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Abstract. Cycloheptanecarbohydroxamic acid (CPHA) was synthesized, characterized and their pka
determined spectrophotometrically as 9.70 at 25 °C and in buffers of 0.1 mol/dm” ionic strength (/). The
spectroscopic investigation of its reaction with Mo (VI) and VO (IV) in aqueous solution revealed the sole
formation of 1:6 and 1:2 complexes at equilibrium. The isolated complexes were characterized by elemental
analysis, molar conductance, magnetic moments, IR and electronic spectra studies. The magnetic and
spectra studies of the isolated complexes indicate coordination via oxygen atom of the hydroxamate group.
The interactions of both the ligand and its isolated complexes with some microorganisms have been studied.
Both the ligand and its complexes show significant sensitivity towards the microbes and also, the related

complexes can enhance antibacterial activity.

Keywords: ionic strength, square pyramidal coordination, molar conductance, molybdenum, oxovanadium,
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Introduction

Hydroxamic acids are a family of organic acids of
general formula RCONHOH and are much weaker acids
than the structurally related carboxylic acids (RCOOH),
(Nwabueze, 1996). Hydroxamic acids having one or
more — CONHOH - groups have been extensively
studied as a consequence of their biological importance,
related to their ability to form metal ion complexes
(Celina et al., 1997).

Siderophores are low molecular weight iron-chelating
agents produced by microbes (Etelka ez al., 2003). These
compounds, however, are able to chelate other metal ions,
for example, aluminum (IIT). The only drug currently
available for the clinical treatment of aluminum intoxication
is a natural siderophore desferroxamine B (Hider ez al.,
1991). It has recently been suggested that the interaction
between molybdenum and siderophores has biological
significance. Siderophores might be involved not only in
iron, but also in molybdenum uptake in nitrogen-fixing
bacteria (Duhme et al.,1996). Among numerous
siderophores structures, the hydroxamates are of interest
due to their ability to form stable transition metal complexes
through the formation of five member chelate rings as
shown in Scheme I (Dessi et al., 1992).
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Scheme |

Catechols and N-hydroxylated ligands (such as L-
Glutathione) which can be considered as biological
sequestering agents for a large class of metal ions, are
particularly effective in stabilizing high oxidation state for
elements such as vanadium and molybdenum (Aliyu and
Nwabueze, 2007). These ligands can utilize the capability
of free vanadium ions to activate glucose uptake and
glucose metabolism in rats adipocytes in vitro by 4-5 folds
and to lower blood glucose level in hyperglycemic rats in
vivo by 5-7 folds (Aliyu and Nwabueze, 2007).

Monohydroxamic acid form typical octahedral
complexes with transition metals via coordination
through the oxygen atoms and formation of reasonably
ionic metal oxygen bonds (Aliyu and Nwabueze, 2008).
A mononuclear penta-coordinate Mo(VI) Square
pyramidal complex MoO,L,, a diacidic tridentate ONO
donor has been reported as a model for the active
oxotransfer molybdoenzyme. The chelates were found
to be unusually stable and this is attributed to H-bonding
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between the hydroxamate NH of the coordinated primary
monohydroxamic acids oxo ligand of the Mo (Craig,
2004).

In both +5 and +4 oxidation state, vanadium can form
complexes of fairly high stability with ligands being
able to displace partly or fully, oxygen from the stable
VO,+ and VO oxocations. In highly acidic media,
reversible oxygen displacement occurs from the metal
ion to yield Monoxo V (IV) or V(V) complexes, which
exhibits distinct EPR and 'V NMR spectra features,
respectively (Goldwaser ef al., 1999).

VO(IV) complexes have extensive clinical applications
such as the oral administration of vanadate to type -1
diabetic rat lowered the high level of blood glucose to
normal values. Unlike insulin, which is not absorbed orally,
vanadate as low-molecular weight substance and a
phosphate analog can permeate plasma membranes and
intestinal wall with relative ease (Celina et al., 1997).

Complexes of molybdenum (V) and (VI) with cystein,
histedine and organic sulphur compounds are of interest
as model for molybdenum - containing enzymes. These
enzymes are known to catalyse a number of important
biological oxo-transfer reactions where the valency of
molybdenum alternates between molybdenum (IV) and
(V]) states in reactions with substrates and subsequent
reactivation (Petrillo and Ondilti, 1982). Molybdenum
complexes act as potent and specific inhibitors of
metalloenzymes. The biological activities of hydroxamic
acids and similar ligands are known to be positively
enhanced on complexation to bio-transition metal ions
like copper (II), nickel (II) and oxovanadium IV (Aliyu
and Nwabueze, 2008) and molybdenum (VI) (Aliyu,
2010).

Other medicinal applications of hydroxamates which
utilize their affinity for high charge density metal ions
include the possible use of their complexes as imaging
agent (Miller et al., 1999).

Staphylococcus aureus in humans causes of a wide
range of infections specially atopic dermatitis(AD)
(Wertheim ef al., 2005),an inflammatory skin disease
that usually presents itself in early age (Schultz, 2007).

As reported in many studies, S. aureus is the most
important pathogen associated with AD. Skin
colonization with S. aureus is known to be related to
AD disease severity.

Escherichia coli strains are pathogenic and toxinogenic.
In particular one can recognize an enterohaemorrhagic
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strain causing very dangerous outbreaks (O157: H7:
without pili "Ohne Haar") or RS218, causing meningitis.
E. coli are widespread in the environment and pathogenic
strains cause diseases of mucosal surfaces including
the female genital tract. Pelvic inflammatory disease
(PID; metritis) or endometritis affects ~40% of cattle
after parturition. The expectation that multiple genetically
diverse E. coli from the environment opportunistically
contaminate the uterine lumen after parturition to
establish PID (Baumgart ef al., 2007.

Pseudomonas aeruginosa survives in hot tubs, especially
made of wood. P. aeruginosa autoinducer 30-C12
homoserine lactone provokes hyperinflammatory
responses from cystic fibrosis airway epithelial cells.
The P. aeruginosa quorum sensing autoinducer N-3-
oxododecanoyl homoserine lactone (30-C12) is an
important bacterial virulence factor that has been reported
to induce pro inflammatory cytokine production (Mayer,
2002).

B. subtilis grows in the mesophilic temperature range. The
optimal temperature is 25-35 °C (Entrez Genome Project).
B. subtilis has evolved a set of strategies that allow survival
under stress and starvation conditions (Bandow, 2002).
Some Bacillus species can cause food poisoning such as
B. licheniformis and B. cereus, usually by eating rice that
is contaminated with B. cereus (EMBL EBI) (Morikawa,
20006). B. cereus infection can result in two different kinds
of intoxications. It can either cause nausea, vomiting, and
abdominal cramps for 1-6 h, or diarrhoea and abdominal
cramps for 8-16 h.

Candida infection provoked by chronic diseases,
medication, poor oral hygiene, reduced salivary flow,
or the impairment of the immune system (Shay ef al.,
1997). As many as 75% of elderly people in Finland
harbor oral yeast (Narhi ez al., 1993). Even though the
colonization by Candida may be asymptomatic, heavy
growth usually leads to local candidosis, with various
types of mucosal lesions and symptoms (Shay et al.,
1997).

Spectrophotometry. It is the quantitative measurement
of the reflection or transmission properties of a material
as a function of wavelength (Allen et al., 2010).
Spectrophotometry deals with visible light, near-
ultraviolet, and near- infrared, but does not cover time-
resolved spectroscopic techniques.

Fourier transform infrared spectroscopy (FTIR).
FTIR is a technique which is used to obtain an infrared
spectrum of absorption, emission, photoconductivity
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or Raman scattering of a solid, liquid or gas. FTIR
technique has made dispersive infrared spectrometers
all but obsolete (except sometimes in the near infrared)
and opened up new applications of infrared spectroscopy
(Griffiths and Hasseth, 2007).

Isosbestic point. It is a specific wavelength at which
two chemical species have the same molar absorptivity
(€) or more generally are linearly related. When an
isosbestic plot is constructed by the superposition of
the absorption spectra of two species (whether by using
molar absorptivity for the representation, or by using
absorbance and keeping the same molar concentration
for both species), the isosbestic point corresponds to a
wavelength at which these spectra cross each other. If
a third one is partaking in the process the spectra typically
intersect at varying wavelengths as concentrations
change, creating the impression that the isosbestic point
is 'out of focus', or that it will shift as conditions change.
The reason for this is that it would be very unlikely for
three compounds to have extinction coefficients linked
in a linear relationship by chance for one particular
wavelength (Ralph et al.,1981).

Magnetism. Magnetism is a property of materials that
respond at an atomic or subatomic level to an applied
magnetic field. Ferromagnetism is the strongest and
most familiar type of magnetism. Substances that are
negligibly affected by magnetic fields are known as
non-magnetic substances. They include copper,
aluminum, gases and plastic (Fowler,1997).

This paper reports the work carried out on the complexes
of molybdenum (VI) and oxovanadium (IV) with
cycloheptanecarbohydroxamic acid (CPHA) with special
emphasis on identifying the number and nature of
species formed in aqueous solution and the structure
and nature of bonding involved. In addition, some
physico-chemical properties and microbial test were
investigated.

Materials and Methods

Ethylcycloheptanecarboxylic acid (purity 98%) and
Na,MoO; (purity 99%) was obtained from Aldrich. All
other reagents used were Analar grade. NaNO; was
used for the preparation of the background electrolytes
and stock solution. Water was doubly distilled, degassed
using purified N, and stored in glass stopped flasks.
KOH (99.99%) and HNO; (specific gravity: 1.115)
were used for adjusting pH and were stored in glass
ampoules. They were standardized with potassium
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hydrogen phthalate and tris (hydroxymethyl)
methylamine, respectively. The pH measurements were
made using a Radiometer Copenhagen Research pH
calibrated with standard buffer tablets (2,4, and 9).
Electronic spectra were recorded on ATI Maltson
Genesis Series FTIR™ machine as Nujol Mull in the
4000-200 cm™ spectra region. Room temperature
magnetic susceptibility measurements were made on
MSB Auto magnetic susceptibility balance. All these
analyses were done at National Research Institute for
Chemical Technology (NARICT), Zaria, University of
Abuja and Department of Chemistry, Nigerian Defence
Academy, Kaduna, Nigeria.

Equilibrium studies. Equilibrium studies of the ligand
was carried out according to method described by Aliyu
and Nwabueze (2009).

Preparation of the ligand. Ethyl cycloheptanecarbo-
xylic acid was prepared as described by Nwabueze
(1996). 44g of thionyl chloride were weighed into a
500 cm’ two necked round bottom flask and 25g of the
cycloheptanecarboxylic acid was added through a
dropping funnel. Anti-bumping granules were added to
prevent bumping. The mixture was refluxed for 30 min
and the product distilled out under reduced pressure.

Ethylcycloheptanecarboxylate was obtained by adding
the cycloheptanecarboxyl chloride prepared above
slowly to 25 cm® absolute ethanol in a beaker immersed
in the ice bath. The mixture was left at room temperature
for about one hour and then poured into 150 cm’ distilled
water. After stirring, the ester was separated from the
aqueous layer by means of a separating funnel. It was
washed with saturated solution of NaHCO; until
effervescence ceased and then with water. The ester
was dried over anhydrous CaSQO, and distilled under
reduced pressure at 220 °C (Yield = 62.5%).

Na metal (2.3g, 0.1 mol) in MeOH (50 cm’) was added
to NH,OH.HCI (6.9g, 0.1 mol) in MeOH (100cm’). The
mixture was cooled to room temperature and
ethylcycloheptanecarboxylate (17.0g, 0.1mol) was added.
The mixture was stirred for 40 min, a further solution of
Na (2.3g, 0.1 mol) in MeOH (50cm’) was added and
stirring continued for further 10 min. The mixture was
filtered to remove the precipitated NaCl and the filtrate
was acidified with concentrated HCI. The precipitated
NaCl was removed by filtration. The filtrate was
concentrated in the open laboratory overnight and then
refrigerated. The crystals were removed by filtration and
dried in the desiccator over silica gel (Yield = 62.5%).
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Preparation of complexes. Mo (CPHA)6 was prepared
as described by Aliyu (2010). (VO (IV) CPHA), .4H,0
was prepared as follows:

VOSO,, 2H,0 (0.33 g) in cold water was added with
stirring to CPHA (0.6 g) in ethanol (20 cm®). The mixture
was allowed to precipitate out as black crystals. The
precipitate was washed, dried over silica gel in a vacuum
desiccator (Yield = 58%).

Evaluation of the antimicrobial activities. The nutrient
agar was used as the growth medium for the microbes.
The nutrient agar medium was prepared by dissolving
7.0 g of the agar in 250 cm’ of distilled water. The
solution was sterilized in an autoclave for 15 min,
poured into petri dishes and kept in refrigerator for
24 h. After 24 h the plates were retrieved and assessed
(Adetutu, 2010).Standard strains of the microbes were
obtained from Nigerian Army Reference Hospital,
Kaduna (NARHK).

The paper disc diffusion method was used to assess the
anti microbial activity. Sterilized paper discs were
impregnated with various concentrations of the ligand
and the complexes dried at 37 °C before use. The
microbes were inoculated into the nutrient broth and
incubated for 24 h at 37 °C. The inoculums were allowed
to dry and the discs were then placed evenly on the
surface of the inoculation and gently pressed down to
ensure contact. The plates were incubated at 37 °C for
24 h. Observation comprising, diameter of disc, zone
of inhibition and Minimum Inhibitory Concentration
(MIC) were made for paper evaluation. The oxford
strain of S.aureus (National collection of type cultures
No.6571) and E. coli NCTC 10418 was used as control.
These were placed on the side of the plate under a
similar condition for the test bacteria and the distance
between the test complexes, the ligand and the control
was 5 mm apart.

Results and Discussion

Equilibrium constants are determined in order to quantify
chemical equilibria. When equilibrium constant is
expressed as a concentration quotient,

ISP [TT-...
K= 1A]“ BT

In order for this assumption to be valid equilibrium
constants should be determined in a medium of relatively
high ionic strength.The equilibrium expression above
is a function of the concentrations [A], [B] etc. of the
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chemical species in equilibrium. The equilibrium
constant value can be determined if any one of these
concentrations can be measured. The general procedure
is that the concentration in question is measured for a
series of solutions with known analytical concentrations
of the reactants. Typically, a titration performed with
one or more reactants in the titration vessel and one or
more reactants in the burette. Knowing the analytical
concentrations of reactants initially in the reaction vessel
and in the burette, all analytical concentrations can be
derived as a function of the volume (or mass) of titrant
added.

Spectrophotometric measurements. Absorbance. It
is assumed that the Beer-Lambert law applies.

A=0D EC

Where £ the optical path length, € is a molar absorbance
at unit path length and c is a concentration. More than
one of the species may contribute to the absorbance. In
principle absorbance may be measured at one wavelength
only, but in present-day practice it is common to record
complete spectra.

The various stages in the preparation of CPHA are as
represented by the following equations.

RCOOH + SOCl, — RCOCI + SO, + HCI (1)
RCOCI + EtOH — RCOOEt + HCl )
2Na+2MeOH —2MeONa+H, — T 3)
NH,OH + HCI + MeONa — NH,OH + NaCl + MeOH (4)
RCO,Et + NH,OH — RCON(H)OH + EtOH (5)

RCON(H)OH + MeONa —» RCON(H)O  — Na  +MeOH (6)
RCON(H)O  ~Na '+ HCl — RCON(H)OH + NaCl¥ (7)
R = (Cycloheptane)

Equation of reaction for the preparation of the metal
complexes
n { R-C=0

i J +M" > M { RCONHOJ
H-N-O

n

Where n is a neutral monodentate ligand

OH

— c—N

H

Scheme II - Structural formula of Cycloheptane
carbohydroxamic acid (CPHAH)

The structure of cycloheptanecarbohydroxamic is
presented in Scheme II. The ligand can release only
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ngan!!iompiex !!oiour !I H N M pB.M  Form. Mp!Dec

(%) (Wt) °0)
CPHA Orange - - - - 15721 101
Mo(CPHA ) Light (55.49) (8.67)  (8.09)  (9.24) -1.90  1037.94 182
green 5509  8.17 7.59 9.64
VO(CPHA), 4H,0  Greyish  (4239) (839)  (6.18)  (11.96) 1.79 4529 223
black 4242 844 6.38 1104 - - -

€ T1gures 1n parentnesis are calculate

one proton in the pH range of 1.5-11.4, which may be
attributed to the hydroxamic group. The determined
proton dissociation constant at / = 0.01 mol/dm’
Na,C0,/0.025 mol/dm?® NaHCO; buffer is 9.70 + 0.05.
Comparison with the values for acetohydroxamic and
benzo-hydroxamic acids, 9.37 and 8.79, respectively
(Schwarzenbach and Schwarzenbach, 1963) shows a
decrease in acidity, thus is in accordance with the fact
that the cycloalkyl ring has a high electron donating
ability than the pyridine ring. Figures 1a and 1b shows
the absorption spectra of solutions containing a constant
metal but variable ligand molar concentration for the
Mo (VI)/CPHA and VO (VI)/CPHA systems while Fig.
2a and 2b shows graphical Matrix rank analyses of the
absorbance data generated from the solutions.

The absence of an isosbestic point in Fig. 1a and 1b
and the shape of graph in Fig. 2a and 2b indicates the
presence of only one complex specie in the system
(Hartley et al., 1980).

The composition of the complex in solution was
determined by Job’s plot as 1:6 and 1:2, respectively.

The analytical data and some physical constants for the
isolated solid complexes are shown in Table 1.

Electronic spectra. The visible spectra of the isolated
complexes are shown in Table 2. The visible spectrum
(electronic spectra) of Molybdenum (VI) hydroxamate

complex exhibit a band at 594nm which is assigned to
2B2 - 2B1 ligand field transition, the position of the
band together with the observed room temperature
magnetic moment of - 1.90B:M is consistent with five
coordinate square pyramidal geometries around Mo
(VI) ions and this indicated diamagnetism (Nwabueze,
1996; Nicholls, 1974). The visible spectrum of
oxovanadium(IV) hydroxamate complex shows a band
located at 570nm which is assigned 2B2 - ZBI ligand
transition, the position of the band together with the
observed room temperature magnetic moment of 1.79
B.M is consistent with five coordinate square pyramidal
geometries around VO(IV) ion (Nwabueze, 1996;
Nicholls, 1974).

Table 2. Electronic spectra data (cm™) of Mo (VI)-CPHA
and VO (IV)-CPHA. 4H,0 complexes

Complex Amx (mm) v (kk) E  Assignment
Mo(CPHA), 594 167 325 B, — ’B,
VO(CPHA); 4H,0 570 170 65 ’B, - ’B,

Infrared spectra. Some diagnostic infrared bands for
the ligand and its isolated complexes are compared in
Table 3.The V(C=0) band located at 1625 cm’ in the
spectrum of the ligand is lowered by about 40 cm’ in
the spectrum of Mo(CPHA)s and 63.47 cm’ in the

Ligand/ ONH TALNH)  0(C=0) TALC=0) W(CN) TAUC-N) T M=0
Complex (cm™) (Mu=Mo x VO)
CPHA 3200.51 - 1625 - 1157.14 - -
Mo(VI)-CPHA 3216 16.00 1585 -40 1243 +85.86 950
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Fig. 1a. Isosbestic point search for oxovanadium (IV)-CPHA system.
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Fig. 1b. Isosbestic point search for molybdenum (VI)- CPHA system

spectrum of VO(CPHA),. 4H,0. These are consistent
with coordination via the carbonyl O (Jason and Pratt,
2002; Nwabueze, 1996). The v (NH) vibration which is
located in the spectrum of the ligand at 3200.51 cm’ is
shifted to an insignificant higher frequencies in the
range of about (16-18 cm'l) in the spectra of the

complexes indicating that there is no evidence that
nitrogen atom of the hydroxamate is involved in the
coordination (Nakomoto, 1997). The v (C-N) vibration
band observed in the ligand is 1157.14 cm’’, this band
is shifted to a higher frequency of about (A79.86 to
85.86 cm_l) which agrees with the postulates above
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Compoun Symbol  S.aureus Candida B. subtillis  E. coli Pseudomonas Remarks
CPHA ++ 18 20 20 16 Minimum activity
Mo(CPHA)s +++ 22 22 23 21 Moderate activity
Vo(CPHA).. 4H.0  +++ 23 24 25 22 Moderate activit
0.25 Table 4b. Diameter of zone of symbol comment
(incubation) Adetutu, 2010
0.2
Diameter of zone of Symbol  Remarks
inhibition (mm)
0.15
Z 12-15 + Insignificant
- o 16-20 ++ Minimum activity
Q
© - 21-25 +++ Moderate activity
/ 26-35 -+ Maximum activity
0.05 . .
// + = activity
04 . . :
0 0.05 0.1 0.15 02 025 five coordinate square pyramidal geometry (Aliyu and
abs (afj) Nwabueze, 2007; Craige, 2004).
[ —~—Series1 = Series2 Series3 Series4]

Fig. 2a. Graphical rank matrix analysis for VO(IV)-
CPHA system (one specie test).

0.035
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0025

g 0.02 /
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0.005

0 0.005 0.01

/

0.015 0.02 0.025

abs (aij)

[ ——Series1 = Series2 Series3 Series4 |

Fig.2b. Graphical rank matrix analysis for
Mo(VI)-CPHA system (one specie test).

(Hathaway and Billings, 1970; Suton, 1968). The
strong band observed at 950 cm’ and 962 cm” assigned
to molybdenum and vanadium are due to stretching modes
of terminal M = O.

Magnetic moment. The room temperature magnetic
moment data for the complexes are shown in Table 1.
The molybdenum (VI) complex has a magnetic moment
-1.90 B.M while that of oxovanadium(IV) complex is
1.79 B.M. These magnetic moments are consistent with

Microbial sensitivity. The ligand and its metal complexes
have been screened for their antibacterial activity and the
results are presented in Tables 4a and 4b.

The complexes show moderate activity against all the
bacteria tested. The enhanced activity of the complexes
over the ligand can be explained on the basis of chelation
theory (Mathews et al., 2008). Chelation reduces the
polarity of the metal ion considerably, mainly because
of the partial sharing of its positive charge with donor
groups. The lipid and polysaccharides are some important
constituents of cell walls and membranes, which are
preferred for metal ion interaction. In addition to this,
the cell wall also contains amino phosphates, carbonyl
and cysteinyl ligands, which maintains the integrity of
the membrane acting as a diffusion barrier and also
provides suitable site for bonding. Chelation can reduce
not only the polarity of the metal ion, but increases the
lipophilic character of the chelate, and the interaction
between the metal ion and the lipid is favored. This
may lead to breakdown of the permeability barrier of
the cell, resulting interferences with the normal cell
process. Obvious, chelation is not the only criterion for
antibacterial activity. Some important factors such as
nature of the metal ion, nature of ligand, coordination
site, hydroplicity, lipophilicity and presence of co-
ligands have considerable influence on antibacterial
activity (Rama et al., 2008).
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The inhibitory activity of the ligand and its isolated
complexes hold promise to their potential application
in the treatment of microbial induced ailment or
disease conditions. Since many complexes have
gained recognition as a source of curative agents
for ailment, it is suggested that these complexes
should not be exceptional and scientific evaluation
of their active constituents be given serious
consideration.

Proposed structure for the Mo (VI) and VO (IV)
complexes is shown in Scheme III.

~
0 O

R\C//\”/O_N

| M | XH,0
/™S

— O

N — Cc—R

4

Scheme I1I; M = Oxomolybdenum (VI) and Oxovanadium
(IV) ions where X = O, and 4.

Conclusion

The pKa of the ligand (CPHA) is 9.70+0.05 and the
coordination numbers of the complexes are VI and IV
respectively. The antimicrobial sensitivity conducted
on the test microbes indicated minimum to moderate
activities which implies that it can be used as drug
candidates for the treatment of the provoked diseases
caused by the microbes. Furthermore, the structure
shown in Scheme I1I is proposed for (O, O) bonding
mode in square pyramidal complexes of oxomoly-
bdenum (VI) and Oxovanadium (IV) hydroxamate.

With regard to “Proposed structure of the complexes”.
The author have reported synthesized complexes
characterized by almost of all spectro-analytical methods.
To overcome this problem, it is better, to try to obtain
the crystal structure; Density Functional Theory
Calculation software will be another good optional
method to carry out for these complexes at the B3LYP
level using the 6-31G basis set.
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