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ABSTRACT

The reaction of benzoylacetylhydrazine with hydrazinemonohydrate gave the hydrazide derivative. The
hydrazide reacted with some transition metal (II) ions to give chelated complexes. These complexes
were characterized by elemental analysis, FT-IR and molar conductance. All the FT-IR bands of the
newly prepared complexes are lowered between 15-50cm™ compared with the FT-IR band of the
hydrazide. The complexes are coloured and stable in air. Analytical data showed that all the complexes
exhibited 1:2 (metal:ligand) ratio. The hydrazide act as neutral bidentate donors which is reflected
through the non-electrolytes properties in ethanol. The new complexes are relatively high in melting
points. The synthesized compounds were screened using two plant pathogens and two human
pathogens. It was observed that the complexes exhibited significantly high activity at concentration of
200ug/ml and moderate activity at 100pg/ml in human pathogen compared to plant pathogens. It was
also observed that [Co(BAH),]SO4.2H,0 showed higher activity compared to the other two complexes.
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INTRODUCTION

Though transition metals occupy many key of metallic complexes with interesting
positions in biological processes (Abram and stereochemistry (Sinn, 2012).

Murrer, 1993), metal based drugs are
traditionally undervalued by the pharmaceutical
industry, which is dominated by organic
chemistry (Chohan et al, 2006). Nevertheless, a
number of coordination compounds have been
applied in the therapy of various diseases
(Bergamaschi et al, 1997) e.g., historically
Salvarsan against syphilis (Bottari et al, 2000),
gold complexes against arthritis (Chohon,
1997), bismuth compounds as antiulcer drugs (
Dianu et al, 2009), or platinum compounds
against cancer (Heslop and Jones, 1976).

Acid hydrazides have frequently been
investigated for testing their potentiality as
tuberculostats (Rollas and Gulerman, 2014).
Hydrazides and their condensation products
have displayed diverse range of biological
properties such as bactericidal, anti-fungal
(Nwabueze and Salawu, 2012), anti-convulsant,
anti-helmintic, anti-tumor, anti-leprotic, anti-
malarial, anti-cancer (Salawu and Aliyu, 2012)
anti-depressant,  anti-HIV,  analgesic-anti-
inflammatory,  leishmanicidal,  vasodilator
activities (Abdelkarim et al, 1999).

It is evident that the compounds containing
hydrazine moiety (Amin and Cryer, 2016), have
a strong ability to form metal complexes and
they exhibit a wide range of biological activities
(Seibin et al, 2012). In an hydrazide group there

In the present work, the antibacterial and
antifungal activities of newly prepared
complexes from benzoyl acid hydrazide using
two plants and human pathogens is reported.
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(Electrothermal 9100) and are uncorrected. IR
spectra were recorded for KBr. Conductivity
measurement was made in 10°M solution of the
complexes and ligand in DMSO at ambient
temperature using conductivity meter Jenway
PMC3. Elemental analysis was performed on a
Perkin Elmer 2400 instrument at leather
research institute Zaria, Kaduna State, Nigeria.

The antimicrobial and antifungal screening was
performed using paper disc method. Nutrient
agar was taken as media for cultivation of
bacteria. The inhibitory effects of the samples
were measured against the bacteria after
incubation for 24 hours at 37°C.

All other chemicals and solvents used were of
analytical grade. The metal (1l) salts used for the
preparation of the ligand and complexes were
obtained from Sigma Aldrich.

Preparation of the ligand (benzoyl acid
hydrazide) [BAH]

The ligand was prepared using standard method
(Salawu et al, 2011). The ligand benzoyl acid
hydrazide [BAH] was prepared from the
mixtures of butyl benzoate (25ml) and hydrazine
hydrate (10ml) in 100 ml absolute ethanol for 6
hours in a refluxing machine in a 500ml; round
bottom flask. The isolated compound were
filtered off as milky crystals, washed with ether,
recrystallised from absolute ethanol and finally
dried and weighed. (yield = 15g, 73%). The
equation for the reaction is shown as equation 1.

Preparation of the Cu(ll), Co(ll) and Ni (1)
complexes

A sample of ligand [BAH] (2.27g, 0.01mol)
each was dissolved in dimethyl sulphoxide
(DMSO) (100 ml). A solution of sulphate salts

100ml EtOH

of metal (II) [CuSO4.5H,0 (1.00g, 0.02mol),
C0S04.6H.0 (1.00g, 0.002mol) and
NiSO4.6H,0 (1.00g, 0.002mol)] in 100 ml of
distilled water was added drop wise to the ligand
solution with continuous stirring. The complex
started to form immediately upon addition of the
metal (1) salts solution. The precipitated
complex was filtered off, washed with water and
cold ethanol several time, dried under reduced
pressure over anhydrous CacCl; in a desiccator.
The equation for the reaction is shown as
equation 2.

Antibacterial and antifungal activities
Antibacterial activity of the hydrazide [BAH]
and its metal (II) complexes were screened
against two plants pathogens Xanthomonas citri
(Xc) and Ervinia carotovara (Ec) and human
pathogen Escherichia coli (E. coli) and
Rhizepusstolonifer (Rs).

The activity was studied by using cup plate agar
diffusion method (NCCLS, 2010) by measuring
diameter of zone of inhibition in mm. The
compounds were tested at the concentration of
50,100 and 200 pg/ml in 5% DMSO. The
solution was poured in the cup/well of bacteria
seeded agar plates.

The plates were incubated at 37°C for 24 hours
for E. coli whereas the plates of other three
bacteria were incubated at 27+2 °C for 24 hours.
The activity is reported by measuring the
diameter for zone of inhibition in mm. The
standard antibiotic used was streptomycin. The
results are presented in Table 3.

RESULTS AND DISCUSSION

The preparation of the hydrazide from the ester
and hydrazine hydrate was represented by the
following equations below:

CgHsCONyH;  +  CH3CH,CH,CH,OH + H,O

CgHsCOOCH,CH,CH,CH3 — + NpHa.H,0
Butyl benzoate Hydrazine hydrate

Equation 1. Preparation of Acid hydrazide

The hydrazide obtained were white crystals
which gave moderately yield 73%. The ligand
are quite stable in air. It could be stored for
months without any appreciable change. The
result of the melting point/ decomposition of the
ligand and the metal complexes is presented in
Table 1. The result showed that the melting

reflux for 6 hours

Benzoyl acid hydrazide

point/decomposition is high (190-203°C) which
indicate non-hygroscopic nature of the ligand
and the complexes (Seibin et al, 2012).

Metal Complexes

The reaction of metal (I1) salts and the hydrazide
from to form metal (II) complexes can be
represented in Fig. 2 below:
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H,0/C,HsOH

MX.xH,O + 2 CgH5CONNH3

M = Co, Cu and Ni while X = SOj

stirring

X=1-6

Equation 2. Preparation of Metal (I1) complexes

Table I: Physical and Analytical Data of Compounds

>

[M(C6H5CONNH3)2]XXH20

S/N | Compounds M.P |Yield | Mol. Wt. Crystal Molecular Elemental Analysis
°C gmol? appearance| Formular Found (calculated)
C H N M
1. [BAH] 190 |73 | 270.32 White CisH140-Ns | 6190 5.20 20.63 -
(62.20) (5.23) (20.73) -
2. [Co(BAH):]SO4.2H,O | 220 |85 | 461.36 Dark C1sH1808N4S | 36.04 420 12.14 13.67
green Co (36.44)(3.94)(12.15) (13.77)
3. [Ni(BAH)2]SO4.H,O | 251 |82 |443.1 Greenish | C14H1607NsS | 37.95 3.65 12.64 13.07
Ni (37.94) (3.64) (12.65) (13.25)
4. [Cu(BAH);]SO4+H.O | 203 |77 | 447.96 Bluish CusH1s07N4S | 36.99 3.20 1252 14.19
Cu (37.53)(3.61)(12.51) (14.18)

Infrared spectra

The relevant IR spectra bands of the ligand and
the complexes are given in Table 2. Benzoyl
acid hydrazide as a ligand, provides two
potential donor sites, viz O and N, owing to the
presence of lone pair electrons on the nitrogen
atom of the azomethine group.[1-2] The infrared
spectra of the [BAH] ligand and its complexes,
as shown in Table 2, have been assigned mainly
for those specific frequencies directly involved
in complex formation. The vibrational band at
the range of 3165-3187cm™ assigned to vN-H in
the ligand shifted to a lower wavelength (3142-
3163cm™) in the three complexes. This is
probably due to coordination of the metal via
nitrogen atom of the N-H group in the ligand[3].
The band

observed at the 1105cm™

corresponds
stretching[3-4]. The band corresponding to
v(C=0) at 1581cm™ is shifted by about 50cm™

to

a lower

coordination
However the vibrational frequencies of the ring
v(N-H), v(C=C) (aromatic) and v(C-N) remains

almost

to

of

unaffected,

frequency,
the

the vu(N-

carbonyl

indicative

and 1350cm
N) and v(C-N)

supporting  the
oxygen[2].

of non

participation of these groups in coordination[4].
The presence of water of crystallization in the
complexes is revealed by a broad band at
between 3465, 3488 and 3499 cm[2-4] and the
results of elemental analysis also supported the
presence of water of crystallization.

Table 2. Relevant IR data for the ligand and complexes

vC=C(aromatic) vC=0 vC=0 uvNH uvNH vOH

Compounds cmt cm? Acm cm? cm? cm?
[BAH] 1450 1580 3177

[Co(BAH)2]SO4.2H20 1530 1530 -50 3145 -32 3465

[Ni(BAH)2]S04.H20 1520 1525 -55 3155 -22 3488

[Cu(BAH)2]S0O4.H20 1542 1535 -45 3162 -15 3499

Antimicrobial activity

A result of the antimicrobial activity of the
complexes and ligand against the growth of
micro-organism is summarized in Table 3 while

the graphical plot is shown Fig 3 — Fig 6. From
the result, inhibition is found to increase with
increase in concentration of metal complexes
Fig 3 —Fig 6. The result also indicates that metal
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complexes have a high activity against each
class of organism Fig. 4 — Fig. 6[8]. The activity
is related to the nature and structure of the
complex. However, all the complexes show
higher activity against the human pathogens
than the plant pathogens compared to the ligand
Fig 3 — Fig 6. Antibacterial activity increase in
the following ordered as [BAH] <
[Ni(BAH)2]SO4.H20 < [Cu(BAH)2]SO4.H,0 <
[Co(BAH);]S04.2H,0. It is also observed that
the complexes showed higher activity on plant
pathogens than human pathogens except on
e.coli Fig 4 — Fig. 6. This could be as a result of
Tweedy chelation theory. These complexes do
not show strong concentration dependence of
antibacterial activity, as compared to antifungal
activities of the same complexes. The relation
between chelation and toxicity is very complex
and expected to be a function of steric, electronic
and pharma-kinetic factor along with
mechanistic pathway (Silvaea and Costa, 2014).
A comparative study of the ligand and its

exhibits higher antimicrobial activity than the
free ligand Fig. 3 — Fig. 6. Such increased
activity of the complexes can be explained on
the basis of the overtone concept and Tweedy
chelation theory (Silvaea and Costa, 2012).
According to the overtone concept of cell
permeability, the lipid membrane surrounding
the cell favours the passage of only lipid soluble
materials; due to which liposolubility is an
important factor controlling the microbial
activity. On chelation, the polarity of the metal
ion will be reduced to a greater extent due to the
overlap of the ligand orbital and partial sharing
of the positive charge of the metal ion with
donor groups. Furthermore, the mode of action
of the compound may involve formation of a
hydrogen bond through the azomethine group
with the active centre of the cell constituents
resulting in interference with normal cell
processes (Nwabueze and Salawu, 2012).

complexes indicates that metal complexes
Table 3: Antibacterial and Antifungal results of the compounds
Diametter  of  zones  showing complete
inhibition(mm)

S/No. | Compounds Concetration | E.coli R.s X.c E.c
(Hg/ml)

1. [BAH] 50 05 06 05 02
100 07 08 08 04
200 22 12 12 10

2. [Co(BAH),]S0O..2H,0 | 50 03 02 06 05
100 08 05 10 08
200 64 18 20 43

3. [Ni(BAH);]SO4.H,O | 50 05 10 06 08
100 12 12 08 12
200 40 20 35 32

4. [Cu(BAH),;]SO4.H,O | 50 05 03 10 08
100 12 08 12 10
200 50 25 38 44

6. Streptomycin 200 32 16 15 30
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Fig. 3. Graphical representation of activity of the

ligand[BAH] with pathogens
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Fig. 4. Graphical representation of activity of the
[Co(BAH),]S04.2H,0 with pathogens
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Fig. 5. Graphical representation of activity of the
[Ni(BAH)2]SO4.H-0 with pathogens
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Conclusion

Co (I1), Ni (1) and Cu (Il) benzoyl acid
hydrazide are newly synthesized complexes.
The complexes were all obtained as coloured
powdery substances soluble in ethanol and
dimethylsulphoxide, but sparingly soluble in
methanol and other organic solvents. These
complexes are more or equally active with that
of standard antibiotic used for comparison.
Though, the ligand was found moderately active
but the complexes showed high significant
activity against all bacteria. Considering the
significant activity of this complexes, further
biological testing like cytotoxicity studies of the
ligand and the complexes is under study.
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