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ABSTRACT

The synthesis, characterization and antimicrobial properties of some novel macro-cyclic
complexes with molecular formula [M (C,,H,,N,0,)X]X, have been discussed here, where
M=Fe (Ill), Co (Ill) and Cr (Ill) and X is either bromine or chlorine. These complexes were prepared
by template condensation of Ethylenediamine and 2, 2-dihydroxyindane-1, 3-dione using salts of
trivalent metal. The complexes were characterised by physico-chemical techniques such as elemental
analysises, molar conductivity, electronic spectra, magnetic moments, mass spectra and IR spectra
at CFL, SAIF, Panjab University, Chandigarh. X-ray diffraction data obtained indicates the square
pyramidal geometry of Cr(lll), Cu (lll) and Fe (lll) macrocyclic complexes. Thermal stability was
determined using the thermogravimetric studies. Agar well diffusion technique was used to check
the antimicrobial properties of the prepared macro-cyclic complexes against two Gram +ve Bacteria
and two Gram -ve Bacteria. The antimicrobial data on comparison with standard antibiotics such
as streptomycin and chloramphenicol supports the antimicrobial behaviour of the above reported
cobalt bromide and chromium chloride complexes.
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INTRODUCTION Many macrocyclic complexes are biologically active
compounds such as chlorophyll, Heme and vitamin

Macrocyclic chemistry has been the subject ~ B,, and hence they are of special interest. Many

of extensive research for chemists because of its
importance in bioinorganic as well as in natural
chemistry. Synthetically prepared macrocyclic
compounds resemble some of the natural proteins like
hemerythrin and enzymes; Macrocyclic complexes
have remarkable kinetic and thermodynamic stability.

years of research has lead to publishing of several
papers reporting their uses as dyes and pigments,
MRI contrast agents, pharmacological properties'*
such as antitumor, antifungal, ant fertility, antiviral,
anticancer and other biological activities®®. Schiff’s
base is the first synthetic macrocycle used in chemical
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reactions as catalyst®'2. Macrocyclic chemistry has
greater contribution to green chemistry being used
in nuclear waste cleanup such as 137Cs & 90Sr.
Mostly, template method is used for synthesizing
macrocyclic complexes by condensation of carbonyl
and diamine in which metal ion act as templating
agent. The aim of our research is to synthesize new
macrocyclic complexes and characterise them via
atomic absorption, XRD, IR, ESR, MASS, NMR
spectroscopies. In the search of new and effective
antimicrobial drugs, the synthesized complexes have
been screened against two Gram +ve (B. subtilius
and B. thermophilus) and Two Gram -ve Bacteria
(E.coli and Pseudomonas putida).

EXPERIMENTAL

New macro-cyclic complexes were
synthesised by refluxing of ethylenediamine & 2,
2-dihydroxyindane-1, 3-dione (Ninhydrin) using
metal (Ill) ions. Solution of the metal ion (5 mmol)
was made by slowly adding methanol to it. A hot
methanolic solution of 2, 2 dihydroxyindane-1,
3-dione (10 mmol) was poured in round bottom
flask and mixed with the metal ion solution
(~50 cmd). This mixture was kept for refluxing for
30 minutes. Then, ethylenediamine solution
(10 mmol) was added. Further, refluxing for 8to 10 h
was continued which depends upon the type of metal
ions used. After concentrating the resulting reaction
mixture, it was allowed to stand for crystallization in
dessiccator for two days. The filtration of the product
was done followed by its washing with methanol and
drying thoroughly. With the help of TLC, the purity
of the synthesized macrocyclic complexes was
checked. The complexes formed were soluble only
in dimethylformamide or dimethylsulfoxide solvents.
All the complexes were found to be decomposed
above 210°C to moist mass and did not show a
sharp melting point.
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Ninhydrin ~ ethylenediamine macrocyclic complex

The synthesis route for the ligand is via
template synthesis i.e. the cyclization takes place
in the presence of the metal. The generation of
the cyclic product is influenced by the presence
of metal ion.
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RESULTS AND DISCUSSION

All the complexes formed, were coloured
solids, non-hygroscopic in nature, stable in air and
were not soluble in most of the organic solvents
except in Dimethylformamide or Dimethylsulfoxide.
The percentage of metal present in all the complexes
was calculated volumetrically by titrating the solution
against 0.1M EDTA using Eriochorme Black-T,
Xylenol orange as indicators. A calculated amount
of the synthesized complex was heated in presence
of a very small amount of conc. HCI followed by
repeatedly with conc. HNO, to decompose the
organic content. Then the product was dissolved
in doubly distilled H,O or dilute. HCl was added
to make the solution upto the known volume. The
metals present in the synthesized complexes were
estimated by standard methods reported in literature.
Throughout the investigations, organic compounds,
solvents and trivalent metal salts used were of
analytical grade. Solvents used in the experiment
were purified and dried thoroughly by reported
standard methods as per requirement.

The data shown in the Table-1 & 2 gives
the formulae for macro-cyclic complexes as
[M (C,H,,N,0,)X]X, where M= Fe(lll), Co(lll)
and Cr(lll) and X is either bromine or chlorine.
All the complexes were found to be conducting
by molar conductance method. Their conductivity
measurements were found to be in the range of
125-180 ohm™ cm? mol ™. This indicates that the ratio
of cation to anion is 1:213. The molar conductance of
macrocyclic complexes were measured in dimethyl
sulfoxide solution at room temp. Digital conductivity
meter with dip type cell was used (HPG System,
G3001).

Table 1: Shows data of elemental analysis of
chromium (lll), iron (lll) and cobalt (Ill) complexes.

S. Complexes Found (cal %)

no. Metal Carbon Hydrogen Nitrogen Mol. Wt.

1 [CrC,H,N,0,)CICI, 9.68 50.1 3.01 10.1 525.5
(9.70) (50.23) (3.04) (10.65)

2 [Cr(C,H,N,0,)BmBr, 7.71 39.8 21 8.2 659
(7.74) (40.1)  (2.43) (8.5)

3 [Fe(C,H,N,0,)CIICI, 10.51 491 2.99 10.3  530.5
(10.54) (49.76) (3.02) (10.56)

4 [Fe(C,HN,O,)BrBr, 839 394 2.39 8.1 664
(8.42) (39.75) (2.41) (8.43)

5 [Co(C,HN,0,)CICl, 10.38 49 2.9 10.52 5335
(10.49) (49.75) (2.99) (10.42)

6 [Co(C,HN,0,BrBr, 848 389 2.2 8.31 667
(8.59) (39.58) (2.39) (8.39)
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Table 2: Shows data of %age yield and magnetic moment
of chromium (lll), iron (lll) and cobalt (lll) complexes

S. Complexes
no

Colour A, Yield% pg

1 [CKC,H,NO

22° 16" 42

)CIICI, shiny orange 100 42 416

powder

2 [Cr(C,H,N,0,)BrIBr, darkred 102 44 4.46
powder

3 [Fe(C,H,,N,0,)CIICI, shiny blackish 115 42 5.72
grey

4 [Fe(C,H,N,O,)BrIBr, Black 112 45 5.91
powder

5 [Co(C,HN,0,)CIICI, shiny black 88 43 5.7
powder

6 [Co(C,H,,N,0,)Br]Br, blackish grey 84 46 5.81
powder

IR Spectra

Comparison of Infrared spectrum of
the free ligand was done with that of complexes
of chromium (lll), iron (Ill) and cobalt (lll) just to
know the bonding mode of ligand to metal. The IR
spectra of ethylenediamine showed two bands at
the range ~3500 and 3400 cm™ which confirmed
free NH, group. These peaks were not found in
Infra red spectra of all synthesized complexes
showing absence of free amino groups. The origin
of an extra strong band at ~1650 cm™ shows the
condensation of CO group of ninhydrin & -NH,
group of ethylenediamine, confirming —C=N- of
macro-cyclic structure. A strong band appeared at
~1720 cm™ due to >C=0 group which was formed
on dehydration, due to heating, of 2,2-geminal OH
groups of ninhydrin'*'5. The bands shown in the
region 1350-1000 cm™ are due to -CN- stretching
vibrations. The low value of -CN stretching frequency
suggests the involvement of nitrogen of azomethine
towards metal atom coordination. The IR spectra of
all the synthesized metal complexes showed bands
around ~487 cm™, ~608 cm™, ~766 cm™ and 1008
cm™ which corresponds to out of the plane v(C-C),
in the plane v(C-C), out of the plane v(C-H) and in
the plane v(C-H) respectively'®. The bands at ~1385
and ~1500 cm' can be assigned to >C=C< skeleton
of the benzenoid rings. Bands which appeared in
the range 300-500 cm™ may be designated to M-X
vibrations'®.

Mass Spectra

The mass spectrum showed the final peaks
at 454.5, 498, 459.5, 505, 464.5, 506 for Cr(lll),
Fe(lll) and Cr(Ill) respectively which coincides with
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that parent peak such as [M]*. The presence of one
halogen (CI/Br) in the complexes was confirmed
from the recorded molecular ion peaks [M]* & [M*2]+
which are obtained for various complexes. The major
peaks are as follows:

[Cr(C

[Cr(szH1e
[Fe(C
[Fe(C
[Co
[Co

N,O,)Cl]+=454.5 & 456.5,
N,O,)Br]+ = 498 & 500,
N,O,)Cl]+=459.5 & 461.5,
N,O,)Br]+ = 505 & 507,

22" 16" 4

C,H. N,O,)Cl]+=464.5 & 466.5,

(221642
(

C,H. N,O,)Br]+ = 506 & 508,

22" 16" 472

22H16

22H16
H

Electronic Spectra and magnetic moment

Electronic spectra arise due to the
absorption of electromagnetic radiation in
UV/Visible region of the electromagnetic spectrum
leading to d-d electronic transitions within a metal-
ligand coordinated complex. The d orbital are
not degenerate, they are split into micro states,
represented by term symbols 4B1, 4Ea, 4A2 etc. If
the different excited vibrational energy levels (micro
states) are shown as v,, v, and so on, the ground
state shown as v, the fine structure in main peak
of spectrum is designated to v, - v, v, —» v, and
v, — v, vibrational energy states. Further, the v, -
v, transition is found to be lowest energy transition
with longest wave length. Nephelauxetic Ratio, f3,
measures the ionic character of the complex. B
= B/Bo Where B is the Racah parameter and is
a measure of inter-electron repulsion within the
whole coordinated ion and Bo is the value of Racah
parameter when the ion is not coordinated e.g. in
free state. The smaller values for B indicate more
covalent character or less ionic character. The valve
of B is always less than one for the compounds
having covalent bonding and B is equal to one for
completely ionic compounds2.

To get information about the oxidation
state and stereo-chemistry of central metal ions
in the coordination complexes, magnetic moments
are generally used in conjunction with the electronic
spectra. The numbers of unpaired electrons are
indicated by the magnetic moment measurements.

Cr (Ill) complexes

The value of effective magnetic moment
was found to be in the range between 4.12-4.46 B.M
which is near to the expected values of three unpaired
electrons' in central metal ion of chromium.® thus
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the electronic configuration in case of chromium in
synthesized complexes is 3d® 4s°. The electronic
spectrum of chromium complex taken in DMSO
shows bands at 9100-9300 cm(v,) , 13000-13300
cm™ (v,), 17550-18330 cm(v,) The spectra don’t
resemble with the spectra of four or six coordinated
complexes. Hence the proposed geometry is square
pyramidal, the structure of which has already been
confirmed through X-ray measurements in literature
and various analytical methods'®. Thus, assuming
the symmetry C,'" for these complexes® ?', the
different spectral bands can be designated as:
‘B, » “E,, ‘B, - ‘B,, ‘B, »> ‘A, and ‘B, - “E,.

Fe(lll) complexes

The magnetic moments in case of iron(lll)
complexes in the range 5.7 — 5.9 B.M indicate high
spin value'?' and show the presence of five unpaired
electrons. Electronic spectra done in dimethyl
sulphoxide show the bands at 9830-9980 cm’
(v,), 15500-15580 cm™ (v,) and 27500-27700 cm'
(v,) which favours with square pyramidal geometry
of Fe(lll) complexes™. Different bands are shown
as: dXy —d,, dyz, dxy — d 2. It was difficult to assign
accurately all the bands due to interactions of metal
ligand n-bonding systems that lifted the degeneracy
ofd, and d , pairs.

Co (lll) Complexes

The magnetic moments of cobalt complexes
were found to be of 5.7 B.M indicating the presence
of high-spin cobalt (Il)?? ions as the central metal.
The electronic configuration hence supported was
3d® 4s°. It has four unpaired e-. The electronic-
spectra done in DMSO, shows the bands at 18000-
18200 cm™, 22900 cm™ and 39000 cm™. It has strong
absorption band at 18000 cm™ due to ligand-field
transition. It possibly may be due to electron-transfer
band?®, supporting square pyramidal geometry.

Thermo-gravimetric analyses (TGA)
Thermo-gravimetric Analysis is the
technique by which mass of a substance can be
monitored as the function of time or temperature.
TGA is also done to find out the thermal stability of
the complexes. There is no observed mass change
with the rise in temperature, if the synthesized

complexes are thermally stable. TGA also gives the
maximum temperature up to which the complexes are
stable. The TGA thermo-grams of Cr(lll), cobalt (IIl)
and Fe(lll) complex derived from Ethylenediamine
& 2,2-dihydroxyindane-1,3-dione(Ninhydrin) were
recorded in the dynamic nitrogen atmosphere in
the the temperature range of 10-500°C at heating
rate of about 10°C min-'. TGA thermo-grams for
all complexes depicted two stages of the thermal-
decomposition. The thermal-degradation of metal
complexes is generally exothermic event because
there are two observed exothermic humps which
correspond to two thermal decomposition stages.
The first step occurs in the temperature range of
210-250°C.The second step occurs in the temperature
range of 250-500°C which corresponds to the
decomposition of the organic moiety (remaining).
The first decomposition step of all the complexes
indicates the removal of co-ordinated CI- ions
followed by decomposition of organic moiety having
final residues in the form of oxide of metals.

X-ray Diffraction study

X-ray diffractogram was obtained from
SAIF, CFL, Panjab University, Chandigarh. These
refractograms were recorded on XPERT-PRO
diffractometer using 0-800 scanning range and
Cu as X-ray source. Results reveal the amorphous
nature of the complexes. From these results Miller
indices (hkl)?*, Unit cell parameter and unit cell
volume has been calculated. (Shown in Table 3)
The unit cell of Fe (lll) yielded lattice constants
a=10.4180 A0,b=10.7290 A0 and ¢=20.5610 AO
and volume=2266.88 pm?, unit cell of Cr (lll) yielded
lattice constants a=11.5000 AO, b=11.5000 A0 and
¢ =15.5200 A° and volume= 1777.53 pm? and unit
cell of Co (Ill) gives lattice constants a=11.8038 A°,
b=11.8038 A% and c=16.096 A°and volume=1942.19
pm?®. This data is found to be in good agreements
with condition a=b=c and a=y=90°%f for monoclinic
system of Fe(lll) complexes and condition ca=b and
o=p=y for hexagonal system of Co(lll) and Cr(lll).
The number of the molecules was found to be four
for Fe(lll), Co(lll) and Cr(Ill) by using equation p = p
M/NV where p = density= Avogadro no. and
V= volume of the unit cell?.

The diffractograms Fig. 1, 2, 3 depicting 26
values and relative intensity2® of Fe (lll), Co (lll) and
Cr (lll) are shown as:
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Table 3: Unit cell parameter and unit cell volume for the synthesized trivalent
complexes as calculated from XRD values

Metal a in A° bin A° cin A Volume pm® Ratio of parameters  Crystal type
Fe(lll) 10.4180 10.7290 20.5610 2266.88 azb#c, a=y=90°#f monoclinic
Cr(ll1) 11.5000 11.5000 15.5200 1777.53 c#a=b, a=f=y hexagonal
Co(lll)  11.8038 11.8038  16.096  1942.19 c#a=b, a=p=y hexagonal
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Fig. 1. X-ray diffractogram of complex [Fe (C,,H :N,0,) X]X,
where X= CI- or Br
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Fig. 2. X-ray diffractogram of complex [Co (C,H..N,O

22" 716" 4 2) X]XZ
where X= CI- or Br
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Fig. 3. X-ray diffractogram of complex [Cr (C,H,.N,O

22" 716 4 2) X]X2
where X= CI- or Br

Antibacterial activities of trivalent cobalt, iron
& chromium complexes synthesized from
Ethylenediamine & Ninhydrin

Test Pathogen-Two Gram-+ve bacteria
B. subtilis (MTCC 8509) and B. stearothermophilus
(MTCC 8508), two Gram-ve bacteria E. coli
(MTCC 51) & P, putida (MTCC 121) were used for
anti-bacterial study of the prepared complexes which
was obtained by culture collection & gene bank ,
Institute of Microbial Technology, Chandigarh, India.

In-vitro antibacterial activity

Preparation of test samples- Test samples
of the synthesized complexes were prepared in
DMSO (Dimethylsulphoxide). The concentration
ranges from 100 to 1 ppm.

Antimicrobial technique

In order to assess the antimicrobial
activities, Two Gram+ve bacteria, B. subtilis MTCC
8509) & B. stearothermophilus (MTCC 8508), two
Gram-ve bacteria E. coli (MTCC 51) & P, putida
(MTCC 121) were used®28 for the evaluation of
newly prepared complexes by Agar Well Diffusion
technique®. Under aseptic conditions, in to the
laminar flow chamber, 20 ml of MHA (Mueller-
Hinton-Agar) medium was dispersed into pre-
sterilised petri-dishes. Once it solidifies, it was
inoculated with microorganism (prepared according
to the instructions of MTCC) suspended in peptone
water. The media was punched with hole of 6mm
diameter and filled with different solutions prepared
in different concentration (ppm) and labelled.
Streptomycin and chlorampenicol antibiotics
were used as positive control for comparison with
macrocyclic complexes and DMSO used a negative
control. Finally, the petridishes were kept in incubator
at 37°c for 24 hours. On the next day, the diameter of
one developed around the hole was measured. Each
experiment was done in triplicate for the determining
MIC (minimum inhibitory concentration). Table 4
gives the range of MIC which was calculated by
subtracting the value of diameter of DMSO (negative
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control) from the diameter of macrocyclic complexes
(positive control).

Table 4: Minimum inhibitory concentration (MIC) of
metal (lll) complexes obtained from Ninhydrin and
Ethylenediamine against Gram+ve and Gram-ve
bacteria using Agar dilution assay

S.No Complexes MIC
A B C D
1 [Cr(C,,H,,N,O,)CIICI, 32 >32 >64 32
2 [Cr(C,,H,(N,O,)Br]Br, 16 02 >64  >06
3 [Fe(C,,H,(N,O,)CIICI, >64 30 >64 64
4 [Fe(C,,H,N,O,)BrlBr, >64 >64 32 64
5 [Co(C,,H,,N,0,)CIICI, >04 08 04 08
6 [Co(C,,H,(N,O,)Br]Br, 08 16 32 116
7 Chloramphenicol 02 02 06 08
8 Streptomycin 02 02 04 04

A- B. subtilis (MTCC 8509) B-B. stearo thermophilus
(MTCC 8508)
C- P putida (MTCC 121) D - E. coli (MTCC 51)

The comparisons can be shown using bar
graphs, where L stands for C,_H, N,O

22" 16 42"
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20 mMICB
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& EMICd

Fig. 4. Bar Graphs showing MIC of trivalent metal chloride
complexes given in Table 4
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Fig. 5. Bar Graphs showing MIC of trivalent metal bromide
complexes given in Table 4
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V. Proposed structure

On the basis of above reported studies like
elemental analysis, conductivity measurements, magnetic
moments, IR, NMR, electronic spectra, mass spectraand
X-Ray Diffraction studies, a square pyramidal geometry
may be proposed for all the synthesized trivalent
macrocyclic metal complexes as shown in Figure 6.

I T

R= —CH5;CH,—.

X=Cl1/Br

Fig. 6. Proposed structure

CONCLUSION

1. The complexes formed are only soluble in
dimethyl formamide and dimethyl sulphoxide.
The insolubility of these complexes in
other organic solvents as compared to the
fragments, have been an important character
which helped to remove the by- products and
extract these complexes in pure form.

2. The NMR spectrum of these synthesized
macrocyclic metal complexes could not be
obtained as these do not form a clear solution
due to the presence of the transition metal.
Instead, the structure of the ligand was
confirmed separately to ensure cyclization
and then the macrocyclic metal complexes
were prepared by template method. A square
pyramidal geometry of complexes is proposed
for all trivalent macro-cyclic metal complexes.

3. Macrocyclic complexes of trivalent cobalt as
chlorides show comparable anti microbial
activities to the standards. The complexes
of trivalent chromium as bromides show
antimicrobial activities for the Gram+ve bacteria,
B. stearothermophilus (MTCC 8508) and Gram-
vebacteria, E. coli(MTCC 51).Their MIC values
are close to the standard antibiotics.
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