [25] [32].
According to previous reports this indicates a square pyramidal geometry. Its
magnetic moment of 1.75 BM is characteristic of a square pyramid geometry for
V(IV) ion. This is therefore corroborates of a square pyramid geometry for
compound 4.

2) Compound 5: The spectrum of this compound displayed five bands. Two
intense band and a medium band observed at 267, 285, 315 nm respectively, and
they are attributed to n > ¢*, n > 7* and 7> 7* intra-ligand transitions of the
ligands [24] [25]. The spectrum also exhibited two broad bands, at 518 and 720
nm; this is ascribable to 2B, > E and 2B, > 2B, d-d transitions [32]. This corres-
ponds to a square pyramid geometry for VO(IV) ion. A magnetic moment of
1.97 BM was obtained for compound 5, this is slightly higher than the spin only
value of 1.73 BM. And is consistent with a d" electron configuration for vana-
dium(IV). The increment in the magnetic moment may however be ascribed to
orbital contribution [32] [34] [36]. Furthermore prior workers on oxovana-
dium(IV) ion have interpreted this magnetic moment to be suggestive of a
square pyramid geometry around the oxovanadium(IV) ion. Therefore a square
pyramidal geometry is proposed for compound 5.

3) Compound 6: The spectrum of this complex displayed three bands: an in-
tense band at 295 nm and two medium bands at 387 and 450 nm, which were as-
signed to n> 7%, n-> 0* and 7> 7* intraligand transitions respectively [24] [25].
The spectrum also exhibited two broad bands at 580 and 716 nm corresponding
to 2B, > ’E and B, > B, d-d transitions, for vanadium(IV) [32]. A magnetic
moment of 2.03 BM was obtained for this compound. This is higher than the
spin only value of 1.73 BM. However, earlier workers have interpreted this to be
consistent with an octahedral geometry for vanadium(IV) ion. We propose
therefore an octahedral geometry for this compound [34] [35]. This is in good
agreement with the result obtained for this compound from the infrared analy-
sis.

In this present work, based on the results obtained an octahedral geometry is

proposed for the Cr(III) complex for the binary complex, bis(2-amino-3-me-
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thylbutanoic acid)chromium(III) complex. It is suggested that the 2-amino-3-
methylbutanoic acid free base coordinated via the nitrogen atom of the amino
substituent and one oxygen atom of the carboxylate ion. This was suggested as a
result of the difference observed in the values for 14y(COO") and Vaym(COO7),
which suggested the monodentate nature of the carboxylate substituent of the
ligand [9] [26]. This is also in good agreement with previous reports. These re-
sults thus indicated that 2-amino-3-methylbutanoic acid coordinated in a bi-
dentate fashion, binding in the ratio 1:2, metal ligand ratio. We propose further
that the central Cr(III) ion coordinated additionally to two water molecules from
the reaction solvent, to achieve an octahedral geometry. For the formation of the
mixed ligand chromium(III) complexes, the primary ligand, 2-amino-3-methyl-
butanoic acid, coordinated in a similar way as in the binary complex. On the
other hand, both secondary ligands coordinated in a bidentate manner with
1,10-phenantroline coordinating via the two heteroaromatic nitrogen atoms and
ethylenediamine forming the complex using the two nitrogen atoms of the ami-
no moiety. Similar to the binary Cr(III) complex, the Cr(III) ternary complexes
existed in an octahedral geometry, with two additional water molecules coordi-
nated to the Cr(III) ion at the apical region of the complexes. This was further
confirmed by the results obtained from the metal analyses of the complexes, Ta-
ble 1. Therefore we propose that the structure assumed by compounds 1 - 3 may
be represented by Figures 4-6 respectively. An octahedral geometry is generally
more favourable for chromium(III) complexes, as a result of the three electrons
in the 3d orbital of Cr(III), these will first singly fill the lower energy three t,g
orbitals, as a result of the stability of this configuration [32].

The results obtained for the oxovadium(IV) complexes suggested that the
primary ligand 2-amino-3-methylbutanoic and the secondary ligands 1,10-phe-
nantroline and ethylenediamine coordinated in a similar manner as in the Cr(III)
ion. However a square pyramidal monomeric geometry was assumed in the case
of compounds 4 and 5. A distorted octahedral geometry was however proposed

for compound 6. The percentage metal analyses was corroborative of this geometry

— —_. +
H,0
O
O\ Cc— m, Y il O\ 7
D
HC\ / \‘ CH
/ NH2 H2 \

R R

H,0

Figure 4. Compound 1.
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Figure 5. Compound 2.

H,0

Figure6. Compound 3.

and suggested the formulations for compound 4 and 5 to be given by VO(L1), and
[VO(L1)(L2)].SOs, which may be depicted by Figure 7 and Figure 8 respective-
ly. Furthermore compound 6 may be represented by VO(L1)(L3)(H,0)],SO,
and illustrated structurally by Figure 9.

3.4. Antibacterial Activity

3.4.1. Zones of Inhibition of Bacteria Growth

The synthesized compounds were tested for their antibactebial activity by testing
them against eight microbes, three gram positive bacteria namely: S. aureus
(NCIB 8585), B. subtilis (NCIB 6639) and B. cereus (NCIB 6349); five gram neg-
ative bacteria, P. aeruginosa (NCIB 950), P. fluorescence (NCIB 3756), E. coli
(NCIB 86), K. pneunoniae (NCIB 418) and P. vulgaris (NCIB 67). The zones of
inhibition of the tested microbial growth as a result of the synthesized com-
pounds were determined and the results obtained are presented in Table 4. The
results indicated that compounds 2, 4 and 5 exhibited from weak, moderate to
remarkable activity against the tested microbes. Compounds 2 and 5 exhibited
significantly better activity, (P < 0.05), against E. coli and K. pneunoniae, both

gram negative bacteria, relative to the standard, streptomycin. This result thus
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Figure 8. Compound 5.

H,0

Figure 9. Compound 6.
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Table 4. Result of zone of antimicrobial inhibition (mm) for the ligands and complexes.

Organism L1 L2 L3 1 2 3 4 5 6 C
P. aeruginosa - 24 - - 04 - - 20 - 31.5
P. fluorescence - 10 - - 22 - - 18 - 50
S. aureus - 34 - - 31 - - 24 - 38
B. subtilis - 28 - - - - - 15 - 34
E. coli - 23 - - 20 - 04 10 - -
K. pneunoniae - 32 - - 28 - - 34 - 10
P. vulgaris - 42 - - 39 - 16 36 - 62
B. cereus - - - - - - - - - 68
C = Streptomycin.
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suggests the potency of these compounds and their good candidacy as leads as
antibacterial agents against both microbes.

For the binary complexes, only compound 4 exhibited any activity against the
tested microbes. This vanadyl complex exhibited weak activity against £. co/fand P.
vulgaris, but its chromium(III) counterpart had no effect on the tested organisms.
Such better activity of the bis(2-amino-3-methylbutanoic acid)oxovanadium(IV)
complex in comparison with its chromium(III) counterpart indicates the better
activity of the vanadyl ion as an antibacterial agent in this case. Both mixed li-
gand complexes of 2-amino-3-methylbutanoic acid with 1,10-phenantroline, al-
so displayed significant activity (P < 0.05), against both gram positive and gram
negative bacteria, indicating the broad spectrum of activity of both compounds
against the tested microbes. However, both compounds exhibited varied activity
with each microbe [36] [37]. Although both mixed ligand complexes of 1,10-
phenantroline elicited good antibacterial activities, however both Cr(III) and
VO(IV) mixed ligand complex of 2-amino-3-methylbutanoic acid with ethyle-
nediamine had no effect on the tested microbes. This may be ascribed on one hand
to the better antibacterial activity of 1,10-phenantroline [13] [17]. It can be in-
ferred from the results obtained that the use of 1,10-phenantroline in the forma-
tion of the mixed ligand compounds 2 and 5 brought additive effect of its antibac-
terial potential on both adducts [13] [17]. On the other hand, structurally 1,10-
phenantroline is a hydrophobic heteroaromatic compound, as against ethylene-
diamine which is a straight chain hetero-compound, as such it may be consi-
dered that it may have increased the liposolubility of both adducts and therefore
enhanced the penetration of these compounds through the lipid membrane of
the gram positive bacteria. Thus, this resulted to the better activity of both com-
pounds, relative to their ethylenediamine counterpart, thereby further validating
the antibacterial potency of 1,10-phenantroline and the plausible additive ability
of this molecule in enhancing the antibacterial activity of mixed ligand com-
plexes [6] [13] [17] [18] [36] [37].

The zone of inhibition values obtained for 2-amino-3-methylbutanoic acid are
lower than those of compounds 2, 4 and 5 against most of the micro-organisms,
indicating that these compounds are more potent than this ligand as antibacteri-
al agent. This observed disparity in their effectiveness against the tested bacteria
may be ascribed to either the enhanced ability, as a result of coordination, of
these compounds to permeate the cell walls of the microbes or the difference in
the ribosomes of the microbial cells [6] [36] [37]. The results obtained, Table 4,
also indicated that 1,10-phenantroline, one of the secondary ligands, exhibited in
some cases significant activity (P < 0.05), against the tested microbes, and in
some cases more active than the standard. The most sensitive strains were the
bacteria species E. coli and K. pneunoniae. This result is in agreement with what

was obtained by Gaélle and co-workers [38].

3.4.2. Minimum Inhibitory Concentration
The antimicrobial activities of some of the complexes were quantified by the
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Table 5. Result of minimum inhibitory concentration.

Organism 2 4 5
P. aeruginosa 05 05 1.78
P. fluorescence 2.5 05 0.875
S. aureus 1.75 05 0.875
B. subtilis - 05 0.875
E. coli 0.875 0.875 0.875
K. pneunoniae 2.5 05 0.875
P. vulgaris 2.5 05 0.875
B. cereus - 05 0.875

determination of their MICs. The MIC indicates the lowest drug concentration
at which a visible inhibition growth of the microorganisms is noticed. The values
for the different pathogens were determined by using the micro broth dilution
test [23] [38]. The MIC values for compounds 2, 4 and 5 are presented in Table
5. This was as a result of their relative better and significant activity in compari-
son with the other compounds. Compounds 2 and 5 exhibited a broad spectrum
of activity, as a result of their high activity towards all the tested strains. Com-
pound 5 elicited the least minimum inhibitory concentration for all the com-
pounds. This result therefore suggests that low concentrations of this complex
may not only inhibit the growth of microorganisms, but also kill them. As a
consequence, therefore it suggests that it may have both bacteriostatic and bac-
tericidal effects [38] [39] [40].

4. Conclusion

Coordination compounds of 2-amino-3-methylbutanoic acid and its 1,10-phe-
nantroline and ethylenediamine adducts were synthesized with chromium(III)
and oxovanadium(IV) ions. The compounds were investigated for their structural
and antibacterial activity. The results obtained suggested an octahedral geometry
for all the chromium(III) complexes. A square pyramid geometry was proposed
for the bis(2-amino-3-methylbutanoic acid)oxovanadium(IV) complex and the
1,10-phenantroline adduct of oxovanadium(IV). However, an octahedral geo-
metry was proposed for the oxovanadium(IV) ethylenediamine adduct. The anti-
bacterial studies indicated that the 1,10-phenantroline adduct for both oxovana-
dium(IV) and chromium(III) complexes elicited significant antibacterial activity.
They exhibited better activity against the standard, streptomycin, against £. coli
and K pneunoniae. The oxovanadium 1,10-phenantroline adduct also gave the
lowest minimum inhibitory concentration for all the tested microbes. This thus
suggested that this compound may serve as a lead compound as antibacterial

agent against £. coli and K. pneunoniae.
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