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Abstract

A new series of complexes of the type [M(C,H, N,)XIX,, where M = Cr(lll), Fe(lll), and Mn(lll), X = CI, NO,~, and

24° 16 4

CH,COO", has been synthesized by template condensation of 1,8-diaminonaphthalene and glyoxal in the pres-
ence of trivalent metal salts in methanolic medium. The complexes have been characterized with the help of
elemental analysis, conductance measurements, magnetic measurements, and electronic, NMR, IR, and mass
spectral studies. On the basis of these studies, a five-coordinate square pyramidal geometry for all of these com-
plexes has been proposed. All the synthesized metal complexes were also tested for their in vitro antimicrobial
activities against some bacterial strains, viz. Bacillus subtilis, Bacillus stearothermophilus (gram-positive bacteria),
Escherichia coli, and Pseudomonas putida (gram-negative bacteria), and some fungal strains, viz. Aspergillus flavus
and Aspergillus niger. The results obtained were compared with standard antibiotics: chloramphenicol, strepto-
mycin, and the antifungal drug cyclohexamide. Some of the tested complexes showed remarkable antimicrobial
activities.
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Abbreviations: BM, Bohr magneton; CFU, colony. forming unit; DMF, N,N-dimethylformamide; DMSO,
dimethylsulfoxide; IR, infrared; MIC, minimum inhibitory concentration; MRI, magnetic resonance imaging;
MTCC, Microbial Type Culture Collection; NMR, nuclear magnetic resonance; PDA, potato dextrose agar; DOTA,

tetra-azacyclododecane tetra-acetic acid.

Introduction

The design and study of well-arranged metal-containing
macrocycles is an interesting field of chemistry’. Several
synthetic and natural macrocyclic compounds have been
investigated®. The chemistry of macrocyclic complexes has
attracted the interest of both inorganic and bioinorganic
chemists in recent years®. The field of macrocyclic chemistry
of metals is developing very rapidly because of its impor-
tance in the area of coordination chemistry*. Macrocyclic
compounds and their derivatives are interesting ligand sys-
tems because they are good hosts for metal anions, neutral
molecules, and organic cation guests®. The metal-ion and
host-guest chemistries of macrocyclic compounds are very
useful in fundamental studies, e.g. phase transfer catalysis
and biological studies®. The family of complexes with aza-

macrocyclic ligands has remained a focus of scientific atten-
tion for many decades’. In situ one-pot template conden-
sation reactions lie at the heart of macrocyclic chemistry®.
Therefore, template reactions have been widely used for the
synthesis of macrocyclic complexes®, where generally the
transition metal ions are used as templating agents'’. The
metal ions direct the reaction preferentially toward cyclic
rather than oligomeric or polymeric products''. There is
continued interest in synthesizing macrocyclic complexes
because of their potential applications in fundamental and
applied sciences'> . Because of their resemblance, syn-
thetic macrocyclic complexes mimic naturally occurring
macrocycles including metalloproteins, porphyrins, and
cobalamine''%. Thus, biologically active macrocyclic com-
plexes are used in the identification of diseased and normal
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tissues'. Transition metal macrocyclic complexes have
received much attention because of their biological activi-
ties, including antiviral, anticarcinogenic'®, antifertility?,
antibacterial, and antifungal activities'®. Macrocyclic metal
complexes of lanthanides, e.g. Gd**, are used as MRI contrast
agents®. Macrocyclic metal chelating agents (DOTA) are
useful for detecting tumor lesions?'. The macrocyclic metal
complexes are also used as NMR shift reagents®. In a pre-
vious article we have reported the synthesis of macrocyclic
complexes of Co(II), Ni(IT), Cu(II), Zn(II), and Cd(IT) derived
from 1,8-diaminonaphthalene and glyoxal®. Prompted by
this work; in the present article, the synthesis and characteri-
zation of Cr(III), Mn(III), and Fe(III) macrocyclic complexes
derived from 1,8-diaminonaphthalene and glyoxal are dis-
cussed. Besides the characterization of complexes by physi-
cochemical techniques such as IR, NMR, elemental analysis,
and magnetic susceptibility and conductance measure-
ments, the biological activities of the synthesized complexes
have been examined against some bacterial strains, viz.
Bacillus subtilis (MTCC 8509), Bacillus stearothermophilus
(MTCC8508), Escherichia coli(MTCC 51), and Pseudomonas
putida, and some fungal strains, viz. Aspergillus flavus and
Aspergillus niger. The results obtained have been compared
with standard antibiotics: chloramphenicol, streptomycin,
and the antifungal drug cyclohexamide.

Experimental

Reagents

All the chemicals used were of AnalaR grade. 1,8-
Diaminonaphthalene and glyoxal were procured from Acros,
and metal salts were purchased from Merck, Ranbaxy, and
were used as received.

Isolation of complexes

All the complexes were synthesized by the template
method, i.e. by condensation of 1,8-diaminonaphthalene
and glyoxal in the presence of the respective trivalent metal
salts. To a hot stirring methanolic solution (~50mL) of 1,8-
diaminonaphthalene (10 mmol) was added trivalent chro-
mium, manganese, or iron salt (5 mmol) dissolved in the
minimum quantity of MeOH (~20mL). The resulting solu-
tion was refluxed for 0.5 h. After that, glyoxal (10 mmol) was
added in the refluxing mixture and refluxing was continued

NH, NH,
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for 8-10h. The mixture was concentrated to half of its vol-
ume and kept in a desiccator overnight. On overnight cool-
ing, dark colored precipitates formed, which were filtered,
washed with methanol, acetone, and diethylether and dried
in vacuo. A yield of ~70-85% was obtained. The complexes
were soluble in DMF and DMSO. They were found to be
thermally stable in the temperature range 200-250°C, above
which their decomposition began.

The template condensation of 1,8-diaminonaphthalene
and glyoxal in the presence of trivalent metal salts in the
molar ratio 2:2:1 is represented by Scheme 1.

Analytical and physical measurements

The microanalysis of C, H, and N was carried out at SAIF
(Sophisticated Analytical Instrumentation Facility),
Punjab University, Chandigarh. Magnetic susceptibility
measurements were carried out at SAIF, IIT Roorkee. The
metal contents in the complexes were determined by the
literature method?.. IR spectra were recorded on a Fourier
transform (FT)-IR spectrophotometer (PerkinElmer)
in the range 4000-200cm™ using Nujol mull. "H-NMR
spectra (at room temperature, in DMSO-d,) were recorded
on a Bruker Avance IT 400 NMR spectrometer (400 MHz)
at SAIE, Punjab University, Chandigarh. Electronic spectra
(in DMSO) were recorded on a Cary 14 spectrophotometer
atroom temperature. Fast atom bombardment (FAB) mass
spectra (at room temperature) were recorded on an elec-
trospray time-of-flight (TOF MS ES+) mass spectrometer at
SAIF, Punjab University, Chandigarh. Thermogravimetric
analyses were carried out at Kurukshetra University,
Kurukshetra, using a PerkinElmer Diamond TG/DTA ana-
lyzer. Conductivity was measured on a digital conductivity
meter (HPG system, G-3001). Melting points were deter-
mined using capillary tubes in an electrical melting point
apparatus.

Biological assay

Test microorganisms

Two gram-positive bacteria Bacillus subtilis(MTCC8509) and
Bacillus stearothermophilus (MTCC 8508), two gram-nega-
tive bacteria Escherichia coli (MTCC 51) and Pseudomonas
putida (MTCC 121), and two fungal strains Aspergillus flavus
and Aspergillus niger were used for biological assay.

H—_ /N N\ _—H
Methanol c= \’\L/ c
| | Xz
(8 -10 hours) H/C\N / \N —C—,

Scheme 1. Template condensation of 1,8-diaminonaphthalene and glyoxal in the presence of trivalent metal salts. M = Cr(III), Mn(I1I), Fe(I1I), X = Cl-,

NO,", CH,CO0".



In vitro antibacterial activity

Primary screening

The antibacterial activities of the newly synthesized com-
plexes were evaluated by the agar well diffusion assay
technique® against two gram-positive bacteria: Bacillus
subtilis (MTCC 8509) and Bacillus stearothermophilus
(MTCC 8508), and two gram-negative bacteria: Escherichia
coli (MTCC 51) and Pseudomonas putida (MTCC 121).
The bacterial cultures were maintained on the nutrient
agar medium by sub-culturing them on fresh slants every
4-6 weeks and incubating them at the appropriate tem-
perature for 24 h. All stock cultures were stored at 4°C. For
the evaluation of antimicrobial activities of the synthetic
compounds, a suspension of each test microorganism was
prepared. The turbidity of each suspension was adjusted
to 0.5 McFarland units by suspending the cultures in
sterile distilled water. The size of the final inoculum was
adjusted to 5x10” CFU/mL. A volume of 20mL of agar
medium was poured into each Petri plate, and plates were
swabbed with broth cultures of the respective microorgan-
isms and kept for 15 min for adsorption to take place. Wells
of ~8mm in diameter were punched in the seeded agar
plates, and a 100 pL volume of each test compound recon-
stituted in DMSO was added to the wells. DMSO was used
as control for all the test compounds. To allow diffusion of
the compounds into the agar, the plates were held at room
temperature for 2h. After that, the plates were incubated
at 37°C for 24 h. Antibacterial activities were determined
by measuring inhibition zone diameters. All tests were
done in triplicate, and the mean diameter of inhibition
was calculated.

Determination of minimum inhibitory concentration

The minimum inhibitory concentration (MIC) is the low-
est concentration of the antimicrobial agent that prevents
the development of viable growth after overnight incu-
bation?. The nutrient broth was adjusted to pH7.0 to be
used for determination of the MIC*. Inocula of the test
microorganisms were prepared by using 16 h-old cul-
tures, adjusted by reference to the 0.5 McFarland stand-
ard (108 cells/mL)?. These cultures were further diluted
up to 10-fold with nutrient broth to obtain an inoculum
size of 1.2x 107 CFU/mL. A positive control (containing
inoculum but no compound) and a negative control (con-
taining compound but no inoculum) were also prepared.
A stock solution of 4mg/mL of each compound was pre-
pared in DMSO and further appropriately diluted to a final
concentration ranging from 250 to 0.03 pg/mL*. Separate
flasks were taken for each test dilution. To each flask was
added 100 pL of inoculum. Then, an appropriately diluted
test sample was added to each flask containing broth and
microbial inoculum. The contents of the flask were mixed
and incubated for 24-48h at 37°C. The test bacterial cul-
tures were spotted in a predefined pattern by aseptically
transferring 5 pL of each bacterial culture onto the surface
of solidified agar plates, and incubated at 37°C for 24 h for
determination of MIC values.
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In vitro antifungal activity

Antifungal activities of the synthesized compounds were
determined against two fungal strains, i.e. Aspergillus flavus
and Aspergillus niger, by the agar plate technique®. Further,
the antifungal (percentage inhibition) activities of these com-
pounds were compared with the standard drug cyclohexa-
mide. Potato dextrose agar (PDA) medium was prepared in a
flask and sterilized. To check the growth of bacterial culture
in the medium, the requisite quantity of a standard antibi-
otic (ampicillin) was added, so as to obtain the desired final
concentration of 100 pg/mL of medium. Test samples were
prepared at different concentrations (10pg, 50pg, 100 pg
per mL) in DMSO, and 200 pL of each sample was spread on
PDA medium contained in sterilized Petri plates. Mycelial
disks taken from the standard cultures (Aspergillus flavus
and Aspergillus niger) of fungi were grown on PDA medium
for 5-7 days. These cultures were used for the purpose of
inoculation in sterilized Petri dishes, aseptically. Standard
cultures inoculated at 28+ 1°C were also used as controls.
The efficiency of each sample was determined by measuring
radial mycelial growth. The radial growth of the colony was
measured in two directions at right angles to each other, and
the average of two replicates was recorded in each case. Data
are expressed as percentage inhibition over control accord-
ing to the size of colonies. The percentage inhibition as given
in Table 3 was calculated using the formula:

% Inhibition=(C- T) x 100/C

where C is the diameter of the fungus colony on the con-
trol plate after 96 h incubation, and T is the diameter of the
fungus colony on the test plate after the same incubation
period.

Results and discussion

Chemistry

The analytical data show the formula for the macrocyclic
complexes as: [M(C,,H, /N )X]X,, where M = Cr(III), Fe(III),
and Mn(III) and X = CI', NO,, and CH,COO". Measurements
of molar conductance in DMSO showed these chelates to be
1:2 electrolytes®® (conductance 160-189 ohm™ cm? mol™).
Tests for anions were positive before and after decomposing
the chelates with concentrated HNO,, showing their presence
outside as well as inside the coordination sphere. Various
methods such as crystallization using mixtures of solvents
and low temperature crystallization were unsuccessful in
obtaining a single crystal suitable for X-ray crystallography.
However, the analytical, spectroscopic, and magnetic data
enabled us to predict the possible structure of the synthesized
complexes. All macrocyclic complexes were dark colored sol-
ids and were soluble in DMF or DMSO. All complexes gave
satisfactory elemental analysis results, as shown in Table 1.

IR spectra
It was noted that a pair of bands were present in the spec-
trum of 1,8-diaminonaphthalene at 3350 and 3390cm,
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Table 1. Analytical data for trivalent chromium, manganese, and iron
complexes derived from 1,8-diaminonaphthalene and glyoxal.

Found (calcd.) (%)
Complex M C H N Color Mol. wt.

(1) [cr(C,H,N,) 989 5458 3.06 10.75 Green 518
cljc, (10.03) (54.59) (3.08) (10.81)

(2) [Cr(C, HN,) 861 48.05 2.62 16.35  Light 598
(NO,)I(NO,), (8.69) (48.16) (2.67) (16.38) green

(3) [Cr(C,H,N,) 873 55.98 4.20 9.43 Gray 589
(OAQ)](OAc), (8.82) (56.02) (4.24) (9.50)

(4) [Mn(C,H N, 9.19  60.80 419 944  Black 592
(OAQ)](OAc), (9.27) (60.81) (4.22) (9.45)

(5) [Fe(C,H,N,) 10.67 55.10 2.98 10.70  Black 522
cljc, (10.69) (55.17) (3.06) (10.72)

(6) [Fe(C,H,N,) 9.25 47.81 2.55 16.08  Dark 602
(NOYI(NO,), (9.27) (47.84) (2.65) (16.28) gray

(7) [Fe(C,H,N) 9.40  60.69 411 937  Brown 593
(OAC)](OAc), (9.41) (60.71) (4.21) (9.44)

corresponding to the v(NH,) group, which were absent
from the IR spectra of all the complexes. Further, no strong
absorption band was observed near 1715cm™, indicating
the absence of the >C=0 group of the glyoxal moiety. The
disappearance of these bands and the appearance of a new,
strong absorption band near 1590-1629cm™ confirmed
condensation of the carbonyl group of glyoxal and the
amino group of diaminonaphthalene and the formation of
a macrocyclic Schiff base®, as these bands may be ascribed
to the v(C=N) stretching vibrations**2. The lower value
of the v(C=N) stretching vibrations may be explained on
the basis of drift of the lone pair density of the azomethine
nitrogen toward the metal atom***, indicating that coordi-
nation takes place through the nitrogen of the C=N group.
The bands present in the range 3010-3050cm™ may be
ascribed to the v(C—H) stretching vibrations of the glyoxal
and naphthalene moieties®. The various absorption bands
in the region 1450- 1588 cm™' may be ascribed to the v(C=C)
aromatic stretching vibrations of the naphthalene ring®-’.
The bands in the region 740-785cm™ may be ascribed to
v(C—H) out of plane bending of the aromatic ring**. The
presence of absorption bands at 1408-1440, 1290-1320,
and 1010-1030cm™ in the IR spectra of the Cr(IlI) and
Fe(III) nitrato complexes suggests that the nitrate groups
are coordinated to the central metal ion in an unidentate
fashion’*. The IR spectra of the chromium, manganese, and
iron acetate complexes showed an absorption band in the
region 1650- 1680 cm™, which is ascribed to v(COO-) asym-
metric (as) stretching of the acetate ion, and another in the
region 1258-1290cm, which can be ascribed to v(COO")
symmetric (s) stretching vibration of the acetate ion. A dif-
ference between v_ and v_ of around 390-370cm™, greater
than 144 cm™, indicates the unidentate coordination of the
acetate group with the central metal ion*. The far infrared
spectra showed bands in the region 420-445cm™, corre-
sponding to v(M—N) vibrations**-*. The presence of bands
in all complexes in the region 420-445cm™ originates from
(M—N) azomethine vibrational modes and identifies coor-
dination of the azomethine nitrogen*. The bands present
in the range 300-320 cm™" may be ascribed to the v(M—CI)

vibration*****. The bands present in the region 230-250cm™
in all nitrato complexes are assignable to the v(M—O)
stretching vibration**.

NMR spectra

The 'H-NMR spectrum of the zinc(I) complex showed
multiplets in the region 6.62-7.32 ppm, corresponding to
aromatic ring protons of the naphthalene moiety (12H)".
The singlet at 7.9 ppm may be ascribed to the azomethine
(HC=N) protons (4H)*.

Mass spectra

The FAB mass spectra of Cr(III), Mn(III), and Fe(III) mac-
rocyclic complexes were recorded. All the spectra exhibited
parent peaks due to molecular ions [M]*. The proposed
molecular formulae of these complexes were confirmed by
comparing their molecular (formula) weights with m,/z val-
ues. The molecular ion [M]* peaks obtained for various com-
plexes were as follows: (1) m/z=516.6 (due to *Cl) and 518.6
(due to ¥Cl) [mol. wt. 518], (2) m/z=597.4 [mol. wt. 598], (3)
m/z=587.5 [mol. wt. 589], (4) m/z=590.5 [mol. wt. 592], (5)
m/z=>521.6 (due to **Cl) and 523.6 (due to *’Cl) [mol. wt. 522],
(6) m/z=601.3 [mol wt. 602], and (7) m/z=592.4 [mol. wt.
593]. These data are in good agreement with the proposed
molecular formulae for these complexes, i.e. [M(C, H, /N, )X]
X,, where M = Cr(III), Mn(III), and Fe(III), and X = CI, NO,,
and CH,COO'. This confirms the formation of the macrocy-
clic frame. In addition to the peaks due to molecular ions,
the spectra exhibited peaks assignable to various fragments
arising from the thermal cleavage of the complexes. The peak
intensity gives an idea of the stability of the fragments.

Magnetic measurements and electronic spectra
Chromium complexes

Magnetic moments of chromium(III) complexes were
found in the range of 3.98-4.30 BM at room temperature,
which is close to the predicted values for the three unpaired
electrons in the metal ion*. The electronic spectra of the
chromium complexes showed bands at ~9010-9330cm™,
13,050-13,540cm™,17,450-18,350 cm™,27,320-27,880 cm™,
and 34, 820 cm™'. The spectral bands are consistent with those
of five-coordinated Cr(III) complexes, whose structures have
been confirmed with the help of X-ray measurements®. On
the basis of the analytical data, spectral studies, and elec-
trolytic nature of these complexes, a five-coordinate square
pyramidal geometry may be ascribed for these complexes.
Thus, assuming the symmetry C,, for these complexes® -,
the various spectral bands may be assigned as: ‘B >‘E?,
‘B,~>'B,, ‘B,~>"A,, and ‘B >"E".

Manganese complex

The magnetic moment of the manganese(II) complex was
4.90 BM, which indicates the high spin d* system™. The elec-
tronic spectrum of the manganese complex showed three
d-d bands which lay in the range 12,250-12,590, 16,050-
18,920, and 35,440-35,750cm™". The higher energy band
at 35,440-35,750cm™ may be assigned to charge transfer



transitions. The spectrum resembled those reported for five-
coordinate square pyramidal manganese porphyrins®-%.
This idea is further supported by the presence of the broad
ligand field band at 20,400cm™ diagnostic of C,, symme-
try, and thus the various bands may be assigned as follows:
°B,>°A,, °B,>°B,, and °B >°E, respectively. The band assign-
ment in single electron transition may be made as: d *>d %
dxy%dxz_yz, andd , dyzédxz_yz, respectively, in order of increas-
ing energy.

Iron complexes

The magnetic moment of iron(Ill) complexes lay in the
range 5.84-5.90 BM, corresponding to five unpaired elec-
trons, which are close to the predicted high spin values
for these metal ions*. The electronic spectra of iron(III)
complexes showed various bands in the ranges 9850-9980,
15,530-15,565, and 27,600-27, 750 cm™!, consistent with the
ranges of spectral bands reported for five-coordinate square
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pyramidal iron(III) complexes®***. Assuming C,, symmetry
for these complexes, the various bands can be assigned
as: d, >d , d, and d_->d? Any attempt to make accurate
assignment is difficult due to interactions of the metal-
ligand m-bond systems, lifting the degeneracy of the d  and
dyz pair.

Thermogravimetric analyses

The thermogravimetric analysis/differential thermogravim-
etry (TGA/DTG) thermograms (Figure 1) of two metal
complexes [Cr(C, H, \N,)CI|CI, and [Fe(C, H,)N,)CI|Cl, were
recorded in a dynamic N, atmosphere over the temperature
range 100-800°C at a heating rate of 10°C/min. TGA thermo-
grams showed two stages of thermal decomposition for both
complexes. Thermal degradation of the metal complexes is
an exothermic event as there are two exothermic peaks cor-
responding to the respective thermal decomposition stages.
The TGA thermogram of the Cr(IlI) complex showed two
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stages of thermal decomposition (Figure 1a). The first step
runs over the temperature range 246-378°C. The second
step runs over the temperature range 378-600°C and corre-
sponds to decomposition of the remaining organic moiety.
The TGA thermogram of the Fe(III) complex also showed
two stages of thermal decomposition (Figure 1b). The first
step runs over the temperature range 200-405°C. The sec-
ond step runs over the temperature range 405-600°C and
corresponds to decomposition of the remaining organic
moiety. The first step in the decomposition of both com-
plexes corresponds to removal of the coordinated chloride
ions, and after that the organic moiety is decomposed, with
the final residues as oxides of the metals.

Proposed structure of complexes

Based on various studies including elemental analysis, con-
ductance measurements, magnetic susceptibilities, and IR,
NMR, electronic, and mass spectral studies, a five-coordi-
nate square pyramidal geometry as shown in Figure 2 may
be proposed for all the complexes.

2+

N X N H
H— = \I\L/ X

Figure 2. Proposed structure of the complexes. M = Cr(III), Mn(III),
Fe(III), X = CI', NO,-, CH,COO".
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Biological results and discussion

The newly synthesized compounds (1-7) were tested in the
present investigation for their in vitro antibacterial as well
as antifungal activities. The antibacterial activities were
studied against the two gram-positive bacteria, i.e. Bacillus
subtilis (MTCC 8509), Bacillus stearothermophilus (MTCC
8508), and two gram-negative bacteria, i.e. Escherichia
coli (MTCC 51), Pseudomonas putida (MTCC 121). The
minimum inhibitory concentrations (MICs) of all the com-
plexes against gram-positive and gram-negative bacteria
were determined by the National Committee for Clinical
Laboratory Standards (NCCLS) method® and are given
in Table 2. In the whole series, compound (4) showed the
highest MIC, 2 wg/mL, against B. subtilis, P. putida, and E.
coli (Table 2). Compound (2) possessed an MIC of 4 pg/mL
against B. subtilis and an MIC of 8 ng/mL against B. stearo-
thermophilus and E. coli. Compound (6) showed an MIC of
4 ng/mL against the bacteria B. subtilis and an MIC of 8 pg/

Table 2. Minimum inhibitory concentration (MIC) of complexes against
test bacteria using agar dilution assay.

MIC (ug/mL)*
Compound a b c d
(1)  [cr(C,H,N,)ClICl, >64 32 16 16
2) [Cr(C,H,N,)(NO,)I(NO,), 4 8 16 8
3) [Cr(C,,H,,N,)(OAC)|(OAC), >64 >64 32 >64
(4) [Mn(C, H,\N,)(OACc)](OAc), 2 4 2 2
(5) [Fe(C, H,\N,)CI|C], >64 >64 32 >64
(6)  [Fe(C,H,N,) (NO,I(NO,), 4 8 16 8
7) [Fe(C,,H,\N,) (OAc)](OAc), >64 >64 64 32
Chloramphenicol 2 2 4 2
Streptomycin 2 2 4 4

Note. a, Bacillus subtilis (MTCC 8509); b, Bacillus stearothermophilus
(MTCC 8508); ¢, Pseudomonas putida (MTCC 121); d, Escherichia coli
(MTCC 51). Chloramphenicol, streptomycin: standard antibiotics.
“Mean of three replicates.
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Figure 3. Comparison of MIC of compounds with standard antibiotics up to the concentration 32 p.g/mL. a, Bacillus subtilis (MTCC 8509); b, Bacillus
stearothermophilus (MTCC 8508); ¢, Pseudomonas putida (MTCC 121); d, Escherichia coli (MTCC 51). Chloramphenicol, streptomycin: standard

antibiotics.



Table 3. Antifungal (percentage inhibition) activities of complexes
against fungal strains (for concentration 100 p.g/mL).
Percentage inhibition

Compound f g

1 [Cr(C,H,N,)CIICL, 25.77 24.66
() [Cr(C,H,N,) (NO,)](NO,), 39.19 41.33
(3) [Cr(C,,H,N,) (OAC)](OAc), 16.44 19.91
(4) [Mn(C, H,\N,) (OAc)](OAc), 39.19 40.28
(5) [Fe(C,H,N,)ClICl, 31.72 20.33
(6) [Fe(C,,H,N,) (NO,)](NO,), 34.60 34.29
@) [Fe(C,H,N,) (OAC)](OAc), 21.66 20.44

Cyclohexamide 87.34 89.91

Note. f, Aspergillus flavus; g, Aspergillus niger. Cyclohexamide: standard
drug.

mlL against B.stearothermophilus and E. coli. Further, the
antibacterial activities of these complexes were compared
with standard antibiotics, viz. chloramphenicol and strepto-
mycin (Figure 3). In general, all the synthesized compounds
showed antibacterial activities, but they were found to be
more potent inhibitors against gram-negative as compared
to gram-positive bacteria (Table 2, Figure 3). Some com-
pounds were found to be more potent than the standard
antibiotics against some species of bacteria. Compound
(4) was found to be more potent than the commercial
antibiotics chloramphenicol and streptomycin against
the bacterial strain P. putida, showing an MIC of 2 pg/mL
(Table 2, Figure 3). Further, the MIC (2pug/mL) shown
by compound (4) is equal to the MIC shown by standard
antibiotics chloramphenicol and streptomycin against the
bacterial strain B. subtilis and antibiotic chloramphenicol
against the bacterial strain E. coli.

The antifungal activities of the complexes were deter-
mined against two fungal strains, i.e. Aspergillus flavus and
Aspergillus niger, and then compared with the standard drug
cyclohexamide (Table 3, Figure 4). The antifungal activities
(percentage inhibition) are given in Table 3. In the whole
series, compound (2) showed the highest percentage inhibi-
tion against both fungal strains, whereas none of the tested
compounds restricted fungal growth excellently (Table 3).
However, the tested compounds (4), (5), and (6) showed a
moderate capability to check the growth of these fungal spe-
cies (Figure 4).

Conclusions

It has been suggested that chelation/coordination reduces
the polarity of the metal ion mainly because of partial shar-
ing of its positive charge with the donor group within the
whole chelate ring system®. This process of chelation thus
increases the lipophilic nature of the central metal atom,
which in turn, favors its permeation through the lipid layer
of the membrane, hence causing the metal complex to cross
the bacterial membrane more effectively, thus increasing
the activity of the complex. Besides this, many other fac-
tors such as solubility, dipole moment, and conductivity
influenced by the metal ion may be possible reasons for the
remarkable antibacterial activities of these complexes®™.
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Figure 4. Comparison of percentage inhibition of compounds against
fungal strains with standard drug cyclohexamide. f, Aspergillus flavus; g,
Aspergillus niger. Cyclohexamide: standard drug.
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